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SET-domain proteins are histone methyl transferases. These proteins methylate 

histone tails of nucleosomes, which aid in the modification of chromatin. SET-domain 

proteins are responsible for transcriptional activation or repression of genes in 

eukaryotes. Understanding the distribution of these proteins among the three eukaryotic 

kingdoms would shed lights on the evolution and specialization of eukaryotic functions in 

the plant, animal, and fungal kingdoms. In this thesis, extensive analyses were conducted 

on the fungal kingdom and searches were conducted on eleven fungal genomes which 

included representatives from filamentous, non-filamentous and dimorphic fungal 

species. Arabidopsis thaliana, Mus musculus and Drosophila melanogaster were chosen 

to represent the plant and animal kingdoms. Thorough examination of the SET-domain 

protein distribution in fourteen genomes across fungal, plant, and animal kingdoms was 

conducted. One hundred and forty four or more of new SET-domain proteins were 

identified. Phylogenetic analyses of these SET-domain sequences showed the consistent 

relationships with those based on the internal structure of the SET-domains and with the 

domain architecture of the entire proteins. Some SET-domain protein groups were 
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represented by all three kingdoms; others were specific to fungi or animals. While the 

majority of SET-domain protein groups were found both in filamentous and non-

filamentous fungi, a few groups were represented by only a limited fungal species. In 

conclusion, results show a wide distribution of SET-domain proteins in fungi, plants, and 

animals. Conservation of family-specific domain architectures suggests that other 

domains associated with the SET-domain might also play an important role in the 

functions of these proteins. 
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1 Introduction 

1.1 Histone Modification 

Histones are proteins which are found associated with DNA in Eukaryotic 

genomes. This association between histones and DNA form structures called chromatin. 

Chromatin is composed of repeating basic units called nucleosomes. Nucleosomes 

consist of around 200 base pairs (bp) of DNA wrapped around a histone ocatamer. The 

histone octamer consists of two copes of histone proteins H3, H4, H2A, and H2B. 

Repeating nucleosomal sub-units along with histone protein H1, form higher order 

chromatin structures which effectively package DNA in the nucleus, as shown in Figure 

1.1. 

 

 

 

 

 
 
 
 
Figure 1.1: Chromatin fibre structure along with higher-order folding. The nucleosome 
core particle is shown with two copies of four core histone proteins (H3, H4, H2A, and 
H2B). The N-terminal tail domain of the histone proteins are exposed and extended 
indicated in red (courtesy [1]). 
 
  

 The N-terminus domain of histone core proteins commonly referred to as ‘histone 

tails’, protrude from the surface of the chromatin complex (Figure 1.1). These structures 



 

  
 

10 
are centres of various covalent modifications such as methylation, acetylation, 

phosphorylation, ubiquitination and ADP-ribosylation [1]. Histone modification largely 

seen on particular substrates on histone tails has been shown to regulate DNA 

transcription by alteration of chromatin structure. These alterations may expose DNA 

previously unavailable for transcription by the transcription machinery. Alternatively, the 

changes may render DNA unavailable for transcription. Studies have shown covalent 

modification of histones to cause inheritable changes in DNA transcription states [2]. 

 Recent studies have revealed some of the high complexity of histone 

modifications. Various combinations of specific covalent modifications on specific sites 

on histone tails result in a certain transcription state. These changes constitute a sort of 

language which has been termed as the ‘histone code’ [1]. Figure 1.2 shows the various 

sites on the tails of histones H3 and H4 observed with different covalent modifications. 

 

 

 

 

 
Figure 1.2: N-terminal tails of H3 and H4. Substrates shown to be methylated are 
indicated in purple; phosphorylation shown in blue and acetylation in red. The asterisk on 
residue lysine 9 on H3 indicates that this residue is a substrate for acetylation as well as 
methylation. 
 
 
 Histone modifications along with other epigenetic changes are very important 

areas of study to further understand the complexity of biological species as well as their 

evolution. Differential expression and regulation of genes in various organisms by these 
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modifications may provide an explanation for the extreme physiological and 

anatomical complexities seen in nature. Such complexities do not seem to correspond 

directly with the number of genes observed in a genome [2].  

 One important covalent modification of histones tails is histone methylation. 

Histone methylation in eukaryotes is carried out by a set of enzymes called histone 

methyl transferases (HMTs). Histone methylation target lysine or arginine residues. With 

the exception of a DOT1 family protein [3, 4], all lysine methyltransferase enzymes 

contain a highly conserved peptide sequence called the SET-domain. SET-domain 

proteins transfer a methyl group to the amino group of lysine using the co-factor methyl 

donor from S-adeno-syl-L-methionine (AdoMet) [5]. 

 

1.2 The SET-domain 

The SET-domain is approximately a 130 amino acid motif initially found in three 

Drosophila melanogaster proteins: Suppressor of variegation 3-9 (Su(var)3-9) [6], 

Enhancer of Zeste (E(z)) [7], and Trithorax (Trx) [8]. This conserved sequence has been 

identified in plants, animals, and yeast. The absence of SET-domain proteins in 

prokaryotic genomes indicates that this protein family is involved in eukaryotic functions. 

Some SET-domain proteins function as histone-modifying enzymes. They have 

methyltransferase activities; they methylate specific lysines on histone-tails. It has been 

widely accepted that chromatin remodelling caused by histone-modifying enzymes, 

which alter the structure of nucleosomes or influence the binding of other molecules, 
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affects either gene expression or repression. The mechanism by which methylation 

results in expression or repression of genes is, however, yet to be resolved. In Drosophila, 

for example, Su(var)3-9 proteins are responsible for the di- and tri- methylation of the 

Histone 3 lysine 9 and position effect variegation, and mediate gene repression [9].  

However, many SET-domain proteins have been identified only based on their sequence 

similarities and their functions still remain uncharacterized. SET-domain proteins have 

recently become a focal point of study in cancer proliferation. Mis-regulations of human 

homologues of E(z) and Trx SET families have been implicated in the development of 

human cancer [10, 11]. It is, therefore, important to understand the functional and 

evolutionary relationships of these protein families from multitudes of perspectives, from 

eukaryotic evolution, epigenetic gene regulations, to cancer genetics.  

Within its ~130 amino acid sequence, two non-contiguous conserved regions are 

recognized: SET-N at the N-terminal and SET-C at the C-terminal ends. The insert region 

between SET-N and SET-C is highly variable in length (ranging from 23 to 361 amino 

acids) and called SET-I [12]. Three particularly highly conserved regions, one in SET-N 

and two in SET-C, are considered to play important roles in cofactor-binding, substrate-

binding, and catalytic activity, respectively [12, 13]. A sample multiple sequence 

alignment with insert and conserved sequence highlighted is shown in Appendix A. 

The SET-domain containing proteins, recognized as the SET-domain protein 

super family, were initially classified under three families: Su(var)3-9, E(z), and Trx. The 

Su(var)3-9 and E(z) families are mainly involved in gene repression, while the Trx family 

is involved in positive regulation of homeotic genes [14]. The Su(var)3-9 group 

methylates the Histone 3 lysine 9 that creates a binding site for the heterochromatin 
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protein 1 (HP1), which results in heterochromatin formation [15]. The E(z) proteins 

were shown to have no methylase activity but use the N-terminal region of the SET-

domain to bind to the Drosophila Extra sex combs protein (Esc) to form a protein 

complex required for the maintenance of a previous repression pattern [7]. An intriguing 

point about these families is that they all share the SET-domain, but have counteractive 

functions; some resulting in gene expression and some in gene repression. Another SET-

domain protein family called Ash 1 distinguishes itself from the other families by internal 

location of the SET-domain within the protein [16]. Trx and Ash 1 proteins are part of the 

triothorax group (trx-G) genes that interact together using their SET-domains and are 

shown to be involved in homeotic gene expression in Drosophila [17]. Ash 1 protein in 

Drosophila has been shown to methylate lysine residues 4 and 9 in Histone 3 and lysine 

20 of Histone 4. It targets genes and provide a binding site for a chromatin remodelling 

complex and subsequent activation [18].  

In Saccharomyces cerevisiae, a Trithorax-related protein called SET 1 was found 

to be part of a protein complex (Complex Proteins Associated with SET 1), which is 

involved in a gene expression [19]. SET 2 in S. cerevisiae methylates Histone 3 lysine 36 

and is associated with transcription elongation [20]. SET 2 was also shown to be essential 

for normal cellular growth and development in Neurospora crassa [21]. Subsequently 

other related proteins, SET 3, SET 4, SET 5, SET 6 have been identified in 

Saccharomyces cerevisiae [22]. SET 7/9 was isolated in human [23] and SET 8 has been 

have been identified in metazoans [24]. 

In many proteins, the SET-domain usually exists with other domains forming 

multi-domain protein families [25]. Single-domain SET proteins are known only in some 
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bacteria and they are considered to be the results of horizontal transfers from 

eukaryotes to pathogenic bacteria [26, 27]. Due to their involvements in fundamentally 

important eukaryotic functions involving histone modification and chromatin 

remodelling, it is of a great interest to examine how different types of SET-domain 

proteins are distributed across eukaryotes. Work conducted on comparative analysis of 

SET-domain proteins in plants [28, 29] showed similarity of some SET-domain families 

in animals and plants, suggesting ancient origins of these proteins. SET-domain proteins 

of E(z), Trx, Ash 1, and Su(var)3-9 families are evolutionarily conserved in animals, 

plants, and yeast [30]. Alvarez-Venegas and Avramova [25] showed that Su(var), Trx, 

and E(z) family proteins exist across plant, animal, and fungal species.  

 

1.3 Goals of this study 

With the discovery of many new SET-domain proteins in various eukaryotes, 

thorough examination of SET-domain protein repertoire from the three major kingdoms 

is in order. The main goals of this study are as follows: 

 

1. To trace the evolution of the SET-domain families in eukaryotic genomes and in 

particular, the fungal kingdom. 

2. To gain more insight in the evolution of cellular complexity and specialization in 

fungi to further understand the overall evolution of multicellularity in eukaryotes. 

3. To get an overall picture of the interaction between the different SET domain 

families and other related domains present in the gene. 
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Only few studies have been done on the distribution of SET-domain proteins 

especially among fungi. This thesis primarily addresses the distribution of the SET-

domain genes in Ascomycota (or sac fungi). The Ascomycota sub-phylum forms a 

monophyletic group which include sister clades, Pezizomycotina and Saccharomycotina 

(Figure 1.3).  The Saccharomycotina group has several interesting sub-groups. There is a 

well supported branch leading to Candida species which translate CTG as serine instead 

of leucine. The sister group of this Candida group is another well supported group which 

consists of closely related species of bakers yeast, Saccharomyces cerevisiae. This group 

includes members (see Figure 1.3) which have undergone whole genome duplication 

(WGD) and those which have not. Studies have shown that the most common ancestor of 

this group may have undergone speciation and the subsequent duplication event lead to 

the evolution of the baker’s yeast [31]. It is interesting to note that members of this group, 

filamentous fungus Ashbya gossypii shares homology with single-celled Saccharomyces 

cerevisiae with over 90% of its genes [31]. The Pezizomycotina group includes dominant 

filamentous, ascoma producing fungi [32].  

The members of Ascomycota and sister group Basidiomycota are highly diverse 

in their morphology ranging from yeasts, dimorphic fungi to complex mycelial forms 

(filamentous fungi). The Filamentous fungi present in Ascomycota, as well as 

Basidiomycota, generally are characterized by the presence of septa (cross-walls) and the 

formation of unfused nuclei after mating [33]. The basal group to the sister clades 

Ascomycota and Basidiomycota is the Zygomycota [34]. The members of Zygomycota 

such as Rhizopus oryzae are filamentous fungi, which lack cross-walls or septa [35] and 
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thus represent a rudimentary form of a filamentous fungus as compared to the well 

defined ‘higher’ filamentous fungi of Basidiomycota and Ascomycota. 

Ascomycota being a monophyletic group is a good candidate to study the 

evolution of various fungal morphology types. Therefore, it will be very interesting to 

further understand the transitional evolution of the most common ancestor of 

Ascomycota into filamentous, non-filamentous and dimorphic fungi. The distribution of 

the SET-domain families in this group may reflect this transition.  By comparing the 

presence or absence of SET-domain groups in fungal genomes as well as higher 

eukaryotes, it may be possible to further understand the role of overall evolution of 

multicellular species or specialization of SET-domain families for specific functions in 

plants, fungi and animal evolution.  

In this study, SET-domain proteins were identified from ten Ascomycota fungal 

species (including filamentous, non-filamentous, and dimorphic fungi). A non-

filamentous fungus, fission yeast Schizosaccharomyces pombe was chosen. This species 

forms a very well supported clade outside the Ascomycota group (see Figure 1.3). 

Drosophila melanogaster, Mus musculus, and Arabidopsis thaliana were chosen as the 

representatives of animals and plants. 

 Results showed that some SET-domain families and their domain architectures 

are conserved across all three kingdoms, and others are conserved and/or duplicated in 

only some kingdoms or species. Their implication to the organismal and protein 

evolution will be discussed. 
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Figure 1.3: Maximum likelihood phylogeny reconstructed using concatenated 
alignment of 153 universally distributed fungal genes (courtesy [34]). Bootstrap 
scores for all clades are displayed. Filamentous fungi used for the study are indicated by 
red arrows; dimorphic fungi with green arrows and non-filamentous fungi with black 
arrows. 
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2 Materials and Methods 

2.1 Sequences used 

Known SET-domain sequences were collected from various sources. Appendix B 

lists the 24 sequences used for similarity searches along with their source. The SET-

domain sequences were extracted from these proteins and used as the query sequences for 

the search against twelve complete genomes listed in Table 3.1. They represent the three 

kingdoms including eleven fungi (five filamentous, four non-filamentous, and two 

dimorphic species), two animals (Mus musculus and Drosophila melanogaster), and one 

plant (Arabidopsis thaliana). All genomic sequences were current as of May 20, 2005. 

 

2.2 SET-domain protein mining 

The following four similarity search methods were used to mine new SET-domain 

proteins from the twelve genomes. 

 

2.2.1 BLAST protein similarity searches 

The initial protein similarity search was conducted with BLASTP [36] using the 

24 SET-domain sequences as the queries against the non-redundant database available at 

National Center for Biotechnology Information (NCBI) with the default settings. In order 

to find any similar protein regions from unannotated genomic regions, we also used 
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TBLASTN [37] to perform similarity searches against nucleotide sequences of the 

twelve genomes, translated in all six frames.  

More sensitive searches were performed using the position specific iteration BLAST 

(PSI-BLAST) [37]. Each query was used against individual genomes with the inclusion 

E-value threshold of 0.001 and four search iterations. 

 

2.2.2 Profile hidden Markov model searches 

Profile hidden Markov models (HMMs), probabilistic models of multiple 

alignments, were built and used to search for sequences with remote similarities [38].  

Using the sequences obtained from the above-mentioned BLAST searches and the query 

sequences, 27 well-aligned sequences were selected which are shown in Appendix C. A 

profile HMM was built using these sequences with the Sequence Alignment and 

Modelling System (SAM; [39]). Two programs of the SAM package were used: 

buildmodel for building the profile HMMs and hmmscore (with -sw 2 and –calibrate 1 

options) for searching similar protein sequences from the genomes. The searches were 

conducted in each genome individually. The resulting hits from each organism were 

analyzed for the presence of the SET-domain and previously unidentified sequences were 

collected. An E-value threshold was not used, but rather each hit was examined for the 

SET-domain. 

After the four similarity searches, 214 non-redundant hits were compiled from the 

twelve genomes (data not shown). Each of these 214 sequences was examined to confirm 

the presence of the SET-domain by searching the Conserved Domain Database (CDD) 

available from NCBI [40], as well as the Simple Modular Architecture Research Tool 
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(SMART) database [41, 42]. Some dubious hits including too highly diverged 

sequences and those with very short SET-domain like conserved sequences were 

removed. After these analyses, we obtained 183 non-redundant SET-domain sequences. 

These sequences were used in further analyses. 

 

2.2.3 Multiple alignments of SET-domain sequences 

CLUSTALX (version 1.83; [43]) was used to generate multiple alignments of 

SET-domain sequences (with the GONNET series protein weight matrices and gap 

opening penalty = 10 and gap extension penalty = .20). Due to the highly variable length 

of the SET-I region, poorly conserved sites across the sequences were removed. Some 

other highly variable positions were also removed and the alignments were adjusted 

manually.  

 

2.2.4 Phylogenetic analyses  

A draft phylogeny was reconstructed using all of the SET-domain sequences 

found in this study using the maximum likelihood method implemented in PHYML 

Version 2.4.4 [44]. This draft phylogeny (shown in Appendix D) was used in the further 

analyses.  

In order to produce a more reliable multiple alignment and phylogenies, the 

number of sequences was reduced by choosing representative SET-domain sequences 

using the draft phylogeny as a guide tree. Poorly aligned sequences and those not 

clustering clearly with any known major SET-domain families were removed. All fungal 

sequences were retained, while only one each representative hit from plants and animals 
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was chosen from each SET-domain cluster of SET 1, SET 2, Su(var), and E(z). The 

selected representative sequences are indicated with red fonts in the complete dataset 

phylogeny (see Appendix D). These sequences were selected based on the multiple 

alignment of the entire dataset as well as the protein architectures. The multiple 

alignment of these sequences is shown in Appendix E. The final multiple alignment 

including 114 sequences is shown in Appendix F.  

Phylogenetic reconstruction was done using the maximum likelihood method 

(implemented in PHYML Version 2.4.4) [45] and the maximum parsimony method 

(implemented in PHYLIP 3.65) [46]. The neighbour-joining method was not used 

because the estimated distance matrix using the JTT substitution model (implemented in 

PHYLIP 3.65) generated estimation errors due to too many substitutions. For the 

maximum likelihood method, two sets of trees were reconstructed: one with no invariable 

site and a constant substitution rate among sites, and the other with the proportion of 

invariable sites and the gamma shape parameter estimated from the data. Trees 

reconstructed using the estimated proportion of invariable and gamma shape parameter 

was used for our analysis. The estimated values are indicated on the respective phylogeny 

figures. For the maximum parsimony method, the input sequence order was jumbled 10 

times. Phylogenetic confidence was estimated by the bootstrap analysis [47] with 500 

pseudoreplicates. 

 

2.2.5 Yarrowia lipolytica and Dabaryomyces hansenii Genomes 
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The Genomes of Y. lipolytica and D. hansenii were not included in the initial 

searches and the phylogenetic reconstructions of the data set. In order to increase the 

resolution of the Saccharomycotina group in Table 3.1, detailed searches were conducted 

with the previously described profile HMM in the two genomes. The presence of the 

SET-domain was confirmed for each hit, using SMART and CDD, and SET-domain 

families were assigned using protein similarity searches (using BLASTP) in the non-

redundant (NR) database of NCBI. Dimorphic fungus Y. lipolytica did not fall within 

CTG or the Saccharomyces clade and was used to represent an ancient divergence within 

the Saccharomycotina clade. D. hansenii was picked to represent a non-filamentous 

fungus from the CTG clade (Figure 1.3). 
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3 Results and Discussion 

3.1 Searching and phylogenetic analysis of SET-domain 

proteins 

Starting with 24 known SET-domain protein sequences, shown in Appendix B, 

and performing a series of similarity searches from fourteen complete genomes including 

eleven fungi, two animals, and one plant as listed in Table 3.1. 183 SET- domain 

sequences were identified. Detailed phylogenetic analysis was conducted using 114 

representative sequences. Figure 3.1 shows the phylogeny reconstructed using the 

maximum likelihood method with the proportion of invariant sites and gamma shape 

parameter estimated. The maximum parsimony phylogeny was also largely consistent 

with this phylogeny (see Appendix G). Thirteen distinct SET-domain protein clusters 

were identified. Each family has a distinct gene architecture distribution. SET-domain 

proteins identified were classified based on the multiple alignment (see Appendix E), 

Protein architectures (see Appendix H), and phylogenetic analyses (see Appendix D).  

 

3.2 Distribution of the SET-domain proteins identified across 

twelve genomes 

Table 3.2 summarizes the distribution of the SET-domain families identified in 

this study based on the representative phylogeny, along with the bootstrap values. 
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Sequences which could not be classified definitively into a specific family, based on 

alignment and phylogeny, are not included in the table. These sequences are listed in 

Appendix I; the accession numbers of these proteins with tentative SET-domain family 

assignment based only on similarity with other SET-domain families are shown. 

BLASTP against the NR database of NCBI was used for the similarity searches of the 

unknown SET-domain sequences. 

  The multiple sequence alignment of the representative phylogeny is shown in 

Appendix F. Three SET-domain families, SET 1, SET 2, and SET 3/4, were found across 

all genomes examined. It suggests that these three families may have been present in the 

common ancestor of the three kingdoms. Animals and A. thaliana (a plant) have many 

more SET 1 and SET 2 proteins than fungi. This may imply specialization of these 

proteins for more complex multicelluar functions. In fungi, a single copy of the SET 1 

protein is present in all fungal genomes used in the study; however, multiple copies of the 

SET 2 proteins were found in all filamentous fungi with the exception of Magnaporthe 

griesa. Non-filamentous and dimorphic fungi only have a single copy of the SET 2 

protein.  

The SET 2 family also includes the Ash 1 protein from D. melanogaster, which is 

a well supported clade along with single copies of the gene from filamentous fungi 

representing Pezizomycotina. It is interesting to note that SET 2 proteins and Ash 1 have 

different methylation specificities but share the same basic gene architecture. Previously 

classified Ash 1 and SET 2 proteins are indicated in Figure 3.1. The branch leading to the 

SET 2 family is well supported (91% bootstrap value by maximum likelihood phylogeny) 

and the basic domain architecture found in the Saccharomyces cerevisiae SET 2 
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(Genbank: NP012367) are conserved among all SET 2 proteins and the Ash 1 proteins 

(see Appendix I for domain architectures). 

E(z) family appears to be specific to higher eukaryotes and filamentous fungi 

from Pezizomycotina. SET 7/9 is found only in the mouse genome, and SET 8 is animal 

specific. Plant specific SET-domain proteins were not found. Su(var)3-9 is distributed 

among filamentous fungi from Pezizomycotina, Schizosaccharomyces pombe, and higher 

eukaryotes, but missing from non-filamentous fungi, S. cerevisiae and Candida glabrata. 

Su(var) 4-20 is found in filamentous fungi from Pezizomycotina, Schizosaccharomyces 

pombe, and animal representatives. SET MYND family is also distributed among 

filamentous fungi from Pezizomycotina, S. pombe,and higher eukaryotes with the 

exception of D. melanogaster. SET 5, SET 6, and SET JmjC are fungal specific, but they 

do not exist across all fungal species that were examined. SET 5 and SET 6 were found 

only from non-filamentous and dimorphic fungi and SET JmjC was found only in 

filamentous fungi but appears to be absent from the Fusarium  graminearum genome.  

More detailed description of each of the SET-domain protein families are 

described next.   
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Figure 3.1: Maximum likelihood phylogeny of 114 representative SET-domain 
sequences. Bootstrap values of major branches leading to SET-domain families that are 
higher than 60% by either of the maximum likelihood (ML) or the maximum parsimony 
(MP) methods are shown on the branches using numerical values (ML/MP). Within the 
major SET-domain protein groups, bootstrap values by the ML analysis greater than 
60%, 70%, 80%, and 90% are indicated by a star, circle, square, and triangle, 
respectively. Sub-groups from each family discussed in the text are indicated by numbers. 
Further down the nested hierarchy, sub-clades of numbered groups are indicated by lower 
case letters after the number. Some sub-clades lacking sufficient boostrap supports are 
also marked for the sake of discussion. Vertical lines with numbers after the sequence 
names indicate the SET-domain protein subgroups discussed in the text. Different SET-
protein families are shown in different colors. Plant genes indicated by either + or * 
symbols were classified as Ash 1 homologues or Ash-1-related, respectively The domain 
architecture representing each family is shown next to the SET family labels. The arrow 
indicates the branch leading to the SET 5/6 ‘Super’ group. See Appendix I for the domain 
names. See Table 3.1 for species abbreviations. Gamma shape parameter is .779 and 
proportion of invariant sites is 0. 

 

3.2 Evolution and characteristics of SET-domain protein 

families 

3.2.1 SET 1 Family 

This family consists of a fungal specific protein group (clade 3 ) along with plant 

and animal specific clades (clades 1 and 4). Clade 2 with plant and animal sequences is 

supported only weakly with bootstrap values between 60% and 70%. Proteins of the 

fungal specific clade 3 are single SET-domain proteins. All SET 1 proteins are 

characterized by the presence of a post SET motif in addition to the SET-domain. The 

post SET motif is cysteine rich and is shown to be important in the HMTase activity of 

the protein. However this motif may not play a direct role in the HMTase activity since 

there are functional SET-domain proteins that do not carry this motif [61]. Plant and 
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animal sequences also have multiple copies of the Plant Homeo Domain (PHD) finger 

motif in addition to the post SET motif. This zinc-finger like cysteine-rich motif maybe 

involved in DNA or, protein-protein interaction required for chromatin-mediated 

transcriptional regulation [62]. Additionally, RING, FY-rich N terminal region (FYRN, 

SMART accession number: SM00541), FY-rich C terminal region (FYRC, SMART 

accession number: SM00542) and bromodomain motifs can be seen in different plant and 

animal sequences (see Appendix H). The RING finger motif is a cysteine rich zinc-

binding domain, between 40-60 amino acids, and maybe involved in protein-protein 

interaction [63] The FYRN and FYRC motifs are associated with chromatin associated 

proteins. The bromodomain motif, named after the Drosophila brahma, recognizes 

acetylated lysine residues and involved in chromatin remodelling and transcriptional 

activation [64]. 

 

3.2.2 SET 2 Family 

SET 2 family proteins are characterized by the presence of three motifs: the SET-

domain, an associated with SET (AWS) motif (SMART accession number: SM00570), 

and a post SET motif. The SET 2 proteins are present in all fungal, animal, and plant 

genomes used in this study suggesting the ancient origin of these proteins before the 

divergence of the three major kingdoms. Figure 3.1 shows the presence of several distinct 

sub-groups indicated by numbered vertical lines. Clade 1 consists of the D. melanogaster 

Ash1 protein along with filamentous fungi from Pezizomycotina. Clade 2 is fungi 

specific, and is split into two subgroups: one includes the second copy of the gene from 

Pezizomycotina representatives (2a) and another consists of representatives from 
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Saccharomycotina (2b). A WW motif (InterPro accession number: IPR001202) is 

conserved in all sequences except in E. gossypii. The WW domain contains about 40 

amino acids and is characterized by the presence of two conserved tryptophan residues. 

This domain recognizes specific proline containing motifs or phosphoserine-

phosphothreonine containing motifs. A S. pombe sequence (Genbank: NP594980) 

without the WW motif is present and could not be placed in any one of the two sub-

clades (2a or 2b). In addition to these fungal proteins, D. melanogaster protein NP572888 

also has a WW motif. In general, plant and animal SET 2 family proteins have multiple 

copies of PHD finger motifs and poorly conserved motifs which bind to AT-rich DNA, 

known as  AT hooks (InterPro accession number:IPR000637) (see gene architectures in 

Appendix H). Many animal proteins also have one or more of the PWWP motif which 

may play a role in protein-protein interaction in nuclear proteins involved in 

differentiation [65]. It is interesting to note that from a previous study, plant genes 

indicated by either + or * symbols in Figure 3.1, were classified as Ash 1 homologues or 

Ash-1-related, respectively [30]. However, our results show that these putative plant Ash 

1 proteins do not form a well supported group with the known Drosophila Ash1 gene and 

could not be placed in the Ash1 subgroup (1) or the SET 2 subgroup (2). 

 

3.2.3 SET 3/4 family 

S. cerevisiae is known to have two highly similar SET-domain proteins: SET 3 

and SET 4 [22]. Springer et al. [29] showed that SET 3 and SET 4 proteins from S. 

cerevisiae cluster with two plant proteins (CAB89351.1 and NP197821). However, these 

proteins lack several amino acids required for HMTase activity. The yeast SET 3 protein 
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has been shown to be a part of a multi-protein complex that includes histone 

deacetylases but lacks histone methylase activity in vitro [22]. Their comparative analysis 

of the protein sequences of the yeast and plant sequences revealed no significant 

sequence conservation. Evidence points to independent duplication events in Arabidopsis 

and yeast leading to the evolution of the SET 3 and SET 4 families. The phylogenetic 

trees reconstructed using the maximum likelihood method using the all non-redundant 

SET-domain sequences revealed that the two plant sequences do not cluster with the 

clade containing yeast SET 3 and SET 4 sequences (see Appendix D). It was therefore 

excluded the two plant sequences from the representative SET-domain sequence 

phylogeny (Figure 3.1). 

SET 3 and SET 4 families share an identical domain architecture, which includes 

a PHD-finger domain in addition to the SET-domain (see gene architectures in Appendix 

I). Based on such similarity, it is likely that the two families have emerged by 

duplication. As shown in Figure 3.1, with the exception of S. cerevisiae among the nine 

fungal genomes, a duplication only in the C. glabrata genome was found. The clade 

leading to this clade is well supported. Therefore these two SET 4 sequences are shown 

as a separate family in Table 3.2. Only a single copy was found in dimorphic species E. 

gossypii and C. albicans. From all filamentous fungi as well as S. pombe, and animal 

sequences, only a single representative of SET 3/4 related proteins was found and they 

form a highly supported protein group (95% bootstrap value in Figure 3.1).  
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3.2.3.1 SET 3/4 duplication in Saccharaomyces and closely related species  

Since both of non-filamentous fungi used, S. cerevisiae and C. glabrata, have duplicated 

SET 3/4 proteins, there is a possibility that the duplicated genes are required in the 

evolution of non-filamentous fungi. Kellis et al. [66] showed that Saccharomyces species 

underwent whole genome duplication during its evolution. In order to elucidate the 

timing of the duplication event during the SET 3/4 family evolution, similarity searches 

in S. cerevisiae and nine closely related Saccharomyces species were performed. 

Duplicated SET 3/4 proteins were found in S. bayanus, S. castelli, in addition to S. 

cerevisiae and C. glabrata. The result is consistent with the study by Kellis et al [66]. It 

places the whole genome duplication after the divergence of the yeast related species: 

Eremothecium  gossypii, Kluyveromyces lactis, and most recently Kluyveromyces waltii 

[66]. Figure 3.2 shows the maximum likelihood phylogenetic tree with bootstrap values 

higher than 70%. It indicates that SET 3/4 duplication occurred in the ancestral lineage 

leading to Saccharomyces species and Candida glabrata if duplicated genes common to 

both genomes arose from the whole genome duplication explained in Kellis et al. [66]. It 

is interesting to note that the SET 3 and SET 4 sequences are highly conserved between 

the S. cerevisiae and Saccharomyces bayanus species compared to Saccharomyces 

castelli (Figure 3.2). Out results provide evidence that this gene duplication can place the 

whole genome duplication event before the divergence of C. glabrata and the 

Saccharomyces species.   
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3.2.4 Su(var) 3-9 

The Su(var)3-9 family is found in all filamentous fungi from Pezizomycotina, S. pombe, 

plants, and animals. The distinctive feature of this family is the presence of the pre-SET 

(PRS) motif (InterPro accession number: IPR003606). This motif is found associated to 

the N- terminal end of the SET-domain and contains nine invariant cysteine residues 

which co-ordinate three zinc ions. The function of the PRS motif is in the structural 

stability of the SET-domain [13]. This motif is found in all of the proteins with the 

exception of the Arabidopsis sequence (AAF00642, clade 1). This protein has an 

“Associated with SET” (AWS) motif (InterPro accession number: IPR006560) instead of 

the PRS motif. The fungal species also carry the post-SET (PS) domain and the S. pombe 

sequence also carries the CHromatin Organization MOdifier (CHROMO) domain (clade 

4). The CHROMO domain (InterPro accession number: IPR000953) is also found in the 

upstream of the SET-domain motif of animal representative proteins (group 3: NP524357 

and NP073561). One animal protein (NP766133) also carries contiguous Ankyrin (ANK) 

repeats (InterPro accession number: IPR002110) and lacks the PS domain. Proteins in 

clade 2 (unsupported by bootstrap analysis) carry also the SET and RING finger 

Associated (SRA)  domain in addition to PRS, SET, and PS. Clade 2 appears to be plant 

specific. 

 

3.2.5 Su(var) 4-20 

The Su(var) 4-20 family of SET-domain proteins are involved in pericentric 

heterochromatin formation along with Su(var)3-9 and Heterochromatin Protein 1 (HP1)
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Figure 3.2: Maximum likelihood phylogeny of the SET 3/4 family among closely 
related yeast species. Fourteen SET 3/4 sequences identified from ten genomes of 
closely related yeast species are included. Bootstrap values are shown if they are greater 
than 60%. The genomic position (in bp) is indicated in parenthesis for the sequences from 
unannotated genomes. Gamma shape parameter is .879 and proportion of invariant sites 
is 0. 
 
 

[67]. S. pombe, filamentous fungi from Pezizomycotina and animals carry this protein 

family. These proteins carry only the SET-domain. This family is not represented in 

Figure 3.1 due to sequence divergence. The candidate proteins are indicated by the ‘*’ 

sign in the draft phylogeny in Appendix D. 

 

3.2.6 SET JmjC 

The SET JmjC family proteins have the Jumanji C domain (JmjC domain), which 

is associated with the jumanji protein required for the neural tube formation shown in 

mice [68]. The SET JmjC family was found in all filamentous fungi from Pezizomycotina 

with the exception of F. graminearum.  The JmjC domain has been shown to be 

associated with histone demethylase activities. It is very interesting to observe two 

domains with counteracting functions on the same protein sequence. To speculate a 

possible function, demethylation of certain residues maybe required prior to methylation 

by the SET-domain. 

 

3.2.7 SET 5/6 ‘Super’ group 

In Figure 3.1, indicated by an arrow sign, there is a well supported clade (84% 

support) which leads to at least six other relatively well supported SET-domain protein 
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families. This clade is therefore defined as the SET 5/6 ‘Super’ group. These families 

include SET 5, SET 6, SET Mg, SET Dm, SET MYND and SET TPR.  Multiple 

alignment data and gene architecture information supports a possible common ancestor 

for these protein families (see Appendix E and Appendix H). The SET-domain sequence 

of these families is relatively longer (greater than 200 amino acids) or carry a split SET-

domain, as characterized by S. cerevisiae SET 6 and SET 5 proteins respectively. This 

group also includes highly duplicated species specific clusters, SET Mg and SET Dm. 

The following sub-sections provide a more detailed explanation of the six families along 

with their distribution in various genomes. 

 

3.2.7.1 SET 5 and SET 6 

The SET 5 proteins are usually about 500 amino acids (aa) long and have only the 

SET-domain. The S. cerevisiae SET 5 (P38890) has a split SET-domain (see Appendix 

H) with a long (~125 aa) SET-I region. The other SET 5 proteins found in the search 

have similar and shorter SET-domain length and their SET-domains are not the split 

SET-domain. The SET 5 protein is found all representatives from Saccharomycotina.  

The lengths of SET 6 proteins are around 370 amino acids with the SET-domain 

being approximately 330 amino acids. The SET 6 family proteins have large SET-I 

region similar to SET 5 proteins. This family is found in all representatives of 

Sachharomycotina with the exception of Y. lipolytica.  
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3.2.7.2 SET Mg and SET Dm 

Two highly duplicated species-specific SET-domain protein families were found: 

one in Magnaporthe grisea (SET Mg) and the other in D. melanogaster (SET Dm). Both 

proteins have only the SET-domain and seem to have undergone multiple genome 

specific duplications. The SET Mg cluster is highly supported (99% bootstrap value). 

Although the support for the SET Dm cluster is only about 60%, some of the internal 

clusters have much higher supports. Some members of the SET Dm group carry the zinc 

finger MYND motif (see Appendix H for gene architectures). Both of SET Mg and SET 

Dm are clustered with the larger cluster of SET 5 and SET 6 (Figure 3.1). These SET-

domain protein families appear to be prone to duplication. 

 

3.2.7.3 SET MYND 

The SET MYND family was found in filamentous fungi from Pezizomycotina, a 

plant, and animals. This family is characterized by the presence of the MYND (myeloid, 

nervy, and DEAF-1) motif with some exceptions where the Zinc finger (ZnF) motif is 

included instead (the N. crassa, F. graminearum, and animal proteins). Both motifs are 

found in the insert region of the SET-domain. The MYND consists of cysteins and 

histidine residues present in a specific order, which could form a zinc-binding motif [69]. 

However unlike the DNA binding function of the zinc-binding motif, this motif has also 

been suggested to have protein-protein interaction [69]. The MYND motif has been 

shown to recruit co-repressors [70, 71]. 
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3.2.7.4 SET TPR 

The main feature of the SET TPR family is the presence of the TPR (tetratrico 

peptide repeat) motif upstream of the SET-domain. This family was found in plant and 

filamentous fungi from the Pezizomycotina group. Two copies of this family were found 

in M. grisea and F. graminearum. The TPR motif is known to be involved in protein-

protein interaction. This may allow assembly of transcription regulatory factors [72]. The 

exact function of this family is yet to be elucidated. 

 

3.2.8 SET-domain families specific to animals and plants 

The SET 7/9 family protein was found only from the mouse genome. Protein 

similarity search using this sequence as a query found no hit from D. melanogaster or any 

other invertebrates. All hits found were from vertebrates. This suggests a specialization of 

this gene towards functions related to the presence of vertebrae in species. This protein 

has, in addition to the SET-domain, multiple MORN (membrane occupation and 

recognition nexus) motif (InterPro accession number: IPR003409) repeats. The function 

of this motif is not known.  

The SET 8 family is an animal specific group and consists of only the SET-

domain in its sequence.  

Animal and plant E(z) proteins cluster together with very high bootstrap values 

(99%). The animal/plant E(z) group is characterized by the presence of the SANT motif 

(InterPro accession number: IPR001005). Animal proteins have two copies and plant 

proteins have a single copy of the SANT motif. The SANT motif recognizes the DNA 

sequence YAAC(G/T)G and takes part in the transcriptional repression activity [73, 74]. 
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Three proteins found from F. graminearum, N. crassa and M. griesa  (EAA67874, 

EAA35807, and XP36972) seem to cluster with this animal/plant E(z) family. However, 

the bootstrap value was not significant (only 51% in the maximum likelihood method and 

79% in the maximum parsimony method). Furthermore, the fungal proteins do not carry 

the SANT motif. However, these sequences are included under the E(z) family in Table 

3.2 based on sequence similarity as shown under the E(z) group in Appendix F. 
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4 Conclusion and Future Work 

 Using the initial SET-domain sequence queries to search in fourteen genomes, it 

is evident that the SET-domain has diversified into the three major eukaryotic kingdoms. 

There are also species and kingdom specific SET-domain families and these 

specializations may provide information about the evolution of the three eukaryotic 

kingdoms. More specifically, analyzing and comparing genes regulated by SET-domain 

families specific to filamentous and non-filamentous fungi may shed more light on the 

evolution of multi-cellular fungal species. 

 

4.1 Evolution of the SET-domain in Eukaryotes 

Several interesting observations can be made regarding the distribution of SET-

domain proteins in fungi and higher eukaryotes. 

  SET 1, SET 2 and SET 3 are present in all genomes. This indicates that these 

families are ancient in origin and probably were present before the divergence of the 

three eukaryotic kingdoms. However, no reliable evolutionary information regarding the 

evolution of these three families was observed. Figure 3.1 shows a 60% bootstrap support 

for the branch leading to the three families. However, this branch is not monophyletic. 

The three families are probably involved in the basic function of a single cell. Higher 

eukaryotes carry multiple copies of the SET 1 and SET 2 protein. These extra copies also 

carry various other domains in addition to the SET-domain and this maybe due to 

specialization for more complex cellular functions. 
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 Focusing on SET 2 proteins in fungi, the evolution of the gene in the fungal 

species used in this study follows the overall evolution of the genomes themselves. Clade 

2 of SET 2 in Figure 3.1 and Figure 1.3 are consistent with the exception of the 

placement of S. pombe. In the fungal tree made from 153 genes (Figure 1.3), S. pombe is 

placed as the outgroup of Ascomycota. However, the general distribution of the family is 

consistent with the ancient origin and specialization of the SET 2 gene before the 

divergence of the fungal genomes. Another clade in addition to the Drosophila ash1 

protein contains filamentous fungi from Pezizomycotina.  

 Another example of gene evolution following genome evolution of fungi can be 

found in Clade 3 of SET 1 in Figure 3.1. In this case, there is no discrepancy over the 

placement of S. pombe.  

 A single copy of the SET 3 gene is found in all genomes with the exception of A. 

thaliana (two copies). Evidence of animal specific specialization of the SET domain can 

be observed in SET 7/9 and SET 8. Species specific specialization represented by SET 

Mg and SET Dm is seen in M. griesa and D. melanogaster.  

 

4.1.1 Evolution of Saccharomycotina genomes 

Several transitions and losses of SET-domain proteins are observed in the 

evolution of the Saccharomyotina sub-group. SET MYND and Su(var)3-9 families are 

found in all filamentous from Pezizomycotina, S. pombe and higher eukaryotes. These 

two families have been lost during the divergence of the Saccharomycotina sub-group. 

Su(var)4-20 was lost after the divergence of Y. lipolytica. The presence of Su(var)4-20 in 

this dimorphic fungus may indicate a transition in the Saccharomycotina sub-group, 
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towards the evolution of the Candida and Saccharmyces clades. The explanation for 

the absence of these families as losses in the evolution of the Saccharomycotina sub-

group is most parsimonious, since these families are found in higher eukaryotes and other 

fungi.  

SET 4 is found only in the closely related yeast species S. cerevisiae, S. bayanus, 

S. castelli and C. glabrata (see Figure 3.2). The conservation this gene copy after the 

whole genome duplication event maybe due to the relatively rapid evolution [75] and 

specialization of the extra copy in the evolution of the highly efficient fermentative 

capabilities of Saccharomyces yeasts [76]. SET 5 is found in Saccharomycotina species 

and SET 6 was not found in dimorphic Y. lipolytica. SET 6 may have appeared later in 

branch leading to the evolution of the Candida and Saccharomyces species. 

 

4.1.2 Evolution of Pezizomycotina species 

There are several SET-domain families (E(z), SET JmjC, SET TPR and SET Mg) 

which are only specific to Pezizomycotina among fungi. E(z) is also found in plants and 

animals and a single copy of SET TPR in A. thaliana (see Table 3.2). This may indicate 

specialization of the SET-domain in the evolution of filamentous fungi specific to this 

group.   
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4.2 Role of the SET-domain proteins in the evolution of 

Multicellularity 

One of the major goals of this study is to further understand the evolution of 

mulicellularity in Eukaryotes and more specifically the role of the SET-domain in this 

transition. It was expected that the distribution of the SET-domain among filamentous 

fungi, dimorphic fungi and higher eukaryotes may have suggested a specialization of the 

SET-domain for multicellularity. However, Table 3.2 does show any such relationship 

was found. E(z) is found in all filamentous fungi from Pezizomycotina and higher 

eukaryotes. However, this gene was not found in A. gossypii which is a filamentous 

fungus. This family may play a role in multicellular functions but is not required for 

multicellularity.  

On the question of placing the fungal kingdom closer to plants or animals in the 

Tree of Life, our study does not resolve the question based on the distribution of the SET-

domain families. SET TPR is found only in fungi and A .thaliana, whereas, Su(var)4-20 

is found only found in fungi and animals. There is no consistent relationship of fungi with 

either plants or animals.  

 

4.3 Role of other domains carried by SET-domain proteins 

One of the interesting results of the analyses shows the conservation of other 

domains in the different SET-domain protein families. Various SET-domain families 

have in addition to the SET-domain, other domains which are conserved in plants, 
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animals and fungi. A minimum set of domains seem to be responsible for the basic 

function of a specific family; however, shuffling, replications and addition of new 

domains are also seen in some proteins. The next step is to further the understanding of 

the evolution and function of these families by analyzing certain DNA and protein 

binding domains which may be critical for function. 

Apart from the SET-domain sequence, one particular type of domain which is 

largely distributed in many SET families, such as SET 1, SET 2, SET 3/4, SET MYND, 

SET Dm and SET 8, is the presence of the zinc finger and zinc finger like domains such 

as the PHD finger, RING finger and MYND finger. CDD and SMART searches of all 

183 SET-domain hits revealed many zinc finger and other zinc finger related sequences 

found associated with the SET-domain (some of which are shown in Appendix I). The 

wide distribution of these sequences along with the SET-domain sequences in various 

SET families suggests an ancient origin of this association.  

 

4.4 Future Work 

Appendix I contain the accession numbers of SET-domain sequences which were 

not included in the analyses. One very interesting feature of the many of these sequences 

is that their SET-domain share similarity with mostly the C-terminal region of the SET-

domain. They are similar to the SET MYND proteins. However most of them lack a 

MYND finger (using CDD and SMART to detect conserved domains). These may 

represent a family of genes related to the SET MYND family. These sequences were 

initially removed from the representative phylogeny in Figure 3.1 because of a lack of a 
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reliable multiple alignment which included these sequences. The high sequence 

divergence is seen mainly in the SET5/6 ‘Super’ group. Most of the genes with similarity 

to the SET MYND domain are found in this group (see arrow indicating SET5/6 ‘Super’ 

group in Appendix D). In order to overcome to problem of high sequence divergence, a 

separate multiple alignment was generated using only sequences from the SET5/6 

‘Super’ group from the draft phylogeny. Appendix K shows the phylogeny reconstructed 

using previously described methods for multiple alignment and maximum likelihood 

phylogeny generation. To test the reliability of the branches, bootstrap analyses using 500 

pseudoreplicates was conducted. The phylogeny obtained, failed to reliably support the 

previously well classified groups within the SET5/6 ‘Super’ group in Figure 3.1. SET 5 

and SET Dm are the only families with marginally acceptable bootstrap values of 60.2% 

and 71.8% respectively. Further analysis will be conducted on this clade by including 

more fungal and other eukaryotic species to increase the resolution of the multiple 

alignment. 

It will also be interesting to further understand the association of the zinc finger 

with the SET-domain in the twelve genomes by performing more sensitive searches on 

the existing 183 SET-domain sequence dataset. Profile hidden Markov models will be 

constructed using the zinc finger sequences along with their relatives like the RING, 

MYND and PHD domains. Performing searches using the SAM package on each 

sequence may reveal more diverged zinc finger like sequences around or within the SET-

domain which were not detected by SMART and CDD. Using this new information, 

phylogenetic analysis maybe conducted with these sequences to test their co-evolution 

with the SET-domain.
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Appendix B 

Table B.1: SET-domain query sequences used to search new SET-domain proteins 
 

Accession 
numbersa 

Species References 

Su(var)3-9   
NP726483  Schizosaccharomyces pombe Alvarez and Avramova (2002) Gene 

285:25-37  
NP524357 Drosophila melanogaster Alvarez and Avramova (2002) Gene 

285:25-37 
NP665829 Mus musculus Alvarez and Avramova (2002) Gene 

285:25-37 
AAK28966 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
AAD10665 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
E(z)   

AAC39446 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 
Res. Vol. 29 No. 21 4319-4333 

AAC27124 Caenorhabditis elegans Alvarez and Avramova (2002) Gene 
285:25-37 

NP031997 Mus musculus Alvarez and Avramova (2002) Gene 

285:25-37 

Trithorax   
NP011987 Saccharomyces cerevisiae Pijnappel et. al. (2001) Genes Dev. 15:2991-

3004 
AAF29390 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
BAA97320 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
BAB10481 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
NP589812 Schizosaccharomyces pombe Alvarez and Avramova (2002) Gene 

285:25-37 
XP11067 Mus musculus Alvarez and Avramova (2002) Gene 

285:25-37 

SET 2   
NP012367 Saccharomyces cerevisiae Pijnappel et. al. (2001) Genes Dev.15:2991-

3004 
AAC23419 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
CAA18207 Arabidopsis thaliana Baumbusch et. al. (2001) Nucleic Acids 

Res. Vol. 29 No. 21 4319-4333 
NP524160 Drosophila melanogaster Schotta et. al. (2002) Genes Dev. 18 (11): 

1251-1262 



 

  
 

56 
Table continued 

SET 3   
NP012954 Saccharomyces cerevisiae Pijnappel et. al. (2001) Genes Dev.15:2991-

3004 

SET 4   
NP012430 Saccharomyces cerevisiae Pijnappel et. al. (2001) Genes Dev. 15:2991-

3004 

SET 5   
P38890 Saccharomyces cerevisiae Pijnappel et. al. (2001) Genes Dev. 15:2991-

3004 

SET 6   
NC001148 Saccharomyces cerevisiae Pijnappel et. al. (2001) Genes Dev. 15:2991-

3004 

SET 8   
AAH50346 Homo sapiens Fang et. al. (2002) Curr. Biol.12: 1086-1099 

SET 7/9   
Q8WTS6 Homo sapiens Nishioka et. al. (2002) Genes Dev. 16:479-

489 
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Appendix C 

Table C.1: SET-domain proteins used for building the Profile Hidden Markov model 
 

SET-domain family Accession numbersa Species  
E(z)  NP031996 Mus musculus 
E(z)  AAC39446 Arabidopsis thaliana 
E(z)  AAF00642 Arabidopsis thaliana 
SET 1  NP587812 Schizosaccharomyces pombe 
SET 1  NP011987 Saccharomyces cerevisiae 
SET 1  NP808249 Mus musculus 
SET 1  CAB71104 Arabidopsis thaliana 
SET 1  NP726773 Drosophila melanogaster 
SET 2  NP032765 Mus musculus 
SET 2  NP012367 Saccharomyces cerevisiae 
SET 2  CAA18207 Arabidopsis thaliana 
SET 2  NP619620 Mus musculus 
SET 3 NP012954 Saccharomyces cerevisiae 
SET 3/4 NP594837 Schizosaccharomyces pombe 
SET 4  NP012430 Saccharomyces cerevisiae 
SET 5  P38890 Saccharomyces cerevisiae 
SET6  NP001148 Saccharomyces cerevisiae 
SET 7/9 NP542983 Mus musculus 
SET 8 NP081464 Mus musculus 
Su(var)3-9  NP726483 Drosophila melanogaster 
Su(var)3-9  AAK28966 Arabidopsis thaliana 
Su(var)3-9  NP524357 Drosophila melanogaster 
Su(var)3-9  NP595186 Schizosaccharomyces pombe 
Su(var)3-9  EAA28243 Neurospora crassa 
Unknown EAK94622 Candida albicans 
Unknown EAA58228 Aspergillus nidulans  
Unknown EAA71535 Fusarium graminearum 

 

aAll accession numbers are from National Center for Biotechnology Information (NCBI; 
http://www.ncbi.nlm.nih.gov/). 
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