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Genome wide association study of salt tolerance at the germination stage for
core Germplasm of rice landrace in Guangxi, China
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Abstract: Rice is a salt-sensitive crop, and salt stress can cause significant reduction in rice yield. China’s total saline area is large
and growing rapidly. Therefore, it is necessary to screen for the salt-tolerant rice germplasm and cultivate these varieties. In this
study, we evaluated the relative salt damage rate of 419 core germplasm of Guangxi rice landraces at seed germination stage under
1.5% NaCl salt stress, and identified the salt-tolerant loci by whole-genome association analysis. The results showed that the av-
erage germination rate under salt stress was 57.67%, which was significantly 92.55% lower than that of control group, and the
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Shapiro-Wilk test (0.9301) found that the distribution did not conform to normal distribution. Based on 208,993 SNP markers, 419
core germplasm was divided into 6 subgroups. We used general linear model (GLM) and mixed linear model (MLM) analysis to
identify 129 and 1 significantly associated SNPs, respectively, which were distributed on chromosomes 1, 2, 3,4, 5, 6, 8, 9, and 12.
Among the 14 regions that were significantly associated with rice salt tolerance, 13 regions overlapped with previously identified
or cloned salt tolerance genes. The significantly associated region Chr. 8:10,564,948-10,733,175 was reported for the first time
and named gGRS. There were 53 genes in gGRS region, 34 of which were compared with transcriptome data to obtain the expres-
sion profiles. We compared the expression profiles and speculated that LOC_Os08g17370 was a candidate gene. This gene is a
member of transmembrane 9 superfamily and is up-regulated in roots and leaves of salt-tolerant parent. Thus, this gene might be a

novel salt-tolerant gene in ¢GRS region at germination stage in rice. These results lay a foundation for cloning new genes of
salt-tolerant and provide new genetic resources for breeding salt-tolerant rice varieties.

Keywords: Oryza sativa L.; core germplasm; germination; salt tolerance; genome-wide association study
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Fig. 1 Salt tolerance of 419 core rice germplasm at germination stage
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Table 1 Transcriptional abundance of 34 genes at germination stage
Gene 1D Transcript abundances Description

LOC 0Os08g17160 High Plastocyanin-like domain containing protein, putative, expressed

LOC 0Os08g17294 High PSF3-Putative GINS complex subunit, expressed

LOC_0s08g17320 High Protein kinase family protein, putative, expressed

LOC _0s08g17370 High Transmembrane 9 superfamily member, putative, expressed

LOC Os08g17410 High BRASSINOSTEROID INSENSITIVE 1 precursor, putative, expressed

LOC _0Os08g17510 High Sulfotransferase domain containing protein, expressed

LOC _0s08g17600 High SNARE domain containing protein, putative, expressed

LOC 0s08g17610 High Expressed protein

LOC 0Os08g17650 High LYR motif containing protein, putative, expressed

LOC 0Os08g17680 High Stromal cell-drived factor 2-like protein precursor, putative, expressed

LOC_0s08g17150 Low Expressed protein

LOC_0s08g17390 Low Expressed protein

LOC _0Os08g17400 Low WRKY89, expressed

LOC _0Os08g17430 Low Expressed protein

LOC 0Os08g17450 Low Retrotransposon protein, putative, undassified, expressed

LOC _0s08g17500 Low CinnamoylI-CoA reductase, putative, expressed

LOC 0Os08g17520 Low Flavanol sulfotransferase-like, putative, expressed

LOC 0Os08g17655 Low Expressed protein

LOC_0s08g17110 No Expressed protein

LOC_0s08g17120 No Transposon protein, putative, CACTA En/Spm sub-dass

LOC 0s08g17210 No Transposon protein, putative, CACTA En/Spm sub-dass

LOC 0s08g17220 No Uncharacterized PE-PGRS family protein PE PGRS54 precursor, putative, expressed

LOC 0s08g17270 No Expressed protein

LOC 0s08g17330 No Expressed protein

LOC 0Os08g17340 No Hypothetical protein

LOC 0Os08g17350 No Expressed protein

LOC_0s08g17360 No Hypothetical protein

LOC_0s08g17440 No Expressed protein

LOC _0Os08g17560 No Expressed protein

LOC _0Os08g17580 No Hypothetical protein

LOC 0s08g17620 No Expressed protein

LOC _0s08g17630 No Expressed protein

LOC 0Os08g17640 No Z0S8-02-C2H2 zinc finger protein, expressed

LOC 0s08g17690 No Retrotransposon protein, putative, unclassified
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Table 2 14 Associated QTLs and candidate genes related to salt tolerance at germination stage
SNP
QTL Number of SNP d . .
SNPs Range Peak SNP  P-value Candidate gene Gene description
qGRI.1 2 23,752,956-23,786,838 23,752,956 2.33E-08 SIDP361™! DUF1644
DUF1644 protein gene
qGR1.2 6 31,534,965-31,593,365 31,534,965 1.09E-07 OsERF922%*!  ERF
ERF transcription factor
qGR3.1 3 1,874,033-1,874,036 1,874,033  2.22E-07 ONAC022"* NAC
Overexpression of a stress-responsive NAC
qGR3.2 16 16,671,741-17,432,153 16,671,952 2.81E-10 OsHAP2E® ; Y; CCAAT
Heme activator protein gene; nuclear factor Y;
CCAAT binding factor
qGR3.3 2 20,621,667-20,925,341 20,621,667 2.00E-07 OsHAK162"
Potassium transporter
qGR3.4 3 26,339,090-26,393,672 26,339,090 2.89E-09 OsBIHDI“"
Rice homeodomain gene
qGR3.5 5 31,937,083-32,488,239 31,982,396 1.32E-10 OsGASRI®"
GA-stimulated transcript-related gene; Oryza
sativa gibberellic acid stimulated rice 1
qGR4.1 5 17,564,210-19,871,791 17,626,425 8.53E-08 OsHAKIP"
Potassium transporter
qGR4.2 5 24,215,216-24,282,470 24,282,470 2.26E-08 OsBADHI®Y
Betaine aldehyde dehydrogenase
qGR4.3 43 27,473,283-27,958,451 27,907,711 9.60E-13 OsGPXI"
Mitochondrial glutathione peroxidase
qGRS5 9 19,208,151-19,330,003 19,329,999 7.44E-08 SERFI"* ERF
Salt-responsive ERF 1
qGR6 12 1,607,061-1,822,395 1,661,829  1.07E-09 OsSIKI"? ;
Receptor-like kinase; stress-induced protein
kinase gene 1
qGRS 4 10,564,948-10,733,175 10,564,948 4.24E-08 New gene
Unknown
qGRI2 3 21,374,803-22,039,414 21,374,803 7.63E-08 WSLI2"B%

White stripe leaf 12
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