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AHFFER I3 11 RS -7 5 £ B 1
KA KT (G A I SR A MR A
T W MR L T T UL S RHIE S RN & & R AT
WS, FIH SNP ARiCHoA X MR A 7 7 U AT 8
T U B Mo WEFE A R O 4 i f e 7
IFa], FEARIE 7 A , i Il R, Oy AL R
Pl U DA R S R P B I S S

1 Me5I5k

1.1 LM BFEafEr~

2020 4E 5 H L AEWTLA H HEBAESAY
Pk ARl RN —E0y AR R AR, TR AR
Yt e H AR N T, r F AR = 24 ) R A1 o 1
E BRI (LRH-A2) FI4% B BRAE 1 R
# (HCG) , M f 14 4 24 (LRH-A2 8 pg + HCG
1000 B7) /ke , b £ TR BT . MR L H
SEIINE, 2 AL MEME I A (M1, M2) BT, 5 1

TR EMEME (D) KGR+ 287, 315

MR 2 T A0 Gy 5 il 4 B S BGis, 1 B 4T £ fH A
()51 BHKOHEA(S ) sCH A, 34535 i
S F, o SCE A5 A1 AR [ A AR T
T AL A TR
1.2 MBEZEFRHEE

K1 K35 : F Hank” s J DAARLEL 421 i BE
R S e R B o TR 1 1| G S 1 o 1 R
JEA KT 1 mm, ] 180 W 8 ST HE S I8 K -,
KT8 5 W AR A B BN 25 em, BRGT I [E] Sy
90 s, MRS 7 vh 15 F5 MLBCE T2 R LA 110 o/
min ZEMFE Bl RS T IS SRR, KGR RRAT
F 4 CukAig A" .

Jeta RS : KIER W S50 752K ”3 min
J&i B O ~ 4 °C KK IR A 9 % B 7 2R 1512 K
FEALIE 30 min, ] BE 555 AR AR HE i Y ik
s Z R E T 25 C K Rk, FERR
3 h el WOk, EEMNFFE . FEPLEE 160 H i
G, fa i 10 BB, T & By R, ff T 5E i A ACD
PUIE R 1) JC T 8 55 45, SR P R e IO A ot 1) 7 3%
HHEC 10 B G, #ikdhim 0.5 mL, i A 1.5 mL J¢
EP F - 80 CUKFR-A7# .
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1.3 WSHEMEMSEIT

X160 HlHY) G, AL F, GEiT A€, 25 FaLim
60 bR~ R CR A ) 0. 01 em) oL 1K
F-CHEBE 0.1 g) M AR KAFIA BT . ] Tmage
BRI RE A A SRR AR AW K AT
M,

S FER Y 107 2, A KR K 4
KK Rk 2K/ BN K m/ R
R WK/ W . 15 A O S E 1 B E
(mean) FriufEZE (standard deviation, SD) FrifEiR
2% (standard error of mean, SEM) K 78 T 2 #¢
( coefficient of variation, CV) , A7 CV(% ) =SD/
Means x 100, Excel 43 #7 %0 #% , SPSS #x 4 ¥E474F
ZHK 58 ( Kruskal-Wallis ) 8437, P < 0. 05 R
Zr#E P <0.01 FREFMEE
1.4 MHRREARZYHME

XF 160 HEEH G, #1 F, BEALER 15 &, 1T
Iy BRI fifp | BT MR, AR B 2 ), B9 T B
H0.3 em’® FPERRALZIH, K k5 H-77 T Bouin
[GIK 24 h, f&k¥E WANG %512 {5 ik AT 41414
LG SRR K AR W A I
TIAKG-FHEL(H. E) e v e v 25 25 3R
VIR TERE R 6 ~8 wm, 7E Axio Scope. Al J:27 ik

TS T LEE AR FIC R o PR AR A0 2 B 0] 4% )
R o

1.5 SNP TR &4

1.5.1 DNA #2H

FIFH B 3 R 4 DNA B 5 o0 & (B
AT SRIBUEAM G, FEA MK DNA, $#:4
MR & WIS, 5840 43 6O BE A DNA
W FI ] 1% B N5 0 B I v, DK AS: T DNA Joi it
20 CHKBE .

1.5.2 i 5 D e AEicHe Ak 3

H DAy B 20 A W) B A BR 2N v o AR R
A Nlumina Hiseq £ AR FEA7 R ZHH I . A4k
fifi £t 22 FE K 2H 1. 53 Gb ( NCBI GenBank project
accession PRINA202478 ) , 7 HI FH fa i 4% % 7 Hh i
FEAS (M1 M2 D1) R 20 5 00 e TR B2 Ry 30 x|, B
BogE TR E I PR 10 x o JR IR %K
i ( Raw Reads) 2 fastp B¢  Ab ¥, 75 31 &5
f) Clean Reads, | F BWA #/4:' ¥ Clean Reads
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RIS B I, L3 25 2R 4 GATK Mark
Duplicatesm] EEEL
1.5.3 #fE%E
MASZSHEERNHETIXNZE, R
GATK Haplotype Caller™ 3l SNP, i & 5%
B MAF (Minor allele frequency) > 0.05,%;H
> 80% o, GEITHEAKLINF ) SNP, SR J5 #E 4735
LAl LA e SNP [P 73 Mo He B> AR
1) SNP 37 5 5 W BERY KA SNP i sl 7T 43 1L,
Wr ROk B TR SEA . FFREAR ML A M2 247
SNP #fi 5L H bR Z 5, A RS AR
SNP 4fi 5 i3 (19 7 20 b, B2 5 AQH BEA R I
WERL B AR, A SR PR 58 AR BRSRS  K0E A
B, AT REA ACBEA S AR A b, Pt
AL FERBE (M1 M2, D1) St SNP 45 7 i
Ja WS ACA DI LR SNP 4l 45037 5 /Y
A, i TR AR

2 R0

2.1 BT

WSS ARAT I H 1 G, RIA 3 Mk,
. (whole black, WB) . 4] &, ( whole red, WR) Fll
LLEORR SOV BB /N E S (whole red with
small black spots, RSB) , WLIE R 1 . G, HFEE T
60 2,045 WR 24 2, WB 2 £ RSB 34 £, kK
AT &, WB > WR > RSB; WB -} {4 it 5 Oy
392.45 g, J KN 569. 20 g, EH R Ky 24. 52
em, B KN 29. 00 em; WR SE R i &4 41. 56
g, BRI 96. 20 g 1 RSB ~F- 24 {4 5 1y
29.49 o, Fx KAKF 4 95.90 ¢, WR Fl RSB ¥
FR R R AR AN S 16 em, WB (AT
FHRT WR A RSB, A & 3 2 B g e, 2 B
HEABERMAERE (K1),

LR G5 2, 4, 6. RFEIFR/NWLAE G5 3, 5. ARIRDMHIEE G, .
1. Black G,; 2, 4 and 6. Red G, with different sizes; 3 and 5. Red with small black spots.

EIRR I
Plate I

SHHAEZEE FRESUE
Morphology of gynogenetic offspring of paddy field carp
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F1 ZEZEFN 160 BigERKERE R ES T
Tab.1 Descriptive statistics of 160 days growth traits in the gynogenetic offspring

LNy ey A i Body mass/g A& Body length/cm
Color Number/ & S35 Mean #%/)N Min K Max SF-4 Mean /N Min % R Max
216 WR 24 41.56 6.20 96.20 10.09 5.22 15.97
M WB 2 392.45 215.70 569.20 24.52 20.04 29.00
. RSB 34 29.49 1.10 95.90 8.59 3.27 14.90
M G, 5F fEAERMERITEATER R EE 2.2 HBRASE
ZR(P<0.01)  fEfA & K 2K RKSE  2.2.1 #ZLAEFRERLFEL

PRI F, M BERT G (R 2) MR A H
FORLER & G, A e i v IR oAb A — & FR
BTG RIAER

R2 WRAG 5EEEAF B
160 H i £ KRR St
Tab.2 Descriptive statistics of 160 days growth traits

in gynogenetic individuals and normal individuals

G 4
Gynogenetic
group
46.42+£9.86 80.76 £5.11"*
9.72£0.51 12.96 +0.33 "~
11.99 £0.57 16.02 £0.39"*

Traits

F 4

Normal group

& i & Body mass/g
{1 Body length/cm
4K Total length/cm

1A & Body depth/cm 3.55+£0.18 4.90+0.12**
3k K Head length/cm 2.80+0.13 3.65+0.11**
FEthE .
Caudal peduncle depth/cm 1.1020.061.56 £0.04

Jethic 1.37+0.09 1.88+0.05""

Caudal peduncle length /em

T = = KRR EENEZESR (P <0.01),

Notes; #* # indicates extremely significant difference( P <0.01).

HIf G, 5 F, BIBSR LG i e/
R R/ AR R R e/ A 5 I e 5 22
St RS R M K/ BN AT TR B 25 P22
(P <0.05) s &K/ A7 AR i F 22 57 (P <
0.01), G WAEK/MEK 2R/ kKELF R
7 8.00% ~18.40% ., BRa K/ RBWKZIM, Hix
SRR S DN I Rk N NS 2 G
AR 10% X B0 G, 25t 1 YO ie Yy il
e, RIS ES F fAE—EER (K 3) .
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M 160 HigH 1 G, HrFEHLEHL 15 B, £
i, PR O 12,11 em, SEEIARTRE N 104. 50
g, B RAMARR T i 568. 60 g, fie /NS A4 o
9 6.80 g, 1T S5 ¥ JokG i thy , i il fs , I
AROLER 31 M i by 21 8, 285 1 AR L 2124 D) 7 R
52,15 2 G, HEAR TR MErE. A[ER/DN G, #EA
PR A B R BE A —FF , /MA R A Y B S 4L T
199, 26 B 440 A A Sy O Jirt 440, 5% 440 141 45 4
(BIRRIT-1) o R 280 55 K/NFEA 1 B 4L T
00, 120 ) WU B2 AR A M R 2 80 1T
EFARRI 0 50 B 40 i, 3 A /INAE B B, BB
¥ R gL AN Y, 2 %5k TS A 4 5% OF B 441 fitw (1]
WL -2) o RARBUREA ) 5P HLA0 T LI , A= 58 4t
225800 WA 25 B B 240 Jd, (S50 /028 11 B AE )
UM EEAE AL, OF L A KA B B, U8 20 i A
TR IG I, JF 46 8 B OP HORL, 1E 2 W ) IV 55
JERY AT (R T-3) .
2.2.2 5@ WA AR A B O

M 160 H i H 8 F, REHLPEE 15 2,73
R4 14.47 om , F 4R BT HEE 103. 20 g, e KSR
PRI N 193.70 g, fe/N SRR BT &R 49. 00 g,
Hrbf 2 AT DLE 50 AW, i &) IS TR IR UL ¢
FZL R SR ZL @ I 5L M IR 2125 )
AR MEA N E R S Rt INEIEA
A0 130 2 TA A o 38 o B, A A A B R A T sk
AHOPEEZAN L, A WA AR DR REAR A (BT R 114 ),
K S0 T V I B B, PR R b A i B 1, A
OIAE AR RS T 0 B LA K /0 B8ORS D 4t e (&1 R
-5, 6), W At MR e 2k 5 ma™ .
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x3 WZAEG SLEAF, BESHIERREY

Tab.3 Morphological traits and coefficient of variation in gynogenetic individuals and normal individuals

TN G, 2 Gynogenetic group F, 21 Normal group
Traits Mean £ SD AR ZECV/ % Mean + SD AR 2B CV/ %
2K/ K Total length/ Body length 1.25 +£0.10 8.00 1.24 £0.06 4.84
4K/ K5 Total length/ Body depth 3.44 £0.35 10.17 3.27+0.16" * 4.89
4 K/3k K Total length/ Head length 4.33 £0.67 15.47 4.42 +£0.31° 7.01
R/ RIK .
Total length/ Caudal peduncle length 9.15+1.27 13.88 8.70 £1.27 14. 60
s/ A
Body depth/ Caudal peduncle depth 3.28 +0.38 11.59 3.18 £0.32 10. 06
AR AR
Caudal peduncle length/ 1.25+0.23 18.40 1.21 +0.19 15.70

Caudal peduncle depth

e o« R RE LR (P <0.05), « « URATERBEFMEZER (P <0.01),

Notes: * indicates significant difference( P <0.05), * * indicates extremely significant difference( P <0.01).

1 ~3 Bohfa G BpIRASHY; 4 N HIfh F) GREIE5H; 5 ~6 WA F) KA ; a TINAIOREEANAR; b. [P ARBRBEARNE; c. MIIAR

OUERANNL s A RSIANNE; e KEERANNRE; ©ORS 7400 & K51

From 1 to 3 represent the ovary of G, ; The picture 4 represents the ovary of F; ; The pictures 5 and 6 represent the testis of F, ; a. primary

oocytes in stage I; b . primary oocytes in stage I ; c. primary oocytes in stage Il ; d. spermatogonia; e. spermatocytes; f. spermatids;

g. sperms.

BRI HaEZLZE G REBEHEF, EREAFHER

Plate I Gonadal development of gynogenetic offsprings( G, ) and normal

offspring (F,) of Qingtian paddy field carp

2.3 SNPfim &

WEHLIER 10 & G, FEAS, BOHARA M1 M2
FIACA DU, AT 5 AL, 3 R AC B A oy o i
(i) L R 2 K 4y 38.8 ~42.5 Gb,10 & G, i ik
(PRI B g 11.7 ~ 14,1 Gb, 3 st SNP &
W, 522 SN A AR B BEAS M1 9407 A7
Bk 39.09% , Z 437 S 50N 60. 91% 5 B4 M2

(2l A A B 37, T6% , % A A SRR
62.24% ;S3CA D1 A G AL B0 37. 11% , 3G
B ECh 62.89% o SCEEA 225 A s Bk B B 4k
B TAA AL, R EG RS (R 4) . G F
Biai & A0S 5k 61. 85% , -2 & A B R
38.15% X i A T 1 YOMERZ & BB B, K
TREERE i T H A Gy MR s B A mi LB (R 5) .
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Tab.4 Statistics of SNP

BA Sl i A8 Sl R 5 B S R Rt R b I SRR

Sample Alt (homo) Alt (homo) /% Het Het/ % Total

M1 4 351 928 39.09 6 782 353 60.91 11 134 281

M2 4 255 635 37.76 7 013 659 62.24 11 269 294

D1 4 166 860 37.11 7 061 579 62.89 11 228 439

G,-1 5167 657 62.47 3105 017 37.53 8 272 674

G2 4149 789 48.08 4 481 485 51.92 8 631 274

G,;-3 5280 535 65.27 2 809 363 34.73 8 089 898

G, 4 5 347 735 66.05 2 749 122 33.95 8 096 857

G,-5 5 153 461 61.71 3197 395 38.29 8 350 856

G,-6 5 167 345 60.96 3308 757 39.04 8 476 102

G,-7 5 186 851 61.16 3293 823 38.84 8 480 674

G,-8 5 248 339 64.35 2 908 034 35.65 8 156 373

G,9 5074 673 62.94 2 987 707 37.06 8 062 380

G,-10 5240 721 65.54 2 755 679 34.46 7 996 400

x5 SNP{rm#iRtEsgit
Tab.5 Descriptive statistics of SNP
[=iN gy afi 5 A L Alt (Homo) /% ARG Lt Het/ %

Sample Number/ S35 Mean /N Min K Max S35 Mean /N Min % K Max
AL D1 1 37.11 37.11 37.11 62.89 62.89 62.89
B M1, M2 2 38.42 37.76 39.09 61.58 60.91 62.24
HER T G, 10 61.85 48.08 66.05 38.15 33.95 51.92

A (ML M2) 1) SNP - 24 4 & 7 5 £k
38.42% , SE-¥ 2L A 5 BUH 61.58% , i G, 1
SNP P-B3 45 57 s BN 61.85% , V- B 2% 5 7 A5,
BH 38.15% o G, [ SNP 4l i Kot hy f
M FAEA (P <0.01) i 2% 5 s Bk oy Sk 3
AR TRAC (P <0.01) , REIMER K B AR N
TEHIRE T HE G, AR (B 1),

B2 sp ARz ) dA SNP 45 8 7 S5 5, 5t
I Gy BEAR 5 35 AR —FU1) SNP 4l 5 2848 (37 i 4K
(#£6),6,-1.5.6.7.9.10 FAR LA M2 fH{[H
SNP 4fi &5 S8 18.42% ~19.49% | i 5Bk A
M1 A7) SNP 4li &5 S5 T 6% , i B 5 46
G, ARV A A M2, G,-3 4 8 A
EREAR M1 A AATR] SNP 4l 07 S 80 19.27% ~
19.45% |1 5BEA M2 H[R) SNP 24037 5 50N
it 6% , UL H]IX 2 G, FEAHYEE R Y Bk B BEA
ML, EiR G, HEASALA DI AH[F] SNP 4fi & 37 A5
A 4% , RHAREA R G, HEA DTk L
W, EARTEENZ,G 2 534 M1 M2 D1 i
HHTE] SNP 24557 s 8 53 31 A 10.65% (10. 52%
5.82% ., G,-2 5 M1 5 M2 [{ ] SNP 4fi &

http: //www. shhydxxb. com

B KT D1,H5 G, HAbFEA AL, G2 5 DI
1) SNP — S ali-5 548 or 45 B0 P 5, AT RE & i T
G2 Y B AT DR DI gAY 5, X
— G AMER R F f rh R BL BAR R
I T 5 BREAS ) — 30 SNP 45007 2 Ll

80 * %k % %k
= %ZIS(MI, M2, D1)

= = R B TR (G1)
S 60 —:LL
o
«
2
=1
[
° 40
[
[«
=
R 20

0 Y »

2GR AR
Homo Het

* xR FH 25 (P <0.01),
#  indicates extremely significant difference (P <0.01).
E1 xAS5EZEZEFHKE SNP
HGEMRREENAGRIT
Fig.1 Alt (homo) and het of parents
and gynogenetic offspring
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®6 WEiZTHK SNP AAREM ARG
Tab. 6 Statistics of SNP homozygous sites in the gynogenetic offsprings
WERZ TR M1 Ay M1 34 & 1 M2 A M2 A DI 3F D1 A7 5 ke
G, M1 homo M1 homo/% M2 homo M2 homo/ % D1 homo D1 homo/%
Gy-1 470 055 5.68 1562 254 18.88 280 686 3.39
G2 918 801 10. 65 907 977 10.52 502 096 5.82
G,-3 1568 117 19.38 464 481 5.74 285 016 3.52
G, 4 1574 763 19.45 457 940 5.66 296 911 3.67
G-5 465 212 5.57 1 566 186 18.75 281 004 3.36
G,-6 453 661 5.35 1576 129 18.59 269 539 3.18
G, -7 458 079 5.40 1572 991 18.42 274 638 3.24
G,-8 1 572 001 19.27 460 860 5.65 287 931 3.53
G, 9 477 151 5.92 1559 234 19.34 280 310 3.48
G,-10 478 428 5.98 1 558 387 19.49 297 064 3.71

3 it

X7 P AR A5 S R K B B B
DB M MR T 1 — 10 BEUROER K B
ARG RL A, H G B3 AR A, X ] EZ
TMER T T R N e (6 2l A, DA 7 A AR
B TR TR AR A A TR
RATECY o MR R B R A XS IR AR 3 1 T — R
B S8 G, PR K ] 18 T
W F TGy A A R R PR AL R AR R
AR A A Al AR A
W VA HEILPEIRER, G 5 F MBS
MESBAFEN BEE2 5, U] G, ek B
PITAEAk o XV 4 AR AT T A 2 7
IR FRAATEAMEF A AR R A5 22 57, K B 38 4>
AR 5 22 57 . R SR MERZ A 7 A
ST B R Z MRS 25, &t
O A B TN, LB ST,
IEHFRFHE RPN 2 W, MEAZ R BB L [
JEAE AL R A T R D SR A PR BE R B, i
I PRI A R R B A T B 10 IR e P e A
AR, AR TR AR E . G RBLH AR
AR, R A AR TR A 10 R TR 50
PEIREE M . G, A F, APk R4S D)
LR, Gy REAS A 0 MR A, A A B
YA PEIRBE AT IE R A F . G 5 F, K950
R TP BeZE AR, 160 H i i) BF 58 %
A IV S AH BB 240 i, Ay 10 Bsf AR o) T B AR L 32, T
ARG EEAN I A B0 B By B R A BAS
BT

K1 SNP 70 BUEAR 76 4 P 20 7K1 AR 3
SNP 253 sd L 1], X Gy AR A 3844 4 Bk U
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Morphologic and genetic analysis of the artificially induced gynogenesis in
Qingtian paddy field carp

ZHI Yu'*? | LIU Qigen'*’, WU Jiamin'**, LIU Dong'*”

(1. Centre for Research on Environmental Ecology and Fish Nutrion,Ministry of Agriculture and Rural Affairs, Shanghai Ocean
University ,Shanghai 201306, China; 2. Key Laboratory of Freshwater Aquatic Genetic Resources, Minisiry of Agriculture and
Rural Affairs, Shanghai Ocean University, Shanghai 201306, China; 3. National Demonstration Center for Experimental
Fisheries Science Education ,Shanghai Ocean University ,Shanghai 201306, China )

Abstract; The resources of the indigenous common carp was exploited which are bred in paddy field to
become a paddy-field carp in Qingtian, Zhejiang Province. The gynogenesis in Qingtian paddy field carp was
artificially induced by sperm inactivated via ultraviolet irradiation, and followed by meiotic chromosome
doubling in the method of cold shock. The gynogenesis offspring ( G,) were obtained. Using common
offspring (F,) as standard, the morphological characteristics and gonad developments of the 160-day-old G,
were observed. SNP technology was used for genetic identification of G, at the genomic level. The results
showed G, had 3 types of body colors and different growth rates. Out of them, the black type shows the fastest
growth, and an average body mass reached 392.45 g. The average growth rate of G, was significantly slower
than F,. G, showed morphological proportion’ s difference from F,, and the ratio of total length/body depth
was significantly different. In individuals, G,’ s ovaries developed in various periods, and ovaries of the large
individuals had predominantly primary oocytes in stage Il which was similar to F,. For the purity rate of
genetic material of paddy field carp by SNP detecting, the average rate of homozygous loci 61.85% of G, was
higher than 38.42% of maternal genome through gynogenesis technology, and some paternal genetic materials
integrated into G, s individuals, resulting in the differences in body colors and growth rate. G, will be used
for the conservation of genetic resources, and further for the selected breeding of Qingtian paddy field carp.
Key words: Qingtian paddy field carp; gynogenesis; morphological characteristic; gonadal development;
SNP
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