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QTL Mapping of Yield and Root Traits Under Irrigation and Drought
Conditions Using Advanced Backcrossing Introgression Lines in Rice

ZHAO Xiu-gin®, XU Jian-long®, ZHU Ling-hua®, LI Zhi-kang™?

(Institute of Crop Sciences/National Key Facility for Crop Gene Resources and Genetic Improvement, Chinese Academy of
Agricultural Sciences, Beijing 100081, China; International Rice Research Institute, Metro Manila, Philippines)

Abstract: [Objective] In rice breeding research, drought tolerance (DT) is becoming one of the most important target traits
for variety improvement under ever-increasing severe drought situation in the whole world. Identification of the root character QTLs
which are directly related to DT will provide useful marker information for development of DT rice variety via marker-assisted
selection (MAS) against the root QTL. [Method] The 55 introgression lines (ILs) selected from 254 advanced backcross
introgression population derived from Lemont/Teqging in the Teqing background were planted in PVC pipe in solarium and
phenotyped for root characters and grain yield under irrigation and drought stress conditions. QTLs affecting root length (RL), root
number (RN), root weight (RW), grain yield (GY) and their stability of expression in both drought and water conditions were
identified. [Result] A total of 25 main-effect QTL for the four traits were identified, which can be grouped into three types based
on their behaviors. Type I included four QTLs which were detected both under two conditions; type II consisted of 12 QTLs which
were mapped only at the control condition; and type III consisted of nine QTLs which were induced by drought and detected only
under the stress. In addition, eleven QTLs (QGy6, QGy8, QGyl12, QRI8a, QRI12, QRnll, QRn12, QRwla, QRwlb, QRw7 and
QRw12a) affecting trait differences between stress and control were identified. [ Conclusion]There were three QTLs (QRI2b, QRI8b
and QRn12) which expressed in both of the two environments with same direction and magnitude of gene effect. These three
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root-QTLs and other eleven QTLs affecting trait differences were considered to directly contribute to DT. The results will provide
useful information for fine-mapping of DT-related root QTL and DT rice breeding by MAS.

Key words: Rice; Introgression lines (ILs); Drought; Root; Marker-assisted selection
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Table 1 Phenotypic performance of root length (RL), root number (RN), root dry weight (RW) and grain yield (GY) in 55 ILs with
Teqging background under control and drought stress conditions

Ak PR PR F# 7 Teging Lemont SAR s R e Ji
Treatment and trait SERIEL SERIEL SERIE AR R A R Ap S i Skew Kurt
Mean Mean Mean = SD CV% Range
X} Control
K RL (cm) 36.11 40.8** 33.09+5.97 18.05 20.83~46.17 0.08 -0.41
& RN 102.06 112.8** 103.22+28.33 27.45 35.67~177.00  0.27 0.31
E RW(g) 0.68 0.89** 0.72+0.27 38.11 0.29~1.08 0.94 0.24
7=t GY(g/plant) 18.68 16.03 15.7145.22 33.28 5.11~29.63 -0.06 -0.28
Tt Stress
i RL(cm) 35.78* 34.4 36.39+5.82 15.99 26.40~50.67 0.37 -0.44
% RN 27.69* 24.6 29.10+6.53 22.43 14.00~55.5 0.48 0.99
R RW(g) 0.18* 0.14 0.20+0.06 28.76 0.05~0.32 -0.03 -0.21
7=t GY(g/plant) 4.9%** 1.23 2.30+1.80 78.23 0.11~7.74 0.78 0.22
IR RS 22K Difference
R RL(cm) -0.33 -6.4** 3.31*+8.10 244.71 -14.77~27.00 0.37 0.94
% RN -74.36 -88.2* -74.12*+28.39 38.3 -149.33~-12.67 -0.5 0.45
R RW(g) -0.51 -0.74* -0.53*+0.28 52.8 -1.43~-0.05 0.22 0.67
=& GY(g/plant) -13.78 -14.8* -13.67%*+5.21 38.11 -23.99~-1.34 0.17 -0.52

* xR xx 4y R ORAE 0.05, 0.01 Al 0.001 (R & 35 /K1
*, ** %% represent significant difference at P< 0.05, 0.01 and 0.001
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Fig. The genome distribution of QTLs for grain yield per plant (GY), root length (RL), root number (RN) and root weight (RW)

detected in 55 ILs with Teqing background in control and water stress conditions
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*2 M5 MEFSERBEXSAZPEMNBIRIZMK, BIRETKERIC, R, RERE~2 QTL
Table 2 QTL affecting root length (RL), root number (RN), root weight (RW) and grain yield per plant (GY) detected in 55 ILs
with Teqing background in control and drought stress conditions

PEIR oTL PAJERES Fric X [H XTI Control TR Stress #1{Y Difference
Trait Chr Marker interval = a" F a [ a
FE Qgyl 1 OSR27-RM212 4.30 -1.09
GY (g/plant)  Qgy5 5 RM509-RM163 441 2,17 6.82 -0.97
Qgy6 6 RM225-RM253 4.03 -1.78 6.62 2.25
Qoy8 8 RM126-RM483 4.71 2.09 6.52 2.33
Qoyl2 12 RM270-RM235 4.06 -0.26 4.93 4.01
R Qrl2a 2 RM53-RM324 7.53 3.28
RL (cm) Qrl2b 2 RM341-RM263 6.49 2.57 10 3.03
Qri3b 3 RM218-RM36 5.71 -3.47
Qrls 5 RM249-RM509 5.06 -2.76
Qrl8a 8 RM126-RM483 7.88 3.08 9.34 421
Qrigb 8 RM223-RM210 9.23 3.42 45 2.61
Qrl12 12 OSR32-0OSR20 4.26 -6.27 9.66 12.01
JitEo Qrnl 1 OSR27-RM212 5.62 11.74
RN Qrn2 2 RM48-RM208 5.38 -2.88
Qrn3 3 RM218-RM36 5.23 -3.74
Qrn5 5 RM163-RM161 4.09 -2.81
Qrnll 11 RM120-RM202 5.57 -15.35 4.08 131
Qrnl2 12 RM463-RM270 11.13 15.83 22.04 14.32 131 -16.94
R Qrwla 1 RM23-RM129 5.4 0.1 9 -0.15
RW (g) Qrwlb 1 OSR27-RM212 10.87 -0.13 9.59 0.16
Qrw4 4 RM252-RM303 12.88 0.13
Qrwé 6 RM439-RM340 5.74 -0.04
Qrw7 7 RM10-OSR4 6.69 0.09 12.8 -0.15
Qrw8 8 RM223-RM210 8.2 -0.03
Qrwl2 12 OSR32-0SR20 41 -0.07 4.64 0.09

TRIZFRC R ST QTL — M FRid. *)Ju‘rfkﬁﬁ(ﬁjﬂaﬁ%%4ﬁ§{w%& Lemont AR5 7™ A= IR
The underlined markers are those closer to the true QTL positions. QTL effects were associated with the Lemont allele (the effect due to substitution of the

Teqing allele by the Lemont allele)
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