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Abstract
paternal common carp { Cyprinus carpio L. ) were detected by PCR with the designed primers based on the conserved HMG-box sequence

The Sox genes of allotetraploids and their original maternal red crucian carp ( Carassius caassius red var. ) and original

in different species. Sequencing of Sox genes indicated that two Sox9 genes ( Atsox9a and Atsox9b) existed in allotetraploids, while only
one Sox9 gene existed in red crucian carp ( Resor9a) and common carp ( Cesox9b). All of the four Sox9 genes contained an intron in the
HMG-box, with the sizes of 413 bp, 703 bp, 401 bp and 714 bp, respectively. Moreover, the introns obeyed the rule of “GT-AG”. A
high similarity was observed between introns of Atsox9a and Rcsox9a (94.4% ), Atsox9b and Cesox9b (97.8% ). Interestingly, the de-
duced amino acid sequences of their corresponding exons all shared 100% identity. Thus, introns of the HMG-domain of Sox9s in allote-
traploids and their original parents have not only the length polymorphism but also intron variability. Qur results provide significant molec-

ular evidence for the origin and evolution of allotetraploids.
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The Sox gene family includes a majority of genes
characterized by a HMG-box. It belongs to a super
family of transcription factors, and plays important
roles in various early embryo development such as sex

determination, skeletogenesis, the forming of blood

1,
cells and nerve system development and so onl2),

Especially, the mutation of the Sox9 gene will lead to
compomedic dysplasia and sex inversion, the patients

with XY chromosomes are mostly sex-reversed wom-

en[3] .

Intron is one of the momentous and puzzling ele-
ments in genomes. It was also found that some in-
trons probably contained genes encoding proteins re-
lated to their activities after the discovery of non-en-

4=6)  Some studies have

coding introns in genomes
indicated that the splicing of introns is an important
step in the gene expression of eukaryotic organism.
Especially, the variable splicing can regulate spatio-
temporal gene expression. For instance, more than
30% of the genes in human genome are formed by al-

ternative splicing, which makes a gene translated into

Sox9, intron, genetic variability, phylogenesis.

several function-related proteins, and increases the
genetic complexity. Under extreme conditions, dif-
ferent proteins have completely different or even con-

{71

verse functions ' *. Two kinds of splicings of introns

of HMG-box in mouse Soxl17 have been reported[gl.
One produced Soxl17 mRNA, expressed abundantly
in spermatogonia and decreased markedly in
pachytene spermatocyte stage, the other produced t-
Sox17 mRNA which was expressed abundantly. The
different splicing of Sox17 is vital to the formation of

spermatozoa. Additionally, introns have also great in-

. . (9,10
fluences on gene expression and regulatlon[ 1

Compared with the sequences of exons, introns
whether in different species or in the same one have
more distinctly genetic polymorphism due to the less
evolutionary pressure than that of corresponding ex-
ons. Wang et al. once reported that introns could be

used in evolutionary analysis of genetically close

], Therefore, the analysis of in-

tron variability may provide abundant information

species like exons

about origin and evolution form different fishes. In
this study, we cloned partial sequences of the con-
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served HMG-box of Sox9s from allotetraploids and
their original parents, and analyzed the sequences of
introns. The results obtained provided a line of evi-
dence for the origin and evolution of allotetraploids
and implied some functions of introns in Sox9 .

1 Materials and methods

1.1 Genomic DNA extraction and PCR amplifica-

tion

Allotetraploids and their original parents (red
crucian carp and common carp) came from National
Tetraploid Fish Protection Station located in Hunan
Normal University. The genomic DNA extraction
and PCR amplification of the HMG-box of Sox genes
were carried out as previously described''?!.

1.2 Reverse transcription and polymerase chain re-
action (RT-PCR)

The ¢cDNA fragments were generated from 1 pg
of total RNA extracted from testis of allotetraploids,
red crucian carp and common carp using AMV reverse
transcriptase { Promega) in a 25 L reaction according
to the manufacturer’s manual. The resultant cDNA
(1 uL) was used as a template for subsequent PCR.
To amplify cDNA fragments of Atsox96, Rcsox9a
and Ccsox9b, the specific primer sets were used sepa-
rately. The PCR was performed in a 25 pl. volume
containing 0.3 pmol of each primer, 200 pmol/L of
each ANTPs, and 1U of Tag-polymerase ( Takara).
The cycling conditions were: 5 min at 94T, 30 cy-
cles of 30s at 94C, 30s at 54T, and 1 min at 72T
ending with 7 min of extension at 72 C . The PCR
products were analyzed in 2.0 % agarose gels stained
by ethidium bromide.

1.3 Cloning and sequencing of PCR products

The amplicons were separated in 1.2% agarose
gels, purified by Gel Extraction Kit (Sangon), ligat-
ed into the pMDI18-T vector, transferred to E. coli
DHS5a. The positive clones were identified by blue
and white spots screening and PCR amplification.

1.4 Construction of a molecular phylogenetic tree

The sequences of introns in the HMG-box of
Sox9 genes in different species were aligned using the
Clustal W (1.83) software, and corrected artificial-
ly. The phylogenetic tree was constructed with neigh-

bor-joining (NJ) method using MEGA (3.0) soft-

ware package[m and the statistical reliability was

tested using bootstrap. During NJ analysis, Kimura
2-parameter was chosen as the genetic distance mod-
el, and Pairwise Deletion was used for inserting/
missing sites in the sequences. The confidence value
of NJ subtree was tested using MEGA (3.0). The
supporting value of nodes of the subtree was obtained
after 1000 replicates.

2 Results

2.1 Sox genes analyses in allotetraploids and their
original parents

In order to know the different amplicons, all
bands in allotetrapoids and their original parents were
cloned and sequenced. It was predicted by computers
that the 600bp and 900bp fragments in allote-
traploids, the 600 bp fragment in their original mater-
nal (red crucian carp) and the 900 bp fragment in
their original paternal (common carp) all likely had
an intron which obeyed the rule of “GT-AG”. The
600 bp fragment in allotetraploids was already proved
to be a Sox9a gene with a 413 bp intron in the con-
served HMG-box'"?!. The sequence homology analy-
ses of other three fragments were carried out at the
following website http: //www. ncbi. nlm. nih. gov/
blast, which indicated that they shared the highest
similarity in different species. According to the rules
of nomenclature of Sox genes, these three fragments
(900 bp in Allotetraploids, 600 bp in red crucian carp
and 900 bp in common carp) were named Atsox9b,
Resox9a and Cesox9b, respectively. In order to con-
firm the existence of introns, RT-PCR was conducted
with specific primers designed on the basis of the con-
servative HMG-domain of these three genes to ampli-
fy their cDNAs separately (Fig. 1). Compared with
their corresponding genomic DNA, the sizes and posi-
tions of their introns were verified (Fig. 2).

200 -

100 -

Fig. 1.  The result of RT-PCR amplification of Arsox9h, Rc-
sox9a and Ccsox95M, 100 bp ladder marker; 1, Allotetraploids
Soz9b ( Atsox9b); 2, Red crucian carp Sox9a ( Resox9a); 3,
Common carp Sox96 (Ccsox9b); 4, negative control.
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Fig. 2.

Atsox9b (intron 703bp)

TGAAGCGACCCATGAATGCGTTTATGGTTTGBGCTCAAGCGGCGCGCAGGAAACTGGCGGACCAGTATCCACACCTGCAC
AACGCCGAGCTCAGCAAGACCCTCGGCAAACTCTGGAGGTCAGAGCATTCATTGT TTATGAAGTGTAGGACAACTCCAGA
AGCCGTAGCAACACTGATTCATTTAACTGCCCAGACAAACTCACTGTATTATTAATATTAAACTGCATIGTTTCATAGCA
TTATTATATAATGTCAGGCAATACTGATAAGCTGTT TGGGAAATAAAGGGTAAAACTATAGC TTAGGCAAATGGTGAATT
AACCCTTACTTCAGTGCAGAAAAAGT TGTETAGTCACTAAAAACTTTGGTAACACT T TGGAAAAGGGAACACTTACTCAC
TATTAACTATGACTTTTCCCTCTATAAATTCCTAATTTGCTGCTTATTAAAAGTTAGTATGGTAGCTTTTAAGTTTAGGT
ATGAGGTAGGATTAGGGATGTAGAA TAAGGTCATGTAAAATAAGACA TTAATATGTGCTTAATTACTACTAATAAATGGC
TAATATTCTAGTAATATGCATGCTAATAAGAAACTAGTTAAGAGACCCTAAAATAAAGTGTTACCCAAACTGTTAGTTTT
AAGAAATTTAGTTAGATCTGGATTACGTTATTCTTTTTTTTCCTGAATAATATTTTTTCTTAAGTGAACCCAAAAAGTAA
TCATAGTTGTTTCCAAGAACAATTTATACCTTTTTTGTAGGTTTCTTTATTGTTAACTAAGGTAGATCTTAGTATTGATT
ATTTCTCATGTGCTTTTGTAGRTTACTGAATGAGGGCGAGAAGCGTCCAT TTGTGGAGGAGGCCGAGCATCTGAGRETCY
AGCACAAGAAAGACCACCCCGACTACAAGTACCGACCT

Resox9a (intron 401bp)

TGAAGCGACCCATGAACGCGTTTATGGTGTGGGCTCAAGCCGCGCGk}AGGAAACTGGCGGATC TATCCACACCTGCAC
AACGCCGAGCTCAGCAAGACCCTCGGGAAACTCTGGAGGTGAGGGLTTGCATTGTTCATCGAGATTAGCACAGCTGCAGA
AGACCATTCATGTAACTGCTCAGACAAACTTACGGTGTTATTAATATTTAATCGCATTGTTTCATAGCATTATTATATAA
TGATTAGCTTGAGAAGAGGTAACTGCTTGGTGAATTAACCCTTTGTTCAGA TGCACATCAGTGCAGAAACAGTTAAAAAC
ATTCCTAATTTGCTGCTTATTGATACTTAGTAAAGTAGTTTTTAAGTTTTGGTGCAAGGTTGGATTATGGGTTIGTACTAT
ACTTTTTTCCCCTGAATAACCTTTTTTTTAAAGTGAACCCAAAAAGCAATAATCATAGTTGTTTCAAGAACAATTIGTAT
CTTTTTTTGTAGGTTTCTTTATTGTGAACTGTTTTTTAGATTACTGAATGAGGGCGAGAAGCCGTCCGTTCGTGGAGGAG
GCCGAGCGTGTGAGGGTCCAGCACAAGAAAEACCACCCCGACTACAAG[T ACCGACCT

Ccsox9b  (intron 714bp)

TGAAGCGACCCA[[GAATGCGTTTATGGTTTG'GGCTCAAGCGGCGCGCAGGAAACTGGCGGACCAGTATCCACACCTGCAC
AACGCCGAGCTCAGCAAGACCCTCGGCAAACTCTGGAGGTCAGAGCATTCATIGTTTATGAAGTGTAGGACAACTCCAGA
AGCCGGAGCAACACTGATTCATTTAACTGCOCAGACAAACTCACTGTATTATTAATATTAAACTGCATTGTTTCATAGCA
TTATTATATAATGTCAGGCAATACTGATAAGCTGT T TGGGAAATAAAGGGTAAAACTATAGCTTAGGCAAATGGTGAATT
AACCCTTACTTCACATGCACATCATTGCAGAAAAAGTTGTGTAGTCACTAAAAAGTTTGETAACACT TTGGAAAAGGGAA
CACTTACTCACTATTAACTATGACTTTTCCCTCTATAAATTCCTAATTTGCTGCTTATTAAAAGTTAGTATGGTAGCTTT
TAAGTTTAGGTATGAGGTAGGATTAGGGATGTAGAATAAGGTCATGTAAAATAAGACATTAATATGTGCTTAATTACTAC
TAATAAATGGCTAATATTCAAGTAATATGCATGCTAATAAGAAACTAGT TAAGAGACCCTAAAATAAAGTGT TACCCAAA
CTTTTAGTTTTAAGAAATTTAGTTAGATCTGGATTACGTTATTCTTTTTTTTCCTGAATAATATTTTTTCTTAAGTGAAC
CCAAAAAGTAATCATAGTTGTTTCCAAGAACAATTTATACCTTTTTIGTAGGTTTCTTTATTGTTAACTAAGGTAGATCT
TAGTATTGATTATTICTCATGTGCTTTTGTAGRT TACTGAATGAGGGCGAGAAGCGTGCATTTGTGGAGGAGGCCGAGCG
TCTGAGGG[TCCAGCACAAGAAAGACCECCCCGACTACAAGTACCGACCT

Analyses of sizes and positions of introns in Atsox9b, Resor9a and Cesox9b. The underline indicates the splicing sites of in-

trons, the italic shows the nucleic acid sequences of introns and the boxed are the primers for RT-PCR.
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2.2 Analyses of intron genetic variability in Sox9
HMG-domain in allotetraploids and their original par-
ents

Atsox9a and Atsox9b in allotetraploids include a
413 bp and 703 bp intron in the HMG-box respective-
ly, while their original maternal (red crucian carp)
Sox9a ( Rcsox9a) and their original paternal (com-
mon carp) Sox9b ( Ccsox9b) had a 401 bp and 714 bp
intron respectively. The nucleic acid sequences of in-
trons were aligned by Clustal W (1. 83) program
(Fig.3). As shown in Fig. 3(a), the comparison of
Atsox9a with Rcsox9a reveals 7 variable nucleic acids
and 390 conserved nucleic acids and some insertions
and deletions. There was an insertion of the 14 bp
(AAGGAAATGCTGAT) at the site of 127—140 nt
in Atsox9a and an insertion of the 2 bp (TA) at the
position of 311~—312 nt in Rcsox9a . The nucleic acid
sequences of introns between Atsoxr9a and Rcsox9a
showed 94.4% identity. In Fig. 3(b), the align-
ment of Atsox9b and Ccsox9b reveals 3 variable nu-

(a)

cleic acids and 689 conservative nucleic acids and some
insertions or gaps. There was a 11 bp (ATGCACAT-
CAT) deletion at the site of 217—227 nt in the intron
of Atsox9b, and a high similarity (97.8% ) was ob-
served between introns of Azsox9b and Ccsox9b. The
content of G + C in introns and exons of Atsox9a,
Atsox9b, Rcsox9a and Crsox9b was calculated using
the method of nucleotide composition in MEGA
(3.0) software package. As shown in Table 1, the
content of G+ C in introns was lower than that in the
corresponding exons.

Table 1. The G+ C content of exons and introns in different
genes

Gene® Exon( %) Intron( % )
Atsox9a 58.8 33.4
Atsox9b 57.7 30.6
Resox9a 59.3 32.9
Cesox9b 57.7 30.6

a) At, allotetraploids; Rc, red crucian carp; Ce, common
carp.

Atsox9a-intron

Resox9a-intron

Atsox9a-intron

Resox9a-intron

Atsox9a-intron

Resox9a-intron

Atsox9a-intron

Rcsox9a—intron

Atsox9a-intron

Rcsox9a-intron

Atsox9a-intron

Resox9a-intron

Atsox9a-intron

Resox9a-intron

GTGAGGGCT TGCACTGTTCATCGAGATTAGCACAGCTGCAGAAGACCATTCATTCAACTG 60
GTGAGGGCTTGCATTGTTCATCGAGATTAGCACAGCTGCAGAAGACCATTCATGTAACTG 60

CTCAGACAAACTTACTGTGTTATTAATATTTAATCGCATTGTTTCATAGCATTATTATAT 120
CTCAGACAAACTTACGGTGTTATTAATATTTAATCGCATTGTTTCATAGCATTATTATAT 120

AATGATAAGGAAATGCTGATTAGCTTGAGAAGAGGTAACTGCTTGGTGAATTAACCCTTT 180
AATGAT~——~——~— ~—TAGCTTGAGAAGAGGTAACTGCTTGGTGAATTAACCCTTT 166

sk ok

GTTCACATGCACATCAGTGCAGAAACAGTTAAAAACATTCCTAATTTGCTGCTTATTGAT 240
GTTCACATGCACATCAGTGCAGAAACAGTTAAAAACATTCCTAATTTGCTGCTTATTGAT 226

ACTTAGTAGAGTAGTTTTTAAGTTTTGGTGCGAGGTTGGATTATGGGTTGTACTATACTT 300
ACTTAGTAAAGTAGTTTTTAAGTTTTGGTGCAAGGTTGGATTATGGGTTGTACTATACTT 286

TTTTCCCCTGAATAACATTTTTTT--AAGTGAACCCAAAAAGCAATAATCATAGTTGTTT 358
TTTTCCCCTGAATAACCTTTTTTTTAAAGTGAACCCAAAAAGCAATAATCATAGTTGTTT 346

CAAGAACAATTTGTATCTTTTTTTGTAGGTTTCTTTATTGTGAACTGTTTTTTAG 413
CAAGAACAATTTGTATCTTTTTTTGTAGGTTTCTTTATTGTGAACTGTTTTTTAG 101
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(b)

Atsox9b—-intron

Cesox9b-intron

Atsox9b~-intron

Cecsox9b-intron

Atsox9b—intron

Ccsox9b-intron

Atsox9b~-intron

Cecsox9b—-intron

Atsox9b-intron

Ccsox9b-intron

Atsox9b-intron

Ccsox9b-intron

Atsox9b-intron

Ccsox9b—-intron

Atsox3b-intron

Ccsox9b-intron

Atsox9b-intron

Ccsox9b~intron

Atsox9b-intron

Ccsox9b-intron

Atsox9b-intron

Ccsox9b-intron

Atsox9b-intron

Ccsox9b~intron

GTCAGAGCATTCATTGTTTATGAAGTGTAGGACAACTCCAGAAGCCGTAGCAACACTGAT
GTCAGAGCATTCATTGTTTATGAAGTGTAGGACAACTCCAGAAGCCGGAGCAACACTGAT

TCATTTAACTGCCCAGACAAACTCACTGTATTATTAATATTAAACTGCATTGTTTCATAG
TCATTTAACTGCCCAGACAAACTCACTGTATTATTAATATTAAACTGCATTGTTTCATAG

CATTATTATATAATGTCAGGCAATACTGATAAGCTGTTTGGGAAATAAAGGGTAAAACTA
CATTATTATATAATGTCAGGCAATACTGATAAGCTGTTTGGGAAAT AAAGGGTAAAACTA

TAGCTTAGGCAAATGGTGAATTAACCCTTACTTCAG——————————~ TGCAGAAAAAGTT
TAGCTTAGGCAAATGGTGAATTAACCCTTACTTCACATGCACATCATTGCAGAAAAAGTT
Heskesfeogeskeok skt

GTGTAGTCACTAAAAACTTTGGTAACACTTTGGAAAAGGGAACACTTACTCACTATTAAC
GTGTAGTCACTAAAAACTTTGGTAACACTTTGGAAAAGGGAACACT TACTCACTATTAAC

TATGACTTTTCCCTCTATAAATTCCTAATTTGCTGCTTATTAAAAGTTAGTATGGTAGCT
TATGACTTTTCCCTCTATAAATTCCTAATTTGCTGCTTATTAAAAGTTAGTATGGTAGCT

TTTAAGTTTAGGTATGAGGTAGGAT TAGGGATGTAGAATAAGGTCATGTAAAATAAGACA
TTTAAGTTTAGGTATGAGGTAGGATTAGGGATGTAGAATAAGGTCATGTAAAATAAGACA

TTAATATGTGCTTAATTACTACTAATAAATGGCTAATATTCTAGTAATATGCATGCTAAT
TTAATATGTGCTTAATTACTACTAATAAATGGCTAATATTCAAGTAATATGCATGCTAAT

AAGAAACTAGTTAAGAGACCCTAAAATAAAGTGTTACCCAAACTGTTAGTTTTAAGAAAT
AAGAAACTAGTTAAGAGACCCTAAAATAAAGTGTTACCCAAACTTTTAGTTTTAAGAAAT

TTAGTTAGATCTGGATTACGTTATTCTTTTTTTTCCTGAATAATATTTTTTCTTAAGTGA
TTAGTTAGATCTGGATTACGTTATTCTTTTTTTTCCTGAATAATATTTTTTCTTAAGTGA

ACCCAAAAAGTAATCATAGTTGTTTCCAAGAACAATTTATACCTTTTTTGTAGGTTTCTT
ACCCAAAAAGTAATCATAGTTGTTTCCAAGAACAATTTATACCTTTTTTGTAGGTTTCTT

TATTGTTAACTAAGGTAGATCTTAGTATTGATTATTTCTCATGTGCTTTTGTAG 703
TATTGTTAACTAAGGTAGATCTTAGTATTGATTATTTCTCATGTGCTTTTGTAG 714

60
60

120
120

180
180

229
240

289
300

349
360

409
420

469
480

529
540

589
600

649
660

The nucleic acid sequences comparison of introns of Sex9 HMG-box in allotetraploids and their original parents. (a) The compar-

ison between allotetraploids and their original mother (red crucian carp); (b) the comparison between Allotetraploids and their original fa-

ther (common carp). At, allotetraploids; Re, red crucian carp; Ce, common carp. “ % ”
the different nucleic acid sites;

« 3

— " shows the missing nucleic acid sites.

indicates the same nucleotide sites;

@« n

implies
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2.3 Phylogenetic analysis

Using NJ method, a phylogenetic tree was con-
structed based on the introns of HMG-box in Sox9
genes from allotetraploids and their original maternal
red crucian carp ( Carassius carassius red var.) and
paternal common carp ( Cyprinus carpio L. ), ze-
brafish ( Brachydanio rerio ) and salmon ( On-
corhynchus keta ). Fig. 4 illustrates that allote-
traploids and their original parents are clustered to-
gether, separating from zebrafish and salmon. Re-
sox9a and Atsox9a, Ccsox9b and Atsox9b formed a
sister group respectively, demonstrating that the rela-
tionship between allotetraploids and their original par-
ents is closer than that in other fishes. Meanwhile, it
also indicates that allotetraploids are the hybrid off-
spring of red crucian carp and common carp, possess-
ing the genetic characteristics of their parents.

3 Discussion

With the accumulated knowledge of the gene
functions implemented by encoding regions, more and
more attention is now paid to the functions of introns
and sequences between genes. It has been well recog-
nized that there are a majority of introns in pre-mR-
NAs in eukaryotic cells, but their functions remain
unveiled. Obviously, the existence of introns in high
organism has increased the mutation endurance great-
ly, but most random mutations happening in introns
do not have serious influences on organisms, because
the sizes of introns are much larger than those of ex-
ons in high organism. The positions of introns were
found to be considerably conserved during the evolu-
tion of most genes, while their sizes and sequences
had no distinct conservation. For instance, no re-
markable similarity was found in introns of HMG-box
in salmon Sox96 ( GenBank accession number,
AYS573260) and zebrafish Sox9a (GenBank accession
number, AY090035) with the lengths of 303 bp and
480 bp respectively. However, we cannot explain the
reasons and significance of the conservation of introns
yet. Additionally, it was discovered that the insertion
sites commonly follow the rule of “GT-AG”, the
splicing sites of introns of the four Sox9 genes in this
report all obeyed the rule of “GT-AG”. Another type
of introns obeying the rule of “AT-AC” also existed in
quite a few high plants, which starts from two nucle-
ic acids “AT” and ends as “ac
ses of the Sox9 sequences in different species we
could know that the similarity of introns in Sox9s
HMG-box is high in these species, despite of a little

. From the analy-

lower than that of exons. For example, the identity
of introns between Atsor9a and Rcsox9a was
94.4%, but 99.5% for their exons. The phyloge-
netic analysis based on the introns of Sox9 HMG-do-
main from different fishes indicated that the evolu-
tionary relationships among these fishes were consis-
tent with those obtained from the traditional taxolo-
gy. Namely, allotetraploids, red crucian carp, com-
mon carp and zebrafish clustered together and formed
the group of Cyprinidae, apart from salmon which
belongs to the family Salmonidae (Fig. 4). In addi-
tion, the G+ C content of introns of Sox9 HMG-box
in allotetraploids and their original parents was lower
than that of exons, which was consistent with the re-
sult reported previously that a high A+ T content ex-

(15 From our results

isted in non-encoding regions
we may say that introns could be used as genetic
markers for the studies on the evolutionary relation-

ships in relatively close species.

99 [Atsox9a

93 Rcsox9a
Atsox%b
99 [Ccsox9b

Zebsox9a
r Zehsox9b
100 Salsox9b
p—_
0.2

Fig. 4. The phylogenetic tree generated by NJ method based on
introns of Soxr9 HMG-box. At, allotetraploids; Rc, red crucian
carp; Ce, common carp; Zeb, zebrafish; Sal, salmon; Numbers on
each branch are the bootstrap values in thousand runs.

For the moment among more than 40 SOX/ Sox

genes known[s’m’”], only Sox5, Sox9, Soxl7 and
Soz20 were found to have different introns. Takase
et al. reported that there were two kinds of splicing
of the intron in frog Sox9, which produced two types
of proteins, probably inducing two differently devel-
opmental and differential mechanisms''®’. From the
knowledge that Sox9 plays an important role in sex
determination and differentiation, we assume that the
splicing of introns in Sox9 HMG-box may be impor-
tant for the functions of Sox9 in vertebrate develop-
ment.
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