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1. fedr Rk K 3K/ R RATIRE K AEWEF S5 LR T, XX 430070;
2. EERFKREFPR/RLRNIR R EHERMERARAEEZEE, AT 361021

BWE IR IS/ 24 F W 1 20 2 (cell division cycle 20 homolog, cdc20) FITIRE , LA 3k i K3k
XA, 22 PCRY AT T W13k ) cde20 FEA 19 CDS , 36T 22 J5 91 FE XS LR GEdE AL 73 BT 12k DR ) 45 44 AR [+
Wi a0 2E 1k 56 2, 2R 2 2 i PCR (semi-quantitative reverse transcription PCR, sqRT-PCR) , % )6 22 f PCR
(quantitative real-time PCR, qRT-PCR) F1Y) J J5A7 4% 32 B J5 WAl 1 i BE R Y Bef 28 SRab i, S5 R WU ikt
PRl i B DX T 405 14 P B0 82 R 1 482 bp, i filh 493 aa. 13k il Cde20 E MR ¥ 5 ik 4k o sr, BB 74
WDA0 57 T8 i R g 7 i B IR BEROIR 25 44 , 5 BN B T £a (X AR I i o qRT-PCR &5 3 s 1 Sk 85 ede20 3

e RGP i kB e, Bl 5 I3, sqRT-PCRAGIN & BH cde20 F N FEBAEME IR b 33k . MEIRYD
IR A 2438 45 A R cdc20 78 A1 3k 6 45 B 30 BB 40 B v 347 2R3 , SRR v A 11 00 9 5 4 %) g 5 R I VIR
B2 1) BT TR o 5 ) AL e A2 PR S5 G T A e N A /NS 1 2B B b e rh Bk R ERE T
HIZRREAR . LA 25 RFRI A S ) cdc20 FE PR —AHEEIL TR S 54 A £ 5 .

KA LG5 ; cdc20 7R WiEsr B BRI FRBBI PEIREA

MEA%E SO174  XERIRE A
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3 T G SHE DAL, 3 e 5 i e AR SR ) R R
H— J& W 4¢ #F &2 & ¥ (anaphase promoting com-
plex/cyclosome , APC/C) G P AR 2 11 3 4H ok g% £,
RArES . WFFT & B CDC20 2 [ 5 B IR 2 S 20U
RAZRE I LT RBEIEH & & B ARG ST

Wk H BT : 2022-04-01

FATH  ER AREEIL 4T H (31872542)
JEi% &, E-mail : 819555965@qq.com

WAEMEE : M4, E-mail: hbauwhl@hotmail.com

XEHS  1000-2421(2022)04-0226-07

RGBT FE AT, CDC20 3 H By R 728 S 8
PERT NG P A R R T R Ik S g R B
CDC20fE s M R B EHEZEEH. H
HIL, CDC20 I Ref s fE s rh i R S R,
Tt cdc20 FER I D RE A 78 LA Sk 55 4150
X4, X cde20 B I 7 BVARAE | 3R GedF A0 i 4
FRBIHAT I WA, B AE R I S L X T g
FEBLE S
1 MR EFRE
1.1 F13L8 5 RNARIRENS cDNA A K

i F TRIzol (5 by th 20 A= M Bk A A BRZA w1
R P Sk 575 B A0S TR 4 20 1 5 RINA 445 i L AR %
B8 U ME AT GLE R LB RE OB RS ELALA .
FAEARF L F B (SZRE 01 . 2- 40 a1 . 16-40 fa ] 4%
JARIA 5 T 2 A I O B AR AR )
JV Ji6 O 45 BRUE RNA . K 32 By S RNA ] Prime-
Script® RT reagent Kit With gDNA Eraser (TaKa-
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Ra) i) & AT S s U — 5% cDNA
1.2 B3kt cdc20 B E K Te BRI 2 47

P BE L A1 1Y cde20 cDNA 751 (Accession: NM
213080) 5 2 35 [ 15 52 4 3 11 141 Sk il 5 s 20 B54is
AT EEXT, AR A A Sk 8 cde20 36 R S X P 31 . I AR
P L3 5145 FH Oligo 7 1 Beacon Designer 7 8 {45 11
PCR 519 LAY 38 71 3k 7 cde20 3 1) 4 5 X7 571
R 700 i) 22 3 18 1 4 A1 Clutsal X B A44F #5647 2 77
G EEXT LA R ff ] SWISS 74k 93 (https : //swissmo-
del.expasy.org/) W & FH Z5 43k ; 3£ F MEGA 6.0 4K
49 Neighbor-joining 77 72 ¥4 & E LA .
1.3 sqgRT-PCR

M sqRT-PCR J7 K M cdc20 B P 7E A1 3k fif
B A LA RIS, UL B-actin (RN S,
FIPFHIILE 1. PCR AU :95 °C 5 min; 95 °C
305,58 °C30s,72°C 10s,30 1 ;72 °C 5 min.
PCRY L5 T 5 , B 10 pl. PCR ™4y, i FH 1% A9 B
REBHEERS , 140 V HLH T HLIK 15 min, & 32 5 H 78
HHA P RINE
1.4 gRT-PCR

ffi FH SYBR ® Green qPCR Mix i # & , 1
CFX96 Real-Time PCR Dectection System H #f 17
qRT-PCR. HAFE S 3IREE , U B-actinfE N NS
FE . DLk 65 AN [6] & IR i 19 cDNA iy 52
M , Z BEF B RN AR &R 47 PCR &3 AR cDNA
1 pL, IE A 51 R 1 51945 0.4 pl; SYBR® Green
qPCR Mix 10 pL,ddH,0O 8.2 ul.. JJ% 414 9 : 95 °C
5 min; 95 °C 305,58 °C 305,72 °C 10 s, 39 M FFF;
72°C 5 min, ZERIMIL 2 ORI cde20 R 2
B BUEH T E R EZE” (=3) Fxm, H
GraphPad Prism 8 J 1R & . R FHHL K 3R 07 22 3 0
J7 % (ANOVA) Al Duncan” s #1l mRNA ik 7K -1
25, M P<0.050F NN ZE R BE,
1.5 MHRAAYIFHERBRNE

VA K 6 (4 PR AR 2H 21T 426 PEA(DEPC 7K b 2 )
[#] 5 Ji5 ik B R GE R A w00 R AR B0 ik Ay
W A s P RBE 29K, 5K 20 min; oK O BEGE 2
W, &K 10 min; 95% Z % 5 min; 90% & ¥ 5 min;
80% T 5 min; 70% £ BE S min; ZE IR K WUk IS L J5
ARFR YL, 3~8 min, FRKPE; 106 HERRR £ B LA
b, FRIK e 5 0.6 %0 ZUKIR WA, T /K vt s AT el
H et 1~3 min KU A A 9500 LR 23K, BHIR

5 min; JG/K ZBEVE 2 K, BRK 5 ming —HURYE 2K, 4
5 min, Y1 S HORR T, R R o DL R
VESE UG T @45 (Leica, DEC550) T Wig<,
1.6 VIREAMHEIE

LAk 855 cdc20 cDNA JFFIME AR, BT
Sl19(E D) FER 59 5 n - T7 5 sh 7831,
ISR 5 R N R BEAT RSP 5% . DNABAR 1 pg,
10X transcription buffer 2 pl., T7/SP6 RNA & & [
2 pl., DIG-NTP Mix 2 pl., RNase Inhibitor 1 pl.,
RNase-free K il % 20 pL; AR RIR A1 JE, 37 ORI 4 h
Ji 78 ARSI 5 B R ET K/ 342 bp FIFHA
W) BEAT IR A 4228, BAR TR : —H2RPE 5k, BK
5 min; — A TOK ORI =1: 1% 21k, Bk
3 min; JC/K S BEVE 2 K, B IR 3 min; MKW 95%
90% .85%.75% .50% & FE4 Yk 1 K, A K 3 min;
85 °C DEPC /K ¥ 3 min; i fill 65 ‘CHUAARY PSS
LA 1~2 hs SR 56 5 ng/pll 454 16 fin 3] 20 241 B
BLHBAR &, 65 CHAZHR s FH 2XSSCT 65 “Cl it
PIF 2%, 4% 30 min; 0.2 X SSCT 65 ‘CIE BV A 15
min, 50 % H Bz /2 X SSCT 65 ‘CHFBEYI F 2 UK, FHIK
30 min; A 5% Y 2 1fi 7 35 41 1~2 h; 3t (Anti-Di-
goxigenin-AP) % il % & 1.5 h; ii% il BCIP/NBT
(1 mL P im 4.5 pL. NBT #13.5 pL. BCIP) 444, ;
08 52 S BT WA TR

2 GRE5HMH

2.1 Bkt cdc20 B E R4 FHHEFB L 247

ik PCRW > K Az W A5 8.2 0 Bk 55 AT =k 5
cde20 iR IX f R 20 K 3 960 bp, 48 10441 i 1
FIOAN N T, cDNA K 1482 bp, i it 493 aa; i il
EE RIS TR N 5.44 ku, L 58 7.68, &
LR 75 22 e a5 R s (B 1), B3k 7 Cde20 5
a3 T BRE A 1) A RLBE 43 591 /R 3k 95.74 % F190.12%
55K RN SR U TCHE 9 FH RLEE 53551 ok 59.96 %4
59.36 % M163.58 % . 453k 43 B & 7n Cde20 A 74>
WDA0 55 5Ly, Hi% 77 75 AN [R] 4 it o BB AR X £
5P R M & B WDA0 JE I A% 4 B I 1] F
17 B4 &, 71 WDAO B 7 44 iU e 1 7 i e 21k
5K (E 2).

ST Z AW R Cde20 E IR T 5 1 2 Ge i Ak o)
B s , TSk 6 5 0 ) 28 G R0 OC R il , O O2 B
o, TR0 R BT A2 | 5 28 i 2L 280
BN 43 3 (B 3)
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Table 1 All primers used in this study

EIR7E

; 519751 (5'-3") Primer sequences(5'-3") Hi& Usage
Primer names

cde20 ORF F TGCATCAGAGGAACGAAGTTG
ORF ¥4 Amplification of ORF
cdc20 ORFR  AAACCTCCCAACTCCCTGTTT

cdc20-QF TACAGCACCAAATCAGAAAGC
FiK /M Expression analysis
cdc20-QR TCTGCCTTCCCCAATCCATTA

cdc20-Probe-F TATCTGAACCTAATGGATTGG
AW cdc20 5% Synthesis of cdc20 probe
cdc20-Probe-R -~ TAATACGACTCACTATAGGGGTCTGCTACTCTAACATCAT

Lactin-QF AAAATCAAGATCATCGCCCCAC

Rk AT (NS HEH ) Expression analysis (internal gene)
Lactin-QR TACTCCTGCTTGCTAATCCAC

M. amblycephala ME2EG I HNY STENSTNTS--- -~ - NKSTS N 71
C. carpio BEHEG I HNW T STESSTNAS -+~~~ =~ NEKSMN N 7
D. rerio MEQEG IHN STESNSSSTN------ HKSVHN N 71
R.norvegicus MAQEVEEZEBL HSL KEATGPAP - = s s s va e MR A AN T 69
H.sapiens @acBaBEsBL HSL KEAAGPAP - - -« v v a s MRAAN T 69
X. tropicalis BAQEARBETE I NS | KEGNCSSLNTSANTST MKT SN S 78
M. amblycephala VEETSSSTAPN 3| Mo149
C. carpio VEETTSSTAPN (el Mo 149
D. rerio VEESEPSTAPN | Mo 149
R.norvegicus EDGGTPTKKEH = R147
H. sapiens ENSQTPTKKEH S R 147
X. tropicalis ADT -SPTKKEQ 3| M 155
Wodo
M. amblycephala E 2 226
C. carpio Ba 226
D. rerio ﬁ A 226
R.norvegicus h 225
H.sapiens 3 225
X. tropicalis i 255
M. amblycephala 304
C. carpio 304
D. rerio 304
R.norvegicus 303
H.sapiens
303
X. tropicalis 311
M. amblycephala 380
C. carpio 380
D. rerio 380
R. norvegicus 380
H.sapiens 380
X. tropicalis 389
M. amblycephala 458
C. carpio 458
D. rerio 458
R. norvegicus 458
H.sapiens 458
X. tropicalis 467
M. amblycephala J e e m VERFEKFTN-51 ICRH 493
C. carpio s 5 s e e VERPKPTS-51 I1Q@H 5. 74% 493
D. rerio KE- - -KDAAKBPKCASGR | VORIS| 90.12% 496
R.norvegicus LDOPALRREREBASTSKSSL | HRG 59.96% 499
Hisapiens LOFARRRERERASAAKSSL | HEGIE 59 36% 499
X. tropicalis VOFVTKKEKEBARSSKS - | | H§S 63.58% 507

JTA E IR — BUH R (3R, 75 % —BUHEE (3R ; WDA0 #5751 X3 FH 2T (A HERR K . 1dentical amino acids are indicated in navy
blue and 75% in light blue; the WD40 repeat domains are noted with red frames.

1 Hk# Cdc20 EHMZ 7 5tk 3t
Fig.1 Multiple sequence alignment of Cdc20 proteins of Megalobrama amblycephala
22 BAkXEHcdc20ERBEZHRAMPBREABT RN ARHLUPRYRIBN O, 45 R MK 4 iR, cde20
HMRIE mRNA TEK 8 0 ME | JE i R E AL A
it i sqRT-PCR KGN cde20 &P E P Sk 5 )i f sy i e 2k, T 76 B9 S5 FORG 88 rp Rk i ey, U W)
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O~ HUREAEA WDA0 F 7B A U R I 7] AT 19 B T& 25449 . D ~Q@ represents four-stranded antiparallel B-sheets folded by each

WD40 motif.

2 F13L&5 Cdc20 EETM K = R4
Fig.2 Predicted structure model of M. amblycephala Cdc20 protein

50,

74

K#§t L. crocea XP_010741943.1

KZE6E S, maximus XP_035490610.1

T P, olivaceus XP_019959483.1

¥Rt O. niloticus XP_003438188.2

61 & O. latipes NP_001153904.1
% M. albus XP_020451556.1

W% O. mykiss XP_021445030.1

100

100

100

| Bt L D. rerio NP_998245.2
IOO‘_l__M C. carpio XP_018951597.1
99 [ 3k M. amblycephala
s X, tropicalis CAJ83291.1
14 G. gallus NP_001006536.1 %3 Birds
96— R M. musculus NP_075712.2
KR R. norvegicus AAH85691.1

i
Fish
W T fulvidraco XP_027016311.1

B} £ 2
Cyprinidae

P H§2& Amphibia

K4 O. cuniculus XP_008263638.1|"H 7L Mammals

98 AN H. sapiens EAX07102.1

62

B3

B 5% S. scrofa NP_001116566.1

LM CDC20 B AW RS L 1

Fig.3 Phylogenetic analysis of the protein sequences of CDC20 in vertebrates

MBr EGH LS I K OTMuc C

bp

300 cde20

M: Marker; Br: fji Brain; E: IR B Eye; G: ff Gill, H: 0> it
Heart; S: JUIE Spleen; I: i Intestine; K: B IE Kidney; O: 5§
Ovary; T: K548 Testis; Mu: JLIA Muscle; C: %5 A% Control.

4 B3k cdc20EEER & ZHARHFRIL
Fig.4 Expression of cdc20 gene in different tissues of
M. amblycephala
cdc20 I RE S AL Wi IR B A L.
i3 qQRT-PCR G cde20 15 1 3k 6545 % 7 B BE
JRJIG v A K O , LG SR IR L 2- A0 B 30 L 16- 41
LU 3N 7R I UEZ G IR T i I S R

W, g5 5 (B 5) 12 3k TR AE A2 KGO0 v 1) 228 7K
e, A WG & B M EA T, ek i BB T R
HEABR D A Sk 5 cdc20 W] RS 1AM ERIRIE N, X 4E+E
R R % B B EEAEA
2.3 Hk8Hcdc20EEFAMA PRI RIXEN

R 5 A Sk i M R D0 R D A6 4 38 1 45 51 (11 6)
cde20 FERTE 1 WA BPB: 40 B A5 5 e 55 o B B 41 i
A JG SR A S I a6 T e, LA BIRE4H M 04 fe 5
PR IR I 7E B vt R4 i A% i JL-F A ko i
7 T390 BB 200 A f B9 8 ks ok D0 2] 1 58 2 ) R 4
EREN(ERA b SR ERE o SO\ VRS D Sl
TP EORL , L ER N B A0 A N R L, cdc20 £
e IV 3 D1 -1J: 240 e %) B o 0 v SRk | T A S T L
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Ik
Relative expression

Z 2 16 Bl Ga N So He Ha
JW G 2 7 )

Embryonic development stages

AR R R 22 7 B 3, P<<0.05, Different letters mean
significant differences, P<<0.05.7: 52 #% U B /] Zygote stage; 2: 2-41
B 2-cell stage; 16: 16-21 i 4] 16cell stage ; Bl : % I )] Blastocyst
stage; Ga: JiU ] Gastrula stage; N: #1122 4] Neural stage; So: /&7y
] Somite stage ; He: .0 Bk ] Heartbeat stage; Ha: §% fk }] Hatching
stage.

5 HBIL& cdc20ERERRREZE T HR R RIE

Fig.5 Expression of cdc20 gene at different embryonic

development stages of M. amblycephala

e

Lo g
APk A 110960 55, DL T S99 1T 80 B4R . B Ak &5 IV
HIERSL, LIV B ER-REA0 A 3 RIS 0 TR B4, D&
Sk IR BT ;s Ok TR A NEAZ s OFF Sk Rt g o R
100 um. A: Stage Il ovary of M. amblycephala, mainly consisted of
oocytes with stage | and stage Il . B: Stage IV ovary of M. ambly-
cephala, mainly consisted of oocytes with stage I\ and several stage
Il .@D Arrow indicates cortical vesicles; @ Arrow indicates nuclei;
@ Arrow indicates radial band. Bar: 100 pm.
E6 cdc20E R 7R EHAR R & it IR B 20 i Y R 5E
Fig.6 Expression of cdc20 gene at different
development stages of M. amblycephala oocytes

- e

AR HE B0 B ALY 5 2858 o SG oK 40 ffT ; SP - 4

Fo AT FRAGE . B 20 um. A HE staining of
testis; B: In situ hybridization of testis. SG: Spermatogonia; SP:
Sperm. The red arrow indicates the germinal epithelium.Bar: 20 um.
7 Bk cdc20 B R TEREE P HRIA
Fig.7 Expression of cdc20 gene in testis of
M. amblycephala

PAKR ., SHEGE(E7TA) X, TR D) R
JEASE 2 28 B 45 3 W 7R, 0K T 4 L DA R ARG /N T
A Bl R R DR R 2 A R T R EORE F
H IR AL (E 7B) .
3 i it

CDC20 # [ i 2 C ¥ 1 WD40 25 4 35 ( B
WD40 JE 7 )R] S s & APC/C IR 4i i 7 24
AR Y L AR A 2 B S TN 2 A B 40 M ol A ) B
SRR A A AR K RN A B v e 4 A
o WD40 A R 741 G E A B rh 2 310,
LA I 7 A WDAO 5L 7 T8 RS e 1) M8 e 22 4R 45
WY B 5ESHS Y A T 400
s AR AR K B Sk 7 Cde20 f 5 Y 74
WD40 57 I TP B 7 e 2 PR 254, 3 b AR 1) 45
P TR B ) S 28, o R P J5 A L) R 4 2 P A7
Wi n L E P TGRSR = 87 91735 2 1P I Eay |
B AR SR T B 1 Sk 7 cde20 B AT BE S5 7E /N RN
K IIREMZEL, 25 T 4 AR A 2R
FBE o 243 A

ARG K B, A 3k 85 cdc20 3 B PR %
Ko S, B WFIE & B cde20 3 R 7E BE 2 £ g vh
fon ek, LU BE 10 U 1 FIORS 1 & A 0 AR L i
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VRN e A g Bl eb 323 D [l R 5 A B A O
/N CDC20 5 P 263k i 1 FEAIR T BOME R 2k 25 AR E R
F10, K2 CDC20 36 & 1 98728 S 304 R 225 R
B TORETRET . D, FRATTHEIN A Sk 55 cdde20 X
WRES 5AMAMMEIRE T . 7o, AR5 Kk A OD
SRS R B IR A L T IR R Rk
BT T L X 5 R B IR A0 b R s — B
A SAT)Fr B4 SRS A8 25 51 45 0 S I, ede20 1S
520 i v A 2 K R R TR R T LA RS T
R, XU IR S R, cdc20 FER V] BEAE 4]
Sk 75 5P S5 RN S b R AR RS T Be AN ], 76 5P 58 b o] B
2 55 GBI G R T R OR S X RS D 4T
I R E A AR

BEAb , Sk 8 cde20 78 WG % B R R Rk,
SRIG I I, DR A i 2 3 (R — SRR YR IR A, X
RIS & B BAT 1 2 X A8 B O - AR E R
Wi OR 2 AR A RN A IR 16 55 T AT
28 i ST R B, CDC20 56 115 APC/C A 44s
G J5 2 5 BRI - B RE A A SR 1 (oocyte matu-
ration proteins, OMA) /i3 1 BF B} 41 i 3] 540 IR fif
FHERES BeAh, A SOk RE APC/C B AR —
A BRI T T APC/C B A W W
CDC20 8 H , eI CDC20 8 A AE7E TIRIG &
FF X e 2 B A Sk 657 cde20 T RE SR 1A BEA
HEA

Z5 b AR S REIT r Hr 1A Sk 5 ede20 B Y
JE B I B HLpst s e TR B, 45 R nT ok I 2 T A F
FELIEIH B T REBE 2 B JER
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Sequence characteristics and expression analysis of cdc2(0 gene in
Megalobrama amblycephala

PANG Lianhui', LUO Shuangshuang', SHI Linlin', CHEN Tiansheng®, .LIU Hong', WANG Huanling'

1.Lab of Freshwater Animal Breeding ,Ministry of Agriculture and Rural Affairs/
College of Fisheries , Huazhong Agriculture University, Wuhan 430070, China;
2.Key Laboratory of Healthy Mariculture for the East China Sea ,Ministry of Agriculture
and Rural Affairs/College of Fisheries ,Jimei University, Xiamen 361021, China

Abstract In order to investigate function of cell division cycle 20 homolog (Cdc20) , in the present
study, the coding sequence (CDS) of Megalobrama amblycephala cdc20 gene was cloned, and the do-
mains and evolutionary relationship of Cdc20 were analyzed based on multiple sequence alignment and phy-
logenetic analysis. The temporal and spatial expression patterns of cdc20 were detected by semi-quantitative
reverse transcription PCR (sqRT-PCR) , quantitative real-time PCR (qRT-PCR) and in situ hybridization.
The results showed that the cdc20 CDS of M. amblycephala is 1482 bp in length and encodes 493 aa.Mul-
tiple sequence alignments and phylogenetic analysis revealed that amino acids sequences of Cdc20 were
very conserved through evolution and consisted of seven-bladed § propeller structure, which was formed by
seven WD40 motifs. The similarity of M. amblycephala Cdc20 was the highest with those of Danio rerio
and Cyprinus carpio.Based on qRT-PCR, the mRNA levels of cdc20 were the highest at the zygote stage,
and gradually decreased with the development of embryos. Additionally, the ¢dc20 gene also exhibited tis~
sue-specific expression pattern, which was abundant in the gonads based on sqRT-PCR.The results of in si-
tu hybridization showed that the ¢dc20 mRNA was widely expressed in all stages of M. amblycephala oo~
cytes, mainly in the cytoplasm of stage Il oocytes and the yolk granules of stage Il and IV oocytes. In the
testis, the cdcZ20 expression was the highest in spermatogonia and reproductive epithelium , but low in sperm.
In conclusion, the results suggested that the M. amblycephala cdc20 may be a maternal gene and play a vi-
tal role in the development of germ cells.
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