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FZE: A 174 4> SSR 41 A EST 345 /> SNP AR 10 4t DL 5% 42 B A Ja (X o # X B RT3 & o 42 58
F 28kt 68 M AR 34T B F A A I, 32 f| JoinMap 4. 0 £k 4 & 4 72 3% 1 & 4 Bl . Al A
MapQTL 5.0 [X J& 4 & 3 (interval mapping, IM) ## % QTL K [ & fi 3% ( MQM mapping,
MQM) # 47 QTL 4l , # i E 3% 525 (1 000 R EZ ) # 2 E A B FHEA T HME, £ 5K
Bk K VAR XEEAMAE, RN E 6 NG RE MR A X H QTLs X 5, 44 &£ LGl
( SNP1339-SNP1490 ) . LG10 ( HLJE469-SNP1491 ) . LG12 ( SNP0922-HLJ1316 ). LG13
(SNP0937-HLIJ328) \LG25 ( SNP1041-HLJ594 ) \LG35 ( SNP1425-SNP0389 ) £ 6 4> 3% 4 # I,
M RA A B E N 20.0% ~43.3% , &, SNP1339-SNP1490 X i) LOD {4 % & % 3. 64,
BRALT F35.4%, 6 4~ 5 3 K 4 # B QTLs, 4 # £ LGl ( SNP1339-SNP1490 ) . LG12
(HLJO71-HLJ336 ) . LG13 ( SNP0937-HLJ328 ) . LG24 ( SNP1359-SNP0586 ) . LG24 ( SNP1016-
SNP0326) \LG25( HLJ382-HLJ348) % 5 3% 4 # L, 2 # LG24 ( SNP1359-SNP0586 ) fif # %
AR ik B 50.2% . 4 2| 10 A 5 4Kk F A % By QTLs, 447 #£ LG1 .LG8 LG9 ,LG10 ,LG12
LG34 \LG35 LG38 \LG41 £ 9 N 4% b, B R A% R iEE & 16.1% ~68.8% ,* # LG38
(HLJ1331-HLJ487) #1 LG41 ( HLI688-HLIEG ) f % % % 48 & 7 7l 3k 5| 60. 8% Fn 68.8% , & 1k
Bk #y £ QTLs X [A]

KEWR: #; KK, K, hE; ZERREL

FERES: S 917

(PSR G 28 IR 7/ N i B e 2 s R A
PR SR 6 i B P L S R E
B AR A B % % B A R QTL & (58
s T ZFse T, Sun 2 ik SR 1
( Cyprinus carpio ) 1 #1 [& 8 ( C. pellegrini
pellegrini Tchang ) 58— By Hrp 1 4> M1 >
A1 A6 A BB IR IR G VR hy i 35t % i BT 1 5K
% , Ml MAP Manager #{F4E 272 4~ F5ic (105
A~ EST 110 Mg A2 57 4~ RAPD) 43 it £ 50 4~
WAL BURE, I e 3 4 A 55 A IR AH OC Y
RAPD Fiict s f M * 45 R FH Sk L 5 A 4 21 6L
FEh RS ) B MEAZ R REAR, A 183 A4

IR A :2010-07-16 &5 H#3:2010-08-26
HEBR K250 T8 MR R A E S 5 1% FH (200903045 )

X ERARIRAD : A

TACTL AR TR A e A2 S AT 33, O o i
PRIEAT T QTL 7 (L RIS A% SR AT 5 X 4R 2L 45
1265 4~ AFLP #5ic 127 T2 RS 37 A4
EST-SSR #7iC Fl 16 4~ RAPD F5iC % Ak i/ fif
FUZT B T TE i 2R 1 By WAL T RIS 10 Sk LR
Ao MRTEIBE AREE AR BEAT T AL, SRENA R F 2%
X 18],

A e I ) R B T L R A
TEEAL A BT 1% AR SR QTL & o2 25 J7 T F) AF
FEMGEED o R IRIR S K =R RO AR AR
RO H 2SR, AT L SSR (EST \SNP3 Ff
PR IC T B R R AR S OV HLACREA T B B /Y
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258 By BEIR ) 68 A B 3k R 4 HEAT 14, 1
ST 5 P AR Y B AL S B, IR XA R A
IESOSSERITE § e 2 R AU IR (R IE A
QTL EAL, K EN /B A s AR Sk R AR
R, S AR AR R 3 AR A
WFFE AR BT T A PSR BEE T 24

1 BPRE A

1.1 R5a4r#

SR T A B SRR SR T R VLA WF ST BT R
TR, A8 A B AR Ry A 52 B AR, AHLAC
B}y R0 58 % O R 01 R A AR Y
JEAR, SR TR A AR aC A I 3t 4% 22 S, AT I
4T 35 MR R LBAKA 35 NFRIE
BIRFRREA, WAL T 1Y 2 8 AL
b N 5 GR35 e R STl R L S N % S T £
250. 64, 17 AL R AL 68 AN, 6 A JE il
s IRJE kK
1.2 MRFAE

AAVERG EE YA A R
JIER ARG EE R 0. 02 2K BilEbn - RBEA T
S ARTEE P R A3 AR AR A T
B, W Y BAAORT G - A Dy i A B e A ) T
PR s Sl B Wi 28 608 55 5 4 0 B 5 K
T Ry A A A Y R R IR S

A A M F] A PCR ( polymerase chain
reaction ) 4" 14 Jy X AR S 1), FEAACHEA T AR PR A
i, Sk A (1) BAFER K174
MU TLEFRICH 41 4> EST fricd, (2) 252 A
i cDNA HJF & 1Y 345 4~ SNP fRic. 51#14
A AR AR A BRA WA . PCR SN A
FHN 15 L, Hr 445 1 U Tag DNA 5 i

(Sangon) .1 x PCR Buffer(10 mmol/L Tris-HCI,
50 mmol/L KCI,2. 0 mmol/L MgCl,,and 0. 01%
gelatin,pH 8. 3) . dNTPs 4% 200 mmol/L, | T it
5414 0.1 mmol/L 100 ng ity DNA, PCR
JSERRIF g 94 T HiAE P 3 min;94 CAEHE 30 s,
1B KR 48 ~64 C 30 5,72 CHE{H 30 s, 3L 25 4~
¥R ;72 “CHEAR 5 min, 3737424 8% J P I Tk
R I FEL UK FIER T i A T AR S5 PR RGN

H 4 % A QTL & 4 J GEL-
PRO' S F AT HAR SE T, e AR R A A
Z I AT G w8 R B Ry 7> ThRic, g
JE B R JoinMap 4. 01" B AFR A, 43 TARic
2 AR B HE A 7 I, 0. 4 A Dy de R EE A
{E,LOD fi KT 3 #44i% Biff , Kosambi J5 455
AEIEE (eM) . QTL 43 #72% F MapQTL 5. 0" i
7, 56147 Kruskal-Wallis (K-W ) 55, 4R J5 % AT
AEAF 76 QTL 1y X [] i 17 IX [A] #f & ( Interval
mapping, IM) 1 £ QTL 1 & (MQM mapping,
MQM) 437 , i van Ooijen 45 i 1 Jy i ik
FERH F (cofactor) , L1 2.5 Jy QTL f£7E 5 & 1Y
LOD [ fH, Jf i o &% 8 o 47 & e kS D
( permutation test) ,#fi & QTL A ELSEME

2 iR

2.1 5. IR MEEMNEER

A SPSS 13. 0 BRAF AR R KR 3
TR A B AR e /IMEL P P4 (B A o 22 1A
K — SHAEEAIES A KR, L P >0. 0524 & 74T
FIESAT R BETEBIE. 4595R MK 1 Prs. &
kA RJEE 3 R R (E A K - S K5
) P AEA3 519 0.069 0. 107 0. 67245k F 0. 05,3
AR I (AT G IR0

®1 5K EEERUEEE
Tab.1 Measurement range of body height,head length and body thickness

PEIR B KAE (cm) e /ME (em) SEBIE (em) p
traits max mean + SD
1A% body height 9.71 6.54 8.22 +0.63 0.069
3.4 head length 6.34 4.33 5.34 +0.41 0.107
4J5 body thickness 5.28 3.38 4.22 +0.36 0.672

2.2 EFEIEREE

>R JoinMap 4. 0 F4 st L BiAl , I 560
APRIC K AR E B, A AE 174 4> SSR FRic 41 A4
EST Fric #l 345 4> SNP $Ric, 34 7i 50 > 4 fif

b BOREBUE AL 60 MRIC, -2 fE4~ i Bl
HEA 11,2 MARIC, BIREE KN 3 295. 92 M, iy
KIEBHEAY AR 198. 1 M, f/h B 1.5
M, ARICHEPFEE B 7. 21 M, 41 4> EST FRid
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1M ArBCAE 25 AN ISR E, FEACHE £ QTL 434
e 2L
2.3 QTL REEMLR

FEXTAAR R ShAS AR A DX ] o7, A 2
6 5 1 i AR AH 5G9 QTLs X [, 43 4ii 7£ LG1
( SNP1339-SNP1490 ) . LG10 ( HLJE469-SNP1491 )
LG12 ( SNP0922-HLJ1316 ). LG13 ( SNP0937-
HLJ328 ), LG25 ( SNP1041-HLJ594 )., LG35
(SNP1425-SNP0389) 45 6 M i (% 2, K1),
fif e R A AS S [ Ry 20. 0% ~43.3% , Hor,
SNP1339-SNP1490 [X_[i] LOD {f fz kN 3. 64, fi%
BERAAR ST 35. 4% 45 DX (AR, 77 1] Ff A —
3, LG10 ( HLIE469-SNP1491 ) Jiit 4 %4 o7 Sk 1]
HANEM . 6 A~5KKAHKEH QTLs, 43 1i 78
LGl ( SNP1339-SNP1490 ). LGI2 ( HLJO71-
HLJ336 ) . LGI3 ( SNP0937-HLJ328 ). LG24
( SNPI1359-SNP0586 ). LG24 ( SNP1016-

SNP0326) \LG25 ( HLJ382-HLI348 ) %5 5 % &
F(FE2,E2), H, LG24 ( SNP1359-SNP0586 ) fiff
FEIAE KT 50. 2% , LG ( SNP1339-SNP1490 ) fii:
BRI, KN LG1(SNP1339-SNP1490) LG8
( HLJ423-SNP1268 ) . LG9 ( HLJ020-HLJ474 ) . LG10
( HLJEA69-SNP1491 ) . LG12 ( HLJ1316 ) . LG34
( SNP0594-SNP0902 ) . LG35 ( HLJ429-HLJ322 ) .
LG38(HLJ1331-HLJ487) .LG41 ( HLJ633-HLJEG6 )
%510 S5 REASCH QTLs, S 7E 9 > 7% i HF
F(FR2,E 3), R RA A RIEEE 16.1% ~
68.8% , H:vf LG38 ( HLI1331-HLJ487 ) 1 LG41
(HLJ683-HLIEG ) fiff fs 32 A48 5 45 Wil 35 5] 60. 8%
1 68. 8%, LG9 ( HLJO29-SNP0264 ) . LG35
(HLJ429-HLJ322) JinPE &L Ay f ). & 4 & 5,
6 3 e kR ARJE 3 A PERAE I QTLs
PLRAEIEBRE b oA (B B Eaigsr) o

®2 QTL &5 # 45 R M & fE b il it
Tab.2 Analysis of QTL and estimation of genetic effects

6N i BlRF AEIESE L B9 B (M) FRiC X ] Pl dma it RERMAE (% )
traits linkage group location marker interval additive effect explain variation

ks LGI 49.849 ~54.170 SNP1339-SNP1490 0.22 35.4
body height LG10 0.000 ~11.000 HLJEA69-SNP1491 ~0.07 24.7
LGI2 11.069 ~13. 069 SNP0922-HLI1316 0. 04 20.0
LGI3 90. 650 ~ 109. 256 SNP0937-HLJ328 0.06 29.6
LG25 22.935 SNP1041-HLJ594 0.04 20.7
LG35 52.477 ~66. 487 SNP1425-SNP0389 0.28 43.3
Sk LG1 49.849 ~54.170 SNP1339-SNP1490 -0.07 30.1
head length LG12 91.745 ~99.100 HLJ071-HLI336 0.05 23.8
LGI3 90. 650 ~109. 256 SNP0937-HLJ328 0.25 40.0
LG24 61.546 ~69. 546 SNP1359-SNP0586 0.28 50.2
LG24 111.555 ~122.028 SNP1016-SNP0326 0.04 23.1
LG25 89.702 ~90. 702 HLI382-HLI348 0.26 41.7
A JE LG1 49.849 ~54.170 SNP1339-SNP1490 0.06 33.2
body thickness LG8 19. 608 ~29. 608 HLJ423-SNP1268 0.32 55.5
LG9 0.000 ~9. 000 HLJ029-SNP0264 -0.32 55.7
LG9 40.414 ~47.414 SNP0264-HLJA74 0.07 33.6
LG10 31.961 ~56.175 HLJEA69-SNP1491 0.01 16.1
LGI12 16.015 HLJ1316-HLI639 0.03 21.1
LG34 0.000 ~4. 000 SNP0594-SNP0902 0.06 30.1
LG35 10.000 ~16. 000 HLJ429-HLI322 -0.03 21.2
LG38 28.000 ~30. 000 HLJ1331-HL1487 0.27 60.8
LG41 69.299 ~95.299 HLJ688-HLJEG6 0.29 68.8
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Fig.1 LOD curves for evidence of body height’s QTL

The X-axis indicates the position of marker,and the Y-axis represents the LOD to 2. 5.
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The X-axis indicates the position of marker,and the Y-axis represents the LOD to 2. 5.
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3 e AR KA AT ARIC A A HERE , T GIBs likE:
. Az AT 2 40007 L B S BRI 4
3.1 EHIEIEMEE BRI foff P it S HR A5 B R 2 b g RO A2 8, A
ARWFFE VR SE /R AERIER, T HE/ER LA, JoinMap 19 L # il 75 T & 2

PR e ST S RS R R AL
JEZR A A HE R —AE T . PR SRR T L
BB 22 04 2 5 MEARIT , Fric B e B R 4 %
PRIC B B T LA B & i K, A F T QTL W&
fiio S TRRCEE I EA M) 12 JER M R
il 2SR A ML AR ] PCR 748 5
AT (SSR) (K IAFFSIFRZE (BST) B
R Z A1 (SNP) 25 3 Bl WL AR T 278, )
JoinMap %5 {5 4 42 6 1435 % 326 B0 33 , R T
TR AL B E R R/ME R S B

PR S AR AR K P 5 . TR DR
TS A2 0 B AR T PR 2 B AUR K BV 7T DA
Bk L SR P AR BIRARL %) R 4545 3] 42 Jay S LA , 45 R
A %E . Sun 25 A A — (UL R £
& 262 4RI, A SSLP ARic A AR 1E 50 1~ i
BUEE b, SVEIEE 5 789 M, B K% BiHE349 cM,
B R A L AFLP g 3 BEARC R A B0 ik A4
HESE S B A 246 NERIE S TE 50 AN IEBTE L,
MR 2 786. 64 M, 5 FEBRE 437. 46 M,
/NEFE 2,01 oM, FRic AP FE 25 14. 68 <M, K3
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Fig.4 Mapping of QTLs associated with body height traits in common carp
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BIHE % 66.56% AR JoinMap 1 f 44 1
(it fL 1% 5 A 174 4> SSR #rid .41 4> EST #x
L 345 A4~ SNP Fricd $kit 560 AMRic, 43 A 7E 50
ANEEBURE o ROOEBREL S 60 MR, 1B
AEBREA 11. 2 MR, EE SR N 3 295. 92
M, EIEA #5580 76. 26 % |, It i BRI I B R
198.1 cM, Fi /MR 1. 5 M, BRic ] - 2 [i]
FE2 7.21 cM,41 4> EST #ric 537l 3 BL7E 25 4
HEPURE b o QTL 3 B 23R 35t 1% 18] 1% AN A 2 1 []
— WA [F] 5K A R ) 2R AT He A, T L 24
ARV RI AL AT L A B DR 2R A T 3l 2 5K 813
MY AL 4E EST 45 1 BUFRIC, i 224 Flbr 10 AH 45
A R R ROV E R E O A LR TR AR
[ FI R 2 ] 1Y) LU AL 45, 71571 SNP (EST %
FrRicHg bR ic % FE ; 1% SR BN 2 55 TiZ R W 14
ARG O R R BGBE E R w . 5 DUENEA
SEHLR ' AR SOk A 0 S 1 R 2
R PRI B AT AR L B B, A g [l T B
N, [ . QTL 3B A REA T 22
3.2 QTLs Xy EFHE

TECA R B PEIR QTL & (5 77 1, 14
AR 3 i 8 08 43 B ac R o — 1 TR AR
i EARAT—Fh 4> T FR A0 TE 5 R 2 N 43 A
TR A, Rk, AW LE A T OSSR,
EST-SSR .SNP ZF /3 FHric , i/ Fhrmic /R i £
b S S ) e £ A, AT B e T T R

ABEFE Al MapQTL 5. 0+ #y [X. (8] £ P %
(interval mapping ,IM) i) QTLs, [X. &) f: [ 32: A
A LA 47 AL BE N S IX ] HE W QTL 1% 7] R iz
B AR IR IO % B R AE A e (B AR ] R G A &R
QTL, Ui — & e fafk I HA —4 QTL, ] QTL
V87 RSO Ay T8 T ¥ 2 DG O s QT Az il Jr
A ARBOR K. 2 IM L AEFEAS /2 : QTL [u]
D00 Ay [ 2880 5 T 1k Al B 5 PR 28 55 AR 455 ) 1)
HAE(QxE) , Joik kil & Z% iyt A% 8800 (40 E Az
RUOBEAE) 5 4 AHSE QTLs AHER B I, i T HAE K
K EE A w5, QTLs [a)] A & T #8525 L Ghost
QTL ; — W HN A b il AT A, 3808 AR
N SR BB A2, A BIE 55t DX T AR T A ) 3]
QTLs, /1] MapQTL 5. 0 H1f#) £ QTL [X [i] & fii
(MQM mapping) , LA P =0.05 Zy & 2 14 15 {ELAG 1)
QTLs, 3383747 1 000 ¥R & #46 ( permutation
test) i € QTL PRI

T SR IRE SRR MR, B s IR B R
b TF AR S 8 B R A Y QT Ls
DX [R) RN AN A ], 72 R — & B i P,
FAY QTLs [X ARk A — 3. AHFsE HRH
T —ABEAR, FER— B T3R5 0 A H AN Y
WA B, bR TR RS TR A B b B
KPR , AR 0 A 2 ATk S 1 O
W R R R R 2 — R LR T
QTLs AR 2% . AR4E LA I 458 A ge 45 R 5
AEIHE, BT LIAVE B BRI 2%,
3.3 #E. K EEMERE QTL EfL

SRASCIRVERE " A Ao AT G 850 R A 0 4T 8 45 9
NS Bl N0 G L T AR AR N VN T
SFEMIPRIC , R TR R Sk BT ) 4T 08 A% K
H RS o 20 [l B 5 A AR MR A 5 A
PRI, (HX SR ICAEAR ST h S8 R AR B 1
Ji R AT B A A3 BT AR AR 1) 2 S5 0 b ARG DUy 2 AR
TS, 72 KRS &0 R QTL & 1 iF 5% i /%
H 2o B B R R 114 2 2 SR 1 20% 1Y
QTL X [a] Ak i F 8% QTL X ], ASHF 5% 45
Hrh LG35 ( SNP1425-SNP0389 ) 5 {A &5 MR A 5
FAEX, R R R AR SR B 43. 3% , N2 AR =
PR R K] o XULRET S 70 IS A F 2T
fiEMfERZ & BRI QTL & (i oe rh AL 2] 5 4~ 5
SARMEARAR Y QTL, 43 51 2 o7 - 8 322 43 151 33 11
LG2 .LG3 LG40 fl LG4 |-, ki LOD {H 2k 7. 94,
A fE R R AR 76 11. 5% ~34.9% . 5 I 53kK
PERFISEAY QTL I Esn; (¥ R fifd. AHFgE &
6 45k KA XM QTLs, 43 i 4 LGI
( SNP1339-SNP1490) \LG12 ( HLJ071-HLJ336) ,LG13
( SNP0937-HLJ328 ) . LG24 ( SNP1359-SNP0586 ) .
LG24 ( SNP1016-SNP0326 ) , LG25 ( HLI382-HLI348 )
G5 ANEPRE L, R R AR U 23.1% ~
50.2% | JIERON J5 [ AA—3, Hoo LG13 ( SNP0937-
HLJ328 ). LG24 ( SNPI359-SNP0586 ). LG25
(HLJ382-HLI348 ) i 1 42 1 A5 5543 31| K 40. 0% |
50.2% \A1. 7% , JIERON 348 1F 1], 258 e 3k 4K
PR 1 20X ], 45 X R 2T 45 45 AR L, A F
FEHRAS 3L K QTLs X [A] B (5 5/, 51k
JEE R B3 AH OC ) 10 4> QTLs [X i) 1, LG8
( HLJ423-SNP1268 ) . LG9 ( HLJ029-SNP0264 ) .
LG38( HLJ1331-HLJ487) .LGA1 ( HLJ688-HLIJE6 )
f R 2 AR 5243 ) 55. 5% .55. 7% .60. 8% .
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34 3%

68.8% , BTRRFAM = , IR RN 7 10 AN — 3K, &5
M A JEE AR P T2 IR ) A PG £ 48 T B P bk
WESE R R B, 5 DT A s S MR S A i
Bif QTL X [a] I 35 W FE B4 9. 2 oM, I H¥%
X R vE e DL A PR A B . AT
FERAR I JLA QTL X (B 4235 8/ F 10 <M 1)
LGl ( SNPI339-SNP1490 ). LG9 ( HLJ029-
SNP0264 ) . LG9 ( SNP0264-HLJ474 ). LGI2
(HLJ1316-HLJ639) ,LG12 ( SNP0922-HLJ1316 ) |
LG12 ( HLJO71-HLJ33 ). LG24 ( SNP1359-
SNP0586 ) . LG25 ( HLJ382-HLJ348 ). LG25
( SNP1041-HLJ594) .LG34 ( SNP0594-SNP0902 )
LG35 ( HLJ429-HLJ322 ). LG38 ( HLI1331-
HLJ487) % 12 A4~ [X [i] AT LA B8 F T B v BE 1)
WA FF 5% ; Hh LG1 ( SNP1339-SNP1490) )
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Mapping and genetic effect analysis of quantitative trait loci related to head
length , body height, and body thickness of common carp( Cyprinus carpio L. )

WANG Xuan-peng'*, ZHANG Xiao-feng', ZHANG Tian-gi'”, LI Wen-sheng'?, SUN Xiao-wen'"
(1. Heilongjiang Fisheries Research Institute ,Chinese Academy of Fishery Sciences ,Harbin 150070, China;
2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306, China ;
3. College of Aqua-life Science and Technology ,Dalian Ocean University ,Dalian 116023 , China )

Abstract: A group of F, hybrids common carp including 68 individuals was used to construct a linkage map
using 560 markers(174 SSR markers,41EST-SSR markers and 345 SNP markers ). Quantitative traits loci
(QTLs) associated with body hieght, head length, body thickness were identified by interval mapping and
MQM Mapping of the software MapQTL5. 0. A linkage group wide permutation test (1 000 replicates )
determined the significance of the maximum LOD value over the various intervals analyzed for each linkage
group. Six QTLs were identified for body height on the linkage groups of LG1 ( SNP1339-SNP1490) ,L.G10
(HLJE469-SNP1491 ) ,LG12 ( SNP0922-HLJ1316) ,LG13 ( SNP0937-HLJ328) ,LG25 ( SNP1041-HLJ594) ,
LG35 ( SNP1425-SNP0389) , which explained 20. 0% to 43. 3% of the total variation of the body height.
The LOD value of SNP1339-SNP1490 is 3. 64, which is the highest and explaining 35. 4% of the total
variation of the body height. Six QTLs were associated with on the linkage groups of LGI ( SNP1339-
SNP1490) , LG12 ( HLJO71-HLJ336 ) , LG13 ( SNP0937-HLJ328 ) , LG24 ( SNP1359-SNP0586 ) , LG24
(SNP1016-SNP0326 ) , LG25 ( HLI382-HLJ348 ) , in which LG24 ( SNP1359-SNP0586 ) explained the total
variation of the head lentgh reaching 50.2% . Ten QTLs were responsible for body thickness on nine linkage
groups explaining 16. 1% and 68. 8% of the total variation of the body thickness respectively, in which
LG38(HLIJ1331-HLJ487 ) and LG41 ( HLJ688-HLJEG ) explaining 60. 8% and 68. 8% of the total variation
of the body thickness respectively. They were major QTLs associated to the body thickness of common carp.
Key words: common carp ( Cyprinus carpio ) ; head length; body height; body thickness; quantitative
trait locus
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