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BB RUFSEHIA 224> 2R Kk B B A6 (Paralichthys olivaceus) W EAAEAK (Doubled Haploids, DH)REAE, %} 2
fpfAEE , | WEK | EEEK . RS BIE . SkR AR TR I 8 R AR AN R, HEAT A b, 1R
2 T i B A BB EIR 90.4% 1Y F A E s ER . SRS, BT JoinMap 4. MapDisto., JoinMap 4-DistortedMap .
MapDisto-DistortedMap 4 & 4 =81 EE, FH 43 2 bR ic 87 15 £ MR A7 45 (Quantitative Trait Locus, QTL)JE [K %
SRS, SR Bayesian A5 B BE 7 7 8 A7 28 BE 3 AU 1 PR 04 QTL #1 btk QTL., 453K, AAHEF
A HE I I8 AL BE AR A T AER QTL B E R AH AR . FERIEMED, 55T JoinMap 4 #4981 E i AH
[, Z&F MapDisto #4214 PR P i 20 B A i AR X0 B R AL B B A & A T A8k, B S MW B AR IS A B
ENL BN AR B EBRE ;AR T 3T JoinMap 4 Fil MapDisto 4 & 19 Eli, %4 DistortedMap 5 1F J& 1 &3 7 i 43 5
FRic AR O B A & AEAR AL, (HR AT B bRic BB B B R AR T 28k, 5k, # 4 AEE sz 3 Sk
QTL, 9T 6 S B I, AIfRRRMA RN 12.95%. 14.85%. 11.56%F0 11.76%, 9 5 . 22 S8 -, BA
FUEINPERN ; 9 SEBRE [, PIRRR AR I 13.86% . 13.27%. 11.17%F 11.25%, EA G mrEs; 22 S
BB b, AR RERAIAE R 5.68%. 4.36%. 4.97%F 3.58%, ELA TEIPESN . [FIEF, 4%BIH60 5] 28 XF. 19 %,
29 XFH 20 X B0 QTL, FEAME6 S, 75, 9%, 175, 20 5/ 22 SiER L, ATMFRER A Witk
ARSI 2.19%~17.62% . 2.40%~22.26% . 2.08%~26.0%. 3.16%~22.05%. #5545 &M, T MapDisto {7 |
% DistortedMap 3187 IEJ5 RIS, & AL R TR, (HANTRHE— LRk

KEIF: T, Bayesian BEIBESE; isrE; MPE QTL; LfiM: QTL; Map Disto; DistortedMap
hESES: S917 RRARARRS: A XEHS: 1005-8737-(2017)03-0440-09

FEE(Paralichthys olivaceus), 15K H
H R, EE0A0 TWMARIEET R, 2X—X
WEREMAFORGNMNZ —, FEEFRHEAE H
K, BACETE R R AL G R T AP B A AR
PR ARk, BRI A K B RRAT . BN
P = AP R AR AFE DT T, S S T SR
BHETTA S o LG WE T O7 8 E 2RO T &Rk
gty (s AN, H2 R R . AR,
g T R 12§l Bh 3% £ (Marker-assisted Selection,
MAS)BE#S I F AP fE, 46kt d A, FeilE
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spp)*! . # (Cyprinus carpio L)V 2 Wt 5 8 1 #MHBERE

(Cynoglossus semilaevis)!'""2%, F/y PER I 44 %
RIS CWOHAR I EE . 78 QTL EAL T, 2405
Py A 10T g U O s PO AR
) QTL E N 45 R C AT il o 78 KA AL D
BLAWFSE R, AR I — S AL FRic I F AR5
TR T B b, X M B R BEAR 8 A g e o B
(Segregation Distortion, SD)*'!, #E 3Rk i#, i 7385wl
RERCEARIC YU . AR )52 4% I i L 2 A 450
R, WAL SR S R P TR, R
Fglh 210 1 PLRE A JoinMap A B AL R,
AR A o3 B R G R o H AT PR E AT
 MapDisto 1 # {4:43 DistortedMap* A] 5 iF fi
O3B0 My g AL S 2R . 5 MapDisto #7AH
ke, DistortedMap K40 75 K 15 H £ H 25 5 T
O3 B ASAFAE BBV 152, AT AR A ] 3R
T3 43 S AR (]38 A4 BE 8 i) Jem Ak (8 (EAR T
E &, DistortedMap #4420 LU JoinMap
4 MapDisto “544 & 1) 115 Sy JE A, 1170 1 a8t %
FEES o UTARR, ARICH N2 B o AT BRI T AR
R JE 228 AR 5 T A O 43 B A AT A S
EALPE QTL A A [R] 38 BB MRt A 254
AT 5 A0 LA o

3 1% 43 43 Fr (Principal Component Analysis,
PCA)JE: i i [ 4k 5 R K 248 0 % A o DB
BT BT, 3k 3 A R B T L R 24 R
G B, %07 B B S 2 A M SRR 1Y
QTLY), Bayesian A5 RIE£E )y ik St —Fi gtk K HL i
% QTL sEfi ik, AR LU R 73 fin bk
QTL, & 0] LAFHSRFHIHT [tk QTLEY, ABseHs
FOEHAE R 7 MESHRIRERL RS, #5147 E
WA o Hr, SR, 3T JoinMap4 . MapDisto .
JoinMap4-DistortedMap . MapDisto-DistortedMap
4 DEBURGE, FlW 7> B ARic s IE QTL Jk
KA A 2 - E R, R A Bayesian 5 Y 3% £ 7 ik
FE A A F 2 Y 3 Y 4314 R (Phenotypic Principal
Component Traits, PPCT)J il QTL Fl {744
NE QTL, LIk oF 6F 8 22 28 B R QTL g A
R AR S, JF A1 MAS & Fh AR 2L
R{gftZ%
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2 S FH A0 B HR E K R A5 e I T
HO R o TR RO R 22 S R I T R 2 B 4
RAFE Fy R ERlALRE, AR 1 BRI R
R E 00 BRSNS T, KR
JE B I LUK RIS — ke, A Sa
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I, Liu M AE45 160 AN RUAREIARE R > B REA
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AR, BAR 77800 Liv 2080 cui 409,
1.3 MEEIE
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B EERE -, B DistortedMap A3 X6 43125 1]
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14 BHOBEET QTL EEBLMHMER

7 DH BEfR, BEANOL s B A PR a4 3L
A B QTL H Q s, HAMFFRICS 8 M AN,
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M RMIR Z WA 7R B AR 1 R A G
B, ZEAMRE QTL R4 w2 TR, 1 H
ANH T & 0[] B 52 ) 224 A PR ) — PR 2 200
Ko i, 24 MR o 3 o oA i 1k
SRR I IR, XS R 2
KRR LA G, 33T QTL & 7
M & 7 2 A KR A R TF2AE
KR RABIAOCHEFE, TR R IBF M
precomp PRECHEIUAS G sy, WEH— . 58 % +E
BAr, I AN A K MR A LA 2y i
1.6 EHRT QTL EfL

stk ¢ A~ QTL 4, % & DH FEARL
A RN AN B AL RN, FE T Cocke-
rham JAERERICA desr AMEA T <Py 1Y
QTL & i A

q q-1 ¢
yl=ﬂ+zzya]+z Z .xijk(aa)jk +ei
j=1 j=lk=j+1

A, w A HERIIERAE; o, R4 QTL B3k
BEG=1,2, -, q); z, FAW i Y5 AL A
PR /RAZ R aa 955 j 1~ QTL HIEE k4~ QTL 1
TP B AEROS AR, BRI 8ONAR xip=zixzus
e, AT IRE

TEIZB BRI AL |, SR Bayesian FiB1E#E
J¥E, FIH R/qtlbim (www.qtlbim.org)4z % 4 3]
AT QTL 27 o M2 A5 48 oK 1A% 1 1Y
JEIR oA R AR, AR A RS EN bR 5 5
A TSR . ] Bayesian [AF-(Bayesian
Factor, BF)#EWr QTL hnER sl A3,
FKF- P=0.05, Bl 2In(BF)=2.1 I itk QTL = b
fitk QTL A%

2 HRE5SH

21 REHESN
PR A 7 AR HOIR AT R BUAROC o HT,
B2 7R A IR 22 T 2 B AR I 35 TE AR 5C(P<0.01)

(F D)o bk fo 22 MR AR L S I 1 1] U 2= Ak,
DL MR 2R A A B AT 3 A BT (R 2)
P2 A1, 5 1A F A M RFIE(E A 7.23, BTk
K 90.4%, RF T &IHRIE B 1 90.4%, JEix
FER FE RSy, FEA T 0 B AE TR A
FE R, BRBCGE 1 AN ERE N R A
PR (PPCT), I 2% 29 3= B 43 1 R 19 pR R 31
AN
PPCT =0.35x BW + 0.37 x FL + 0.36 x DFL +
0.35x PFL +0.36 x BH +0.35x CPW +
0.34x HW +0.36 x TL

*1 REMEXRK

Tab.1 Resultsof correlation analysis among phenotypes

A % phenotype
phenotype BW FL DFL PFL BH CPW HW TL

BW 1

FL 09 1

DFL  0.88 095 1

PFL 085 093 09 1

BH 092 091 09 087 1

CPW 092 091 0387 0.85 093 1

HW 0.83 0.88 0.85 0.8 0385 0.82 1

TL 0.89 099 094 092 0.88 0.89 0.86 1
H: BW ik FL 4 ; DFL Fi¥HEILK; PFL A GEIL K
BH Jy{A; CPW R ; HW 243k #; TL AT K.
Note: BW, body weight; FL, full length; DFL, dorsal fin length;

PFL, pelvic fin length; BH, body height; CPW, caudal peduncle
width; HW, head width; TL, trunk length.

"2 ERHOW

Tab.2 Resultsof principal component analysis

ﬁk,ﬁ_} 7’7% ﬁfﬁk’%/% Ei‘l—ﬁﬁk’%/%
. S accumulated
component variance contribution rate o

contribution rate

1 7.23 90.40 90.40

2 0.24 2.90 93.30

3 0.21 2.60 96.00

4 0.10 1.30 97.20

5 0.09 1.10 98.40

6 0.08 1.00 99.40

7 0.04 0.50 99.90

8 0.01 0.10 100.00

22 EHIEIEEE
574 MAREYZ B SSR FRic, 43wk
4 MRAEHEPENE, 2T 24 DNIESTE L. RYE
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KR, 2 S0%MIFREATE A 1 1 mAERAES L
(P<0.05), Hrh, IM. MD &/ %{fi /] JoinMap4
A4 . MapDisto {4 # 1Y 1El1E; IDM . MDD /&
fifi i DistortedMap X {2 %) IM . MD &3 #4757
EJEERE . pric A s 8. sr BAnic A s 80
KRR B 3.

2% 3 AT, o3 B Anic £ 2 A 7E Bk LG2 .
LG4. LG8, LG14. LG19. LG22 F1 LG23 #M¥
FrA ESTRE, HAURRSE., 5 IM EliEs L, MD
R R R B = TS TR O LED O VAN ke sl oK

T HRBIEE, 2 5 M BEiric A e
ALFEBRE [, HXT IM A1 MD &3, JDM .,
MDD &3 I 11 ff 43 B A5 ek i AR X7 8 5 R kA
A, FUR AR B bR R s AL BE B ke Ak T AR R .
FEA IR 43 BS A B R, IM F1 JDM. &
ik, MD fil MDD [&li 2 [B] X% W bR i & FbR
C AR B 8K & A AR
23 REEMSMR QTL EfL
AHFEF R 40 BS A ic 7 IE QTL 3 R ALY 4%
HHER 5, KA Bayesian s 7E A [A] B 3% Hp G )

&3 EEER
Tab.3 Data of the linkage maps

M JDM MD MDD
EEHE — N . N
LG P (srE) KB /em AL (W 535 KB /om A7 (W53 55) K /em A7 (53 5) KB /om

locus (SDL) length locus (SDL) length locus (SDL) length locus (SDL) length
LGl 32(32) 55.5 32(32) 253.8 32(32) 167.6 32(32) 248.8
LG2 2(0) 1.2 2(0) 1.2 2(0) 1.3 2(0) 1.3
LG3 14(14) 31.5 14(14) 159.9 14(14) 84.8 14(14) 136.7
LG4 34(0) 79.5 34(0) 79.5 34(0) 170.6 34(0) 169.4
LG5 26(2) 76.3 25(2) 82.8 25(2) 144 25(2) 141.4
LG6 14(11) 61 14(11) 105.7 14(11) 98.6 14(11) 102.9
LG7 29(28) 53.9 28(27) 175.5 28(27) 127.5 28(27) 160.9
LG8 19(0) 45.8 19(0) 45.8 19(0) 112.7 19(0) 111.9
LG9 22(19) 93.3 21(18) 186.4 21(18) 139.6 21(18) 168
LG10 30(1) 94.3 30(1) 212.6 28(0) 114.8 28(0) 114
LG11 26(21) 68.2 26(21) 176.6 26(21) 135.1 26(21) 165.2
LG12 32(2) 86.2 32(2) 202.1 31(1) 184.5 31(1) 183.4
LG13 10(9) 21.1 10(9) 62.8 10(9) 333 10(9) 49.5
LG14 16(0) 38.7 16(0) 38.7 16(0) 55.4 16(0) 55.1
LGIS 5(5) 7.2 5(5) 44 5(5) 10.2 5(5) 38
LG16 20(20) 21.2 20(20) 153.6 20(20) 86.9 20(20) 129.5
LG17 27(27) 51 27(27) 259 27(27) 178.3 27(27) 234.2
LG18 9(9) 29.8 9(9) 87.7 9(9) 42 9(9) 87.7
LG19 5(0) 43.6 5(0) 43.6 5(0) 453 5(0) 45
LG20 19(19) 66.7 19(19) 213.6 18(18) 81.8 18(18) 113.7
LG21 19(14) 68.1 19(14) 188 19(14) 168.5 19(14) 177.3
LG22 28(0) 54.8 28(0) 54.8 26(0) 108.4 26(0) 107.7
LG23 12(0) 14.7 12(0) 14.7 12(0) 31.7 12(0) 30.4
LG24 8(8) 41.4 8(8) 51.9 8(8) 52.5 8(8) 51.9
f:j 458(241) 1205 455(238) 2894.3 449(236) 2375.4 449(236) 2823.9

#:IM. MD 43528 H JoinMap 4.0 K. MapDisto ZX 44 £ A9 El4i%; JDM . MDD 433 LA IM . MD B3 R 3Efili, £ DistortedMap X

PR IE G B . LG 3% BiRE; SDL i 73 B ARIC A7 4.

Note: JM and MD are linkage maps with JoinMap 4.0 and MapDisto, respectively; JDM and MDD are linkage maps with DistortedMap based
on JM and MD, respectively. LG, linkage group; SDL, segregation distortion locus.
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QTL, %55 %&, 76 IM. JDM. MD. MDD &
R A MR TR BRI R T 3 A4S QTL,
LT 6 5. 9 SH 22 SR (R 4), H
i, AT 6 5. 9 SIEGIRE LAY QTL X R A 3 1%
A= SN 1 S O AN (W WD B B =
RIS S 11.56%~14.85% ., 11.17%~13.86%; il T
22 SESREE QTL XA 3 ali Mk A IE
W ANPERL N, AT A R R AR Y 3.58%~5.68%
5 MD., MDD EiEAH L, M. TDM &3 2 180 3 1
SR I QTL A% % | 0N 1) Ak AR
5 A, MD &35 1 MDD B335 26 % 32 40 PRk
I QTL sife e . e Ak vHE L —
H., EAFRERET, 65 9 SHESHE LM QTL
F 4 B AAEE], JDM, MD HfindE QTL fi & &#
3 MDD Bl & 1 22 SR Lk QTL
ABTLEAH R B o

FAh, sk BAE EALE QTL %4yl h
28, 19, 29, 20, BAEFEFHIH 2.19%~17.62%.,
2.40%~22.26% . 2.08%~26.0% . 3.16%~22.05%,
i R I R E 51 5 6[49.3]1%20[64.7]
20[189.5]x22[25.7]. 22[26.3]x24[41.8]H1 22[4.5]x
24[36.4], H &R i BAF 3% B AR A [ 1835
JLPF—8, FESATE6S. 75, 95, 175,
205 f1 22 S HEHHE (3 5). 7o, 5 H JoinMap4
A4 . MapDisto #4119 f 73 B 5t 1% (513 AH L,
%t DistortedMap F 55 1E 5 B9 R 474 QTL
o MR

3 e

AR BT A I AL st % 3% B A1 R0 QTL
MR ETHE . TR A Fi Z4M R FRENLE AR DH
BEANAELE WA RONE, AR T 5% 4 il Bt R
BN ERY, QTL A1 B MERUN, QTL, EWIE A
QTL RIS . A 227 MEr% & B A A
B XA AR HAT e = it A 25 B, R 23 B b
PHARMSEAR MR, AN KB, A8 DH B
AR 50% AT IR R 5> 8 L, AT RESE T4
A7 P g 2 45 A T B PR M BOE A K i R ik i
B o — M, A0 75 2 RS2 O 23 B 67 R
fifi —SL LT A A A7 ) R AR I8, sl 2k R
R TR 43 1507 1 e TR R Bl 3 o ) 22 S s

Hal, A8 QTL &M akgY £ 24 P e b
FAE KR _E o B, eI S R bk e st 7
PUE IR B e P I e e U VS P IR
QTL fE v, A KR QTL ™ ™ P #x
HI& A XA /EE % (Composite Interval Mapping,
CIM), b Hgeitail 7t QTL, ARk I
itk QTL. #AMM, LAt etk iy &2 fs
Senh o A2 T LAY, B S 30 QTL o & RN
FETHE B 22, BEAR QTL A6 ARG BE AR o
Cui Vg5 IF I 43 B 45 F A% J5 2R ] Bayesian 5
RIBERE Tk, Rl 1 A 6 A K MR B QTL A1
itk QTL, {HJEHM FiktFs—aE, WA % &
A3 B E B TSR A QTL & 7 YIS
G ARG TR R, H AT R, e

x4 FEREEIROMEKREMMEHE QTL REZESH

Tab.4 Additive QTL and genetical parameters of phenotypic principal component traitsin Paralichthys olivaceus

gy lE e, RN M ey R

map pOSIthn heritability additive 2nBF map pOSIthn heritability additive 2InBF
(LG[Dis]) effect (LG[Dis]) effect

M 6[45.4] 12.95 -2.93 3.98 JDM 6[61.4] 14.85 -3.28 4.11
9(87.2] 13.86 -3.27 3 9[166.0] 13.27 -3.02 2.99
22[11.3] 5.68 1.68 2.18 22[11.3] 4.36 1.44 2.4

MD 6[56.0] 11.56 -2.67 3.6 MDD 6[58.7] 11.76 -2.86 3.74
9[129.0] 11.17 —2.62 4.53 9[155.5] 11.25 —2.62 4.66
22[11.4] 4.97 1.41 221 22[11.4] 3.58 1.04 2.45

7 IM. MD 4514 1 JoinMap %4 . MapDisto X K%, JDM . MDD 2518 L4 M, MD &l A 3R, £ DistortedMap
HEFIEJG W EE. LG &P, SDL AR 4> B AR ic 7 s ; Dis Ais LI E.

Note: JM and MD are linkage maps with Joinmap 4.0 and MapDisto, respectively; JDM and MDD are linkage maps with DistortedMap based
on JM and MD, respectively. LG, linkage group; SDL, segregation distortion locus; Dis, genetic distance.
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Tab.5 EpistasisQTL and genetical parameters of PPCT in Paralichthys olivaceus

Eiﬂ& p(giin ﬁﬁ}\%:/% fgﬁ?ilﬂcj 2InBF ik p(%iin ﬁfx‘fﬂ\ﬁ/% fgﬁ?ﬁlﬂcj 2InBF
ap (LG[Dis]) heritability offect map (LG[Dis]) heritability offect
M 5[55.5]%5[69.9] 15.88 6.84 7.28 JDM 6[28.4]%6[87.0] 3.65 2.45 8.1
5[25.4]x6[16.3] 5.86 2.41 4.61 6[0.0]x7[109.1] 11.08 3.46 8.1
5[57.11x7[49.5] 6.93 1.72 4.61 6[87.0]x9[174.2] 19.69 1.15 12.12
5[20.8]%9[40.6] 13.62 3.83 5.42 6[99.4]x17[185.3] 14.89 2.87 9.26
5[69.91x17[41.7] 14.35 4.09 4.61 6[28.4]x20[187.5] 17.38 4.17 8.1
5[2.4]x20[18.9] 3.48 1.6 4.61 6[44.0]x22[34.3] 9.55 3.36 8.68
5[47.4]x22[11.3] 6.23 2.39 4.61 7(8.91x9[155.8] 10.51 3.33 8.47
5[55.5]%24[16.3] 5.25 1.5 4.61 7[146.9]1x17[217.5] 2.4 1.67 7.28
6[18.4]x6[35.9] 2.19 1.1 5.42 7[159.2]%x20[24.5] 7.13 2.74 7.28
6[16.3]x7[41.4] 12.6 3.44 5.42 7(84.4]x22[43.4] 8.9 291 7.28
6[45.4]x9[85.2] 16.19 1.99 11.71 9[157.91x9[180.3] 20.72 4.85 8.1
6[31.1]x17[27.3] 12.46 3.08 7.83 9[180.3]x17[242.4] 4.67 2.3 7.28
6[49.3]%x20[64.7] 17.62 4.45 5.33 9[110.3]%x20[6.4] 18.6 4.06 9.21
6[14.2]x22[51.5] 15.55 3.25 5.88 9[186.4]%x22[9.0] 12.36 3.45 8.1
6[0.0]x24[32.4] 8.31 3.03 4.61 17[85.7]x17[191.6] 13.07 6.28 7.9
7[51.71x9[67.6] 8.47 3.21 6.36 17[2.0]%x20[17.4] 14.28 2.55 7.28
7[40.3]%x20[12.6] 2.74 1.61 4.61 17[219.6]x22[2.3] 9.42 2.96 7.28
7[40.0]x22[47.5] 7.65 1.24 5.42 20[125.4]%20[165.5] 14.09 7.05 8.1
9[9.11x9[63.9] 3.44 291 4.61 20[189.5]x22[25.7] 22.26 4.95 7.28
9[4.6]x17[46.4] 2.3 1.45 4.61
9[65.2]%x20[16.8] 11.33 3.43 7.7
9[72.0]%22[46.7] 10.43 2.64 6.03
9[40.6]x24[27.5] 8.51 2.13 5.42
17[1.2]%x20[16.8] 4.33 1.34 4.61
17[16.9]x22[50.7] 7.57 3.22 5.42
20[6.3]x22[46.7] 9.99 3.54 5.79
22[32.2]x22[43.7] 3.42 3.03 5.42
22[19.3]x24[25.2] 13.33 3.61 7.76
MD  5[89.2]x5[126.7] 20.01 6.93 8.32 MDD  6[45.4]x6[92.5] 4.69 2.35 6.92
5[12.1]1%6[0.0] 5.38 1.07 6.37 6[11.9]x7[140.5] 10.08 3.37 6.92
5[118.2]x7[123.1] 4.34 0.86 6.37 6[26.4]x9[149.3] 22.05 1.46 12
5[135.4]x9[133.2] 13.5 3 6.37 6[31.1]x17[27.7] 17.78 2.19 8.75
5[16.11x17[77.6] 6.92 2.86 6.37 6[53.4]x20[11.8] 4.61 2.17 6.92
5[12.1]x20[57.4] 5.58 0.81 6.37 6[69.7]x22[50.2] 11.41 3.32 7.32
5[8.1]x22[32.7] 4.09 2.05 7.18 6[16.0]x24[50.6] 15.34 4.23 7.73
6[32.6]x6[81.3] 9.03 1.1 7.1 7[62.1]x9[90.7] 10.11 3.07 8.03
6[12.6]x7[62.8] 10.73 3.12 7.18 7(34.2]x17[215.6] 3.16 1.92 7.73
6[56.0]1x9[131.1] 14.34 2.25 12.15 7[158.9]1x22[78.5] 4.08 1.18 6.92
6[90.0]x17[102.5] 14.96 2.27 8.36 9[131.6]x9[151.3] 7.62 2.06 6.92
6[21.3]%x20[24.3] 491 2.43 6.37 9[0.0]x17[158.8] 9.38 3.17 6.92
6[25.6]%22[65.3] 13.01 3.88 7.18 9[84.6]x20[50.6] 12.75 4.03 8.52
(f¥%% to be continued)
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(823 5 Tab. 5 continued)

vl posiion NPT posiion s SO
ap (LG[Dis]) heritability offect map (LG[Dis]) heritability offect
6[8.2]x24[33.9] 9.11 3.03 6.37 9[122.1]x22[2.3] 11.8 3.76 7.94
7[8.4]x9[108.7] 15.05 4.16 8.02 9[64.2]x24[0.0] 14.98 3.45 6.92
7[34.3]x17[47.6] 3.7 1.37 6.37 17[12.8]x17[125.1] 17.72 6.99 8.1
7[58.8]%20[65.2] 8.93 3.14 7.18 17[184.6]x20[14.0] 6.29 1.74 6.92
7[80.9]x22[34.8] 5.4 2.43 6.37 17[140.5]x22[50.2] 14.54 4.44 6.92
9[120.6]x9[137.5] 6.01 2.07 6.37 20[55.1]x22[47.9] 5.49 2.31 7.65
9[8.7]x17[157.8] 771 2.76 6.37 22[4.5]%x24[36.4] 21.09 5.5 8.85
9[108.7]x20[51.0] 26 5.45 8.12
9[139.6]x22[9.1] 13.18 3.43 7.86
9[36.5]x24[14.9] 11.4 3.49 6.37
17[112.7]x17[170.1] 20.76 7.14 7.76
17[159.81%20[58.6] 4.91 2.34 7.18
17[34.9]x22[30.5] 12.51 3.66 6.37
20[47.8]x22[88.0] 13.76 3.58 6.37
22[17.8]x22[95.3] 2.08 2 6.37
22[26.3]x24[41.8] 14.27 4.14 8.64

M, MD 435128 JoinMap #/4 . MapDisto {443 (1) & §%; JDM . MDD 434 8 LA IM, MD &3 3R, 4 DistortedMap 4K {4
FLF IE SR . LG 8T SDL 9w 43 B hRic i 44 ; Dis At fL e .

Note: JM and MD are linkage maps with Joinmap 4.0 and MapDisto, respectively; JDM and MDD are linkage maps with DistortedMap based
on JM and MD, respectively. LG, linkage group; SDL, segregation distortion locus; Dis, genetic distance.

2 RECQTL BN A& A 1R, E TR
M QTL & [H L5 B HE 3 | QTL 00 5L | 122
J7 ZEFUUSK LE R g Ge it Al i, B QTL & i
258, PrUA, ARWF5E H MapDisto #4120 57 1E
A=Y SRR VAN 1B R 287 B 05 e 7 S T 3
&K1, % DistortedMap #{A FF- R 55 1E I o3 25
Fric K BAER 7 B ARicfs, AR 43 B An 1o iE 2
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QTL EML, H& 2224 2 M9 A KPR IRAR S 1Y
BTER) QTL, slFIX2er & BLAY QTL 1E= B ik
R ESE QTL, HBA Tt — L W5,

B2, HZBOKT Y —RE, AR EEATT
PEARBE A E 7 B BE T I AL T W1 B B, 4 il e 7
H A R AL A MRS A2 4 ) B8 T7 06 IS
I AT A it — 2 RGERA AT ST

S 30k

[1] Falconer D S, Mackay T F C. Introduction to Quantitative
Genetics[M]. 4th ed. London: Longman, 1996.

[2] Rexroad C E, Y. Palti Y, Gahr S A, et al. A second genera-

tion genetic map for rainbow trout (Oncorhynchus mykiss)[J].

BMC Genet, 2008, 9(1): 74-87.

[3] Castafio-Sanchez C, Fuji K, Ozaki A, et al. A second gene-
ration genetic linkage map of Japanese flounder (Paralich-
thys olivaceus)[J]. BMC Genom, 2010, 11(1): 554-664.

[4] Song W T, Pang R Y, Niu Y Z, et al. Construction of high-
density genetic linkage maps and mapping of growth-related
quantitative trail loci in the Japanese flounder (Paralichthys
olivaceus)[J]. PLoS ONE, 2012, 7(11): e50404.

[5] Wang CM, Bai ZY, He X P, et al. A high-resolution linkage
map for comparative genome analysis and QTL fine map-
ping in Asian seabass, Lates calcarifer[J]. BMC Genom,
2011, 12(1): 1-18.

[6] Lien S, Gidskehaug L, Moen T, et al. A dense SNP-based
linkage map for Atlantic salmon (Salmo salar) reveals
extended chromosome homeologies and striking differences
in sex-specific recombination patterns[J]. BMC Genom,
2011, 12(1): 615-624.

[7] Ninwichian P, Peatman E, Hong L, et al. Second-generation
genetic linkage map of catfish and its integration with the
BAC-based physical map[J]. G3-Genes Genom Genet, 2012,
2(10): 1233-1241.

[8] Guyon R, Rakotomanga M, Azzouzi N, et al. A high- resolu-
tion map of the Nile tilapia genome: a resource for studying
cichlids and other percomorphs[J]. BMC Genom, 2012,
13(1): 1-17.

[9] Sun X W, Liu DY, Zhang X F, et al. SLAF-seq: an efficient
method of large-scale de novo SNP discovery and gen-
otyping using high-throughput sequencing[J]. PLoS ONE,
2013, 8(3): €58700.

[10] Song W T,LiY Z, Zhao Y W, et al. Construction of a high-
density microsatellite genetic linkage map and mapping of
sexual and growth-related traits in half-smooth tongue sole
(Cynoglossus semilaevis)[J]. PLoS ONE, 2013, 8(5): €52097.

[11] LiuY, LiuY X, Liu Y L, et al. Constructing a genetic link-

[12]

[13]

[14]

[15]

[16]

(17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

age map and mapping quantitative trait loci for skeletal traits
in Japanese flounder[J]. Biologia, 2013, 68(6): 1221-1228.
Massault C, Hellemans B, Louro B, et al. QTL for body
weight, morphometric traits and stress response in European
sea bass Dicentrarchus labrax[J]. Anim Genet, 2010, 41(4):
337-345.

Niu Y Z, Liao X L, Song W T, et al. Genetic mapping and
QTLs analysis of growth traits in olive flounder (Par-
alichthys olivaceus)[J]. Journal of Fisheries of China, 2012,
36(11): 1640-1649. [4-425%, B/, R0, 5. it
FEAEIR B A KPR QTL SBAL[)]. K224k, 2012, 36(11):
1640-1649.]

Cui Y, Wang H W, Qiu X M, et al. Bayesian analysis for
genetic architectures of body weights and morphological
traits using distorted markers in Japanese flounder Parali-
chthys olivaceus[J]. Mar Biotechnol, 2015, 17(6): 693—702.
Guo X, Li Q, Wang Q Z, et al. Genetic mapping and QTL
analysis of growth-related traits in the Pacific oyster[J]. Mar
Biotechnol, 2012, 14(2): 218-226.

Ozaki A, Sakamoto T, Khoo S, et al. Quantitative trait loci
(QTLs) associated with resistance susceptibility to infectious
pancreatic necrosis virus (IPNV) in rainbow trout (Oncor-
hynchus mykiss)[J]. Mol Genet Genom, 2001, 265(1): 23-31.
Fuji K, Kobayashi K, Hasegawa O, et al. Identification of a
single major genetic locus controlling the resistance to lym-
phocystis disease in Japanese flounder (Paralichthys oliva-
ceus)[J]. Aquaculture, 2006, 254(1-4): 203-210.

Akiyuki O, Hiroyuki O, Toshiyuki Y, et al. Linkage analysis
of resistance to Streptococcus iniae infection in Japanese
flounder (Paralichthys olivaceus)[J]. Aquaculture, 2010, 308
(S1): S62-S67.

Wang L, Fan C X, Liu Y, et al. A genome scan for qua-
ntitative trait loci associated with Vibrio anguillarum infec-
tion resistance in Japanese flounder (Paralichthys olivaceus)
by Bulked Segregant Analysis[J]. Mar Biotechnol, 2014,
16(5): 513-521.

Cnaani A, Hallerman E M, Ron M, et al. Detection of a
chromosomal region with two quantitative trait loci affecting
cold tolerance and fish size in an F tilapia hybrid[J]. Aqua-
culture, 2003, 223(1-4): 117-128.

Xu S. Quantitative trait locus mapping can benefit from seg-
regation distortion[J]. Genetics, 2008, 180(4): 2201-2208.
Hackett C, Broadfoot L. Effects of genotyping errors, miss-
ing values and segregation distortion in molecular marker
data on the construction of linkage maps[J]. Heredity, 2003,
90(1): 33-38.

Lorieux M. MapDisto: fast and efficient computation of gen-
etic linkage maps[J]. Mol Breed, 2012, 30(2): 1231-1235.
Xie S Q, Geng Q C, Zhang Y M. DistortedMap: A software
package for linkage group correction and quantitative trait
locus mapping in distorted segregation populations[J]. Jou-
rnal of Nanjing Agricultural University, 2014, 37(5): 13-18.
[0 V8, BKE A, B oCH. 43 B T A4 I 491 151 9 IE R
QTL ENi 4L DistortedMap FUBIFHI[T]. g HTAL K2
2F4Rk, 2014, 37(5): 13-18.]

Xie S Q, Wen J, Zhang Y M. Multi-QTL mapping for quan-
titative traits using epistatic distorted markers[J]. PLoS ONE,
2013, 8(7): e68510.

Zhu C S, Wang C M, Zhang Y M. Modeling segregation



448 K 7 R %24 %

distortion for viability selection 1. Reconstruction of linkage A ReE R, 2011.]
maps with distorted markers[J]. Theor Appl Genet, 2007, [30] Héleéne G, Pascale L R. Power of three multitrait methods for
114(2): 295-305. QTL detection in crossbred populations[J]. Genet Sel Evol,

[27] Zhu C S, Wang F H, Wang J F, et al. Reconstruction of 2004, 36(3): 347-361.
linkage maps in the distorted segregation populations of [31] Yi N J, Yandell B S, Churchill G A, et al. Bayesian model
backcross, doubled haploid and recombinant inbred lines[J]. selection for genome-wide epistatic quantitative trait loci
Chin Sci Bull, 2007, 52(12): 1648-1653. analysis[J]. Genetics, 2005, 170(3): 1333—-1344.

[28] WenJ, Can V T, Zhang Y M. Multi-QTL mapping for quan- [32] Kao C H, Zeng Z B. Modeling epistasis of quantitative trait
titative traits using distorted markers[J]. Mol Breeding, 2013, loci using Cockerham’s model[J]. Genetics, 2002, 160:
31(2): 395-404. 1243-1261.

[29] Wang B H. Multivariate Statistical Analysis and Modeling [33] Yandell B S, Mehta T, Banerjee S, et al. R/qtlbim: QTL with
for R Language[M]. Guangzhou: Ji’nan University Press, Bayesian interval mapping in experimental crosses[J]. Bio-
2011, [Fk4s. ZICGEI TR R G H H#EM]. T M % informatics, 2007, 23(5): 641-643.

Mapping QTLs for principle components of growth traits using dis-
torted markersin Japanese flounder Paralichthys olivaceus

LI Ning"? ZHANG Liyi*’, LI Ting"?, LI Yanhong"?, LIU Haijin?, YANG Runqing’

1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory of Aquatic Genomics, Ministry of Agriculture; Chinese Academy of Fishery Science, Beijing
100141, China;

3. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China

Abstract: For this study, a double haploid population of Japanese flounder Paralichthys olivaceus was produced
using mitotic gynogenetics. Body weight and 7 morphological traits (i.e., total length, dorsal-fin length, pelvic-fin
length, body height, caudal peduncle width, head width and trunk length) were measured. After normalizing the
measures, we acquired a data set that could explain 90.4% of these principal-component analysis traits (PPCTs),
and accordingly we denoted these PPCTs. Next, by modifying conditional probabilities of quantitative trait loci
(QTL) genotypes on the distorted flanking markers, Bayesian model selection was used to dissect the genetic arc-
hitecture of the PPCTs with four genetic linkage maps, created with the software JoinMap4, MapDisto, JoinMap-
DistortedMap and MapDisto-DistortedMap. The different methods used to construct the genetic maps and QTL
mapping of the PPCTs produced variable results. Comparing the map produced with JoinMap4, the relative posi-
tions and the genetic map distances of the partial separation markers differed from the map produced with Map-
Disto. Furthermore, five separation markers were not located at the corresponding linkage groups. Comparing the
maps based on JoinMap 4 and MapDisto and after correction by DistortedMap, the positions were not changed, but
the genetic map distances of the partial separation markers were changed. In the overall maps, three additive- ef-
fect QTL were detected in linkage groups 6, 9 and 22, of which a negative effect could account for 12.95%,
14.85%, 11.56% and 11.76% in linkage group 6; a negative effect could account for 13.86%, 13.27%, 11.17% and
11.25% in linkage group 9; and a positive effect could account for 5.68%, 4.36%, 4.97% and 3.58% in linkage
group 22. At the same time, 28, 19, 29 and 20 pairs of additive-additive interactions were identified, mainly distri-
buted in linkage groups 6, 7, 9, 17, 20 and 22, and these interactions could account for approximately 2.19%—
17.62%, 2.40%-22.26%, 2.08%—26.0%, and 3.16%-22.05% of the variance in the PPCTs, respectively. We believe
that the results of QTL mapping were more accurate in the linkage map using DistortedMap based on JoinMap4.
Key words: Paralichthys olivaceus; Bayesian model selection; distorted segregation; additive QTL; epistasis QTL;
MapDisto; DistortedMap
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