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Microsatellite analysis on genetic diversity of common carp, Cyprinus carpio ,

populations in Yuan River
YUE Xingjian~ , ZOU Yuanchao, WANG Yongming, LI Bin, QIN Chuanjie, WANG Fang, XIE Biwen, TAO Min,
WANG Yu, QI Zemin

College of Life Sciences, Neijiang Normal University; Key Laboratory of Sichuan Province for Fishes Conservation and Utilization in the Upper Reaches of the
Yangtze River, Nejjiang 641000, China

Abstract; Twelve microsatellite loci were used to investigate genetic diversity and population structure of common carp,
Cyprinus carpio from Yuan River (the upper reaches of Red River in Yunnan Province, China). One hundred and ninety
two samples of adult common carp were collected in 2011 from five sampling points. A total of 201 alleles were detected
over all loci and the number of alleles per locus ranged from 2 to 27. There were 113 low frequencies alleles at the
frequencies less than 0.05. Mean number of alleles (N, ) ranged from 12.25 to 14. 67 per locus per population, effective
number of alleles (N, ) ranged from 8.28 to 9.73, mean observed heterozygosity (H,) and mean expected heterozygosity
(H;) at the 12 loci ranged from 0. 7765 to 0. 8037, and from 0. 7761 to 0. 8080, and mean polymorphism information
content ( PIC) ranged from 0.7534 to 0. 7843. Mean number of alleles (N, ), mean effective number (N,) of alleles,
mean observed heterozygosity ( H, ), mean expected heterozygosity ( H,) and mean polymorphism information content
(PIC) were 16.50, 11.26, 0.7927, 0.8049, 0. 7966 respectively for overall samples. The result indicated that the
genetic diversity of common carp from Yuan River was abundant. An analysis on the distribution of genetic variation
(AMOVA) indicated that the variation within population was very high (95.87% ), while among populations was low
(1.69% ). The value of fixation index and gene flow were 0. 0256, 9. 5003 respectively for overall samples. Nei's
unbiased measures of genetic identity and genetic distance among populations rang from 0. 8632 to 0. 9700, 0. 0305 to

0. 1471 respectively. This suggests that there were high genetic similarity among the 5 populations and significant genetic
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differentiations among the common carp individuals from Yuan River. So, the common carp from Yuan River should be
managed by a population management unit. The genetic background of artificial stocking of carp larvae should not only be
taken into consideration in fisheries enhancement, but also a system of evaluating the stock enhancement effectiveness

should be established to prevent losing genetic biodiversity.

Key Words: genetic diversity; Cyprinus carpio; microsatellite; Yuan River

# Cyprinus carpio J& T 5T 28 | FAE B R AR 1 A 0 WL ERE £y , B ETTE IR IR K FR AL
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HRAE 2 A 7 R EERIEESE C. e, var jian 28 N T IG5 AN JCTTA0 A0 BB IRFR LRI C. c. rubrofuscus™’ .
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Table 1 Sampling size and sites for C. carpio populations from Yuan River

RS FEA B H/m ey

Code Sample size Administrative division Altitude Latitude and longitude

GS 33 B e = IR e 506—518 101°34'—101°36",24° 6'— 24° 2’
YJ 48 JCITH ST 376—390 101°59'—102° 27, 23°37'— 23°35’
HH 48 EARTIN= ST 327 102°24’ 23°23’

YY 34 JCRH SR VB 214—216 102°51'—102°54", 23°13'— 23°12’
HK 29 b S R e e 117—127 103°33'—103°37", 22°53'— 22°49’

1.2 ik

1.2.1 FEHZ DNA $2H¢

ZEIKIZHIREA 1—4 h LABR L OB, BYRREESSE A 1.5 mL AYES.OAF P, B3Rk R BUR DNATSY
1.2.2  PCR J 5= 446m

ARWFFAE R E &AM 18 X DA i LA T AR, PCR ¥ AR 25pL, 145 :10x PCR ZZ Pl
2.5 wL,10 mmol/L dNTPs 0.2 wL,Taq DNA 45 0.8U,10 wmol/L 51445 1 wL,DNA Bt 0. 7pl, KE L5
FIKANZE 25 who FUNARFFANT :94°C HZEVE 5 min;94 °C7Z8ME 40 s, 1R BEIR K (2)40 s,72°C #E{H 40 s,35
ANIEER ;72°C FHAEM 10 min, § 3= 12% B NR BN B IR AG I 4RGeS 3 IR AT
1.2.3  dukbrg

i3 Quantity one i i SEALFER KN, AR AL 53 DT 81F Popgene32V1. 32 THA S FL MR (P) |
ARENFEREC(N, ) EE R A 5 BE (He) GERINE G (Ho) s E AL R B (Gs) (BEIEES (D) |
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Fig. 1  Geographical location for sampling sites for C. carpio

75 18 XA TR 51y, O 2 ) F A 1k i HL R
A LR 1252 2) MBI T 5 D EREAR R 5 15 2
VR

populations from Yuan River and the 12 programming hydropower

station dames ( approximate location)

x2 HMIESIYRIHE
Table 2 Sequences, specific annealing temperatures and the range of allele sizes of 12 pairs of microsatellite primers from C. carpio used in

PCR amplification

(A Elk 702l Eivza2 ]l SEALEED Fr B BE/bp KR EE/C

Locus Primer sequence Repeat sequence Size range Annealing temperature
F.GTCCAGACTGTCATCAGGAG

MWL R'; EA%CGT((;;TCACAC(':FGJX(:GT%ACGC A 176—224 62
F:GAGATGCCTGGGGAAGTCAC

MEWS R-; AAAGAGAGCGGGGTAAAGGAG A 160176 62.9
F:ACCTGATCAATCCCTGGCTC

MEFW6 R-; TTGGGACTTTTAAATCACGTTG A 100180 62

«

" CAGAAGCTTCT! GAAATCTGA

MEWLA i{.;((::c((;;Ac?\ilc[;l{ﬁ;AchlAcclfAcG cA 104190 60
F:GTCCATTGTGTCAAGATAGAG

MEW16 R.; TCTTCATTTCAGGCTGCAAAG A 118192 60
F:GTCCCTGGTAGTGAGTGAGT

WIS R.; GCGTTGACTTGTTTTATACTAG A 88—204 3

:GA CATCA AAA
MEWL9 E -; C(;Cir([;(/:\(il;\cc(‘TCrl;}(‘A CT/STSEFGTG((::C A 134242 3
: AGA AAACCA

s TSGR W e .
F.:GGTCAACAAGTAGTTGTGCAG

MIW30 R.; CCATCTCTGTCATTGCAACAG A 220—300 31
F:ATGCCTGGTTCAAGCAAAAT

HLJ1066 R:AAAGCATAGCCCAATAAATCTCTG ACA 176—224 60

5 ANEERTE 12 AN TR A7 5 ARSI 201 ANARAFE IR, BEANFIRE A% 25 037 38 R 5043 30 164176 169 |
161 147, FPEEFUFRALT 0. 05 MRS A7 L 113 A JURAK T 0. 01 (R A A0 19 4, B 5
FIAEAL LB 2—27 A~ 7 5 MEWT S50 3L RN £, R 27 A, 76 5 DFEE 5108 24 23 21 .25 15 4>, 1
ML MEWS 76 5 AP 0 S8 SE R B A R 2 (36 2,3) o a5 MEW19 ZEFPHE HKYY \HH #9557 55 4]
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B> AUk 2—3 A4, s MFWS MEW19 (A RCEE AL FE R 435100 1.19 1.37 />, FhiE T 4G S5 47 L A
108 >, HoA B RAK T 0. 01 OB A ZLIRA 16 N(F£3)

R3 TILEE12 MR EMERE
Table 3 Frequencies of 12 microsatellites DNA loci for C. carpio populations from Yuan River

s JER MR s JER MR fismi  JEPR MR fisi  JEPR MR fimi  FER LIES
Locus  Allele Frequency Locus Allele Frequency Locus Allele Frequency Locus Allele Frequency Locus Allele  Frequency

MFW1 A~ 0.1615 MFW7 E 0.0105 MFWI4 A 0.0055 MFWI8 H 0.0321 MFW26 R” 0.0576
B* 0.0573 F 0.0342 B* 0.0301 - 0.0963 S* 0.0576
c* 0.0521 G 0.0579 C 0.0191 I 0.0882 T 0.0419
D* 0.1224 H* 0.0421 D 0.0219 K* 0.1096 U 0.0366
E* 0.1458 I 0.0658 E* 0.0355 L* 0.1096 v 0.0288
F* 0.1016 J 0.0421 F* 0.0628 M* 0.0348
G* 0.0859 K* 0.0474 G 0.0410 N* 0.0668 MFW30 A 0.0079
H* 0.1172 L” 0.0632 H 0.0383 (0] 0.0214 B 0.0476
I 0.0885 M 0.0474 - 0.1093 P 0.0428 C 0.0106
J 0.0234 N* 0.0342 I 0.1120 Q 0.0321 D 0.0291
K 0.0313 (O 0.0632 K* 0.0820 R* 0.0615 E 0.0873
L 0.0052 P 0.0342 L 0.0628 S 0.0374 F 0.0185
M 0.0078 Q" 0.0500 M* 0.1612 T 0.0348 G 0.0238

R 0.0526 N* 0.0847 U 0.0107 H 0.0688

MFW5 A” 0.9115 S 0.0658 (O 0.0546 V 0.0053 r* 0.0370

B* 0.0885 T 0.0316 P 0.0273 I 0.1376
U 0.0395 Q" 0.0273 MFWI9 A~ 0.8457 K 0.0370

MFW6 A 0.0053 AY 0.0237 R 0.0137 B 0. 0027 L* 0. 1005
B* 0.0265 W 0.0342 S 0.0109 C 0.0027 M* 0.1032
c* 0. 0608 X 0.0289 D* 0.1223 N* 0.0688
D* 0.0503 Y 0.0079 MFWI16 A 0.0027 E 0.0080 (0] 0.0423
E* 0.0529 Z 0.0158 B 0.1054 F 0.0027 P 0.1058
F 0.0476 a 0.0184 c 0.0973 G 0.0106 Q 0.0106
G* 0.0714 D 0.0405 H 0.0053 R* 0.0635
H* 0.0397 MFW9 A 0.0842 E 0.0568
I 0.0556 B” 0.1684 F 0.0324 MFW26 A 0.0052 HLJ1066 A 0.0208
J* 0.0661 c 0.0763 G* 0.1595 B 0.0105 B 0.0156
K* 0.0820 D* 0.0684 H* 0.1378 cr 0.0628 (o 0.0599
L” 0.0608 E” 0.0947 I 0. 1000 D* 0.0524 D* 0.0339
M* 0.0450 F* 0.0421 I 0.0459 E 0.0550 E 0.0234
N* 0.0476 G* 0.0605 K 0.0297 F* 0.1047 F 0.0521
(O 0.0899 H* 0.0395 L” 0.0378 G* 0.0471 G* 0.0807
p* 0.0767 - 0.0474 M* 0.0541 H” 0.0419 H” 0.1276
Q" 0.0370 ] 0.0711 N* 0.0865 I 0.0524 r 0.2188
R”* 0.0370 K 0.0395 0 0.0135 J 0.0262 J 0.0182
S 0.0159 L* 0.0500 K 0.0366 K* 0.0964
T 0.0317 M* 0.0526 MFWI8 A 0.0160 L” 0.0942 L* 0.0781

N 0.0211 B 0.0027 M 0.0314 M* 0.0573

MFW7 A 0.0026 0 0.0132 C 0.0080 N 0.0314 N 0.0182
B 0.0026 P 0.0421 D 0.0321 (0] 0.0419 (0 0.0365
C 0.0053 Q 0.0105 E 0.0374 P 0.0471 P 0.0313
D* 0.0842 R 0.0184 F* 0. 0695 Q" 0.0366 Q 0.0156

G* 0.0508

s 25 FPE A 07 3L N Shared allele

16 5 DEEARE 12 A5 YL 8 45 A Hardy-Weinberg 47 , 28BN 1 M7 5 (MFWS) 774, HAx
RES ., fis MFW1 MFW7 MFW9 MFW14 MFW16 MFWI18 MFW26 MFW30 %% 5 K5 H % £ () Fh ey
W25 Hardy-Weinberg “F-ffif . #& > JCILAHEFR T MFW9  HLI1066 2% & F 6k 2 Ah, fh 25 1 B2 348 K, MFWT
MFW6 MFW7 MFW14 MFW16 MFW19, MFW26 MFW30 230 24 & 73 ), MFW9 \MFW18 . HLJ1066 M Ay
TG FAR; B AR MFW9 HLI1066 (£ 4) .
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5 ANFERR TS A BERPE- BB 2 5 B 43 531 R 0. 7765—0. 8037 ,0. 7761—0. 7997 , S AT ) WL 4%
R FE RIS B2 A B 4 0.7927 0. 8049, v 5 MFWS5 MFW19 254y 5L R %% H 4870 | - 4 WL 24 4 JiE Tl F
PRI A RE A3 00 0. 1771 0. 1618 0. 2819 .0, 2702, 44 B, HiAth JLANAE 5 7R 45 EAA b 24 2 00 o 0 v 2
G AR RER 7 S WL Z A A E] 1.0000( £ 4) .

TCITHRRNEETE 12 M PR ALE S F-3 PIC 70.7966 75 5 BEK Ty 0. 7534—0. 7843 , F il HK  YY FffA
WA T LI 3 AR EAIZE AR, 12 MRS S, MEWS MFW19 (1) PIC 435} 0. 1483 0. 2478 , £
BHERAR, HA 5 0. 8807—0. 9479, B/RE L AME(F 4) .

MR- M I 6 B P A5 B PIC = A S 80CH Wy, ST L R 8RR 7E MFW1 , MFW5 MFW7 |
MFW9 MFW14 MFW16 MFW18  MFW26  MFW30 . HLJ1066 %5 10 /™ 5 B4 & fh e 15 Z R0, 18
MFW5 MFW19 %5 2 A5 Bt ZREPERAR (R 4) o BUARUL, JCTT SRR HAG 355 1R st 1% 200k
2.3 MEEfE b 0.15 0.10 0.05 0

s 12 DB A A R 5 AR ] Y ' ' ' '

Nei's L it f o MG e AT L VA e, 2 e | >
4, FRER]E ML BOE 0. 8632—0. 9700 2 fi] , Hif —1 .
HK LYY i A DUR m ok, O 0..9700; YJ F HH F ——— YY
FER Z, 4 0.9397, Ff B ] 38 1% B B 76 0. 0305— —

0. 1471 Z ), Hrp GS FRE AR B (B IR B @2 2T Neis mEEEmRNTT 5 S EREN %R BT
K, 4 0.1040—0. 1471, ARHEFPHE ] 3545 BE B BE (upema #)
(%@ 5) , FH UPGMA %ﬁ»*ﬁ 5 ﬁpﬁl‘gj L] f;%%'{?é/%( & 2) , Fig.2 UPGMA dengrodogram of the 5 populations of C. carpio
SR YY A1 HK FORE YT I HH FhRE4» 5 B g ©f Yuan River
XL RN 32, CS AR —3Z

AMOVA 5381 7R FhE N AR ] 19 43 382 45 728 S 0 728 S 1) E BRI, Ty 95. 87 % , R B) 19 722 S A Ky
1.69% (£ 6) . Fy (EHFNEE GLAEAS [ M3 X R A5 fr 22 5% (3R 7) , Bk HK F1 YY FififZ A4 Fg, = 0. 0007,
Nm=351.8627 HZER AR FH LIS, Bk Fy, 7 0.0105-0. 0261 Z 8] H 225 W%, Nm =9. 3359-23. 5143, ¢
GS 1 Y] FiHEZ[] F,=0.0261 ,Nm=9.3359 , B i/, BEAITTILAETE Fg,=0. 0256 ,Nm=9.5003

RS TILS MEMBENEERCIEROIMAL LT RIBEEBR (AL T

Table 5 Nei's genetic identity indices ( above diagonal) and genetic distance ( below diagonal) among 5 populations of C. carpio

T Population GS YJ HH YY HK
GS — 0.9012 0.8632 0.8725 0.8792
YJ 0.1040 — 0.9379 0.9018 0.9165
HH 0.1471 0.0641 — 0.9109 0.9049
YY 0.1363 0.1034 0.0934 — 0.9700
HK 0.1287 0.0871 0.0999 0.0305 —

F6 TILs N MEHEBEERHNTTFHAESHI(AMOVA)

Table 6 Analysis of molecular variance (AMOVA) among 5 common carp populations from Yuan River

S 3 af J5 2V Ji AR SR i
Source of variation Sum of squares Variance components Percentage of variation
F#HEME] Among populations 4 44.625 0.08223 Va* 1.69

A~A[E] Among individuals

FE A within populations 187 918.11 0.11890 Vb* 2.44

JIF A A~ ] Within individuals 192 897 4.67188 Ve~ 95.87

1T Total 383 1859.734 4.87301

* P<0.01 2257 B3&
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Table 7 Population pair-wise F;s (below diagonal) and gene flow (above diagonal ) between C. carpio samples of Yuan River

FlE Population GS Y] HH YY HK
GS 14.8102 9.3359 9.8429 10. 4842
YJ 0.0166 " 23.5143 12. 6366 15.4437
HH 0.0261 ** 0.0105* 14.4993 13.2781
YY 0.0248 " 0.0194 " 0.01695 ** 351.8627
HK 0.0233 " 0.0159 ** 0.01848 ** 0.0007

# % P<0.01 22594 2%

DA AR R e VLB RR B 2 (B A |12 R R A, Te W e st A% o4k
3 iFig
3.1 JUILERRRRE R EESS 1Y

JCVLEERP R ELA 5 BRI R 280 . TERPRESE A5 0 fr b, S TR S5 R i st e pmic i 2281k
LA P YOG E H,) s PRI G H, 285 B & & PIC %k  H, Ml H, FE LR
TEREERUN , PIC W S Wb G 5L () 2 24545 Bl & . Ne Shannon {5 BEHEET 1 25t & S WeFh B 3545 22 REVE I B
B, XEESEEBK, UIWIEER 5 EE, SN2 8E B S BRI, PIC>0. 5 RIIZEERE &S EL
ASFEH R ;0. 25<PIC<0. 5 4 H B 2 FL R 5 PIC<0. 25 WM Z 28 3L R EE) ) A 3 ooy A A | B
MEFW5, MEW19 {3 &5 4b, H: 4 MFW1, MFW6 . MEW7 . MEW9 . MFW14 . MFW16 . MEW18 . MFW26 . MFW30
HLJ1066 55 10 M7 i 285 B & & PIC>0.5, & E 28 ; MFWS  MFW19 45 2 M 55U AR 2 28 58 9 A2
AN TCYT SRR AL ZAEMES B N N, =11.26;,H,=0. 8049 ,H,=0.7927 ,1=2.3196, PIC=0.7966,
I R 2250, S5 EEg 20 ik (e R i ) SRR (MW, MFW6 , MEW7 ,MFW28 45 4 4~ 14,30 4
&, H,=0.815,H,=0.771"*" ; MFW1 ,MFW6 , MFW7 , MFW9 % 4 M /5,50 AMA,N,=10.75,H,=0.8,0 ,H, =
0.83"7") ZREMEAY

JCVLHEAEE A £ 5 s B AR AL O 8 ), 8 B AE AR LU SR B R A 6 S R 2 FE N2
B R0 T L AR SR QNBEEE C. c. var. specularis( H, =0.4736-0. 4948  PIC=0.2318-0.42) %%/ %
FEPERAAG . 55 o At b P A= Fb B AR HL A, AN 4R YT ( H, = 0. 6362-0. 6566, PIC =0. 5728 -0. 5885 ) . Il 4%
(H,=0.7131-0.7576 ,PIC=0. 6598 -0. 6847 ) . #{n] ( ISSR 4347 Shannon {5 EF5%% 1=0.0784-0. 1923 ; H, =
0.47-0.54,PIC=0.49-0.75) JHIYL(H,=0.5860, PIC=0.5347) ,K{LiiF(H,=0.4980,H,=0.7708) & FH
W(H,=0.4888,0,H,=0.7679) JREEM (H,=0.5162, H,=0.7693) % 5 e o2 SEIT MR BE % 2 REPE
W, A EE e B Ao By Sy, TSR R BB ORI DR 4 | 7 2 s o o YA

JUTT SRR R 250 A7 S5 m 2 T Hardy-Weinberg -4 Sz e 1 1 () st A5 ZREVE 5 . 7S50 A8
HEZ MR MFW1 MFW7 MFW9 MFW14 MFW16 MFW18 MFW26 MFW30 237 i, T A Fh e 34 fi 5
Hardy-Weinberg “F-fif . SAE (EA 2 DNEAFEF ) MEWS (5 -FF T Hardy-Weinberg “FAfif, T e £/ F
JCVLAREHAL Z RE P LA B R A i 2 08 B I R e 2 R A5 1R MFW T 55 NN [ A1 DX 3k
FOBERREE R BT 2280 AR AR IR T DL TR £ 28 5 e MR H S R O B TR A X s A%
ZREVE A S N FE R I R 2 2 AR 58 SRS R F ARGERE A0 S0/ S R L R, A
Yk Misgurnus anguillicaudatus(251 GHAF TGN R 2B T2 Hardy-Weinberg V-
f, TG R A, MR AL W B HE 4L, d (L0 1E T EOULHD S B T R P 2% A 1 10 3 e sl i RS L d (K
IEULIAZA T B, d (BN AU A B B — AN bRk fir e d (AR B 2 /D2 W B T Hardy-
Weinberg P47, A4 T o A R T RZE S E T Hardy-Weinberg A, {HER T MFW9  HLJ1066 7%
G TN IR AR 2RI 25 F b, T S0X P0G 00 B K2 Tl T 7 o A5 o7 i R B i
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3.2 JUVLHEAN DTSR A4S S R g

JUVT BT 0 s 7 o 2 ST U, 2 TR ) ELA ARk B Sty R ZE K P FR 50 st F D
J5 A T AL, B S RO (2 BB, 1970 ARARA VI B SR BT ST VLSRR A0 A 57T
VO ) fef A 2T 252, B B g o, AR A KA 3 m A REAS s FL IR SCLURR 2 119 faf A 21 8L 5 S VT8O SRR
KRR RIET R 558 RO & & % — ROV B R E, 30A5 T A KRS A0 B E 0 R e BT
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3.2.1 (RIPEROT

FERSRANVEE A R JT 1T, JCVL 5 SR 2 A F R A ADL R 25055 (0. 8632—0. 9700 ) , i3t % #E B AU AE 0. 0305—
0. 1471 Z ], /NTFAS[R] 43 A b 1) 60 o J0E 22 6] ) 3t 45 B 85 Ny 0 = 21 45 38 Jp T 6 A s AL BE B o 0. 17—
0.23"")  BEEEFNEERISALBE B 0. 136—0. 6617 A /INI) 3t A B 8 2 DR kb e =2 1) A 95058 14 35 PR S8 3k ( Nm
=9.5003) , PMTTVLHERREERIBE oAb EL /N | i A% 3 Ak R BAAAE T AR Z (8], o] AR Ry — NP as B e ik
T, BRTETCILE O 2 gy 1 JCTLERE GEHoK ™ RS G IR AR 40 X, L 09 2 0 58 50 VL8R o7 98 R4S 3L
St H AT RIS S5 A |, A DO A B i 5 Z AR & I AR e IR A G4 A BRI FH R 24k
Eee 8
3.2.2 PR B R

S TOTT AR RS L Z AR A T AR KT TEA IR BT AR B N T3 B W FP b S0 KA TR S
AR AR R R T TR R A R A% E R b e A\ RIS S S BUN AN R . B ) sl
DRI B, U AR R A B AT (it BRSO IR IR T B, 2) A G SR A T
AW, FLTE OB B A AL 15 e B . BRI A VLT R R AR b S I B o e T i AR R
PR | BT O A R T B, BRI A CIT H B A TP R T ICIT R34 5 (http ://www. web. yn. gov.
en/ywzl/4041. himl) , AR [ ST B ARl RS AT DARSE . AESS B0 T, ORI 1 5 AR Z RE
RS EE . WSS R OISR A R AR T 0. 05 MRATR A FE R B A ) 113 (KT 0. 01 AY &7 3t
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