Supplementary Material
1 Supplementary Tables

Supplementary Table S1. Information of ten re-sequenced varieties used in the study. R:
low temperature resistant. S: low temperature sensitive.

Low
Individual Individual Accession Accession Geographical Low temperature
a b ¢ S temperature .
code code Name Number origin henotvoe injury
phenotyp index(LT1I)
Sekino No. 2
CG104(Py) CG3087 (Ochiai No.2) SRX174877 Osaka, Japan R 57+1.2
Sagami Hanpaku
CG29 CG3010 Fushinari Kyuri SRX174872 Japan R 43+0.8
CG56 CG4358 K2148 SRX174887 Southern China R 54+1.1
CG61 CG3147 185 - Japan R 6.3+1.0
CG90 CG1077 Qing PiBaCha  SRX174857 China, Jilin R 42+0.3
. Russian
CG37(P,) CG5479 Muromskij SRX174897 Federation S 57.8+2.9
CG10 CG7023 Rasht SRX174917 Iran S 63.3+1.9
cG21 CGB160  PoonaKheera  SRx17agsp MO Madhya s 62.8+2.1
CG43 CG6562 SC 53-B (6) SRX174908 United States S 59.7+0.8
CG109 CG5232 Nemet Kigyo SRX174892 Hungary S 60.2+3.6

®CG # in this study; °CG # in Qi et al. (2013); “Accession number in NCBI database.

Supplementary Table S2. Environment used for evaluating low temperature tolerance of
F,.3 populations and core germplasms.

Population Treatment Seedling ege Duration of low Average Site
temperature temperature

March 2017 Three-week-old 11 days 15.6°C Greenhouse

Fos April } ) . Plastic
2017 Three-week-old 14 days 16.6°C greenhouse

February .

Core 2016 Three-week-old 14 days 12.0C Greenhouse
germplasms I\élg;%h Three-week-old 11 days 19.3C Greenhouse

Supplementary Table S3. 214 non-synonymous SNPs in the 42-kb region among 10 CG
lines.

rs# position CG10 CG21 CG37 CG43 CG109 CG29 CG56 CG61  CGO0 CG1o4
SNP3031244 20779616 TT TT TT TT TT AA AA AA AA AA
SNP3031247 20779823 AA  AA AA AA AA cC cC cC cC cC
SNP3031251 20779851 CC CcC CcC cC cC GG GG GG GG GG
SNP3031257 20780091 GG GG GG GG GG TT TT TT TT TT
SNP3031258 20780095 AA  AA AA AA AA cC cC cC cC cC
SNP3031261 20780229 CC CcC CcC cC cC AA AA AA AA AA
SNP3031264 20780245 AA AA AA AA AA GG GG GG GG GG
SNP3031265 20780286 CC cC cC CcC CC GG GG GG GG GG
SNP3031272 20780688 CC CcC CcC cC cC TT TT TT TT TT
SNP3031274 20780750 CC cC cC CcC CC GG GG GG GG GG
SNP3031280 20780921 AA  AA NN AA AA TT TT TT TT TT
SNP3031281 20780926 AA  AA AA AA AA CcC CcC cC CcC cC


http://www.ncbi.nlm.nih.gov/sra/SRX174857
http://www.ncbi.nlm.nih.gov/sra/SRX174897
http://www.ncbi.nlm.nih.gov/sra/SRX174908
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SNP3032032 20820534 CC CC NN CC CC AA AA  AA  AA  AA
SNP3032033 20820621 GG GG GG GG GG TT TT TT 7T 7T
SNP3032035 20820719 AA AA AA AA  AA TT TT TT TT TT
SNP3032040 20820994 TT T TT TT TT ccC CC CcC CC CC
SNP3032043 20821125 TT TT TT TT TT AA  AA AA AA  AA
SNP3032044 20821153 CC CC CC CC CC GG GG GG GG GG
SNP3032047 20821287 GG GG GG GG GG AA  AA  AA  AA  AA
SNP3032052 20821448 CC CC NN CC CC GG GG GG GG GG
SNP3032054 20821614 CC CC NN CC CC AA AA  AA  AA  AA
SNP3032055 20821620 AA- AA NN AA AA TT TT TT TT TT
Supplementary Table S4. The primers used for gene cloning and gene expression

analysis.

Primer name Forward primer Reverse primer
Csa6G445210-1 TCTCTTCGCTTCTCTTCTG TTAATTCCTCTGCCAACCA
Csa6G445210-2 TTGCTGTTGTTAGATGGTC GGCGTCCCTCTATAAATGT
Csa6G445210-3 AGTCTGATGCTAACAATGGT GTGGTAAGGTCAACTACTACA
CsabG445210-4 GCTTCTTCAGGTAATCACTGT AGGAGTCTTCACGCCATC
CsabG445210-5 CGTATCTTGCTTGCTAACC GAAGGACCTGATATTGACCA
Csa6G445210-6 CATCAAGACAGCAAGAAGAT TCCAAATACACCCATAGACT
Csa6G445220-1 GCGAATCTTCTTCCTTACAC TTACAAGACCTCAGCGATAG
Csab6G445220-2 CGTTACAGAGTCAATGAACT CAACAGCAGCAACAAGATA
Csa6G445220-3 GCTGTTGGCTAATGTTACTC ACACTTGTTAAGGTCATTGC
Csa6G445220-4 AATAAGGAGTCGTGTTGTC AAAGAAATGTCAGTGGAGTG

Gene CsabG445230-1 AGCAGTCTATCACTCTCATC CCTTACCTTACCGCCTATT
cloning for Csa6G445230-2 TTTGGGTTCTGGGTTCTG TGTGGTTATCTTCCTTAGCA
sequencing CsabG445230-3 TCCTTCTCTGATGCTAATGG GCTGCTTGATAGACACAAC

CsabG445230-4 TGGTCACTGGAAGAGGTC TGGCTGGAAGTCTGGAAT
Csa6G445230-5 CAACGAGGAGTATGATAAGTG CAACCGCCTAGAATGACA
Csa6G445230-6 AATCTCATGCCGACAAGG TGACCACCAAGACTCCAT
Csa6G445230-7 TGGAGTCTTGGTGGTCAA TATAGGCTCGGCACTGTAT
Csa6G445230-8 GGATATGGCAGAGGTTAGAC CAATAGGTGATGAGTGAGGAA
CsabG445230-9 GAGAAGGATGATTATGAGGTTG CTGGATACTGTGATGTTGGA
Csa6G445230-10 TTCCAACATCACAGTATCCA ACAGCCTTCTCCACAATG
Csa6G445230-11 GCTTCTCCAGTCCTTCAG TTGCCATTAGAGTTCACAAG
CsabG445230-12 GTGCTTACTGGCTCCATT GTCCATTGAGTCACATCCTA
Csa6G445230-13 CCACTCACGAAGTATCATCT ACGATCATATCATGGAGCAA
gRT-PCR Actinl CACCAAGCCCAAGAAGATC TAAACCTAATCACCACCAGC
Csa6G445210 TGTCTTGTACCGTGATGTT GCTCCTACATTGTTACTTCC
CsabG445220 TATCTTGTTGCTGCTGTTG GTAAGGGTGGACGTAACA
Csa6G445230 AACATGATCTTGGGCATTTC CCATCTTCCAGAAGGTCAG

Supplementary Table S5. Specific SNP markers used for amplifying mutation sites from

F» individuals.
. Restriction
Gene Primer Primer sequence endonucleas Restriction site Mutation site Phenoty
name name e pe
SNP_10- AAACCTCTCCGATGGCT ..CAATTGC R
Csad452 F CTG . , C...
10 SNP_10- TGTTCGTCACCGACATGT Mfel 5,"'CVAATTG"'3, ..CAATCGC
R ™ 3..GTTAAAC...5 C S
SNP_30- GGTTTGTTCCATGGGTAT 5'...GCAGC v
Csad452 F AGGT oy (Va3 ~GCAACG.. R
30 SNP_30- ACACATGTGAAGAGGTC 3..CGTCGA GCAGCG s
R CCA (N),..5'

Supplementary Table S6. Low temperature injury index of F; and F;’ showed that the LT



tolerance is controlled by nuclear genes.

Parental Lines F. F
CG104 CG37 CG104 x CG37 CG37 x CG104
(Mean=£S.E) (Mean£=S.E) (Mean=+S.E)
41+17 65.3+6 27+78 30.0+34

Three replicates were conducted in the experiment, and eight plants were phenotyped for each
replicate.

Supplementary Table S7. Distribution of markers on the linkage map.

Chromosome Number of markers Length (cM) Average distance

(cM/marker)
Chrl 27 119.1 4.4
Chr2 47 160.4 34
Chr3 29 160.9 55
Chr4 18 144.7 8.0
Chrs 35 152.8 4.4
Chré 44 163.3 3.8
Chr7 25 89.4 3.6
Total 190 990.8 5.2

Supplementary Table S8. Transmembrane helix position of protein encoded by
Csa6G445230.

CG104 CG37
Name
Start End Start End
transmembrane region 13 32 13 32
transmembrane region 52 74 52 74
transmembrane region 95 117 120 142
transmembrane region 122 144 157 176
transmembrane region 156 178 197 219
transmembrane region 238 255 234 256
transmembrane region 288 310 288 310
transmembrane region 325 347 325 347
transmembrane region 354 376 354 376
transmembrane region 396 418 396 418
transmembrane region 439 461 439 461
low complexity 554 569 554 569
low complexity 635 666 635 666

Supplementary Table S9. Correlation between phenotype and the non-synonymous SNP
site of Csa6G445210 (SNP_10) and Csa6G445230 (SNP_30) in 158 F, individuals. The
individuals that produced the same digestion products as CG104, CG37, and F; were
defined as type a, b, and ab, respectively.

Code Mar-17  April 2017 SNP_10 SNP_30 Code Mar-17  April 2017 SNP_10 SNP_30

2 47.7 33.7 b b 108 22 18.9 a a
3 40.5 375 ab ab 109 27 20.1 a a
4 63 - ab ab 110 34.8 345 ab ab
5 15.7 27 ab ab 113 315 339 ab ab
6 14.6 14.3 a a 114 34.9 30.7 b b
7 27 235 ab ab 115 34.7 31.2 ab ab
8 47 37.6 - b 116 21 17.6 a a
9 39.2 37.2 ab ab 117 35.3 20.7 a a
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82 45 34.3 ab ab 191 33 27.8 ab ab

83 29.5 30.6 ab ab 192 51.2 52.3 b b
84 23.3 23.7 a a 193 43 24.8 ab ab
85 24.6 24.8 ab ab 194 13.7 16.1 a a
86 20.3 15 a a 195 25.8 19.2 ab ab
87 29.8 22.8 ab ab 197 41.1 38.1 b b
89 33.7 28 ab ab 198 27 25.6 ab ab
90 53 41.9 b b 199 27 26.2 a a
91 31.7 29.4 ab ab 200 31.7 379 ab ab
92 37.8 34.6 ab ab 202 38.2 37.9

93 29.6 26.3 a a 203 35.4 354 b

94 39.2 29.3 ab ab 205 43.6 34.8 ab ab
95 36 335 ab ab 206 25.2 19.3 ab ab
96 25.7 21.2 a - 209 30.2 10.5 a a
98 14.4 21.1 a a 210 37.2 35.7 ab ab
99 23.7 19.7 a a 211 30.7 23.8 a a
101 374 39.8 ab ab 212 323 29.9 ab ab
102 26 26 a a 213 27.4 25.6 ab ab
103 18 20.5 a a 215 31.2 30.6 ab ab
104 22.2 239 a a 217 14 151 a a
105 22.3 16.9 a a 218 46.3 33 ab ab
106 45 45.6 ab ab 219 16 12.3 a a
107 30.9 27 a a 222 23.8 27 ab ab

2 Supplementary Figures

Normal Q-Q Plot of March.2017 Normal Q-Q Plot of April2017

Expected Normal Value
Expected Normal Value
u

) Obselj]v'ed\’a;;le : l ‘) Obser:ed Value.C
Supplementary Figure S1. The Normal Q-Q plot of phenotypic data generated in March
2017 and April 2017.
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Supplementary Figure S2. The frequency distribution of the low temperature injury index
of 87 core germplasm. The ten CG lines in red were selected to generate LT-resistant and
LT-sensitive bulks.

Csa6G445210
CG104 1 CTTCTTCCCTTCTTCTCCTCTCTAGGATTCTCTTTTCCCTTCCTTCCATCAATTCCCACT 60

CELEEEECCT TR TP E T
€637 1 CTTCTTCCCTTCTTCTCCTCTCTAGGATTCTCTTTTCCCTTCCTTCCATCAATTCCCACT 60

G104 61  TGGCTTTCTTCCCTTC
ETTTLELTT T
CG37 61  TGGCTTTCTTCCCTTC

T TCTCGATTTTTGTTTCT 120

CTTGATCGACCTCACTCTACCCTCCA

TETTGATCGACCTCACTETACCCTECHTETTOATITTIGTICT 120
CG104 121  AACTCTGTTACAGTTGCAACCCCCTTTCTTCTTCCTTTTTAATCTATTTTTATCCAATTT 180
CG37 121  AACTCTGTTACAGTTGCAACCCCCTTTCTTCTTCCTTTTTAATCTATTTTTATCCAATTT 180
CG104 181  TTGTTCATGGGTTTTGCGTCTGGTGGTATATGAAGTGGTCAAAGCACGGTGAAGAAGCTC 240
CG37 181  TTGTTCATGGGTTTTGCGTCTGGTGGTATATGAAGTGGTCAAAGCACGGTGAAGAAGCTC 240
CG104 241  CTAGAGAACCCCTTTGAATTTGGTGAATGGTAGGTTTCTGGAGCTGTGGAATTTTGTTGC 300
G 211 CTAGAGAACCCCTIIOMTTIGETOMTGETAGOTTICTEOACCTETGEMTTIIGITCE 500
CG104 301  CATTTATAAGGGGCGAATTCCCGAGAACGGAAGGGTTGTTGGGAAATTTTTGATATGGGT 360
CG37 301  CATTTATAAGGGGCGAATTCCCGAGAACGGAAGGGTTGTTGGGAAATTTTTGATATGGGT 360
CG104 361  ATGGAGATTTTGGAGACGTATTCGTCTCTTCTACCTTCTGCAATGTTCTGTTTCTGAGAA 420
CG37 361  ATGGAGATTTTGGAGACGTATTCGTCTCTTCTACCTTCTGCAATGTTCTGTTTCTGAGAA 420
CG104 421  TTTTGGAATTCAATTTCTGGATTTTGCTGTTGTTAGATGGTCGACGGGAAGGAGTTATTT 480

CG37 421  TTTTGGAATTCAATTTCTGGATTTTGCTGTTGTTAGATGGTCGACGGGAAGGAGTTATTT 480
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CG37 3481 CATAAAAGAAAGGCATTTTGAAGAAGAAAAGACAAAAAGGGCTTACCTTGAAACTTGAGT
CG104 3541 TTC TAG
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Csa6G445230
€G104 1 TTCTCTTTCTCTTTCTCTTTCTATATATAAAGCTTATGCAATTAACTCTCTGGCGTTACT
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G104 661 CAT

R AR AR AN
CG37 661  AACCAGGATTATTTATTATTAGAATTACTCATGGTAGTTAACATGTAGAATTCTTGTACC
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TTAGAGTCAATATGAAAGATACAAATAGT
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CG37 6721 AACTCTAATGGCAAACATTCTTTCAG! 6780
CG104 6777 6836
CG37 6781 6840
CG104 6837 6896
CG37 6841 6900
CG104 6897 6956
CG37 6901 6960
CG104 6957 7016
CG37 6961 7020
CG104 7017 7076
CG37 7021 7080
CG104 7077 7136
CG37 7081 7140

ACCCAAAAATGGTGATCAAATCACCCAGCTGTTTAATTT 7196
\II\\II\\\\\I\\II\\II\ RN

CG104 7137
CG37 7141 TATTTACCCAAAAATGGTGATCAGATCACCCAGCTGTTTAATTT 7200

CG104 7197

GGAAAGCAGCTCATGGTTTGGAACGAGATGCCCTCGTCTTGGTCTTTACTCTCTCTCAA 7256
|

CG37 7201 TGGAAAGCAGCTCATGGTTTGGAACGAGATGCCCTCGTCTTGGTCTTTACTCTCTCTCAA 7260

CG104 7257 7316

ll\\\\II\\II\\III\\II\\II\\I\\\\\II\\II\\III\\II\\II\\I\\\\
CG37 7261 AACATGTAT CTGCGAATTTTCTTC GTTAAAATATGATTAGGA 7320

CG104 7317 AGGAAACTGGTGCAAACACACATGG 7376

ll\\\\II\\II\I\\\II\\I\\\\\II\\II\\II\\II\\\II\H\\I\\ L]
CG37 7321 TGTGACTCAATGGACCCTTAGTTGCAGCAAAACTCAGGAAACTGGTGCAAACACGCATGG 7380

CG104 7377 AAAGTTGATTGTTATGATGGTTGCACTACTTACTTGTATCAAAGTAATTGCTGGAGGAGA 7436

CEELEEEEEEEEEEEEEE LT ETTTEEEELE
CG37 7381 AAAGTTGATTGTTATGATGGTTGCACTACTTACTTGTATCAAAGTAATTGCTGGAGGAGA 7440

CG104 7437 TGACTTTGAAAAGTTGAAAAAAAAATGTTAGTATATAGCAGACAGAGCTA 7496

ll\\\\ll\\II\\III\\II\\II\\I\\H\II\\II\\III\\II\\II\\II\\II
CG37 7441 GATCACAAGGTGACTTTGAAAAGTTGAAAAAAAAATGTTAGTATATAGCAGACAGAGCTA 7500

CG104 7497 CTGTGCAAAACTTTCTGAAACATTTCAAATCTCTTTCCACAA 7556
ll\\\\II\\II\\III\\II\\Il\\l\\\\\II\\II\\III\\II\\II\\I\\\\

CG37 7501 GTCTGTGCAAAACTTTCTGAAACATTTCAAATCTCTTTCCACAA 7560

CG104 7557 AAG TAG 7616
ECCEEECE PR TR EEEE TR

CG37 7561 AAGCTATTCTAGATCTTGCTGTTTGTTGTTAGATCATGCAGAAACTTTCTTCTGTTGCCC 7620

CG104 7617 GTTTCGGTGAGTCAAAAGATAACTACATACTCTAGGG 7653

LLLTTETEEEEEPEEE LT T T T T
CG37 7621 GTTTCGGTGAGTCAAAAGATAACTACATACTCTAGGG 7657

Supplementary Figure S3. DNA sequence alignments of the candidate gene,
Csa6G445210 and Csa6G445230, between CG104 and CG37 (the highlight indicates the
exons )
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CG104 1261 KRRLSNKPVATHEVSSISRKISATSVPYSS 1290

LLPLETEEEEEE LT
CG37 1261 KRRLSNKPVATHEVSSISRKISATSVPYSS 1290

Supplementary Figure S4. Amino acid sequence alignments of the candidate genes,
Csa6G445210 and Csa6G445230, between CG104 and CG37






