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FEE: KA T 0 ARBERA g B AR 24N F MRIE N 2 B 2R, AR T EARiE A
Joinmap 4.0 1E E 2 kA2 T F 4P £ 41 WiE . 3E4 221 /> SSR #7302 4 & i 4 2,
Ve, 3 178 MR T EARIE R LR 22 AN E A B, W B K E A (Go)599.0 cM, &
# F(Co)ik 76.27%. MM EFE F, £ 194 My T EARIEE AL F] 23 M EH# L, Gou 7 693.4
cM, Co, 71 78.82%., oK. KRE. heg 3 AHEHATER > OMAE, B THEE 3
ANPEIR B9 89.6% 45 AE By — 4L 3 HE, @ 4 4 T &7 & KW GT. Al WinQTLCart 2.5 % #F i &
A K EE B, 7E BA A A 3 9 I B T 67 A K MR GT #4T QTL E L, I LOD &
I{H 2.5 5 QTL HFAE W EE; T T EAR ST R —ie 2 Mo B4, AR EE
£ 3 A5 F 6 £ K 4k GT 4 % B9 QTLs, qGT-f4 qGT-m20 qGT-20, 7 ## # % Al 4 5 & 4 7
H 27.60%, 13.74%, 10.27%., ZMER—ARIEZ [0 69 B 3 040, 53 22 A 5 & K B3R GT
A8 % (P<0.05)8y ot T B Arit, BARIE T EBEEA T FENT 3.70%~1042%, L+ 6
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scaffold1262_77386. scaffold809_65154 5 4 K Pk GT = [6] £ W B & 40 X (P<0.01), # f#
BEALFESH K 1042%, 7.31%. 10.07%. 10.07%. 8.39%F7 11.26%.
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Z B YEFRIC(RAPD),

M BRI TS, fEnfe B2k,
TG b A PR N A P A, B T R AR A 43 T A
e, B H TR T s A % ] e S i AR
TS FRRIE . FL7E 2003 4F, Coimbra 254 4
ST —AME% 111 4 SSR FRid Ml 352 4~ AFLP
PRIC I B 2 BT AL i R, Fuji S5O0 — 4
5 Pk B M oRs M & B 4 T bR il
(Poli.9-8TUF)E N #4515 5 8 . 2008 4E,
Kang Z£°15% il 180 4~ SSR #RiCHI 31 4~ EST 3%
VR AR IC AR B T 0 7 24 A BURE 0 2F 0 8t A5 i
BiE . Castafio-Sanchez 27 1268 M DA
PRic . 105 4~ SNP ARic fil 2 AN FEEH, #y T m %
JE O T 3% IR, (HL X 28 B 5 R R X A 6 Y 22
TrHEAR AT QTL /2. fa s iy A KMotk B 56
RE|H 23N E, 7 4EKMERME QTL &1,
XFAEEE T R EE RAEEE L ATR
SR LI 52 005 vk, ) PR 2 a0 R AR e R A T
10t A% 1 B VR A, O AE A Y B R
XA AR A 56 QTL kA7 5 o F 4 A, LA R
A Ja BB 4 PR R A 56 QTL 9 2 o7 F 5% 42
HEAE LS, IF 8 I 87 3L PR 7 S HoAr FARicH Bh &
T (MAS) L€ Hefith
1 MRS
1.1 ZTWHHRERENE

PR F R R EHE Oy ke T 1O A
2010 4E 4—6 #7133 DNAEFR Rk BONGE
FTRMRERBEN 16 MERAKEAR, /8 X
SSR BT 2 REME, A% 1 SR RMEAMESY
B, Bz R R AR 15, FEPLIER 92
AAME, BT IR PR, JREUE %
A7, T AARSE I BUAS I, 442 19.3 ~ 28.0 em,
SERE F(23.67+2.12) em; (KRS 30.2 ~ 207.0
g, FHRH(118.29+37.89) g; A EN 6.4 ~ 10.0 cm,
SEHI A (8.36+0.87) cm.
1.2 #4% DNA 2B 55|45k iE

K Tiangen M 7E S22 5E K 241 DNA 2L
A G 94 D BEFEA ) DNAL 51415k A A5
=R B 400 N D EARE, F Primer3 X544
RS AT, FF il R T AEY

TR AR MRS A R R A
1.3 WIEBAEAS BRI

PCR ¥ MK %N 15 pL,fu 4% ddH,0 10.6
uL,PCR Buffer( % £t B F )1.5 uL, dNTP(2.5
mmol/L)0.8 pL, FFE5I¥4 0.5 pL, Tag DNA %
4 1U.PCR I FEIT A 94°C Fil Pk 4 min; 94 °C
PE30s, 1B KIREE57.5 °C 30s, 72 CHEMH130 s, 32
AMEFR; 72 CHEM 7 min; FEZE 4 C, 17 H 8%
AR PR B IR BRI X PCR 414 7 M 4 1 1Kk 20 5,
1200 V HiJk 1.5 h, 0.2% AgNO; 44, 6 min, 2%
NaOH, 0.5% I [ TR A VI €6 1 2 2R T b, K
vk, BT, BRI
14 FTEMERKH A

FH SPSS Hffxf 4 | MR a . R E R T
TE 2SR 36 K W 7 22 [A) A S 4,3 2l B0 4 A
AR o> A, I R 22 R A TR AR R 2 R OG
Pearson FH5& 2 %M 0.810 ~ 0.880, %I 3 ZHEHE Uk
P43 t, $RIF RS, 4505 5] 1 AnT DRER
SR R AR 3 AR 89.6%RIE B,
2R AR GT.
15 HMIEEEMNMESEK QTL EfL

FIF Joinmap 4.0 B FTAT 73 B AT A AR
WCHEAT B AT, DA R USR 1A At 5t 1% 3% 4 %
7%, LOD AR F % T 3.0, f#iH] Kosambi PR%L
S B EE 4H RO R BE PR /Y B i, Al Map-chart
version 2l £ EiE . F WinQTLCart 2.5 k{419
A X RE U, Ak 8 ) o st 1 3% A RS
XA R MR GT #H47 QTL 2. B LOD 44
{8 2.5 24 QTL AFTEMBME, MR BEEE N 1 cM,
EEEEN P=0.01, #EHlH SIRCE R 5, R
Bl 6 AT . XL E bR TR -FRiC 22 1]
I EIVER 2
2 4
21 FREEFHWH

XA AT R 3 A PRRIES AR S AT,
SRR S Z B E DGR 1), Rt
ZA~ QTL FAffiln) 52 e fb, X 3 AMPRIRFE I
7, A7 (£ 2) , 3 MR IEE—A
F R SR AT AR 3 AR 89.6% AL

XoF 2 LI 1853 P 5 B50H B LA 3 o843 A X iz
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¥R 36 %

BERE(E T R AR B E b K I
WE RS (% 3) , BAEINFEERMER GT
= 0.979x 4 K {H +0.966x 1A it 4 {H +0.973x {£&
%{EO

F1 2K HEE. ASZENFEEELMERNER

Tab. 1 The result of correlation test among overall
length, weight and body depth

EeiS ENDigTY (LN
overall length body weight  body depth
4K overall length 1 0.842" 0.880"
A5 B body weight 1 0.810"
1A body depth 1

TE: =R FE0.0UKF LB EH K.

Notes: ** indicates significance at 0.01 level.

22 FEHEAEHEILEE

400 XF il DA T |4t Z8 e, PCR 9731
FEA S, U U B 0 i R ARic 2k 221 N 3%
BTG o b T AR I R AR L 185
A, Mg E RS AR e AL 202 A4S, TR EE T
o A S A ARt 2L 166 4

TEMErE R RE R, 4t 178 AN A AR id 2 AL F)
22 NEEPIRE b, A A IR M PO
AR ] (Ge)599.0 M, I HE B (s) 4y 3.84
cM. EBRE ERBRICEC 3~16 1, FIEDIRERY
KIEE N 6.1 ~ 59.5 cM. EIE R FUHIK B R(Ge)785.4
M, 5 1 R 55 3R(Coa)ik 76.27% (K 1),

*k2 REREREMRNER
Tab. 2 Results of Principal component analysis

%y &t T3 2/% Z8% FEICE J5 M A(RBr 22)
component total variance accumulated variance obtained accumulated variance
1 2.688 89.592 89.592 89.592%
2 0.196 6.544 96.136
3 0.116 3.864 100.000

#3 K. HEE. ASEEITRTPHEREK
Tab. 3 The coefficient of overall length, weight and
body depth in principal component

TSR TE S Y R R
component the coefficient in
matrix principal component
&k 0.959 0.979
overall length
E=N
R 0.933 0.966
body weight
Wi 0.947 0.973
body depth

TEREPEE g, 4t 194 AT R ARIC & AL 2
23 MIEPHE b, FEA s — A SRR ek S
MK (Go) N 693.4 M, 141 2 K (5)4.05
cM. JEBE FAIFRCECH 3~16 1>, BB
EIFEN 9.6~57.2 <M. Bl FLIAK FE(G.) M 879.7
M, B B4 75 325K (Coa) 78.82% (K 1)
2.3 FEEERKMRK QTL EfL

AWFGIENL 3 NGB GT HEm)
QTL. MEMERE e T4 QTLs, /Al T4 4
SIS 20 SR (- 1), Hp gGT-f4 f&% & LOD
HR 2.69, AIfFRERIVAE RNy 27.60%, MR
MIEAE 41.7, FHABERC AN scaffold8S 10316, 5

HHFRAER 3%; FIMFRICE scaffold32 1985, HH:
THRN 1.8%( F 2).qGT-20 Ff LOD {H°4 2.80,
A RS S 10.27%, IR M IF(E 24.4,
AHABARIC M J2: scaffold558 51720, S HEHEN
12%, £iMARIC scaffold485 47120, 5 & 4H %k
0.1%. HEPEREFEN T 14 QTL(QGT-m20), fici)
LOD fE}y 3.39, AIf#RERAVAE T30 13.74%, fntk
Bk A -31.07, K AR B A2 M KR il
scaffold903_69232, SIHFLIK N 0.7%, FHEREIA M
FRicHE scaffold809 65154, SHEHFN 0.1%, 4%
A~ QTLs BRI AR SE 3% 4 FiEk 5.

Xt 221 AN R FRICHEL P IR -FR i 22 i i T2
A Hr ], scaffold32 1985 2§ 22 M LR AR
ICSAERKMR GT Z 1834 81 2 3 45 (P<0.05),
BN FRIC ] R R R AR RN T 3.70%~11.26%,
HHH scaffold558 51720, scaffold558 26183,
scaffold903 69232 ,scaffold485 47120 ,scaffold1262
77386, scaffold809 65154 6 hrics GT Z[H]
R34 A S PR (5 M 5 (P<0.01), 1 iR R AR 7
WA 10.42%., . 7.31%. 10.07%. 10.07%.
8.39%F1 11.26% (£ 6) .
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1 FEREMEREH
PR 54K MR GT #1236 QTL MREUSH i, IHAriERK LOD EHMHLE
Fig. 1 The genetic linkage map of P. olivaceus
The probable regions of QTLs associated with growth trait GT were showed as shadow, the peak values of LOD were also marked
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F 4 QTLs MFHEEREIEABMMMEIT
Tab. 4 Parameters value of QTLs and estimation of genetic effects

QTL R 7 % X/ eM FRic X [8] % LOD {8 RS R /% plIKE A
linkage group covered area marker interval peak of LOD variation add.
qGT-f4 4 30.5~30.9 scaffold85_10316 2.69 27.60 +41.7
~scaffold32 1985
qGT-£20 20 8.8~12.1 scaffold558 51720 2.80 10.27 +24.4
~ scaffold485 47120
qGT-m20 20 7.9~10.3 scaffold656_59185 3.39 13.74 -31.07
~ scaffold987 71723
®5 QTLs WA R SHERR
Tab.5 Markers adjacent to QTLs and recombination frequency between markers and QTLs
B ZeMAH&R bR iE AL/ % AAEER AR HEAE/%
QTL linkage adjacent to recombination adjacent to recombination
group the left frequency the right frequency
qGT-f4 4 scaffold85 10316 3 scaffold32 1985 1.8
qGT-f20 20 scaffold558_51720 12 scaffold485_47120 0.1
qGT-m20 20 scaffold903 69232 0.7 scaffold809 65154 0.1

#6 MR-FICEEADHERS B MRCHE RN AT

Tab. 6 Results of trait-marker regression analysis and estimation of single marker genetic effects

Fric e ki ISR LB BFEKFEPE e AR o TN,
marker linkage group likely ratio P-value variation add.

scaffold32_1985 * Group 4 5.207 0.0244 2.66% 18.352
scaffold558_51720 * * Group 20 10.127 0.0017 10.42% -25.115
scaffold485_47120 * * Group 20 9.768 0.0021 10.07% 24.672
scaffold656_59185 * Group20 4.947 0.0283 5.93% 17.786
scaffold903_69232 * * Group 20 9.768 0.0021 10.07% -24.672
scaffold 699_59679* Group 5 5.747 0.0180 6.06% -19.130
scaffold 1136_75426* Group 5 4.669 0.0331 4.95% 17.305
scaffold740_61572* Group 5 4.669 0.0331 4.95% 17.305
scaffold 174 _7323* Group 5 5.894 0.0166 6.21% 19.361
scaffold 873_68203* Group 5 5.459 0.0212 4.75% -18.661
scaffold 269_30349* Group 11 3.955 0.0498 3.70% 16.004
scaffold 896_69079* Group 13 4.299 0.0408 4.57% -16.863
scaffold 224_26330* Group 13 4.297 0.0409 3.98% -16.860
scaffold1262_77386** Group 20 8.063 0.0051 8.39% -25.634
scaffold809_65154** Group 20 10.431 0.0014 11.26% -25.644
scaffold 558_26183** Group 22 6.985 0.0091 7.31% 21.340
scaffold 1282_77574* Group 22 4.261 0.0417 4.79% -16.989
scaffold224 26315%* Group 13 4.299 0.0408 3.98% 16.863
scaffold481_23900* Group 13 4.632 0.0338 4.44% 17.475
scaffold586_53473* Group 23 4.460 0.0372 4.73% 16.943
scaffold771_60639* Group 23 4.460 0.0372 4.73% 16.943
scaffold77_144* Group 23 4.233 0.0424 4.50% 16.515

TE: #REMR G FRC Z W U E(P <0.05 ) 5 #UFRMBR SHRIC 2 18] A% Bt 2 25 4 56 (P<0.01 ),
Notes:* indicates the linkage significance at 0.05 level between traits and markers;** indicates the linkage significance at 0.01 level be-
tween traits and markers.
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Fig. 2 LOD curve graph of three QTLs
Abscissa indicates the relative position on the linkage groups, vertical coordinates indicates the value of LOD; the red line whose value of
LOD is 2.5 represents significant threshold of QTLs; the figure in “()”’represents(group, position, value of LOD).
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F 7 5 QTLs HEMRIZANIEF MM
Tab. 7 Genetic effects estimation of markers adjacent to QTLs

Fric SR el RFRFPH R RER T 7% TR
marker likely ratio P-value variation add.
scaffold85_10316 0.016 0.8994 0.20 -1.039
scaffold32_1985 * 5.207 0.0244 2.66 18.352
scaffold558_51720 ** 10.127 0.0017 10.42 -25.115
scaffold485_47120 ** 9.768 0.0021 10.07 24.672
scaffold809_65154** 10.431 0.0014 11.26 —25.644
scaffold903_69232 ** 9.768 0.0021 10.07 —24.672
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Genetic mapping and QTLs analysis of growth traits
in olive flounder(Paralichthys olivaceus)

NIU Yu-ze'?, LIAO Xiao-lin', SONG Wen-tao'?, WANG Lei',
ZHAO Yong-wei',GAO Feng-tao', CHEN Song-lin""

(1. Key Laboratory for Sustainable Utilization of Marine Fisheries Resources, 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)

Abstract: Using a population including 92 F; individuals obtained from the cross olive flounder from Ja-
pan xolive flounder from Korea as the segregating population, genetic linkage maps of flounder were con-
structed using the SSR marker by joinmap4.0 software .A total of 221 SSR markers were fixed to the ge-
netic linkage map. 178 SSR markers were linked to 22 linkage groups in female map and 194 SSR markers
are linked to23 linkage groups in male map. The lengths of the female and male maps are 599.0 ¢cM and
693.4 cM and covered 76.27% and 78.82% of the genome, respectively. Principal component analysis was
handled with three sets of data, overall length, weight and body depth.1 set of data that can explain 89.6%
of the three traits was obtained, which was named growth-trait, GT of flounder. Based on the linkage maps,
trait- marker regression and complexity interval mapping were analyzed to fix QTLs related to growth
traits by WinQTLCart 2.5 software, the experiential LOD-value of 2.5 was the threshold value of existing
QTLs. Three QTLs related to growth traits were obtained from this research , qGT-f4,qGT-m20 and
qGT-£20, and the variance explained by the three loci were 27.60%, 13.74%, 10.27%, respectively. Twen-
ty-two SSR markers related to growth traits (P<0.05) were obtained from trait- marker regression analyz-
ing. The variance explained by single SSR, ranged from 3.70% to 11.26%. The six markers, scaf-
fold558 51720, scaffold558 26183, scaffold903 69232, scaffold485 47120, scaffold1262 77386 and
scaffold809 65154 were highly significantly ( P< 0.01) correlated with growth traits, and the variance ex-
plained by the six were 10.42%,7.31%,10.07%,10.07%,8.39%,11.26% respectively.
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