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Screening of germplasm resources and QTL mapping for germinability under
submerged condition in rice (Oryza sativa L.)

SUN Zhi-Guang, WANG Bao-Xiang, ZHOU Zhen-Ling, FANG Lei, CHI Ming, LI Jing-Fang, LIU Jin-Bo,
Bello Babatunde Kazeem, and XU Da-Yong"

Lianyungang Academy of Agricultural Sciences / Jiangsu Collaborative Innovation Center for Modern Corp Production, Lianyungang 222006,
Jiangsu, China

Abstract: Screening of germplasm resources, exploiting and utilization of genes conferring tolerance to hypoxia are the key to
breeding new cultivars adapted to direct seeding. In order to evaluate the germinability of germplasm resources under submerged
condition in a simple and efficient way, 191 japonica germplasm resources released from different years and regions were
screened, 12 japonica varieties with high germinability under submerged condition were found. Among them, Lianjing 15, a ja-
ponica variety, showed stable and high tolerance to hypoxia. Using a F,3 population derived from Lianjing 15 and Huanglizhan
(HLZ, a highly susceptible indica rice variety), four quantitative trait loci (QTL) conferring tolerance to hypoxia, namely
qGS1, qGS3, ¢GSY, and ¢GS10 were identified under simulated field environment, and they explained 70.9% of the total pheno-
typic variation. Among them, ¢gGS1, ¢GS3, and ¢GS10, were repeatedly detected in different years, accounting for 19.2%-24.0%,
12.6%—-14.7%, and 19.1%—20.5% of the total phenotypic variation, respectively. The germplasm resources and QTL found in our
study would provide innovative resources for breeding rice cultivars with high germinability under submerged condition, and
would also provide a theoretical basis for breeding varieties adapted to direct seeding.
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Fig. 1 Evaluation for germinability of germplasm resources under submerged condition
A: , 191 ; B:
A: Frequency distribution of 191 japonica germplasm resources for germinability under submerged condition; B: Comparative analysis of
coleoptile length of germplasm resources released from different years under submerged condition.
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Table 1 Top 12 germplasm resources with high germinability under submerged condition

Number Cultivar Coleoptile length (mm) Number Cultivar Coleoptile length (mm)
1 f&  Ludao 34.6 7 10 Huaidao 10 31.1
2 15 Lianjing 15 342 8 4 Xudao 4 30.9
3 45 Nanjing 45 32.5 9 186 Yangjing 186 30.7
4 7 Yanjing 7 322 10 5 Huajing 5 30.5
5 9 Lianjing 9 32.0 11 6 Huaidao 6 30.4
6 7 Lianjing 7 31.1 12 11 Lindao 11 30.1
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Fig. 2 Germinability of Lianjing15 (LJ15) and Huanglizhan (HLZ) under submerged condition
A: s 15 ; B: s 15 ; C: 15

A: Phenotypic image of coleoptile length between LJ15 and HLZ under submerged condition; B: Average coleoptile length of LJ15 and HLZ
under submerged condition; C: Comparative analysis of coleoptile length between LJ15 and HLZ under different water depth.
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Fig.3 Frequency distribution of germinability under submerged condition (GS) in an F,.; population derived from the cross between
Lianjing 15 (LJ15) and Huangzhan (HLZ)

A:2018 ;B:2019 GS: germinability under submerged condition. A: in 2018; B: in 2019.
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Table 2 QTLs for germinability under submerged condition (GS) detected in the LJ15/HLZ F,.; population

LOD
Year QTL Chr. Marker interval LOD scores PVE (%) Additive effect
2018 qGS1 1 RM11307-RM7341 6.7 24.0 -0.53
qGS3 3 RM15280-RM7134 3.6 14.7 -0.43
qGS9 9 RM24085-RM24271 3.3 11.7 -0.32
qGS10 10 RM474-RM6404 6.1 20.5 -0.50
2019 qGS1 1 RM11307-RM7341 5.1 19.2 -0.49
qGS3 3 RM15280-RM7134 3.0 12.6 -0.41
qGS10 10 RM474-RM6404 5.6 19.1 —-0.50
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Fig. 4 QTLs for germinability under submerged condition (GS) detected in LJ15/HLZ F,.; population

Marker names are given on the right of the chromosome and map distances (cM) on the left. PVE: phenotypic variation explaned.
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Table S1 Germinability of 191 germplasm resources under submerged condition
Number Cultivar Coleoptile length (mm) || Number Cultivar Coleoptile length (mm)
1 11 Zaofeng 11 0 97 2 Yangnongjing 2 —
2 1 Zhendao 1 0 98 103 Jingxi 103 24.6
3 Zaojing 0 99 30 Taidongyu 30 24.6
4 Wutong 0 100 11 Yanjing 11 24.7
5 ITA182 0 101 4038 Yangjing 4038 24.7
6 10 Lindao 10 13.4 102 ZBS622 24.7
7 4 Huajing 4 13.6 103 30192 Yanjing 30192 24.7
8 HP3 17.2 104 15 Yandao 15 24.8
9 Dandongludao 17.7 105 Xiaohuangdao 24.8
10 9714 Shaonuo9714 17.7 106 8  Wuyunjing 8 24.8
11 11 Nanjing 11 18.5 107 ZBS665 24.8
12 13 Huaidao 13 18.7 108 10 Sidao 10 24.8
13 Sanguangdao 18.8 109 8333 Xiangnuo 8333 24.9
14 10 Yandao 10 19.0 110 75 Hujing 75 25.0
15 Fenghuangdao 19.1 111 Benhe 25.0
16 10 Aijing 10 19.2 112 Xinning 25.2
17 Hannuogu 19.3 113 40 Nanjing 40 25.2
18 7 Wuyunjing 7 19.5 114 18 Lindao 18 25.2
19 14 Jijing 14 19.9 115 122 Gaoxiongyu 122 25.2
20 36 Nanjing 36 20.1 116 Laohuzao 253
21 Huangzhinuo 20.2 117 3 Lianjing 3 25.4
22 10 Kenjiandao 10 20.3 118 DYI158 25.4
23 328 20.8 119 6  Zhongjingqu 6 25.5
Taidongludao 328
24 11 Huaidao 11 20.8 120 4 Yanjing 4 25.5
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Number Cultivar Coleoptile length (mm) | Number Cultivar Coleoptile length (mm)
25 37 Nanjing 37 20.9 121 18 Zhendao 18 25.5
26 Xiaohuangzao 20.9 122 618 Yuejing 618 25.6
27 Y136 20.9 123 12 Huainuo 12 25.6
28 9538 Yangjing 9538 21.0 124 88 Zhendao 88 25.6
29 687 Yangjing 687 21.1 125 21 Xiushui 21 25.7
30 20  Wuyujing 20 21.2 126 43 Nanjing 43 25.9
31 Tongkejing 21.2 127 25.9
32 Xiaocongdao 21.3 128 6  Yanjing 6 259
33 13 Shengdao 13 21.3 129 86 Zhendao 86 26.0
34 9  Yanjing 9 21.3 130 66 Taidongyu 66 26.0
35 8671 Lianjing8671 21.4 131 Guodihei 26.1
36 8  Nonglin 8 21.5 132 5 Zhongjingqu 5 26.1
37 16  Wuyunuo 16 21.5 133 2 Sujing 2 26.1
38 1 Jingyue 1 21.6 134 Guihuaqiu 26.2
39 18 Xindao 18 21.7 135 3 Line of Lianjing 3 26.2
40 Aiganhuang 21.8 136 Huanggujingdao 26.2
41 Xiangdao 21.9 137 5 Lianjing 5 26.3
42 1 Chijingyu 1 22.0 138 3 Huajing 3 26.3
43 Huludao 22.1 139 Guihuahuang 26.4
44 Shuangchengnuo 22.1 140 1 Xinjing 1 26.4
45 271 Suzhouxuan 271 22.1 141 1 Baikenuo 1 26.5
46 5 Wunuo 5 22.3 142 5 Yanjing 5 26.5
47 7 Zhongjingqu 7 22.3 143 2 Lianjing 2 26.5
48 Huangzhanjing 22.4 144 DY162 26.6
49 Sulianzhong 22.4 145 8  Huaidao 8 26.7
50  HRS539 22.6 146 4 Lindao 4 26.7
51 Zuozuodao 22.7 147 2 Huaiyoujing 2 26.8
52 Zaoshuxiang 22.7 148 6  Lianjing 6 26.9
53 7  Yanjing 7 22.7 149 3 Xudao 3 27.0
54 10 Yanjing 10 22.8 150 1 Jiangbeinuo 1 27.1
55 5 Guoyou5 22.8 151  Kinmaze 27.3
56  L12-3 22.9 152 18 Zhengdao 18 27.3
57 61 Zhejing 61 22.9 153 108 Zhendao 108 27.4
58 1 Wuxiangjing 1 22.9 154 6  Jianjing 6 27.4
59 30237 Yanjing 30237 22.9 155 8  Yangfujing 8 27.5
60 HP5 23.0 156 2 Yangnuo 2 217.5
61 Hongkenuo 23.0 157 RO0380 27.5
62 287 Liaojing 287 23.1 158 DYI110 27.7
63 18  Wuyujing 18 233 159 1 Yangjing 1 27.8
64 46 Nanjing 46 23.3 160 9  Huaidao 9 27.9
65 4227 Yangjing 4227 23.3 161 8  Yandao 8 28.0
66 L1346 233 162 7  Huaidao 7 28.0
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Number Cultivar Coleoptile length (mm) | Number Cultivar Coleoptile length (mm)
67 16 Yanjing 16 23.4 163 2 Suxiangjing 2 28.1
68 16783 Lian 16783 23.4 164 12 Sidao 12 28.1
69 ZBS152 235 165 9  Zaofeng 9 28.2
70 L168-3 23.5 166 2 Yanjing 2 28.6
71 66 Zhejing 66 23.5 167 15 Wujing 15 28.6
72 2 Huaidao 2 23.6 168 9805.0 28.7
73 44 Nanjing 44 23.6 169 5 Xudao 5 28.8
74 Dongdao 23.7 170 6  Xudao 6 28.9
75 HN363 23.7 171 2 Zhendao 2 28.9
76 4 Changnongjing 4 23.8 172 41 Nanjing 41 29.0
77 04 Xiushui 04 23.9 173 1 Ningjing 1 29.1
78 8 Zhongjingqu 8 24.0 174 11 Wuyunjing 11 29.3
79 3 Wuyujing 3 24.0 175 Linnuo 29.3
80  ZBS153 24.0 176 6  Huajing 6 29.4
81 Xiaoxiangdao 24.0 177 4 Lianjing 4 29.5
82 10 Xindao 10 24.1 178 9  Yandao 9 29.8
83 Wubie 24.1 179 99 Zhendao 99 29.8
84 804 Aicheng 804 242 180 11 Lindao 11 30.1
85 Huanuo 24.2 181 6  Huaidao 6 30.4
86 Kuidao 24.2 182 5 Huajing 5 30.5
87 6  Yandao 6 24.4 183 186 Yangjing 186 30.7
88 3 Ningjing 3 244 184 4 Xudao 4 30.9
89 7 Wuyujing 7 24.4 185 10 Huaidao 10 31.1
90 2 Ningjing 2 24.4 186 7  Lianjing 7 31.1
91 21 Wuyunjing 21 24.5 187 9  Lianjing 9 32.0
92 14 Wuxiangjing 14 24.5 188 7  Yanjing 7 32.2
93 12 Yannuo 12 24.5 189 45 Nanjing 45 32.5
94 7  Kundaoxuan 7 24.5 190 15  Lianjing 15 342
95 -3 Nonghuhe-3 24.5 191 7  Ludao 34.6
96 1 Wuyoudao 1 24.5




