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Az ik R R & S IR REGH i b A 2k, IRl DR BE
SRR B BN, vasa & K P= )8 Wik v 43 A 21 51
BEAN M PR R S DX - AR5 e X, A A2 B 5 A 1
FHEAE Y AR Bl Rk, B S e i R B i R,
PR TR W2 PGCs T IR ™ ' Y eI FL2)
YTk, vasaBk K4 AR 5150 REAN i o A 3R,
5 W6 35 G B 0 L e S 0 AN B0 7T LA B AT R IR AR
JROR ) 47 76" R FLEh A I PG Cs e 577 5
SERAE TR, HPGCs/2& AN = 4i g
IRATIE T or T R 2 RE MR JE A R F Y
JSC ), SO S 40 it TR) () A8 HAE FH, B4R ek B 3210
T7 3, ANSZAEAT RN 7t M, i
vasa 5 ETH A MObR 0 N, 5 RS TC A HESh 1) 2
Y 2PL 2 PR A B A B R e Ao A AR B I RN
IREIT . TIRAT R, el s 2R I A I 40 R &
AR A HRIE . AT IR — S AR 734k
HHR IR 77 ST O (R 2R, 5 15 R LR LR Ok A
N TR B T R B TEAT B b dR
TEI 2, & o G0 S A AL 1 S I IR B
Py SEELHEAL R eSS 5 R IG AR A A T
IBIE T, ANV AL S H) HE TE A ) 275 2 A B kA A s,
AT IR IRIE IR 35 S

Hh AL ¥ (Pelodiscus sinensis), 3 J& T AT 24
(Repitlia). % H (Testudinata). %5 %}(Tironychi-
dae). ¥&JE(Peodiscus). B HLATIR S HI25 H
B IR SOWBANE, IS 3T R FR5H 7 R 9% 1)
Tk, A2 VR K TR I A Ay . AR L AR
K, SEINEEAEIN Al A 5 e rp A T AR SRR A
Bt =, I - FRGE b & ARG, FRGE R ) T
FOGR 2, SR, AU kA% 453k & HR AT
b BT YR OR T R o R e VR R B T e ) A
IR, PR &5 6 A gk 5 FIIAR A0 i 5E BR TR
SEHMORTEOR, FEAT R 2R BB R K R A S R
BB RMATaE). @4k, W EA TR 42
Sy I A A T VRS S A B A T ) R 43
W N AT L S 7 21 D (1D R4
TEAN M E S A 2 T L R AT AR ) TR,
AR Y AN TR Py ARPP AR AH G
WEFUAE [E N AR R T REAR IR AT PR
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IR e B o T, IR 00T T vasa®fl s AR A h AR
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Kt BRI AR T 4 AT 28 A 5 40 i ) S s
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1 MR57EE
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S0 PR T AR 1R ) N A R M T D Y s
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T ERNASEHC T B FB 0 A BN O SL41 27,
4% 25 3K F B (PEA) [ 52 B I JB /K DR AT 45 ] o

A P PCR G W th B it 2B T A HR
AR A G e RNADRAE S AR TriPure isola-
tion Reagent. 5 AR EF M 2248 it F 1 digoxigenin
(DIG) RNA Labeling Kit. Blocking Reagent. Anti-
Digoxigenin-AP. Anti-Digoxigenin-POD. NBT/
BCIP Stock¥ H ¥' [k (Roche) /A f], RNase-free
DNase [ . pGEM-T Easy# {44 H Promega /A #l,
M-MLYV Frist Strand cDNA Synthesis Kit, Gel Ex-
traction Kit y OMEGA 2 @ 7= iy, TransStart Tip
Green qPCR SuperMixy H 4>\ 4 A #], Taglf. R
HIVEANDIEE . pMD19-THA N H TaKaRa 2 w7 i,

FECGRE AU K B P 7oK F Life s 7] o Ak
909 7 o3 4l
1.2 SKEEE

B RNARBFIEEDNAGE  REMNK

ZH VRN B2 256 F HiPure Total RNA Kit (Magen)
IRFEHEEURRNA, {# FINano Q73 )66 B - i
RNA R B FNSLRE, I FH 1% B A H e Jie e i A
RNA 583, 80 C LA o HU1 pg lRNAHIM-MLV
Frist Strand cDNA Synthesis Kit (OMEGA) % il i —
S HECDNA, #AEF AR G U] AT

P& vasakE £ cDNARE  RINCBI
(XM_006139555.1) L FUN (1) P AR s vasa it R F 51,
B PE 5 | #Ps vasaF FlIPs vasaR (£ 1)#E{7PCR
P8 N, s SRS A ¥ vasa cDNAJF 1. PCR
SN 4 At K2 94°C 3min; 98°C 10s, 66°C 40s, 72°C
4minFE38AMEIR, 72°C Smin. PCRZH)H 1%E I
Bl i WL vk, 1€ H 1) BEA H Gel Extraction Kit
(OMEGA) iz [mli, wp# £lpMD19-T (TaKaRa)# 4
Hh, SR 1L 2 DHS el 2 40 b, 203 (A1 0
JEHRECRH P e B o AR 4 SR M Ps vasa cDNA
J¥ 51, 4 F Vector NTI Advance 11544 il 2 JE BR
JPa. Al FINCBIZ U 7 L [ BLASTNREATAZ 1 R
JEHI LT, BLASTPHEAT & B2 )7 41 L ) 3F: ] 2
BHEWIEAT IR HIS L Hr . SRAIMEGA 64K 4F,
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¥4 413 1 (Neighbour-Joining, NI i R G HEL
H B 7% (Bootstrap)#E4T 1000 K56 o

RIEEPCR MW TF A3 1 A vasa
cDNAJFAI, w1t — W45 5 (10 € &= 51 #IPSvas1PS-
vas2 (% 1), Lh e efla WS LN, %514
eflaFfleflaR (% 1)o HUIAWMEIIRT S, DL,
O FFUES WS B N, MR ERNA, R 5%
IR E A B cDNA, % cDNAYE #AR, #E17PCR
oy, MAWINER . P RNV AEApplied Biosys-
tems StepOnePlus Real-Time PCR Systems{X#s [
AT, T2 R S AR ik, R VLT 50°C
2min, 95°C 4% £ 2min; 95°C 15s, 60°C 30s, 72°C
30s, 40MEH . W thZRE )7 95°C 155, 60°C 30s,
95C 15s.

Fz1 PEEvasalF R EMmMRNARILS 4]
Tab. 1 Primers used for vasa gene cloning and expression
analysis of Chinese Soft-shell Turtle

5| #JPrimer J¥%1Sequence (5'-3")
Ps vasaF  GCGGCTGCTGAGTGGGAGAAGC
Ps vasaR TATGCTATGCCAAGATGTGTCTCAATTTGC
PSvasl GTCGTGATATATGGAGGTACGCA
PSvas2 TGACGCCTGTCTTTTGATGG
eflaF  ACTCGTCCAACTGACAAGCCTC
eflaR  CACGGCGAACATCTTTCACAG
3vasaF  GCCTATATGTGAACTAAACAACCAT
3'vasaR GCTATGCCAAGATGTGTCTCAAT

BRI ZZRNARREHIE T B vasa
cDNA T 713" Egm i X (3'UTR)H [ — B £91.3 kb
WA, Wit 5193 vasaF fil3'vasaR (& 1). KX E
P53 E BlpGEM-TH A, 57 126 BH 1 5 [ $ U
o AT R P 1) s A8 A SBORE Ze AR, I &
T FOEE TR BN DU I o DUTE B T5% LBV E T3
Ji ¥ FDEPC/K . K fdigoxigenin (DIG) RNA
Labeling Kit, Roche A& 55 1 g SUEREE, #4E 20 48
FE UL AT .

[ROLZe3Z#R4E BY ) BYHUN I P R 4T 2R,
JIN4%PFA4°C I et . HIDEPC/KHC & 1) H
TS VA VRORE I K (25% . 50% 75%A11100%), {47
1E100% FEEH-20°C IR 7. H—/NRAZHDEPC
I TEEEE 11 R P o 5 527K (75% 50% 25%)), 2R
Ji FHH1xPBSTEER 2K, 5 fa T3 0% FERH A 114°C
. HOCTH A, Wikt MYl i6—
8 umJE V) W T B B v b AeA8 B R
R oA AT b2 B K A BCIP/NBT
BT B0, 9206 B ATSA™ Plus Fluor-

escence Systems (NEN Life Science) . tf, 4k g
(PD 4%, Prife K ¥t E 5)(Gold Antifade reagent, In-
vitrogen)Ef Jr, RO EEH

2 £R

21 H1EE vasa cDNARERFHISHT

SEUG RS B e B vasa cDNASRTAI Y
NCBI GenBank #ilill ({1 DD X471 (1) — 81 1£~99%
(XM_006139555.1), cDNA4=K:3865 bp, 5%t 44 i
[X(5’'UTR)90 bp, 3'%i JE 4 i X (3'UTR) 1699 bp, IF
TR 132 HE (Open reading frame, ORF)K:2076 bp, %i
f69 1IN . HHLIRT 511 5 DEAD-box K ik
AR T RESK, 45 /2 AQTGSGKT (motif I ).
PTRELI (motif I a). TPGR (motif I b). DEAD (mo-
tifIl)s SAT (motif III)» RGLD (motif V). HRIGRTG
(motif VI). GYSKLTPVQ (motif Q); ZENA i 4
ANRGGEHE TR GG(H M) w4 X . Bt
B v B 1S B 0 A B cDNAJF 31 iy 44 M Psvasa , FF
$EAINCBI GenBank (8 3% '5: KT934805). KT
P AR VasaZ LR P 51 5 JLMARR 5 HES)
YIRH N () P S BEAT RS P L), &5 2R Wl os b A
VasaZd J: 741 5 /N BU(Mus musculus) [ YERL S
J72%, 5198 25 (Ornithorhynchus anatinus)~ %5k
Wi(Anolis carolinensis) )[RV 135 7569%, 534
(Gallus gallus)~ #1i JNWS(Xenopus tropicalis)~ 4
H i (Lates calcarifer). Bt (Danio rerio)~ A
(Drosophila melanogaster) ) [R5 7 M AE59% 52
42% 2 M (AR R LK) . B HIMEGA 6% {144 4
NIR G (] 1), 45 RE W] P A PsVasal 74l
J& T VasaZ i, A T I€AT K 5 FL 2K 2 [a), I 5
FLA Vasalrl Y51k 5 .
2.2 EEE vasa mRNAR LA FRIAIFHE

LA AE 8 of 1 & RAE 9 WS N, BAPsvasa
FePRy e S 1R 9 88 514, R qRT-PCRALH
Psvasa®l sk ARAEA AP R IE K. g5 1R W
7t Psvasa mRNATERS SURTON HL P 47 5w KT 1)
Tk, BAEL R RS B I, it LA
WABIRIEAG T 2). XL E vasaF KR
FAbIR Z 3hW)— K, ANAETE IR Rk
23 FiEEvasa mRNATESIF &4 TR HIRIA
VKl

T 0] o AR AN TR R 90 L DK R ) ek
AT 22 IR 22 A 43 BT, R Psvasa mRNAAY AFE A5
0 0 P A0 P 5 A R, AR AT P R A B A
5T e T H ARG R A T R i RS0 O RE 4 g
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Fig. 1 Phylogenetic tree generated with the neighbor-joining
method

At &5 7 5145 All amino acid sequences including: "1/ %5
(Pelodiscus Sinensis) Vasa, ALK02502; A\ (Humo spaties) Vasa,
AAF86585; /IN.(Mus musculus) Vasa, AAI37602.1; i =
(Ornithorhynchus anatinus) Vasa, NP_001233782; iii5(Anolis
carolinensis) Vasa, ENSACATO00000015036; ¥%(Gallus gallus)
Vasa, NP_990039.2; I (Rana rugosa) Vasa, AB372211; JIUl
(Xenopus tropicalis) Vasa, NP_001016823; ¥t & fii(Danio rerio)
Vasa, AA129276.1; RHll(Carassius auratus gibelio) Vasa,
AAV70960; 4 Hfi(Lates calcarifer) Vasa, AHG95980.1; W it
(Oncorhynchus mykiss) Vasa, BAA88059; R (Drosophila
melanogaster) Vasa, CAA31405.1; f.(Mus musculus) PL10,
NP_149068; B & ffi(Danio rerio) PLIO(NP571016); A (Humo
spaties) P68, NP_004387; ¥t 4 ff1(Danio rerio) P68(AAI59199);
N(Humo spaties) Efl4A(NP_001407); B & fii(Danio rerio)
Efl4A (AAI53508) REEEHE A 2 Vasath [ 5K ik
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Fig.2 The mRNA level of vasa in multiple tissues
Heart: -0 I, Liver: [T, Spleen: J, Kidney: '&, Brain: ¥,
Blood: Ifil#%, Testis: ¥ £, Ovary: B ; ** P<0.01

AR B 1K S8 1) Psvasa mRNAAS 5 76 59 Ji 41 o
HA R IRIE, FEV]Z 90BN M 3 K08 B, H.
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5B TR R X Sk H B DN B R R TR
YRR A% ) X 3 5 o sk 55 (K 3A. B), £
I G RESH i L P AS A 21045 5 (K] 3C).

03 v R U G IR A AT AT RE— DI IE,
25 B IR Psvasa mRNA )9 604815 5 S F 4
VLA — S0, 7ROV R4 M . ) 90 B4 A
AT R BRI AT 20K, B R 40 B R A5 S R,
FER 2R 50 BE AN i S A= K30 O -REAN 0 B T 4 o B A
S, HIS e g i, 2 5 R )
AR AE A ST O B 20 i 1R A% X k(1] 4).

3 Wig
3.1 FEE vasa DNARIEE

AWFFAE AR h 113 58] T —/NMwASDEAD-
box K 5 A HIcDNAJTF 41, Lbxt 4 R 0H, 515k
4 JcDNA 74|tk GenBank (XM_006139555.1)H [
GRS B, IR99% MY . AR, AHFITY1E 3k
3 )cDNAJT ¥ g it (1) & 1 /7 51 5 DEAD-box 5 Ji%
A R CR R R ), L gmtd )&
HEMRZ MM Vasatk 34— a5
DEAD-box K 447 1184 Lh g™ *, 1 BN
hi LA 2 MRGGEEJFFIMGG (HEIR) =X,
HEI S RNA K 4544 %5, I 5 DEAD-box K i
() FC A 2 A A AR FC Y R AR IR AR
cDNA/JFF, Gty (1) [ fiy % W PsVasao [F]H, il ik
DEAD X J 5 R 8 11 R 98 1 BE X e 2 4t B A0 A 4y
#r, 45 KK W PsVasald )& T Vasatk [ —3 (K 1), M
JEDEAD-box Z 5 1 HAh & 1 41PL10. PL68%%
E RS AR [, PsVasafi Tl i5 5 0 125 2 0],
L B R 1) Rl S S, TR A
Hh AR PsVasa e AR E 40 M P 1 1R Fa 4 B
FLI, A g a0 M ik & 7 A mT e s AT I L
BN
32 B vasa EFEERAEIIFHEF T
ELL R

Y24 A 1k, K Tvasadk N A VR e MERIA K
IIREAERE I VP2 4. fE D M4 K2
B, vasatE K EEAE M FAMARM KT,
TEVERRE e e e ik P Sk, 7E AT
Hrp ek b 58 8 B RT-PCREE R /R, Psvasa
mRNATE P (50 SRR S b i Rk, 7R 2 21
P IR ARAR L 2 0 ARSI 3 o 1717 7 = ey o (1 BT
TR, vasatk RIFETERR AN IR A A D &k
35, AR T R 2 B A g, 6 i
O IEM, B LR A S A
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Fig. 3 The vasa mRNA level in adult ovary by chemical in situ
hybridization (CISH)

GESLDT A 2 A RNABREN 228, BLEE I RET (A-O)RINIE XIRER
(D). BIMEXNIREA S FEO AN, RIRon B E. B
S 51 BE A0 h XA S, O R A0 T A SR, TR 2K O B
8 B 2B AT B RE A I B T AR B B P A5 T e, HLSI AR TE Al
TR, SR AE AL A S0 O R A0 P A A DX AR S A, T B
D5 S80S, HLBEA 0 RRAN ML B Wik, BN BERZ A X S8 AE
SARB WSS, 75 O B0 b LA A RIE S . TI-
V A2 9N BN B30, VI-TIXOh 2= K S0 O REAN B X B o
BE

Adult ovary cryosections were hybridized withantisense (A-C) and
sense (D) RNA probes. The signals were developed by alkaline
phosphatase (AP) staining (purple). No signal is detected by sense
probe. The Psvasa mRNA signals strongly appeared in oogonia
and increased to peak from primary oocyte to early growing
oocyte stage and displayed a uniform distribution. As oocyte
grown into larger size, the signal in the perinuclear cytoplasm
became much stronger, however, the signal in oocyte became
weak when vitellogenesis further develop. Primary oocytes are
stagelll- V; Growing oocytes are stageVI-IX; Mature oocytes are
stage X

B T vasaEKIIRIL o P55 Mrvasa ] ge AR A
FEA M R, JC A S mRNAs ) 4 5k £
%, SRR I A Rt Y B2 vasadE R I Th
Re, Rl A& Bl A B HESh ) I 3k A A AR R AR, I8
it SRR BT TAE D0 LASS F &% [ B
BHESDIIEL 1 R A — N E R R, AdE
AEFE A0 I RS TR A Ak, o SR DL R R
NEG A LR . RT-PCRZE R U % Mvasa i
DRI Hh A P i rp Ry e 3R, HLOR SR ZRUKR )
JRAT %A 43 B 45 S W 7R vasa mRNA F7E A 5E 41 i
rhR Ik, DR vasad R a] DUAE by A 5 41 o e S

FRIC o KA 50 b AR B O 1 R A2 i B % R B4
SN . TR AR R O - AR SR L AN
9. O R0 P IOV . AR ORI, R
SR 3, Jr AE R O I g3 SR AN AR AR AR K
1, G AR B IFAR TR K A A
LRI o ON B e A2 B SR O 8 Ok AR 30, SOAR 44 325 I
T DETE AN A S S5 AR RO A R 40 4 10
AT, RS 2 XSS — P g V) BN T AT 45 3,
Psvasaft 98 K A ) AR B 40 B b 2B A AR
he: 78 5 J 40 i R AR R IA, E R 2 ONRE A i Je AR
I O B 40 B g 3 b 2k = T vy ELZE A AN
Ji N )5 AT, 2 )G Psvasatt =K U8 RF 41 I 7 A%
JE XI5 5 R AR, Bt DN BEAH I G, i X
WG 5 WISk S, B2 I ORI ONREZH
o LT RLAS B Psvasa26 1545 5 (K 3).
PsvasaftA] 2 98 RF A S A A 1 90 BE 41 il
HUH R 0k B B 1T e S X N A B REZH S RNA,
TS O SR G TR AR K B RE4
i Psvasa 21k 2 i 8 55 1T BE A% IS A 51 REZH i
PEFAAWTAL K, Psvasa mRNAAH X 25 5 ik /b 0l 35 /&
Psvasa mRNARKIE /KT F %R 252G . Psvasa
mRNATE MM A 50 40 i rh () 2Rk 1% 5 Epa 4r Bt
W R IE B AL, B VE L B fivasa mRNATEY)
2% B BEAN I 2R 0A Bk HLAS 53850 00 A 76 41 i
Hh, DR AR AT b R B REGH A R, AR S A A
IR AZ JE (P75 A it T i o 1) L Ath X R R I &2,
T HL Rt A A KON R0 R ) 38O, 40 i b 1945 5
Wz s . (8 5 0 Kvasa It R % % 0 A
TEAEAR KA, B Wi e AR 6l 1 vasa mRNATEFEAS
Y- R AR SRR A RIA, KIKKF RIS &G
B A% A A il vasa mRINA A 55 58 2 7 B 3
A 8 R B AR R U O REAE i O HL R RE A A
)5 oy AT MR, i v AR T SRk K B e 2 A
W) 5N BEAH A L A AR KA O REAH 1 B L. R
Ao AR K BT AR5 5 i 32 AR P e A% R L X 3,
{HELA b A5 5 A v A A% ] R A0 OF B A2 b
SEREAN . Bl BF RO AR kSR AT, PR AE A
SR S S AR IR SRS, (5 R AL B REAR b,
vasafii 5 AL T 5Y BEGH B i X3k, RS A4 H
fiys 2 A T B RE AN R B vas a3k (R 32 EAE R o A
F [ [G /M (Balbiani body, BB)', i o A5 5 K141
J B AT A IRBB &5 A4, i HL L i 2 5 RE 41
PR E AR R Psvasals 5 . Psvasa mRNATE DY
TR g A 11 26 0 A5 2 5 e LR 0 BE 4 il vasa 2t A
FER IR T R, /N Wvasa 2R =) (8 ORESH
v 499 43 A BTG AR B R 45 W A 7E R, NI v s
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Fig. 4 The expression of vasa mRNA level in adult ovary by fluorescence in situ hybridization (FISH)
G SLD) AL ZARNATREF 25T o Psvasa mRNA(TE SN rh 2, 7EARA0 M AR ik . iy BAE SR T Az R v ) 5 300 6 B 4 Jfg o
AR TN B R 58 Psvasa mRNATE =, 7 51 J5 41 g b HAT BB 0K, 7EWIZ 00 BRI b i, BAG SR~ e mh 5501, 2k
IO BEAR L P S AR EAZ A X e TIT- Vo 404 B0 B3 40 300, VI-TXOh 2 I B BEAR 30T, X eI BRI o vasaf’ 5 (5%
f); PIY (A 2); LEI L, 100 pm
Adult ovary cryosections were hybridized with RNA probes. The vasa signals were developed by TSA kit (Green) and the nuclear was
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CLONING AND EXPRESSION ANALYSIS OF VASA IN CHINESE SOFT-SHELL
TURTLE OOCYTES

ZHANG Piao-Yi"’, LI Wei', ZHU Xin-Ping"?, HONG Xiao-You"?, CHEN Kun-Ci"” and XU Hong-Yan"’

(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation of Ministry of Agriculture, Pearl River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China; 2. College of Fisheries and Life
Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: vasa encodes a DEAD-box RNA helicase and is a highly conserved germ cell marker across animal phyla.
vasa is necessary for germ cell development during embryogenesis and gametogenesis. The Chinese soft-shell turtle
(Pelidiscus sinensis) was used as a model to study germ cell development and differentiation in reptiles. Here a full
vasa cDNA was cloned, 3865 bp in total, containing a 5'-UTR of 90 bp, a 3’-UTR of 1699 bp and an open reading
frame (ORF) of 2076 bp, encoding a protein of 691 aa. The deduced amino acid sequence contains 8 conserved motifs
of DEAD-box family protein, and possesses 4 RGG repeats and 2 GG repeats. The predicted protein is 72% identical in
sequence to its homologs from mouse. The vasa mRNA was detected exclusively in the gonads of both sexes in soft-
shell turtle. Chromogenic and fluorescent RNA in situ hybridization revealed that the vasa mRNA was restricted to
germ cells: It was highly expressed from primary oocyte to early growing oocyte and uniformly distributed in oocyte
cytoplasm. In oocytes at the late stage, the vasa mRNA was perinuclear distributed and decreased in oocytes with the
vitellogenesis proceeding. The vasa mRNA signal was undetectable in the mature oocytes. The findings indicated that
vasa gene also played an important role in oogenesis in the Chinese soft-shell turtle. Hence turtle vasa is a reliable germ
cell marker to identify female germ cells at different stages during oogenesis. These results provide a theoretical basis
to study the germ cell development and differentiation during embryogenesis and /or gametogenesis, especially to in-
vestigate the initiation and migration of primordial germ cells (PGCs) in Chinese soft-shell turtle and reptiles.
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