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The myb gene family encodes proteins characterized by a highly conserved DNA-binding domain and func-
tions as transcription regulators. There are threemyb genes in animals with three Myb-motif repeats, namely
c-myb, A-myb, and B-myb. By contrast, plants possess an abundance of myb genes, the majority of which are
of the type R2R3 (with two Myb-motifs). Few plant myb genes are of the type R1R2R3. Five new myb
members in Euploteswere recently identified through degenerate polymerase chain reaction, which suggests
that the myb gene is also a multi-member family in the unicellular protist kingdom as in other multi-cellular
eukaryotes. The entire gene family further shows the presence of both R1R2R3- and R2R3-type myb. The
phylogenic analysis provides concrete new evidence for the evolution of myb genes.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The myb gene family has been detected in all tested eukaryotic ani-
mals, plants, fungi, and slime molds (Lipsick, 1996). Myb proteins are
characterized by one, two, or three imperfect tandem repeats of a
semi-conserved Myb motif. Stracke et al. (2001) detected a four-repeat
myb gene in Arabidopsis. Each repeat is composed of approximately 50
amino acids and forms a helix–turn–helix (HTH) structure. Three
conserved tryptophans may be found in each repeat with an interval of
18 or 19 amino acids; the tryptophans between adjacent repeats are sep-
arated by 13 amino acids (Anton and Frampton, 1988). These trypto-
phan residues exist in a hydrophobic core of HTH, which is presumably
involved in specific DNA recognition (Kanei-Ishii et al., 1990). Myb pro-
teins in vertebrates interact with YAACG/TG (where Y is pyrimidine) in
vitro (Biedenkapp et al., 1988), and the final effect of this signaling is
the regulation of cell proliferation and differentiation. The Myb-related
proteins in Drosophila and Dictyostelium have similar function as in ver-
tebrates (Davidson et al., 2005; Fukuzawa et al., 2006; Peters et al., 1987;
Stober-Grasser et al., 1992; Tsujioka et al., 2007). The Myb proteins in
plants aremainly involved in the phenylpropanoid pathway or determi-
nation of cell shape (Rosinski and Atchley, 1998). The DNA consensus
sequence (CCT/AACC) recognized by the Myb-related P protein in
maize differs substantially from the sequence (C/TAACGG) recognized
AC, macronuclear; PCR, poly-
lpyrocarbonate; RACE, random
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by animal Myb proteins. However, the major base-specific interacting
residues of Myb are conserved between animal Myb proteins and the
P protein.

Three myb genes have been identified in animals. c-myb is the
cellular origin of the v-myb gene (Gonda et al., 1982; Westin et al.,
1982). Nomura et al. (1988) identified A-myb and B-myb by screening
a human T-cell cDNA library through low stringency hybridization
with a c-myb probe. Interestingly, the number of myb genes in plants,
which are mostly R2R3-myb genes, is remarkably higher than that in
fungi or mammals. Around 198 myb genes have been identified from
the entire genome of Arabidopsis (Yanhui et al., 2006). There are
approximately 30 myb genes in Petunia hybrida, 200 in cotton, and
80 in maize (Jiang et al., 2004). Gene duplications that generated
multiple myb genes in plants occurred prior to the divergence of
monocots and dicots through sequence comparisons (Lipsick, 1996).
Davidson et al. (2005) reported that the invertebrate Drosophila and
chordates such as sea urchins (Strongylocentrotus purpuratus) and
sea squirts (Ciona intestinalis) contain a single member of the myb
gene family.

The origin of myb genes is still a subject of controversy. Lipsick
(1996) proposed that R2R3 myb genes arise by loss of R1, but Jiang
et al. (2004) suggested that R1R2R3 myb genes co-existed with
R2R3 myb genes during the divergence of myb genes. To date, studies
on myb genes mainly focus on animals, plants, and fungi; little is
known about myb genes in protists, which diverged one billion
years prior to the emergence of animals and plants.

Yang et al. (2003) cloned the first myb homologous gene from
Euplotes aediculatus and demonstrated the existence of the myb
proto-oncogene in ciliates. We recently cloned five fragments of
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myb genes similar to the c-myb domain through degenerate PCR. Our
results suggested that at least sixmyb genes co-exist in E. aediculatus.
Since E. aediculatus existed prior to multi-cellular eukaryotes, studies
on the structure of its six myb genes will provide concrete evidence
for future studies on the evolution of myb genes.
2. Material and methods

2.1. Euplotes culture and macronuclear DNA preparation

The E. aediculatus strain was obtained from the University of
Paris-Sud. Cell stocks were maintained in 10 mL cuvettes with spring
water containing 1–2 previously soaked wheat seeds. Large-scale cul-
tures of Euplotes were grown in a large conical flask in spring water
containing Tetrahymena pyriformis as food organisms at room tempera-
ture. Tetrahymena stocks were obtained from the same laboratory and
Table 1
Oligonucleotide primers used in this study.

Name Sequences (5′ → 3′)

BF AARCARWKHMGNGARMGNTGG
BR1 GYRTTRTCNGTNCKNCCNGG
BR2 RTTRTCNGTNCKNCCNGGNAG
NSF AARCARTGYMGHGARMGNTGG
NSR RTTRAANCKRTTYTTDATNGC
ASa AP-CCAAAACCCCAAAA
APb GCAAGTAGGAAGATGTATGAGG
E2OP5c TTTCAGCCCATTTGTTGCC
E3OP5 GCCCATCTATTTCCAACTTT
E4OP5 CCGATTTCCAAGCTTCTC
E5OP5 GCTTCGACCATTTTGAACC
E6OP5 GCCCATCGATTTCCTTCT
E2IP5d ATGTCGGGATTGAGGTGG
E3IP5 CCTCTTCTTCAGTCCATTTAGC
E4IP5 CAGTCCATTTGCCTCGC
E5IP5 TTGCCCTTTTTGAGTGTTG
E6IP5 TCATCTGCAGTAAGGGGTTC
E2OP3e GAGAAATGGACAGAAGAGGAGG
E3OP3 ACGAGCTAAATGGACTGAAG
E4OP3 TGGCATTAAGCGAGGC
E5OP3 TTCAATACACTTAATCCAACACT
E6OP3 AATCACCTTGCTCCAAACG
E2IP3f GGCAACAAATGGGCTG
E3IP3 AGTTGGAAATAGATGGGCTG
E4IP3 AAGCTTGGAAATCGGTGG
E5IP3 CTCGTTATGCTATTTGGTTC
E6IP3 GGCGGAAATATCAAAAAGAC
E2F ATGGCACAAAGCAAATATTG
E2R TTAGATAACGCTATTTTCCAC
E3F ATGTCTGATTGATCTATGTC
E3R TTAAGCCATAATGAAATCTTCC
E4F ATGGATGCCGAGGTGTC
E4R CTATTTTTGAATCTTTAGATAGATTG
E5F ATGGAACATTACGAGGAGG
E5R TTATTTAATAGAATTTTCAGTTC
E6F ATGTCAATTTCAGATGAAG
E6R TTATTTTAGCGCTTTATTAATTCTCC
5′ASg AAGCAGTGGTATCAACGCAGAGTGGCCATTAC
3′ASh ATTCTAGAGGCCGAGGCGGCCGACATG-d(T)3
5′AOPi AAGCAGTGGTATCAACGCAGAGT
5′AIPj TGGTATCAACGCAGAGTGG
3′AOPk ATTCTAGAGGCCGAGGCG
3′AIPl CGAGGCGGCCGACATG

a Adaptor Sequence.
b Adaptor primer for emyb genes 5′ end forward primer and 3′ end reverse prim
c Outside primer for emyb genes 5′ end reverse primer.
d Inside primer for emyb genes 5′ end reverse primer.
e Outside primer for emyb genes 3′ end forward primer.
f Inside primer for emyb genes 3′ end forward primer.
g SMART IV™ Oligonucleotide; h: CDS III.
i Adaptor outside primer for emyb cDNA 5′ end.
j Adaptor inside primer for emyb cDNA 5′end.
k Adaptor outside primer for emyb cDNA 3′ end.
l Adaptor inside primer for emyb cDNA 3′end.
maintained axenically in proteose peptone-yeast extract and glucose
medium. Tetrahymena were centrifuged to pellets and resuspended in
springwater before being fed to the Euplotes. E. aediculatus cellswere col-
lected by filtering through a 25 μm nylon mesh, washed twice with
springwater, and then starved for 24 h to digest the foodprior to harvest.
Cells were centrifuged to pellets (about 105 cells), mixed with 500 μL of
cell lysis buffer containing 100 mM NaCl, 100 mM EDTA, 10 mM Tris–
HCl (pH = 8.0), 1% SDS, and 100 μg of proteinase K, and incubated for
3 h at 56 °C. The macronuclear (MAC) DNA was extracted with phe-
nol and phenol/chloroform, precipitated and dissolved in 100 μL of
TE (pH = 8.0), mixed with RNase A, and incubated for 3 h at 37 °C.
2.2. Degenerate PCR

The degenerated primers (Table 1) were designed according to
the conserved region of the third repeat of emyb1. Degenerate PCR
Information

Used for degenerate PCR
Used for degenerate PCR
Used for degenerate PCR
Used for degenerate PCR
Used for degenerate PCR
Used for ligation with genomic DNA
Used for nested PCR
Gene specific outside primer
Gene specific outside primer
Gene specific outside primer
Gene specific outside primer
Gene specific outside primer
Gene specific inside primer
Gene specific inside primer
Gene specific inside primer
Gene specific inside primer
Gene specific inside primer
Gene specific outside primer
Gene specific outside primer
Gene specific outside primer
Gene specific outside primer
Gene specific outside primer
Gene specific inside primer
Gene specific inside primer
Gene specific inside primer
Gene specific inside primer
Gene specific inside primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer
Gene specific primer

GGCCGGG Used for cDNA synthesis
0 N−1 N Used for cDNA synthesis

Used for RACE-PCR
Used for RACE-PCR
Used for RACE-PCR
Used for RACE-PCR

er.



Fig. 1. Structure of macronuclear DNA of the five emyb genes. TEL represents telomere; the non-coding sequence containing the 5′ and 3′ untranslated regions are shown as thick
lines; the introns are indicated with dashed lines; the rectangles represent the ORFs; the start codons, M, and the terminal codons, TAG or TAA, are also indicated; the three repeats
of the myb domain are shown as black boxes (R1), left-hatched boxes (R2), and right-hatched boxes (R3).
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was performed with degenerated primers. Amplification was conducted
in a standard 25 μL reaction mixture containing 1 × commercial PCR
buffer, 200 μM dNTPs, 50 ng of genomic DNA, 400 nM of each primer,
and 1 U Taq DNA polymerase (Transgen, Beijing, China). This mixture
was subjected to 45 cycles of 94 °C for 45 s, 32–40 °C for 40 s, and
72 °C for 30 s. The amplified productswere separated by electrophoresis
in 1% agarose gels in TAE buffer (0.04 M Tris–acetate, 1 mM EDTA),
purified with a gel extraction mini kit (Watson Biotechnologies, Inc.,
Shanghai, China; Transgen, Beijing, China), ligatedwith a pZero-T vector,
and transformed into Escherichia coli DH5α. Well-separated individual
clones were picked, digested with EcoRI, and then sequenced.

2.3. Inverse and nested PCR

The adaptor sequence (Table 1), which complements the 3′ end
and has a 5′ end overhang, was designed and ligated with the MAC
genomic DNA at 16 °C according to the protruding 3′ end of the
MAC chromosomes of Euplotes. After purification, the MAC genomic
DNA with adaptors was applied as a template. We then designed
the gene-specific nest primers from the five myb fragments obtained
through degenerate PCR and adaptor primer (AP) similar to the
protruding 5′ end sequence; the primers are presented in Table 1.
Nested PCR was subjected to 35 cycles by hot-starting at 94 °C for
45 s, 52–55 °C for 45 s, and 72 °C for 90 s. The amplified products
were cloned and sequenced as described above.

2.4. Genomic DNA library construction and hybridization

To create representative genomic DNA libraries containing large
numbers of colonies, we used E. coli DH10B as host cell to prepare
the competent cells according to the procedure of Sheng et al. with
minor modifications (Guerin et al., 1990). We extracted the total
MAC DNA and blunted DNA through T4 DNA polymerase. Then, we
phosphorylated the DNA through T4 Polynucleotide Kinase (New
England Biolabs Ltd. Beijing, China). Finally, we ligated the DNA using
the blunt vector pSimple18 ECORV/BAP (TaKaRa Biotechnology co.,
Ltd. Dalian, China) and transformed it into electroporated competent
E. coli DH10B. Electroporation was carried out using either a BioRad
Gene Pulser or Gene Pulser II. Cuvettes with a 0.1 cm gap (BioRad Labo-
ratories)were placed on ice to chill. Electrocompetent cellswere thawed
Fig. 2. Multiple alignment of the six Myb-binding domains of E. aediculatus with Myb-bindin
dicate the constantly spaced Trp residues; the substituted residues of Trp are underlined. Th
with arrowheads above the alignment. The amino acids in the box represent the insertion
and placed on ice. Then, 2 μL of DNAwas added to the electrocompetent
cells, and then the DNA and cells were transferred to the cuvette after
mixing. Electroporation conditions were 200 Ω, 1.8 kV, and 25 μF,
except where otherwise noted. Electroporations were performed in
duplicate. After electroporation, 1 mL of SOC was immediately added
to the cuvette. The contents of the cuvette were then transferred to ster-
ile glass culture tubes and centrifuged for anhour at 250 rpmat 37 °C.We
constructed a MAC DNA library with a titration of 105 cfu/mL. The MAC
DNA library was blotted onto the hybond-N + nylon membrane
(Amersham Biosciences) by molecular cloning (Sambrook et al., 1989).
The partial DNA fragments of emyb2, emyb3, emyb4, emyb5, and emyb6
determined by nested PCR were used as templates to synthesize the iso-
tope 32P probes with hexamer oligonucleotides for screening of the DNA
library through hybridization.
2.5. RNA isolation and RACE

E. aediculatus were collected by filtering through a 25-μm nylon
mesh, washed twice with spring water, and starved. RNA was extracted
using a Trizol reagent (Invitrogen) following themanufacturer's instruc-
tions. Genomic DNA contamination andRNAdecaywere assessed by gel
electrophoresis. The cDNA library was constructed using a sMART cDNA
synthesis kit. We attempted to determine the entire cDNA length of the
five emyb genes through hybridizationwith the cDNA library but did not
succeed. Then, 5′ and 3′ rapid amplification of cDNA ends (RACE) was
performed using gene-specific nest primers and adaptor nest primers
(shown in Table 1). Hot-start PCR (94 °C for 45 s, 52 °C–55 °C for 45 s,
and 72 °C for 90 s) was conducted in a standard 25 μL reaction mixture
with 8 ng of transcribed first-strand cDNA as the template.
2.6. Sequence alignment and phylogenic analysis of Myb proteins

The conserved binding domain of the Myb proteins from 25 species
were aligned and modified with ClustalX (1.83). Phylogenic analyses
were conducted on the R2R3 region of the Myb proteins by MEGA5.05
(Tamura et al., 2011). We used the NJ method with Poisson correction,
as suggested for the analysis of protein sequences. Bootstrapping (5000
replicates)was used to evaluate the statistical reliability of the topology.
g domains of vertebrate, plant, and other protozoan Myb proteins.The six asterisks in-
e positions of the conserved intron present in the R1 of the Myb proteins are indicated
residues in R2 of eMyb1, eMyb6, Paramecium myb and Zea mays Myb proteins.
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3. Results

3.1. Cloning the myb gene family in E. aediculatus

New myb genes were fished from the macronuclear DNA of
E. aediculatus by degenerate PCR with degenerated primer pairs,
which were designed according to the consensus of the most con-
served region within the DNA-binding domain. We sequenced 56 of
the cloned fragments with sizes of 150 bp and obtained five new
sequences that belong to the myb super-family. Using these five se-
quences as probes or templates for designing gene-specific primers,
all of the mini-chromosome sequences containing the five new myb
genes were isolated through inverted-PCR or DNA hybridization
from a PUC18 library of the macronuclear DNA of Euplotes. These
myb genes were named emyb2 (EF422871.1), emyb3 (DQ356008),
emyb4 (DQ356929), emyb5 (DQ356930), and emyb6 (DQ356931)
following the name of the first myb gene in Euplotes, emyb1, reported
by Yang et al. (2003). The DNA molecules in Euplotes macronuclei
exist as mini-chromosomes with average sizes of 3–5 kb, also
called “gene sized chromosomes”, that carry a telomere sequence of
5′-(dC4 dA4)7-3′ with a 3′ protrude sequence of 5′-(dC4dA4)3C2-3′
at each terminal. All five chromosomes obtained have telomeric se-
quences at both ends, which indicate that all of the newly identified
myb gene sequences are complete. The mini-chromosomes carrying
the new myb genes are 2473, 1403, 1975, 2331, and 2230 bp long.
But sequence analysis of emyb2, emyb3, and emyb4 genomic DNA
could not deduce the open reading frames (ORFs) because of the
presence of introns. The cDNA cloning of emyb genes was subse-
quently performed.

3.2. Cloning cDNA sequences of the five new emyb genes

The complete cDNA sequences of myb genes were obtained by
overlapping the sequences of 3′ RACE and 5′ RACE (data not shown).
The five myb cDNA sequences are 1527, 1120, 1495, 580, and 609 bp
long (without polyA) containing 1419, 1062, 777, 534, and 432 bp
ORFs that encode proteins with 472, 353, 258, 177, and 143 amino
acids, respectively. Sequence analysis of the myb genes shows that
emyb3 and emyb6 encode R2R3Myb proteins whereas the three others
encode R1R2R3 Myb proteins.

3.3. Identification of introns

The ciliate macronuclear genes characterized thus far possess rel-
atively fewer and shorter introns than higher eukaryotes. According
to the statistics (Prescott, 1994), there are 11 introns out of 47 se-
quenced genes of hypotrich ciliates. 10 out of 23 coding sequences
in hypotrichs were reported contained introns (Lescasse et al.,
2005). Alignment between the DNA and cDNA sequences of the five
emyb genes shows that emyb2, emyb3, and emyb4 contain introns of
827, 113, and 166 bp, respectively. Residues at the junction between
the introns and the extrons are consistent with the canonical and con-
served GT-AG terminal dinucleotide in higher eukaryotes. Among the
introns observed, the intron of emyb2 lies in the first α-helix of R1 but
the introns of emyb3 and emyb4 exist outside of the Myb domain,
which is located before theMybdomain in emyb3 and after theMybdo-
main in emyb4. The existence of introns of emyb2, emyb3, and emyb4
were verified by PCR (data not shown). The structure of macronuclear
DNA of the five emyb genes is shown in Fig. 1.

3.4. Alignment of Myb sequences

Amino acid sequences of the emyb genes were subjected to a
BLAST search to determine conserved domains and align with the
Myb-binding domain in other species (Fig. 2). The five genes were
homologous within their conserved DNA-binding domains, and low
similarity was found in other regions (data not shown). These find-
ings more or less coincide with findings on plants. According to
the conserved DNA-binding domain, eMyb2, eMyb4, and eMyb5 are
R1R2R3 Myb proteins, while eMyb3 and eMyb6 are typical R2R3
Myb proteins. Among the six Myb proteins identified in Euplotes to
date, three are R1R2R3 Myb and three are R2R3 Myb.

Alignment of the Myb domains of E. aediculatuswith Myb domains
from other species is shown in Fig. 2. Each repeat of the eMyb2,
eMyb4, and eMyb5 proteins contains 52, 52, and 50 amino acids,
respectively. eMyb5 protein has the same number of residues in R1
and R2 as eMyb2 and eMyb4 but has shorter R3. The eMyb5 protein
contains only the Myb DNA binding domain and lacks the third tryp-
tophan in the R3 and carboxy-terminal regulatory domains, similar to
that reported in fungus by (Rosinski and Atchley, 1998). The eMyb2
presents conserved intron, similar to the Myb proteins in Oxytricha
trifallax (Braun and Grotewold, 1999; Yang et al., 2003), Dictyostelium
discoideum (Stober-Grasser et al., 1992), Arabidopsis thaliana pc-Myb1,
pc-Myb2 (Braun and Grotewold, 1999), and vertebrate c-Myb. The R2
repeat of eMyb6 has an insertion of six amino acids at the same site as
the eMyb1 of E. aediculatus and the Myb-related protein of Paramecium
tetraurelia. By contrast, only one amino acid was inserted in most R2R3
Myb proteins in plants. The tryptophan residue in the first α-helix of
the R3 repeat is replaced with a leucine residue in eMyb6 and substitut-
ed by isoleucine in eMyb1. Although eMyb3 is also an R2R3 protein, no
aminoacid insertion in the R2 repeat andno substitution at thefirst tryp-
tophan residue in the R3 repeat may be observed. The third tryptophan
residue in the thirdα-helix of the R3 repeats of the eMyb proteins except
eMyb5 are replaced by a phenylalanine residue, similar to that observed
in other ciliates, such as Oxytricha, Tetrahymena and Paramecium. This
residue is also replaced by tyrosine.

3.5. Construction of phylogenic trees

To understand the evolutionary processes of myb genes, a phylo-
genetic tree was constructed with the conserved R2R3 DNA-binding
domain of the Myb from various species of plants, animals, and proto-
zoans using the neighbor-joining (NJ) method, as shown in Fig. 3.
Bootstrap values below 50% are hidden from the tree. NP_013025 pro-
tein from yeast was used as the outgroup. Three major clades were
found in the constructed tree: the R1R2R3 clade, the R2R3 clade, and
the Myb-like protein clade. The six eMyb proteins are divided into
these three major clades. The eMyb2, eMyb3, and eMyb4 proteins of
E. aediculatus and the R1R2R3 Myb proteins of Oxytricha, Tetrahymena
and Paramecium belong to the same sub-clade. The eMyb1 and eMyb6
proteins of E. aediculatus belong to the same sub-clade as the R2R3
Myb proteins of Tetrahymena, Paramecium and Oxytricha but are not
in the same group as the R2R3 Myb and Myb-like proteins of plants.
Among the six eMyb proteins of E. aediculatus, the eMyb3 protein is
divided into the R1R2R3 clade even if it is an R2R3 Myb protein.
eMyb5 is clustered into the Myb-like protein clade.

4. Discussion

4.1. Extension and evolution of the myb gene family in ciliates

myb genes comprise one of the largest super-families of transcrip-
tion regulators that exist universally in eukaryotes. However, its phylo-
genetic classification and evolutionary origin remain incomplete since
newer members are continuously discovered. While myb genes have
been extensively studied in animals and plants, little is known about
them in unicellular ciliates, as reported by Yang et al. in 2003.

We have cloned sixmyb genes in E. aediculatus and retrieved 10myb
genes from a Tetrahymena genome database (http://www.ciliate.org/
blast/blast_link.cgi), 19 myb genes from a Oxytricha genome database
(http://oxy.ciliate.org/blast/) and 26 myb genes from a Paramecium
genome database (http://paramecium.cgm.cnrs-gif.fr/cgi/tool/blast),

http://www.ciliate.org/blast/blast_link.cgi
http://www.ciliate.org/blast/blast_link.cgi
http://oxy.ciliate.org/blast/
http://paramecium.cgm.cnrs-gif.fr/cgi/tool/blast
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which reveal that myb genes also exist as a multiple member-family
in ciliates as in higher eukaryotic plants and animals. According to align-
ment analysis of their DNA-binding domain, eMyb2, eMyb4, and eMyb5
are R1R2R3 Myb proteins, while eMyb3 and eMyb6 are typical R2R3
Myb proteins. Among 10 Myb proteins in Tetrahymena, five proteins be-
long to R1R2R3 Myb proteins. 11 Myb proteins of Paramecium and 12
Myb proteins in Oxytricha are R1R2R3Myb proteins. Owing to the emer-
gence of ciliates prior to the plants and animals, this suggests the fact that
the duplication of Myb members and the diversity of R1R2R3 and R2R3
Myb had taken place before the emergence of the plants and the animals.

According to the phylogenic analysis, Myb proteins in ciliates are
divided into two types. One type shows no insertion and substitution,
while the other type features insertion of amino acids in R2 and
substitution of the first or the third tryptophan in R3. 2 R2R3 and 1
R1R2R3Myb proteins in Tetrahymena, 7 R2R3 and 5 R1R2R3Myb pro-
teins in Paramecium and 2 R1R2R3 Myb proteins in Oxytricha belong
to the first type. The remaining Myb proteins in ciliates are included
in the second type.
4.2. Origin of Myb proteins

To date, only twomodels concerning the origin ofMybproteins exist.
The first model, “Loss of R1 model,” proposed by Lipsick (Lipsick, 1996),
states that the Myb domain first originated over 1 billion years ago,
shortly after the divergence of eubacteria and eukaryotes. R1R2R3 Myb
proteins in the primitive eukaryotes were generated through successive
intragenic domain duplication and evolved into the current R1R2R3
Myb in animals. By contrast, the R2R3 Myb proteins found in plants
were generated through the loss of R1 repeats in R1R2R3 Myb proteins
and subsequent gene duplication. The second model, proposed by Jiang
et al. (Jiang et al., 2004), considers that ancestral R2R3 Myb (2R) oc-
curred through intragenic domain duplication; the ancestral R1R2R3
Myb (3R)was subsequently formed by further intragenic domain dupli-
cation. Both R2R3 and R1R2R3 Myb co-existed in primitive eukaryotes
and evolved into the current Myb in animals and plants. This model is
referred to as the “Gain of R1 model.”

Our results provide new evidence for the evolution of Myb pro-
teins. On the basis of these results, we propose the hypothesis that
the original R2R3 MYB proteins were produced through intragenic
domain duplication. Thereafter, R2R3 evolved into two branches,
one branch had inserted different sequences in the R2 and the first
or the third tryptophans were substituted in the R3 and then divided
into different species during the succedent differentiation of species.
Another branch had no insertion and substitution occurred. Subse-
quently, these two branches gain R1 repeat by further gene duplica-
tion to produce R1R2R3 MYB proteins. These Myb proteins evolved
into typical R1R2R3, typical R2R3 and Myb-like proteins in each spe-
cies. Furthermore, R2R3 type and R1R2R3 type Myb proteins co-exist
in each sub-clade. Evolutionary analysis of the Myb domain indicates
that replication of Myb repeats did not occur at a time but emerged in
a continuous stream during the evolution. R1R2R3 and R2R3 Myb
may have co-existed during the evolution of Myb proteins to produce
a large number of homologous myb genes.
5. Conclusion

We have obtained five new myb genes from E. aediculatus. Se-
quence alignment and phylogenic analysis indicate that the diversity
of R1R2R3- and R2R3-type of myb genes took place before the
emergence of animal and plant in the evolution process and provide
concrete new evidence for the evolution of myb genes.
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