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B FF e F1 A ) 22 M 1 DR 4 4 AL R 22 A 4 (B R 4
2000), stk Z R BIESE 7 Ik Bl G 8 1R 2E Ay T A
YR R, 8] DNA 43K F, H, AR
R 8 B8 & 7 5 (Simple sequence repeats, SSR), &5
VLB LA BT R (2~6) 28 22 VR E1 42 A B 1 PR R KR
SFHIIHAE, 2008), SSR HAT M2 E, ik,
FEPESRAEA, BTz N H Tk sh st i 2R
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BB BE I RAE T ICK CBEA o 94 I8 ) 6 SRR 1< 7
AERE S BIR A BRI PR (R L, 2408 S,
30 ; FHIF, 35R; 2K, 27R). LinELIE, 25k;
IRE, 30R8; HRE, 34E)MIRITGHIR, 29F8; HM,
2018) (K1), FLit254A 4k,

S e BRI Al ) e e ) R SR T | . RS |
(5'CCGCCCAGGAGTATTTTATG3") ; F % 51 ¥
(5 TGGCATTTCATCAGGGGTG3') (&£ 1645, 2015),
8 Mt DAL (Mac37. Mac45., Mac49, Mac60 ., Mac425 .
Mac456. Mac576 Fl Mac627)H H Je ki T2 %5 &
T SR FE B 2 10 05 (Kagayaki et al, 2008), 373
F B BE R 100~300 bp, fETHIKM . EiRG (9
A AR TR () e A R /5 i

1.2 ¥ H*E

1.2.1 A A4 DNA ##R i 363 DNA $2HL
IR AR R B 2 #E FE N 2H DNA L T 1%B IR B SE e
120 V H7K 20 min Kzl BT 42 DNA i ; HE 76
FCEETHRE I DNA WREEFIBE; fin ddH,O 7B DNA
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Fig.1 Sampling sites of P. dabryanus populations

FS: #1l; GY: @%; FK: BJF; zQ: ZP; RY: FLW; LC: 'RE; SG: #X; HY: WH; HZ: HM
FS: Foshan; GY: Gaoyao; FK: Fengkai; ZQ: Zhaoqing; RY: Ruyuan; LC: Lechang; SG: Shaoguan; HY: Heyuan; HZ: Huizhou

1.2.2 A K 5 &) % o 5 71 FHEE R0 5 93k 4 7
PCR #"3, PCR SV AR £ (25 ul): 50 ng/ul DNA 4

2.5 ul, 10 pmol/L L FUi#514145 2.5 ul, 10xLA PCR
Buffer(¥5 Mg®" )2.5 ul, 2.5 mmol/L dNTP Mixture 2.0 pl,
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5 U/ul LA Taq DNA 4§ 0.25 pl, ddH,0 12.75 pl,
PCR X W #2)¥ : 94°C WA 5 min; 94°C A4 30 s,
54°CiBk 90s, 72°CHEfH 1 min, 35 MEH; 72°CHE
110 min. FH 1%3 05 B EERE 120 V LUK 20 min, &

I PCR 37y, ALK R, Bl

A AR K

JNSE SR8 (285 bp) K i EI S 6k (214 bp).

1.2.3 PCR ¥ ¥

KH 10 XHH T RS ##ET PCR

P, W, R ERNIR KRB . PCR AR R
(20 ul): 50 ng/ul DNA ##z 1.0 ul, 10 pmol/L | Fiif
59145 0.2 ul 2xEasyTaqg® PCR SuperMix for PAGE
10.0 ul, ddH,O 8.6 pl, PCR W FE/F: 94°C AL
3 min; 94°C728%E 30 s, ik 30 s, 72°CHEfH 30 s,
23 M ; 72°CHEMH 5 min. & %51 AR F IR R
FEWER 1,

F1 AMMREANREEMNSREBXER
Tab.1 Microsatellites used in this study and their associated information
JEEAL B 73 * L7 2dl TE SRR GenBank J7%1]%5
Locus Core sequence Primer Sequence (5'~3") Length of products (bp) T.(C) GenBank No.

GCAAGTACATGCTCATCCTT

Mac37 (CA);s CACCTGCATTCCTTACATCT 70~115 54.5 AB060181
GTTCAGTACGGCTTTAGCAG

Mac45 (CA)s TGGGTGTTCATTTTTATCCC 75~105 51 AB060185
CGCAACAGTGTGCAAACATT

Mac49 (CA)y; CTGCAGGACACTTCAAACAG 75~90 55.5 ABO060186
CCAGGCTGCAGTTTCAGTTT

Mac60 (CA)y TCAGGTGTCATACATCCTTT 90~195 55.5 AB081632
CTACGGAAGTGCTGCAGACA

Mac425 (CT)14 CATCCTAGGCTCAGGCCAAA 90~185 58 AB303516
TCTCCTCTGACACCATCAGG

Mac456 (CT)3s GTACGGACACGAGTCTGGAA 115~300 58 AB303522
AACTATTGCAGGGTTACCAC

Mac576 (CA)q GTATGGATGCTTTCTCGACA 130~195 52 AB303595
CGATGCATTGAAAATGTCCT

Mac627 (CA)y3 CTGCTCTTTTCACAGTACCT 170~280 52 AB303610

*r (X0 USRI L P 9 H A B
*: (X)n means repeat number of core sequence
124 RASRKERESSE  THTYE 2% 2 R

AR N B BE S LUK A3 5, B S pl,
AN KRS R A NS 1 1) 1xTBE HL YK ZE M, 50 V H
7k 30 min J5 FF 150 V HL¥K 150 min, R4S HHRGDR
FF(2002) 9 7 2 IFE R, TR — A m AE 7 R K
F/MER AL B, C...V,
1.2.5 HKFESH i} Popgene32 1.32 #k{F4rHr
A TR R R A 1) 25 67 B PR A (Number of allele, N,) |
5 856 F R L (Effective mumber of allele, N.) . il
7k 4 J&# (Observed heterozygosity, H,) . #1424 &
(Expected heterozygosity, H.) £ N IT 38 2 4 (Fixation
index, Fi) . 19 1% 7> 1k % U (Genetic differentiation
coefficient, Fy) . %& A il (Number of migrants per
generation, N,,) . 1#1% 125 (Genetic distance, D). 5154
1) Z2 %5 (Genetic similarity index, |) (Kagayaki et al, 2008),
fliff] PIC-CALC 0.6 BT A0 s i 25 0H B a3
(Polymorphism information content, PIC),

BT REAR] Nei [ChR kB AZ IS, (i ] MEGA6.0
F#E 7 R UPGMA (Unweighted pair group method
with arithmetic means) & S dE L .
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Fig.2 Partial electrophoresis results for
P. dabryanus identification
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TE 12%AR 281 5 N AR TR R BE R b B8 73 5 S SR A o i A
Gt a KB, 8 MU RN SIS T 69 AL
FED, TR SR DR R A AR SR VI R 5~15 4,
WA SR 8.6 DMAEA B, Hidr, Mac49 ff
TESEA FE P B /D (5 1Y), Macd56 %2 (15 1Y), 7 r
MUK R LA 3,

2.3 9D REERIRESK B K E L S

M2 ATLLE Y, 8 AT R A A 1) - 24 L 45
PR 8.6 1, FHABAEFEHECH 4.0 1, F
YW 45 B8 ol 0.4426, SEHIIEIEE N 0.7030,
8 AL ALTE 9 AN K% Rl e SRR (A Hh B AN [R) KT 1)
L35, 218 Botstein Z5(1980) 2 Hi k)i 3k K 78 S 7
BE AR PIC 48458, BRAZ S Macd5 Fil Mac49 b
£75(0.25<PIC<0.5)4, HAH 6 i S ERER A&
A 225 (PIC>0.5), #% 18 Balloux 45(2002)f45

1 23 456 78910111213141516 17M bp
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Fig.3 Partial electrophoresis results for
sites Mac425 and Mac576

7, 0~0.05. 0.05~0.15 F1 0.15~0.25 3 2% . A0
mEsAE s, AT 8 MNME RN A Fo FE
Sk 0.2452, 3 K M58 I e KRR AR ] 38t 4% 43 A K P-4
o HARCER R N, 0T S R K SF (I R 9 4,
2010). ABFSE Ny FIIEA 0.7697 (Na<1),
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Tab.2 Total genetic parameters of 8 microsatellite loci

PURIRSE IV S e e TS|

75, (N, H(N.)

WL 255 B (H,) EZRBIE(H,) 22855 5 & (PIC)

AL AL R B(Fy) P (N)

Genetic Number of

Locus Number of Effective mumber Observed. Exp ected. . Polymprp hism differentiation = migrants per
ol of allele heterozygosity heterozygosity information content coefficient generation
Mac37 8 49771 0.4832 0.8008 0.7736 0.1820 1.1235
Mac45 6 1.9396 0.0634 0.4856 0.3949 0.8371 0.0486
Mac49 5 2.0628 0.3106 0.5163 0.4706 0.2113 0.9329
Mac60 11 5.0473 0.6637 0.8037 0.7792 0.1197 1.8381
Mac425 10 3.2905 0.4699 0.6975 0.6750 0.3049 0.5699
Mac456 15 7.7120 0.6525 0.8722 0.8570 0.1124 1.9734
Mac576 6 3.1749 0.4017 0.6865 0.6462 0.1696 1.2236
Mac627 8 4.1583 0.4959 0.7611 0.7273 0.2549 0.7308
qijjfl‘ 8.6250 4.0453 0.4426 0.7030 0.6655 0.2452 0.7697

N 3 AT UL, O AN I R YR SR A (14 2543 i PR Bl 2
AN, b, BRI A I (N, D (2.25),
TR R 2(5.38) s A B S AV L R B (N, B AR d 2>
(1.98), FH KB £2(3.15) ; £ FE A M 24 A BE (H,)
7 0.3307~0.5626; WIEEA FE(H) M 0.3499~0.6144;
PIC # 0.4629~0.6777, HHr, IRk B AR AL B A Hh
LA, HAe 1 MHRRINRELS.

2.4 9 PNREIRREE KB B R ERIAEIRZER

153 S e AL R DL 45 BOR A R AR 0%
LT Y AR PR CRTE S, 2013) A4 Nei 550511

TR O AN R A 5] 358 4% AH fBL 14 48 BRI A% B (3R 4)
9 AN K Btk R 8 SRR AR 1] 352 A% AHARLBE R 0.1965~0.9467,
WALHEES N 0.0548~1.6271, 26K 5 IR B BEA Y 8t 4%
AL B2 751 (0.9467), 1Bt ALHE B Fe 0 (0.0548); 25
FLUG TR 1) 38 44 FH DL £5e415.(0.9467), 383 4% I B f izt
(1.6271),

R 7812 B 2535 F] UPGMA B X 7 A U kR 14 ¢
1T RENHT . REWLEREV(E 4), 9 KR
KRR AR 2 R R 3 o e, A S AN L L A SR 7 — e,
HEFERAR R — I H—ZaETHRK 6 MK
RN EREE AR, Hh, SRESERBHAR N —3Z, i
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Tab.3 Genetic diversity indices of 8 microsatellite loci in 9 P. dabryanus populations

I ZH fii ;i Locus FE
Pupulation  Indices  Mac37 Mac45 Mac49 Mac60  Mac425 Mac456 Mac576 Mac627 Mean
il N, 5 2 4 5 8 8 3 4 4.875
Foshan N 3.0476  1.1050  1.7860  3.9216  3.8146  4.9231  2.1060  2.4662  2.8963
H, 0.5000  0.0000  0.3333  0.7000  0.5417  0.7500  0.4167  0.5217  0.4704
H, 0.6862  0.0974  0.4495 07641  0.7535  0.8138  0.5363  0.6077  0.5886
PIC 0.6297  0.0905  0.4096  0.7008  0.7079  0.7686  0.4578  0.5358 0.5376

e N, 2 1 1 2 1 5 3 3 2.25
Gaoyao N, 1.6423  1.0000  1.0000  1.5743  1.0000  4.5340  2.5714  2.4968 1.9774
H, 0.4667  0.0000  0.0000  0.4800  0.0000  0.7333  0.5714  0.7143 0.3707
H. 0.3977  0.0000  0.0000 03722  0.0000  0.7927  0.6260  0.6104  0.3499
PIC 0.3146  1.0000  1.0000  0.2983  1.0000  0.7444  0.5355  0.5291 0.6777

HIF N, 2.25 5 1 3 8 6 9 6 6

Fengkai N 1.9774 2918  1.0000  2.0578  5.5279  1.4596  3.7231  3.8405  4.5120
H, 0.3707 03235 0.0000  0.4615  0.6364  0.2647  0.6970  0.2941 0.5429
H. 0.3499  0.6664  0.0000  0.5241  0.8317  0.3196  0.7427  0.7507  0.7896
PIC 0.3887  0.6019  1.0000  0.4002  0.7953  0.3055  0.7001  0.6959  0.7466

IR N, 4 1 3 6 5 8 4 4 4.375
Zhaoqing N, 2.8532  1.0000  1.4087  3.9836  2.0510  4.4803 19795  1.4211 2.9372
H, 0.5185  0.0000 03333 07778  0.6923  0.3200  0.3077  0.3333 0.4104
H. 0.6618  0.0000 02956  0.7631  0.5226  0.7927  0.5045  0.3019  0.4803
PIC 0.5855  1.0000  0.2687  0.7062  0.4607  0.7468  0.4469  0.2834  0.5623

LI N, 5 2 5 6 7 7 3 5 5

Ruyuan N, 3.3422  1.0907  2.1151 54607 22282 49671  2.0194  3.7282  3.0814
H, 0.3200  0.0870  0.4800  0.8235  0.6000  0.8261  0.4000  0.7083 0.5306
H. 0.7151  0.0850  0.5380  0.8307  0.5624  0.8164  0.5151  0.7473 0.6013
PIC 0.6512  0.0798  0.4748  0.7778  0.5186  0.7706  0.4513  0.6859  0.5513

kB N, 6 2 4 6 7 7 3 5 5.00
Lechang N, 43575  1.0377  1.5437  2.8703  3.7130 47032  2.1713  1.6319  2.7536
H, 0.6897  0.0370 03667  0.6897  0.6897  0.6667  0.5333  0.4667  0.5174
H, 0.7840  0.0370  0.3582  0.6630  0.7435  0.8022  0.5486  0.3938  0.5413
PIC 0.7328  0.0357  0.3103  0.5879  0.6859  0.7540  0.4761  0.3577  0.4926

e N, 5 4 4 6 7 9 5 3 5.38
Shaoguan N, 3.1456 12739  2.6667 42959  1.7267  5.8680  4.0349 22112  3.1528
H, 0.5588  0.1667  0.1471  0.6786  0.4412  0.5588  0.5588  0.3636  0.4342
H. 0.6923  0.218  0.6343  0.7812  0.4271  0.8420  0.7634  0.5562  0.6144
PIC 0.6393  0.2077  0.5220  0.7326  0.4020  0.8087  0.7153  0.4829  0.5638

TR N, 4 4 3 5 6 8 2 4 4.50
Heyuan N, 3.7372  1.1864  1.8085  3.9188  1.9698  2.9205  1.4235 22111 2.3970
H, 0.6250  0.1250  0.2857  0.5385  0.4286  0.4762  0.0000  0.1667  0.3307
H. 0.7560  0.1605  0.4552 07594  0.5013  0.6736  0.3044  0.5594  0.5215
PIC 0.6835  0.1527 03618  0.7088  0.4701  0.6189  0.2532  0.4538  0.4629

ol N, 4 3 3 7 9 7 4 5 5.25
Huizhou N, 2.8539  1.1125 1.6152  3.7674  3.9239  3.8404  2.4453  3.0534  2.8265
H, 0.3684  0.1053  0.4211 07222 0.7895  0.8947  0.5000  0.7000  0.5626
H. 0.6671  0.1038 03912  0.7556  0.7653  0.7596  0.6079  0.6897  0.5925

PIC 0.5851 0.0986 0.3379 0.6985 0.7212 0.6984 0.5423 0.6222 0.5380
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Tab.4 Genetic identity (above diagonal) and genetic distance (below diagonal) among 9 P. dabryanus populations
I kil o HIF EJIN FLUA KRB PSS TR =M
Population Foshan Gaoyao  Fengkai Zhaoqing Ruyuan  Lechang Shaoguan Heyuan  Huizhou
fi#1l1 Foshan - 0.4393 0.4498 0.4606 0.7350 0.5148 0.8024 0.8710 0.5446
=2 Gaoyao 0.8225 - 0.8164 0.5802 0.1965 0.6363 0.6005 0.6537 0.6601
1 Fengkai 0.7990 0.2029 - 0.6773 0.2872 0.7349 0.5424 0.8086 0.7758
EEPK Zhaoqing 0.7753 0.5443 0.3896 - 0.4174 0.9467 0.3414 0.7610 0.7482
FLUH Ruyuan 0.3079 1.6271 1.2477 0.8736 - 0.4074 0.6537 0.4176 0.3310
SR B Lechang 0.6639 0.4520 0.3080 0.0548 0.8979 - 0.3826 0.8191 0.8090
#A % Shaoguan 0.2201 0.5099 0.6117 1.0747 0.4251 0.9608 - 0.4817 0.3901
R Heyuan 0.5115 0.4251 0.2124 0.2731 0.8732 0.1996 0.7304 - 0.8710
H M Huizhou 0.6077 0.4153 0.2538 0.2901 1.1056 0.2119 0.9415 0.1382 -

SR & Lechang
[ ZEJK Zhaoging

YR Heyuan
BN Huizhou

RE Gaoyao
] { 7 Fengkai
——— Z.¥% Ruyuan
{111 Foshan
L % Shaogumn
0.I4 Oj3 O.I2 0.11 (;
P4 BT Nei's Toliist (&I st gty 9 4
KR JESHAE /A UPGMA

Fig.4 UPGMA dendrogram based on Nei's undiased genetic
distance for 9 P. dabryanus populations
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3.1 HIEE|MESRN

AW 8 NP EN S EEEEE, HkE
69 MEEAIIEN , FIEAIL N 8.6 4, SR 4
(2012)FIH 6 XU Sk G 10 5L 5 | 4 15 b 1 K felg 1) e
8, A0 ARG H ) S 24 B 0 U EOHR I . PIC AT
J5 W PR v A S R N e A, RIS, oG R B A
ST FPE R AR, PIC Ok, $RAEAEL 5 B
i, R T OB AR, 2012), AR 8 A
MTERAL S, B Macd5 Fl Mac49 P75 Jy v i
Z25(0.25<PIC<0.5)%1, HARH 6 MG TEREARRI R
PR R BE 228 (PIC>0.5) o 13 6 15y i 22 A5 1) 56 DA 7
Xof T R R 8 SRR A B) 354 M5 B i — P E R B
HEE Y,

3.2 MRBEESEN
9 AN KMk JI R S EEAARSE 34 PIC iy 0.5602, Hirr,

SRERNMIE AR R I hEE 2, HAy 7 MK PIC
¥ET 0.5, BRI NRmEZEZE, HAS—-LEFTHE
J1o ZEREIREE(2010)RH 5 AR Thric X3k
3 PP A YR Bk AT oM BN, SR A% A B A EE
ZBTEA N 0.8696 F1 0.7283, FIL A5 H & &
h0.6193, FyiE T A5 45 H 07 Y0 4 A B
(0.4477) . LA (0.5409)F1 PIC(0.5602), 1E—ERE
JEE S e R R Rk ) et A% 22 P v ORI Bk, Dewoody
ZE(2000) K i PAEFRCXT 13 FRAK A T8, 15
WP A 0.46, 5AMFFESS R 9 KR
Ve B W B A A AT . R IR A (2014) 2k H
17 MUCBESFAric, 28T PU R TE K 6 /i Je ki)
SRR 0.577, ETAFRMSER, hE
ST XS G AT — 30 0 A4 Sy b 3dk 1) B AR PR v i SR
AR JE A
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Genetic Diversity Analysis of Nine Loach (Paramisgurnus dabryanus)
Populations in the Pearl River Basin Based on Microsatellite Markers

LIUJ iel’z, GAOF engyingl®, CHEN Gangz, CAO Jianrnengl,
LIU Zhigang', WANG Miao', LU Maixin'"

(1. Pearl River Fisheries Research Institute, Chinese Academy of Fishery Science, Key Laboratory of Tropical and Subtropical
Fishery Resource Application and Cultivation, Ministry of Agriculture and Rural Affairs, Guangzhou 510380;
2. College of Fisheries, Guangdong Ocean University, Zhanjiang 524025)

Abstract Human activities and environmental pollution have caused varying degrees of damage to
Paramisgurnus dabryanus resources in China. To explore the genetic differentiation and phylogenetic
relationship of P. dabryanus populations in China’s Pearl River Basin, eight microsatellite markers were
used to analyze the genetic diversity of nine geographical populations (Foshan, Gaoyao, Fengkai,
Zhaoqing, Ruyuan, Lechang, Shaoguan, Heyuan, and Huizhou) of P. dabryanus in the Pearl River Basin.
The analysis detected 69 alleles in eight microsatellite loci. The average number of alleles (N,) and
effective alleles (N) per locus were 8.6 and 4.0, respectively, and the average observed heterozygosity (H,)
and expected heterozygosity (H.) were 0.4426 and 0.7030, respectively. The average genetic
differentiation coefficient (Fy) and number of migrants per generation (N,,) of the nine P. dabryanus
populations were 0.2452 and 0.7697, respectively, which indicates that genetic differentiation among
populations was high and genetic communication was low. Cluster analysis was performed by the
unweighted pair group method with arithmetic mean (UPGMA) method, based on the genetic distance
among nine populations. The resulting UPGMA tree was divided into two main branches. The Shaoguan,
Foshan, and Ruyuan populations were monophyletic and formed one clade. The remaining six
P. dabryanus populations formed the other branch, which contained three smaller branches, which were
composed of the Lechang and Zhaoqing populations, the Heyuan and Huizhou populations, the Gaoyao
and Fengkai populations. These results suggest that the genetic diversity of nine P. dabryanus populations
in the Pearl River Basin was high, and there was a certain genetic differentiation among the populations,
which could be used for further breeding.
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