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(1L PHAHERTR RRILA™WRN. R BIRK 150070; 2. XEX*ER $*RFSHATRAT KB

116023)

AR AERR— RN T KR, W RAF NN I ( Pasinopecten yevoensis ) TR 5 FA5I2, TR
SRR, SRENZS 192 T NET RS 06 T RERR, BNFS . RRRERFH 19 S PR
S0.8% AR FEME 43.0% MAWA 6.1%. MNP RMEH CA R, EMN TC.AC.ACA.CTAT MR XN, A
Ik WO Primer PremierS.0 §2H3199 85 0, BP9 40 0 MBS, [0 0A B, 2006,13(5) 149

- 755]

1 PR B4 M) U e
SESEE 099 215 IMERR:A

SF % W UL ( Patinopecten yessoensis ) $ ¥ 7 ]
X AUNBAEOFERSF IR - H~TRY
CERCL TS MRS A F S B4
H[H T 20 {2 80 FICWBLHA B, TR,
HWES NS LmE Rt gdnm, X
PLAHKSRAENARL. YHE~EERNE
FLRARNLE SATHTIELNTENE,
RIS ENT RS hRET SNl
IFRfERTH, & TRTSREANATER,

TP A RPN E SN RN rRe",

AT, R R R E P R M (Simple se-
quence repeats, SSRs) BE Y 4 re 5 G A S 2854 ( Samn-

64 TR, TR DNA #icF U &
BTN RE TEAE TEESRRERNES
RAREEECAAEONNARNSRENE. B
B, TR DINA B0 7 B P (97 9 28 T 4L
G EEERNNRY SREREY KM
M ANREESER BEMBEoREEY,
WERNED, 0TI Salmo wlar ) . XM
( Pagrus major )'®) o (B 4F ( Penasus chinensis )7
SELURHMEMPEFL FACBWETY

WWEN. 200 - 08~ 24; WTTEMN: 2005 - 10~ 3.
SRR R WS R 1 (2004CE117405 )

MME ;1005 - 8737 - (2006 )05 - 0749 - 07

HULRHIREEHT. R0 AR DRHNT,
FEWGVERMTLN N ( Chlamys farreri)# 6935
FESTs RhRAT 42 KM DRI, BRHY
WESFNRL NN A, 08 DRATFRC
PR ENSNES TR LN, AEwFonn
Bl LA I TR T ARICR— M RN
g ESNRT SRR DR
M4m0 B A0 ATk R, KRR
AW SIS R — R T SR

LR £33 R ] Ll g

EHM IR R, PR R R
FHicE PCR 319, CLW 4G OF % W 5L am Ay,
HRRENREEETFR.

1 MRRnE

1.1 FRMNE DNA HERONY . NELRE
/h DNA K R E&

PSR AT AGE ., IR RS AFIEM AN, 8
0.1g 0.2 mL RMM0.5% + _IEHNANE,
200 pg/mL Protsinase K, 0.2 mol/L. EDTA (pH
8.0)S0CEW3I~4h FHB K. RAUBREH
(GRBUHE % 25:24:1) 88 2 @, A Z IR, 0%

M (080 - ), & MEWRE WK AR R
ARNE AR L E ol rn 200208163 com., Tel (451 - S4842646
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mue

LB, AR T 100 .01 x TE /M. R
100 pg SF0OE 0B DNA, FIRMEN M Sau A1
T ST IS, AT M B K 4 T 250 — 750 bp, #BL
MR RN, XK Z DR P, T 200 ul
0AXTE, SM{G FER)ETENSELREN
LM Sy 250~ 750 bp KNG M B, B ET, Z iR
T i
1.2 BMERES

ARESAERTRM &R SHAE &
MREEE =% 50 pmol/ L, XXREMN Brown &
R-FHEMREMEERETRE A(S" -
GATOGTOGACGGTACCGAATTCT - 37 ) # B(S'
-~ GTCAAGAATTUGGTACCGTCGAC - 3"),95 T
T 10 min, RE R4 hEENHE 10T, A2
ERANERN:

5" GATUGTOGACGGTACCGAATTCT A

3' CAGCTGOCATGGCTTAAGAACTG B

Sau JAl - - Sail- - EcoRI

B 20 L MR, KPRY 0.4 mal/L
M)A B ,0.5 mol/L #3501 mal/L T, DNA i§ i
M FI6TARPIRER 1214 b, AENE
{centrifugal concentrators, PALL FILTRON 4]/
MELERERNEL, FREEEH 15 L
k&,
1.3 HARsERSENR"EES PCR XE"

PR AR DNA T B VLS, i S

BES3I. 8T POR 0 (PEY700 82 PCR (), €1
AESE POCR UMW, BFN5 9% T BT 3 ming
YT 1 min,60T | min, 72T 1 min, 20 T 85
T2 T HEP 10 min, SR FERENS WM L £ 5

WS ISR SRR INTP, HRWE 15,4 4.
1.4 MINTRMGNE

1.4.1 BT BETEHSRY S0 L FRER.
1.5l (10 pmol/L) W (HEWRKIZR
(CA)ys) 5 pl(S0 prol/L.) Bl W( NS HRELMNE
A MRS B). 15 ul 20 x SSC.0.5 pl. 10% SUS,
16 pl. ddH,O, ;.68 T MR, ¥ 12 uL(276 ng)
DNA 95 T4 Smin A BANSTRAE.8T
#FELh BRAEPTNES.

1.4 RENFEN SEEEEEY, WL
100 pul. ¥ 500 L MEEWOT D RHERHEL
(MPC) 1~2 min, @RWEENN. M 200 ul
B&W KM (10 mmol /L Tris-Cl1, 1| mmol/L. EDTA,

2 mol /L. NaCl) $ek 2 B, 978 200 pl. M 1(6%
SSC,0.1% SDS) M RTN, AR @ERLmEn
A SR, DOA 200 WL REE |, W HARANA
b L
1.4.3 HREREN =% | URNEEEREK
(Streptavidin) , 7 5886 a9 MR &, Wil
R 5 1 0 O — B e
WL RENATRDAFHFSEE: 5 CE
T 20 min, SRR, HEWK NS ENKED
B4, ANESROTRERE R E ZRER,
T M | (6% SSC,0.1% SDS) . MMl (3«
SSC,0.1% SDS) . Bl I (6 SSC) st i, £k
TEAMDPREAFEN, SREVEE RN EYER
20 HEDE 10 min: I ESTR2K G
PR 1S min; R T E R MR 2 K.
14.4 MESARMIESMAORE N
00pl0.1 xTEEERRER 2 K, WA 5L
0.1%TE,95 T %4 10 min , REHIARTEE
Py MEE DNA, e h R WM.
1.5 PCRY'ISFMIEATM DNA KR
PCREGIER 25 ul, & 4 F NTP IR G
PCR SRR 18 oL, 3190 ( 2 348 FFBREY B)0.5 4L,
Tag DNA RAM 0.5 ul., BUEE DNA BUEHEE R
AFREF 4l WK, oW AR5,
PES700 5 PCR {L# 7M. 8FH 9T HER
3mini%4 T 1 min,60C 1 min,72°C 1 min, 20 Ml

i lE DCHWS 10 mmin, ERISES, Gl
Bl S anh S| W & o WM VTP, RS
# sl 6. ke, e,

1.6 ENT-BRESEN

B 10l S EER 2 EENETR
5 ul, pGEM-T vector | pL(M)F Promeg £ i, M
B ) A DNA B2 0L T, DNA i
W 1 (3 U/ul) , BT 2 K 10,
HTREASSERMFELM, 4T ERTH A
CoCl, ¥ % 19 8 2 & K56 7 W ( Escherichia coli )
DHSa( 8T | ME 4 SR H W2 o) R i,
R BHUE 1YL
1.7 Wi, MEGmEeti s RN

MR TR CERT RNE. §
RS ERS N ATR L, FeRTTeH
T i WA | 0 0 5 0 1 0 U5 D S
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2 AR T S R 1 T L 51

AN RRICH(CA)BTRT, KX KN,
~NTC HMNASE I SEEREBEYRITT
LS
1.8 ERAHS PCR3IM@RHTRME

SR RMEN R MNP 6 TLIRRE D,
AU 50505 0 0 A O o A IR ) M, K P
B Premier Primer 5.0 $ciF 6§73 $i it .

1 BR

2.1 BEEMSER

ik 192 R EfTME, RIDMFE 136
AP RA 2 TRAREEFN AR A RIE
98.53% . SCEF 179 T RAKNE S KLl BT
SR, BR e CA A, EME TCAG,
ACACIAT MRS, MM PREAOREEX
BEENPE0 -0, RAEH 1D ARY, BE
Weber 8t BOMRIEC | 45 SO T 00 60 PR A9 2y 2L
B, 46 001 UL 40 T PR Y 4 5 38 189 ( per-
fect) AETE % B (imperfect) #18 &  ( compound ) % 3
R, KPRER N T, 4 V8% AR T
T 3.0%REML T, 56.1%.
1.2 M@ S5yramsn

F M Premicr Primer 5.0 $§# @3 1731 Wi
it P 47 TR TR R RS &
. SRk BS X, R M PCR™ 0 & 8y
40 B3| MR FTONE . A 3 S MM EN

B, T ELF AR 0L a0iR 6 5045 . 8 1 2 HLIX.
007 5| 4 ot SF A Ul M E 4 DNA PCR & @ 3%
SR B | 1.

M1 TR HLIX - 007 of 4F 8§ 1 3%
R4 DNA PCR & stk
M: N5t TREA B W
Fig:l Genomic DNA of Japance scallop by
prirmer HLJX-007
W D000 moleculer marer; B Hank

3 e

0 T 00 P G S A R ()M
POHMRIEI P TR, A AR C
TR MO RS, R T RSN
HRL, W H TN R i e
(MRS FEWEENRESTRIE
(s MEE R, B AR A MDY
PR B L.

EFENEHEE—EREME DA TESH
S RSSO, W TIFNRI TR
WA, MDEERCEE, RRAEEERR
R A R A AR i i T AR AN
MBS DNA KB, SR m NN T TR A
RFEMOEEAHEXE, G- InmTHCAR
MAANPURRSRT 2 KN, XARRGTH
B RO e, 50 A N 00 EL AL
R R R, - PRI
Fl, WRTIEARE LR —RERE, Kandpl
BU%500% EFRY Y 77% , Edwards §
B0%, AFERACHRE—ERBEERDIIN
BSE R A TR, W 136 IR
134 AMEHMDE, LD 98, 53%, WHRLH
HEEAN T EAES, WIS ®, B Rarn i
LAty ¢ 54 3By 1§ {Uhd MUPFITS
L L E g5

5 T0I0HEh 1, 0 610 T AR H
R, WA S I 2, I T B e TR
W R R, RS S SO TR
B, e 7T NE R AT 96 0L 57 b 5 SR AR PHR, B

HeEREMMERS SERTFERFMTE
feEr, LUE M R0 A TRV,

T B B P R N (10~
WY REREKEMNELEARTIRESHNE
BT, MR ERTRO RN - RN A
FEEREENEAL AT+ ERNEER,
Weber 1A %, S fE TUMEAE T 80P SR KK
FlL20H, M TR HICAHTHERALEN PIC
( polymorphic information content ), % n=216 8,
AT PIC % 0.5 BLE" A TTELEH NS
Steat. EXNENAEE #RE RN
boe. BUIVE SR Tl 6 L R Lol iE ERAT
MERFMRE, R ENOM DR FARL X
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B CEANARIERAFHECEXT®
Tub.1 Micresatellite markers and their primers In Japanese scallop| Patinopecten yetsommsis |

[ atd L+ FiWER S -3 PEFU AN bp WEFEW HAUNT
Micrmatellite marker Prmer sepuerce Srrparicr wee Fepear sepoenee Aunesling tenpersiure

HLIX-002 F:OCAGGGTUAAADTAAMNTAS, 130 (AC) 1]
R ACAGOCCAATUCCAAAGA,

HLIX-003 Fi TADOGTCGATGATCAAAL 24 {CAdyy ]
R: TTTTACTGTGGAGGGTTG

HLIX008 FiATAGCTAGCCCACTGAGGTAGA 263 (TG)LATTTT), 1)
R:COTAACATTTGCTGTTOG {AL)

HLIX-006 F: AGCGOAGTCACOCTACAAG ) | (TGu L]
R: CAGGACGOCACATAAAGC

HLIX-007 F: TGCAGGTGCAGATAAMNGT 218 (TGl 1]
R: TCAGTGCTGOTADGADGA

HLJX-008 Fi TCTGGACAACTUCUTGGAA, m {AC)m b ]
R ATCAGAAACGAGGACAGA

HLIX010 FiGTCTGACCAOCAGOCAACT 34 (CA) (1]
R:GTGOCATGATGADGAGATAA

HLIX011 F:CTGCTOCATAGTGGOCTCT 261 (TC) i (AC) g L]
R:CAAGGTTCAACTOCCTGT

HLIX-012 F: TGAACGAGGACACGAAGA 169 {CA)sy L]
R: AAGCTGCTCTGOATAAGS

HILX-013 F: AGAGOGAGTCTGGAAADT 285 (AL gy 0
R AGGAAGTCTGTCTTAGOG

HLIX-014 FiAGCTGGACGACTGAGTAC 212 (AC)y L
R: TCAGTCACTGAAGG TG

HLIX.015 FiOOOCTTGATTTOGTTTGT 113 (TG)w n
R: TGGTTCTGGGTAGTGAGE

HLIX-016 F: ACCTOGACGACTCAGTAC 212 (AC)s L]
R: TCACTCACTGAAGCTCOC

HLIX.017 F: AGOGTGAAAGT AGATAMGC o] {AC hes i
R: TTICTGTTTGGTOGGTTTG

HLIX-018 FiGATCAATGAAADGTCTGE 7 (AC), W
R ATGGTGCGAGTCAAAGTOG

HLJX-019 F: AGAGTOCCTOCACTTCAT 148 (AChy i
R: TCTTCECTGAGATGGTAA

HLX-020 F: GAAMGCATCTGOCTACAL 166 (AC}y H
R: ACTAAACCCTOCAACTOG

HLIX-021 Fi TCTCCTTGCTTCTOOCTG 200 (AC)y, £
R: TCCTGTAATCOGTGG TGO

H1IX-0Z2 FrODCATATOGG TAMTTOCA 124 (CA) e 0
B: TTOCTOCATCTGTOTTCA

HLJX-023 FiAGCTOOGACTTGCTGTAL 216 (AC)y 5
R TGGCTGOCTGOTTAGTGT

H1 X024 FiGAATOCCATTCTOCTGE 1] (AC)g 5
R/CTGAGATGOUGACTGACT

HLIX-025 FeACACTGTCTGECTGTTTOTC 254 (CA)gy b 1]

RiGTGTATGTTCTTGTUGCTGA
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msm R R R R R T TR ki
[ 1]
L el an i s -3 R XA L s L2 HAHET
HLIX-025 F: TTTCACTAGCTGTAGATTT 200 (AL 1 ]
R: TACACTGAGTTTGTOCTG
HLJX-027 Fi TAAGAGCAT AAGGRCAGG TG 7 {(CA)ig n
R: ACDGTCAAAGCTCACTICA
HLJX-028 FiOGGTTTIGIGOCTGTGGT 217 {AC)y 5
R AGAGGACCTTGTGOGTGT
HLIX-029 FiCATTTAGCCTGCTOCATC 155 (GT)s u
R CCATACADCGAACTCATA
HLIX-03) F: ACAATCAGTCTGCATGGT 206 {AC) g L}
R: AAMGOCTCTGAACAAACA
HLIX-031 F: TADOGTADDCACTUACTITA, 78 {AC) s L
R: GAGOOGTTAGGAAGGTGT
HLJX-014 F: TCAGOOGAATCTCCTTAC un7 {CAlyy L}
R GCADGTTTCATATCACOE
HLJX-035 Fi TATGOICATOCTCAACAA 163 {AC)y R
R TCCAGOOCAGCTCTAATG
HLIX-038 F: GAGATCAAAGOOCAATAA 174 (TG n
R: AACGATCAGAGGGAAAGA
HLIX-037 F:ATCTCGCACTGCCATCTAL 191 (TG L]
R AATTOGACC TGANCAAGT
HLIX-038 F: TGTTTTOOCTOTTGAGOC m {AC)n 0
R: TTTTGTCTGICTGGTTAT
HLX-039 FiCACAATGGAAAGGGAATC . | (TGly n
R AMCOGCTAGAMGCACAGG
HLJX-0:40 Fi AACGATTTTCAGOCGAGAL ! | {CA)g i)
R: TACCOCTACADOOCTATT

BEF OSSR ST
Mote ; F. Forward prmery B, Reverse primes

WUEE. Soulders FYUNBAKNFHMTERE
BEAEE R LREEM A S ARNKH N
MR (AR EEE, Fik SFREREH
PN T P DL P 0 N R S PR A K
¥L.@%hToERECTNTE, &RNT R
IR TFERIIWENLE. EHAFBRNM

PR 10 LA 157, 45BN
B7.71% X R £ SN X RS TR, 8T

BRNRE SRR A —E NS

L BT EFTE N TR S 3I8 S
HEREFRALY, SRUFHEHINERT
T 1) R O R R T
Ha Rk, BRENE W RERR A, KR
ARG RIEEE EHERY, AAEE No-
gashima %14 8 meDNA BFE T 6 290 00 4F 90 ) 01

EOIMIEREA T meDNA R 09 R ICH R RS
e GE R RE (U2 EF AN Ol RH A FHEEH
KRR, Hit, WARTESRAEERLREL
P80 5 TIical TAFILE I MY R S E1E
RIReANERRANEN BN, BN
O T B AT LU T T A UL R IR 6 A

SMERE, W5 F KT o of WAF AR N ARN
O 1 0 5K F L 2 B R SR AL T RS

BT RS TG R WA B, D RIENH B
B5E T 1 DR R O (I, ST MR L
ERNRERALRNRAA. B0 MIREL
RATEEEENG—FRENSTRC DRFL
L W e ) S A L O %, O T L R o
MR G AWM. X T RAREN . HRFEBL
AMEEL,
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Sk SMAEEAENES HAANERASEAN

DNA®E

L2 b B

[1]
(2]
(3]

(4]

16}

(7l
(8]

(9]

[10]

[11]

(12]

L TR N A O LT R
WSS Ak ™ 200, 19020142~ |48,

PR EHD. ERARVERER NN SEEL~R
£.,2000,701)41 - 8.

LR RO RN R L
ANEREINL ] SWEFRL, 2001 . 22(4): 297 - 264
Maish KA, Shilinaki (). Tetrauclessicle mucromatefites ke for
Indinn major carp ( Carlacnsls ) [ ] ]. Jourmal of Fish Biolegy,

1908, {53 ) 686 — 899,
Aanlae T ™, Dearnie] 5 B, Ecbward P O .o sl Pareraage s relsaed -

e determination in lammed Ademic Sabmon| Seme sidar } us-
g wincrosatedlsie markers )] Aquaco ture, 2000, 182, 73 -85,
Ricardo P E, Mowhiro T, Nobubiks Tensguchi, ot ol Gensetie
varisbility and padigroe racing of hatchery-rearad sock of red
won browml Fagrio mgor | used for ock. enhance ment , besod
on puromatellite DA asrkera] ) | Aquaculire, 1999, 171:411
=420

B NS N P EELILE DNA A N
PR L 2001 ,32(3): 253 - 259,

FOR.ERE.ERR. 5 MLAH ESTTYTRAIRREER
WAL ] NHARER,2003,13012): 7275,

Bz |, Hardwick L |, Wright A F. A smiple method for rapad
exclation of mecrosateliites (rom yeast artlicsl chromoscmes] | |
Moleculer and Cellular Probes, 1995, 9.5 - 58.

Carad A R, Arcargell L, Hleck A B Development of 11 mi-
cromatedlite bod for populstion sudies in the swordlish, Xi phics

jlading | Teleowel: Scombridse) [ ] ]. Moleculsr Eoology Notes,
0.5 147 - 149
FRYRE | NEFDW. S TRERERNN (B =5)

(M) LR MR, 2002
Wber | L. Informativenes of human| C-dA ),-[ dG-0T), pely-

(18]

[18]

[17]

[19]

(=]

()

(221

morphisens] 1], Genomies, 19907, 524 ~ 530,

BEHD SN REN. 5 BTN DNA RENRLENTH
PR EMBENFE ] R =EN, 2004, 8(3), 21 -
44,

Kandgal B P, Kandpal G, Weissrnan 5 M. Canstrucion of |i-
larwres enriched for meuguenoe repeats snd pumpng Yo, ad by-
bridimsnion selection lor region-specific marker! | |. Prosdng of
e Matwwal Acsderey of the LSA, 1994,9] 8891
FEEL EAE.TENA B NTEETR ORI
NS SH])] RN 2004, 3108) 489 - 4,
Edwurds K ], Harker | H, Daly A.ev ol Microssdlive (b
enniched for severs! microsatellite sguences in plinss || Batrch
nigues, 1996, 20: 738 - T60.

A R T O T e e
FSE, 2001, 2506011 = 13,

Orit G. Pearse [} E, Avise |. Privlogenetic sssesemen o legih
wariation & & mecromelie koo, Procosdings of the Naioeal A-
caderny of Soences! ] |, Procesdings of the Matunal Aademy of
Sciences, 1997, 9410 . 745 - 748,

Sermilcers M | M, Bredermeijer G, Hus-borekess W ol Use of
short mecromatellives (rom database sesquences o0 g july

merphisns among Lycopersioon e Lent mod /1. ¢ Ltivan e &
of othar Lycoperss wwciam| | ]. Theer Appl Genet,
1997 97264 — 172

Ry 'os C,Sna S, Seavedn C, o al. Alloryme varisson in populs-
tiewm of mealbgm, Perten posnbmesr (L. ) sl P, marimw (L. )
{ Divalvia: Prctinidee |, acroms the Almeris  Ovan font] ] ], -
rul of Experimentsl Marine Biokaty and Ecology, 2002, 27,2
-m_

Magmshinu K, Sato M, Kawsmats K. o1 al. Gerete siretum of
Japunese scallops pogadutacn in Moldade, analysed by miochn

drial haplotype duseribution [ ]]. Marine Baotechnokgy. 2003, 1
(1341 - 10,

B R ETE ENE. S RN w0 RN
RN SN, 2002, 4801),131 - 1M
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Microsatellite enrichment by magnetic beads in japanese scallop, Patinopecien
yessoensis

ZHAD Ying-ying'* ,ZHU Xiso-chen'? ,SUN Xiso-wen' , LIANG Li-qun'
{ 1. Halongjiang River Fisheries Resenrch Institute, Chinese Acadermy ol Fishery Sciences, Hellonggiang Harbin 150070, Ching; 2. Lie
Science and Technology Instinte, Dalisn Fisheries University, Lisoning Dulian 116023, China)

Abstracl: Japancse scallop( Patinopecten yessoensis ) is one of the most importent cultured seashells in the
world. It is distributed widely over the cold seas along the coastline of the northem islands of Japan, the
northern part of the Korean Peninsula, Sakhalin, and the Kuril lslands, and was introduced 1o China from
Japan more than 20 years ago. Along with neardy 20 years® arificial colture, svailable DNA markers are
needed for its genetic research. Microsatellites recently have become an extremely popular marker in a wide
variety of genetic investigations. [n this research, genomic DNA was extracted from muscle of Japanese scal-
lop by normal methods and digested with restriction enzyme Sau3Al. Fragments of 400 - 900 bp were -
lated and then ligated shart linkers(20 bp) . They were to create & " whole genome PCR library ™. Microstel-
lite isolated from genomic DNA was hybridized with a biotin-labelsd SRS( smple repest sequence) probe
(CA)5.and the hybrid mixture was incubated with magnetic beads coated with streptavidin. After washing
to remove the non-SRS fragments, the cluted single-stranded DNA contains the selected microsatellite
DMNA. The selected DMNA are then amplificd using primers designed complementary to the hnkers, cloned in-
to the pGEM-T vector and transform into competent E. coli DHS3a. Then the genomic library was second:
screened for microsatellite DNA using( CA), 5 probes labeled with ¥*P-ATP at 5° end the probes hybridised
with bacterial colonies. As a result, 136 positive clones were identified from 192 dlones,and 179 microsatel-
lites were found. Among the 179 microsatellites, S0.8% were perfect, 43.0% were imperfect and the rest
were compound type(6.1% ). Except the biotin-labeled SRS probes CA, there were TC, AG, ACA and
CATA in the microsatellites. Finally, 85 microsatellite primers were designed by software Premier Primer
5.0.and 40 pairs were screened, 34 pairs were amplified. They made positive contribution to exploring
genomes , and developing genetic linkage maps., as well as made possible the systematic search for quantite-
tive trait loci{ JTL) of the Jspanese scallop. [ Journsl of Fishery Sciences of China, 2006, 13(5) : 749-755]
Key words: enrichment by magnetic beads; Japanese scallop; microsatellite
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Development of microsatellite DNA markers of silver carp ( Hypophthalmichthys
molitrix) and their application in the determination of genetic diversities of silver
carp and bighead carp( Aristichthys nobilis )

LIAD Mei-jie' , YANG Guan-pin' , 20U Gui-wet’ , WEI Qi-wei’ , WANG Deng-qiang’
(1. College of Marine Life Sciences, Ooemn University of China, Cingdao 266003, China; 2. Changjiang Fisherien Research Instituse,

Chirsene Acaderny of Fishery Sciences, Jingzhou 434000, China)

Abstract: In order w0 evaluate the genetic diversity of silver carp{ Hipophthalmichthys mofitric ) and bighesd carp
( Aristichys nobilis ) and determine their genetic differentiation, a GT macrosatellite contaimng short [ragment g
noxriie DINA library of sibver carp was constructed, Of 97 mndomly selected and sequenced clones, 87 containe 2 GT
repeat motil, From 21 of them, 22 pairs of primers were designed and used w investigate the polymorphism of 32 sl
ver carp individuals and 7 bighead carp individuals collected from the Yangtee River basin, the most important
spawrung and hatching ground of these two fish species. All the markers developed amplily both silver canp and big-
head carp DNAs. A total of 129 alleles were detected at 22 lod in the total sample. The number of alleles per loas
ranges [rom 3 to 10 with an average of 5.9, All marker loc revealed high polymorphisms, wiath values ranging lrom
0.33 10 2.00(Shannon' s diversity index) with the mean of 1.22. [ Journal of Fishery Sciences of China, 2006, 13

(5):756 - 761]

Key words: microsatellite DINA marker; simple sequence repeat marker; Hypoghthalmichthys molitriz ; Artichy

nofulis ;genetic diversity;cross-species amplification
CLC number: (959 .4 Document code: A

Silver carp{ Hypophuhalmichthys molitrix ) and
bighead carp( Aristichzhys nobilis ) are two of the four
most important pond-cultured fish species which in-
habit in the major river hasing of China, including
Heilongjiang River, the Yangtze River and the Penrl
River. Their cultivation could be dated back more
than 1000 years ago in the Tang Dynasty'> . They
prey on different organisms and live in different layers
of water, utilizing effectively the water body and nat-
ural feeds when polycultured. They have been intro-
dueed into more than 20 countries and regions in the
world in order to improve water quality or harvest for
human consumption, although some ecological prob-
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lems have been associsted with their introduction. OF
the four fish species, silver carp is the most intensively
cultured one in China due © its charactenstics of last
growrth, strong tolerance of stress conditions and low
cost of cultivation.

In the traditional culture operstion, Iy of siver
carp were caught from nature and cultured in ponds
or lakes. With the incresse of human population and
the intensification ol ecconomical activity, natuml
or altered , sccelerating the loss of genetic resource and
the decrease of natural fry production accordingly*’.
Artificial propagation techniques for silver carp and
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ation in the derermination of genet

bighead carp were developed in China in 1958. Unfor-
tunately , these techniques evolved quickly w0 become
the major and currently almost sole approach for ob-
taining fry. Due to inappropriate broodsiock manage-
ment , continuous artificial propagation over a long pe-
riod of time has caused tremendous decrease of genetic
divernity and detenoration of disease resistance and
growth performance. In addition, escape of cultured
silver carp in frequent large-scale flooding has dis-
turbed the genetic diversity of natural populations. In
recent years, large-scale fry release has been proposed
and practiced, which will interfere further with the
wild populations. However, it is infeasible t0 manage
and exploit silver carp and bighead carp genetic re-
sources without the development of a set of appropri-
ate genetic markers. Moreover, silver carp and bighead
carp can be anificially hybridized'!’ , even in commer-
cial aquaculture hatcheries'®!. These ohservations im-
ply thair close phylogenetic relationship. although the
fertility of their filial generation has ot yer been as-
sessed. A set of appropriate markers will [acilitate the
determination of the affinity between the two species.

To date, genetic marker systems including al-
w:.llllwu.l!].ﬂ wamﬂ.li]
have been used in studies of the genetic diversity of
silver carp or bighead carp. However, these marker

systems have disadvantages. The number of allozyme
markers is limited, and the informatiom provided by

RAPD dos=s not correspond to specifically amplified
ries is inaccurate. In contrast, microsstellite DNA or
simple sequence repear{ SSR) markers have proven 1o
be an extremely valuable tool for genome mapping.
genetic studies and conservation and management of
genetic resources'®! . Genomic microsatellite DINA
markers have heen used in silver carp and bighesd
carp,but the number is very limited!®¥ . In the pre-
sent study , cloning and charscterization of 22 new mi-
crosatellite loci of silver carp are reported.

1 Materials and methods

1.1 DNA Extraction
Thiriy-two mdividuals of silver carp and 7 mdi-

qd:&“dﬂhww&hﬂmﬂu!dm

[T

b

viduals of bighesd carp were collected from the
Yanguee River of China. Genomic DNA wes isoled
the phenal chlomform method as modified by Taggan
et al in 1992'%.
1.1 lsolation of microsatellite DNA containing
fragments

Fragments containing microsatellite DNA were
isolated from the genomic DNA of silver carp using
the FIASCO (Fast Isolation by AFLP of Sequences
Containing Repeats) method described in dewil by
Zane et al. in 200211 | Genomic DINA was simultane-
ously digested with Mse | and ligated with & Me |
AﬂFdlph{S'-TﬁETEll GGA CTC AT-3' /4.
GAC GAT GAG TCC TGA G-3") in a 25 pL. mix-
ture containing 250 ng genomic DNA, 1 X bulfer Y*,
1% T4 DNA ligase buffer, 1 pmol/L adspior, 200
umol/L. ATP, S U Mise 1(Sangon, Shanghsi, Chira)

and § U T4 DNA Ligase{ Sangon. Shanghai, Chira)
at 37T for 3 h and diluted 10 250 pl(1:10). The di-

gestion-ligation mixture was amplified in s otal vol-
ume of 20 ul. containing 1 % Tag DINA polymerase
buffer( Promega), 1.5 mmol/L MgCl, 200 pmal/L
dNTP (each), 0.4 U Tag DNA polymersse
(Promegs ), § pl. diluted digestion-ligation mixture
and 120 ng AFLP adaptor-specific primer(5'-GAT
GAG TOC TGA GTA A-3"). The PCR resction was
cycled 20 times a1t 94 T for 30 5,53 T for 30 5,and

72T for 1 min™,

Following Travis Glenn' s protocal ( hetp://
www, uga. edu/sre/DNA _ Lab/protocols. him) , the
hybridization of biotinylated (GT ), probe and SSR
motif wes carried out in a 100 pl. volume containing
250 — S00 ng PCR product, 80 pmal biotinylated
(GT)y3 probe,4.2 x SSC and 0.07% SDS. The mix-
ture was denatured at 95 T for 3 min, snncaled at
room temperature for 15 min and diluted with 300 uL
of TENj. Single-stranded DINA [ragments with bi-
otinylated probe were captured with 100 pl strepta-
vidin-coated beads ( MagenSphere Megnedic Separs-
tion Products, Promegs ) extensively washed with
TENg (10 mmol/l. TnsHCl, 1 mmolA. EDTA,
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100 mmol/l. NaCl, pH 7.5) and resspended in
40 pl. TEN g 8t room temperature for 30 min with
oocasional agitation. To minimise nonspecific binding
of DNA., | pg genomic DNA(of any unrelated species)
was mixed with the beads ahead of adding the hy-
was separated in & magnetic field from hybrdization
buffer and washed extensively. DNA fragments with
microsatellites were recovered by denaturing at 95 T
or using NsOH as described.

DNA recovered was precipitated together with
yeast tRMNA carrier with sopropanol and sodium ac-
etate and resuspended in 10 pl. water. Of these, 2 ul.
were used 1o amplify DNA fragments containing mi-
crosatellites. The PCR was carried out as described
ahbove.

1.3 [lIsolation of SSR-conimining DNA fragmenis
and 55R primer design

DNA fragments conuaining microsatellites was
ligated with the pMDIB-T vector { TaKaRa, Dalian,

China) , and transferred into E. coli JM109 by elec-
troporation. Each recombinant was subjected w0 three
PCR screenings using two universal sequencing
primers, a forward one with (GT )y oligonucleotide
and a reverse one with{GT); oligonuclectide,, respee-
tively,in order 10 ensure that the sequenced fragments
contain the S8R in the middle region. Selected elones
were sequenced, trimmed and wsed w design SSR
primers with the help of Primer Premier § Software
( http: //www. premierhicsoft . com/primerdesign/) .
1.4 Polymorphism analysis

SSR primers designed were used 1o amplify ge-
nomic DNA of silver carp and bighead carp individu-
als. The PCR mixture contsined 1 * buffer, 1.5

ol /L. MgCls . 200 grmal /1. ANTP{ each ) , 200 prnal /
L. primess{each direction) and shout 50 ng DNA. The

reaction was carnied out by denaturing a1t 94 T for |
min,anncaling at the temperature optimized for each
primer pair for | min and extending at 72°C for 1 min
for 30 cycles, lollowed by an extra extension step at
72T for 10 min. The optimized annealing tempera-

tures of different primer pairs were listed in T, wl-
umn of Table 1. The PCR product was sepamted on 8
6% denaturing polyscrylamide gel and visualied by
silver staining.
1.5 Statistical analysis

Allele frequencies were obtained by direct count
ing. Genetic diversity (G ) of a population ws &
pressed as the Shannon” s diversity index, - If, +
Inf, ,where f; is the frequency of the ¢™ allde st 2 lo-
cus in a population. “G" can be partitioned into that
within subpopulations and that smong subpopuls-
tiors , or that within silver carp population end big-
head carp population{ G, ) and that between them.
Ga=(G, %X N,+ Gyx Ny)/Ng, where G,and N,
are genetic diversity and number of individuals of sil-
ver carp, respectively . and Gy and N, genetic diversi-
ty and the number of individuals of bighesd arp, -
spectively. Dy = (G = Gy )/ Gy, where, Dy is the

differentintion ol silver carp and bighesd carp. The ¢
test was used o determine the significance of differ-

ences of both averages of the genetic diversities be-
vween silver carp and bighead carp and the {requencies
of an allele in the two populations.

2  Results and discussion

In order to evaluate the genetic diversity of silver
carp and bighead carp and determine the genetic dif-
ferentiation of these two spocics, s GT SSR-contain-
ing short genomic DNA fragment Library of siver carp
was constructed. The enrichment was highly effec-
tive. About 30% recombinants were found 10 contain
inserts with a SSR motil in the middle position. Of 47
clones surviving PCR screening, 87 contained » 55R
motif in middle position after being sequenced. As the
first batch .22 pairs of primers were designed accord-
ing 0 21 sequences and used 1o investigate polymor-
phism of 32 silver carp individuals and 7 bighead carp
individuals collected from Jingzhou of the Yangtee
River{Tab. 1). All the markers developed amplified
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Tah.1 Mastils, primer ssquences and primer snnesling iempersiures for microsabellite DNA
o shmphe seypuence repeal , SSR | markers of silver carp developed in this study

1 ANENIEONAIENAANEY SRISENROSN JIEANLY ANESAR

nsw l-thﬂl!li-ﬂﬂd WH mmmammwmm 4

Lo M HER o] Foarward prirsee($" -~ 3"} Reverse primer{ 3" ~ 3"} Tar T

L 1] FRERS  WOorn Emsim ekl NfiEN
BLr s 136Dy (Tl  TAAGCGTGCATGGOCCTAAAT TGAACGAAGGTCTTACGGGTG ]
aLs o St (Thly  OCTGTGOCTTTGAMACTCTOA OOCTOCACCATACTGACAAL a2
s Loy S (TG TICTATAGCACTOCTOCTGATTIAC  CACTAGOGTGACGGGAANTA L]
BLE-1=es  DOIXG005 (TOCA)y TATTGACTGCATCTGGGTCTT AGGTTATGTT TAGOOCALTOG L
BLE-2 O 3600 (GTh OOOGACTGGGUTAAALATA TCATTTGGGACGECAGACAL R
AL A1 36006 (TG GTCATCAAACTAMGOCATCAG GCATTTCACCTGTAGCATCTC 4
BLi2 [0 36007 (TGly AATGAGCAA TCAGHCACAGAG GOGTGTAATCACGCTATGTTT M
HLI4 X 56008 (Thln  CGGCACTCAGAAATGATGGGG CATGGAGAGCAGGAAGAGTTG M
BLIS [E kL (TG, TACTGATACTOOGTOCOCT GCACCTCTAATOOCAAAT u
HLIE [ 38010 (TG CGAGACAAATAMGGTTGUATA CACAANGAANCTTOCA ST A AN n
B2 Dasa0ll  (GTHTITGL OCTTUGT TTGACGGACAG GATGTGGTGATTTCAGCAL a
B0 (136012 (GAk TOGACATAANGAGCCACCATTG CATAGTCACCCGATCAATACTG M
BLaZ G 36013 LLH TOOCGATGTTATGTTTGCT TOECTTGTOGGTGAGTTTCT a2
BLag D014 (GTh AGTOCTGCTGTTGCTGTATG CTOCTGCTOCALCTTOCT i
sz Dpl 36015 (TGlg CAGAATOCAGAGOOGTCAG CAMCCAACAGOGAADTAA 5
BLsS DG 34016 (6T AMGCAAACTTGORCTRETT GOCTCTGAGGOGAGATACCAL 2
BLSs D017 (6Tl  TTAGGTGAACUCAGCALC AMCGAANGCAT TAGTOCAGATGAGTAC M
HLs§ DQLMs01E (GT)l  TIOCTOCCTCTCCTOCAT TTGCATTCATGCTGTOOC L1
Ela2 DGl 3019 (TGl ATATTAACATCTGICGAMGE ACAANCCAGCAGTCTGAAGE bR
BL&4 Do R (TG GO AL T AGAM G AMOCALT TTGCAGCACAGTTADICAMIACA LL]
BL&S DO 36021 (GT Y TTAGAGOCAT TACNGGAAAA ACACGGAMGCCATTGT TG bl
BL56 Q1 36027 {TGs TTTGTTTOOGOOGTGGTG GGTTCAGGGTTCAATGTOC bl

Mote: ¢ Asmealicg temgersture optimised for the amplilication of the TINA region Nanlued by the primes pair * @ Named using s initl

-8

Chusmee rustme: of il ver carpy »= e Twhn-hﬂhh-l:ﬂhh-
ey HHGREKEr SENEEEN, »» BREPTERE: «»» 2 TRICEREN - DNA KR L,

A wtal of 129 alleles were detected at 22 oo in
the wtal sample. The number of allele st & locus
ranged from 3 m 10, with an aversge of 5.9 All
marker loc revealed high polymorphisms, with values
ranging from 0.33 1w 2.00(Shannon" s diversity in-
dex) with the mean of 1.22 in the wial sample{ Tab.
2). The genetic diversity indexes of silver carp at 22
loci ranged from 0. 19( BL66 ) 1o 1.95( BL64 ) with
an average of 1.16, end those of bighead carp from
0.00( BLS-1 and BL8-2) to 1.61( BL5E ) with an
sverage of 0.80. On the average of all 22 loci, the ge-
netic diversity of silver carp is significantly higher
than that of bighead carp(1.16 vs 0.80, P<0.01).
The genetic differentiation of silver carp and bighead
carp varied (rom locus o locus, ranging from 2.1%
(BL46) w 61.7% ( BL66) with an aversge of
12.8%(Tab.2).

These microsatellite DNA markers will certainly
facilitate the genetic monitoring of farmed stocks,
characterization of petetic structure and clanficaton
of the species status of the two species and in particu-
lar the possibility of gene flow between them. Thes
markers are just in the first batch, and more markens
will be developed based on the library constrcted in
this study. We will use these newly developed markers
o evaluate the divemsities of two species by wsing
samples representing the communities appropriately.
We may achieve this ultimate goal by this issue our-
selves or more effectively by collaborating with the in-
vestigators and institutes interested in this ssoe. SSR
markers will make such trials easy; the data from dif-
ferent sources can be integrated and compared with
each other if SSR alleles are sequenced.

PDF L "pdfFactory Pro™ i FHf A www. fineprint.com.cn



http://www.fineprint.com.cn

PHRAK~R

-

nise

Tab.2 Genetic diversity and number of aficle(in purentheses) of sitver carp snd bighesd carp ot oach oo id
the genetic differentiation birwesn them deteciad by ming different micrmatellite DNA markers developed
R ANNEASRIEGRCEQIABNSACRBCEERE WA S MR L

Liscus Sihver carp Bughend carp Total saswssle Mfilerentazn/%
E fia g L] - [=L o] RS
a2 0.69(2) 0.68(2) 0.90(3) 3.6
HLS 1.0806) 0.69(3) 1.02(6) r
B 1.10(5} 0.69(2) 1.07(5) 0.1
BLE-1 0.70(5) 0.00(1) 0.60(5) 5.1
Big2 0.52(3) 0.00(1) 0.45(3) 7.1
BLII 1.5106) 0.51(3) 1.43(6) 1.
BLi2 0.28(3) 0.51(3) 0.33(3) .0
BL14 L.65(8) 0.90(4) 1.73(8) 12.1
BLLS 0. E2(4) 1.0 3) 0.97{4) 12.4
BLIE 1.8E(H) 1.08(3) 1.53(B) 5.5
AL23 0.45(2) 0.82(3) 0.72(3) %9
BL40 1.05(3) 0.69(2) 1.02(3) .9
BlLa2 1.25(T) 0.41(2) 1.21(7 18.5
BL46 1.22(5) 0.83(3) 1175 2.1
8L% 0.56(4) 0.68(2) 0.66(4) 12.1
B33 1.94(5) 1.2004) 2.00(%) 10.0
BLSE 1. 76(8) 1.47(%) 1.96(10) 12.8
BlLSE 1 .60 1) L6106 1L.72(10) 7.0
BL&2 1.62(8) 1.57(6) 1.88(9) 14.4
Bls4 1.95(9) 1.49(3) 2.00{%) 74
BLS&S 1.68{8&) 0.2701) 1.63(6) 129
BL66 0.1%(2) 0.41(2) 0.60(3) 61.7
.ﬁq 1.16 == 0.8B) =« 1.8 12.8
Motey o0 [Riference significant a1 P<C0.01.
B+ BREN(P<0.01).
(6] Ma b Y, Togeer | B, Gilmour A E, en sl Dessesion of by
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EMA EE R SR, AN, Z8 R
(1. PN AR MAERTE. UK 8 266003:2. PEATRPHR KIASHRN, WL MM £5400)

M W Hypophohalmuchshys molitri ) WM ( Arigichys nobili ) RPN HHRAEAD 2 RERN FESHTRE
L ETHERTAE, SHATIREEEANNE. MR ADRKERARSFED NNEXER~RuMLEnid
RNEF. AIWSHARKNRETRERAFAE Mh TAAEETARRA Y RN TR MMM EE.
HAREt RN ERESEATAMNME, A% HRAPHMNMA T EARAECRMENRITEMIERHTR,
ETEE AN A TANANERON T EANKRESRENRS. HESNENRARTOIER-

WEEMNLS Fiid. LRGN0 R G ER e NN Re Lo R GHE B4 B WA TR RN
NS T R G TN PR 0 6 R R, RN TR o7 - A BT T RN,

MNP 21 RERL BT 2 SRR RS T R ITNM RS 32 IR 7 R ENns
feERn, FERCHWEMBATAN. ELEREPIREN 129 M HHEN. SOASORAREI~0HF
H5.94, FRECREWIRGEMEREEO 13-2,00, ¥54 1.22. dFEMARTERS, 0W, 27T,
REGRENTRIDNMILR, STWRTEET RS RN KRS S, 0 B8 653T SRR mE R Ly AR
FEREAREARSARETRASE, HE IAKCHAWUNTBTE 2 P REARFLSHRESIE
¥ RN WAL MM SRS, KRR, T DNA RICA A TR AR ILRECIENNES,

ERAER RSN NG DNA N REZRERS T ARDLARLCFRNNN R, 20 R0SENL, e
ORI TR NG R . SEA MR F MR, TSN AFLP iy koo 845 A OT R m M 2
FiWrrr R, WV WP RUE SRR IR 0L R R S IS e, (T
KM, 2006,13(5): 756 - 761 ]
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