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WE: /AREEPGCEANARENRHTIE, A6 NI EAL 2N T LB (AH) [ H
(GS).J" %/ (GD) .J" ¥ (GX) .2 # T (HLJ) 3T # (JS) Fn & Kk (CQ)7 /o i B 1K thy 3% 1 % #F
Mo 6N TERERMM T EEHE L A EAEHN L TH, £ HU BHEFLTHR - EMH
BT ERRE LRI, ERAA AT EERLNE 69 N EFLELE, FET~16

M AERFMAMERB(N)3.0~5.5 4, I 5%

& FE H 0.202 ~0.408, 81 % & 4 & % 0.673 ~

0.820, % =ty Z H I & & & (PIC) £ 0.643 ~0.796, #F & W ,7 MRMBF KL & H &
FE, BEEEE LML AK(F,) K5 0.499,49.9% W% 77 3 FARKE £ R, W F, &
0.167~0.421, Rk ARMHF AT AR A D WAL R KBFR M2 F. K% L7 AH,GD HLJ
IS Rk — a3, CQ.GS M GX R 7 — Mo Lo FTAKMAKERMELRE @ #Z

AT E T EFEERD
KEERE: R#H; M E; BE LR
hESZES: Q785; S 966.4

55k )8 £0. 2 ( Misgurnus ) W 5, T F i 5L 22 i T
HA PN IR KA, i % 910 55, =808, Tt
IO BE H A & U B PP e, iR SRR T
5 H ( Cypriniformes) . &%} ( Cobitidae ) . 1 &k .
Fl(Cobitinae) , 32 73 A T BRI K il LR S8 Al HF &
PR P EE 9% BF St o B #2634 A A
A4 e (A7 NI Rl 5 R ES 1R B N | A =
BRI B A BE P PE A . BRVEE H A X Al o M
A, T A [ 307 37 A L /0N ) 3 A I A
S KA AT SRR 2R o A o IR E R e A
b J5 Je Bk (M. bipartitus ) . & Jg VL ¢ 8 (M.
mohoity) 1R ( M. anguillicaudatus)3 Fh, dtJ5
T Sk S BT S, AE BT A b M X, JE e U K
WG IS AE BB e VK AR T e 7 3 ] 4% b 35 A 0 A
Fe [ 6 R BB A A, AT AR LA AE A58 T
RO E, AT (R EF MWL) . AFRE

%5 B #8:2015-04-08 &8 H #§:2015-05-28

XEPRERD A

R TR ARG FHPEAE & w350, A e
J& £ 25 ] BB N R) 2R A 28 B, R i 4 I AR L
U1 Ay e B8k A T 22 R A BT

YR BT 4 © % R AS 7% 58 R ] 9 A0 9% T
Gy (A3 [ %8 ¢ )k 35t 14 22 A Ve T I 4 4 0 oF
g8 T U SR B PR BT 52 N 280 Bl 52 ) B ok B
% 5 Y W E SIS Je K B AR . RAR
S FRIE R HOR B E SRR E T T
Te SR 25 A A A AR A DR Uk, & 004 A 3K
T kAL AR M I EVE 454, A SO A B
IR R D R Rk R A T B AL 2 R MR E O A ok
TP K 4 B G Z AR AR R TRes 1L
SR TR, B SR BREA
AT 1 38 g Ak T L 38 A% ok R R A )
LR LR

1L (microsatellite ) & 3 2 PEARIC , 242 57

FE B LA R B A 308 B0 H [ CX(13)2041 ] 5 L3548 40k B4 345 01 H (BE2014335)
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BRSNS W T A
Bl M AF R S0 sk S ik £
FEMES BT RN M (L 2 M A o A 6 YR s
15 20 RV 0T 75 45 4 10 BT 5 6 955 R K B 5 R
S A REE AT L AR D S R R
R AR A YR G A A T O
BUFEEAEBRAME AR R B AR A R4 X 7
0k 28 455 Hb B 465 | BRI BIE ST EL K T 20 9 R 3 A
S K T SR B B I X S K s U ik
FhBEs S Z RS Y e e B M
AT ARBERE A 6 MM LRI TR
YU BT K VT RIBR VT Y R, 7 A A A 8
A B 3 2 R, 30 T 6T 8 B DA A B
43 B 4R AR B

BRIk

1.1 BU#FEFAS|4i% it

TeHRORE S B R 7 A KO, 3R S
(AH) HM (GS) .J"A(GD) .[J7 74 (GX) . Bk
YL(HLY) YL75 (JS) A PR (CQ) o HUF: Hb H A
g YT HE] KV ER VDY R R, B s — A TR
BB o Yo BRI 4R, 25 BORE Hb B3 75 5 00, At 1 1A
G S E B BB E (VLR SUR R )
H T 70% {45 1 50 mmol/L EDTA ,pH 8.0, = &
TR 1 d 58 -20 CORAE, #7 BURE L3 28 , il 37
ShETECE R, B 70% A 1 50 mmol/L EDTA,
pH 8.0 S EARFFE 1 ~2 d, AL i 2 /b n] BT 3 fR A7
A SR 2 R R o N BN o a1 B = e [ R 4
.6 AT SE [ U SR TR M BURE Y
TP EHRBT, 5K B 18 ~ 25 Ak, T
fig 20 G KL, ¥4 BeK B 100% ~ 300 bp, fif T H
WA GC 7 HE 40% % ~ 60% , 51V BE 55% ~
65 T, JEBEF T 40 Z X5, i A 2 o 2
10 A ZE 4 Ik AP BUZS B ot o S0 6 9, 55
VL e R A3 6 43 A 35 5] JURE B TR M N 45 2, Ie &
PRI 6 i DT # e
1.2 DNA 32E . PCR # & fn & FE & 4 8

ST R EE B TS Ok, R B K
T A — 0% 9 4005 fil 3 9 3R UL 9 41 DNA™ i
TXZEIK, ¥ ok B JR 3] 2 20 ng/ul £ . PCR
PR R &R (25 pL) & A 50 ng £ #k DNA,
200 nmol5| ¥y (& 514) ,50 pwmol dNTP (£ F ),
1.5 mmol Mg”* ,1 x ZZ #h i Fll 1 BA{i; Tag DNA %

AW (TaKaRa) . #4928 2% 14 o0 94 °C 1 AF 1
3 min, 3 94 T4 1 min,55 CTEPE 1 min,72 C
ZEAR 1 min30 A~ 35, A 72 C 4L fff 5 min,
PCR {54 T 4 C, PCR /=44 1 900 V
PAGE 4} 85 , 4R e i s S5 25 1R, 4 AR

F1 REERREHER
Tab.1 Locations of 7 loach (M. anguillicaudatus)

populations
it BUIX B X405 BER R
river administrative area abbreviation no. of individuals
oy
. jE(I . Bpir HLJ 40
Heilongjiang River
Eil)
Yellow River Hw GS 40
KL
Yangtze River RIS cQ 40
L AH 40
MIDiN JS 37
R
Pearl River I GX 40
UK GD 40
1.3 BN

B GRS PR BAEA ZAE A B o Hr i,
I B3 — A~ ok T2 B2 A7 A 22 T A A 07 5 DR R A A
F Popgen 32 ( http://www.
Download ) FI Genepop ( http://genepop. curtin.
edu. au/) , 7R IR A5 AL JE DA L4 46 o7 Ak [
BN AR IE R (N,) B8R 5E
(H.) WA B (H, ) MR ] Nei [R5 4 25
(GD) "™ i o v A% — 38 111 i °F- 85 (HWE) o JH]
PIC _ CALC 0.6 ( http://hi. baidu.
luansheng1229/item/306815126d58e3 a4 feded5a4 )
R ZHME BB (PIC) . AKX D=(H, -
H.)/ H 585 e #80(D) ™ . i UPGMA
J i MEGA 6. 0 (http://Proteh. bsd. uehieago.
html ) # 17 ® % 7 o M
STRUCTURE. 1 ( http://protch. bsd. uchicago.
edu/software. html) i 5 f 7] fE [ 1 38 Bio 2H 54 .

2 HiR

2.1 EESHME

HL) B AT RE 2 20/ A8 THEAE# /I, 6 A4
LR 2 /D AE HLT B AL T i AR — IR 10 4% - £y
(HWE ) “F-fiij , 33 S8 47 10 3k 5 3% 41 18] 135 AS 47 7 3%
AN T3 oh, X D ERICY A 5 o Al
TH T

seekbio. com/

com/

edu/software.
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Tab.2 Microsatellites used in this study and their associated information

JEE AN SRR K / bp EIE7 i/ C Fral s
locus Length of alleles primer (5’ - 37) Tm accession no.
Macl03 259 ~273 F:GAACACTGACAGCAGCCAAA 53.8 AB303436
R:GGACTGTGCGAGTGTGAAAA
Macl19 114 ~ 186 F: TTGCATTCGGCAATGTTTTA 55.9 AB303440
R:ATCAGCTTAGCCTCCCCACT
Macl64 279 ~293 F.CTTACTGCCACAGCAGACAGA 55.4 AB303450
R:TCTGCGGATGACAGAAACTG
Mac190 226 ~256 F:CACTGCAACAAGCATTGCATA 55.4 AB303455
R:TTTTACCCCCAAATGGATCA
Mac539 195 ~ 205 F:TGAATGTGCAAGAGCTGT 52.9 AB303587
R:GTATGAGCTGGGCTTTGG
Mac678 206 ~220 F:AGACGCACATGCTTCTTACC 54.8 AB303440

R:GATACAGCACCTCCCATTCC

SRR L6 A BT R AL IR AE 69 A
AL AL AL RO T ~ 16,3 115
A, Macl03 A7 76 I 2 45 (0 2L 9 (16 4, i
Mac678 S5 F Bt D (7T 4) o LREA (AH)
FERZHEM IR (34 4>) o FRERME ARG E
9 0.402 ~ 0.136, 1 0.297; H1 2 4% & B K
0.630 ~ 0.165, - ¥ 0.418, PIC Jj 0.643 ~

0.796 -7 0. 738 , 3% B Je S A 1A% 35t 1% 2 FF 1 4%
5. Botstein 4577 4 H Y — AR A7 45 19 PIC <
0.25 W}, Z A7 AR EE 2 47 553 0.25 < PIC <
0.5 WAy B2 380 1 PIC > 0.5 I g i B 2 735
s o 6 AN RS PIC ¥ RF 0.5, HIL,
6 M DAL R 2 AL R EL 2
FEHEFE (X3,

R3 ERAMIEEESHN

Tab.3 The genetic diversity of the total samples at 6 microsatellites each

JAE 37 B — S5 ALk R B TSR 5oz ik PR K ZREETE R4 gt 1% 1l 8 AR AL

locus 1st richest allele 2nd richest alleles no. of alleles PIC D
Macl19 0.373 0.138 13 0. 781 -0.656
Mac563 0. 397 0. 197 12 0.750 -0.739
Mac103 0.302 0.254 16 0.763 -0.486
Macl64 0.303 0.176 10 0.796 -0.691
Mac539 0.529 0.162 11 0. 643 -0.610
Mac678 0. 367 0.268 7 0. 697 -0.499

2.2 FBUoi

fa & Z ¥ (fixation indexes) F M F, 47 548 7~
FEVR ] 358 1% 43 AR B2 FLERE A S B 1 1 % B il 7
KA. #i B Balloux 47 i 5 ifE, 0 ~ 0.05,
0.05 ~0.15.0. 15 ~0.25 43 Bl &A% . of 25 3t 45 4>
1o, AR TR T F Gk F]0.499 (5K 4) , RUIEFA
(] 388 1 43 A KPR o 33X R A 35 4% S5 Ak IR AR B AE
FACE R AL R B, R 0. 387 (Mac678) , fix iw

0.586( Mac563) . F,_{E 0.167( Mac103) Fi 0. 421
(Mac563) Z [a] 25 46  (HER R T %, 4+ & F ™ E ik
KO RUFHANIE MR ™ E, aiifF X & ARG
gl (Cangb A 7= RN KR b B AF ) T B0 R R
BB RS 45 R EHARIRAMNR ., &G
FER A R B AR B R (D) (£ 3), D
W/NTE AR E,

Jofw Nei [K5t 1% B 2544 2 () UPGMA F1 NJ
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ARG KW HLI (GD JS Al AH BERE K — 171
32,1 GX . GS il CQ MR Ay — 7 3¢, X 15t W]
T ] Y2 ket % % U L B — E B0 s AR o L A
TR (K ). PR RGN R A A
[, {H HLY ff f A0 75 73 SR JZ , He b B4R 2 20 il
Ao XFRW] HLY A] G 815 2 HEME 6 X

DU RSB R 5 B g I L SR R
B e 2 U R i 7 A A X e RO A

GD 1 GS Ji] (2.268) .GX 1 IS [i] (2.243) .CQ
A1 HLT [1] (2.220) ,CQ F1 JS [1] (2. 083) [t & #E
BT 2 R0 3, AR A () A9 5 AL R B 3T 2,
GD F1 HLJ [i] 1) 58 1% 5 25 e /N (0. 272) 45 B
[] - 4L FE B A 1. 695,

x4 M IEMANBERY

Tab.4 Fixation indexes of 6 microsatellites

B HEAL locus Fi Fy
~ Yy DAy == | S
%/ UPGMA Z 4514 B AT 5 I B0 5 o 3k 58 B Mol 15 0. 248 0. 57
NRES e A FRHAT M REAE— B L3 Macses 0 421 0. 586
TR AL IR A . A, D R E R IE AR Mael0s o167 oats
ac 3 . .
TE 4 — 80, NT R AT 2 20 g b b B A O 2R
Macl64 0.336 0.570
JEI R
7 iy el
7 A SHCRE U ) it £ B g 22 B kL Sk e h (4%
HLI 1 GS [f] 32 % B B4 Bt K (4.719) , H ok ly IS MacoTs 023 0387
1 GS ] (3.213) #1 AH #1 GS ji] (3.117), GX Mean 0.290 0. 499
A1 HLY [B] B4 (2.603) . AH Fil CQ [H] (2.412) |
HLJ 0.19
0.18 HLJ
JS 1.01 0.35 AH
| AH GD
GX OESGX
0.64
GS 0.53 4,705
cQ 0.55 CcQ
12 10 08 06 04 02 0 02
(@) (b)

Bl1 BT Nei RiEFIEER UPGMA (a)f0 NJ(b) &
Fig.1 UPGMA (a) and NJ (b) dendrograms of 7 M. anguillicaudatus populations

2.3 HLJ 70 JS BRI LLER

WA R G BB 87 HLT A1 TS P AN A7 7
KHE, AH 1 GD Wi HE(K 5 HLY ) CHE 5 IS
5 HLJ ) %k ZE L . STRUCTURE 43 Bt 43 #r 3
Wi, K =2 i, AK A Bt KA (] 2-a) ,HLT Al
IS A REIR AR TT LB B 43 S P4l . 15.2% 1Y
HLJ 4~ & #1 95.9% ) IS ARt A v 4l 1,
84.8% [) HLI MAFT 4. 1% 1y IS SR A 734l
2( & 2-b) ,HLT #f& HIR 4 4% %0 IS BEAA B9 A~
A, T IS B A HLAE 7E K & HLT B4 19 4 1K (
2-c) o JLHUE B 5% BE O B & 3k, B W B AT RE
HLT Je it/ ACAS o 53X Nk 55 46 T W9 B 44 1 28 B
B L TR A AR IR A A

3 dhg

ALK 6 AT o M 3 7 A ) ikt P
FEUR I 381 22 R, i BB T 908 Bk st 1 22 R 1k
F, ELZR VY B 2 0 Al S5 R G A T ]
REAATE—E MRS X LN A A B T 5 B4 B
IS JEE ) e el R i B O gt A% AR ST A
REA Ty, AR S AL e T A st B A 1 g 20 25
WEFE o AR L HA fh Fof, 8 k= 2B MUAS A FR , 3t 4% %
RN T IaB b, AR R Je 33t A% 2 58 2 71
AL ZAEVE AT, LA S BB IR 00 B 2 A LR 5 B
FH
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Fig.2 Distribution of the individuals in HLJ and JS populations

(a) the relationship between K value and AK statistics; (b) triangle with individuals of HLJ (red) and JS ( green) at the corners; (c)

distribution of the individuals in HLJ and JS,respectively.

F 4R R 2 & T R 7540 B, B7 0 M DR i
F 760,167 f1 0. 421 Z [0 45 fL, 3 & T %, X )X
W E PR P9 AE TR B £ 0 5, AT BB A R PR R N RO
BT 0T WREKSY A, AR A P R/ K R
A T i (8 R B8 1 95 5 A3 A BE Ak, B A )
Sr A6 (F, =0.499), Shan 4" % Bl Ky
TR 4 B F A% 0. 2,7 Khan %70 % 3
44 A A U8 SHCRE R FL 3k F) 0. 774 (TH] T bR
0, I 6 TIE B8R 1A i 3 AL A R L R
i, 33Kt g 8B A 5 R i B SR AR 4 T
TR B B UR L Al o AR 22 TR AT U s 15 4y
7= H B ATIN g N K3 B S B A
TR R R

SRR T AV BB 4 R T P A
20, 5 R TG [ 55— A~ Hb H R SR A 1EL DY K O 4R
7 T 2 Hb 45 T A 8 % B B A0 5 0 TR B B YA
B9 G P . Shan 48" % YT o R 3 U8 8 CRD
Khan 45" % H A U8 6t 15 22 48 25 BF 58t 3118
B B AR, 0 A B 2 O A Ak T 5 5%, )
I, I e R ST 5 B 24 0 R R MR A

Barker ' i t , BRI 25 A LA _E ATl 2
T RBAE Z R T o A SE g B RE AR IRORE 40
AR B IR ZOR . WE9E & B, HLY B4 gt
RS, AR T/, BT KA
BEAR AT I - R AL, KB 6 M T A
YIabF HW P HIR 25 53 Ah ik 26 4 T & [a) B 4l
B e Bk TR I B S E N R R R EBC
T B GE T il ZREPE A Y L R T RS
HL Uk 20 B, A R PR R T A A A 2 i BT
TPEBRCHER, FANEFKEZAY X5, HI
FEXELIRL AN . A28 & B, 6 D3 TR AL A B
SRR A Rl 1 R E B OR N iE
Bro ASLE HW R 7 A U Sk BB AR, BB AR AR 1Y
NI BRI E 1 6 AN TR A7 R i 2 4 Jir
AEENFER I P A, 90 T TR A T A AL
BERTE T AR p R Was T A RE RS R
BB 3,4 5) o XA 9256 SR AT B B Bk T
HCPER S , 8T AN TR F 58 A [ ) i 8l ) % 5
FIF43 #r ( meta-analysis)
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Tab.5 Alleles and their frequencies at 6 microsatellite loci in 7 loach populations

JE 37 4t A7 e R BEIA population (MA%L no. of individuals)
locus allele HLIJ(40) GS(40) CQ(40) AH(40) JS(37) GX(40) GD(40)
Macl 19 A 0. 075
B 0.163
C 0.013
D 0. 865 0.013
E 1. 000 0. 128 0.903 0. 625
F 0.038 0. 041 0.014 0. 500
G 0. 308 0. 081 0. 083 0.313
H 0.167
1 0. 385 0.016 0.013
J 0. 888 0. 042
K 0.139
L 0.111
M 0. 083
Mac563 A 0.075 0. 692
B 0.176
C 0. 888 0. 346 0. 064
D 0. 064
E 0.038 0. 462 0.039
F 0. 052 0. 141
G 0. 026
H 0.013 0.081
1 0.741
J 0.921 0.013 1. 000 0.207 0. 608
K 0.026 0. 257
L 0.013 0. 054
Macl103 A 0.013
B 0.0125
C 0.014
D 0. 103
E 0.811 0.013 0.297 0. 125 0.577
F 0.103 0.013 0. 463 0. 662 0. 050
G 0. 135 0. 438 0.014 0. 225 0. 051
H 0.014 0. 154 0.013 0.014 0. 063
1 0. 641 0.950 0.038 0.436
J 0. 025 0.016 0. 025
K 0. 041 0. 025 0. 025 0. 167
L 0. 025
M 0.013 0.013
N 0. 026
(0] 0. 154
P 0.013
Macl64 A 0. 044
B 0.433 0. 025 0. 250
C 0.267 0. 150 0. 250 0. 025
D 0.217 0. 350 0.221
E 0. 083 0. 325 0. 191 0.613
F 0.075 0.029
G 0.015
H 1. 000 0.988 0.013
1 0. 063 1. 000 0.075
J 0.013 0. 288
Mac539 A 0. 030 1. 000 1. 000 0. 057 0.078 0.988 0. 308
B 0.013
C 0.071
D 0. 121 0. 086 0. 063 0.231
E 0. 546 0. 357 0. 295
F 0. 100 0. 156
G 0. 143 0. 188 0.077
H 0.288 0.517 0. 090
1 0. 057
J 0.015 0.014
K 0.114
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gk 1
JE 37 4t 37 e BEIK population (A% no. of individuals)
locus allele HLJ(40) GS(40) CQ(40) AH(40) 1S(37) GX(40) GD(40)
Mac678 A 0. 046 0.013 0.350
B 0. 463 0.013 0. 136 0.813 0.721 0.213 0.225
C 0.988 0.439 0.025 0.413
D 0. 463 0.379 0.113 0.265 0.325
E 0.038 0.363
F 0.013 0.015
G 0.038 0.025 0.025 0.088

TOZENRURIQOTEHUOUOWE® — 5N —HI @ =@ 9 O =

QTm o O W

TEo oW >

o Macezs T

ErARGRIOTmOOE>M TMm D O W > G-I

3 6N EMAMZGFT
Fig.3 The motifs of the 6 microsatellites used in this study
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Preliminary analysis of the microsatellite diversity of

Chinese loach ( Misgurnus anguillicaudatus )

DING Haiyan', ZHU Ming>’, PENG Chong', LIN Genmei', TANG Zhihong',
WANG Yamei', YANG Guanpin'”
(1. College of Marine Life Sciences ,Ocean University of China,Qingdao 266003, China;
2. College of Oceanography ,Huaihai College of Technology ,Lianyungang 222005, China;
3. Longyuan BioTech Co. Lid. ,Lianyungang 222005, China)

Abstract. In order to manage and exploit the loach genetic resources of China,six microsatellites were used
to describe the genetic diversity of 7 Chinese loach ( Misgurnus anguillicaudatus) populations inhabiting
Anhui (AH) , Gansu ( GS), Guangdong ( GD) Guangxi ( GX) , Heilongjiang ( HLJ) and Jiangsu (JS)
Provinces and Chongqing (CQ) City,respectively. The 6 polymorphic microsatellites were selected from the
microsatellite linkage map of loach,being not linked with each other. They were also found to be in Hardy —
Weinberg equilibrium in HLJ population, a less disturbed population, thus being suitable for diversity
determination. The 6 microsatellites revealed the polymorphism information content ( PIC) ranging from
0. 643 to 0. 796 among populations. In total ,69 alleles were identified , and the number of alleles (N,) varied
between 7 and 16,and the effective alleles (N,) varied between 3.0 and 5. 5. The observed heterozygosity
(H,) among populations ranged from 0. 202 to 0. 408 while the expected heterozygosity ( H,) ranged from
0. 673 to 0. 820. These findings indicated that 7 populations were rich in genetic diversity. The co-efficiency
of gene differentiation among populations ( F,) was 0. 499 ,illustrating that 49. 9% of the total variation can
be explained by the differentiation among populations. The F, ranged from 0. 167 to 0. 421, indicating that
serious inbreeding and further uneven distribution exist within populations. The cluster analysis showed that
AH,GD,HLJ and JS populations merged into a clade while CQ,GS and GX fused into the other,indicating
that the diversity of Chinese loach may have west-east differentiated and may have been north-south
disturbed.
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