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Tab.1 Nucleotide sequences of primers used in the experiment for Shh cloning
primer (5'-3") sequence(5'-3") amplification target
CseF382a ATTCACTGACCCCTGAGAGC
CseF382s TGGCACCATCATTGTAAAACTA for genetic sexidentification
CTAATACGACTCACTATAGGGCAAGCAGT
UPM-long GGTATCAACGCAGAGT 50 3
UPM-short NUP CTAATACGACTCACTATAGGG for 5' and 3' RACE
AAGCAGTGGTATCAACGCAGAGT
f-actin-a GCTGTGCTGTCCCTGTA p-actin
f-actin-s GAGTAGCCACGCTCTGTC expression of S-actin
Shh-5'nest AGATGAGAGCGACCGAGGCGAC
Shh-5'race AGGGTCAGAGTGGAGGATGCCG 5 3
Shh-3'nest AGTCCATCCATCCACTGGGCAT for 5 and 3' RACE
Shh-3'race TTTTACGCAGGAACACCAGGGC
Shh-1la ACGGAGTTCTCTGCTTTC
Shh-1s CCTCGGTCGCTCTCATCT 539 bp
Shh-2s GTCCAAAGCCCACATCCA
Shh-2a ACCACCACGGTCCCCTCC
r-Shh-s CAGGAACACCAGGGCTCG
r-Shh-a CCAGCCGCAGTCTGAGGG 178 bp
msp-Shh-a TGTTACGGTAGATAGTAGGATACGG
msp-Shh-s ACAAAAACAAACAAATAAAAACGA
msp-Shh-us TGTTATGGTAGATAGTAGGATATGG methylation
msp-Shh-ua ACAAAAACAAACAAATAAAAACAAC
SeqMan 5 3 DNA , 5 DNA
, cDNA , 10~25 ng/pL
DNASTAR 5.0 CDS Zymo DNA
, SMART Methylation-Gold Kit™
(http://smart.embl-heidelberg.de/), DNA DNA
Vector NTI 10 , MEGA 5.0 200~500 ng,
(http://www.expasy. DNA , msp-Shh-a
org/proteomics) msp-Shh-s PCR ,
1.6 Shh DNA , msp-Shh-ua msp-Shh-us
Shh , PCR PCR ,
3000 bp PCR , :
MethPrimer Shh DNA 10
, BIQ Analyzer
1
, 1 1.7 PCR
3 5, DNA, Takara , p-actin
DNA ( , 3 , 3

) , NanoVue™ Plus

s ABI 7500SDS software ,
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SPSS Duncan ,
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1 aggcggetgecagetccactccactccagatceegtggettttaattecectetacttttttgaaccectecttecg
76 cgegecccccgecacgeegtttetetgtcaggegtecatttecgecacctgecacggtagacagecaggacacggag
151 cagcagcggaggagacaaggacattagtggaggcagacggcggagagaaggacagcageggagecgegcttcace
226 tcatcttacagggagcagagattcagccgaagactcggagATGGTTCTCTGGAGCACCGTCGCCTCGGTCGCTCT

1 MV LWSTVASVAL
301 CATCTGCTTGTCCTTGCTGTCCTCCGGGATGGGCTGTGGACCGGGCAGGGGCTACGGCAGGAGGAAGCACCCGAA
13 I ¢LSLLSSGMGVCGPGRGYGRRIKUHPK

376 GAAGCTGACACCTCTGGCGTACAAGCAGTTCATCCCCAACGTGGCGGAGAAGACCCTGGGGGCCAGCGGCAGATA
383 KLTPLAYKG GFIPNVYAEKTLGASGE GRY
451 CGAAGGCAAGATCACGAGAAACTCGGAGCGATTTAAGGAGCTGACTCCCAACTACAACACTGACATCATCTTCAA
63 EGK I TRMNSERFEKELTPNYNTDI I FEK
526 GGATGAGGAGAACACCGGTGCCGACAGGCTCATGACTCAGAGATGCAAAGACAAGCTGAATTCTCTGGCCATCTC
8 DEEMNTEADRLMTIOGRCKDI KLNSTLATLIS
601 GGTGATGAACCAGTGGCCCGGGGTCAAGCTGCGGGTCACCGAAGGCTGGGACGAGGACGGACACCACTTCGAGGA
113 VMNQWPGVYKLRVTETG GWDETDGHHTFEE
676  GTCGCTGCACTACGAAGGCCGCGCCGTGGACATCACCACGTCCGACAGGGACAAGAGCAAGTACGGCACTCTGTC
1333 s LAE cRrRAVD I O RDK:SIETLS
751 CAGGCTGGCCGTGGAGGCTGGGTTTGACTGGGTCTACTACGAGTCCAAAGCCCACATCCACTGCTCCGTGAAAGC
163 RLAVEAGFD W VNINEESKAHI HCGE VKA
826  AGAGAACTCCGTGGCGGCAAAGTCCGGCGGCTGTTTCCCGGCATCCTCCACTCTGACCCTGGAGGACGGAACCCA
18 E NSV AAKSGGCFPASSTLTITLEDSGTITQ O
901 GAGAGCGGTCGGGGAGCTGCGGCCCGGGGACAGGGTTCTGGCGGCCGACCCTGACGGACACCTGCTCTACACGGA
213 R AV GELRPGDRVLAADPDGHLLYTHD
976  CTTCATCACCTTCATCGACCAGGACTCCACCACCAGGAGGCTCTTCTACGTCATCGAGACCGACTCGGGCCAGAG
233 F I TFI1 DQODETRRLFYVIETDSG®GA QR
1051 AATCACGCTGACCGCCGCACACCTGCTCTTCGTGGGCCACAACTCTTCTTCTTCTTCTTCTTCTTCTTCTTCTTC
263 I TLTAAHLLTFVGH/NS S &8 8§85 8§88 8 8§
1126 TTCTTCTTCTTCTTCTTCTTCTGTGGTGGACAGACGGATGTCGGCGGTGTTCGCCAGCAGCGTCCAGCCCGGACA
288 5 8§ § 8§ § 8§ 8§ VVDRRMNMNSAVFASSVQAQPGO
1201 GAAGGTCTTCGTGTTGGACTCCGTGGGACAGCAGCTCCAGCCCGTCACCGTCCGACGGATTTTTACGCAGGAACA
33l/kV F VLDSVGQQLAQPVTVRRIETRGOEH
1276  CCAGGGCTCGTTTGCGCCAGTGACCGCGGAGGGGACCGTGGTGGTGGACCGGGTCCTGGCGTCCTGTTACGCAGT
333. @6 SFAPVTAEGITIVVVDRVLASECYA AV
1351 GATCGAAGACCACCGGCTGGCACACTGGGCCCTGGCCCCGGTCAGGGCCGCGCACTGGGTCTCCACGCTGCTTTT
363 | EDHRLAHWALAPVYRAAHWYSTLLF
1426  CAGCCCTCAGACTGCGGCTGGGACCCGGCAGGAGGACGGGGTCCACTGGTACTCCAAGGTCCTTTACCAGTTAGG
388 s P@ T AAGTROQEDG GVYHWYSKVLYOQLG
1501 GACATGGCTGTTGGACAGTCAGTCCATCCATCCACTGGGCATGTCGGTGTCCCCGAGTTGAaggttegacteoge
413 T WL LDSQ@S 1 HPLGMSYVSPS *

1576 aggaacagagtcggactcgaacgtagagacacgtgactattcagtagatataaaaacaacaacaacaaataaaat
1651 caaataaaaatcattattgtgaacaacagacagaccaaccagacgaaggtccgageggcggagttgggatattta
1726 ttggacagactttttcccgagetgtgteccegtgtcagagaacgagtggagecttaaaaaaaaaagtttetetttyg
1801 aataatttattctcgtgtgaagaggcctgagetctggactgtgtettatctatttttgtatatctcaaatgttaa

1876 aaaagacttaaaatgaaagaaaaatgtgtaaaaaaaaaaaaaaaaa

1 Shh ~ cDNA

ploy A ; ; R HH_signal
(42~187 aa) Hint (/Intein) domain N-terminal region (199~305 aa) Hint (Hedgehog/Intein) domain C-terminal region (307~351 aa);

;1 (PKC) ;

N-
Fig. 1 Full length of nucleotide sequence and deduced amino acid sequence of Shh in C. semilaevis

The poly (A) is double underlined; vertical arrows indicate signal peptide cutting site; black, red and blue underline are conservative region, indicating
HH_signal (42-187 aa), Hint (/Intein) domain N-terminal region (199-305 aa), and Hint (Hedgehog/Intein) domain C-terminal region (307-351 aa),
respectively; serine, threonine and tyrosine phosphorylation sites are indicated by yellow, green and purple bottom boxes, respectively;
the transparent orange oval box indicates protein kinase site (PKC); transparent green box indicates N-connecting the glycosylation site.
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Fig. 2 Phylogenetic analysis of Shh protein in C. semilaevis and other vertebrates
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Fig. 3 The methylation profiles of Shk in gonads of one-year old C. semilaevi
A: one-year female; B: one-year male; C: one-year neo-male.

Numbers 9-133 correspond to potential CpG methylation sites. Filled (black) circles correspond to methylated Cs, and unfilled (white)

circles correspond to unmethylated Cs.
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Fig. 4 Expression of Shh gene in different embryonic developmental stages of C. semilaevis
BS: blastula stage; EC: early cleavage; ET: embryo twist; HB: heart-beating; HS: hatching stage; NS: neural stage. * donates signifi-

LRI SN

relative expression level
w
T

cant difference (P<0.05).

H fffifemale #=3; ¥+SE h
O #Emale  #»=3;X+SE

Sk He In Br Ki Li Go
214 tissue

, Go: , He: Ki: , Li: , Sk: , Sp:

(P<0.05).

Fig. 5 RT-qPCR analysis of Shh expression in various tissues of sexually mature male and female
Br: brain; Go: gonad, He: heart; In: intestine; Ki: kidney; Li: liver; Sk: skin; Sp: spleen.
Different letters donate significant difference between different groups (P<0.05).
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Fig. 6 The expression profile of Shh in gonads at different stages of development
35 d: 35 d age after hatching; 50 d: 50 d age after hatching; 65 d: 65 d age after hatching; 80 d: 80 d age after hatching; 95 d: 95 d age

after hatching; 150 d:

150 d age after hatching. Values with different letters mean significant differece (P>0.05).
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Fig. 7 The relative expression of Sh4 in gonads among female, pseomale and male
8M-F: 8-month female; 1Y-F: 1-year female; 2Y-F: 2-year female; 8M-M: 8-month male; 1Y-M: 1-year male; 2Y-M: 2-year male; 8M-P:

8-month pseomale; 1Y-P: 1-year pseomale; 2Y-P: 2-year neomale. Values with different letters mean significant differece (P>0.05).
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Cloning, expression and methylation analysis of the Shh gene in
half-smooth tongue sole (Cynoglossus semilaevis)

QI Qianl’ % 3, DONG Zhongdianl’ 2, ZHANG Ningl’ 2, SHAO Changweiz, JIA Xiaodongz, WEN Haishenl,
CHEN Songlin®
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Abstract: The hedgehog (HH) signaling pathway plays an important role in embryonic development and adult tissue
balance. To understand the function of the Sk (sonic hedgehog) gene in gonadal differentiation and development, we
cloned Shh from the Cynoglossus semilaevis. The full-length Shh cDNA was 1922 bp, including a 1296-bp open reading
frame (ORF), a 266-bp 5'-untranslated region (UTR) and a 360-bp 3'-UTR. The cDNA encoded a predicted protein of
431 amino acid residues. Phylogenetic analysis showed that the Shh putative protein belonged to the HH family, with
typical HH-N and HH-C domains. Amino acid sequence analysis revealed that C. semilaevis Shh shared 74%—-82%
identity with Shh proteins in other fish and 60%—70% with Shh proteins from higher vertebrates. The CpG methylation
levels of Shh were significantly lower in females than in males and neo-males. Real-time quantitative PCR showed that
the relative expression of the Shh gene was significantly higher in the blastula stage than in other embryonic develop-
mental stages (P<0.05). Shh was expressed in eight organs in males and females, and at the critical period of female
gonad differentiation (50 d), the relative expression of the Shh gene sharply increased compared with earlier stages and
was significantly higher than at the same period in the male gonads (P<0.05). In male gonads, during the critical period
of differentiation (80 to 95 d), the relative expression of the Shh gene was significantly higher than in the female gonads.
In 5-month, 8-month and 1-year-old gonads, the relative expression of the Shh gene was significantly higher in females
than in males and pseudo males. These results suggest that the Sh4 gene is highly conserved in evolution and plays an
important role in embryonic differentiation, tissue and organ formation, gonadal differentiation and the development of
C. semilaevis.
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