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Abstract

The products of ETS (erythroblast transformation specific domain) family genes are essential for a variety of
developmental processes. This group of genes is frequently involved in leukemia and sarcoma as the result of specific
chromosomal trandlocations. The ETV6 (ETS variant gene 6) gene, also caled Tel or Tell, is a member of the ETS family
transcriptional regulators. Using in silico bioinformatic tools, we identified and characterized the rat ETV 6 gene in this study.
It has 8 exons and is located on the rat genomic contig NW_047696 of the rat chromosome 4. Its protein product has a
predicted nuclear localization signal, one SAM_PNT (SAM-Pointed domain), and one ETS conserved domain. It has high
homology to those of other vertebrate species. This is the first report on identification and characterization of the rat ETV6

gene.
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INTRODUCTION

The ETV6 gene encodes for a nuclear phosphoprotein
that belongs to ETS family of transcription factors [1].
Product of this gene is a sequence-specific transcriptional
repressor of ETS-binding site-driven transcription promoters
[2]. The predicted ETV6 protein contains two putative
functional domains, the N terminal PNT and the C terminal
ETS domains. The PNT domain is necessary for
homodimerization and heterodimerization of ETV6 [3]. The
ETS domain is a sequence specific DNA hinding domain
but it also mediates protein—protein interaction [4]. Genetic
aterations in the ETV6 genes are associated with various
types of leukemic disorders [5]. In leukemia and lymphoma,
specific chromosomal trangocations result in the fusion of
two genes that sometimes produce chimeric proteins
responsible for malignant transformations [6]. Many genes,
including those of tyrosine kinases and some transcription
factors, have been isolated as the fusion partner of ETV6
[7]. Therefore, characterization of the ETV6 gene in the
animal modelsisimportant in leukemia-lymphoma research.

The aim of the study was in silico identification and
characterization of the rat ETV6 gene. Its structure and
chromosomal localization, complete coding sequence,
amino acid sequence and protein motifs, and domains were
investigated. Thisis the first report on the identification and
characterization of therat ETV6 gene.

MATERIALS AND METHODS

Identification of novel gene fragments in the rat
genome

New gene fragments and their corresponding ESTs were
identified using in silico tools and database searches as
described previously [8, 9, 10]. To identify the related
genomic, cDNA and EST clones, TBLASTN searches
against nr and dbEST on the NCBI server
(http://www.nchi.nlm. nih.gov/blast) were performed using
the amino acid sequence of human ETV6 (AC No: P41212)
as the query sequence.

Structure and chromosomal localization of the novel
gene

The exons and introns were determined based on the
gene fragments identified by the TBLASTN program, by

examining the corresponding ETS, consensus sequence of
exon-intron boundaries (‘gt...ag" rule of intronic sequence)
[11], and the codon usage within the coding region. The
chromosomal localization was defined by BLAST the
predicted sequence to rat genome using the BLAST program
of the NCBI (http://www.ncbi.nlm.nih.gov).

Deducing and analyzing the amino-acid
sequence of ETV6 gene

Prediction of coding region as well as tranglation into
amino acid sequence was performed using NCBI's ORF
Finder  program  (www.ncbi.nim.nih.gov/gorf/).  The
homologous protein sequence searches were carried out
using the BLASTP program against the protein databases.
Amino acid sequence alignments were performed using the
ClustalW program (http://www.ebi.ac.uk/clustalw). Domain
structure of the novel protein was searched for with the
RPS-BLAST program (http://www.nchi.nlm.nih.gov). Sub-
cellular localization of novel protein was searched for with
the PSORT Il program (http://psort.ims.u-tokyo.ac.jp). The
phylogenetic tree was constructed using the neighbor-
joining method (NJ) with Jones-Taylor-Thomton (JTT)
distances. NJ searches were conducted using the MEGA3
software program [12]. The reliability of internal branches
was assessed using 500 bootstrap replicates.

RESULTS

Identification and chromosomal localization of
rat ETV6 gene

Rat genome sequences and rat ESTs homologous to
human ETV6 were searched for with the TBLASTN
program using the amino acid sequence of human ETV6 asa
query sequence. The result showed segmented fragments of
rat ETV6 gene on the genomic contig NW_047696 on the
chromosome 4 at the nucleotide positions 24,013 kb-24,255
kb. Its precise exon-intron boundaries were determined by
examining the ETS on the region (Table 1), the consensus
sequences of exon-intron boundaries, and the codon usage
within the coding region. The rat ETV6 gene consisted of 8
exons spanned on a 242 kb genomic DNA (Figure.l). Its
cDNA ispredicted to be 2041 nucleotide in length.
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Table 1. The accession number of ESTs, located on the region 24,013 kb-24,255 kb. of the genomic contig NW 047696, used
to construct the rat ETV6 CDS.

BE100111.1 AW251598.1 BF566629.1 BQ189876.1 C0554966.1 BM390643.1
CR460593.1 CB800729.1 AW529320.1 CA505366.1 CO567974.1 BF406537.1
Al1044374.1 B1302814.1 CR459037.1 BM384458.1 BF550302.1 BE117896.1
Al714333.1 CB812822.1 C0389595.1 CV076962.1 BM387293.1 CR459969.1
AW254091.1 CB812194.1 CB697939.1 Cv118617.1 AW914042.1 Al1231434.1
AW253517.1 CB791184.1 BF285055.1 Al1547515.1 AW142730.1 Al237182.1
AW251139.1 CV797495.1 BF546884.1 BQ782515.1 CAB07645.1 Al1013170.1
AW252062.1 BF542553.1 BF524331.1 BF542699.1 BF548331.1 AW522926.1
AW251437.1 AW534087.1 BF523015.1 A1535043.1 BF550172.1 AAB899087.1
AW253265.1 CR475211.1 A1556345.1 CB313494.1 BQ199604.1 C0575482.1
A1009381.1 A1547859.1 BM387000.1 C0387335.1 A1008524.1 C0563976.1
Exon Nucl eoti de sequence
No around exon-intron boundaries

1 57-UTR TTTCGC. .. .. ATTAAG GTAACG. ..

2 CAACAG CAGGAA. . . .. ACCTGC GTGAGT. . .

3 CAACAG GTTTGC. . ... ATTCAG GTGAGA. ..

4 CTCCAG GCGATG. . . .. AAGAAG GTACTG. . .

5 CCACAG ATAATT. . . .. GCAAAG GTTTGG. . .

6 CTGCAG ACTGTA. . . .. CATAAG GTAAAA. ..

7 AAACAG AATAGG. . . .. GTTCAG GTAACA. ..

8 CCTAAG GTTCAT. . ... AAAAAA 37-UTR

Figure 1. Exon-Intron boundaries of the rat ETV6 gene. On each line the end of an exon, the beginning and end of the
following intron, and the start of the following exon is shown.
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Analyses of deduced amino-acid sequence

The nucleotide sequence of rat ETV6 mRNA was
determined by combining nucleotide sequences of its
predicted exons. Rat ETV6 mRNA was found to consist of

at least 14 bp of 5 UTR, 1428 bp of coding region, and a
599 bp 3 UTR region (Figure.2). The mRNA of the ETV6
geneis predicted to encode a peptide of 476 amino acids.
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tttcgct gt gagacat gt ct gagact cct gct cagt gt agcat t aagcaggaacggat t t cat ct acacccccagagagce 80
K Q ERI SSTUZPVPTES 22
ccagtggcgagctacggtccctcgactccacttcatgttccagtgcctcgggcgctcaggatggaggaagactcgatcca 160
P Y P STWPLHVPVFP M S I H 49
cctgccagcacacctgcgtttgcagcccatttactggagccgagatgacgtagcccagtggctcaaatgggcagaaaatg 240
Y WS RDDVAQWL KWATENE 76
agttttccttaaggcccat cgagagcaacacatt cgaaat gaat ggcaaggccct get gct gct gaccaaagaggatttc 320
E S NTFEMNDNGI KA ALILIULULTIKEDF 102
cgct accgat ct cct cat t caggcgat gt get ct at gaact cct t cagcat at cct gaagcagaggaagcct cgaat t ct 400
L K QRKWPRI L 129
cttctcaccattcttccaccct gggaact ct at ccacaccaagccagaggt cct act gcat cagaaccat gaagaagata 480
HTKWPEVLLUHAO QNHTEEDN 156
att gt gt ccagaggacgcccaggacgccagcggagagcect gcaccacaaccct cccact att gaact cttacatcgeccce 560
E L L HRP 182
aggt cacccat caccacaaaccacaggcct t ct ccggacccagagcagcagcggeccct gcggt cccccct ggacaacat 640
E Q R P L DNM 209
gat ccgccgcect ct cgect gcagagagagcccaggggccaaggcet acagcaggaaaacaaccaccaggaat cctacccce 720
R A QG L QENNHOQESY P L 236
t gt cagt gt ct cct at ggagaat aat cact gcccaccgt cct cggagt ccaacccgaagccct caagcccct ggcaggag 800
S VSPMENNHTCPPSSES SNPIKPSSUPWAOQE 262
agcacacgagt gat ccagct gat gcct agccccat cat gcacccctt gat cct gaacccccggecact cggt agatttcaa 880
M HPULI L NPRHSV DFK 289
acagt cccgaat ct ct gaagat gggat gcat cgggaagggaagcccat caacct gt ct caccgagaggacct ggcttaca 960
N L SHRETDTULAY M 316
t gaaccacat cat ggt ct ct gt gt ccccacccgaagagcacgccat gcccat t ggaagaat agcaggt gagt gggct cag 1040
GRI A GEWANDQQ 342
cccccagcet cet cget gcccageggceagcecat gaccat gt t at gt gcccgcaaagact gt agact gcttt gggattacgt 1120
R L L WDYV 369
ctaccagttgct ct ct gacagccggt acgaaaact t cat ccgat gggaggacaaggaat ccaaaat at t ccggat agtgg 1200
R WE DI KE S K1 F R 1 V D 39
at cccaacggact ggct cgact ct ggggaaaccat aagaat aggacaaacat gacct at gagaaaat gt ccagagctctc 1280
P NGLARLWGNMHIKNRTNMTYEIKMSR RAL 422
cgt cact act acaaact aaacat cat caggaaggagcccggacaaaggcttttgttcaggtt cat gaaaaccccggatga 1360
R KEWPGOQRLLVFRFMKTPDE 449
gat cat gagt ggccggacagaccgt ct agaacacct cgagt ct caggagct ggat gaacaagcgt accaagaggat gaat 1440
I MS GRTDIRLIEMHLES QETLDEU QAY QE D E C 476
gt t aagggaacct accacagcct cagcggt gggct ggccaagacgagacct gcccacagggaccgcaggaggcat gatgg 1520
*
agcaggcaagct agggat ggct t gaaaggaagagacccaggaat agcaggaacact t ct cct gcagat caagagggaccc 1600
agagcacct t agacaagccacccagcaat ggcagggct ggaat t ct ggcggagggcacaagcct gagacacacgt catgt 1680
ttgctcctccttcgactctcttgtctgtaaagect cacccet caccctgcacctgttgttagtctcatggtgtttctggtt 1760
ttogttttcgtttcttttttttttt aagaacatgcagtttgactattcattgttcatacagggaagacatcacatgttget 1840
ttcctatggaaatatatctattatatatattattaatttttttttcgttgttgcaaat ct caccaagt acgaccagctct 1920
gct ggt caggaaaaagaaaact t gcagaagagat caggttcctctttttcct gccgcat agatctggtttgtcctatcca 2000
2041

agt caggt ctt t gat gagaaaggaaaacaaaaaaaaaaaaa

Figure 2. Predicted rat ETV6 mRNA and rat ETV6 protein. Nucleotide sequence of ETV6 mRNA and its encoding
amino acid sequences are shown. Nucleotides and amino acids are numbered on the right side, respectively.

The BLASTp program revealed that rat ETV6 protein
has 90%, 90%, 88%, 88%, 87%, 81%, 69%, 52% and 51%
total amino acid identity with homologous sequences of M.
mulatta (XP_001083470), H. sapiens (P41212), C.
familiaris (XP_543812), B. taurus (NP_001015514), M.
musculus (NP_031987), G. gallus (AAC97200), X.
tropicalis (NP_001016880), T. rubripes (AAK54061) and
D. rerio (AAK49950), respectively. ClustaW alignment

displayed a very high homology of these genes in these
species (Figure.3A). RPS-BLAST results revedled that the
rat ETV6 protein, like those of other organisms, had two
conserved functional domains, SAM_PNT and ETS,
spanning from amino acid 38 to 123 and 362 to 448,
respectively. PSORT |l results revealed a predicted nuclear
localization signal at the amino acid position 124-127
(RKPR) (Figure.3A, B).
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A SAM PNT domain
H. sapi ens MSETPAQCSI KQERI SYTPPESPVPSYASSTPLHVPY - VPRALRVEEDSI RLPAHLRLQPI YWSRDDVAQALKWAENEFSL RPI DSNTFEMNGKALLLLT 98
B. t aur us MBETPAQCSI KQERI SYTPPESPVPSYASSTPLHVPY - VPRALRVEEDSI RLPAHL RLQPMFWSRDDVSQALKWAENEFSLRPI DSNTFEMNGKALLLLT 98
M nuscul us MBETPAQSSI KQERI SYTPPESPVASHRSSTPLHVHY - VPRALRVEEDSI HLPTHLRLQPI YWSRDDVAQALKWAENEFSLRPI ESNKFEMNGKALLLLT 99
R norvegi cus MBETPAQCSI KQERI SSTPPESPVASYGPSTPLHVP} - VPRALRVEEDSI HLPAHLRLQPI YWSRDDVAQALKWAENEFSLRPI ESNTFEMNGKALLLLT 98
X tropicalis MSS- - AQX?YI KQEQ SYSPPESF’VRNCTTSPPSQ_HkPGARRYRNEEEAVRLPAHLRLPPAQ/\ERED\/SQI\LRV\AENEFSLHPI DSNTFEMNGKALLLLT 98
NLS
H. sapi ens KEDFRYRSPHSGDVLYELLQH | KQRKPRI LFSPFFHPGNSI HTQPEVI L HQNHEEDNCVQRTPRPSVDNVHHNPPTI ELLHRSRSPI TTNHRPSPDPEQ 198
B. t aur us KEDFRYRSPHSGDVLYELLQH | KQRKPRI LFSPFFHPGNSI HTQQEVI L HQNHEEDNGVQRT SRPSAENVHQONPPTI ELLHRSRSPI TTNHRPSPDPEQ 198
M nuscul us KEDFRYRSPHSGDVLYELLQH | KORKSRMLFSPFFPPGDSI HTKPEVL L HQONHDEDNCVQRTPRTPAESVHHNPPTI ELLHRPRSPI TTNHRPSPDPEQ 199
R norvegi cus KEDFRYRSPHSGDVLYELLQH I KQRKPRI LFSPFFHPGNSI HTKPEVL L HONHEEDNCVQRTPRTPAESLHHNPPTI ELLHRPRSPI TTNHRPSPDPEQ 198
X tropicalis KEDFRYRCPHSGDVLYEVLQH KQ?I\PRLI HSSI FH'I'GNSLH}?EVLI SQ\IHHDDHHSQQPPRTPS}—K:TPLNTPTI ELLHRSRSPLS NH-ISSPDPEP 197
H. sapi ens - RPLRSPLDNM RRL SPAERAQGPRPHQENNHQESYPL SVSPVENNHCPASSESHPKPSSPRQESTRVI QLMPSPI MHPLI LNPR- - HSVDFKQSRLS- E 294
B. t aur us - RPLRSPLDNM RRL SPAERAQGPRL HQENNHQEPYPL SVSPMENNHCPPSSEPHPRPSSPRQEGTRVI QLMPSPI MHPLI LNPR- - HSVDFKQPRLS- E 294
M nuscul us QRPQRSPLD- MSRRL SPVEKAQGPRL QRENNHQETYPLSVSPVENNHCLPSS- - - - - - - - PWQESTRVI QLMPSPI MHPLI LNPRHSHSVDFKQSRHS- E 289
R norvegi cus QRPLRSPLDNM RRL SPAERAQGPRL QQENNHQESYPL SVSPMENNHCPPSSESNPKPSSPWESTRVI QLMPSPI MHPLI LNPR- - HSVDFKQSRI S- E 295
X tropicalis - RPLRSPNEI\PLRRPSPADRLHRHAGEFNHHTQESYPLSVSPAEANHCPSEPI N- - KPSSPRQJTPRVI QLMPSPI M—|PLLLNPR» - HSNEFKQPRLAQE 292
ETS domain
H. sapi ens DGLHREGKP! NLSHREDLAYMNHI MVSVSPPEEHANPI GRI A- - - - = - == - == - == oo - - - DCRLLWDYVYQLL SDSRYENFI RWEDKESKI FRI V 371
B. t aur us DGLHREGKPI NLSHREDLAYMNHI MVSVSPPEEHAVPI GRI A- - - - - - == === - - - - - -{- DCRLLWDYVYQLLSDSRYENFI RWEDKESKI FRI V 371
M nuscul us DGVWNREGKPI NLSHREDLAYLNH MVSMSPPEEHAMPI GRI A- - === - - - === - o e e e e e o - - - DCRLLWDYVYQLL SDSRYENFI R\EDKESKI FRI V 366
R norvegi cus DGVHREGKPI NLSHREDLAYM\HI MVSVSPPEEHAMPI GRI AGEVVAQPPAPRCPAAAMI ML CARKDCRLLWDYVYQLL SDSRYENFI RWEDKESKI FRI V 395
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Figure 3. ClustalW alignment of ETV6 proteins from different species and their conserved domains. (A), Alignment of
some homologous proteins to rat ETV6 protein. Amino acid residues are numbered on the right. Amino acid residues
conserved among these species are shown by an asterisk below the alignment. All of these proteins include SAM_PNT and
ETS domains and nuclear localization signal (NLS). (B), Schematic representation of rat ETV6 protein and its domains.

The phylogenetic tree of the ETV6 genes in different
species was constructed using Mega3 program [12]. This
tree indicates that the ETV6 gene is evolutionarily highly

conserved among all organisms investigated. The most
diverse are ETV6 genes of T. rubribes and D. rerio
according to internal branch lengths of the tree (Figure 4).
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Figure 4. The phylogenetic tree of ETV6 proteins from different organisms. Branch lengths and species names are
shown. Branch lengths indicate evolutionary relationship.
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DISCUSSION

Bioinformatics have an important role in confirming
laboratory-based work and in de novo analysis [13]. In this
study, we identified and characterized the rat ETV6 gene
using bioinformatic tools. It overlaps with the LOC312777
gene, recently predicted by the GNOMON, NCBI’'s gene
prediction program. Even though both genes partialy
overlap, some overlapping ESTs seem to have been omitted
when LOC312777 was predicted. Therefore, we think the
LOC312777 gene may have an aternative splicing form. By
taking into account these excluded ESTs, we predicted the
structure of the rat ETV6 gene, its RNA and protein
sequence. Nucleotide and amino acid sequences of
LOC312777 transcript are predicted to be 1900 bp and 453
amino acids, respectively. Our predicted transcript isoform
is 2041 bp and its encoded protein is 476 amino acids.

The rat ETV6 gene encodes for 476 amino acid peptide
with an N-terminal PNT-SAM and a C-termina ETS
domain. These features suggest that ETV6 protein may
function as a transcriptional factor. N-terminal PNT-SAM
domain exists in more than 250 regulatory proteins
including receptor tyrosine kinases, serin-threonin kinases,
and transcription factors [14]. This domain is very likely to
mediate in dimerization of ETV6. Homodimerization is
essential to the oncogenic activation of ETV6 derived fusion
proteins [2]. The ETS domain specifically recognizes DNA
sequences that contain a GGAA/T core element [15] but it
aso involves in multiple protein-protein interactions [16].

Rat ETV6 gene was mapped to rat chromosome 4q.43.
In human, studies have shown that chromosomal region of
ETV6 gene (12p.13) is frequently implicated in both
lymphoid and myeloid hematological malignancies [17].
The ETV6 gene is the most common target for
rearrangements in  12pl3 chromosoma region [18].
Characterization of the rat genes may provide a ground for
genetic models to study the related human disorders.

The result of BLASTp clearly indicates that ETV6
proteins are evolutionarily well conserved. The phylogenetic
tree indicates that the mouse ETV6 is the closest to the rat
ETVG6 gene.

Data mining techniques are powerful in terms of
discovering novel genes and analyzing them [19]. Even
though the results from biocinformatics studies are very
helpful in directing and designing the experiments, they
generally need to be experimentally confirmed.
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