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Abstract: [Objective] A QTL mapping method of multiple traits was proposed based on multivariate
regression with covariance estimation (MRCE) to provide reference for mapping quantitative traits of ani-
mals and plants in practice. [Method] The genetic model by MRCE was constructed for QTL mapping and
validated by three simulations. Genotype and 2 related phenotype values were generated by computer simu-
lation. The data of DH population in rice were selected from qtlnetwork software for first application exam-

ple. The immortalized F, population of rice was generated by random hybridization of a recombinant inbred
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line population (210 lines) from Zhenshan 97 X Minghui 63 for second application example. Then, the two
examples were used to analyze the application of MRCE in QTL mapping analysis on multiple quantitative
traits. [Result] The QTL mapping by MRCE showed that the power of QTL detection increased and the
estimation accuracies increased as the increase of genetic variant effect of variance,absolute value of corre-
lation coefficient of phenotype and QTL heritability. For first application example,8 QTLs were identified
for ph6 traits and 6 QTLs were related to ph8 traits for DH population of rice. For second application ex-
ample,3 QTLs were identified for grains per panicle and 10 QTLs were identified for grain weight by the
data of immortalized F, population of rice in 1998. 3 QTLs were identified for grains per panicle and 6

QTLs were related to grain weight by the data of immortalized F, population of rice in 1999. [Conclusion]

It was feasible to use MRCE for QTL mapping of multiple quantitative traits.

Key words: quantitative trait; QTL mapping; multiple-dependent variables; covariance estimation; re-

gression model
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Table 1 Simulation of QTL mapping with different v values

EES QTL1 QTL2
v Correlation AR (8 it I B fhit e i
coefficient Real value Estimated value Power Real value Estimated value Power
(0.5,0.5) 0.1 0.125 3 0.082 440.018 0 0. 81 0.125 3 0.076 940.016 1 0.73
(0.5,0. 1) 0.1 0.125 3 0.106 540.011 8 0.96 0.055 9 0.040 640.012 1 0.61
(0.5,0.0) 0.1 0.125 3 0.097 640.014 4 0. 94 0.000 0 0.000 040. 000 0 0. 00
(0.5,0.5) 0.5 0.125 3 0.087 240.014 9 0. 85 0.125 3 0.083 1£0.015 4 0.83
(0.5,0. 1) 0.5 0.125 3 0.107 1£0.008 9 0.96 0.055 9 0.037 0£0.010 1 0.63
(0.5,0.0) 0.5 0.125 3 0.100 640.013 4 0.91 0.000 0 0.000 0£0.000 0 0. 00
(0.5,0.5) 0.9 0.125 3 0.106 140.011 5 0. 89 0.125 3 0.104 940.010 0 0. 94
(0.5,0. 1) 0.9 0.125 3 0.111 6+0.007 5 0. 96 0.0559 0.043 840. 006 6 0.72
(0.5,0.0) 0.9 0.125 3 0.106 440.011 4 0.91 0.000 0 0. 000 040. 000 0 0. 00
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Fig. 1 Simulation of QTL mapping based on MRCE for different correlation coefficients and v= (0. 5,0. 5)
F2EY v=1(0.5,0. D #fERN 0. 05,  FAEEHONAE, DRis . o W MRCE #5574 n]
0. 05 B AHC REOF BB 5 mg, NF 2 TN F QTL EAfii.
A A OC R B R, QTLL A1 QTL2 A
F£2 v=00.50 DRAABEXREHBERLT QTL EMHELLER

Table 2 Simulation of QTL mapping with different correlation coefficients and v=(0.5,0. 1)

2B QTLL QTL2
Correlation BN AE fhiiHE s BB e I
coefficient Real value Estimated value Power Real value Estimated value Power
—0.9 0.125 3 0.111 84+0.007 4 0.98 0.055 9 0.042 140. 006 3 0.68
—0.8 0.125 3 0.110 940.007 4 0.98 0.055 9 0.039 84+0.007 8 0.70
—0.7 0.125 3 0.109 1+0.008 5 0.97 0.0559 0. 040 240.009 9 0. 66
—0.6 0.125 3 0.108 240.010 0 0.96 0.055 9 0.039 640.011 3 0. 60
—0.5 0.125 3 0.107 440.011 2 0.97 0.055 9 0.037 840.010 3 0. 60
—0.4 0.125 3 0.107 240.011 3 0.97 0.055 9 0.036 84+0.012 6 0. 66
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L EEX QTL1 QTL2

Correlation BN AH i+ H Rk RN AE 8 Ui

coefficient Real value Estimated value Power Real value Estimated value Power
—0.3 0.125 3 0.106 0+0.011 8 0.95 0.055 9 0.039 040.009 9 0.55
—0.2 0.125 3 0.104 44+0.012 7 0.98 0.055 9 0.040 140.011 4 0.51
—0.1 0.125 3 0.105 04+0.013 6 0.97 0.055 9 0.036 740.010 7 0.58
0.0 0.125 3 0.103 64+0.013 7 0. 95 0.055 9 0.039 6+0.009 8 0.63
0.1 0.125 3 0.106 54+0.011 8 0. 96 0.055 9 0.040 640.012 1 0.61
0.2 0.125 3 0.103 64+0.013 1 0.97 0.055 9 0.037 640.011 1 0.59
0.3 0.125 3 0.106 94+0.010 0 0.93 0.055 9 0.037 14+0.011 6 0.68
0.4 0.125 3 0.107 64+0.010 6 0.97 0.055 9 0.040 340.009 2 0. 60
0.5 0.125 3 0.107 140.008 9 0.96 0.055 9 0.037 040.010 1 0.63
0.6 0.125 3 0.108 34+0.009 1 0.98 0.055 9 0.041 040.010 0 0. 64
0.7 0.125 3 0.108 54+0.009 9 0.97 0.055 9 0.040 740.009 1 0. 64
0.8 0.125 3 0.112 34+0.008 7 0. 95 0.055 9 0.040 440.009 4 0.67
0.9 0.125 3 0.111 64+0.007 5 0.96 0.055 9 0.043 840.006 6 0.72

3.1.3 BHXIE 3 M v=1(0.5,0.5) I iEfE %R
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Table 3 Simulation of QTL mapping for different heritability and v=(0.5,0.5)
% _ QL _ . aiL .

Heritability L QAL e UIps LYIAIN fhiTHE iz

Real value Estimated value Power Real value Estimated value Power
(0.05,0.05) 0.125 3 0.106 14+0.011 5 0. 89 0.125 3 0.104 940.010 0 0.94
(0.05,0.10) 0.125 3 0.107 740.011 2 0.96 0.125 3 0.108 040. 009 5 0.96
(0.05,0.15) 0.125 3 0.111 24+0.007 4 0.95 0.125 3 0.110 140.008 4 1. 00
(0.10,0.05) 0.125 3 0.109 240.009 4 0.92 0.125 3 0.108 940. 008 7 0.99
(0.10,0.10) 0.125 3 0.112 140.007 7 0.98 0.125 3 0.111 940.008 7 1. 00
(0.10,0.15) 0.125 3 0.113 740.007 8 1. 00 0.125 3 0.112 040. 008 3 1. 00
(0.15,0.05) 0.125 3 0.111 04+0.008 6 0.98 0.125 3 0.109 040.008 7 0.98
(0.15,0.10) 0.125 3 0.112 240.009 5 1. 00 0.125 3 0.112 340.009 6 1. 00
(0.15,0.15) 0.125 3 0.112 14+0.009 5 1. 00 0.125 3 0.111 840.009 7 1. 00
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F 4 BT qunetwork Bk %8 DH BEE##E QTL B &R
Table 4 QTL mapping for DH population of rice by qtlnetwork

ph6 PEIR ph6 trait

ph8 PEAR ph8 trait

QTL 6] B Interval QTL 6] B Interval
1~6 MK6—MK?7 1~15 MK15—MK16
1~15 MK15—Mk16 2~12 MK30—MK31
2~12 MK30—MK31 3~20 MK53— MK54
3~20 MK53—MK54

&5 ET MRCE#EKKTE DH BE&EHE QTL ERER

Table 5

QTL mapping for DH population of rice based on MRCE

FE AR [R) 0 B R 2R ] s
Consistent QTL

22 78 A 11 B0 MR R 1R s
More mapped QTL

%5 Number ph6 ph8 %15 Number ph6 ph8
MK6 —0.091 3 0. 000 0 MK18 0.448 8 0.510 6
MK15 0.121 4 0.299 8 MK32 —0.115 6 0.000 0
MK16 0.100 9 0.178 3 MKS52 0.313 5 0.389 8
MK31 —0.097 1 —0.153 5

MK54 0.079 2 0.072 4
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M 5 A LIE . @ MRCE #A81 & 3, 8 4~
Frid MK6, MK15, MK16, MK18, MK31, MK32,
MK52 .MK54 5 ph6 PR 47 . 6 45 id MK15,
MK16 MK18,MK31,MK52 ,MK54 5 ph8 4k 47
x,

HES B AFH .5 qtlnetwork 24 %€ v 1
QTL 45585t 1k, 5T MRCE #2781 % th i dric . 45
6 Mhnic 5 B A —F, LR MK6 X S hRid (L
5 ph6 A X080 B Z MR T 3 ARl 2l
MK18.MK32 . MK52; H X412 5 qtlnetwork %
i QTL 25 £ AHSE . MKI18 5 qtlnetwork #t
52 7 i MK15 — MK16 4148, MK32 5 MK30—
MK31 4B . MK52 5 MK53—MK54 #1485, £ & i
W FRIc v e 5 4B QTL RN (14 52w LA X AE qtl-
network B AL ik % Y 9 E % A OC, i kAT
LT MRCE &A1) QTL 5 £ 5 H qtlnetwork
B 00 5 AL 25 R BEAARLT , i — 2P Ui W] MRCE £ A
BT QTL & A&l 171
3.2.2 mA%A 2 T MRCE ARG H] T+
At G /N T st B bR ie 50 Cp) A B, Bt DL AR BF 5%

T TG bric 5 Mok 2 B H Y 1 Br A OC R 4 B
PR A O 2R OB Ry 5 D32 388 44 b 1 55 0T IO P bR 3 A
B P9 AR OGP R e 2% 328 MR I A G 3 046 X (B 8K
K 200 DMARiCEE AT 0 P RELE  QTL & fi 45 2R
WL 6, 36 R, HH MRCE #AIAG I 5] 1998 4
PERECTESS 3 45 6 FIEH 7 ZQ ik E&EA 14D
QTL kLT fEAESS 1 MG 5 Rk L&A 31
QTL.55 3 % 7 /e afk E&A 24> QTL, FIH
MRCE # Bk 2 1999 45 MO 75 3 2 4 (o fk
A LA QTLE 7 &GOk A 2 A QTL kL5 i 55
LFNES 3 R ORAA 1D QTL, 5 5 A% 7 44
RS A 2 4 QTL, XF L 1998 F1 1999 4F 9 % fif
ST R BOHS A€ 37 B Bind 36 . LT 1 A A 17
2l Bin65. Bin439.Bin699 . Bin769 F1 Binl008, J& [A
1998 4F BRI ES KL BT i 2 PR 8] B AH 5C &
(0. 15) KF 1999 4 (0. 05), 4 1998 @i H T
% QTL,

LRE I 1RSI 2 i 25 SR B MRCE £ 5
AALAT LU TR QTL 22 07 » 1 FLAE 52 B /2 o7 h
U [R) RS S 25 R B

&6 ETF MRCERBHKFEAAT. BEBNEMNGEN QTL EMER

Table 6 QTL mapping of grains per panicle and grain weight for immortalized F, population of rice by MRCE
Pk 1998(0. 15) 1999(0. 05)
Toain oL TREE Bin 0 orL TR Bin i {1 8
Chromosome Bin location Chromosome Bin location
. QTL3 3 436 QTL3 3 436
Graini%jfr%aniclc QTLS 6 878 QTL7a ’ 997
QTL7 7 1014 QTL7b 7 1057
QTL1a 1 31 QTL1 1 65
QTL1b 1 33 QTL3 3 439
QTL1c 1 65 QTL5a 5 699
QTL3a 3 439 QTL5b 5 769
R T R QTL3b 3 453 QTL7a 7 1 008
Grain weight QTL5a 5 699 QTL7b 7 1014
QTLS5b 5 761
QTL5c 5 769
QTL7a 7 1 008
QTL7b 7 1020

TE:0.15.0. 05 23 B J& 1998 4FF1 1999 45 Rlokr 2050k 5 ik 9 AH 3¢ R %K.

Note:0. 15 and 0. 05 are correlation coefficients between grains per panicle and grain weight traits in 1998 and 1999, respectively.
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Mk QTL(HRR R AL QTL. & 1 ALYl
FEHEATHUE . Yu S5 R % B SNP B L K
00 R, R PEARAE SR 1208 3 2R 7 SR AR B

A 1A QTL R REAES 1% 3 Falk h&FA
2 QTLSE 5 FIsE 9 Rk L&A 14 QTL,
X e AR B 7Y 45 F 0T LA & B A MRCE #5580 46 ) H
F FEORL B R BT QTL B 25 Hovp 1998 4 (1 £ vh
Z KRR S 6 AUk B 1A QTL, KR
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