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ABSTRACT 

 

The family of transcription factors known as MADS-box proteins is found across all 

land plants, with multiple MADS-box encoding genes per species. In flowering plants 

such as Arabidopsis thaliana a subset of MADS-box proteins regulates the 

development of flowers and seeds, binding to each other following the ‘ABCDE’ floral 

model to specify the identities of each organ type. These functions are thus important 

to food security because seeds are staple foods globally. MADS-box gene functions 

remain uncategorised in non-flowering plants, with no corresponding model to the 

‘ABCDE’ found in flowering plants. How MADS-box floral functions evolved is largely 

unknown. This can be determined by studying MADS-box gene functions in non-

flowering plants. The model fern Ceratopteris richardii falls into the sister clade of all 

seed-bearing plants and is an ideal candidate to investigate MADS-box genes in a 

non-flowering plant because gene functions can also now be tested directly in this 

species. 

The phylogenetic data presented in this thesis suggests the MADS-box protein family 

present in C. richardii reflects the relationships observed by the MADS-box protein 

family of A. thaliana. The expression data shows differing expression between 

developmental stages, despite previous studies suggesting a ubiquitous expression 

of MADS-box proteins in non-seed plants. Protein-protein interactions within the 

MADS-box protein family in this thesis suggest no interaction contradicting the 

interactions observed in flowering plants and within the ‘ABCDE’ model. This thesis 

provides novel insights into the relationship, expression, and interactions of MADS-

box proteins in C. richardii. The work in this thesis offers a starting point for future 

investigation into MADS-box proteins in non-seed plants.  
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1.1. Introduction 

1.1.1. Food security and the importance of seeds. 

 

Around 80% of the world’s nutrients are obtained from seed-bearing crops (United 

Nations, 2019). Therefore, it has been a priority to understand the genes and 

mechanisms behind how spermatophytes (seed plants) reproduce (Pereira and 

Coimbra, 2019). With climate change becoming a bigger issue in recent years, this 

understanding is more important than ever. The ability to genetically modify crops to 

be able to survive in more challenging conditions than previously is important in 

ensuring food security in the future (Qaim and Kouser, 2013). Stresses such as 

flooding (Gao et al 2019), drought and high temperature can impact plant reproductive 

development and hence seed production (Liu et al 2023) and lead to genetic trade-

offs between stress resistance and reproduction (Hatfield and Prueger, 2015). 

 

Agriculture has been the main source of food for humanity since the neolithic era. The 

“Neolithic Revolution” was the first farming revolution occurring around 12,000 years 

ago. Since then, humanity has relied on crop plants more and more as a nutrient 

source (Olsson and Paik, 2016). The increased availability of food had an impact on 

the overall global population leading to an increase that has only been matched by the 

industrial revolution’s impact on population, which coincided with the second 

agricultural revolution around the 18th century (Kerridge, 2013; Milner and Boldsen, 

2023). The third agricultural revolution, the “Green Revolution” of the 1960s saw the 

introduction of selectively bred crops with higher seed yields, with the main crops being 

corn, wheat, and rice, in different global locations (Pingali, 2012).  
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The Green Revolution has been attributed with reduction in poverty and famine and 

an increase in food security (John and Babu, 2021). Beginning in Mexico, it was soon 

encouraged and expanded to the rest of South America, India, and Asia (Pingali, 

2012). Southern America gained support from the more industrial USA due to the USA 

wishing to counterbalance the “Red Revolution” during the cold war (Lorek, 2022). At 

the same time, Asian governments implemented policies to protect young agricultural 

businesses and support the progress to improve infrastructure (Frankema, 2014). 

Despite this, African countries without independence faced no government subsidies 

for the necessary equipment such as improved fertilisers and irrigation (Pingali, 2012). 

Without pre-existing infrastructure and with a harsher climate many African countries 

experienced losses in the battle against food scarcity (Elhassnaoui et al., 2023). 

 

The Green Revolution was a response to the insecurity of food accessibility globally, 

however the problems facing current food security is less in the abundance and more 

in the losses due to the unstable climate (Raza et al., 2019). With the reliance humanity 

has placed time and again on agriculture crops, combatting the problems being faced 

due to increasing temperatures, increasing floods, and other climate emergencies 

must take priority. 

 

1.1.2. Where did seeds come from? 

 

Despite extensive knowledge of the processes responsible for seed production and 

dispersal (Selwyn, Pino and Espelta, 2023), how seed-bearing plants including 

flowering plants (Angiosperms) evolved is less well understood. The ancestral system 

of reproduction that uses spores for dispersal of plant spores has been researched via 



 
 
 

4 

the fossil record (Bowles et al., 2022) and using extant spore-bearing plants such as 

the representative bryophyte Physcomitrium (formerly Physcomitrella) (Vesty et al 

2016). The switch between the two systems of reproduction remains elusive but likely 

involved the evolution of heterospory (Linkies et al., 2010). In this project, we use a 

model organism from the sister group to seed-bearing plants to attempt to decipher 

this mystery. 

 

1.2. Plant evolution 

 

Plants most likely evolved from unicellular algae (Morris et al., 2018) (Figure 1.1). 

When plants colonised the land ~470 MYA they needed to adapt to this new dry world 

they found themselves in (Rensing, 2018). As such their previous reliance on water to 

reproduce needed to change. In bryophytes, lycophytes and extant ferns, sperm cells 

are flagellated, and fertilisation requires water, but the formation of desiccation-

resistant spores allowed dispersal of the next generation in the absence of water 

(Eichorn and Evert, 2013).  

 

Around 390 MYA plants were becoming more recognisable by today’s standards, with 

roots and leaves being present. By the late Devonian period approximately 370 MYA, 

vascular (transport) tissue had evolved with early seeds also appearing in the lineage 

of now-extinct seed ferns (Harrison and Morris, 2017; Linkies et al 2010). In the 

carboniferous period before trees as we know them had taken hold of the land, giant 

fern-like plants including seed ferns dominated the landscape the domination of these 

plants and others like them led to a decrease in atmospheric carbon and a surplus of 

oxygen being produced, altering the climate recognisable with the Cretaceous period, 
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and ultimately resulting in a global forest dieback after the Chicxulub impact (Vajda 

and McLoughlin, 2004; Wilson et al., 2020). Seed fern extinction has been suggested 

to be correlated not only with these changes to the environment, but also to have been 

brought about due to the competition from the newly diversifying flowering plants 

(McLoughlin et al., 2008). However, extant ferns reproduce via spores (Figure 1.9) 

and the earliest extant seed plants (gymnosperms) appeared approximately 380 MYA 

(Linkies et al 2010) (Figure 1.1).  

 

In seed plants, early diverging lineages such as Ginkgo and cycads retain flagellated 

sperm but the evolution of heterospory and hence pollen enabled fertilisation without 

the need for water, for example via wind or insect pollination (Eichorn and Evert, 2013). 

Post-fertilisation, the evolution of the complex multicellular seed structure to house the 

embryo enabled desiccation resistance, dormancy, and dispersal over large distances 

(Finch-Savage and Leubner-Metzger 2006; Linkies et al 2010). 

 

Flowering plants (Angiosperms) had a chance to dominate plant reproductive 

strategies from around 200 MYA, after the Permian-Triassic extinction event 

(Blomenkemper et al., 2018). From within the Angiosperms, the changes in climate 

and reduction in CO2 levels allowed grasses (Poaceae) to evolve around 100 MYA. 

From within the grasses, which are the most economically important plant family, 

humans have domesticated cereal crops for seed harvest for food and animal feed, in 

particular wheat, rice, maize, barley, oats, sorghum and millet (Wang et al., 2015b). 

All of these evolutionary changes in plants can be tracked through fossil records as 

well as through research into the evolution and development of extant plants (Kellogg, 

2001; Wu, You and Li, 2017). 
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Figure 1.1: A schematic phylogenetic tree showing the evolution of plants. The green 

highlight covers all land plant groups, the pink vascular plants, the yellow seed plants, and the 

purple flowering plants. 

 

The environment is currently going through another huge shift and humanity is reliant 

on extant plants. As such, an understanding of how plants adapted to previous 

climates and the application of this knowledge to the adaptation of extant plants, 

particularly crops, is necessary for humanity’s survival. 

 

 

 

 

Vascular 
plants

Land 
plants

Seed 
plants

Flowering 
plants

Green 
algae

Bryophytes Lycophytes Monilophytes Gymnosperms Angiosperms



 
 
 

7 

1.3. Life cycles of flowering plants 

 

After the colonisation of land, from about 500 MYA (Kapoor et al., 2022), some plants 

followed an evolutionary path that majorly reduced the gametophyte stage, 

transforming from a gametophyte-dominated life cycle (Figure 1.9) to a sporophyte-

dominated life cycle (Figure 1.2). With this change, the evolution of the reproductive 

system could be observed, with the vastly reduced size and life-span of the 

gametophyte stage rendering it dependent on the sporophyte mother plant (Pereira 

and Coimbra, 2019). This, along with the evolution of heterospory, the production of 

differently sized female and male spores that give rise to dimorphic gametophytes 

(Wang and Bai, 2019; Leslie and Bonacorsi, 2022) enabled seed-, and then flower 

evolution. Heterosporous plants paved the way for the much more drastic size 

differences observed in flowering plants with the megaspore contained in the ovule 

(Figure 1.2) and the microspore on the stamen and in pollen (Pereira and Coimbra, 

2019). 
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Figure 1.2: Arabidopsis life cycle as an example of a flowering plant life cycle 
highlighting the much-reduced gametophyte stages in the pink circle. The female 

gametophyte is the embryo sac, a 7-celled structure (brown) with 8 nuclei (red) housed inside 

the ovule, which also contains diploid sporophytic maternal tissue (yellow) surrounding the 

embryo sac. This diploid tissue later forms the seed coat. The male gametophyte consists of 

the pollen grain, which contains 2 haploid sperm cells for double fertilisation with the egg and 

with two polar nuclei from the embryo sac, to form the diploid embryo and the triploid 

endosperm respectively, and also contains the vegetative nucleus, which directs growth of the 

pollen tube. 
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1.4. Introduction to flowers 

 

Flowers are the reproductive organ of angiosperms. Flowers develop from an apical 

meristem, but flower development is not initiated until the appropriate inductive signals 

for flowering, both environmental signals and endogenous signals such as plant 

hormones and sugars, are received by the plant (Vinicius and Schmid, 2014). At this 

point, the apical meristem converts from vegetative growth to reproductive growth. As 

such flowers are homologs of whole shoots, and individual floral organs are leaf 

homologs that have become specialised in sexual reproduction, (Specht and Bartlett, 

2009). Flowers can be bisexual, containing both the female pistil and male stamens, 

or unisexual, (Specht and Bartlett, 2009). It is unknown whether bisexual or unisexual 

flowers evolved first with one theory suggesting unisexual flowers formed through a 

compression of secondary structures of a bisexual flower, whilst another suggests 

bisexuality evolved from a unisexual axis (Endress and Doyle, 2009). Both theories 

rely on a convergent model of evolution in the expression of B class genes linked to 

the ‘ABCDE’ model, (Zhang et al., 2022).  

 

Another characteristic of flowers where the evolutionary origin is unknown is in the 

phyllotaxy. There are two distinct groups of flowers: whorled and spiralled (Wang et 

al., 2015a). These further break down into three basic patterns of floral phyllotaxis – 

simple whorl, complex whorl, and spiral (Endress and Doyle, 2015) (Figure 1.3). In 

whorled flowers, the organs are distinct and rely on different transcription factors in 

their tissue development. In spiral flowers such as those found in Arabidopsis the 

organs (sepals, petals, stamens, and carpels) are not equidistant from one another, 
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the transition between organs is often not as abrupt as in whorled flowers, and 

intermediate organs are relatively common, (Endress and Doyle, 2007).  

 

 

Figure 1.3: Two kinds of whorled phyllotaxis found in angiosperms The left shows simple 

whorls (those seen in Arabidopsis) whilst the right shows complex whorls (those seen in 

Magnoliales) with an increase in organ number per whorl. Green whorls represent the outer 

whorls sepals and petals, the orange whorls represent the inner whorls stamens and carpel. 

Adapted from “Ancestral traits and specializations in the flowers of the basal grade of living 

angiosperms” by Endress and Doyle (2015). 

 

1.5. MADS-box genes and floral organ identity 

 

The MADS-box family contains transcription factors that have been identified to be 

responsible for floral organ identity and development (Parenicová et al., 2003). The 

ability to manipulate these genes to ensure crops become sexually mature even under 

environmental stressors is one way of increasing food security (Qaim and Kouser, 

2013). The MADS-box gene family has been present since the most recent common 

ancestor (MRCA) of algae and land plants approximately 450 million years ago (MYA), 
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with functions in early land plants most likely being across early cell development and 

differentiation. It was not until the advent of flowers around 150 MYA (Chanderbali et 

al., 2016) that the genes gained more specialised functions, with different family 

members becoming responsible for not only the floral organ and fruit identity but also 

the timing of the development of these sexual organs (Lovisetto et al., 2011). However, 

despite the functions of this family being known in divergent land plants, namely 

bryophytes and angiosperms, there is a gap in knowledge in the plants that fall 

‘between’ these two groups, in the sister clade to seed-plants, the monilophytes. 

Understanding the functions of this important gene family in the non-seed lineage 

closest to seed plants could provide understanding of floral and seed evolution at a 

deeper level allowing for more targeted genetic modification and breeding strategies 

in angiosperms in the face of ongoing climate change. 

 

MADS-box genes have been categorised via the ‘ABCDE’ floral model to explain their 

involvement in the regulation of floral development. MADS-box transcription factors 

determine what organs shoot tissues will differentiate into (Figure 1.4). Extensive 

research on MADS-box gene roles in whorl formation and organ identity during flower 

development has been achieved in dicots such as Arabidopsis, Anthirrhinum 

(snapdragon) and the monocot and key crop plant wheat (Triticum aestivum) (Callens 

et al., 2018). The ‘ABCDE’ model categorises transcription factors into distinct groups 

depending on their function in specifying floral organs and different combinations of 

MADS-box genes are involved in the development and identity of the different whorls, 

namely sepals, petals, stamens, carpels, and ovules of flowering plants, (Murai, 2013) 

(Figure 1.4). Genetic approaches established the necessity of the E-class MADS-box 

genes SEPALLATA for floral organ identity and of the ‘D’-class gene SEEDSTICK for 
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ovule specification, extending the original ‘ABC’ model (Coen and Meyerowitz 1991; 

Bowman and Moyroud 2024) (Figure 1.4). Biochemical assays established the higher-

order complexes required for these interactions (Pelaz et al., 2000; Krizek and 

Fletcher, 2005).  

 

Conservation of function of MADS-box genes is present between reproductive tissues 

of Arabidopsis and rice, suggesting MADS-box genes play an integral role in plant 

reproduction (Gramzow and Theißen, 2010). In addition to their functions in floral 

development, MADS-box genes also have a range of functions from cell development 

to auxin metabolism, discovered in the model plant Arabidopsis (Zhao et al., 2021). 

Conservation of function of MADS-box genes is present between reproductive tissues 

of Arabidopsis and rice, suggesting MADS-box genes play an integral role in plant 

reproduction (Gramzow and Theißen, 2010). Outside of sexual reproduction, MADS-

box genes regulate development, growth, and function in flowering time, as well as 

floral organ identity (Theißen, Melzer, and Rümpler, 2016). 
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Figure 1.4: MADS-box gene categories responsible for different whorl development in 
the ABCDE floral model. The MADS-box genes encode for proteins that then interact forming 

tetramers that are responsible for the formation of different floral organs. Adapted from Chen 

et al., (2019). 
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The ‘ABCDE’ (formerly the ‘ABC’) model was characterised using the model organism 

Arabidopsis as well as Anthirrhinum, (Coen and Meyerowitz 1991; Soltis et al., 2007; 

Bowman and Moyroud 2024). This model suggests that the genes and the proteins 

they encode that are expressed specifically in one or a few whorls regulate and interact 

with one another to specify floral organ fate. An example of negative regulation in 

Arabidopsis is an A function MADS-box gene APETALA1 (AP1) and a C function 

MADS-box gene AGAMOUS (AG). AP1 is expressed throughout the early flowering 

bud but is negatively regulated by AG restricting it to the 1st and 2nd whorls whilst the 

AG protein functions in the 3rd and 4th whorls (Figure 1.4). This relationship in 

Arabidopsis showed that different whorls are specified partly due to the genes being 

expressed in discrete domains of the developing flower (Irish, 2017). However, some 

classes of MADS-box genes are absent from non-flowering plants. For example, the 

SEPELLATA class (Figure 1.4) that specify sepals are not found in gymnosperms, 

suggesting that MADS-box family expansion and gene duplication was critical for the 

evolution of floral morphology (Zahn et al., 2005). Interestingly, SEPELLATA genes 

do not show whorl-restricted expression (Figure 1.4). Further analysis of the functions 

of MADS-box genes present in non-flowering plants could help understand this 

family’s larger role in plant development. 

 

1.6. The MADS-box gene superfamily 

 

Transcription factors are proteins that regulate downstream gene expression by 

binding to DNA-regulatory sequences that may be upstream of a gene sequence or in 

introns (Yuan and Perry, 2011). The name ‘MADS’ is an acronym for the four genes 

in four diverse species used in the identification of the gene family, consisting of: 
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MINICHROMOSOME MAINTENANCE1 from Saccharomyces, AGAMOUS (AG) from 

Arabidopsis thaliana, DEFICIENS from Antirrhinum majus, and SERUM RESPONSE 

FACTOR (SRF) from Homo sapiens (Gramzow and Theißen, 2013).  

 

The MADS-box family is known to have functional roles in plant architecture and 

development (Marchant et al., 2022). For example, changes in plant morphology have 

been noted due to MIKCc genes being expressed outside of floral organs, such as 

petal identity being transferred to organs outside of the flower in the dove tree (Davidia 

involucrata) (Vekemans et al., 2011). However, these functions lead to broad 

expression throughout different tissues and developmental stages. 

 

The structure of MADS-box proteins has been used to categorise genes within the 

superfamily into specific types. Differences have arisen within the superfamily because 

of genome-wide duplication events happening multiple times, allowing the sequences 

of duplicates to diverge over time and enable further sub-categorisation (Litt and Irish, 

2003). All MADS-box proteins contain a conserved DNA binding region (the MADS-

box) after which they can be separated into two categories: Type-I and Type-II (Figure 

1.5). The differences between these families can be best seen through differences in 

protein structure (Riechmann and Meyerowitz, 1997). In plants, Type-II MADS-box 

proteins contain a highly conserved N terminal MADS-box (M) DNA binding domain. 

The M-domain is approximately 55-60 residues long and has a sequence identity of 

40% between H. sapiens and Arabidopsis (Lai et al., 2019). A moderately conserved 

Intervening (I) is involved in DNA-binding specificity (Zhang et al., 2017), although it 

does show less conservation (Kaufmann, Melzer and Theißen, 2005). A Keratin-like 

(K) domain is the second most conserved domain in a MADS-box protein and is 
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responsible for protein-protein interaction and dimerization (Gramzow and Theißen, 

2013; Lai et al., 2019). A highly variable C-terminal (C) domain with few conserved 

secondary structural motifs completes the protein, and is involved in transcriptional 

activation (Lai et al., 2019).  

 

 

Figure 1.5: The domain structures present in Type-I and Type-II MADS-box genes in 
both plants and animals. The green represents the C-terminus domain in all but animal SRF 

proteins where it represents the C and N terminal. Fungi such as the yeast MADS-box proteins 

MCM1 hold similar structures to mammalian SRF and MEF2 proteins. Adapted from Nam et 

al., (2004). 

 

In contrast, Type-I MADS-box proteins in plants do not contain a K-domain nor an I-

domain, leading to a shorter total protein (Yang, Fanning and Jack, 2003) (Figure 1.5). 

The Type-II family is further categorised into MIKCc (the classic model) and MIKC* 

(the deviant) proteins. Both these families contain the four domains described above 
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(M, I, K, C), (Kaufmann, Melzer and Theißen, 2005). However, MIKCc and MIKC* are 

categorised through their differing structure, namely the differences in the I and K 

domains with MIKCc I and K domains being shorter than MIKC* I and K domains, 

(Henschel et al., 2002) (Figure 1.5). Analysis of the number of introns present in these 

proteins shows that the MIKCc family varies between 2 to 11 introns (Figure 1.6) whilst 

the MIKC* family varies between 8 to 16 introns. This pattern has been observed in 

Pyrus, Arabidopsis, and Oryza sativa (Meng et al., 2019). In comparison, Type-I genes 

possess no introns. Although they are all transcription factors, the different structures 

of the Type-I and Type-II MADS-box proteins leads them to have different specific 

functions. 

 

 

Figure 1.6: The MADS-box Type-II MIKC domain structure. The four domains MADS (M) 

DNA binding domain, Intervening (I) domain, Keratin-like (K) domain, and C-terminal (C) 

domain, the numbers correspond to amino acid length. The intron-exon structure of the MIKCc 

protein CsMADS1 a cucumber homologue to Arabidopsis APETALA3 is shown, with introns 

being represented by lines. Adapted from Yang, Fanning and Jack, (2003), Tanabe et al., 

(2005), and Lai et al., (2019). 
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1.7. The evolutionary history of the MADS-box genes 

 

The origin of MADS-box genes has been linked with deep evolutionary time. The M-

domain was present in the early evolution of extant Eukaryotes. Basal protists and 

excavates do not have a full complement of MADS-box gene domains, perhaps due 

to a loss of MADS-box domains (Gramzow, Ritz and Theißen, 2010). It is thus 

considered likely that the common ancestor of all Eukaryotes contains a gene with an 

M-domain as MADS-box genes are present in plants, animals, and fungi (Gramzow, 

Ritz, and Theißen, 2010). It is believed that the last common ancestor of all Eukaryotes 

contained a single MADS-box gene, with a duplication event occurring before the 

divergence of plants and animals to produce two lineages of MADS-box genes, Type-

I and Type-II (Alvarez-Buylla et al., 2000).  Consistent with this, Type-I and Type-II 

MADS-box proteins can be found in plants, animals, and fungi (Figure 1.5). This is 

shown through a group of Arabidopsis Type-I MADS-box domains being closely 

related to the SRF- like sequences in animals (Messenguy and Dubois, 2003) (Figure 

1.5).  In chlorophytes and charophytes MADS-box genes cannot be separated into 

Type-I and Type-II categories as the genes present only contain an M-domain 

(Gramzow and Theissen, 2010; He et al., 2019). For example, the green unicellular 

alga Chlamydomonas reinhardtii and the highly reduced unicellular red alga 

Cyanidioschyzon merolae although they lack all domains, only showing the presence 

of an M-domain (Thangavel and Nayar, 2018). Despite this, it can be concluded that 

the most recent common ancestor (MRCA) of chlorophytes and streptophytes (which 

includes the land plants) contained a protein with a MADS-domain, and that the 

diversification of the MIKCC and MIKC* Type-II MADS-box genes occurred after land 
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plants diverged from the Chlamydomonas lineage, (Thangavel and Nayar, 2018) 

(Figure 1.7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The blue box represents the M-domain, purple the I-domain, yellow the K-domain, and green 

the C-terminus domain. Adapted from Thangavel and Nayar, (2018). 

 

 

 

 

Figure 1.7: Evolutionary tree with the diversification events of the MADS-box family. 
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In green algae, the closest relatives to land plants, MADS-box gene function has been 

hypothesised to play a role in the haploid reproductive cell development (Thangavel 

and Nayar, 2018). This would correspond to the function of Type-I MADS-box genes 

in the gametophyte life cycle stage of angiosperms (Gramzow et al., 2012). The 

representative bryophyte Physcomitrium has Type-II MIKCc MADS-box genes that 

have been shown to function in vegetative growth and reproduction (Koshimizu et al., 

2018). Some genes have been co-opted into both moss gametophytes and 

angiosperm sporophytes in similar ways for example in root hair development (Jones 

and Dolan, 2012). Functional studies on lycophytes are limited. The model lycophyte 

Selaginella shows the conserved expression of MIKC* genes in gametophytes 

suggesting the MIKC* functions in gametophytes were conserved from early vascular 

plants (Kwantes et al., 2011). In gymnosperms the MADS-box gene family Type-II 

genes hold functions in the newly developed reproductive system of fruit development 

(Ng and Yanofsky, 2001). Throughout the evolution of land plants and their closest 

relatives what can be seen is conservation of MADS-box genes. 

 

MADS-box gene families present in plants have expanded and diversified through 

whole genome duplication events as well as gene-specific evolution (Wang et al., 

2024). There are vastly more MADS-box genes present in flowering plants compared 

with those present in animals and fungi (Theissen, Kim, and Saedler, 1996). 

Duplication events shaped the MADS-box family in plants into the known sub-

categories, with gene duplication events and subsequent divergences being observed 

to alter the function and structure of genes for example the redundancy of 

SEPALLATA genes in Arabidopsis (Malcomber and Kellogg, 2005).  
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Type-I and Type-II genes show different birth-and-death rates with Type I exhibiting a 

higher birth-and-death rate, likely due to Type-I genes undergoing weaker purifying 

selection. Therefore, the death of a Type-I gene is likely to be less harmful than that 

of a Type-II gene, (Nam et al., 2004). This higher birth-and-death rate of Type-I genes 

alongside the fact Type-II genes are preferentially retained after a duplication event 

has meant Type-I clades are often young and fairly narrow-reaching whilst Type-II 

genes offer insight into ancient, conserved, and taxonomically widely distributed 

clades (Theißen and Gramzow, 2016). The shorter length and lack of introns of Type-

I genes also allows them to be duplicated as functional units with more ease than 

Type-II genes (Gramzow and Theißen, 2013). Type-I MADS-box genes have been 

linked to female gametophyte development as well as the development of embryos 

and seeds in angiosperms, (Gramzow et al., 2012). Type-II MADS-box genes are 

further sub-categorised into MIKCc and MIKC* families (Figure 1.7). Interestingly, 

some Type-II MIKCc genes present in Arabidopsis, such as AGL12 and AGL25-like 

genes do not contain a K-domain, suggesting this was acquired in the evolution of 

Type-II genes after these genes became integral to function (Henschel et al., 2002). 

 

The observed increase in the diversity of MADS-box genes in plants is closely linked 

to the evolution of flowers, seeds, and fruits (Gramzow and Theißen, 2013). For 

example, the APETALA1/FRUITFULL family of MIKCc MADS-box genes are only 

found in angiosperms, whilst the origin of genes responsible for male and female 

gametophytes predates the flower as these can be found in gymnosperms(Endress, 

2001), for example putative AG genes in Gingko have been observed in ovule 

development (D’Apice et al., 2022). In addition, Type-II genes show duplication events 

and subsequent conservation of the genes that show specific functions relating to 
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novel seed and reproductive organs only present in spermatophytes (Kaufmann, 

Melzer and Theißen, 2005). In particular, it is known the MADS-box family is important 

in floral organogenesis, following the ‘ABCDE’ model to specify floral organ identity 

(see Section 1.5.). It is believed that each category of MADS-box gene in the ‘ABCDE’ 

model are products of duplication events, (Litt and Irish, 2003). For example, the 

APETALA3 and PISTILLATA, two B-function genes present in Arabidopsis that are 

involved in stamen development, originate from a duplication event arising from a 

single ancestor gene lineage (Krizek and Meyerowitz, 1996). Not only have duplication 

and loss of gene events been linked to the evolution of more complex structures and 

diversification of flowers, but changes in the gene expression of floral homeotic MADS-

box genes also show differences in the flower when altered (Mizukami and Ma, 1995). 

Therefore, when looking into the evolutionary development of plants, knowledge of the 

MADS-box genes is vital to understanding the origin of floral reproductive structures 

(Chen et al., 2019). 

 

1.8. MADS-box protein structure and binding mechanism. 

 

The different modular domains of MADS-box proteins have been found to have 

different functions. The highly conserved M-domain is present in both the Type-I and 

Type-II families, and is 55-60 amino acids in length (Yang, Fanning and Jack, 2003). 

The M-domain was identified as a highly conserved structure of 60 amino acids, and 

a crystal structure of the SRF core revealed the MADS-box structural motifs had high 

conservation between species as the orientation and fit of the coiled-coil MADS-box 

sequence remained constant along DNA recognition sites (Pellegrini, Tan and 

Richmond, 1995). At the amino end of the M-domain, DNA-binding occurs, whilst the 
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carboxyl end of the domain provides a surface – two anti-parallel b sheets - for 

dimerization (Tan and Richmond, 1998). Following the M-domain is the I-domain, 

previously named the linker (L) domain, for its placement between the two highly 

conserved domains of M and K. Few biochemical functions have been associated with 

this domain, although it has been suggested that it could be involved in the functional 

specificity of the MADS proteins, which has been established using domain swapping 

experiments, (Krizek and Meyerowitz, 1996; Riechmann and Meyerowitz, 1997a).  

 

In Type-II proteins the third domain is the K domain, which is conserved at the amino 

acid secondary structure level and is 80 amino acids in length. The K domain forms a 

series of amphipathic α-helices (Riechmann and Meyerowitz, 1997b) and is important 

in protein-protein binding, with three sub-domains K1, K2, and K3, that form different 

sections of the α-helices and interhelical regions the 3 K introns form the K1, K2 and 

K3 domains (Ma, Yanofsky and Meyerowitz, 1991) (Figure 1.6). The conservation of 

the MIKC proteins can be seen through the similar intron patterns, with introns in 

between the domains as well as within the K domain bracketing the K1 and K3 

subdomains, (Kaufmann, Melzer and Theißen, 2005) (figure 1.6). The fourth domain 

is the C-terminal domain at the carboxyl end of the protein both Type-I and Type-II. 

This domain is variable in length and not well-conserved (Theißen, Kim and Saedler, 

1996). However, some MADS proteins have a transcriptional activation domain within 

the C-domain whilst other studies suggest the C-domain acts as a mediator in the 

formation of ternary complexes with other MADS-box proteins to form activation 

domains (Parenicova et al., 2003). Ternary complexes are formed when three different 

molecules bind together and they can alter the specificity and function of a protein 

(Egea-Cortines et al., 1999). 
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MADS-box proteins are generally combinatorial transcription factors that require 

binding between two or more proteins to function and can form multi-protein DNA-

bound complexes through associating in a specific way, (Wolberger, 1998). As such, 

homodimerization (binding to another copy of the same protein) and 

heterodimerization (binding to a different protein) of the proteins will determine the 

specific regulation of the gene targets (Messenguy and Dubois, 2003). This protein-

protein binding has increased in complexity within the ‘ABCDE’ model, leading to the 

formation of ‘floral quartets’ comprising tetrameric MADS domain protein complexes, 

(Puranik et al., 2014) (Figure 1.8). The M-domain and the I-domain are involved in 

specifying certain protein-protein interactions and are used when interacting with a co-

factor, for example when forming multimeric complexes with E-class proteins (Krizek 

and Meyerowitz, 1996). The presence of a K-domain in Type-II proteins provides 

interaction surfaces for protein-protein binding, which allows for homodimerization, 

and heterodimerisation, as well as the tetradimerisation seen in the ‘floral quartet’ 

(Mason and Arndt, 2004). The K domain has a coiled-coil structure that acts as a 

leucine zipper this allows for interactions between different proteins, (Riechmann and 

Meyerowitz, 1997b) and can alter the interaction patterns of Type-II proteins, 

increasing the potential regulatory and functional diversity of these transcription factors 

(Lai et al., 2019). Each domain within a MADS protein thus has a different function 

and the individual proteins must work co-operatively to have an effect, as such it is 

important for them to be able to bind efficiently and in the correct combinations.  
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Figure 1.8: Examples of MADS-box tetramers on DNA, known as ‘floral quartets’. The 

left floral quartet contains two B-class (PI and AP3), one C-class (AG), and one E-class (SEP) 

genes encoding mRNA for transcription factors regulating stamen development. The right 

quartet contain two C-class (AG) and two E-class (SEP) genes encoding carpels. Figure 1.4 

for ABCDE model. Adapted from Ruelens et al., (2017). 

 

MADS-box proteins accomplish their tasks by forming higher order complexes, such 

as the tetramers of floral quartets, which then act on promoter sequences of their target 

genes. MADS-box proteins of plants are known to bind DNA only after dimerization, 

(Ruokolainen et al., 2010). MADS-box proteins bind to a sequence of DNA which has 

the consensus sequence CC(A/T)6GG known as a CArG-box, this DNA-binding 

domain acts to regulate the transcription factors of the MADS-box family (Aerts et al., 

2018). This regulation is achieved through different affinities of DNA-binding 

dependent upon of the protein-protein complex the MADS-box proteins are in, with 

higher affinity noted to protein-protein dimers (Messenguy and Dubois, 2003). MADS-

domain proteins are much more likely to bind in a heterodimer/hetero-tetramer, a 

hydrophobic kink region within the K domain prevents self-association during 

oligodimerisation, increasing the diversity of complexes formed (Puranik et al., 2014). 

This is observed when highly similar DNA binding motifs such as a CArG-box are 
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present in multiple datasets, suggesting there is a masking of more specific sequences 

by the vast combination of heterodimers (Aerts et al., 2018). 

 

Structural studies of MADS-box proteins are largely limited to animal species, with 

crystal structures being resolved for a human SRF and MEF type MADS-box protein, 

a mouse MEF type protein, and the budding yeast MADS-box protein MCM1 (Qiu et 

al., 2023). Only one plant MADS-box protein has had its crystal structure resolved the 

Arabidopsis MADS-box protein SEP3 (Lai et al., 2019). Although predicted protein 

structures have been generated, there have been differences identified between 

predictions and resolved structures (Qiu et al., 2023) (Chapter 5). MADS-box 

interactions have also been characterised in the small MADS-box family found in the 

moss Physcomitrium (formerly Physcomitrella) (Henschel et al., 2002). However, in 

between the early land plant example and the angiosperm examples, functions of the 

MADS-box genes have yet to be determined. This is a vital gap in knowledge in 

understanding the evolution of MADS-box genes in relation to seed and flower 

evolution. 

 

1.9. Using Ceratopteris to investigate the evolution of the MADS-box 

family 

 
As ferns lie in the sister clade to seed plants (Figure 1.1), they present an opportunity 

to investigate land plant development at this crucial stage in evolution, when large 

plants present on dry land and were changing their reproductive systems to adapt 

accordingly after already having co-opted a vascular system (Bui et al., 2015). Ferns 

generally have long life spans, therefore finding a model organism within this family 
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has been challenging. The massive genomes associated with ferns, due to multiple 

duplication events throughout their evolution, are an issue when it comes to carrying 

out molecular-genetic research. Heterospory is important in seed formation as there 

is a reliance on small pollen grains and a large ovule. Some heterosporous ferns have 

relatively small (<1GB) genomes that have allowed for sequencing, with the 

heterosporous ferns Azolla filiculoides (750MB) and Salvinia cucullate (260MB) now 

having their genome sequenced in their entirety (Banks, 2018; Li et al 2018) with nine 

putative MADS-box genes being identified in Azolla filiculoides (Qui and Yu, 2003).  

 

Not only does the size of fern genomes present difficulties, but the large size of the 

genes within the genomes is yet another hurdle to overcome with traditional cloning 

and transformation methods having a low efficiency (Plackett et al., 2014). 

Ceratopteris richardii (referred to as Ceratopteris throughout this work) has had its 

genome (11.25 Gbp, n= 39) sequenced and annotated, providing the first 

homosporous vascular plant reference genome (Marchant et al., 2019). The 

publication of the Ceratopteris genome (Marchant et al 2019) and its update in 2022 

(Marchant et al., 2022) overcame some barriers to molecular-genetic research by 

providing a full set of annotated protein-coding genes, promoter regions, etc. Since 

then, another homosporous fern genome, that of Adiantum capillus-veneris has also 

been sequenced (Fang et al 2022) along with the genome of a tree fern (Huang et al 

2022).  

 

Ceratopteris is a diploid fern, that can be transformed with relative ease when 

compared to other ferns (Stuessy and Weiss-Schneeweiss, 2019) (Figure 1.9). Unlike 

many ferns, Ceratopteris has a short life cycle and can be grown under laboratory 
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conditions (Kinosian and Wolf, 2022). Moreover, Ceratopteris has a free-living haploid 

gametophyte life-cycle stage that can be used for transformation (Plackett et al., 

2014).  

 

Figure 1.9: Ceratopteris life cycle. The free-living gametophyte stage is highlighted in pink 

with a life span of approximately 4 weeks, the sporophyte stage is highlighted in green with a 

life span of approximately 20 weeks. Figure 1.2 gives a comparison to the flowering plant life 

cycle and the greatly reduced gametophyte stage 

1 cm to scale

1 cm to scale

G
am

et
op

hy
te
s

Sporophytes



 
 
 

29 

Monilophytes are the closest relatives to seed bearing plants (Knie et al., 2015). This 

places Ceratopteris at a vital point in evolution when investigating the evolutionary 

changes in reproductive systems (Linkies et al., 2010). Ceratopteris has been used as 

a model organism for over three decades, and the recent advent of the high-quality 

genome will enable such investigations (Kinosian and Wolf, 2022).The MADS-box 

gene family in Ceratopteris was annotated in the published genome (Marchant et al., 

2022). This along with the previously established molecular methods associated with 

Ceratopteris make it an ideal organism to use when investigating the MADS-box genes 

and their role in the evolution of seed and flower base reproductive systems. 

 

1.10 Aims and objectives 

1.10.1. Aim 

The overarching aim of this thesis was to determine the function of MADS-box genes 

in Ceratopteris, within the sister clade to spermatophytes. To achieve this aim, the 

following specific objectives will be addressed in the following chapters. 

 

1.10.2. Objectives 

(i) Identification and validation of the full complement of MADS-box genes 

present in the fern Ceratopteris using bioinformatic, phylogenetic and 

molecular cloning approaches (Chapter 3). 

(ii) Analysis of potential functions for Ceratopteris MADS-box genes via 

expression analysis using RT-PCR and qPCR on tissue from different 

stages of development (Chapter 3.2). 
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(iii) Generation of transgenic RNAi knockdown lines of a selected Ceratopteris 

MADS-box protein to define for the first time the function of a non-seed 

vascular plant MADS-box gene, via analysing loss/reduction of function 

(Chapter 4.2). 

(iv) Generation of overexpression lines of a selected Ceratopteris MADS-box 

gene in both Ceratopteris and Arabidopsis to determine and compare gene 

function(s) (Chapter 4.3). 

(v) Prediction of Ceratopteris MADS-box protein function and interactions via 

comparative modelling of fern and Arabidopsis MADS box proteins (Chapter 

5.2, 5.3, and 5.4). 

(vi) Investigation of protein-protein interactions within the fern MADS-box family 

using Yeast-II-Hybrid assays of Ceratopteris MADS-box proteins (Chapter 

5.5). 
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CHAPTER 2: MATERIALS AND METHODS 
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2.1. Plant materials 

 

Wild type (WT) spores of Ceratopteris richardii Hn-n strain (https://c-fern.org/) were 

obtained from Dr Andrew Plackett (University of Birmingham). Wild type (WT) seeds 

of Arabidopsis thaliana Col-0 were used, which can be obtained from the European 

Arabidopsis Stock Centre (https://arabidopsis.info/). 

 

2.1.1. Preparation of growth media 

 

1X C. fern medium (Appendix) was prepared as in Plackett et al. (2015) adapted from 

Klekowski (1969). For plates approximately 25 mL of 1X C. fern media with 1% agar, 

adjusted to pH 6.0, was used per 90 mm petri dish, poured in a sterile laminar flow 

hood. Plates were to be used on the day and not stored to avoid drying out or 

contamination. Sterile dH2O was added consistently every other day to keep plates 

moist, in a sterile flow hood.  

 

For antibiotic selection and hormone treated plates, the medium was first cooled to 55 

°C before the required antibiotic or hormone was added and the plates poured as 

above. For ease of transplant, harvest, and observation of gametophytes, 90 mm petri 

dishes with set C. fern medium were overlayed with cellophane discs, that had been 

sterilised between filter paper discs (Whatman plc) in a glass petri dish for 20 minutes 

at 121 °C, using sterile Watchmaker forceps in a laminar flow hood.  

 

https://c-fern.org/
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For sterile sporophyte growth Magenta pots (Sigma-Aldrich) 77 mm x 77 mm x 97 mm 

were first autoclaved and then used, half-filled with C. fern medium, added in sterile 

laminar flow hood. 

Plants grown on soil (Levington Peat Free All-Purpose compost), had 500 mL 1X C. 

fern media without agar added, to water the tray at the initial transplantation stage, 

and again if plants showed nutrient stress through yellowing as the grew. 

 

2.1.2. Tissue Culture and growth conditions of Ceratopteris richardii 

 

Ceratopteris spores were imbibed, cleaned, and stratified. Ceratopteris spores were 

incubated in 20% bleach (800 µL dH2O, 200 µL NaClO, and 5 µL Tween20) at room 

temperature for 15 minutes whilst mixing gently. The spores were then washed x4 with 

sterile dH2O before being resuspended in 1 mL dH2O and incubated at room 

temperature in darkness for 48-72 hours. Spores were then plates on C. fern media 

plates.  

 

Gametophyte plates of Ceratopteris were incubated at 28 °C with 50% humidity. Once 

on soil, sporophytes were incubated at 28 °C with 80% humidity. Both incubations had 

a long day/night cycle with 16 hours light and 8 hours dark cycles (Plackett et al., 

2015). 

 

2.1.3. Growth of Ceratopteris for RNA extraction 

 

Wild type Hn-n Ceratopteris richardii was grown following the protocol described in 

Plackett et al., (2015). Tissue was harvested at immature and mature gametophyte 
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stages, as well as vegetative and reproductive sporophyte tissue at the following three 

stages: fiddle head, expanding fronds, mature fronds. This was to generate tissue for 

RNA extraction. 

 

2.1.4. Generation of callus for transgenic fern generation: 

 

Once sporophytes had developed a visible shoot and root (approximately two weeks 

of growth after fertilization) callus was induced by transplanting sporophytes to 90 mm 

petri dishes with 1X C. fern media with 1% agar and 5 µM 6-Benzylaminopurine (BAP) 

using 2 pairs of watchmaker forceps to remove any excess media and anchor roots in 

new media. Approximately 1 cm of space was left between sporophytes to allow room 

for growth. Sterile dH2O was added every 2-3 days to keep plates moist. 

 

Once callus tissue had developed (after approximately one to two weeks) it was 

transplanted to 90 mm petri dishes with 1X Murashige and Skoog (MS) medium 

containing 2% sucrose and 0.7% agar with 5 µM BAP media (MS-BAP), adjusted to a 

pH of 5.8. Using two pairs of watchmaker forceps, callus tissue was gently pressed 

into the media leaving around 1 cm between individual callus. Plates were sealed with 

ParafilmTM to maintain a moist environment. Once callus had grown (after 

approximately one week), each piece was broken into smaller pieces using 

watchmaker forceps and transplanted to new MS-BAP plates. After 14 days, callus 

was ready for DNA microparticle bombardment and was transplanted to 50 mm petri 

dishes containing 1X MS 2% sucrose 0.7% agar (pH 5.8) with 5 µM Kinetin. 
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2.1.5. Microparticle preparation for biolistic bombardment: 

 

The callus was then used for transformation using a biolistic gun (PDS-1000/HeTM 

System, Bio-Rad). This was performed by sterilising and coating approximately 20 mg 

of gold microparticles (1.0 µm gold microcarriers – Bio-Rad).  

 

2.1.6. Microparticles sterilisation 

 

Microparticles were sterilised by incubating in 1 ml of 70% ethanol for 15 minutes at 

room temperature. The ethanol was then removed by pulse centrifuging and 1 ml of 

sterile dH2O was added. Microparticles were then shaken for 1 minute at 

approximately 200 rpm, pulse centrifuged to collect the microparticles in a pellet and 

1 ml of sterile dH2O was added. Microparticles were washed a total of three times. 

Microparticles were then suspended in 50% glycerol to a concentration of 60 mg 

microparticles per ml assuming no loss during sterilisation. 

 

2.1.7. Microparticle coating 

 

Microparticles were coated with the required DNA construct. Two aliquots of 

microparticles were needed for each round of bombardment to allow for a no-DNA 

control. Whilst constantly shaking, 50 µL microparticles were aliquoted into each 1.5 

mL Eppendorf tube. In quick succession 5 µL DNA construct, 50 µL CaCl2, and 20 µL 

spermidine were added and the contents shaken for a further 5 minutes on a vortex 

mixer with a tube holder attachment. For the no-DNA control 5 µL of sterile dH2O was 
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added in place of the DNA. Microparticles were then washed twice with 140 µL 70% 

ethanol and suspended in 50 µL 100% ethanol. 

 

2.1.8. Biolistic bombardment of Ceratopteris callus: 

 

Once microparticles were ready for bombardment the biolistic gun was prepared. In 

an ESCO Laminar Flow Cabinet equipment was sterilised in 100% ethanol for 20 

minutes. This included: 2x bayonet forceps, 1x Watchmaker forceps, the loading 

stage, cap, and firing cylinder from the PDS-1000/HeTM System, 4x Bio-Rad Biolistic 

Macrocarrier holders, 4x metal cartridges, 4x circular wire mesh discs. 4 x P/N 

9202964 “C” Biolistic rupture disks 1,100 psi were prepared in isopropanol, these were 

allowed to dry before use. The PDS-1000/HeTM System gun was cleaned with 70% 

ethanol when placed within the laminar flow cabinet. Bayonet forceps were used to 

insert microcarrier discs into each cartridge, concave side down, and the discs were 

pressed down until discs they lay flat within the cartridge. 10 µL of coated 

microparticles were pipetted onto the centre of each macrocarrier and allowed to dry.  

 

Watchmaker forceps were used to place the rupture discs in the firing cylinder, 

ensuring they lay flat. Using a torque wrench, the firing cylinder was placed into the 

gun and tightened. Using Bayonet forceps, a wire mesh was placed over the hole in 

the firing stage and the loaded bombardment cartridge was then placed on top, disc 

side down. The loading stage was then placed above the sample stage in the gun and 

the callus plate placed on the sample stage ensuring the plate was centred and the lid 

had been removed. The He vacuum was filled to 27.5 psi in He vacuum and held until 

the gun reached approximately 1000 psi. This process was repeated with a new 
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macrocarrier each time. The wire mesh disc could be used for a total of 4 

bombardments and would need replacing if more were being performed. The no-DNA 

control was bombarded first with three more bombardments being performed for the 

DNA construct. Three separate populations were then bombarded in this manner, 

giving 9 total DNA-transformed callus populations and 3 no-DNA controls. 

Regenerated plants were grown on soil and spores were collected. Germinating 

spores then underwent three rounds of antibiotic selection on MS-plates before being 

transplanted to soil where 4 plants from each resistant line were grown for phenotyping 

and genotyping and T2 spore collection.  

 

2.2. Ceratopteris genotyping and phenotyping of RNAi CMADS1 

knockdown T1 lines 

 

2.2.1. Genotyping 

 

cDNA of each transformant line plus the empty vector control lines and the wild-type 

control lines was used in a qPCR analysis to recognise any knockdown of CMADS1 

present (see chapter 4.2.1). 

2.2.2. Phenotyping 

 

One frond was harvested from each plant of each T1 Ceratopteris line (Figure 2.1). 

This frond was photographed and measured using a ruler by eye. Branches per frond 

and pinnae per frond were then counted by eye. Three pinnae from each frond were 

cut and used for further phenotyping (Figure 2.1). A dissecting microscope (G X 
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Microscopes by GT Vision Ltd ultraZOOM-2) was used under x0.8 magnification to 

view pinnae and sporangia of the transgenic plants. To view sporangia pinnae were 

dissected using x2 watchmaker forceps to allow for photography and counting of 

enclosed sporangia. Pinnae that were consistently re-curling were fixed in 100% 

ethanol. 

 

 

 

 

 

 

 

 

 

 

 
The red circle labelled A shows an example frond taken for measurement; frond length 

measurement taken from base to tip. The red circle labelled B shows one branch, while the 

red circle C shows a pinna. Panel D is a close-up image of an example three pinnae chosen 

for measurements of sporangia. Scale bars represent 1 cm. 

 

2.3. Arabidopsis thaliana 

2.3.1. Preparation of growth media  

 

½ strength MS medium with 2% sucrose and 0.7% agar medium and the pH adjusted 

to pH 5.8 (Appendix 1). Approximately 25 mL of ½ MS 2% sucrose 0.7% agar medium 

A 

B 

C D 

Figure 2.1: Measurements taken for phenotyping of Ceratopteris knockdown lines. 
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was used per 90 mm petri dish. Plates were to be used on the day of preparation and 

not stored, to avoid contamination.  

 

For antibiotic selection and hormone treatment plates, the ½ MS medium was first 

cooled to 55 °C before the required antibiotic or hormone was added and the plates 

poured. For T1 selection of transformed A. thaliana lines 50 µg/mL Kanamycin was 

included in the plates. 

 

When growing on soil a composite of ratio 4:2:1 compost (Levington 

f2):vermiculite:perlite was used.  

 

2.3.2. Growth conditions 

 

For imbibition and surface sterilisation, Arabidopsis seeds were incubated for 5 

minutes in 70% ethanol at room temperature, followed by a 15-minute incubation in 

10% bleach (900 µL dH2O, 100 µL NaClO, and 5 µL Tween20) at room temperature 

whilst mixing gently. The seeds were then washed x4 with sterile dH2O before being 

sown to either soil or plates depending on the selection necessary. Before planting 

seeds on plates, imbibed and washed Arabidopsis seeds were stratified by incubating 

at 5 °C for 48 hours in darkness. Arabidopsis plates were incubated at 25 °C with a 16 

hour light cycle. 

 

At approximately 7-14 days old when four true leaves were present, Arabidopsis 

seedling roots were developed enough to be moved to soil without damage whilst not 

being too embedded in the media, which would lead to breakages. Thus, by 7-14 days 
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old the seedlings should survive the move from the nutrient rich and high humidity 

environment of the growth media to soil. Soil mixture was placed into pots ensuring no 

large air gaps. A tray was filled approximately halfway with water and the pots placed 

into it. When the soil was saturated with water, the tray was emptied, and the seedlings 

transplanted into moist soil. A plastic lid was used cover pots for a few days to ensure 

successful transplants. Pots were then placed into a growth cabinet with a 16-hour 

light cycle, at 25 °C. 

 

After one week in soil, Arabidopsis seedlings had 1-2 leaves harvested, flash frozen, 

and stored at -80C for DNA extraction and genotyping. After 6-9 weeks on soil, 

depending on floral cluster production, two young floral clusters were harvested for 

immediate phenotyping and a further two young floral clusters were harvested and 

snap frozen for future RNA extraction. 

 

2.3.3. Arabidopsis genotyping and phenotyping of overexpression 

35S::AG and 35S::CMADS1 T1 lines 

2.3.4. Phenotyping 

 

Young floral clusters were observed under a dissecting microscope at x2 magnification 

(G X Microscopes by GT Vision Ltd ultraZOOM-2) with sepals, petals, and stamens 

being counted before being dissected for photography. 

 

 



 
 
 

41 

2.4. Ceratopteris genome validation and Ceratopteris MADS-box 

cloning. 

2.4.1. cDNA isolation: 

 

Complementary DNA was generated from gametophyte tissue at 5, 7, 10, and 14 days 

of growth and from vegetative fiddle head, expanding fronds, and mature fronds, and 

reproductive fiddle head, expanding fronds, and mature frond sporophyte tissue 

stages. Tissue was harvested using 2x watchmaker forceps under a dissecting 

microscope and tissue was placed into a 1.5 ml Eppendorf tube before snap freezing 

using liquid nitrogen. RNA extraction was then performed using RNeasy Plant Mini Kit 

(Qiagen) (see table X). For use in qPCR RNA samples should ideally be above 50 

ng/μL so synthesised cDNA has a sufficiently high concentration (Ma et al., 2021). As 

such, multiple extractions were needed to gain samples above the concentration 

threshold in some cases. RNA was then used for cDNA synthesis using First-Strand 

cDNA synthesis using SuperScript II RT (Thermo Fisher Scientific) according to 

manufacturer’s instructions. 

 

2.4.2. Phusion PCR amplification and Gene Validation: 

 

Using annotated sequences from Ceratopteris richardii genome (Marchant et al., 

2019) and Dr Andrew Plackett’s preliminary RNA sequencing data (unpublished), 

primers were designed to amplify the full-length predicted coding regions of each 

gene. Each primer was designed to have a length of between 15-25 base pairs, and 

a GC content of between 40%-60%, avoiding sequences with long runs of the same 
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base (see tables 1 and 2). Primers were designed so annealing temperatures for both 

forwards and reverse were designed to be similar in temperature at around 55 °C. As 

PCR with Phusion DNA polymerase (Thermo Fisher) was used, 3 °C was added to 

the Tm giving an annealing temperature of Tm + 3 °C. An extension temperature was 

chosen depending on the length of the sequence being amplified, with Phusion 

polymerase requiring 30 seconds per 1 kb.  

 

PCRs were performed using a LifeECO, TC-96/G/H(b)C, Hangzhou Bioer Technology 

Co. Ltd PCR machine. The initial denaturation stage was 98 °C for 30 seconds, 

followed by 29 cycles of a 10 second 98 °C denature stage, 20 seconds of the chosen 

annealing temperature (plus 3 °C) depending on the primers being used, a 72 °C 

extension step of the chosen time based on product length (30 seconds per 1 kb). A 

final extension stage was added of 72 °C for 6 minutes. 

 

2.5. Quantitative expression analysis 

2.5.1. Quantitative RT-PCR 

 

qRT-PCR was performed on an AriaMx machine (Agilent) using Brilliant III ultra-fast 

SYBR® Green low ROX qPCR master mix (Cat. 600892, Agilent). 384 well plates 

were used with each 5 µL reaction containing 2.5 µL Sybr Green Supermix, 0.25 µL 

of the appropriate forward primer at 10 µM, 0.25 µL of the appropriate reverse primer 

at 10 µM, and 2 µL of the appropriate cDNA at 5 ng/µL. Four technical repeats were 

performed for each sample. The cycling parameters were: An initial denaturation stage 

of 95 °C for 10 minutes followed by 40 amplification cycles of a 15 second 95 °C 
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denaturation step, 20 second 60 °C annealing step, due to the short amplicon length 

elongation occurs during the cycle up to the denaturation temperature. A melt curve 

was then produced with a 15 second 95 °C step, 60 second 60 °C step, and a final 15 

second 95 °C step with a ramp rate of 0.075 °C every second to produce a dissociation 

curve. 

 

2.5.2. qRT-PCR data analysis 

 

The normalised fold change in relative expression of each CMADS1 knockdown line 

was calculated relative to Ceratopteris wild type, the 2-∆∆CT method described in Livak 

and Schmittgen, (2001). CT values were normalised against three housekeeping 

genes, Actin (ActinB), a putative Ubiquitin gene, and a putative TATA gene (Ganger 

et al., 2015). Error bars represent upper and lower fold-change range and were 

calculated using standard deviation. 

2.5.3. Agarose gel electrophoresis 

 

0.8-1.0% agarose was used in 1xTAE (diluted from a 50x stock: 242 g Tris Base, 57.1 

mL glacial acetic acid, 100 mL 0.5 M EDTA pH 8.0, volume adjusted to 1 L using 

dH2O). Depending on the number of samples being run either 50 mL or 100 mL TAE 

agarose solution was poured into gel trays with the appropriate gel combs. 6X gel 

loading dye (NEB) containing 1:1500 GelRed nucleic acid stain (Biotium) was added 

to the DNA samples before loading them into the set gel. A 1 kB DNA ladder (NEB) 

with 6X gel loading dye (NEB) added was used to help visualise the sample bands. All 

samples were loaded into the gel wells and run between 70V-90V at 120 mA for 45-
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60 minutes using a Cleaver Scientific electrophoresis battery. DNA bands were 

visualised using a ChemiDoc MP imaging system on a Bio-Rad gel doc. 

 

2.5.4. DNA extraction and purification 

 

PCR products that were then run on agarose electrophoresis gels were extracted and 

purified using a Zymoclean Gel DNA Recovery Kit (Zymo Research) following the 

manufacturers protocol. The band of the correct size, determined through the use of 

a 1 kb DNA gene ladder (NEB) was extracted using a UV light box and a razor blade. 

This was then placed into 1.5 mL Eppendorf tubes where the gel was dissolved in a 

high ionic strength buffer at 50C for approximately 10 minutes depending upon the 

weight of the band. Using the provided spin columns that bind DNA to a silica 

membrane the excised and dissolved DNA was washed using ethanol-based buffers 

and eluted into ≥ 6 µL dH2O. 

 

2.5.5. Ligation 

Purified PCR product was ligated with the blunt ended pJET 2.1 cloning vector using 

the enzyme T4 DNA ligase, both provided in the CloneJet PCR Cloning Kit (Thermo 

Fisher Scientific). The solution incubated at room temperature for between 5-15 

minutes for ligation to occur. 

 

2.5.6. Plasmid purification from E. coli cells. 

A QIAprep Spin Mini-prep kit (Qiagen) was used for plasmid purification according to 

the manufacturer’s instructions. Plasmid DNA concentrations were determined using 
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a nanodrop spectrophotometer. The purified plasmid was sent for sequencing (Source 

Bioscience, Cambridge) 

 

2.5.7. Restriction enzyme digestion 

Restriction enzyme diagnostic digests were designed and performed depending on 

the sequence being cloned, using enzymes from New England Biolabs according to 

the manufacturer’s instructions. 

 

2.5.8. Sequencing 

Sanger sequencing was performed using the Source Bioscience online rapid 

sequencing portal (https://genomics.sourcebioscience.com/). For each 5 μL 

sequencing reaction, a plasmid concentration of 100 ng/μL and a primer concentration 

of 5 mmol were used. 

 

 

2.5.9. Expression analysis 

RT-PCR as described in 2.3.2. was used to determine the absence/presence of 

MADS-box Type-II MIKCc genes in different developmental stages. 

 

2.6. Cloning of CMADS1 and other genes in Ceratopteris, 

Arabidopsis, and S. cerevisiae 

2.6.1. Vectors 

pART7 (Gleave, 1992) 

https://genomics.sourcebioscience.com/
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The 5 kB plasmid contains a CAMV 35S promoter and an Ampicillin resistance gene 

to allow for restriction cloning and donation of the overexpression promotor region. 

 

pANDA (Miki and Shimamoto, 2004) 

The 6.7 kB plasmid contains a maize ubiquitin promoter and an E. coli gus linker 

between the two inverted insertion repeats to allow for use in RNAi. The plasmid 

contains Kanamycin resistance in bacteria and Hygromycin resistance in plant. 

 

pBOMBER (Plackett, Rabbinowitsch and Langdale, 2015) 

The 11.5 kB plasmid contains a NOS promoter site and holds a spectinomycin 

resistance. 

 

GatewayTM pDONR207TM Vector (ThermoFisher Scientific) 

The 5.6 kB plasmid contains a gentamycin resistance cassette for selection in bacteria 

and AttP sites to allow for directional cloning of PCR products via BP recombination 

pGADT7 (Clontech) 

The 8 kB plasmid contains the GAL4 activation domain (AD) and ADH1 promoter 

region upstream of the MCS allowing for GAL4-AD protein fusions in yeast The T7 

promoter and HA tag allow in vitro synthesis of N-terminal epitope tagged proteins. 

The plasmid contains Ampicillin resistance. 

 

pGBKT7 (Clontech) 

The 7.3 kB plasmid contains a GAL4 binding domain (BD) under the control of the 

ADH1 promoter upstream of the MCS this allows for GAL4-BD protein fusion in yeast. 
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The T7 promoter and HA tag allow in vitro synthesis of N-terminal epitope tagged 

proteins. The plasmid contains a kanamycin resistance. 

 

2.6.2. Vector construction. 

For construct production restriction cloning was used with various restriction sites 

utilised. 
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Figure 2.2: Vector construction of 35S::CMADS1 in pBOMBER for use in CMADS1 
overexpression transformations in Ceratopteris. Panel A shows pJET with the insertion of 

CMADS1, panel B shows the insertion of CMADS1 into the intermediate pART7 vector using 

the restriction sites KpnI and HindIII. panel C shows the final construct of 35S::CMADS1 with 

the 35S::CMADS1 insertion cloned into the delivery vector using NotI restriction sites. 

Generated in ApE. 
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Figure 2.3: Vector construction of 35S::CMADS1-myc in pBOMBER for use in CMADS1 
overexpression transformations in Ceratopteris. Panel A pJET with the insertion of 

CMADS1-myc tagged, panel B shows the intermediate vector pART7 that is used to donate 

the overexpression promotor 35S. Panel B shows the insertion of the myc tagged CMADS1 

construct using the restriction sites KpnI and HindIII into the intermediate vector pART7, panel 

C shows the final construct of 35S::CMADS1-myc with the 35S::CMADS1-myc insertion 

cloned into the delivery vector using NotI restriction sites. Generated in ApE. 
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2.6.3. Digestion 

A plasmid (pART7, pBOMBER) concentration of 1.5 µg/µl was required for digestion 

with CutSmart buffer and the required restriction enzyme(s) for a reaction mix of total 

volume 40 µL. The insert fragment digestion used the entirety of the PCR product. 

Digestion mixtures were incubated at 37°C for 4 hours, 1 µL Quick CIP was added to 

the plasmid vector digest after 3 hours to prevent any self-sticking. 

 

2.6.4. Purification 

The digestion mixtures were ran in their entirety on a 0.8% electrophoresis gel at a 

constant 70V for 60 minutes for quantification for the calculations of the ligations and 

for gel extraction and DNA purification (as described in 2.3.4), using 50 μL wells. A 

final volume of 15 μL was eluted. 2 μL was ran on a 0.8% agarose electrophoresis gel 

for 45 minutes at a constant 70V to check purification was successful. 

 

2.6.5. Ligation 

The ratio of insert:vector needed was calculated using the intensity of bands on the 

purification electrophoresis gel as a semi-quantitative check. Multiple ratios (1:1, 3:1, 

6:1) were used if ligation unsuccessful. T4 ligase buffer and T4 ligase were added 

along with dH2O to a total volume of 10 μL. Vector only and no ligase controls were 

also performed. Multiple incubations were also used to increase the chance of a 

successful ligation with the reaction incubated at room temperature overnight, 37 °C 

for 1-2 hours, and 4 °C for 48 hours. 
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Figure 2.4: Vector construction of 35S::CMADS1 in pART27 for use in CMADS1 
overexpression transformations in Arabidopsis. Panel A shows pJET with CMADS1 

insertion using restriction cloning and the restriction sites KpnI and HindIII, panel D shows the 

insertion of CMADS1 into pART7 again using the restriction sites KpnI and HindIII, panel F 

shows the final construct of 35S::CMADS1 in pART27 with 35S::CMADS1 using NotI 

restriction sites for insertion into the delivery vector. Generated in ApE. 
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2.6.6. Cloning of CMADS1 in pBOMBER for overexpression in 

Ceratopteris 

 

The restriction cloning methods described in 2.3.5 were followed with the appropriate 

vectors described in Figure 2.2 and Figure 2.3 used depending on the need for a myc-

tag. 

 

2.6.7. Cloning of CMADS1 in pANDA for RNA interference 

knockdown in Ceratopteris 

 

Based on the phylogeny (Figure 3.3) the two genes falling into the same clade as 

CMADS1 and two closest relatives were BLAST searched to check for similarities of 

the chosen sequence and designed primers (forward sequence: 5’- 

GAATGGGGCTCTGGTACA -3’ reverse primer sequence: 5’- 

GAACAATTCCGATCCGCAG -3’) no significant similarities were identified. AttB sites 

were then added to the primers following the protocol described by Reece-Hoyes and 

Walhout (2018), this protocol was followed throughout the Gateway recombinational 

cloning RNAi stages. With constructs described in Figure 2.5. 
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Figure 2.5: Vector construction for CMADS1 RNAi knockdown transformation in 
Ceratopteris. Panel A shows the insertion of the chosen CMADS1 sequence insertion as 

described in 2.6.3 into the vector pJET with added AttB sites. Panel B shows the intermediate 

vector pDONR207 with an insertion of the CMADS1 sequence and appropriate AttB sites. 

Panel C shows the delivery vector pANDA, with the final construct of CMADS1-RNAi. 
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2.6.8. Preparation, initial cloning and BP reaction 

 

Using the Phytozome database (https://phytozome-next.jgi.doe.gov) cDNA of 

CMADS1 annotated with each exon noted, gDNA was also annotated with exons, 

introns, and the 5’ and 3’ UTR. This was used to design primers spanning an intron to 

allow for differentiation between cDNA and any gDNA contamination, these designed 

primers had corresponding AttB sites added (see table 5). These sites are added as 

they will allow the expression clone to combine with the P site present on the donor 

vector. 1 μL – 2 μL of the cloned CMADS1::pJET plasmid was used in a PCR following 

the previously described Phusion PCR protocol, with the designed primers.  

 

The PCR product was extracted from the agarose gel using UV for imaging and a 

razor blade to excise the band of the correct size. This fragment was then purified 

using Zymoclean Gel DNA Recovery Kit (Zymo Research) and the included protocol. 

To ensure no PCR errors occurred the purified PCR product was cloned into a blunt 

ended pJET2.1 vector and transformed into DH5alpha competent e. coli cells following 

the previously described lab heat shock method for transformation. 

 

A ligation was set up for an overnight incubation at 25 °C by adding 150 ng/μL of the 

AttB-CMADS1-AttB::pJET vector was added to 150 ng/μL of pDONR207 along with 

the BP enzyme, and 1X TE buffer included in the Gateway cloning kit (ThermoFisher 

Scientific). After incubation 1 μL of proteinase K was added to the ligation and placed 

at 37 °C for 10 minutes. 1 μL and 5 μL of the ligation was then added to 100 μL of 

competent DH5 alpha E. coli cells following the previously described lab heat shock 

https://phytozome-next.jgi.doe.gov/
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method for transformation. Antibiotic selection was used to determine success, 25 

μg/ml of Gentamycin in 1% Agar LB plates. 

 

2.6.9. LR reaction 

 

The entry clone obtained in the previous BP reaction was then used in an LR reaction 

with the destination vector pANDA to form the final construct for use in transgenic 

work. A positive control using the vector pENTR-gus alongside a negative control of 

empty pANDA vector were performed alongside. The steps from the previous BP 

reaction were followed with the BP enzyme replaced with the LR clonase included in 

the kit (ThermoFisher Scientific). For selection steps Kanamycin was used as this is 

the resistance of pANDA. Diagnostic digests were then performed by using GUS linker 

primers pW64F (CATGAAGATGCGGACTTACG) and pW64R 

(CCGAATACGGCGTGGAT). 

 

2.6.10. Cloning of CMADS1 and AG in pART27 for overexpression in 

Arabidopsis 

 

The restriction cloning methods described in 2.3.5 were followed with the appropriate 

vectors described in Figure 2.4 used. 
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2.7. Bacterial and Yeast methods 

2.7.1. Bacterial strains and growth 

2.7.1.1. Escherichia coli DH5a strain and growth conditions 

 

SupE44, ΔlacU169 (Φ80lacZΔM15), hsdR17, recA1, endA1, gyrA96, thi-1, relA1.  

E. coli cells were cultured on LB agar medium (Appendix 1) 90 mm petri dishes or in 

LB liquid cultures (Appendix 1). Media was inoculated with 100 µg/mL carbenicillin or 

100 µg/mL spectinomycin or 25 µg/mL gentamycin or 50 µg/mL Kanamycin, 

dependent on the required selection. LB agar plates were grown inverted at 37 °C 

overnight, LB liquid cultures were grown at 37 °C with agitation at 200 rpm. Glycerol 

stocks were prepared by adding 750 µl culture to 250 µl 60% glycerol. 

 

2.7.1.2. Agrobacterium tumefaciens GV3101 strain and growth 

conditions 

 

A disarmed Agrobacterium strain produced in a C58 background with a 

rifampicin resistance gene, carrying a gentamycin resistance gene was used for 

transformation of Arabidopsis.  

 

Agrobacterium cells were grown on low salt LB agar plates with 50 μg/mL Kanamycin 

(for plasmid selection) and 25 μg/mL Rifampicin (for Agrobacterium selection) 

overnight at 27 °C upside down  
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2.7.1.3. Saccharomyces cerevisiae AH109 strain and growth 

conditions 

 

MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, gal4., gal80., LYS2::Gal1UAS-

GAL1TATA-HIS3, Gal2UAS-GAL2TATA-ADE2, URA3::MEL1UAS-MEL1TATA-lacZ 

MEL 1.   

 

Yeast cells were grown on YPDA (20g/L bacto-peptone, 10g/L bacto-yeast extract, 

20g/L dextrose, 40mg/L adenine sulfate, 20g/L bacto-agar) agar medium in 90 mm 

petri dishes, inverted at 30 °C for 2-3 days. Once transformed yeast were grown on 

SD-LT plates (Appendix 1) inverted, at 30 °C, for a further 2-3 days. At this point yeast 

colonies were taken for glycerol stocks by inoculating 5 mL SD-LT liquid cultures with 

a colony, this was then incubated at 30 °C under 200 rpm agitation for 1-2 days until 

culture turns cloudy. 500 µL of this culture was then added to 500 µL 50% glycerol 

and then stored at – 80 °C. Colonies were also taken for further selection growth on 

yeast drop-out media plates of SD-HLT, SD-ALT, SD-AHLT (Appendix 1) for 3-4 days 

inverted at 30 °C. 
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2.7.2. Bacterial transformation 

2.7.2.1. Escherichia coli DH5a transformation 

 

Heat Shock Transformation 

The ligation solution was then added to thawed competent DH5 alpha E. coli cells and 

incubated on ice for 30 minutes. Heat shock was then used to ensure the cells took 

up the desired construct, this was achieved by placing the cells at 42 °C for 45 seconds 

before placing them back on ice for 2 minutes. 500 μL of SOC media was then added 

to the cells and the solution incubated at 37 °C whilst shaking for 2 hours. The cells in 

SOC were then spread on LB medium with 1% agar in 90 mm petri dishes with 100 

µg/mL Carbenicillin selection. Plates were incubated at 37 °C overnight. 

 

Inoculation 

Any colonies that grew overnight on LB plates were used to inoculate 10 mL cultures 

of LB containing 100 µg/mL Carbenicillin. These were then incubated at 37 °C whilst 

shaking overnight, to amplify bacteria for plasmid extraction. 

 

2.7.2.2. Agrobacterium tumefaciens GV3101 transformation 

 

Agrobacterium cells were spread on LB agar plates (diameter = 90 mm, supplemented 

with the required antibiotics) and incubated overnight (~ 16 h) at 27 °C to produce 

bacterial lawn that covered the surface of the plate completely. Bacterial cells were 

washed off the plate with 4 mL ice cold 10% (v/v) sterile glycerol. Cells growing on the 
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surface of the plate were scraped with an inoculation loop avoiding damages of the 

agar medium and were suspended in the glycerol solution. Suspensions were 

centrifuged at 14,000 rpm (18,000 g) for 1 min at 4 °C; the supernatant was discarded. 

1 mL ice cold 10% (v/v) sterile glycerol was added and the solution vortexed to 

resuspend the cells. This was repeated and the supernatant was removed and 

discarded, the bacterial pellets were resuspended in 400 μl ice cold 10% (v/v) sterile 

glycerol. 70–80 μl of the ice-cold suspension of electrocompetent bacterial cells was 

mixed with 1–3 μl plasmid DNA (1–100 ng) in a sterile centrifuge tube. This mixture 

was loaded into a chilled electroporation cuvette (gap = 2 mm) and placed into the 

cuvette holder. The electroporator was used with the following parameters: 2.5 kV, 25 

μF capacitance, and 400 Ohm resistance. 1 mL SOC medium was added immediately 

to the electroporation cuvette and the resulting bacterial suspension was transferred 

into a 15 mL centrifuge tube, and the tube was incubated at 27 °C for 1 h with rotating. 

When the incubation was over 100 μl from each suspension of electroporated cells 

was spread onto LB plates which contained the required antibiotics. The plates were 

incubated for 2 days at 27 °C. 

 

2.7.2.3. Saccharomyces cerevisiae AH109 transformation 

 

A colony of yeast cells were suspended in 100 mL TB mixture (33 µL Lithium Acetate 

1M, 67 µL PEG 3350 50%, and 0.67 µL b-mercaptoethanol). 2 µg of each vector for 

transformation was added and the culture incubated at a 45 ° angle, 200 rpm, 37 °C, 

for 45 minutes. This solution was then spread onto SD-LT plates and the appropriate 

drop-out media plates. Plates were incubated at 30 °C for 2-3 days. 
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2.8. Yeast-II-Hybrid assays 

 

Restriction cloning was used to produce construct of the chosen genes in both bait 

and prey vectors (Figure 2.6). XmaI restriction sites were used in the restriction cloning 

as described in sections 2.6.2-2.6.4. To avoid reverse orientation insertions diagnostic 

digests were performed as described in 2.5.6. The forward primer also excluded the 

start codon from the amplicon, this is due to the assay relying on the vectors own 

promoter (Brückner et al., 2009). The genes were cloned into both the bait vector 

pGADT7, fused with the GAL4 activation domain and the prey vector pGBKT7, fused 

with the GAL4 DNA binding domain (Brückner et al., 2009). Constructs were 

transformed into yeast cells and grown on appropriate yeast drop-out media as 

described in 2.7.2.3. Colonies were picked from SD-LT plates using sterile 10 µL 

inoculation loops (Sigma-Aldrich) and diluted in 100 µL nuclease free dH2O 5 µL of 

the colony suspension was pipetted onto the appropriate yeast drop-out media in 

triplicate. 
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Figure 2.6: Yeat-II-Hybrid mechanism for viewing protein-protein interactions. Adapted 

from: How Proteins Work (Williamson, 2012). 

 

2.9. Bioinformatics methods 

2.9.1. Phylogenetics 

 

MADS-box Type-II protein sequences were identified by searching for MADS-box 

proteins with both M&K domains using the Phytozome database 

(https://phytozome.net/) from: Chara globularis, Coleochaete scutata, Klebsormidium 

nitens, Penium margaritaceum, Marchantia polymorpha, Physcomitrium patens, 

Anthoceros agrestis, Antheros angustus, Isoetes taiwanensis, Salaginella 

moallendorffii, Ceratopteris richardii, Salvinia cucullata, Azolla filiculloides, Ginkgo 

biloba, Pinus radiata, Picea abies, Thuja plicata, Amborella trichopoda, Arabidopsis 

thaliana and, Oryza sativa. Presence of domains were checked individually using pfam 

(https://pfam.xfam.org/) as K-box domains were identified that were not initially 

significant during a batch search. To differentiate between MIKC* and MIKCc proteins, 

comparison of the intervening (I) domain’s length was used to differentiate between 

https://phytozome.net/
https://pfam.xfam.org/search#tabview=tab0
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MIKCC and MIKC* proteins, with those with a shorter I-domain length being attributed 

to MIKCc.  

 

For comparison phylogenies in chapter 5 Ceratopteris and Arabidopsis MIKCc proteins 

were truncated at the K-domain and M-domain as well as having full-length proteins 

aligned. This was done using published K-box domain sequence motifs available on 

phytozome. 

 

2.9.1.1. Alignment 

Peptide sequences were aligned using MAFFT 

(http://www.trex.uqam.ca/index.php?action=mafft) with the L-INS-i strategy. 

Alignments were presented using PRALINE (Simossis and Heringa, 2005). 

 

2.9.1.2. Phylogenetic trees and model selection 

The best-fitting amino acid substitution models for a maximum likelihood tree were 

selected using Akaike (AIC) and Bayesian (BIC) criteria in ModelTest-NG v0.1.7 

(Darriba et al., 2019). The best-fitting models of substitution for each alignment were 

JTT+I+GF+F for all domains, LG+G4 for M domains and LG+I+G4 for MIK domains. 

Maximum likelihood trees were inferred using RAxML-NG v1.0.0 with the appropriate 

substitution model and 500 starting trees; 250 random and 250 parsimony trees 

(Kozlov et al., 2019). Bootstrapping was performed with an e-value cutoff of 0.01 and 

a maximum of 1000 bootstrap trees. Bootstraps are displayed as transfer bootstrap 

expectation (TBE) (Darriba, 2020).  

 

http://www.trex.uqam.ca/index.php?action=mafft
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2.9.2. Protein modelling 

2.9.2.1. ChimeraX 

 

ChimeraX (Meng et al., 2023) was used to present modelled secondary protein 

structures of both MADS-box MIKCc proteins in Arabidopsis and Ceratopteris. The M 

and K domains were coloured in the structures using the predicted sequence motifs. 

 

2.9.2.2. Alphafold2 and Google Colab 

AlphaFold predictions were generated on Google Colab using ColabFold (Mirdita et 

al., 2022). Arabidopsis and Ceratopteris peptide sequences were gathered from 

Phytozome  (https://phytozome.net/) and fed into the prediction server. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://phytozome.net/
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CHAPTER 3: Validating fern MADS-box genes and 

identifying candidate protein interactors of the published 

gene CMADS1 
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3.1. Introduction 

3.1.1. MADS-box gene evolution 

 

Plant proteins encoded by MADS-box genes are a family of transcription factors that 

have previously been categorised into the floral ABCDE model in flowering plants 

including representative model organisms such as Arabidopsis (Coen and 

Meyerowitz, 1991; Rijpkema et al., 2010). MADS-box transcription factors are 

responsible for regulating levels of target gene expression to generate the different 

identities of floral organs during development (Theissen et al., 2016). MADS-box 

genes, however, pre-date flowering plants, which first evolved around 150-190 million 

years ago (MYA) during the late Jurassic period (Chanderbali et al., 2016). MADS-box 

genes first evolved around 650 MYA at about the time that chlorophytes and 

streptophytes diverged (Becker, 2013). MADS-box proteins diverged long before the 

emergence of flowering plants, falling into clades separated by deep evolution 

(Parenicova et al., 2003). The MADS-box family underwent multiple evolutionary 

iterations before angiosperms appeared (Nam et al., 2003). MADS-box genes and the 

proteins they encode were subject to duplications and structural changes, for example 

going from one copy of a Type-II MIKCc gene in Charophytes (Tanabe et al., 2005) to 

107 genes of both Type I and Type II and their relative sub-categories (see introductory 

chapter) in angiosperms such as the Arabidopsis.  

 

The wider MADS-box family is varied and diverse throughout eukaryotes (Thangavel 

and Nayar, 2018). MADS-box genes have been categorised in most Eukaryota with 

plant MADS-box genes not only containing the highly conserved 60 amino acid M 
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domain but also possessing the MIKC domain structure (Figure 1.6). The 

diversification of the MADS-box gene family is largely due to gene duplication and with 

the colonisation of land by green plants the family expanded vastly (Krogan and 

Ashton, 2000). Despite knowledge of MADS-box gene structure, the function of 

MADS-box genes outside of flowering plants remains largely unknown.  

 

Previous studies in bryophytes suggested a broad function for MADS-box genes in 

both the gametophyte and sporophyte generations and in early plant development 

(Singer et al., 2007). Studies into the MIKC* sub-category suggest these MADS-box 

proteins are responsible for gametophyte development within bryophytes, whilst this 

function is not conserved in early vascular plants such as lycophytes (Kwantes et al., 

2011). Despite research into the MADS-box genes present in ferns, their functions 

remain unknown. It has been hypothesised that fern MADS-box genes perform a 

ubiquitous function as those identified are largely present throughout all 

developmental stages of ferns (Ng and Yanofsky, 2001). A more specialised function 

in regulation of cell division during early organ development and an unknown function 

in differentiated vasculature has also been suggested (Hasebe et al., 1998). 

Understanding MADS-box genes’ functions prior to the emergence of flowering plants 

is what this project is seeking to uncover. By looking at a plant from the sister group 

of spermatophytes (seed plants), the monilophytes, a valid comparison of gene 

function can be determined.  
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3.1.2. Fern MADS-box genes. 

 

A model organism within the Monilophyte plant group, Ceratopteris richardii, had its 

genome sequence first published in 2019 (Marchant et al., 2019). As a result, the 

putative MADS-box genes annotated in the genome increased from the previously 

known six (Hasebe et al., 1998) to thirty-six (Marchant et al., 2019). However, these 

genes were not categorised further, nor were they demonstrated to be expressed, 

protein-coding genes. A further ten MADS-box genes were annotated from the first 

assembled transcriptome, bringing the total number of putative MADS-box genes in 

Ceratopteris to forty-six (Marchant et al., 2019). However, this number was then 

reduced with the second transcriptome published in 2021 to thirty-five Ceratopteris 

MADS-box genes in total (Marchant et al., 2022). The first genome assembly mainly 

relied upon short read sequencing with only a small percentage of sequencing 

performed at a chromosome level. A total of 38% of the genome was sequenced 

(Marchant et al., 2019). The second genome assembly prioritised working at the 

chromosome level and sequenced 93.5% of the Ceratopteris genome (Marchant et 

al., 2022). 

 

It has been theorised that at least 2 MIKC Type-II MADS-box genes were present in 

the common ancestor of ferns and seed plants around 400 MYA (Henschel et al., 

2002). The largest divergence of MADS-box genes has been observed within green 

plant lineages (Theissen et al., 2000), concomitant with their role in floral organ 

specification. However, the highly specific expression patterns of MADS-box genes 

relating to their functions in angiosperms (Zhong et al., 2024) is largely missing in non-

seed plants where homogenous expression is often observed (Thangavel and Nayar, 
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2018). The majority of Ceratopteris MADS-box genes are more broadly expressed 

throughout developmental stages (Munster et al., 1997). However, some genes such 

as CMADS1 have somewhat regulated expression (Hasebe et al., 1998). The 

functions of Ceratopteris MADS-box genes remain unknown (Gramzow and 

Theissen., 2010). 

 

Previously, fern MADS-box genes have been shown to fall into three phylogenetic 

clades CRM1, CRM3, and CRM6 (Münster et al., 1997). These were identified from 

two different Ceratoperis species, C. richardii for CRM1 and C. pteroides for CRM3 

and CRM6. The genes CRM1-CRM7 were all identified in Ceratoperis using Southern 

blotting; genes falling into CRM1 and CRM3 clades were shown to be expressed in 

both gametophyte and sporophyte stages of the fern life cycle using northern blotting, 

whist those present in the CRM6 clade showed a more differentiated pattern (Munster 

et al., 1997; Hasebe et al., 1998). Hasebe et al., (1998) showed by northern blot that 

CMADS1 had differential expression between non-reproductive and reproductive 

tissue suggesting that a specific reproductive function could be present. CMADS1 falls 

into the CRM6 clade making CMADS1 a viable target when looking into reproductive 

functions of MADS-box genes in Ceratopteris. Interestingly, the CRM6 clade is more 

closely related to the AGAMOUS-like clade when compared with CRM3 and CRM1 

groups (Hasebe et al, 1998). 

 

One hypothesis is that due to their generalised expression, fern MADS-box genes hold 

a homeotic function in early cell development and organ specification, as well as 

overall plant architecture and organ development (Ng and Yanofsky, 2001). It has also 

previously been hypothesised that due to the similar expression of MADS-box genes 
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between reproductive and vegetative tissues that MADS-box genes within ferns have 

redundant functions (Hasebe et al., 1998). 

 

However, the more specific expression pattern of CMADS1 and its position in the 

CRM6 clade, sister to AGAMOUS-like clade, suggests that it could have reproductive 

functions making CMADS1 a good choice for experimentation.  

 

3.1.3.  Aims and objectives of this chapter 

 

The overarching aim of this chapter was to characterise the repertoire of MADS-box 

genes and their expression patterns in Ceratopteris and make a comparison with 

flowering plants including Arabidopsis, to enable identification of whether any MADS-

box genes are likely to have a reproductive function. Ceratopteris richardii was the 

species used in this project and the species that will be referred to as ‘Ceratopteris’ 

throughout. 

 

To address this aim, the objectives of the work were to: 

(i) Identify the evolutionary position of the Ceratopteris MADS-box genes using 

phylogenetic analysis. 

(ii) Determine which of the previously annotated MADS box genes in Ceratopteris 

(Merchant et al., 2019; Merchant et al., 2022) are expressed using RT-PCR. 

(iii) Define the tissue, and developmental stage-specific expression of MADS-box 

genes with a particular focus on potential reproductive functions, using RT-PCR 

and qPCR. 
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3.2. Results 

3.2.1. Analysis of the Ceratopteris genome for full length MADS box 

protein-encoding genes. 

 

To extend previous findings (Münster et al., 1997), a phylogenetic analysis was 

performed to visualise the relationships of Type-II MADS-box protein homologues 

between candidate model organisms from each land plant group (Figure 3.1). This 

was to determine any conserved relationships of MADS-box proteins between a non-

seed plant Ceratopteris and the angiosperm Arabidopsis’ MADS-box proteins. 

Species chosen included four green algal species to act as out-groups, the model 

liverwort Marchantia polymorpha (Bowman, 2022), the model moss Physcomitrium 

patens (Rensing et al., 2020), two hornwort species, two lycophyte species, 3 fern 

species including Ceratopteris, 4 gymnosperms, and 3 representative angiosperm 

species including Arabidopsis. To determine phylogenetic relationships, Type-II 

MADS box proteins were collated from each of these species.  
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Figure 3.1: A maximum likelihood phylogenetic tree of MADS-box proteins from model 
organisms. The tree, with 100 bootstraps and rooted to four example algal species, was 

produced using raxml (Stamatakis, 2014). The LG model with gamma distribution was chosen 

by MEGAX (Kumar, Stecher, Li, Knyaz, and Tamura 2018). ITOL was used for visualisation. 

Yellow text: sequences from Chara globularis, Coleochaete 76uculla, Klebsormidium nitens, 

Penium margaritaceum forming the out-group of algal MADS-box proteins. Teal text: 

liverworts and moss sequences from Marchantia polymorpha and Physcomitrium patens. 

Medium green text: hornwort sequences from Anthoceros agrestis and Antheros angustus. 

Dark green text: lycophyte sequences from Isoetes taiwanensis and Salaginella moallendorffii. 

Light green text fern sequences from Ceratopteris richardii, Salvinia 76ucullate, and Azolla 

filiculloides. Blue text: gymnosperm sequences from Ginkgo biloba, Pinus radiata, Picea abies 

and, Thuja plicata. Black text: angiosperm sequences from Amborella trichopoda (a basal 

angiosperm), Arabidopsis thaliana (model dicot) and, Oryza sativa (model monocot). 

Bootstrap values are represented by lilac spheres with the smallest sphere representing 10 

bootstraps and the largest 100. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 

77 

Ceratopteris Type-II MIKCc MADS-box proteins fall into the three clades previously 

identified as CRM1, CRM3, and CRM6 (Münster et al., 1997) (Figure 3.1). CMADS3 

and CMADS6 identified by Hasebe et al. (1998) were identical to CRM1 and CRM3. 

The clades for this phylogenetic tree used Hasebe et al.’s nomenclature as that was 

used for CMADS1, the subsequently chosen gene of interest for this project. As such, 

the CRM6 clade was also named after CMADS1 (Figure 3.1). The phylogeny shows 

that Ceratopteris MADS-box genes mirror Arabidopsis MADS-box genes by being 

distributed across different clades – this suggests duplication events had occurred 

before the divergence of ferns and spermatophytes. Due to the low resolution of the 

deep evolutionary branches, it is hard to establish definite patterns from this 

phylogeny. 

 

3.2.2. Linking Ceratopteris MADS-box protein phylogeny to gene 

expression. 

 

A further phylogeny was produced using the known Type-II MIKCc MADS-box proteins 

in Ceratopteris (Marchant et al., 2022) alongside three MADS-box proteins present in 

algal species as an outgroup. The relationships observed between the MADS-box 

proteins within this species-specific tree corroborate those seen in the previous multi-

species phylogeny. CrMADS6 and CMADS3 both fall outside a clade containing 

CrMADS_M, CrMADS_W, CMADS1, CrMADS_H, CrMADS_S (Figure 3.2). These 

three clades can also be seen in the larger phylogeny (Figure 3.1), suggesting the 

evolutionary divergence between these gene families occurred before the divergence 

of the fern lineage. 
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Qualitative expression analysis was performed using RT-PCR of the full length CDS 

of these Type-II proteins using the three major stages of reproductive developmental 

tissue. The results are summarised in Figures 3.2. The majority of genes showed 

expression in all or most reproductive stages tested, with CrMADS_G and CrMADS_AI 

absent from mature fronds) and MIKC* genes M14 and CrMADS_L showing an 

absence from all reproductive tissue (Figure 3.2). 

 

As is known from the ABCDE model, MADS box proteins form quartets of proteins 

using both hetero- and homodimers (Parenicova et al., 2003). Therefore, CMADS1 

and those closely related phylogenetically were chosen for further study due to the 

higher likelihood of interaction and similar expression (Figure 3.2). This along with 

further expression analysis of MADS-box genes using RT-PCR (section 3.3) was used 

to choose the candidates taken forwards for quantitative expression analysis as well 

as protein-protein interaction analysis in Yeast-II-Hybrid assays (see chapter 5.1.2). 
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Figure 3.2: A phylogenetic tree showing relations between Type-II MIKCc MADS-box 
proteins combined with a heat map showing the relative expression in reproductive 
developmental stages. Most MADS-box genes are expressed in reproductive tissue. Lilac 

circles represent bootstrap values with the lowest being 24 and the largest circle representing 

a 100 bootstrap value. 
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3.3. Cloning and detailed expression analysis of the MADS-box gene 

family in Ceratopteris 

3.3.1. Cloning of Type-II MADS-box genes 

 

RT-PCR to amplify and then clone and sequence full-length genes was used as a 

check for the validity of the genes identified initially in the first iteration of the genome 

assembly (Marchant et al., 2019) and honed when the second, better annotated, 

Ceratopteris genome (Marchant et al., 2022) was published. This approach also 

enables a qualitative check of expression patterns. The genes that showed expression 

throughout all reproductive stages in the initial analysis (Figure 3.4) also had further 

developmental stages assessed for expression via the amplification (for subsequent 

cloning and sequencing) of full-length genes from stage-specific cDNA. 

 

Populations of wild-type Ceratopteris Hn-n were used for tissue collection of different 

developmental stages ranging from 5-day old gametophytes to 113-day old 

sporophytes tissue. This tissue was used for cDNA synthesis and cloning of candidate 

MADS-box genes from the different developmental stages. As a result of this cloning 

amino acid substitutions were found in 2 genes (“CrMADS_R” and “M13”) with two 

further genes not being able to be cloned (“CrMADS_Q” and “Cr_MADS_AJ”) 

suggesting the sequences mapped might not be expressed “real” genes.  

 

The qualitative analysis of MADS-box gene expression was performed using the 

earlier genome assembly (Marchant et al., 2019) using RT-PCR (Figures 3.3 and 3.4). 

Due to the limited annotations associated with this genome, some Type-I genes had 
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their expression analysis and cloning/sequencing included. Genes that fall into this 

Type-I category were: CRM1, CrMADS_D, CrMADS_E, CrMADS_F, CrMADS_R, 

M13, M15, M16, V4_89546 (Figure 3.3 and 3.4). Genes that were expressed in 

gametophytes were: CrMADS_I, CrMADS_Q, CrMADS_R, CrMADS_D, CrMADS_G, 

M13, M14, M15, M16, V4_38160, and V4_89546 for those genes that were not Type-

II further expression analysis in reproductive tissue was not undertaken. Of the Type-

II MADS-box genes remaining, CrMADS_L and M14 were determined to fall within the 

Type-II MIKC* category. Due to the long life cycle of Ceratopteris, gametophyte tissues 

were used first to amplify an many MADS-box genes as possible for cloning, 

sequencing and genome validation (Figure 3.3). Once the populations had grown to a 

sporophyte stage and a reproductive stage, further amplification, cloning, and 

sequencing was performed at each developmental stage to characterise genes not 

detected in gametophytes (Figure 3.4). 

 

Not all genes had their expression analysed in reproductive tissue as initially the 

cloning was to only validate the 2019 genome (Marchant et al., 2019), with the 

publication of the Marchant et al., (2022) genome prioritisation was placed elsewhere 

in the project, a point of contention. One sample of cDNA was used as a positive 

control, this was chosen by selecting the cDNA sample that had the highest RNA 

concentration, to allow the stocks to last longer (Appendix 3). This was performed to 

show a working PCR reaction even for MADS-box genes that showed no expression. 

Slight differences in intensity and size of control bands can be explained by the method 

of running an agarose gel with the loading dye and gel red being placed into each well 

individually rather than in the gel itself, this was a point of contention.  
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Figure 3.3: Expression patterns of Type-I and Type-II MIKC* MADS-box genes in 
Ceratopteris gametophytes. DNA electrophoresis gels showing expression of MADS-box 

genes in 6-day (immature) and 13-day (mature) gametophytes. 3 biological repeats are shown 

with negative controls lacking reverse transcriptase and a positive control using Actin.  

 
The presence of double bands could be due to splice variants.  
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Figure 3.4: Expression of Type-II MIKCc MADS-box genes in Ceratopteris reproductive 
tissue. RT-PCR of MADS-box genes in Ceratopteris 130-day reproductive fiddle head tissue, 

expanding frond tissue, and mature frond tissue. 3 biological repeats are shown with negative 

controls lacking reverse transcriptase and a positive control using Actin. Both controls used 

the RNA sample with the highest concentration from each developmental stage. 
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Once reproductive tissue was available for amplification, cloning, and sequencing of 

Ceratopteris MADS-box genes not all genes were tested for expression in 

gametophyte stages as this was done for cloning and genome validation rather than 

overall expression analysis. Some genes, namely CrMADS_AJ, CrMADS_C, 

CrMADS_L, CrMADS_N, CrMADS_O, NCRDS_015287 showed no detectable 

expression in gametophyte or sporophyte tissue (Table 1). 

 

Table 1: Genes that had RT-PCRs performed but no signals could be detected or full-
length genes cloned in more than one experiment. Gametophyte tissue is represented by 

purple boxes, reproductive tissue is represented by teal boxes. It is likely that these genes 

may be pseudogenes or may have very low or restricted expression. 

 

Gene name Tissue tested 

CrMADS_AJ 
 

CrMADS_C 
  

CrMADS_L 
  

CrMADS_N 
 

CrMADS_O 
  

NCRDS_015287 
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3.3.2. Summary of CrMADS box gene name nomenclature. 

 

As discussed in section 3.2.1, six MADS-box genes were initially discovered with 

CRM1 and CRM3 in C. richardii and CRM2, CRM4, CRM5, and CRM6 in C. pteriodes 

(Münster et al., 1997). A further five were identified a year later, namely CMADS1, 

CMADS2, CMADS3, CMADS4, and CMADS6 (Hasebe et al., 1998). CMADS3 and 

CMADS6 were identical to CRM1 and CRM3 respectively (Münster et al., 1997; 

Hasebe et al., 1998). For this project, the ‘CMADS’ nomenclature was used (Hasebe 

et al., 1998).  Further MADS box genes were cloned by Kofuji and Yamaguchi (1997) 

and Kwantes et al. (2011). Two additional genes were identified from the genome 

sequence (Merchant et al., 2019; Plackett, unpublished) (Table 2). 7 genes were 

cloned for the first time during the course of this work, one of which 

(V4_transcript_89546) was not annotated in the genome sequence but was present in 

the Marchant et al., (2019) transcriptome. These genes are shown in Table 3. 
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Table 2: Previously described MADS-box genes and their alternative names. Type-I 

genes are represented by pale yellow, whilst Type-II genes are represented by magenta. 

MADS-box old gene name New gene name Location Type Cloned 

CMADS1/CrMADS_B Ceric.29G021900 Chr29 Type II  HASEBE et al 1998 

CMADS2 Ceric.33G065500 Chr33 Type II HASEBE et al 1998 

CMADS3/CrMADS_A/ 

CrMADS_AE Ceric.1Z082000 Chr12 Type II HASEBE et al 1998 

CrMADS_C/CMADS4/ 

CrMADS_P Ceric.12G051800 Chr12 Type II HASEBE et al 1998 

CMADS6/CRM3 Ceric.15G037400 Chr15 Type II HASEBE et al 1998 

CRM1 Ceric.12G052800 Chr12 Type-I MUNSTER et al 1997 

V4_38160 Ceric.16G027500 Chr16 Type II MUNSTER et al 1997 

CRM3/CMADS6 Ceric.15G037400 Chr15 Type II MUNSTER et al 1997 

CerMADS2/CrMADS_M/ 

CrMADS_N/V4_51781 Ceric.38G021500 Chr38 Type II 

KOFUJI and 

YAMAGUCHI, 1997 

CrMADS_S/CerMADS3 Ceric.05G029400 Chr05 Type II 

KOFUJI and 

YAMAGUCHI, 1997 

M13 Ceric.14G063000 Chr14 Type I KWANTES et al 2011 

M14/CrMADS_K/ 

CrMADS_J/CrMADS_L Ceric.37G052700 Chr37 Type II KWANTES et al 2011 

M15/CrMADS_O Ceric.39G001800 Chr39 Type I KWANTES et al 2011 

M16 Ceric.39G054900 Chr39 Type I KWANTES et al 2011 

CrMADS_E/LAMB2 Ceric.08G048300 Chr08 Type I PLACKETT unpublished  

CrMADS_F Ceric.11G071800 Chr11 Type-I  PLACKETT unpublished  

 
 
 
 
 
 
 
  
 
Table 3: Genes not previously cloned that have now been successfully cloned and 
sequenced. All but V4_transcript_89546 being previously annotated in the constructed 
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genome. Gametophyte tissue represented by purple, reproductive tissue represented by 

teal. 

MADS-box old gene name New gene name Location Type 
Tissue 

CrMADS_I Ceric.12G051600 Chr12 Type II 

  

CrMADS_R/NRCDS_015287 Ceric.16G005300 Chr16 Type I 

 

CRM2/V4_38160 Ceric.16G027500 Chr16 Type II 

  

CrMADS_G/MADS13 Ceric.27G057900 Chr27 Type II 

  

CrMADS_AI Ceric.27G042700 Chr27 Type II 

 

V4_transcript_89546 Ceric.30G028000 Chr30 Type I 

  

CrMADS_H/CrMADS_H_5353350-
truncated Ceric.34G033600 Chr34 Type II 

 

 

 

CrMADS_I is a novel gene, previously only found in C. pteridoides (Munster et al., 

1997). 
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3.3.3. Potential reproductive function of MADS-box genes using 

expression analysis. 

 

The expression of CMADS1 and its closest relatives was further analysed by semi-

quantitative RT-PCR throughout all developmental stages, namely gametophyte, 

vegetative, and sporophyte tissue (Figure 3.5). Close relatives were chosen due to the 

increased likelihood of similar expression. Being present in the same developmental 

tissues could increase the likelihood of functional protein-protein interactions, which is 

explored in Chapter 5. CrMADS_H and CrMADS_S fall into the CMADS1 clade whilst 

CrMADS_M and CrMADS_W form the sister clade. Unfortunately, CrMADS_W was 

unable to be cloned for sequencing due to low signal in the initial RT-PCR reaction. 

The semi-quantitative analysis showed that the chosen genes have quite similar 

expression patterns, with low or absent gametophyte expression, intermediate 

expression in vegetative tissue and strongest expression in reproductive tissue (Figure 

3.5), making them viable candidates for future work. 
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Figure 3.5: RT-PCR analysis of gene expression in all developmental stages for 
CMADS1 plus three closely related genes; CrMADS_H, CrMADS_M, and CrMADS_S. 
Each reaction was run with gene-specific primers and control Actin primers. Two gels have 

been placed together for ease of viewing, with the first 17 wells being on one gel and the last 

16 wells being on another.   For each developmental stage, 3 biological replicates were 

performed as shown. 
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3.4. Confirmation of gene expression patterns using relative real-

time quantitative PCR 

 

In order to confirm the qualitative and semi-quantitative RT-PCR that suggested 

potential reproductive genes, quantitative RT-PCR (qPCR) was performed. Candidate 

genes were chosen using the qualitative RT-PCR expression patterns (Figure 3.3 and 

3.4) coupled with the phylogeny (Figure 3.2). Genes with higher levels of expression 

in reproductive developmental stages than vegetative developmental stages and 

gametophyte stages were chosen, with those with expression patterns mirroring 

CMADS1 used to determine quantitative expression. These gene fell within the 

CMADS1 clade. The phylogenetic closeness could suggest an enhanced likelihood of 

reproductive function.  

 

qRT-PCR analysis of CMADS1 demonstrated statistically significant differences in 

expression between developmental stages (Figure 3.6).  CMADS1 shows an increase 

in reproductive tissues when compared to gametophytes stages and vegetative 

stages. This reflects what is seen in the qualitative RT-PCR (Figure 3.5), which shows 

little to no expression in the gametophyte stages through the absence of bands and 

increasing expression through the vegetative to the reproductive stages shown 

through different intensities of bands. Primers for qRT-PCR were designed to span an 

exon-exon boundary, with a Tm of 60 °C, and a size of approximately 150 bp with the 

cycling parameters explained in Chapter 2.5.2 followed. 
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Figure 3.6: Expression of CMADS1 across different developmental stages measured by 
qRT-PCR. There is an increase in expression in reproductive tissue when compared to both 

vegetative and gametophyte stages. The fold change was calculated using the developmental 

stage “Vegetative mature frond” as a reference. This was chosen as it had low expression and 

can offer comparison between genes. Statistical analysis via ANOVA and a post-hoc Tukey 

tests were used to determine significant differences between expression (p<0.05) of CMADS1 

at different developmental stages of Ceratopteris performed on the delta-CT values (Livak and 

Schmittgen, 2001; Schmittgen and Livak, 2008). Letters represent statistically significant 

differences. Error bars represent standard error of delta-CT values of all biological replicates 

per developmental stage. 
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CrMADS_M had a similar expression pattern to that of CMADS1 via RT-PCR, however 

this pattern does not translate when comparing fold changes detected by qPCR 

(Figure 3.7). The expression appears higher in gametophytes tissue than reproductive 

tissue: significant differences can be seen especially between the five-day 

gametophytes developmental stage and reproductive mature fronds. A trend can be 

seen in expression with early developmental tissue of each stage having higher 

expression than more mature tissue. This is consistent through the vegetative and 

reproductive stages with expression being higher in mature hermaphrodite 

gametophyte tissue than the immature gametophyte stage. This pattern of expression 

could suggest CrMADS_M holds a role in more biologically active tissue such as early 

developing fronds.  
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Figure 3.7: Expression of CrMADS_M across different developmental stages measured 
by qRT-PCR. There is a decrease in expression throughout each individual developmental 

stage being most expressed in biologically active in younger tissue. The fold change was 

calculated using the developmental stage “Vegetative mature frond” as a reference. This was 

chosen as it had low expression and can offer comparison between genes. Statistical analysis 

via ANOVA and a post-hoc Tukey statistical tests were used to determine significant 

differences between expression (p<0.05) of CrMADS_M at developmental stages of 

Ceratopteris performed on the delta-CT values (Schmittgen and Livak, 2008). Letters 

represent statistically significant differences. Error bars represent standard error of delta-CT 

values of all biological replicates per developmental stage. 
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CrMADS_H falls within the clade of CMADS1 in the Type-II MADS-box protein 

phylogeny. It also has a similar expression pattern to CMADS1 when observing the 

RT-PCR, with little expression being seen in the gametophyte stages, increased 

expression seen in vegetative tissue and then the most intense bands and most 

expressed being observed in reproductive tissue. Similarly to CrMADS_M this 

expression pattern is not reflected in the qPCR (Figure 3.8). 
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Figure 3.8: Expression of CrMADS_H across different developmental stages measured 
by qRT-PCR. There is a decrease in expression throughout each individual developmental 

stage being most expressed in biologically active in younger tissue. The fold change was 

calculated using the developmental stage “Vegetative mature frond” as a reference. This was 

chosen as it had low expression and can offer comparison between genes. Statistical analysis 

via ANOVA and a post-hoc Tukey statistical tests were used to determine significant 

differences between expression (p<0.05) of CrMADS_H at developmental stages of 

Ceratopteris performed on the delta-CT values (Schmittgen and Livak, 2008). Letters 

represent statistically significant differences. Error bars represent standard error of delta-CT 

values of all biological replicates per developmental stage. 
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CrMADS_S is also within the CMADS1 clade in the Ceratopteris Type-II MADS-box 

protein phylogeny (Figure 3.2). Semi-quantitative expression across the different 

developmental stages of Ceratopteris shows a similar expression pattern to CMADS1 

with increased expression across reproductive tissues when compared to both 

gametophyte and vegetative tissues (Figure 3.2). However, the expression pattern 

shown under qRT-PCR has the lowest expression of CrMADS_S occurring in 

vegetative tissues and increased expression in both gametophyte and reproductive 

stages. Although not significantly different a decrease in expression can be seen 

throughout each developmental stage with the highest expression of CrMADS_S 

occurring in immature tissues (Figure 3.9).  
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Figure 3.9: Expression of CrMADS_S across different developmental stages measured 
by qRT-PCR. There is a decrease in expression throughout each individual developmental 

stage being most biologically active in younger tissue. The fold change was calculated using 

the developmental stage “Vegetative mature frond” as a reference. This was chosen as it had 

low expression and can offer comparison between genes. Statistical analysis via ANOVA and 

a post-hoc Tukey statistical tests were used to determine significant differences between 

expression (p<0.05) of CrMADS_S at developmental stages of Ceratopteris performed on the 

delta-CT values (Schmittgen and Livak, 2008). Letters represent statistically significant 

differences. Error bars represent standard error of delta-CT values of all biological replicates 

per developmental stage. 
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3.5. Discussion 

3.5.1. Updated MADS-box gene family in Ceratopteris 

 

Initially, 15 Ceratopteris MADS-box genes had been identified, with 7 being cloned 

and assigned as CRM1-7 (Münster et al., 1997). A further five were successfully 

cloned from the Hn-n strain of C. richardii, CMADS1-4 and CMADS6 (Hasebe et 

al.,1998). Of these, two were identified as the same as CRM1 and CRM3 (Hasebe et 

al., 1998). 46 putative MADS-box genes were reported in the most recent genome 

assembly (Merchant et al., 2022): This chapter reports that 33 Ceratopteris MADS-

box genes had unique coding sequences and contained MADS-box domains, 17 

contained MIKC domains of Type-II MADS-box genes whilst 14 contained the MI 

domains of Type-I MADS-box genes, and 2 remain uncategorised due to them being 

unable to be cloned. All 33 genes had their expression checked at at least one 

developmental stage with 18 successfully cloned and sequenced. 

 

Of the MADS-box genes cloned in this work, only two showed differences to published 

sequences, suggesting the genome (Marchant et al., 2022) is a reliable source of 

MADS-box genetic information. The expression data collected suggests some 

Ceratopteris MADS-box genes show consistent expression throughout developmental 

stages while other genes show more specific expression patterns, this broadly reflects 

expression patterns seen in both plants with ancestral reproductive systems and 

flowering plants (Thangavel and Nayar, 2018; Zhong et al., 2024). 
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In this work, reverse transcriptase PCR (RT-PCR) was used to amplify small amounts 

of cDNA for use in cloning, synthesised from mRNA, allowing tissue samples to be 

harvested without detriment to the plant (Ghannam and Varacallo, 2018). However, 

PCR has known limitations such as initial changes in nucleotide sequence cause by 

PCR errors which then lead to errors in coding sequence (Khehra et al., 2023). This 

is a concern when cloning genes to compare to predicted genes from the published 

genome. This was mitigated using a proof-reading polymerase, Phusion. In this work, 

multiple genes did require multiple attempts to clone a gene with the same sequence 

as the published genome. Repeat cloning was performed for genes where initial 

sequencing produced potential PCR errors. After repeat cloning it was determined that 

no PCR errors had occurred for any of the cloning performed, rather differences to the 

published genome were identified, namely in the M13 sequence and the CrMADS_R 

sequence. Both M13 and CrMADS_R would be categorised as Type-I MADS-box 

genes with the publication of the second iteration of Ceratopteris genome assembly 

(Marchant et al., 2022). The updates and still relatively limited annotations of the 

Ceratopteris genome yielded multiple genes being cloned that fell into the MIKC* 

Type-II subfamily. These genes possess all MIK domains however they have a longer 

I-domain sequence containing between 2-4 more exons (Henschel et al., 2002). 

 

It is also a known limitation of RT-PCR that in expressed genes incomplete cDNA 

copies were produced especially towards the 5’ end (Pray, 2008). During the cloning 

process, primers that would amplify full-length cDNA sequences were used. For those 

genes that showed low or no signal and as such were unable to be cloned, 

amplification of truncated versions could be attempted in future to further determine 

the presence or absence of gene expression. 
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3.5.2. Fern MADS-box genes have three distinct evolutionary clades 

mirroring the multiple clades seen in flowering plants’ MADS-box 

genes. 

 

MADS-box proteins are present throughout Eukaryota diversifying and multiplying as 

evolution progressed. MADS-box protein structures show differences as far back as 

the divergence of plants and animals with the structures of MADS-box proteins further 

diverging in plants (Thangavel and Nayar, 2018). The phylogenetic results from this 

chapter suggest the large number of MIKC MADS-box genes present in green land 

plants is dependent on multiple independent gene duplications prior to the divergence 

of ferns and spermatophytes. This supports and extends what was previously 

observed prior to the publication of the Ceratopteris genome and based on a limited 

known Ceratopteris MADS-box family (Münster et al., 1997). 

 

A maximum likelihood phylogenetic tree was produced due to the consensus of this 

being the best representation of genetic relationships in deep evolution (Yang and 

Rannala, 2012). Although previous studies on the MADS-box family have 

implemented the neighbour-joining method, it is now believed that, although this 

method is suitable for large datasets such as the MADS-box family, the increased 

power of maximum likelihood is essential when inferring deep phylogenies (Ning et 

al., 2019).  

 

Figure 3.1 is in line with previously published phylogenies of the MADS-box family with 

the MIKC* clade being a highly conserved clade (Qiu et al., 2024). The high 

conservation observed in the M-domain across species allows for accurate alignments 
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of the amino acid sequences to be determined before trimming. The model was 

chosen by MEGA X and the reliability reported using 100 bootstraps, although there 

are lower bootstrap values for deep evolutionary branches, with some reaching as low 

as 0, but the bootstrap values responsible for assigning clades remain within reliable 

parameters of a bootstrap value of 60 or greater. For the Ceratopteris species-specific 

phylogeny (Figure 3.2), maximum likelihood was again used with the model being 

chosen by MEGA X. This phylogenetic tree also shows that MIKC* proteins 

(CrMADS_L and M14) form their own clade, reflecting the findings in Figure 3.1 as 

well as previous literature.  

 

A recently published paper suggests that the relatedness between MIKC* and MIKCc 

proteins could be just as distant as that previously inferred between M-type MADS-

box genes (Type-I) and MIKCc (Qiu et al., 2024). The relationships reported in this 

chapter support this hypothesis. Future work could potentially include Type-I MADS-

box genes in a phylogeny to observe the relatedness between all three sub-categories. 

Comparisons between different types of phylogenetic tree would also lead to more 

robust data, for example comparing maximum likelihood, Bayesian, and neighbour 

joining could help identify highly conserved clades as well as offering comparisons of 

different types of relatedness. The Bayesian method is another robust method of 

constructing large phylogenies, similar to maximum likelihood that was used in this 

project; its speed could allow for more robust tests to be performed on the large MADS-

box family (Douady, 2003). 
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3.5.3. Most MADS-box genes do not have stage-specific expression 

across development, with notable exceptions. 

 

Most Ceratopteris MADS-box genes are similarly expressed throughout all 

developmental tissue stages, however those of the CMADS1 clade (CMADS1, 

CrMADS_S, and CrMADS_H) showed increased expression in reproductive 

developmental stages, using semi-quantitative RT-PCR. RT-PCR semi-quantitatve 

expression patterns show CMADS1, CrMADS_S, CrMADS_H, and CrMADS_M to all 

have similar expression patterns throughout the different developmental stages of 

wild-type Ceratopteris. Low signal throughout gametophyte development suggests 

little to no expression of the genes, whilst weak signals present in vegetative tissues 

suggest some expression. The strongest signals observed in the reproductive tissues 

suggest high expression of all four genes in this stage of development. Having a wide 

range of developmental stages allowed for the observation of differing expression 

between early developing tissue and mature tissue. 

 

This chapter shows discrepancies between expression patterns reported by RT-PCR 

and qPCR. qPCR analysis shows CMADS1 largely reflecting the expression patterns 

observed in RT-PCR however the expression in gametophyte tissue, although not 

significantly different, is slightly higher than that seen in vegetative tissue, something 

that is not seen in the RT-PCR. Despite this, CMADS1 does have s uniquely increased 

expression across reproductive tissues, concordant with the previous RT-PCR data 

as well as previous studies (Hasebe et al., 1998). The other three genes of interest, 

CrMADS_H, CrMADS_S, and CrMADS_M all show inverted expression patterns 

compared to their RT-PCR results, with the highest expression consistently being 
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viewed in gametophyte tissue and the lowest expression in vegetative tissue, with 

reproductive expression in between. However, what can be seen in these three genes’ 

qPCR expression analysis is that they are more highly expressed in the early 

developmental stages of all types of tissue, with consistently higher expression in the 

gametophyte, vegetative, and reproductive early developmental tissue, and showing 

a pattern of decreasing as the different stages age. This is congruent to previous 

hypotheses that the MADS-box genes present in non-seed plants hold developmental 

functions of early cell differentiation and development (Münster et al., 1997) and may 

suggest that CrMADS_H, CrMADS_S, and CrMADS_M function redundantly during 

Ceratopteris development. 

 

Relative quantification (qRT-PCR) was used to compare gene expression across 

different developmental tissue samples as well as to allow comparison between genes 

(Jalali et al., 2017). Discrepancies between RT-PCR and qPCR could be due to cycle 

number although effort was taken to keep these as close as possible with 29 being 

used in RT-PCR and 35 in qPCR. 384 well plates were used in the qPCR reactions 

although the edge effect is unlikely to be a dominating factor in the differences 

observed in expression between RT-PCR and qPCR experiments as the samples 

used are not cell cultures but rather cDNA (Mansoury et al., 2021). The same cDNA 

stocks were used for both RT-PCR and qPCR to ensure that a comparison of 

expression had limited variables. However, different primers were used, with RT-PCR 

seeking to amplify full-sequence genes and qPCR only amplifying a small section. This 

could be a reason for the discrepancies in expression shown between the two 

methods. In future work RNA-seq could be used to identify expression patterns of the 
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MADS-box family in Ceratopteris, an RNA-seq database is currently being established 

to provide a resource for future work with Ceratopteris (McCready, unpublished). 

 

Due to the expense of qPCR only a few genes could have their expression quantified, 

as such a large number of Type-II MIKCc genes present in Ceratopteris have only had 

their expression analysed qualitatively. With the discrepancies that have been 

observed between RT-PCR and qPCR within this chapter, it would be interesting to 

observe the relative quantitative expression of all Ceratopteris MADS-box genes.  

 

Previously only northern blotting had been used to analyse the expression of a limited 

number of MADS-box genes in different tissues of Ceratopteris (Münster et al., 1997; 

Hasebe et al., 1998). In this chapter, all known Type-II MIKCc genes have had their 

expression analysed semi-quantitatively through RT-PCR with CMADS1, CrMADS_H, 

CrMADS_S, and CrMADS_M undergoing full quantitative expression analysis. The 

expression of these genes has been examined throughout all different developmental 

stages. To build on this work more, the available transcriptome (Marchant et al., 2022) 

could be used to produce RNA-seq data. Although all developmental stages were 

looked at, not all tissues were. In the future the identification of MADS-box expression 

within tissues such as roots could provide more insight into the function of these genes 

within a non-flowering plant. In addition, reporter genes using a cloned CMADS 

promoter, fused with a GUS or GFP tag would be able to show promoter activity in 

different tissues and different stages of development (Bui et al., 2015). This could add 

to the RT-PCR and qPCR data presented in this chapter.  
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3.5.4. Conclusion 

 
In this chapter the evolutionary relationships and expression patterns of Ceratopteris 

MADS-box genes have been studied. The MADS-box proteins fall into three separate 

clades, extending and reflecting what was previously determined with incomplete gene 

lists (Münster et al., 1997). Although some MADS-box genes show enriched 

expression in reproductive tissue when observed in RT-PCR differing patterns can be 

observed when using qPCR. These discrepancies will need resolving in future studies.  

The work in this chapter provides a foundation for further functional studies. The 

phylogenetic closeness of CMADS1 with CrMADS_M, S, and H plus their reproductive 

tissue expression, suggest that these proteins may function together in Ceratopteris 

reproductive development. This will be explored in the following two chapters. 
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CHAPTER 4: Characterising the native function of CMADS1 

in the fern Ceratoperis richardii 
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4.1.  Introduction  

 

Floral organogenesis has been well studied in model plants such as Arabidopsis 

(Parenicova, 2003). The MADS-box gene family is well categorised as containing 

transcription factors responsible for floral organ identity, categorised into the ABCDE 

model (Theißen, Melzer, and Rümpler, 2016). Loss of function mutation assays 

performed in angiosperms have shown function of MIKCc MADS-box genes (Ditta et 

al., 2004). For example, a triple mutant knockout of SEPELLATA in Arabidopsis 

produced floral inflorescence of only sepals (Pelaz et al., 2000). As previously 

discussed in chapter 3, the MADS-box family pre-dates flowering plants and is 

composed of Type-I and Type-II subcategories with Type-II further categorised into 

MIKCc and MIKC* (Figure 1.5, 1.7). This chapter focusses on MIKCc MADS-box genes 

as these are the category known for floral organogenesis in angiosperms (Kaufmann, 

Melzer and Theißen, 2005). 

 

Due to the high sequence and expression conservation of MIKC* type genes 

throughout land plants, it is likely these genes have a conserved role in gametophyte 

development (Zobell et al., 2010). The MIKCc type genes show an increase in number 

reflective of the increase in complexity of the plant, for example 6 MIKCc genes are 

present in the bryophyte Physcomitrella patens (Thangavel and Nayar, 2018) whilst 

39 are present in the angiosperm Arabidopsis (Hileman et al., 2006). This conservation 

observed throughout extant land plants along with MADS-box gene expression in 

vegetative and reproductive tissue suggests a function relating to development in land 

plants (Thangavel and Nayar, 2018). 

 



 
 
 

109 

CMADS1 is a representative MADS-box MIKCc gene in the model fern Ceratopteris. 

As the ferns fit into the monilophytes, the sister clade to spermatophytes, ferns could 

provide insight into the function of MADS-box genes prior to the advent of flowers and 

seeds (Münster et al., 1997). Previous knowledge of CMADS1 function is largely 

limited to its expression pattern (Hasebe et al., 1998) which suggested a potential 

reproductive function. In contrast, other MADS-box genes known at the time showed 

a more homogeneous pattern of expression throughout Ceratopteris developmental 

stages and tissues, where a homeotic function likely associated with early 

development and cell differentiation was proposed (Münster et al., 1997). The 

expression analysis data presented in chapter 3 of this thesis supports these 

conclusions. 

 

CMADS1 and those genes found in the CRM6 clade show a similar extended protein 

sequence at the N terminus to Arabidopsis AGAMOUS; this along with increased 

expression in reproductive tissue could be an indicator of a reproduction-specific 

function (Pelayo, Yamaguchi and Ito, 2021).  

 

4.1.1.  Aims and objectives of this chapter 

 

The aim of this chapter was to characterise the biological function of CMADS1 

compared to flowering plant MADS-box function via following specific objectives: 

(i) To produce transgenic Ceratopteris lines with both reduced and increased 

CMADS1 expression, 

(ii) To overexpress both CMADS1 and its flowering plant relative AGAMOUS in 

Arabidopsis and investigate the effects on flowering.  
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CMADS1 was chosen for functional analysis using transgenic methods that have been 

previously developed for Ceratopteris (Plackett et al., 2015). To investigate the 

function of reducing CMADS1 expression in Ceratopteris, RNAi was used to knock 

down CMADS1 expression.  

 

To discover the effect of increased CMADS1 expression in Ceratopteris, an 

overexpression line was also constructed, making use of available molecular tools 

(Plackett et al., 2015). Furthermore, to investigate whether CMADS1 could function 

similarly to a flowering plant MADS-box protein, constructs were used that allow for 

overexpression of the native Arabidopsis AGAMOUS for comparison, these were 

sourced from within the lab. Over expression of CMADS1 and AG was used rather 

than cross-complementation of the AG mutant due to previous attempts at cross-

complementation of AG being unsuccessful (Plackett et al., 2018). 

 

4.2. CMADS1 knockdown in Ceratopteris using RNA interference 

4.2.1. Cloning of CMADS1 gene fragments into a plant transformation 

vector for RNAi  

 

A section of the CMADS1 gene sequence was chosen for RNA interference 

knockdown transgenic work based on its uniqueness when compared to other MADS-

box genes present in Ceratopteris (Agrawal et al., 2003) and making use of the 

phylogeny (Figure 3.1) generated in chapter 3. When no significant similarities were 

found, primers were designed to amplify the gene fragment (356 bp) and add AttB1 
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and AttB2 sites to be used in the initial stages of Gateway cloning (Reece-Hoyes and 

Walhout, 2018) (Figure 4.1).  

 

The scheme for generating a CMADS1-RNAi construct in the fern transformation 

vector pANDA is shown in Figures 4.1, 4.2, and 4.3. A 3-step process was used 

whereby the CMADS1-RNAi fragment was first cloned into pJET to add the AttB sites 

required for gateway cloning (Figure 4.1), then into the intermediate plasmid 

pDONR207 for the recombination reaction between the pDONR207 vector and the 

AttB PCR product required in Gateway cloning (see Chapter 2; Figure 4.2), then finally 

into the fern transformation vector pANDA to generate two CMADS1 fragments facing 

in opposite directions with a GUS-linker to produce double stranded RNAi in the plant 

(Figure 4.3). Due to the entire backbone of the delivery plasmid pANDA not being 

available, diagnostic digests were chosen to ensure that the constructs contain the 

expected insertions. 
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Figure 4.1: The first stage of Gateway cloning required to create the construct 

necessary for CMADS1 knockdown using RNA interference. The yellow segments on the 

plasmids represent CMADS1 insertions. Initial cloning of the chosen CMADS1-RNAi 

sequence by RT-PCR with AttB sites added to generate the construct CrMADS1 v1 pJET mini 

1 plasmid. Gel picture shows purified PCR product of CMADS1 with AttB sites added. 
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Figure 4.2: The stages Gateway cloning required to create the construct necessary for 

CMADS1 knockdown using RNA interference. The yellow segments on the plasmids 

represent CMADS1 insertions. B) The cloned CMADS1 fragment in the intermediate Gateway 

donor vector pDONR207 and the associated correct restriction digests. (i) Diagnostic digest 

of pDONR207 with CMADS1 construct with ApaI and NcoI - a successful insertion has an 

expected band size of 3725 bp, an untransformed vector has expected bands of size 4164 bp 

and 1421 bp. This is due to the CMADS1 insertion containing an NcoI restriction site. The 

digest was a double digest to increase the differences between a transformed and 

untransformed vector band sizes. The negative control empty vector has expected bands of 

sizes 4164 bp and 1421 bp. (ii) Diagnostic digest of pDONR207 with CMADS1 construct with 

NheI, a successful insertion has expected bands of size 3459 bp and 266 bp, an unsuccessful 

transformation has expected bands off size 5319 bp and 266 bp. The negative control empty 

vector has expected band of size 5319 bp and 266 bp. 
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Figure 4.3: The stages Gateway cloning required to create the construct necessary for 
CMADS1 knockdown using RNA interference. The yellow segments on the plasmids 

represent CMADS1 insertions. Final construct used for RNAi, named pANDA::CMADS1-

RNAi. (i) Diagnostic digest of pANDA with CMADS1 construct with NotI. Successful insertion 

of CMADS1 into pANDA gave expected bands of size 3.3 kb and 764 bp. Empty pANDA 

vector digest gave expected bands at sizes 3.5 kb, 1.9 kb, 1 kb, and 168 bp. (ii) Diagnostic 

digest of pANDA with CMADS1 construct with NcoI. Successful insertion of CMADS1 into 

pANDA gave expected bands at sizes: 3.1 kb, and 964 bp. Empty pANDA vector expected 

bands at sizes: 2.5 kb, 2 kb, 1.2 kb, and 964 bp. (iii) Diagnostic digest of pANDA with CMADS1 

construct with BamHI. Successful insertion of CMADS1 into pANDA gave bands at sizes: 

19kb, 1.4kb, 532bp, and 275bp. Empty pANDA vector gave bands at sizes: 1.2 kb, 846 bp, 

839 bp, 703 bp, 703 bp, 275bp, 262 bp. 
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4.2.2. Ceratopteris transformation of CMADS1-RNAi construct 

 

Once the CMADS1 RNAi and over expression constructs were prepared, callus was 

stimulated to produce undifferentiated cells that could then be transformed with the 

RNAi construct using microparticle bombardment (Plackett et al., 2014) (Figure 4.2). 

 

Multiple bombardments were performed for each construct. The limitations of the 

biolistic gun allowed for 4 DNA-coatings each time, which allowed for a different DNA-

coating to be used for each plate. This meant 3 replications were performed for each 

bombardment. Six bombardments were performed in total for pANDA::CMADS1-

RNAi, and six bombardments were performed in total for the empty pANDA vector 

controls where empty pANDA vector DNA was used to bombard callus to observe any 

differences in growth that could be attributed to the bombarding process and vector 

insertion. One replication was reserved for a no-DNA control that was bombarded to 

ensure no contamination when screening for transgenics (Plackett et al., 2014). After 

1 cm to scale 
Figure 4.4: Callus generation and bombardment for transformation of Ceratopteris. Left 

to right: callus induction using the plant hormone BAP, callus separation and growth on MS-

media, callus prepared for bombardment, callus on Hygromycin selection media post 

bombardment. 
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transformation, bombarded callus underwent Hygromycin selection (Figure 4.5A). At 

this stage, resistant hermaphrodite gametophytes were isolated (Figure 4.5B), 

possible due to the morphological differences between hermaphrodite and male 

gametophytes (shown in Chapter 1), to increase the likelihood of homozygous 

offspring via self-fertilisation (Plackett et al., 2015). Hygromycin selection was also 

performed at the sporophyte stage (Figure 4.5C) to ensure production of stable 

transformants (Plackett et al, 2014). In the primary transformed (T0) generation, 23 

transformants were taken to soil per bombardment replication. At the T1 generation, 

transformants underwent the same antibiotic selections and four plants were taken to 

soil from each line: space constraints in growth cabinets limited the number of 

transformants propagated. 



 
 
 

119 

 
 

Scale bars represent 1 cm to scale 
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Figure 4.5: Selection of T1 Ceratopteris transformed with CMADS1-RNAi vector. Panel 

1 shows selection plates of T1 gametophytes using Hygromycin in C. fern medium, 1A shows 

Hn-n wild-type Ceratopteris on selection with no growth visible, 1B shows Hn-n wild-type 

Ceratopteris growth on a control plate. 1C shows growth of a transformed line on selection, 

1D shows growth of transformed Ceratopteris on control media. Once isolated gametophytes 

had fertilisation induced to produce sporophyte plants on MS medium as is shown in panel 2. 

Once true fronds were produced, plants underwent secondary hygromycin selection of T1 C 

Ceratopteris sporophytes as is shown in panel 3. 3A-C show transformed plant growth on 

selection whilst 3D shows wild-type Hn-n Ceratopteris control on a selection plate. 
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4.2.3 CMADS1 RNA interference genotyping and phenotyping of T1 

lines 

 

In order to ascertain whether RNAi of CMADS1 led to a change in reproductive 

morphology or spore production, phenotyping was undertaken as described in section 

4.2.3. Alongside this, to ascertain whether RNAi of CMADS1 led to a reduction of gene 

expression in transgenic fern lines, quantitative PCR (qPCR) was used to genotype 

wild type Hn-n plants, two empty vector control lines and four CMADS1-RNAi lines to 

compare CMADS1 expression levels (Figure 4.6). Frond length was calculated in 

CMADS1-RNAi transgenic plants and both empty vector and untransformed wild type 

Hn-n controls at 138-days after fertilisation - a maximum of four plants were assayed 

per biologically independent line (Figure 4.6). One frond was taken from each plant 

and measured using ImageJ (Schneider, 2012). 4 plants were grown for each line of 

T1 spores, as growth space was limited. 

 

When frond length was measured in 4 plants of each of the CMADS1-RNAi lines, 2 

empty vector lines, and a wild-type control, a Shapiro-Wilk normality test gave a p-

value of 0.358. As this is above the 0.05 threshold, the data for each line can be 

assumed normal and parametric statistical tests performed. To compare frond length 

between the lines, an ANOVA was performed which gave a highly significant p value 

of <2e-16. A post-hoc Tukey test showed a significant difference between wildtype 

and CMADS1-RNAi line 1.3, and another significant difference was found between 

wildtype and the empty pANDA control line (Figure 4.6).  

 



 
 
 

122 

When number of branches per frond was measured in 4 plants of each of the 

CMADS1-RNAi lines, 2 empty vector lines, and a wild-type control, a Shapiro-Wilk 

normality test gave a p-value of 0.1093. As this is above the 0.05 threshold the data 

can be assumed normal and parametric statistical tests performed. To compare 

number of branches per frond between the lines, an ANOVA was performed which 

gave a highly significant p value of 0.0023. A post-hoc Tukey test showed a significant 

difference between wildtype and CMADS1-RNAi line 6.1. Other significant differences 

reported by the ANOVA were determined to lie between the various RNAi transgenic 

lines to each other (Figure 4.6). 

 

When number of pinnae per frond were measured in 4 plants of each of the CMADS1-

RNAi transgenic lines, 2 empty vector lines, and wild-type controls, a Shapiro-Wilk 

normality test gave a p-value of 0.1816; as this is above the 0.05 threshold the data 

can be assumed normal and parametric statistical tests performed. To compare 

number of pinnae per frond between lines, an ANOVA was performed which gave a 

highly significant p value of 0.0022. A post-hoc Tukey test showed no significant 

difference between wildtype and the transgenic lines, but significant differences 

reported by the ANOVA were determined to lie between the various CMADS1-RNAi 

lines (Figure 4.6). 

 

When number of sporangia per mm of pinna was calculated in 4 plants of each of the 

CMADS1-RNAi transgenic lines, 2 empty vector lines, and wild-type controls, 3 pinnae 

per plant were used for measurements. This was then used to calculate the average 

number of sporangia per mm of pinnae. 4 plants of each of the CMADS1-RNAi 

transgenic lines, 2 empty vector lines, and wild-type controls, a Shapiro-Wilk normality 
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test was performed giving a p value less than the threshold of 0.05 (8.621e-06). This 

determines that the data is not of normal distribution as such the non-parametric test 

of a Wilcoxon Rank Sum test was performed between the Ceratopteris wild-type 

control and each transgenic line. A significant difference was observed between empty 

pANDA vector control line 2.2 and CMADS1-RNAi line 1.3 (4.7). 

 

For genotyping, a reproductive fiddle head was collected at 138-days from each plant 

in each line for RNA extraction and use in qPCR. Fronds were harvested at the same 

time stage of the fronds used for phenotyping to offer better comparison. qPCR was 

used to determine quantitative levels of CMADS1 expression. By 138-days senescing 

had taken hold, as such not all RNA samples gave reliable cDNA stocks and some 

data points had to be disregarded due to large variability between technical replicates. 

A total of four technical replicates were performed to allow for outliers to be identified.  

 

No significant differences in CMADS1 expression levels were seen between lines, and 

no consistent differences between the level of CMADS1 expression in wild 

type/pANDA controls and CMADS1-RNAi lines were observed (Figure 4.6 and 4.7). 

Moreover, no consistent correspondence was seen between the level of CMADS1 

expression measured by qRT-PCR and any of the recorded phenotypes (Figure 4.6 

and 4.7).  Taken together, these data suggest that the RNAi knockdown of CMADS1 

may have been unsuccessful, and that the phenotypic variation seen between lines is 

independent of CMADS1 expression level. 

 

The empty vector controls also show significant differences in CMADS1 expression 

when none are expected, suggesting a variation in data independent from the 
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knockdown of CMADS1. The small number of replicates is a limiting factor in the 

validity of these results with constraints on growing space and the necessity of 

preserving the plants for further spore collection hindering the sample size. 
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Figure 4.6: CMADS1-RNAi transgenic lines do not show consistent phenotypic 
differences in frond length, frond branching, or pinnae number compared to controls. 
The top two plots and bottom left plot each show a different phenotypic measurement of 

CMADS1-RNAi transgenic plants compared with two empty vector transformed controls and 

an untransformed wild-type control. The bottom left panel offers a comparison using 

genotyping data of the same lines obtained using qRT-PCR. Normalised CMADS1 expression 

was calculated relative to the control wild-type line. Error bars represent standard error. 

Coloured spots represent biological replicates. 
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Figure 4.7: CMADS1-RNAi transgenic lines do not show consistent phenotypic 
differences in number of sporangia per mm of pinnae when compared with controls. 
The left plot shows the phenotypic data of the number of sporangia per mm present in three 

pinnae from each plant in the line. The right plot shows the genotyping data of the respective 

lines. Normalised fold expression calculated against control Hn-n wild-type line. Error bars 

represent standard error. Coloured spots represent biological replicates. 
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Although the genotyping qPCR of individual lines shows no significant differences 

between lines, when individual plants within a line are compared significant differences 

are seen between wild type and empty pANDA vector 2.2 (Figure 4.8). This suggests 

CMADS1 expression may have been knocked down in the empty vector control. 

However, this is much more likely due to a range of expression being observed. Two 

out of three plants in the CMADS1-RNAi 6.1 line and one plant of the CMADS1-RNAi 

1.3 line have a significantly reduced expression of CMADS1 when compared to wild-

type, but no significant difference from the empty vector control 2.2. However, once 

again there is no clear correlation between phenotype and genotype (Figure 4.8). Due 

to the large range observed in the empty vector controls it could be suggested that 

any stress related to the transformation process is skewing results; this would also 

rule out any of the lines being true knockdowns of CMADS1 with further generations 

needing to be genotyped before any conclusions can be reached. 
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Figure 4.8: Analysis of sporangia per mm and CMADS1 expression in individual plants. 
The top plot shows all lines of phenotyped T1 plants. The bottom plot shows a genotyping 

qPCR representing each individual plant. 
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4.2.4. Initial characterisation of transgenic Ceratopteris plants and 

selection of tissues for phenotyping 

 

The selected CMADS1-RNAi hygromycin-resistant transformants showed no obvious 

differences in vegetative development compared to wild type controls (Figure 1.9, 

4.4). 

 

 

 

As it has been suggested that CMADS1 could have a reproductive function in 

Ceratopteris (Hasebe et al., 1997), reproductive phenotypes were assayed in 

CMADS1-RNAi transformants, pANDA empty vector transformants and wild type 

controls (Figures 4.10-4.15). When describing reproductive sporophytes, 

morphological changes have occurred compared to vegetative stages, with fronds 

Figure 4.9: Ceratopteris transformants resemble wild type at the vegetative stage of T1 
(see Figure 1.9). Images show transgenic vegetative sporophytes photographed 70-days 

after fertilisation. White bars represent 1 cm. 



 
 
 

131 

curling around sporangia forming pinnae. Fronds branch out, forming branches, these 

branches then have pinnae, aka, curled fronds. Fiddle heads remain consistent 

between vegetative and reproductive stages (these can be seen in Figure 4.10 panel 

B) these are the early stages of frond development and resemble a curled up frond.  

 

To assay reproductive phenotypes, a reproductive frond was selected from each plant. 

Only one frond was chosen due to the need for spore harvesting at a later time point 

for continuous spore stocks of the transformation lines. Fronds were chosen when 

browning was observed of sporangia was observed whilst pinnae still remained green 

(Figure 4.10 panel D). Frond length was measured, to assay general 

growth/development, as ancestral MADS-box functions have been suggested to relate 

to development (Thangavel and Nayar, 2018). Using the harvested frond, counts of 

total branches per frond and total pinnae per frond were taken as these affect the 

number of sporangia present in a mature plant. Three pinnae were selected, using the 

same selecting procedure as described for frond selection. Sporangia were then 

counted per pinnae to compare potential reproductive viability of CMADS1-RNAi 

plants with wild type Ceratopteris. 
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Figure 4.10: Hn-n wild type Ceratopteris at 138-days in their reproductive sporophyte 
stage. Phenotyping was performed with measurements taken of frond length, number of 

branches, number of pinnae, and sporangia per mm of pinnae to act as controls against 

transformed knockdown CMADS1-RNAi lines. Panel A shows the whole plant at the time of 

harvesting; panel B shows reproductive fiddle heads harvested for genotyping; panel C 

shows one frond selected for phenotyping; panel D shows three pinnae selected for 

phenotyping; panel E shows each pinnae dissected to reveal sporangia within. White bars 

represent 1 cm to scale whilst black represent 1 mm to scale. 
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A B C D 

Figure 4.11: Line 1.9 empty pANDA vector controls at 138-days old. A frond from each 

plant was harvested with 3 pinnae then taken for phenotyping under a dissecting microscope.  

Panel A shows whole plants at time of harvesting; panel B shows fronds selected for 

phenotyping; panel C shows three pinnae selected for length measurements and sporangia 

counts; panel D shows dissected pinnae showing sporangia that were then counted. White 

bars represent 1 cm to scale whilst black represent 1 mm to scale. 
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Whole plant photography was not possible for all lines without damaging plants due to 

space constraints. 

 

A B 

Figure 4.12: Line 2.2 empty pANDA vector controls at 138-days old. Panel A shows the 

fronds selected for phenotyping and panel B shows pinnae dissected for sporangia 

measurements. White bars represent 1 cm to scale whilst black represent 1 mm to scale. 
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Figure 4.13: Line 1.3 CMADS1-RNAi at 138-days (panel 1) and line 4.19 CMADS1-RNAi 
at 138-days (panel 2). Panels A show fronds used for frond length measurements, branch 

counting, and pinnae counting. Panels B show pinnae dissected to reveal sporangia. White 

bars represent 1 cm to scale whilst black represent 1 mm to scale. 
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Figure 4.14: Line 6.1 CMADS1-RNAi at 138-day. Panel A shows whole plants at 138-days, 

panel B shows fronds selected for frond length, number of branches, and number of pinnae 

phenotyping, panel C shows pinnae chosen for pinnae length phenotyping measurements, 

panel D shows pinnae dissected for sporangia measurements. White bars represent 1 cm to 

scale whilst black represent 1 mm to scale. 
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Figure 4.15: Line 6.5 CMADS1-RNAi at 138-days. Panel A shows fronds selected for frond 

length, number of branches, and number of pinnae phenotyping, panel B shows pinnae 

chosen for pinnae length phenotyping measurements, panel C shows pinnae dissected for 

sporangia measurements. White bars represent 1 cm to scale whilst black represent 1 mm to 

scale. 
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4.3. Overexpression of CMADS1 in Ceratopteris and Arabidopsis. 

4.3.1. Generation of CMADS1 overexpression construct for use in 

Ceratopteris 

 

In order to overexpress CMADS1 in Ceratopteris, a 3-step cloning process was 

undertaken to generate both native and myc-tagged forms of CMADS1 under the 

control of the constitutive CaMV 35S promoter (Kiselev et al., 2021) in the fern 

expression vector pBOMBER (Figures 2.2 and 2.3). 

 

However, restriction cloning was delayed due to unsuccessful attempts. Successful 

insertion of the CMADS1 sequence into the intermediate vector pART7 was achieved, 

but the insertion of CMADS1 into the delivery vector pBOMBER was not possible in 

the time required to allow for successful growth of multiple generations of Ceratopteris. 

Trouble shooting was performed as described in Chapter 2. Diagnostic digests can be 

viewed in the appendix. 
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4.3.2. Ceratopteris transformation of 35S::CMADS1 and 

35S::CMADS1-myc constructs 

 

While the cloning process was occurring, Ceratopteris was in parallel bombarded with 

an empty pBOMBER control vector as in section 4.3.1 and successfully transformed 

lines were grown to their T1 generation (Appendix 3).  

 

4.3.3 Over expression of CMADS1 cDNA and AG in Arabidopsis: 

generation of constructs. 

 

In order to generate constructs to overexpress CMADS1 in Arabidopsis, a 3-step 

cloning process was followed to insert CMADS1 under the control of a 35S promoter 

into the binary vector pART27 (Figure 2.4; Aggarwal et al., 2018). 
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4.3.4 Transformation of Arabidopsis with 35S::CMADS1 and 35S::AG 

 

Arabidopsis plants were transformed with both 35S::CMADS1 and 35S::AG constructs 

and allowed to set seed. To select transgenic T1 plants, seeds were plated on 

kanamycin (Figures 4.16 and 4.17). 3 kanamycin-resistant 35S::CMADS1 primary 

transformant (T1) seedlings and a single 35S::AG kanamycin-resistant seedling were 

obtained (Figures 4.16 and 4.17). These 4 plants were propagated onto soil to 

generate T2 seed and for preliminary phenotypic analysis.  

 

In the T1 generation, two kanamycin-resistant plants were obtained from 35S::AG line 

9. Both plants showed normal vegetative development and flowers that produced all 

four floral organs, namely sepals, petals, stamens and carpels (Figure 4.18). In the T1 

generation of 35S::CMADS1, line 4 had one kanamycin-resistant plant produced, line 

7 had two kanamycin-resistant plants produced, and line 9 had five kanamycin-

resistant plants produced (Figure 4.19). 
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10 Col-0 

½ MS control 

Kanamycin 50 

35S::AG::pART27 line 4 5 6 7 8 9 

½ MS control 

Kanamycin 50 

35S::CMADS1::pART27 line 4 5 6 7 8 9 Col-0 1 10 12 

Figure 4.16: T1 lines of Arabidopsis transformed with an overexpression AGAMOUS 
insertion undergoing Kanamycin selection. A total of 12 lines were tested for selection 

with 5 plates being lost to infection. Only a single plant, T1 number 9, was carried forward to 

soil for propagation and phenotyping. 

 

Figure 4.17: T1 lines of Arabidopsis transformed with an overexpression CMADS1 insertion 
undergoing Kanamycin selection. A total of 12 lines were tested for selection with 3 plates 

being lost to infection. T1 plants 4, 7 and 9 were kanamycin resistant and were taken forward onto 

soil for future phenotyping. 
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Heterologous overexpression was performed because AGAMOUS mutants are 

infertile. 

 

 

 

 

 

 

35S::AG line 9 plant 1 

35S::AG line 9 plant 2 

Figure 4.18: Line 9 of T1 35S::AG Arabidopsis had two healthy sporophytes 
successfully grown on Kanamycin selection. These were transferred to soil and had 

flowers collected for phenotyping and genotyping. Scale bars of sporophytes on soil represent 

1 cm to scale, scale bars on flower images represent 1 mm to scale 
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35S::CMADS1 line 4 plant 2 

35S::CMADS1 line 7 plant 1 

35S::CMADS1 line 7 plant 2 

35S::CMADS1 line 9 plant 2 

35S::CMADS1 line 9 plant 3 

35S::CMADS1 line 9 plant 4 

35S::CMADS1 line 9 plant 5 
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Figure 4.19: Lines 4, 7, and 9 of T1 35S::CMADS1 Arabidopsis had 1, 2, and 4 
respectively, healthy sporophytes successfully grown on Kanamycin selection. These 

were transferred to soil and had flowers collected for phenotyping and genotyping. Scale 

bars of sporophytes on soil represent 1 cm to scale, scale bars on flower images represent 

1 mm to scale. 
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4.4. Discussion 

4.4.1. Summary 

 

In this chapter the possibility of cloning the Ceratopteris MADS-box gene CMADS1 for 

use in both knockdown and overexpression transgenic lines was explored. 

Exogeneous overexpression of the Ceratopteris MADS-box gene CMADS1 in the 

model angiosperm Arabidopsis was attempted alongside overexpression of the 

Arabidopsis native MADS-box genes AG. Long standing transformation techniques 

have been established for Arabidopsis often using Agrobacterium (Clough and Bent, 

1998; Zhang et al., 2020) (see chapter 2). However, the creation of transgenic 

Ceratopteris lines is still undergoing optimisation with microparticle bombardment, 

Agrobacterium-mediated transformation, and CRISPR/Cas9 all being attempted (Bui 

et al., 2015; Plackett et al., 2018; Xiang and Li, 2024). 

 

4.4.2. Transgenic lines of Ceratopteris were not reliably produced for 

either CMADS1 knockdown or overexpression 

 

Constructs for CMADS1 knockdown in Ceratopteris were successfully generated 

using Gateway cloning. Antibiotic selection of T1 gametophytes was successful and 

T2 spores of potential CMADS1 Ceratopteris knockdown lines have successfully been 

collected for future growth to a homozygous generation for phenotyping and 
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genotyping. Intermediate vectors were also generated that could be transferred to 

alternative delivery vectors in the future. 

 

In the T1 generation antibiotic selection revealed 3 resistant empty pANDA control 

lines and 5 resistant CMADS1-RNAi lines. Plants that showed antibiotic resistance at 

the gametophyte stage consistently also showed resistance at the sporophyte stage 

suggesting stable transformants had been generated. Despite this, expression of 

CMADS1 was not consistently significantly knocked down in any of the lines; this could 

be due to only a partial construct being inserted or to the silenced gene being re-

activated, or because passage through another generation is required for a full RNAi 

effect including via epigenetic promoter modification (Martienssen and Moazed, 2015). 

 

There were no obvious differences in vegetative phenotypes between any of the 

transformants, empty vector controls or transgenic plants. There were no obvious 

phenotype differences in the reproductive stage either (Figures 4.10-4.15). The only 

potentially transgenic line to show a significant difference in phenotype from the wild-

type is pANDA::CMADS1-RNAi line 6.1 in the number of frond branches. No good 

correlation between these differences and the CMADS1 level could be determined. 

However, the empty pANDA vector control CMADS1 levels show an increase and a 

decrease in fold change in the two lines that were successfully taken to the 

phenotyping stage (Figure 4.6-4.8).  
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RNAi has previously been used to produce stable Ceratopteris transformations 

(Plackett et al., 2018; Withers et al., 2023), however these methods relied on protocols 

established to target angiosperm genes (Bui et al., 2017). Previous studies have 

reported unstable gene silencing when using RNAi in ferns with visible phenotypes 

being produced in gametophyte stages but re-activation of the gene after fertilisation 

in the sporophyte stage (Bui et al., 2015). However, the two-step antibiotic selection at 

both the unfertilised gametophyte stage and fertilised sporophyte stage suggest 

resistance and therefore transformation is stable. Despite RNAi relying on transient 

expression when used in ferns, rather than stable integration of a transgene it has 

proved effective in producing phenotypes in ferns (Rutherford et al., 2004). 

 

CRISPR/Cas9 methods have recently been optimised in Ceratopteris providing faster 

detection of transgenic plants and an expanded transgenic toolkit in the fern 

Ceratopteris (Jiang et al., 2024). However, off target mutations have been observed 

when using CRISPR/Cas9 in Ceratopteris with deletions that could cause frameshifts, 

premature stop-codons, or removal of diagnostic sites that were only discovered upon 

sequencing, something that is difficult to do with the large DNA insertions necessary 

in fern genome editing (Xiang and Li, 2024). Alongside improvements in genetic editing 

in Ceratopteris, an improved method of helium biolistic transformation has been 

proposed relying on a double barrelled gun approach which has been shown to 

significantly improve the number of transformants produced in onion (Miller et al., 

2021). 
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4.4.3. Overexpression of CMADS1 in Ceratopteris and Arabidopsis. 

Overexpression in Ceratopteris has previously been performed and methods 

optimised (Youngstrom et al., 2022). Constructs for overexpression of CMADS1 both 

untagged and myc-tagged were successfully generated, unfortunately due to the 

timeframe of this project final constructs in the delivery vectors for both Ceratopteris 

and Arabidopsis was unsuccessful. In the future these constructs could be used to 

identify any phenotypes of overexpressed CMADS1 in both its native Ceratopteris and 

exogenously in Arabidopsis where comparisons can be made to overexpression of 

AG, CMADS1’s suggested homologue. 

 

Additional future work could focus on developing smaller binary vectors for fern 

transformation. This has been achieved for Arabidopsis through the use of the small 

binary vector pGREEN with accessory vector pSOUP (Hellens et al., 2000; Smidkova, 

Hola and Angelis, 2010). This would allow for ease of cloning of genes for delivery into 

fern and potentially other plants. 

 

4.4.4. overexpression lines of AG and CMADS1 were not able to be 

produced in Arabidopsis. 

 

Previous work suggests CMADS1 could be a homologue of the C-class MADS-box 

gene AGAMOUS (Hasebe et al., 1998). It is difficult to ascertain whether an altered 

expression of CMADS1 reflects those observed in AG overexpression due to either 
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unsuccessful transformations or availability of only heterozygous plants. Cloning of 

CMADS1 and AG into a plant binary vector was achieved as someone else in the lab 

had managed to clone the constructs described in 4.6.3 into the delivery vector 

pART27 used for transformation of Arabidopsis. However, these constructs have not 

been checked through sequencing. 

 

An overexpression mutant of AG in flowering plants such as Magnolia has been shown 

to give a distinctive phenotype expected of overexpression of a C-class MADS-box 

gene, namely early flowering and over-development of stamens and carpels. In 

Arabidopsis it has been observed that petals are converted to stamenoid structures 

(Wu et al., 2011). The heterologous overexpression of Arabidopsis AG in Magnolia 

and overexpression of AG in Arabidopsis suggests a conserved phenotype of 

increased development of stamens and carpels, as AG is a C-function gene. One 

hypothesis is that CMADS1 could behave in the same way in both Arabidopsis and 

fern, promoting development of female and male reproductive organs. 
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CHAPTER 5: Do CMADS1 protein binding partners affect 

CMADS1 function in different tissues? 
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5.1. Introduction 

5.1.1. Overview 

 

The interactions between MADS-box proteins have been well categorised in flowering 

plants (Puranik et al., 2014). Quaternary interactions are responsible for floral organ 

specification and the whorl structure observed across angiosperms via the floral 

quartet model (Theissen, 2001) for specifying sepals, petals, stamens and carpels and 

the later-emerging ABCDE model that encompasses ovule specification (Theissen et 

al., 2016). AG has been identified in homodimers and heterodimers when in the 

formation of a floral quartet tetramer, however the formation of an AG homo-tetramer 

has not been identified (Hsu et al., 2013; Theißen, Melzer and Rümpler, 2016 (Figure 

1.8). The only MADS-box proteins seen to form homo-tetramers are the E-class 

proteins SEPALLATA (Jetha, Theißen and Melzer, 2014). Yeast-II-Hybrid has been 

used to produce an interaction map of MADS-box proteins in Arabidopsis (de Folter et 

al., 2005) with further Yeast-III-Hybrid assays being performed to determined 

multimeric complexes formed by MADS-box proteins involved in the ABCDE model 

(Immink et al., 2010).  

 

However, the MADS-box protein family is also present in non-flowering plants that rely 

on completely different reproductive systems and organs. One way of uncovering the 

functions of these proteins could be to determine protein function through observing 

their interactions. 
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5.1.2. Protein interactions in the MADS-box family throughout the 

land plant lineage 

 

The MIKCc subcategory is known for its involvement in flowering time, floral 

organogenesis, and fruit development (Medard and Yanofsky, 2001). Within the 

ABCDE model of flowering genes that is used to categorise the MADS-box family in 

A. thaliana it has been determined that it is the interactions of MADS-box proteins that 

are responsible for the formation of floral organs (Theissen et al., 2016). This 

interaction between the different MADS-box categories has been well researched in 

flowering plants (Bowman et al., 2012). For example, a complex formed of 2 AG Class 

C) proteins and 2 SEP (Class E) proteins will determine carpel identity, and a complex 

formed of 1 AG and 1 SEP protein binding with 2 SHATTERPROOF or SEEDSTICK 

(class D) proteins will determine ovule identity (Theißen, Melzer and Rümpler, 2016 

(Figure 1.4). Thus, loss of function mutants in Arabidopsis of Class C MADS-box 

genes such as AGAMOUS lead to a flower with only sepals and petals (see 

introduction chapter). The genes involved in the ABCDE model evolved before the 

separation of gymnosperms and angiosperms (Shen et al., 2019). 

 

5.1.3. Non-angiosperm MIKCc protein interactions. 

 

In angiosperms, 14 monophyletic clades have been identified in the MIKCc 

subcategory of MADS-box proteins: 11 of these have orthologues in gymnosperms 

(Chen et al., 2017), whereas monilophytes form their own clades as can be seen in 

Figure 5.4 expanding on what was previously reported (Münster et al., 1997). This 

suggests a divergence of function and possibly interaction partners prior to the advent 
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of seed plants. In gymnosperms, MADS-box genes are known to be responsible for 

male, female, and bisexual reproductive structures (Feng et al., 2024). Gymnosperm 

MADS-box proteins also hold a function in the formation of fruits, independent in their 

evolution from the function attributed to flowers (Chen et al., 2017). It has been noted 

that gymnosperm MADS-box proteins interact similarly to  angiosperm MADS-box 

proteins, yet are more prolific in their interaction as they do not require any Class E 

proteins to form multimeric complexes and instead can form floral quartet-like 

complexes alone without the aid of class E proteins in both homo- and hetero-

tetramers; this suggests that the floral quartet concept predates the origin of 

angiosperms (Wang et al., 2010). 

 

Within the Bryophyte lineage, mosses contain small MADS-box gene families of an 

“ancestral” type representing the less complex body architecture (Svensson and 

Engstrom, 2002). The majority of MADS-box genes present in mosses hold homeotic 

functions similar to those present in animal MADS-box genes. In the representative 

bryophyte Physcomitrium patens (formerly Physcomitrella) the MADS-box family is 

intermediate in size when compared with the ancestral algae and the dominant 

angiosperm MADS-box family sizes. Physcomitrium has 26 MADS-box genes, 18 of 

which are Type-II and 6 of which are MIKCc (Rensing et al., 2007). In Physcomitrium 

it has been shown that some MADS-box functions are conserved between mosses 

and the flowering plant lineage, such as the regulation of cell division, whilst other 

functions have been lost, such as those relating to sperm motility, which was lost along 

with the loss of flagellated sperm as plants diversified to produce flowering organs 

(Koshimizu et al., 2018). It has been hypothesised that due to the presence of a K-box 

domain, the domain responsible for protein-protein interactions, in every MADS-box 
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gene identified in P. patens (Barker and Ashton, 2013), that the MADS-box proteins 

present undergo similar protein-protein interactions to those observed in flowering 

plants forming complex gene regulatory networks (Henschel et al., 2002). Liverworts 

have smaller families of MADS-box genes, for example, M. polymorpha has only two 

identified MADS-box genes (Bowman et al., 2017), although homo-dimerisation of 

MpMADS1 has been observed suggesting even in such small networks, protein 

interaction is still integral to MADS-box function (Zobell et al., 2010). 

 

5.1.4.  Aims and objectives of this chapter 

 

The aim of this chapter was to explore potential protein-protein interactions of 

Ceratopteris MIKCc MADS-box proteins. The objectives of the work were to: 

 

1. Determine similarities between Arabidopsis and Ceratopteris Type-II MIKCc 

MADS-box sequences to explore the extent of conservation between lineages. 

2. Observe any differences in the putative phylogenetic relationships of 

Arabidopsis and Ceratopteris Type-II MIKCc MADS-box proteins, based on 

analysis of the most conserved and least conserved domains. 

3. Predict secondary structures of Ceratopteris Type-II MIKCc MADS-box proteins 

and compare with the known Arabidopsis proteins. 

4. Analyse interactions between selected Ceratopteris MADS-box proteins using 

the yeast-II-hybrid system. 
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5.2. Conserved region comparison of protein sequences within the 

MADS-box family. 

5.2.1.  Ceratopteris MADS-box proteins conserved regions 

 

In order to determine conserved protein sequence regions in Ceratopteris MADS box 

proteins, a multiple sequence alignment was performed on all full-length Ceratopteris 

Type-II MIKCc proteins (Figure 5.1). Full length sequences were used to ensure any 

potential conservation could be detected in the I and C-domains as well as in the 

better-characterised M and K domains. 

 

The alignment is concurrent with previous literature from other species that describes 

the M-domain as the most conserved domain in the MADS-box family, with the K-

domain showing conservation to a lesser degree (Figure 5.1). Between the M and K 

domains the Intervening (I) domain sits showing potential low-level conservation, the 

C-terminus C-domain shows the least conservation of the domains (Theißen, Kim and 

Saedler, 1996) (Figure 5.1). 
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Figure 5.1: multiple sequence alignment (MSA) of all identified Ceratopteris Type-II 
MIKCc MADS-box proteins using PRALINE MSA (Simossis and Heringa, 2003). Most 

conserved amino acids are coloured red with least conserved coloured blue. The M domain is 

underlined in blue and labelled, the K domain is underlined in yellow and labelled, the K1-3 

sub-domains can be seen in the conservation patterns. Red highlight represents high 

conservation, blue represents low conservation, colours are on a scale of 1-10 with 10 showing 

the highest level of conservation whilst 0 represents the least. 

Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
CrMADS_M-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS1-Ceric_29 - - - - - - - - - - - - - - - M K Q L P H - - - - N N V I - - - - D L S - - C D L D L - - - - - - P
M14-Ceric_37G05 M G R V K L E I R K I E N P T N R Q V T Y S K R R N G L I K K A Y E L S V L C D I D I A L I M F S P
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
CrMADS_M-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS1-Ceric_29 D - Q A D P T A A Q R R - - - P M N T F L S S G P H T Y L N N L R C G E W - G S G T A P G P I A D P
M14-Ceric_37G05 S G R L N H F S G K K R I E D V I A R F A N L S D H E R A K S - Q C L K W C N S H N L P P K I A N S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
CrMADS_M-Ceric_ - M A M P C S D - - - - - - - - - I D L L D S D N D N V D D Q H I S L E L R Q V H - - - - - - E D T
CrMADS_W-Ceric_ - M A L S Y S D - - - - - - - - - I A L H G G T Q D H A A D H Q I S I Q L Q N P H - - - - - - S V S
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A L D K S D T N - - - - - - I N A
CrMADS_H-Ceric_ - M S F F A S - - - - - - - - - - - - - - - - - S P S S S T K L V N M D - S D S N - - - - - - P T Q
CMADS1-Ceric_29 K S A A Y Y R D H T K N D - - K V N D L S N R L H S Y G P P E A L Q Y P N Q H A I A - - A D T E - K
M14-Ceric_37G05 E M L M R A A K R L K Q E T Y M A I Q L S S S C S R V T N L E T L Q Y E I Q R T Q V Q L Q D I E T R
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
CrMADS_M-Ceric_ D D G S H D E P R - E L S L L - - - N H E S N L C K I V N S K G K - - G A E A G N S - - L L P S T G
CrMADS_W-Ceric_ Q S L V H N I D R L E L S L L H L D N G D R D T A N L I R N D G - - - A I I K G R - - - - - P F S T
CrMADS_S-Ceric_ S G V T H S P L E T E S D - - - - - - - - - T R S N L Q S S N Q - - - P P Y R S - - - - - - P - - -
CrMADS_H-Ceric_ V K M T Y T N S E Q E V S - - - - - - - - - S R A S R F S S N H L - - D A P K S - - - - - - P - - -

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 1

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
CrMADS_M-Ceric_ G L Y K I R G A K T Q L M V R Q V Q E L Q K K E Q I L L Q Q N E A L R A K L A E L S - - - - - - - C
CrMADS_W-Ceric_ G L S R I R S A K A D L M M E R A Q E L R A K E K S L Q C E N Q A L M W K V T - - - - - - - - - - -
CrMADS_S-Ceric_ A L D K I R T R R N E L L A M Q T Q N I I S K G N G L W I E N T L L R K K I E Q - - - - - - - - - -
CrMADS_H-Ceric_ A M N R I R S R R N E L L T M Q A R D I I S K G N D L W A E N N M L K R K L E E L - - - - - - - - -
CMADS1-Ceric_29 A L N K I R I Q K V Q V L H G E M Q Q I Y K Q E A R L F E E N N I L R K K L A E A T - - I I N - - G
M14-Ceric_37G05 Q T H P Q R - - E M D V N A G T C V S S S S D W Q S A F - - H S V H P S S I A P A T S P L L N P I S
CMADS2-Ceric_33 S L G R I R A K K E E M I L D Q L E D F K K K V - - - - - - - - - - - - T D A R K T T N A N S S L L
CMADS3-_Ceric_1 S L G H I R A K K D E L I L E Q I D E F K Q K I L G L L H V C T W M L M A D T R R T T N A N T S M L
CrMADS_I-Ceric_ S L G R I R A K K D E L I L D Q I D D F N Q K V - - - - - - - - - - - - A D T R R T M N A S M S M L
CRM2-Ceric_16G0 R L G R I R A K K E E M I L D K L E D L K R E V - - - - - - - - - - - - A D S L R T T K T N S S L L
CrMADS_X-Ceric_ N L G R I R A K K D E L M L E R N N D L M Q K M - - - - - - - - - - - - A D T R R R T N V N T S M L
CrMADS_AJ-Ceric N L G R I R A K K D Q L F L R E I E S C C N K E L - - - - - - - - M H K A H K L K G Q V M D E N A A
CMADS4-Ceric_12 N L G R I R A K K D Q L I L R E I E S Y S N K E L - - - - - - - - M H K A H K R K E Q V M N E K A A
CrMADS_AG-Ceric Y L G R V R E Q K D K M L M D V L E E L N - - - - - - - - - - - - - - - S I E R K I Q S Q N K D I K
CrMADS_G-Ceric_ K L V K I R S L Q K Q I R E L Q F R E Q L K K V - - - - - - - - - - - - - - R E R E R E R E R E M I
CMADS6-Ceric_15 S L C S I R K R Q K Q L - - - - Y R E - - - K M - - - - - - - - - - - - - - N E T F R - - - - - - -
CrMADS_AI-Ceric V L R Q V R A K K E E L L L R E I E T C A K K A D Q L M D D V R E S R R K G Q E R K L - - - - - - -
Consistency 4 8 4 6 8 * 5 5 7 4 7 8 5 4 3 5 4 5 6 4 3 4 7 3 1 0 1 0 0 0 1 0 0 2 1 1 4 2 4 4 4 2 2 1 1 2 1 1 2 2

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
CrMADS_M-Ceric_ L Q A P V S G L T T A T T S Q D V Q E S S S - - - G R G S R Q R E T S L S A A E T T L Q - - - - - -
CrMADS_W-Ceric_ V A A P K V V I P T A L H Q A D I - E S Q T - - - A N I S Q N H E A E S N E A D T T L K - - - - - -
CrMADS_S-Ceric_ V Q Y D G E N A M S S V T D G - M M G N D G - - - G G C T - Y I Q - - - G V L D T T L K - - - - - -
CrMADS_H-Ceric_ L Q T S S E N P A V S I T D R - L S T S E I - - - G N A T S S S K - - - D A P D T K L K - - - - - -
CMADS1-Ceric_29 M R G S M S T M T M - - S H E D L P G S T N Q S Y G T K A L Q G G C P S N T S T T T S N D P N H H S
M14-Ceric_37G05 L R Q H A A S M G M M L A H Q R H D Q Q S I M P F A S Q Q T Q V E - P A - A S R S M L N D V D - - -
CMADS2-Ceric_33 D K L L D F C S S D M T S S H N F V D C E P L - L I S E A P Q A D A S L A G R A A T S E Q S T D V R
CMADS3-_Ceric_1 D R L V D F C S S G I T G S Q N I V E S E P G - Y V V G V P R T D T L R A G W I A T S D Q S N D G P
CrMADS_I-Ceric_ D R L V D F C S S D I T G S Q E F V E S E A G - H V L R V P T T D A L R A A R I A S S D Q S N D D P
CRM2-Ceric_16G0 D K V G G F S S S E M T S S H D I A N R I S L - V V P E A P Q A D A S L P G R V V R G K Q V I - V V
CrMADS_X-Ceric_ N R L A D F C S S D I I G S R T F V E N E P A D H V V G V P R T D T S R A G R - - - - - - - - - - -
CrMADS_AJ-Ceric E K V - D - C - - P R V S N P A A S E N - - - - - - - - - A D E E F S Q M D R Y A S Y D A D V - T D
CMADS4-Ceric_12 R K V - D - C Q G P C V S N S T A L E N - - - - - - - - - A D E E F L Q M D R Y A S Y D G D V - I D
CrMADS_AG-Ceric E Q V - - - - - - - L Q T Q K T V H E V K A R I A G S Y V H T R D F L G I S Q L R H Y Q Q D E N I R
CrMADS_G-Ceric_ P D R P S V Q E E D L Q R Q N E R L R Q E I - - Q E L E H D S E Q F - - - - E L D E S L R A F S S Y
CMADS6-Ceric_15 - - - - - - K E E E L R K E N E K L R K Q V - - E E L Q C A R W E I C C A Q G F E A S A T S M C T S
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 4 3 1 2 2 2 3 3 2 3 3 4 4 3 3 3 3 4 4 3 2 0 0 1 2 2 2 3 3 4 3 5 2 2 2 2 3 3 2 4 3 3 3 1 1 1 0 1 1

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . .
CrMADS_M-Ceric_ L G F T Q - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ L A C P R R L F - K S T V D - G V D S - - - - - - - - - -
CrMADS_S-Ceric_ L G - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ L G I H L N A W L T S T K D I S F S S - - - - - - - - - -
CMADS1-Ceric_29 S H P P S H P S A S Q P L T L H L T S P C S P K L D L R L
M14-Ceric_37G05 S G A I Q M A D G Q N V L S L - A T S F G G S S Y N - - -
CMADS2-Ceric_33 E C S P P A K R L R I T E D L N H S P V C M E - - - - - -
CMADS3-_Ceric_1 E Y V P C A K R F R I T E D L N E S P - A S E - - - - - -
CrMADS_I-Ceric_ E Y V A S G R R F G I T E D L N E S P - A S E - - - - - -
CRM2-Ceric_16G0 G C P P P V K P L K I T E D L N H S P L C M E - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric Y C P S S V K K S T V V Q D L N R L P L E S A Q T L V E -
CMADS4-Ceric_12 E C P S S V K K S M V L Q D L N R L P S E Y A Q T L V E -
CrMADS_AG-Ceric N - - - - - - - - - - - E L L N H - - - - - - - - - - - -
CrMADS_G-Ceric_ F N V N S E P S D S F L - E L R L D N I C K Y - - - - - -
CMADS6-Ceric_15 H G M T S E R S D S F L - D L R L N - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 2 2 2 2 1 2 1 1 2 2 2 2 3 4 2 1 2 2 0 1 1 1 0 0 0 0 0 0

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 3

CMADS1-Ceric_29 M E V - E N S G K M A A S V E R - S A Q D A H A S G A L Q E D V V - - A A Y V G N - - - - M P A C V
M14-Ceric_37G05 L R I Y E G D L K C M H S M E Q L D S L E Q H L Q T A L E S L R I R K Q A L D Q N T H L S M P L D S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - M I S S A D S V A L S I - - - - - - - S Q Y C N L F L S S L C - - A G F A G Q F - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
CrMADS_M-Ceric_ T S - - - - - - - - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ S S - - - - - - - - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - - - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - - - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
CrMADS_AI-Ceric - - - - - - - E M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 4 2 6 3 7 8 5 7 7 9 9 8 9 5 8 6 9 9 9 9 8 6 9 9 9 4 8 9 7 9 9 8 6 7 9 9 8 8 8 9 8 7

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S - - R G I K K I L E R Y K - - - R C S G I L Q D V G G T V I R D
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I - - R G I R K I L E R Y K - - - S K S R I A S A G A A S V P T D
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - S M D K I I R R Y E - - - D L Q - - S Q S A S R A L L H Q
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - S M S K V I K R Y E - - - D L Q - - P H S A H R V L S Q E
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T - - - S M Q K V L E R Y Q - - - E H S N G A P S R - K V L L Q D
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S - - - L Y S R T L C H V S - - - D M Q G T A P E A - D - - - H S
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N P - - - S M K S V L E R Y Y - - - - K A Q G D A E S A D N V S S A
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N P - - - S M E T V L G R Y V - - - - K A S R D P E A G D N G S S T
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N P - - - S M E T V L E K Y V - - - - K A S G D P G A G D N G S S T
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S P - - - S M P S V L K R Y L - - - - K A Q T D A K S A D N G S S I
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N P - - - S M E T V L K R Y M - - - - K A N G D P K A G D N G S S T
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S P - - - S M D S I L K R Y M - - - - D S Q K Y L G I S E E G N S S
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S P - - - S M E S I L K R Y M - - - - D S Q K Y L G I S E E E N S S
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A T R S F E D I I Q R Y M - - N Y K V G K D I F G Q P K E P T N
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y A G S - - R D M Q E I I R A Y F - A A G S S G S T L R T Q S K - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y A G S - - R S M R E I I Q A Y V D A H E D S S S L L Q L R S E E A C V
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P - - - R V E R L L K R F V - - - G P Q Q V S R G I G R G G T S R
Consistency 9 7 7 8 7 8 8 6 5 * 7 8 6 6 7 8 6 5 0 0 0 6 7 5 5 8 8 5 7 8 4 0 0 0 1 3 6 3 2 3 3 4 4 3 4 3 2 3 4 3

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
CrMADS_M-Ceric_ V E Y W K Q E A E R L K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S
CrMADS_W-Ceric_ C E - - - - - - - - - K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R
CrMADS_S-Ceric_ R E Y W K N Q A L H L R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I
CrMADS_H-Ceric_ R E F W K N Q A L H L R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S
CMADS1-Ceric_29 V E F W K R E V L F L R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N
M14-Ceric_37G05 G E - Q Q A M P Q F R A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S
CMADS2-Ceric_33 E - - - N I E I D R I T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E
CMADS3-_Ceric_1 D - - - N V E A D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H -
CrMADS_I-Ceric_ D - - - N L D T D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E
CRM2-Ceric_16G0 K - - - N L E V D R L T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R
CrMADS_X-Ceric_ D - - - N V E A D H L T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E
CrMADS_AJ-Ceric P R L L N G D K D W V T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y
CMADS4-Ceric_12 A R L L N G D K H W V T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y
CrMADS_AG-Ceric N D W F Q G G K S - I T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I
CrMADS_G-Ceric_ - - - L E A E L S K L K E E A N I L K N D K - R I R R G D V H A L E A L S E E E L G S L E T E V E A
CMADS6-Ceric_15 S Q D L R A E L T E L R K E V E S L R Q E K - R R K D G D I H D L K L L S A D E L D S L E G E V E T
CrMADS_AI-Ceric G P S D G I E - D R L P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D
Consistency 2 2 0 1 5 3 5 3 3 3 6 5 3 3 3 3 3 7 6 3 4 5 0 5 3 6 4 6 5 0 0 5 6 5 4 9 6 4 5 7 8 4 4 7 9 4 7 7 5 3

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 2

CMADS1-Ceric_29 M E V - E N S G K M A A S V E R - S A Q D A H A S G A L Q E D V V - - A A Y V G N - - - - M P A C V
M14-Ceric_37G05 L R I Y E G D L K C M H S M E Q L D S L E Q H L Q T A L E S L R I R K Q A L D Q N T H L S M P L D S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - M I S S A D S V A L S I - - - - - - - S Q Y C N L F L S S L C - - A G F A G Q F - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
CrMADS_M-Ceric_ T S - - - - - - - - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ S S - - - - - - - - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - - - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - - - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
CrMADS_AI-Ceric - - - - - - - E M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 4 2 6 3 7 8 5 7 7 9 9 8 9 5 8 6 9 9 9 9 8 6 9 9 9 4 8 9 7 9 9 8 6 7 9 9 8 8 8 9 8 7

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S - - R G I K K I L E R Y K - - - R C S G I L Q D V G G T V I R D
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I - - R G I R K I L E R Y K - - - S K S R I A S A G A A S V P T D
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - S M D K I I R R Y E - - - D L Q - - S Q S A S R A L L H Q
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - S M S K V I K R Y E - - - D L Q - - P H S A H R V L S Q E
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T - - - S M Q K V L E R Y Q - - - E H S N G A P S R - K V L L Q D
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S - - - L Y S R T L C H V S - - - D M Q G T A P E A - D - - - H S
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N P - - - S M K S V L E R Y Y - - - - K A Q G D A E S A D N V S S A
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N P - - - S M E T V L G R Y V - - - - K A S R D P E A G D N G S S T
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N P - - - S M E T V L E K Y V - - - - K A S G D P G A G D N G S S T
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S P - - - S M P S V L K R Y L - - - - K A Q T D A K S A D N G S S I
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N P - - - S M E T V L K R Y M - - - - K A N G D P K A G D N G S S T
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S P - - - S M D S I L K R Y M - - - - D S Q K Y L G I S E E G N S S
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S P - - - S M E S I L K R Y M - - - - D S Q K Y L G I S E E E N S S
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A T R S F E D I I Q R Y M - - N Y K V G K D I F G Q P K E P T N
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y A G S - - R D M Q E I I R A Y F - A A G S S G S T L R T Q S K - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y A G S - - R S M R E I I Q A Y V D A H E D S S S L L Q L R S E E A C V
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P - - - R V E R L L K R F V - - - G P Q Q V S R G I G R G G T S R
Consistency 9 7 7 8 7 8 8 6 5 * 7 8 6 6 7 8 6 5 0 0 0 6 7 5 5 8 8 5 7 8 4 0 0 0 1 3 6 3 2 3 3 4 4 3 4 3 2 3 4 3

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
CrMADS_M-Ceric_ V E Y W K Q E A E R L K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S
CrMADS_W-Ceric_ C E - - - - - - - - - K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R
CrMADS_S-Ceric_ R E Y W K N Q A L H L R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I
CrMADS_H-Ceric_ R E F W K N Q A L H L R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S
CMADS1-Ceric_29 V E F W K R E V L F L R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N
M14-Ceric_37G05 G E - Q Q A M P Q F R A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S
CMADS2-Ceric_33 E - - - N I E I D R I T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E
CMADS3-_Ceric_1 D - - - N V E A D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H -
CrMADS_I-Ceric_ D - - - N L D T D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E
CRM2-Ceric_16G0 K - - - N L E V D R L T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R
CrMADS_X-Ceric_ D - - - N V E A D H L T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E
CrMADS_AJ-Ceric P R L L N G D K D W V T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y
CMADS4-Ceric_12 A R L L N G D K H W V T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y
CrMADS_AG-Ceric N D W F Q G G K S - I T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I
CrMADS_G-Ceric_ - - - L E A E L S K L K E E A N I L K N D K - R I R R G D V H A L E A L S E E E L G S L E T E V E A
CMADS6-Ceric_15 S Q D L R A E L T E L R K E V E S L R Q E K - R R K D G D I H D L K L L S A D E L D S L E G E V E T
CrMADS_AI-Ceric G P S D G I E - D R L P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D
Consistency 2 2 0 1 5 3 5 3 3 3 6 5 3 3 3 3 3 7 6 3 4 5 0 5 3 6 4 6 5 0 0 5 6 5 4 9 6 4 5 7 8 4 4 7 9 4 7 7 5 3

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 2

CMADS1-Ceric_29 M E V - E N S G K M A A S V E R - S A Q D A H A S G A L Q E D V V - - A A Y V G N - - - - M P A C V
M14-Ceric_37G05 L R I Y E G D L K C M H S M E Q L D S L E Q H L Q T A L E S L R I R K Q A L D Q N T H L S M P L D S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - M I S S A D S V A L S I - - - - - - - S Q Y C N L F L S S L C - - A G F A G Q F - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
CrMADS_M-Ceric_ T S - - - - - - - - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ S S - - - - - - - - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - - - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - - - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
CrMADS_AI-Ceric - - - - - - - E M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 4 2 6 3 7 8 5 7 7 9 9 8 9 5 8 6 9 9 9 9 8 6 9 9 9 4 8 9 7 9 9 8 6 7 9 9 8 8 8 9 8 7

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S - - R G I K K I L E R Y K - - - R C S G I L Q D V G G T V I R D
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I - - R G I R K I L E R Y K - - - S K S R I A S A G A A S V P T D
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - S M D K I I R R Y E - - - D L Q - - S Q S A S R A L L H Q
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - S M S K V I K R Y E - - - D L Q - - P H S A H R V L S Q E
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T - - - S M Q K V L E R Y Q - - - E H S N G A P S R - K V L L Q D
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S - - - L Y S R T L C H V S - - - D M Q G T A P E A - D - - - H S
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N P - - - S M K S V L E R Y Y - - - - K A Q G D A E S A D N V S S A
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N P - - - S M E T V L G R Y V - - - - K A S R D P E A G D N G S S T
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N P - - - S M E T V L E K Y V - - - - K A S G D P G A G D N G S S T
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S P - - - S M P S V L K R Y L - - - - K A Q T D A K S A D N G S S I
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N P - - - S M E T V L K R Y M - - - - K A N G D P K A G D N G S S T
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S P - - - S M D S I L K R Y M - - - - D S Q K Y L G I S E E G N S S
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S P - - - S M E S I L K R Y M - - - - D S Q K Y L G I S E E E N S S
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A T R S F E D I I Q R Y M - - N Y K V G K D I F G Q P K E P T N
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y A G S - - R D M Q E I I R A Y F - A A G S S G S T L R T Q S K - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y A G S - - R S M R E I I Q A Y V D A H E D S S S L L Q L R S E E A C V
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P - - - R V E R L L K R F V - - - G P Q Q V S R G I G R G G T S R
Consistency 9 7 7 8 7 8 8 6 5 * 7 8 6 6 7 8 6 5 0 0 0 6 7 5 5 8 8 5 7 8 4 0 0 0 1 3 6 3 2 3 3 4 4 3 4 3 2 3 4 3

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
CrMADS_M-Ceric_ V E Y W K Q E A E R L K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S
CrMADS_W-Ceric_ C E - - - - - - - - - K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R
CrMADS_S-Ceric_ R E Y W K N Q A L H L R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I
CrMADS_H-Ceric_ R E F W K N Q A L H L R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S
CMADS1-Ceric_29 V E F W K R E V L F L R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N
M14-Ceric_37G05 G E - Q Q A M P Q F R A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S
CMADS2-Ceric_33 E - - - N I E I D R I T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E
CMADS3-_Ceric_1 D - - - N V E A D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H -
CrMADS_I-Ceric_ D - - - N L D T D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E
CRM2-Ceric_16G0 K - - - N L E V D R L T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R
CrMADS_X-Ceric_ D - - - N V E A D H L T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E
CrMADS_AJ-Ceric P R L L N G D K D W V T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y
CMADS4-Ceric_12 A R L L N G D K H W V T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y
CrMADS_AG-Ceric N D W F Q G G K S - I T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I
CrMADS_G-Ceric_ - - - L E A E L S K L K E E A N I L K N D K - R I R R G D V H A L E A L S E E E L G S L E T E V E A
CMADS6-Ceric_15 S Q D L R A E L T E L R K E V E S L R Q E K - R R K D G D I H D L K L L S A D E L D S L E G E V E T
CrMADS_AI-Ceric G P S D G I E - D R L P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D
Consistency 2 2 0 1 5 3 5 3 3 3 6 5 3 3 3 3 3 7 6 3 4 5 0 5 3 6 4 6 5 0 0 5 6 5 4 9 6 4 5 7 8 4 4 7 9 4 7 7 5 3

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 2

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
CrMADS_M-Ceric_ G L Y K I R G A K T Q L M V R Q V Q E L Q K K E Q I L L Q Q N E A L R A K L A E L S - - - - - - - C
CrMADS_W-Ceric_ G L S R I R S A K A D L M M E R A Q E L R A K E K S L Q C E N Q A L M W K V T - - - - - - - - - - -
CrMADS_S-Ceric_ A L D K I R T R R N E L L A M Q T Q N I I S K G N G L W I E N T L L R K K I E Q - - - - - - - - - -
CrMADS_H-Ceric_ A M N R I R S R R N E L L T M Q A R D I I S K G N D L W A E N N M L K R K L E E L - - - - - - - - -
CMADS1-Ceric_29 A L N K I R I Q K V Q V L H G E M Q Q I Y K Q E A R L F E E N N I L R K K L A E A T - - I I N - - G
M14-Ceric_37G05 Q T H P Q R - - E M D V N A G T C V S S S S D W Q S A F - - H S V H P S S I A P A T S P L L N P I S
CMADS2-Ceric_33 S L G R I R A K K E E M I L D Q L E D F K K K V - - - - - - - - - - - - T D A R K T T N A N S S L L
CMADS3-_Ceric_1 S L G H I R A K K D E L I L E Q I D E F K Q K I L G L L H V C T W M L M A D T R R T T N A N T S M L
CrMADS_I-Ceric_ S L G R I R A K K D E L I L D Q I D D F N Q K V - - - - - - - - - - - - A D T R R T M N A S M S M L
CRM2-Ceric_16G0 R L G R I R A K K E E M I L D K L E D L K R E V - - - - - - - - - - - - A D S L R T T K T N S S L L
CrMADS_X-Ceric_ N L G R I R A K K D E L M L E R N N D L M Q K M - - - - - - - - - - - - A D T R R R T N V N T S M L
CrMADS_AJ-Ceric N L G R I R A K K D Q L F L R E I E S C C N K E L - - - - - - - - M H K A H K L K G Q V M D E N A A
CMADS4-Ceric_12 N L G R I R A K K D Q L I L R E I E S Y S N K E L - - - - - - - - M H K A H K R K E Q V M N E K A A
CrMADS_AG-Ceric Y L G R V R E Q K D K M L M D V L E E L N - - - - - - - - - - - - - - - S I E R K I Q S Q N K D I K
CrMADS_G-Ceric_ K L V K I R S L Q K Q I R E L Q F R E Q L K K V - - - - - - - - - - - - - - R E R E R E R E R E M I
CMADS6-Ceric_15 S L C S I R K R Q K Q L - - - - Y R E - - - K M - - - - - - - - - - - - - - N E T F R - - - - - - -
CrMADS_AI-Ceric V L R Q V R A K K E E L L L R E I E T C A K K A D Q L M D D V R E S R R K G Q E R K L - - - - - - -
Consistency 4 8 4 6 8 * 5 5 7 4 7 8 5 4 3 5 4 5 6 4 3 4 7 3 1 0 1 0 0 0 1 0 0 2 1 1 4 2 4 4 4 2 2 1 1 2 1 1 2 2

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
CrMADS_M-Ceric_ L Q A P V S G L T T A T T S Q D V Q E S S S - - - G R G S R Q R E T S L S A A E T T L Q - - - - - -
CrMADS_W-Ceric_ V A A P K V V I P T A L H Q A D I - E S Q T - - - A N I S Q N H E A E S N E A D T T L K - - - - - -
CrMADS_S-Ceric_ V Q Y D G E N A M S S V T D G - M M G N D G - - - G G C T - Y I Q - - - G V L D T T L K - - - - - -
CrMADS_H-Ceric_ L Q T S S E N P A V S I T D R - L S T S E I - - - G N A T S S S K - - - D A P D T K L K - - - - - -
CMADS1-Ceric_29 M R G S M S T M T M - - S H E D L P G S T N Q S Y G T K A L Q G G C P S N T S T T T S N D P N H H S
M14-Ceric_37G05 L R Q H A A S M G M M L A H Q R H D Q Q S I M P F A S Q Q T Q V E - P A - A S R S M L N D V D - - -
CMADS2-Ceric_33 D K L L D F C S S D M T S S H N F V D C E P L - L I S E A P Q A D A S L A G R A A T S E Q S T D V R
CMADS3-_Ceric_1 D R L V D F C S S G I T G S Q N I V E S E P G - Y V V G V P R T D T L R A G W I A T S D Q S N D G P
CrMADS_I-Ceric_ D R L V D F C S S D I T G S Q E F V E S E A G - H V L R V P T T D A L R A A R I A S S D Q S N D D P
CRM2-Ceric_16G0 D K V G G F S S S E M T S S H D I A N R I S L - V V P E A P Q A D A S L P G R V V R G K Q V I - V V
CrMADS_X-Ceric_ N R L A D F C S S D I I G S R T F V E N E P A D H V V G V P R T D T S R A G R - - - - - - - - - - -
CrMADS_AJ-Ceric E K V - D - C - - P R V S N P A A S E N - - - - - - - - - A D E E F S Q M D R Y A S Y D A D V - T D
CMADS4-Ceric_12 R K V - D - C Q G P C V S N S T A L E N - - - - - - - - - A D E E F L Q M D R Y A S Y D G D V - I D
CrMADS_AG-Ceric E Q V - - - - - - - L Q T Q K T V H E V K A R I A G S Y V H T R D F L G I S Q L R H Y Q Q D E N I R
CrMADS_G-Ceric_ P D R P S V Q E E D L Q R Q N E R L R Q E I - - Q E L E H D S E Q F - - - - E L D E S L R A F S S Y
CMADS6-Ceric_15 - - - - - - K E E E L R K E N E K L R K Q V - - E E L Q C A R W E I C C A Q G F E A S A T S M C T S
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 4 3 1 2 2 2 3 3 2 3 3 4 4 3 3 3 3 4 4 3 2 0 0 1 2 2 2 3 3 4 3 5 2 2 2 2 3 3 2 4 3 3 3 1 1 1 0 1 1

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . .
CrMADS_M-Ceric_ L G F T Q - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ L A C P R R L F - K S T V D - G V D S - - - - - - - - - -
CrMADS_S-Ceric_ L G - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ L G I H L N A W L T S T K D I S F S S - - - - - - - - - -
CMADS1-Ceric_29 S H P P S H P S A S Q P L T L H L T S P C S P K L D L R L
M14-Ceric_37G05 S G A I Q M A D G Q N V L S L - A T S F G G S S Y N - - -
CMADS2-Ceric_33 E C S P P A K R L R I T E D L N H S P V C M E - - - - - -
CMADS3-_Ceric_1 E Y V P C A K R F R I T E D L N E S P - A S E - - - - - -
CrMADS_I-Ceric_ E Y V A S G R R F G I T E D L N E S P - A S E - - - - - -
CRM2-Ceric_16G0 G C P P P V K P L K I T E D L N H S P L C M E - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric Y C P S S V K K S T V V Q D L N R L P L E S A Q T L V E -
CMADS4-Ceric_12 E C P S S V K K S M V L Q D L N R L P S E Y A Q T L V E -
CrMADS_AG-Ceric N - - - - - - - - - - - E L L N H - - - - - - - - - - - -
CrMADS_G-Ceric_ F N V N S E P S D S F L - E L R L D N I C K Y - - - - - -
CMADS6-Ceric_15 H G M T S E R S D S F L - D L R L N - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 2 2 2 2 1 2 1 1 2 2 2 2 3 4 2 1 2 2 0 1 1 1 0 0 0 0 0 0

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 3

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
CrMADS_M-Ceric_ G L Y K I R G A K T Q L M V R Q V Q E L Q K K E Q I L L Q Q N E A L R A K L A E L S - - - - - - - C
CrMADS_W-Ceric_ G L S R I R S A K A D L M M E R A Q E L R A K E K S L Q C E N Q A L M W K V T - - - - - - - - - - -
CrMADS_S-Ceric_ A L D K I R T R R N E L L A M Q T Q N I I S K G N G L W I E N T L L R K K I E Q - - - - - - - - - -
CrMADS_H-Ceric_ A M N R I R S R R N E L L T M Q A R D I I S K G N D L W A E N N M L K R K L E E L - - - - - - - - -
CMADS1-Ceric_29 A L N K I R I Q K V Q V L H G E M Q Q I Y K Q E A R L F E E N N I L R K K L A E A T - - I I N - - G
M14-Ceric_37G05 Q T H P Q R - - E M D V N A G T C V S S S S D W Q S A F - - H S V H P S S I A P A T S P L L N P I S
CMADS2-Ceric_33 S L G R I R A K K E E M I L D Q L E D F K K K V - - - - - - - - - - - - T D A R K T T N A N S S L L
CMADS3-_Ceric_1 S L G H I R A K K D E L I L E Q I D E F K Q K I L G L L H V C T W M L M A D T R R T T N A N T S M L
CrMADS_I-Ceric_ S L G R I R A K K D E L I L D Q I D D F N Q K V - - - - - - - - - - - - A D T R R T M N A S M S M L
CRM2-Ceric_16G0 R L G R I R A K K E E M I L D K L E D L K R E V - - - - - - - - - - - - A D S L R T T K T N S S L L
CrMADS_X-Ceric_ N L G R I R A K K D E L M L E R N N D L M Q K M - - - - - - - - - - - - A D T R R R T N V N T S M L
CrMADS_AJ-Ceric N L G R I R A K K D Q L F L R E I E S C C N K E L - - - - - - - - M H K A H K L K G Q V M D E N A A
CMADS4-Ceric_12 N L G R I R A K K D Q L I L R E I E S Y S N K E L - - - - - - - - M H K A H K R K E Q V M N E K A A
CrMADS_AG-Ceric Y L G R V R E Q K D K M L M D V L E E L N - - - - - - - - - - - - - - - S I E R K I Q S Q N K D I K
CrMADS_G-Ceric_ K L V K I R S L Q K Q I R E L Q F R E Q L K K V - - - - - - - - - - - - - - R E R E R E R E R E M I
CMADS6-Ceric_15 S L C S I R K R Q K Q L - - - - Y R E - - - K M - - - - - - - - - - - - - - N E T F R - - - - - - -
CrMADS_AI-Ceric V L R Q V R A K K E E L L L R E I E T C A K K A D Q L M D D V R E S R R K G Q E R K L - - - - - - -
Consistency 4 8 4 6 8 * 5 5 7 4 7 8 5 4 3 5 4 5 6 4 3 4 7 3 1 0 1 0 0 0 1 0 0 2 1 1 4 2 4 4 4 2 2 1 1 2 1 1 2 2

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
CrMADS_M-Ceric_ L Q A P V S G L T T A T T S Q D V Q E S S S - - - G R G S R Q R E T S L S A A E T T L Q - - - - - -
CrMADS_W-Ceric_ V A A P K V V I P T A L H Q A D I - E S Q T - - - A N I S Q N H E A E S N E A D T T L K - - - - - -
CrMADS_S-Ceric_ V Q Y D G E N A M S S V T D G - M M G N D G - - - G G C T - Y I Q - - - G V L D T T L K - - - - - -
CrMADS_H-Ceric_ L Q T S S E N P A V S I T D R - L S T S E I - - - G N A T S S S K - - - D A P D T K L K - - - - - -
CMADS1-Ceric_29 M R G S M S T M T M - - S H E D L P G S T N Q S Y G T K A L Q G G C P S N T S T T T S N D P N H H S
M14-Ceric_37G05 L R Q H A A S M G M M L A H Q R H D Q Q S I M P F A S Q Q T Q V E - P A - A S R S M L N D V D - - -
CMADS2-Ceric_33 D K L L D F C S S D M T S S H N F V D C E P L - L I S E A P Q A D A S L A G R A A T S E Q S T D V R
CMADS3-_Ceric_1 D R L V D F C S S G I T G S Q N I V E S E P G - Y V V G V P R T D T L R A G W I A T S D Q S N D G P
CrMADS_I-Ceric_ D R L V D F C S S D I T G S Q E F V E S E A G - H V L R V P T T D A L R A A R I A S S D Q S N D D P
CRM2-Ceric_16G0 D K V G G F S S S E M T S S H D I A N R I S L - V V P E A P Q A D A S L P G R V V R G K Q V I - V V
CrMADS_X-Ceric_ N R L A D F C S S D I I G S R T F V E N E P A D H V V G V P R T D T S R A G R - - - - - - - - - - -
CrMADS_AJ-Ceric E K V - D - C - - P R V S N P A A S E N - - - - - - - - - A D E E F S Q M D R Y A S Y D A D V - T D
CMADS4-Ceric_12 R K V - D - C Q G P C V S N S T A L E N - - - - - - - - - A D E E F L Q M D R Y A S Y D G D V - I D
CrMADS_AG-Ceric E Q V - - - - - - - L Q T Q K T V H E V K A R I A G S Y V H T R D F L G I S Q L R H Y Q Q D E N I R
CrMADS_G-Ceric_ P D R P S V Q E E D L Q R Q N E R L R Q E I - - Q E L E H D S E Q F - - - - E L D E S L R A F S S Y
CMADS6-Ceric_15 - - - - - - K E E E L R K E N E K L R K Q V - - E E L Q C A R W E I C C A Q G F E A S A T S M C T S
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 4 3 1 2 2 2 3 3 2 3 3 4 4 3 3 3 3 4 4 3 2 0 0 1 2 2 2 3 3 4 3 5 2 2 2 2 3 3 2 4 3 3 3 1 1 1 0 1 1

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . .
CrMADS_M-Ceric_ L G F T Q - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ L A C P R R L F - K S T V D - G V D S - - - - - - - - - -
CrMADS_S-Ceric_ L G - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ L G I H L N A W L T S T K D I S F S S - - - - - - - - - -
CMADS1-Ceric_29 S H P P S H P S A S Q P L T L H L T S P C S P K L D L R L
M14-Ceric_37G05 S G A I Q M A D G Q N V L S L - A T S F G G S S Y N - - -
CMADS2-Ceric_33 E C S P P A K R L R I T E D L N H S P V C M E - - - - - -
CMADS3-_Ceric_1 E Y V P C A K R F R I T E D L N E S P - A S E - - - - - -
CrMADS_I-Ceric_ E Y V A S G R R F G I T E D L N E S P - A S E - - - - - -
CRM2-Ceric_16G0 G C P P P V K P L K I T E D L N H S P L C M E - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric Y C P S S V K K S T V V Q D L N R L P L E S A Q T L V E -
CMADS4-Ceric_12 E C P S S V K K S M V L Q D L N R L P S E Y A Q T L V E -
CrMADS_AG-Ceric N - - - - - - - - - - - E L L N H - - - - - - - - - - - -
CrMADS_G-Ceric_ F N V N S E P S D S F L - E L R L D N I C K Y - - - - - -
CMADS6-Ceric_15 H G M T S E R S D S F L - D L R L N - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 2 2 2 2 1 2 1 1 2 2 2 2 3 4 2 1 2 2 0 1 1 1 0 0 0 0 0 0

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 3

MADS-domain 

K-domain 

CMADS1-Ceric_29 M E V - E N S G K M A A S V E R - S A Q D A H A S G A L Q E D V V - - A A Y V G N - - - - M P A C V
M14-Ceric_37G05 L R I Y E G D L K C M H S M E Q L D S L E Q H L Q T A L E S L R I R K Q A L D Q N T H L S M P L D S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - M I S S A D S V A L S I - - - - - - - S Q Y C N L F L S S L C - - A G F A G Q F - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
CrMADS_M-Ceric_ T S - - - - - - - - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ S S - - - - - - - - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - - - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - - - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
CrMADS_AI-Ceric - - - - - - - E M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 4 2 6 3 7 8 5 7 7 9 9 8 9 5 8 6 9 9 9 9 8 6 9 9 9 4 8 9 7 9 9 8 6 7 9 9 8 8 8 9 8 7

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S - - R G I K K I L E R Y K - - - R C S G I L Q D V G G T V I R D
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I - - R G I R K I L E R Y K - - - S K S R I A S A G A A S V P T D
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - S M D K I I R R Y E - - - D L Q - - S Q S A S R A L L H Q
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - S M S K V I K R Y E - - - D L Q - - P H S A H R V L S Q E
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T - - - S M Q K V L E R Y Q - - - E H S N G A P S R - K V L L Q D
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S - - - L Y S R T L C H V S - - - D M Q G T A P E A - D - - - H S
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N P - - - S M K S V L E R Y Y - - - - K A Q G D A E S A D N V S S A
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N P - - - S M E T V L G R Y V - - - - K A S R D P E A G D N G S S T
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N P - - - S M E T V L E K Y V - - - - K A S G D P G A G D N G S S T
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S P - - - S M P S V L K R Y L - - - - K A Q T D A K S A D N G S S I
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N P - - - S M E T V L K R Y M - - - - K A N G D P K A G D N G S S T
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S P - - - S M D S I L K R Y M - - - - D S Q K Y L G I S E E G N S S
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S P - - - S M E S I L K R Y M - - - - D S Q K Y L G I S E E E N S S
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A T R S F E D I I Q R Y M - - N Y K V G K D I F G Q P K E P T N
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y A G S - - R D M Q E I I R A Y F - A A G S S G S T L R T Q S K - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y A G S - - R S M R E I I Q A Y V D A H E D S S S L L Q L R S E E A C V
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P - - - R V E R L L K R F V - - - G P Q Q V S R G I G R G G T S R
Consistency 9 7 7 8 7 8 8 6 5 * 7 8 6 6 7 8 6 5 0 0 0 6 7 5 5 8 8 5 7 8 4 0 0 0 1 3 6 3 2 3 3 4 4 3 4 3 2 3 4 3

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
CrMADS_M-Ceric_ V E Y W K Q E A E R L K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S
CrMADS_W-Ceric_ C E - - - - - - - - - K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R
CrMADS_S-Ceric_ R E Y W K N Q A L H L R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I
CrMADS_H-Ceric_ R E F W K N Q A L H L R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S
CMADS1-Ceric_29 V E F W K R E V L F L R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N
M14-Ceric_37G05 G E - Q Q A M P Q F R A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S
CMADS2-Ceric_33 E - - - N I E I D R I T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E
CMADS3-_Ceric_1 D - - - N V E A D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H -
CrMADS_I-Ceric_ D - - - N L D T D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E
CRM2-Ceric_16G0 K - - - N L E V D R L T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R
CrMADS_X-Ceric_ D - - - N V E A D H L T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E
CrMADS_AJ-Ceric P R L L N G D K D W V T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y
CMADS4-Ceric_12 A R L L N G D K H W V T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y
CrMADS_AG-Ceric N D W F Q G G K S - I T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I
CrMADS_G-Ceric_ - - - L E A E L S K L K E E A N I L K N D K - R I R R G D V H A L E A L S E E E L G S L E T E V E A
CMADS6-Ceric_15 S Q D L R A E L T E L R K E V E S L R Q E K - R R K D G D I H D L K L L S A D E L D S L E G E V E T
CrMADS_AI-Ceric G P S D G I E - D R L P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D
Consistency 2 2 0 1 5 3 5 3 3 3 6 5 3 3 3 3 3 7 6 3 4 5 0 5 3 6 4 6 5 0 0 5 6 5 4 9 6 4 5 7 8 4 4 7 9 4 7 7 5 3
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Results colour-coded for amino acid conservation 2

CMADS1-Ceric_29 M E V - E N S G K M A A S V E R - S A Q D A H A S G A L Q E D V V - - A A Y V G N - - - - M P A C V
M14-Ceric_37G05 L R I Y E G D L K C M H S M E Q L D S L E Q H L Q T A L E S L R I R K Q A L D Q N T H L S M P L D S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - M I S S A D S V A L S I - - - - - - - S Q Y C N L F L S S L C - - A G F A G Q F - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
CrMADS_M-Ceric_ T S - - - - - - - - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ S S - - - - - - - - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - - - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - - - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
CrMADS_AI-Ceric - - - - - - - E M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 4 2 6 3 7 8 5 7 7 9 9 8 9 5 8 6 9 9 9 9 8 6 9 9 9 4 8 9 7 9 9 8 6 7 9 9 8 8 8 9 8 7

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S - - R G I K K I L E R Y K - - - R C S G I L Q D V G G T V I R D
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I - - R G I R K I L E R Y K - - - S K S R I A S A G A A S V P T D
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - S M D K I I R R Y E - - - D L Q - - S Q S A S R A L L H Q
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - S M S K V I K R Y E - - - D L Q - - P H S A H R V L S Q E
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T - - - S M Q K V L E R Y Q - - - E H S N G A P S R - K V L L Q D
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S - - - L Y S R T L C H V S - - - D M Q G T A P E A - D - - - H S
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N P - - - S M K S V L E R Y Y - - - - K A Q G D A E S A D N V S S A
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N P - - - S M E T V L G R Y V - - - - K A S R D P E A G D N G S S T
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N P - - - S M E T V L E K Y V - - - - K A S G D P G A G D N G S S T
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S P - - - S M P S V L K R Y L - - - - K A Q T D A K S A D N G S S I
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N P - - - S M E T V L K R Y M - - - - K A N G D P K A G D N G S S T
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S P - - - S M D S I L K R Y M - - - - D S Q K Y L G I S E E G N S S
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S P - - - S M E S I L K R Y M - - - - D S Q K Y L G I S E E E N S S
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A T R S F E D I I Q R Y M - - N Y K V G K D I F G Q P K E P T N
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y A G S - - R D M Q E I I R A Y F - A A G S S G S T L R T Q S K - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y A G S - - R S M R E I I Q A Y V D A H E D S S S L L Q L R S E E A C V
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P - - - R V E R L L K R F V - - - G P Q Q V S R G I G R G G T S R
Consistency 9 7 7 8 7 8 8 6 5 * 7 8 6 6 7 8 6 5 0 0 0 6 7 5 5 8 8 5 7 8 4 0 0 0 1 3 6 3 2 3 3 4 4 3 4 3 2 3 4 3

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
CrMADS_M-Ceric_ V E Y W K Q E A E R L K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S
CrMADS_W-Ceric_ C E - - - - - - - - - K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R
CrMADS_S-Ceric_ R E Y W K N Q A L H L R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I
CrMADS_H-Ceric_ R E F W K N Q A L H L R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S
CMADS1-Ceric_29 V E F W K R E V L F L R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N
M14-Ceric_37G05 G E - Q Q A M P Q F R A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S
CMADS2-Ceric_33 E - - - N I E I D R I T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E
CMADS3-_Ceric_1 D - - - N V E A D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H -
CrMADS_I-Ceric_ D - - - N L D T D R L T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E
CRM2-Ceric_16G0 K - - - N L E V D R L T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R
CrMADS_X-Ceric_ D - - - N V E A D H L T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E
CrMADS_AJ-Ceric P R L L N G D K D W V T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y
CMADS4-Ceric_12 A R L L N G D K H W V T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y
CrMADS_AG-Ceric N D W F Q G G K S - I T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I
CrMADS_G-Ceric_ - - - L E A E L S K L K E E A N I L K N D K - R I R R G D V H A L E A L S E E E L G S L E T E V E A
CMADS6-Ceric_15 S Q D L R A E L T E L R K E V E S L R Q E K - R R K D G D I H D L K L L S A D E L D S L E G E V E T
CrMADS_AI-Ceric G P S D G I E - D R L P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D
Consistency 2 2 0 1 5 3 5 3 3 3 6 5 3 3 3 3 3 7 6 3 4 5 0 5 3 6 4 6 5 0 0 5 6 5 4 9 6 4 5 7 8 4 4 7 9 4 7 7 5 3
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5.2.2. Arabidopsis MADS-box protein conserved regions. 

 

To compare conserved protein sequence regions between Ceratopteris MADS box 

proteins and Arabidopsis MADS box proteins, an additional multiple sequence 

alignment was initially performed on all full-length Arabidopsis Type II MIKCc proteins 

(Figure 5.2). 

 

This alignment reflects the known levels of conservation throughout the MADS-box 

family in angiosperms with the conservation of domains from highest to lowest being 

M, K, I, and C domains (Theißen, Kim and Saedler, 1996). This MSA also shows the 

three alpha helices present in the K-domain (Figure 5.2, 1.6). This structural motif has 

been attributed to the function of protein-protein binding (Kaufmann, Melzer and 

Theißen, 2004). 
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SOC1-AT2G45660 R N G L L K K A F E L S V L C D A E V S L I I F S P K G K L Y E F - A S S - - - - - - - - - - - - -
AGL42-AT5G62165 R N G L L K K A Y E L S V L C D A Q L S L I I F S Q R G R L Y E F - S S S - - - - - - - - - - - - -
AGL71-AT5G51870 R S G L F K K A H E L S V L C D A Q V A A I V F S Q S G R L H E Y - S S S - - - - - - - - - - - - -
AGL72-AT5G51860 R S G L F K K A H E L S V L C D A Q V A A M I F S Q K G R L Y E F - A S S - - - - - - - - - - - - -
SVP-AT2G22540 R R G L F K K A E E L S V L C D A D V A L I I F S S T G K L F E F - C S S - - - - - - - - - - - - -
AGL24-AT4G24540 R R G I F K K A D E L S V L C D A D V A L I I F S A T G K L F E F - S S S - - - - - - - - - - - - -
AGL12-AT1G71692 R T G L L K K A K E L S V L C D A E I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - -
AP3-AT3G54340 R N G L F K K A H E L T V L C D A R V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - -
_PI-AT5G20240 R N G L V K K A K E I T V L C D A K V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - -
MAF2-AT5G65050 R N G L I E K A R Q L S I L C E S S I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - -
MAF3-AT5G65060 R K G L I E K A R Q L S I L C E S S I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - -
MAF1-AT1G77080 R N G L I D K A R Q L S I L C E S S V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - -
MAF5-AT5G65080 R N G L M E K A R Q L S I L C G S S V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - -
MAF4-AT5G65070 R N G L M E K A R Q L S I L C E S S V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E
FLC-AT5G10140 R N G L I E K A R Q L S V L C D A S V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - -
AGL6-AT1G77950 K K G L I K K A Y E L S T L C D I D L A L L M F S P S D R L C L F - S G Q T R - - - - - - - - - - -
AGL63-AT1G31140 K K S L I K K A Y E L S V L C D V H L G L I I F S H S N R L Y D F C S N S T S - - - - - - - - - - -
Consistency 9 6 9 9 7 8 * 9 4 9 9 9 9 * * 8 8 6 9 7 8 8 8 8 9 4 5 8 8 9 7 7 7 2 7 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
AG-AT4G18960_1 - - - - - - - - - - - - - - - - - - - - V K G T I E R Y K K A I S D N S N T G S V - - - - - - - A E
SHP1-AT3G58780 K K K N L W I Y S S H V - - - - - - - - V R G T I E R Y K K A C S D A V N P P S V - - - - - - - T E
SHP2-AT2G42830 - - - - - - - - - - - - - - - - - - - - V R G T I E R Y K K A C S D A V N P P T I - - - - - - - T E
STK-AT4G09960 - - - - - - - - - - - - - - - - - - - - I R S T I E R Y K K A C S D S T N T S T V - - - - - - - Q E
AGL17-AT2G22630 - - - - - - - - - - - S - - - - - - - - V K S T I E R F N T A K M E E Q E L M N P - - - - - - - A S
AGL21-AT4G37940 - - - - - - - - - - - S - - - - - - - - M K S V I D R Y N K S K I E Q Q Q L L N P - - - - - - - A S
AGL16-AT3G57230 - - - - - - - - - - - S - - - - - - - - M K S V I E R Y S D A K G E T S S E N D P - - - - - - - A S
ANR1-AT2G14210 - - - - - - - - - - - S - - - - - - - - M K T I I E R Y N R V K E E Q H Q L L N H - - - - - - - A S
AP1-AT1G69120 - - - - - - - - - - S C - - - - - - - - M E K I L E R Y E R Y S Y A E R Q L I A P E S D - - - - V N
CAL-AT1G26310 - - - - - - - - - - S C - - - - - - - - M E K V L E R Y E R Y S Y A E R Q L I A P D S H - - - - V N
FUL-AT5G60910 - - - - - - - - - - S C - - - - - - - - M E R I L E R Y D R Y L Y S D K Q L V G R D - - - - - - V S
AGL79-AT3G30260 - - - - - - - - - - S S - - - - - - - - M E R I L D R Y E R S A Y A G Q D I P T P N - - - - - - L D
SEP1-AT5G15800 - - - - - - - - - - S N - - - - - - - - M L K T L D R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP2-AT3G02310 - - - - - - - - - - S N - - - - - - - - M L K T L E R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP3-AT1G24260 - - - - - - - - - - S S - - - - - - - - M L R T L E R Y Q K C N Y G A P E P N V P S R E - - - - A L
SEP4-AT2G03710 - - - - - - - - - - S G - - - - - - - - M A R T V D K Y R K H S Y A T M D P N - - - Q S - - - - A K
AGL13-AT3G61120 - - - - - - - - - - - G - - - - - - - - V G R T I E R Y Y R C K D N L L D - - - - N D T - - - - L E
AGL18-AT3G57390 - - - - - - - - - - V C - - - - - - - - M E Q I L S R Y G Y T T A S T E H K Q Q R E H Q L L I C A S
AGL15-AT5G13790 - - - - - - - - - - T G - - - - - - - - M K Q T L S R Y G N H Q S S S A S K A E E D - - - - - C A -
ABS-AT5G23260 - - - - - - - - - - N R - - - - - - - - M P Q L I D R Y L H T N G L R L P D H H D D - - - - - - - -
AGL14-AT4G11880 - - - - - - - - - - - S - - - - - - - - I P K T V E R Y Q K R I Q D - - L G S N H K - - - - - - R N
AGL19-AT4G22950 - - - - - - - - - - - S - - - - - - - - I A A T I E R Y Q R R I K E - - I G N N H K - - - - - - R N
SOC1-AT2G45660 - - - - - - - - - - - N - - - - - - - - M Q D T I D R Y L R H T K D - R V S T K P V - - - - - - S E
AGL42-AT5G62165 - - - - - - - - - - - D - - - - - - - - M Q K T I E R Y R K Y T K D - H E T S N H D - - - - - - S Q
AGL71-AT5G51870 - - - - - - - - - - - Q - - - - - - - - M E K I I D R Y G K F S N A F Y V A E R P Q - - - - - - V E
AGL72-AT5G51860 - - - - - - - - - - - D - - - - - - - - I R N T I K R Y A E Y K R E Y F V A E T H P - - - - - - I E
SVP-AT2G22540 - - - - - - - - - - - S - - - - - - - - M K E V L E R H N L Q S K N L E K L - D Q P - - - - - - S L
AGL24-AT4G24540 - - - - - - - - - - - R - - - - - - - - M R D I L G R Y S L H A S N I N K L M D P P - - - - - - S T
AGL12-AT1G71692 - - - - - - - - - - - T - - - - - - - - M E G M I D K Y M K C T G G G R G S S S A T F T A Q E Q L Q
AP3-AT3G54340 - - - - - - - - - - T T - - - - - - - - T K E I V D L Y Q T I S D V D V W A T Q Y - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - M D - - - - - - - - L G A M L D Q Y Q K L S G K K L W D A K H - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L E A L D - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L K A L D - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - I S K I I D R Y E I Q H A D E L R A L D - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - M A K I I S R F K I Q Q A D D P E T L D - - - - - - - - - -
MAF4-AT5G65070 I N L G P L S I F L L N S N E T P V D F M A K I L S R Y E L E Q A D D L K T L D - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - L V K I L D R Y G K Q H A D D L K A L D - - - - - - - - - -
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - I E D V L A R Y I N L P D Q E R E N A I V F - - - - - - P D
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - M E N L I M R Y Q K E K E G Q T T A E H S F - - - - - - H S
Consistency 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 7 4 5 6 8 6 9 9 4 4 3 4 3 4 3 3 4 3 3 3 2 1 0 0 0 0 0 0 2 2

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
AG-AT4G18960_1 I N A Q Y Y Q Q E S A K L R Q Q I I S I Q N S - - - - N R Q L M G E T I G S M S P K E L R N L E G -
SHP1-AT3G58780 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N S - - - - N R H I V G E S L G S L N F K E L K N L E G -
SHP2-AT2G42830 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N L - - - - N R H I L G E S L G S L N F K E L K N L E S -
STK-AT4G09960 I N A A Y Y Q Q E S A K L R Q Q I Q T I Q N S - - - - N R N L M G D S L S S L S V K E L K Q V E N -
AGL17-AT2G22630 - E V K F W Q R E A E T L R Q E L H S L Q E N - - - - Y R Q L T G V E L N G L S V K E L Q N I E S -
AGL21-AT4G37940 - E V K F W Q R E A A V L R Q E L H A L Q E N - - - - H R Q M M G E Q L N G L S V N E L N S L E N -
AGL16-AT3G57230 - E I Q F W Q K E A A I L K R Q L H N L Q E N - - - - H R Q M M G E E L S G L S V E A L Q N L E N -
ANR1-AT2G14210 - E I K F W Q R E V A S L Q Q Q L Q Y L Q E C - - - - H R K L V G E E L S G M N A N D L Q N L E D -
AP1-AT1G69120 - - T - N W S M E Y N R L K A K I E L L E R N - - - - Q R H Y L G E D L Q A M S P K E L Q N L E Q -
CAL-AT1G26310 A Q T - N W S M E Y S R L K A K I E L L E R N - - - - Q R H Y L G E E L E P M S L K D L Q N L E Q -
FUL-AT5G60910 Q S E - N W V L E H A K L K A R V E V L E K N - - - - K R N F M G E D L D S L S L K E L Q S L E H -
AGL79-AT3G30260 S Q G - E C S T E C S K L L R M I D V L Q R S - - - - L R H L R G E E V D G L S I R D L Q G V E M -
SEP1-AT5G15800 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 2

SEP2-AT3G02310 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -
SEP3-AT1G24260 A V E L S S Q Q E Y L K L K E R Y D A L Q R T - - - - Q R N L L G E D L G P L S T K E L E S L E R -
SEP4-AT2G03710 D L Q - D K Y Q D Y L K L K S R V E I L Q H S - - - - Q R H L L G E E L S E M D V N E L E H L E R -
AGL13-AT3G61120 D T Q - G L R Q E V T K L K C K Y E S L L R T - - - - H R N L V G E D L E G M S I K E L Q T L E R -
AGL18-AT3G57390 H G N E A V L R N D D S M K G E L E R L Q L A - - - - I E R L K G K E L E G M S F P D L I S L E N -
AGL15-AT5G13790 - - - E V - - - - - D I L K D Q L S K L Q E K - - - - H L Q L Q G K G L N P L T F K E L Q S L E Q -
ABS-AT5G23260 - - Q E Q L H H E M E L L R R E T C N L E L R - - - - L R P F H G H D L A S I P P N E L D G L E R -
AGL14-AT4G11880 D N S Q Q S K D E T Y G L A R K I E H L E I S - - - - T R K M M G E G L D A S S I E E L Q Q L E N -
AGL19-AT4G22950 D N S Q Q A R D E T S G L T K K I E Q L E I S - - - - K R K L L G E G I D A C S I E E L Q Q L E N -
SOC1-AT2G45660 E N M Q H L K Y E A A N M M K K I E Q L E A S - - - - K R K L L G E G I G T C S I E E L Q Q I E Q -
AGL42-AT5G62165 I H L Q Q L K Q E A S H M I T K I E L L E F H - - - - K R K L L G Q G I A S C S L E E L Q E I D S -
AGL71-AT5G51870 R Y L Q E L K M E I D R M V K K I D L L E V H - - - - H R K L L G Q G L D S C S V T E L Q E I D T -
AGL72-AT5G51860 Q Y V Q G L K K E M V T M V K K I E V L E V H - - - - N R K M M G Q S L D S C S V K E L S E I A T -
SVP-AT2G22540 E L Q L V E N S D H A R M S K E I A D K S H R - - - - L R Q M R G E E L Q G L D I E E L Q Q L E K -
AGL24-AT4G24540 H L R L - E N C N L S R L S K E V E D K T K Q - - - - L R K L R G E D L D G L N L E E L Q R L E K -
AGL12-AT1G71692 P P N L D P K D E I N V L K Q E I E M L Q K G - - - - I S Y M F G G G D G A M N L E E L L L L E K -
AP3-AT3G54340 - - - E R M Q E T K R K L L E T N R N L R T Q - - - - I K Q R L G E C L D E L D I Q E L R R L E D -
_PI-AT5G20240 - - - E N L S N E I D R I K K E N D S L Q L E - - - - L R H L K G E D I Q S L N L K N L M A V E H -
MAF2-AT5G65050 - - - - - L A E K T R N Y L P L K E L L E I V - - - - Q S K L E E S N V D N A S V D T L I S L E E -
MAF3-AT5G65060 - - - - - L A E K I R N Y L P H K E L L E I V - - - - Q S K L E E S N V D N V S V D S L I S M E E -
MAF1-AT1G77080 - - - - - L E E K I Q N Y L P H K E L L E T V - - - - Q S K L E E P N V D N V S V D S L I S L E E -
MAF5-AT5G65080 - - - - - L E D K T Q D Y L S H K E L L E I V - - - - Q R K I E E A K G D N V S I E S L I S M E E -
MAF4-AT5G65070 - - - - - L E E K T L N Y L S H K E L L E T I - - - - Q C K I E E A K S D N V S I D C L K S L E E -
FLC-AT5G10140 - - - - - H Q S K A L N Y G S H Y E L L E L V - - - - D S K L V G S N V K N V S I D A L V Q L E E -
AGL6-AT1G77950 Q S K R Q G I Q N K E Y L L R T L E K L K I E D D M A L Q I N E P R P E A T N S N V E E L E Q E V C
AGL63-AT1G31140 D Q C S D C V K T K E S M M R E I E N L K L N - - - - L Q L Y D G H G L N L L T Y D E L L S F E L -
Consistency 1 1 2 2 2 3 4 4 6 3 4 4 7 4 4 5 5 6 3 8 7 3 4 0 0 0 0 4 7 5 6 4 7 6 4 7 5 4 6 7 5 5 7 9 5 5 8 9 4 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
AG-AT4G18960_1 R L E R S I T R I R S K K N E L L F S E I D Y M Q K R - - E V D L H N D N Q I L R A K I A E - - - -
SHP1-AT3G58780 R L E K G I S R V R S K K N E L L V A E I E Y M Q K R - - E M E L Q H N N M Y L R A K I A E - - - -
SHP2-AT2G42830 R L E K G I S R V R S K K H E M L V A E I E Y M Q K R V K E I E L Q N D N M Y L R S K I T E - - - -
STK-AT4G09960 R L E K A I S R I R S K K H E L L L V E I E N A Q K R - - E I E L D N E N I Y L R T K V A E - - - -
AGL17-AT2G22630 Q L E M S L R G I R M K R E Q I L T N E I K E L T R K - R N L - V H H E N L E L S R K V Q R - - - -
AGL21-AT4G37940 Q I E I S L R G I R M R K E Q L L T Q E I Q E L S Q K - R N L - I H Q E N L D L S R K V Q R - - - -
AGL16-AT3G57230 Q L E L S L R G V R M K K D Q M L I E E I Q V L N R E - G N L - V H Q E N L D L H K K V N L - - - -
ANR1-AT2G14210 Q L V T S L K G V R L K K D Q L M T N E I R E L N R K - G Q I - I Q K E N H E L Q N I V D I - - - -
AP1-AT1G69120 Q L D T A L K H I R T R K N Q L M Y E S I N E L Q K K - - E K A I Q E Q N S M L S K Q I K E - - - R
CAL-AT1G26310 Q L E T A L K H I R S R K N Q L M N E S L N H L Q R K - - E K E I Q E E N S M L T K Q I K E - - - R
FUL-AT5G60910 Q L D A A I K S I R S R K N Q A M F E S I S A L Q K K - - D K A L Q D H N N S L L K K I K E - - - R
AGL79-AT3G30260 Q L D T A L K K T R S R K N Q L M V E S I A Q L Q K K - - E K E L K E L K K Q L T K K A G E - - - R
SEP1-AT5G15800 Q L D G S L K Q V R S I K T Q Y M L D Q L S D L Q N K - - E Q M L L E T N R A L A M K L D D - - - M
SEP2-AT3G02310 Q L D G S L K Q V R C I K T Q Y M L D Q L S D L Q G K - - E H I L L D A N R A L S M K L E D - - - M
SEP3-AT1G24260 Q L D S S L K Q I R A L R T Q F M L D Q L N D L Q S K - - E R M L T E T N K T L R L R L A D - - - -
SEP4-AT2G03710 Q V D A S L R Q I R S T K A R S M L D Q L S D L K T K - - E E M L L E T N R D L R R K L E D - - - S
AGL13-AT3G61120 Q L E G A L S A T R K Q K T Q V M M E Q M E E L R R K - - E R E L G D I N N K L K L E T E D - - - H
AGL18-AT3G57390 Q L N E S L H S V K D Q K T Q I L L N Q I E R S R I Q - - E K K A L E E N Q I L R K Q V E M - - L G
AGL15-AT5G13790 Q L Y H A L I T V R E R K E R L L T N Q L E E S R L K - - E Q R A E L E N E T L R R Q V Q E - - L -
ABS-AT5G23260 Q L E H S V L K V R E R K N E L M Q Q Q L E N L S R K - - R R M L E E D N N N M Y R W L H E H R A A
AGL14-AT4G11880 Q L D R S L M K I R A K K Y Q L L R E E T E K L K E K - - E R N L I A E N K M L - - - - - M - - - -
AGL19-AT4G22950 Q L D R S L S R I R A K K Y Q L L R E E I E K L K A E - - E R N L V K E N K D L - - - - - K - - - -
SOC1-AT2G45660 Q L E K S V K C I R A R K T Q V F K E Q I E Q L K Q K - - E K A L A A E N E K L - - - - - S - - - -
AGL42-AT5G62165 Q L Q R S L G K V R E R K A Q L F K E Q L E K L K A K - - E K Q L L E E N V K L - - - - - H - - - -
AGL71-AT5G51870 Q I E K S L R I V R S R K A E L Y A D Q L K K L K E K - - E R E L L N E R K R L L E E Q N R - - - -
AGL72-AT5G51860 Q I E K S L H M V R L R K A K L Y E D E L Q K L K A K - - E R E L K D E R V R L - - - - - - - - - -
SVP-AT2G22540 A L E T G L T R V I E T K S D K I M S E I S E L Q K K - - G M Q L M D E N K R L R Q Q G T Q - - - -
AGL24-AT4G24540 L L E S G L S R V S E K K G E C V M S Q I F S L E K R - - G S E L V D E N K R L R - - - - - - - - -
AGL12-AT1G71692 H L E Y W I S Q I R S A K M D V M L Q E I Q S L R N K - - E G V L K N T N K Y L L E K I E E - - - -
AP3-AT3G54340 E M E N T F K L V R E R K F K S L G N Q I E T T K K K - - - - - - N K S Q Q D I Q K N L I - - - - -
_PI-AT5G20240 A I E H G L D K V R D H Q M E I L I S K R R N E K M M - - - - - - A E E Q R Q L T F Q L - - - - - -
MAF2-AT5G65050 Q L E T A L S V T R A R K T E L M M G E V K S L Q K T - - E N L L R E E N Q T L A S Q - - - - - - -
MAF3-AT5G65060 Q L E T A L S V I R A K K T E L M M E D M K S L Q E R - - E K L L I E E N Q I L A S Q - - - - - - -
MAF1-AT1G77080 Q L E T A L S V S R A R K A E L M M E Y I E S L K E K - - E K L L R E E N Q V L A S Q - - - - - - -
MAF5-AT5G65080 Q L K S A L S V I R A R K T E L L M E L V K N L Q D K - - E K L L K E K N K V L A S E - - - - - - -
MAF4-AT5G65070 Q L K T A L S V T R A R K T E L M M E L V K T H Q E K - - E K L L R E E N Q S L T N Q L I K - - - -
FLC-AT5G10140 H L E T A L S V T R A K K T E L M L K L V E N L K E K - - E K M L K E E N Q V L A S Q M - - - - - -
AGL6-AT1G77950 R L Q Q Q L Q I S E E E L R K F E P D P M R L T S M E - - E I E A C E A N L I N T L - - - - - - - -
AGL63-AT1G31140 H L E S S L Q H A R A R K S E F M H Q Q Q Q Q Q T D Q - - K L K G K E K G Q G S S W - - - - - - - -
Consistency 7 9 7 4 6 8 5 3 7 8 5 6 9 4 7 6 7 4 5 6 7 5 4 6 6 4 7 0 0 6 4 3 7 3 5 5 8 4 3 8 3 3 3 3 1 2 0 0 0 0

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 - - N E R N N P - - - S I - - - - - S L M P G G S N Y E Q L M P P P Q T Q S Q P F D S R N Y F Q V A
SHP1-AT3G58780 - - G A R L N P D Q Q E S - - - - - S V I Q G T T V Y E S G V - S S H D Q S Q H Y - N R N Y I P V N
SHP2-AT2G42830 - - - - R T G L Q Q Q E S - - - - - S V I H Q G T V Y E S G V - T S S H Q S G Q Y - N R N Y I A V N
STK-AT4G09960 - - V E R Y - - Q Q H H H - - - - - Q M V S G S E I - - - - - - - - - N A I E A L A S R N Y F A H S

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 3

AGL17-AT2G22630 - - I H Q E N V E L Y K K - - - - - A Y G T S N T N G L G H H E L V D A V Y - - - E S H A Q V R L Q
AGL21-AT4G37940 - - I H Q E N V E L Y K K - - - - - A Y - M A N T N G F T H R E V A V A D D - - - E S H T Q I R L Q
AGL16-AT3G57230 - - M H Q Q N M E L H E K V S E V E G V K I A N K N S L L T N G L - D M R D - - - T S N E H V H L Q
ANR1-AT2G14210 - - M R K E N I K L Q K K V - - - - - - - H G R T N A I E G N S S V D P I S N G T T T Y A P P Q L Q
AP1-AT1G69120 E K I L R A Q Q E Q W D Q Q N - - - - - - Q G - H N M P P P L P P Q Q H Q I Q H P Y M L S H Q P - S
CAL-AT1G26310 E N I L R T K Q T Q C E Q L N - - - - - - R S V D D V P Q P - Q P F Q H - - P H L Y M I A H Q T - S
FUL-AT5G60910 E K K T G Q Q E G Q L V Q C S - - - - - - N S - S S V L L P - - - - Q - - - - - - Y C V T S S R - D
AGL79-AT3G30260 E D F - - - - - - Q T Q N L S - - - - - - H D L A S L A T P - - P F E S P H E L R R T I S P P P - P
SEP1-AT5G15800 I G V R S H H M G G G G G W E - - - - - G G - E Q N V T - - Y A H H Q A Q S Q G L Y Q P L E C N - P
SEP2-AT3G02310 I G V R H H H I - - G G G W E - - - - - G G D Q Q N I A - - Y G H P Q A H S Q G L Y Q S L E C D - P
SEP3-AT1G24260 - G Y Q M - P L Q L N P N Q E - - - - - E V D H Y G R H - - H H Q Q Q Q H S Q A F F Q P L E C E - P
SEP4-AT2G03710 D A A L T Q S F W G S S A A E Q Q Q Q H Q Q Q Q Q G M S S Y Q S N P P I Q E A G F F K P L Q G N - V
AGL13-AT3G61120 D F K G F Q D L L L N P V L T - - - - - - - - - A G C S T D F S L Q S T H - Q N Y I S D C N L G - Y
AGL18-AT3G57390 R G S G P K V L N E R P Q D S S P E A - D P E - S S S S E E D E N D N - E E H H S D T S L Q L G - L
AGL15-AT5G13790 R S F L P S F T H Y V P S Y I K C F A I D P K - N A L I N H D S K C S L Q N T D S D T T L Q L G - L
ABS-AT5G23260 M E F Q Q A G I D T K P G E Y Q Q F I E Q L Q C Y K P G E Y Q Q F L E Q Q Q Q Q P N S V L Q L A T L
AGL14-AT4G11880 - - - - - E K C E M Q G R - - - - - - - - G I I G R I S S S - - S S T S E L D I D D N E M E V V - -
AGL19-AT4G22950 - - - - - E K W L G M G T - - - - - - - - A T I A S S Q S T - - L S S S E V N I D D N - M E V E - -
SOC1-AT2G45660 - - - - - E K W G S H E S - - - - - - - - E V W S N K N Q E - - S T G R G D E E S S P S S E V E - -
AGL42-AT5G62165 - - - - - Q K - - - N V I - - - - - - - - N P W R G S S T D - - Q Q Q E K Y K V I D L N L E V E - -
AGL71-AT5G51870 - - - - - E R L M R P V V - - - - - - - - P A T L Q I C D K - - G N T E G G H R T K H S S E V E - -
AGL72-AT5G51860 - - - - - - S L K K T I Y - - - - - - - - T H L C Q V G E R P M G M P S G - - - S K E K E D V E - -
SVP-AT2G22540 - - - L T E E N E R L G M - - - - - - - - Q I C N N V H A H G G A E S E N A A V Y E E G Q S S E S I
AGL24-AT4G24540 - - - - - D K L E T L - - - - - - - - - - - - - - - - - - - - - - E R A K L T T L K E A L E T E S V
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - N N N S I L D A N F A V M E T N Y S Y P L T M P S E
AP3-AT3G54340 - - - - - H E L E L R A E - - - - - - - - D P H Y G L V D N G G D Y D S V L G Y Q I E G S R A Y A L
_PI-AT5G20240 - - - - - Q Q Q E M A I A - - - - - - - - S N A R G M M M R - - D H D G Q F G Y R V Q P I Q - - - -
MAF2-AT5G65050 - - V G K - K T F L V I E - - - - - - - - - G D R G - M S W E N G S G N K V R E T L P L L K - - - -
MAF3-AT5G65060 - - V G K - K T F L V I E - - - - - - - - - G D R G - M S R E N G S G N K V P E T L S L L K - - - -
MAF1-AT1G77080 - - M G K - N T L L A T D - - - - - - - - - D E R G - M F P G S S S G N K I P E T L P L L N - - - -
MAF5-AT5G65080 - - V G K L K K I L E T G - - - - - - - - - D E R A V M S P E N S S G H S P P E T L P L L K - - - -
MAF4-AT5G65070 - - M G K M K K S V E A E - - - - - - - - - D A R A - M S P E S S S D N K P P E T L L L L K - - - -
FLC-AT5G10140 - - - - E N N H H V G A E - - - - - - - - - A E M E - M S P A G Q I S D N L P V T L P L L N - - - -
AGL6-AT1G77950 - - - - - T R V V Q R R E - - - - - - - - H L L R K S C E A Q S N Q Q S M D G I L L N D I V E D W G
AGL63-AT1G31140 - - - - - E Q L M W Q A E - - - - - - - - R Q M - M T C Q R Q K - - - - - - - - - - - - - - - - - -
Consistency 0 0 1 1 2 3 4 3 2 3 2 3 3 0 0 0 0 0 0 0 0 1 3 2 3 4 2 3 3 2 1 2 2 3 4 3 3 2 2 2 2 2 3 2 4 4 2 2 0 1

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 A L Q - - - - - - - - - - - - - - - - P N N H H Y S - - S A G R Q D Q T A L Q L V - - - - - - - - -
SHP1-AT3G58780 L L E - - - - - - - - - - - - - - - - P N Q - - - Q - - F S G - Q D Q P P L Q L V - - - - - - - - -
SHP2-AT2G42830 L L E - - - - - - - - - - - - - - - - P N Q - - - N - - S S N - Q D Q P P L Q L V - - - - - - - - -
STK-AT4G09960 I M T - - - - - - - - - - - - - - - - A G S G S G N G G S Y S D P D K K I L H L G - - - - - - - - -
AGL17-AT2G22630 L S Q - - - - - - - - - - - - - - - - P E Q S H Y K T - - S S N S - - - - - - - - - - - - - - - - -
AGL21-AT4G37940 L S Q - - - - - - - - - - - - - - - - P E H S D Y D T P P R A N E - - - - - - - - - - - - - - - - -
AGL16-AT3G57230 L S Q - - - - - - - - - - - - - - - - P Q H - D H E T H S K A I Q L N - Y F S F I A - - - - - - - -
ANR1-AT2G14210 L I Q - - - - - - - - - - - - - - - - L Q P A P R E - - - K S I R L G L Q L S - - - - - - - - - - -
AP1-AT1G69120 P F - - - - - - - - - - - - - L - N M G G L Y Q E D D P M A M R R N D L E L T L E P V Y N C N L G C
CAL-AT1G26310 P F - - - - - - - - - - - - - L - N M G G L Y Q E E D Q T A M R R N N L D L T L E P I Y N - Y L G C
FUL-AT5G60910 G F - - - - - - - - - - - - - V E R V G G - - E N G G A S S L T E P N - - - S L L P A W M L R P T T
AGL79-AT3G30260 P L S S G - - - - - - - - - D T S Q R D G V G E V A A G T L I R R T N - - A T L - P H W M P Q L T G
SEP1-AT5G15800 T L Q M G C C F G D D D D D D R Y D N P V C S E Q I T A T T Q A Q A Q Q G N G Y I P G W M L - - - -
SEP2-AT3G02310 T L Q I G - - - - - - - - - - - Y S H P V C S E Q M A V T V Q G Q S Q Q G N G Y I P G W M L - - - -
SEP3-AT1G24260 I L Q I G - - - - - - - - - - - Y Q - - - - G Q Q - - - D G M G A G P S V N N Y M L G W L P Y D T N
SEP4-AT2G03710 A L Q M S - - - - - - - - - S H Y N H N P A N A T N S A T T - - - S Q N V N G F F P G W M V - - - -
AGL13-AT3G61120 F L Q I G - - - - - - - - - - F Q Q H Y E Q G E G S S V T K S N A R S D A - - - - - - - - - - E T N
AGL18-AT3G57390 S S T G Y C T K - - - - - R K K P K I E L V C D N S G S Q V A - - S D - - - - - - - - - - - - - - -
AGL15-AT5G13790 P G E A H D R R T N E G E R E S P S S D S V T T N T S S E T A E R G D Q S S L A N S P P E A K R Q R
ABS-AT5G23260 P S E I - - - - - - - - - - - D P T Y N L - - - - - - - Q L A - - - - Q P N L Q N D - P T A Q N D -
AGL14-AT4G11880 - T D L - - - - - - - - - - - - - - - - - - F I G P P - E T R H F K K - - - - - F P P S N - - - - -
AGL19-AT4G22950 - T G L - - - - - - - - - - - - - - - - - - F I G P P - E T R Q S K K - - - - - F P P Q N - - - - -
SOC1-AT2G45660 - T Q L - - - - - - - - - - - - - - - - - - F I G L P C S S R K - - - - - - - - - - - - - - - - - -
AGL42-AT5G62165 - T D L - - - - - - - - - - - - - - - - - - F I G L P - - N R N C - - - - - - - - - - - - - - - - -
AGL71-AT5G51870 - T D L - - - - - - - - - - - - - - - - - - F I G L P - V T R L - - - - - - - - - - - - - - - - - -
AGL72-AT5G51860 - T D L - - - - - - - - - - - - - - - - - - F I G F L - K N R P - - - - - - - - - - - - - - - - - -
SVP-AT2G22540 - T N A - - - - - - - - - - - - - - - G N - S T G A P V D S E S S D T S L R L G L P Y G G - - - - -
AGL24-AT4G24540 T T N V - - - - - - - - - - - - - - - S S Y D S G T P L E - D D S D T S L K L G L P S W E - - - - -
AGL12-AT1G71692 I F Q F - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP3-AT3G54340 R F H - - - - - - - - - - - - - - - - - Q N H H H Y Y P N H G L H A P S A S D I I T F H L L E - - -
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - - P N - - L Q E K I M S L V I D - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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AGL6-AT1G77950 P E P E - - - - - - - - - - - - - - - P K Q A H M I A N S A H H S N Q P S Y D L L L R R S N S S S N
AGL63-AT1G31140 - D P A - - - - - - - - - - - - - - - P - - - - - - - - - A N E G G V P - - - - F L R W G T T H R R
Consistency 1 3 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 1 1 1 1 0 2 2 2 1 2 1 1 1 0 1 1 1 1 1 0 0 0 0 0 0 0 0

. . . .
AG-AT4G18960_1 - - - -
SHP1-AT3G58780 - - - -
SHP2-AT2G42830 - - - -
STK-AT4G09960 - - - -
AGL17-AT2G22630 - - - -
AGL21-AT4G37940 - - - -
AGL16-AT3G57230 - - - -
ANR1-AT2G14210 - - - -
AP1-AT1G69120 F A A -
CAL-AT1G26310 Y A A -
FUL-AT5G60910 T N E -
AGL79-AT3G30260 E - - -
SEP1-AT5G15800 - - - -
SEP2-AT3G02310 - - - -
SEP3-AT1G24260 S I - -
SEP4-AT2G03710 - - - -
AGL13-AT3G61120 F V Q -
AGL18-AT3G57390 - - - -
AGL15-AT5G13790 F S V -
ABS-AT5G23260 - - - -
AGL14-AT4G11880 - - - -
AGL19-AT4G22950 - - - -
SOC1-AT2G45660 - - - -
AGL42-AT5G62165 - - - -
AGL71-AT5G51870 - - - -
AGL72-AT5G51860 - - - -
SVP-AT2G22540 - - - -
AGL24-AT4G24540 - - - -
AGL12-AT1G71692 - - - -
AP3-AT3G54340 - - - -
_PI-AT5G20240 - - - -
MAF2-AT5G65050 - - - -
MAF3-AT5G65060 - - - -
MAF1-AT1G77080 - - - -
MAF5-AT5G65080 - - - -
MAF4-AT5G65070 - - - -
FLC-AT5G10140 - - - -
AGL6-AT1G77950 Q N P K
AGL63-AT1G31140 S S P P
Consistency 0 0 0 0
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Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
AG-AT4G18960_1 - - - - - - - - - T A Y Q S E L G G D S S P L R - K S G R G K I E I K R I E N T T N R Q V T F C K R
SHP1-AT3G58780 - - - - - - - - M E E G G S S H D A E S S - - K - K L G R G K I E I K R I E N T T N R Q V T F C K R
SHP2-AT2G42830 - - - - - - - - M E G G A S N E V A E S S - - K - K I G R G K I E I K R I E N T T N R Q V T F C K R
STK-AT4G09960 M L F P H E R K K E K E R S Q G F Y L V T R L R I R M G R G K I E I K R I E N S T N R Q V T F C K R
AGL17-AT2G22630 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q K I D D S T S R Q V T F S K R
AGL21-AT4G37940 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q R I D D S T S R Q V T F S K R
AGL16-AT3G57230 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I A I K R I N N S T S R Q V T F S K R
ANR1-AT2G14210 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I R R I D N S T S R Q V T F S K R
AP1-AT1G69120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
CAL-AT1G26310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F S K R
FUL-AT5G60910 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
AGL79-AT3G30260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L R R I E N K I R R Q V T F S K R
SEP1-AT5G15800 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP2-AT3G02310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP3-AT1G24260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP4-AT2G03710 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E L K R I E N K I N R Q V T F A K R
AGL13-AT3G61120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E V K R I E N K I T R Q V T F S K R
AGL18-AT3G57390 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R I E I K K I E N I N S R Q V T F S K R
AGL15-AT5G13790 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N S R Q V T F S K R
ABS-AT5G23260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K K I E N Q T A R Q V T F S K R
AGL14-AT4G11880 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
AGL19-AT4G22950 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
SOC1-AT2G45660 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T Q M K R I E N A T S R Q V T F S K R
AGL42-AT5G62165 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E M K K I E N A T S R Q V T F S K R
AGL71-AT5G51870 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
AGL72-AT5G51860 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
SVP-AT2G22540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I Q I R K I D N A T A R Q V T F S K R
AGL24-AT4G24540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I R I K K I D N I T A R Q V T F S K R
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q L K R I E N P V H R Q V T F C K R
AP3-AT3G54340 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q I K R I E N Q T N R Q V T Y S K R
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N N R V V T F S K R
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K V E I K R I E N K S S R Q V T F S K R
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F S K R
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K I E I K R I E N K S S R Q V T F S K R
MAF5-AT5G65080 M C - - - - R K S E A - - - - - - - - - - - - - - - M G R R R V E I K R I E N K S S R Q V T F C K R
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R V K L E L K R I E K S T N R Q I T F S K R
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - M R K G K R V I K K I E E K I K R Q V T F A K R
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 6 9 6 8 8 7 8 9 8 * 8 8 5 5 6 * 9 9 * 9 7 * *

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
AG-AT4G18960_1 R N G L L K K A Y E L S V L C D A E V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - -
SHP1-AT3G58780 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K
SHP2-AT2G42830 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - -
STK-AT4G09960 R N G L L K K A Y E L S V L C D A E V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - -
AGL17-AT2G22630 R K G L I K K A K E L A I L C D A E V C L I I F S N T D K L Y D F A S - S - - - - - - - - - - - - -
AGL21-AT4G37940 R K G L I K K A K E L A I L C D A E V G L I I F S S T G K L Y D F A S - S - - - - - - - - - - - - -
AGL16-AT3G57230 R N G L L K K A K E L A I L C D A E V G V I I F S S T G R L Y D F S S - S - - - - - - - - - - - - -
ANR1-AT2G14210 R S G L L K K A K E L S I L C D A E V G V I I F S S T G K L Y D Y A S N S - - - - - - - - - - - - -
AP1-AT1G69120 R A G L L K K A H E I S V L C D A E V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - -
CAL-AT1G26310 R T G L L K K A Q E I S V L C D A E V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - -
FUL-AT5G60910 R S G L L K K A H E I S V L C D A E V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - -
AGL79-AT3G30260 R T G L V K K A Q E I S V L C D A E V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - -
SEP1-AT5G15800 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP2-AT3G02310 R N G L L K K A Y E L S V L C D A E V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - -
SEP3-AT1G24260 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP4-AT2G03710 R N G L L K K A Y E L S V L C D A E I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - -
AGL13-AT3G61120 K S G L L K K A Y E L S V L C D A E V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - -
AGL18-AT3G57390 R N G L I K K A K E L S I L C D A E V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - -
AGL15-AT5G13790 R S G L L K K A R E L S V L C D A E V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - -
ABS-AT5G23260 R T G L I K K T R E L S I L C D A H I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - -
AGL14-AT4G11880 R N G L L K K A F E L S V L C D A E V A L I I F S P R G K L Y E F S S S S - - - - - - - - - - - - -
AGL19-AT4G22950 R N G L L K K A F E L S V L C D A E V A L V I F S P R S K L Y E F - S S S - - - - - - - - - - - - -
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Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
AG-AT4G18960_1 - - - - - - - - - T A Y Q S E L G G D S S P L R - K S G R G K I E I K R I E N T T N R Q V T F C K R
SHP1-AT3G58780 - - - - - - - - M E E G G S S H D A E S S - - K - K L G R G K I E I K R I E N T T N R Q V T F C K R
SHP2-AT2G42830 - - - - - - - - M E G G A S N E V A E S S - - K - K I G R G K I E I K R I E N T T N R Q V T F C K R
STK-AT4G09960 M L F P H E R K K E K E R S Q G F Y L V T R L R I R M G R G K I E I K R I E N S T N R Q V T F C K R
AGL17-AT2G22630 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q K I D D S T S R Q V T F S K R
AGL21-AT4G37940 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q R I D D S T S R Q V T F S K R
AGL16-AT3G57230 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I A I K R I N N S T S R Q V T F S K R
ANR1-AT2G14210 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I R R I D N S T S R Q V T F S K R
AP1-AT1G69120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
CAL-AT1G26310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F S K R
FUL-AT5G60910 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
AGL79-AT3G30260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L R R I E N K I R R Q V T F S K R
SEP1-AT5G15800 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP2-AT3G02310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP3-AT1G24260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP4-AT2G03710 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E L K R I E N K I N R Q V T F A K R
AGL13-AT3G61120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E V K R I E N K I T R Q V T F S K R
AGL18-AT3G57390 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R I E I K K I E N I N S R Q V T F S K R
AGL15-AT5G13790 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N S R Q V T F S K R
ABS-AT5G23260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K K I E N Q T A R Q V T F S K R
AGL14-AT4G11880 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
AGL19-AT4G22950 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
SOC1-AT2G45660 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T Q M K R I E N A T S R Q V T F S K R
AGL42-AT5G62165 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E M K K I E N A T S R Q V T F S K R
AGL71-AT5G51870 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
AGL72-AT5G51860 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
SVP-AT2G22540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I Q I R K I D N A T A R Q V T F S K R
AGL24-AT4G24540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I R I K K I D N I T A R Q V T F S K R
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q L K R I E N P V H R Q V T F C K R
AP3-AT3G54340 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q I K R I E N Q T N R Q V T Y S K R
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N N R V V T F S K R
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K V E I K R I E N K S S R Q V T F S K R
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F S K R
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K I E I K R I E N K S S R Q V T F S K R
MAF5-AT5G65080 M C - - - - R K S E A - - - - - - - - - - - - - - - M G R R R V E I K R I E N K S S R Q V T F C K R
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R V K L E L K R I E K S T N R Q I T F S K R
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - M R K G K R V I K K I E E K I K R Q V T F A K R
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 6 9 6 8 8 7 8 9 8 * 8 8 5 5 6 * 9 9 * 9 7 * *

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
AG-AT4G18960_1 R N G L L K K A Y E L S V L C D A E V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - -
SHP1-AT3G58780 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K
SHP2-AT2G42830 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - -
STK-AT4G09960 R N G L L K K A Y E L S V L C D A E V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - -
AGL17-AT2G22630 R K G L I K K A K E L A I L C D A E V C L I I F S N T D K L Y D F A S - S - - - - - - - - - - - - -
AGL21-AT4G37940 R K G L I K K A K E L A I L C D A E V G L I I F S S T G K L Y D F A S - S - - - - - - - - - - - - -
AGL16-AT3G57230 R N G L L K K A K E L A I L C D A E V G V I I F S S T G R L Y D F S S - S - - - - - - - - - - - - -
ANR1-AT2G14210 R S G L L K K A K E L S I L C D A E V G V I I F S S T G K L Y D Y A S N S - - - - - - - - - - - - -
AP1-AT1G69120 R A G L L K K A H E I S V L C D A E V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - -
CAL-AT1G26310 R T G L L K K A Q E I S V L C D A E V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - -
FUL-AT5G60910 R S G L L K K A H E I S V L C D A E V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - -
AGL79-AT3G30260 R T G L V K K A Q E I S V L C D A E V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - -
SEP1-AT5G15800 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP2-AT3G02310 R N G L L K K A Y E L S V L C D A E V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - -
SEP3-AT1G24260 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP4-AT2G03710 R N G L L K K A Y E L S V L C D A E I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - -
AGL13-AT3G61120 K S G L L K K A Y E L S V L C D A E V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - -
AGL18-AT3G57390 R N G L I K K A K E L S I L C D A E V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - -
AGL15-AT5G13790 R S G L L K K A R E L S V L C D A E V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - -
ABS-AT5G23260 R T G L I K K T R E L S I L C D A H I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - -
AGL14-AT4G11880 R N G L L K K A F E L S V L C D A E V A L I I F S P R G K L Y E F S S S S - - - - - - - - - - - - -
AGL19-AT4G22950 R N G L L K K A F E L S V L C D A E V A L V I F S P R S K L Y E F - S S S - - - - - - - - - - - - -
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SOC1-AT2G45660 R N G L L K K A F E L S V L C D A E V S L I I F S P K G K L Y E F - A S S - - - - - - - - - - - - -
AGL42-AT5G62165 R N G L L K K A Y E L S V L C D A Q L S L I I F S Q R G R L Y E F - S S S - - - - - - - - - - - - -
AGL71-AT5G51870 R S G L F K K A H E L S V L C D A Q V A A I V F S Q S G R L H E Y - S S S - - - - - - - - - - - - -
AGL72-AT5G51860 R S G L F K K A H E L S V L C D A Q V A A M I F S Q K G R L Y E F - A S S - - - - - - - - - - - - -
SVP-AT2G22540 R R G L F K K A E E L S V L C D A D V A L I I F S S T G K L F E F - C S S - - - - - - - - - - - - -
AGL24-AT4G24540 R R G I F K K A D E L S V L C D A D V A L I I F S A T G K L F E F - S S S - - - - - - - - - - - - -
AGL12-AT1G71692 R T G L L K K A K E L S V L C D A E I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - -
AP3-AT3G54340 R N G L F K K A H E L T V L C D A R V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - -
_PI-AT5G20240 R N G L V K K A K E I T V L C D A K V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - -
MAF2-AT5G65050 R N G L I E K A R Q L S I L C E S S I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - -
MAF3-AT5G65060 R K G L I E K A R Q L S I L C E S S I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - -
MAF1-AT1G77080 R N G L I D K A R Q L S I L C E S S V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - -
MAF5-AT5G65080 R N G L M E K A R Q L S I L C G S S V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - -
MAF4-AT5G65070 R N G L M E K A R Q L S I L C E S S V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E
FLC-AT5G10140 R N G L I E K A R Q L S V L C D A S V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - -
AGL6-AT1G77950 K K G L I K K A Y E L S T L C D I D L A L L M F S P S D R L C L F - S G Q T R - - - - - - - - - - -
AGL63-AT1G31140 K K S L I K K A Y E L S V L C D V H L G L I I F S H S N R L Y D F C S N S T S - - - - - - - - - - -
Consistency 9 6 9 9 7 8 * 9 4 9 9 9 9 * * 8 8 6 9 7 8 8 8 8 9 4 5 8 8 9 7 7 7 2 7 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
AG-AT4G18960_1 - - - - - - - - - - - - - - - - - - - - V K G T I E R Y K K A I S D N S N T G S V - - - - - - - A E
SHP1-AT3G58780 K K K N L W I Y S S H V - - - - - - - - V R G T I E R Y K K A C S D A V N P P S V - - - - - - - T E
SHP2-AT2G42830 - - - - - - - - - - - - - - - - - - - - V R G T I E R Y K K A C S D A V N P P T I - - - - - - - T E
STK-AT4G09960 - - - - - - - - - - - - - - - - - - - - I R S T I E R Y K K A C S D S T N T S T V - - - - - - - Q E
AGL17-AT2G22630 - - - - - - - - - - - S - - - - - - - - V K S T I E R F N T A K M E E Q E L M N P - - - - - - - A S
AGL21-AT4G37940 - - - - - - - - - - - S - - - - - - - - M K S V I D R Y N K S K I E Q Q Q L L N P - - - - - - - A S
AGL16-AT3G57230 - - - - - - - - - - - S - - - - - - - - M K S V I E R Y S D A K G E T S S E N D P - - - - - - - A S
ANR1-AT2G14210 - - - - - - - - - - - S - - - - - - - - M K T I I E R Y N R V K E E Q H Q L L N H - - - - - - - A S
AP1-AT1G69120 - - - - - - - - - - S C - - - - - - - - M E K I L E R Y E R Y S Y A E R Q L I A P E S D - - - - V N
CAL-AT1G26310 - - - - - - - - - - S C - - - - - - - - M E K V L E R Y E R Y S Y A E R Q L I A P D S H - - - - V N
FUL-AT5G60910 - - - - - - - - - - S C - - - - - - - - M E R I L E R Y D R Y L Y S D K Q L V G R D - - - - - - V S
AGL79-AT3G30260 - - - - - - - - - - S S - - - - - - - - M E R I L D R Y E R S A Y A G Q D I P T P N - - - - - - L D
SEP1-AT5G15800 - - - - - - - - - - S N - - - - - - - - M L K T L D R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP2-AT3G02310 - - - - - - - - - - S N - - - - - - - - M L K T L E R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP3-AT1G24260 - - - - - - - - - - S S - - - - - - - - M L R T L E R Y Q K C N Y G A P E P N V P S R E - - - - A L
SEP4-AT2G03710 - - - - - - - - - - S G - - - - - - - - M A R T V D K Y R K H S Y A T M D P N - - - Q S - - - - A K
AGL13-AT3G61120 - - - - - - - - - - - G - - - - - - - - V G R T I E R Y Y R C K D N L L D - - - - N D T - - - - L E
AGL18-AT3G57390 - - - - - - - - - - V C - - - - - - - - M E Q I L S R Y G Y T T A S T E H K Q Q R E H Q L L I C A S
AGL15-AT5G13790 - - - - - - - - - - T G - - - - - - - - M K Q T L S R Y G N H Q S S S A S K A E E D - - - - - C A -
ABS-AT5G23260 - - - - - - - - - - N R - - - - - - - - M P Q L I D R Y L H T N G L R L P D H H D D - - - - - - - -
AGL14-AT4G11880 - - - - - - - - - - - S - - - - - - - - I P K T V E R Y Q K R I Q D - - L G S N H K - - - - - - R N
AGL19-AT4G22950 - - - - - - - - - - - S - - - - - - - - I A A T I E R Y Q R R I K E - - I G N N H K - - - - - - R N
SOC1-AT2G45660 - - - - - - - - - - - N - - - - - - - - M Q D T I D R Y L R H T K D - R V S T K P V - - - - - - S E
AGL42-AT5G62165 - - - - - - - - - - - D - - - - - - - - M Q K T I E R Y R K Y T K D - H E T S N H D - - - - - - S Q
AGL71-AT5G51870 - - - - - - - - - - - Q - - - - - - - - M E K I I D R Y G K F S N A F Y V A E R P Q - - - - - - V E
AGL72-AT5G51860 - - - - - - - - - - - D - - - - - - - - I R N T I K R Y A E Y K R E Y F V A E T H P - - - - - - I E
SVP-AT2G22540 - - - - - - - - - - - S - - - - - - - - M K E V L E R H N L Q S K N L E K L - D Q P - - - - - - S L
AGL24-AT4G24540 - - - - - - - - - - - R - - - - - - - - M R D I L G R Y S L H A S N I N K L M D P P - - - - - - S T
AGL12-AT1G71692 - - - - - - - - - - - T - - - - - - - - M E G M I D K Y M K C T G G G R G S S S A T F T A Q E Q L Q
AP3-AT3G54340 - - - - - - - - - - T T - - - - - - - - T K E I V D L Y Q T I S D V D V W A T Q Y - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - M D - - - - - - - - L G A M L D Q Y Q K L S G K K L W D A K H - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L E A L D - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L K A L D - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - I S K I I D R Y E I Q H A D E L R A L D - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - M A K I I S R F K I Q Q A D D P E T L D - - - - - - - - - -
MAF4-AT5G65070 I N L G P L S I F L L N S N E T P V D F M A K I L S R Y E L E Q A D D L K T L D - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - L V K I L D R Y G K Q H A D D L K A L D - - - - - - - - - -
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - I E D V L A R Y I N L P D Q E R E N A I V F - - - - - - P D
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - M E N L I M R Y Q K E K E G Q T T A E H S F - - - - - - H S
Consistency 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 7 4 5 6 8 6 9 9 4 4 3 4 3 4 3 3 4 3 3 3 2 1 0 0 0 0 0 0 2 2

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
AG-AT4G18960_1 I N A Q Y Y Q Q E S A K L R Q Q I I S I Q N S - - - - N R Q L M G E T I G S M S P K E L R N L E G -
SHP1-AT3G58780 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N S - - - - N R H I V G E S L G S L N F K E L K N L E G -
SHP2-AT2G42830 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N L - - - - N R H I L G E S L G S L N F K E L K N L E S -
STK-AT4G09960 I N A A Y Y Q Q E S A K L R Q Q I Q T I Q N S - - - - N R N L M G D S L S S L S V K E L K Q V E N -
AGL17-AT2G22630 - E V K F W Q R E A E T L R Q E L H S L Q E N - - - - Y R Q L T G V E L N G L S V K E L Q N I E S -
AGL21-AT4G37940 - E V K F W Q R E A A V L R Q E L H A L Q E N - - - - H R Q M M G E Q L N G L S V N E L N S L E N -
AGL16-AT3G57230 - E I Q F W Q K E A A I L K R Q L H N L Q E N - - - - H R Q M M G E E L S G L S V E A L Q N L E N -
ANR1-AT2G14210 - E I K F W Q R E V A S L Q Q Q L Q Y L Q E C - - - - H R K L V G E E L S G M N A N D L Q N L E D -
AP1-AT1G69120 - - T - N W S M E Y N R L K A K I E L L E R N - - - - Q R H Y L G E D L Q A M S P K E L Q N L E Q -
CAL-AT1G26310 A Q T - N W S M E Y S R L K A K I E L L E R N - - - - Q R H Y L G E E L E P M S L K D L Q N L E Q -
FUL-AT5G60910 Q S E - N W V L E H A K L K A R V E V L E K N - - - - K R N F M G E D L D S L S L K E L Q S L E H -
AGL79-AT3G30260 S Q G - E C S T E C S K L L R M I D V L Q R S - - - - L R H L R G E E V D G L S I R D L Q G V E M -
SEP1-AT5G15800 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 2

SOC1-AT2G45660 R N G L L K K A F E L S V L C D A E V S L I I F S P K G K L Y E F - A S S - - - - - - - - - - - - -
AGL42-AT5G62165 R N G L L K K A Y E L S V L C D A Q L S L I I F S Q R G R L Y E F - S S S - - - - - - - - - - - - -
AGL71-AT5G51870 R S G L F K K A H E L S V L C D A Q V A A I V F S Q S G R L H E Y - S S S - - - - - - - - - - - - -
AGL72-AT5G51860 R S G L F K K A H E L S V L C D A Q V A A M I F S Q K G R L Y E F - A S S - - - - - - - - - - - - -
SVP-AT2G22540 R R G L F K K A E E L S V L C D A D V A L I I F S S T G K L F E F - C S S - - - - - - - - - - - - -
AGL24-AT4G24540 R R G I F K K A D E L S V L C D A D V A L I I F S A T G K L F E F - S S S - - - - - - - - - - - - -
AGL12-AT1G71692 R T G L L K K A K E L S V L C D A E I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - -
AP3-AT3G54340 R N G L F K K A H E L T V L C D A R V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - -
_PI-AT5G20240 R N G L V K K A K E I T V L C D A K V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - -
MAF2-AT5G65050 R N G L I E K A R Q L S I L C E S S I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - -
MAF3-AT5G65060 R K G L I E K A R Q L S I L C E S S I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - -
MAF1-AT1G77080 R N G L I D K A R Q L S I L C E S S V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - -
MAF5-AT5G65080 R N G L M E K A R Q L S I L C G S S V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - -
MAF4-AT5G65070 R N G L M E K A R Q L S I L C E S S V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E
FLC-AT5G10140 R N G L I E K A R Q L S V L C D A S V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - -
AGL6-AT1G77950 K K G L I K K A Y E L S T L C D I D L A L L M F S P S D R L C L F - S G Q T R - - - - - - - - - - -
AGL63-AT1G31140 K K S L I K K A Y E L S V L C D V H L G L I I F S H S N R L Y D F C S N S T S - - - - - - - - - - -
Consistency 9 6 9 9 7 8 * 9 4 9 9 9 9 * * 8 8 6 9 7 8 8 8 8 9 4 5 8 8 9 7 7 7 2 7 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
AG-AT4G18960_1 - - - - - - - - - - - - - - - - - - - - V K G T I E R Y K K A I S D N S N T G S V - - - - - - - A E
SHP1-AT3G58780 K K K N L W I Y S S H V - - - - - - - - V R G T I E R Y K K A C S D A V N P P S V - - - - - - - T E
SHP2-AT2G42830 - - - - - - - - - - - - - - - - - - - - V R G T I E R Y K K A C S D A V N P P T I - - - - - - - T E
STK-AT4G09960 - - - - - - - - - - - - - - - - - - - - I R S T I E R Y K K A C S D S T N T S T V - - - - - - - Q E
AGL17-AT2G22630 - - - - - - - - - - - S - - - - - - - - V K S T I E R F N T A K M E E Q E L M N P - - - - - - - A S
AGL21-AT4G37940 - - - - - - - - - - - S - - - - - - - - M K S V I D R Y N K S K I E Q Q Q L L N P - - - - - - - A S
AGL16-AT3G57230 - - - - - - - - - - - S - - - - - - - - M K S V I E R Y S D A K G E T S S E N D P - - - - - - - A S
ANR1-AT2G14210 - - - - - - - - - - - S - - - - - - - - M K T I I E R Y N R V K E E Q H Q L L N H - - - - - - - A S
AP1-AT1G69120 - - - - - - - - - - S C - - - - - - - - M E K I L E R Y E R Y S Y A E R Q L I A P E S D - - - - V N
CAL-AT1G26310 - - - - - - - - - - S C - - - - - - - - M E K V L E R Y E R Y S Y A E R Q L I A P D S H - - - - V N
FUL-AT5G60910 - - - - - - - - - - S C - - - - - - - - M E R I L E R Y D R Y L Y S D K Q L V G R D - - - - - - V S
AGL79-AT3G30260 - - - - - - - - - - S S - - - - - - - - M E R I L D R Y E R S A Y A G Q D I P T P N - - - - - - L D
SEP1-AT5G15800 - - - - - - - - - - S N - - - - - - - - M L K T L D R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP2-AT3G02310 - - - - - - - - - - S N - - - - - - - - M L K T L E R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP3-AT1G24260 - - - - - - - - - - S S - - - - - - - - M L R T L E R Y Q K C N Y G A P E P N V P S R E - - - - A L
SEP4-AT2G03710 - - - - - - - - - - S G - - - - - - - - M A R T V D K Y R K H S Y A T M D P N - - - Q S - - - - A K
AGL13-AT3G61120 - - - - - - - - - - - G - - - - - - - - V G R T I E R Y Y R C K D N L L D - - - - N D T - - - - L E
AGL18-AT3G57390 - - - - - - - - - - V C - - - - - - - - M E Q I L S R Y G Y T T A S T E H K Q Q R E H Q L L I C A S
AGL15-AT5G13790 - - - - - - - - - - T G - - - - - - - - M K Q T L S R Y G N H Q S S S A S K A E E D - - - - - C A -
ABS-AT5G23260 - - - - - - - - - - N R - - - - - - - - M P Q L I D R Y L H T N G L R L P D H H D D - - - - - - - -
AGL14-AT4G11880 - - - - - - - - - - - S - - - - - - - - I P K T V E R Y Q K R I Q D - - L G S N H K - - - - - - R N
AGL19-AT4G22950 - - - - - - - - - - - S - - - - - - - - I A A T I E R Y Q R R I K E - - I G N N H K - - - - - - R N
SOC1-AT2G45660 - - - - - - - - - - - N - - - - - - - - M Q D T I D R Y L R H T K D - R V S T K P V - - - - - - S E
AGL42-AT5G62165 - - - - - - - - - - - D - - - - - - - - M Q K T I E R Y R K Y T K D - H E T S N H D - - - - - - S Q
AGL71-AT5G51870 - - - - - - - - - - - Q - - - - - - - - M E K I I D R Y G K F S N A F Y V A E R P Q - - - - - - V E
AGL72-AT5G51860 - - - - - - - - - - - D - - - - - - - - I R N T I K R Y A E Y K R E Y F V A E T H P - - - - - - I E
SVP-AT2G22540 - - - - - - - - - - - S - - - - - - - - M K E V L E R H N L Q S K N L E K L - D Q P - - - - - - S L
AGL24-AT4G24540 - - - - - - - - - - - R - - - - - - - - M R D I L G R Y S L H A S N I N K L M D P P - - - - - - S T
AGL12-AT1G71692 - - - - - - - - - - - T - - - - - - - - M E G M I D K Y M K C T G G G R G S S S A T F T A Q E Q L Q
AP3-AT3G54340 - - - - - - - - - - T T - - - - - - - - T K E I V D L Y Q T I S D V D V W A T Q Y - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - M D - - - - - - - - L G A M L D Q Y Q K L S G K K L W D A K H - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L E A L D - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L K A L D - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - I S K I I D R Y E I Q H A D E L R A L D - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - M A K I I S R F K I Q Q A D D P E T L D - - - - - - - - - -
MAF4-AT5G65070 I N L G P L S I F L L N S N E T P V D F M A K I L S R Y E L E Q A D D L K T L D - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - L V K I L D R Y G K Q H A D D L K A L D - - - - - - - - - -
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - I E D V L A R Y I N L P D Q E R E N A I V F - - - - - - P D
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - M E N L I M R Y Q K E K E G Q T T A E H S F - - - - - - H S
Consistency 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 7 4 5 6 8 6 9 9 4 4 3 4 3 4 3 3 4 3 3 3 2 1 0 0 0 0 0 0 2 2

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
AG-AT4G18960_1 I N A Q Y Y Q Q E S A K L R Q Q I I S I Q N S - - - - N R Q L M G E T I G S M S P K E L R N L E G -
SHP1-AT3G58780 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N S - - - - N R H I V G E S L G S L N F K E L K N L E G -
SHP2-AT2G42830 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N L - - - - N R H I L G E S L G S L N F K E L K N L E S -
STK-AT4G09960 I N A A Y Y Q Q E S A K L R Q Q I Q T I Q N S - - - - N R N L M G D S L S S L S V K E L K Q V E N -
AGL17-AT2G22630 - E V K F W Q R E A E T L R Q E L H S L Q E N - - - - Y R Q L T G V E L N G L S V K E L Q N I E S -
AGL21-AT4G37940 - E V K F W Q R E A A V L R Q E L H A L Q E N - - - - H R Q M M G E Q L N G L S V N E L N S L E N -
AGL16-AT3G57230 - E I Q F W Q K E A A I L K R Q L H N L Q E N - - - - H R Q M M G E E L S G L S V E A L Q N L E N -
ANR1-AT2G14210 - E I K F W Q R E V A S L Q Q Q L Q Y L Q E C - - - - H R K L V G E E L S G M N A N D L Q N L E D -
AP1-AT1G69120 - - T - N W S M E Y N R L K A K I E L L E R N - - - - Q R H Y L G E D L Q A M S P K E L Q N L E Q -
CAL-AT1G26310 A Q T - N W S M E Y S R L K A K I E L L E R N - - - - Q R H Y L G E E L E P M S L K D L Q N L E Q -
FUL-AT5G60910 Q S E - N W V L E H A K L K A R V E V L E K N - - - - K R N F M G E D L D S L S L K E L Q S L E H -
AGL79-AT3G30260 S Q G - E C S T E C S K L L R M I D V L Q R S - - - - L R H L R G E E V D G L S I R D L Q G V E M -
SEP1-AT5G15800 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 2

SEP2-AT3G02310 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -
SEP3-AT1G24260 A V E L S S Q Q E Y L K L K E R Y D A L Q R T - - - - Q R N L L G E D L G P L S T K E L E S L E R -
SEP4-AT2G03710 D L Q - D K Y Q D Y L K L K S R V E I L Q H S - - - - Q R H L L G E E L S E M D V N E L E H L E R -
AGL13-AT3G61120 D T Q - G L R Q E V T K L K C K Y E S L L R T - - - - H R N L V G E D L E G M S I K E L Q T L E R -
AGL18-AT3G57390 H G N E A V L R N D D S M K G E L E R L Q L A - - - - I E R L K G K E L E G M S F P D L I S L E N -
AGL15-AT5G13790 - - - E V - - - - - D I L K D Q L S K L Q E K - - - - H L Q L Q G K G L N P L T F K E L Q S L E Q -
ABS-AT5G23260 - - Q E Q L H H E M E L L R R E T C N L E L R - - - - L R P F H G H D L A S I P P N E L D G L E R -
AGL14-AT4G11880 D N S Q Q S K D E T Y G L A R K I E H L E I S - - - - T R K M M G E G L D A S S I E E L Q Q L E N -
AGL19-AT4G22950 D N S Q Q A R D E T S G L T K K I E Q L E I S - - - - K R K L L G E G I D A C S I E E L Q Q L E N -
SOC1-AT2G45660 E N M Q H L K Y E A A N M M K K I E Q L E A S - - - - K R K L L G E G I G T C S I E E L Q Q I E Q -
AGL42-AT5G62165 I H L Q Q L K Q E A S H M I T K I E L L E F H - - - - K R K L L G Q G I A S C S L E E L Q E I D S -
AGL71-AT5G51870 R Y L Q E L K M E I D R M V K K I D L L E V H - - - - H R K L L G Q G L D S C S V T E L Q E I D T -
AGL72-AT5G51860 Q Y V Q G L K K E M V T M V K K I E V L E V H - - - - N R K M M G Q S L D S C S V K E L S E I A T -
SVP-AT2G22540 E L Q L V E N S D H A R M S K E I A D K S H R - - - - L R Q M R G E E L Q G L D I E E L Q Q L E K -
AGL24-AT4G24540 H L R L - E N C N L S R L S K E V E D K T K Q - - - - L R K L R G E D L D G L N L E E L Q R L E K -
AGL12-AT1G71692 P P N L D P K D E I N V L K Q E I E M L Q K G - - - - I S Y M F G G G D G A M N L E E L L L L E K -
AP3-AT3G54340 - - - E R M Q E T K R K L L E T N R N L R T Q - - - - I K Q R L G E C L D E L D I Q E L R R L E D -
_PI-AT5G20240 - - - E N L S N E I D R I K K E N D S L Q L E - - - - L R H L K G E D I Q S L N L K N L M A V E H -
MAF2-AT5G65050 - - - - - L A E K T R N Y L P L K E L L E I V - - - - Q S K L E E S N V D N A S V D T L I S L E E -
MAF3-AT5G65060 - - - - - L A E K I R N Y L P H K E L L E I V - - - - Q S K L E E S N V D N V S V D S L I S M E E -
MAF1-AT1G77080 - - - - - L E E K I Q N Y L P H K E L L E T V - - - - Q S K L E E P N V D N V S V D S L I S L E E -
MAF5-AT5G65080 - - - - - L E D K T Q D Y L S H K E L L E I V - - - - Q R K I E E A K G D N V S I E S L I S M E E -
MAF4-AT5G65070 - - - - - L E E K T L N Y L S H K E L L E T I - - - - Q C K I E E A K S D N V S I D C L K S L E E -
FLC-AT5G10140 - - - - - H Q S K A L N Y G S H Y E L L E L V - - - - D S K L V G S N V K N V S I D A L V Q L E E -
AGL6-AT1G77950 Q S K R Q G I Q N K E Y L L R T L E K L K I E D D M A L Q I N E P R P E A T N S N V E E L E Q E V C
AGL63-AT1G31140 D Q C S D C V K T K E S M M R E I E N L K L N - - - - L Q L Y D G H G L N L L T Y D E L L S F E L -
Consistency 1 1 2 2 2 3 4 4 6 3 4 4 7 4 4 5 5 6 3 8 7 3 4 0 0 0 0 4 7 5 6 4 7 6 4 7 5 4 6 7 5 5 7 9 5 5 8 9 4 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
AG-AT4G18960_1 R L E R S I T R I R S K K N E L L F S E I D Y M Q K R - - E V D L H N D N Q I L R A K I A E - - - -
SHP1-AT3G58780 R L E K G I S R V R S K K N E L L V A E I E Y M Q K R - - E M E L Q H N N M Y L R A K I A E - - - -
SHP2-AT2G42830 R L E K G I S R V R S K K H E M L V A E I E Y M Q K R V K E I E L Q N D N M Y L R S K I T E - - - -
STK-AT4G09960 R L E K A I S R I R S K K H E L L L V E I E N A Q K R - - E I E L D N E N I Y L R T K V A E - - - -
AGL17-AT2G22630 Q L E M S L R G I R M K R E Q I L T N E I K E L T R K - R N L - V H H E N L E L S R K V Q R - - - -
AGL21-AT4G37940 Q I E I S L R G I R M R K E Q L L T Q E I Q E L S Q K - R N L - I H Q E N L D L S R K V Q R - - - -
AGL16-AT3G57230 Q L E L S L R G V R M K K D Q M L I E E I Q V L N R E - G N L - V H Q E N L D L H K K V N L - - - -
ANR1-AT2G14210 Q L V T S L K G V R L K K D Q L M T N E I R E L N R K - G Q I - I Q K E N H E L Q N I V D I - - - -
AP1-AT1G69120 Q L D T A L K H I R T R K N Q L M Y E S I N E L Q K K - - E K A I Q E Q N S M L S K Q I K E - - - R
CAL-AT1G26310 Q L E T A L K H I R S R K N Q L M N E S L N H L Q R K - - E K E I Q E E N S M L T K Q I K E - - - R
FUL-AT5G60910 Q L D A A I K S I R S R K N Q A M F E S I S A L Q K K - - D K A L Q D H N N S L L K K I K E - - - R
AGL79-AT3G30260 Q L D T A L K K T R S R K N Q L M V E S I A Q L Q K K - - E K E L K E L K K Q L T K K A G E - - - R
SEP1-AT5G15800 Q L D G S L K Q V R S I K T Q Y M L D Q L S D L Q N K - - E Q M L L E T N R A L A M K L D D - - - M
SEP2-AT3G02310 Q L D G S L K Q V R C I K T Q Y M L D Q L S D L Q G K - - E H I L L D A N R A L S M K L E D - - - M
SEP3-AT1G24260 Q L D S S L K Q I R A L R T Q F M L D Q L N D L Q S K - - E R M L T E T N K T L R L R L A D - - - -
SEP4-AT2G03710 Q V D A S L R Q I R S T K A R S M L D Q L S D L K T K - - E E M L L E T N R D L R R K L E D - - - S
AGL13-AT3G61120 Q L E G A L S A T R K Q K T Q V M M E Q M E E L R R K - - E R E L G D I N N K L K L E T E D - - - H
AGL18-AT3G57390 Q L N E S L H S V K D Q K T Q I L L N Q I E R S R I Q - - E K K A L E E N Q I L R K Q V E M - - L G
AGL15-AT5G13790 Q L Y H A L I T V R E R K E R L L T N Q L E E S R L K - - E Q R A E L E N E T L R R Q V Q E - - L -
ABS-AT5G23260 Q L E H S V L K V R E R K N E L M Q Q Q L E N L S R K - - R R M L E E D N N N M Y R W L H E H R A A
AGL14-AT4G11880 Q L D R S L M K I R A K K Y Q L L R E E T E K L K E K - - E R N L I A E N K M L - - - - - M - - - -
AGL19-AT4G22950 Q L D R S L S R I R A K K Y Q L L R E E I E K L K A E - - E R N L V K E N K D L - - - - - K - - - -
SOC1-AT2G45660 Q L E K S V K C I R A R K T Q V F K E Q I E Q L K Q K - - E K A L A A E N E K L - - - - - S - - - -
AGL42-AT5G62165 Q L Q R S L G K V R E R K A Q L F K E Q L E K L K A K - - E K Q L L E E N V K L - - - - - H - - - -
AGL71-AT5G51870 Q I E K S L R I V R S R K A E L Y A D Q L K K L K E K - - E R E L L N E R K R L L E E Q N R - - - -
AGL72-AT5G51860 Q I E K S L H M V R L R K A K L Y E D E L Q K L K A K - - E R E L K D E R V R L - - - - - - - - - -
SVP-AT2G22540 A L E T G L T R V I E T K S D K I M S E I S E L Q K K - - G M Q L M D E N K R L R Q Q G T Q - - - -
AGL24-AT4G24540 L L E S G L S R V S E K K G E C V M S Q I F S L E K R - - G S E L V D E N K R L R - - - - - - - - -
AGL12-AT1G71692 H L E Y W I S Q I R S A K M D V M L Q E I Q S L R N K - - E G V L K N T N K Y L L E K I E E - - - -
AP3-AT3G54340 E M E N T F K L V R E R K F K S L G N Q I E T T K K K - - - - - - N K S Q Q D I Q K N L I - - - - -
_PI-AT5G20240 A I E H G L D K V R D H Q M E I L I S K R R N E K M M - - - - - - A E E Q R Q L T F Q L - - - - - -
MAF2-AT5G65050 Q L E T A L S V T R A R K T E L M M G E V K S L Q K T - - E N L L R E E N Q T L A S Q - - - - - - -
MAF3-AT5G65060 Q L E T A L S V I R A K K T E L M M E D M K S L Q E R - - E K L L I E E N Q I L A S Q - - - - - - -
MAF1-AT1G77080 Q L E T A L S V S R A R K A E L M M E Y I E S L K E K - - E K L L R E E N Q V L A S Q - - - - - - -
MAF5-AT5G65080 Q L K S A L S V I R A R K T E L L M E L V K N L Q D K - - E K L L K E K N K V L A S E - - - - - - -
MAF4-AT5G65070 Q L K T A L S V T R A R K T E L M M E L V K T H Q E K - - E K L L R E E N Q S L T N Q L I K - - - -
FLC-AT5G10140 H L E T A L S V T R A K K T E L M L K L V E N L K E K - - E K M L K E E N Q V L A S Q M - - - - - -
AGL6-AT1G77950 R L Q Q Q L Q I S E E E L R K F E P D P M R L T S M E - - E I E A C E A N L I N T L - - - - - - - -
AGL63-AT1G31140 H L E S S L Q H A R A R K S E F M H Q Q Q Q Q Q T D Q - - K L K G K E K G Q G S S W - - - - - - - -
Consistency 7 9 7 4 6 8 5 3 7 8 5 6 9 4 7 6 7 4 5 6 7 5 4 6 6 4 7 0 0 6 4 3 7 3 5 5 8 4 3 8 3 3 3 3 1 2 0 0 0 0

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 - - N E R N N P - - - S I - - - - - S L M P G G S N Y E Q L M P P P Q T Q S Q P F D S R N Y F Q V A
SHP1-AT3G58780 - - G A R L N P D Q Q E S - - - - - S V I Q G T T V Y E S G V - S S H D Q S Q H Y - N R N Y I P V N
SHP2-AT2G42830 - - - - R T G L Q Q Q E S - - - - - S V I H Q G T V Y E S G V - T S S H Q S G Q Y - N R N Y I A V N
STK-AT4G09960 - - V E R Y - - Q Q H H H - - - - - Q M V S G S E I - - - - - - - - - N A I E A L A S R N Y F A H S

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 3

SEP2-AT3G02310 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -
SEP3-AT1G24260 A V E L S S Q Q E Y L K L K E R Y D A L Q R T - - - - Q R N L L G E D L G P L S T K E L E S L E R -
SEP4-AT2G03710 D L Q - D K Y Q D Y L K L K S R V E I L Q H S - - - - Q R H L L G E E L S E M D V N E L E H L E R -
AGL13-AT3G61120 D T Q - G L R Q E V T K L K C K Y E S L L R T - - - - H R N L V G E D L E G M S I K E L Q T L E R -
AGL18-AT3G57390 H G N E A V L R N D D S M K G E L E R L Q L A - - - - I E R L K G K E L E G M S F P D L I S L E N -
AGL15-AT5G13790 - - - E V - - - - - D I L K D Q L S K L Q E K - - - - H L Q L Q G K G L N P L T F K E L Q S L E Q -
ABS-AT5G23260 - - Q E Q L H H E M E L L R R E T C N L E L R - - - - L R P F H G H D L A S I P P N E L D G L E R -
AGL14-AT4G11880 D N S Q Q S K D E T Y G L A R K I E H L E I S - - - - T R K M M G E G L D A S S I E E L Q Q L E N -
AGL19-AT4G22950 D N S Q Q A R D E T S G L T K K I E Q L E I S - - - - K R K L L G E G I D A C S I E E L Q Q L E N -
SOC1-AT2G45660 E N M Q H L K Y E A A N M M K K I E Q L E A S - - - - K R K L L G E G I G T C S I E E L Q Q I E Q -
AGL42-AT5G62165 I H L Q Q L K Q E A S H M I T K I E L L E F H - - - - K R K L L G Q G I A S C S L E E L Q E I D S -
AGL71-AT5G51870 R Y L Q E L K M E I D R M V K K I D L L E V H - - - - H R K L L G Q G L D S C S V T E L Q E I D T -
AGL72-AT5G51860 Q Y V Q G L K K E M V T M V K K I E V L E V H - - - - N R K M M G Q S L D S C S V K E L S E I A T -
SVP-AT2G22540 E L Q L V E N S D H A R M S K E I A D K S H R - - - - L R Q M R G E E L Q G L D I E E L Q Q L E K -
AGL24-AT4G24540 H L R L - E N C N L S R L S K E V E D K T K Q - - - - L R K L R G E D L D G L N L E E L Q R L E K -
AGL12-AT1G71692 P P N L D P K D E I N V L K Q E I E M L Q K G - - - - I S Y M F G G G D G A M N L E E L L L L E K -
AP3-AT3G54340 - - - E R M Q E T K R K L L E T N R N L R T Q - - - - I K Q R L G E C L D E L D I Q E L R R L E D -
_PI-AT5G20240 - - - E N L S N E I D R I K K E N D S L Q L E - - - - L R H L K G E D I Q S L N L K N L M A V E H -
MAF2-AT5G65050 - - - - - L A E K T R N Y L P L K E L L E I V - - - - Q S K L E E S N V D N A S V D T L I S L E E -
MAF3-AT5G65060 - - - - - L A E K I R N Y L P H K E L L E I V - - - - Q S K L E E S N V D N V S V D S L I S M E E -
MAF1-AT1G77080 - - - - - L E E K I Q N Y L P H K E L L E T V - - - - Q S K L E E P N V D N V S V D S L I S L E E -
MAF5-AT5G65080 - - - - - L E D K T Q D Y L S H K E L L E I V - - - - Q R K I E E A K G D N V S I E S L I S M E E -
MAF4-AT5G65070 - - - - - L E E K T L N Y L S H K E L L E T I - - - - Q C K I E E A K S D N V S I D C L K S L E E -
FLC-AT5G10140 - - - - - H Q S K A L N Y G S H Y E L L E L V - - - - D S K L V G S N V K N V S I D A L V Q L E E -
AGL6-AT1G77950 Q S K R Q G I Q N K E Y L L R T L E K L K I E D D M A L Q I N E P R P E A T N S N V E E L E Q E V C
AGL63-AT1G31140 D Q C S D C V K T K E S M M R E I E N L K L N - - - - L Q L Y D G H G L N L L T Y D E L L S F E L -
Consistency 1 1 2 2 2 3 4 4 6 3 4 4 7 4 4 5 5 6 3 8 7 3 4 0 0 0 0 4 7 5 6 4 7 6 4 7 5 4 6 7 5 5 7 9 5 5 8 9 4 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
AG-AT4G18960_1 R L E R S I T R I R S K K N E L L F S E I D Y M Q K R - - E V D L H N D N Q I L R A K I A E - - - -
SHP1-AT3G58780 R L E K G I S R V R S K K N E L L V A E I E Y M Q K R - - E M E L Q H N N M Y L R A K I A E - - - -
SHP2-AT2G42830 R L E K G I S R V R S K K H E M L V A E I E Y M Q K R V K E I E L Q N D N M Y L R S K I T E - - - -
STK-AT4G09960 R L E K A I S R I R S K K H E L L L V E I E N A Q K R - - E I E L D N E N I Y L R T K V A E - - - -
AGL17-AT2G22630 Q L E M S L R G I R M K R E Q I L T N E I K E L T R K - R N L - V H H E N L E L S R K V Q R - - - -
AGL21-AT4G37940 Q I E I S L R G I R M R K E Q L L T Q E I Q E L S Q K - R N L - I H Q E N L D L S R K V Q R - - - -
AGL16-AT3G57230 Q L E L S L R G V R M K K D Q M L I E E I Q V L N R E - G N L - V H Q E N L D L H K K V N L - - - -
ANR1-AT2G14210 Q L V T S L K G V R L K K D Q L M T N E I R E L N R K - G Q I - I Q K E N H E L Q N I V D I - - - -
AP1-AT1G69120 Q L D T A L K H I R T R K N Q L M Y E S I N E L Q K K - - E K A I Q E Q N S M L S K Q I K E - - - R
CAL-AT1G26310 Q L E T A L K H I R S R K N Q L M N E S L N H L Q R K - - E K E I Q E E N S M L T K Q I K E - - - R
FUL-AT5G60910 Q L D A A I K S I R S R K N Q A M F E S I S A L Q K K - - D K A L Q D H N N S L L K K I K E - - - R
AGL79-AT3G30260 Q L D T A L K K T R S R K N Q L M V E S I A Q L Q K K - - E K E L K E L K K Q L T K K A G E - - - R
SEP1-AT5G15800 Q L D G S L K Q V R S I K T Q Y M L D Q L S D L Q N K - - E Q M L L E T N R A L A M K L D D - - - M
SEP2-AT3G02310 Q L D G S L K Q V R C I K T Q Y M L D Q L S D L Q G K - - E H I L L D A N R A L S M K L E D - - - M
SEP3-AT1G24260 Q L D S S L K Q I R A L R T Q F M L D Q L N D L Q S K - - E R M L T E T N K T L R L R L A D - - - -
SEP4-AT2G03710 Q V D A S L R Q I R S T K A R S M L D Q L S D L K T K - - E E M L L E T N R D L R R K L E D - - - S
AGL13-AT3G61120 Q L E G A L S A T R K Q K T Q V M M E Q M E E L R R K - - E R E L G D I N N K L K L E T E D - - - H
AGL18-AT3G57390 Q L N E S L H S V K D Q K T Q I L L N Q I E R S R I Q - - E K K A L E E N Q I L R K Q V E M - - L G
AGL15-AT5G13790 Q L Y H A L I T V R E R K E R L L T N Q L E E S R L K - - E Q R A E L E N E T L R R Q V Q E - - L -
ABS-AT5G23260 Q L E H S V L K V R E R K N E L M Q Q Q L E N L S R K - - R R M L E E D N N N M Y R W L H E H R A A
AGL14-AT4G11880 Q L D R S L M K I R A K K Y Q L L R E E T E K L K E K - - E R N L I A E N K M L - - - - - M - - - -
AGL19-AT4G22950 Q L D R S L S R I R A K K Y Q L L R E E I E K L K A E - - E R N L V K E N K D L - - - - - K - - - -
SOC1-AT2G45660 Q L E K S V K C I R A R K T Q V F K E Q I E Q L K Q K - - E K A L A A E N E K L - - - - - S - - - -
AGL42-AT5G62165 Q L Q R S L G K V R E R K A Q L F K E Q L E K L K A K - - E K Q L L E E N V K L - - - - - H - - - -
AGL71-AT5G51870 Q I E K S L R I V R S R K A E L Y A D Q L K K L K E K - - E R E L L N E R K R L L E E Q N R - - - -
AGL72-AT5G51860 Q I E K S L H M V R L R K A K L Y E D E L Q K L K A K - - E R E L K D E R V R L - - - - - - - - - -
SVP-AT2G22540 A L E T G L T R V I E T K S D K I M S E I S E L Q K K - - G M Q L M D E N K R L R Q Q G T Q - - - -
AGL24-AT4G24540 L L E S G L S R V S E K K G E C V M S Q I F S L E K R - - G S E L V D E N K R L R - - - - - - - - -
AGL12-AT1G71692 H L E Y W I S Q I R S A K M D V M L Q E I Q S L R N K - - E G V L K N T N K Y L L E K I E E - - - -
AP3-AT3G54340 E M E N T F K L V R E R K F K S L G N Q I E T T K K K - - - - - - N K S Q Q D I Q K N L I - - - - -
_PI-AT5G20240 A I E H G L D K V R D H Q M E I L I S K R R N E K M M - - - - - - A E E Q R Q L T F Q L - - - - - -
MAF2-AT5G65050 Q L E T A L S V T R A R K T E L M M G E V K S L Q K T - - E N L L R E E N Q T L A S Q - - - - - - -
MAF3-AT5G65060 Q L E T A L S V I R A K K T E L M M E D M K S L Q E R - - E K L L I E E N Q I L A S Q - - - - - - -
MAF1-AT1G77080 Q L E T A L S V S R A R K A E L M M E Y I E S L K E K - - E K L L R E E N Q V L A S Q - - - - - - -
MAF5-AT5G65080 Q L K S A L S V I R A R K T E L L M E L V K N L Q D K - - E K L L K E K N K V L A S E - - - - - - -
MAF4-AT5G65070 Q L K T A L S V T R A R K T E L M M E L V K T H Q E K - - E K L L R E E N Q S L T N Q L I K - - - -
FLC-AT5G10140 H L E T A L S V T R A K K T E L M L K L V E N L K E K - - E K M L K E E N Q V L A S Q M - - - - - -
AGL6-AT1G77950 R L Q Q Q L Q I S E E E L R K F E P D P M R L T S M E - - E I E A C E A N L I N T L - - - - - - - -
AGL63-AT1G31140 H L E S S L Q H A R A R K S E F M H Q Q Q Q Q Q T D Q - - K L K G K E K G Q G S S W - - - - - - - -
Consistency 7 9 7 4 6 8 5 3 7 8 5 6 9 4 7 6 7 4 5 6 7 5 4 6 6 4 7 0 0 6 4 3 7 3 5 5 8 4 3 8 3 3 3 3 1 2 0 0 0 0

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 - - N E R N N P - - - S I - - - - - S L M P G G S N Y E Q L M P P P Q T Q S Q P F D S R N Y F Q V A
SHP1-AT3G58780 - - G A R L N P D Q Q E S - - - - - S V I Q G T T V Y E S G V - S S H D Q S Q H Y - N R N Y I P V N
SHP2-AT2G42830 - - - - R T G L Q Q Q E S - - - - - S V I H Q G T V Y E S G V - T S S H Q S G Q Y - N R N Y I A V N
STK-AT4G09960 - - V E R Y - - Q Q H H H - - - - - Q M V S G S E I - - - - - - - - - N A I E A L A S R N Y F A H S

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 3

AGL17-AT2G22630 - - I H Q E N V E L Y K K - - - - - A Y G T S N T N G L G H H E L V D A V Y - - - E S H A Q V R L Q
AGL21-AT4G37940 - - I H Q E N V E L Y K K - - - - - A Y - M A N T N G F T H R E V A V A D D - - - E S H T Q I R L Q
AGL16-AT3G57230 - - M H Q Q N M E L H E K V S E V E G V K I A N K N S L L T N G L - D M R D - - - T S N E H V H L Q
ANR1-AT2G14210 - - M R K E N I K L Q K K V - - - - - - - H G R T N A I E G N S S V D P I S N G T T T Y A P P Q L Q
AP1-AT1G69120 E K I L R A Q Q E Q W D Q Q N - - - - - - Q G - H N M P P P L P P Q Q H Q I Q H P Y M L S H Q P - S
CAL-AT1G26310 E N I L R T K Q T Q C E Q L N - - - - - - R S V D D V P Q P - Q P F Q H - - P H L Y M I A H Q T - S
FUL-AT5G60910 E K K T G Q Q E G Q L V Q C S - - - - - - N S - S S V L L P - - - - Q - - - - - - Y C V T S S R - D
AGL79-AT3G30260 E D F - - - - - - Q T Q N L S - - - - - - H D L A S L A T P - - P F E S P H E L R R T I S P P P - P
SEP1-AT5G15800 I G V R S H H M G G G G G W E - - - - - G G - E Q N V T - - Y A H H Q A Q S Q G L Y Q P L E C N - P
SEP2-AT3G02310 I G V R H H H I - - G G G W E - - - - - G G D Q Q N I A - - Y G H P Q A H S Q G L Y Q S L E C D - P
SEP3-AT1G24260 - G Y Q M - P L Q L N P N Q E - - - - - E V D H Y G R H - - H H Q Q Q Q H S Q A F F Q P L E C E - P
SEP4-AT2G03710 D A A L T Q S F W G S S A A E Q Q Q Q H Q Q Q Q Q G M S S Y Q S N P P I Q E A G F F K P L Q G N - V
AGL13-AT3G61120 D F K G F Q D L L L N P V L T - - - - - - - - - A G C S T D F S L Q S T H - Q N Y I S D C N L G - Y
AGL18-AT3G57390 R G S G P K V L N E R P Q D S S P E A - D P E - S S S S E E D E N D N - E E H H S D T S L Q L G - L
AGL15-AT5G13790 R S F L P S F T H Y V P S Y I K C F A I D P K - N A L I N H D S K C S L Q N T D S D T T L Q L G - L
ABS-AT5G23260 M E F Q Q A G I D T K P G E Y Q Q F I E Q L Q C Y K P G E Y Q Q F L E Q Q Q Q Q P N S V L Q L A T L
AGL14-AT4G11880 - - - - - E K C E M Q G R - - - - - - - - G I I G R I S S S - - S S T S E L D I D D N E M E V V - -
AGL19-AT4G22950 - - - - - E K W L G M G T - - - - - - - - A T I A S S Q S T - - L S S S E V N I D D N - M E V E - -
SOC1-AT2G45660 - - - - - E K W G S H E S - - - - - - - - E V W S N K N Q E - - S T G R G D E E S S P S S E V E - -
AGL42-AT5G62165 - - - - - Q K - - - N V I - - - - - - - - N P W R G S S T D - - Q Q Q E K Y K V I D L N L E V E - -
AGL71-AT5G51870 - - - - - E R L M R P V V - - - - - - - - P A T L Q I C D K - - G N T E G G H R T K H S S E V E - -
AGL72-AT5G51860 - - - - - - S L K K T I Y - - - - - - - - T H L C Q V G E R P M G M P S G - - - S K E K E D V E - -
SVP-AT2G22540 - - - L T E E N E R L G M - - - - - - - - Q I C N N V H A H G G A E S E N A A V Y E E G Q S S E S I
AGL24-AT4G24540 - - - - - D K L E T L - - - - - - - - - - - - - - - - - - - - - - E R A K L T T L K E A L E T E S V
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - N N N S I L D A N F A V M E T N Y S Y P L T M P S E
AP3-AT3G54340 - - - - - H E L E L R A E - - - - - - - - D P H Y G L V D N G G D Y D S V L G Y Q I E G S R A Y A L
_PI-AT5G20240 - - - - - Q Q Q E M A I A - - - - - - - - S N A R G M M M R - - D H D G Q F G Y R V Q P I Q - - - -
MAF2-AT5G65050 - - V G K - K T F L V I E - - - - - - - - - G D R G - M S W E N G S G N K V R E T L P L L K - - - -
MAF3-AT5G65060 - - V G K - K T F L V I E - - - - - - - - - G D R G - M S R E N G S G N K V P E T L S L L K - - - -
MAF1-AT1G77080 - - M G K - N T L L A T D - - - - - - - - - D E R G - M F P G S S S G N K I P E T L P L L N - - - -
MAF5-AT5G65080 - - V G K L K K I L E T G - - - - - - - - - D E R A V M S P E N S S G H S P P E T L P L L K - - - -
MAF4-AT5G65070 - - M G K M K K S V E A E - - - - - - - - - D A R A - M S P E S S S D N K P P E T L L L L K - - - -
FLC-AT5G10140 - - - - E N N H H V G A E - - - - - - - - - A E M E - M S P A G Q I S D N L P V T L P L L N - - - -
AGL6-AT1G77950 - - - - - T R V V Q R R E - - - - - - - - H L L R K S C E A Q S N Q Q S M D G I L L N D I V E D W G
AGL63-AT1G31140 - - - - - E Q L M W Q A E - - - - - - - - R Q M - M T C Q R Q K - - - - - - - - - - - - - - - - - -
Consistency 0 0 1 1 2 3 4 3 2 3 2 3 3 0 0 0 0 0 0 0 0 1 3 2 3 4 2 3 3 2 1 2 2 3 4 3 3 2 2 2 2 2 3 2 4 4 2 2 0 1

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 A L Q - - - - - - - - - - - - - - - - P N N H H Y S - - S A G R Q D Q T A L Q L V - - - - - - - - -
SHP1-AT3G58780 L L E - - - - - - - - - - - - - - - - P N Q - - - Q - - F S G - Q D Q P P L Q L V - - - - - - - - -
SHP2-AT2G42830 L L E - - - - - - - - - - - - - - - - P N Q - - - N - - S S N - Q D Q P P L Q L V - - - - - - - - -
STK-AT4G09960 I M T - - - - - - - - - - - - - - - - A G S G S G N G G S Y S D P D K K I L H L G - - - - - - - - -
AGL17-AT2G22630 L S Q - - - - - - - - - - - - - - - - P E Q S H Y K T - - S S N S - - - - - - - - - - - - - - - - -
AGL21-AT4G37940 L S Q - - - - - - - - - - - - - - - - P E H S D Y D T P P R A N E - - - - - - - - - - - - - - - - -
AGL16-AT3G57230 L S Q - - - - - - - - - - - - - - - - P Q H - D H E T H S K A I Q L N - Y F S F I A - - - - - - - -
ANR1-AT2G14210 L I Q - - - - - - - - - - - - - - - - L Q P A P R E - - - K S I R L G L Q L S - - - - - - - - - - -
AP1-AT1G69120 P F - - - - - - - - - - - - - L - N M G G L Y Q E D D P M A M R R N D L E L T L E P V Y N C N L G C
CAL-AT1G26310 P F - - - - - - - - - - - - - L - N M G G L Y Q E E D Q T A M R R N N L D L T L E P I Y N - Y L G C
FUL-AT5G60910 G F - - - - - - - - - - - - - V E R V G G - - E N G G A S S L T E P N - - - S L L P A W M L R P T T
AGL79-AT3G30260 P L S S G - - - - - - - - - D T S Q R D G V G E V A A G T L I R R T N - - A T L - P H W M P Q L T G
SEP1-AT5G15800 T L Q M G C C F G D D D D D D R Y D N P V C S E Q I T A T T Q A Q A Q Q G N G Y I P G W M L - - - -
SEP2-AT3G02310 T L Q I G - - - - - - - - - - - Y S H P V C S E Q M A V T V Q G Q S Q Q G N G Y I P G W M L - - - -
SEP3-AT1G24260 I L Q I G - - - - - - - - - - - Y Q - - - - G Q Q - - - D G M G A G P S V N N Y M L G W L P Y D T N
SEP4-AT2G03710 A L Q M S - - - - - - - - - S H Y N H N P A N A T N S A T T - - - S Q N V N G F F P G W M V - - - -
AGL13-AT3G61120 F L Q I G - - - - - - - - - - F Q Q H Y E Q G E G S S V T K S N A R S D A - - - - - - - - - - E T N
AGL18-AT3G57390 S S T G Y C T K - - - - - R K K P K I E L V C D N S G S Q V A - - S D - - - - - - - - - - - - - - -
AGL15-AT5G13790 P G E A H D R R T N E G E R E S P S S D S V T T N T S S E T A E R G D Q S S L A N S P P E A K R Q R
ABS-AT5G23260 P S E I - - - - - - - - - - - D P T Y N L - - - - - - - Q L A - - - - Q P N L Q N D - P T A Q N D -
AGL14-AT4G11880 - T D L - - - - - - - - - - - - - - - - - - F I G P P - E T R H F K K - - - - - F P P S N - - - - -
AGL19-AT4G22950 - T G L - - - - - - - - - - - - - - - - - - F I G P P - E T R Q S K K - - - - - F P P Q N - - - - -
SOC1-AT2G45660 - T Q L - - - - - - - - - - - - - - - - - - F I G L P C S S R K - - - - - - - - - - - - - - - - - -
AGL42-AT5G62165 - T D L - - - - - - - - - - - - - - - - - - F I G L P - - N R N C - - - - - - - - - - - - - - - - -
AGL71-AT5G51870 - T D L - - - - - - - - - - - - - - - - - - F I G L P - V T R L - - - - - - - - - - - - - - - - - -
AGL72-AT5G51860 - T D L - - - - - - - - - - - - - - - - - - F I G F L - K N R P - - - - - - - - - - - - - - - - - -
SVP-AT2G22540 - T N A - - - - - - - - - - - - - - - G N - S T G A P V D S E S S D T S L R L G L P Y G G - - - - -
AGL24-AT4G24540 T T N V - - - - - - - - - - - - - - - S S Y D S G T P L E - D D S D T S L K L G L P S W E - - - - -
AGL12-AT1G71692 I F Q F - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP3-AT3G54340 R F H - - - - - - - - - - - - - - - - - Q N H H H Y Y P N H G L H A P S A S D I I T F H L L E - - -
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - - P N - - L Q E K I M S L V I D - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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MADS-domain 

K-domain 

Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
AG-AT4G18960_1 - - - - - - - - - T A Y Q S E L G G D S S P L R - K S G R G K I E I K R I E N T T N R Q V T F C K R
SHP1-AT3G58780 - - - - - - - - M E E G G S S H D A E S S - - K - K L G R G K I E I K R I E N T T N R Q V T F C K R
SHP2-AT2G42830 - - - - - - - - M E G G A S N E V A E S S - - K - K I G R G K I E I K R I E N T T N R Q V T F C K R
STK-AT4G09960 M L F P H E R K K E K E R S Q G F Y L V T R L R I R M G R G K I E I K R I E N S T N R Q V T F C K R
AGL17-AT2G22630 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q K I D D S T S R Q V T F S K R
AGL21-AT4G37940 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q R I D D S T S R Q V T F S K R
AGL16-AT3G57230 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I A I K R I N N S T S R Q V T F S K R
ANR1-AT2G14210 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I R R I D N S T S R Q V T F S K R
AP1-AT1G69120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
CAL-AT1G26310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F S K R
FUL-AT5G60910 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
AGL79-AT3G30260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L R R I E N K I R R Q V T F S K R
SEP1-AT5G15800 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP2-AT3G02310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP3-AT1G24260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP4-AT2G03710 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E L K R I E N K I N R Q V T F A K R
AGL13-AT3G61120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E V K R I E N K I T R Q V T F S K R
AGL18-AT3G57390 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R I E I K K I E N I N S R Q V T F S K R
AGL15-AT5G13790 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N S R Q V T F S K R
ABS-AT5G23260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K K I E N Q T A R Q V T F S K R
AGL14-AT4G11880 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
AGL19-AT4G22950 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
SOC1-AT2G45660 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T Q M K R I E N A T S R Q V T F S K R
AGL42-AT5G62165 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E M K K I E N A T S R Q V T F S K R
AGL71-AT5G51870 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
AGL72-AT5G51860 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
SVP-AT2G22540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I Q I R K I D N A T A R Q V T F S K R
AGL24-AT4G24540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I R I K K I D N I T A R Q V T F S K R
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q L K R I E N P V H R Q V T F C K R
AP3-AT3G54340 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q I K R I E N Q T N R Q V T Y S K R
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N N R V V T F S K R
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K V E I K R I E N K S S R Q V T F S K R
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F S K R
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K I E I K R I E N K S S R Q V T F S K R
MAF5-AT5G65080 M C - - - - R K S E A - - - - - - - - - - - - - - - M G R R R V E I K R I E N K S S R Q V T F C K R
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R V K L E L K R I E K S T N R Q I T F S K R
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - M R K G K R V I K K I E E K I K R Q V T F A K R
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 6 9 6 8 8 7 8 9 8 * 8 8 5 5 6 * 9 9 * 9 7 * *

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
AG-AT4G18960_1 R N G L L K K A Y E L S V L C D A E V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - -
SHP1-AT3G58780 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K
SHP2-AT2G42830 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - -
STK-AT4G09960 R N G L L K K A Y E L S V L C D A E V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - -
AGL17-AT2G22630 R K G L I K K A K E L A I L C D A E V C L I I F S N T D K L Y D F A S - S - - - - - - - - - - - - -
AGL21-AT4G37940 R K G L I K K A K E L A I L C D A E V G L I I F S S T G K L Y D F A S - S - - - - - - - - - - - - -
AGL16-AT3G57230 R N G L L K K A K E L A I L C D A E V G V I I F S S T G R L Y D F S S - S - - - - - - - - - - - - -
ANR1-AT2G14210 R S G L L K K A K E L S I L C D A E V G V I I F S S T G K L Y D Y A S N S - - - - - - - - - - - - -
AP1-AT1G69120 R A G L L K K A H E I S V L C D A E V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - -
CAL-AT1G26310 R T G L L K K A Q E I S V L C D A E V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - -
FUL-AT5G60910 R S G L L K K A H E I S V L C D A E V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - -
AGL79-AT3G30260 R T G L V K K A Q E I S V L C D A E V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - -
SEP1-AT5G15800 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP2-AT3G02310 R N G L L K K A Y E L S V L C D A E V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - -
SEP3-AT1G24260 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP4-AT2G03710 R N G L L K K A Y E L S V L C D A E I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - -
AGL13-AT3G61120 K S G L L K K A Y E L S V L C D A E V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - -
AGL18-AT3G57390 R N G L I K K A K E L S I L C D A E V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - -
AGL15-AT5G13790 R S G L L K K A R E L S V L C D A E V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - -
ABS-AT5G23260 R T G L I K K T R E L S I L C D A H I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - -
AGL14-AT4G11880 R N G L L K K A F E L S V L C D A E V A L I I F S P R G K L Y E F S S S S - - - - - - - - - - - - -
AGL19-AT4G22950 R N G L L K K A F E L S V L C D A E V A L V I F S P R S K L Y E F - S S S - - - - - - - - - - - - -
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SOC1-AT2G45660 R N G L L K K A F E L S V L C D A E V S L I I F S P K G K L Y E F - A S S - - - - - - - - - - - - -
AGL42-AT5G62165 R N G L L K K A Y E L S V L C D A Q L S L I I F S Q R G R L Y E F - S S S - - - - - - - - - - - - -
AGL71-AT5G51870 R S G L F K K A H E L S V L C D A Q V A A I V F S Q S G R L H E Y - S S S - - - - - - - - - - - - -
AGL72-AT5G51860 R S G L F K K A H E L S V L C D A Q V A A M I F S Q K G R L Y E F - A S S - - - - - - - - - - - - -
SVP-AT2G22540 R R G L F K K A E E L S V L C D A D V A L I I F S S T G K L F E F - C S S - - - - - - - - - - - - -
AGL24-AT4G24540 R R G I F K K A D E L S V L C D A D V A L I I F S A T G K L F E F - S S S - - - - - - - - - - - - -
AGL12-AT1G71692 R T G L L K K A K E L S V L C D A E I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - -
AP3-AT3G54340 R N G L F K K A H E L T V L C D A R V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - -
_PI-AT5G20240 R N G L V K K A K E I T V L C D A K V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - -
MAF2-AT5G65050 R N G L I E K A R Q L S I L C E S S I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - -
MAF3-AT5G65060 R K G L I E K A R Q L S I L C E S S I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - -
MAF1-AT1G77080 R N G L I D K A R Q L S I L C E S S V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - -
MAF5-AT5G65080 R N G L M E K A R Q L S I L C G S S V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - -
MAF4-AT5G65070 R N G L M E K A R Q L S I L C E S S V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E
FLC-AT5G10140 R N G L I E K A R Q L S V L C D A S V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - -
AGL6-AT1G77950 K K G L I K K A Y E L S T L C D I D L A L L M F S P S D R L C L F - S G Q T R - - - - - - - - - - -
AGL63-AT1G31140 K K S L I K K A Y E L S V L C D V H L G L I I F S H S N R L Y D F C S N S T S - - - - - - - - - - -
Consistency 9 6 9 9 7 8 * 9 4 9 9 9 9 * * 8 8 6 9 7 8 8 8 8 9 4 5 8 8 9 7 7 7 2 7 3 4 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
AG-AT4G18960_1 - - - - - - - - - - - - - - - - - - - - V K G T I E R Y K K A I S D N S N T G S V - - - - - - - A E
SHP1-AT3G58780 K K K N L W I Y S S H V - - - - - - - - V R G T I E R Y K K A C S D A V N P P S V - - - - - - - T E
SHP2-AT2G42830 - - - - - - - - - - - - - - - - - - - - V R G T I E R Y K K A C S D A V N P P T I - - - - - - - T E
STK-AT4G09960 - - - - - - - - - - - - - - - - - - - - I R S T I E R Y K K A C S D S T N T S T V - - - - - - - Q E
AGL17-AT2G22630 - - - - - - - - - - - S - - - - - - - - V K S T I E R F N T A K M E E Q E L M N P - - - - - - - A S
AGL21-AT4G37940 - - - - - - - - - - - S - - - - - - - - M K S V I D R Y N K S K I E Q Q Q L L N P - - - - - - - A S
AGL16-AT3G57230 - - - - - - - - - - - S - - - - - - - - M K S V I E R Y S D A K G E T S S E N D P - - - - - - - A S
ANR1-AT2G14210 - - - - - - - - - - - S - - - - - - - - M K T I I E R Y N R V K E E Q H Q L L N H - - - - - - - A S
AP1-AT1G69120 - - - - - - - - - - S C - - - - - - - - M E K I L E R Y E R Y S Y A E R Q L I A P E S D - - - - V N
CAL-AT1G26310 - - - - - - - - - - S C - - - - - - - - M E K V L E R Y E R Y S Y A E R Q L I A P D S H - - - - V N
FUL-AT5G60910 - - - - - - - - - - S C - - - - - - - - M E R I L E R Y D R Y L Y S D K Q L V G R D - - - - - - V S
AGL79-AT3G30260 - - - - - - - - - - S S - - - - - - - - M E R I L D R Y E R S A Y A G Q D I P T P N - - - - - - L D
SEP1-AT5G15800 - - - - - - - - - - S N - - - - - - - - M L K T L D R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP2-AT3G02310 - - - - - - - - - - S N - - - - - - - - M L K T L E R Y Q K C S Y G S I E V N - - N K P - - - - A K
SEP3-AT1G24260 - - - - - - - - - - S S - - - - - - - - M L R T L E R Y Q K C N Y G A P E P N V P S R E - - - - A L
SEP4-AT2G03710 - - - - - - - - - - S G - - - - - - - - M A R T V D K Y R K H S Y A T M D P N - - - Q S - - - - A K
AGL13-AT3G61120 - - - - - - - - - - - G - - - - - - - - V G R T I E R Y Y R C K D N L L D - - - - N D T - - - - L E
AGL18-AT3G57390 - - - - - - - - - - V C - - - - - - - - M E Q I L S R Y G Y T T A S T E H K Q Q R E H Q L L I C A S
AGL15-AT5G13790 - - - - - - - - - - T G - - - - - - - - M K Q T L S R Y G N H Q S S S A S K A E E D - - - - - C A -
ABS-AT5G23260 - - - - - - - - - - N R - - - - - - - - M P Q L I D R Y L H T N G L R L P D H H D D - - - - - - - -
AGL14-AT4G11880 - - - - - - - - - - - S - - - - - - - - I P K T V E R Y Q K R I Q D - - L G S N H K - - - - - - R N
AGL19-AT4G22950 - - - - - - - - - - - S - - - - - - - - I A A T I E R Y Q R R I K E - - I G N N H K - - - - - - R N
SOC1-AT2G45660 - - - - - - - - - - - N - - - - - - - - M Q D T I D R Y L R H T K D - R V S T K P V - - - - - - S E
AGL42-AT5G62165 - - - - - - - - - - - D - - - - - - - - M Q K T I E R Y R K Y T K D - H E T S N H D - - - - - - S Q
AGL71-AT5G51870 - - - - - - - - - - - Q - - - - - - - - M E K I I D R Y G K F S N A F Y V A E R P Q - - - - - - V E
AGL72-AT5G51860 - - - - - - - - - - - D - - - - - - - - I R N T I K R Y A E Y K R E Y F V A E T H P - - - - - - I E
SVP-AT2G22540 - - - - - - - - - - - S - - - - - - - - M K E V L E R H N L Q S K N L E K L - D Q P - - - - - - S L
AGL24-AT4G24540 - - - - - - - - - - - R - - - - - - - - M R D I L G R Y S L H A S N I N K L M D P P - - - - - - S T
AGL12-AT1G71692 - - - - - - - - - - - T - - - - - - - - M E G M I D K Y M K C T G G G R G S S S A T F T A Q E Q L Q
AP3-AT3G54340 - - - - - - - - - - T T - - - - - - - - T K E I V D L Y Q T I S D V D V W A T Q Y - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - M D - - - - - - - - L G A M L D Q Y Q K L S G K K L W D A K H - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L E A L D - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - M S K I I D R Y E I H H A D E L K A L D - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - I S K I I D R Y E I Q H A D E L R A L D - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - M A K I I S R F K I Q Q A D D P E T L D - - - - - - - - - -
MAF4-AT5G65070 I N L G P L S I F L L N S N E T P V D F M A K I L S R Y E L E Q A D D L K T L D - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - L V K I L D R Y G K Q H A D D L K A L D - - - - - - - - - -
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - I E D V L A R Y I N L P D Q E R E N A I V F - - - - - - P D
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - M E N L I M R Y Q K E K E G Q T T A E H S F - - - - - - H S
Consistency 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 7 4 5 6 8 6 9 9 4 4 3 4 3 4 3 3 4 3 3 3 2 1 0 0 0 0 0 0 2 2

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
AG-AT4G18960_1 I N A Q Y Y Q Q E S A K L R Q Q I I S I Q N S - - - - N R Q L M G E T I G S M S P K E L R N L E G -
SHP1-AT3G58780 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N S - - - - N R H I V G E S L G S L N F K E L K N L E G -
SHP2-AT2G42830 A N T Q Y Y Q Q E A S K L R R Q I R D I Q N L - - - - N R H I L G E S L G S L N F K E L K N L E S -
STK-AT4G09960 I N A A Y Y Q Q E S A K L R Q Q I Q T I Q N S - - - - N R N L M G D S L S S L S V K E L K Q V E N -
AGL17-AT2G22630 - E V K F W Q R E A E T L R Q E L H S L Q E N - - - - Y R Q L T G V E L N G L S V K E L Q N I E S -
AGL21-AT4G37940 - E V K F W Q R E A A V L R Q E L H A L Q E N - - - - H R Q M M G E Q L N G L S V N E L N S L E N -
AGL16-AT3G57230 - E I Q F W Q K E A A I L K R Q L H N L Q E N - - - - H R Q M M G E E L S G L S V E A L Q N L E N -
ANR1-AT2G14210 - E I K F W Q R E V A S L Q Q Q L Q Y L Q E C - - - - H R K L V G E E L S G M N A N D L Q N L E D -
AP1-AT1G69120 - - T - N W S M E Y N R L K A K I E L L E R N - - - - Q R H Y L G E D L Q A M S P K E L Q N L E Q -
CAL-AT1G26310 A Q T - N W S M E Y S R L K A K I E L L E R N - - - - Q R H Y L G E E L E P M S L K D L Q N L E Q -
FUL-AT5G60910 Q S E - N W V L E H A K L K A R V E V L E K N - - - - K R N F M G E D L D S L S L K E L Q S L E H -
AGL79-AT3G30260 S Q G - E C S T E C S K L L R M I D V L Q R S - - - - L R H L R G E E V D G L S I R D L Q G V E M -
SEP1-AT5G15800 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -

07/18/2024 09:48:05 PM

Results colour-coded for amino acid conservation 2

SEP2-AT3G02310 E L E - N S Y R E Y L K L K G R Y E N L Q R Q - - - - Q R N L L G E D L G P L N S K E L E Q L E R -
SEP3-AT1G24260 A V E L S S Q Q E Y L K L K E R Y D A L Q R T - - - - Q R N L L G E D L G P L S T K E L E S L E R -
SEP4-AT2G03710 D L Q - D K Y Q D Y L K L K S R V E I L Q H S - - - - Q R H L L G E E L S E M D V N E L E H L E R -
AGL13-AT3G61120 D T Q - G L R Q E V T K L K C K Y E S L L R T - - - - H R N L V G E D L E G M S I K E L Q T L E R -
AGL18-AT3G57390 H G N E A V L R N D D S M K G E L E R L Q L A - - - - I E R L K G K E L E G M S F P D L I S L E N -
AGL15-AT5G13790 - - - E V - - - - - D I L K D Q L S K L Q E K - - - - H L Q L Q G K G L N P L T F K E L Q S L E Q -
ABS-AT5G23260 - - Q E Q L H H E M E L L R R E T C N L E L R - - - - L R P F H G H D L A S I P P N E L D G L E R -
AGL14-AT4G11880 D N S Q Q S K D E T Y G L A R K I E H L E I S - - - - T R K M M G E G L D A S S I E E L Q Q L E N -
AGL19-AT4G22950 D N S Q Q A R D E T S G L T K K I E Q L E I S - - - - K R K L L G E G I D A C S I E E L Q Q L E N -
SOC1-AT2G45660 E N M Q H L K Y E A A N M M K K I E Q L E A S - - - - K R K L L G E G I G T C S I E E L Q Q I E Q -
AGL42-AT5G62165 I H L Q Q L K Q E A S H M I T K I E L L E F H - - - - K R K L L G Q G I A S C S L E E L Q E I D S -
AGL71-AT5G51870 R Y L Q E L K M E I D R M V K K I D L L E V H - - - - H R K L L G Q G L D S C S V T E L Q E I D T -
AGL72-AT5G51860 Q Y V Q G L K K E M V T M V K K I E V L E V H - - - - N R K M M G Q S L D S C S V K E L S E I A T -
SVP-AT2G22540 E L Q L V E N S D H A R M S K E I A D K S H R - - - - L R Q M R G E E L Q G L D I E E L Q Q L E K -
AGL24-AT4G24540 H L R L - E N C N L S R L S K E V E D K T K Q - - - - L R K L R G E D L D G L N L E E L Q R L E K -
AGL12-AT1G71692 P P N L D P K D E I N V L K Q E I E M L Q K G - - - - I S Y M F G G G D G A M N L E E L L L L E K -
AP3-AT3G54340 - - - E R M Q E T K R K L L E T N R N L R T Q - - - - I K Q R L G E C L D E L D I Q E L R R L E D -
_PI-AT5G20240 - - - E N L S N E I D R I K K E N D S L Q L E - - - - L R H L K G E D I Q S L N L K N L M A V E H -
MAF2-AT5G65050 - - - - - L A E K T R N Y L P L K E L L E I V - - - - Q S K L E E S N V D N A S V D T L I S L E E -
MAF3-AT5G65060 - - - - - L A E K I R N Y L P H K E L L E I V - - - - Q S K L E E S N V D N V S V D S L I S M E E -
MAF1-AT1G77080 - - - - - L E E K I Q N Y L P H K E L L E T V - - - - Q S K L E E P N V D N V S V D S L I S L E E -
MAF5-AT5G65080 - - - - - L E D K T Q D Y L S H K E L L E I V - - - - Q R K I E E A K G D N V S I E S L I S M E E -
MAF4-AT5G65070 - - - - - L E E K T L N Y L S H K E L L E T I - - - - Q C K I E E A K S D N V S I D C L K S L E E -
FLC-AT5G10140 - - - - - H Q S K A L N Y G S H Y E L L E L V - - - - D S K L V G S N V K N V S I D A L V Q L E E -
AGL6-AT1G77950 Q S K R Q G I Q N K E Y L L R T L E K L K I E D D M A L Q I N E P R P E A T N S N V E E L E Q E V C
AGL63-AT1G31140 D Q C S D C V K T K E S M M R E I E N L K L N - - - - L Q L Y D G H G L N L L T Y D E L L S F E L -
Consistency 1 1 2 2 2 3 4 4 6 3 4 4 7 4 4 5 5 6 3 8 7 3 4 0 0 0 0 4 7 5 6 4 7 6 4 7 5 4 6 7 5 5 7 9 5 5 8 9 4 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
AG-AT4G18960_1 R L E R S I T R I R S K K N E L L F S E I D Y M Q K R - - E V D L H N D N Q I L R A K I A E - - - -
SHP1-AT3G58780 R L E K G I S R V R S K K N E L L V A E I E Y M Q K R - - E M E L Q H N N M Y L R A K I A E - - - -
SHP2-AT2G42830 R L E K G I S R V R S K K H E M L V A E I E Y M Q K R V K E I E L Q N D N M Y L R S K I T E - - - -
STK-AT4G09960 R L E K A I S R I R S K K H E L L L V E I E N A Q K R - - E I E L D N E N I Y L R T K V A E - - - -
AGL17-AT2G22630 Q L E M S L R G I R M K R E Q I L T N E I K E L T R K - R N L - V H H E N L E L S R K V Q R - - - -
AGL21-AT4G37940 Q I E I S L R G I R M R K E Q L L T Q E I Q E L S Q K - R N L - I H Q E N L D L S R K V Q R - - - -
AGL16-AT3G57230 Q L E L S L R G V R M K K D Q M L I E E I Q V L N R E - G N L - V H Q E N L D L H K K V N L - - - -
ANR1-AT2G14210 Q L V T S L K G V R L K K D Q L M T N E I R E L N R K - G Q I - I Q K E N H E L Q N I V D I - - - -
AP1-AT1G69120 Q L D T A L K H I R T R K N Q L M Y E S I N E L Q K K - - E K A I Q E Q N S M L S K Q I K E - - - R
CAL-AT1G26310 Q L E T A L K H I R S R K N Q L M N E S L N H L Q R K - - E K E I Q E E N S M L T K Q I K E - - - R
FUL-AT5G60910 Q L D A A I K S I R S R K N Q A M F E S I S A L Q K K - - D K A L Q D H N N S L L K K I K E - - - R
AGL79-AT3G30260 Q L D T A L K K T R S R K N Q L M V E S I A Q L Q K K - - E K E L K E L K K Q L T K K A G E - - - R
SEP1-AT5G15800 Q L D G S L K Q V R S I K T Q Y M L D Q L S D L Q N K - - E Q M L L E T N R A L A M K L D D - - - M
SEP2-AT3G02310 Q L D G S L K Q V R C I K T Q Y M L D Q L S D L Q G K - - E H I L L D A N R A L S M K L E D - - - M
SEP3-AT1G24260 Q L D S S L K Q I R A L R T Q F M L D Q L N D L Q S K - - E R M L T E T N K T L R L R L A D - - - -
SEP4-AT2G03710 Q V D A S L R Q I R S T K A R S M L D Q L S D L K T K - - E E M L L E T N R D L R R K L E D - - - S
AGL13-AT3G61120 Q L E G A L S A T R K Q K T Q V M M E Q M E E L R R K - - E R E L G D I N N K L K L E T E D - - - H
AGL18-AT3G57390 Q L N E S L H S V K D Q K T Q I L L N Q I E R S R I Q - - E K K A L E E N Q I L R K Q V E M - - L G
AGL15-AT5G13790 Q L Y H A L I T V R E R K E R L L T N Q L E E S R L K - - E Q R A E L E N E T L R R Q V Q E - - L -
ABS-AT5G23260 Q L E H S V L K V R E R K N E L M Q Q Q L E N L S R K - - R R M L E E D N N N M Y R W L H E H R A A
AGL14-AT4G11880 Q L D R S L M K I R A K K Y Q L L R E E T E K L K E K - - E R N L I A E N K M L - - - - - M - - - -
AGL19-AT4G22950 Q L D R S L S R I R A K K Y Q L L R E E I E K L K A E - - E R N L V K E N K D L - - - - - K - - - -
SOC1-AT2G45660 Q L E K S V K C I R A R K T Q V F K E Q I E Q L K Q K - - E K A L A A E N E K L - - - - - S - - - -
AGL42-AT5G62165 Q L Q R S L G K V R E R K A Q L F K E Q L E K L K A K - - E K Q L L E E N V K L - - - - - H - - - -
AGL71-AT5G51870 Q I E K S L R I V R S R K A E L Y A D Q L K K L K E K - - E R E L L N E R K R L L E E Q N R - - - -
AGL72-AT5G51860 Q I E K S L H M V R L R K A K L Y E D E L Q K L K A K - - E R E L K D E R V R L - - - - - - - - - -
SVP-AT2G22540 A L E T G L T R V I E T K S D K I M S E I S E L Q K K - - G M Q L M D E N K R L R Q Q G T Q - - - -
AGL24-AT4G24540 L L E S G L S R V S E K K G E C V M S Q I F S L E K R - - G S E L V D E N K R L R - - - - - - - - -
AGL12-AT1G71692 H L E Y W I S Q I R S A K M D V M L Q E I Q S L R N K - - E G V L K N T N K Y L L E K I E E - - - -
AP3-AT3G54340 E M E N T F K L V R E R K F K S L G N Q I E T T K K K - - - - - - N K S Q Q D I Q K N L I - - - - -
_PI-AT5G20240 A I E H G L D K V R D H Q M E I L I S K R R N E K M M - - - - - - A E E Q R Q L T F Q L - - - - - -
MAF2-AT5G65050 Q L E T A L S V T R A R K T E L M M G E V K S L Q K T - - E N L L R E E N Q T L A S Q - - - - - - -
MAF3-AT5G65060 Q L E T A L S V I R A K K T E L M M E D M K S L Q E R - - E K L L I E E N Q I L A S Q - - - - - - -
MAF1-AT1G77080 Q L E T A L S V S R A R K A E L M M E Y I E S L K E K - - E K L L R E E N Q V L A S Q - - - - - - -
MAF5-AT5G65080 Q L K S A L S V I R A R K T E L L M E L V K N L Q D K - - E K L L K E K N K V L A S E - - - - - - -
MAF4-AT5G65070 Q L K T A L S V T R A R K T E L M M E L V K T H Q E K - - E K L L R E E N Q S L T N Q L I K - - - -
FLC-AT5G10140 H L E T A L S V T R A K K T E L M L K L V E N L K E K - - E K M L K E E N Q V L A S Q M - - - - - -
AGL6-AT1G77950 R L Q Q Q L Q I S E E E L R K F E P D P M R L T S M E - - E I E A C E A N L I N T L - - - - - - - -
AGL63-AT1G31140 H L E S S L Q H A R A R K S E F M H Q Q Q Q Q Q T D Q - - K L K G K E K G Q G S S W - - - - - - - -
Consistency 7 9 7 4 6 8 5 3 7 8 5 6 9 4 7 6 7 4 5 6 7 5 4 6 6 4 7 0 0 6 4 3 7 3 5 5 8 4 3 8 3 3 3 3 1 2 0 0 0 0

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 - - N E R N N P - - - S I - - - - - S L M P G G S N Y E Q L M P P P Q T Q S Q P F D S R N Y F Q V A
SHP1-AT3G58780 - - G A R L N P D Q Q E S - - - - - S V I Q G T T V Y E S G V - S S H D Q S Q H Y - N R N Y I P V N
SHP2-AT2G42830 - - - - R T G L Q Q Q E S - - - - - S V I H Q G T V Y E S G V - T S S H Q S G Q Y - N R N Y I A V N
STK-AT4G09960 - - V E R Y - - Q Q H H H - - - - - Q M V S G S E I - - - - - - - - - N A I E A L A S R N Y F A H S
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Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
AG-AT4G18960_1 - - - - - - - - - T A Y Q S E L G G D S S P L R - K S G R G K I E I K R I E N T T N R Q V T F C K R
SHP1-AT3G58780 - - - - - - - - M E E G G S S H D A E S S - - K - K L G R G K I E I K R I E N T T N R Q V T F C K R
SHP2-AT2G42830 - - - - - - - - M E G G A S N E V A E S S - - K - K I G R G K I E I K R I E N T T N R Q V T F C K R
STK-AT4G09960 M L F P H E R K K E K E R S Q G F Y L V T R L R I R M G R G K I E I K R I E N S T N R Q V T F C K R
AGL17-AT2G22630 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q K I D D S T S R Q V T F S K R
AGL21-AT4G37940 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I Q R I D D S T S R Q V T F S K R
AGL16-AT3G57230 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I A I K R I N N S T S R Q V T F S K R
ANR1-AT2G14210 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I V I R R I D N S T S R Q V T F S K R
AP1-AT1G69120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
CAL-AT1G26310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F S K R
FUL-AT5G60910 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R
AGL79-AT3G30260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V Q L R R I E N K I R R Q V T F S K R
SEP1-AT5G15800 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP2-AT3G02310 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP3-AT1G24260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R
SEP4-AT2G03710 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E L K R I E N K I N R Q V T F A K R
AGL13-AT3G61120 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K V E V K R I E N K I T R Q V T F S K R
AGL18-AT3G57390 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G R I E I K K I E N I N S R Q V T F S K R
AGL15-AT5G13790 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N S R Q V T F S K R
ABS-AT5G23260 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K K I E N Q T A R Q V T F S K R
AGL14-AT4G11880 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
AGL19-AT4G22950 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R
SOC1-AT2G45660 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K T Q M K R I E N A T S R Q V T F S K R
AGL42-AT5G62165 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E M K K I E N A T S R Q V T F S K R
AGL71-AT5G51870 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
AGL72-AT5G51860 - - - - - - - - - - - - - - - - - - - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R
SVP-AT2G22540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I Q I R K I D N A T A R Q V T F S K R
AGL24-AT4G24540 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R E K I R I K K I D N I T A R Q V T F S K R
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q L K R I E N P V H R Q V T F C K R
AP3-AT3G54340 - - - - - - - - - - - - - - - - - - - - - - - - - - M A R G K I Q I K R I E N Q T N R Q V T Y S K R
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R G K I E I K R I E N A N N R V V T F S K R
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K V E I K R I E N K S S R Q V T F S K R
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F S K R
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K I E I K R I E N K S S R Q V T F S K R
MAF5-AT5G65080 M C - - - - R K S E A - - - - - - - - - - - - - - - M G R R R V E I K R I E N K S S R Q V T F C K R
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - - - - - - - M G R V K L E L K R I E K S T N R Q I T F S K R
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - M R K G K R V I K K I E E K I K R Q V T F A K R
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 6 9 6 8 8 7 8 9 8 * 8 8 5 5 6 * 9 9 * 9 7 * *

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
AG-AT4G18960_1 R N G L L K K A Y E L S V L C D A E V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - -
SHP1-AT3G58780 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K
SHP2-AT2G42830 R N G L L K K A Y E L S V L C D A E V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - -
STK-AT4G09960 R N G L L K K A Y E L S V L C D A E V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - -
AGL17-AT2G22630 R K G L I K K A K E L A I L C D A E V C L I I F S N T D K L Y D F A S - S - - - - - - - - - - - - -
AGL21-AT4G37940 R K G L I K K A K E L A I L C D A E V G L I I F S S T G K L Y D F A S - S - - - - - - - - - - - - -
AGL16-AT3G57230 R N G L L K K A K E L A I L C D A E V G V I I F S S T G R L Y D F S S - S - - - - - - - - - - - - -
ANR1-AT2G14210 R S G L L K K A K E L S I L C D A E V G V I I F S S T G K L Y D Y A S N S - - - - - - - - - - - - -
AP1-AT1G69120 R A G L L K K A H E I S V L C D A E V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - -
CAL-AT1G26310 R T G L L K K A Q E I S V L C D A E V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - -
FUL-AT5G60910 R S G L L K K A H E I S V L C D A E V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - -
AGL79-AT3G30260 R T G L V K K A Q E I S V L C D A E V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - -
SEP1-AT5G15800 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP2-AT3G02310 R N G L L K K A Y E L S V L C D A E V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - -
SEP3-AT1G24260 R N G L L K K A Y E L S V L C D A E V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - -
SEP4-AT2G03710 R N G L L K K A Y E L S V L C D A E I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - -
AGL13-AT3G61120 K S G L L K K A Y E L S V L C D A E V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - -
AGL18-AT3G57390 R N G L I K K A K E L S I L C D A E V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - -
AGL15-AT5G13790 R S G L L K K A R E L S V L C D A E V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - -
ABS-AT5G23260 R T G L I K K T R E L S I L C D A H I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - -
AGL14-AT4G11880 R N G L L K K A F E L S V L C D A E V A L I I F S P R G K L Y E F S S S S - - - - - - - - - - - - -
AGL19-AT4G22950 R N G L L K K A F E L S V L C D A E V A L V I F S P R S K L Y E F - S S S - - - - - - - - - - - - -
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Figure 5.2: MSA of all identified Arabidopsis Type-II MIKCc MADS-box proteins using 
PRALINE MSA (Simossis and Heringa, 2003). Most conserved amino acids are coloured red 

with least conserved coloured blue. The M domain is underlined in blue and labelled, the K 

domain is underlined in yellow and labelled, the K1-3 sub-domains can be seen in the 

conservation patterns. Red highlight represents high conservation, blue represents low 

conservation, colours are on a scale of 1-10 with 10 showing the highest level of conservation 

whilst 0 represents the least. 
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5.2.3. Sequence alignment of MADS-box proteins between 

Ceratopteris and Arabidopsis. 

 

To further compare conserved domains of MADS-box proteins from Ceratopteris and 

Arabidopsis, a further MSA was performed encompassing both Ceratopteris and 

Arabidopsis sequences (Figure 5.3). The alignment shows the same conservation 

pattern the as species’ individual alignments, suggesting the MADS-box domains have 

been conserved throughout plant evolution. The secondary structure of the K-domain 

is less noticeable in this alignment than it is in the Arabidopsis alone alignment (Figure 

5.2) and shows a similar conservation pattern as that shown in the Ceratopteris MSA 

(Figure 5.1), despite there being fewer sequences in Ceratopteris. Taken together 

these alignments show that Ceratopteris MADS-box proteins hold similar conserved 

domains to flowering plant MADS-box proteins. However, the K-domain alignment 

suggests less conservation between Ceratopteris proteins than the conservation 

observed in the Arabidopsis K-domain. 
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AP1-AT1G69120 - - M E K I L E R Y - - - - - E R Y S Y A E R Q L I A P E S D - - - - V N - - T - N W S M E Y N R L
CAL-AT1G26310 - - M E K V L E R Y - - - - - E R Y S Y A E R Q L I A P D S H - - - - V N A Q T - N W S M E Y S R L
FUL-AT5G60910 - - M E R I L E R Y - - - - - D R Y L Y S D K Q L V G R D - - - - - - V S Q S E - N W V L E H A K L
AGL79-AT3G30260 - - M E R I L D R Y - - - - - E R S A Y A G Q D I P T P N - - - - - - L D S Q G - E C S T E C S K L
SEP1-AT5G15800 - - M L K T L D R Y - - - - - Q K C S Y G S I E V N - - N K P - - - - A K E L E - N S Y R E Y L K L
SEP2-AT3G02310 - - M L K T L E R Y - - - - - Q K C S Y G S I E V N - - N K P - - - - A K E L E - N S Y R E Y L K L
SEP3-AT1G24260 - - M L R T L E R Y - - - - - Q K C N Y G A P E P N V P S R E - - - - A L A V E L S S Q Q E Y L K L
SEP4-AT2G03710 - - M A R T V D K Y - - - - - R K H S Y A T M D P N - - - Q S - - - - A K D L Q - D K Y Q D Y L K L
AGL13-AT3G61120 - - V G R T I E R Y - - - - - Y R C K D N L L D - - - - N D T - - - - L E D T Q - G L R Q E V T K L
AGL18-AT3G57390 - - M E Q I L S R Y - - - - - G Y T T A S T E H K Q Q R E H Q L L I C A S H G N E A V L R N D D S M
AGL15-AT5G13790 - - M K Q T L S R Y - - - - - G N H Q S S S A S K A E E D - - - - - C A - - - - E V - - - - - D I L
ABS-AT5G23260 - - M P Q L I D R Y - - - - - L H T N G L R L P D H H D D - - - - - - - - - - Q E Q L H H E M E L L
AGL17-AT2G22630 - - V K S T I E R F - - - - - N T A K M E E Q E L M N - P - - - - - - A S E V K F W Q R - E A E T L
AGL21-AT4G37940 - - M K S V I D R Y - - - - - N K S K I E Q Q Q L L N - P - - - - - - A S E V K F W Q R - E A A V L
AGL16-AT3G57230 - - M K S V I E R Y - - - - - S D A K G E T S S E N D - P - - - - - - A S E I Q F W Q K - E A A I L
ANR1-AT2G14210 - - M K T I I E R Y - - - - - N R V K E E Q H Q L L N - H - - - - - - A S E I K F W Q R - E V A S L
SVP-AT2G22540 - - M K E V L E R H - - - - - N L Q S K N L E K L - D Q P - - - - - - S L E L Q L V E N S D H A R M
AGL24-AT4G24540 - - M R D I L G R Y - - - - - S L H A S N I N K L M D P P - - - - - - S T H L R L - E N C N L S R L
AGL14-AT4G11880 - - I P K T V E R Y - - - - - Q K R I Q D - - L G S N H K - - - - - - R N D N S Q Q S K D E T Y G L
AGL19-AT4G22950 - - I A A T I E R Y - - - - - Q R R I K E - - I G N N H K - - - - - - R N D N S Q Q A R D E T S G L
SOC1-AT2G45660 - - M Q D T I D R Y - - - - - L R H T K D - R V S T K P V - - - - - - S E E N M Q H L K Y E A A N M
AGL42-AT5G62165 - - M Q K T I E R Y - - - - - R K Y T K D - H E T S N H D - - - - - - S Q I H L Q Q L K Q E A S H M
AGL71-AT5G51870 - - M E K I I D R Y - - - - - G K F S N A F Y V A E R P Q - - - - - - V E R Y L Q E L K M E I D R M
AGL72-AT5G51860 - - I R N T I K R Y - - - - - A E Y K R E Y F V A E T H P - - - - - - I E Q Y V Q G L K K E M V T M
CMADS2-Ceric_33 - - M K S V L E R Y - - - - - Y K A Q G D A E S A D N - - - - - - - - V S S A E - - - N I E I D R I
CMADS3-_Ceric_1 - - M E T V L G R Y - - - - - V K A S R D P E A G D N - - - - - - - - G S S T D - - - N V E A D R L
CrMADS_I-Ceric_ - - M E T V L E K Y - - - - - V K A S G D P G A G D N - - - - - - - - G S S T D - - - N L D T D R L
CRM2-Ceric_16G0 - - M P S V L K R Y - - - - - L K A Q T D A K S A D N - - - - - - - - G S S I K - - - N L E V D R L
CrMADS_X-Ceric_ - - M E T V L K R Y - - - - - M K A N G D P K A G D N - - - - - - - - G S S T D - - - N V E A D H L
CrMADS_AJ-Ceric - - M D S I L K R Y - - - - - M D S Q K Y L G I S E E - - - - - - - - G N S S P R L L N G D K D W V
CMADS4-Ceric_12 - - M E S I L K R Y - - - - - M D S Q K Y L G I S E E - - - - - - - - E N S S A R L L N G D K H W V
AGL6-AT1G77950 - - I E D V L A R Y I N L P D Q E R E N A I V F P D Q S K R Q - - - - G I Q N K E Y L L R T L E K L
CrMADS_G-Ceric_ - - M Q E I I R A Y F - - - - A A G S S G S T L R T Q S K - - - - - - - - - - - - - L E A E L S K L
CMADS6-Ceric_15 - - M R E I I Q A Y V - - - D A H E D S S S L L Q L R S E E A - - - - C V - - S Q D L R A E L T E L
AP3-AT3G54340 - - T K E I V D L Y - - - - - Q T I S D V D V W A T Q Y E R - - - - - - - - - - - - M Q E T K R K L
_PI-AT5G20240 - - L G A M L D Q Y - - - - - Q K L S G K K L W D A K H E N - - - - - - - - - - - - L S N E I D R I
AGL12-AT1G71692 - - M E G M I D K Y - - - - - M K C T G G G R G S S S A T F T A Q E Q L Q P P N L D P K D E I N V L
CrMADS_AG-Ceric - - F E D I I Q R Y - - - - - M N Y K V G - - - - - K D I F - G Q P K - E P T N N D W F Q G G K S I
AGL63-AT1G31140 - - M E N L I M R Y - - - - - Q K E K E G - Q T T A E H S F H S D Q - - - - - C S D C V K T K E S M
MAF2-AT5G65050 - - M S K I I D R Y - - - - - E I H H A D E L E A L D - - - - - - - - - - - - - - - L A E K T R N Y
MAF3-AT5G65060 - - M S K I I D R Y - - - - - E I H H A D E L K A L D - - - - - - - - - - - - - - - L A E K I R N Y
MAF1-AT1G77080 - - I S K I I D R Y - - - - - E I Q H A D E L R A L D - - - - - - - - - - - - - - - L E E K I Q N Y
MAF5-AT5G65080 - - M A K I I S R F - - - - - K I Q Q A D D P E T L D - - - - - - - - - - - - - - - L E D K T Q D Y
MAF4-AT5G65070 D F M A K I L S R Y - - - - - E L E Q A D D L K T L D - - - - - - - - - - - - - - - L E E K T L N Y
FLC-AT5G10140 - - L V K I L D R Y - - - - - G K Q H A D D L K A L D - - - - - - - - - - - - - - - H Q S K A L N Y
CrMADS_AI-Ceric - - V E R L L K R F - - - - - V G P Q Q V S R G I G R - - - - - - - - G G T S R G P S D G I E D R L
Consistency 0 0 7 4 5 6 8 5 8 9 0 0 0 0 0 4 4 3 4 3 4 3 3 3 3 2 4 1 1 0 0 0 0 0 0 2 2 2 2 2 1 1 2 4 3 6 3 3 4 7

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
AG-AT4G18960_1 R Q Q I I S I Q N S N - R Q L M G E - - T I G S M S P K E L R N L E G R L E R S I T R I R S K K N E
SHP1-AT3G58780 R R Q I R D I Q N S N - R H I V G E - - S L G S L N F K E L K N L E G R L E K G I S R V R S K K N E
SHP2-AT2G42830 R R Q I R D I Q N L N - R H I L G E - - S L G S L N F K E L K N L E S R L E K G I S R V R S K K H E
STK-AT4G09960 R Q Q I Q T I Q N S N - R N L M G D - - S L S S L S V K E L K Q V E N R L E K A I S R I R S K K H E
CrMADS_M-Ceric_ K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S G L Y K I R G A K T Q
CrMADS_W-Ceric_ K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R G L S R I R S A K A D
CrMADS_S-Ceric_ R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I A L D K I R T R R N E
CrMADS_H-Ceric_ R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S A M N R I R S R R N E
CMADS1-Ceric_29 R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N A L N K I R I Q K V Q
M14-Ceric_37G05 A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S Q T H P Q R - - E M D
AP1-AT1G69120 K A K I E L L E R N Q - R H Y L G E - - D L Q A M S P K E L Q N L E Q Q L D T A L K H I R T R K N Q
CAL-AT1G26310 K A K I E L L E R N Q - R H Y L G E - - E L E P M S L K D L Q N L E Q Q L E T A L K H I R S R K N Q
FUL-AT5G60910 K A R V E V L E K N K - R N F M G E - - D L D S L S L K E L Q S L E H Q L D A A I K S I R S R K N Q
AGL79-AT3G30260 L R M I D V L Q R S L - R H L R G E - - E V D G L S I R D L Q G V E M Q L D T A L K K T R S R K N Q
SEP1-AT5G15800 K G R Y E N L Q R Q Q - R N L L G E - - D L G P L N S K E L E Q L E R Q L D G S L K Q V R S I K T Q
SEP2-AT3G02310 K G R Y E N L Q R Q Q - R N L L G E - - D L G P L N S K E L E Q L E R Q L D G S L K Q V R C I K T Q
SEP3-AT1G24260 K E R Y D A L Q R T Q - R N L L G E - - D L G P L S T K E L E S L E R Q L D S S L K Q I R A L R T Q
SEP4-AT2G03710 K S R V E I L Q H S Q - R H L L G E - - E L S E M D V N E L E H L E R Q V D A S L R Q I R S T K A R
AGL13-AT3G61120 K C K Y E S L L R T H - R N L V G E - - D L E G M S I K E L Q T L E R Q L E G A L S A T R K Q K T Q
AGL18-AT3G57390 K G E L E R L Q L A I - E R L K G K - - E L E G M S F P D L I S L E N Q L N E S L H S V K D Q K T Q
AGL15-AT5G13790 K D Q L S K L Q E K H - L Q L Q G K - - G L N P L T F K E L Q S L E Q Q L Y H A L I T V R E R K E R
ABS-AT5G23260 R R E T C N L E L R L - R P F H G H - - D L A S I P P N E L D G L E R Q L E H S V L K V R E R K N E
AGL17-AT2G22630 R Q E L H S L Q E N Y - R Q L T G V - - E L N G L S V K E L Q N I E S Q L E M S L R G I R M K R E Q
AGL21-AT4G37940 R Q E L H A L Q E N H - R Q M M G E - - Q L N G L S V N E L N S L E N Q I E I S L R G I R M R K E Q
AGL16-AT3G57230 K R Q L H N L Q E N H - R Q M M G E - - E L S G L S V E A L Q N L E N Q L E L S L R G V R M K K D Q
ANR1-AT2G14210 Q Q Q L Q Y L Q E C H - R K L V G E - - E L S G M N A N D L Q N L E D Q L V T S L K G V R L K K D Q

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 6

MAF4-AT5G65070 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C E S S
FLC-AT5G10140 - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S V L C D A S
CrMADS_AI-Ceric - - - - - - - - M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 7 3 8 5 8 8 6 8 8 8 9 8 9 5 6 6 9 9 9 9 9 7 9 9 9 5 9 9 7 8 9 9 4 8 9 9 8 9 9 8 8 6

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SHP1-AT3G58780 V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K K K K N L W I Y S S H V - - - - - -
SHP2-AT2G42830 V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
STK-AT4G09960 V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP1-AT1G69120 V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
CAL-AT1G26310 V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
FUL-AT5G60910 V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
AGL79-AT3G30260 V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP1-AT5G15800 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP2-AT3G02310 V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP3-AT1G24260 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP4-AT2G03710 I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - - - - - - - - - - - - S G - - - - - -
AGL13-AT3G61120 V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
AGL18-AT3G57390 V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - V C - - - - - -
AGL15-AT5G13790 V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - - - - - - - - - - - - T G - - - - - -
ABS-AT5G23260 I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - - - - - - - - - - - - N R - - - - - -
AGL17-AT2G22630 V C L I I F S N T D K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL21-AT4G37940 V G L I I F S S T G K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL16-AT3G57230 V G V I I F S S T G R L Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
ANR1-AT2G14210 V G V I I F S S T G K L Y D Y A S N - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SVP-AT2G22540 V A L I I F S S T G K L F E F C S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL24-AT4G24540 V A L I I F S A T G K L F E F S S - - - - - - - - - - - - - - - - - - - - - - - - - S R - - - - - -
AGL14-AT4G11880 V A L I I F S P R G K L Y E F S S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL19-AT4G22950 V A L V I F S P R S K L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SOC1-AT2G45660 V S L I I F S P K G K L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
AGL42-AT5G62165 L S L I I F S Q R G R L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
AGL71-AT5G51870 V A A I V F S Q S G R L H E Y - S S - - - - - - - - - - - - - - - - - - - - - - - - S Q - - - - - -
AGL72-AT5G51860 V A A M I F S Q K G R L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
AGL6-AT1G77950 L A L L M F S P S D R L C L F - S G Q - - - - - - - - - - - - - - - - - - - - - - - T R - - - - - -
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R D - - - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R S - - - - - -
AP3-AT3G54340 V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - - - - - - - - - - - - T T - - - - - -
_PI-AT5G20240 V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - - - - - - - - - - - - M D - - - - - -
AGL12-AT1G71692 I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - - - - - - - - - - - T - - - - - - - -
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A - - - - - - - - - - - - - - - - - - - - - - T R S - - - - - -
AGL63-AT1G31140 L G L I I F S H S N R L Y D F C S N S - - - - - - - - - - - - - - - - - - - - - - T - S - - - - - -
MAF2-AT5G65050 I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E I N L G P L S I F L L N S N E T P V
FLC-AT5G10140 V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 9 7 7 8 8 8 9 5 5 8 8 9 6 7 7 3 7 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 - - V K G T I E R Y - - - - - K K A I S D N S N T G S V - - - - - - - A E I N A Q Y Y Q Q E S A K L
SHP1-AT3G58780 - - V R G T I E R Y - - - - - K K A C S D A V N P P S V - - - - - - - T E A N T Q Y Y Q Q E A S K L
SHP2-AT2G42830 - - V R G T I E R Y - - - - - K K A C S D A V N P P T I - - - - - - - T E A N T Q Y Y Q Q E A S K L
STK-AT4G09960 - - I R S T I E R Y - - - - - K K A C S D S T N T S T V - - - - - - - Q E I N A A Y Y Q Q E S A K L
CrMADS_M-Ceric_ - - I K K I L E R Y - - - - - K R C S G I L Q D V G G T - - - - - - - V I R D V E Y W K Q E A E R L
CrMADS_W-Ceric_ - - I R K I L E R Y - - - - - K S K S R I A S A G A A S - - - - - - - V P T D C E - - - - - - - - -
CrMADS_S-Ceric_ - - M D K I I R R Y - - - - - E D L Q - - S Q S A S R A - - - - - - - L L H Q R E Y W K N Q A L H L
CrMADS_H-Ceric_ - - M S K V I K R Y - - - - - E D L Q - - P H S A H R V - - - - - - - L S Q E R E F W K N Q A L H L
CMADS1-Ceric_29 - - M Q K V L E R Y - - - - - Q E H S N G A P S R - K V - - - - - - - L L Q D V E F W K R E V L F L
M14-Ceric_37G05 - - Y S R T L C H V - - - - - S D M Q G T A P E A - D - - - - - - - - - - H S G E - Q Q A M P Q F R

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 5

CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP3-AT3G54340 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - C A G F A G Q F E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
AG-AT4G18960_1 - - - - - - - - G - R G K I E I K R I E N T T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
SHP1-AT3G58780 - - - - - - - - G - R G K I E I K R I E N T T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
SHP2-AT2G42830 - - - - - - - - G - R G K I E I K R I E N T T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
STK-AT4G09960 - - - - - - - - G - R G K I E I K R I E N S T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
CrMADS_M-Ceric_ S L L P S T G T S - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ - - - P F S T S S - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - P - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - P - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
AP1-AT1G69120 - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R R A G L L K K A H E I S V L C D A E
CAL-AT1G26310 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F S K R R T G L L K K A Q E I S V L C D A E
FUL-AT5G60910 - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R R S G L L K K A H E I S V L C D A E
AGL79-AT3G30260 - - - - - - - - M G R G R V Q L R R I E N K I R R Q V T F S K R R T G L V K K A Q E I S V L C D A E
SEP1-AT5G15800 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
SEP2-AT3G02310 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
SEP3-AT1G24260 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
SEP4-AT2G03710 - - - - - - - - M G R G K V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
AGL13-AT3G61120 - - - - - - - - M G R G K V E V K R I E N K I T R Q V T F S K R K S G L L K K A Y E L S V L C D A E
AGL18-AT3G57390 - - - - - - - - M G R G R I E I K K I E N I N S R Q V T F S K R R N G L I K K A K E L S I L C D A E
AGL15-AT5G13790 - - - - - - - - M G R G K I E I K R I E N A N S R Q V T F S K R R S G L L K K A R E L S V L C D A E
ABS-AT5G23260 - - - - - - - - M G R G K I E I K K I E N Q T A R Q V T F S K R R T G L I K K T R E L S I L C D A H
AGL17-AT2G22630 - - - - - - - - M G R G K I V I Q K I D D S T S R Q V T F S K R R K G L I K K A K E L A I L C D A E
AGL21-AT4G37940 - - - - - - - - M G R G K I V I Q R I D D S T S R Q V T F S K R R K G L I K K A K E L A I L C D A E
AGL16-AT3G57230 - - - - - - - - M G R G K I A I K R I N N S T S R Q V T F S K R R N G L L K K A K E L A I L C D A E
ANR1-AT2G14210 - - - - - - - - M G R G K I V I R R I D N S T S R Q V T F S K R R S G L L K K A K E L S I L C D A E
SVP-AT2G22540 - - - - - - - - M A R E K I Q I R K I D N A T A R Q V T F S K R R R G L F K K A E E L S V L C D A D
AGL24-AT4G24540 - - - - - - - - M A R E K I R I K K I D N I T A R Q V T F S K R R R G I F K K A D E L S V L C D A D
AGL14-AT4G11880 - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R R N G L L K K A F E L S V L C D A E
AGL19-AT4G22950 - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R R N G L L K K A F E L S V L C D A E
SOC1-AT2G45660 - - - - - - - - M V R G K T Q M K R I E N A T S R Q V T F S K R R N G L L K K A F E L S V L C D A E
AGL42-AT5G62165 - - - - - - - - M V R G K I E M K K I E N A T S R Q V T F S K R R N G L L K K A Y E L S V L C D A Q
AGL71-AT5G51870 - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R R S G L F K K A H E L S V L C D A Q
AGL72-AT5G51860 - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R R S G L F K K A H E L S V L C D A Q
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
AGL6-AT1G77950 - - - - - - - - M G R V K L E L K R I E K S T N R Q I T F S K R K K G L I K K A Y E L S T L C D I D
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
AP3-AT3G54340 - - - - - - - - M A R G K I Q I K R I E N Q T N R Q V T Y S K R R N G L F K K A H E L T V L C D A R
_PI-AT5G20240 - - - - - - - - M G R G K I E I K R I E N A N N R V V T F S K R R N G L V K K A K E I T V L C D A K
AGL12-AT1G71692 - - - - - - - - M A R G K I Q L K R I E N P V H R Q V T F C K R R T G L L K K A K E L S V L C D A E
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
AGL63-AT1G31140 - - - - - - - - M R K G K R V I K K I E E K I K R Q V T F A K R K K S L I K K A Y E L S V L C D V H
MAF2-AT5G65050 - - - - - - - - M G R K K V E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S I L C E S S
MAF3-AT5G65060 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F S K R R K G L I E K A R Q L S I L C E S S
MAF1-AT1G77080 - - - - - - - - M G R R K I E I K R I E N K S S R Q V T F S K R R N G L I D K A R Q L S I L C E S S
MAF5-AT5G65080 - M C R K S E A M G R R R V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C G S S

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 4

MAF4-AT5G65070 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C E S S
FLC-AT5G10140 - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S V L C D A S
CrMADS_AI-Ceric - - - - - - - - M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 7 3 8 5 8 8 6 8 8 8 9 8 9 5 6 6 9 9 9 9 9 7 9 9 9 5 9 9 7 8 9 9 4 8 9 9 8 9 9 8 8 6

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SHP1-AT3G58780 V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K K K K N L W I Y S S H V - - - - - -
SHP2-AT2G42830 V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
STK-AT4G09960 V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP1-AT1G69120 V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
CAL-AT1G26310 V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
FUL-AT5G60910 V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
AGL79-AT3G30260 V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP1-AT5G15800 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP2-AT3G02310 V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP3-AT1G24260 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP4-AT2G03710 I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - - - - - - - - - - - - S G - - - - - -
AGL13-AT3G61120 V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
AGL18-AT3G57390 V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - V C - - - - - -
AGL15-AT5G13790 V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - - - - - - - - - - - - T G - - - - - -
ABS-AT5G23260 I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - - - - - - - - - - - - N R - - - - - -
AGL17-AT2G22630 V C L I I F S N T D K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL21-AT4G37940 V G L I I F S S T G K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL16-AT3G57230 V G V I I F S S T G R L Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
ANR1-AT2G14210 V G V I I F S S T G K L Y D Y A S N - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SVP-AT2G22540 V A L I I F S S T G K L F E F C S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL24-AT4G24540 V A L I I F S A T G K L F E F S S - - - - - - - - - - - - - - - - - - - - - - - - - S R - - - - - -
AGL14-AT4G11880 V A L I I F S P R G K L Y E F S S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL19-AT4G22950 V A L V I F S P R S K L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SOC1-AT2G45660 V S L I I F S P K G K L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
AGL42-AT5G62165 L S L I I F S Q R G R L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
AGL71-AT5G51870 V A A I V F S Q S G R L H E Y - S S - - - - - - - - - - - - - - - - - - - - - - - - S Q - - - - - -
AGL72-AT5G51860 V A A M I F S Q K G R L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
AGL6-AT1G77950 L A L L M F S P S D R L C L F - S G Q - - - - - - - - - - - - - - - - - - - - - - - T R - - - - - -
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R D - - - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R S - - - - - -
AP3-AT3G54340 V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - - - - - - - - - - - - T T - - - - - -
_PI-AT5G20240 V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - - - - - - - - - - - - M D - - - - - -
AGL12-AT1G71692 I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - - - - - - - - - - - T - - - - - - - -
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A - - - - - - - - - - - - - - - - - - - - - - T R S - - - - - -
AGL63-AT1G31140 L G L I I F S H S N R L Y D F C S N S - - - - - - - - - - - - - - - - - - - - - - T - S - - - - - -
MAF2-AT5G65050 I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E I N L G P L S I F L L N S N E T P V
FLC-AT5G10140 V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 9 7 7 8 8 8 9 5 5 8 8 9 6 7 7 3 7 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 - - V K G T I E R Y - - - - - K K A I S D N S N T G S V - - - - - - - A E I N A Q Y Y Q Q E S A K L
SHP1-AT3G58780 - - V R G T I E R Y - - - - - K K A C S D A V N P P S V - - - - - - - T E A N T Q Y Y Q Q E A S K L
SHP2-AT2G42830 - - V R G T I E R Y - - - - - K K A C S D A V N P P T I - - - - - - - T E A N T Q Y Y Q Q E A S K L
STK-AT4G09960 - - I R S T I E R Y - - - - - K K A C S D S T N T S T V - - - - - - - Q E I N A A Y Y Q Q E S A K L
CrMADS_M-Ceric_ - - I K K I L E R Y - - - - - K R C S G I L Q D V G G T - - - - - - - V I R D V E Y W K Q E A E R L
CrMADS_W-Ceric_ - - I R K I L E R Y - - - - - K S K S R I A S A G A A S - - - - - - - V P T D C E - - - - - - - - -
CrMADS_S-Ceric_ - - M D K I I R R Y - - - - - E D L Q - - S Q S A S R A - - - - - - - L L H Q R E Y W K N Q A L H L
CrMADS_H-Ceric_ - - M S K V I K R Y - - - - - E D L Q - - P H S A H R V - - - - - - - L S Q E R E F W K N Q A L H L
CMADS1-Ceric_29 - - M Q K V L E R Y - - - - - Q E H S N G A P S R - K V - - - - - - - L L Q D V E F W K R E V L F L
M14-Ceric_37G05 - - Y S R T L C H V - - - - - S D M Q G T A P E A - D - - - - - - - - - - H S G E - Q Q A M P Q F R
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Results colour-coded for amino acid conservation 5

SVP-AT2G22540 S K E I A D K S H R L - R Q M R G E - - E L Q G L D I E E L Q Q L E K A L E T G L T R V I E T K S D
AGL24-AT4G24540 S K E V E D K T K Q L - R K L R G E - - D L D G L N L E E L Q R L E K L L E S G L S R V S E K K G E
AGL14-AT4G11880 A R K I E H L E I S T - R K M M G E - - G L D A S S I E E L Q Q L E N Q L D R S L M K I R A K K Y Q
AGL19-AT4G22950 T K K I E Q L E I S K - R K L L G E - - G I D A C S I E E L Q Q L E N Q L D R S L S R I R A K K Y Q
SOC1-AT2G45660 M K K I E Q L E A S K - R K L L G E - - G I G T C S I E E L Q Q I E Q Q L E K S V K C I R A R K T Q
AGL42-AT5G62165 I T K I E L L E F H K - R K L L G Q - - G I A S C S L E E L Q E I D S Q L Q R S L G K V R E R K A Q
AGL71-AT5G51870 V K K I D L L E V H H - R K L L G Q - - G L D S C S V T E L Q E I D T Q I E K S L R I V R S R K A E
AGL72-AT5G51860 V K K I E V L E V H N - R K M M G Q - - S L D S C S V K E L S E I A T Q I E K S L H M V R L R K A K
CMADS2-Ceric_33 T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E S L G R I R A K K E E
CMADS3-_Ceric_1 T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H - S L G H I R A K K D E
CrMADS_I-Ceric_ T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E S L G R I R A K K D E
CRM2-Ceric_16G0 T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R R L G R I R A K K E E
CrMADS_X-Ceric_ T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E N L G R I R A K K D E
CrMADS_AJ-Ceric T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y N L G R I R A K K D Q
CMADS4-Ceric_12 T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y N L G R I R A K K D Q
AGL6-AT1G77950 K I E D D M A L Q I N E P R P E A T N S N V E E L - E Q E V C R L Q Q Q L Q I S E E E L R K F E P D
CrMADS_G-Ceric_ K E E A N - I L K N D K R I R R G D V H A L E A L S E E E L G S L E T E V E A K L V K I R S L Q K Q
CMADS6-Ceric_15 R K E V E - S L R Q E K R R K D G D I H D L K L L S A D E L D S L E G E V E T S L C S I R K R Q K Q
AP3-AT3G54340 L E T N R - N L R T Q I K Q R L G E - - C L D E L D I Q E L R R L E D E M E N T F K L V R E R K F K
_PI-AT5G20240 K K E N D - S L Q L E L R H L K G E - - D I Q S L N L K N L M A V E H A I E H G L D K V R D H Q M E
AGL12-AT1G71692 K Q E I E M L Q K G I - S Y M F G G - - G D G A M N L E E L L L L E K H L E Y W I S Q I R S A K M D
CrMADS_AG-Ceric T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I Y L G R V R E Q K D K
AGL63-AT1G31140 M R E I E N L K L N L - Q L Y D G H - - G L N L L T Y D E L L S F E L H L E S S L Q H A R A R K S E
MAF2-AT5G65050 L P L K E L L E I V Q - S K L E E S - - N V D N A S V D T L I S L E E Q L E T A L S V T R A R K T E
MAF3-AT5G65060 L P H K E L L E I V Q - S K L E E S - - N V D N V S V D S L I S M E E Q L E T A L S V I R A K K T E
MAF1-AT1G77080 L P H K E L L E T V Q - S K L E E P - - N V D N V S V D S L I S L E E Q L E T A L S V S R A R K A E
MAF5-AT5G65080 L S H K E L L E I V Q - R K I E E A - - K G D N V S I E S L I S M E E Q L K S A L S V I R A R K T E
MAF4-AT5G65070 L S H K E L L E T I Q - C K I E E A - - K S D N V S I D C L K S L E E Q L K T A L S V T R A R K T E
FLC-AT5G10140 G S H Y E L L E L V D - S K L V G S - - N V K N V S I D A L V Q L E E H L E T A L S V T R A K K T E
CrMADS_AI-Ceric P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D V L R Q V R A K K E E
Consistency 4 3 4 4 5 3 7 5 3 3 4 0 6 4 6 4 7 5 0 0 5 7 4 4 7 6 5 5 6 9 4 4 8 9 4 7 8 6 3 5 8 4 4 7 9 5 5 8 4 7

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
AG-AT4G18960_1 L L F S E I D Y M Q K R - - E V D L H N D N Q I L R A K I A E N E - - - - - - - - R N N P - - - S I
SHP1-AT3G58780 L L V A E I E Y M Q K R - - E M E L Q H N N M Y L R A K I A E G A - - - - - - - - R L N P D Q Q E S
SHP2-AT2G42830 M L V A E I E Y M Q K R V K E I E L Q N D N M Y L R S K I T E - - - - - - - - - - R T G L Q Q Q E S
STK-AT4G09960 L L L V E I E N A Q K R - - E I E L D N E N I Y L R T K V A E V E - - - - - - - - R Y - - Q Q H H H
CrMADS_M-Ceric_ L M V R Q V Q E L Q K K - - E Q I L L Q Q N E A L R A K L A E L S - - - - - - - C L Q A P V S G L T
CrMADS_W-Ceric_ L M M E R A Q E L R A K - - E K S L Q C E N Q A L M W K V T - - - - - - - - - - - V A A P K V V I P
CrMADS_S-Ceric_ L L A M Q T Q N I I S K - - G N G L W I E N T L L R K K I E Q - - - - - - - - - - V Q Y D G E N A M
CrMADS_H-Ceric_ L L T M Q A R D I I S K - - G N D L W A E N N M L K R K L E E L - - - - - - - - - L Q T S S E N P A
CMADS1-Ceric_29 V L H G E M Q Q I Y K Q - - E A R L F E E N N I L R K K L A E A T - - I I N - - G M R G S M S T M T
M14-Ceric_37G05 V N A G T C V S S S S D - - W Q S A F - - H S V H P S S I A P A T S P L L N P I S L R Q H A A S M G
AP1-AT1G69120 L M Y E S I N E L Q K K - - E K A I Q E Q N S M L S K Q I K E - - - - R E K I L R A Q Q E Q W D Q Q
CAL-AT1G26310 L M N E S L N H L Q R K - - E K E I Q E E N S M L T K Q I K E - - - - R E N I L R T K Q T Q C E Q L
FUL-AT5G60910 A M F E S I S A L Q K K - - D K A L Q D H N N S L L K K I K E - - - - R E K K T G Q Q E G Q L V Q C
AGL79-AT3G30260 L M V E S I A Q L Q K K - - E K E L K E L K K Q L T K K A G E - - - - R E D F - - - - - - Q T Q N L
SEP1-AT5G15800 Y M L D Q L S D L Q N K - - E Q M L L E T N R A L A M K L D D - - - - M I G V R S H H M G G G G G W
SEP2-AT3G02310 Y M L D Q L S D L Q G K - - E H I L L D A N R A L S M K L E D - - - - M I G V R H H H I - - G G G W
SEP3-AT1G24260 F M L D Q L N D L Q S K - - E R M L T E T N K T L R L R L A D - - - - - - G Y Q M - P L Q L N P N Q
SEP4-AT2G03710 S M L D Q L S D L K T K - - E E M L L E T N R D L R R K L E D - - - - S D A A L T Q S F W G S S A A
AGL13-AT3G61120 V M M E Q M E E L R R K - - E R E L G D I N N K L K L E T E D - - - - H D F K G F Q D L L L N P V L
AGL18-AT3G57390 I L L N Q I E R S R I Q - - E K K A L E E N Q I L R K Q V E M - - L - G R G S G P K V L N E R P Q D
AGL15-AT5G13790 L L T N Q L E E S R L K - - E Q R A E L E N E T L R R Q V Q E - - L - - R S F L P S F T H Y V P S Y
ABS-AT5G23260 L M Q Q Q L E N L S R K - - R R M L E E D N N N M Y R W L H E H R A - A M E F Q Q A G I D T K P G E
AGL17-AT2G22630 I L T N E I K E L T R K - - R N L V H H E N L E L S R K V Q R - - - - - - - I H Q E N V E L Y K K -
AGL21-AT4G37940 L L T Q E I Q E L S Q K - - R N L I H Q E N L D L S R K V Q R - - - - - - - I H Q E N V E L Y K K -
AGL16-AT3G57230 M L I E E I Q V L N R E - - G N L V H Q E N L D L H K K V N L - - - - - - - M H Q Q N M E L H E K V
ANR1-AT2G14210 L M T N E I R E L N R K - - G Q I I Q K E N H E L Q N I V D I - - - - - - - M R K E N I K L Q K K V
SVP-AT2G22540 K I M S E I S E L Q K K - - G M Q L M D E N K R L R Q Q G T Q - - - - - - - L T E E N E R L G M Q I
AGL24-AT4G24540 C V M S Q I F S L E K R - - G S E L V D E N K R L R - - - - - - - - - - - - - - D K L E T L - - - -
AGL14-AT4G11880 L L R E E T E K L K E K - - E R N L I A E N K M L - - - - - M - - - - - E K C E M Q G R G I I G R I
AGL19-AT4G22950 L L R E E I E K L K A E - - E R N L V K E N K D L - - - - - K - - - - - E K W L G M G T A T I A S S
SOC1-AT2G45660 V F K E Q I E Q L K Q K - - E K A L A A E N E K L - - - - - S - - - - - E K W G S H E S E V W S N K
AGL42-AT5G62165 L F K E Q L E K L K A K - - E K Q L L E E N V K L - - - - - H - - - - - Q K - - - N V I N P W R G S
AGL71-AT5G51870 L Y A D Q L K K L K E K - - E R E L L N E R K R L L E E Q N R - - - - - E R L M R P V V P A T L Q I
AGL72-AT5G51860 L Y E D E L Q K L K A K - - E R E L K D E R V R L - - - - - - - - - - - - S L K K T I Y T H L C Q V
CMADS2-Ceric_33 M I L D Q L E D F K K K - - V - - - - - - - - - - - - T D A R - - - - - - K T T N A N S S L L D K L
CMADS3-_Ceric_1 L I L E Q I D E F K Q K - - I L G L L H V C T W M L M A D T R - - - - - - R T T N A N T S M L D R L
CrMADS_I-Ceric_ L I L D Q I D D F N Q K - - V - - - - - - - - - - - - A D T R - - - - - - R T M N A S M S M L D R L
CRM2-Ceric_16G0 M I L D K L E D L K R E - - V - - - - - - - - - - - - A D S L - - - - - - R T T K T N S S L L D K V
CrMADS_X-Ceric_ L M L E R N N D L M Q K - - M - - - - - - - - - - - - A D T R - - - - - - R R T N V N T S M L N R L
CrMADS_AJ-Ceric L F L R E I E S C C N K - - E L - - - - - - - - M H K A H K L - - - - - - K G Q V M D E N A A E K V
CMADS4-Ceric_12 L I L R E I E S Y S N K - - E L - - - - - - - - M H K A H K R - - - - - - K E Q V M N E K A A R K V
AGL6-AT1G77950 P M R L T S M E E I - E A C E A N L I N T L T R V V Q R - - - - - - - - - - - - - R E H L L R K S C

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 7

CrMADS_G-Ceric_ I R E L Q F R E Q L K K V R E R E R E R E R E M I P D R P S V - - - - - - - - - - Q E E D L Q R Q N
CMADS6-Ceric_15 L - - - - Y R E - - - K M N E T F R - - - - - - - - - - - - - - - - - - - - - - - K E E E L R K E N
AP3-AT3G54340 S L - G N Q I E T T K K K N K S Q Q D I Q K N L I - - - - - - - - - - - - - - - - H E L E L R A E D
_PI-AT5G20240 I L - I S K R R N E K M M A E E Q R Q L T F Q L - - - - - - - - - - - - - - - - - Q Q Q E M A I A S
AGL12-AT1G71692 V M L Q E I Q S L - - R N K E G V L K N T N K Y L L E K I E E - - - - - - - - N N N S I - - L D A N
CrMADS_AG-Ceric M L M D V L E E L - - N S I E R K I Q S Q N K D I K E Q V L Q - - - - - - - - T Q K T V H E V K A R
AGL63-AT1G31140 F M H Q Q Q Q Q Q T D Q K L K G K E K G Q G S S W E Q L M W Q - - - - - - - - A E R Q M M T C Q R Q
MAF2-AT5G65050 L M M G E V K S L Q K T - - E N L L R E E N Q T L A S Q - - - - - - - - - - - - - - - V G K - K T F
MAF3-AT5G65060 L M M E D M K S L Q E R - - E K L L I E E N Q I L A S Q - - - - - - - - - - - - - - - V G K - K T F
MAF1-AT1G77080 L M M E Y I E S L K E K - - E K L L R E E N Q V L A S Q - - - - - - - - - - - - - - - M G K - N T L
MAF5-AT5G65080 L L M E L V K N L Q D K - - E K L L K E K N K V L A S E - - - - - - - - - - - - - - - V G K L K K I
MAF4-AT5G65070 L M M E L V K T H Q E K - - E K L L R E E N Q S L T N Q L - - - - - - - - - - - - I K M G K M K K S
FLC-AT5G10140 L M L K L V E N L K E K - - E K M L K E E N Q V L A S Q M - - - - - - - - - - - - - - - - E N N H H
CrMADS_AI-Ceric L L L R E I E T C A K K - - A D Q L M D D V R E S R R K G Q E R K L - - - - - - - - - - - - - - - -
Consistency 6 6 4 4 5 6 5 5 5 4 4 7 0 0 6 3 3 5 2 3 4 5 3 2 6 2 2 3 2 2 2 0 0 0 0 0 0 1 0 1 1 3 3 3 2 3 2 3 4 3

. . . . . . . . . 460 . . . . . . . . . 470 . . . . . . . . . 480 . . . . . . . . . 490 . . . . . . . . . 500
AG-AT4G18960_1 S L M P G G S N Y E Q L M P P P Q T Q S Q P F D S R N Y F Q V A A L Q P N N H - - - - - - - - - - -
SHP1-AT3G58780 S V I Q G T T V Y E S G V - S S H D Q S Q H Y - N R N Y I P V N L L E P N Q - - - - - - - - - - - -
SHP2-AT2G42830 S V I H Q G T V Y E S G V - T S S H Q S G Q Y - N R N Y I A V N L L E P N Q - - - - - - - - - - - -
STK-AT4G09960 Q M V S G S E I - - - - - - - - - N A I E A L A S R N Y F A H S I M T A G S G - - - - - - - - - - -
CrMADS_M-Ceric_ T A T T S Q D V Q E S S S G R G S R Q R E T S L S A A E T T L Q L G F T Q - - - - - - - - - - - - -
CrMADS_W-Ceric_ T A L H Q A D I - E S Q T A N I S Q N H E A E S N E A D T T L K L A C P R R L - - - - - - - - - - -
CrMADS_S-Ceric_ S S V T D G - M M G N D G G G C T - Y I Q - - - G V L D T T L K L G - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ V S I T D R - L S T S E I G N A T S S S K - - - D A P D T K L K L G I H L N A - - - - - - - - - - -
CMADS1-Ceric_29 M - - S H E D L P G S T N Q S Y G T K A L Q G G C P S N T S T T T S N D P N H - - - - - - - - - - -
M14-Ceric_37G05 M M L A H Q R H D Q Q S I M P F A S Q Q T Q V E - P A - A S R S M L N D V D - - - - - - - - - - - -
AP1-AT1G69120 N - - - - - - Q G - H N M P P P L P P Q Q H Q I Q H P Y M L S H Q P - S P F - - - - - - - - - - - -
CAL-AT1G26310 N - - - - - - R S V D D V P Q P - Q P F Q H - - P H L Y M I A H Q T - S P F - - - - - - - - - - - -
FUL-AT5G60910 S - - - - - - N S - S S V L L P - - - - Q - - - - - - Y C V T S S R - D G F - - - - - - - - - - - -
AGL79-AT3G30260 S - - - - - - H D L A S L A T P - - P F E S P H E L R R T I S P P P - P P L S S G - - - - - - - - -
SEP1-AT5G15800 E - - - - - G G - E Q N V T - - Y A H H Q A Q S Q G L Y Q P L E C N - P T L Q M G C C F G D D D D D
SEP2-AT3G02310 E - - - - - G G D Q Q N I A - - Y G H P Q A H S Q G L Y Q S L E C D - P T L Q I G - - - - - - - - -
SEP3-AT1G24260 E - - - - - E V D H Y G R H - - H H Q Q Q Q H S Q A F F Q P L E C E - P I L Q I G - - - - - - - - -
SEP4-AT2G03710 E Q Q Q Q H Q Q Q Q Q G M S S Y Q S N P P I Q E A G F F K P L Q G N - V A L Q M S - - - - - - - - -
AGL13-AT3G61120 T - - - - - - - - - A G C S T D F S L Q S T H - Q N Y I S D C N L G - Y F L Q I G - - - - - - - - -
AGL18-AT3G57390 S S P E A - D P E - S S S S E E D E N D N - E E H H S D T S L Q L G - L S S T G Y C T K - - - - - R
AGL15-AT5G13790 I K C F A I D P K - N A L I N H D S K C S L Q N T D S D T T L Q L G - L P G E A H D R R T N E G E R
ABS-AT5G23260 Y Q Q F I E Q L Q C Y K P G E Y Q Q F L E Q Q Q Q Q P N S V L Q L A T L P S E I - - - - - - - - - -
AGL17-AT2G22630 - - - - A Y G T S N T N G L G H H E L V D A V Y - - - E S H A Q V R L Q L S Q - - - - - - - - - - -
AGL21-AT4G37940 - - - - A Y - M A N T N G F T H R E V A V A D D - - - E S H T Q I R L Q L S Q - - - - - - - - - - -
AGL16-AT3G57230 S E V E G V K I A N K N S L L T N G L - D M R D - - - T S N E H V H L Q L S Q - - - - - - - - - - -
ANR1-AT2G14210 - - - - - - - H G R T N A I E G N S S V D P I S N G T T T Y A P P Q L Q L I Q - - - - - - - - - - -
SVP-AT2G22540 - - - - - C N N V H A H G G A E S E N A A V Y E E G Q S S E S I - T N A G N - - - - - - - - - - - -
AGL24-AT4G24540 - - - - - - - - - - - - - - - E R A K L T T L K E A L E T E S V T T N V S S Y - - - - - - - - - - -
AGL14-AT4G11880 S - - - - - - - S S - - S S T S E L D I D D N E M E V V T D L F I G P P - - - - - - - - - - - - - -
AGL19-AT4G22950 Q - - - - - - - S T - - L S S S E V N I D D N - M E V E T G L F I G P P - - - - - - - - - - - - - -
SOC1-AT2G45660 N - - - - - - - Q E - - S T G R G D E E S S P S S E V E T Q L F I G L P - - - - - - - - - - - - - -
AGL42-AT5G62165 S - - - - - - - T D - - Q Q Q E K Y K V I D L N L E V E T D L F I G L P - - - - - - - - - - - - - -
AGL71-AT5G51870 C - - - - - - - D K - - G N T E G G H R T K H S S E V E T D L F I G L P - - - - - - - - - - - - - -
AGL72-AT5G51860 G - - - - - - - E R P M G M P S G - - - S K E K E D V E T D L F I G F L - - - - - - - - - - - - - -
CMADS2-Ceric_33 L D F C S S D M T S S H N F V D C E P L - L I S E A P Q A D A S L A G R A A T - - - - - - - - - - -
CMADS3-_Ceric_1 V D F C S S G I T G S Q N I V E S E P G - Y V V G V P R T D T L R A G W I A T - - - - - - - - - - -
CrMADS_I-Ceric_ V D F C S S D I T G S Q E F V E S E A G - H V L R V P T T D A L R A A R I A S - - - - - - - - - - -
CRM2-Ceric_16G0 G G F S S S E M T S S H D I A N R I S L - V V P E A P Q A D A S L P G R V V R - - - - - - - - - - -
CrMADS_X-Ceric_ A D F C S S D I I G S R T F V E N E P A D H V V G V P R T D T S R A G R - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - D - C - - P R V S N P A A S E N - - - - - - - - - A D E E F S Q M D R Y A S - - - - - - - - - - -
CMADS4-Ceric_12 - D - C Q G P C V S N S T A L E N - - - - - - - - - A D E E F L Q M D R Y A S - - - - - - - - - - -
AGL6-AT1G77950 E A Q S N Q Q S M D G I L L N D I V E D W G P E P E P K Q A H M I A N S A H H - - - - - - - - - - -
CrMADS_G-Ceric_ E - R L R Q E I Q E - - L E H D S E Q F - - - - E L D E S L R A F S S Y F N V - - - - - - - - - - -
CMADS6-Ceric_15 E - K L R K Q V E E - - L Q C A R W E I C C A Q G F E A S A T S M C T S H G M - - - - - - - - - - -
AP3-AT3G54340 P - - - H Y G L V D N G G D Y D S V L G Y Q I E G S R A Y A L R F H Q N H H H - - - - - - - - - - -
_PI-AT5G20240 N - - - A R G M M M R - - D H D G Q F G Y R V Q P I Q - - - - - - - - - - - - - - - - - - - - - - -
AGL12-AT1G71692 F A - - V M E T - - - - - - - - - - N Y S Y P L T M P S E I F Q F - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric I A G S Y V H T R D F L G I S Q L R H Y Q Q D E N I R N E L L N H - - - - - - - - - - - - - - - - -
AGL63-AT1G31140 K D P A P A N E - - - - G G V P F L R W G T T H R R S S P P - - - - - - - - - - - - - - - - - - - -
MAF2-AT5G65050 L - - - - - - V I E G D R G - M S W E N G S G N K V R E T L P L L K - - - - - - - - - - - - - - - -
MAF3-AT5G65060 L - - - - - - V I E G D R G - M S R E N G S G N K V P E T L S L L K - - - - - - - - - - - - - - - -
MAF1-AT1G77080 L - - - - - - A T D D E R G - M F P G S S S G N K I P E T L P L L N - - - - - - - - - - - - - - - -
MAF5-AT5G65080 L - - - - - - E T G D E R A V M S P E N S S G H S P P E T L P L L K - - - - - - - - - - - - - - - -
MAF4-AT5G65070 V - - - - - - E A E D A R A - M S P E S S S D N K P P E T L L L L K - - - - - - - - - - - - - - - -
FLC-AT5G10140 V - - - - - - G A E A E M E - M S P A G Q I S D N L P V T L P L L N - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 2 0 0 0 1 1 1 2 2 2 2 2 2 2 2 2 3 2 3 2 3 2 2 2 3 2 3 3 4 3 3 3 4 3 1 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0
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Results colour-coded for amino acid conservation 8

. . . . . . . . . 510 . . . . . . . . . 520 . . . . . . . . . 530 . . . . . . . . .
AG-AT4G18960_1 - - - - - - - - H Y S - - S A G R Q D Q T A L Q L V - - - - - - - - - - - - -
SHP1-AT3G58780 - - - - - - - - - - Q - - F S G - Q D Q P P L Q L V - - - - - - - - - - - - -
SHP2-AT2G42830 - - - - - - - - - - N - - S S N - Q D Q P P L Q L V - - - - - - - - - - - - -
STK-AT4G09960 - - - - - - - - S G N G G S Y S D P D K K I L H L G - - - - - - - - - - - - -
CrMADS_M-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ - - - - - - - - F - - - - - K S T V D - G V D S - - - - - - - - - - - - - - -
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ - - - - - - - - W - - - - L T S T K D I S F S S - - - - - - - - - - - - - - -
CMADS1-Ceric_29 - - - - - - - - H S S H P P S H P S A S Q P L T L H L T S P C S P K L D L R L
M14-Ceric_37G05 - - - - - - - - - - S G A I Q M A D G Q N V L S L - A T S F G G S S Y N - - -
AP1-AT1G69120 - L - N M G G L Y Q E D D P M A M R R N D L E L T L E P V Y N C N L G C F A A
CAL-AT1G26310 - L - N M G G L Y Q E E D Q T A M R R N N L D L T L E P I Y N - Y L G C Y A A
FUL-AT5G60910 - V E R V G G - - E N G G A S S L T E P N - - - S L L P A W M L R P T T T N E
AGL79-AT3G30260 D T S Q R D G V G E V A A G T L I R R T N - - A T L - P H W M P Q L T G E - -
SEP1-AT5G15800 D R Y D N P V C S E Q I T A T T Q A Q A Q Q G N G Y I P G W M L - - - - - - -
SEP2-AT3G02310 - - Y S H P V C S E Q M A V T V Q G Q S Q Q G N G Y I P G W M L - - - - - - -
SEP3-AT1G24260 - - Y Q - - - - G Q Q - - - D G M G A G P S V N N Y M L G W L P Y D T N S I -
SEP4-AT2G03710 S H Y N H N P A N A T N S A T T - - - S Q N V N G F F P G W M V - - - - - - -
AGL13-AT3G61120 - F Q Q H Y E Q G E G S S V T K S N A R S D A - - - - - - - - - - E T N F V Q
AGL18-AT3G57390 K K P K I E L V C D N S G S Q V A - - S D - - - - - - - - - - - - - - - - - -
AGL15-AT5G13790 E S P S S D S V T T N T S S E T A E R G D Q S S L A N S P P E A K R Q R F S V
ABS-AT5G23260 - D P T Y N L - - - - - - - Q L A - - - - Q P N L Q N D - P T A Q N D - - - -
AGL17-AT2G22630 - - - - - - - - P E Q S H Y K T - - S S N S - - - - - - - - - - - - - - - - -
AGL21-AT4G37940 - - - - - - - - P E H S D Y D T P P R A N E - - - - - - - - - - - - - - - - -
AGL16-AT3G57230 - - - - - - - - P Q H - D H E T H S K A I Q L N - Y F S F I A - - - - - - - -
ANR1-AT2G14210 - - - - - - - - L Q P A P R E - - - K S I R L G L Q L S - - - - - - - - - - -
SVP-AT2G22540 - - - - - - - - S T G A P V D S E S S D T S L R L G L P Y G G - - - - - - - -
AGL24-AT4G24540 - - - - - - - - D S G T P L E - D D S D T S L K L G L P S W E - - - - - - - -
AGL14-AT4G11880 - - - - - - - - - E T R H F K K F P P S N - - - - - - - - - - - - - - - - - -
AGL19-AT4G22950 - - - - - - - - - E T R Q S K K F P P Q N - - - - - - - - - - - - - - - - - -
SOC1-AT2G45660 - - - - - - - - C S S R K - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL42-AT5G62165 - - - - - - - - - - N R N C - - - - - - - - - - - - - - - - - - - - - - - - -
AGL71-AT5G51870 - - - - - - - - - V T R L - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL72-AT5G51860 - - - - - - - - - K N R P - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS2-Ceric_33 - - - S E Q S T D V R E C S P P A K R L R I T E D L N H S P V C M E - - - - -
CMADS3-_Ceric_1 - - - S D Q S N D G P E Y V P C A K R F R I T E D L N E S P - A S E - - - - -
CrMADS_I-Ceric_ - - - S D Q S N D D P E Y V A S G R R F G I T E D L N E S P - A S E - - - - -
CRM2-Ceric_16G0 - - - G K Q V I - V V G C P P P V K P L K I T E D L N H S P L C M E - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - Y D A D V - T D Y C P S S V K K S T V V Q D L N R L P L E S A Q T L V E
CMADS4-Ceric_12 - - - Y D G D V - I D E C P S S V K K S M V L Q D L N R L P S E Y A Q T L V E
AGL6-AT1G77950 - - - - - - - S N Q P S Y D L L L R R S N S S S N Q N P K - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - N S E P S D S F L E L R L D N I C K Y - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - T S E R S D S F L D L R L N - - - - - - - - - - - - - - - - - -
AP3-AT3G54340 - - - - - - - - Y Y P N H G L H A P S A S D I I T F H L L E - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - P N - - L Q E K I M S L V I D - - - - - - - - - - - - - -
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 1 2 1 1 1 1 1 1 1 1 1 1 1 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Results colour-coded for amino acid conservation 9

MAF4-AT5G65070 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C E S S
FLC-AT5G10140 - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S V L C D A S
CrMADS_AI-Ceric - - - - - - - - M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 7 3 8 5 8 8 6 8 8 8 9 8 9 5 6 6 9 9 9 9 9 7 9 9 9 5 9 9 7 8 9 9 4 8 9 9 8 9 9 8 8 6

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SHP1-AT3G58780 V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K K K K N L W I Y S S H V - - - - - -
SHP2-AT2G42830 V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
STK-AT4G09960 V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP1-AT1G69120 V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
CAL-AT1G26310 V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
FUL-AT5G60910 V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
AGL79-AT3G30260 V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP1-AT5G15800 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP2-AT3G02310 V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP3-AT1G24260 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP4-AT2G03710 I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - - - - - - - - - - - - S G - - - - - -
AGL13-AT3G61120 V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
AGL18-AT3G57390 V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - V C - - - - - -
AGL15-AT5G13790 V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - - - - - - - - - - - - T G - - - - - -
ABS-AT5G23260 I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - - - - - - - - - - - - N R - - - - - -
AGL17-AT2G22630 V C L I I F S N T D K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL21-AT4G37940 V G L I I F S S T G K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL16-AT3G57230 V G V I I F S S T G R L Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
ANR1-AT2G14210 V G V I I F S S T G K L Y D Y A S N - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SVP-AT2G22540 V A L I I F S S T G K L F E F C S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL24-AT4G24540 V A L I I F S A T G K L F E F S S - - - - - - - - - - - - - - - - - - - - - - - - - S R - - - - - -
AGL14-AT4G11880 V A L I I F S P R G K L Y E F S S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL19-AT4G22950 V A L V I F S P R S K L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SOC1-AT2G45660 V S L I I F S P K G K L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
AGL42-AT5G62165 L S L I I F S Q R G R L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
AGL71-AT5G51870 V A A I V F S Q S G R L H E Y - S S - - - - - - - - - - - - - - - - - - - - - - - - S Q - - - - - -
AGL72-AT5G51860 V A A M I F S Q K G R L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
AGL6-AT1G77950 L A L L M F S P S D R L C L F - S G Q - - - - - - - - - - - - - - - - - - - - - - - T R - - - - - -
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R D - - - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R S - - - - - -
AP3-AT3G54340 V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - - - - - - - - - - - - T T - - - - - -
_PI-AT5G20240 V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - - - - - - - - - - - - M D - - - - - -
AGL12-AT1G71692 I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - - - - - - - - - - - T - - - - - - - -
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A - - - - - - - - - - - - - - - - - - - - - - T R S - - - - - -
AGL63-AT1G31140 L G L I I F S H S N R L Y D F C S N S - - - - - - - - - - - - - - - - - - - - - - T - S - - - - - -
MAF2-AT5G65050 I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E I N L G P L S I F L L N S N E T P V
FLC-AT5G10140 V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 9 7 7 8 8 8 9 5 5 8 8 9 6 7 7 3 7 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 - - V K G T I E R Y - - - - - K K A I S D N S N T G S V - - - - - - - A E I N A Q Y Y Q Q E S A K L
SHP1-AT3G58780 - - V R G T I E R Y - - - - - K K A C S D A V N P P S V - - - - - - - T E A N T Q Y Y Q Q E A S K L
SHP2-AT2G42830 - - V R G T I E R Y - - - - - K K A C S D A V N P P T I - - - - - - - T E A N T Q Y Y Q Q E A S K L
STK-AT4G09960 - - I R S T I E R Y - - - - - K K A C S D S T N T S T V - - - - - - - Q E I N A A Y Y Q Q E S A K L
CrMADS_M-Ceric_ - - I K K I L E R Y - - - - - K R C S G I L Q D V G G T - - - - - - - V I R D V E Y W K Q E A E R L
CrMADS_W-Ceric_ - - I R K I L E R Y - - - - - K S K S R I A S A G A A S - - - - - - - V P T D C E - - - - - - - - -
CrMADS_S-Ceric_ - - M D K I I R R Y - - - - - E D L Q - - S Q S A S R A - - - - - - - L L H Q R E Y W K N Q A L H L
CrMADS_H-Ceric_ - - M S K V I K R Y - - - - - E D L Q - - P H S A H R V - - - - - - - L S Q E R E F W K N Q A L H L
CMADS1-Ceric_29 - - M Q K V L E R Y - - - - - Q E H S N G A P S R - K V - - - - - - - L L Q D V E F W K R E V L F L
M14-Ceric_37G05 - - Y S R T L C H V - - - - - S D M Q G T A P E A - D - - - - - - - - - - H S G E - Q Q A M P Q F R
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Results colour-coded for amino acid conservation 5

AP1-AT1G69120 - - M E K I L E R Y - - - - - E R Y S Y A E R Q L I A P E S D - - - - V N - - T - N W S M E Y N R L
CAL-AT1G26310 - - M E K V L E R Y - - - - - E R Y S Y A E R Q L I A P D S H - - - - V N A Q T - N W S M E Y S R L
FUL-AT5G60910 - - M E R I L E R Y - - - - - D R Y L Y S D K Q L V G R D - - - - - - V S Q S E - N W V L E H A K L
AGL79-AT3G30260 - - M E R I L D R Y - - - - - E R S A Y A G Q D I P T P N - - - - - - L D S Q G - E C S T E C S K L
SEP1-AT5G15800 - - M L K T L D R Y - - - - - Q K C S Y G S I E V N - - N K P - - - - A K E L E - N S Y R E Y L K L
SEP2-AT3G02310 - - M L K T L E R Y - - - - - Q K C S Y G S I E V N - - N K P - - - - A K E L E - N S Y R E Y L K L
SEP3-AT1G24260 - - M L R T L E R Y - - - - - Q K C N Y G A P E P N V P S R E - - - - A L A V E L S S Q Q E Y L K L
SEP4-AT2G03710 - - M A R T V D K Y - - - - - R K H S Y A T M D P N - - - Q S - - - - A K D L Q - D K Y Q D Y L K L
AGL13-AT3G61120 - - V G R T I E R Y - - - - - Y R C K D N L L D - - - - N D T - - - - L E D T Q - G L R Q E V T K L
AGL18-AT3G57390 - - M E Q I L S R Y - - - - - G Y T T A S T E H K Q Q R E H Q L L I C A S H G N E A V L R N D D S M
AGL15-AT5G13790 - - M K Q T L S R Y - - - - - G N H Q S S S A S K A E E D - - - - - C A - - - - E V - - - - - D I L
ABS-AT5G23260 - - M P Q L I D R Y - - - - - L H T N G L R L P D H H D D - - - - - - - - - - Q E Q L H H E M E L L
AGL17-AT2G22630 - - V K S T I E R F - - - - - N T A K M E E Q E L M N - P - - - - - - A S E V K F W Q R - E A E T L
AGL21-AT4G37940 - - M K S V I D R Y - - - - - N K S K I E Q Q Q L L N - P - - - - - - A S E V K F W Q R - E A A V L
AGL16-AT3G57230 - - M K S V I E R Y - - - - - S D A K G E T S S E N D - P - - - - - - A S E I Q F W Q K - E A A I L
ANR1-AT2G14210 - - M K T I I E R Y - - - - - N R V K E E Q H Q L L N - H - - - - - - A S E I K F W Q R - E V A S L
SVP-AT2G22540 - - M K E V L E R H - - - - - N L Q S K N L E K L - D Q P - - - - - - S L E L Q L V E N S D H A R M
AGL24-AT4G24540 - - M R D I L G R Y - - - - - S L H A S N I N K L M D P P - - - - - - S T H L R L - E N C N L S R L
AGL14-AT4G11880 - - I P K T V E R Y - - - - - Q K R I Q D - - L G S N H K - - - - - - R N D N S Q Q S K D E T Y G L
AGL19-AT4G22950 - - I A A T I E R Y - - - - - Q R R I K E - - I G N N H K - - - - - - R N D N S Q Q A R D E T S G L
SOC1-AT2G45660 - - M Q D T I D R Y - - - - - L R H T K D - R V S T K P V - - - - - - S E E N M Q H L K Y E A A N M
AGL42-AT5G62165 - - M Q K T I E R Y - - - - - R K Y T K D - H E T S N H D - - - - - - S Q I H L Q Q L K Q E A S H M
AGL71-AT5G51870 - - M E K I I D R Y - - - - - G K F S N A F Y V A E R P Q - - - - - - V E R Y L Q E L K M E I D R M
AGL72-AT5G51860 - - I R N T I K R Y - - - - - A E Y K R E Y F V A E T H P - - - - - - I E Q Y V Q G L K K E M V T M
CMADS2-Ceric_33 - - M K S V L E R Y - - - - - Y K A Q G D A E S A D N - - - - - - - - V S S A E - - - N I E I D R I
CMADS3-_Ceric_1 - - M E T V L G R Y - - - - - V K A S R D P E A G D N - - - - - - - - G S S T D - - - N V E A D R L
CrMADS_I-Ceric_ - - M E T V L E K Y - - - - - V K A S G D P G A G D N - - - - - - - - G S S T D - - - N L D T D R L
CRM2-Ceric_16G0 - - M P S V L K R Y - - - - - L K A Q T D A K S A D N - - - - - - - - G S S I K - - - N L E V D R L
CrMADS_X-Ceric_ - - M E T V L K R Y - - - - - M K A N G D P K A G D N - - - - - - - - G S S T D - - - N V E A D H L
CrMADS_AJ-Ceric - - M D S I L K R Y - - - - - M D S Q K Y L G I S E E - - - - - - - - G N S S P R L L N G D K D W V
CMADS4-Ceric_12 - - M E S I L K R Y - - - - - M D S Q K Y L G I S E E - - - - - - - - E N S S A R L L N G D K H W V
AGL6-AT1G77950 - - I E D V L A R Y I N L P D Q E R E N A I V F P D Q S K R Q - - - - G I Q N K E Y L L R T L E K L
CrMADS_G-Ceric_ - - M Q E I I R A Y F - - - - A A G S S G S T L R T Q S K - - - - - - - - - - - - - L E A E L S K L
CMADS6-Ceric_15 - - M R E I I Q A Y V - - - D A H E D S S S L L Q L R S E E A - - - - C V - - S Q D L R A E L T E L
AP3-AT3G54340 - - T K E I V D L Y - - - - - Q T I S D V D V W A T Q Y E R - - - - - - - - - - - - M Q E T K R K L
_PI-AT5G20240 - - L G A M L D Q Y - - - - - Q K L S G K K L W D A K H E N - - - - - - - - - - - - L S N E I D R I
AGL12-AT1G71692 - - M E G M I D K Y - - - - - M K C T G G G R G S S S A T F T A Q E Q L Q P P N L D P K D E I N V L
CrMADS_AG-Ceric - - F E D I I Q R Y - - - - - M N Y K V G - - - - - K D I F - G Q P K - E P T N N D W F Q G G K S I
AGL63-AT1G31140 - - M E N L I M R Y - - - - - Q K E K E G - Q T T A E H S F H S D Q - - - - - C S D C V K T K E S M
MAF2-AT5G65050 - - M S K I I D R Y - - - - - E I H H A D E L E A L D - - - - - - - - - - - - - - - L A E K T R N Y
MAF3-AT5G65060 - - M S K I I D R Y - - - - - E I H H A D E L K A L D - - - - - - - - - - - - - - - L A E K I R N Y
MAF1-AT1G77080 - - I S K I I D R Y - - - - - E I Q H A D E L R A L D - - - - - - - - - - - - - - - L E E K I Q N Y
MAF5-AT5G65080 - - M A K I I S R F - - - - - K I Q Q A D D P E T L D - - - - - - - - - - - - - - - L E D K T Q D Y
MAF4-AT5G65070 D F M A K I L S R Y - - - - - E L E Q A D D L K T L D - - - - - - - - - - - - - - - L E E K T L N Y
FLC-AT5G10140 - - L V K I L D R Y - - - - - G K Q H A D D L K A L D - - - - - - - - - - - - - - - H Q S K A L N Y
CrMADS_AI-Ceric - - V E R L L K R F - - - - - V G P Q Q V S R G I G R - - - - - - - - G G T S R G P S D G I E D R L
Consistency 0 0 7 4 5 6 8 5 8 9 0 0 0 0 0 4 4 3 4 3 4 3 3 3 3 2 4 1 1 0 0 0 0 0 0 2 2 2 2 2 1 1 2 4 3 6 3 3 4 7

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
AG-AT4G18960_1 R Q Q I I S I Q N S N - R Q L M G E - - T I G S M S P K E L R N L E G R L E R S I T R I R S K K N E
SHP1-AT3G58780 R R Q I R D I Q N S N - R H I V G E - - S L G S L N F K E L K N L E G R L E K G I S R V R S K K N E
SHP2-AT2G42830 R R Q I R D I Q N L N - R H I L G E - - S L G S L N F K E L K N L E S R L E K G I S R V R S K K H E
STK-AT4G09960 R Q Q I Q T I Q N S N - R N L M G D - - S L S S L S V K E L K Q V E N R L E K A I S R I R S K K H E
CrMADS_M-Ceric_ K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S G L Y K I R G A K T Q
CrMADS_W-Ceric_ K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R G L S R I R S A K A D
CrMADS_S-Ceric_ R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I A L D K I R T R R N E
CrMADS_H-Ceric_ R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S A M N R I R S R R N E
CMADS1-Ceric_29 R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N A L N K I R I Q K V Q
M14-Ceric_37G05 A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S Q T H P Q R - - E M D
AP1-AT1G69120 K A K I E L L E R N Q - R H Y L G E - - D L Q A M S P K E L Q N L E Q Q L D T A L K H I R T R K N Q
CAL-AT1G26310 K A K I E L L E R N Q - R H Y L G E - - E L E P M S L K D L Q N L E Q Q L E T A L K H I R S R K N Q
FUL-AT5G60910 K A R V E V L E K N K - R N F M G E - - D L D S L S L K E L Q S L E H Q L D A A I K S I R S R K N Q
AGL79-AT3G30260 L R M I D V L Q R S L - R H L R G E - - E V D G L S I R D L Q G V E M Q L D T A L K K T R S R K N Q
SEP1-AT5G15800 K G R Y E N L Q R Q Q - R N L L G E - - D L G P L N S K E L E Q L E R Q L D G S L K Q V R S I K T Q
SEP2-AT3G02310 K G R Y E N L Q R Q Q - R N L L G E - - D L G P L N S K E L E Q L E R Q L D G S L K Q V R C I K T Q
SEP3-AT1G24260 K E R Y D A L Q R T Q - R N L L G E - - D L G P L S T K E L E S L E R Q L D S S L K Q I R A L R T Q
SEP4-AT2G03710 K S R V E I L Q H S Q - R H L L G E - - E L S E M D V N E L E H L E R Q V D A S L R Q I R S T K A R
AGL13-AT3G61120 K C K Y E S L L R T H - R N L V G E - - D L E G M S I K E L Q T L E R Q L E G A L S A T R K Q K T Q
AGL18-AT3G57390 K G E L E R L Q L A I - E R L K G K - - E L E G M S F P D L I S L E N Q L N E S L H S V K D Q K T Q
AGL15-AT5G13790 K D Q L S K L Q E K H - L Q L Q G K - - G L N P L T F K E L Q S L E Q Q L Y H A L I T V R E R K E R
ABS-AT5G23260 R R E T C N L E L R L - R P F H G H - - D L A S I P P N E L D G L E R Q L E H S V L K V R E R K N E
AGL17-AT2G22630 R Q E L H S L Q E N Y - R Q L T G V - - E L N G L S V K E L Q N I E S Q L E M S L R G I R M K R E Q
AGL21-AT4G37940 R Q E L H A L Q E N H - R Q M M G E - - Q L N G L S V N E L N S L E N Q I E I S L R G I R M R K E Q
AGL16-AT3G57230 K R Q L H N L Q E N H - R Q M M G E - - E L S G L S V E A L Q N L E N Q L E L S L R G V R M K K D Q
ANR1-AT2G14210 Q Q Q L Q Y L Q E C H - R K L V G E - - E L S G M N A N D L Q N L E D Q L V T S L K G V R L K K D Q
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SVP-AT2G22540 S K E I A D K S H R L - R Q M R G E - - E L Q G L D I E E L Q Q L E K A L E T G L T R V I E T K S D
AGL24-AT4G24540 S K E V E D K T K Q L - R K L R G E - - D L D G L N L E E L Q R L E K L L E S G L S R V S E K K G E
AGL14-AT4G11880 A R K I E H L E I S T - R K M M G E - - G L D A S S I E E L Q Q L E N Q L D R S L M K I R A K K Y Q
AGL19-AT4G22950 T K K I E Q L E I S K - R K L L G E - - G I D A C S I E E L Q Q L E N Q L D R S L S R I R A K K Y Q
SOC1-AT2G45660 M K K I E Q L E A S K - R K L L G E - - G I G T C S I E E L Q Q I E Q Q L E K S V K C I R A R K T Q
AGL42-AT5G62165 I T K I E L L E F H K - R K L L G Q - - G I A S C S L E E L Q E I D S Q L Q R S L G K V R E R K A Q
AGL71-AT5G51870 V K K I D L L E V H H - R K L L G Q - - G L D S C S V T E L Q E I D T Q I E K S L R I V R S R K A E
AGL72-AT5G51860 V K K I E V L E V H N - R K M M G Q - - S L D S C S V K E L S E I A T Q I E K S L H M V R L R K A K
CMADS2-Ceric_33 T L F T E K L K A L Q - R N V I G D - - D L E R L S L R D L I H L E Q Q I H E S L G R I R A K K E E
CMADS3-_Ceric_1 T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H - S L G H I R A K K D E
CrMADS_I-Ceric_ T V F T E K L K M L Q - S N V I G D - - D L E R L S L R D L I H L E Q Q V H E S L G R I R A K K D E
CRM2-Ceric_16G0 T P L I Q K L K A L Q - S N I G G D - - D L E G L S L R D L I Y L E Q Q I H R R L G R I R A K K E E
CrMADS_X-Ceric_ T V F T E K L K L L Q - S V V I G D - - D L E R L S V R D I I Y L E Q Q F H E N L G R I R A K K D E
CrMADS_AJ-Ceric T P F R N K L K K L R - G D L V E L - - D L E G L S G R N L I S L E Q E L N Y N L G R I R A K K D Q
CMADS4-Ceric_12 T T L R N R L K M L R - S D L V E L - - D L E R L S G G N L I R L E Q E M N Y N L G R I R A K K D Q
AGL6-AT1G77950 K I E D D M A L Q I N E P R P E A T N S N V E E L - E Q E V C R L Q Q Q L Q I S E E E L R K F E P D
CrMADS_G-Ceric_ K E E A N - I L K N D K R I R R G D V H A L E A L S E E E L G S L E T E V E A K L V K I R S L Q K Q
CMADS6-Ceric_15 R K E V E - S L R Q E K R R K D G D I H D L K L L S A D E L D S L E G E V E T S L C S I R K R Q K Q
AP3-AT3G54340 L E T N R - N L R T Q I K Q R L G E - - C L D E L D I Q E L R R L E D E M E N T F K L V R E R K F K
_PI-AT5G20240 K K E N D - S L Q L E L R H L K G E - - D I Q S L N L K N L M A V E H A I E H G L D K V R D H Q M E
AGL12-AT1G71692 K Q E I E M L Q K G I - S Y M F G G - - G D G A M N L E E L L L L E K H L E Y W I S Q I R S A K M D
CrMADS_AG-Ceric T T H Y E A L K S I C - M F L R S E - - N I N V L D T N E L N H L E N Q M N I Y L G R V R E Q K D K
AGL63-AT1G31140 M R E I E N L K L N L - Q L Y D G H - - G L N L L T Y D E L L S F E L H L E S S L Q H A R A R K S E
MAF2-AT5G65050 L P L K E L L E I V Q - S K L E E S - - N V D N A S V D T L I S L E E Q L E T A L S V T R A R K T E
MAF3-AT5G65060 L P H K E L L E I V Q - S K L E E S - - N V D N V S V D S L I S M E E Q L E T A L S V I R A K K T E
MAF1-AT1G77080 L P H K E L L E T V Q - S K L E E P - - N V D N V S V D S L I S L E E Q L E T A L S V S R A R K A E
MAF5-AT5G65080 L S H K E L L E I V Q - R K I E E A - - K G D N V S I E S L I S M E E Q L K S A L S V I R A R K T E
MAF4-AT5G65070 L S H K E L L E T I Q - C K I E E A - - K S D N V S I D C L K S L E E Q L K T A L S V T R A R K T E
FLC-AT5G10140 G S H Y E L L E L V D - S K L V G S - - N V K N V S I D A L V Q L E E H L E T A L S V T R A K K T E
CrMADS_AI-Ceric P V L R D T L E R P R - G D V V W P - - D L E G L T I R D L I P L E Q Q V N D V L R Q V R A K K E E
Consistency 4 3 4 4 5 3 7 5 3 3 4 0 6 4 6 4 7 5 0 0 5 7 4 4 7 6 5 5 6 9 4 4 8 9 4 7 8 6 3 5 8 4 4 7 9 5 5 8 4 7

. . . . . . . . . 410 . . . . . . . . . 420 . . . . . . . . . 430 . . . . . . . . . 440 . . . . . . . . . 450
AG-AT4G18960_1 L L F S E I D Y M Q K R - - E V D L H N D N Q I L R A K I A E N E - - - - - - - - R N N P - - - S I
SHP1-AT3G58780 L L V A E I E Y M Q K R - - E M E L Q H N N M Y L R A K I A E G A - - - - - - - - R L N P D Q Q E S
SHP2-AT2G42830 M L V A E I E Y M Q K R V K E I E L Q N D N M Y L R S K I T E - - - - - - - - - - R T G L Q Q Q E S
STK-AT4G09960 L L L V E I E N A Q K R - - E I E L D N E N I Y L R T K V A E V E - - - - - - - - R Y - - Q Q H H H
CrMADS_M-Ceric_ L M V R Q V Q E L Q K K - - E Q I L L Q Q N E A L R A K L A E L S - - - - - - - C L Q A P V S G L T
CrMADS_W-Ceric_ L M M E R A Q E L R A K - - E K S L Q C E N Q A L M W K V T - - - - - - - - - - - V A A P K V V I P
CrMADS_S-Ceric_ L L A M Q T Q N I I S K - - G N G L W I E N T L L R K K I E Q - - - - - - - - - - V Q Y D G E N A M
CrMADS_H-Ceric_ L L T M Q A R D I I S K - - G N D L W A E N N M L K R K L E E L - - - - - - - - - L Q T S S E N P A
CMADS1-Ceric_29 V L H G E M Q Q I Y K Q - - E A R L F E E N N I L R K K L A E A T - - I I N - - G M R G S M S T M T
M14-Ceric_37G05 V N A G T C V S S S S D - - W Q S A F - - H S V H P S S I A P A T S P L L N P I S L R Q H A A S M G
AP1-AT1G69120 L M Y E S I N E L Q K K - - E K A I Q E Q N S M L S K Q I K E - - - - R E K I L R A Q Q E Q W D Q Q
CAL-AT1G26310 L M N E S L N H L Q R K - - E K E I Q E E N S M L T K Q I K E - - - - R E N I L R T K Q T Q C E Q L
FUL-AT5G60910 A M F E S I S A L Q K K - - D K A L Q D H N N S L L K K I K E - - - - R E K K T G Q Q E G Q L V Q C
AGL79-AT3G30260 L M V E S I A Q L Q K K - - E K E L K E L K K Q L T K K A G E - - - - R E D F - - - - - - Q T Q N L
SEP1-AT5G15800 Y M L D Q L S D L Q N K - - E Q M L L E T N R A L A M K L D D - - - - M I G V R S H H M G G G G G W
SEP2-AT3G02310 Y M L D Q L S D L Q G K - - E H I L L D A N R A L S M K L E D - - - - M I G V R H H H I - - G G G W
SEP3-AT1G24260 F M L D Q L N D L Q S K - - E R M L T E T N K T L R L R L A D - - - - - - G Y Q M - P L Q L N P N Q
SEP4-AT2G03710 S M L D Q L S D L K T K - - E E M L L E T N R D L R R K L E D - - - - S D A A L T Q S F W G S S A A
AGL13-AT3G61120 V M M E Q M E E L R R K - - E R E L G D I N N K L K L E T E D - - - - H D F K G F Q D L L L N P V L
AGL18-AT3G57390 I L L N Q I E R S R I Q - - E K K A L E E N Q I L R K Q V E M - - L - G R G S G P K V L N E R P Q D
AGL15-AT5G13790 L L T N Q L E E S R L K - - E Q R A E L E N E T L R R Q V Q E - - L - - R S F L P S F T H Y V P S Y
ABS-AT5G23260 L M Q Q Q L E N L S R K - - R R M L E E D N N N M Y R W L H E H R A - A M E F Q Q A G I D T K P G E
AGL17-AT2G22630 I L T N E I K E L T R K - - R N L V H H E N L E L S R K V Q R - - - - - - - I H Q E N V E L Y K K -
AGL21-AT4G37940 L L T Q E I Q E L S Q K - - R N L I H Q E N L D L S R K V Q R - - - - - - - I H Q E N V E L Y K K -
AGL16-AT3G57230 M L I E E I Q V L N R E - - G N L V H Q E N L D L H K K V N L - - - - - - - M H Q Q N M E L H E K V
ANR1-AT2G14210 L M T N E I R E L N R K - - G Q I I Q K E N H E L Q N I V D I - - - - - - - M R K E N I K L Q K K V
SVP-AT2G22540 K I M S E I S E L Q K K - - G M Q L M D E N K R L R Q Q G T Q - - - - - - - L T E E N E R L G M Q I
AGL24-AT4G24540 C V M S Q I F S L E K R - - G S E L V D E N K R L R - - - - - - - - - - - - - - D K L E T L - - - -
AGL14-AT4G11880 L L R E E T E K L K E K - - E R N L I A E N K M L - - - - - M - - - - - E K C E M Q G R G I I G R I
AGL19-AT4G22950 L L R E E I E K L K A E - - E R N L V K E N K D L - - - - - K - - - - - E K W L G M G T A T I A S S
SOC1-AT2G45660 V F K E Q I E Q L K Q K - - E K A L A A E N E K L - - - - - S - - - - - E K W G S H E S E V W S N K
AGL42-AT5G62165 L F K E Q L E K L K A K - - E K Q L L E E N V K L - - - - - H - - - - - Q K - - - N V I N P W R G S
AGL71-AT5G51870 L Y A D Q L K K L K E K - - E R E L L N E R K R L L E E Q N R - - - - - E R L M R P V V P A T L Q I
AGL72-AT5G51860 L Y E D E L Q K L K A K - - E R E L K D E R V R L - - - - - - - - - - - - S L K K T I Y T H L C Q V
CMADS2-Ceric_33 M I L D Q L E D F K K K - - V - - - - - - - - - - - - T D A R - - - - - - K T T N A N S S L L D K L
CMADS3-_Ceric_1 L I L E Q I D E F K Q K - - I L G L L H V C T W M L M A D T R - - - - - - R T T N A N T S M L D R L
CrMADS_I-Ceric_ L I L D Q I D D F N Q K - - V - - - - - - - - - - - - A D T R - - - - - - R T M N A S M S M L D R L
CRM2-Ceric_16G0 M I L D K L E D L K R E - - V - - - - - - - - - - - - A D S L - - - - - - R T T K T N S S L L D K V
CrMADS_X-Ceric_ L M L E R N N D L M Q K - - M - - - - - - - - - - - - A D T R - - - - - - R R T N V N T S M L N R L
CrMADS_AJ-Ceric L F L R E I E S C C N K - - E L - - - - - - - - M H K A H K L - - - - - - K G Q V M D E N A A E K V
CMADS4-Ceric_12 L I L R E I E S Y S N K - - E L - - - - - - - - M H K A H K R - - - - - - K E Q V M N E K A A R K V
AGL6-AT1G77950 P M R L T S M E E I - E A C E A N L I N T L T R V V Q R - - - - - - - - - - - - - R E H L L R K S C

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 7

MADS-domain 

K-domain 

Results colour-coded for amino acid conservation

The current colourscheme of the alignment is for amino acid conservation.

The conservation scoring is performed by PRALINE. The scoring scheme works from 0 for the least conserved alignment position, up to 10 for the most conserved alignment position.
The colour assignments are:

Unconserved 0 1 2 3 4 5 6 7 8 9 10 Conserved

. . . . . . . . . 10 . . . . . . . . . 20 . . . . . . . . . 30 . . . . . . . . . 40 . . . . . . . . . 50
CrMADS_M-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS1-Ceric_29 - - - - - - - - - - - - - - - M K Q L P H - - - - N N V I - - - - D L S - - C D L D L - - - - - - P
M14-Ceric_37G05 M G R V K L E I R K I E N P T N R Q V T Y S K R R N G L I K K A Y E L S V L C D I D I A L I M F S P
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 60 . . . . . . . . . 70 . . . . . . . . . 80 . . . . . . . . . 90 . . . . . . . . . 100
CrMADS_M-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_W-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_H-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS1-Ceric_29 D - Q A D P T A A Q R R - - - P M N T F L S S G P H T Y L N N L R C G E W - G S G T A P G P I A D P
M14-Ceric_37G05 S G R L N H F S G K K R I E D V I A R F A N L S D H E R A K S - Q C L K W C N S H N L P P K I A N S
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 110 . . . . . . . . . 120 . . . . . . . . . 130 . . . . . . . . . 140 . . . . . . . . . 150
CrMADS_M-Ceric_ - M A M P C S D - - - - - - - - - I D L L D S D N D N V D D Q H I S L E L R Q V H - - - - - - E D T
CrMADS_W-Ceric_ - M A L S Y S D - - - - - - - - - I A L H G G T Q D H A A D H Q I S I Q L Q N P H - - - - - - S V S
CrMADS_S-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - M A L D K S D T N - - - - - - I N A
CrMADS_H-Ceric_ - M S F F A S - - - - - - - - - - - - - - - - - S P S S S T K L V N M D - S D S N - - - - - - P T Q
CMADS1-Ceric_29 K S A A Y Y R D H T K N D - - K V N D L S N R L H S Y G P P E A L Q Y P N Q H A I A - - A D T E - K
M14-Ceric_37G05 E M L M R A A K R L K Q E T Y M A I Q L S S S C S R V T N L E T L Q Y E I Q R T Q V Q L Q D I E T R
CMADS2-Ceric_33 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS3-_Ceric_1 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_I-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 160 . . . . . . . . . 170 . . . . . . . . . 180 . . . . . . . . . 190 . . . . . . . . . 200
CrMADS_M-Ceric_ D D G S H D E P R - E L S L L - - - N H E S N L C K I V N S K G K - - G A E A G N S - - L L P S T G
CrMADS_W-Ceric_ Q S L V H N I D R L E L S L L H L D N G D R D T A N L I R N D G - - - A I I K G R - - - - - P F S T
CrMADS_S-Ceric_ S G V T H S P L E T E S D - - - - - - - - - T R S N L Q S S N Q - - - P P Y R S - - - - - - P - - -
CrMADS_H-Ceric_ V K M T Y T N S E Q E V S - - - - - - - - - S R A S R F S S N H L - - D A P K S - - - - - - P - - -

07/18/2024 10:17:40 PM

Results colour-coded for amino acid conservation 1

AP1-AT1G69120 - - M E K I L E R Y - - - - - E R Y S Y A E R Q L I A P E S D - - - - V N - - T - N W S M E Y N R L
CAL-AT1G26310 - - M E K V L E R Y - - - - - E R Y S Y A E R Q L I A P D S H - - - - V N A Q T - N W S M E Y S R L
FUL-AT5G60910 - - M E R I L E R Y - - - - - D R Y L Y S D K Q L V G R D - - - - - - V S Q S E - N W V L E H A K L
AGL79-AT3G30260 - - M E R I L D R Y - - - - - E R S A Y A G Q D I P T P N - - - - - - L D S Q G - E C S T E C S K L
SEP1-AT5G15800 - - M L K T L D R Y - - - - - Q K C S Y G S I E V N - - N K P - - - - A K E L E - N S Y R E Y L K L
SEP2-AT3G02310 - - M L K T L E R Y - - - - - Q K C S Y G S I E V N - - N K P - - - - A K E L E - N S Y R E Y L K L
SEP3-AT1G24260 - - M L R T L E R Y - - - - - Q K C N Y G A P E P N V P S R E - - - - A L A V E L S S Q Q E Y L K L
SEP4-AT2G03710 - - M A R T V D K Y - - - - - R K H S Y A T M D P N - - - Q S - - - - A K D L Q - D K Y Q D Y L K L
AGL13-AT3G61120 - - V G R T I E R Y - - - - - Y R C K D N L L D - - - - N D T - - - - L E D T Q - G L R Q E V T K L
AGL18-AT3G57390 - - M E Q I L S R Y - - - - - G Y T T A S T E H K Q Q R E H Q L L I C A S H G N E A V L R N D D S M
AGL15-AT5G13790 - - M K Q T L S R Y - - - - - G N H Q S S S A S K A E E D - - - - - C A - - - - E V - - - - - D I L
ABS-AT5G23260 - - M P Q L I D R Y - - - - - L H T N G L R L P D H H D D - - - - - - - - - - Q E Q L H H E M E L L
AGL17-AT2G22630 - - V K S T I E R F - - - - - N T A K M E E Q E L M N - P - - - - - - A S E V K F W Q R - E A E T L
AGL21-AT4G37940 - - M K S V I D R Y - - - - - N K S K I E Q Q Q L L N - P - - - - - - A S E V K F W Q R - E A A V L
AGL16-AT3G57230 - - M K S V I E R Y - - - - - S D A K G E T S S E N D - P - - - - - - A S E I Q F W Q K - E A A I L
ANR1-AT2G14210 - - M K T I I E R Y - - - - - N R V K E E Q H Q L L N - H - - - - - - A S E I K F W Q R - E V A S L
SVP-AT2G22540 - - M K E V L E R H - - - - - N L Q S K N L E K L - D Q P - - - - - - S L E L Q L V E N S D H A R M
AGL24-AT4G24540 - - M R D I L G R Y - - - - - S L H A S N I N K L M D P P - - - - - - S T H L R L - E N C N L S R L
AGL14-AT4G11880 - - I P K T V E R Y - - - - - Q K R I Q D - - L G S N H K - - - - - - R N D N S Q Q S K D E T Y G L
AGL19-AT4G22950 - - I A A T I E R Y - - - - - Q R R I K E - - I G N N H K - - - - - - R N D N S Q Q A R D E T S G L
SOC1-AT2G45660 - - M Q D T I D R Y - - - - - L R H T K D - R V S T K P V - - - - - - S E E N M Q H L K Y E A A N M
AGL42-AT5G62165 - - M Q K T I E R Y - - - - - R K Y T K D - H E T S N H D - - - - - - S Q I H L Q Q L K Q E A S H M
AGL71-AT5G51870 - - M E K I I D R Y - - - - - G K F S N A F Y V A E R P Q - - - - - - V E R Y L Q E L K M E I D R M
AGL72-AT5G51860 - - I R N T I K R Y - - - - - A E Y K R E Y F V A E T H P - - - - - - I E Q Y V Q G L K K E M V T M
CMADS2-Ceric_33 - - M K S V L E R Y - - - - - Y K A Q G D A E S A D N - - - - - - - - V S S A E - - - N I E I D R I
CMADS3-_Ceric_1 - - M E T V L G R Y - - - - - V K A S R D P E A G D N - - - - - - - - G S S T D - - - N V E A D R L
CrMADS_I-Ceric_ - - M E T V L E K Y - - - - - V K A S G D P G A G D N - - - - - - - - G S S T D - - - N L D T D R L
CRM2-Ceric_16G0 - - M P S V L K R Y - - - - - L K A Q T D A K S A D N - - - - - - - - G S S I K - - - N L E V D R L
CrMADS_X-Ceric_ - - M E T V L K R Y - - - - - M K A N G D P K A G D N - - - - - - - - G S S T D - - - N V E A D H L
CrMADS_AJ-Ceric - - M D S I L K R Y - - - - - M D S Q K Y L G I S E E - - - - - - - - G N S S P R L L N G D K D W V
CMADS4-Ceric_12 - - M E S I L K R Y - - - - - M D S Q K Y L G I S E E - - - - - - - - E N S S A R L L N G D K H W V
AGL6-AT1G77950 - - I E D V L A R Y I N L P D Q E R E N A I V F P D Q S K R Q - - - - G I Q N K E Y L L R T L E K L
CrMADS_G-Ceric_ - - M Q E I I R A Y F - - - - A A G S S G S T L R T Q S K - - - - - - - - - - - - - L E A E L S K L
CMADS6-Ceric_15 - - M R E I I Q A Y V - - - D A H E D S S S L L Q L R S E E A - - - - C V - - S Q D L R A E L T E L
AP3-AT3G54340 - - T K E I V D L Y - - - - - Q T I S D V D V W A T Q Y E R - - - - - - - - - - - - M Q E T K R K L
_PI-AT5G20240 - - L G A M L D Q Y - - - - - Q K L S G K K L W D A K H E N - - - - - - - - - - - - L S N E I D R I
AGL12-AT1G71692 - - M E G M I D K Y - - - - - M K C T G G G R G S S S A T F T A Q E Q L Q P P N L D P K D E I N V L
CrMADS_AG-Ceric - - F E D I I Q R Y - - - - - M N Y K V G - - - - - K D I F - G Q P K - E P T N N D W F Q G G K S I
AGL63-AT1G31140 - - M E N L I M R Y - - - - - Q K E K E G - Q T T A E H S F H S D Q - - - - - C S D C V K T K E S M
MAF2-AT5G65050 - - M S K I I D R Y - - - - - E I H H A D E L E A L D - - - - - - - - - - - - - - - L A E K T R N Y
MAF3-AT5G65060 - - M S K I I D R Y - - - - - E I H H A D E L K A L D - - - - - - - - - - - - - - - L A E K I R N Y
MAF1-AT1G77080 - - I S K I I D R Y - - - - - E I Q H A D E L R A L D - - - - - - - - - - - - - - - L E E K I Q N Y
MAF5-AT5G65080 - - M A K I I S R F - - - - - K I Q Q A D D P E T L D - - - - - - - - - - - - - - - L E D K T Q D Y
MAF4-AT5G65070 D F M A K I L S R Y - - - - - E L E Q A D D L K T L D - - - - - - - - - - - - - - - L E E K T L N Y
FLC-AT5G10140 - - L V K I L D R Y - - - - - G K Q H A D D L K A L D - - - - - - - - - - - - - - - H Q S K A L N Y
CrMADS_AI-Ceric - - V E R L L K R F - - - - - V G P Q Q V S R G I G R - - - - - - - - G G T S R G P S D G I E D R L
Consistency 0 0 7 4 5 6 8 5 8 9 0 0 0 0 0 4 4 3 4 3 4 3 3 3 3 2 4 1 1 0 0 0 0 0 0 2 2 2 2 2 1 1 2 4 3 6 3 3 4 7

. . . . . . . . . 360 . . . . . . . . . 370 . . . . . . . . . 380 . . . . . . . . . 390 . . . . . . . . . 400
AG-AT4G18960_1 R Q Q I I S I Q N S N - R Q L M G E - - T I G S M S P K E L R N L E G R L E R S I T R I R S K K N E
SHP1-AT3G58780 R R Q I R D I Q N S N - R H I V G E - - S L G S L N F K E L K N L E G R L E K G I S R V R S K K N E
SHP2-AT2G42830 R R Q I R D I Q N L N - R H I L G E - - S L G S L N F K E L K N L E S R L E K G I S R V R S K K H E
STK-AT4G09960 R Q Q I Q T I Q N S N - R N L M G D - - S L S S L S V K E L K Q V E N R L E K A I S R I R S K K H E
CrMADS_M-Ceric_ K E R L T Y M E E I Q - R N M L G E - - S L G S L Q I K D L Q N L E A K L D S G L Y K I R G A K T Q
CrMADS_W-Ceric_ K - - - - - - - - - Q - R N M V G E - - N L E G L R L E N L E V L E G Q I N R G L S R I R S A K A D
CrMADS_S-Ceric_ R R Q V G C M N D I Q - S C I M G E - - N A A A L S L D E L Q N T E A R L Q I A L D K I R T R R N E
CrMADS_H-Ceric_ R K Q V G Y L N D V D - N C L M G G - - N T T G L S F Q E L Q N I E V R L E S A M N R I R S R R N E
CMADS1-Ceric_29 R D Q L F H L K N Y E - N Y I L G E - - N Q I P L D L A E I Q R V E T R L E N A L N K I R I Q K V Q
M14-Ceric_37G05 A G Q I Y Q V D S Q S I Q E V E G K - - V E - G V D C R E H K Y S T T K V D S Q T H P Q R - - E M D
AP1-AT1G69120 K A K I E L L E R N Q - R H Y L G E - - D L Q A M S P K E L Q N L E Q Q L D T A L K H I R T R K N Q
CAL-AT1G26310 K A K I E L L E R N Q - R H Y L G E - - E L E P M S L K D L Q N L E Q Q L E T A L K H I R S R K N Q
FUL-AT5G60910 K A R V E V L E K N K - R N F M G E - - D L D S L S L K E L Q S L E H Q L D A A I K S I R S R K N Q
AGL79-AT3G30260 L R M I D V L Q R S L - R H L R G E - - E V D G L S I R D L Q G V E M Q L D T A L K K T R S R K N Q
SEP1-AT5G15800 K G R Y E N L Q R Q Q - R N L L G E - - D L G P L N S K E L E Q L E R Q L D G S L K Q V R S I K T Q
SEP2-AT3G02310 K G R Y E N L Q R Q Q - R N L L G E - - D L G P L N S K E L E Q L E R Q L D G S L K Q V R C I K T Q
SEP3-AT1G24260 K E R Y D A L Q R T Q - R N L L G E - - D L G P L S T K E L E S L E R Q L D S S L K Q I R A L R T Q
SEP4-AT2G03710 K S R V E I L Q H S Q - R H L L G E - - E L S E M D V N E L E H L E R Q V D A S L R Q I R S T K A R
AGL13-AT3G61120 K C K Y E S L L R T H - R N L V G E - - D L E G M S I K E L Q T L E R Q L E G A L S A T R K Q K T Q
AGL18-AT3G57390 K G E L E R L Q L A I - E R L K G K - - E L E G M S F P D L I S L E N Q L N E S L H S V K D Q K T Q
AGL15-AT5G13790 K D Q L S K L Q E K H - L Q L Q G K - - G L N P L T F K E L Q S L E Q Q L Y H A L I T V R E R K E R
ABS-AT5G23260 R R E T C N L E L R L - R P F H G H - - D L A S I P P N E L D G L E R Q L E H S V L K V R E R K N E
AGL17-AT2G22630 R Q E L H S L Q E N Y - R Q L T G V - - E L N G L S V K E L Q N I E S Q L E M S L R G I R M K R E Q
AGL21-AT4G37940 R Q E L H A L Q E N H - R Q M M G E - - Q L N G L S V N E L N S L E N Q I E I S L R G I R M R K E Q
AGL16-AT3G57230 K R Q L H N L Q E N H - R Q M M G E - - E L S G L S V E A L Q N L E N Q L E L S L R G V R M K K D Q
ANR1-AT2G14210 Q Q Q L Q Y L Q E C H - R K L V G E - - E L S G M N A N D L Q N L E D Q L V T S L K G V R L K K D Q

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 6

MAF4-AT5G65070 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C E S S
FLC-AT5G10140 - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S V L C D A S
CrMADS_AI-Ceric - - - - - - - - M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 7 3 8 5 8 8 6 8 8 8 9 8 9 5 6 6 9 9 9 9 9 7 9 9 9 5 9 9 7 8 9 9 4 8 9 9 8 9 9 8 8 6

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SHP1-AT3G58780 V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K K K K N L W I Y S S H V - - - - - -
SHP2-AT2G42830 V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
STK-AT4G09960 V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP1-AT1G69120 V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
CAL-AT1G26310 V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
FUL-AT5G60910 V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
AGL79-AT3G30260 V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP1-AT5G15800 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP2-AT3G02310 V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP3-AT1G24260 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP4-AT2G03710 I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - - - - - - - - - - - - S G - - - - - -
AGL13-AT3G61120 V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
AGL18-AT3G57390 V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - V C - - - - - -
AGL15-AT5G13790 V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - - - - - - - - - - - - T G - - - - - -
ABS-AT5G23260 I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - - - - - - - - - - - - N R - - - - - -
AGL17-AT2G22630 V C L I I F S N T D K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL21-AT4G37940 V G L I I F S S T G K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL16-AT3G57230 V G V I I F S S T G R L Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
ANR1-AT2G14210 V G V I I F S S T G K L Y D Y A S N - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SVP-AT2G22540 V A L I I F S S T G K L F E F C S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL24-AT4G24540 V A L I I F S A T G K L F E F S S - - - - - - - - - - - - - - - - - - - - - - - - - S R - - - - - -
AGL14-AT4G11880 V A L I I F S P R G K L Y E F S S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL19-AT4G22950 V A L V I F S P R S K L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SOC1-AT2G45660 V S L I I F S P K G K L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
AGL42-AT5G62165 L S L I I F S Q R G R L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
AGL71-AT5G51870 V A A I V F S Q S G R L H E Y - S S - - - - - - - - - - - - - - - - - - - - - - - - S Q - - - - - -
AGL72-AT5G51860 V A A M I F S Q K G R L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
AGL6-AT1G77950 L A L L M F S P S D R L C L F - S G Q - - - - - - - - - - - - - - - - - - - - - - - T R - - - - - -
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R D - - - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R S - - - - - -
AP3-AT3G54340 V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - - - - - - - - - - - - T T - - - - - -
_PI-AT5G20240 V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - - - - - - - - - - - - M D - - - - - -
AGL12-AT1G71692 I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - - - - - - - - - - - T - - - - - - - -
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A - - - - - - - - - - - - - - - - - - - - - - T R S - - - - - -
AGL63-AT1G31140 L G L I I F S H S N R L Y D F C S N S - - - - - - - - - - - - - - - - - - - - - - T - S - - - - - -
MAF2-AT5G65050 I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E I N L G P L S I F L L N S N E T P V
FLC-AT5G10140 V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 9 7 7 8 8 8 9 5 5 8 8 9 6 7 7 3 7 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 - - V K G T I E R Y - - - - - K K A I S D N S N T G S V - - - - - - - A E I N A Q Y Y Q Q E S A K L
SHP1-AT3G58780 - - V R G T I E R Y - - - - - K K A C S D A V N P P S V - - - - - - - T E A N T Q Y Y Q Q E A S K L
SHP2-AT2G42830 - - V R G T I E R Y - - - - - K K A C S D A V N P P T I - - - - - - - T E A N T Q Y Y Q Q E A S K L
STK-AT4G09960 - - I R S T I E R Y - - - - - K K A C S D S T N T S T V - - - - - - - Q E I N A A Y Y Q Q E S A K L
CrMADS_M-Ceric_ - - I K K I L E R Y - - - - - K R C S G I L Q D V G G T - - - - - - - V I R D V E Y W K Q E A E R L
CrMADS_W-Ceric_ - - I R K I L E R Y - - - - - K S K S R I A S A G A A S - - - - - - - V P T D C E - - - - - - - - -
CrMADS_S-Ceric_ - - M D K I I R R Y - - - - - E D L Q - - S Q S A S R A - - - - - - - L L H Q R E Y W K N Q A L H L
CrMADS_H-Ceric_ - - M S K V I K R Y - - - - - E D L Q - - P H S A H R V - - - - - - - L S Q E R E F W K N Q A L H L
CMADS1-Ceric_29 - - M Q K V L E R Y - - - - - Q E H S N G A P S R - K V - - - - - - - L L Q D V E F W K R E V L F L
M14-Ceric_37G05 - - Y S R T L C H V - - - - - S D M Q G T A P E A - D - - - - - - - - - - H S G E - Q Q A M P Q F R

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 5

CRM2-Ceric_16G0 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_X-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AJ-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS4-Ceric_12 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL6-AT1G77950 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_G-Ceric_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CMADS6-Ceric_15 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP3-AT3G54340 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
_PI-AT5G20240 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL12-AT1G71692 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AG-Ceric - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AGL63-AT1G31140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF2-AT5G65050 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
FLC-AT5G10140 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric - - - - - - - - - C A G F A G Q F E - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

. . . . . . . . . 210 . . . . . . . . . 220 . . . . . . . . . 230 . . . . . . . . . 240 . . . . . . . . . 250
AG-AT4G18960_1 - - - - - - - - G - R G K I E I K R I E N T T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
SHP1-AT3G58780 - - - - - - - - G - R G K I E I K R I E N T T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
SHP2-AT2G42830 - - - - - - - - G - R G K I E I K R I E N T T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
STK-AT4G09960 - - - - - - - - G - R G K I E I K R I E N S T N R Q V T F C K R R N G L L K K A Y E L S V L C D A E
CrMADS_M-Ceric_ S L L P S T G T S - R G K I Q I R R I E N T T S R Q V T F S K R R N G L L K K A H E L S V L C D A E
CrMADS_W-Ceric_ - - - P F S T S S - R G K V K I R R I E N A T S R Q V T F S K R R N G L L K K T H E L S I L C D A E
CrMADS_S-Ceric_ - - - P - - - - - - - - R I A I R R I D N A T N R Q V T F S K R R N G L L K K A S E L S I L C D A E
CrMADS_H-Ceric_ - - - P - - - - - - - - K I A I R R I D N P T N R Q V T F S K R R N G L L K K A Y E L S I L C D A E
CMADS1-Ceric_29 A G V T L V P Q G G R G T I P I R R I D N P T S R Q V T F S K R R N G L L K K A Y E L S V L C D A E
M14-Ceric_37G05 A R A Q I - - Y G I M Q S Q P G G M L Q H A T P A H I W L S V L R D Y Q I P S T H N M A E H P N S I
AP1-AT1G69120 - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R R A G L L K K A H E I S V L C D A E
CAL-AT1G26310 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F S K R R T G L L K K A Q E I S V L C D A E
FUL-AT5G60910 - - - - - - - - M G R G R V Q L K R I E N K I N R Q V T F S K R R S G L L K K A H E I S V L C D A E
AGL79-AT3G30260 - - - - - - - - M G R G R V Q L R R I E N K I R R Q V T F S K R R T G L V K K A Q E I S V L C D A E
SEP1-AT5G15800 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
SEP2-AT3G02310 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
SEP3-AT1G24260 - - - - - - - - M G R G R V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
SEP4-AT2G03710 - - - - - - - - M G R G K V E L K R I E N K I N R Q V T F A K R R N G L L K K A Y E L S V L C D A E
AGL13-AT3G61120 - - - - - - - - M G R G K V E V K R I E N K I T R Q V T F S K R K S G L L K K A Y E L S V L C D A E
AGL18-AT3G57390 - - - - - - - - M G R G R I E I K K I E N I N S R Q V T F S K R R N G L I K K A K E L S I L C D A E
AGL15-AT5G13790 - - - - - - - - M G R G K I E I K R I E N A N S R Q V T F S K R R S G L L K K A R E L S V L C D A E
ABS-AT5G23260 - - - - - - - - M G R G K I E I K K I E N Q T A R Q V T F S K R R T G L I K K T R E L S I L C D A H
AGL17-AT2G22630 - - - - - - - - M G R G K I V I Q K I D D S T S R Q V T F S K R R K G L I K K A K E L A I L C D A E
AGL21-AT4G37940 - - - - - - - - M G R G K I V I Q R I D D S T S R Q V T F S K R R K G L I K K A K E L A I L C D A E
AGL16-AT3G57230 - - - - - - - - M G R G K I A I K R I N N S T S R Q V T F S K R R N G L L K K A K E L A I L C D A E
ANR1-AT2G14210 - - - - - - - - M G R G K I V I R R I D N S T S R Q V T F S K R R S G L L K K A K E L S I L C D A E
SVP-AT2G22540 - - - - - - - - M A R E K I Q I R K I D N A T A R Q V T F S K R R R G L F K K A E E L S V L C D A D
AGL24-AT4G24540 - - - - - - - - M A R E K I R I K K I D N I T A R Q V T F S K R R R G I F K K A D E L S V L C D A D
AGL14-AT4G11880 - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R R N G L L K K A F E L S V L C D A E
AGL19-AT4G22950 - - - - - - - - M V R G K T E M K R I E N A T S R Q V T F S K R R N G L L K K A F E L S V L C D A E
SOC1-AT2G45660 - - - - - - - - M V R G K T Q M K R I E N A T S R Q V T F S K R R N G L L K K A F E L S V L C D A E
AGL42-AT5G62165 - - - - - - - - M V R G K I E M K K I E N A T S R Q V T F S K R R N G L L K K A Y E L S V L C D A Q
AGL71-AT5G51870 - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R R S G L F K K A H E L S V L C D A Q
AGL72-AT5G51860 - - - - - - - - M V R G K I E I K K I E N V T S R Q V T F S K R R S G L F K K A H E L S V L C D A Q
CMADS2-Ceric_33 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A D
CMADS3-_Ceric_1 - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L L K K A H D L S V L C D A E
CrMADS_I-Ceric_ - - - - - - - - M V R R K I K I K R I E N A T T R Q V T F S K R R G G L I K K A H D L S V L C D A D
CRM2-Ceric_16G0 - - - - - - - - M P R R K V M I K R I E N S T T R Q V T F S K R K V G L I K K A H D L S V L C D V E
CrMADS_X-Ceric_ - - - - - - - - M V R T K I K I K R I E N A T T R Q V T F S K R R G G L F K K A H D L S V L C D A E
CrMADS_AJ-Ceric - - - - - - - - M P R R T V K I K R I E N A A T R Q I T F C K R R A G L L K K A H D L S V L C D A E
CMADS4-Ceric_12 - - - - - - - - M P R R K V K I K R I E N G A T R Q I T F S K R R A G L F K K A H D L S V L C D A K
AGL6-AT1G77950 - - - - - - - - M G R V K L E L K R I E K S T N R Q I T F S K R K K G L I K K A Y E L S T L C D I D
CrMADS_G-Ceric_ - - - - - - - - M G R C K I E M K R I E N K T T R Q V T F C K R R A G L V K K A R E L S L L C D A D
CMADS6-Ceric_15 - - - - - - - - M G R G K I E M K R I E N R T T R Q V T F C K R R A G L V K K A R E L S V L C D A D
AP3-AT3G54340 - - - - - - - - M A R G K I Q I K R I E N Q T N R Q V T Y S K R R N G L F K K A H E L T V L C D A R
_PI-AT5G20240 - - - - - - - - M G R G K I E I K R I E N A N N R V V T F S K R R N G L V K K A K E I T V L C D A K
AGL12-AT1G71692 - - - - - - - - M A R G K I Q L K R I E N P V H R Q V T F C K R R T G L L K K A K E L S V L C D A E
CrMADS_AG-Ceric - - - - - - - - M G R G K I E I R R I E N A S S R Q V T F A K R R A G L V K K A L E L S I L C D A E
AGL63-AT1G31140 - - - - - - - - M R K G K R V I K K I E E K I K R Q V T F A K R K K S L I K K A Y E L S V L C D V H
MAF2-AT5G65050 - - - - - - - - M G R K K V E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S I L C E S S
MAF3-AT5G65060 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F S K R R K G L I E K A R Q L S I L C E S S
MAF1-AT1G77080 - - - - - - - - M G R R K I E I K R I E N K S S R Q V T F S K R R N G L I D K A R Q L S I L C E S S
MAF5-AT5G65080 - M C R K S E A M G R R R V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C G S S

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 4

MAF4-AT5G65070 - - - - - - - - M G R R K V E I K R I E N K S S R Q V T F C K R R N G L M E K A R Q L S I L C E S S
FLC-AT5G10140 - - - - - - - - M G R K K L E I K R I E N K S S R Q V T F S K R R N G L I E K A R Q L S V L C D A S
CrMADS_AI-Ceric - - - - - - - - M P K R T V K I K R I E N A A T R Q I T L L K R R A G L F K K A H D L S V L C E A E
Consistency 0 0 0 0 0 0 0 0 7 3 8 5 8 8 6 8 8 8 9 8 9 5 6 6 9 9 9 9 9 7 9 9 9 5 9 9 7 8 9 9 4 8 9 9 8 9 9 8 8 6

. . . . . . . . . 260 . . . . . . . . . 270 . . . . . . . . . 280 . . . . . . . . . 290 . . . . . . . . . 300
AG-AT4G18960_1 V A L I V F S S R G R L Y E Y S N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
SHP1-AT3G58780 V A L V I F S T R G R L Y E Y A N N S F I Y L L L E K K K K K K K K K N L W I Y S S H V - - - - - -
SHP2-AT2G42830 V A L V I F S T R G R L Y E Y A N N S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
STK-AT4G09960 V A L I V F S T R G R L Y E Y A N N N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_M-Ceric_ I A L I I F S S T G K L F E Y S S S R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_W-Ceric_ I A L I I F S S T G K L F E Y A S I R - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
CrMADS_S-Ceric_ I A A I V F S S T G R L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CrMADS_H-Ceric_ V G V I V F S S T G K L S E F A S S - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - -
CMADS1-Ceric_29 V G V M V F S A T G R L S E F A S T S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
M14-Ceric_37G05 L S L R - D C Q D G D C P S A S S S L - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
AP1-AT1G69120 V A L V V F S H K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
CAL-AT1G26310 V S L I V F S H K G K L F E Y - S S E - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
FUL-AT5G60910 V A L I V F S S K G K L F E Y - S T D - - - - - - - - - - - - - - - - - - - - - - - S C - - - - - -
AGL79-AT3G30260 V A L I V F S P K G K L F E Y - S A G - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP1-AT5G15800 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP2-AT3G02310 V S L I V F S N R G K L Y E F C S T - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
SEP3-AT1G24260 V A L I I F S N R G K L Y E F C S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SEP4-AT2G03710 I A L L I F S N R G K L Y E F C S S P - - - - - - - - - - - - - - - - - - - - - - - S G - - - - - -
AGL13-AT3G61120 V S L I I F S T G G K L Y E F S N V - - - - - - - - - - - - - - - - - - - - - - - - - G - - - - - -
AGL18-AT3G57390 V A L I I F S S T G K I Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - V C - - - - - -
AGL15-AT5G13790 V A V I V F S K S G K L F E Y S S - - - - - - - - - - - - - - - - - - - - - - - - - T G - - - - - -
ABS-AT5G23260 I G L I V F S A T G K L S E F C S E Q - - - - - - - - - - - - - - - - - - - - - - - N R - - - - - -
AGL17-AT2G22630 V C L I I F S N T D K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL21-AT4G37940 V G L I I F S S T G K L Y D F A S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL16-AT3G57230 V G V I I F S S T G R L Y D F S S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
ANR1-AT2G14210 V G V I I F S S T G K L Y D Y A S N - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SVP-AT2G22540 V A L I I F S S T G K L F E F C S - - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL24-AT4G24540 V A L I I F S A T G K L F E F S S - - - - - - - - - - - - - - - - - - - - - - - - - S R - - - - - -
AGL14-AT4G11880 V A L I I F S P R G K L Y E F S S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
AGL19-AT4G22950 V A L V I F S P R S K L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S S - - - - - -
SOC1-AT2G45660 V S L I I F S P K G K L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S N - - - - - -
AGL42-AT5G62165 L S L I I F S Q R G R L Y E F - S S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
AGL71-AT5G51870 V A A I V F S Q S G R L H E Y - S S - - - - - - - - - - - - - - - - - - - - - - - - S Q - - - - - -
AGL72-AT5G51860 V A A M I F S Q K G R L Y E F - A S - - - - - - - - - - - - - - - - - - - - - - - - S D - - - - - -
CMADS2-Ceric_33 V G V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS3-_Ceric_1 V A V I I F S S K G K L F Q F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_I-Ceric_ V A V I I F S S K G K L F H F A N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CRM2-Ceric_16G0 V G V I I F S S R G R L F Q F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_X-Ceric_ V A V I I F S S K G K L F H F G N - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CrMADS_AJ-Ceric V A I I A F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
CMADS4-Ceric_12 V A V I V F S E K G R L F E F A S - - - - - - - - - - - - - - - - - - - - - - - - - P S - - - - - -
AGL6-AT1G77950 L A L L M F S P S D R L C L F - S G Q - - - - - - - - - - - - - - - - - - - - - - - T R - - - - - -
CrMADS_G-Ceric_ V A L I V F S P S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R D - - - - - -
CMADS6-Ceric_15 V A L I V F S S S G R L F E Y - A G S - - - - - - - - - - - - - - - - - - - - - - - R S - - - - - -
AP3-AT3G54340 V S I I M F S S S N K L H E Y I S P N - - - - - - - - - - - - - - - - - - - - - - - T T - - - - - -
_PI-AT5G20240 V A L I I F A S N G K M I D Y C C P S - - - - - - - - - - - - - - - - - - - - - - - M D - - - - - -
AGL12-AT1G71692 I G V V I F S P Q G K L F E L A T K G - - - - - - - - - - - - - - - - - - - - - - T - - - - - - - -
CrMADS_AG-Ceric I A M L I A P S S G K P F N F A S P A - - - - - - - - - - - - - - - - - - - - - - T R S - - - - - -
AGL63-AT1G31140 L G L I I F S H S N R L Y D F C S N S - - - - - - - - - - - - - - - - - - - - - - T - S - - - - - -
MAF2-AT5G65050 I A V L V V S G S G K L Y K S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF3-AT5G65060 I A V V A V S G S G K L Y D S A S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF1-AT1G77080 V A V V V V S A S G K L Y D S S S G D D - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF5-AT5G65080 V A L F I V S S T G K L Y N S S S G D S - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
MAF4-AT5G65070 V A L I I I S A T G R L Y S F S S G D R G I E D Q C T L F T F E I N L G P L S I F L L N S N E T P V
FLC-AT5G10140 V A L L V V S A S G K L Y S F S S G D N - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CrMADS_AI-Ceric V A I I I F S E K G K L F E F A R P R - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Consistency 9 7 7 8 8 8 9 5 5 8 8 9 6 7 7 3 7 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 0 0 0 0 0 0

. . . . . . . . . 310 . . . . . . . . . 320 . . . . . . . . . 330 . . . . . . . . . 340 . . . . . . . . . 350
AG-AT4G18960_1 - - V K G T I E R Y - - - - - K K A I S D N S N T G S V - - - - - - - A E I N A Q Y Y Q Q E S A K L
SHP1-AT3G58780 - - V R G T I E R Y - - - - - K K A C S D A V N P P S V - - - - - - - T E A N T Q Y Y Q Q E A S K L
SHP2-AT2G42830 - - V R G T I E R Y - - - - - K K A C S D A V N P P T I - - - - - - - T E A N T Q Y Y Q Q E A S K L
STK-AT4G09960 - - I R S T I E R Y - - - - - K K A C S D S T N T S T V - - - - - - - Q E I N A A Y Y Q Q E S A K L
CrMADS_M-Ceric_ - - I K K I L E R Y - - - - - K R C S G I L Q D V G G T - - - - - - - V I R D V E Y W K Q E A E R L
CrMADS_W-Ceric_ - - I R K I L E R Y - - - - - K S K S R I A S A G A A S - - - - - - - V P T D C E - - - - - - - - -
CrMADS_S-Ceric_ - - M D K I I R R Y - - - - - E D L Q - - S Q S A S R A - - - - - - - L L H Q R E Y W K N Q A L H L
CrMADS_H-Ceric_ - - M S K V I K R Y - - - - - E D L Q - - P H S A H R V - - - - - - - L S Q E R E F W K N Q A L H L
CMADS1-Ceric_29 - - M Q K V L E R Y - - - - - Q E H S N G A P S R - K V - - - - - - - L L Q D V E F W K R E V L F L
M14-Ceric_37G05 - - Y S R T L C H V - - - - - S D M Q G T A P E A - D - - - - - - - - - - H S G E - Q Q A M P Q F R

07/18/2024 08:44:23 PM

Results colour-coded for amino acid conservation 5

K-domain 

C-terminus 
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Figure 5.3: MSA of all identified Arabidopsis and Ceratopteris Type-II MIKCc MADS-box 
proteins using PRALINE MSA (Simossis and Heringa, 2003). Most conserved amino acids 

are coloured red with least conserved coloured blue. The M domain is underlined in blue and 

labelled, the K domain is underlined in yellow and labelled, the K1-3 sub-domains can be seen 

in the conservation patterns. Red highlight represents high conservation, blue represents low 

conservation, colours are on a scale of 1-10 with 10 showing the highest level of conservation 

whilst 0 represents the least. 
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5.3. Comparison phylogenetic trees of MIKCc proteins. 

5.3.1. Full length protein comparisons. 

 

Following the protein MSAs, phylogenies were produced using full-length proteins to 

compare relationships between Ceratopteris MADS-box Type-II MIKCc proteins and 

the clades they form and those formed by Arabidopsis MADS-box Type-II MIKCc 

proteins (Figure 5.4). A MIKC* protein from Ceratopteris and a MIKC* protein from 

Arabidopsis were used as an outgroup for rooting the tree. The known clades of 

Arabidopsis MIKCc proteins are formed clearly, reflecting those formed in Figure 3.1 

when representative species from each major plant group are included. Ceratopteris 

MIKCc proteins occupy their own clades as previously described (Münster et al., 1997) 

(Figure 3.1). This full-length protein phylogeny suggests the closest Ceratopteris 

relatives to the AG clade are the proteins that fall into the CMADS6 clade namely 

CMADS6 and CrMADS_G.  

 

Only two Ceratopteris MADS-box proteins, CrMADS_M and CrMADS_W (other than 

the two MIKC* proteins used as an outgroup), fall into an Arabidopsis clade sitting in 

the AGL15 clade. Largely the Ceratopteris MADS-box proteins form their own 

monophyletic clades named in this chapter (and Chapter 3) as: CMADS6, CMADS1, 

and CMADS3. Previous phylogenies generated in this thesis consistently show 

CrMADS_G falls within the same clade and is closely related to CMADS6. Previously 

described CRM1, CRM3, and CRM6 clades have been named on this tree as 

CMADS3, CMADS6, and CMADS1 respectively, as the nomenclature has progressed. 
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As more MADS-box genes are identified within Ceratopteris, duplicate names for the 

same genes are inevitable as is seen in Arabidopsis. 

Figure 5.4: Phylogeny of all identified Type-II MIKCc MADS-box proteins of Arabidopsis 
and Ceratopteris. Full-length sequences were aligned using Clustal Omega MSA 
(Madeira et al., 2024). A phylogenetic protein tree was constructed based on the maximum 

likelihood method (McCormack, Huang and Knowles, 2009). Protein names are represented 

by the most used name as well as the accession numbers for the sequences. Purple spheres 

on some branches represent bootstrap values, the larger the sphere the higher the bootstrap, 

the highest bootstrap was: 1 and the lowest was: 0.48. Arabidopsis proteins are presented in 

black text, Ceratopteris proteins are presented in green text. Based on this tree Type-II MIKCc 

proteins in Arabidopsis and Ceratopteris can be categorised into 14 clades. 
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The full-length protein sequences were used in this tree with all four domains, M, I, K, 

and C, being present. Previous phylogenies of Arabidopsis MADS-box proteins often 

removed the lesser conserved regions (Gramzow and Theißen, 2015). As such, 

phylogenetic trees of truncated Ceratopteris and Arabidopsis proteins were generated. 

 

5.3.2. Truncated MIK protein phylogeny. 

 

The C-terminus was removed from the sequences using the known conserved K-

domain sequences from Arabidopsis MADS-box proteins along with the alignments 

presented in this chapter (Figure 5.3) to determine where to truncate the proteins. 

Similar clades were observed as those seen in the full-length protein tree (Figure 5.4), 

with the majority of differences between trees being in the deep evolutionary branches 

that have lower bootstrap values. The actual clades present reflect those seen in the 

full-length protein phylogeny, suggesting that even with the less conserved amino 

acids being removed the inferred relationships between the proteins remain the same 

(Figure 5.5). 
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Figure 5.5: Phylogeny of all identified Type-II MIKCc MADS-box proteins of Arabidopsis 
and Ceratopteris using the MIK domains only. Proteins were aligned and the tree produced 

in the same way described in figure 5.4. The highest bootstrap was 1 and the lowest was: 

0.33. Arabidopsis proteins are presented in black text, Ceratopteris proteins are presented in 

green text. Based on this tree, Type-II MIKCc can be categorised into 14 clades. 
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5.3.3. Truncated M domain protein phylogeny.  

 

A final phylogeny was performed using only the highly conserved M domains defined 

in Figure 5.3. Based on this tree, Type-II MIKCc proteins can be categorised into 11 

clades due to merging of the AG and CMADS6 clades, SEP and FUL clades, and the 

FLC AGL15 and PI clades. The CMADS6 and AG clade are neighbouring in the full-

length protein phylogeny and merged in the M-domain only phylogeny. This suggests 

that the closest relation to the AG clade is the CMADS6 clade despite the proteins 

within representing Arabidopsis and Ceratopteris respectively.  

 

The lowest bootstrap value (0.17) was reported on the M-domain only phylogeny. This 

indicates that robust protein sequence comparisons require interrogation of both 

conserved and less-conserved regions, most likely as all regions contribute to the 

overall protein structure (Figure 5.6). 
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Figure 5.6: Phylogeny of all identified Type-II MIKCc MADS-box proteins of Arabidopsis 
and Ceratopteris using only the M domain. Proteins were aligned and the tree produced in 

the same way described in figure 5.4. The highest bootstrap was: 0.96 and the lowest was: 

0.17. Arabidopsis proteins are presented in black text, Ceratopteris proteins are presented in 

green text.  
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5.4. Protein modelling of MADS-box proteins in Ceratopteris and 

Arabidopsis. 

5.4.1. Protein secondary structure predictions of Arabidopsis MADS-

box proteins. 

 

Secondary structures of Arabidopsis MADS-box proteins have largely been predicted 

with the crystal structure of SEP3 resolved (Qui et al., 2023). To further investigate 

Arabidopsis MADS-box protein structures, all Type-II MIKCc protein sequences from 

Arabidopsis were modelled to highlight the predicted structure of their conserved M 

and K domains (Figure 5.7). There is conservation of structural motifs such as the 

short alpha helices and two beta sheets that make up the M-domain and the two longer 

alpha helices that make up the K-domain (Figure 5.7). There is high predicted 

structural similarity between all Arabidopsis MADS-box Type-II MIKCc Arabidopsis 

proteins, suggesting a conserved structure relevant to their function (Figure 5.7). 
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Figure 5.7: structural modelling of Arabidopsis MADS-box proteins. All identified Type-II 

MIKCc MADS-box proteins in Arabidopsis were visualised using ChimeraX (UCSF ChimeraX, 

2023). The blue sections represent the short alpha helix and two beta sheets of the M domain, 

the yellow sections represent the two alpha helices (one longer than the other) of the K 

domain.  
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5.4.2. Modelling of Ceratopteris Type-II MIKCc MADs-box proteins 

secondary structures. 

 

In order to predict the secondary structures of Ceratopteris MADS-box proteins and 

compare them to their Arabidopsis counterparts, MIKCc protein sequences from 

Ceratopteris were modelled using the same methods as the Arabidopsis proteins 

(section 5.4.1). 

 

There is more divergence between Ceratopteris MADS-box protein secondary 

predicted structures than amongst the Arabidopsis proteins (Figures 5.7 and 5.8). In 

particular, CrMADS_H and CMADS6 have differing structures for their K-domain alpha 

helices predicted tertiary structures This could be due to overall sequence divergence 

leading to the model not being the best fit. This could also suggest the secondary 

structures are less conserved than those observed in Arabidopsis due to potential 

divergent functions. During the course of this work it was discovered that CrMADS_G 

and CrMADS_AI are both part of the same gene, with G encoding the M domain and 

AI encoding the K domain, despite being annotated in the genome as 2 separate 

genes (Marchant et al., 2019). This has been taken into account in Figure X below. 

The secondary structures of CrMADS_AJ and CrMADS_L were not able to be 

resolved using this method, however, they do still contain the conserved motifs of the 

M-domain beta sheets and the K-domain alpha helices (5.8). 
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Figure 5.8: Protein structural modelling of all identified Type-II MIKCc MADS-box 
proteins in Ceratopteris. Structures were predicted using AlphaFold2 run on ColabFold and 

visualised using ChimeraX (UCSF ChimeraX, 2023). The blue sections represent the M 

domain, the yellow sections represent the K domain.  

 

The phylogenetic trees presented in this chapter (Figures 5.4 and 5.6) show the clade 

containing Ceratopteris proteins CMADS6 and CrMADS_G as closely related to the 

AG clade. With the CMADS6 and AG clades forming one clade when the highly 

conserved M domains have their relativity determined, this. Previously the candidate 

protein CMADS1 had been identified as the most related (Hasebe et al., 1998). A 

comparison between the predicted structures of CMADS1, CMADS6, and CrMADS_G 

with the putative Arabidopsis orthologue, AG was presented in Figure 5.9 to observe 

the structural similarities between them. 
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Figure 5.9: Protein structural modelling of CMADS1, CMADS6, CrMADS_G, and AG. 
Structures were predicted using AlphaFold2 run on ColabFold and visualised using ChimeraX 

(UCSF ChimeraX, 2023). The blue sections represent the M domain, the yellow sections represent 

the K domain.  
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5.5. Yeast-II-Hybrid assay to determine protein-protein interactions 

between Ceratopteris proteins. 

 

To gain further information about potential functions of Ceratopteris MADS box 

proteins, interactions between selected proteins were investigated using yeast-II- 

hybrid assays. 

 

Yeast-II-Hybrid (Y2H) is often used to observe if there are interactions between 

proteins. This is achieved as the system is set up so that expression of a. reporter 

gene depends on the interaction of a pair of transcription factors or other proteins. In 

the Y2H system a chosen protein pair are made into fusion proteins that contain both 

halves of a yeast transcription factor needed for reporter gene expression as well as 

the test protein (Figure 2.6), however this system is prone to false positives (Brückner 

et al., 2009). To increase accuracy of the library, a bait-dependency test can be 

performed (Möckli et al., 2007). Identified preys and unrelated baits are tested against 

one another, which can eliminate false positives resulting from non-specific 

interactions with the bait or other “sticky” interactions over coming selection.  

 

As MADS-box proteins are transcription factors, they can offer autoactivation within 

the system that can lead to issues during Y2H, with self-activation causing false 

positives. Conserved motifs were found in the carboxy-terminal domain of MADS-box 

proteins, and transcriptional activation capacity has been detected in the C-terminal 

domain (Cho et al., 1999; Goto et al., 2001). To counteract this, truncated forms of the 

proteins were used, with the proteins truncated after the last predicated alpha helix of 
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the K domain as transcriptional activity has been attributed to the C-domain. However, 

MADS-box proteins in Arabidopsis have also been successfully used in their entirety 

in Y2H (de Folter et al., 2005). It has been shown that truncated proteins and full 

proteins show the same interaction results (Davies et al.,1996). 

 

The floral quartet model suggests a quaternary structure of tetramers for proteins 

specifying the different floral organs (Theißen and Saedler, 2001). However, 

interactions have still been observed between pair-wise assays using Yeast-II-Hybrid 

(de Folter et al., 2005). As such, Yeast-II-Hybrid assays were performed between 

CMADS1 and the two other proteins that fall within its phylogenetic clade CrMADS_H 

and CrMADS_S, according to the Ceratopteris MADS-box Type-II MIKCc phylogenies 

in Chapter 3 and this chapter (Figures 3.2, 5.4-5.6). Moreover, the genes encoding the 

proteins show similar expression patterns in reproductive tissue (Figure 3.5). Within 

these assays, all proteins also had their pairwise self-interactions analysed as 

homodimerisation is a common occurrence within the MADS-box family (Honma and 

Goto, 2001). 

 

AtMYB93 and AtMPK3 were chosen as positive controls (Cao and Coates, 

unpublished). Initially, full-length sequences were cloned for interaction analysis, 

however the C domain of MADS-box proteins has previously caused false positives 

due to its DNA transactivation and complex formation properties (Lai et al., 2021). 

Thus, sequences were truncated after the K domain ended. Whether this truncation 

affects interaction is yet to be determined. A full-length CMADS1 protein was used to 

act as a comparison, but unfortunately the full-length sequence could not be cloned 

into the prey vector pGBKT7 during the timeframe of this analysis. The full-length 
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sequence assay performed with CMADS1 in the bait vector pGADT7 had poor growth 

on SD-LT plates that contain all necessary nutrients for healthy growth suggesting that 

although insertion was achieved the yeast was not able to thrive. 

 

Yeast were transformed with relevant pairs of bait/prey constructs, namely protein plus 

empty vector to test for autoactivation, or two proteins to test for interaction (Figure 

5.10-5.12, representing 3 independent rounds of yeast transformation). Initially, 

transformed yeast was grown on dropout medium lacking Leucine and Tryptophan to 

ensure yeast transformation with both bait and prey constructs was successful 

(Galletta and Rusan, 2015) (Figures 5.10-5.12). Quadruple dropout medium lacking 

adenine, histidine, leucine, and tryptophan was used as a stringent test to show 

interactions between proteins (Shivhare et al., 2021). A triple dropout of adenine, 

leucine, and tryptophan was used as a less stringent control to observe any weak 

interaction between proteins (Figure 5.10-5.12). As no growth was observed on the 

triple dropout another medium was used with a dropout of histidine, leucine, and 

tryptophan, however this dropout media is known to be “leaky”, so the addition of 3-

AT was used to prevent false positives (Caufield, Sakhawalkar and Uetz, 2012) using 

different 3-AT concentrations to observe any potential weaker interactions present 

(Figure 5.10-5.12). 
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Figure 5.10: One biological replicate of Yeast-II-Hybrid interactions after 5 days of 
growth at 30 °C. AtMYB93 and AtMPK3 act as positive control whilst empty vectors act as 

negative controls.  
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Different stringencies of media were used to ensure that even weak level interactions 

were observed. However, no robust interactions were seen between any MADS box 

protein combination tested when compared to both positive and negative controls in 

any of the three biological repeats (Figure 5.10-5.12). Although there is some growth 

on -HLT seen for both CMADS1 homodimerisation and CMADS_H homodimerization, 

the negative controls also show similar low levels of growth and all growth is less than 

for the positive controls (Figure 5.10-5.12). 
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Figure 5.11: A second biological replicate of Yeast-II-Hybrid interactions after 5 days of 
growth at 30 °C. AtMYB93 and AtMPK3 act as positive control whilst empty vectors act as 

negative controls.  
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Figure 5.12: A third biological replicate of Yeast-II-Hybrid interactions after 5 days of 
growth at 30 °C. Only two colonies grew in Full CMADS1 interaction assay so no third 

biological replicate could be performed. AtMYB93 and AtMPK3 act as positive control whilst 

empty vectors act as negative controls.  
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5.6. Discussion 

5.6.1. There is high sequence similarity between the conserved 

domains of MADS-box Type-II MIKCc proteins in Ceratopteris and 

Arabidopsis but some divergence of predicted structure. 

 

The 14 subfamilies identified in the phylogenetic tree of Arabidopsis and Ceratopteris 

Type-II MIKCc MADS-box proteins with all domains present are reflected in previous 

phylogenetic trees that contained fewer proteins (Hasebe et al., 1998; Munster et al., 

1997).  Twelve Arabidopsis monophyletic clades were identified in the maximum 

likelihood phylogenetic models, these being categorised as: AGL6, ABS, SEP, AP1, 

SOC1, AP3/PI, SVP, AGL15, ANR1, AG, FUL, and FLC (Figure 5.4). This is 

concurrent with previous Arabidopsis phylogenetic analysis (Becker and Theissen, 

2003). Within the Ceratopteris clade, CMADS3 contains the most proteins of the three 

Ceratopteris clades and is also the least related, diverging further back in deep 

evolutionary history when compared to CMADS1 and CMADS6 clades (Reeves and 

Richards, 2007). CMADS1 and proteins that fall within the CMADS1 clade (Figure 3.2) 

show an extended disordered region at the N-terminus, this shows a higher similarity 

with AGAMOUS (Mizukami et al., 1996). 

 

The MADS-box family is present amongst most Eukaryotes. Despite being present in 

a great range of species, certain sequence domains are highly conserved. For 

example, the Type-II MADS-box proteins that are present in plants have an animal 

counterpart subcategory of MEF2-like MADS-box proteins (Gramzow and Theissen, 

2010; Qui et al., 2023). Despite differing functions, these proteins contain the 
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conserved motifs of both the M-domain and the K-domain secondary structures 

presented in this chapter (Smaczniak et al., 2012).  

 

The well-researched functions of the MADS-box family in angiosperms, here 

represented by the model organism A. thaliana, suggest a high similarity between 

structures (Abdullah-Zawawi et al., 2021). This is supported by the predicted 

secondary structures that can be observed on the protein database Uniprot (Bateman 

et al., 2020) and within this chapter with the highly conserved M and K domains 

highlighted. In the interest of comparison, Ceratopteris MADS-box Type-II MIKCc 

proteins had their secondary structures predicted using AlphaFold2 (UCSF ChimeraX, 

2023) as their function has only been hypothesised (Münster et al., 1997) Predicting 

their structure could offer insight into their functions in Ceratopteris and potentially non-

seed plants more generally. 

 

Predictions of proteins secondary structures rely on models that can be more or less 

suited to the protein depending upon their sequence. For example, proteins with high 

conservation will need a different model to those with low conservation (Whisstock 

and Lesk, 2003). The models used in this chapter were chosen due to the small 

number of sequences being aligned with highly conserved structural motifs (E-INS-i 

model chosen for those with multiple conserved domains, L-INS-i chosen for the M-

domain only alignment). For sequences where low conservation is expected, another 

model such as the G-INS-i model would be a better fit (Huang et al., 2023). Proteins 

with repeat motifs will need a different model to those with more disordered regions 

(Lotthammer et al., 2024). 
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Ceratopteris MADS-box proteins had not had their secondary structure predicted in 

the past, instead the high conservation observed through the family across different 

species was trusted to encompass secondary structure similarity. The work in this 

chapter shows that further study into the secondary structures of the MADS-box family 

is necessary as the predictions alone suggest a higher differentiation in Ceratopteris 

when compared to Arabidopsis. Although ChimeraX uses an AlphaFold server to 

predict protein secondary structures, validation of these predications is essential. 

Structural studies such as Nuclear Magnetic Resonance Spectroscopy and X-ray 

diffraction could lead to more accurate protein structure prediction (Alberts et al., 

2002). Understanding the secondary structures can help determine the functions of 

these proteins within non-seed and non-flowering plants.  

 

5.6.2. Relatedness of Ceratopteris and Arabidopsis MADS-box Type-

II MIKCc proteins. 

 
Type-II MIKCc proteins contain four domains of differing conservation. The M-domain 

is the highest conserved with a function of DNA-binding, K-domain is strongly 

conserved but not as much as the M-domain with a function in protein dimerisation, I-

domain is somewhat conserved with no recurring motifs with an hypothesised function 

in the determination of DNA-binding dimers, and the C-domain is the least conserved 

often diverging quite largely despite holding a transcriptional activation function and 

often being involved in the formation of multimeric complexes (Becker and Theissen, 

2003).  
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Three phylogenetic trees were created to allow for comparison of relatedness when 

compared with domain conservation. The lowest bootstrap value is seen in the M-

domain only phylogeny which would be expected to have the highest level of 

relatedness and certainty, this could suggest that all parts of the protein are important 

for robust alignments with the larger divergence representing more accurate 

relationships. 

 

5.6.3. There is greater variability between Ceratopteris MADS-box 

Type-II MIKCc protein secondary structure than that observed in 

Arabidopsis. 

 

The limited crystal structures of MADS-box proteins in plants have led to the reliance 

on predicted secondary structures. However, much can be determined about protein 

function from their secondary structure, for example, the MADS-domain is able to 

function as a DNA binding domain through the b-strands of two MADS-box proteins 

interacting and forming b-sheets (Gramzow and Theissen, 2010). The increase in the 

accessibility of sequences and predicted protein structures on databases such as 

Uniprot (Bateman et al., 2022) and The Protein Data Bank (Berman, 2000) has led to 

a gap in the sequence:function knowledge of many proteins (Gligorijević et al., 2021).  

 

This chapter sought to generate predicted secondary structures of Ceratopteris MIKCc 

MADS-box proteins using ChimeraX and the AlphaFold2 prediction extension run on 

Google Colab (Mirdita et al., 2022). Arabidopsis MIKCc MADS-box proteins also had 

their secondary structures predicted using the same method to allow for better 
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comparison between the two species. The predicted structures for the Arabidopsis 

proteins reflect what is expected, with high conservation between the structures 

(Parenicova et al., 2003). However, the Ceratopteris predicted structures show a more 

divergence. This could suggest more diverse functions, as the Arabidopsis proteins 

are categorised into the ABCDE model due to their function in floral organogenesis, 

the lack of floral organs in Ceratopteris could mean the MADS-box proteins hold the 

more diverse functions seen in ancestral land plants such as the early cell 

development functions held by Bryophyte MADS-box proteins (Thangavel and Nayar, 

2018). 

 

Secondary structure prediction currently relies upon experimental validation and 

functional studies to determine protein functions; computational methods that predict 

function based on structure rely on comparison to known protein networks (Mostafavi 

et al., 2008). This limits the use for lesser studied species or gene families. However, 

computational methods to determine protein function solely relying on sequence 

prediction would allow for prediction of function of proteins in unknown organisms and 

species without the required network data (Gligorijević et al., 2021). 

 

5.6.4. No interactions were observed between proteins in the 

CMADS1 clade using Yeast-II-Hybrid assays. 

 

Protein-protein interactions between MADS-box proteins have been observed using 

Yeast-II-Hybrid in many angiosperm species including Arabidopsis (de Folter et al., 

2005). It is hypothesised that MADS-box proteins in ancestral land plants such as the 

bryophyte Physcomitrium interact in complex networks similar to those present in 



 
 
 

196 

flowering plants (Henschel et al., 2002). Despite MADS-box proteins forming tetramers 

within the floral quartet model (Theißen, Melzer and Rümpler, 2016), dimerisation has 

also been observed between proteins within the family (West et al., 1998).  As such 

Yeast-II-Hybrid is an appropriate assay for determining protein-protein interactions 

within the MADS-box protein family. 

 

Before this work, Ceratopteris MADS-box proteins had yet to have any interactions 

investigated. This chapter used Yeast-II-Hybrid to observe any binary interactions 

between CMADS1 and the two proteins that fall within its clade (Figure 5.10-5.12) 

CrMADS_H and CrMADS_S. To avoid auto-activation, proteins were truncated at the 

K-domain to remove the C-terminus that has previously been shown to cause 

autoactivation (Immink et al., 2002). A full-length CMADS1 protein was successfully 

cloned into the prey vector pGADT7 for comparison potential interactions between 

truncated and full-length proteins. No interactions were reported in this assay. Future 

work could continue the Yeast-II-Hybrid assay begun in this chapter to encompass 

other clades of the Ceratopteris MIKCc proteins to potentially identify protein 

interactions outside of the closely related proteins. Alternatively future work could 

utilise other in vitro methods such as pull-down assays (Louche, Salcedo and Bigot, 

2017) or co-immunoprecipitation (Tan and Yammani, 2022). In vivo methods such as 

Bimolecular Fluorescence Complementation (BiFC) could also be performed although 

this has yet to be achieved in Ceratopteris (Ohad, Shichrur and Yalovsky, 2007). 

 

Further investigations into Ceratopteris MADS-box protein function could also 

investigate protein-DNA interactions as in Arabidopsis (Aerts et al., 2018) either via 

large-scale ChIP-seq screens, or bioinformatic analysis of CArG-containing promoters 
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in Ceratopteris followed by targeted ChIP-PCR of hypothesised target genes. Putative 

targets could be those with similar secondary structures to AG for example the 

CMADS1 clade. Alternatively, relatedness to AG could be used with CMADS6 and 

CrMADS_G that fall within the AG clade being putative targets (Figures 5.4-5.6).  
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CHAPTER 6: DISCUSSION 
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6.1. Introduction 

 

MADS-box genes are present from charophytes to angiosperms and are best 

documented in angiosperms (Thangavel and Nayar., 2018). The sister clade to 

spermatophytes, the monilophytes, has remained largely unexplored. With the full 

genome of the model fern Ceratopteris not being sequenced until 2019 and updated 

in 2022 (Marchant et al., 2019; 2022) it was hard to determine at a molecular level the 

reproductive evolutionary changes (Schoe et al., 2019) that occurred within this clade 

to enable plants to transition from a free-living gametophyte stage to the enclosed 

seed reproductive system. 

 

CMADS1 is a transcription factor within the MADS-box family in Ceratopteris that was 

previously hypothesised to be an AGAMOUS homologue (Hasebe et al., 1997). This 

project sought to determine the similarities between the two transcription factors. To 

achieve this, both in vivo and in vitro approaches were taken to address the following 

aims: (i) Defining the full Ceratopteris MADS-box family and categorising the genes 

within both phylogenetically and molecularly (ii) Investigating the function of CMADS1 

in vivo through transgenic approaches in Ceratopteris and exogenous overexpression 

of CMADS1 in Arabidopsis when compared to overexpression of native AGAMOUS 

(iii) Understanding CMADS1 protein function via in silico in vitro approaches, using 

protein modelling, bioinformatics, and Yeast-II-Hybrid assays. 
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6.2. Ceratopteris as a tool for closing the gap in reproductive 

evolutionary knowledge 

 

Despite monilophytes holding a position that puts them as the sister clade to all seed 

plants, at a pinnacle point when plants were switching from a free-living gametophyte 

life stage to a much smaller gametophyte stage, the monilophyte MADS-box 

transcription factor family and their functions have yet to be fully determined. The 

MADS-box family is known in seed and flowering plants to be responsible for 

reproductive organ development (Aerts et al., 2018) and known in ancestral 

reproductive systems to be responsible for overall early cell development (Alvarez-

Buylla et al., 2000). However, MADS-box gene function in monilophytes remains 

unknown. Ceratopteris is a fern within the monilophyte clade that has been 

successfully transformed previously (Plackett et al., 2014). Both gametophytes and 

sporophytes can be grown in tissue culture and do not exhibit negative effects due to 

being grown in a laboratory setting (Kinosian and Wolf, 2022). This makes 

Ceratopteris a good candidate for use in determining the functions of MADS-box 

proteins within the monilophyte clade. This combined with the published genome 

(Marchant et al., 2019; Marchant et al., 2022) allows for research both in vivo and in 

vitro with experimental assays possible at a molecular level unlike in other ferns. 

 

The complete Ceratopteris genome has allowed this project to conclude that 

Ceratopteris MADS-box proteins fall into 3 clades, suggesting gene duplication of the 

MADS-box family had occurred prior to the divergence of ferns (Chapter 3). 

Expression analysis of Ceratoperis MADS-box genes determined MADS-box genes 
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with differing patterns of expression and those enriched in reproductive tissue 

(Chapter 3). Following on from this, transgenic plants were then produced with the 

intention of knocking down CMADS1 expression in Ceratopteris (Chapter 4). Future 

work can build off this base of cloning and transformation that has generated valuable 

molecular resources, by taking the lowest-expressing CMADS1 lines generated 

through to homozygosity for further phenotyping assays. The constructs for over-

expression of both myc-tagged and untagged CMADS1 in Ceratopteris can be used 

to transform Ceratopteris and generate homozygous lines for phenotyping. The 

transformed lines with potential over-expression of CMADS1 and AG in Arabidopsis 

can be grown on further to homozygosity, checked for over-expression via RT-PCR 

and (in the case of myc-tagged proteins) western blotting, and assayed for 

reproductive phenotypes. 

 

6.3. MADS-box family and its vast role in reproductive evolution 

 

The MADS-box family holds multiple functions throughout multiple species from broad 

homogeneous developmental functions to those specific to floral organ identity. Within 

charophytes, the sister group to extant land plants, few MADS-box genes have been 

identified, with only Type-II MIKCc being published (Gramzow et al., 2023). Expression 

analysis suggests that charophyte MADS-box genes function in haploid reproductive 

cell development and differentiation (Tanabe et al., 2005). As the MADS-box family 

evolved along with the complexity of land plants, more sub-categories developed with 

gene duplications leading to the subcategories of Type-I and Type-II MADS-box genes 

(described in chapter 1). Prior to the advent of bryophytes the subcategories within 

Type-II of MIKCc and MIKC* evolved (Henschel et al., 2002). However, bryophyte 
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MADS-box Type-I and Type-II present different clustering suggesting angiosperm 

MIKC orthologues are not found in mosses (Thangavel and Naya, 2018). The MIKCc 

family is highly categorised as it contains the transcription factors responsible for floral 

organ identity, floral timing, and fruit development in angiosperms (Lovisetto et al., 

2011; Gramzow et al., 2023).  

 

The monilophyte clade, the sister clade to spermatophytes, provides a way to compare 

two different plant reproductive systems: a system that relies on spores and free-living 

gametophytes versus a system that uses seeds, which develop after the presence of 

reduced gametophyte that is fully dependent on surrounding maternal sporophytic 

tissue. This project suggests that both the function of early cell development and the 

more specialised reproductive functions could be held by the MADS-box family 

proteins within the model fern Ceratopteris. This is due to the differences in 

developmental expression patterns shown, with two genes remaining consistently 

present through different developmental tissues, this number could be higher however 

this study was limited as the focus remained on reproductive functions so not all genes 

had their expression in gametophyte and vegetative tissue checked. A smaller subset 

of genes, specifically those that fall within the CMADS1 clade, showed differing 

expression with enriched expression in the reproductive sporophyte tissue. Moreover, 

Ceratopteris MADS-box proteins show differences in predicted protein structures that 

are not observed in Arabidopsis MIKCc MADS-box proteins. 
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6.4. CMADS1 as a potential homolog of AGAMOUS 

 

It is shown in Chapter 5 of this project that CMADS1 and the associated clade have 

similarities with the Arabidopsis MADS-box protein AGAMOUS through an elongated 

disordered region at the N-terminus. It has been stated that the clade CRM6, called in 

this project CMADS1 and the within Ceratopteris MADS-box proteins within this clade 

could hold a closer relation to AGAMOUS due to where they sit phylogenetically 

(Hasebe et al., 1997). This combined with the differential expression observed across 

Ceratopteris developmental stages, with increased expression in reproductive tissues 

when compared with both gametophyte and vegetative tissues (Figure 3.5) suggest a 

close relationship in function to AGAMOUS when compared with other Ceratopteris 

MADS-box genes that show a more homogeneous expression. These homogeneously 

expressed MADS-box genes may hold a more ancestral role in Ceratopteris, reflecting 

the broader, and perhaps redundant, functions of MADS-box genes in both 

reproductive and non-reproductive tissue in bryophytes (Tanabe et al., 2018). 

 

6.5. Future work 

 

This project has identified MADS-box genes with differences in expression across 

developmental tissues using RT-PCR and qPCR. Expanding this work to include 

additional methods would resolve the observed discrepancies allowing for a greater 

understanding of how the expression patterns of the MADS-box genes affect their 

functions within Ceratopteris. Establishing the expression patterns of the Ceratopteris 

MADS-box family through northern blotting of a full range of tissues would build on the 



 
 
 

204 

expression analysis presented in Chapter 3 of this project that focussed on different 

developmental stages of largely frond tissue only. Focussing on different tissues of 

Ceratopteris could provide insight into the functions of these proteins within the 

monilophytes life cycle. Using northern blotting, or even in situ hybridisation to 

determine expression patterns instead of RT-PCR and qPCR would allow for the 

discrepancies observed between RT-PCR gene expression patterns and qPCR 

expression patterns to be removed as there is not any amplification bias (Dean, 

Goodwin and Hsiang, 2002). Alongside this, tissue and stage specific RNA-seq could 

offer an alternative method of identifying gene expression patterns in quantitative 

detail (Corchete et al., 2020). These methods would help resolve discrepancies 

between the RT-PCR and q-PCR data as well as offer long-term resources for 

Ceratopteris. Available RNA-seq data (McCready, unpublished) shows an increase of 

expression of the CMADS1 clade in reproductive tissue, reflecting the RT-PCR data 

presented in this thesis. 

 

Research into Ceratopteris transformation efficiency such as the construction of 

smaller delivery vectors to allow for higher plasmid yields and more reliable cloning 

(Pratt, Knoblauch and Kunz, 2020). The use of double-barrelled biolistic guns in the 

bombardment process could lead to a more reliable method of fern transformation and 

allow for work to be achieved in this clade of plants that was not previously possible 

(Miller et al., 2021). As such plants could be taken through more generations as the 

cloning and transformation stage time frame could be reduced due to increased 

reliability and efficiency. Alternatively, although this project used particle bombardment 

for transformation of Ceratopteris, CRISPR/Cas9 methods have since been developed 

(Xiang and Li, 2024) that allow a much shorter time span of transformation by using 
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gametophytes rather than induction of sporophytic callus (Plackett et al., 2014). With 

the advent of CRISPR/Cas9 gene editing and over expression being viable in 

Ceratopteris future work could consist of knock out mutants as only knock down was 

possible thus far. In addition, over-expression transformants could utilise different 

promotors and transformants could be more accurately determined through optimised 

Agrobacterium transformations (Jiang et al., 2024). 

 

This project shows no evidence of protein-protein interactions between CMADS1 and 

itself or other proteins within its phylogenetic clade, CrMADS_S and CrMADS_H. In 

future research it would be best to concentrate on whether Ceratopteris MADS-box 

proteins in other clades interact with those from CMADS1 clade as protein-protein 

interaction is an expected characteristic of the MADS-box family (Immink et al., 2002). 

Yeast-3-Hybrid could be used to observe protein-protein interactions of higher-order 

complexes than can be observed in the binary interactions reported by Y2H (Glass 

and Takenaka, 2018). This would be a valid next step due to the complexes that have 

been characterised in the floral quartet (Theißen and Saedler, 2001). In planta 

approaches such as co-immunoprecipitation could be used to validate Y2H results 

(Burckhardt, Minna and Danuser, 2021). 

 

6.6. Final conclusions 

 

Through amplification, cloning, and sequencing 33 Ceratopteris MADS-box genes 

were determined to have unique coding sequences. Of these MADS-box genes 17 

were determined to be Type-II and 14 Type-I, two remain uncategorised. The most 

comprehensive phylogenetic analysis to date of MADS-box proteins in Ceratopteris 
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was produced in Chapter 3 with a multi-species phylogenetic tree with representative 

species from each land plant group. Comparison phylogenetic trees of Ceratopteris 

and Arabidopsis MADS-box proteins, along with phylogenetic trees of truncated 

MADS-box proteins to show relationships between proteins dependent on the 

conservation of the domains were produced in Chapter 4. In depth expression analysis 

of fern MADS-box homologues was produced in Chapter 3, with focus on Type-II 

MIKCc genes. Semi-quantitative RT-PCR showed an increase in expression of MADS-

box genes within the CMADS1 clade specifically in reproductive tissue, suggesting a 

regulated expression pattern. Although qRT-PCR differed from RT-PCR in the relative 

expression levels reported there was still differential expression of the CMADS1 clade 

genes in different developmental stages of Ceratopteris. This suggests Ceratopteris 

MADS-box genes have specific expression as is seen is angiosperm MADS-box 

genes, rather than homogeneous expression as is observed in ancestral plants such 

as the bryophytes (Zhong et al., 2024; Qiu, Li and Köhler, 2024). 

 

 
Chapter 4 developed resources for making transgenic ferns that overexpress and 

knockdown CMADS1 in addition to molecular resources for over expression of 

CMADS1 in Ceratopteris and Arabidopsis. Chapter 5 characterised conserved protein 

domains of all Ceratopteris MADS-box proteins and used this knowledge to model 

predicted structures all of MIKCc Ceratopteris MADS-box proteins. Protein-protein 

interactions of the CRM6 clade of MADS-box proteins present in Ceratopteris were 

analysed through Yeast-II-Hybrid assays and no interactions were detected. 
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Overall, the work in this project has produced resources for future work with the MADS-

box family in Ceratopteris providing a vital link between spore and seed based 

reproductive models. 
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1. Recipes for growth media and buffers 

1.1. Growth media 

 

C. fern medium liquid (1L) 

- 100 ml macronutrients (10x solution) 

- 10 ml Fe-EDTA (100x solution) 

- 5 ml micronutrients (200x solution) 

- Made up to 1L with dH2O 

- Adjust to pH 6.0 using KOH 

 

C. fern medium agar (1L) 

- 100 ml macronutrients (10x solution) 

- 10 ml Fe-EDTA (100x solution) 

- 5 ml micronutrients (200x solution) 

- 10 g plant culture agar 

- Made up to 1L with dH2O 

- Adjust to pH 6.0 using KOH 

 

Macronutrients 10x (1L) 

- 1.25 g NH4NO3 

- 5 g KH2PO4 

- 1.2 g MgSO4-7H2O 

- 0.26 g CaCl2-2H2O 

- Made up to 1L with dH2O 
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Micronutrients 200x (1L) 

- 0.05 g MnSO4-H2O 

- 0.074 g CuSO4-5H2O 

- 0.104 g ZnSO4-7H2O 

- 0.372 g H3BO3 

- 0.0074 g (NH4)Mo6O24-4H2O 

- Made up to 1L with dH2O 

 

Chelated Iron 100x (1L)  

- 2.78 g FeSO4-7H2O 

- 3.73 g Disodium EDTA-2H2O 

- Made up to 1L with dH2O 

 

LB liquid (1L) 

- 10 g bacto-tryptone 

- 5 g bacto-yeast extract 

- 10 g NaCl 

- Made up to 1L with dH2O 

 

LB agar (1L) 

- 10 g bacto-tryptone 

- 5 g bacto-yeast extract 

- 10 g NaCl 

- 10 g bacto-agar 

- Made up to 1L with dH2O 
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1x MS 2% sucrose medium (1L) 

- 0.5 g plant MES hydrate 

- 4.16 g Murashige-Skoog 

- 20 g sucrose  

- 7 g agar 

- Made up to 1L with dH2O 

- Adjust to pH 5.8 using KOH 

 

Yeast drop-out media (500 mL) 

For Yeast drop-out media the appropriate Takara Yeast two-hybrid media pouch (SD-

LT, SD-ALT, SD-HLT, SD-AHLT) was diluted with 0.5 L dH2O and autoclaved at 121 

°C for 20 minutes. 

 

Yeast drop-out YPDA medium (1L) 

- 20 g bacto-peptone  

- 10 g yeast extract 

- 20 g sucrose/dextrose 

- 20 g agar 

- 40 mg adenine 

- Made up to 1L with dH2O 
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1.2. Buffers 

1M Tris-HCl pH 9.0 (400 mL) 

- 48.46g Tris-HCl (MW: 121.4) 

- Adjust pH to 9.0 with 1 M HCl 

- Make up to 400 mL with dH2O 

 

2% CTAB extraction buffer (400 mL) 

- 40 ml 1M Tris-HCl pH 9.0 

- 16 ml 500 mM EDTA 

- 8 g CTAB (Hexadecyltrimethylammonium bromide) 

- 32.72 g NaCl  

- Made up to 400 mL with dH2O 

 

0.5M EDTA pH 8.0 (400 ml final volume): 

- 58.448 g EDTA (MW: 292.24) 

- Adjust to pH 8.0 using KOH pellets 

- Made up to 400 mL with dH2O 

 

TAE 50x stock solution (1L) 

- 242 g Tris base (MW = 121) 

- 57.1 mL glacial acetic acid 

- 100 mL 0.5 M EDTA (pH 8.0) 

- Made up to 1 L with dH2O 
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2. Primer table 

Table 1: Primers used to amplify CMADS1 and it’s potential interactors, designed 

using Phytozome genome database (https://phytozome-next.jgi.doe.gov). 

 

Gene Sequence 5’ to 3' 

CerMADS1 Forward GATTCAATCCGTTAAGGAGATTCTG 

CerMADS1 Reverse GGTATAATAGAGCCTCACCGTC 

CerMADS1 new primers Forward GGAAGCTATGGTGAGGACG 

CerMADS1 new primers Reverse CTATGCACAAGGTTTTAGTGGTATAATAG 

CMADS1 Forward CATCTCCTGCAGCTCTAAGAC 

CMADS1 Reverse CAGCTACAACCTCAGGTCAAG 

CMADS2 Forward CGATGGTGAGGAGGAAGATC 

CMADS2 Reverse CTATTCCATACAAACTGGTGAGTG 

CMADS2 new Forward GAGGCTGCGAGCCTC 

CMADS2 new Reverse GAGCTTTGGATATCTGTTCTATTCC 

CMADS3 Forward CATTCTGCTCATACACCAGC 

CMADS3 Reverse GAATTTCCTTAGCGCCTTGC 

CMADS4 Forward CACAGCACGAACATCCTAC 

CMADS4 Reverse CCATCCACAGCCTTAATCATG 

CMADS4 new primers Forward GTTTTGCAGATCCGCTCG 

CMADS4 new primers Reverse CATCCACAGCCTTAATCATGATTC 

CMADS6 Forward GTTGGTGAGTCGATTCCATG 

CMADS6 Reverse CCATTAGTTCAGTCTCAAGTCGAG 

CRM1 Forward CTCATACACCAGCAGTGGAC 

https://phytozome-next.jgi.doe.gov/
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CRM1 Reverse GAATTTCCTTAGCGCCTTGC 

CRM2 Forward CTGATATCGCGACGGTAGAG 

CRM2 Reverse CTGAATTCCTGTCTTATTCCATGC 

CrMADS_A Forward GCAATGGTGAGGAGGAAGATC 

CrMADS_A Reverse TTATGCAGACGAACAAAAATCAACTAG 

CrMADS_AG Forward GAGAGAGAGAGAGAATCGATGG 

CrMADS_AG Reverse CATTTAAGAGAGATTTCACAGTGATAGTAG 

CrMADS_AG new primers Forward GAGAGAGAATCGATGGGAAGG 

CrMADS_AG new primers Reverse GAAAAACGTGGATCGTTGAGAG 

CrMADS_AI Forward GTGAGATGATTTCGAGTGCTG 

CrMADS_AI Reverse CAACAGAGACATGACCATCAAAG 

CrMADS_AI new primers Forward GACTACGTGAGATGATTTCGAGTG 

CrMADS_AI new primers Reverse CATCAAAGCTTGCGTTCCTG 

CrMADS_AJ Forward GTTTTGCAGACCTGCTCG 

CrMADS_AJ Reverse CAGTAACCATCCACAACGTAAATC 

CrMADS_E Forward CGTAGATGGCATTAAACACACG 

CrMADS_E Reverse CTTACATTCGAGGACATCCAAG 

CrMADS_G Forward GATATGGGCCGTTGCAAG 

CrMADS_G Reverse GTATCAATACTTGCATATGTTGTCC 

CrMADS_H Forward CAGGCAGGAACACAAATACAG 

CrMADS_H Reverse GAGAAAGTGGCTGACATTCTG 

CrMADS_I Forward CGATGGTGAGGAGGAAAATC 

CrMADS_I Reverse CTACTCAGACGCAGGTGATTC 

CrMADS_M Forward ATGGCAATGCCATGTTCAG 
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CrMADS_M Reverse TCATTGTGTGAAGCCAAGC 

CrMADS_S Forward ATGGCCTTGGATAAAAGCG 

CrMADS_S Reverse TCACCCTAGCTTCAGCG 

CrMADS_W Forward CATTCTCCATTGGAACTGCG 

CrMADS_W Reverse CTTCGACCGCATCCTGG 

V4_38160 Forward GATTGAGAACCCGATGACG 

V4_38160 Reverse CCTGTCTTATTCCATGCAAAG 

V4_51781 Forward CTTCGCTCCGCATCATTTC 

V4_51781 Reverse CTCGTAAGAGGAACGTCTGC 

 

Table 2: Primers used to amplify both Type I and Type II Ceratopteris richardii MADS-

box genes for genome validation. 

 

Primer name Sequence 5’ to 3’ 

M13 Forward CACCTCTACTTTCGTCTCTCTC 

M13 Reverse CAATGTGAACAGCTTCCGTC 

M14 Forward CCGGTGAAAGTGTCAGAAG 

M14 Reverse CTAGCTTTGCTTTAGAACGCTC 

M14 Internal Forward CTCTCGGTATTGAGGGACTATC 

M14 Internal Reverse GCATATCACTCACATGGCAC 

M15 Forward CCTTGGAGAATTACTTTGAGCG 

M15 Reverse CAGATTGAACACCGCTTACC 

M16 Forward CTGGCAAGAATCAGCATTGAC 

M16 Reverse CAATGTCCTCGATTCAATGAAACC 
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CrMADS_C Forward GATATGCAACTACCGAGGC 

CrMADS_C Reverse GATTCATTCAACGAGAGTCTGAG 

CrMADS_D Forward GAAATGGGTCGCGCTAAAATC 

CrMADS_D Reverse TTATTTGTGGGTTTGCTCGTG 

CrMADS_F Forward GTGGCAATTTGCAGAAATGG 

CrMADS_F Reverse CCTAGCCGAATTCCTCTGTAAC 

CrMADS_J Forward  ATGGGGAGGGTCAAGCTTG 

CrMADS_J Reverse TTAGGGGCAATCGAAAATCAGAAG 

CrMADS_L Forward ATGGGGAGGGTCAAGC 

CrMADS_L Reverse TTATCGCCGTCGTGAAACAG 

CrMADS_N Forward ATGGCAATGCCATGTTCAG 

CrMADS_N Reverse CTATAACATGATAAAACGTGAAACATAAGTC 

CrMADS_O Forward ATGGGGAGGGTGAAGC 

CrMADS_O Reverse TTATCTACTCCGCATAGACTTTTC 

CrMADS_Q Forward GAGAATGGCAGCCACAG 

CrMADS_Q Reverse TCATGCATCAATGCCATCTG 

CrMADS_Q new primers Forward GCGAGTGAGAATGGCAG 

CrMADS_Q new primers 

Reverse 

GTGATTGTCGTGTCTTCATGC 

CrMADS_R Forward CATGGGGAAAAGCAAGATTTTG 

CrMADS_R Reverse GCTATTACTGAATGTTGAGAACACC 

NRCDS_015287 Forward CTCGTCGGGTCTTATGGTG 

NRCDS_015287 Reverse CTATCTTCGCACTGTCGAAAAG 

V4_89546 Forward GGCGATCTATGCTGATAGATG 
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V4_89546 Reverse CATGCTTAATCTGATGATGTGG 

 

 

Table 3: Primers used for Yeast-II-Hybrid: 

 

Primer name Sequence 5’ to 3’ 

CMADS1-F-SfiI GGCCATGGAGGCCCATCTCCTG 

CMADS1-R-XmaI CCCGGGCAGCTACAACCTCAGG 

CMADS1-F-SfiI (no start codon) CTGCTTGGCCTCCATGGCC 

CMADS1-R-XmaI (no stop codon) GACCTGAGGTTGCCCGGG 

CMADS1-F-XmaI-no-start CCCGGGAAGCAGCTTCCG 

pGBKT7 T7 promoter forward sequencing 

primer 

GTAATACGACTCACTATAGGGCGA 

pGBKT7 T7 terminator reverse sequencing 

primer 

CCCCAAGGGGTTATGCTAG 

pGADT7 T7 promoter forward sequencing 

primer 

TAATACGACTCACTATAGGGCG 

pGADT7 reverse sequencing primer CAGTATCTACGATTCATCTGC 

CMADS1-F-MIK-no-start-XmaI CCCGGGAATACTTTCCTCTC 

CMADS1-R-MIK-XmaI CCCGGGTATAATTGTTGCC 
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Table 4: primers used for qPCR and RNAi Gateway cloning 

 

Gene Primer sequence 

Actin B Forward GAGAGAGGCTACTCTTTCACAACC 

Actin B Reverse AGGAAGTTCGTAACTCTTCTCCAA 

E02 (putative TATA box) Forward ATGAGCCAGAGCTTTTCCCC 

E02 (putative TATA box) Reverse TTCGTCTCTGACCTTTGCCC 

M08 (putative Ubiquitin9) Forward TCAATCTGCTCCCTGCTCAC 

M08 (putative Ubiquitin9) Reverse GTCCAGTTCCTTGCTGTTGC 

CMADS1-qPCR-F GAACCAGATACCACTGGATCTAGCTG 

CMADS1-qPCR-R GTTCTCCTCAAATAGCCTTGCCTC 

CrMADS_S-qPCR-F CAGGCGATATGAGGATCTCCAATCTC 

CrMADS_S-qPCR-R GCAGCCGCATTTTCGCCC 

CrMADS_H-qPCR-F CCGCATAGTGCACATCGCG 

CrMADS_H-qPCR-R GCAGTTCTTGAAATGATAAGCCTGTTG 

CrMADS_M-qPCR-F GATCATCTTCTCCAGCACAGGAAAAC 

CrMADS_M-qPCR-R GCTCAGCCTCTTGCTTCCAG 

CMADS1-F-SfiI GGCCATGGAGGCCCATCTCCTG 

CMADS1-R-XmaI CCCGGGCAGCTACAACCTCAGG 

CMADS1-F-SfiI (no start codon) CTGCTTGGCCTCCATGGCC 

CMADS1-R-XmaI (no stop codon) GACCTGAGGTTGCCCGGG 

CMADS1-F-SfiI-no-start GGCCATGGAGGCCAAGCAGC 

CMADS1-F-XmaI-no-start CCCGGGAAGCAGCTTCCG 
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Table 5: RNA interference primers: 

 

 CMADS1 Primer 5’ to 

3’ 

AttB1/AttB2 5’ to 

3’ 

Construct 5’ to 3’ 

Forward primer GAATGGGGCTCTG

GTACA 

GGGGACAAGTT

TGTACAAAAAA

GCAGGCT 

GGGGACAAGTTTG

TACAAAAAAGCAG

GCTGAATGGGGCT

CTGGTACA 

Reverse 

primer 

CTGCGGATCGGAA

TTGTTC 

GGGGACCACTT

TGTACAAGAAA

GCTGGGT 

GGGGACCACTTTG

TACAAGAAAGCTG

GGTCTGCGGATCG

GAATTGTTC 

 

 

3. Ceratopteris RNA extracted for use in cDNA synthesis and the associated 

assays 

 

Table 6: Ceratopteris richardii RNA samples extracted from different developmental 

stages of tissues. 

 

RNA Sample Name number of 

individuals 

nano drop 

concentration

s 

CrWT RNA 1 27/11/20 20 65.2 ng/μl 
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CrWT RNA 2 27/11/20 10 45.3 ng/μl 

CrWT RNA 3 27/11/20 5 19.3 ng/μl 

RNA 01/12/20 10 day hermaphrodite (n) 4 20 89.2 ng/μl 

RNA 01/12/20 10 day hermaphrodite (n) 5 10 24.7 ng/μl 

RNA 01/12/20 10 day hermaphrodite (n) 6 5 18.3 ng/μl 

CrWT (n) 5 day male and hermaphrodite RNA 150 150 11.2 ng/μl 

1 CrWT (n) 7 day hermaphrodite 50 RNA 8/12/20 50 18.1 ng/μl 

2 CrWT (n) 7 day hermaphrodite 100 RNA 8/12/20 100 16.5 ng/μl 

3 CrWT (n) 7 day hermaphrodite 150 RNA 8/12/20 150 33.1 ng/μl 

4 CrWT (n) 7 day male 50 RNA 50 10.7 ng/μl 

4 CrWT (2n) RNA 9 days 5 18/12/20 RNA 5 68.3 ng/μl 

5 CrWT (2n) RNA 9 day 18/12/20 10 RNA 10 99.8 ng/μl 

6 CrWT (2n) RNA 9 day 18/12/20 15 RNA 15 205.8 ng/μl 

1 CrWT (n) RNA hermaphrodite 14 day 30 RNA 30 63.0 ng/μl 

2 CrWT (n) RNA hermaphrodite 14 day 3018/12/20 

RNA 

30 60.7 ng/μl 

3 CrWT (n) RNA hermaphrodite 14 day 30 

18/12/20 RNA 

30 68.4 ng/μl 

8 CrWT (n) 14d hermaphrodite 30 15/01/21 RNA 30 22.9 ng/μl 

1 CrWT (n) 7d hermaphrodite 13/01/21 RNA 300 300 31.9 ng/μl 

2 CrWT (n) 7d hermaphrodite 13/01/21 RNA 300 300 61.4 ng/μl 

1 CrWT (n) 12d male 13/01/21 RNA 25 25 9.7 ng/μl 

2 CrWT (n) 12d male 13/01/21 RNA 50 50 16.5 ng/μl 

3 CrWT (n) 12d male 13/01/21 RNA 100 100 12.9 ng/μl 
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4 CrWT (n) 12d male 13/01/21 RNA 25 25 24.5 ng/μl 

5 CrWT (n) 12d male 13/01/21 RNA 50 50 36.5 ng/μl 

6 CrWT (n) 12d male 13/01/21 RNA 100 100 43.7 ng/μl 

1 CrWT 2n mature fronds 15/01/21 RNA 10 10 58.7 ng/μl 

2 CrWT 2n mature fronds 15/01/21 RNA 10 10 20.4 ng/μl 

3 CrWT 2n mature fronds 15/01/21 RNA 10 10 22.9 ng/μl 

4 CrWT 2n mature fronds 15/01/21 RNA 10 10 36.1 ng/μl 

5 CrWT 2n expanding fronds 15/01/21 RNA 10 10 25.8 ng/μl 

6 CrWT 2n expanding fronds 15/01/21 RNA 10 10 43.3 ng/μl 

7 CrWT 2n expanding fronds 15/01/21 RNA 10 10 50.4 ng/μl 

2 CrWT (n) 5d male and hermaphrodite RNA 500 

individuals 01/02/21 

250 65.0 ng/μl 

Combined with above for a 500 individual sample 250 - 

Combined with 2 CrWT (n) 5d male and 

hermaphrodite 250 individuals 09/02/21 

250   

1 CrWT (n) 7d male 500 individual RNA 01/02/21 250 21.1 ng/μl 

Combined with above for a 500 individual sample 250 - 

1 CrWT (n) 10d male 500 individual RNA 01/02/21 250 54.0 ng/μl 

Combined with above for a 500 individual sample 250 - 

2 CrWT (n) 5d male and hermaphrodite RNA 500 

individuals 11/02/21 

250 97.1 ng/μl 

3 CrWT (n) 5d male and germaphrodite RNA 500 

individuals 11/02/21 

250   

Combined with above for a 500 individual sample 250 74.8 ng/μl 
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2 CrWT (n) 10 day male 500 individuals 30/04/21 250 129.7 ng/μl 

Combined with the above for a 500 individual 

sample 

250   

2 CrWT (n) 7 day male 500 individuals 30/04/21 250 119.5 ng/μl 

Combined with above for a 500 individual sample 250   

3 CrWT (n) 7 day hermaphrodite 500 individuals 

30/04/21 

250 120.2 ng/μl 

Combined with the above for a 500 individual 

sample 

250   

1 CrWT (2n) 130 day reproductive fiddle head 

04/02/22 

3 609.7 ng/μl 

2 CrWT (2n) 130 day reproductive fiddle head 

04/02/22 

3 368.8 ng/μl 

3 CrWT (2n) 130 day reproductive fiddle head 

04/02/22 

4 375.4 ng/μl 

1 CrWT (2n) 130 day reproductive expanding frond 

04/02/22 

3 1464.4 ng/μl 

2 CrWT (2n) 130 day reproductive expanding frond 

10/02/22 

3 1426.4 ng/μl 

3 CrWT (2n) 130 day reproductive expanding 

frond/02/22 

3 1217.4 ng/μl 

1 CrWT (2n) 130 day reproductive mature frond 

10/02/22 

1 401.3 ng/μl 
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2 CrWT (2n) 130 day reproductive mature frond 

10/02/22 

1 353.7 ng/μl 

3 CrWT (2n) 130 day reproductive mature frond 

10/02/22 

1 346.6 ng/μl 

1 CrWT (2n) Vegetative expanding fronds 63 day 

26/07/2022 

3 1020.6 ng/μl 

2 CrWT (2n) Vegetative expanding fronds 63 day 

26/07/2022 

3 1026.5 ng/μl 

3 CrWT (2n) Vegetative expanding fronds 63 day 

26/07/2022 

3 1996.7 ng/μl 

1 CrWT (2n) Vegetative mature fronds 63 day 

26/07/2022 

3 203.9 ng/μl 

2 CrWT (2n) Vegetative mature fronds 63 day 

26/07/2022 

3 950.3 ng/μl 

3 CrWT (2n) Vegetative mature fronds 63 day 

26/07/2022 

3 1211.0 ng/μl 

4 CrWT (2n) Vegetative mature fronds 63 day 

26/07/2022 

3 342.6 ng/μl 

1 CrWT (2n) Vegetative fiddle head 63 day 

26/07/2022 

2 287.2 ng/μl 

2 CrWT (2n) Vegetative fiddle head 63 day 

13/01/2023 

4 915.3 ng/μl 

3 CrWT (2n) Vegetative fiddle head 63 day 

13/01/2023 

4 55.6 ng/μl 
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4 CrWT (2n) Vegetative fiddle head 63 day 

13/01/2023 

4 524.4 ng/μl 
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APPENDIX 3 
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4. Overexpression of CMADS1 in Ceratopteris 

4.1. Restriction cloning troubleshooting of tagged 35S::CMADS1-myc  

 

The initial cloning of CMADS1:myc:pJET showed three potential PCR errors with one 

causing an amino acid change. A further PCR was performed and the subsequent 

mini-preps were sequenced. These had no mismatch base pairs, although one read 

was slightly short. Internal primers showed the correct sequence was reliable 

throughout. Restriction sites KpnI and HindIII were then cloned into pJEt along with 

the myc tagged CMADS1 insert. This construct was then transformed into the pART7 

vector, this vector is used to donate the 35S promotor region to be used in 

overexpression of the chosen gene insertion, as well as an OCS terminator region. 
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Figure 1: Double diagnostic digests of CMADS1-myc in the intermediate vector pART7, 
4 transformations were performed and ran on 0.8% agarose electrophoresis gel at a 
constant 90V for 60 minutes. The expected bands when digested with NdeI and SalI when 

an insertion was present was approximately 6 kb and 450 bp.   The expected bands when 

digested with Bsu361 and SpeI when an insertion was present was approximately 6 kb, 800 

bp, and 700 bp. The expected bands when digested with KpnI and HinIII when an insertion 

was present was approximately 5 kb and 1.5 kb. The expected bands when digested with 

BamHI and EcoRI when an insertion was present was approximately 5 kb, 600 bp, 400 bp, 

and 250 bp.  An unsuccessful insertion with any of the restriction enzyme pairs would give 

only a 6 kb band.  

 

Diagnostic digests showed all four mini preps had successful insertions of myc tagged 

CMADS1. Mini-preps were then digested with NotI at 37C overnight. As only one 

restriction site was used for the insertion into pBOMBER a check for orientation was 

performed. 
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Figure 2: the top gel shows 4 digests of 35S::CMADS1-myc in pART7 using NotI 
restriction enzyme, with the final lane shows a pBOMBER sample being digested with 
NotI. The bottom gel image shows the purified DNA from the digestion gel. The initial 

ligation calculation suggested a ratio of 2:3 vector:insert, however as the purified gel showed 

similar intensities for both the vector DNA and the insert DNA so a 1:1 ratio was also 

performed. As all insertions were successful previously extra ratios of 3:1 and 6:1 were also 

performed. A 90-minute ligation at 37C was performed for the 3:1 and 1:1 ratios, a 2 hour 

ligation at 37C was performed for 6:1 and 2:3 ratios.  

 

The above ligations were transformed in DH5a following the lab heat shock protocol 

described in chapter 2. After 24 hours incubating at 37C no growth could be seen. 

After 48 hours no growth could be seen on the 2:3 ratio plate. The 1:1, 3:1, and 6:1 

plates had limited growth as is shown in figure 3. 
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Figure 3: colony plates of 35S::CMADS1-myc in pBOMBER cloned into DHa, the table 
shows colony counts of all ratio plates along with control plates. 
 

Mini-prep 1 and 2 were used for another transformation. For the ligation stage a 2-hour 

incubation at 37C was performed and the ratios of insert:vector were 6:1 and 2:3. The ratio 

2:3 was used due to the purified DNA gel (figure 2) showing a lower concentration of vector 

compared to the insert. The volume plated was doubled as the previous transformation did 

show an increase in colonies between 100 µl and 200 µl. 
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6:13:11:1

Vector
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control
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control
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Figure 4: colony plates of 35S::CMADS1-myc in pBOMBER at the revised insert:vector 
ratios with a higher volume of transformation culture plated. 

 
 

 
Figure 5: A diagnostic digest electrophoresis gel of 35S::CMADS1-myc in 
pBOMBER The following expected bands: EcoRI and BamHI: Insertion: ~13.6 kb, 

~600 bp, ~400 bp, and ~250 bp. XbaI and StuI: Insertion: ~12.8 kb, and ~2.1 kb. ClaI 

and ApaI: ~ 13.3 kb, and ~ 1.7 kb. ApaI and KasI: ~ 9 kb, and ~5.8 kb. Without an 

insertion the expected band would be approximately 11.5 kb. 

 
 
 

400 µl200 µl

101 pBOMBER::35S::CMADS1-myc

102 pBOMBER::35S::CMADS1-myc

12pBOMBER vector only control

00No ligase control

1 kb ladder

1 2 3 4

1 kb ladder

1 2 3 4

EcoRI and 
BamHI

ClaI and ApaI

1 2 3 4

XbaI and 
StuI

1 2 3 4

ApaI and 
KasI

1 kb ladder



 
 
 

264 

 
4.2. Restriction cloning troubleshooting of tagged 35S::CMADS1  

 

 
Figure 6: A diagnostic digest electrophoresis gel of 4 pairs of double digestions with 
CMADS1 in pART7. The expected bands for each digestion being the following: ClaI and 

StuI: successful insertion: approximately 5.2 kb, and 1 kb. SalI and XbaI successful insertion: 

approximately 6 kb, and 240 bp. ClaI and ApaI successful insertion approximately 4.6 kb, and 

1.6 kb. KpnI and HindIII successful insertion approximately 4.5 kb, and ~1.3 kb. An 

unsuccessful insertion with any digest would give an expected band of approximately 6 kb. 

 

 

The diagnostic digests of CMADS1 in pART7 mini-preps suggest samples 1 and 3 had 

successful insertions whilst 2 and 4 were unsuccessful. 
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Figure 7: The above gel shows a digestion of CMADS1 in pART7 mini-preps 1 and 3 
with NotI with a pBOMBER digestion with NotI. The bottom gel shows the purified DNA 
of these digestions. 
 

Insert:vector ratios were chosen based on the initial concentration calculation (2:1) 

and the purified DNA gel (6:1). For the ligation stage an overnight incubation at 20C 

was used for both ratios. 100 µl of competent cells was used for transformation and 

standard lab heat shock protocol followed. 200 µl and 400 µl of transformed cells in 

SOC media was spread of spectinomycin100 LBA plates for 24 hour 37C incubation. 
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Figure 8: colony plates after 24 hour incubation showing only one colony growth in 
35S::CMADS1 in pBOMBER. 

 

The one colony was mini prepped using Isolate II mini prep kit and following the 

enclosed protocol. Double diagnostic digests were performed with no bands observed. 

 

 
Figure 9: diagnostic digestion gel of 35S::CMADS1 in pBOMBER. 
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Transformations were re-done this time using a ligation incubation of 2 hours at 37C. 

 

 

Figure 10: colony plates of 35S::CMADS1 in pBOMBER with colony counts in the 
table. 
 

 

 
Figure 11: a diagnostic digest gel showing 35::CMADS1 in pBOMBER no bands were 
observed. 
 

Agilent Ultracompetent XL10-Gold cells were purchased for their efficiency with larger 

(10 kb <) insertions, despite the insertions being approximately 3 kb. These provided 
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a higher colony growth but diagnostic digests showed unsuccessful insertions and the 

transformation was abandone 

 


