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Genetic analysis for six wild and selection populations of common carp
(Cyprinus carpio) using microsatellites
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Abstract: We genotyped a total of 208 individuals of common carp (Cyprinus carpio) from four wild populations [Qingshuijiang
(QSJ), Taihu (TH), C.carpio haematopterus (Huangheli, HHL) and C.carpio amurensis (Heilongjiang, HLJ)] and two selected strains
[C.carpio var. FFRC (FRL) and C.carpio var. specularis 'Song-pu' (SPJ)] by using 12 microsatellite markers. Altogether 341 alleles
were detected in 12 loci, with an average of 28.67 alleles per locus, and one locus (HLJ1127) was under strong selection pressure.
Two selection strains showed lower genetic diversity parameters values than four wild populations. Strain SPJ showed the lowest ge-
netic diversity parameters values (N,=6.82, H,=0.54 and PIC=0.50), whereas Strain QSJ presented the highest parameters values
(N,=21.25, H,=0.80 and PIC=0.91). The analysis of molecular variance indicates that most of the genetic variance was within popu-
lations; however, significant genetic divergence among populations was detected (P<0.01). Similar results had been found by UP-

GMA dendrogram and PCoA plots using Nei's genetic distances among six populations. The wild populations had closer genetic dis-
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tance and clustered together earlier, but were clearly separated from two selection strains. The PCoA plots and genetic structure ana-

lysis reveal the distinct genetic structure of individuals from selection individuals and partial complexity genetic structure of wild in-

dividuals. In brief, wild C.carpio populations in China have high genetic diversity and good genetic purity in their selection strains.

Key words: Cyprinus carpio; population; selection; microsatellite; genetic diversity
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var. wuyuanensis) SHNE# (C.carpio var. Son-
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I TTIR B B AR AR AR BRI BEAE 2 A
TIEE SRR B HE T RARK A58 e
FRIE VLK =BT o B BB 2 6 T -4
41, [EET 90% LEEH R . FEEZ DNA L
KL GRS -E 5 BRI DNA £ 1% BiighE
P85 R TR T L S e, vk BE K 4l B NANO-
DROP 2000 736G AL & , 1M /5 H TE Buffer
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Tab.l1 Sample information of six populations of C.carpio

TN TSR IR EZEa
. . X number of
population source longitude, latitude
sample
WKL A QST S 107.97°E, 26.58°N 35
KL TH 1T TC8) 120.29°E, 31.59°N 36
T HHL TR AR 114.08°E, 32.13°N 30
BT HL]  Bpiritic 134.28°E, 48.37°N 23
fradmtE FRL oK A5Gy 119.82°E, 31.36°N 36

PATHIEREE SPY SEIRTIUK =I5 T 126.63°E, 45.75°N 48
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1.2 I 253K PCR

SERGFTH 12 YRS 1R B ARDCSCHR[18]~20],
F 2 T AR TR 5 e FL VK O e 3RS . TS 1434
A TAY TR (1) AIRA RS, IR 9E
SeMibRIC (HEX 8% 6-FAM) XF F 5 19160 5" stk
&M, 51T 5 RS miE B 2,

PCR WK% N 25 uL, EARELFE ANTP Mix-
ture (2.5 mmol-L ) 2 uL. 4 E5F 10xPCR buffer
2.5 uL. ZfbEE (MgCly, 25 mmol-L ') 1.5 L, 3
K4 DNA (40~80 ng-uL ™) 1 uL. H#ERIF iS4
(10 pmol-L ™) & 1 pL. Taq M (5 U-pL ') 0.2 pL .

HAMRGEKANST, Fraciff A5 H EAEYRH
At ABRZAF], PCR P HEFRTA 94 °C FUAEM: 5 min;
94 °C PE 30's, 1Bk 30s GRAIRJENZE 2), 72 C
HEfif 50 s (ASBBE#EA T 30 MEFR); 72 °C ZEH 10 min;
4 C 117, PCR =L 1% Bl Mt s el B Al
Ja, AR LAY E 2R A BR A F AT
STR M RUAG N (ABI3730 4= [ 3l 543 6 4045 v vk
KrEAR), FIFH GeneMapper 4.0 B4 55
(RSN 5 R 45 RN
1.3 #HiELE

FIH Excel 2010 R4 H HA AT R i T2 A7 45,
A5 37 L PR B0 K0 , 3 3 Popgene 3.2 B G

x2 SERAEEMRAARMIECSNERER

Tab.2 Basic information of 12 microsatellite loci used in genetic analysis for C.carpio populations

fLR EICE FOLBAM SIWFE (5-3") PR/ Mbp 1B KR EE/ °C
locus repeat unit fluorescent dye primer sequence size range annealing temperature
AGGTCACTGAAACAATACA
Koi53 CA 6-FAM 167~209 55
CTGATGCTTCTGGATAAA
ATGCTTTTTTTCTCGGATTC
Koi87 GT HEX 284~330 55
GCAAATCAGTCAAACATCAC
TGTATTGCTTATTGTTAGTT
Koi95 CA HEX 157~223 46
AGTCTGTCTGTTTCCGTCTT
CACTTTGCCATTTTCCTATC
Koill3 CA 6-FAM 119~201 55
TTCATTCGCTCTTTTTTTAT
GAGGAAATGATGGAATAAAT
Koill5 GT HEX 232~292 55
TAAGAGGGTTTTGTAGTGTA
GTCCCTGGTAGTGAGTGAGT
MFW18 CA 6-FAM 131~219 55
GCGTTGACTTGTTTTATACTAG
CAGTGAGACGATTACCTTGG
MFW20 CA HEX 162~264 55
GTGAGCAGCCCACATTGAAC
ATCATTTGTATTCGTGCTTG
HLJ307 AC 6-FAM 180~246 55
GATCCACTGGGTCCTTTT
TGACAGGAAGAGCAGGAC
HLJ308 GT 6-FAM 107~195 55
TCTCGAAGAACAGACACCC
TGCTAATCGGTGTTTCAT
HLJ316 AC HEX 173~249 55
TTCTGCTTCACAGCCATA
GGGAGATGGGATGGATGA
HLJ322 AC 6-FAM 183~261 55
GAGGGAGTATTTGTGAGTGTTG
GTTACGTCTTTGCCCTGAGC
HLJ1127 AC HEX 205~289 55

TGCCCTTCAATAAACGCTTC
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FIR Arlequin 3.5 #PEP IR B4 07 22500
(AMOVA) JFGE AR AL /bR 5L (Fsr); 2T
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Fig.1 Genotyping results of C.carpio microsatellites using capillary electrophoresis
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Tab.3 Statistics for genetic variation at 12 microsatellite loci in six populations of C.carpio
I -1f-F- 8 HWE
frd HOCEREC AREAEERE WG BEEAE SREEGE
locus N, N, H, H, PIC SERI WHEEE
wild population selected population
Koi53 18 5.86 0.48 0.83 0.81 NS **
Koi87 23 12.70 0.68 0.92 0.92 NS ok
Koi95 28 13.85 0.69 0.93 0.92 NS ok
Koill3 35 18.89 0.66 0.95 0.94 NS ok
Koill5 23 7.68 0.48 0.87 0.86 NS ok
MFW18 28 8.50 0.79 0.88 0.87 NS ok
MFW20 35 18.89 0.75 0.95 0.95 NS ok
HLJ307 30 14.99 0.85 0.94 0.93 NS ok
HLJ308 30 8.83 0.83 0.89 0.88 NS NS
HLJ316 28 7.08 0.73 0.86 0.85 NS ok
HLJ322 32 9.42 0.87 0.89 0.89 NS ok
HLJ1127 31 16.18 0.95 0.94 0.94 NS ok
V¥ mean  28.67 11.88 0.73 0.91 0.90 - -

H: NS, AREE (P>0.05); **. W lg 2 B na-T5-F- iy (P<0.01)

Note: NS. insignificant difference (P>0.05); **. very significant deviation from HWE (P<0.01)
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0 00 ® NESER!
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ﬁ\_f,m 0.06 |
H 0.04 |
0.02 |

-2.00 —-1.50 —=1.00 -0.50 0 0.50 1.00 1.50 2.00
DL $47 ot 4
log,, BF

K2 SRR T R A Al
Fig.2 Detection of loci under selection in
populations of C.carpio
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B ]38 2 8 s B 18 A% 40k (Fsr>0.15)
BRAEAAIN] Nei's B HE B IR 6, HFAEREMR[H]
FREE A4 IR i /N T B AR 5 P 2R R ) s A%
FEES, JET Nei's {EHE % UPGMA HZEH (1A 3)

K FAARIT PCoA 455 (& 4) 2581, 4 DEFAERHA
BRI, G 2 MR AT RS 2E 5
23 SEEEKEESEES T

FEF AR 8L B 25 10 A A5 78T (PCoA) 4
R (B 5), 2 A E RN RS B A A R
AR 22 5, L rp e 5 07 A A 1 22
SEARGTE/IN; 4 ANEPERHAR N AAMATRL S AL 22 80

XHEREE R IR LS dT, IR K R 1~6,
G54 K BRISAXIEIE (K] 6-a) S 8K 1H. (%] 6-b)
A LAY, A S B RER K=4 I, #2372
TR (7)o 2 AT BEAR A A AL S5 F A T
i FF SRR AR B X 4 A A
WKL WA RN BB VTR P A S A AL 45 4
WAFTER B ALARLLEE , 1 BT AR (AL 45 4
FAE—EFEEERYIR AR
3 3E

WEgE T 12 MR bR, 7 6 MR
R N, (6.82~21.25) Btk Li 2 R IE T 425 5

R 7 AN S SR AR AL, A R R B H A X
Liao 25 VRS K T3 35k B 1T S 85 A4 T o
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R4 BN BFBEESHESH

Tab.4 Genetic diversity parameters of six populations of C.carpio

E 2 T 7KL I ik HIA T A i UNTiiRToni

index QsJ TH HHL HLJ FRL SPJ
SENTEEEL N, 21.25 19.42 12.50 12.83 741 6.82
HRENIFEFE N, 13.06 11.76 7.83 7.68 4.77 3.41
WA BE H, 0.80 0.78 0.79 0.83 0.73 0.54
WA H, 0.93 0.92 0.88 0.87 0.78 0.60
ZBME R & PIC 0.91 0.90 0.85 0.84 0.73 0.50

xS BEREEETHRIEFCHSFHRESH

Tab.5 Analysis results of molecular variance of microsatellites in C.carpio populations

AR SRR SFEJ5 T EA HIM /% A
source of variation sum of squares variance component percentage of variation fixation index
434l ungrouped
FEfAR[A] among populations 218.48 0.62 12.19 Fgr=0.12"
#EA N within populations 1691.64 4.45 87.81
SUA total 1910.12 5.06

X340 (3% F FIE4E) grouped (selection and wild)

AIF]4H [A] among groups 78.86 0.21 4.04 Fer=0.04"
41 Y ARIFBEMAIE among populations within groups 139,62 0.50 9.63 Fsc=0.10"
BEF within populations 1691.64 4.45 86.33 Fer=0.14"
SR total 1910.12 5.15

. oer ZHEE (P<0.01); JEEFEIL

Note: **. very significant difference (P<0.01); the same case in the following table.

R6 EEEHKEMEESUIEE (For, MHLKLLL) FNei'sZEEER (D, XALIUT)

Tab.6 Pair-wise Fgr (above diagonal) and Nei's genetic distance (below diagonal) among C.carpio populations

TH7K LA i H I BT A i INTiER
QsJ TH HHL HLJ FRL SPJ

TEKITH QS) 0.018" 0.023" 0.032" 0.094" 0.185"
K TH 0.328 0.011" 0.027" 0.074" 0.182"
HIATf HHL 0.595 0.533 0.035" 0.076" 0211"
M VLA HLY 0.650 0.437 0.783 0.087" 0.193"
HiH FRL 1.054 0.895 0.807 0.821 0212"
FATHIGE#E SPY 0.901 0.966 1.183 1.105 1.152

B WP 12 MMCEERRIC, WEREMEES Sk sRe A g PR BRI Oy i A e

AP (PIC>0.5)"", HAEHFABHATDHFFAM-IRT BT, ARSI R A R KK 2%
7, BT T BRI (35 (575 ST mﬁ¢ S, AEBCTR A SERED AM R T 1O F T R
SR M Lo S SRR R KT, SR BN Ik A . Ren P T 12
Tﬁ%%%umﬂﬁW$Emﬁ$ﬁu,%Mmﬁ PRGBSI T T HBe, R IAESE DTk
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Fig.3 UPGMA dendrogram based on Nei's genetic distance
among C.carpio populations
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Fig.4 Principal coordinates analysis results based on Nei's
genetic distance among C.Carpio populations
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Ve e Rt A, BFSE R E e E R
H Z2 B0 2 PR B S O S - TA, X S
Xu 2V Singh PSR A (BEIR) ROBIFST 45 R
KL, X AIGE R T A TAEE & e AC Rl
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L ‘ & * J5/KILAE QSJ
- " .o = K16 TH
) *a [ T HHL
23 ’ b TR | 2 x S Jp T HLJ
Sa | 8 Cla Qg « FEHHE FRL
HE ézﬁx I o KA /B0 SPY
8 X*%%;X
FALFRL

Coord. 1 (11.79%)

KIS AN PARIE T 5 A B Y S A AR T
Fig.5 Principal coordinate analysis based on genetic distance
among C.Carpio individuals
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T R R T A A OC, FFA AR SO s R
T Bas ARG T 45 5% . LA, 2 MR E A FP R
PR L Z RO 22 5, DS BRI Ab A
FRFARA 5 HrP WA B 1 [ s e 20
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BLUP ZAEHHF WA, J5H 43k
MR ZRZEE A B FHB L SRt n A
X T A B AR 46 SR A AR S B s 1) st A%
ZREMEART A e 2R s U R g e
A A Fhric B sE A A8

AWFFE 6 ABHFEAR ] S B H AN R RE B A% 43
AR, For M 0.011~0.212; 5 HABBIRARI ST S
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Fig.7 Genetic structure of individuals from six populations of C.carpio (K=4)
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