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Abstract: gCTS-9 is reported to be a rice cold-tolerant gene, which functions stably under a wide range of
low temperature conditions at seedling stage. Detailed knowledge of the haplotype and adaptive evolution pattern
of gCTS-9 will provide support for breeding cold-tolerant rice varieties. In this study, 116 accessions of
cultivated rice (Oryza sativa L.) and 37 accessions of wild rice (Oryza rufipogon Griff.) were used to analyze
the nucleotide diversity and haplotypes of gCTS-9. There are a total of 14 SNPs in the coding region of ¢CTS-9,
and these SNPs comprised eight haplotypes. Four non-synonymous SNPs constituted three functional
haplotypes, which showed significant differences in cold tolerance. The SNP at the 1535 bp in the coding region
was hypothesized to be the key mutation site of gCTS-9. The analysis of cis-acting elements in the promoter
region of gCTS-9 showed that a SNP (G—A) at —1107 bp resulted in the deletion of a MYB recognition site in

the cold-sensitive haplotype Hap4, which may lead to a decrease in cold tolerance in indica rice. Wild rice
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contains most of the variations of gCTS-9 gene in cultivated rice, but it does not have any unique variant sites

within the coding region and promoter cis-acting elements. During the differentiation from wild rice to indica and

Japonica rice, cold-tolerant related alleles or mutations were fixed and expanded, which in turn enhanced its

regional adaptability.

Key words: rice; cold tolerance ; gCTS-9; nucleotide diversity ; haplotype ; domestication
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Fig.1 Nucleotide polymorphisms in the gC7S-9 coding region
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Fig. 2 Haplotypes analysis of ¢CTS-9 coding region
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Table 1 The frequency of different haplotype groups in the four materials
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Haplotype - - e Ky
group Bt et (%) Ko Hef1 (%) Koo Hetl (%) Kot Letd (%)

Number Proportion Number Proportion Number Proportion Number Proportion
Hapl 74 83.15 0 0 0 0 0
Hap2 13 14.61 5 22.73 0 0 0 0
Hap3 1 1.12 6 27.27 1 50.00 1 33.33
Hap4 0 0 6 27.27 0 0 0 0
Hap5 0 0 2 9.09 0 0 1 33.33
Hap6 0 0 1 4.55 1 50.00 1 33.33
FHapl 74 83.15 0 0 0 0 0
FHap2 14 15.73 7 31.82 1 50.00 1 33.33
FHap3 1 1.12 15 68.18 1 50.00 2 66.67
qCTS-9"» 74 83.15 0 0 0 0 0
qCTS-9™ 14 15.73 20 2 100 3 100
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Fig.3 The low-temperature responsive cis-acting elements analysis of ¢C7S-9 gene promoter
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Attached table 1 Detailed information of rice accessions used in this experiment

PT—— AEEERTFY AL H 5 Y
) WA I AT B SPAD 1 SPAD 1§ DIRE AR BERIAH
KFEVCF_id KFEmFP . Average AR ]
Rice VCF id Rice cultivars Sub- ' Geog'raphlc yellow leaf Average SPAD  Average SPAD Haplotype Functional Haplotype
population location rate (%) value before value after haplotype group
treatment treatment
S8656 IRIS 313-8656  Aro EXEgE 375 33.12 29.60 Hap6 FHap2 GroupA
268 111616  IRIS 313-11616  Aus 1053 100.00 18.30 6.27 Hap3 FHap3 GroupB
S11451 IRIS 313-11451  Aus 1053 60.00 21.37 12.63 Hap6 FHap2 GroupA
$8924 IRIS 313-8924  Indica 1053 97.50 29.73 24.93 Hap3 FHap3 GroupB
$9258 IRIS 313-9258  Indica 1053 94.50 25.57 18.97 Hap4 FHap3 GroupB
307 111494 IRIS 313-11494  Japonica  FNJE 99.00 28.83 8.93 Hap2 FHap2 GroupA
S11156 IRIS 313-11156  Japonica  ENJE 15.17 26.30 5.10 Hapl FHapl GroupA
370 N11563 IRIS 313-11563 Aro JETAR 79.50 23.77 18.07 Hap3 FHap3 GroupB
S11567 IRIS 313-11567  Indica JETAR 88.50 24.27 19.03 Hap6 FHap2 GroupA
S11624 IRIS 313-11624  Indica JETAR 67.50 25.20 14.00 Hap2 FHap2 GroupA
S10606 IRIS 313-10606  Aus I [ 21.15 25.30 12.47 Hap5 FHap3 GroupB
305 B8717  IRIS 313-8717  Indica I [ 58.33 29.20 21.50 Hap7 FHap2 B
315 B9067  IRIS 313-9067  Indica I [ 27.50 26.50 20.03 Hap2 FHap2 GroupA
326 B8509  IRIS 313-8509  [Indica I [ 100.00 2533 27.00 Hap3 FHap3 GroupB
S11404 IRIS 313-11404  Indica I [ 80.50 15.77 14.97 Hap3 FHap3 GroupB
374 V9637 IRIS 313-9637  Indica [29] 100.00 21.47 13.80 Hap4 FHap3 GroupB
300 M9375 IRIS 313-9375  Japonica  RiGE 15.00 25.77 17.57 Hap7 FHap2 3
S11195 IRIS 313-11195  Japonica 4 f] 66.50 24.83 27.30 Hap2 FHap2 GroupA
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0.00
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12.13
4.17
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12.50
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26.00
17.00
32.17
35.77
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25.43
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31.17
33.33
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31.93
24.90
29.80
26.20
30.55
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34.73
29.40
34.33
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26.90
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30.30
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21.57
10.73
22.13
18.10
24.17
35.10
34.93
23.80
15.27
21.53
25.23
23.57
17.03
20.47
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27.90
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12.13
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FHap2
FHap3
FHap3
FHap3
FHap3
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHapl
FHap3
FHap2

GroupA

GroupB
GroupB
GroupB
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupB
GroupA



S107
3191
387 87
10558
$10583
S109
S114
S115
S11580
S11582
311651
S11652
S11653
S117
S119
$12060
12061
S125
S126
S127
S128
S131
S139
S140
S144
S151

ME15

Bl o =5
H2 8

IRIS 313-10558
IRIS 313-10583
AL 35
HifE 8 5
HiE2 5
IRIS 313-11580
IRIS 313-11582
IRIS 313-11651
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36.53
23.23
29.80
28.27
24.03
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20.83
8.85
16.25
5.00
4.17
0.00
3.33
7.63
34.31
81.25
2.94
5.56
9.55
1.33
13.33
5.28
14.58
19.64
10.00
9.17
20.00
60.00
87.50
100.00
92.86
32.50

31.63
33.27
26.27
28.93
35.13
31.60
31.03
23.07
29.00
33.60
30.87
34.18
27.30
37.87
33.17
28.50
32.63
37.60
30.57
25.93
27.73
21.13
30.87
28.13
9.67

25.83

30.90
27.60
17.00
17.17
31.57
11.83
24.53
22.30
19.60
14.47
23.07
29.06
16.13
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25.63
28.13
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67.50
5.00

90.00
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27.50
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60.00
55.00
35.23
14.44
38.00
78.00
80.50
65.00
36.50
22.00
10.42
76.39
4.17

38.30
29.70
24.27
21.67
29.97
27.87
33.30
25.43
27.40
33.77
17.60
32.40
24.27
33.80
23.53
38.27
29.47
28.30
33.43
18.77

23.07
26.60
17.60
14.27
24.53
21.53
28.40
17.43
17.80
22.73
13.90
21.10
6.47

27.17
31.57
17.30
14.20
20.47
35.43
19.20

Hapl
Hapl
Hapl
Hap2
Hap2
Hap2
Hapl
Hapl
Hapl
Hapl
Hapl
Hap2
Hap2
Hap2
Hap2
Hap2
Hapl
Hapl
Hapl
Hapl

FHapl
FHapl
FHapl
FHap2
FHap2
FHap2
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FHapl
FHapl
FHapl
FHapl
FHap2
FHap2
FHap2
FHap2
FHap2
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FHapl
FHapl
FHapl
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GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA
GroupA

- REHEFEAE DT 3 MR S5

- indicates haplotypes that were excluded from the analysis due to a sample size of less than 3
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Attached table 2 Detailed information of wild rice accessions used in this experiment

/K#8 VCF id /KEB&HFh 1% :2 HEAE AR DA
Rice VCF_id Rice cultivars Subpopulation Geographic Haplotype Group
location

R.guad31 R.guad31 rufipogon Hh Hapl qCTS-9'%
R.hunas0 R.hunas0 rufipogon Hh Hapl qCTS-9'%
R.hunas9 R.hunas9 rufipogon Hh Hapl qCTS-9'®
R.huna53 R.huna53 rufipogon Hh Hapl qCTS-9'%
R.huna51 R.huna51 rufipogon Hh Hapl qCTS-9'
R.indi09 R.indi09 rufipogon [ Hap6 qCTS-9™d
R.huna56 R.hunas6 rufipogon Hh Hapl qCTS-9'%
R.guad32 R.guad32 rufipogon Hh Hapl qCTS-9'®
R jiax02 R jiax02 rufipogon Hh Hapl qCTS-9’»
R.huna55 R.huna55 rufipogon Hh Hapl qCTS-9'%
R jiax01 R jiax01 rufipogon Hh Hapl qCTS-9’»
R.huna58 R.huna58 rufipogon Hh Hapl qCTS-9'%
R.huna52 R.huna52 rufipogon Hh Hapl qCTS-9'
R.huna49 R.huna49 rufipogon Hh Hapl qCTS-9'
R.huna54 R.huna54 rufipogon Hh Hapl qCTS-9'
R.indil4 R.indil4 rufipogon [ Hap6 qCTS-9™d
R.huna57 R.huna57 rufipogon Hh Hapl qCTS-9'%
R.indo14 R.indo14 rufipogon ENFEJEPEIE.  Hap5 gCTS-9™d
R.indo15 R.indo15 rufipogon ENFEJEPEIE.  Hap5 gCTS-9™d
N.srill5 N.srill5 rufipogon LN S Hap5 qCTS-9'nd
R.viet30 R.viet30 rufipogon e e Hap5 qCTS-9™d
R.indo12 R.indo12 rufipogon ENFEJEVar.  Hap5 qCTS-9'd
N.laos 06 N.laos 06 rufipogon ZHd - qCTS-9™d
R.laos17 R.laos 17 rufipogon ZHd Hap5 gCTS-9'nd
R.indil2 R.indil2 rufipogon [ Hap5 qCTS-9™d
R.indo13 R.indo13 rufipogon ENFEJEPEIE.  Hap5 gCTS-9™d
R.nepal9 R.nepal9 rufipogon JEVA/R Hap5 qCTS-9™d
N.sril14 N.sril14 rufipogon HrH 4 Hap5 qCTS-9™nd
R.indol11 R.indol11 rufipogon ENFEJEVar.  Hap5 qCTS-9'd
R.nepa25 R.nepa25 rufipogon JEVA/R Hap5 qCTS-9™d
R.indil3 R.indil3 rufipogon [ Hap3 qCTS-9™d
N.srill3 N.srill3 rufipogon LN S Hap5 qCTS-9'nd
R.indil0 R.indil0 rufipogon [ Hap5 qCTS-9™d
R.viet27 R.viet27 rufipogon ok F Hap3 qCTS-9™d
R.indo10 R.indo10 rufipogon ENFEJEPEIE  Hap8 gCTS-9™d
R.myan02 R.myan02 rufipogon 4ifj ) Hap5 qCTS-9md
N.myan04 N.myan04 rufipogon 4fj ) - qCTS-9md

-RREAFT Hapl~Hap6 1) 555

-- represents haplotypes different from Hap1 to Hap6
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