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Pleiotropic QTL detection for stalk traits in maize and
related R package programming
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(1. National Maize Improvement Center of China, China Agricultural University, Beijing 100193, China;

2. lInstitute of Plant Breeding, Seed Science. and Population Genetics, University of Hohenheim, Stuttgart 70599, Germany)

Abstract Determination of pleiotropism with QTL linkage benefits multiple traits improvement in plant breeding. A
prototype of pleiotropic QTL detection for multiple-line crossed population was built basing on regression analysis.
approximate likelihood ratio test, permutation test and parametric bootstrap. And the prototype is also suitable to
biparental population. The prototype was used to map and determinate pleiotropic QTL with linked QTL for multiple
traits of maize stalk in a RIL population constructed from inbred line B73 and Ce03005. All genotypes were evaluated at
two locations in two years totally four macro environments for phenotypic traits. The results are shown as follows: There
is one pleiotropic QTL on chromosome 5 controlling traits of moment of maximum bending force (M¢) and internode
diameter (d); QTLs affecting neutral detergent fiber of unit volume (NDF) and internode water content ( W,,) at
bin6.01 and QTLs affecting Internode dry weight ( Wp) and M at bin8. 03 are also pleiotropic QTLs; However, on
chromosome 5, QTLs controlling traits of d and NDF, and QTLs for traits of M¢ and NDF are linked QTLs but not
pleiotropic QTLs. The QTLs determination is valuable to maize breeding and the analysis prototype is useful to other
Crop species.
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HA 216 kR M E L A SRS
L2 RKEAHE
1.2.1 w5t

2009 4E(F ) M1 2010 4E(F ) #ELE 2 FFAE LA
A B 27 B A 1A 5 i A el R A e a6 vl
PR, HEARAT 4 A2 IR RCIE . R b R T Bl
ML H Bt Bl R E A
1.2.2 R ABFnFREKE

AT X Hu 5550 0 046 3847 /40 B . R
B AL AR b5 DY 25 FF Y E] K (Internode
length, L) .75 A B % (Internode diameter,d) . K
¥ J1 (Maximum bending force, F) . K 1
i (Moment of maximum bending force, My ) | B A
PR i PR 1 4T 4 & & (Neutral detergent fiber of
unit volume, NDF) . 9y [d] F & (Internode dry
weight, W, ) 1 95 [8] & 7K & (Internode water
content, W) 7 MM . HAR MY R A5 T 5K
P B S % Hu S Rk .
L3 @ZitoHm
13,1 REHIEH

RIL FEAAR A A VR 2 BUAR T 4% DL 2 P A5 A
1355 i

Yy =p+G +E +GXE; +R.(E) +ep
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B E; N5 ) DIEERRBONAE s GXE; N5 i A
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T B DA A A e A BE AL R 25, I AN IE A 43 A
FIH SAS th PROC GLM it #2347 J7 22 53 07 ¥ B
A B BE AR AL BR8] € 2400, B LSMEANS 3845
£ LAY B FE R M TC R Al 1T BLUE (Best linear
unbiased estimate) ; i# i PROC VARCOMP i 2
FF R FH B ] 1 B A R T 7 (Restricted maximum
likelihood) X 3& (R #1 77 2% jl. 43 o6 W FE R ) 5 3R 35 B
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FIHE A& X EAER, VL 2 M st &g b
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AR R i 22 R ZIC IES A0 s ARS8 S5
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PER 45 1] i B BT (2) Ry 2Rkt QTL B, Y
X, B e AR QTL M BE R, BER (2) 7% 81
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ABESE QTL K I e 40 F 25 B k47 . 1) 38 ad &
A A 3 A2 e OGP 728 o B 3 AR I O SR
FEHl. DB K 2 M #7541
G TN G DL A B A S 48 L i S LA L R
%t # LOD ( Logarithm of odds) {& F1 {1 %% It LR
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In[[RSS,[/IRSS, | ]"", s h n R REAZ &,
ve 300 Ay ] U AR AL 0 R B H RE ARSI B
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SETE A CHEL D) o 3) AR R A I E A AL B A
QTL &R s QTL 5 IX ] 2 38 i W {8 A &5 F
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Ik A S4B Bk 5 (W E K 0. D

~2[30]

FE
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Table 1 Statistical hypothesis testing for QTL mapping

et g 1t H TERR AR B BRI AT
Test item Null hypothesis Alternative hypothesis Resampling methods
HrER QTL AL A 2 QTL L g2 QTL HEZ A6 B
Single trait QTL No QTL in given position QTL in given position Permutation test
2P QTL A6 57 5 A & QTL o A7 w9 45 A T AR HEF1) £ B
Pleiotropic QTL No QTL in given position QTL in given position affecting multiple trait Permutation test
EHE 28 QTL WA 2B~ 25 QTL Rl sURES QTL. B HiE— MR S8 Bk

Linked and Single pleiotropic QTL in

pleiotropic QTL given position

Linked-QTL in given position, each affecting a

single trait

Parametric

bootstrap

1.3.3 R XFESH

ARUF 5% FH 5 43 32 X 8 iE (Five-fold cross
validation) " 2 2% 2 {7 A6 0 2% L A A 2 M R AT A
M B Sk DA BB A A BE AL A IR 80 V6 1 A AR 2 A
BIREAS SR 5 XF 8 AR AR AT 2 &t QTL i 8
QTL %54 43 Hr o 8 & HBOFE 1000 K, Gt A [A]

ik LR g g R L1027 8z
2 BREHW

2.1 BEAEIERBERENSN
A ARG T FOK RIL AR 7 A ZEFF PR D7 22 70
B J7 22 o B s Al Al an sk 2 ps .
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Table 2 Analysis of variance and estimation of variable component and heritability of stalk

PR BRI R ENMSEE W22

Trait P value B3 ot HAETT % ot ol ?
& KITMi -1 F/N <C0. 001 1 664. 60 999. 90 3 307.90 0. 81
RARYTHIHE Me /(N »m) <0, 001 1. 06 0.74 2.26 0.79
A A d/mm <<0. 001 0.02 0.01 0.03 0. 84
WA L/em <C0. 001 1.77 1. 26 2.79 0. 80
WA TE Wh/g <C0. 001 1. 36 1. 37 2.74 0.75
) kA W/ % <£0. 001 3.98 3.08 6.58 0.79
B M BR b PR B M AT 4R <C0. 001 1.62 1.08 4.92 0. 65

NDF/(g/dm*)

TSR RIL B KA 7 AR RH
RGN 26 5 3. 7 AR 0848 J1 /N Ry
0. 65(NDF) , K H 0. 84(d) , A PR Yy B A rh &
DL 3545 7, 3 3% B AS BIF 55 v Jr FHRRE 4% 1) 35k R 7Y
AR BAL R RE 2 (Fy L Foo) 76 BT ¥E B PR | B

AR e e R,
2.2 MAREMEXSH
I 2 B PEIR 9 S RL R KON G A THE (BLUE)
TR A0 7 A ZEFF R 22 18] B AH 6 R 4L
ZEFFPEAR Z RIAR G A0 Hr R B L 7 > R A AR 2L

£3 EFEARRILBEHRERZBEHEXRSY

Table 3 Correlation coefficients of different traits in maize RIL population

PR e KA 1 1] . A5 H] 1] K B AR FR A
Trait HE M, i d PERL pgw, W V¥R 2F 4 NDF
BRITW o F 0.85" 0.68" —0.35" 0.31" 0.28* —0.01
T R YT 1 Mee 0.76" 0.16" 0.67* 0.18" —0.10
W ER d 0.08 0.59™ 0.33" —0.38"
Wik L 0.63" —0.21" —0.15"
T lE T E Wy —0.33" 0.13
5] KA W —0.67"

Heox Fl%x 23 BIEIR 0.05 F10.01 K FEFRBE,

Note: * and *x represent significantly different at 0. 05 and 0. 01 level, respectively.

T 21 AN G R B 4 K 2 B0 IR 2 181 A7 A b 3 sl i
BEMK., Ho F 5 M: Ml d BHERE00H
0.85 1 0. 68, M 5 d F1 Wy, [ 41 & Z %5 5 4
0.76 f10.67.L 5 W, (A ERE N 0.63.W,. 5
NDF B4 36 250 —0. 67 Motk 22 18] (1 525 4 56 1]
B2 QTL M Z 8RR QTL Y % % % 81 2 3%
(0 o B AS BIF 2 5 2 X 28 3 oy (0 MR 5 AT B PR R
QTL 57, I e FE Al b ok B A5 X i) 5 2 ul 0] 38 b

WA QTL #f7 230tk QTL ME % %8 QTL
S ARG o DN 53— AP b S A A UK A G 7 A AT B
B PR AR
2.3 QTL #& M4y #7
2.3.1 Mk QTL #oml 5 #7

3 HEZ A 56 43 BT, 7 SRR B LOD B ¥ AR
3 A A BRI AR S LS PR QTL A5l i LOD
[{EL R 3. 0, Z5RANFR 4 Pros
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Table 4 Position,estimated effect of QTL, proportion of the genotypic variance (P;) explained by

QTL for stalk bending strength traits and related traits

i PRGN . X . JndEsn,  RIske QTL fg R
PEAR i B o0 B I D) E e o mm e "
I 5k Additive %5 1) 35 1%
Trait Chromosome ) Position (Interval) Flanking markers
Bins effect LOD A8 Po/%

o ) 5 5.02 65.6(58.9,72.4) umc2115,umcl447 —16.3 4.4 10. 9
wRITH S F

10 10. 04 56. 1(50. 2,60. 8) umcl697, phi084 13.9 4.9 11.6
o 5 5.03 83.0(72.4,93.7) umcl447,umcll71 —0.42 4.3 11.3
Eij(y—lliﬁ'j]%g M

8 8.03 70.9(63.3,82.6) phil00175,umcl562 0. 36 3.7 8.4
WM HERZ 4 5 5.03 88.1(81.5,93.7) umcl447,umel171 —0.09 11.3 25.4

R 1 1.03 69.5(60.9,77. 1) umcl403,umcl169 0.52 3.7 10.6

A L

6 6.07 251.4(240.6,261.2) phi299852,phil23 —0.54 3.4 9.8
A la &= W, 8 8.03 67.9(61.2,74.5) phil00175,umcl562 0.49 4.5 12.1
s - 6 6.01 116.8(115.2,117.5) bnlgl867,umc2056 —0.74 5.3 12.5
T FKE W

7 7.04 175.2(170.6,175.2) dupssrl3,phill6 —0.71 5.3 11.4
BA AR FR A 5 5.04 101.3(90.6,114.9) umcl447,umcl332 0.51 4.9 14.2
Ve £F 48 NDF 6 6.01 116.8(115.2,118.9) bnlgl867,umc2056 0.46 4.1 11.9

e :P(;:Rz/hzis“’] o

ZEFFAHOCHER QTL kil 25 5 R0 . 7 A 25 7T 4
MR AR I 3] 12 4~ QTL. K/ QTL fi F
5.6.8 Sk . QTL By fif B 1 st 4% 22 = A8 4k
BRIER 8. 4% ~25. 4% ., ZHFFHLD MR F
M ¥ 00 2] 2 A~ QTL, i B 1y B ist 4% 48 5 43 il
23 5% H119. 7%,

2.3.2 %M QTL & 547

BAPER QTL kI 25 KR W ik QTL v 7
A QTL By & A7 X (8] 8 & sl ) 3 A iCAH [\ M o d Fl
NDF 7£ 5 S fa k& b H A H & 0 &5 X [, Wy, fil
MifE S S ik P EGXM AL THESZ. WM
NDF 7£ 6 5 e a4 b 32 pr i Al [\, DRI 75 22 %7
FAREFEXE LA TESN QTL 8% HA A [H M
HEAnCh QTL #4722 AR % % 810 QTL &
MR, 20 QTL A gh AN 5 frs .,

H 25 5 A%, My Fl NDF.d #1 NDF 7245 5 %
etk b 230 QTL £ ALK I A& A4k QTL
Rl DL K 22 34k QTL 5 A A 8 QTL AL 7Y [y Ll

SR LL I g6 ¥4 i 25, B 3R 1 RTAL. R My il NDF |
QTL KA+ d #1 NDF () QTL # R & % & 91 19
QTL,

M: 1 d NDF Fil W LI Je W, il M (1) 22 % %
QTL A AUAG U A B A PR QTL G 35 25 . (1 £
AvE QTL B AL B QTL AL AL Bl 4K Lb I 535 1
ANRE . HE LA, ES S EE LEE MM d
1) QTL FIfE 6 5 e & K I ¥ 6l NDF #l W, 1)
QTL DL K AE 8 Z g fafh I Wy fil M ) QTL
¥ 280k QTL, B 105 Mp il d HIRFE 5 5 5t
T IR A R 43 A, H R L AR B ) LOD B 2 i
it LR HF 1350,

2.4 ZRBIESHH

XTPEMR MeFl d .d #1 NDF ,NDF 1 W .. . W, #l
M43 51347 1 000 R 2 30PE QTL FliZE 4l QTL /Y
& SUBUE 43 GE vt R R R 2 o QTL & 4
QTL DA R ARGt H b — A~ QTL 25 3R 1 4 32, 45
Rk 6 iR,
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Fig. 1

WEERZ d s KW H14E M BRI RIRIZES QTL B B A T

Pleiotropic and linkage test for trait d and Mg

F 6 ZIME QTL FEH QTL R X IGIELE R
Table 6 Results of five-fold cross validation for pleiotropic QTL and linked QTL

PEAR Trait 4 ah ZE A AL/ % Resulting model
(ﬁ‘@ﬁg o ﬂﬂm%‘
a~ Y
. i AR 1 Mtk 2 KA 2Rk 91 HAPER T AR 2
Chromosome .
Trait 1 Trait 2 Total Pleiotropy  Linkage Trait 1 Trait 2
5 M d 1 000 34.5 9.8 19.1 36.6
5 d NDF 1 000 23.1 39.7 15.8 21.4
5 M NDF 924 12.8 30. 3 0.1 0.5
6 NDF W 908 32.4 0.0 0.1 61.5
8 Wo M 900 30.1 0.4 60. 1 9.3

HI3 6 WAL 7E 5 S Y @ik I, My 1 d K D045
B2 QTL BB 34. 5040 (K 2(a)) . K%
B QTL B4 9.8% . 16 6 ‘FHefk I NDF
W, A5 908 Y i 1 B 2 Ak QTL
(I Ny 32, 4% B8 QTL ISR N 0, 7 8
SRR LWy B My 357 5] 900 KR H WK
oK) 1 2 R QTL 4%y 30. 1%, %
BEH QTL WM %R 0.4% ., 7 5 S yefaik |-, ¢
AR & A NDF £E 1000 ¥ 38 LK if o K 0 2 31
QTL 4 %y 23. 1%, % % % 8 QTL 41 % K
39. 7% (E 2(b)), M, il NDF 45 5] 924 yk i %
W36 b e QTL Wik g 12, 8% B2 3

B QTL AR K 30. 3% ., 28 X I UE 45 S X A BF 5%
Fr A5 2 B 2518 B B IR IE .

I i A 7
3.1 BRZETEASMR QIL EMIER

AWFFAE L R A SERER QTL % A £ H Ak
QTL E L LAl 1R T 2 R A RE IR 2 Mk
QTL 7 (LA HY L 27 468 8 [l B 3 T 2R 2% S e R 1Y
QTL & i fl Z &t QTL &, AH Xt F 2 Mk
QTL & R AE R 200 AR R oy A G 185 B AR 3 i 21
T 2R B RZ 20 QTL MIE8 QTL %
438t . 5 Haley #l Knott iy Z ¢k QTL 5& fi™
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AR S s AT ST Sl i B AR QTL s 43 23 Hr » 2%
Je kg B A AR [0 3 AR 30 B 4 X E) & 59 QTL
AT Z 8 QTL fiE 8l QTL f2i . BA QTL &
s DX 11 7 B0 3L A 1 A ] B9 3 26 PR AR B el 2
BT . B A AT QTL 5 % 3% B8 AL (1Y A
I B 2R I A5 SR A 2300 QTL ME 8 QTL
[T S S T K A S T | IV S S T U
1000 KA LHAE R B T oK Z2FF 2 30t QTL k&
IS5 RAT & WU B B BRI 4
Ja BATTRE XS BT RE A 1) 2 At QTL A6 7 A 52 B
BE— R, 535 A BT HOR A BT RUE R
LR RIL R P 7 AE REEF A, 55
Ha) 3 22 28 20 58 7 AR AR R 6 O 4 A 1) RO Y AL
o A
3.2 HRIEE X RE L TH LY R 0

AWFE RIL BRI A 216 AR H 129 4
SSR HRic - fEFR L% B BN Wi 19 25 7F T . QTL 4
I RAR o A W58 2o 78 45 0] U5 73 B B 4% 7 50 4
il A FRIC - QT L % {7 A ) J2 18 o B4 P 2% 4 X 24>
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