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Abstract: [Objective] To identify the variation in heat stress resistance among seedlings of four different
indica rice cultivars grown in South China, and provide theoretical reference and technical support for the
breeding and promotion of rice varieties. [Method] We performed whole-genome re-sequencing, phenotype

identification, and transcriptional level analysis to comprehensively evaluate the heat stress resistance for
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seedlings of high-yield conventional rice cultivar ‘Nan Xiu Mei Zhan’ (NXMZ), hybrid rice restorer cultivar
‘R5518°, and aromatic rice cultivars ‘Jiu Li Xiang’ (JLX) and ‘Nan Jing Xiang Zhan’ (NJXZ) in South China.
[Result] The ‘NJXZ’ was sensitive to heat stress. The ‘R5518” showed medium resistance to heat stress. The

resistances to heat stress of ‘JLX’ and ‘NXMZ’at seedling stage were relatively high in comparison to other two

rice cultivars. We compared the haplotypes of heat resistance related genes, the relative expression levels and

phenotypes, and found that many SNPs appeared in OsTT! from‘JLX’, while the haplotypes of four cultivars

with other heat-related QTLs remained relatively consistent, suggesting that the Os77/ might contribute to

partial heat stress resistance in ‘JLX’. The gene expression patterns in OsHSF7, OsHSP71.1 and OsHTSI were

consistent with the evaluation in heat stress resistance of rice cultivars, indicating that these three genes might

associate with regulation in heat stress resistance of four indica rice cultivars. [ Conclusion] The gene

expression difference, gene shift and transcript error in certain genes result in variations in heat stress resistance

of different indica rice cultivars at seedling stage. These results can provide new ideas for genome-wide

selection for heat tolerance breeding in rice.

Key words: Rice cultivar; Heat stress resistance; Seedling stage; Whole genome re-sequence; Molecular

mechanism; Genomic variation
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Table 1 The corresponding qRT-PCR primer information of selected heat tolerance related genes

A FE 1E R F41(5'—3") R F5(5'—3") PR /N op
Gene Gene number Forward sequence Reverse sequence Product size
TTI LOC_0s03g26970 TGGAGCTTGACGATGCCATT CCTTGATCTCTGCAGGGCTC 141
72 0s03g0407400 CTCCAGATGCTGCAGAGAGG GCTCTGCACAAACAGCGAAA 132
TT3.1 LOC_0s03g49900 CTAGCTCATCATCAGCGGCA GTCAGGAAGACCACAGAGCC 104
OsWR2 LOC_0Os06g40150 AATGGACGACGAGGAGAGGA GACGAGGCTACCTTCACCAC 112
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5% 6 AR, 45 4 ASRAE A S AR PR S22 T HLER 2 A 909
#4i% 1 Continued table 1
FE HLp S IERFHI(5'—3) I EHI(5'—3") S/ PNV
Gene Gene number Forward sequence Reverse sequence Product size
173.2 LOC_0s03g49940 CACGATCCCCAAGCTGACTT AAGAACACCGCGGCTAAGAA 123
HTS1 LOC 0s04g30760 GACCCATGTTGCAGCTGTTG TGCACCCAGCTTTTCCAAGA 134
AETI LOC_0s05g45890 GCCAACAGCGAGTACGAGTA AGAATCGGTGGAAGTGGCAG 109
TOGRI LOC_0s03g46610 TAAGGTCGAGGTAGCGTCCA ATCATGCTCCCTGGCAACTC 126
OsERI LOC_0s06g10230 CGACAATGCACGAGGTTGTG GCTGGTGCCTCTTAAGCTGA 143
OsMADS7 LOC Os08g41950 GCAATTGAAAGCTAGCCGCA GCTGCTTCTCTAGGCTCTCG 137
OsFAD7 LOC_0s03g18070 GTTGAACAGCGTGGTTGGAC GACATGACCGTGGTTCTGGT 103
OsWRKYI1 LOC_0Os01g43650 GTTGATCACCTCGAGGACGG GCTTCTTCACACCGCACTTG 118
OsHCI1 LOC_0s10g30850 TCTCTCTCTTTTGCAGGGCG ATCCACTGCACGAGGAAGTG 106
OsHsfA2¢  LOC Os10g28340 TGGAATCCCTGAGCTGGAGA AACAGCTCTGCCCAGAAGTC 129
OsHSBP!  LOC_0s09g20830 CCCGGCAGATATGACAGCAT TTCAGGTCGTTGACGCTCTG 144
OsHTAS LOC_0s09g15430 AACATCCGCATGCCCCTTTA CGGGTGGTTGTTCAGGTTCT 132
NALI11 LOC_0s07g09450 AAACGCCCATCCTGAGAAGG CCCCCTCCTTTTGTCTTCCC 141
HSA32 LOC_0s06g46900 CTCTACGGGCAGACATCGTC TCCACGAACAGATTCACCCG 133
OsHSBP2  LOC_0s06g16270 GCATCCCCATCAAGGCTGAT GGAACCTGGTTTGCATCTGC 105
HSP101 LOC_0s05g44340 GGTCGGCAAGAACTCCATGA ACCTTCCTGAGTTGCTCGTG 138
HTHS LOC_0s05g05740 GCCTTGATCGTGTGGTAGCT CGAGATTCGGGCAGCCTAAT 150
OsHSP1 LOC 0s04g01740 CGTCAAGAAGCACTCCGAGT TCCTTGCCTTTGGAGTCGTC 117
OsHSP71.1 LOC_0s03g16860 CTGATCCCCAGGAACACCAC TCACCCTCGTACACCTGGAT 101
OsHSF7 LOC_0s03g06630 GATGGTGAAGGAGGAGTGGC CAGGTCGAACGTCTTGGTCA 115
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Fig.1 Evaluation of heat stress resistance of four rice cultivars at seedling stage
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Fig. 2 Heat stress resistance scores of four rice cultivars
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Table 2 Sequencing depth and coverage of four rice cultivars

A R RN TR
S MR B e CPRIMEREL e, axBie SRR
. Comparative Total Comparison Average sequencing
Cultivar 1% coverage 4X coverage 5% coverage
reads reads rate depth

JURF JILX 68 508 565 69 806 334 98.14 22.62 94.48 91.58 92.58
MR NXMZ 71978559 73338268 98.15 24.39 94.87 92.17 93.17
RS5518 68 952835 73 150 652 94.26 23.30 94.75 92.10 93.10
AR fT NIXZ 71235025 72695318 97.99 24.32 94.81 92.40 93.40

1) Fo 3 5% M B4 B0k 2 B A B B 40 09 ik B (EL 46 5% Yo 3 e Sk P xT) s Bk A3 A 2O B SOOI 09 Bereads B M3t
RAR YL AT B S R B 2804 AU 5 B 3 R IR AR YL AT B S R B 28 0 R B AR AR B 0 IR B K Ix 4xFeSx B A
SR AEHFRREE S AN ELAN SRR S0 5 B ARG T 4t

1) The comparative reads number is the total number of sequencing reads which paired to the reference genome (including single-
end paired and double-end paired); The total reads refers to the total number of valid reads paired to the reference genome; The
average sequencing depth refers to the total number of reads paired to the reference genome divided by the size of the genome; 1%,

4x and 5x coverages refer to the percentages of the genome covered by at least 1 base, serial 4 bases and 5 bases respectively in the

reference genome

R 3 A NKERMERETRMA TSI ES T

Table 3 Counting of different types of genomic variations in four rice cultivars

fhF Cultivar SNP InDel SV CNV
JUER T JLX 857923 148394 12036 6802
M55 T NXMZ 800685 139065 12201 6375
R5518 920843 159588 13125 7050
M NIXZ 859302 148878 12401 7208

1) SNP3#5 &AMz H 88 09 T 7B 5| R A9DNAS ) % A4 ; InDelds > T50 bp#d s i B a9 3N Al % ; SVHE50 bpydh L #g K K
BLogaEN Bk BIE | A5 CNVAR A B 40 7 Bad 35 N 838 e 3 4l

1)SNP refers to the DNA polymorphism caused by variation in a single nucleotide; InDel refers to the insertions and deletions of

small fragments (< 50 bp); SV refers to large fragments (= 50 bp) of insertions, deletions, inversions, and translocations; CNV

refers to the increase or decrease of the copy gene numbers in genome
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Fig. 4 Haplotypes of heat tolerance related QTLs among four rice cultivars
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