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g 1,2 =13

BHE', BEAM'T, T OB, x o #'"?, kEP'?

(1. o E A= Bl 2E 05T e B0 K = WS T, R i TR R S SRR IR 5
2. F AR A A B 201306
3. R A2 K =2 B R B S 453007)

266071 ;

FEE: b 7 Mkl E TS AR B F0M B B R AR X SSR ARAT, £ I K A o B AT & X 102
MNFEAERCER 56 AN, 46 M HATTHAMEEMFHAEKX SSRAF DN HE, gamAET
o R (TR MR AR E 15 A) R 178 i L EG xt H AT T F#; %
TER EHET HEEZR5TN D, AMELE ARG 30NN EFHEBTTE - KREMK
B TEE - RENERIEFZREENT WA 12 AMANEKBETTE _ARIE, £RE
T, 78 4 3t 8| 4 (scaffold440_22585 | scaffold826_5003 | scaffold703_4284 #u scaffold185_597 ) #&
FOEREEMETHET 2R AW 2% — K2 MKRBIE, & 9 scaffold826_5003 (P =0. 023 )
# scaffold185_597 (P, =0.028 P, =0.009) ty £ F 4 H EH EANAKFERE R £ 7,4
%R EANER KA, £ I scaffold185_597 W £ R AW AR A MR F H AW E 5 4
60.9% %1 14.3% (P =0.001) , £ 7 5 % ; 3t scaffold185_597 7 10 M MR b4 3 iy £ 7
AWHATT REHNF,Z BLAST thxt ,iEEH Y EBKFHRHAAFTEEA L @ T
RENGW T FH T EAFI0 scaffold185_597 H iy — &, Fl R MK %] 96% , AR XA, ML E

#7i0 scaffold185_597 ¥ # 5 7 #F i ik B ¢ b 40 % o
KW T, KEEME; I ERE; 2B E
XHERFRERD A

HEZES: S941.41

T ( Paralichthys olivaceus) J& — il 85 52 f)
7K F5 5 025 | J& B % B ( Pleuronectiformes ) | i
F#l (Bothidae) | 5 #F . £} ( Paralichthyinae ) | 7 #}
J& ( Paralichthys) , A= A& 3 B P AR BT 6
56 HBHH Jy 5, TR 520K 9 R IR A8 P G, & T
WAEAR o PR, 2 6 AF Sy — Fb 31 22 /9 i 0K &
A Bz F 0 T b L H A R SR
WE K o H I, T4 Ok Bl A& 2 6F % 580 77k /) AR
Wk R, 8 28 L T B A0 % 5% Ok, A A B
N IR BILTF AR E R R, m TR
35 80% LA b, 4 3R 5 7 3 R T B R Y £ U i
R RELAE MO AR R R F O ™ A R R
Z—5

2 B M e 2l M B R MR

%5 B #5:2013-12-09 &[] B #§ :2014-02-20

(lymphocystis disease virus, LCDV) &3t 5| 2 Ay,
TR — A A B R E R . fE D
B, O 7E B L R 55 U b S8 TN R Y 3 R R
i 1997 4F I K L 4 o A — Wk 7 TR R R
St R AR Y 1B S B Ak A
& A QA H R IR Y B b 0y, AT I 2 K
TS B b o S 2 B el T 8 0 174 B T %
BAAE, FBAEKEE Ak, s £ 0 H
Fo BIRIZIIETRIFA G (H B LT 2 2%
HAWMMATFME " EER ZHRE T
FBFFRGH P R AL R, SRR R IR
BATRTT IR WA 2, ER B ET
N EE IR FL N R WK DN &N s
— A ATYET B, AR Fuji & PR T

FETE FZK"JL-E =" H (2010CB126303 ) 5 [F 5K /AN =7 Wi AR WEFE K SRR (2012AA10A408 ) 5 &l # L /A" BT H (2011
= 85) 5 IARA A A1 E KL 01 (2013CXC80202) 5 1L AR 48 % Ll 22 TR L i
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H A% 7 o J0 A BT 9 2 0 s A O 20 AR e B AR I
AT TR . Yue "™ ARy 43 TARIC M B 7E K 7
N LU B RLRY , B A R 22 B i it 21 ) b 12 #B
KRR R, A D B B Al T
PR JH i 5 7 32 HE O A T o SR R A A M
i #H SG AR

Michelmore %" JF & 17 — #ft 7 B 40 #7 ¥
(bulked segregant analysis, BSA) , A ] e i %
ol 55 e A 2 R S DCSRARE B AR IC . TR T
A5 TR A g R A e AR AL Sl vy
M, BIVRE g — R 3R Y P — o B0 % o 4> 14 DNA
S5 R IR 5 2H UM I Y R PR T i BT R AL
PEFES DAL AL, E Bz W . W1, BSA
DLAERE Y BF 5 bR R B B B 45 T BSA
T M T 5 KA (Oryza sativa) i FfF Aus373
JUSE AR R B AR E AR AR T — 4
5 #HK ( Cucumis melo ) F 453 95 T F& A AL s 12 31
(1353 FhRic s Xie 451 0 56t T 55 8 A I AR 1k
YL M I B TR AR T RS R T S
Z AL B R (Lolium multiforem) $it it B J 1 [ 1%
By EST-CAPS Hric; B4 1025 4 ity 35
FI) T O IE IR 5 A R AT e T s 0B
RN T EK(Zea mays) = EBIEHEAT AR S
AW . AR, BSA J7 ik 1K 77 s bk 5
PR £, B EE A A BSA AR O
Vet O A5 4 2F BF TR PR 5 /9 4 7R d ;s X1 2 He
S e 3 A4S 55 1 88 ( Channa argus) Y 5 A
M T BT T AR O gk i 5 Ok 35
( Scophthalmus maximus) Tt 15 W5 H R AH 5¢ 19 4y T
Pride (HA & BT 5T itk 0 2 b ovs A DG sk LA 43+
Pric Y F T AE B A 1 R WLARIE o A BIFSE R B SSR
( simple sequence repeats, fij B8 B & ¥ 3 ) 45 &
BSA R B B TE BT B At 18] 0 L A 2 5
AR I, T30 2o > 1A 0 0F R 4 5 ) 25 0 A A
IC AT SEE O 58 8 23 1R iC Bl B A R R A S

R Tk

1.1 #mRE

S5 2 OF 3R B AE LU AR A 9 FE T BT K A R
v El . OFF 2009 AE S H AL B R 8 KR TE S 9O
PRICZ R AT IR IR 57,2010 4 3 H HARBK T
IR L b, R 4F 6 23 5 B IBUI A AR A L A
AR 3 6 2% (b IR R SR BRI 1) L R TG

KB, F -20 CHRMAET R, AR R
102 /> 2F 8 A 1A (J% 56 A~ B i 46 4~) ILH
F0905 (2009 4E45 5 5 % % fir 44 7 F0905) . F0990
1 F0927 3 4K R I A E AR

1.2 HIDE3W

M Song 45 I T 4 I PR 4 S R 1 R 9
FE TR i R b P-4 B BE 10eM e A7 e 1
Mg TR C, 48 178 N T AR id. A8 R 1Y i
TR 51y g a4 i i AR W RECA BR S F A .
1.3 E[F4H DNA &

KA 2 LI W - S 05 AR T HE AT O 6
DNA (28, $2HLH) DNA HI£ 405000 it
TN W R I v Dk AT Mk E R BT A A A, FH K T
LB F KB ZE 50 ng/pl,

1.4 BSA #ith

H FO905 Hi i A F g A A 25 15 4>, B4
HAE 5 DNA TR AR N B BT o % Ak
ES RIS
1.5 PCR #3855 5 7R % Bt R 58 B R ik

FIHT 178 X4 TR 5149 43 ) X it Bk A it
#E4T PCR 3%, G4k 22 /7 4. PCR BIA R N
15 wL:10 x buffer 1.5 pL,dNTP mixture 0.4 pL,
ELR U514 (10 pmol/L) 45 0. 3 pL, rTaq ff
0.5 U, 3P 4] DNA k%) 50 ng, PCR JZ i )5
k95 C Hi A 5 min, 30 s 95 C, 30 s
57.5 €™ ,30 s 72 C,30 MEH, f )5 72 C ki
5 min, PCR ¥ &7 ¥ 5 78 6% 78 P 5 9 4 ik
783 N s B~ S v M 5 i N = == A
3.6 wL,fE5JE 1000 V, MLk 1.5 h, HLyk4s oG i
TR A, JF gt 8,

1.6 EZEREZFFHANERIE

XPTEDT AL PRt b 47 1 28 S 2R 9 T
EARE T ARG GE . B SR AL Lk
Wi 30 A A A H BEAT S — U A R B IE 5 30 A
AR 2 R 3 0 TR AR g 7E F0905
F0990 F1 F0927 3 5 & 4k 102 A~k ik 47
5 UMK BAIE
1.7 £2R&THRESNF

XF 10 AN 1 25 5 4 I BT SR EERT A T
PCR 43 R Pk R Yy, 5 €0 )5 37 B DA SR P9 445 T Jre 35
B EUITE B R AR, 0 100wl BUZE K, HIAE Sk 465 1%
BEWE,95 C /K 5 min, % i3 72, 12 000 r/min
502 min, W EIE WAE AR PCR RN Y B
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Mo FFR PCR N ™= WITE 1% ()35 A5 Bl e
VK, LUK A5 P DNA 30 o e i 1] g 3k 5] & Tl
W difh. ¥ alifer= 95 PMDIS-T #i ik #E17i%
e Akt A TOP10 K i A 11 Ja 52 25 4 i, Pk B
PR v B E A7 00 . I )3 45 5@ o BLAST
XF, B E 22 5 BOR A TR S Y A o
1.8 #HiEHH

il f BANDSCAN i {4 %t v Uk 45 S #E 17 43
Br, AR 22 S 2% 1Y 40 A I 0 B0 R B BTk B
P o

JH SPSS 18. 0 #4: X i T & 51 ¥ fE bt & A
PR BT 1 R 25 S A R AT RO R, A
RHKLE P <0.05 3k XA 55 78 2 T Jk
A AR A 2 S L A P < 0,01 BEIACH 22 SR
W,

2 4

2.1 HEFHBEERHKEEMFBEXS FRIZ

43 W3k B FO905 . F0990 , F0927 % Z 1 i &k
R4 15 .8 3 3 52 ASASRNF Fuji %7 I % ok
B A B e 9k T 3 i AH OC BR aC F AT Bk, & R
Poli9-8 TUF i) 147 bp 4% 7E HT Ik A 1A Fl g 4
£ R A B #E (P =0.258 <0.05); 7F
Poli121 TUF fl Poli-RC15-35TUF 1 th % % Pi 1
AR A R EZRNAF (B 1) . BILINA
Fuji 45 i 06 H A F A 2 68 30 A HC 9 £ 488 o 5 4
Ky FhRic A G T A SL 56 % 09 v [F 2 6 ik F
BE
2.2 BSA i1 PCR § i 82

FF 178 X i3t T8 51 4 % B 4 i A e L JR o
P iE 1T PCR 473, 4 XF 5| ¥ FE bt L 85k i
[ T 22 7 & (K 2) . Horp scaffold826 _
5003 FiI scaffold440 _22585 fi) 2= 5 4% th B 76 I
Wi M o, scaffold703_4284 1422 B &1 L ILAE LR
i, T scaffold 185 _597 7F 41 | a3k Al v 35 9

B T % 544 . {8 BANDSCAN 4157 th
TESFLWEMMIEE(FEL),

; R M s bp
Y "o 47

& 1 Poli9-8TUF(A) .Poli-RC15-35TUF(B) #n
Polil21 TUF ( C) ZEHm M 8w Nk th g 718
M. PBR322 4} Th5ic; R HURAA; S, B0
Fig.1 Amplification of Poli9-8§TUF(A),
Poli-RC15-35TUF ( B) and Poli121TUF ( C) in disease
resistant individuals and disease susceptible individuals
M. PBR322 DNA Marker; R. disease resistant individuals; S.

disease susceptible individuals

bp

b
300 A roee P
‘ 180
et ' . aw
' —
- it
— -
242 —
238 it '
217 g — -
3 A B
M 12 3 45 6 7 8 M

& 2 5|4 scaffold440_22585(1,2) ,scaffold826_5003
(3,4) ,scaffold703_4284(5,6) #1 scaffold185_597
(7,8) Em EEE BRI
1,3,5,7. B B H 5 2,4,6,8. Hijk 5L H s ; M. PBR322 43

Fhrid; BEdik. ZREW
Fig.2 The bands amplified by primers scaffold440_22585
(1,2),scaffold826_5003(3,4) ,scaffold703_4284
(5,6)and scaffold185_597(7,8)in gene pools
1,3,5,7. disease susceptible; 2,4,6,8. disease resistance; M.

PBR322DNA marker; black arrow. differential bands

F1 BSA St PCRyBERETSHIT
Tab.1 The statistics of the differential bands from PCR-amplification by means of the BSA analysis

37 /5 locus scaffold440_22585 scaffold826_5003 scaffold703_4284 scaffold185_597
2% 5 A Bt /bp fragment size 253 243 215 178 173
HBLEL P gene pool S s R R S

T R AR PR L P 5 S AR 2 e

Note: R represents the gene pool of disease resistance and S for disease susceptible
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2.3 ERFHFEMEPHY EEIE
FEAT M IR 37 58 H 22 5 2 B0 ol T2 A2 A
(3R 1) HIHAR R /9 51 9 %8 20 e L %t 19 30 4>

AR AT PCR P73, I3 A7 Hh 4 07 R 10 22
S AR R A 9 I I O (3R 2) o

K2 ERFFENGTERHIARESET

Tab.2 The statistics of differential bands amplified in individuals

v/ &5 locus scaffold440_22585 scaffold826_5003 scaffold703_4284 scaffold185_597

2% 5% B Bt /bp fragment size 253 243 215 178 173
R 2 (BH:/ B %) R(positive/totality ) 3/15 2/15 10/15 11/15 2/15
S 4 (BHE/ B %) S(positive/totality ) 5/15 9/15 4/15 4/15 10/15
P 0.68 0.023 0.067 0.028 0.009

L5 ¥ scaffold185_597 1E o A {4 dr i 9™
BT R ) (1B 3) A i 78 B s R A 44 v
12l 7Y 2 S A W 3, 178 bp 1 25 7 Akl TE DU
AR S B A AR A e, A R A A b B A
IR 5173 bp 1 25 5 555 A0 I8 S R ot B
AR e T AE B AR T ARG, XS
BSA § 38 25 X AH— 5

R M S
T 180 bp
o - e
Pone WS 6 oo o~ ™ " .3
.

B 3 5|4 scaffold185_597 # 30 NN {E gy 1
M 768 g Ui A A (R) M A8 B A1 (S)
Fig.3 The bands amplified by primers
scaffold185_597 in 30 individuals
Left of M is resistant individuals (R ) , right of M is susceptible
individuals( S)

2.4 EREHFER BENERHT KRIE

EICAE 16 A~ 1R B8R T 20 19 % & F0905 .
F0990 F1 FO927 £H Ji 4t & B 14, XF 7 30 4> 2f 6
ARG 25 7 W3 TR 51 ) scaffold826 _
5003 #l scaffold185_597 4T T 45 — Wk B K
UE, & B scaffold826_5003 74T JE 1A Hh P-4 2=
SR i scaffold185_597 422 g % i}
scaffold185_597 #E F0905 K & 11y 48 4~/ 44 vh it
TTHUE, & B 178 bp 25 57 454 76 K Z 8 i
A T G Ok AUTE A S R A R rh G
K (Bl 4-a) 5 IR~ & F0990 FI F0927
Xf scaffold185_597 i 17 A~ & B ik, 45 L AH 7] ( 14
4-b) .

W B E5|Y scaffold185_597 £ 102 4T . &%
AR 2 5 W (B 4) . 178 bp (122

S AR RTINS b B R B, 46 BT
AR 28 AP R LR 60.9% ;
56 B AE LA 8 AP % AT, B
N 14.3% A7Ae i E 2SR (P <0.01),

M R(29) S(19) M
180 bpHl
i

(a)

R(17) M S(37) )

2 e - : - ; Wt e A BT 4
o s el
)

4 5|4 scaffold185_597 HEREFE
102 ANy 338
M. PBR322 43 FH5ic; R. HU A5 S, o A~ A 1,2. 178
bp 2254 o LR KL AR BT A M5 I A AR 1 43 B
Fig. 4 The differential bands amplified by primers
scaffold185_597 in 102 individuals

M. PBR322 DNA Marker; R. disease resistant individuals; S.
disease susceptible individuals; 1,2. bands of 178 bp. Boundary
between resistant individuals and susceptible individuals is shown

with a vertical bar

2.5 ZEREFHEHRESNF

XiF 25 S A5 HEAT vE BE DN Y L 45 B0 0 ¥ 51 R
AGTCCATGTCGAGCAGGTAAACTCATTTCTCC
TCCTCCTCCTCCTCCTCCTCCTCCTCCTCCTCC
AAAGGCCCAGAGCGATATCTTTCTCTCCCCAT
CATCAGCTGTGAGAGGAAGAAGTGTCTTGAT
CTTACAGTGAACAAAGTTCCCTGTTTTCTCCC
AACTTCAATCCACTGAGT(178 bp)

i BLAST L X, ik 52 H oy 24 A 1 2F Y14
T B #7532 scaffold185 _597 ( GenBank % % 5.
IN902077) Hr i — B, [A] P51 3K 31 96 % , 22 AL AE
FEE A CTC W EEWREAIR
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3 e

25 MR 2 PR B T RCR IR, 52 2 5 N
i, ELSZ R B 0 5 00, 35 900 % 2 1 78 S, SR B
LK PR 750 2 ] 9% A I 0 B O 2L e AR 8
Korh A 8 A F B 19 A SRR Y I T S 4t
95 1A 6 19 22 5 4685 T A 18 A BB 14 7 6%
MMEHRY W SRR 2 IEMA XN ER K
o X5 BB — 2 R, AR &
Er A FA S U A O B R R AE R B B IR —E 2
ORI o NI, 76 BIF 58 $0 90 25 S i oIk i 7 22 1)
— B BOREAR N S RE 1 B g
2yt . ARSI Ve Y AT I AR S BOR T 20 1Y
3AKRREARBCRE, W F GEHUG 4 T FR i
B AR E B H

KRN THRICH B & Al C 8 2 B =
P —FEE B WK ZHRICER RN
PR AR HA Tz mE e s, |
HI A KPP (Salmo salar) AL e 14 JE R 38 5
T EARIC B A — W@ %) Fuji 2
ffi 1 HH A 1) 2 47T 9K L4 0 i A 56 R A0 AT B0 E
KB, 3% SRR I A IE T AS 52 06 % 0 F 6T 7
BEAR . X T RE R T AS SCH 2 0 o SRR
HAF TR R T AR, e EFBm K, F
i Fuji 257 JF % (49 0 3k T2 B 5 AH 3¢ 2 7 AR T
SRR T —ANE KA, 0T A R B ) B A 8
SPIZBG, I AR IC AT RE RS T B AR BEK
X T[] — Py R B A [ & FORE A4, R )R AR 25 S
BB R, B2 25 51 07 30 35 5 3 26 7 Fh B
PRI A 2 THRIE

MATIFFE 45 ok B , 16 S 6 0 38 0 388 i 5 4
K SSR FRiC Ay ik L 178 AN I EAn i B
1 /ANTTRE5 2 40 b 40 s A 5% o 3 T At 1A
AT BT MR SR R R 3 AR R,
Bl FO905 \F0990 FI F0927 #f & FO750 145 1%, i
LA MM 5 50, 3% 3 AN FK R LR MR 37, S0
(9 FREE S P AR R, BRI, BE9E B A 1k 2 e] 2 e
A ) TR — 7 T 25 5, LB e RE . T
i FO750 J2& 40 68 9 14 i )1 800 1 A 6K 210, T
B ST R B bR 42 5 42 FO750 195 A, BT LA
ST 75 15 ) 69 S S 94 0 3 e K G B0 A T
S A AARIC .

A5 K SSR-BSA £ R1GH| T —41 5%

547 96K L 8 fe g R 5% 19 i B AR A, X 2 I P O
H A 5 — A T BRI T v 2 ST AR BT i
B Ji g AH OSSR FRic o 3xX O BIF 5 [ I 6 4T i
S 948 J o A S ATL 1) B e 4l T AH S 5 I 3 i
J&Iy FARICHI B E A TAEST T 1 RA4FAYFEAL
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Screening and identification of SSR markers associated with lymphocystis
disease resistance in Japanese flounder ( Paralichthys olivaceus )

FAN Caixia'®, CHEN Songlin'*, WANG Lei'”’, LIU Yang'?, ZHANG Yingping'
(1. Key Laboratory for Sustainable Utilization of Marine Fishery Resources Certificated by the Ministry of Agriculture ,
Yellow Sea Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Qingdao 266071 ,China;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China;
3. College of Fisheries,Henan Normal University ,Xinxiang 453007 ,China)

Abstract: In order to screen out lymphocystis disease resistance-related SSR markers in Chinese flounder
population, 102 individuals were used (56 disease susceptible and 46 disease resistant individuals) in the
present study. Firstly, two gene pools were constructed using 15 susceptible individuals and 15 resistant
individuals, respectively. The two gene pools were scanned using 178 pairs of microsatellite primers.
Secondly, the differential bands amplified in gene pools were verified using 30 individuals which were used
to construct the gene pools for the first time. Lastly,a second verification for 102 individuals was performed
to verify the difference significance of the differential bands identified in the first verification. Results of BSA
analysis demonstrated that some differential bands were amplified using four pairs of primers ( scaffold440 _
22585, scaffold826_5003 , scaffold703 _4284 and scaffold185_597 ). The first verification indicated that the
differential bands are significantly different in the SSR markers scaffold826 _5003 ( P = 0. 023 ) and
scaffold185_597 ( P, = 0. 028, P,;,, = 0. 009 ). And in the second verification, the difference was
extremely significant in the totally 102 individuals with the SSR marker scaffold185_597,the frequency of
differential bands in disease resistant individuals and disease susceptible individuals was 60.9% and 14.3% ,
respectively (P =0. 001 <0.01). The differential bands amplified from ten disease resistant individuals using
primer scaffold185 _597 were cloned and sequenced. Sequence alignment by BLAST confirmed that the
bands were fragments of microsatellite marker scaffold185_597 published by lab for aquatic genomics and
cell engineering in Yellow Sea Fisheries Research Institute ,homology of which was up to 96% . The present
study has shown that the microsatellite marker scaffold185_597 may be associated with lymphocystis disease
resistance in Japanese flounder ( Paralichthys olivaceus) , providing some basis for the molecular marker-
assisted selection in Chinese flounder.

Key words: Japanese flounder( Paralichthys olivaceus) ; lymphocystis disease; SSR; BSA
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