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Fas e, EANR (Mus musculus)t, H2A.Z )1
PATFAE T IEFE A K O BEAH B A% H (B S R DR B
Y1 o B A1), (2 75 T8 A 3 %) 40 i A% Hh mT DUAS: 0 )
wefs g, RS B (Schizosaccharomyces
pombe)d, H2A.ZI4 7] DLIE i 8 5 G fk 25 44, LA
T AL > 24 DNAXUEE W 24 (DSB) I TE B, M iy
(e RE R ik A" H2ALXTE /N BREEA O 1R
S PR AT R0V A A T e ) i,
[N B H2 A X AT LS80k N A &1 H2A Bbd
TE /)N BRVE A TR A% A RO 2490 Bt 3 1) 40 A% mh 38 o e
9 FRIEAE 5, (H 440 K BA 20 I8 16 BA 1) 48 g #%
A LR E B2, W, G #F9E # HH2A Bbd
WAFAE T 0 7L 3047 52 AL 1R s % A2 K 41 43 AN Sk
BOE IO h ", AR, H AT TE ik sy
M B A H2AZARLE A A ) ThRE W AR 1S
FRIF N 7EIXE, BATTIE T h ¥ PsH2A
W EIRD), 3 At LR IA R, 0 Ho e s A AR O 5L
ZH 2 34T O REAH i s 62, DARIE 5T FLAE 5P BRI &
B AGEREFRER .

1 #R5RZE

1.1 SLREEhIRIUEEFNAL I8

LI F20194E1, 4. 7AI10 Ay El. 240
3RWS R AR 6 I, JR 144, Aok
T 2R BN XS A BR A & o K 5 BRI J T
I, S, TS B, SR SRR NS, OfE.
FFRE. PRAE. B AE. MG AL SR04, W,
—80°CIR1F, FH T ERNATRHL. F 4k, FEHC— 5300
I 2 4% % 28 W (Solarbio, China)[# 7€, 4°C UK
LW . AR5 F W EE/1xPBS(DEPC/K B il B B it
K, 3B T 100% FEEH, —20°CHRA7, - TH&0H
1.2 RNAHRJIZEVS cDNAKIE B

KA 240 24 Fl Eastep” Superi 77 & (Pro-
mega, China)3EBUMRNA, W B F140 B fHNanoQ '™
I3 ETERE T G, RNA R 5 84 B 1% B i i vt e
HEL KA, 5 FHM-MLV J % 5% 377 & (Invitrogen,
USA)#E4TcDNASE —BE & il
1.3 HEEEPSH24 cDNARISE[E

M4 W 7 B 43 1 AR B PsH2 A cDNAJF 41, %
it L R 5| HPs-H2A-FAIPs-H2A-R (% 1),
DA AR O S cDN A B 3 AT PCRY 38, & M. 5%
4:29: 94°C 2min; 98°C 30s, 55°C 30s, 72°C 90s (3t
35MEHN); 72°CHEH 10min. PCR=41# F Gel Ex-
traction Kit (Omega, China)i 7l & B . 285K H
(1) Fr Be % #% #pMD19-T (TaKaRa, China) %44, 51k
FEDH5 o2 241 il (TaKaRa, China)H, 3 & ik,

F 1 BT HEE PsH2ARE R EMRBIE D HHI5 14
Tab. 1 Primers used for cDNA cloning and expression analysis of
PsH2A in P. sinensis

% FRName |7 %1Sequences (5'—3') FHi:Purpose
Ps-H2A-F AATGCGTTGACTCAA For the isolation of cDNA
ACAAT
Ps-H2A-R TACCCTTTAGCAGCAA
TACAC
PsDL- AAAGTGCCCCTTCTTC RT-qPCR/RT-PCR
H2A-F AGGT
PsDL- TAGGCTGTTGGGAGG

H2A-R  AAATG

EFlaF ACTCGTCCAACTGAC Normalization for RT-
AAGCCTC qPCR/RT-PCR

EFloR  CACGGCGAACATCTTT
CACAG

PsCISH- AGGCTGTTGGGAGGA For the amplification of

H2A-F AATG probe

PsCISH- TTGCGGAATAGTCAC

H2A-R ATGGTTG

FEB BHAE TR I MR — M i 2 R R A IR A A
WP . DNAMANS A1 2 3R )T 41, Clustal W
(BioEdit)# {3 7 & LR 7 51 4] L, % MEGA 7#
4 #4R8 IT 7 (Neighbour-Joining, NI R 4t it
TR
14 fRAFRIK

FRFE I > BT 45 1 Fh A8 PsH2A ¢cDNAJF %1, %
T — X 57 ) 58 & 51 #JPsDL-H2A-FHIPsDL-H2A-
R, JFUARIEEEFIao NN SRR (R 1) LA ER
BRSSO OWE. BFAE. BRAE. ERE. RAUILIA
fJcDNA N, #E47RT-qPCRAIRT-PCRY 1 .
RT-qPCR¥ 4 2 ¥ /£ StepOnePlus real-time PCR
System (Applied Biosystems) ™ 5¢ i, B 203/ FAT
A, 2 kT B A IR R R ik B
SSFEFF TR : 95°C FiAE 4 10min; 95°C 15s, 60°C
15s, 72°C 15s (F£401MiEFH); 95°C 155, 60°C 30s,
95°C 15s. RT-PCRA¥ H5RT-qPCRAH [A] HRF 5
5| #)(PsDL-H2A-F/PsDL-H2A-R, & 1)#E{TH 14,
MNFERF 1R 94°C 2min; 98°C 30s, 58°C 30s, 72°C
40s (FE30MMEIR); 72°CIEH 10min. FENXTRE, M
FHIF] ) cDNAFEA R4 38 N S 5 R (EF o). RT-
PCR= W) HH 1% I B AR B Jie B AT 0 885, IR 4R R
(Alpha Innotech, USA).
1.5 IRETHIHIE

FRAE I 7 BT 45 ) v 465 PsH2 A cDNAJF 51 it
— %t 4 S 1 51 ¥ PsCISH-H2 A-F A1 PsCISH-H2A -
R(F 1), PCRY" 14 7= Wi ik 1% 1 3 g B 46 Jisz 2
B, 7/ Gel Extraction Kiti7] £ (Omega, China)
BEAT I Bl . 2l 5 10 P= ) 3% #: FlpMD19-
T(TaKaRa, China)#f& 1, %8 J5 % ADHS o252 4 4
Mi(TaKaRa, China)H, it BH M 5o B, $2 B AL,
KT R R ARG RA TN FH
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SP6/T7 Enzyme Mix (Roche, Germany)FDigoxigen-
in (DIG) RNA Labeling i jfl| & (Roche, Germany) 4
AE RIE [ IR ET
1.6 KEYIFHIHE

Y BLEL I O SLLH 2, B T4% 1) 2 5 H % (Solar-
bio, China)H, 4°C yK4f il & i 7% . 5 FH /1
PBS(DEPC/K i) 4 B2 i /K, —20°CLRAF. Ul Fr
I, 48 FH F /1 xPBS(DEPC /K FR i BR FE B K, I8
T30% MR, 4°CUKF IR, BAR D IR 5k 3R
W NI ESAT Y . R AR SN RG,
EtH, FJOCT(SAKURA, USA)ALIE, Leica? 44 A
HLICM1950) 1) ilid—6 pm J5 B 1) s T+ 875 it 48 3%
k.
1.7 WERERIHIZ

12 JEU L 24 A A i A B X ™ 2O e 7
HEAT . K HIBCIP/NBT(Roche, Germany) i {7 i it
T, 50% H il (PBSHL B)E ., 14/ Je B
Ri2 % 55 W1 %2 7 FINIS Elements 1% & 4t 11 18 .
R v A B 1 R AR R v i TR AN Y 3 A A A
G FRRAE, o ECHEAT A A S
1.8 HEHH

A SIS B /03K AT SEIEE Y
PLF BE AR R R R, I8 HI SPSSH A2k 4T 7 2%
7M1 FDuncan[C £ H HLAR, P<0.05FK /N &R T .

2 #R

2.1 HIEEPsH24 cDNAFFSIHHE

SRS I A PsH24 ¢cDNA (GenBank &
K5 MZ546415)7 514K N575 bp, 54 AEgm S 1X
(5'-UTR) 68 bp, 3"iiAE4w %X (3-UTR) 108 bp, F /i
%] BEAE (Open reading frame, ORF) 4399 bp, 3:4mid
133N H W, A H2ABFIERA S5 1 Dhae s,
BAVH B NPsH2A . R LR T 5 [R5 14 B
E R BN B 5 = E5E i (Terrapene carolina triun-
guis)FEREE 0. (Chelonia mydas) 1 R IR VE B =1, 53]
H82.71%H180.45%; 5 H Mg 7 8% (Zonotrichia al-
bicollis)F & 2146 & (Calypte anna) I [FIYE M5 5~
56.92%M151.11%; 5 EPNNEE(Xenopus tropicalis)
5| WE (Microcaecilia unicolor) B [ YR 5 5 N
52.38%71149.59%; 5B 5 i (Danio rerio) AHLES
(Oncorhynchus mykiss) [P [FJRPE 53 51 N 53.49% A1
54.26%; 5 N (Homo sapiens) 5 5 i (Rattus norve-
gicus) I FEYRYE 2 51 852.71%H154.55% . NI R 45
et e KM, PsH2ATE LR R E 5 ARSI
I, HUGE 838, WA f R, S5l ILsh Y ioza
(B 1)

g4[~ Homo sapiens
Mammals
29| = Rattus norvegicus
96 Oncorhynchus mykiss
Fish
100 Danio rerio
Xenopus tropicalis
Amphibians
47 Microcaecilia unicolor
100 Zonotrichia albicollis
Birds
Calypte anna
® Pelodiscus sinensis
100 { Terrapene carolina triunguis Reptiles
64 Chelonia mydas
A
0.20

Bl 1 SRAINIEAG g 48 P H2A R G0 ALY
Fig. 1 Phylogenetic tree using the neighbor-joining method

A #4535k BENCBIEUR JE, Fi5lin T = jk46 fu(Terrapene
carolina triunguis), XP_024072074.1; i fiu(Chelonia mydas),
XP_007060964.1; HMkiH 8 (Zonotrichia albicollis), XP_
005486490.1; 2K £L#% 19 (Calypte anna), XP_008496341.1; ALK
i (Xenopus tropicalis), XP_018098350.1; W Wi (Microcaecilia
unicolor), XP_030060807.1; ¥t & i (Danio rerio), NP_00101
9567.2; MLi%(Oncorhynchus mykiss), XP_021479503.1; N\ (Homo
sapiens), NP_003508.1; #§ % . (Rattus norvegicus), AAB53641.1

All the amino acid sequences are retrieved from NCBI database as
below: Terrapene carolina triunguis (XP_024072074.1); Chelonia
mydas (XP_007060964.1); Zonotrichia albicollis (XP_
005486490.1); Calypte anna (XP_008496341.1); Xenopus
tropicalis (XP_018098350.1); Microcaecilia unicolor (XP_0300
60807.1); Danio rerio (NP_001019567.2); Oncorhynchus mykiss
(XP_021479503.1); Homo sapiens (NP_003508.1); Rattus
norvegicus (AAB53641.1)

2.2 hIEEPsH24 mRNABLARIA

LEFla NN Z 3 A, FIFHRT-qPCRFIRT-
PCRAG M PsH2ARG S ARTEA Ay, 146, 24 R34 0%
HiAE s Xl SR AT R . AR ER, 14
2 TN A h A B AN, PsH2A4 mRNATE B 8
BB K T RIK(P<0.01), MEERE . LA .
= N T S DY XN E A S AR 64
AR, $Eon R A8 PsH2 A mRNA ) ik B 4R
B S A ) S . PsH2A mRNATE 14418 3|
34 UE A MM AR SRR WK 2. PsH24
mRNATE3 A0S AL B R 2 21 i 208 L 3.
2.3 AL PsH24A mRNAZEDREHAPE & 4 532
HRIED

1484 A U0 3 R B 2 2% YRV I, 42K B
TR0 B AZ AT T 40 b e, 50 0 2 A el T S 65 =
VLR H Bt 5 K B 40 M 2% 2 &% AR s U S
NAK R, 09558 B & AN AR 5P, 235845 o
TR A, BB 0 7E B 1) Rl R IR AR 2 34
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Fig. 2 The relative expression of PsH24 mRNA in female and
male gonads of different ages in April

l-year, 1 %#%; 2-year, 24#%; 3-year, 3&4%. **, P<0.01 R /RE 7
e 3%
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Fig. 3 Specific expression analysis of PsH24 mRNA in 3-year-
old adult tissues

A. RT-gPCR; B. RT-PCR. Heart. 0> JJf; Liver. AFIF; Spleen. f;
Kidney. '5; Brain. fisi; Muscle. JLIAJ; Testis. 4% £#; Ovary. §f £,
** P<0.017 7~ 7 A i 35 M. 5000 Marker

W A S 2 0 N BRI, i B A B O R LA
TR TGN AT B2 AR rh AL B )
X PsH2ABAT A0 I 52 7, b2 JRAS 24 28 45 S
PsH2ARE e AGB I [ SUIRET Bon L2215 5 (K 4A RN
4B), T 1E SCEREF R A B{5 5 (K] 4CHI4D).
PsH2A mRNATE Y BRI A AR5 S 3R 08, FF HAER)

WION AN i R B A A T A e, Rk A5 5 s,
B35 5] W oy A7 A2 OGP REAN M 5T o 7R 2% B RE 20 g
KRB ES VIR, BHIME S5, 55 Mgl
1% JE Bl 25 20 P A BT s I . B R A RS, B
BEAR I 7 48 K, JE AR KR R G, B s 5
BHRET . EAEK G VI R4, B K1E
55 ROIR A A0 AE 40 M A% B X I, {5 S SRR RS
V1 OB 20 Pt 5 5, 40 5 A R LT AR ARSI H
55 (B 4A). TERCEIHCEE IXH) IR R 4i b, H
0455 5 20 M A A ] S T R 20 A, T 40 5 b
S WA R H 1455 (B 4B). PsH2AMIXFl
KRR R IEAE I, $EoR HLAE A U REAT i R B I R
W S AR
24 HIEEPH24A mRNAZ P RIEER

AR T T 2 M B s, FRIE R T SR
ek — i 4—8 H A NS, 5—T7 H R N
W1, 11 A TP A6 AR, 5K A8 L S (RS 1 4775 4 O
h PRAE R P FIRT-qPCRAS I 48

-

4 I SR A A T AR M PsH24 mRNASE 5L 1)
Rk

Fig. 4 The PsH24 mRNA expression in ovary by chemical in situ
hybridization

PsH2 AR A8 e SR oA 2415 5, DR L B IR B
(AP) (A, B), IE LEREMG A EIE5(C, D). 1IIFIV AR
SRR, VIDA A KON BEAR B, IXCON A BT BEAR . PR (0
HR RS B SR 2RSS 5 o A5 X=100 pm

A and B. The transcript of PsH24 shows chemical signal through
antisense probe, stained with alkaline phosphatase (AP); C and D.
No signal detected by sense probe. The black arrow indicates the
chemical in situ hybridization signal. [Il and V, Primary oocytes;
VII, Growing oocytes; IX, Mature oocytes. Scale bars=100 um
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B N B R PsH2 A [F) 22T Rk KA 4k, 25
REIR: VAR GE 5 Ps H2 ARG SR R XS R0k
w0 b E FREE BT, 10H FIRE S, 240
MEPsH2ARG AR RIS &5 FHHE NI, 18
4 F K B ; 340 MAPsH2 ARG AR FIAR X R IA
2hE H B2 ETHE . Ak, EAE T B,
Bl P AR RS TS K, PsH2 ARG SRR AR R IA
AR 2T S, BIPsH24 RiAE SR IEK
AR E 5).
3 iTig

U RRAN M R Bt R R BB A — R Yt
JR I, Horh S LR A s A e AT
T va M B R AR B PsH2A ¢cDNAF ¥4 K H575 bp,
GihD 133G LR, HA H2AME SRR AF A 4514 2
Aeldl. fEREHL b, SREEG K R, HHRT-
qPCRAIRT-PCRIZA, ¥ i He%E PsH2AH 21 7 57tk
FIABNG AT 43T, K IPsH24 mRNATE 5[ 20 21
HhR R, TR SR A 2 LA R L, K
PsH2A M) F IR AE A2 8 vh B 1 ) — AR 21
Rtk X5 @R RIMPIRISEAREL, R F
M (Carassius auratus gibelio)F, h2aflo¥% s AL
TERCAON SR BRI 2 . 758 HKF b, AE R
i} (Carassius auratus)FIBE L (1) 5P S oA ) 2128
fuLf 2 A

AT 32D W B PsH2ATE A % O B 21 2
(R 2 0 R o7, FRATTNE FL A s AR AE O ST Fy v gk AT 1
AL AT S5 . S5 R I PsH24 mRNATE G BT

500
a [] January
S E April
< a0 72 iy
g 5 KX October
) < a
®RE300F b I
® 5 L =
Z3 = =
] = =
S R 200 F H =
g =i =i a
u @ — = b
=2 = =5
g100 b He = b
& 1= 7 S ICY = P éﬁ
. . d
EAE TER &
1-year 2-year 3-year

5 ARk PsH2A mRNATE AN[E] 75 BE AN A] 405 G 58 o (1 AH
xRk

Fig. 5 The Relative expression of P. sinensis PsH24 mRNA in
ovary of different seasons and ages

AR BE A R 22 57 i 35 (P<0.05). 1-year, 144%; 2-year, 24-1#%;
3-year, 3%

J R S P R IE, TR U RELT i R IA (S 5 i,
B0 AT e U REA B S b, SRR R RE B R B
B S TITH, 9920 b T R g ok B 52, i Bk
W EAT 56— URIBCEU o B4 945 B A0 WU B, s A
fi5. Bl OPREAN IR B R, dHRIE R, BINE S
TR, A A AR AL X 38, s O RE T i
01 N A K (8 VI A1l 2 (BB IXH), S 5%
BT G oAk O AE DY) e s — TRB B4 2L
A 8 PsH2A mRNAYE UI-REAT AN [A) & & i B
(1) 2% 15 485 UL 5 98 0 43 4 v e (A 1) 2h A5 AR 4L
MG FEWMIALSYh, AR AH2AN R B
MAEAHAB R GREFNSEES5 TR
it % €20 J5 1 2, o HEVE TS T IR B R R
S L m B, PoH2 AR PR R 250 5 4
7 FLAE o A s O REAH R B R R B RT e R R
EIAVEH . e PsH2A mRNATESR BRI R B
AR A R R St A, i S N R AR
(Bos indicus) "G AR . 165 B4Rt H247%
P h2aflofEFEAN P -1 R AE BRIV RR 7 1t 3Rk, 76 90 iR
S L R0 A7) 2 B BEAR B, h2af 0% S ANAE 5 1 S0
G AR CE U A, IS S5 At 76 B BE 4T A 31 B 2 5P B
Y, ¥R A55 EEEPEMMRANE, 28R
o)A, TR R R AN RIS 5 . ZE4R (1 B BEGH
WL H, H2A M S AR 1R 32 55 B 25 U 0 1) 486 K T 320 47 448
I, W7~ Ho T ON REAE R K & 2L 2. Osakabe
a3y, SR FIH2A S HAS SR TE Cofl L A7 7E 22
5, Cuf ) S Rt v 7 HIhRERIANIR, R T A&
FIH2A K HLAR 5 R FEAS [F) P 1) 22 7 308 1) AT i

AS[F] A 8 v e e gl B4 A b PsH24 mRNAK]
X R I B, B FR K, 2UF RS, AL,
6] — AR R AR B AR AN R T R, B SLZH b PsH2A
mRNAFIAKF AR E ZR . Xafes etk
PR AR R BRER K. 1581
WV P SRR, B SELZE e R ) O R
PsH2A mRNA A X} RIE EBIA R F IS, 24
U4 TP AR T O P R, O N A K, P EE N AL
A AN BB IR, 2D 43 O I HE N B R Y
PsH24 mRNATE4 H 17 A =388, 7l Re 5 R IZWT
THim, 901 R A LU B 9%, 34 wE Hh AR s 52 A 1
B, LU0 LR N B, O B R A
TR0, PsH2A (5 35 K S 433805 T,
AT RE DA A IR S EL RN B, IR — EA T B R
Jir 241 L 1) s 20 B - 1) ] AP I R . X 5 PsH 24
mRNATE F B4 & & i F2 b 1 SR 4 58 45 SR M
— 3, ¥ PsH24 mRNA ¥ B AE 4] 2% P B 40 i
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CLONING AND EXPRESSION ANALYSIS OF HISTONE H2A VARIANT IN
OOCYTES OF CHINESE SOFT-SHELLED TURTLE (PELODISCUS SINENSIS)

ZHU Jun-Xian"?, CHEN Chen’, LTU Xiao-Li’, WANG Ya-Kun’, LEI Luo"’, HONG Xiao-You’,
YU Ling-Yun®, XU Hong-Yan’, LI Wei’ and ZHU Xin-Ping"’

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China; 2. Key Laboratory of Tropical & Subtropical
Fishery Resource Application & Cultivation of Ministry of Agriculture and Rural Affairs, Pearl River Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China)

Abstract: Histone H2A and its variants play an important role in many cellular processes. However, their role in the
germ cells differentiation of turtle has not been well characterized yet. Here, we cloned the Chinese soft-shell turtle
(Pelodiscus sinensis) PsH2A and analyzed its expression pattern and cellular location during oogenesis. The 575 bp
PsH2A cDNA was isolated from P. sinensis, which contains an open reading frame (ORF) of 399 bp encoding a pro-
tein of 133 amino acid residues, a partial 5’ untranslated region (5'-UTR) of 68 bp and a partial 3’ untranslated region
(3’-UTR) of 108 bp. Real-time quantitative PCR (RT-qPCR) result showed that PsH24 mRNA expression level was
higher in ovary than other tissues (P<0.01), such as heart, liver, spleen, kidney, brain, muscle, and testis. Reverse tran-
scription PCR (RT-PCR) result showed that PsH24 mRNA only detected in ovary. Moreover, in the male and female
gonads of 1-year, 2-year and 3-year-old P. sinensis, the PsH24 mRNA was only significantly expressed in ovary
(P<0.01). The results of chemical in situ hybridization (CISH) showed that PsH24 mRNA was specifically expressed in
oocytes. When primary oocytes developed to stage III, strong signal could be detected and evenly distributed in the
cytoplasm. From growing follicular stage (stage VIl oocytes) to mature follicular stage (stage IX oocytes), the PsH24
mRNA signal gradually weakened and spread in the cytoplasm around the nucleus. The signal was distributed in the
perinuclear cytoplasm, but was undetected in the peripheral cytoplasm. Furthermore, the relative expression level of
PsH24 mRNA also responded to seasonal change in ovarian development in P. sinensis. In 1-year-old and 3-year-old
ovaries, the relative level of PsH24 mRNA increased as ovary developing. However, in 2-year-old ovary, the relative
level of PsH24 mRNA increased first and then decreased, reaching a peak level in April. In addition, in different sea-
son, the relative expression of PsH24 mRNA showed a downward trend with age increasing. In summary, these find-
ings suggest that PsH2A4 may play an important role in oogenesis of P. sinensis.

Key words: Pelodiscus sinensis; Histone H2A variant; Oocytes; Seasonal expression; Cellular localization



