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phisms, SNPs){E A =00 Fhric, HHAEHE
A s R . A B A e 3k
RUPEAR S s i A5 20 712 B, {HSNPshRiC7E
i P RIS 2 AR R R S R BT 8 S 3
PR AT IR AT T RS T & 1) 4 3 A
Al HE 5 SNPstric H & /3 Bl A H XK.
it A ik DR 201 2 0 5 PR A 4 R 7R K 7= sl v i
R % PR T 201048 1 R R
% PR i AL ) 1 244~ 3% BHE (linkage groups, LGs),
R A PR Y R H — 3, 20154,
A 4 JE DR 2 R R ) o8 N, 3 DR A R IR D
A0 5 — K 35 A% 3% B RS O SE AL IR AT PR B, fR
BT R EIER A FARICAT N S % E BN, fi
T T R A ARG B A PR . R, AR
820 SR e %t 7 # A & Motk AT A2 A
FE15 5 2 BIE L 5 1 B — A5 1 5 H G A
PR L A JBE (quantitative trait locus, QTL), Z2J751
FoXt & B, 1% QTLES b B £ ik K 41 11 39> scaffolds
(CI01000095, CI01000225F1CI01000230), 7% 524
UL JE R4 5 2% )7 50 S SE Rl 7E DL B3
scaffoldsH i BE I A /Bl e B €A i, i A
Bt # & ¥ %) (short tandem repeat, STR)43HlIH A LA
B ARG 50 B AR 5[] B AFF 9 T 07 22 5 72 A7 A8 A 52
MMEMEZEME, IS5y b KR T
BAAT, DA IS S K MR QT LN 25 F1 43 F-
LB RS

1 MRS T7E

1.1 SSEA&

SEI A i fa P B REA, 20174 T 25
M T H A AR SRR R R Iy A BR A wl AT N T
BN, B ANEFERAF AN KR KR
(QKAITF,, PITHRICS020415656427; JERITF,,
PITHRIC 5 020415644856), FK Z2(QKITF,,
PITHRIE 5020415654843 ; JKYLF,, PITHric S
020415602664), 21>5< £ 1Y 3245 P £ #3300 mL T
i) — AL AR PRk o A2 KS DR IREAL S S 7R 48 & 1l
M VE R AT S AT 3G & . 2018431, BEML
PEI323 B Fif, sy iilic sk R E AR K . (&
Fi . EAAT R, STHUREE TIOK CBEh A&

1.2 EFEEDNARE

FAE Gy E AT BBt R R 4IDNA, 1%
By WHHEE I L ARG I He i i, - Z8NanoDrop 2000

13-14] >
Q\[ ]’ lg-

G EL e P 45 —H B 2.50~60 ng/ul, —20 °CI-FF .
1.3 $HN/ER KB = Ik

i 16 B0 5 [H 2H 39> scaffolds H 4 A BR Bl 2k
FBKE4bpl B, dkdan . &P 500 Hr
KI1TASSRsH7 A, [RI B 247 A5 0 38 )3 51 14 1
SIMARRY), Wik, mIits2sit.

PCRY 1K & 520 uL: 10 pL 2xTag Master
Mix, 1.6 uL DNA, 0.4 pmol/L I/ Fi##5[4), ddH,O
AE20 L, PHEFEF . 95 °CHIAE M3 min; 95 °C
E20s, B k20s, 72 °CIEfH20s, 35MEER;
72 °CASEAF 10 min, LW PCRY MY, K I3IXT
Sl AR REY BT . WKIE Y B B K
TE =AY 22%F U5 4 0 5" E AT HEX B FAM#Z¢
B4

FIH s &Mt 2203 514, FE4A B4 it
FIPCRY 14, ¥ HifAR KB L. 94 H 5
WA =) B A B B R S RAE M EA T IR A, 28
LI AR A BRA RS TSTRM AL, 455
BIL, AT B e AR T BA 28GR,
¥ LISEADNAR B . 7x 51 41 th i PCR™
Yy R AR T A TR () B0 A BRI
DL IE STR A 0 2%

14 HELERSE KRR

FIF I 28 A 7x5 519, DA323 )8 £ 3k [
HDNANBARHEATPCRY 1S, 14 58 W5 #EAT1R
FE, STRA AL, H 7 Gene Mapper 4.0 3245, i
A Cervus 3.0F1Popgen 32%F 74~ A /i 2 74 28
AR KRR AT 204, A SPSS 18.07h — T4k
AR H (general linear model, GLM)43 #1485 & 245 ]
MR A gt R HR A e

2 4R

2.1 FENERKBIREAL R H %

X} 3/~ scaffolds 7 ) 441~ 4 A /it 4 11 58 A% 3]
ST, &7 5 T & P17 SSRsf 4,
[ B 2 s s e T AR By, PR 3 B ) %
125X ; PCRY HELE R LB, 351 H¥ #E A
By, AR 22068 51 4 A X 51 WX I Y S A
STRZE IR s Z 85 ME(#£2),

T A 0 5 0 PRI A EE X, R BTN AN
MP&s R 5 SH NI —8, FHFHSTR
A3 TR AR AT DR 3 52 B A 5T 7N 4 A ik
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Tab.1 Primers of seven insert/deletion mutations

eIk scaffold-fir & - S5 (5-3") BRI/ C
primer scaffold-location-type-length primer sequence annealing temperature
ID-6H CI01000225-220191-1-6 F HEX-CACGAAAGACAGTGTGCTAA 48.0
R CGTGTTCGAGCGTACATT

ID-10H C101000225-379094-D-6 F HEX-AATCAGCCAATCAGAATCCA 52.0
R TGTATGTGATGGCTTCAGGAG

ID-11F C101000225-383312-1-7 F FAM-ACATAACCCTTTCCATTAAGTTC 50.0
R CTGGAAGAGACAGACTTGAATG

ID-15F C101000225-450635-1-9 F FAM-GCTTGTACCAAAACCGACCTTA 52.0
R TCATCTTGGCCAGGCTGAG

ID-32F C101000230-258112-D-8 F FAM-TCGTATTTGCTGATGAATGATT 52.0
R GGGCGACGCTCTCTAAAG

ID-39F C101000230-369267-D-6 F FAM-CTTCTCATCCAAACTCGTG 52.0
R CAATTCCTGTTTTACAGTGC

ID-41F C101000230-391906-1-5 F FAM-CTTGAGTATGGAGGGTTTG 48.0
R TCATTCACTGTCGCCTAA

i “scaffold-fi & - A SE K IR F R LA UTT Escaffold T BT FR . A7 B (bp) AL EEN/BR ) I EE

Notes: “scaffold-location-type-length” means the name, location (bp), type (insert/deletion) and length of each locus

®2 FEAINEHISTRSBILER
Tab.2 Results of STR genotyping in parents

SRASTRAM P Bt J&/bp
5149 length of STR fragment in parent

PIMET 170415654843 020415602664 020415656427 020415644856

ID-6H 191/197 191/197 197/197 191/191
ID-10H  268/268 268/274 268/274 268/268
ID-11F 186/193 186/193 193/193 193/193
ID-15F 163/172 172/172 163/163 172/172
ID-32F 127/127 127/135 127/127 127/127
ID-39F 152/152 146/152 152/152 152/152
ID-41F 188/188 188/193 188/193 188/193

RIS 7 25 1 43 B (Set A: ID-11F, ID-15F, ID-
32F; SetB: ID-6H, ID-10H, ID-39F, ID-41F)(&1),

22 FANBRRBMNSBSSESH

Zo40) 4 i v MR B2 STRAM L, & BULA 74
AR AN SAEAN SEA T B 2850 1
A% Cervus 3.0%F 7407 5, B9 WL 4% A (observed
heterozygosity, H,). WJEZ44 [ (expected hete-
rozygosity, H.)FZ &7 B & & (polymorphic inf-

http://www.scxuebao.cn

ormation content, PIC)#EFT43AT, KI27 8
TR 2B (PIC<0.25), SN A @ T 228
PE(0.25<PIC<0.5); FIFHPopgen 325 A% 74~ s,
#£47Hardy-Weinberg Y- K 5, A& 30T A 67 553
& i 2 B Hardy-Weinberg - fif (£ 3).

T AR g AR 323 ) AR E A
35 5 37 5 H 48 (effective number of alleles, N.).
H,. HMPICSl 4 F1.327~2.000, 0.288~0.740,
0.247~0.501F10.216~0.375, Hardy-Weinberg - £
16 55 & BTG 67 1 12 0 2 vt 9 Hardy-WeinbergF-
#7(P<0.05)(#£4).

23 BAREBENRSEESHEEKMERE
KT

I FH SPSS 18.0H — st 28 4 A5 78 Xif 74~ 4 A/t
RAVGEAA i 5 Rt gyt A KRR (AR B L 1A
Ko ARTE . IRmE R EEN, T EE (%) =1k BT i/
R x100%] 47 B4 AT . Z5 R R, A s ID-
1OHAIID-41F 4% 3 R (fiy 44 = o7 f + 36 R A
“00”fRERTHA . “O1"RERIEHMA L “11710E
i i A, W<6-00 7R A 25 ID-6HAR Tofi A 1Y
LA R gyt KR T e, HiA
SN A5 S R ) B AR 4y ) — A s 2 A Kk
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Fig.1 Result of STR genotyping in offspring
3 IMUREFEAPHNETHESN
Tab.3 Polymorphic analysis of 7 insert/deletion mutations in parent
3|4 KB genotype frequency B S HFE  characterization of different loci
primer name AA AB BB H, H, PIC Prw
ID-6H 0.250 0.500 0.250 0.500 0.571 0.375 0.773
ID-10H 0.500 0.500 - 0.500 0.429 0.305 0.655
ID-11F - 0.500 0.500 0.500 0.429 0.305 0.655
ID-15F 0.250 0.250 0.500 0.250 0.536 0.359 0.206
ID-32F 0.750 0.250 - 0.250 0.250 0.195 1.000
ID-39F - 0.250 0.750 0.250 0.250 0.195 1.000
ID-41F 0.250 0.750 - 0.750 0.536 0.359 0.343

PR (P<0.05), 1V A5 TD-6HAY 6-00F16-013E P 71 % i A7 FID-15F A 15-01F1115-1135 R R Xt 17 1) e 471 &)y
%) A7 4 i B BE PR AT 3 22 57 (P<0.05), 7 A7 R T BRI B IR B 3 M 22 5 (P<0.05),
JID-11FAY 11-01 011 1-113 [R5 %6} i () B2 £1 4 £ 57 5. ID-32F 4 24~ JE PR 78U X6} g 14 5 #2444
TEMR TR . AR AR SE MR 3 1 22 57 (P<0.05), ARA B2 5 (P<0.05), 7 A ID-39F A [] £ A
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Tab. 4 Polymorphic analysis of 7 insert/deletion mutations in offspring

745 A REERLEE RIS P ElL2p S ZHERER Hardy-Weinberg /-
locus N, H, H, PIC Puw
ID-6H 2.000 0.740 0.501 0.375 0.000*
ID-10H 1.594 0.495 0.373 0.303 0.000*
ID-11F 1.668 0.313 0.401 0.320 0.001*
ID-15F 1.850 0.715 0.460 0.354 0.000*
ID-32F 1.327 0.288 0.247 0.216 0.003*
ID-39F 1.327 0.288 0.247 0.216 0.003*
ID-41F 1.871 0.520 0.466 0.357 0.037*

T QR 2 i B Hardy-Weinberg P (P< 0.05)
Notes: *. means significantly deviated from Hardy-Weinberg equilibrium (P< 0.05)

X O B A0 Ay £ B R BT R KO AP 7E 3 m s sk, E$§“%ﬂ&%%€iﬁm%ﬂﬂ\
225 (P<0.05)(45)- Bom s, HZRILEHY, 2 a 2z

3 iR

oy TR

IS SNP*UE{’H\JM*ﬁﬁj\?*ﬁE 5 H Ay
THhRCHLE, SNPIERER A PR L | A T
VLt i Yy B SE At . K T 2R AN B ERE . EATRESE

x5 BEEMREUSTRIEFRESEKEREXSH

Tab.5 Correlation analysis between different genotypes of seven mutations and growth traits in C. idella

(A= FEpR FEAHL /g hK/em A% /em A fi/em JIEH /%
locus genotype number body weight body length body width body height fatness
ID-6H 6-00 41 95.282+5.128 17.532+0.320 2.358+0.059 3.794+0.076 1.704+0.015°
6-01 239 95.665+2.330 17.669+0.127 2.361+0.021 3.79140.031 1.666+0.007°
6-11 43 86.669+3.655 17.193+0.254 2.33140.040 3.692+0.060 1.661+0.012*
ID-10H 10-00 163 93.49442.412 17.575+0.147 2.353+0.024 3.769+0.035 1.664+0.008
10-01 160 95.362+2.974 17.602+0.158 2.361+0.027 3.788+0.038 1.676+0.009
ID-11F 11-00 39 95.883+5.296"™ 17.584+0.328"  2.367+0.060™ 3.801+0.078 1.699+0.015
11-01 101 87.435+2.624° 17.186+0.163°  2.304+0.027° 3.726+0.040 1.674+0.010
11-11 183 97.9624+2.797" 17.81140.150° 2.384+0.025° 3.803+0.037 1.662+0.008
ID-15F 15-01 231 98.002+2.463" 17.7774+0.135 2.379+0.023 3.81540.032° 1.673+0.007
15-11 92 85.422+2.349° 17.11620.160 2.301+0.025 3.686+0.039" 1.663+0.010
ID-32F 32-00 230 96.513+2.330 17.73740.127° 2.369+0.021 3.797+0.031 1.667+0.007
32-01 93 89.241+3.235 17.22240.198°  2.327+0.033 3.732+0.048 1.679+0.010
ID-39F 39-01 93 87.981+3.080° 17.157+0.191°  2.316+0.033 3.714+0.046 1.678+0.010
39-11 230 97.0234+2.356" 17.76340.128" 2.373+0.022 3.80440.031 1.667+0.007
ID-41F 41-00 120 94.128+2.726 17.629+0.157 2.362+0.026 3.783+0.038 1.669+0.010
41-01 168 94.627+2.866 17.565+0.159 2.35340.027 3.785+0.039 1.670+0.008
41-11 35 94.417+5.974 17.56440.347 2.359+0.055 3.731+0.079 1.677+0.024

e A LE RS R/NG 7 BEROR 22 57 2.2 (P<0.05)

Notes: different superscript letters in a column of each locus indicate significant difference (P<0.05)
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RIPEIRF G, SNPARIC b HA 73 - Fr i 58 B v
M SR, AR G T SNPRR LT & A H]
ME AR D BT, & T R A SNPARIC AR fL
TF R BIRGEAAT 35 2, HAl & T SNPARIC HY
I 22 Je A0 45 5 Jk N 87 1) h e AT i vk, IS
BEFP IR FEAT G A S ESNPRRICTE 1
T R R D A JE R T BE A . (DRE f A
2 2 MR [N 20 B AR A A B, R A D AR
XIS, HAE R 551 T 201548 4 22 5¢
A, L RURE LR S 4 B0 P2 2 %5 64T SNP
PRICTT &, (BEE SR 2% 751 & cDNAKF S, 5l
Yy v A DR A B i AR 2 BIAR IR s @ E AR
SNPHRIC He HAl 73 T At 5 B i y, {HH Sy
B T HAB A FhRiC, B, fE s i e
PSRRI T, A0 PR AR 52 £ SNPAR I
o3 BURSAS 2 H iR GBI, AR 5256 LASTR 3 Y
S5 PO B TN I AR AN R R VAT X S
B, DABRAR AR S B A o T STRECARAT
B I oy B DR R 20 AT PCRY™ 3 7 1) Fr B ok
AN, TEAR AR R B BB TS, MRAESTR
I3 BUEE RO TR R Be RN GBI ) ] i o 4 5
HOZAL R AR SE R R, BES , X749 A
X IR SEARPCR™ W #EAT I 7, W FP 45 R s
PCR™ W) R 45 AL J5 X BLY M 45258, SR WIEHISTR
53 U AN A AT LA ME Al XoF 4 A/ 2R 8 5 A8 A7
AT AL, T HLRE BRSO AL AL s BURA . T
JH b 53 A e 5 DR 2 b KRR A A AL /i
BRI 5, RHEHORAR B B I S 2%
01 49 B ARG Y OOk S T
1 28 BF MR QTLAE o F1 6 P 20 J 971 20 2 5 BF 5
JRfE T RIS AL . 20154, FA RL KA1 Y 8 2
e, BB AR Y BLE RIS N S %,
R FE K731 BR D i E A 24 B B o 7E LA
AT E, AR F SSRsARIC X £
AR T E AL, RIS SR B R —1
5 PR B B A S I QTL(RI i R AR 52 7.7%) . A
Sy LA A 5 PR 2 51 RN £7 JEL(C_idella_male
heterozygosisINDELIloci.vl.gz, http://www.ncgr.
ac.cn/grasscarp/)!'"" 5%, X3/ scaffoldsH i A/
B B AR L EAT O R o 44 (B A BTk
DA DL BRI A 174~ SSRs A A5 (o5 i 1 3 A
HHY38.64%), 2 AL kIR BEMIN BTG
BT R25 X5 51 A 3XF 58 e, 223514
IR FR 5 R ki d IR L & < O]

Yy ae 26 A T B 22 35 (6 T 0 1B 10 05 1 15.91%).
TETR e 44 PEE T, BARAESEA T AR 274854k
P 37 A/ D 5 A8 A7 i L AT, L e £ i A
bR AL T E B A B R AL AR A R, fdE ]
IR STRIF B A A A3 ROIT e KA A A /R 2%

RIS R, O I 5 e A2 gt A 1 B 3 B
HE%,

BTN T G 15323 F2iE F
BE R R A 1 AR R MR R AT G EBR BT, R ILBR T
{7 s ID-10HAIID-41F LA AN, HAYS A i 3 5 5
4y 1) — A3 A AR MR B 3B A G (P<0.05),
H A ID-6HY 4 i IE 1 B2 PR AR ik 35 A OG (P<0.05),
fiAID-11F, ID-15F, ID-32FHIID-39F %) 5 5 %
g R . R PR TERTR = PR A
K(P<0.05), HARFERMIET BT, 8RR
Ji i MR K AR A s H RN R, A TFIARRR
JIEL 36 B A A MR B AN RE Z 0 . Ik, T LA
545 a4l fa A KRR AR 56 B AR 7 S H T
Al AR K MARQTLIN S Mok Fhric i B & Fh

25 b, AR A 5 A 3 scaffolds T 444 i
N R F G AR i HEAT O 3, B O 224>
ZEARNT 1o F I STR A Y4 AR Xif B £ i A /82K
TIGEARNT 5 AT 20, 224N GEAR A 3 4 A i 2l A
AL, B STRA N B H7 AR A AL v o i 6F 4 A/ 2R
DI VAT e o N 1 2 A I 3 (1 i 5, NS
T 53 B 224> G AR ST XU T A4 SR AR
hHZAM, &5 %A d KR T Gk
SR, ASME SR A — w24
A KPR B 3R 56 (P<0.05), AlERX SN SUH T
A KR QTLIN E M 4r Fhric i Bh & .
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Polymorphism of seven insert/deletion mutations and their connection with
growth traits of juvenile grass carp (Ctenopharyngodon idella)

ZHANG Meng ', SHEN Yubang ', XU Xiaoyan ', WANG Rongquan*,
LENG Xiangjun 123 LI Jiale

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Key Laboratory of Conventional Freshwater Fish Breeding and Health Culture Technology Germplasm Resources, Ministry of
Agriculture and Rural Affairs, Suzhou Shenhang Eco-technology Development Limited Company, Suzhou 215225, China)

Abstract: A weight-related QTL was found in the 15 linkage group (LG) during mapping the growth traits of grass
carp (Ctenopharyngodon idella). And we tried to screen insert/deletion mutations on three scaffolds in the 15 LG,
according to the previous consensus linkage map and draft genome of C. idella. At the meantime, the STR
genotyping method was uesed in genotyping of insert/deletion mutations. Moreover, the association analysis of
selected mutations and growth traits of 323 individuals was conducted. Results found that 17 of the 44 selected
insert/deletion mutations were SSRs, and 2 loci failed to design primers; therefore, 25 pairs of primer were
successfully designed. PCR amplifications showed that only 22 of the 25 primer pairs were effective. Then STR
genotyping method was used for genotyping of those 22 insert/deletion mutations, and 7 polymorphic mutations
were found in four parents. Afterwards, PCR products were sequenced to confirm the STR genotyping results.
Sequencing results showed that STR genotyping method could not only classify insertion/deletion mutants
accurately, but also reduce the genotyping costs. Finally, the general linear model was used to analyze the
relevance between those 7 insert/deletion mutations and growth traits of 323 juvenile C. idella. Correlation results
found that 2 loci (ID-10H and ID-41F) were not related with growth traits, while the other 5 loci were significantly
related with one or more growth traits of juvenile C. idella. According to the 5 loci, locus ID-6H was significantly
correlated with fatness traits of juvenile C. idella, while locus ID-11F, ID-15F, ID-32F and ID-39F were
significantly correlated with body weight or length or width or height. In summary, the inexpensive STR
genotyping method could be used in the development of insert/deletion mutations, and the 5 growth related

mutations could be used in QTL density-increasing and molecular marker assisted breeding of C. idella.
Key words: Ctenopharyngodon idella; mutation; polymorphism; growth traits; connection
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