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B2ERAENDEFHETIT SR TE

/%é%ﬁt bl %\3[3@7537 gﬁ%’_12) % g 1’27
%\Eéﬁejﬁl,z L._,f‘(éi?lZ*
(1. Hedr ol K 22 K P 2B, AR AR K AW B T H A =, KIT A B KK gt Rk &
HE TS, WA LA s M S @R TR A G, H1dE 57 430070;
2. EE L e =, iR I 4300705
3.7 R RER AR G BR AR &EHOK=HEF ARG, &R T 511400)

RE: homEa AR ARTEREAFAGSAUBIERIEETLEET 6, SRA
AR ERLEFATFY, FRGESS. BHEEG. EE L ITUE 46 5350 B W H
T EARIE. #R 2T, %Eﬁ@ 900.51 Mb # [ 41 7 7| % 3k i 26 2| 4% T 2 J¥ 7] 677 363 /™,
YK F 12835407 bp, A E 4K EMW 1.4254%, FHEEEH 132943 bp, H g it
ﬁﬁﬁ&]&%ﬁy, bt 52.85%; ZmAE R FAI AR, B 31.44%; HREZNREE
75, EH8.05%, ZWMEERFF LI 647%, ARMAEELFH b 1.12%; S E
FEFFEARD, KA 0.07%. 1~6 A EE LR P ihREL 52 A/T. AC/GT. AAT/
ATT. AGAT/ATCT. AATAT/ATATT. AACCCT/AGGGTT. FEAL¥k# & & 5 7] % 4~6 4
AW 10 ML Z &5 Y, EXELEFABETT Y, FaE ISH2A815Y, &
CERVUS 3.0 #4247 15 ML 8 F 3 11 2 4 4 % 0.802~0.959, H W o4 45 K% e oy &
H100%, B K 95%. it x 20 MR R TR 12 A MNERBATFRARELE, TATR
HRA R ERRKEAR, S B FELET 100%. RAXINT Eo 2L FAMT EH
fE, FAALAUBITEMEHATEERETLE R, VEERTEN AN AFARURE
B M TR E A
X Ea;, ALFY, MITE; FT45E
hESAS: Q78559174 XRKFRERS: A

PR R 1~6 bp (MEL P RECE 500 B TR R R B AR A
AR, MFKCH M ECE & ¥ 8 (short tandem A —Fl N T Z A s FAvid, LR RA T
repeats, STR) 1k fiif #. # & J¥ 41| (simple sequence HZAN, FERAEZTRER RAHEDY
repeats, SSR), 20 172 80 4RI, Tz HY)  ZEMEMAGELLEENAL S 2, I HEE £l
SR T B A YR R A b, IR R e, BERRE Ml R AL 4 TR, AR
AP EXFC BRI Bem . FESFREMAT B Z R AL R s R R [, A
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ERAFR SR BAEAE . 25/ F00E S0,
Jz N HAEFRRE S A I SY . b . R T
FESE Y, B Y 7 H g

D A R T e, A e 4 5 PR A 85040 P I i =
o, E TR B A R N A TR A Y
B RO RO EWE B K, MGG s R
SCPE B T LA 7 ik, OB i R T hn 8 R
Y, E 4 L& (Sinocyclocheilus) . K
(Larimichthys crocea)” . WF 2 fii#}l (Gobiidae)™ %5
Mk Fe g TEENARFIIFE T ETF
FEAE BT bR IC T A 1) TAE S

5L B RIS T HES K 7l Kk e B
AEEE L, AR, B TEFMIRETIELR
o, sl 2R, T B IR AL
B PRE T E AL N EE, R TEE
NFREAEEE , BR T AR B2 og 2R,
TE& PO FK b A EEAEH, EFd
it o T T sl B 30 o A L A IR | A TR
PSR oo i v B84 B O A5 R DA A Y T T A A
IR B & AR . 25 RAeE S0,
VTAESRAEVE 2 sh W) ol ] TR 7508 o K
¥ (Sus scrofa domesticus). fEM Y (Equus asinus) .
VAT 135 IR 4 (Bos taurus) %% & S B Fh kot b
N T SRR T ARk, RTEE S
Mridu Z B TSk g TR, P et (Hu-
cho taimen)!”, T fi. (Mylopharyngodon piceus)"" .
H 4 8. (Coreius guichenoti) %",

HiAf (Ctenopharyngodon idella) FJ@HHF}: (Cyp-
rinidae) 5 ff1 J& (Ctenopharyngodon), &% &
%, AERENREMZ —, FERHPETEREKE
2k, FafaMuisEe HoeEn, HERNE
A R AL o R A B, Fu T B2
TR TR T A, HXhrid F 22
AR SO AR, JF LA 2 B A A
A, 2R O TR R IC A 2 R AR A
LT T Sy 77 HE AR, TR A 2R S 1Y S B il
FHAE AR v e R B2 B — s ma ™, T 4~6 Bk
HEWM TR ZAMET A, FEHED 53R A3 o
e, SEFRESIRW T MER . HETERAe
FHEAFINC & LAY, XA TE A H KT
REZ[VER, HERBIZ S FIELN 4~6 i H 2
R R IR TR RE . ARSI B TR A0 A AL
AT H], ST R ST TI288 5491t

https://www.china-fishery.cn

B, DL O HER O 16 22 25 I T 7 s R L T
AR T E

L ARSI
L1 SR
E2F N3RSV S S R N EE VIS

H T b R 2 e 5 R R 5 O B I (http://
www.ncgr.ac.cn/grasscarp), | ¢ A fasta 152,

¥ hE M ARSZEMER BT AR
KA Ay A BRA v & BOK = oo o 6 1 &
R N Tk E Rk, E Rtz 20 2,
HEVEZEA 20 B, ZAEFE V192 B, BREMEY
Wb ig s, HIK GEERE, 20 C vKFE
AFEH .

12 MOBAAEES 5

K JH MISA B {4 X B £ 4> B D 20 )% 41 b 1Y)
1~6 #% AT MR FE 5 27 SSR AT &R, K R An e[
A 40, 45 52 35 78 (perfect) M & & Y (compound) SSR
EEPIC, G E S M T2 (mononucleotide
repeat microsatellites, MNRs). i 5 8 & 7 0 &2
(dinucleotide repeat microsatellites, DNRs), = fif %
HEWIA (trinucleotide repeat microsatellites, TNRs) |
PR L B i T A (tetranucleotide repeat microsate-
llites, TTNRs). TiAgHEH & 7 T2 (pentanucleotide
repeat microsatellites, PTNRs) 175 fifi 3 # &2 1 T2
25 A (hexanucleotide repeat microsatellites, HXNRs)
MIHERY , KRB IEN PRI A R T 10 U,
HEZRKF 6K, —WHLERT SR, JHgit
ARG TR 3 A B AL . [FIRTAG 2R SSR iz
SUHTJS 200 bp W7 SIME T T IR 2eny 5 Wit .
1.3 54t

M MISA B 56 T B £ 4 ik R 240 7 91 4%
P50 TR 7 s T R & T JE 200 bp S, FREC A
Primer premier 3.0 #4475 Wik it & it 4 6k
SLE A SSR 51 ¥y 40 X, S AT A SSR 5| 64
Xf, 6BAEE L SSR 14 6 X, 2110 X7,

14 E&EFHARNERERFZE DNA B2

FEAf PRI R 2 DNA $ HUH B8 s e 520 iy
K FH 0 I R 4 /7 Ok, 4R BUAY DNA A i
NanoDrop NanoDrop-2000 25 4435 5 JE {SUK: I e
FEFBTR, R4 HE A B 100 ng/uL 19 T AWK
A=20 C IKFEIRAE o

R E K224 F 7/ sponsored by China Society of Fisheries
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1.5 ZEMALRTHIE

X110 X5 [ b7 S mb i vt , LABGAL 5 B
TR A DNA KRS PE R, 1 B IR JOR BN
52~62 °C MR EERE B, DA R B AER O B Fn =
YR BRI . HERR PCR U304 | S5 b 2L
25 SRR ZE A S5, KT 1 50 X5
Yy 57 AT 9SG (FAM. ROX. HEX), it
SUERVEMRHE A RA R AR KB 34
14, 4944 FAM. ROX f1 HEX #7ic, L4
40 /> BE L TR (R 40 SR AR FE N 4 DNA AR AR
T PCRY MG, RWARFR A 10 LK R, AL4E 100
ng/ul 1A 3 240 DNA 0.5 pL, 2xTag PCR Mas-
ter Mix (VP 2 Y RHEL AR A A 5 uL,  FiiF
S1¥ (A 10 pmol/ul) 0.25 uL, F#EgIH k&
10 pmol/uL) 0.25 uL, ddH,O 4 uL. PCR S 4544
94 °C Ti7Ze M 5 min; 94 °C 781 30's, 36 HIE AR
IR K 30s, 72 °C FaEf 30s, FLidEAT 35 ME
W, BJETE 72 C FIEM 10 min, T 4 °C FR-A7E%&
o PCR =¥ JR % A1 DU R E W R A B
AT B AN SO LKA I (ABI3730E 4175 FL Ik
1), F1F GeneMarker v1.75 A BEE R /MIZE R

B R 2> B R S A CERVUS 3.0 2044 #1
allele frequency analysis JJREXT 50 M 5 2 A ki
TP AT It LR SEHERR R . W2 & (H,) A
Z& & % (H,). Hardy-Weinberg “F-ffif (HWE) £ 4 .
TR ENFEF R | Z8E B S & (PIC) 35
SR, PRk A 0 i TR A 15 N TR —
1.6 FFEESH

B T 8 10 B9 15 AOLEL (R 1) 7E 20 X B £ R
ATAC192 B P4, FFHATPOC B AN ik
Kol , R GeneMarker v1.75 Hc{4:32 BUE ANV A5 1Y
BEIH o> BUZE R o g R TN O BL R 5 A CERVUS
3.0 A4 F) A allele frequency analysis IfJ B8 43 #1 7
15 A7 X 232 BAMK F iR HERR % . H, AN
H,.. PIC %, J{H] P-LOCI ZRA4 B 53 BT 25 1 5 5K
GAREHERR % . ffi FH CERVUS 3.0 {4 simulation
of parentage analysis 2] fig #E4T 10 000 ¥R 45 U 5% AL
Y 5E, JF H parentage analysis I EXT 192 & F1C
5 40 AT LA HEE

2 R

21 E&SLEFMAKIDEIFE
WMIEERHE. 5Ah. AR

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

T D

£ 900.51 Mb 4= K A 20 rh 47 48 6 PR 2 P )
677 363 1>, MK 12835407 bp, HaERRAK
FEY 1.425%, “FIIEEREEN 1329.43 bp, AHXT -/
H0.192 (% 2), EERRMGIIEERE R, Hib
PRI T A PR £ R 357 951 A~ LE 52.85%:;
HIRE IR EE T 212973 4, i b 31.44%;
TR DU B 3k B ¥ 51 54 550 1, (5 HE 8.05%;
A EE T Y] 43 804 1>, I 6.47%; FLmHIE
BEEFH 76004, [ 1.12%; NHidEE =5
b, 485 MU H 0.07%.

ANFRFELZ A, PRI E T8 T
LA A/T, 223520244, S EE T
51 98.34%; —HFEE G T I Bl Z AN AC/
GT, 3£ 943744, 5 i3 & E ¥ 5 44.31%;
SHRAE IR 225 AAT/ATT, 328004 4,
i EE 63.93%; PGS I £ AGAT/ATCT,
182734, (L HE 33.50%; TifsdEh Bl R £
51 AATAT/ATATT, 3£ 2 6454, 5 [t 34.80%;
N A o AACCCT/AGGGTT, 33364, o
k. 69.28% (5% 3).

WMIEELREAHENESA4FIE  HMA
SR TR R 9 0 EE A B DR A VS
R, N 5~549 ¥ 5040 (K 1), skt v 5
P& LKL E A AR 10~29, 5 BT SRR AL A 1)
98.11%, V-4 D1 % 14.54; —HaJLTE E 558 I
BETEPIE 625, A I ELE R 96.80%,
SEXEE DUE 11.45; =L EE)p ol Hs DU 2 4E
A 5~11, T = EE R 95.14%, P48
VUK 6.76;5 DU B 3 5 &2 7 51 #5 D1 i 32 B4 rp 7
5~10, 5 FTA DUBRIE EE E 19 88.48%, 4145 D1k
7.16; TR EE P I EBEEPLE 5~10, HrA
AR 1Y 84.93%, “F-¥I4E DAL 7.55; FSHdHE
FE P FEEERE 5~7, A ST E W
87.42%, XL UK 6.09, T MK 5
PEULRC B F A C (=—0.858 1, P=0.028 8), HII
Bl A PR AR R, SR DLEOR L

22 EEMMIEMRIGE

BT 110 XF 5145 LAREHL 5 5 fa p iR &
DNA JJ M 78 1786 B PCR ¥ 38 i ok, 18 kI
BRJE 52~62 C, ik th 2k B se i — | U
WA B1 AL 50 XF . XHIRBE 514 ST e
SehRic B, 4> BILLR 0 40 FERE LT BEACEA
) FE I 24 DNA AR 64T PCR &3, FEX5 ™)
HEAT T 40 HR R I A A 7 A A7 A ) S PR A

https://www.china-fishery.cn
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1 BIMEEHDEMSSIPERER
Tab.1 Basic information of 15 SSRs primer for C. idella

H5  FE HEHIG ElE 2l Ji BEK/Mbp Bk C S anit// i
group no. repeat motif primer sequences size range annealing temperature  fluorescence label
1 C.L5-11 CTCTT F: CTGGGAGGAACGGTTGTCTG 265~346 52 HEX

: CATGGCTGCACAACTCAAACAAAT
C.14-25 AGAT TGCTGACTTGTTTTGAGCTGTAAG 228~314 58 ROX
AATCAGCTCTACAGAAGACACCAG

C.l4-14 TAGA GGATGAAAGGGAGAAAACAACCAG 90~185 52 FAM
GATGATTCCTGATAAACTGCTGGC

2 C.14-19 GATA TATACAATGTACAACGGAGCACTG 236~288 62 HEX
CATTATTCGATGGGGAAACGTT

C.14-21 GATA ACAGACAGCAAACAGATAGATCGA 206~284 54 ROX
GCTGTGACGAAATGATACTTGCTT

C.I5-5 TATTT CTTTAGTCATGCCCTTCCACTTTC 185~295 62 FAM
AAGCCATACTCTTAATACCAGGGG

3 C.1.6-6 GGACAT TGAAGTTGAGTTGGTTTTCTGAGC 216~344 58 HEX
TTAAAGCCCTCATTTTGCCATGTG

C.I5-6 ATTTT GTCTCATTTCATCATCAACGTGCT 268~354 56 ROX
TCATTTTGCAATCTTGTCTTCCCC

C.1.5-27 TAAAA AGGTGAGTAAATGTCTTATGCGGA 131~211 62 FAM
CGGCTTGACTTATGTAGGTTGTTT

4 C.1.5-34 GAGAA AAGAACAAGCACAGACATGATCAC 252~308 62 HEX
CCTTTCATGTTTCCGTGTAGTGTG

C.14-3 CCAT AAGGGGTCCAGTTTTGTTTGAATC 209~400 62 ROX
GTTGTCATGTAGGCTTTACGTCAC

C.I15-12 GTCCA ATCCAGGAGAGAAGCAGCATAAAA 145~287 62 FAM
CAAACAACCATACAGTTCCACAAAG

5 C.1.5-43 TTCTC GGTCAAACTGCTTAATTACAACCTC 205~308 60 HEX
AGTACACACGAGGAAGAGTTTGAA

C.14-17 ATCT TTGTTCCCCTTGACAGTTGTACAT 224~284 62 ROX
CACAGTTTTATATACGGCCTGCTG

C.I1.5-8 AAGAG GCCTGTTTATAAATGCACACACTG 202~280 52 FAM

ACCCTAGCATTCTTGACTCAGTTT

®2 BEasHERAMDEFHE

Tab.2 Characteristics of microsatellites in C. idella

RS E i

characteristics of microsatellites C. idella
Kl 7 51 8 %/~ total number of sequences examined 164 368
Kl 7 1 K /bp  total size covered by examined sequences 900 506 596
K 2 fISSRs i K /1~ total number of SSRs identified 677 363
Kl F ISSRs i K & /bp  total size of SSRs identified 12 835 407
WEBAM TP REELBITHIFHIEE/  number of sequences containing SSRs 31533
ok TR AT FEEE/(bp/Mb)  total relative abundance 142535
o TR SIS S /bp  average distance of SSR 1329.43

https://www.china-fishery.cn R E K224 F 7/ sponsored by China Society of Fisheries
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x3 TREEXRBRBESEL UG
Tab.3 Advantage repeat unit of repeat types

T A [ )
< A (et
repeat unit this type
A MNRs  A/T 352 024 98.34
ZH#JE DNRs  AC/GT 94374 4431
=WE TNRs  AAT/ATT 28 004 63.93
VA TTNRs  AGAT/ATCT 18273 33.50
FlgH PTNRs  AATAT/ATATT 2645 34.80
3B HXNRs  AACCCT/AGGGTT 336 69.28

F FH CERVUS 3.0 # {4 allele frequency analysis 3]
REXIX 50 N7 i B 2 2 AT 0 A, Pkt i 15
2SRRI (R 4) 15 X5 YRy 2380
IITEIR IR, 1R 40 AT, P H, O 0.708~
0.995, EH{H 0.888; E3 H, 7 0.802~0.959, -
HIE 0.904; ) PIC 24 0.785~0.955, FH(H 0.895;
SRR A 26.4 AR

23 ETEE

B 15 A Z AR TR A i — T
192 B3, 254 40 BRAM 192 BRX &R
TARB LN BB, P-LOCT AR 43 B 4 3R
N (K1 2), GRS, R4 B
DB BTt B (C.L4-3) B M AR i
A3k 6.68%, 2 N (C.L4-3. C.L5-12) e i
Al3k 65.97%, 3 M (C.L4-14, C14-3, C.L5-12)
e ik 96.85%, H4ikF| 4 M H (C.14-14, C.L4-
3. C.L5-12, C.L5-8) i %7 HERA R L] 99.78%,
o7 A5 i 4k 2 18 in W) G BR 23 100%. CERVUS
3.0 # {4 allele frequency analysis I 6843 #1 (% 5),
H,} 0.842~0.991, “F-X{f 0.915; H, KN 0.872~
0.943, F-H41H 0.908; PIC H 0.857~0.939, V-1
1H 0.899; ~“F¥RAHI A 20.5 NEEAIFEH . HE
BRMESR BT 25 R, ROREIE R BRI, g
L s B SR AR R 2 MO (VE-1P) 24 0.207~0.412,
SEYIE 0.313; FUERPRAEUAIE, B B HE
G HE % (NE-2P) 9 0.116~0.258, “FE-X{H 0.187;
WUE BRI BRI AHIN - BSOS HERR 2% W 1R
F (NE-PP) 2}y 0.022~0.099, F-¥J{H 0.059, 154
BRI G HEER 3R 0.999,

| F§ CERVUS 3.0 %% {f simulation of parent-
age analysis JIREHEAT T 10 000 R FEA DA AL T
ARSI, SRR, 9999 YW IIILHL, %
SENETNHN 99.99%, EAFE N 95%. HILEs T

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

A, FEPRARAE OO R X 1S AN R A TR
R TE AT LATE 95% B A5 FE I ik 5] 99.99% 4 7€ e
2%, FIH CERVUS 3.0 #/4 parentage analysis 3
B, DL 1S AMCE RN X 192 ARt FARBEAR
P55, i TR LT VL FE 2] IE R A REAS, 4
SEHERI T 100%.

3 v

3.1 EaeRREANMIEMRIZRE S HHHE
o

e e U PRz I T A R A SR TR 2
FEAIME , g LR K94 AR D TS
BFP VR TR A S DA [ R 2 B ] 5
PIIFFE L (NCGR) Bt 2 480 n7 i 2 2R N 4 )y
51 900.51 Mb, Jf-FI F MISA # {42 4l i 677
363 MM TN, SIS 1329.43 bp, ALK
J¥ 12.84 Mb, [ @BERH K 1.425 4%, 54168
Z 208l (Takifugu rubripes) (0.77%)Y. 3 (0.85%)%
b % BE (Ursus maritimus) (0.79%) %5 A A#H T,
5 ¥ B (Anopheles gambiae) (2.14%)* F1 A 2§
(Homo sapiens) (3.00%)" A 2538 K, Hifl 4 3L
AT, PR E R (52.85%) k%, —
B A 2R (31.44%) 55—, DUBH L R A 2K
(8.05%) 55 =, X 53EMNH 5 i (Scleropages for-
mosus) (51.15%)*LL S K ReM (Ailuropoda melan-
oleuca) (45.56%) FILHK AE (46.78%)" i) & &2 A Al
il EL VO R TR S SRR A NI W ER = SY S S PN
TR o M FELL#E 2 20 6P 4 R (Scatophagus
argus)® . VU8 1 (Apis mellifera)®™ | J& — 75
TR IFHNIRIALA, TEREEE (Saccharomyces cer-
evisiae)™, HIREEEMLEE (Neurospora crassa)™ H =
WL E R P AR EIE S . AT RLE W, L
AR R rh 20ROk, B 5YMoES%
KARFILEW IR, rTREZEH T AR YMA
[ PR A o R A b 1Y) 25 5 S B0 T XA [

g A FE DA T B T 8 G AR DA
ALTEE N 5~549 B A o3 f, HEE PN KES
SEX$E DUBOR B35 TG =—0.858 1, P=0.028 8).
X G AR AP FZE 2 g FERFSY H AR FEXTER (Mar-
supenaeus japonicus) FIRE AR IISR —3, X
T A AT RE & i T H A PR K R i R 2
BN ERE AT TR, PR AR i TR T 91 A2 1l
PO s AU RRA cRYc o i1 LTI 1 <0 7 GRS (1T ) e T

https://www.china-fishery.cn


https://www.china-fishery.cn

166

K=

2

1l

46 &

BT A 0 ) T Y S A AR AL e A

TEFFIRRKEE M, AR

%71}

B ZRREE . DUBREL . TR K 7S e Rk R A e

AL A/T. AC/GT. AAT/ATT. AGAT/ATCT,

KPS, fERE RN BRI |, Bpidt . —  AATAT/ATATT & AACCCT/AGGGTT J Hi i f
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pentanucleotide repeats

(©

hexanucleotide repeats

)

E1 BEazEREFIPHRIETRESLEENLSH

Fig. 1 Distributions of copy numbers in different microsatellites repeat types in the

whole genome sequences of C. idella
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x4 BIEEHDEMSSTHER
Tab.4 Polymorphism information of 15 SSRs primer in the C. idella parental population

(A= SMERY CFHORNREE CFOREAEE ZHEESE FEAY Hady-Weinberg P TS A 2L AR
locus K H, H, PIC N HWE F(null)
C.14-3 47 0.774 0.950 0.945 190 ND 0.101 1
C.l4-14 25 0.995 0.928 0.920 191 ND ~0.036 9
C.l4-17 34 0.879 0.945 0.939 190 ND 0.0359
C.14-19 18 0.953 0.911 0.902 191 ND ~0.024 8
C.14-21 24 0.900 0.925 0.917 190 ND 0.013 4
C.14-25 40 0.921 0.892 0.882 191 ND -0.0212
C.15-5 24 0.708 0.859 0.848 192 ND 0.108 0
C.15-6 43 0.944 0.959 0.955 177 ND 0.006 5
C.15-8 18 0.921 0.892 0.880 190 ND -0.0179
C.L5-11 25 0.859 0.915 0.906 192 ok 0.0295
C.L5-12 21 0.865 0.802 0.785 192 ok -0.056 1
C.15-27 20 0.932 0.895 0.883 192 ND -0.023 4
C.1.5-34 15 0.921 0.893 0.881 189 ND -0.016 7
C.1.5-43 17 0.903 0.873 0.857 186 ND -0.018 4
C.L6-6 25 0.848 0.927 0.919 191 ND 0.044 6

W ND. £#iE, NS, TEZEME (P>0.05); *** fRH R EME(P<0.001), ** HWEZMZEP <0.01), * LFEMEP<0.05); FIH
Notes: ND. not determined, NS. non-significant deviation (P>0.05); ***. extremely significant deviation at P<0.001, **. significant deviation at P<0.01,

*_ significant deviation at P<0.05; the same below
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257
w5 )
i) I
T3 40
Bk 2 59 |
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B RN S BA
number of microsatellite loci
B2 15 RiTHRE
Fig. 2 combined probabilities of exclusion caculated

over 15 microsatellite loci
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FUEEARL, H 5 26 2R Oy fif v (R AR AT R 22000
Ivi) S} 7 et 4 3 P2 o D R e TR A B CG/GC
FE 3614, HEAR 0.05%, X526 7 )5 fi
HA R B 1A DA [ B AR O R AR 1 T
SR, HEIX TR s>, Scho-
reeret 3¢ PV AFSE R, T cpG B H AL C
L 5 20k I 2 Sk AR AR Sy T i, PRk, Aok
X DR FS R AT, C/G B 3 5 F oy A
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AR I SR8 X R 28 T B2 1) B RE A0 7 FH A5 6 4
SRR

32 MIEMREREERRLEETHNA

AL N 20 MEF R RWICEEATE 154
T DR S SE R B AT b, SR TR AR SS
P-LOCI 73 Mr 45 S . 7n , Cl4-14, Cl14-3, C.L5-
12 F1 C.1.5-8 4 o S kA BRI AT 3K 3 99.780% %5 5E
WERGF . FFXF 20 MR R FAR 192 MAMETE 154
DS IERRUHEAT T 08T, CERVUS 3.0 28E 4553
R, BT AN 20 %5 35 4 b DT g 3 1F 5
A, UERREN 100%. A EEF LLASR A /=6
L A B T AN A R R AR S R A I Y,
ARSI Y 4~6 B AL B 0 T HL AT i I
FEERRE,

ARSI 6 70 0 R 1o R P R B A AR A3 67 A
HIURFT & f iRt e IS I, ik S HOE
AL RIDCEL . X B4 1 H B 1 22 T BE 1Y i
L, ARHEBR FARA R R A AR AT e, HA
A6 2 T A 3 DR 43 B 2B B B R AR
O'Reilly %5 J L, 3L 20 B 14 2 B b iy 454>
FE R JBEAFAE 2%~3% W/ AR, Sk R 4 AU 1)
TR R ICAE] 100%, 76558 iR b Z 4R
S RIEER 2 FEUE R . BN BTOX — IR
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168 Ko ¥ R 46 %
®5 BEHBREFAMFREMERSEESHRHREE
Tab.5 Genetic diversity and exclusion probability for parents and offspring populations in C. idella
R ﬁ%@ JF)Li'/J /Z')Ei')lﬂ %‘—'}{’%{Tﬂ 2 =z ﬁ{ﬂ% )s! Beggy  Hardy-Weinberg 7'57&%41\1
loens A H KA G e NE-1P NE-2P NE-PP It Tl 2 pTES
K H, H, PIC HWE F(null)

C.14-3 32 0.862 0.936 0.930 0.232 0.132 0.029 224 ND 0.0411
C.l4-14 21 0.856 0.899 0.889 0.341 0.206 0.066 229 NS 0.024 3
C.1.4-17 19 0.957 0.904 0.895 0.328 0.196 0.061 232 NS —0.030 2
C.14-19 13 0.896 0.886 0.874 0.374 0.229 0.079 230 NS —0.005 2
C.1.4-21 19 0.991 0.929 0.922 0.259 0.149 0.037 229 ND —0.034 2
C.14-25 23 0.930 0.904 0.895 0.322 0.192 0.057 227 NS —0.016 2
C.I5-5 22 0.842 0.929 0.923 0.255 0.146 0.036 221 ND 0.048 8
C.L5-6 23 0.978 0.927 0.921 0.261 0.150 0.059 231 NS —0.028 7
C.I1.5-8 18 0.871 0.909 0.901 0.310 0.184 0.053 232 NS 0.0200
C.L5-11 18 0.966 0.918 0.910 0.289 0.169 0.047 232 ND —0.026 6
C.I1.5-12 32 0.965 0.943 0.939 0.207 0.116 0.022 228 NS —0.013 9
C.L5-27 20 0.900 0.902 0.893 0.327 0.196 0.059 231 wHE —0.001 2
C.1.5-34 19 0.909 0.883 0.870 0.382 0.236 0.084 231 NS —0.016 4
C.1.5-43 16 0.927 0.876 0.862 0.402 0.250 0.094 232 NS —0.029 0
C.1.6-6 12 0.878 0.872 0.857 0.412 0.258 0.099 230 NS —0.005 1

BUERARRNN F2R A (I & AR R HERR 3

combined non-exclusion probability (first parent): 0.000 000 02

EAIFASER B — B AR BEA A B HERR 2% combined non-exclusion probability (second parent): 8.274E-0012
U A HIF AL REA LA A5 (Al ESEBUHERR % combined non-exclusion probability (parent pair): 6.575E-0020

TE: NE—1P. B AR KIS 5 A AL i RS AHEBR 3 NE-2P. CURISRIN 53 — SR A AL s (K JE SR BUHERR s NE—PP. YR AR RIS S BEALH

EHARRAGEER

Notes: NE—1P. non-exclusion probability for one candidate parent; NE—2P. non-exclusion probability for one candidate parent given the genotype of a
known parent of the opposite sex; NE—PP. non-exclusion probability for a candidate parent pair

SEPR A3 B vE R E th AT B R AR, A Yk R
AR B ) B 2 17 5 i iR B, 3R
A 1 T T Aol R e A B AR Ak, T RE XA
FEARREMET R, 7R K AR R R HE 2 Y
R T B o [) B 04 5 O FRL UK AE I FH 1 ik P 4y
RUEE, R Bz A 22 00 8 4 BBORS Y, R
SR E R W D R AR S R A R BR R i T
BN B, AN TR R WA F BEZ E) 22 1
BN, TRHUE AN H kg B D oo R
2R S MELIIX 4y, B BRI T DUBRIE L -
A ALY I TR AR I TR B 25 — IR
4~6 bp M B 2280, 7E 5L H 4 BU B BE 25 ) kG
WA, AT EE TR RS, EIE A T
R R Y EGT -

Tl T AT 1 ) 25 25 Mt 4o 8 R M AR K
RO, FETRAR TR S G i e e AR R R
7 5 22 25 P 5 UL D B s TR A ik
WER S E I W, [ s B 5 % 0 S A P BASE™ C
W TE B HERR R 2K . PCR G R Hp Y I — 26 G vk
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T B 1) A 2 S BORA TR EUR TR, T
W R AE T X LA IR AR R T E R, W
PCR it 7 H ) B — L6 Al 3 G F) ] et L2 b TE Ak 55
(DI , SCREAS S PR IE HE HE R 5 78% Al
88%. DI, NORIERASEE MERYE, O]
REPRIE 2 A5 Pk L ORISR (o 2 DB A IR AR i T2
fin, PRUESESB0A R s QIR AT 4~6 5k
FAZMCLRARIC, PRI DR B s OFE
B PRy BT EERHERI , DR UESE R0 R A 1 % 5
@HAE PCR 1, PRAEY 13 A2 AR A

(14 B AT L EFr g & Al s K )
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Analysis of microsatellite in the entire grass carp (Ctenopharyngodon idella)
genome and the application in parentage identification

HUANG Weijie ?, GUO Xiangzhao®, ZHANG Zihao '’, DONG Qiang ",
XIONG Xuemei 2, GAO Zexia >
(1. Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs, Engineering Research Center of Green

Development for Conventional Aquatic Biological Industry in the Yangtze River Economic Belt,
Ministry of Education, Engineering Technology Research Center for Fish Breeding and Culture in Hubei Province,
College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;
2. Hubei Hongshan Lab, Wuhan 430070, China;
3. Animal Husbandry and Fisheries Research Center of Guangdong Haid Group Co., Ltd., Guangzhou 511400, China)

Abstract: Grass carp (Ctenopharyngodon idella) is the most productive freshwater aquaculture species in China,
which is of great importance for Chinese aquaculture industry. Developing molecular marker assisted breeding
program for C. idella has important theoretical value and practical significance. Microsatellite markers are popular
in breeding studies with characterization of wide distribution, large numbers and high polymorphism. In this study,
microsatellite loci were mined based on whole genome sequences of C. idella and the distribution characteristics of
the loci were analyzed. In the meantime, microsatellite markers with 4-6 bases repeats with high polymorphism
and high accuracy of paternity test were developed. The results showed that 677 363 microsatellite sequences were
found in the 900.51 Mb genome sequence of C. idella, with a total length of 12 835 407 bp, accounting for 1.425
4% of the whole genome length. The average distance of SSR was 1 329.43 bp. The mononucleotide repeats
motifs (52.85%) were the most common, followed by dinucleotide repeat (31.44%), tetranucleotide repeat
(8.05%), trinucleotide repeat (6.47%), pentanucleotide repeat (1.12%), hexanucleotide repeat (0.07%). The prepon-
derance of 1-6 base repeat motifs were A/T, AC/GT, AAT/ATT, AGAT/ATCT, AATAT/ATATT and
AACCCT/AGGGTT, respectively. The distributions of copy numbers in different microsatellites repeat types
showed there was a significant negative correlation between repeats motifs length and mean copy number (»=—0.858 1,
P =0.0288). The copy numbers of mononucleotide repeats were focused mainly on 10-29 (98.11%), dinucleotide
repeats 6-25 (96.80%), trinucleotide repeats 5-11 (95.14%), tetranucleotide repeats 5-10 (88.48%), pentanuc-
leotide repeats 5-10 (84.93%), hexanucleotide repeats 5-7 (87.42%). The 110 loci with 4-6 base repeats were ran-
domly selected and primers were designed. Among these loci, 50 loci were amplified successfully with mixed
DNA of C. idella used as a template and 15 loci showed high polymorphsim when analyzed in its breeding parent
population. Cervus 3.0 analysis results showed that average expected heterozygosity of 15 loci was 0.802-0.959.
The accuracy of simulated paternity test was 100% with 95% confidence degree. These 15 loci were used to
identify 192 offspring from 20 families, and all offspring matched to the correct parents successfully with the
accuracy of identification being 100%. In this study, we analyzed the microsatellite characteristics of C. idella,
screened out highly polymorphic microsatellite markers with 4-6 base repeats and carried our parental identifica-
tion of C. idella by using these highly polymorphic microsatellite loci. At the same time, it was proved that 4-6-
base repeat microsatellite is more suitable for paternity test than traditional 2-3-base repeat. The study summarized
the Characteristics of whole genome microsatellites of C. idella and laid a foundation for the application of C.
idella microsatellites in its breeding program.

Key words: Ctenopharyngodon idella; genome; microsatellite; parentage identification
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