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rmr et e s R FIRAD-seq i R IT K
R FEHES(Rhododendron henanecse) ¥]SSRFRIC H:
Hof HLREAT I %, 1A B 100% 5] ) A 8 7%} A A2
ET W H I, 610 BA AN, iR L
A E R E. Yo" g I RAD-seq i R X A
Wi A B 1 (Epinephelus coioides) ) LK VEIRIEAT 42
LA A RBE AT, FFR 7261366 RAZHIRZ 45
P£(SNP), HAF 1101 SNPHE % 2 N5 E KM %,
HAFES2204N SNP 5 1A ALK FEF . AW 7T LA
SAN I Hh AR X R, FIFHRAD-seqi A I &
3 FH T R A0 R B YRV 1A TR AR, R 3
Xof BRVT 0305 N B £ 30 A7 B A4 Bs A 2 40 b, DA
T B AR VYR IO E R R AR SR R 4R
SR T-f R 8 b o R YRDIR U

1 #R5RZE

1.1 IR
AR AR R ECRE T, A, K
2. . Ehz. HEE. BEPTAE, )E TR
VL. AVL. AVD. VTR B, & — VLB
B9 —ANHER, FESCRER B LR LR 1. BYHL
B HWLATINS mLICH &5 08, InJe /K £ i
*1 #EREESR

Tab. 1 Experimental materials

K, W) B #3—4K, AEA CUKAR R IR R
1.2 XWFHE

DNAMIEEBERE  HFADNAMIIS
S A DN AFR BRI SRR, a7
VR IR P, SRS 3 [ L DN AZE 1 %550 A b gt i
HEL IR I G 56 B, O 0 D' 0 P S R
L&, B A IDNAFE & E T-20 CUKFR7T, B
ZEPCRY .

MIENSNALRESIYNEITSEKR @
1 HiSeq 20005 8@ &l J¥ ¢ (IMlumina, USA)ZE 47
¥, 312 ISR Searchi fF T4t BT . FHrbl
¥ B E N2 Gbp, R KM MR RS R ITKE
2—4bp;, EEHRIGEHEEH =S; P EA SR T
5112250 bp, il 7 AR 25 H1 7 0 2 e B AR ) RLR A
IR A 2. 18 FHPremier 5.0 347 B 25|14
f¥t, 519K EE N20—30 bp, T, 855—68°C,
Wt P K FE150—300 bpo KR 51 ERFE
KWL A 7] A BR, FE6 BT 100605738 51 4, K
T4 NYP 001-100, A S256 BT A 1 51 035 i A A
Ao

MIDEMNSVFERPCRIIE  FEHLILE4%
B 1 AR R ZHDN A XS 100X 5] #1347 PCRY™ 18,
PCR B4k & 25 pL, 4140 K F2 0 F: 10xPCR
Buffer 2.5 pL, dNTP Mixture(2.5 mmol/puL)2.5 pL,
Mg (25 mmol/uL)2 pL, TaKaRa Tagfii(5 U/uL)0.2 WL,
DNAMEAR 1 uL, F35% 51 #9(5'%, 10 pmol/uL)0.5 uL,
TSI P35, 10 pmol/uL)0.5 pL, K25 1K
15.8 uLo PCRIRMFEF: A8 1494°C, Smin; A2 M
94°C, 45s, 5IWITE % HIB KILE N E %455, LEAf
72°C, 45s, 35/MEH; MIEM72°C, 10min. PCR™
Y5 Gold View | BILIR B EHE G, 22%37 5 HE
JBE 120 VA EE R HE Yk 2 5min i 78 BRI RS 2R Si k6
DH By2%, 13 e fese 1 s H 2 5140,

110°E 114°E

RS KEH S FEREE KRES
PR 7K 3 (Iﬂ%/\.)R.lVCI‘ Collection Sample Sample
system (abbreviation) : .
site quantity number
ABYLY ) - 25 YuJ 01-25
& 11 YuJ 26-36
Yt AWA Pea 23 7J01-23
eI 13 7J 24-36
AIVTRY fihZz 16 RJO1-15
FHILYJ FH FH 15 YJO1-16
FEVT.GJ iERg 22 GJ01-22
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27°N |
HBAL
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Fig. 1 The map of sampling
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3 22 B9 25 25 M 4G A0 36 IE ¥ et i
51 E e 6 519, BIAE i 51 05 s s N 28 't
FRICFAM. & B2 51 P 2 ik 4 SR A 4 53t
ATPCRY™ 1Y J5 22 B 4 i 7 A iR W, AR U 0 ] s i
LSRN S P24 I MO IR, %
AL A PR AT PCRY™ 34 A5 4 1 & 9 #r it —
SPIGAIE, B 4 0RE H 2 ASPER S 147 5, IR
TJE SRV RIS AN TR BRI 8% Z A AT

IR IR MR H 25 1 T B A A i 2 IR A B
KB AT R H 4 B4, B Popgene 1.328 14! it 45
FEAR I EE S50, B I S 24 R BV, B A
SGALIE R BN W25 BE(H,) AR &
(H,)~ Shannon’s Index(/)Flist 4% [ € Fa £ (F;), FFit
{THardy-Weinberg V-t % . % T Popgene 1.3273
B () FE R FH PIC Caleit H &ML SR Z B E R
S (PIC), i Arlequin 3. 5% 1 20 1 3 Tk 1]
(38 A Fe B P I AMOV A #r . 38 id 24 30
Niy=0.25(1—F o)/ Fo 1T S REAAR ] 1) 32 R (V) A
Bottleneck v1.2.0240 7 & A" 34T TPMAL 2 R 1)
sign-testf&r 56

2 R

21 WMIBENSVSTHREGER

TE100X 51 ) A 665 il F e 448 th 4k a5, 9
B N66%, HAR3AXT BIYITEY Y 2 A R FEE
R, 66XF 51 M4 BANE kWL 48T, WA
RMREZEMREREEERSNAM A . PIYPLIALAA
B, o uk s a2, PR SRS E A
238F11283, 271F1286. 27741283, 271. SSRAV &
KRNI 22 S o i 2k B R OB AN R S B0, X el 22
SEVE BB R ML T A s 2 S, %A SRR 4
FEdh R B i 2 5. I i ik 224
PEAL A, BIWME Ban# 2fi~, HPCRY 74k
/N61—261, 38 IR KRB 958—65TC .
2.2 VIR IIELE R

I 24 AN 5 R ZH DN AT 1] 9 1 227
BEATIOAE, 18 30164 55 2 1 2 S AL AT, 224
LA BB S BN 2. 228 TR AT A A F
KA T2—214, LRI E] 71824 A, A
A HE R 1.0868—14.9617 . HAYP 10f1YP
193RI IS R 2, YPT9 8 /Do 22N 1
(R UL 2% &5 M 0.125—1, W28 & N0.47—
0.9184, “F¥JME 57 °40.4564, 0.3102. ‘EA1HIPIC
fH1£0.07671—0.9292, K45 4(1£0.1732—2.8584,
ZEE S 0.5965F11.5497 AR IR 2247 i,

H2MHL A (YP79. YPO) @ TR E £ A4 4
(P<0.25), 2 f(YPO4. YP7S)@ T EZ 0
R(0.25>PI1C<0.5), 167 72 =1 B 2 74 1AL A
(P>0.5), EEHAF 104 m 2 B AL S (YPOS,
YP0O8. YP10. YPI1. YP19. YP23. YP31. YP32.
YP37. YP47. YP60)FH T HEAAREAE Z REE 0 H o
23 BB EZHEMSR

X BRI RS AN TR AR BT 8% 2 AR i,
SANBEREL Z RS EEE R R 3. SRS
T B L 2 BRI KT CP I PIC>0.5), Hork
Y uI BRI B R aB A 2 B IRV, 11.35 N,
6.6279; H, 0.7667; H, 0.8425; 1 2.0255; PIC 0.8074),
M RIFFAR AL 2 AR IKF IR IRV, 8.6; N, 5.2028;
H, 0.7667; H, 0.7975; I 1.7640; PIC 0.7409).
24 BEARERIERTR

FE T B AN B AR S A7 2 DRI R0 A TR) U S
V) 11 22 DR N, RS S0 A FR AU (R 4) o SANBEAR
V) Fi6) 35 K] 97 V8 [l E 8.2246—64.3526, ZIFIRIEEAA [A]
I B 35 A% 0 4.(0.0295), B AR R (8.246),
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Fig. 2 Capillary gel electrophoresis of the primer YP11 in four
Pseudolaubuca sinensis individuals
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44 %

T AE Y TRIRIFF A 18] A B A 1845 43 44.(-0.0039), 5%
T R FE R 7T (64.3526) . AMOVAZMHT 7R, 98.45%
FREAE SR H T RER A, 1.55% 0748 5ok 5 T R4 (],

Tab. 2 Information and genetic parameters of 22 microsatellite loci

T ) S 0 RIS AR B2 1) 70 AH(F<0.05, % 5).
2.5 FEHMN
X B e S AN b ER AR AT B 0 #, P>0.054%

®2 RIMHIDEMRPNEEREEESH

5 N ; , BEE
319 g PAELE AW W2 ki
o L FEF s . FEPR B KGR % ESk: KEE RBE FRIEH, T
.45 Repetitive i T ﬂpflme,r sequence /NSize JET HEIKEL Effective  Observed Expected Shannon’s[.)()lymorphlc
Primer (5'—3" s~ Number of . information
sequence ®p)  (C) Lleles (N,) number of heterozygo Heterozy- index (/) tent
name 3 alleles (N,)  sity (H,) gosity (H,) c((;l{gr)l
YP 04 (AG),) CACAAAAACAGAGGGAGAG 261 59 4 1.8228 0.5 0.539 0.8359 0.4041
CA
TTCCGCCATTTATATCCAGG
YP 05 (TA);; GCCACAATAACGTGGTGTGA 110 59 9 5.3581 0.25 0.1693 1.8692 0.7889
TGTCCATCGTAACAGCATGA
YP 08 (AG);; TTCTGTGGAATTTATTCTGTG 188 58 8 5.4857 0.3333 0.1649 1.8586 0.7956
TGA
TGACAGGGAGAAAGGGAGA
A
YP 10 (TG),; CCACAATAACCGTGGTGTGA 204 59 21 10.56838 0.4583 0.0754  2.6812 0.8985
AGCATTGGCGAGCATAAGAT
YP 11 (ATA); AGGGTTTGGGTTTGTTTGTG 275 61 9 6.9818 0.2917 0.125 2.0373 0.8402
GGGACATTAAGTGCTCTCCA
A
YP 19 (AATG);, TTCAGAATGACATGAGTGTG 167 58 21 14.961 0.125 0.047 2.8584 0.9292
AGAA
TTTCTTCAGGCGTACAGTCG
YP23 (GT);3 AAATGTCAGGCATTACAGGG 222 59 9 5.6749 0.4167 0.1587 1.9271 0.8025
TT
TGTGAGATGAAAATGTCGCA
A
YP31 (AAC)s TTCTCGTCGAGGAATCAGGT 243 58 7 3.3103 0.2917 0.2872 1.4352 0.6548
CACAAAGAGGGGAAGGACA
A
YP 32 (ATAG); TGCAAAGACGTAGAGCATCG 251 60 11 6.7368 0.4583 0.1303  2.1257 0.8364
AAGCACTTTAAAAAGCGTGA
GG
YP37 (GT);; CAGAATGTCCATGCTGCTTT 166 57 9 5.5922 0.125 0.1613 1.9107 0.8002
TGTTGTGCTCAGGGTTTGTC
YP47 (CA);; TGGAGTGCTAGATGAGGGCT 193 59 5 2.5946 0.375 0.3723 1.2026 0.5691
GAATTATAAGTGTAATGTGA
GGGGG
YP50 (ATA)6ac CCTGTTCGTTTTGTCTTTTTG 214 59 5 2.7429 0.5 0.3511 1.1497 0.5639
aataataata A
ac(AAT);s AGGTTATTGGACCCCCTGAT
YP58 (TTTAA)s TGTGACACCGTCTGTCTTCC 173 57 6 3.8919 0.2917 0.2411 1.5131 0.7027
GACATGGGGGTGAGTGAAAT
YP61 (CA)y CCCAAAAGGAGGTTTTGTCA 183 63 9 3.4491 0.3333 0.2748 1.5733 0.6740
GAATGTCCCCCACAATTCAC
YP65 (GA); CGGGAGAGCGAAGTAAACT 234 56 11 5.8477 0.2083 0.1534  2.0174 0.8105
G
TGACTGCACAAGGCAGATTC
YP69 (TA); AGAATTGACGCTGTGGGAAC 161 56 11 4.4825 0.125 0.2066 1.9007 0.7579
TTTTGGCTGCACTAGGCG
YP70 (AT)y GAGTTCCCAGATCGCTTGTC 171 56 5 3.9051 0.9583 0.2402 1.4461 0.6996
TCCTAAATGGCAACGAGTCC
YP73 (ATT)s CATTTTTGTCTTGATGCTACG 255 56 7 2.8029 0.375 0.3431 1.3158 0.5948
C
AAAACCAGCAGGGTTTCTGA
YP75 (CT);; TTGTATGCCTCTGCATCCTG 235 56 5 1.3585 0.75 0.7305  0.6016 0.2543
CAACAGCAGCTTCTGCACTC
YP79 (AC);4 TAATCGGCCTGCTGGATTAG 275 58 2 1.0868 1 09184  0.1732  0.07671
AAAGCAGTCTTGAAGCGGAA
YP88 (TA)s GCCCTACAATCAGCAAAGTA 187 55 5 2.9091 1 0.3298 1.2566 0.6053
AA
CGCATTAGCCTCCTTTATGC
YP91 (AAAT)s CGCCAGGGAAATTATTTTGA 278 55 3 1.2374 0.875 0.8041 0.4042 0.1828
GCCATTAAAGTCACCAGTTA
ATCA
Mean 9.2778 4.6728 0.4564 0.3102 1.5497 0.5965
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Tab. 3 Genetic diversity parameters in five populations of P. sinensis from the Pearl River Basin

SRR AR R K] T & T WA ERIEH Z2REESE
#E{APopulation ~ Number of  Effective number of Observed Expected Shannon’s  Polymorphic information
alleles (V,) alleles (V) Heterozygosity (H,) heterozygosity (H,)  Index (1) content (PIC)
GJ 10.1 5.9406 0.6773 0.8165 1.9041 0.7727
RJ 8.6 5.2028 0.7667 0.7975 1.7640 0.7409
Yu 11.3 6.6279 0.7233 0.8425 2.0255 0.8074
YJ 8.6 5.8498 0.7257 0.8196 1.8383 0.7665
VAl 10.8 6.3800 0.7167 0.8212 1.9632 0.7856
Mean 9.9 6.0002 0.7219 0.8195 1.8990 0.7746

RAEARUT VA 2 PRSI NL (R 6), 45 R EoR,
SASREARAAR A 125 TR AL- TR RL V-, Ui W 3 IR AR 22
P AL A A AR RO B AT S AR HE R
L-B 34 (3% 6), BEUIT A2 B P 3 .
3 it
3.1 RAD-SeqfiARHIHEE

RAD-Seqf A A& 7E i 3 & 7 F A 22l 1,
H B D) 152 AR BEAT KA 2 T FRid T R I 12
A, FA S EBARBUE N 3 AR RS0 AT 3 7%
i, M HAEREF A5 BA BREE LT & me e M
FEHEAT SNPAS I A 43 78 AT B33 58 il AR S A DA %
Fob A S P IR ST AR SR, R 4
F4 BEENEERN,TRAZE TRMERIMLREARF, R
HPEXAZAELRH)
Tab. 4 Gene flow N, (below diagonal) and the genetic differen-

tiation coefficient F and its P-value (above diagonal) among five
populations of P. sinensis

BT 2 5 ESSR A A Lt FH AT & B SSRAR
W AR, BT JRE T2 SRR,
FE Z O 1) FIRS ) 23 38 ™. A8 7032 FIRAD-
Seq i ARIT K SSRAZ i I #EAT i ik, AN T 5
Yo R BAS, (R IRE H 2b 1 SSRAV. s B e iod e o
TR, BRE ). T ERBORIITE miaehs
0 A B 2R U R AR B8 A% 2 REEREAT oM. AT

6 A NHEETPMIRTIERFR L Tsign testiG 145 R
Tab. 6 Analysis of the possibility of a recent bottleneck using
sign tests in the five P. sinensis populations

‘ . TPM
FE4&Population HelHy P Mode-Shift
GJ 2/8 0.1777 LB
RJ 3/7 0.3718 LA
YuI 4/6 0.6301 LA
vJ 2/8 0.1639 LA
73 3/7 0.3855 LB

e

Populition @@ R YuJ ) VA

o FL0.0043 F,00126 F,0.0080 Fy0.0208

P0.2522  P0.0360  P0.2072  P0.0000

578 F,0.0154 F,0.0033 F,0.0295

895 P0.0ISO  P0.7477  P0.0000

19.5 F,0.0106 F,0.0180

Yul g3 159838 P0.0360  P0.0000

31.0 F,0.0179

vio 3L 760075 23.3349 00T
721 M7 gooas 136389 137165

x5 ANMRGRERNSFHESHR
Tab. 5 AMOVA analysis of five populations of P. sinensis

AR SRR PR iy BRI 4 2

Source of Sum of Variance Percentage F
if st

variation squares component variation

A ]

Among 4 24102  0.056 1.55 0.0155 0.000
populations

REAA

Within 221 784.668  3.551 98.45

populations

i Total 225 808.770  3.606

W Hy/Hp. 225 TERIKAMEEE SR E THRNEEL
EE; P>0.0532 R BHAA A 4 D B A0

Note: Hy/Hp: ratio of the number of individuals with het-
erozygosity excesses to the number with heterozygosity
deficiency; P>0.05 indicates that the population has not
experienced a recent bottleneck

80 r
9
< 60 f
;tjn —— HHTLGI
54 40 b —— @yTRI
g"? —— AL Yu)
. —— A{LY]
R0l —— JEIZ]
[
0 §§i——_‘>__-
0 0.5 1.0

Classification of allele frequencies
3 S P RHAR AL BRS04 IR UL 72 8]
Fig. 3 Mode-shift analysis for the test of the genetic bottleneck of
five P. sinensis populations
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FTIFA T 1005 514, HAE 2 ATt AN A 3k
K ZH DNA 34T Ik 741, $R45 167 2 SR

BT, BRI R BEA — 2 IS HME.
32 RIRESI NGB AR EZHEME ST

ZEEESEPIC)EHESMERNFBREZE
PR FRAESRAR, 2APIC KT 0.5, N 2 80 5
0.25<PIC<0.5K i FE 2340 555 PIC/NT-0.2510 9
R 2 A0 AP0 o ik i 16 i 1R AL A
PICHIKT0.5, Ui BHIX 1643 K s ) # JE T i 2 45
A7 A5, e ROV Al TR AR T AR (1) 8 4% 22 W M B g% &5
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MICROSATELLITE PRIMERS SCREENING AND GENETIC DIVERSITY
ANALYSIS OF FIVE GEOGRAPHICAL POPULATIONS OF
PSEUDOLAUBUCA SINENSIS IN THE
PEARL RIVER BASIN

RUAN Hui-Ting', XU Shan-Nan’, LI Min’, DAI Jia-Ge', LI Zhen-Hai', ZOU Ke-Shu' and LIU Li'

(1. College of Marine Science, South China Agricultural University, Guangzhou 510642, China; 2. Key Laboratory of South China
Sea Fishery Resources Exploitation & Utilization, Ministry of Agricultural and Rural Affairs, South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China; 3. Key Laboratory of
Open-Sea Fishery Development, Ministry of Agriculture and Rural Affairs; South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract: To explore the genetic diversiy and diffentation degree of Pseudolaubuca engraulis population in the Pearl
River Basin, RAD-Seq technology was used to develop microsatellite loci. A total of 100 pairs of microsatellite primers
were designed, 66 of which could stably amplifiy the target band, including 16 polymorphic microsatellite markers
(PIC>0.5) which were mostly with 2 base repeats. Ten polymorphic microsatellite loci were used in genetic diversity
analysis in five P. sinensis populations of Pearl River Basin (YuJ, ZJ, YJ, RJ, GJ). The effective allele number, ob-
served heterozygosity, and expected heterozygosity varied from 5.2028—6.3800, 0.6773—0.7667, and 0.7975—
0.8425, respectively. The results showed that five P. sinensis populations in the Pearl River Basin had a high level of
genetic diversity level, the YJ population had the highest genetic diversity while the RJ population had the lowest. The
genetic parameters of population differed little, indicating that their genetic diversity level was close. AMOVE analysis
showed that the genetic variation mainly come from population (98.45%), and only a small part of the variation came
from different population (1.55%). The genetic differentiation coefficient F; of the total population was 0.015, which
was a low degree of differentiation. The gene exchange value (V,,) was between 8.2246 and 64.3526. The results
showed that there were frequent gene exchange in different populations and strong resistance to genetic drift. This study
screened microsatellite loci with high polymorphism and used the loci to evaluate the genetic diversity of the P. sinen-
sis population, aiming to effectively monitor the germplasm resources of P. sinensis and to provide scientific guidance
for its resource development, utilization and protection.

Key words: Pseudolaubuca sinensis; Microsatellite; Genetic diversity; the Peart River Basin; Differentiation
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