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Abstract: In this paper, population genetic variability and genetic structure of five populations of an important cultivation

species, mirror carp (Cyprinus carpio L.) were analyzed using 30 microsatellite loci. The observed (H,) and expected (H.)

heterozygosity values, polymorphic information content (PIC) and number of effective alleles (A.) were all determined.

The genetic similarity coefficient and Nei’s standard genetic distance were computed based on the allele frequencies.

The

Hardy-Weinberg equilibrium was checked by y° test. Genetic differentiation and hierarchical partition of genetic
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diversity were evaluated by Fsr and Nn,. A dendrogram was constructed based on UPGMA methods using PHYLIP
software package supported by a bootstrap value of 91.0%. Totally 7 083 fragments were procured. Their lengths were
from 102 bp to 446 bp. For each locus, 1—16 alleles were amplified, adding up to 356 alleles in all the 5 populations.
We found the genetic variability level was relatively high in all five populations, as shown by A = 1.07—2.30, H.=
0.70—0.78 and PIC=0.69—0.75, respectively. The genetic similarity coefficients were all above 0.52, indicating their
close genetic relationships. The UPGMA phylogenetic tree showed mirror carps sampled from Donggang, Fengcheng

and Liaozhong were clustered into one group and the other two populations, both collected from Songpu, were grouped

together. There were obvious relations between genetic distances and geographical distributions of the five populations.

No fragments were amplified from some loci of EST-SSRs, which may suggest the loss of these loci in mirror carp
genome or sequence divergence at the primer binding sites. These null alleles may result from selection because

functional genes are under more selection pressure than non-encoding loci. Overall, population genetic variation is

high for each of the five mirror carp, and the differentiations are also significant among populations.

Key words: microsatellite; population variety; genetic structure; mirror carp

Ml £ 2 P 1B 55 P 0 A v B e ) 1 R LUk K 2 0%
Az — . HIFRTH DT L&, FRIH = AR K= IR
A 2K L, DR O S R 38 A 2 R )
WF GRS A5 0 Ay T B, A S el o) A f
o R A, 7 [ 6% 1 (Cyprinus carpio L.)J2& i
T B 1 AR P 28 N T I8 B R A R AR K PR ) 3R B
A PP, R i ] SR [ S 1 TR R, 80 AEAR
FINIKE, 2l BT KP=ET 20 Z4E N RS0k
H, BE P Pu, 5T B E G X SR A
TIE BT L T R, B AR KO E L, WL, 7
(0 H VGV e g, A U A ke b U 57 i ) 3 2 5
B AR Bl T C R ZR b M X 3 T (1 A R B
2o HBEA IR YR, KRR, A
AR /NS R IR I G IR, Sl R R R AR 11
B AR AR RIS, R A R T R A A (A R A,
AR X AR R0 TR IR RIS R

1AL (Microsatellite) 1 4 T4 >k & I H L WY
) Z 05 Fhsidz —, BATPOR L S, 78 6 4 (1)
BRSO RN AR ERs O —
SO R, T A B PR o AR IC S, s
F B I A P bR T, g 1 R AR
i BB AL B IR ST ROE AR 2 B (H T A i
DA % 388 A b A0 43 A 458 B b R 35 4% A% S (A O 9 3
o ASCEEXIX—150L, IEET 30 M P A bR id it
17 5 NEEERF AL 2 FEVEI 20 b, R si % 2
FEPEZ S, h BE R IR ast A% 25 A RFAIE L 3B & 7 S0 A
TS AL YR A PR AP B HEAE OS5 RRR B

1 BRI
1.1
1.L1.1 kA&

S50 F A [ 6k i R (DI, 30 ) S AR
(ST, 30 )R A B IEIT K E 5T FTRA T S 46 b (2
JEITAA WG /RIETT); JERMEmEEERACR A 3 DR
X 55, 30 i T A R K E(DG, 25 &), 1L
THREWE(FC, 34 B)MIL TR E(LZ, 32 B).
JIT A B SR AR 35k B L IR
1.1.2 3l 53X

AHFFEILAE ] 30 M LA DNAKR id . oAk
12 X3 5 EST-SSRA| ) (LAHLIZ AR iR), 7 H1I4H
S SCHR[12] 0 12 ) K [RGB 5 4323k 45 11 6 £ 1 T
AP, (BLHLIbR 1) H 7 5145 B0 SCER[12]; 6 %)
EST-SSR 5| [1 SCHR[S1(PACcabrifl). FidT 51¥¥ i I
WA TAEY TS AR ARG, AR
Y H 2% E Promega s @], 7 T EAMEN FAY TR
(KIEYVH A F DL 2000, Ho At 700 A4 B 77 4 #F
afi
1.13 ME

PCR I it ] DNA #1445 4 5% [H PE A ] Gene
Amp PCR System 9700; &.0oHL 426 BECKMAN
A FI I GS-15R BUE A R B0l FECR FHAER0N
—AYE) T DYY-IITZY Ak A A, 555 Bio-Rad 2]
164-5070 HL¥KAY; BENRHUR R G0 0 3£ [ UVP 2\ (1)
GDS 8000 #E i A1



12 39 AIFFAE: Gl AL DNA BRI B A0 FilOie 28 by 5 it AL AR S 1543

12 A#*
1.2.1 A F 20 DNA #)RIRAn sl

BY OB B (1) R 8 2%, My S VA A4 ZE R 41 DNA
Itaith, BARDZIRZ 2 R [13].
1.2.2 PCR R EA

PCRY™ 38 Je AR K 25 pL, J4)r 2 2% STk
[13]. PCRIMFLES: FilAETE 94°C, 3 min; PCRAFHA
FEFP NA2PE 94°C, 30 s; Bk 50C~56'C, 30 s; FEAH
72°C, 30 s; &b iF 40 NMAES, fJa 72°CHEM 5 min.
123 7 ¥ oA

PCR ™3 [ N 7= ) K FH 2% Bt MR h 4 e HaL Sk Az 0,
5 V/iem Hijk 2 h 2245, Gold View 4 tf, K AM M 5%
HLUK & R, Gel works B AFEL(3.0 JRA) 73 T BEAN 1
Zalr oy B S R 2E e .

AR AT

R 8 L ka4, T B IE R K R
FEHI Wt A A BE I Y . A8 PopGene(Version 3.2)
AR VT 15 S AT e 1 5 6 FE A 43 % (Alllele Fre-
quency, P). F5/7FE K% (Observed number of alleles,
A) B RUEEAT FE R B (Effective number of alleles, A¢)-
WL 244 (Observed heterozygosity, Ho)« HEH A4 A
[ (Expected heterozygosity, He) it 1% 4 {LL &
(Genetic similarity index, 1), Ff & i) it /& #5 2
(Genetic Distance, Dg). % 215 K 7 & (Polymorphism
Information Content, PIC), H##iBotsteinZsM44 X3l

£ PIC=1-(3R) (X, 3 2RP}) Uy, P
i=1

i=1 j=itl

1.2.4

BRSNS AL IR DR AR, n oAy B — B DAl s
A B

Genepop (Version 3.4) A4 1E 47 35 P A 1] 3%
AT, A 56 A B AR Hardy- Weinberg - 1
B o TR R) AT 28 0(Fsr) FIBE DRI (N ) S5 A5 20 AL R
Fr HiPopGene%s i .

A PHYLIP v3.6 %X ff £ (Phylogeny Inference
Package)gendist #£ J7* 7 5 Nei [K it /% #5 &5, 15 LA
UPGMA (Unweighted Pair Group Method with Arith-
metic means, VIV FILEAT R E . R
1 000 XbootstrapHli Ff 1550 Fr#3 SR KB W mT Stk H
TreeView (Win32)FAF 52 P A2 1) R 48 R A

2 4 R
21 PCR¥#B%ZER

30 WP Ay FhRd, Al ReLE & D — AN
a2 &ML, BES M BEST-SSR & [A i
HLJZ09.HLJZ12.HLJZ13 1 HLIZ16, fi# i1 EST-SSR
FL[A )85 Cca09. Ccal2. Ccal3. Ccald. Ccal5. Ccal6
FT Cca80 18 JUANHEAA 3546 A [ B B2 1) 4% i ik 2k (3R
1)o IXLESFHRICTE 5 ANBE AR ILRT I 2] 7 083
ANYBE B, KA 102~446 bp 2 JA), HFASHE A
AT JBE P 2547 BERIKCA 1~16 A&, P25 A7 FE R 7.94
Ao B2 T B B P L & R LA 1.
22 EHIOH

30 MNEERIPELE 5 AR, KR 2 A
LR R B VR A 284 200 20, 29 1 28 A B &A
25 25 555 DRT AR A A IR A m 1 9 19 TGS g 25 PR 2R AS S
#7 {8 (genotypic disequilibrium value), [ 3 [X J8
Cca07 45 Cca09, HLJ019. HLJ041 55 Ccal6, HLI129
55 Ccal6, HLIZ15 5 Ccal5, Ceal3 5 Cca80 7] AEAEAE
— 52 FE I R IE B (P<0.05), i 4% 3 [R] A i) 3 4 56 R AN
B3 BT MBE Tt TR R DN JRE, R BE T £ 3L A
PR TR Gtk b, BTSSR 2 AT

2.3 BHRBEGEZHMESR

16 5 MR, R 30 M F 2 DNA FRid
0 B A7 R A L N EAE 1.07~12.30 28], 2%
PRSP IR 4,754 5.72 4784 5.33 F1 5.62; &
MBI G ELE 0.06~0.92 2 1), “FH{E K 0.74.
0.78. 0.70. 0.76 I 0.78; TH L EEESEH
0.06~0.92 2 [il], "M 4 0.74. 0.74. 0.69. 0.75 Fl
0.75, ULHIXJUANEEA)E T 2 3, 8E ZREEK
Voidro B GETHEE WA 1. JLM S S8 5 AN
IR B — w22 5, (07 20 i RIERIE S B
FIKT(P>0.05, 45 ARAH).

2.4 B{K Hardy-Weinberg & #2368

FFET 5 /R ] R EERL R (Markov chain method)
) Hardy-Weinberg A5 4645 i P {EL ¥ G D fiki 000 25 4
A1) 22 5 [R] B2 452 I (multi-locus test) & 31, DILSJ.DG.
FC I LZ 5 AN B SRR AR H AL T84 IR A 054
IR JBE JEAT (1) 22 BEAARKS U (multi-group  test) & I, 51 i
FoftRRE AL T 3 A P IR A 1R (EL SR AR AP DT A



1544 i ft HEREDITAS (Beijing) 2006 28 %
F1 SAMREEEALE 30 MA T EERER L #1155
Table 1 The genetic diversity indices of 30 microsatellite loci for five mirror carp populations
P DG FC LZ DJ SJ
Locus Ae Ho He PIC A Ho He PIC A Ho He PIC A Ho He PIC A Ho He PIC
HLJO19 801 0.72 0.88 0.87 893 0.85 0.89 089 6.80 081 085 085 6.04 1.00 0.83 083 636 090 0.84 0.84
HLJO30 4.63 0.12 0.78 0.78 6.78 0.41 0.85 0.85 4.03 0.00 0.75 0.75 571 0.23 0.83 081 3.56 023 0.72 0.72
HLJ037 7.62 048 0.87 087 847 032 0.88 088 475 003 079 0.79 7.32 0.07 086 086 7.79 0.20 0.87 0.80
HLJ0O38 9.19 024 0.89 089 123 050 092 092 11.1 038 091 091 113 033 091 091 7.73 020 0.87 0.84
HLJ041 2.65 032 0.62 061 471 032 0.79 0.77 263 006 0.62 0.57 4.65 007 079 077 645 030 0.85 0.84
HLJO44 6.54 0.12 0.85 0.84 879 0.56 0.89 088 833 066 088 0.88 336 0.00 070 0.66 584 027 0.83 0.82
HLJO46  3.50 0.44 0.71 0.69 572 047 083 081 555 041 082 0.81 247 037 059 058 7.17 083 0.86 0.85
HLJO58 424 0.40 0.76 0.76 5.68 0.68 0.82 0.82 944 063 0.89 089 625 097 084 084 6.69 097 0.85 0.85
HLJO76 ~ 2.20 0.20 0.55 048 333 026 0.70 0.68 5.15 034 081 0.79 577 090 083 082 7.23 0.87 0.86 0.86
HLJ129 791 032 0.87 087 6.07 065 0.84 083 7.04 0.16 086 0.85 6.19 057 084 083 690 0.60 0.86 0.85
HLJ133 731 0.76 0.86 086 5.68 0.53 0.82 082 326 031 0.69 0.68 845 063 088 088 7.32 0.80 0.86 0.86
HLJ163 631 0.76 0.84 083 7.76 0.62 0.87 087 4.67 0.13 0.79 0.78 632 0.53 0.84 083 6.02 083 0.83 0.83
HLJ190 477 032 0.79 0.79 439 021 0.77 075 459 053 0.78 0.78 6.23 047 0.84 083 8.04 047 0.88 0.87
HLJZ01 2.53 0.00 0.60 0.53 342 0.00 0.71 0.67 3.14 0.03 0.68 0.67 3.22 0.03 0.69 0.64 260 0.03 0.62 0.54
HLJZ02 223 0.12 055 082 585 024 083 023 130 0.00 023 022 629 020 084 0.84 647 0.10 0.85 0.44
HLJZ04 232 0.00 057 048 1.87 0.00 047 043 247 0.00 0.60 056 209 0.00 0.52 047 4.13 0.00 0.76 0.73
HLJZ09 262 0.16 0.62 0.62 2.08 0.03 052 052 162 0.00 0.38 0.38
HLJZ12  3.02 0.00 0.67 0.63 1.07 0.00 0.06 0.06
HLJZ13 — — — — 4.59 0.00 0.78 0.78 7.09 0.57 0.86 0.85
HLJZ15 2.78 0.00 0.64 0.63 227 0.00 056 0.56 1.14 0.00 0.12 0.12 3.00 0.00 0.67 0.61 265 0.00 0.62 0.59
HLJZ16 2.56 020 0.61 0.61 336 040 0.70 0.69
HLJZ23 6.83 0.04 085 085 6.51 0.03 0.85 084 558 0.03 082 081 796 027 087 0.87 3.57 000 0.72 0.72
Ccal7 439 0.80 0.77 0.77 3.81 050 0.74 0.73 296 038 0.66 0.66 6.00 0.53 0.83 0.83 4.19 0.57 0.76 0.74
Cca09 6.54 0.80 0.85 0.84 6.43 087 084 0.84 923 0.70 0.89 0.89
Ccal2 494 040 0.80 0.79 5.59 060 0.82 0.81 563 0.60 0.82 0.82
Ccal3 2.68 0.20 0.63 0.60 3.05 057 0.67 0.67 422 0.73 0.76 0.76
Ccal4 3.67 048 0.73 0.73 4.69 0.53 0.79 0.78 1.07 0.03 0.07 0.06
Ccal5s 536 0.88 0.81 0.81 645 097 085 0.84 557 093 0.82 0.81
Ccal6 2.07 0.12 0.52 0.52 7.53 093 087 086 641 027 0.84 0.84
Cca80 6.07 0.84 0.84 0.83 4.06 093 075 074 420 097 0.76 0.74

(HW test for each locus in each population) & Zi, DJ #f
AAE HLIO19 FE K 85 (P=0.004) 2% B Hi 4 &k 25 (R A
17, 1£F HLJ058 JE X ) (P=0.033) R I 1 i 2 [ A 117,
FoR 4 D IRTEEARAE BN FE DR 88 35 b - 38 A%~ AR
A(P>0.05, % 2).
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ERZBNT 0.05, HAY KT RN L AL 210
M bR ifE(Fst = 0~o.05)[—1, B HE R R L AT R AL Y
{4 0.2024, FEPGAIAME N 2.3227, FEKIHR AT AE 2
FEAR )AL L) E N 2R .
26 BEROWER

HEA 5 AN FEAAALE 19 AN FE DR 38 (22 B A7 AE 4571 i 2
(1) 35 AT JAE ) () S5 A7 R DR AR, JEAT SRR a0 MR W, FC

55 LZ WA B 1 8 AL A0 AL B s, ML R B
0.873 (15t 4% FH B D¢=0.136); DI 5 LZM AN BEAK 13804
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DG: R b BEfA; DI: 5 B8 1% 7 5 FC: A3 LZ: JCPREMA; ST FAVE BSR4 M: 23 7 bR #fEDL 2000,
Fig. 1 The genetic variation of HLJ046 among five mirror carp populations
DG: Indicates the population sampled from Donggang; DJ: German mirror carp selected line; FC: Fengcheng mirror carp population;
LZ: Liaozhong mirror carp population; SJ: Songpu mirror carp population; M: Standard base pair ladder, DL 2000.
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BRI R e bRl SRS A 3 AN X
9% o IXMETEARRE SR SRR, XTI LA AR 1 %
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W P B A 20 R Ik 1) o, LB RO, 13 K A
Fw . WU K, B0 2 R MK,
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Table 2 Genotypic equilibrium analysis of mirror carp populations

R2 RUEMIFERTEIN

I HE1F Group LIk
Locus DG FC LZ DJ Sy Multi-group
HLJ019 0.960 0.956 0.972 0.004** 0.845 0.991
HLJ030 1 1 1 1 1 1
HLJ037 1 1 1 1 1 1
HLJ038 1 1 1 1 1 1
HLJ041 0.999 1 1 1 1 1
HLJ044 1 1 0.999 1 1 1
HLJ046 0.999 1 1 0.997 0.509 1
HLJO58 1 0.823 1 0.033* 0.717 1
HLJ076 0.993 1 1 0.389 0.515 1
HLJ129 1 0.993 1 0.997 1 1
HLJ133 0.835 1 1 1 0.960 1
HLJ163 0.900 1 1 1 0.938 1
HLJ190 1 1 0.981 1 1 1
HLJZ01 1 1 1 1 1 1
HLJZ02 1 1 1 1 1 1
HLJZ04 1 1 1 1 1 1
HLJZ09 1 1 1 - — 1
HLJZ12 1 — — 1 — 1
HLJZ13 — — — 1 1 1
HLJZ15 1 1 1 1 1 1
HLJZ16 — — — 1 1 1
HLJZ23 1 1 1 1 1 1
Cca07 0.906 0.917 0.980 0.998 0.996 1
Cca09 0.923 - — 0.763 0.978 1
Ccal2 0.996 - — 1 0.999 1
Ccal3 1 - — 0.998 0.993 1
Ccal4 0.927 — — 0.999 1 0.999
Ccal5s 0.611 — — 0.651 0.778 0.745
Ccal6 1 — - 0.843 1 1
Cca80 0.802 - — 0.614 0.618 0.770
l\il%-lil)}czzs 1 1 1 1 1 1
— AZIEDR RS SR B . % P<0.05; **: P<0.01,
—: There is null allele at this locus. *: P<0.05; **: P<0.01.
%3 EANFUEBHKE Nei EARMERISIEB(L F) SRIEEIRRA L)
Table 3 Nei’s standard genetic distance (below the diagonal) and genetic similarity coefficient
(above the diagonal) among five mirror carp populations
DG FC Lz DJ SJ
DG - 0.715 0.674 0.652 0.599
FC 0.335 — 0.873 0.563 0.539
Lz 0.395 0.136 - 0.516 0.524
DJ 0.427 0.574 0.661 - 0.664
SJ 0.512 0.618 0.647 0.410 —
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Fig. 2 UPGMA cluster analysis of five mirror carp populations
Numbers on the branches are the percent occurrence in 1 000 boot-
strap replicates using UPGMA method. DG: Donggang mirror carp
population; DJ: German mirror carp selected line; FC: Fengcheng
mirror carp population; LZ: Liaozhong mirror carp population; SJ :
Songpu mirror carp population.
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M6 (10 % B TR AR O A8 B BRATTAIF 90453 HE PR RO AR R
N NI By 5 Tt A A T s R 1) Rl 2K R ]
S, A e AT AE R AT B PR R PR T S R AR R s A
B AETURE, W% RS Y R LR 2 R KT TR
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3.3 ANEAMESZXRSEES K

5 /B A 2 TR) ds AR A LR £101=0.516~
0.873(ist 1% #i B Ds=0.136~0.661), kT Fh Py A BEAA
Vi) (1% 388 % AR AL RE 7K P (T) A B 44 18] 1=0.8~0.97, 8t 4%
I B Dg=0.03~0.2)1221,  Lb AR B8 1 4 2304 5 ) 4 [ %
8, O LT ST S RAY K R ) A ) ST ) 3k
& B 28(Dg=0.094~0.429) K, JR LG T Mg 2 AR (1)
VLVY = 40 55 BB v R K P A B

(Ds=0.17~0.23) Ko [a] Bl 1A AN [i] by B B 73 G A
() PR 2 A% ARV B A% AR iy, HRATTIE S 5 /B fif
TR AR [0 388 A% AFARL IR KT ZIAR S A, 23X 77 1H W] g
SE TS ERE S Gt Jr ik R, Sy — 7 AR AT
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SRR 5 T S e T A ) 58 % OC R I 1
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DI 5 LZ A A4 1) 352 45 AR AL B fIG, SR 2% K &R i
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DG. FCHLZ 3 MHAEE N —A40 3, DIS STV
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P A P PR B A WIF R T DA R IR R ) 35t A% B
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5 DAL R PRI AT R B BIE R 0.202, 38 K T FEAAR (] TG
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