XE%HmS: 1000-0615(2021)03-0321-12

EEEKRBEXNMIEERICAREERFPRIE

ARE', REHET, #EE, ExRRY, FxEY
(1. B, AR A SR KK = Al R sz, B 2013065
2. BigdEEE R, B IR TREBCRFE b, B 201306;
3. B RY, KRR E R LSRR B RO, B 201306;
4. HMATERPAESRBEERNHAERAR, RAIVEMNHBRRRKARETS
EREFREBARE SLWE, LH HM 215221)

JK 7224, 2021, 45(3): 321-332

Science Press

;&
2l % 2
JOURNAL OF FISHERIES OF CHINA
DOL: 10.11964/jfc.20200212165

WE: FkMEREAFIYREFHAFINEEZFER, AASHREXH 2 THRIES
BEMMEESGWFE, TUAAMETFH AR, X EEEKEROTHFHRTF, XHAHK
EURMLA QTL) gty ik, Z1THEHBAFTRAAT 245 £ KXW QTL, & ¥t
w b, sZEh A B 2 QTL N E w9 2 4% T E #7328 (CID391 2. CIDI1512. CID973 1 #n
CID254_1), »t KL ¥ f 3% F AR 480 NMRIAT A, U TE & QTL L4 R,
MHEEAKMANBITIERIDELTHERTHTRIE. 2RET: O4 M T ERIDE
ZHEAYHEABGESANE, HP A AWM ECEZEE V) H 12~23 4, ARFA
HEEE W) 4~12 4, W24 (H) H 0.607~0.904, #1244 E (H,) H 0.751~0.902;
QAR T2z MELZERRG AN L AUENM T ERID SR T EEBEREN A KER (&
BRI K) AT R BT, KA CID391 2 MMM, £ REHA G408 fmkK 2
AR ELR, MAEENMMT, FAFB SRR EREAKZAZR 2%, CIDI512,
CID973_1 #n CID254_1 = MM Sl AN, EHEER SR EMERKZ B AR L F
zR, HREW, AEEAKMAXNM T EREELTRERPIHRIELER, y#—FF
JE ¥ Ak KMk QTL Z (L #F % fr 2 F QTL 245 & th 4 F AR iC % B & A (MAS) L 5% 3 & 2
A,

R Ea; AKMR; AN, KON, BIEE

HhE 5235 Q 347, S 965.112 XHRARERS: A

¥ i (Ctenopharyngodon idella) J& T T H
(Cypriniformes) # %} (Cyprinidae) ¥ i J& (Cteno-
pharyngodon)™", Ay 4 Hij A BRIR K 55 56 7 e
R, hERR R AR FEM AT ED, A
MIPE AR E] S 4 ~5a, BHRMANTETTIER
FhREIIRE A, WorFFric i B 8 Fh (molecular ma-
rker assisted selection, MAS) J& 4 % & Fi J&] 1] i) 2

IFSEHEE: 2020-02-22  {&EIHHEE: 2020-05-11

BRI« B 2 b R AR R L T (CARS-45-03); i 17 T2 HF 0 4R TH 35 H (19DZ2284300)
E—EE: RAUR B, WIS R E S E TR, Email: coyu549@163.com

BIE1EE: LEH, E-mail: ybshen@shou.edu.cn
W E K P2 2 32 /) sponsored by China Society of Fisheries

Mk, o Firicibh g, 25
TR Z BN, IS B 2 BN
K5 R AR T A OCE o B, DA AR Y
KRR HE B — 3R i DR 4> FARic (simple
sequence repeat, SSR) J& It g PEbRic, 7EFE K 41
oz, SR ZAM R, X T SNP iR
it (single nucleotide polymorphism) /524 A Al B,
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322 KopE o R 45 4

VR IT S o DR AR iC 18 7K ™= sl 4 1 35 1 45 44 4y
B, seFRw™, DLRTES T 75 b B S
BRI AT BB e SR rh g B T Zis .

AR AR AL Z A R AR 1 Gk 4
Mrop, DifEm 2 Sa mtt et g b E g
TEAE T RE B e FE I L AT, T B AR F Y
MOREME SRS EALCHAEKMER, BH
TR Ak 22 s DRLRI B B 42 o ) 50 e IR, 0 B
R R G5 AT 2 AN S TRRid W
QTL & i 471", SUbRIEy, X QTL W45 R+
FE AR TP TR R 2 AT, i, A
PR A D2 AR L, ST T R AR R
R KRB QTL 7, FFfEwMan 15
AR LRI T 24054 KA QTL (qBWHI
M gBWHI1_B), HH qBWHI Ef7 THric CID391 2
FICID1512 ZJa]; qBWHI_B EfTHric CID973 1
1 CID254 1 zZ [a] o 2 T 05 B9 o £ 2R KR
QTL SEN G H, W AE 1| e E LM 4 4
M35 1 TR BRI, M STR 20 B H A B H T K
TLH AL Fy BEAR (n =480 ), it 2408 & £
LA 43 BT AS [) 35 DR R 2 fi) e 0 MR G 22 51
DI 3 M0 QTL e 45 5, o £ A KA 56
P TR AR D TEE B BFR TP AT 300, B i
5 2T A A AT 4 R R
HE— 2 JF e B A KPR QTL % (i 55 & T
QTL &5 J 1 43 F bR i 4l B & Fh (10 52 B (L B8
FET

1 MRS IS

1.1 A&

S A KT R AR E BRI Fye 2016 4F
S AT I N B A SRk & TR B A PR
PIRK VTR T & 20 B M@ A 24 B ik E
FEAF, NTHEIETEL 50 m® 17700 it FE 17

BER A2, ZRAERCMEENEEE, ¥
MG E - gE, BRI GR, 54
H e 45 SR 1Yk, 2018 4F 5 H Fifi #L 1% Bt
480 BE T, FIHBTEFEREE 19
FZ0BE R CRS B R 1 mm) 435910 0 0 S A3 4 w0
AR B, AR T R AR o O B R &
HAF IR PRI

1.2 DNA EH

FI 8 25 120, 5 B8 A% 58 25 - 0 4l 2
P X 480 J2 A A AR R JE [ 41 DNA JEFTHEH,
JE M 2H DNA % i 4 TE 28 vhy b, i 3 B g b
5 5 L VR I , C JB HE AA% 11 Sk TR 4 DNA R
NanoDrop 2000 (Thermo scientific, US) i#F47 ¥ J& il
L, JF B L VR N 50 ng/ul T 96 FLAR
20 °C A5 H o

1.3 HIESBSHINNEE

SEIE R 4 A D AR L 1, Hibgg
i CID1512 3k [ TR gs L BIE™, 5340 3 A Fr
it (CID391-2, CID973_1 1 CID254 1) Jy Hif 1 5
TR B 5 58 scaffold Y2 % FE 31" JF &
MRS IC 5 Y L AR R A R A
FER, 1E LS S 5N Famel Hex 7¢ %
B A AT R A B 26519 ) 480
FEH A () 5L 24 DNA #E47 PCR 4735 . 47 18 K b
SRR 25 uL, A1F% 12.5 uL Tag PCR Master Mix
(2 %), 2 uL## DNA, F FiEal ¥4 1 ul (10
umol/L), 8.5 uL ddH,0. SN F& ¥ : 94 °C i AE
P 2 min; 94 °C 784 30s, Bk 30s, 72°C ZEffi
30s, 38 MMMEH; H i 72 °C ZE{# 10 min, PCR
7= ¥ F) i ABI3730XL (Applied Biosystems, USA)
WAL RGE VAT IR B BRI AR
i LIZ500, FH T3 % 5192k B Wang 461
TF & L MRy SR W, FF 480 BB fa Ay 3k

1 EHE5%KHEXH QTL M 4 MUBEM T EFRICHHE
Tab.1 Characteristics of the 4 flanking markers affecting growth-related traits of C. idella

B ElEZ 27l HE BT BKIREEPC FFol
loci primer sequences (5'-3") repeat motif T, accession no.
CID391-2 F: CTCTTACTTTGGCGTTCA (GT)22 51 MT318036
R: TCTTGGCTTCAGTTTCCT
CID1512 F: GCGCGTTGTTTGGTGTGC (TA)13 55 FJ883438.1
R:GCAGGACTAGGATCGTGGTCATT
CID973-1 F: CCTTTATTTCTTGATTGTTC (TG)17 48 MT318035
R: CACCGACTGACAGATACT
CID254-1 F: AGTAAAGTATTCTGGTGGTG (TA)13 52 MT318033

R: AGCATATCATGGTCGTGT

https://www.china-fishery.cn
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33 MR, &5 AL RKMCHM T RO

BRI AE 323

K40 DNA 453 3R i) PCR K2 h hﬁ? Tf
PG P38 o e B R 1% B B M I Em
i LA 2 PR .

1.4 BUES

F FH GeneMapper v 4.0 #X {4 (Applied Biosys-
tems, USA) #E47 S ORI AL BEG T AL B B R/ ﬁﬁ%
F AT Cervus v3.0" HEAT 16 & RF 1A 19 WL 25
E ( o)\ ,ﬁng?k = E ( e)ﬂlgl /-IF{FIA_.\
(PIC) 537« FIH Popgene v 1.32 # {41 1t 1 ﬁﬁ
FE A 1 U000 45 57 5 DR (V) A 4 Ao 6 TR
(Ne) VA e it - Y 11 4% (Hardy-Weinberg) ~F-#5 4 .
FRVHR (R L R T R ) 2R A1

() B4 TR R 7 22 43 M BB (One-Way ANOVA) 43 #r
TR 5L ) 2 ) A R 22 ), 2 E
BE MR T LSD ¥

2 4

21 ERBEFERMANEZE

AR, SR B 480 B w4y
S EAT TR BT B R i, S YR R
(0.38+0.16) kg; PR K N (32.31£3.79) cm (£ 2,
P4 11 P5 53 HIAR RS 4 AR ANE S MFEAS, &R 96
MREA ), XF MR, BRI 480 B,
WA 224 B, MEfa 256 2, MEMELLZH 1:1.14

Excel #CPF 48 30 8 . A IMP v 10.0 84" (& 1)
R2 BEREEHAEKEXHRERE
Tab.2 Phenotypic data of the growth-related traits in selected population of C. idella
RN W/ME [JON! BE P2
trait minimum maximum mean SD
i /kg  body weight 0.15 127 0.38 0.16
f&4/em  body length 23.50 47.00 3231 3.79

MFMMMFMMFMFMFMMEFMFMEF F F F MD

FFMFMMFMMFMMEFFMMMMEFFFFMD

MMFFMFFFMFFFMFFMFFFMMMMMD

FFMMMFMFFMFMMFMFMEFFMFMEFMD

»

B1 E&ik

MFFFMMFMMMFMFFMFF FMFFFFMFD

MFMFMMFMFFFMFMFFMMMFFMMMD

FFFMMMMFMMMMEFFMMMMMEFFMMEF D

FFMMMFMMFMFMFMMFMFFMFMMFD

% B R BRI Al 45 K KA

F. MM, M.HEME, D. bR#EY R D2000, 438774 K /N%1 700 bp, BRI 7E Fi 3k BT f6 4T

Fig.1 Partial electrophoretogram of PCR products for identification of sex in selected population of C. idella

F means female individual and M means male individual. The DNA Marker is loaded in the right lane (D), PCR products of the 480 individuals are

nearly 700 bp, that is marked with an arrow

o E K P2 % 2 32 /) sponsored by China Society of Fisheries
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22 IBREZHEMSH

A 4 TR R, fERITH A F,
AR 480 & et R AT st A Z R e B o

i, N, M 12~234~, N, H4~124>, H, 7 0.607 ~
0.904, H,} 0.751 ~ 0.902, PIC } 0.713 ~ 0.914
(£ 3).

RI AMEKEXNNNREESFEPHERSHEEDIT
Tab.3 Genetic diversity analysis of 4 loci in the population of C. idella

BL AR HBHRAMbp  WINSA RS AR AR E

ML B FEE

WIERAE ZAM(ER4E  Hardy-Weinberg -5

locus length N, N, H, H, PIC Prw
CID391_2 387~433 12 4.011 0.607 0.751 0.713 0.000%*
CID1512 114~182 23 12.359 0.862 0.920 0.914 0.000*
CID973_1 300~380 23 9.344 0.862 0.894 0.884 0.000*
CID254_1 413~470 19 12.303 0.904 0.920 0.913 0.000*

VE: *3RIR 5 W B Hardy-Weinberg T 7 (P<0.05)

Notes: * means significantly deviated from Hardy-Weinberg equilibrium (P< 0.05)

23 WIESTUHNRERESERMERE
REX o Hh

FIFHJ7 2250 W1 ] 2 B LT 4 280
BRI 51 E B AR AR AR MR
AT . Hoh i TR LB S, B
Xif 3 R RSB T 3 A S i T T, 45 R
/N, CID391_2 7 M AN A, 4% JE R R 5 4 ot
AR Z (A1 35 TC i 35 22 5 (P>0.05), 1M 7E AfE P
AR, A R RS R R A K 2 H) 2 R
# (P<0.05); CID1512, CID973_1HI CID254 1 1F
WE e e A T, A PR AL A T R R K
Z P HA B E 257 (P<0.05),

FEAT A5, CID391 2 w1 (35 4), X T I £ il 1
i f, EH (395/401) Fl DE (393/395) 1% v 15 Y
PEAIEH AL, XFF I RK, DE iz S
PSSR X TR, %07 5 K R R EH 7814
JoT e AR B (8 T A 25 BRI A, fH 5 5
R AL 2 [H] G 3 25 57

FEA 55, CID1512 H (3 5),  XF F Af £ 1 {4 ot
i, ARSI CL (124/142) . 1L (136/
142) Fl BK (122/140), Xt F i pg iR, %407 4
P HIER A CL. IL. BK Ml DQ (126/152), X}
T AR, LS AL R R FK (130/
140). FF (130/130). EG (128/132). NN (146/146).
MO (144/148). FL (130/142). MM (144/144) Fi
KK (140/140), XF F M @R K, %A% 5 i H
FLHA K FK, FF, EG. NN 1IN (136/146).

FEA7 s CID973_1 H (3R 6), X T M £ (9 14
ik, CK(312/328). KK (328/328). MP (332/340).

https://www.china-fishery.cn

CL (312/330). PT (340/350) 11 CH (312/322) AiZA
SRBSER A, X FREANAK, CK. KK, MP,
CL. PT. CH. GK (320/328). DH (314/322) 1 CD
(312/314) iz for sSSP HIER AL % M £ 19 1R 5
Hit, CP (312/340). HP (322/340). CN (312/334),
GK (320/328). DN (314/334) Fll HK (322/328) Ji%
s LIAEE R A, X T M kK, CP. HP,
CN il GK Mz S S A AL,

TENL 254 1 7P (36 7), KT fa p A A,
A S LA EE RS K DF (419/423) . FF (423/423)
FIFR (423/455), XF FHEMA AR, 207 53
LAY DF. FF, FR., BK (415/433) il DN (419/
439), X T E A A0 R T RTAR A, AE A A5 R
PRI EBAT P I A DL (419/435),

3 iR

TEX 2 2R (4 22 BN B PR RGeS o
BT R AR B AL HARA QTL E 7 (& B ),
A B 3 T 3% BN SF-AiT (LD) 1 4 56 DX 21 S 1K 43 A
(GWAS), fE 73K s & Bl b 0 A7 4 2
el BT T R R E I KR
SEAL, B AR B2 BIEA R BRI, 2 A A RS
JEAEAE TR E K AR RN N 2 B R . R
IR i T 5 Z AR S M R 2 i, 5 I8 A
SRHR O B, TR X QTL f 45 S 7 R e
PR R AT G 36 S b AN T DB o R B i A
G 3 DR A S HR 70 M7 A B AR FE Y 07 35 22 M T 46 R
HI, B 2N E o A AR W 64 S RE AR BT 5T
i LR ARIC AR R A TE 20T, T E AR X
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R4 AMHIDENMSTRIERBE KBXMERZE NS ELLE (CID391_2)
Tab. 4 Multiple comparisons of growth-related traits in 4 loci (CID391_2)

S M male HEPE  female
genotype MR A5 kg f/em MK A5 kg fK/em
no. body weight body length no. body weight body length
DE 35 0.423+0.027° 33.65+0.63° 34 0.367+0.027 32.530.66
EH 17 0.439+0.039° 33.63£0.91" 13 0.427+0.044 33.84+1.06
HH 10 0.411£0.050" 33.42+1.18% 9 0.426+0.053 33.82+1.27
DD 17 0.4100.039" 32.98+0.91% 14 0.348+0.043 31.81+1.02
BE 3 0.392+0.092" 32.27+2.16™ 3 0.355+0.092 31.73+2.21
cc 24 0.3860.033" 32.33£0.76™ 8 0.4090.057 33.18+1.35
CH 12 0.3810.046" 32.47+1.08™ 7 0.364+0.061 31.76+1.44
BD 8 0.3630.056" 31.49+1.32% 13 0.362+0.044 32.04+1.06
EE 54 0.363+0.022" 31.84+0.51" 39 0.361+0.026 31.93+0.61
CE 29 0.354+0.030" 32.2940.70°™ 34 0.378+0.027 32.24+0.66
DH 6 0.343+0.065" 31.35£1.53" 8 0.406+0.057 33.46+1.35
CD 22 0.334+0.034" 31.54+0.80" 15 0.380:0.041 32.45+0.99
BB 5 0.302+0.071%° 30.88+1.67" 5 0.400+0.072 32.24+1.71
BC 4 0.245+0.080" 28.70+1.87° *
BE * 3 0.355+0.092 31.73£2.21
CF * 6 0.40620.065 32.67+1.56
EF * 5 0.292+0.072 30.1621.71

e LA RS AN RN FRROR 2 7 B (P<0.05); R MASUD TEEET 3, T

Notes: different letters in a column of each locus mean significant difference (P<0.05). * means the number of individual is less than or equal to 3, the

same below

TSNP AR BA AR ES, (Hili 75 &
B L 4 AY (STR 43 2 pli A A PR, o DA
Fe ANME LA 4 5 2 0K b 5 G H AT
SR B SE A QTL & 174k 15 5 B iR K % 3%
BRI AL AL, PR SR B A rh R 3K 2B A6 S R AT
UK AT B, 3 38 5 3% B S0 A R0 DG B 3 A A B
IR BE5E T B & A DT R
M ¥ 45 P 1 %F N K 22 88 (Scophthalmus maximus)
QTL & o7 i 356 19 A 4 P PR AR G 19 i 356 SNP i
S, R I 43 A 7E 221> K 3 21 U B A4 v
17 7T HE . 5 E AR 5 Bk EE DL (Pinctada
martensii) QTL & i H 19 2 A~ 5 A K MR A 22 19
SNP i i, Xf 2 DAFEFRFEBA AT TR
TEXT B A AR KMtk QTL & A i i B i 5%, 3
Tk U T s A E BS99 M T A
Frig 14 A3 F & 2 vrid, AL
i F, ~FRERFEME 1 5P LRAT 24

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

HAEKAMEKR QTL, Hrh qBWHI & i T 5 id
CID391 2 fl CID1512 Z [a], )32 Fxic X [7] K/
7.5 ¢M; qBWHI_BJE i T 45 i CID973_1 #i
CID254_1 Z[a], MFEARICIX IR /NA 1.8 cM.
AR TIZ QTL M 4R, HiE1 5
PR E B 4 A E G TR AR T T
T F, FER Y 480 B b, I S 4 Mr Xt
Fifh QTL N AR TIRIE, 4550 &, CID391_
2 FE MRS b ) 45 35 AL 5 R T A 22 J)
Y10 B3 £ 5 (P>0.05), WMifEMErEAARp, &5
A7 5 R B R AR K 2 ] 25 5 8 3 (P<0.05);
CID1512, CID973 1 fll CID254 1 7 Wi 14 ml Jfie P
AR, £ R AL S IR A K Z ] B
I 3 22 F (P<0.05). 75X ME 0 FIHE 1T 25 28
PEAL 5 3 PR AU 55 A G R BT 12 R 1 2R R PEAR
ZE PR, TEALA CID391 21, HEfa Y
iZ PR 28 LA AR B SE P AL DE, T 7R £ 1Y
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x5 AMYIDENRTREREEKBXMRZER % ELLE (CID1512)
Tab.S Multiple comparisons of growth-related traits in 4 loci (CID1512)

S HEPE male MM female
genotype MERY R A B/ kg R /em AMEKU R A kg R /em
no. body weight body length no. body weight body length
CL 4 0.698+0.079° 39.50+1.78" 3 0.372+0.092" 32.5342.13%
IL 10 0.620+0.050" 37.7241.13® 5 0.395+0.071™ 32.90+1.65"
BK 3 0.503+0.091" 36.10+2.06™ *
DQ 3 0.457+0.091> 34.83+2.06™" *
GL 6 0.452+0.065* 34.83+1.46> *
HN 6 0.443+0.065 34.08+1.46"" 7 0.422+0.060™ 33.90+1.39"
FK 9 0.43340.053 33.0241.19%% 6 0.600£0.065" 36.67+1.51°
CG 3 0.428+0.091 33.1042.06" 3 0.268+0.092"™ 29.7342.13%
00 6 0.420+0.065* 33.12:1.46%" *
NO 9 0.418+0.053 33.53+].19%% 7 0.316+0.060™ 31.374+1.39%
NN 10 0.417+0.050* 32.7241.13%® 5 0.473£0.071% 34.70+1.65™
IN 6 0.405+0.065 34.35+1.46>% 3 0.315+0.092"™ 31.1042.13%
CI 4 0.38620.079* 33.15+1.78%% 3 0.292+0.092"™ 30.4042.13%
LN 3 0.380+0.091° 32.6042.06%" 3 0.377+0.092"™ 33.0342.13%
IN 8 0.366+0.056* 31.78+1.26%® 11 0.384+0.048"™ 33.73+1.11%
EN 6 0.362+0.065 32.65+1.46%" 6 0.400+0.065™ 33.87+1.51%
FI 3 0.357+0.091* 32,172,067 *
FN 3 0.353+0.091 32.1742.06%% *
KR 3 0.343+0.091* 31.93+2,06%" *
KL 4 0.336+0.079* 30.25+1.78% *
CN 12 0.334+0.046* 31.13£1.03% 7 0.346+0.060™ 31.59+1.39
GJ 3 0.333+0.091 31.6042.06°" *
DI 5 0.332+0.071° 31.20£1.60°" *
GN 3 0.325+0.091 31.1342.06%% 3 0.328+0.092"™ 31.3342.13%
MN 3 0.32240.091° 30.90+2.06%® 8 0.348+0.056™ 31.80+1.30%%
IK 4 0.310+£0.079* 30.58+1.78%" 4 0.289+0.080™ 29.40+1.84%
cc 3 0.310+0.091° 30.17+2.06%% *
EI 4 0.309+0.079 30.58+1.78%" 5 0.240+0.071° 28.74+1.65°
GK 7 0.309+0.060* 30.60+1.35%¢ 6 0.374+0.065™ 32.5041.51%
Al 4 0.308+0.079 30.33+1.78%" *
FL 6 0.304+0.065 30.75£1.46" 3 0.400+0.092°° 32.23+2,13%
FF 4 0.299+0.079 30.18+1.78" 4 0.481+0.080" 34.75+1.84"
KN 3 0.298+0.091° 30.13+2.06%% *
AC 5 0.295+0.071¢ 30.22+1.60"* 5 0.334+0.071™ 31.36£1.65%*
KK 7 0.29340.060* 30.36+1.35" 3 0.387+0.092" 33.0042.13%
MO 6 0.281+0.065° 30.08+1.46" 6 0.444+0.065" 33.50+1.51%
EK 3 0.275+0.091 30.33+2.06*" 4 0.356+0.080™ 31.58+1.84"
BF 3 0.26240.091 28.87+2.068 *
BG * 3 0.370+0.092"™ 31.8342.13%
BL * 5 0.408+0.071™ 32.90+1.65"
CK * 5 0.373£0.071% 33.20£1.65%%
DK * 5 0.369+0.071" 32.06+1.65%*
DL * 3 0.335+0.092"™ 30.7742.13%
EG * 3 0.473+0.092" 36.20+2.13®
GI * 3 0.312+0.092" 30.8042.13%%
1 * 3 0.372+0.092"™ 31.6042.13%
LL * 3 0.358+0.092"™ 30.5042.13%
MM * 3 0.392+0.092" 32.4342.13%
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6 4MHIREMSARIERBEKEX K ERZELLE (CIDIT3_1)
Tab. 6 Multiple comparisons of growth-related traits in 4 loci (CID973_1)
FE R Y MM male MEME female
genotype AMEEU R PRI kg A /em AEE R T kg A /em
no. body weight body length no. body weight body length

BC 3 0.36240.085°" 32.57+2.00%%" *
ccC 6 0.328+0.060* 31.30+1.42%% 13 0.402+0.044™ 32.93+1.06™"
CD 0.424+0.074"%" 33.25:] 73 ederen 6 0.348+0.065% 31.18+1.57°
CF 4 0.363£0.074°*" 31,751 730 *
CG 17 0.3890.036°" 32.90+0.84°" 17 0.389:£0.039°* 32.54+0.93"%"
CH 4 0.506+0.074" 35.50+1.73% 3 0.362+0.092"* 32,0322
Cl 3 0.328+0.085° 31.30+2.00°" *
cJ 3 0.262+0.085¢ 28.70+2.00™" *
CK 3 0.690+0.085° 38.33£2.00° 7 0.3030.060* 30.44+1.45%"
CL 5 0.589:0.066" 37.40£1.55% 5 0.384+0.071™* 32,881,720
CM 7 0.286+0.056" 30.09£1.31%" 3 0.395+0.092"* 32.97+2.21%f
CN 13 0.379+0.041% 33.00+0.96%" 7 0.537+0.060" 35.61+1.45®
cP 4 0.358+0.074° 31.63+1.73° 6 0.619+0.065° 36.40+1.57"
CcQ 5 0.388+0.066°*" 33224155 3 0.375£0.092"* 33.304£2.21%"
DG 6 0.278+0.060° 29.92+1.42% 6 0.323+0.065% 30.98+1.57%
DH 3 0.417£0.085"*" 33,372,007l *
FL 3 0.307£0.085%" 30.57+2.00%"" *
FN 8 0.374+0.052°*" 32.06+1.23¢" 7 0.3110.060% 30.69+1.45%"
GG 11 0.34120.045% 31.62+1.05%% 6 0.427+0.065™* 34,02+1.57"%
GH 18 0.288+0.035¢ 30.11+0.82% 9 0.294+0.053° 29.98+1.28"
GJ 5 0.256+0.066 28.76+1.55¢ 6 0.403£0.065"* 33.08+1.57%"
GK 5 0.429+0.066"*" 34.66£1.55" 6 0.463£0.065™* 35.58+1.57*
GL 6 0.403+0.060°*" 33.00+1.42°%" 3 0.3820.092"* 33.33+2.21%f
GN 8 0.344+0.052% 30.98+1.23" 9 0.35240.053% 31.5241.28%
GP 6 0.330+0.060* 31,6341 4200 4 0.334+0.080% 31.33+1.92"%
IN 3 0.338+0.085° 32.63+2.00™%" 6 0.297+0.065% 32.58+1.57%4"
KK 3 0.682+0.085" 38.37+2.00° 5 0.408+0.071"* 3320172
KN 7 0.335+0.056"" 32.63£13 ]k *
LL 3 0.3900.085"*" 32.7042.00""" *
MM 4 0.258+0.074 28.83+1.73% 3 0.353+0.092"* 31.80+2.21%"
MP 3 0.617+0.085" 36.40+2.00™ *
PT 7 0.519+0.056™ 34.89+1.31% 8 0.379+0.056™* 32.91+1.36™"
BL * 3 0.357+0.092™ 32274221
DN * 3 0.487£0.092°* 35.5042.21%
FH * 3 0.310+0.092* 31.3342.21%f
GM * 6 0.380+0.065™* 31.93+1.57"
HK * 3 0.4704£0.092"* 34,8322
HM * 6 0.342+0.065% 31.78+1.57™%
HP * 3 0.58120.092"* 36.47+2.21%
KM * 5 0.261+0.071° 29.54+1.72

PR, BTSRRI R EER, R
K AN AL (e k8 CIDIS127R, f £ 1Y) 2%
PEPEAR iR B AT A3 I 8 CL. IL 1 BK, 1E
W £ 1) 2 PR v 2 BRI 43k B FKL FF
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KT AMIPENSTREREEKEXMER 2B ELLE (CID254_1)
Tab.7 Multiple comparisons of growth-related traits in 4 loci (CID254_1)

S HEME male MM Female
B 4
genotype MK i kg A /em MR A5 kg K /em
no. body weight body length no. body weight body length
AL 3 0.277+0.094% 30.1742.17%% *
BD 4 0.343+0.081"* 32.00:+1.88™" *
BF 8 0.304+0.057* 30.33+1.33° 10 0.407+0.050° 32.65+1.21%
BI 5 0.333+0.073° 31.62+1.68° *
BJ 4 0.475+0.081™¢ 34.65+1.88™* *
BK 3 0.452:0.094" 34.77+2.17%% *
BL 8 0.394+0.057"* 31.68+1.33° 4 0.409+0.078" 33.25+1.91®
BM 4 0.309:£0.081°* 30.15+1.88" *
BP 3 0.2570.094% 28.40+2.17" *
CK 5 0.376£0.073"* 32.30+1.68%*" 3 0.353+0.091° 32.33+2.20™
DD 8 0.324+0.057°* 30.93+1.33 *
DF 7 0.709+0.061° 39.59+1.42° 10 0.413+0.050" 33.04+1.21%
DG 11 0.341£0.049°* 30.86+1.13%" 10 0.347+0.050° 31.18+1.21®
DI 16 0.392:£0.041"* 32.82:+0.94"" 7 0.345+0.059" 31.49+1.44°
DJ 7 0.425+0.061™* 34.21+1.42 3 0.272+0.091° 29.43+2.20°
DK 8 0.450+0.057"* 34.10+1.33 9 0.356+0.052° 31.60£1.27°
DL 6 0.426+0.066™* 33.501.53" 11 0.548+0.047° 35.35£1.15°
DN 3 0.445+0.094" 34.67+2.17%% *
EK 5 0.414+0.073"* 33.10£1.68™*" *
EN 8 0.341£0.057°* 32.71£1.33%" 4 0.436+0.078" 34.78+1.91®
EP 4 0.433+0.081™* 34.63+1.88™% 6 0.370+0.064° 33.58+1.56™
FF 3 0.587+0.094™ 37.47£2.17° *
FM 6 0.384+0.066™* 32.98+1.53" 3 0.283+0.091° 30.03+2.20°
FR 3 0.530:£0.094" 35.8042.17" *
HJ 3 0.327+0.094" 30.702.17°% 3 0.360+0.091* 31.83+2.20®
HK 5 0.256+0.073¢ 29.22+1.68" 4 0.455+0.078% 35.03+1.91®
I 3 0.4120.094™* 32.7042.17°%" *
IK 4 0.316£0.081°* 30.33+1.88" *
M 4 0.393+0.081™* 32.75+1.88™" *
M 3 0.313+0.094* 30.47+2.17 *
KK 3 0.260:£0.094% 28.90+2.17° *
KL 6 0.3970.066"* 32.77+1.53" 3 0.302+0.091° 30.4342.20™
KM 3 0.3350.094™* 31.43+2.17%%" 6 0.391£0.064" 32.50£1.56™
LN 9 0.324+0.054°* 31.60£1.25 4 0.406+0.078" 34.20£1.91%
BB * 3 0.337+0.091° 30.87+2.20™
BE * 3 0.263+0.091° 29.73+2.20°
BN * 5 0.325+0.070° 31.40+1.71®
CF * 3 0.332+0.091° 31.0042.20®
EF * 4 0.318+0.078" 31.33£1.91%
FI * 9 0.377+0.052° 32.58+1.27*
IL * 5 0.363+0.070° 31.72+1.71%
Al * 4 0.318+0.078" 30.40+1.91°
LP * 3 0.355+0.091* 32.3742.20®
MM * 3 0.285+0.091° 30.104+2.20°
NQ * 4 0.430+0.078% 34.30+1.91®
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Verification of microsatellite markers associated with growth traits in
selected populations of grass carp (Ctenopharyngodon idella)
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(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
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Abstract: Growth traits are important economic traits in genetic breeding of aquaculture species. The combination
of trait-related molecular markers and breeding can greatly accelerate the breeding process. In our previous
research on the growth traits of Ctenopharyngodon idella, using the method of QTL mapping, we found two
growth-related QTLs in the linkage group 1. Based on this, two pairs of the two QTL flanking markers (CID391 2,
CID1512, CID973 1, and CID254 1) were used to analyze the 480 individuals of C. idella in the Yangtze River
system in order to verify these microsatellite markers associated with growth traits in selected populations of grass
carp. The results showed that: (D the four microsatellite markers were highly polymorphic in this population (PIC>
0.50), among which the number of observed alleles (V,) at each locus was 12 to 23, and the number of effective
alleles (NV,) was 4 to 12, the observed heterozygosity (H,) was 0.607-0.904, and the expected heterozygosity (H.)
was 0.751-0.902; @ by means of One-Way Analysis and multiple comparisons of the genotypes and the growth
traits (body weight and body length) in the selected populations of C. idella, CID391 2 showed no significant dif-
ference between genotypes and the two growth traits in female individuals, while there was significant difference
between genotypes and the two growth traits in male individuals; CID1512, CID973 1 and CID254 1 showed sig-
nificant differences between each genotype and the two growth traits in female or male individuals. This study has
verified microsatellite markers associated with growth traits in selected populations of C. idella. It will provide a
basis for further research on QTL mapping in C. idella and the practice of molecular marker assisted selection
(MAS) based on QTL mapping.
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