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Abstract

pax/ promoter regions.

The paired box-7 (pax7) transcription factor expressed in satellite cells (SCs) is an essential requlator of skeletal muscle
growth and regeneration in vertebrates including fish. Characterization of rainbow trout (Oncorhynchus mykiss)

pax7 gene/s may offer novel insights into skeletal myogenesis by SCs in this indeterminate growth species. Further,
evaluation of promoters for cis-regulatory regions may shed light on the evolutionary fate of the duplicated genes.
Employing standard PCR, cloning and computational approach, we identified and report complete coding sequences
of two pax7/ paralogs of rainbow trout (rt); rtpax/a and rtpax/p. Both genes show significant identity in the nucleotide
(97%) and the predicted amino acid (98%) sequences, and bear the characteristic paired domain (PD), octapeptide
(OP) and homeodomain (HD) motifs. We further report several splice variants of each gene and nucleotide differences
in coding sequence that predicts six putative amino acid changes between the two genes. Additionally, we noted a
trinucleotide deletion in rtpax/p that results in putative serine elimination at the N-terminus and a single nucleotide
polymorphism (SNP) in majority of the rtpax/g variants (6/10) that predicts an arginine substitution for a lysine. We
also deciphered the genomic organization up to the first three exons and the upstream putative promoter regions

of both genes. Comparative in silico analysis of both the trout pax7 promoters with that of zebrafish pax7 duplicates;
zfpax7a and zfpax7b; predicts several important cis-elements/transcription factor binding sites (TFBS) in these teleost
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Background

Growth and regeneration of skeletal muscle in vertebrates
is mainly attributed to mitotically proficient adult muscle
stem cells termed satellite cells (SCs) (Lepper et al. 2011;
Moss and Leblond 1971; Motohashi and Asakura 2014;
White et al. 2010). Activation of SCs by intrinsic cues
such as hepatocyte growth factor (HGF) (Tatsumi et al.
1998) result in the generation of new myoblasts that ter-
minally differentiate to myocytes and either fuse with the
existing myofibers (hypertrophy) or among themselves to
generate new myofibers (hyperplasia) (Collins et al. 2005;
Mozdziak et al. 1997; Rowlerson et al. 2001). Alternately,
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the myogenic precursor cells can self-renew to replenish
the intramuscular pool of SCs (Collins et al. 2005; Olguin
et al. 2007). Depletion of pax7 expressing SCs in skeletal
muscle lead to compromised growth and skeletal muscle
regeneration (Pascoal et al. 2013; Sambasivan et al. 2011).

While the myogenic program of SCs is primarily
driven by myogenic regulatory factors (Megeney et al.
1996; Montarras et al. 2000; Smith et al. 1994), their
maintenance, propagation and self-renewal in growing
muscle have been attributed to the expression of pax7
(Oustanina et al. 2004; Seale et al. 2004). The functional
significance of pax7 in the physiology of SCs is primar-
ily understood through studies conducted in knock-out
mice (Kuang et al. 2006; Oustanina et al. 2004; Relaix
et al. 2006; Seale et al. 2004). Indeed, pax7 is a widely
accepted marker of SCs in vertebrates (Seale et al. 2000).
Homozygous pax7 null mice either suffer early postnatal
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lethality or grow to a small size, and show defective
development of central nervous system and craniofacial
muscles. Additionally, these mice suffer from defective
postnatal skeletal muscle growth and regeneration due
to a deficiency in the number of SCs (Kuang et al. 2006;
Oustanina et al. 2004; Seale et al. 2000), suggesting that
pax7 deletion affects skeletal muscle development. Most
recent studies using inducible knockout mouse mod-
els have further shown that expression of pax” is essen-
tial in mature skeletal muscle for effective regeneration
and repair after injury (Guinther et al. 2013; von Malt-
zahn et al. 2013). Together, pax” can be advanced as a
key player in SCs biology with significant roles in skel-
etal muscle plasticity during both development and adult
stages of higher vertebrates.

The role of SCs in fish skeletal muscle growth is well
recognized (Koumans and Akster 1995; Marschallinger
et al. 2009; Pascoal et al. 2013; Rossi and Messina 2014;
Seger et al. 2011). Similar to mammals, SCs in various
fish species express pax7 (Devoto et al. 2006; Froehlich
et al. 2013; Gotensparre et al. 2006; Marschallinger et al.
2009; Sibthorpe et al. 2006), and contribute to growth and
regeneration of skeletal muscle (Seger et al. 2011) sug-
gesting an evolutionarily important role of this transcrip-
tion factor in vertebrate skeletal myogenesis. However,
unlike mammals, teleost fish genomes contain more than
one pax7 gene. At least two pax7 genes exist in zebrafish
(Minchin and Hughes 2008), which has been attributed
to the whole genome duplication early in the teleost lin-
eage after divergence from their common mammalian
ancestor (Jaillon et al. 2004). The salmonid genome may
contain more copies of pax7 (Gotensparre et al. 2006;
Sibthorpe et al. 2006) due to another round of whole
genome duplication around 88-103 Mya (Macqueen and
Johnston 2014). Recent evidence from genomic sequenc-
ing studies in rainbow trout indicate that nearly half of
the duplicated paralogs from this event are retained in
the genome (Berthelot et al. 2014). Further evidence sug-
gests that gene duplication in salmonids may also arise
from localized gene duplication (Macqueen and Johnston
2006). Because of the importance of pax7 in mediation
of skeletal myogenesis by SCs, and its genetic complex-
ity in teleost, an improved characterization of gene/s and
promoter would add to a comprehensive understanding
of the regulation and function of pax7 in these species.

While growth of postnatal skeletal muscle in amni-
otes is primarily through hypertrophy, post-larval mus-
cle accretion in salmonids is accomplished through both
hyperplasia as well as hypertrophy (Mommsen 2001;
Valente et al. 1998). Rainbow trout are an important
global aquaculture species and an excellent animal model
to study skeletal muscle growth that is mediated by SCs.
However the structure and function of the pax” gene/s
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and the corresponding promoter/s is not well under-
stood. In this study, we isolated multiple transcript vari-
ants of two rainbow trout pax7 paralog genes (rtpax7o
and rtpax7p), using skeletal muscle mRNA as the source
of nucleotide sequences. Additionally, we deciphered the
genomic organization of the first three exons and the
associated 5’- flanking regions of both genes. Finally, an
in silico analysis was performed to identify the potential
cis-regulatory elements/TFBS in the putative promoter
regions of each gene as compared to that of the zfpax7a
and zfpax7b genes.

Methods

RNA isolation and RT-PCR

Skeletal muscle tissue from the hypaxial and epaxial
regions of adult rainbow trout was collected following
euthanization induced by 100 ppm of tricaine methano-
sulfonate (MS-222). Fish rearing, experimental sampling
and handling procedures were approved by the Univer-
sity of Idaho Animal Care and Use Committee. All tissues
were snap frozen in liquid N, and stored at —80°C until
RNA isolation. RNA was isolated using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) following the manu-
facturer’s recommendations. Briefly, 1 ml of TRIzol was
added to ~50 mg of ground muscle tissue and homoge-
nized using a bead homogenizer at a frequency of 25 Hz
for up to 1 min 30 s. RNA was separated by adding 0.2 ml
of chloroform and centrifuged at 12,000 x g for 10 min, at
4°C. The aqueous phase was collected and RNA was pre-
cipitated by adding 0.5 ml isopropyl alcohol and centri-
fuged at 12,000xg for 30 min at 4°C. RNA samples were
finally washed twice in 1 ml of 75% ethanol and quanti-
fied on Nanodrop” ND-1000 UV-Vis Spectrophotometer
(Nanodrop Technologies, Wilmington, DE, USA) follow-
ing manufacturer’s recommendations. Template qual-
ity was verified by visualization on a 1.5% formaldehyde
agarose gel. A 2 ug of DNase I (Ambion, Foster City, CA,
USA) treated RNA was then reverse transcribed using
superscript III (Invitrogen) according to the manufac-
turer’s instructions, and the resultant cDNA served as
a template for subsequent PCR amplification of pax7
cDNA sequences.

Isolation of pax7 cDNA clones

Multiple nucleotide comparisons of the Atlantic salmon
(Salmo salar) and Arctic char (Salvelinus alpinus) pax7
c¢DNA variants (NCBI database) showed ~100% identity
in the first exon and downstream of the initiator codon.
Further, a rainbow trout pax7-like 3’-end enriched EST
sequence (CB493668) also showed significant iden-
tity (94—98%) to various pax7 variants of the above two
species. Using the above information, a set of gene spe-
cific primers (GP7F, GP7R) was designed to amplify the
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putative complete protein coding sequences of trout pax7
(Table 1). A touch down PCR was performed using Plati-
num® Tag DNA Polymerase (Invitrogen) on the cDNA
prepared from total RNA of skeletal muscle as a tem-
plate. Thermal cycler parameters comprised of an initial
denaturation at 94°C for 3 min. Next six cycles each had
a denaturation step at 94°C for 15 s, annealing step for
30 s where temperature was dropped by 1°C/cycle from
60 to 55°C and extension at 72°C for 2 min. Subsequent
amplification was conducted for 29 cycles that comprised
denaturation at 94°C for 15 s, annealing at 54°C for 30 s
and extension at 72°C for 2 min. The reactions were com-
pleted with final extension performed at 72°C for 10 min.
The PCR products were resolved on a 1% agarose gel and
the appropriate amplicon was eluted from the gel using
PureLink Quick gel extraction kit (Invitrogen) following
manufacturer’s recommendations. Eluted PCR product
was then subcloned into the pGEM-T Easy vector (Pro-
mega, Madison, WI) and transformed into One Shot
TOP10 chemically competent E. coli (Invitrogen). Plas-
mid DNA was extracted using a GenElute™ HP Plasmid
Miniprep Kit (Sigma-Aldrich, St. Louis, MO, USA) fol-
lowing manufacturer’s instructions and sequenced using
an ABI 3730 capillary sequencer as per the manufacturer
recommendations (Applied Biosystems, Foster City, CA,
USA).

5’-rapid amplification of cDNA end to determine
transcription start site (5'-RACE)

To identify the transcription start site (TSS), a rapid
amplification of cDNA ends procedure was performed by
using FirstChoice’ RLM-RACE Kit (Ambion). Following

Table 1 List of primers used in PCR amplification reactions

Primer Sequence Length
(bp)
GP7F  5/-ATG GCT ACT TTA CCA GGA ACA GT-3/, 23
GP7R  5/-TCA GTA GGC CTGTCC CGT CTC-3/ 21
GP7al  5-GAATGC CAT CGATGCTAT GCTTTGTTT-3/ 27
GP7a2  5/-CACTAT CGT CGT CGT CAT CTT TCT TGC-3/ 27
GP7a3  5'-TCTTAG CAA CAATGT CAC CATTGG TTT GG-3/ 29
GP7a4  5/-GCA ACA ATGTCA CCATTG GTTTGG TAA CT-3/ 29
GP7b1  5'-GCT AAA GGG GTCTTCTTTTAC CCC ACA AA-3/ 29
GP7b2  5-TTTTGA GAG GAG ACATTT CGT CAC ATC CT-3/ 29
GP7b3  5/-AGA CCT AAG CAA ATG CGC GGA AAAATAC-3" 28
GP7b4  5'-CTATTT ATG CGA ATC GGT CCC ACA GTCT-3’ 28
GP7b5  5/-GGG GGT TGA TAC TGT TCC ACA ATA AAC ATA-3' 30
GP7b6  5'-GGC GCATCATTC GAG GCA CTGTTC CTG GTA-3' 30
GP5R1  5/-TGG GCC ATCTCT ACT ATCTTG TGT CTG A-3’ 28
GP5R2  5/-GGG GGT TGATACTGT TCC ACA ATA AAC ATA-3' 30
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manufacturer’s instructions, decapped RNA from adult
rainbow trout skeletal muscle was ligated to the manu-
facturer supplied oligonucleotide adaptor and reverse
transcribed by employing either random hexamers or
oligo(dT) primers. Subsequently, a touch-down nested
PCR amplification was performed using reverse gene spe-
cific primers, GP5R1 (outer) and GP5R2 (inner) that were
designed to anneal to a region around the start of PD
region. Manufacturer supplied 5'-RACE adaptor primers
served as forward primers. Thermal cycler parameters
were as follows for the outer PCR; initial denaturation at
94°C-3 min. The next eight cycles each had a denatura-
tion step at 94°C-30 s, annealing step for 1 min where
temperature was dropped by 2°C for every two cycles
from 64 to 61°C and extension at 72°C—1 min. The last
27 cycles had a denaturation step at 94°C-30 s, anneal-
ing step at 60°C—1 min and extension at 72°C—1 min.
The reactions were completed with final extension per-
formed at 72°C for 7 min. Subsequently performed inner
PCR parameters were as follows; initial denaturation at
94°C-3 min. The next four cycles each had a denatura-
tion step at 94°C—-30 s, annealing step for 1 min where
the temperature was dropped by 1°C for every two cycles
from 66 to 65°C and extension at 72°C—1 min. The last
31 cycles had a denaturation step at 94°C-30 s, annealing
step at 64°C—1 min and extension at 72°C-1 min. Final
extension was performed for 7 min at 72°C.

Isolation of genomic DNA and identification of pax7 gene
and promoter sequences

DNA was isolated from the skeletal muscle of adult
rainbow trout. Briefly, ~100 mg of pulverized tissue was
incubated at 37°C for 3 h in ten volumes of lysis buffer
(10 mM Tris—Cl, pH 8.0, 0.1 M EDTA, pH 8.0, 0.5% SDS
and 20 pg/ml DNase-free RNase A). Finally, proteinase
K at a final concentration of 100 pg/ml was added to the
lysate and incubated at 55°C overnight. DNA was then
extracted by phenol-chloroform extractions followed
by two washes in 75% ethanol. The quality of DNA was
evaluated on a 1% agarose gel. Genome walker librar-
ies were constructed using a GenomeWalker™ Universal
kit (Clontech, Palo Alto, CA, USA) following the manu-
facturer’s instructions. Concisely, the genomic DNA
was digested with blunt end restriction enzymes; EcoR
V, Dra 1, Pvu II or Stu L. The resultant DNA fragments
were ligated to the Genome Walker adaptor supplied by
the manufacturer (Clontech). Using a set of gene spe-
cific primers (reverse primers; gp7alR, gp7a2R, gp7a3R
and gp7a4R) (Table 1) in combination with the manu-
facturer supplied adaptor primers, the rtpax7«a genomic
DNA (gDNA) from the start of the 4th exon and up
to 980 bp upstream of the initiator codon was iso-
lated. Similarly, we isolated rtpax7f gDNA of 2,624 bp



Chapalamadugu et al. SpringerPlus (2015) 4:263

upstream of the initiator codon (gp7b5R and gp7b6R)
(Table 1), and up to around the first three exons (using
forward primers; gp7b1F, gp7b2F, gp7b3F and gp7b4F)
(Table 1). All PCR were performed using Advantage 2
Polymerase Mix (Clontech) and thermal cycler param-
eters for outer PCR included 5 cycles at 94°C-25 s,
denaturation; 72°C for 3 min, annealing and exten-
sion; followed by 32 cycles at 94°C-25 s, 67°C-3 min.
A final extension at 67°C was performed for 7 min. All
PCR products were analyzed on a 1.5% agarose gel, sub-
cloned and sequenced as reported above.

Phylogenetic analysis

Phylogenetic analysis was performed using phylogeny.fr
pipeline (http://www.phylogeny.fr) with default parame-
ters using rainbow trout putative Pax7 sequences (rtPax7A
and rtPax7p) along with those previously reported for
other species; Atlantic salmon Pax7a (CAF02090),
Atlantic salmon Pax7p (CAHO04385), zebrafish Pax7a
(NP_571400.1), zebrafish Pax7b (NP_001139621), tila-
pia Pax7 (LOC100708659, XP_003454575), tilapia
Pax7 (LOC100696153, XP_003459869), stickleback
Pax7 (1/2) (ENSGACP00000017071), stickleback Pax7
(2/2) (ENSGACP00000002231), medaka Pax7 (2/2)
(ENSORLP00000005345), human Pax7 (DQ322591.1)
and mouse Pax7 (NP_035169.1). Briefly, multiple align-
ments of amino acid sequences were accomplished using
MUSCLE alignment program. Alignment curation was
performed by Gblocks and phylogenetic analysis was
performed by PhyML using a default substitution model
(Dereeper et al. 2008).

In silico analysis

Sequence analyses were performed using Vector NTI
11.5 advance (Invitrogen) at default parameters. Contigu-
ous sequence (contig) alignment of nucleotide sequences
was performed using the Contig assembly feature in
Vector NTI 11.5 advance (Invitrogen). Gene homol-
ogy searches were performed using the blast resources
of NCBI database. Multiple comparisons of nucleotide
and deduced amino acid sequences were performed
using clustalW set at default parameters. Exon/intron
boundaries were delineated using Spidey that is available
at NCBI public domain (http://www.ncbi.nlm.nih.gov/
spidey/). Prosite was used to perform pattern searches
in the deduced amino acid sequences (Hulo et al. 2006).
Putative cis-regulatory elements/transcription factor
binding sites (TFBs) in gene regulatory/promoter regions
were predicted using Matlnspector software (http://
www.genomatix.de), set at a matrix similarity threshold
of 0.75.
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Results

Isolation and characterization of two trout pax7 paralogs
Performing RT-PCR on c¢cDNA synthesized from skel-
etal muscle total RNA produced an expected band of
~1,500 bp that was subcloned and sequenced. Subse-
quent analysis of all cloned cDNA yielded two distinct
c¢DNA forms. Blast analysis showed high homology to
pax7 paralogs of other teleost fish; Atlantic salmon,
Arctic char and zebrafish. We refer to these two tran-
script forms as rtpax’7a and rtpax7f. A 5'-RACE
protocol revealed two 5’-untranslated region (UTR)
sequences for rtpax7o (identical sequence of variable
length, 135 and 387 bp) and one for rtpax78 (388 bp).
Assimilation of the respective 5-UTR sequences with
that of the longest transcript variant of rtpax7al (Fig-
ure la) and rtpax7p1 (Figure 1b) (Contig assembly
application of vector NTI advance 11.5) resulted in
1935 and 1945 nucleotide long sequence, respectively.
Conceptual translation of rtpax7al (ATG at 388 nt.)
and rtpax7B1 (ATG at 389 nt.) resulted in putative pro-
teins of 515 and 518 amino acids, respectively. Analy-
ses of pattern identification using Prosite revealed the
presence of conserved features in both putative protein
forms that are characteristic of Pax7 protein; paired
domain (PD), homeodomain (HD) and an octapeptide
(OP) (Figure 1). A pairwise comparison of the nucleo-
tide sequences showed that both forms share 83%
identity in the 5-UTR sequences, while the protein
coding sequences share 97% identity. However, puta-
tive amino acid sequences are 98% identical. There-
fore not all nucleotide polymorphisms in the coding
regions resulted in amino acid substitutions. Indeed 47
polymorphic nucleotides were observed in the coding
sequence, while only seven putative amino acid vari-
ations including a serine 167 deletion in rtPax7p1 (as
compared to rtPax7al) were observed between the two.

Multiple splice variants

Multiple transcripts of each pax7 gene differed in length
due to an alternate indel of three regions, which sug-
gests these transcripts represent alternate splice vari-
ants of each gene. Specifically, rtpax7« variants differed
due to an indel of 39 bp (GQY(T)GPEYVYCGT), 15 bp
(GEASS) or 12 bp (GNRT). Similarly, variants of rtpax7
differed by an indel of 39 bp (GQY(A)GPEYVYCGT),
12 bp (GEAS) or 12 bp (GNRT). Additionally, the major-
ity of the rtpax7B clones sequenced (6/10) had a puta-
tive arginine substituted for lysine 197 due to an AAG to
AGG transition, which suggests a potential allelic varia-
tion in the gene. The sequences of all the variants were
deposited in the GenBank (Table 2).
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Figure 1 Nucleotide and deduced amino acid sequences of rainbow trout (rt) pax/ cDNA forms: Sequences represent the longest transcripts
cloned for each form, rtpax/e (@) and rtpax/p (b). Nucleotide sequences are numbered on the left and amino acid sequences are numbered on
the right. Nucleotide sequence of 5/-UTRs is underlined. Shorter 5/-UTR of rtpax7a is double underlined. Conserved features of Pax7; paired domain
(green), octapeptide (orange) and homeodomain (red) are highlighted. Amino acid residues that are alternately skipped are boxed. Amino acid
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1141 TGAGAGGACACACTACCCAGACATCTACACCAGGGAAGAGCTGGCCCAGAGGACCAAGCT
A 291
1201 CACTGAGGCCCGCGTGCAGGTGTGGTTCAGCAACAGAAGGGCCAGATGGCGCAAGCAGGC
G AN QL AATFNU HTILTLTZPGGF P P T G311
1261 AGGAGCCAATCAGCTGGCCGCCTTCAACCACCTGTTACCTGGAGGCTTCCCGCCCACAGG
M P S L P T Y QULZPES S Y P G T T L S331
1321 GATGCCCAGCCTACCTACCTACCAGCTACCTGAGTCCTCATACCCCGGCACTACACTGTC
© D GS SsS T L HRZ®POQP L P P S S M H Q351
1381 ACAGGATGGCAGCAGTACGTTGCATCGGCCCCAACCCCTGCCTCCGTCCTCCATGCACCA
G G L S D G S s Y G L s S N R H S F 5371
1441 GGGCGGGCTCTCTGACGGCAGCTCCCCCTACGGCCTCTCGTCCAATCGCCACAGCTTCTC
6) F M S QS AASNHMN P V s391
1501 CAGCTACTCAGACACCTTCATGAGCCAATCAGCTGCCAGCAACCACATGAACCCGGTCAG
N G L S P QV MS I L SNZPNA AV P S Q411
1561 CAACGGCCTCTCCCCACAGGTGATGAGCATCCTGAGTAACCCCAACGCCGTGCCCTCCCA
s o HDF S I S PLUHGSILE S S N P I431
1621 GTCCCAACATGACTTCTCCATCTCCCCCCTCCACGGCAGCCTGGAGTCCTCCAACCCCAT
s ¢ s QR S DS I K GV D ?5 s s 451
1681 CTCAGCCAGCTGCAGCCAGCGCTCTGACTCCATCAAGGGGGTGGACAGCCTGAGCTCCTC
Q s Yy cP P T Y SATS Y S V D P V T Ad47l
1741 CCAGTCCTACTGTCCCCCCACCTACAGCGCCACCAGCTACAGTGTGGACCCCGTCACCGC
G Y QY S QY GOQT® AV DY L K N V 5 491
1801 CGGATACCAGTACAGTCAGTATGGACAGACTGCAGTGGACTACCTGACTAAGAACGTGAG
L S TQRRMZEKTLTGTDUHSAV L G L L Q511
1861 TCTGTCCACCCAGAGGAGGATGAAGCTGGGAGACCACTCTGCTGTCCTGGGACTGCTGCA
V ET G Q A Y * 518
1921 GGTGGAGACGGGACAGGCCTACTG

Partial genomic characterization

Employing a genome walker universal kit (Clontech) and
a set of gene specific primers, genomic sequences cor-
responding to the 5'-UTR sequences and up to around
the third exon were amplified (Figure 2). Sequenced
partial gDNA of both rtpax7a and rtpax7f were indi-
vidually aligned with corresponding transcripts using
Spidey (NCBI) that delineated the exon/intron bounda-
ries. While the substitution of threonine in rtpax7g for
alanine 32 (rtpax7c) that occurs due to an ACA to GCA
transition resides at the 5’-end of second exon, the substi-
tution of serine in rtpax7p for alanine 123 (rtpax” «), as
a result of a GCA to TCA transversion, resides at the 3/
end of third exon (Figure 2). Although the presence of the
trinucleotide sequence coding to serine 167 in rtpax’o

was confirmed by our study, we did not sequence the
gDNA corresponding to deleted serine 167 in rtpax7p.
However, evidence from studies in other salmonids indi-
cates the genomic fidelity of this deletion, given that it
has been mapped to the gDNA of one of the two putative
pax7 paralogs reported for Atlantic salmon and Arctic
char (Gotensparre et al. 2006; Sibthorpe et al. 2006). Fur-
ther, the 39 bp indel maps to the 5’-end of second exon in
both forms, while the 15 bp indel of rtpax7« maps to the
3’ end of third exon. In both cases, the splice junctions
are consistent with the GT-AG rule. Further, the first
introns of rtpax7x and rtpax7p were 1,309- and 1,333-
bp, respectively, and had 80% sequence identity overall
(data not shown). Similarly, the second introns were 550
and 617 bp long for rtpax7« and rtpax7p, respectively,
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Table 2 Splice variants of pax7 paralogs
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cDNA variants 13 aa (H)# 5/4 aa (+)* 4aa (1)* SNP CDs (bp)* Protein (aa) Accession number
rtpax7o GQYAGPEYVYCGT GEASS GNRT K/R

1 + + - K 1,548 515 JQ303311

2 + - + K 1,545 514 JQ303312

3 — + + K 1,521 506 JQ303313

4 — + — K 1,509 502 JQ303314

rtpax7f GQYTGPEYVYCGT GEAS- GNRT K/R CDs (bp)* Protein (aa) Accession number
1 + + + R/K 1,557 518 JQ303315

2 + + - R 1,545 514 JQ303316

3 + - + R/K 1,545 514 JQ303317

4 — + + R/K 1,518 505 JQ303318

5 — + — R 1,506 501 JQ303319

6 — — — R 1,494 497 JQ303320

7 — — + K 1,506 501 JQ303321

* Including stop, TGA; * indels corresponding to 13 aa, 5/4 aa and 4 aa, residues; SNP single nucleotide polymorphism in rtpax7p.

Exon 1

rtpax7a gDNA ATGGCTACTTTACCAGGAACAGTGCCTCGAATGA'
rtpax7al
rtpax7a2

rtpax7a4

rtpax7p gDNA
rtpax7pl
rtpax7p5
rtpax7p7
rtpax7pl0

ATGGCTACTTTACCAGGAACAGTGCCTCGAATGA!

rtPax7qproteinQVETPDVEKRIEE‘IKREN
rtpax7a gDNA CAGGTAGCAACTCCGGACGTGGAGAAGCGGATTGAAGAGTACAAGCGTGAAAAC

rtpax7al  ...... (Joobooaocaoa (3560c0c0cacaca0a0a Bocccocococo Boooooo
rtpax7a2  ...... GJoocooaoooa @0000000000000500 ©% 0000000000 Boooo00
rtpax7a4  ...... (loocoboocooa Booocococnc0cacaca £l 0000000000 600000

rtPax7p protein Q V E T
CAGGTATCAACTCCGGATGTGGAGAAGCGGATTGAGGAGTACAAGCGAGAAAAC
t a

444444 Bc060000000WB00000000000000000Ejcocooonoacaldacacan

rtpax7p gDNA
rtpax7pl
rtpax7p5
rtpax7p7

sequences are indicated by dotted line.

rtPax7a protein M A T L P G T V P R M M R P A P G Q N Y P R T G F P LE G QY RGP EZYUVYCGTV s
GCCCTGCGCCAGGCCAGAACTACCCCCGCACCGGATTCCCTCTGGAAGGACAATATGCAGGACCTGAATATGTTTATTGTGGAACAGTATCA

rtPax7p protein M A T L P 6 T V P R M M R P A P G Q N Y P R T G F P L E

Figure 2 Partial genomic characterization of rainbow trout (rt) pax7 cDNA forms; rtpax7a and rtpax7B: Multiple cDNA of both rtpax7a and rtpax7B
are aligned with the respective genomic DNA (gDNA) sequences. Deduced amino acid sequences are shown on the top of each alignment. Exon
boundaries are indicated by an arrow (W). Polymorphic codons are underlined, and amino acid variations are highlighted in black. Amino acid
residues corresponding to the insertion or deletion (indel) of the 39 bp in exon 2 or 15 bp in exon 3 are boxed. Identical nucleotide residues in all

Exon 2

Exon 3

G v C DR S T V P S

rtPax7a protein v
GGGGTGTGCGACAGAAGCACAGTTCCTTCAGGTGAGGCTTCATCTG

rtpax7a gDNA
rtpax7al
rtpax7a2
rtpax7a4d

and had 77% overall identity (data not shown). The 3rd
intron sequenced only for rtpax7« was 216 bp. Although
the genomic fidelity of 12 bp (GNRT) region is not veri-
fied in this study, previous studies indicate that this 12 bp
indel maps to the 5'-end of fifth exon in salmonid pax?7.
These observations collectively indicate that rtpax7« and
rtpax7p cDNAs are transcribed from two pax7 genes
that likely arose as a result of whole genome duplication.

Phylogenetic associations

All teleost pax7 clustered differently from their mam-
malian orthologs and into two separate groups with
high confidence (100%) (Figure 3). As suggested previ-
ously (Minchin and Hughes 2008), the observed topology

indicates the existence of two pax7 gene clades in tel-
eost fish. The trout and Atlantic salmon pax7 clustered
into the same clade, and isoforms of both genes showed
greater identity between the species than within the spe-
cies isoform comparisons. This suggests a salmonid pax7
gene paralogy that likely arose during a second round of
presumed fish specific whole genome duplication. Clus-
tering of zfpax7a, but not zfpax7b, sequences into same
clade further suggests that rtpax7« and rtpax7p are co-
orthologs of zebrafish pax7a.

In silico analysis of pax7 promoter regions
Analysis of the rtpax7a (Figure 4) and the rtpax7p
(Figure 5) promoter regions using MatInspector software
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75 Atlantic salmon Pax7a -2624 CTGATGTTTC CATCTAAAGA ATGTTTTTCT AGAAAACGCT TTTGTTTGGT
%9 _:rainbowtrout Pax7a -2574 TTTCACGTGA TT GCTCGGTG AGTCTTCCAA
-2524 GGAGGGTGAG GCGGGCTCTT TGTGCCTTCT ATCCCATGTG AAGAAAACCA
. 87 rainbow trout Pax78 -2474 AAGCGGCAGG GTTAGGGTCA TAGCTATTCC GCAGGGTACC AGGTCCTCCC
Oct4
_|:At|antic salmon Pax7p -2424 CATCCGCGCA TCTGCATGTG AAATCGCCAT TTCACCCCTC CACACTCCCT
-2374 AATTGTTGCA AAAATTATTT GTGAAATTGC CTTCCACCAG TACTGTTTTC
92 L zebrafish Pax7a -2324 CACAG[CAATT GTATATGCAC TGCAGGCCCA CAGAGTTGAC ACGCGACTTT
-2274 CAACCTAGTC TTCTTTCTTA GGCTACTTAA GAATGTAGGC TAATAGTTTT
90 medaka Pax7 (2/2) MtBF
_: -2224 AACCTATTAC TTTTATTAGA ATTAGCTTTA AGCTATTGCT ATTTGAAAGG
88 tilapia Pax7 (LOC100708659) -2174 TCCCTCTTGT AAGTGTTCTC TACGCCTACC TGTTAGGCTA TCCGCCTACT
100 -2124 ACCGCCATAG ATCGGTGGAG TTACTGTAAT ACTCAGAAGC TTGCACGTTT
stickleback Pax7 (2/2)
. -2074 AACTGA CAATTTTCGG CCTAATTGAA
99 stickleback Pax7 (1/2)
_: . ) -2024 GTTAAAATGT TAATTTCCAA AATAGAATGT T
54 tilapia Pax7 (LOC100696153) -1974 TGAATTCCAC GGATGAAATC TAAATAGCAG TGTCTGTATG AAATATGCTA
zebrafish Pax7b -1924 CCGCAAACTC ATACAGGCCT TGC AGAAGAGAAC
-1874 GCGGGTGACA GGCTAACTAG TCTATTATAT TGTTATCAAA TCAATAACGC
100 I—Human Pax7 -1824 TGCTGAGACC CTTACGGAAA CCCCCTCTTA TTCCCTAGAC ATTTGICTGAA
Mef2
I—MOUSE Pax7 -1774 TTAGCTTACT CTGCTGAATC CAGTCTGTGA ACACACTGTA AAAATATGTA
Ud -1724 TTTTAATAAT AATAAGTATT CCGCGTGATT TTGTATAATA CATTCCTGTG
Mef2 Mef2
Figure 3 Phylogenetic analysis of Pax7 sequences of rainbow -1674 AGCTATACTT TTTAAAAATC ACCTCTAATA CATCCAAGTT AACTTTTTAA
iac ; ; - -1624 AAATATTCTA TTTAGATTTA TTTATATTAT ATTTATATTT GTATTGTTTT
trout and Other Vertebrate Spec‘es' Phy|OgeﬂetIC ama‘ySIS Of varl -1574 AGTTCGCTGA ACATTTTCTT GTCAGATAGG CCTAAATGTT TAAATTCTGC
ous vertebrate pax7 sequences including rainbow trout (Pax7o :
. . . . -1524 TTTGATCATT ATAGTCTATT ACAATTACTT CAG
and an7B) was performEd US|ng phylogeny'fr p‘pellne W‘th -1474 : ACAG ATATAAACCA GATAGGGTCT TTACTAATCT TGATTATTGG
default parameters. Amino acid sequences of rainbow trout pax7; -1424 TCATTGCATG AGTTGCAACT CACAGTTAGG CGCTTGTTGG GCCTCTTTCT
. -1374 ACAATTTATG ATGGCAGTTA TGCCAGATTT CTTTAAAAAA ATGTTTTCAT
pax7a and pax7B, Atlantic salmon pax7a (CAF02090), Atlan- -1324 TTACAACTGC GACCTGGCCA AGATAAAGCA AAGCAGTGCG ACACARACAA
tic salmon pax7p (CAH04385), zebrafish pax7a (NP_571400.1), -1274 CAACACAGAA TTACACATGIG AATAAACAAA CATACAGTCA ATAATACAAT
zebrafish pax7b (NP_001139621), tilapia pax7 (LOC100708659, “1224 AGAAA CCAMAT AAGGTAGGAT AAGGCAGGTA
XP_003454575), tilapia pax7 (LOC100696153, XP_003459869) -1170 AGGGAATAGA TTGCTGAAGC ACCTCAATGG TCAGTCAGTC AGTCCCTCAA
stickleback pax7 (1/2) (ENSGACP00000017071), stickleback pax7 (2/2) -1124 CGTABAGGTC GAATCTATCT C TTGAGCGGGG
-1074 GAATAGAGTT GCTCTTGGAG TAGGCCTAAT ATTCAGTTAA CTTCTTTAAC
(ENSGACP00000002231)’ medaka an7 (2/2) (ENSORLPOOOOOOOSS45)' -1024 CTTTACTGCA CTTTTCGTGT AGTCTTTTTC CTATAGTGTT GAACCTCAAA

human PAX7 (DQ322591.1) and mouse PAX7 (NP_035169.1) were
used. Branch support values (%) were reported on each branch.

-980 TAGTGAACTT TAACCTTCCT TGCCCTTTAA ATGTAGTCTT TTTCCCATAG
-930 TGTTACACCT CAAATCAATG CCTGATGTTA TAAAAAGTTG ACCTGAAGAA
MtBF
-880 ATAATTTCAA CCTGGAATTT AGGCTACTAA CGTATGTCTT CTAGACACAC
-830 ACARACACAA CCTAACACAC ACACACACAC ACACACACAC ACACACACAC
-780 ACACACACAC ACACAGGTAT ACACATACAT AACATGTGTT TTTATGAATA
-730 TTGATGTAGC CTACAAACAC ACATGCAGAT ATGTATTCAT AACATTGACA
Nanog
-680 CATCTTCTGA ATGATTGACT CATGTGTGGA CCGAGCAAAT TAGTCGTTTT
-630 TTCCCCAGGT ACAAGGATTA CTATCA[CATA TGTTTAGTTT GGTTTCTTTG
C/EBP ARE
ATGA ATTCAARACG ARA' c
GCCGTTGT GTGATTGGTC GGCAGGTCCG TGGCTATTCC
TATA binding motif
-480 CACTCTCCCA TCATGAATAA AAGAAAGGCC GTCGAGCCTA TCGGCGGGCT
-430 CTACTGTCTC CTCCTACAAC GTGCGCCAAA GTTGGCCACT TACACTTTCA
Sixl
-380 ACCAGCAAGC AGACGTTATC AAAACTAGCT GTTGACCACT AAGTATATCA
-330 AGGCAAAGAA TTAAATAACC TTTGCCCATT TACA[CATTTG AGTGCAAGGT
-280 GTATCCCCTC CCTTTACACA CCACARACCT CCTCACTATT GGGGTCTTCT
Oct4
-230 TTTACCCCGG CATCTCTGCA TAACTAACAT CACCACTTTT TATGTTGGAG
-180 GGGTTGTAGT ATTTACGAGT TTCTCTGTCT GGGACTACGA TTTATAGTTC
-130 GATTTTTTAT CCTTTTGAGA GAAGACATTT CGTTACATCC TATCCGCAAA
-80 TACCTACATT TTCTTGTCTG GACTTTGCGC GAGTAAGAAT TTGGTACCAG
-30 TGCCCACTAG GTGTTTCTCC AGTAGCTAGA

-580 TTTTGTAARAG
=530 TTT TCCT

Figure 4 Nucleotide sequence of rainbow trout pax7a (rtpax/c)
promoter region: Putative transcription factor binding sites are
highlighted in colors and labeled above the consensus sequence.
Putative E-box consensus sequences (CAN(T/A)TG) are boxed. TATA
box sequence is underlined. Nucleotide positions are relative to initia-
tor ATG (41). Transcription start sites identified in this study are double
underlined.

ixl

-974 TTACTA G AT? T AAAAG TTTAAGCCAA CATAGCAAAT
-924 AATTATCTCC AAG CA CACACACACA
-874 CACACACACA CACACACACA CACGCACACA CACACACATA CATACATACA
-824 TAGGCTACAT ACATACATAC ATACATACCT ACATACATAC ATACATACAT
=774 ACATACATAC ATACATACAT ACATACATAC ATCCATACAT AATACCATGT
=724 GGATTTGTGA ATATTGTACT TACACAAATA TACATTAATA CATCTTGTTT
Six1
-674 ATAATGATTC ACGTGTGTGG ACAGAGCAAA GAAGGAGTCG TGTTTTATTC
TATA-box
-624 AGGTATAATG ATTACCATCA CATCTGTTTG GTTTTGTTTC TTAGTTTTGT
C/EBP
-574 AATGTGGAGG GACTGATGCA ATCAATTCAA AACTGCATGA GTGCGTTGCT
ZX 9

-524 TCCCATGCGG TTGTCTGATT GGTCGACAAG TCCGCGGCTA TACCCACTCC
-474 CCCCGTCATG AATTAAATAA GGCCCGTCGA GCCTATCGGC GCGCTTCAGT
-424 GTCTCCTCCT ACAACGCGCG CCAAAGTTGG CCACTTATAC TACTTTCAAC
-374 CAGTAGGCAG ACGTTAAAAC TAGCTGACAA CGTATATCAA GGTAAAGATT
-324 TAAATAAACT TTGCCCATTT ACA[CATTTGA GTTCAAGGTG CAACCCTCCC
=274 TTAACACTGC ACAAAACCCT TTGCTAAAGG GGTCTTCTTT TACCCCACAA
-224 ACTCA CCAC TTTTTCTGTT GGAGGGGTTT
-174 TAATATTTAG GAGTTTCTCT GACTGGGACT ACGATTTTAT TGTCTCCTTT
-124 TTATCATTTT GAGAGGAGAC ATTTCGTCAC ATCCTGTCGG CGTATACCTA
=74 TATTTTCTTG TCTGGACTTT GCACTAATAA GAATTTGGTA TCAGTGCCCA
-24 CCCGGTGTTG CTTCAGTAGC TAGA

Figure 5 Nucleotide sequence of rainbow trout pax/g (rtpax7p)
promoter region: Putative transcription factor binding sites elements
are highlighted in colors and labeled above the consensus sequence.
Putative E-box consensus sequences (CAN(T/A)TG) are boxed. TATA
box sequence is underlined. Nucleotide positions are relative to initia-
tor, ATG (+1). Transcription start site is double underlined.

showed consensus binding sites for several TFs in both
the promoters. In the rtpax7o promoter region, a con-
sensus TATA binding sequence is located between —452
and —468, 63 bases upstream of the TSS identified in
this study. Important binding sites includes consensus
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sites for the following TFs: Octamer binding transcrip-
tion factor-4 (Oct4), Nanog, androgen response element
(ARE), muscle specific mitogen binding factor (MtBF),
Sine-occulis homeobox 1 homolog (Six1) and CCAAT/
enhancer binding protein (C/ebp) (Figure 4). In the
rtpax7p promoter region, we found a consensus TATA
binding sequence 219 bp upstream of the TSS identi-
fied in this study. However, a TATA-like sequence AAT-
TAAATAA is also present 66 bp upstream of the TSS.
Important binding sites includes consensus sites for the
following TFs: a cAMP Responsive Element-Binding
protein (Creb), Oct4, MtBF, E-box protein homodimer
(E47), Myocyte specific enhancer factor-2 (Mef2), Six1,
SRY related HMG@G box factors -5 (Sox5) and -15 (Sox15),
glucocorticoid response element (GRE), progesterone
response element (PRE), Nuclear factor of activated
T-cells 5 (Nfat5), Kriippel-like zinc-finger transcription
factor (Zbp89) and C/ebp (Figure 5). Also, both pro-
moters have multiple putative E-boxes with consensus
CAN(T/A)TG sequence.

Comparative in silico analysis of trout pax?” promot-
ers with that of the putative zebrafish promoter regions;
zfpax7a and zfpax7b, show that several if not all, TFBS
are similarly present in these two zebrafish pax7 pro-
moter regions (Figure 6). Binding sites for Oct4 and Six1
(except zfpax7b) are observed in all promoters analyzed,
although multiple Oct4 sites are present in zebrafish
pax?7 promoters. All promoters with the exception of
rtpax7o also have more than one Sox binding site. Spe-
cifically, Sox15 and Sox5 binding site/s are predicted in
both rtpax7p and zfpax7a promoter regions. Addition-
ally, binding sites for Sox2 and Sox9 transcription factors
are predicted in the zfpax7b promoter region. Although
the various promoters differ in the genetic nature of
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these cis-elements, the presence of Sox binding elements
appears to be a common feature in these fish promoters
as the rainbow trout pax7 promoter region (sequence
that is highly similar to rtpax7«a) also have binding
sites for Sox9 and Sox15. Comparative analyses further
show that these fish promoters have MRF binding sites.
Although we did not find putative sites for MRFs within
the sequences we cloned, a myogenic factor 6 (Myf6)
binding site in zfpax7a promoter and a MyoD/E47 het-
erodimer binding site in zfpax7b promoter were identi-
fied. Also, an ARE that is observed in rtpax7« is also
present in zfpax7b promoter. However, a Zbp89 bind-
ing site is identified only in rtpax7«, while rtpax78 and
zfpax7b promoters each have one Nfat5 binding site.
Although the binding and functional relevance have to be
experimentally derived, presence of these cis-regulatory
elements in trout promoters suggests some degree of
evolutionary conservation in pax” gene regulation.

Discussion

Paired box-7 transcription factor has been implicated in
vertebrate skeletal muscle growth and development. It
is expressed in skeletal muscle SCs and plays a principal
regulatory role in adult skeletal myogenesis. In this study,
we identified two pax7 genes (rtpax7« and rtpax7pf) and
their putative splice variants in rainbow trout. Further,
we sequenced the promoter regions of both genes and
performed an in silico analysis to identify the putative
TEBS in the promoter regions of both genes as compared
to duplicate zebrafish pax7 gene promoters.

An important finding of this study was the identifica-
tion and characterization of two highly homologous
pax7 genes in rainbow trout, suggesting both genes
likely arose from a salmonid whole genome duplication

rtPax7o, -980 bp

rPax7p, 2624 bp (1A

A0 AN (Med 0O

A a0 s
(A T I

rpax7,-2631bp (M)

Mma A0 n A

I -

Mmoo agd 0 R0 0 MOMOT
(000 ONNAMA 004NN @

‘ Oct4 .Nanog ﬂ E47 .Meﬁ ONFA’I‘S OMyogem'n .Myfﬁ nMyoD/E47 nPRE nGRE .AR.E

zfPax7a, -2341 bp

zfPax7b,-2530 bp  f}

nSoxS .pr39 ﬂsm nsw OSon ﬂsms OCREB .Sixl .MtBl-' .SRF .C/EBP I’I’ATA

each promoter.

Figure 6 Comparative in silico analysis of fish pax/ promoter sequences: Nucleotide sequences upstream of the initiator codon of rtpax/e, rtpax’g,
trout pax7 promoter, rtpax7 (FJ713022.1), zebrafish pax7; zfpax7a (NC_007122.5 Reference Zv9 Primary Assembly) and zfpax7b (NC_007134.5 Refer-
ence Zv9 Primary Assembly) were analyzed for the presence of relevant transcription factor binding sites, and comparative promoter maps are
presented. Each cis-element is represented by a different color as indicated in the key and every element is presented relative to its position within
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event (Macqueen and Johnston 2014). With the recent
availability of the trout genome sequences (Berthelot
et al. 2014), one recent study reported the presence of
three mammalian pax7 co-orthologs in rainbow trout
genome: pax7al, pax7a2 and pax7bl (Seiliez et al. 2014).
Comparison of our sequences with the partial cDNA
sequences annotated in this study showed nucleotide
identities of 97.7% between rtpax7a and pax7a2 and
99.7% between rtpax7p and pax7al, indicating that we
have successfully identified the two genes of the pax7a
clade of rainbow trout. As also reported (Seiliez et al.
2014), our phylogenetic analysis further support this
observation because both rtpax7c and rtpax7f clad-
istically belong with zfpax7a. Although our analysis
also supports the existence of additional pax” gene/s
in second clade, we did not identify sequences that are
homologous to pax7b1 in this study. This is however not
surprising given the sequence dissimilarities between
pax7a members and pax7bl at the extreme 5’ end of the
coding sequence where we targeted our forward primer
to amplify rtpax7a and rtpax7 sequences.

Both pax7 paralogs also express multiple splice vari-
ants in the adult skeletal muscle, which adds another
layer of complexity to pax gene function in trout. Expres-
sion of splice variants appears to be a common mode of
pax gene regulation (Barber et al. 1999; Pritchard et al.
2003; Ziman and Kay 1998). For instance in mice, the sin-
gle gene expresses 4 alternate spliced transcripts in adult
skeletal muscle tissue (Ziman and Kay 1998). These vari-
ants show different expression levels and altered DNA
binding and transactivation properties (Du et al. 2005;
Ziman and Kay 1998). Similarly, expression of multi-
ple pax7 splice variants has been reported in zebrafish,
Atlantic salmon and Arctic char (Gotensparre et al. 2006;
Seo et al. 1998; Sibthorpe et al. 2006). Moreover, the
alternately skipped 13 amino acid residues at the N-ter-
minus appear to be a common feature of salmonid fish
Pax7. Additionally, the substitution of threonine for ala-
nine 32 and serine for alanine 123 in rtPax7a resulted in
the inclusion of two additional casein kinase—II phos-
phorylation sites with a consensus sequence of S/T-X-X-
D/E. CK2 is a common serine threonine kinase protein
and phosphorylates multiple factors involved in verte-
brate myogenesis (Johnson et al. 1996; Molkentin et al.
1996; Winter et al. 1997). Also, the deletion of GNRT
residues from either form also results in the elimination
of an Asn-glycosylation site that has a consensus, Asn-
X-S/T-Y, sequence (NRTD). These features are particu-
larly interesting as the previous studies on Pax3/7-FKHR
fusion proteins revealed that a cis-acting functional tran-
scriptional repression domain exists at the N-terminus of
both Pax3 and Pax7 (Bennicelli et al. 1999). Although the
relevance of these variations in Pax7 post-translational
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modifications, DNA binding affinity and transactivation
properties has to be functionally determined; the produc-
tion of multiple splice variants may provide enormous
diversity in Pax7 target gene regulation.

Extant paralog genes may develop unique expres-
sion patterns and acquire diverse fates including gain of
novel function (neo-functionalization) or retain a por-
tion of the original gene function (sub-functionalization)
(Conant and Wolfe 2008). These diverse fates of the
paralogs can at least in part arise by divergence in their
regulatory/promoter regions (Van Hellemont et al. 2007).
Recently, Seiliez et al. (2014) showed that pax?7 paralogs
of rainbow trout differ in their expression pattern during
the course of satellite cell conversion to myocytes that
has been attributed to the differential epigenetic histone
modifications in the pax7 gene loci. Our in silico exami-
nation reveals putative binding sites for several important
TFs in the promoter regions of both trout pax7 genes.
Comparative analyses suggest that several of these sites
are also present in zebrafish pax7 gene promoters. The
presence of one or more Oct4 binding sites in all promot-
ers analyzed in the present study suggests an evolution-
arily conserved role of this transcription factor in pax7
gene regulation. Oct4 is one of the master inducers of
pluripotency in embryonic stem cells, and studies show
that Oct4 binds mouse pax7 promoter and functions as
a transcriptional repressor (Lang et al. 2009). Further,
the presence of a putative binding site for Nanog that
is also an inducer of pluripotency in close proximity to
TSS of rtpax7a is especially interesting, as co-expression
of Nanog with Oct4 significantly inhibits myogenic cell
differentiation, although binding of Nanog itself to pax7
promoter was not observed (Lang et al. 2009). Further,
putative binding sites for various members of Sox family
were observed in these fish pax7 promoters. Past stud-
ies, although primarily in mammalian models, showed
that satellite cells express various sox genes. Sox8 has
been implicated in maintaining the satellite cell progeni-
tor population (Schmidt et al. 2003). In vitro cell culture
studies using P19 cell lines showed that both Sox15 and
Sox7 influence Pax3/Pax7 expression and myogenesis
(Savage et al. 2009). Also, genetic knock-out studies in
mice show that Sox15 is essential for adult skeletal mus-
cle regeneration (Lee et al. 2004). The identification of a
putative binding site for Zbp89 that binds human pax7
promoter was also noted in rtpax7p promoter (Salmon
et al. 2009). Zbp89 is expressed in skeletal muscle of vari-
ous mammalian species (Merchant et al. 1996) and acts
as a pax7 transcriptional repressor while enhancing
myogenic differentiation (Salmon et al. 2009). While the
presence of commonality in the genetic nature of cis-ele-
ments in these fish promoters suggests significant degree
of conservation in pax7 gene regulation at the promoter
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level, presence of unique cis-elements in each of trout
pax7 promoter regions may point to the potential differ-
ences in their regulation. Nevertheless, a detailed func-
tional characterization is required to unambiguously
ascertain the role of these and other TFBS in trout pax”
promoters.

Conclusions

In conclusion, the sequence information of rainbow trout
putative pax” paralog genes and their corresponding splice
variants will facilitate future studies designed to charac-
terize the tissue and stage-specific expression profiles of
these transcript variants and their consequent function.
Although the physical presence of the reported TFBS in
these teleost pax7 promoters may not necessarily confer
binding by the corresponding TFs, existing literature report
the expression of many of these TFs in the context of ver-
tebrate skeletal myogenesis that is mediated by SCs, which
indicates a functional relevance of these TFs in teleost pax”
gene regulation. Therefore, future studies that delineate the
minimal promoter regions and experimental characteriza-
tion of these putative cis-elements would shed more light
on the functional aspects of pax7 gene regulation.
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