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Supplemental Table 1. SSR and InDel markers used in this study

L ocUs Physical

Chromosome  location ~ Forward primer Reverse primer
name

(Mb)

RM3740 1 2.80 cccgtcaccaactcaccatagg ctaagccacccttaccaccatcc
Indel1-3 1 5.30 gggaaatttgggaggaagac cgagcaagctacccgaatta
RM1201 1 7.16 gctacgtacgagccctagttaccg taccgcgccacatatacacaacc
RM243 1 7.97 gatctgcagactgcagttgc agctgcaacgatgttgtcc
RM577 1 8.37 gctttcectctaaccectct ggatgtaccgctgacatgaa
RM449 1 15.12 ttgggaggtgttgataaggc accaccagcgtctctctctc
Indel1-9 1 20.06 tccectctecacttgtcaac tttttagtggcatagatcctcttc
Indel1-10 1 22.62 gttcaggcaattccatcgtt ctaattcgcgaaacgaatct
RM5 1 23.97 tgcaacttctagctgctcga gcatccgatcttgatggg
RM488 1 24.81 cagctagggttttgaggctg tagcaacaaccagcgtatgc
RM128 1 30.74 agcttgggtgatttcttggaagceg acgacgaggagtcgcecgtgcag
RM543 1 32.78 ctgctgcagactctactgeg aaatattacccatccccccc
Indel1-16 1 37.71 ttcatatccgcaggcaattt gcctttctgttcatggcagt
RM14 1 41.36 ccgaggagaggagttcgac gtgccaatttcctcgaaaaa
RM109 2 0.18 gccgecggagagggagagagag ccccgacgggatctccategte
RM110 2 1.33 tcgaagccatccaccaacgaag tccgtacgccgacgaggtcgag
RM236 2 2.10 gcgctggtggaaaatgag ggcatccctctttgattccte
RM555 2 4.31 ttggatcagccaaaggagac cagcattgtggcatggatac
Indel2-3 2 5.48 atagggtgggtgtgctgaac gcacaaaactgcaggtctcc
Indel2-4 2 7.99 agtgtcccaagcgagaaaac atgcacgagtgagtgtgagc
RM7288 2 9.03 cgctatgtggcagtttaagagc ctgttggaatcaaagtgagtgc
RM324 2 11.39 ctgattccacacacttgtgc gattccacgtcaggatcttc
Indel2-8 2 18.09 ccatcagcatcagcaatagg gaatatgttgtggagaccaatatatga
RM29 2 19.46 cagggacccacctgtcatac aacgttggtcatatcgotgg
Indel2-9 2 20.58 tttttatctcgaggtacggtagtag tgagaattagtgttcatttgtagattc
RM262 2 20.79 cattccgtctcggctcaact cagagcaaggtggcttgc
RM5427 2 21.52 tgctgttgacacttgacaggtagc cacaattattgcggctcatcg
Indel2-10 2 23.05 ggctggctgttgctcatc aaaaatcccaaccctgctg
RM6318 2 24.43 aagtgcctcgaattacacatctcc gctgcttctgtccagtgagacc
Indel2-11 2 25.57 aaggagattagcagttggtgga tccaatttgacacaaatgatga
RM525 2 28.27 ggcccgtccaagaaatattg cggtgagacagaatccttacg
RM240 2 31.50 ccttaatgggtagtgtgcac tgtaaccattccttccatce
RM250 2 32.78 ggttcaaaccaagctgatca gatgaaggccttccacgcag
Indel2-14 2 33.07 agtgaaatttgagcccaacg taaaagcaaaggccgaaaaa
RM482 2 35.28 tctgaaagcctgactcatcg gtcaattgcagtgccctttc
RM535 2 35.78 actacatacacggcccttgc ctacgtggacaccgtcacac
RM523 3 1.32 aaggcattgcagctagaagc gcacttgggaggtttgctag
Indel3-3 3 1.73 tggtttatattggaacggagga gttacatgccctttcgcagt
Indel3-4 3 1.74 gcttaccacacctctcctcct tccatatgcttccttcttcca
Indel3-6 3 2.88 gtttacgaatgaaccagt ctcattgaggcaaaggac
Indel3-8 3 3.89 taatttcggctcatccaagc gaagctccgceaggttcag
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ggaatcccteccttettgte
ggcttactggcttcgatttg
gccattgatcttctgcaggt
cgacgctgttgatcctgtta
gcatccatggttgagattcc
acaccaactcttgcctgcat
cacctcaaacttttaaccgcac
gttaggcctgcacttttgga
gtgatggtgaggggatctca
atgagatgagttcaaggccc
tgggctattattgggctttg
ccgtcgecgtagtagagaag
aggagcaagaaaagttcccc
ccettecttgttgtggetac
gccatcttgecatttgttct
ggaggtgaaagcgaatcatg
agattgatctcccattccec
ccaaagatgaaacctggattg
gtacacacccacatcgagaag
ggtcgctggttcttgaatgt
ctcacagtttctaggcggaaa
gtactaccgacctaccgttcac
acgcacaagcagatgatgag
catceecctgctgctgctgcty
gaagccgtcgtgaagttace
gagccaaataagatcgctga
aggactgaggacggcgaagg
cgtggcaatatggttecttt
ggattgctttttggcaattt
ggatggtgaggtgaggtgtt
atgtaacccggccagagtg
acacgatccactttgcgc
ccttgatcgattgctctggt
ttgcctcatgtttgcttcatee
ggcgaattctttgcacttgg
gctccectcaacttttecte
ttccatggcacacaagcc
aaatttaggccaggcagctt
cgtgccgatgacaaacttc
tcttgcccgtcactgcagatatce
tgagcactctgatctgtctctcacg
tcgcattgagatttgtgcat
agctcaggtgaaacatccac
cctcgettatgagagctteg
atcatggtcggtggcttaac

ggtcggtaaagacggtgaaa
cgtctcctttggttagtgec
tttgttgtcaatgcectgtt
gaaattaagcagcggaagca
tgcgctgctaaatgaaaaga
tgaagcaaaaacatggctagg
tccggcaagggatacggegg
gacatcaatcttggggagga
atccctecteecttgcty
aactctgtacctccatcgec
cgtgggataaaaccaccaag
tcccggttattttaaggeg
gccaatgtgtgacgcaatag
tgatttctgagagccaaccc
ctetgettttgctgectcett
cctgcetgctctttcatcage
cacgagcatattactagtgg
gcacaaggtgagcagtcc
gctctatgcgagtatccatgg
aatggtttgacttcgaccaaa
agccgagtagggctgaataa
ctgctatgcatgaactgctc
gggagaagacgaatgtttgc
cgccggatgtgtgggactageg
gtttcctacctgatcgegac
tgcaagcagcagatttagtg
cgaagaatccgcgacactaacg
tcggatacgtaaaacggaaaa
ttaacaactggagggggaaa
cgtgttttctcceccaate
ccattaactggtcggaatcg
tgtgtcttgagcagecagg
actttctccgtgttgcttge
agctgacaacgacgacactgc
acggtttggtagggtgtcac
tcggttgcctgaataccttt
ctgtgcacgaacttccaaag
tctctcacacgcttattcatcttt
gaggatccatgtccaccatt
gcagccctaatgctacaattctte
aatcaccgattcgtcgatctce
tcgtaaccacactgcaactg
atccagaatccattgacccc
cttctccatcactcecatgg
caggttccaaccagacactg
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ctttgtctatctcaagacac
tcgagtatatcacttcgctgtgtgg
aaccggattagtttctcgec
ctcaacgttgacacctcgtg
ggctcgatctagaaaatccg
cctcatccaggggtcatgta
gcgattattgagagcgagga
tcacctttatggtgccgaag
taggtaggaccgtgcttcattgc
cacaacgaatgtggtgtgtcc
ggttaggcatcgtcacgg
acaccaggctacccaaactc
gggaggggatcgagatagac
tcactagctctgecctgace
atcagcagccatggcagcgacc
ggagatggcacacgtcaaac
ctacatcggcttaggtgtagcaacacy
gcccaattaatgtacaggeg
ccecatgaggcectacactt
gcaactgctctacgectcte
ttctgtctcacgctggattg
tctcctcttceccegate
tgggatgcagagtgcagttggce
agagttatgagccgggtgtg
acagtatccaaggccctgg
actccactccactccccac
gcccacctgtcattgagagta
gcgccattcttgtcatctaattge
cgttcgtgtttttcgctgat
tgcagctgcgcecacagecatag
tggaggctttctcgetttc
gaaaccaccacacctcaccyg
acgagctctcgatcagcecta
cgcgtccgegataaacacaggg
ttttaaagctgcgccaaaag
ccggcgataaaacaatgag
cggagaggagaggaggagaage
cgtgcggcttacaagagata
tttttaccgtgtcggtactge
ccctecatgttgtgagttce
gaggacactgacgacagcttgg
aaccatgaatgaatccctga
ccettgtgctgtctectcte
gttgcgtcctactgcetactte
tgaattgaacctccgtectc

ttgcagatgttcttcctgatgy
acctcacgtccgtcaggaagc
tgaggacgacgagcagattc
tcctccatcgagcagtatca
ttgcacaggttgcgatagag
cggtcaagtgtcatccaggt
gectettgtgggaagaacaa
gaagctgcttttgcttccac
ccetggcctttcttcaatctge
cgacatagatgaggccctattce
tcacctcaccacacgacacg
cggagagatctgacatgtgg
tttaaccttccttcegetee
tgatgagagttggttgcgag
aggggatcatgtgccgaaggec
aggatcccgttttgtagcag
acttgctctacttgtggtgagggactg
atatcgtttagccgtgcetgce
agcagcataatcagatgagacg
cctgaggcttcacctactcg
agctgcgtacgtgatgaatg
atagcgggcgaggcttag
cgcaggcacggtgccttgtaag
gatttggcgatcttagcagc
cacgtgagacaaagacggag
gtcagcaggtcggacgtc
gtttttgcgcttttgttget
atcgaacaagaagagtggcttgg
gatcggaggcttttgtttga
caaccacgacaccgccgtgtty
gaggaagtcgaggatgagga
ccgtagaccttcttgaagtag
tcggtctccatgtcecac
tcgcacaggtgaggccatgtcg
cataaccggtaaaggagtagcc
gcatcggtcctaactaaggg
aaccgaagcacatacatcacacg
tgaggcactaatcatcttctctg
ctccaaaacacgggaccat
tgattagatccagaaagggagaa
cgcgcaaatcattaagttcagg
tgcaactgacatcctgcaat
acgggcttcttctccttcte
gatccgtgtcgatgattagc
agaactgcaccacgaagctc
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gagaggacgatggcactattgg
tgcatctttcaccgtagtcctage

gccggccttatecattttt
cacatggcaccaacctcc
gcatgtatcgtggacatgga
acccaactacgatcagctcg
gcctcateectctaacccte
ggccaacgtgtgtatgtcte
aactccacatgattccaccc
cgtcttccccaacgctaaaa
aattcttatggacggatacgc
aagatgtacgggtggcattc
gcatggccgatggtaaag
tacaaaatgctgggtaccce
atcccattcgccaaaaccggec
tactaccttccacgcttccatcc
gaaagcgatcgaaccagc
aacgcgaggacacgtacttac
catgctacagagagggaagc
catctcegctctccatge
ggcttcatctttggcgac
tgatgagctctcacttgttgaaa
cgcagttgtggatttcagty
caccggagaccagagtagaacg
cacacaagccctgtctcacgacc
gtgaattcatgacgcgaaga
tgagatgtggccattaagga
tctcctcaaaatgggacacc
tgataaatcccatactaaggatctg
cactcacacgaacgactgac
acggctaaacggtactgcat
tgcagtacaacactcagttcaaa
ggaggagatatcagcaataagagg
ctcgttectecttectcatcace
tctggagagctgcagaaaca
caaaaacagagcagatgac
atgggaacaaccttatcgtctgce
ctgagaccatgacgggataaacacc
gtgatatgccatgaggcaatgg
tgggcaactgaatctaacca
caactaaaaccaacacaaaatcca
gggcgttcggtttacttggttactcg
cggtcaaatcatcacctgac
catcttcagctttactccgtcttcg

acgagagggaggagagagaaacg

cgaggaacttgattcgcatgg
cttgctggagctcgtagatgce
gagcgcceactgcttctactc
gccaagtcattcactactctgg
tccttgatcaacaccgtcaa
ctccaggaacacgctctttc
caagaaagatcagtgcgtgg
tatatgccaagacggatggg
gagaaggtggttgcagaagc
cgeecgggcttegette
tcagcatctcgtaagcaaaaa
tatgagctggtgagcaatgg
tgtataaaaccacacggcca
acatatgggacccacctgtc
tgacacttggagagcggtgtgg
gcgatttcttcgggagttaggg
gcaaatgcgcctegtgte
acgagatacgtacgccttty
acggcgtctttcggtgtc
ggagttggggtcttgttcg
ccggattcacgagataaactc
cgtacattggcttatgtgatctgy
tgctcaacgtttgactgtce
ctcaaactgatcgaggctgacc
cgctgegtcatgagtatgta
agcttgatggatgctcaggt
tggcaaaagatcttatatttacttcg
ataacgcgggacacagaatc
gcttagtccgaggccttca
cgcaggttcttgtgaaatgt
acaccaagggtgaaaagtgg
catgttacggtactggcatca
gaagaagaatcgtggataggc
ggtgaagtactcacattccgatgg
gcaatctctgcactttgatacc
ctcaagatggacgccaaga
gagagttgggcttcttgttgaggy
ggcctcagatcatcacaacttgg
agggtgccacatgacagtttagg
ggagatgatgatgcggtgat
tgtctagttgcatgtctgagtgtc
ggcggcataggagtgtttagagtgc
caaggcttgcaagggaag
gagatgatccgcttccttcttce
ggagagccacaggaacagatcg
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ctcaccatagcaatctcctgtge
gtgtcaactgtcaacaaacacc
tgccctgttattttcttctcte
atgttattggtgagaggccaacy
tgtgcttctggtgaacaacttt

acttcgttcacttgcatcatgg
aaggtcagggttacatgatagg
ggtgatcctttcecatttca
ctgtggaattgaatccctcttce
ccaaatggcgggtaatcata




Supplemental Table 2. Analysis of variance for grain traits of the CSSL population across two years>three locations

Source DF TGW LWR GL GW

MS F MS F MS F MS F
CSSL 133 36.48 60.88**  0.33 102.07** 1.44 62.94**  0.08 52.49%*
Site 2 551.22 919.98** 0.22 67.30** 111 48.67**  0.29 178.97**
Year 1 284.10 474.16** 0.83 255.53**  6.99 306.31**  0.02 11.80**
CSSL XSite 266 2.97 4.96** 0.02 5.76** 0.10 4.33** 0.01 3.51**
CSSL XYear 133 4.25 7.09** 0.02 7.62** 0.18 8.09** 0.01 4.19**
Site X Year 2 58.47 97.58**  0.17 50.94**  2.18 95.36**  0.12 77.40%*
CSSLXSite XYear 266 2.89 4.82*%* 0.01 4.03** 0.09 3.93** 0.00 2.91**

DF: degrees of freedom,MS: mean square, F: F-statistic. The abbreviations for the four traits (TGW, LWR, GL and GW) are the same as those in

Table 2. Asterisks indicate significance levels: *, P <0.05; **, P <0.01.



Supplemental Table 3. QTLs of four traits in CSSL population across six environments

QTL GTGW4  ¢TGW5  qTGW3  qTGW8 qLWRL2 qLWR8 gLWRL1 gLWR22 QLWR32 GLWR6 gLWR12 QLWRL3 qLWR2.1
""" Marker RM280  Indel5-10 RM411  Indel83 RM128  RM126 RM3740 Indel2-9 Indel3-11 RM30 RM28621 Indell-16 Indel2-8

LOD El 0.69 1.84 5.82 472 2.22 1.33 459 176 0.28 0.18 2.04 155 1.40

E2 3.05 2,67 0.62 0.53 1.30 1.45 1.60 1.28 0.70 457 1.46 1.25 0.92

E3 2.15 3.65 0.11 0.02 3.38 454 1.26 0.10 1.10 0.06 3.11 0.05 7.05

E4 2.60 1.16 0.09 0.55 0.00 6.31 157 3.60 358 0.29 351 6.18 0.09

E5 367 1.02 0.12 0.69 255 6.20 2,01 5.44 2.35 3.14 173 127 0.02

E6 3.87 101 0.03 0.29 3.49 122 3.86 1.46 2.86 0.51 2.02 0.32 1.96

Pvalues  El 0999 0515 0000 0004 0375 0869 0005 0621 1000 1000 0454 0738  0.832
E2 0048 0148 1000 1000 0882 0802 0712 0890 0998 0006 0794 0903  0.989

E3 0323 0021 1000 1000 0043 0007 0899 1000 0958 1000 0049 1000  0.000

E4 0457 093 1000 1000 1000 0000 0727 0030 0031 1000 003 0000  1.000

E5 0019 0974 1000 0999 0206 0000 0467 0001 0304 0050 0638 0895  1.000

E6 0014 0976 1000 1000 003 0916 0019 079 0105 1000 0462 1000  0.503

PVE®%)  El 172 458 1653 1244 5.62 3.37 12.91 4.44 0.73 0.48 5.12 3.92 373
E2 8.17 7.43 150 133 3.47 3.85 4.25 3.40 1.90 13.49 3.88 3.35 2.60

E3 6.37 12.38 0.33 0.07 5.69 758 1.90 0.15 1.69 0.09 5.08 0.08 12.79

E4 8.54 3.69 0.29 175 0.00 11.14 2.42 6.06 6.11 0.45 5.89 10.89 0.14

E5 11.18 2.70 0.36 2.00 5.18 14.66 4.11 12.69 4.86 6.74 355 2,64 0.04

E6 11.26 278 0.09 0.81 8.37 2.66 9.19 3.18 6.74 1.12 436 0.71 4.45




Supplemental Table 3. QTLs of four traits in CSSL population across six environments

(continuous table)

QTL gLWR3.1 gLWR3.3 gLWR9 qGL12.2 qGL3.2 qGL4 gGL12.1 qGL2 qGL10 qGL3.1 qGW4 gqGW9 qGW1.2
""" Marker Indel3-3  Indel3-17 RM553 RM28621 Indel3-17 RM280  RM277  Indel2-8  RM17L  Indel3-3 RM119  RMS553  Indell-16
LOD El 3.97 0.34 0.35 2.84 0.59 0.17 0.00 0.50 0.57 4.28 0.01 3.74 0.86

E2 0.50 1.05 143 6.40 151 0.81 0.57 0.24 0.38 1.16 0.33 5.13 0.5
E3 0.69 2.25 4.30 1.38 5.90 1.29 5.65 6.71 5.90 0.04 0.37 3.03 0.43
E4 0.50 432 151 3.2 5.41 3.41 4.19 162 1.70 1.02 3.82 1.08 8.35
E5 0.63 0.75 1.99 9.70 0.40 3.76 151 0.60 0.55 0.46 6.40 0.37 0.85
E6 0.34 175 124 5.94 3.02 3.86 2,01 134 1.16 0.91 3.84 0.96 6.90

Pvalues  El 0017 1000 1000 0.9 1000 1000 1000 1000 1000 0011 1000 0026 0994
E2 1000 0971 0814 0000 0793 0998 1000 1000 1000 0949 1000 0002 1000
E3 0999 0363 0009 081 000l 0904 0001 0000 0001 1000 1000 0054 1000
E4 1000 0008 0762 0048 0002 0045 0014 0735 0690 0982 0023 0958  0.000
E5 1000 0999 0484 0000 1000 0031 0793 1000 1000 1000 0000 1000 0995
E6 1000 0628 0907 0001 0067 0029 0516 0884 0949 0995 0023 0985 0000

PVE®%)  El 11.06 0.85 0.90 8.09 1.49 0.46 0.00 1.35 153 12,50 0.02 7.86 1.68
E2 1.36 2.94 3.70 19.87 4.07 2.23 159 0.68 1.05 3.16 0.63 11.14 0.98
E3 1.06 3.67 6.99 2.45 11.94 2.29 1139 1447  11.90 0.07 1.02 8.60 1.18
E4 0.79 7.25 2.35 7.14 12.09 753 9.17 3.43 3.44 2.09 7.66 2.04 18.16
E5 1.33 158 4.16 24.29 0.85 8.48 2.97 1.29 115 0.97 12.62 0.65 1.48
E6 0.76 411 2.72 14.85 7.22 9.30 437 3.06 2.56 2.02 8.41 1.95 15.97




Supplemental Table 3. QTLs of four traits in CSSL population across six environments (continuous table)

QTL qGW8.1 qGW8.3 gGW1.1 qGW2 gqGW3.1 qGW3.2 qGW6 qGW8.4 qGW8.2 gqGW11 qGW12
""" Marker RM126 Indels-11 RM3740 RM110 Indel3-26 RM85  RM589  RM264 RM6008 RM27074 RM7119

LOD El 471 0.08 0.52 0.53 0.33 4.07 0.06 3.85 0.25 0.75 124
E2 1.22 0.22 0.76 0.31 0.57 0.00 1.63 1.98 5.75 0.00 4.20

E3 0.83 157 0.85 0.02 0.16 0.02 1.15 1.36 0.52 0.01 0.37

E4 0.56 271 474 176 123 0.51 3.27 0.25 0.01 3.66 0.42

E5 6.10 3.35 136 5.94 1.07 0.01 0.86 0.63 0.48 0.66 0.67

E6 123 4.06 1.42 0.56 3.33 0.25 0.81 0.48 1.94 0.91 0.64

Pvalues  El 0003 1000 1000 1000 1000 0016 1000 0022 1000 0999 0.904
E2 0913 1000 0999 1000 1000 1000 0673 0450  0.001 1000 0013

E3 0997 0708 0995 1000 1000 1000 0940 0837 1000  1.000 1.000

E4 1000 0154 0003 0584 0909 1000 0049 1000 1000 0031 1.000

E5 0000 0047 087 0001 0961 1000 0994 1000 1000  1.000 1.000

E6 0909 0016 0794 1000 0047 1000 0997 1000 0476  0.990 1.000

PVE®%)  El 10.15 0.16 1.01 1.03 0.65 8.70 0.11 8.39 0.49 1.48 2.42
E2 231 0.43 1.44 0.60 1.10 0.00 3.06 4.08 12.27 0.00 8.72

E3 2.26 421 2.30 0.05 0.45 0.05 3.10 373 1.42 0.04 1.01

E4 1.04 5.33 9.67 321 227 0.90 6.48 0.48 0.01 753 0.00

E5 11.96 6.26 235 11.61 1.86 0.01 1.49 113 0.84 118 118

E6 2.47 8.94 2.85 113 7.23 0.50 164 1.01 3.85 1.86 1.30

LOD: LOD score; PVE: percentage of variance explained; P-values: the genome-wide P-value; in bold type when P<0.05; the abbreviation for the four traits (TGW, LWR, GL and
GW) are the same as those in Table 2. Naming of six environments is the same as Table 1.





