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QTL Analysis for Germinability under Submergence Condition
Based on a High-Density Genetic Map in Rice
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(Lianyungang Academy of Agricultural Sciences/Jiangsu Collaborative Innovation Center for
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Abstract: QTL mapping of germinability under submergence condition and pyramided effect analysis of
stable sites were carried out, thus laying a foundation for fine mapping of QTL for germinability under
submergence condition and marker-assisted breeding. Using an F, ; population with 144 individuals derived from
a cross between WR-4 (a weedy rice with strong germinability under submergence condition) and
Guangbaixiangzhan (a susceptible indica variety, GBXZ) , a high density genetic map containing 825 bin
markers was produced based on 1K mGPS SNP chip. Ten QTL conferring tolerance to hypoxia were identified by
complete interval mapping (ICIM). These QTL were found on chromosomes 3, 4, 7, 8, 9, and 10, with LOD
values ranging from 3.6 to 21.3, explaining phenotypic variation of 3.0%-21.1%. Two major QTL (¢GS4-1 and
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gGS7-1) with high LOD value and high phenotypic variance were repeatedly detected, and both loci could be the

candidate for future gene cloning studies. According to the genotyping of bin markers in each QTL interval,

different progenies were classified into WR type and GBXZ type. By further data processing and analysis of QTL

stacking, it was found that individuals with more pyramided synergistic alleles showed longer coleoptile under

submergence condition. Thus, these lines hosting multiple synergistic alleles might provide innovative resources

for breeding rice cultivars with high germinability under submergence condition.

Key words: weedy rice; germinability under submergence condition; high density genetic map; QTL
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Fz1 WR-4/ BEGLF, BHEPENE R ZHEEQTL

Table 1 QTL for germinability under submerged condition (GS) detected in the WR-4/GBXZ F,_, population

E BRI et fi FRCEH Lopfy  PUREOD

Year QTL Chromosome Marker interval LOD scores Phenotyplc‘varlatlon Additive effect

explained

2022 qGS3 3 M791~M792 11.0 9.4 2.1
qGS4-1 4 M928~M930 15.4 14.0 -2.7
qGS7-1 7 M1797~M1807 21.3 21.1 34
qGS7-2 7 M1757~M1758 10.2 8.5 —-0.1
qGSS§-1 8 M1906~M1908 3.6 3.1 0.4
qGS9 9 M2123~M2133 5.0 3.8 -0.6
qGS10 10 M2325~M2326 7.5 6.0 1.9

2023 qGS3 3 M791~M792 8.9 7.6 1.7
qGS4-1 4 M928~M930 14.6 13.8 -2.5
qGS4-2 4 M912~M913 7.7 7.2 2.0
qGS7-1 7 M1797~M1807 16.0 15.4 2.8
qGS7-2 7 M1757~M1758 39 3.0 -0.4
qGSS§-2 8 M1956~M1957 5.7 5.2 0.4
qGS§-3 8 M1999~M2001 3.6 33 —-0.1
qGS9 9 M2123~M2133 4.9 3.9 -0.3
qGS10 10 M2325~M2326 6.3 5.2 1.6

E AR FRAT 1 S BE DR R A WR-4, SRR IO 375 A 45 S5 R RE KR H RAS) 11 7

A positive additive effect indicates that beneficial alleles come from parent WR-4, a negative effect indicates that beneficial alleles come from parent

Guangbaixiangzhan (GBXZ)
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Fig.4 QTL for germinability under submerged condition (GS) detected in WR-4/GBXZ F,_, population
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