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Mapping QTLs for Seminal Root Architecture and Coleoptile Length in Wheat
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Abstract: Root system is important for belowground nutrients acquisition, and is also an important part to respond to drought
stress. The purpose of this study was to dissect the genetic basis of seminal root architecture and coleoptile length of wheat by
mapping quantitative trait loci (QTLs) of target traits. A doubled haploid (DH) population with 150 lines derived from a cross
between two common Chinese wheat varieties Hanxuan 10 and Lumai 14 was used as the plant materials. Gel-chamber was em-
ployed to evaluate seminal root architecture traits, including maximum root length (MRL), root number (RN), total root length
(TRL), root diameter (RD), root angle (RA), ratio of root dry weight to shoot dry weight (RDW/SDW), and coleoptile length (CL)
of seedlings. QTLs for these traits were detected using mixed-model-based composite interval mapping method. A total of 12
additive-effect QTLs and 7 pairs of additive x additive QTLs associated with the target traits were mapped on chromosomes 1A,
1B, 2B, 2D, 3B, 4A, 4D, 5A, 5B, 6A, 7A, and 7B. The phenotypic variation explained by individual additive-effect QTL varied
from 5.64% to 12.37%. The additive effects ranged from 0.02 to 8.45. The phenotypic variation explained by each pair of epistatic
QTLs varied from 8.70% to 15.90%. The epistatic effects ranged from 0.20 to 7.45. Two QTL clusters for seedling root traits were
detected on chromosomes 3B and 7A. These results would be helpful to maker-assisted selection of seminal root architecture and
coleoptile.
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*1 DHEEAREEARYEER
Table 1 Seedling traits of DH lines and their parents

DH DH lines
10 14
Trait Hanxuan 10 Lumai 14 +
Mean + SD Range Kurtosis Skewness
MRL (cm) 16.90 + 0.40 17.60 £ 0.50 17.10 £ 1.30 9.50-20.00 0.3 -0.8
RN 5.00 £0.70 4.30 £0.90 4.30+£0.90 3.00-5.50 -1.4 -0.1
TRL (cm) 70.10 £ 5.80 63.20 £9.10 64.40 + 11.60 32.00-82.00 -0.1 0.3
RD (mm) 0.31+0.01 0.33+£0.12 0.35+0.05 0.30-0.60 0.1 -0.7
RA (°) 99.00 +9.40 86.70 + 6.00 86.90 + 22.30 50.00-150.0 -0.8 0.1
CL (cm) 4.40 £ 0.40 3.60 + 0.60 3.70 £ 0.60 2.50-5.00 0.2 -0.4
RDW/SDW (%) 1.10 1.10 1.10+£0.20 0.50-1.40 0.7 0.7
+ MRL: ; RN: ; TRL: ; RD: i RA: ; CL: ;

RDW/SDW:

Trait measurements are shown in mean+SD. MRL: maximum root length; RN: root number; TRL: total root length; RD: root diameter;
RA: root angle; CL: coleoptile length; RDW/SDW: ratio of root dry weight to shoot dry weight.
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Fig. 1 Frequency distribution of root and shoot traits in DH lines
MRL.: ; RD: ; RDW/SDW: s RN: ; TRL: s RA: ; CL: H10: 10

L14: 14

MRL: maximum root length; RD: root diameter; RDW/SDW: ratio of root dry weight to shoot dry weight; RN: root number; TRL: total root
length; RA: root angle; CL: coleoptile length. H10: Hanxuan 10; L14: Lumai 14.

2.2 QTL ( 3) QTL 0.02~8.45
, 0.01~ , 5.64%~12.37%
0.65 ( 2), QTL
(P<0.01), 0.65 14 10
0.45; 4A 1
(P<0.01), 0.38 0.53 QTL, 14,
0.82, 12.37%
, 2B(2) 3B(1) 7A(1) 4
(P<0.01), 0.35 0.24, QTL, 0.15~0.25 ,
(P<0.05) 2B Xgwm429~Xgwm388 QTL
2.3 QTL 11.90%, 4 QTL

12 7 33.24% 3B QTL
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Table 2 Correlation coefficients among seedling traits in DH lines

Trait MRL RN TRL RD RA CL
RN 0.02

TRL 0.65" 0.38"

RD -0.09 0.06 0.01

RA -0.02 0.53" 0.16" -0.01
CL -0.04 -0.20" -0.20 0.01 -0.10
RDW/SDW 0.457 0.16 0.35™ 0.24™ 0.07 -0.09

MRL: i RN: ; TRL: ; RD: i RA: ; CL: ; RDW/SDW: T
0.05 0.01

MRL: maximum root length; RN: root number; TRL: total root length; RD: root diameter; RA: root angle; CL: coleoptile length; RDW/
SDW: ratio of root dry weight to shoot dry weight. “and ™ represent the significance at the 0.05 and 0.01 probability levels, respectively.

F3 HEMEIKINERE QTL
Table 3 Additive effect QTLs for root and shoot traits in wheat seedlings

1) 2) 3)
Trait QTL Marker interval Site? (cM) A? h? (%)%
MRL QMRL.cgh-4A Xgwm610-Xgwm397 -0.1 -0.82" 12.37
RN QRN.cgh-2B CWM529-WMC317 -3.0 0.15™ 8.40
QRN.cgb-2B Xgwm429-Xgwm388 13.2 0.25" 11.90
QRN.cgb-3B P3622-400-P2076-147 3.7 0.19™ 7.30
QRN.cgh-7A WMC9-P5611-367 18.7 0.15" 5.64
TRL QRL.cgb-3B P2076-147-Xgwm108 4.4 4,92 9.87
RD QRD.cgh-2D WMC18-Xgwm30 1.3 0.03™ 9.56
QRD.cgb-3B P2449-185-WMC231 2.6 0.02"" 7.72
RA QRA.cgb-3B P3622-400-P2076-147 3.4 8.45™" 12.16
CL QCL.cgb-4D Xgwm192-WMC331 10.9 0.21™ 10.50
QCL.cgb-7A CWM461.1-Xgwm471 1.6 0.15™ 8.95
RDW/SDW QRdw/Sdw.cgh-5A Xgwm410-WMC340 9.4 0.05" 6.05
Y QTL LOD , QTL ' -2
10 ' 1 e
0.05 0.01 0.001 3 h2(%) QTL MRL: : RN: : TRL: : RD: ;
RA: ; CL: ; RDW/SDW:

Y It is the genetic distance between the most likely location of putative QTL and the nearer flanking marker in marker interval. The
positive genetic distance is that between QTL and the left flanking marker, the negative one is that between QTL and the right flanking marker;
2 positive value of additive effect indicates that increased effect is from Hanxuan10, and the negative value from Lumail4. ", and ™" rep-
resent the significance at 0.05, 0.01, and 0.001, probability levels, respectively; ® h? (%) indicates the variance explained by additive QTL.
MRL: maximum root length; RN: root number; TRL: total root length; RD: root diameter; RA: root angle; CL: coleoptile length; RDW/SDW:

ratio of root dry weight to shoot dry weight.
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X QTL : x 5.01~7.45 ,
1A-2B , 8.89%~15.90%
0.70 3.67, 9.18% X QTL 1B-2D
8.70% 4 X , X 0.20,
QTL, 1A-6A 5B-6A 6A-7TA 6A-7B 9.34%
F 4 HEMERMEINEEIERRN QTL
Table 4 Additive x additive effect QTLs controlling root and shoot traits in wheat seedlings
; ; )
Trait QL Marker interval (i:\t/le) QTL. Marker interval (??:\tﬂe) AAY h? (AA)(%)
MRL QMRL.cgb-1A WMC120-Xgwm135 1.9 QMRL.cgh-2B Xgwm319-WMC441 11 0.70™" 9.18
TRL  QRL.cgb-1A WMC120-Xgwm135 58 QRL.cgh-2B  Xgwm319-WMC441 1.1 3.677 8.70
RA QRA.cgb-1A  WMC93-WMC304 14.7 QRA.cgb-6A  P1832-155-Xgwm617 9.6 6.08™" 8.89
QRA.cgb-5B  Xgwm371-Xgwm335 5.0 QRA.cgh-6A P3456-460-P3526-130 -0.1 577" 10.80
QRA.cgh-6A  Xgdm36-P3474-260  -5.0 QRA.cgb-7A  P2071-280-Xgwm260 —3.0 7.45™ 15.90
QRA.cgb-6A  Xgdm36-P3474-260  -5.0 QRA.cgb-7B  P1123-235-Xgwm61l 7.7 5.01™" 9.23
CL QCL.cgb-1B P3622-280-P3442-309 2.8 QCL.cgh-2D Xgwm539-P4233-175 134 -0.20™" 9.34
2 X : > ; > o - 0.05 0.01 0.001
MRL: ; TRL: i RA: ; CL:

*

Y Direction of additive x additive effect: positive value represents parent type > recombinant type; negative value in a reverse order. *, ™",
and ™" represent the significance at 0.05, 0.01, and 0.001 probability levels, respectively. MRL: maximum root length; TRL: total root length;
RA: root angle; CL: coleoptile length.
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