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TR K R w A HEE L I AR
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W (Cyprinus carpio) f& IR 7K 3% 5 5 % UL Y
RMAEZ —, g F AT TAEPRA R
BRI, AR, SRRFRAE T LA, FAE 2400
ZAEHT, BE KRR NA DA TR L — A
LEHE— (Fg) , HibidR T ammd, i
X EIH . OGRS IR SR IR R . AR
K, Nakajima 555 38 15 4 H [=70] B 2487 41 2 AL
RS stk oA b A R K A . AR L
B, 5 2R T LB K IR A A A A5 R LU E L IR
WIS A AR A R A B R A, HE g S AT 3
FENTTHT 6200—5700 4F . I A4F, PR AELE
P TAE R LRk, WP F M. e H M S
ML TREFM . S Fhrici B E SRS S, &
4T INfar LI 88 (C. carpio var. wuyuanensis) ., PiIH
] Sy A BRI AR B i 2 5 A AR A, XK
PAFRBE A T BT R, AN [E SRR 2
PR AL TR Rt 18 fE i B fE
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OESTRREDI SRR il . e B
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Mk REHEAT T BRI O £ 28 7 4 Rt 4 o

1 R ETYEATE T ER
1.1 FRER

i ELAG TS N PR . AR R AR, Rl
W E PR AT, VE A 2 EA, 3k A AR
A, 2020 4F 4 BRERFRAE 7y 423.6 7 t, 2905
IK PSR AP 8.6% (FAO, 2022), 2021 4EF
[ 0 FE A R 77 2 28318 J1 t, i e EIR K s
FEFHT= I 10.73% (£ 1) b E a0l 58 14 %
R, BRVEESN, fEREVL, B, KIL, ZRIL.
VT A5 2 i & i th XA FR Kbl 7,
BRI W AR UL, RS AR S 3 R X
(B 1) % 2R 7 b AP A I (C. carpio
haematopterus Temminck et Schlegel), & Jp V1. il
(C. carpio haematopterus). fuj i 21 i | 24 [E &1 filf

®1 2021 FEEK=FRESE"

Tab.1 Production of aquaculture in China in 2021

WIKFRIE K IR
fe ki SR B it freshwater aquaculture mariculture
index aquaculture production P it B20204F /% P it 20204 /%
production increase compared to 2020 production increase compared to 2020

BT total 5394.41 3183.27 3.06 2211.14 3.55
12 fishes 2 824.66 2640.28 2.08 184.38 5.37
il C. carpio 283.18 283.18 —2.24% — —
I R ARA SR
Notes: “—” indicates no statistics

(C. carpio var. xingguonensis) LA X BR{T 8 (C. car-
pio var. color) %, NN T EFHML T F & WL
AR,

I 1996 4F 1 Y HEAT K ™ It B AR o 5 LUk
Wk 2022 4, A 266 7K 7 A (L4 025
HREE L DIZE . RS ESE . PSR RIICATRAE)
RAGIK B AU, R B 31 AN [R] A
(& 2)o B& T 1996 4 H & W) 18 [ 55 i (C. carpio
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var. specularis germanensis). ¥ %55 8 (C. carpio
var. specularis amurensis) Fl 2005 4F i & i) 12 g %
R 3 A AP S IERN AL, AR 28 AN R
R ARl ALAE 20 AR 8 A IRASHl . T,
SRR SRAF KB A AR B 2 B FRIE A A, X
BT A TR 1 35 A o R T AR R DIAROG . BB
B, BRIV BRI 5 B AR B | iy i,
POK W FE b0 B B R AR IR 2 =, R
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35 ¢ AR, 752610 1DhfekkH; S5 S (Danio

g 30 ] rerio) AT HL IR H 00T, KB FH LR S8
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£3 1, fif, b 4Bk 10 MUERNE S R (FRE) 33 AL
£l T RE A E M P AF5E, B IR T A Bk ) S

(LT

1234567 8910111213141516171819
FHEHIX
main regions
1 MoMWXEFRBE~ETH"
LT, 20 BRI, 300K, 4.0, 5.70F, 6.Im, 7.) F,
8. VLF, 9.VLVH, 10. =7, LML, 12,90k, 13.)7 4%, 14. 8
M, 15, 28, 160K, 1795, 18488, 19. Hik
Fig. 1 Distribution of C. carpio aquaculture
production in main regions

1. Liaoning, 2. Heilongjiang, 3. Shandong, 4. Sichuan, 5. Henan,
6. Hunan, 7. Guangxi, 8. Jiangsu, 9. Jiangxi, 10. Yunnan, 11. Hebei,
12. Hubei, 13. Guangdong, 14. Guizhou, 15. Anhui, 16. Tianjin,
17. Ningxia, 18. Fujian, 19. Jilin

K R A HCRT I 2 5 2y 32 BRAE
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PO PEIR SFARAE, S8 BRI TT M2 5] 4% Hu IR A
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o G5RERM, HEF IR DR ARIE AR R T
SERE S AR IR AL, FF R R IAE A5 A
LD 2H b i DL A FE DR 22 R FVE BT — A 4K (rediploid-
ization) LG, HILEE B o [R5 2 PR AN R R 3K
AL IR OB 22 5, $E7n T A3 DA 24 38 2 RS 4
TR T 5 e R 114 6 3R KT T A 2 R 8 A8 R 2 2R R
A RE IE H AR A D ae 0 JE PR LA R A B Y, X
SEOCERRL AR A Y 12, AR AAIREERH R 2
A8 7 R VR A TN 28 2o A% R 00 25 1) 3 7 1 T T 4
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Tab.2 C. carpio varieties authorized with certificate of aquatic new breed

75 AR AL S AR RFAE H A ELAL
sn name registration ID source of parental fish characteristics breeding organization
1 MYE6 GS-01-001-1996 B4 S 41 il AR, T [ HL o it R 3
2 LA GS-01-002-1996 B A fif 40, 21 it REEELL, TR, MU 2R L SR TR
3 g GS-01-004-1996  fuf AL &1 i x ST fiff AR, B TR Fp ] K R A R R K
AT FE L
4 GIEZBEHIER R GS-01-006-1996  HEJpYT B x a4 21 i AR, BUIETTE rp E KRR 5T B L
KPR T B
5 HEEGEFR  GS-01-007-1996  FEE T o LIRS, MOEERE P EKPRRE AL AT
K= FE B
6 GS-02-003-1996  Hitt i fill( Q) < BB AL % f1(3) TRERE, KRR ;gm;ﬂ%ﬁﬁﬁ&ﬂm
7
7 FE GS-02-004-1996 X% [E 476l Q)< B4 6T () AR, AT rRRHBE K AR AR Pt T BT
8  faisGhE GS-02-005-1996  faf ELALER(Q)x TLILEE(J) AR, MR ig*;ﬂ#ﬁﬁﬁﬁﬂm
5
9 Infi GS-02-006-1996  fai FLAT M Q)< VT HF g (2 ERSN W ITYE =B A R
10 =Zuxcfl GS-02-007-1996  faf JGH( Q)< i 4% () R, Gk, PRI igm?ﬂ#ﬁﬁﬁﬁﬂm
ST
11 A GS-02-008-1996  HUUBEER Al Q)< [H £L61(F) R, HARR il REW SRR T
12 fEEg A GS-03-009-1996  19844E W1 [¥ 5| 33 AR, MR, S o [ 7R A AT T e R T
KPR
13 A GS-03-010-1996 19584 MRl 751k 51 32 PrIEMEHE rp E KRR 5T B L
KPR T
14 FAiifi GS-01-002-1997 S ILEF4, ftlZril, fEEGm, KA, BERE A KPR I AT
Rt i IR T BT
15 T3P GS-01-002-2000 B AE Bl w41 i R, BB, @SR TLPEE TT ) EALR R R
16 Mzl GS-02-001-2001 S 2% < U £ s £ (Q) < FEHE( D) PO S0, ISR TR T K 2
17 Fafarfi GS-01-002-2003  FEJRVLAR. fpfosrfill, Seiksees A K, HsES iggﬁﬁiﬁﬁﬁ%ﬁﬂ
7 il
18 SBpfE GS-01-004-2003 4t e E, PUR IR RETHHKT R
19 Fdk s i GS-01-001-2004 B/ Hjmy fil AR, TERLREUE MENEER Y e SR 2 7
20 5 A GS-03-001-2005  19984F M1 & i 51 i3k RS R R A [ K FE R i 51 1k
21 HEHER GS-01-003-2006  Z i PUR A, KD, GleH RETTHHIK RS
22 FAIHBRER GS-01-001-2008  fB[E T 1%E H &F, AR, RIS RE o [ K A R 2R A e BT
KPR IS BT
23 GS-01-003-2010  F filll F1EF A= 34 Yy it AR, REL, BEERE Egmiﬂ#ﬁﬁﬁ%ﬁﬁ
N FEHL
24 FATHALBEAE GS-01-001-2011 i (L £ BT 7 i 2301 i i s ot gL, KR o E K R A B BT
IKFERIE FE B
25 BRILFHEIp e GS-01-002-2011 VLA BLYL 7 8 50 % i e A EZEE, WIRE, SisE Rl
15~
26 it GS-01-002-2014  KSKLME ., 5B fp T 0 i ik R, PrEEMkR o [ K A R 2R A e BT
KPR IS BT
27 RS GS-02-006-2014 157 2 il Q < il 3 AR, BT RET B K= R
28 AR5 GS-01-003-2017  FEAT, FEyRALAIR VT EFPEREF A ARk, (RBULE, RUERR P EIKFERHEERE TR R K i
PN M T L
29 LR GS-01-002-2018  fi [E 45 A SR FE RE 1A Yo g, s KT HHK= R
30 gfif2s GS-01-004-2021 6l FEHEFE A AR, BT ﬁ%mzﬂ%Mﬁ%%mﬁ
NZ5i N
31 B fpR15” GS-01-001-2022  fH[EBELEE & PGS, T L FpE KR 2 T SR

KBTI

T WAPEIL S, GSTNCEEHRE I E TR, FORERE @R <017, €027, <03 HIRRIEH .
<0027 MR E M K AN 5 SRR T ROR T M G . R P ISR RN S SE AL

FAEFN G| kAR <0017

Notes: “GS” denotes the initial letters of Chinese for “approved by the state”. “01”, “02” and “03” stand for selected, hybridized and introduced varieties,
respectively. “001”, “002” ... are the serial numbers of varieties approved in that year. The last four digits indicate the year of approval. Only the first
organizations completing the breeding are shown in the column of the breeding organization
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PPBERBE T LB A, @it — s,
PAFEA AN R MR, BAHA AT
AN EAEREH AR, R F R TR, 20 FH
PR EANFBRZ —, @B ERNILR
FEME (NPLTE . BUlR . ARG R R S 4P
FRBEE L, TR B e AL Ay 1 — AR

WA 1958 4F - J@ e 458 TAE LKk, Xt
WKW G AT T BN 2458l A il 5
HPRAS TUn=EsE | oo e SR EESERL
RBIFFRFR A E A/ M, FREE
Ko BUm . I RRELTER DT TS ) BT
00 = R o AR Y ] T R AL A R e 4 A 52
M ARAS B 22 Fp 7 —A%, AR By B A K 0RO o
A UL, A B REARR 1.32 /5, i
PR SR AL o FREAR PO fap T R R AR o 21 B8 5 4L
AR TCVLHEZRZE () F—AR, ARG b Ao 6 21 68 1
41.8%~62.8%, HICITHEES 25.9%~30.2%, REARF-
1 AL LT B 50.3%~92.0%, HEICTTAlE 30.0%~
55.2%", ZERRHION FHER) A, B LAHUBE BT
R REAS | 4 E LT AR A ARk, A
PARIAE AR R R H A REE DS FEAH R
T IR, JEAE A A K o 3R L 1 B R
40%, HOLEZTERHL 50%, Howam B ey 1 45,
A H WA B2 AC A A R A faf A 2T B (Q)x
WIVLEF AR (O) WA+, B 2 50 550
2L MR Q)< () W24 T —18, Wil
B A2 DO R £ (Q)<F 8 (D) M2 se 5 IR, A
M} Sy A 5 L (Q)<BR I AL A 0 (3 AR AR,
S HACHENI Ay T ( Q)< LB () A AR

FACFEAR M BB AT HA 22 A1
SCHE, 3 B AE A BT SR AR (8] A 5t A% IR S LA R o
KETFRMFELE IR, 0T LU e 5 e #al
G, WRE—EEER, mBE R R P35
AT PR R ) Ze A SIS A0, R, A —uk
i8] PRSI A 48 Bs o] AT 4 A A S8l A, WsEA
FEAME S E R EAATE IR R 25 57 . SEARIRE 1A
S b A B A A7 SR T 7 A i P s R L R AR
M, 238 HMAAAE—E Bk, WRTE I 4%
e e A 2z i B B R B A AR
PR R E S, FEAECRTAT, AN TR R £2 A
M B RS IX Gy, — BORRESE 2k B EoR, JR1R
) P o £ 2 A2 B

22 %kEBEEW
EFEFF AR EZNEFFE, Z2WRIE
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BB, A SR SCE R R B SR AR
SR, g, i 2R OTEERIE RS,
TEF A0 B AR A A sl A HE 1T 5 75 e )
Tk, PR E R T AR A SRR BN Tk
B, JEHE ARERR (M) . RRER. &
TS | LEA TP MR B AR

FEST PR AR R R R A E AR
B FBL . BRI E ZaE e E A X, B
BB g RAEEE AR D, ARG R R
R, 20t 60 4F-4%, Hi 8K 2% # Kirpichnikov
FEP TR TR R, Zead 9 ARIE S BE A BE
B, PR THUR R A KRG TR vk R fi
Brim R, EIRE, KR TAES St iE s 2R
FIEMBET, HE TSRO frfsi, i
AN Sy ST S 7S D B T A BN
BORP . PUIES om . MR IR TR (@ SERRE, 1R
Sy At Bt T35 T SR AR AR i 21 R
2 By A 21 SRATF 5T BT FE 1958 4R 45 A A 1Y 19
AR A Gy A M & i g Rl 1, A
1969—1979 4E 223 i 42 10 FE R 4R F 5, 3R
MR RS E O EE 6 10 M, F-T 1980 4FHfiE
PSRN T T AP VAES AR P PYAES RN RIS
B STV RE N 1972 SE IR E IR T, Zadi%
26 fREEE, T 1985 Al AR SR, RIS
2k fof AL 21 ) S — AN R, AR KR He
HRTHRE 10% DL b, 20 A8k o BE AR By
86.6%, RIE (L Pk E] 98.6%, {H 1=
P R 3 B R R AR IR B 7 =0, Jf H kA
BRI EARSCERR, BRI A T RER A L4t
(ER I Sl [V Wt S €2 I R =i = R A Qi) |
JEHRAEME ) R A NI R AR, A
RBGH ™ E, HAr, XFFpL ey i b
FREEIR, WA Kk gE | IR AV AR A A5

BRI B A T, JEREBEAR A KNt g 1k
B IR JOE AR . P —m R, Al LR
ez mak B Ry =X, 3 38 i SRR AR Y 35
e, SRkPE Mk & R SO S il 25 28 1
AR 22t St A A LSRR LR ARG A, UNAAT
i8R ) JERL G R Tl A A G 4 P VL P A fr f AT
7 ] BT P55 A 0 AU B8 1% L Atk AR R Ry PR
VLA oy A 2T R FAC O AR L 5 A T 0 ) SR A A
Sy S LR BT A 5 S el D R DK S A R 4 O
A, FRBIEITSENG InbrIEvE, o s g hn Ak
KAPERE, PR SBR[ 2 i fe bk . HAREE & o
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B BOSIEATEAZAE, HI A b By
5 RSk LRI R T T R, TR AR
FARTE 5 Ak B S R e B T — A8, B
TR, FUETRIRE Fo. SRZH M5 LR R
(E 2) P,

— 38

K: K3kt C. carpio pellegrini

e HUHS T C. carpio var. specularis amurensis
M MOITAE C. carpio haematopterus

H: 24%2 % hybrid lines

®

B2 ZHEmiEEREEY
Fig.2 Breeding flow chart of easy-caught C. carpio

FAXS T HEA LTI, BN & AR Z 8] 1 2
GRRTEWE , KARLEHE W REHL AL M R
BERE, BIfCRAR Z M B RGO R, WML T
afi RO WA T R ACRC . N, A LU £
LIBERIICITHE 4 IR R R AN T ML RLRE, 24
2 MRERZRNALZ K 2R AT, R TR
AL R ARG SE R 5 P B A2 [ E AL R AR
XAELE 6 AUE 1) 2 7 AR AT . H 2 — s AL MR A
SERN TR SR (8 3), B HAERKEARR, 1A
B AR L I PER . Bt AL, S
T4 [ A& M SR AR, AR A AR
VTR AR BEAR R, NITAEAE 2 J5 T A Bk . (DT
TR BIER , QOF Gy S o,
Gy WL sc iR o HBTVE 2 40 7 i S s o A
AR . AT i oy G 21 L A 70 45 iR IR
ST AR

SR, A HSL 2R R, RIVK R MBS
ZramIrL, Al ARG 2R Agie, S
MIET o A i 2 5 DA i T R B VT A
KRR EA, 38 58 4 WA Z A8 ST H 2 FIE |
JAE R F M L B AR A, DL AR R MR A T
R FEESEbR, R 5% 2% BLUP (best linear
unbiased prediction, e fELMEIC R W) 3 #r 45 &
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W: i 4L C. carpio var. wuyuanensis !
Y: JCITHE  C. carpio var. yuankiang ® F.
G: Mi#%KE  gynogenesis |

3 RS E TR AR B
Fig.3 Technical route used in the breeding process of

C. carpio var. jian

REEFNEGAEFTHEA, FRZMEREAGET,
FEAR AT 90~100 P HEH R R M 20 MK R,
2ot 5 AREE AL (8] 4). fRFi 2 5 B R
B . RAUGE | BUIEME BE R A

23 ‘AR TIEB

A AR R &R, i TR AW
TEUR N T R . 400 TR AR S AE 4
JLRI Y G A K T R AR B R AR, E
PG Z AT M M () EE . BB
(ZRAE) A A A A R 5 . A5 A i
1R B B - 10 585 AR AR s ) 32 K5 B R 2297 3
BN M P G AT AR T B B A X B Y
g8, Vasil’ev 2507 3l i3 F ] 4 22 9k A5 0 S R
() = A5 A . Ojima 255 i 3 I L1 5 19 7 3,
BT ARAS = A5 A W8 e VI 0 A 2 3 o 40 i T
FAASHLE A AR TF-B, WO E AT =
FEAREE (G = i), LR AR R AP
JIEREFRAAE, Z BN FREE Tz, o R
2 B K A A W AF T BT LA G R 40 i A A,
() 2R 00 Ry 2 A, AT AN TR] J B) 1 20 A% B Al
AT T WA BT At Y R 2 B A RS A
HEA SRR IS, L REAS B M R Rl A, TEIe S
U, AR HP R T2e R, KRRBIEWE K E
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Fig. 4 Breeding route and selection process of FFRC no.2 strain C. carpio
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i fHELLLER  C. carpio var. wuyuanensis

B B C. can pio var. specularis amurensis
g C carpio haematopterus

il C. carpio var. specularis germanensis

H: 2422 % hybrid lines

G: WitZ K&  gynogenesis

5 *’Alﬁﬁg puy=] /m.*i.m]
Fig.5 Breeding flow chart of Songpu C. carpio
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LRI TR B RS M A ] . PR, B9 R VLR ——AE MR s HE s Rl e, SE8l
HHE— 5 I R2E e, RAMREZRSE SRR . Yok gl B 3 P o5 4 A s 55
Tk, ¥ ARl g '?ﬁﬁ’@ﬂﬂ#ﬂ? PUFE R 2L AC FEALF PR IR (zine finger nucleases, ZFNs)
Kid B = R e —— T i, HoaR HAE K B SR U R F R RSN, W) 4% BR I8 (transcription activ-

POS wt?

Wt

#TG2 line #TG3 line #TG1 line

El6 ¥«zf”GHERERFTERA"
15887 1 14960 73 7 AR 2 2% A K AR (Y [F] B4 e L RIS, 17549 AR 1 2% (R R S RIMESE . #TG1 lines #TG2 line M#TG3 line 79 GH %
SRR A AF, P A, BORBETSHRIFRE R FARY RS, BT R 5 b
Fig. 6 Pedigree of GH-transgenic C. carpio lines
Two fast-growing homozygous male fish (no. 15887 and no. 14960) and one homozygous female fish (no. 17549) for breeding. Pedigree of GH-trans-

genic common carp lines are shown as #TG1, #TG2 and #TG3. White, black and white, and black symbols correspond to transgenic negative, homozyg-

ous and hemizygous common carp, respectively. Wild-type female common carp used as parental fish are shown in gray
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ator-like effector nucleases, TALENSs) Fl i /7% & {2 1]
4 M CH I R4 (clustered regularly interspaced short
palindromic repeats, CRISPR/Cas) = F) T. A", 3}
Mrie, B WA O S a ) SE L Fifh. (Pelteo-
bagrus fulvidraco). J&% % 3k (Oreochromis nilo-
ticus) . #, g (Monopterus albus) . 585 (Cyn-
oglossus semilaevis). # (Carassius auratus). &
H ¥} (Exopalaemon carinicauda). ¥4t (Crasso-
strea gigas) %5 10 Z Fh 7K 7= gl 4y (1) 3% [H 21 2 487
o, 5K PR 2 g i A B ) i Y RN TR
SIACTE R . 78 5 DL SR R A R G R IR i

Il (% 3). 41 Zhong 5" i@ i:f TALEN Fl CRISPR/
Cas9 AU IiBH A, XA sp7 F1 mstnba FH
HEAT T s 5878, HETIESE T B AL R ST B
il o BRECARS X 4 P A RV 0 D 2T 6 |
o A0 2T 401 P AR A7 3 DR A O, 92 0 3 B )
R KFL A AN asip. tyrpl . mipha 55), Il
it CRISPR/Cas9 JE[H 4 H AR, B0l T X LE S A
MITRE . FTLATRIL, 5 PR g e AR 6 g i K ™
AT HERIEF W RE R X EE, EJFENT
EEOLET . PO . B U R MR T
B R TR AE A

®3 ERERESAEEFHEA

Tab.3 Application of genome editing in C. carpio

RHIE iU mE- 7S R S5 3CHR

characteristics target genes new phenotypes references
K growth spTalspTb/mstn MARRE [54]
asipl/asip2 MERRE [55]
melr R [56]
N tyrl/tyr2 P> [57]

MEIIE S pigmentation and differentiation

tyrpl BER TR [58]
sle24a5 0 F AN s> [59]
oca2 AERUT R [60]
TEA  sex cypl7al A LE A3 [61]
YU disease resistance tkidp CyHV-3J 2 & il f /1 PR [62]

RIS RS 2 R AN S T

I 20 4ok, AR BLRH A FARie & .
1A% S AL 22 O T 4 ik TR 4 G B 3 A
(GWAS) FZFhFBr, BZiAK . BWkR,
o . IR PRI E KLIA T A AR T T
TRBE AL AT, DU LR M Y ke ast A% 1 B (R i
ALK, BRSERHZ AR TR R T £k
HERIEE, TP T RE QTL HyE a5, B
ST ERSE A =GR E R, o Fhnicl
B &R (MAS) FI5E R 2 36 £ B Fh (GS) #wb il hy
R, T ER T A H AR PR i AL
GEAE o JEAFSR, IR E A O R S L A5 1Y
MAS s fifi 23 A Rie i) GS ik, ©4xiH
MIPEAR cnA A& . Budk . LR BT R RN ) (Y35 1%
SERRIVEAE S FOLHRIHEA T T R AT (3 4), DIUE
J5 S AT AR B R AR, kB o R e Hl— A
TH 190 MAM B R R R EM T 545
R . 354K AL QTL IX[A], Zhang %7

R E K7 2: 2 E /) sponsored by China Society of Fisheries

TER RSk L i £, £ 0470 98 i 3R EE2H ) A R A
fsrprt, MET —AN A 307 M TUE FI SNP
PRICHIIEE, BT 15 MK kKL KR K
JEFR K MR A ME QTL, MFREE AR 10.7%~
17.4% BYAE 5, 5435 QTL nl i 20% DL 1Y
RAAE S, Lu i@ ik SNP. SSR Hil EST-SSR
Pric Al A AL JE B, 7R 68 MR EEFN 92
F AE T A A b S B 5 A PEORL 5% AL RO 1 K B
QTLs, 7E#{[ i, Peng 55" ¥E — >4 R i K
Wb 4T T QTL 404, JEFE 3ksr (3-ketosphingan-
ine reductase)fl dmrt2b (double-sex and mab-3 rela-
ted transcription factor 2b) [l 3 [X. Jef 46 1 3] . 2%
TSI AH G SNPs.,

A3 2 OGRS T (GWAS) A 2 i i 28 5
ARAHSC SNP 7 i i B2 T B, 24T QTL AG 40
SENLIEEE T H, Gl X R R 1A DNA FEA
PEAT 4 B R A e B A R id B, SRS MR
FHOCHE L IR ™, TEfE, Zheng 25 F|H] SNP
O TF R T MR GWAS WF5E, R 18 A4
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F4 HBAFMHEREXMES QTLER
Tab.4 Selected QTL information related to economic traits of C. carpio
Hh Frid ERIN QTLHE &%k
species markers trait QTL number references
il C. carpio SNP/SSR LKA AR R 22 [64]
HR A% /HR ) 2 19 [65]
SSR JH My i v 2 5 [66]
T/ R P R T 7 [67]
AL 18 [68]
SNP/SSR/EST-SSR T} 4k 58 345/174/41 [69]
B i 250K-assay/SNP AR AR o /1 ) 29 [70]
C. carpio haematopterus Temminck et Schlegel 250K -assay/SNP SRR A 18 (1]
2b-RAD/SSR R R 14 [72]
GWAS 2 RN S Wi R & B/DHA/ — 5 TU% R 9 [73]
JAZH8] C. carpio SNP/SSR (iSSP SN N 15 [74]
SSR WU £ 4 25 g 5 [75]
il C. carpio SSR EE 1 [76]
B C. carpio var. koi GWAS E/IR ] 1 [77]
KITt#  C. carpio 2b-RAD/SSR SRR KR R A 24 [78]

SNP 5 LA NG 07 2 & . W6 008 I o it A g SR
R EFE, SHEEIE R4 3R B xR & 10
AMEE SR, HE— 2% 5 AN NG I A IR A 4 ok
FERMATRAE, HA 4 N (ankrd10a. tanc2 .
Jx1 Fll chka) WFAE SR &5 B EAMDC, Chen
SRS S R ARG HRIR AT T GWAS 43#T,
RILT 124 SNPs 53K A/ i A OC, I
SE T 18 4~ QTLs ISk 8 R TP IR S A 4 328 3 [
n srpk2. fsrps . igfl. igf3. grbl0 %), Jia &
X} 5% B BEIE 2 B -3 (CyHV-3) kaft () 4[] i s il
FIFEAT T QTL Al GWAS 4041, AP mTOR, #
91 355 B YL 3 0 R[] U 9 32K 4 5 T B A 4 [ i il
() G RN R EEE . [FIEE, Chen 5577 4
Xof # J5 PR] 2 2 R 545 00 R P 2k v, WA e 485
PRI 5 AL S mh TAESE R UEAT T 2w A gh, al it
BHES%, WA, AT EEENTHEA, Foa
AR RS L e A T S R A S 2
o BG 2T R, 31X RL 5% [ B 1 AR OGP ML EE
R R HLA, AT AR S A B 55 v R [ P S it
K, IR S U SO T A ) T R
PRAIL T LR R R A E S LR

4 W7 H AR
BB B, R ETE RS T 7 R AT T
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Fig. 7 Perspectives on molecular breeding technology routes for C. carpio
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Main methods, genetic analysis and prospect of common carp
(Cyprinus carpio) breeding in China

DONG Zaijie , LUO Mingkun
(Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs,
Freshwater Fisheries Research Centre of Chinese Academy of Fishery Sciences, Wuxi 214081, China)

Abstract: The aquatic breeding is the basis for the development of aquaculture, serving as a strategic and funda-
mental core industry of fisheries, and essential for sustainable, healthy and environmentally friendly aquaculture
development. With the development of globalization and marketization of the aquaculture industry, China's
aquaculture seed industry is facing unprecedented opportunities and challenges. Along with rapid development of
biotechnologies, aquaculture genetic breeding has transformed from traditional selection breeding and hybrid
breeding to cell engineering breeding, marker-assisted selection breeding, genome-wide genotyping-based select-
ive breeding, molecular design breeding and genome editing breeding. Advances in basic research and biotechno-
logy of aquaculture genetic breeding have promoted the development of aquaculture seed industry in China. Till
2022, 266 newly bred aquaculture varieties were approved by the National Certification Committee for Aquatic
Varieties and announced by the Ministry of Agriculture and Rural Affairs of China. Among them, common carp
(Cyprinus carpio) occupies the top position with 31 new varieties, indicating great achievements in common carp
breeding. In this paper, the current status of common carp breeding in China is summarized, along with its ger-
mplasm and genomic resources. Additionally, the foundation of molecular breeding is briefly reviewed, along with
the research status of its utilization in common carp growth, disease resistance, body color differentiation, feed
conversion ratio and other economic traits. Finally, the development direction and measures of the common carp

breeding industry in the new era are proposed, with the purpose of improving fish breeding in China.
Key words: Cyprinus carpio; breeding; germplasm resources; genetic analysis; prospect
Corresponding author: DONG Zaijie. E-mail: dongzj@ffrc.cn

Funding projects: National Natural Science Foundation of China (32202924); China Agriculture Research Sys-
tem (CARS-45-05); Jiangsu Provincial Agricultural Science and Technology Independent Innovation Fund Project
[CX(21)2029]; Natural Science Foundation of Jiangsu Province (BK20220227)

R E K7 2: 2 E /) sponsored by China Society of Fisheries https://www.china-fishery.cn

17


https://www.china-fishery.cn

	1 鲤资源研究现状
	1.1 种质资源
	1.2 基因组资源

	2 鲤的主要育种方法
	2.1 杂交育种
	2.2 选择育种
	2.3 细胞工程育种
	2.4 分子育种

	3 鲤重要经济性状的遗传解析
	4 鲤分子育种的展望
	参考文献

