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Abstract: [Objective] Identification of the regulatory loci and candidate genes governing salt stress tolerance in Brassica
napus at germination stage could lay the foundation for improvement of B. napus salt resistance. [Method] In this study, 317
representative B. napus inbred lines were genotyped under normal and salt-stressed conditions in a sand culture system. Significant
SNPs associated with root length and hypocotyl length in B. napus under normal and saline stress conditions and their linkage
disequilibrium (LD) were determined by genome-wide association studies (GWAS), based on the Brassica 60 K SNP array.
Candidate genes were selected based on the combination analyses results of functional annotation of genes within the LD blocks and
transcriptome analyses of seedling roots and leaves in B. napus under saline stress treatments. Accuracy of candidate gene selection
was improved by real-time quantitative reverse transcriptase PCR (QRT-PCR). [Result] Hypocotyl length and root length of B.
napus showed large variation among accessions at germination stage under normal and salt-stressed conditions, and frequency
distribution revealed that all the target traits were quantitative traits and controlled by polygenic genes. Comparison of different
models showed that MLM+P+K model was the optimal model. Based on this model, GWAS identified 45 loci significantly
associated with target traits, including 40 and 5 SNPs associated with hypocotyl length and root length, and each of SNP explained
9.12%-14.46% and 7.67%-8.93% of phenotypic variation, respectively. Among the significantly associated SNPs, rs8970 on
chromosome C04 was the most notable, since it was the only SNP, which could be repeatedly detected between root length and
hypocotyl length, and associated with four traits simultaneously, explaining 7.67%-12.35% of observed phenotypic variation. Of the
11 important significantly associated SNPs, 6 SNPs were distributed in 10 to 442 kb of linkage disequilibrium (LD) blocks. By
combining differentially expressed genes detected by transcriptome analysis with LD block identification, 447 genes were identified
within the 11 important LD intervals, of which 15 were activated by salt stress. BnaSROI1, BnaPAGR2, BnaNPH3, BnaMYB124,
BnaSAM-Mtase, BnaBIN2, BnaUMAMIT11, BnaEXPA7, BnaRPT3, BnaEF-hand and BnaF3H were most likely the candidate genes
within their LD blocks. Results of qRT-PCR detection showed that 10 candidate genes were induced by salt stress treatment in root or
hypocotyl at germination stage, except for BnaNPH3. In addition, tissue-specificity detection of candidate genes also showed that
BnaUMAMITI1, BnaPAGR?2 and BnaEXPA7 mainly expressed in the root and hypocotyl at germination stage, and BrnaRPT3,
BnaBIN2 and BnaMYB124 possessed the highest expression in hypocotyl, confirmed that these genes might be involved in
development of root and hypocotyl and salt resistance of B. napus at germination stage. [Conclusion] A total of 45 significantly
associated SNPs controlling development and salt resistance in root and hypocotyl of B. napus at germination stage were identified
by GWAS. By combined LD block identification, transcriptome analyses and functional annotation, 11 important candidate genes
were screened within different LD blocks.
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1 AFRKAE oRT-PCR EES|H)
Table 1 qRT-PCR primers used in this study

EaiSEA B ST RS
Gene name Gene ID Sequence of primer (5'-3") Amplification length (bp)
BnaSRO1 BnaC04g44420D F: ATATCGCGAGAGGGATTCTCGAAG 116
R: GGTTCCATTTTCACAGCAGTGTGTG
BnaPAGR2 BnaA05g11130D F: ATACTCTCTTTAGAACAAGATCATTCTGGCCT 182
R: CGAAGAGCGCCGCCTCCTAAAT
BnaNPH3 BnaA06g35230D F: GGAATCATCAGAAAGTGTATAGATTCTATAGTAG 183
R: GATAATACAGCGGAATAAGTCCAAGTCGA
BnaMYB124 BnaA06g09160D F: GGCAACCTGATCTCCATGATTCAC 196
R: CCCGAGGTGGGCATATTCTCTT
BnaSAM-Mtase BnaA07g03510D F: GGAATCTCAGCAAAATCCGGACAAT 165
R: CTGTCTCGAGGAAGAACACGACTA
BnaBIN2 BnaC03g62810D F: GCTTCAGCTGATGCGCGTCA 175
R: GACAAGAGGCATTCTCTGGTTGG
BnaUMAMITI 1 BnaC03g22990D F: GGAAAGCACGTAGACGATATCGG 167
R: GATTCCTTCTCAGCTGCCTGAACT
BnaEXPA7 BnaA08g24690D F: CATGGCCGTGAAAGGTAGTCG 195
R: GCACTACTCTTGTAAGTCATGCCAG
BnaRPT3 BnaC03g49850D F: AGCCCCTTACCTCGCCG 136
R: GTTGGCTGCTCTGAGGAGGC
BnaEF-hand BnaA06g37340D F: GTGAGGATCTGTCGGAGTTTATCC 169
R: CATGGATCGTTAGGAGGAGGC
BnaF3H BnaC08g22640D F: CTCGAGAAAGAGGCACTCACCA 175
R: CTCGTGTGGCTTGTAAACCACCAA
BnaUBC21 BnaA06g27860D/ F: CCTCTGCAGCCTCCTCAAGT 77
BnaA09g04490D R: CATATCTCCCCTGTCTTGAAATGC
BnaACTIN7 BnaA03g55890D/ F: CCCTGGAATTGCTGACCGTA 141
BnaC02g00690D/ R: TGGAAAGTGCTGAGGGATGC
BnaA10g22340D

F2 BT HEZMRAFHNERICIT MBS S

Table 2 Statistical analysis of RL and HL of B. napus seedlings at germination stage under salt stress treatment

xm PR BEebrfizE BMA SA0E BRE Kolmogorov-Smirnov IR FREL
Phenotype Number of accessions ~ Mean+SD Minimum Median Maximum 7z P 1 P-value Correlation coefficient
RLWI 295 4.928+0.819 2.692 4.937 8.012 0.722 0.674 0.879%*
RLW2 281 4.916+0.803 2.572 4.841 8.025 0.676 0.751

RLNI1 295 3.942+1.669 0.483 4.563 7.058 2.874 0.000 0.936%**
RLN2 281 3.936+1.693 0.481 4.499 7.163 2.834 0.000

RLDI 295 1.016+2.014 -3.446 0.238 6.150 2.746 0.000 0.926%**
RLD2 281 1.010+2.064 -3.469 0.411 6.531 2.389 0.000

HLWI1 295 4.463+1.136 1.592 4.463 7.188 0.919 0.367 0.925%*
HLW2 281 4.500+1.196 1.725 4.508 7.643 0.548 0.925

HLN1 295 3.005+0.926 0.475 3.025 5.300 0.616 0.843 0.915%*
HLN2 281 3.059+0.990 0.452 3.096 5.835 0.603 0.860

HLDI1 295 1.495+0.973 -0.913 1.463 4.138 0.889 0.408 0.934%*
HLD2 281 1.482+1.063 -1.089 1.458 4.201 0.703 0.705

RLW I HLW : 1E5 W A& fACAT I AT RLN AT HLW: NaCl AR AR BRI R A RLD A1 HLD: ARSI HUAT FIEA 2208 “17

27 IR —MERIES 1 MES 2 ki, **RoRTE 0.01 KT 2257 23

RLW and HLW: RL and HL under normal germination conditions; RLN and HLW: RL and HL under salt stress germination conditions; RLD and HLD:
Difference between trait value under normal condition and salt stress condition; “1” and “2” Represent experiment replicate 1 and replicate 2 of the same trait;
** Indicates significance level at 0.01
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Fig. 1 Frequency distribution of HL and RL of B. napus seedlings at germination stage under salt stress treatment
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Table 3  Significant associated SNPs of HL and RL of B. napus seedlings at germination stage under salt stress treatment

TR SNP 55 P JEREN A+ SR A SN LR P1E DTk
Trait SNP probe number Chr. Position (bp) Allele MAF P-value R’
HLW 1s37979 A02 3131494 C/T 0.312 1.57E-07 12.638
HLN 16186 A03 19247585 A/G 0.325 1.11E-07 13.498
HLN 19466 A04 1752487 A/G 0.128 1.63E-07 13.174
HLN 1512473 A05 6205280 A/G 0.343 6.86E-07 11.976
HLW rs12473 A05 6205280 A/G 0.343 6.07E-08 13.400
HLW rs11476 AO05 18651193 G/T 0.339 4.71E-07 11.761
HLN rs14494 A06 4964207 C/T 0.435 1.92E-07 13.038
HLW rs14494 A06 4964207 C/T 0.435 1.64E-08 14.458
HLW rs14751 A06 6091946 A/G 0.270 1.01E-06 11.159
HLW 1513546 A06 15512773 C/T 0.492 6.13E-07 11.552
HLN rs14037 A06 23444533 A/C 0.410 2.65E-07 12.769
HLW rs14037 A06 23444533 A/C 0.410 1.53E-06 10.825
HLN rs14147 A06 24366028 G/A 0.435 5.21E-08 14.136
HLN 1522322 A07 3477622 A/G 0.434 3.56E-07 12.521
HLW 1522322 A07 3477622 A/G 0.434 8.48E-07 11.295
HLN rs15434 A07 14975988 T/C 0.499 3.57E-07 12.521
RLW rs16139 A07 19310174 C/T 0.161 1.45E-05 8.932
HLN rs16427 A07 22517611 A/G 0.296 1.03E-06 11.641
HLN rs18707 A08 2513455 G/A 0.439 5.84E-08 14.039
HLN rs18038 A08 13575343 A/G 0.391 9.94E-07 11.668
HLN rs18442 A08 17007108 T/C 0.260 1.04E-06 11.634
HLW 1518448 A08 17026237 A/C 0.280 4.30E-07 11.833
HLW rs8570 Al10 4047120 T/C 0.469 1.11E-06 11.078
HLN rs23615 Al10 9082874 T/C 0.271 1.54E-06 11.308
HLW rs48171 Co1 30305788 T/C 0.291 4.53E-07 11.792
HLN rs38255 C02 42483650 C/T 0.473 1.13E-07 13.482
HLN 1527904 Co03 12839150 G/T 0.297 1.47E-06 11.343
HLW 1527904 C03 12839150 G/T 0.297 1.71E-07 12.570
HLD rs40823 Co03 34607618 G/A 0.091 2.59E-05 9.148
HLD rs40822 Co03 34607739 T/C 0.185 2.67E-05 9.124
HLW rs38161 C03 37040348 T/C 0.387 7.31E-07 11.412
HLW 1829836 C03 51969206 T/C 0.263 1.46E-07 12.697
HLN 1524406 Co03 52357539 A/C 0.254 1.08E-06 11.597
HLW 1524406 Co03 52357539 A/C 0.254 2.61E-08 14.081
HLN 1s39277 C04 9129425 A/C 0.311 1.91E-07 13.043
HLN rs8970 C04 44583867 G/A 0.293 1.53E-06 10.130
HLW 138970 C04 44583867 G/A 0.293 4.88E-08 12.345
RLD rs8970 C04 44583867 G/A 0.293 3.47E-05 7.674
RLW rs8970 Co04 44583867 G/A 0.293 1.01E-05 8.160
HLN rs47181 C05 4305731 A/G 0.369 1.41E-07 13.297
HLW 1s35157 C05 35242768 C/A 0.255 1.51E-06 9.711
HLN rs37430 C06 8299084 A/C 0.243 6.14E-07 12.069
RLN rs35083 C08 25295395 G/A 0.364 3.62E-05 8.594
HLN 1s32417 C08 35812498 G/A 0.360 9.13E-07 11.739
RLW 1839358 C09 15755706 A/C 0.415 1.68E-05 8.818
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Fig. 3 Manhattan plots of GWAS for HL and RL of B. napus seedlings at germination stage under salt stress treatment

BnaPAGR2.BnaEF-hand BnaSAM-Mtase 1 BnaEXPA7
FEWTA 72 h ARIOFRIE R T N RS, 170 BnaMYBI124.
BnaRPT3. BnaBIN2 F1 BnaF3H WA . 85
HAL )5, BnaPAGR2. BnaSAM-Mtase. BnaRPT3.

BnaBIN2. BnaSROI F BnaF3H 7EFRER T FHERIA,
BnaEF-hand~ BnaEXPA7. BnaUMAMITII. BnaRPT3
Al BnaSROI 16 NN & 3% BRI 4k,
BnaUMAMITI11. BnaPAGR2 FI BnaEXPA7 {E i K [
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A: BnaPAGR2. BnaMYBI24 R BnaNPH3 f)FKik#55; B: BnaEF-hand. BnaSAM-Mtase M BnaEXPA7 WIiA#E; C: BnaUMAMITII BnaRPT3
M BnaBIN2 (31 D: BnaSROI M BnaF3H IEREN; Ro72h: A2F 72 h FIMR; NRo72h: EEME R 72 h 4R Hy72h: K 72h R
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A: Expression patterns of BnaPAGR2, BnaMYB124 and BnaNPH3; B: Expression patterns of BnaEF-hand, BnaSAM-Mtase and BnaEXPA7; C: Expression
patterns of BnaUMAMITI 1, BnaRPT3 and BnaBIN2; D: Expression patterns of BnaSRO!I and BnaF3H; Ro72h: root of 72 h after germination; NRo72h: Root
of 72 h after germination under salt stress condition; Hy72h: hypocotyl of 72 h after germination; NHy72h: hypocotyl of 72 h after germination under salt stress
condition; Ro: root at flowering stage; St: stem at flowering stage; Le: mature leaf at flowering stage; Bu: bud; Se7d: seed of 7 d after flowering; Se21d: seed of
21 d after flowering; Se40d: seed of 40 d after flowering; SP7d: silique pericarp of 7 d after flowering; SP21d: silique pericarp of 21 d after flowering; SP40d:
silique pericarp of 40 d after flowering. Error bars in qRT-PCR detection results represent the standard error of the mean (n = 3)
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Fig. 4 Expression patterns of 11 candidate genes by qRT-PCR
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Table 4 LD intervals and candidate genes of significant association markers

PSITSERIN SNP #4841 P SEERES LD [X[f] LRI NN Gk KL of P R T R
Associated trait SNP probe Chr. LD interval (kb) Haplotype block  Candidate genes Corresponding Arabidopsis
size (kb) genes

HLN. HLW. RLD. RLW 18970 C04  44439943—44796243 356 BnaSROI AT2G35510
HLW. HLN 1s12473 A05  6105280—6305280 BnaPAGR2 AT2G31865
HLW. HLN rs14037 A06  23213061—23444533 231 BnaNPH3 AT5G47800
HLW. HLN rs14494 A06  4864207—5064207 BnaMYBI124 AT1G14350
HLW. HLN 1s22322 A07  3040896—3477622 436 BnaSAM-Mtase AT3G44840
HLW. HLN 124406 C03  51969206—52357539 388 BnaBIN2 AT4G18710
HLW. HLN 1s27904 C03  12739150—12939150 BnaUMAMIT11 AT2G40900
HLW. HLN rs18442/rs18448  A08  17007108—17449913 442 BnaEXPA7 AT1G12560
HLD 1rs40822/rs40823 C03  34507618—34707739 BnaRPT3 AT5G64330
HLN rs14147 A06  24355445—24366028 10 BnaEF-hand ATA4G38810
RLN rs35083 C08  25195395—25395395 BnaF3H AT3G51240

FOFIN Rl Ry S R0k, R EIL AT B85 w320 K B
BORAUE RS0 K & 5 Ko BnaRPT3+ BnaBIN2
Al BnaMYB124 B3R UL EAIRIE, (HAE T 4+
T . BnaSAM-Mtase TE W KW B IR AN AE
JG 40 d B FrhREER S, UIXERE NS5
Tl 7 B K Wi K« BnaEF-hand BnaSRO1 1 BnaF3H
TE B TR B B R AR AN T Rl A0 1) FC A 2H 23 28 B b
BRSO, RILER T 7w R BER¥ED)
RELLAL, st . . Mr R R R

.
3 itig

W 2 SR R P S I A A e SNP GBS I T
RALRE T W E R ER e . Har, A
S OIFRE T WM E RSP TR
PEPAL B g AE P BRI bR, — ik
SR R R A R AL I R PO R
(1) GWAS 7387, %58 7 K5 i ih 5 35 SR 1 4
Mo AWFRR RS RIRE, X5 A Eh i ik &
PETF S H T R RAR K AR T GWAS 2007, %
SE 45 AN SRR SNP, 40 A £ Tl SEIE N 41 11
16 4cgetatk, o A03 Btk L rs6816 HFELT
25 S ORI T F A1 1 A8 AR AR ARG W0 38 1 4 o R b T
MM 1 R ZE 31 QTL A7 5 gD4-A403-1 E 54230,

{AHEE 348 kb, fRWIHEN W — QTL X [a]. ZHANG
RSB T F 0 4 R ISR R AR 2R K
MRZEK B LE R T AT T GWAS 2087, % i 2
# K BEFR T Bn-A10-p3063220. Bn-scaff 16394 2-
p1222322. Bn-scaff 17623 1-p657238 F Bn-scaff
16445_1-p1834116 55 2E 5 {1 AH [w) G (4 44 A I 11 I =%
SCHE SNP 76 1 Mb il Y. BT ZHANG %221
GWAS FEHANESE 66 MARX R, KKK,
RIK W s E sz ma, Rk, H%w pr i 5 A
WS Rl g — 80, (HIE T 23— 2D LT -
HATZIG 2523 VR] 1] GWAS S jih 32 b 1 5 & B 135
JIREAT T @b, o A0S FI CO8 4ot A 1) I 25 OC Bk
SNP 5 ARRFFUEN 25 R —5. BAR, ARWFFUR I3
M ST N EN, QTL M EE, (H G 2403
RIARIL TV 5 HABWF T N, v g5 % e 71k
VBT AR AN R G, I A i vl 1 Ay 39T 1 4k ok 5 A
DA E— T

AR SRR R a T (i AR 2
SR O AR AT I SR 5 G B st A D8 T AT 3 I
el AHTSC R GWAS TGS 228 0 M T v
e T 11 ANESE LD X[k e N . o, &
# KWK SNP 1822322 Jir{t LD X [A] 1) fk & & K]
BnaSAM-Mtase (BnaA07g03510) i1 A07 Jefaik,
Ot S- I HF ke FY il 2 R AR TR L B B S CS-



14 FREESE: SR T H L SRR ZF T PR R AR A 11 4 5 PR A SGIEC 7 25

adenosyl-L-methionine-dependent methyltransferase)
LU0 ERF A M D Be, B2 iR BT DM B e
JEAEEAEAP, AW Bnad07g03510 1EHR
RUR WY 52 $hia W3 Rk, $RoR TR

DAZRARLI T7 2B v vt 32 5 2 U1 VR ARR 38 T i
PEo 17 rs18442 1 rs18448 Frict LD [X i) i fi i 3 [X]
BnaA08g24690D % o-9 5K HE 1 7 (BnaEXPAT) ,
TEARAN RSl v Re e 00k, R AR N IR 32 SR ia
F ERE, BT o REAFRE AT
AN MRE, dhoE s E KD RTESHEBRIER, Bt
D5 N7 L Sy L Y S TE B VA i S = R Y v T 8
B, BnaSROI (BnaC04g44420D) i Atif3
SRR IE R, FLAT T 23 K SNP 1s8970 1)
LD X W, 5 HLN. HLW. RLD 1 RLW 4 ™k
R EHIED, Mmid R 2R (ADP-&H) REM
AL S5 R 38R WWE 25 (A HAE 45 /38 RCD1 264k
4 (SIMILAR TO RCD ONEI, SRO1) . HHf5RE
I, RCD1 figtj AP2/ERF. NAC #1 bHLH (basic
helix-loop-helix) # K1 HAE, WMWK E
R BP0, e Ak, RCD1 IS RE I Nat/H' 1 7]
HIZ I SOS1 HAE, £l B A4 i i 1Y g
F1BO, KW R, BnaSROI AEHEFI R R4 b 52 £
ia g SRk, W SIKCEAEM RIJE S 40 d M3 T
W BA B (R K, SR A= & 2
IR & R piasd vk A EEAE, TRt 2
g B R SR R A o SRS A R A I DG
B bl 3-7216l (flavanone 3- hydroxylase gene,
F3H) HA#ESHDITTT 52 3l F058 Sh ot
(Frfie J70 0, A7 2 IR I rs35083 LD X 1] Py )
BnaF3H (BnaC08g22640D) 7E =% F WIAR 52
a5 BRI, PR AT BRI SR R 2F AR
(1) 3 1 1 3 3t AT T AR o B Bk 4 AN A1,
5 DR 2R A R0 56 DR I e Y R 4 T S s b 7 AN
IR AT R th 2 5 1 W= A 2B BOWR AT IRl i)
R PR B T R S A G . Rk, IR
Ji b3 ik 32 35 DRI 119 356 DR 3 RE AT 0K A7 B T e 48
TS R F AR R IRl 0 e B 2 SR D il N AL

Sy v SR S AN I8 I R P B A

4 Z5ip
GWAS 43 Hr il 21 45 AN 5352 A 2 AR iR

BlR T B R ol 3 IS P S OCIR SNP, JLHh 40
ANFLS A0 505 T R IR A 3 G . i
FORHL SNP 17 11 4N LD [X [R5 447 AL, e sk
oM MIEER D REER GG AT — Dk E 1
ANFEEEEIER . 1 BnaNPH3, 4y 10 Mk ke
DI FERR BT IRl A2 b i 7 3 BRIk, oy
B A BRI RE S 2 IR R PR, U0 X S L K]
IR TTREZ 559 30 R 28 AR AN IR A2 KR & B £
P
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Supplementary Table 1 Plant materials used in this study

F B4 Accession number

B4 Accession name

EZ, HX Country, region

W Sub-population

Bl
B2

B4

B5

B6

B7

BS

B10
Bl4
Bl6
B17
BIS
B19
B20
B21
B23
B24
B25
B26
B27
B28
B29
B30
B31
B33
B35
B36
B38
B39
B40
B41
B43
B44
B45
B46
B47
B49
B52
B53
B34

Ganyou5
Nonglin42
Huaiyou6
Yang81-2
28887
Qianyou4
Qianyou331
Niuerduo
SWU43
SWU45
SWU46
SWU47
SWU48
SWUS52
SWUS53
SWUS59
SWU65
SWU82
SWU83
SWU92
Swu101
SWU106
SWU108
Chuanyou20
CY12NY-7
CY12Q8-7
CY12QSZ06
CY12Q95108
CY12Q21535-N3
CY12PXW-4
CY12PXW-6
CY13PXW-17
CY14PXW-18
CY15PXW-31
CY16PXW-35
CY17PXW-58
CY19PXW-65
CY12GI-1
wx1025
wx10213

H[E K Chongqing, China
"HE FEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HEFEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HEFEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HEFEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HEFEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HE FEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HEFEEK Chonggqing, China
H[E K Chongqing, China
H[E K Chongqing, China
"HEFEEK Chonggqing, China
1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China
tH[EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

1 [EPY )] Sichuan, China

F % Hunan, China
F[Ei#® Hunan, China

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1
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FEI S Accession number

#EL4 Accession name

[E%, HiX Country, region

W Sub-population

B5S
B56
B57
B60
B61
B62
B64
B65
B66
B67
B69
B70
B71
B72
B73
B75
B76
B77
B79
B8O
B81
B82
B84
B85
B86
B87
B88
B90
BI1
B92
B97
B98
B99
B102
B105
B106
B107
B108
B109
BI110

Bl111

wx10296
wx10315
10-1043
10-1070
10-804
10-1358
Xiangyoul3
Xiangyoul5
Xiangyoull
740

613

783

782

YB3

1360
WX10329
santana
1281

1368

1322

1252

1321

07094
07016
9F087
97096
97097
07191
07037
RQO11
96063
01111
01570
02354
93205
93210

Nca
Zhongshuang4
Zhongshuang9
Zhongshuang11

2011-6200

PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
JPE#IEE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PE#EE Hunan, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PE AL Hubei, China
PEAAL Hubei, China
T [EiH11E Hubei, China
*F[EHIdE Hubei, China
*F[EHIdE Hubei, China
" E#Jk Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China

*H[EH4E Hubei, China

P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1
P1

P1
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MEHRS Accession number #MAEL%  Accession name [E%, HiX Country, region W # Sub-population
B115 2012-3448 1 [Ei#1t Hubei, China P2
B116 2012-3546 1 [Ei#1t Hubei, China P1
B118 2012-5086 1 [Ei#1t Hubei, China P1
B119 2012-5113 1 [Ei#1t Hubei, China P1
B120 2012-8327 1 [Ei#1t Hubei, China P1
B121 2012-8355 1 [Ei#1t Hubei, China P1
B122 2012-8380 1 [Ei#1t Hubei, China P1
B124 2012-9323 1 [Ei#1t Hubei, China P1
B127 2012-9478 1 [Ei#1t Hubei, China P1
B128 2012-9542 1 [Ei#1t Hubei, China P1
B129 2012-K8053 1 [Ei#1t Hubei, China P1
B130 R2 "1 [E7#Jk Hubei, China Pl
B131 Xiwang106 "1 [E7#Jk Hubei, China Pl
B132 Yangguang198 i [E31dt Hubei, China Pl
B133 Yangguang2009 i [E31dt Hubei, China Pl
B134 Zhongshuang10 i [E31dt Hubei, China Pl
B135 Zhongshuang12 i [E3#1dt Hubei, China Pl
B136 Zhongshuang4 i [E31dE Hubei, China Pl
B137 Zhongshuang6 i [E31dt Hubei, China Pl
B138 Zhongshuang7 i [E31dt Hubei, China Pl
B139 Zhongyou589 i [E31dt Hubei, China Pl
B140 Zhongyou821 i [E31dt Hubei, China Pl
B141 Huayou2 1 [Ei#1t Hubei, China P1
B142 Major 1 [Ei#1t Hubei, China P1
B143 Huashuang2 1 [Ei#1t Hubei, China P1
Bl144 Aurora 1 [Ei#1t Hubei, China P1
B145 Huayoul3 1 [Ei#1t Hubei, China P1
B146 Rucabo 1 [Ei#1t Hubei, China P2
B147 Huayou3 1 [Ei#1t Hubei, China P1
B149 Ningyoul i [E31dt Hubei, China Pl
B151 11-9-700 th[E 116 Hubei, China Pl
B153 11-9-702 " E#Jk Hubei, China P1
B154 11-9-703 *HE#I Hubei, China P1
B155 11-9-704 *HE#I Hubei, China P1
B156 11-9-705 A [E1t Hubei, China P1
B157 11-9-706 th[E 116 Hubei, China Pl
B158 11-9-707 th[E 116 Hubei, China Pl
B159 11-P63-5 th[E 116 Hubei, China Pl
B160 11-P63-8 th[E 116 Hubei, China Pl
B163 09-P64-1 th 116 Hubei, China Pl
B164 10-Cong23 th[E 116 Hubei, China Pl
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[E%, HiX Country, region

W Sub-population

B165
B166
B167
B168
B169
B170
B171
B172
B173
B174
B175
B178
B180
B181
B182
B183
B184
BI85
B186
B187
B188
B189
B190
B192
B195
B196
B197
B198
B200
B201
B202
B204
B206
B209
B211
B212
B213
B215
B216
B217

B218

10-Cong24
10-Cong25
10-Cong29
10-Cong32
10-Cong33
10-Cong34
10-Jiangpeng2
10-Jiangpeng3
11-7-103
11-7-117
11-7-125
7-7766-74
64Peng-10
Shengguang77
Jiayul?7
Jiayu25
Jiayul6
Jiayu31
Huashuang5
Huashuang4
Jia972
Huashuang128
Jia904
JiaPF190
Jia951

Jia917

Jia923

Jia931

Jia963
Huyoul?7
Huyoul5
Ningyoul8
Ningyoul4
Shilifeng
Yangyou5
Zhenyou3
Hongyou3
Zheyoul8
Zheshuang72
Zheshuang8

Zheyou758

PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PE AL Hubei, China
PEAAL Hubei, China
PE AL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAE Hubei, China
PEAAE Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAE Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
PEAAL Hubei, China
" [H E# Shanghai, China
*[® E# Shanghai, China
HHEVTFR Jiangsu, China
HHEVTFR Jiangsu, China
HHEVTJR Jiangsu, China
HHEVT R Jiangsu, China
" EWHL Zhejiang, China
H[EYL 5 Jiangsu, China
HHEMFT Zhejiang, China
HHEMIT Zhejiang, China
HHEMFIT Zhejiang, China

HH[E WYL Zhejiang, China

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P2

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1
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MEHRS Accession number #MAEL%  Accession name [E%, HiX Country, region W # Sub-population
B219 Huyoul4 "h ¥ I3 Shanghai, China Pl
B220 Huyoul8 "h ¥ I3 Shanghai, China Pl
B221 Huyoul9 "h[E -3 Shanghai, China Pl
B222 Zheyoul9 HH[E WYL Zhejiang, China Pl
B223 Zheyou21 HH[E YT Zhejiang, China Pl
B224 Zheshuang6 HH[E WYL, Zhejiang, China Pl
B226 Wanyoul6 [ % Anhui, China Pl
B227 Wanyou20 [ % Anhui, China Pl
B228 Wanyou29 [ % Anhui, China Pl
B241 Weijie %K Canada P2
B243 Zhizun %K Canada Pl
B244 Haisheng %K Canada P2
B245 D2 F}# Denmark P2
B262 P310 thE BEPY Shanxi, China Pl
B263 P312 thE BEPY Shanxi, China P2
B264 P668 thE BEPY Shanxi, China Pl
B265 P685 thE BEPY Shanxi, China Pl
B266 Al17 thE BEPY Shanxi, China Pl
B267 Al172 thE BEPY Shanxi, China Pl
B268 B250 thE BEPY Shanxi, China Pl
B269 B265 thE BEPY Shanxi, China Pl
B271 B285 thE BEPY Shanxi, China P2
B273 GY270 thE BEPY Shanxi, China Pl
B274 GY282 thE BEPY Shanxi, China Pl
B275 GY284 thE BEPY Shanxi, China Pl
B279 B414 [ J78% Xinjiang, China P1
B291 11-P30 th[E 116 Hubei, China Pl
B303 03LF1 *HEH Il Gansu, China P2
B313 SWUO01 th 116 Hubei, China Pl
B326 Nonglin43 "hE FEEE Chongqing, China Pl
B327 SWU25 1 [E PG5 Tibet, China Pl
B328 Youyan2 "hE FEEE Chongqing, China Pl
B330 SWU41 "EFEK Chongging, China Pl
B333 SWU57 "EFEK Chongging, China Pl
B334 SWU60 "EFEK Chongging, China Pl
B337 SWU63 "IEFEK Chongging, China Pl
B339 SWU66 "HEFEEK Chonggqing, China Pl
B340 SWU67 HFEEK Chongging, China Pl
B341 SWU68 "H[EFEEK Chongging, China P1
B342 SWU69 *H[E K Chongging, China Pl

B343 SWU70 "EFEK Chongging, China Pl
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B345
B346
B349
B350
B351
B354
B357
B358
B360
B361
B362
B363
B365
B366
B367
B368
B369
B370
B371
B373
B375
B376
B377
B378
B380
B381
B382
B383
B384
B385
B386
B387
B389
B390
B391
B392
B393
B395
B396
B397

B398

SWu74
SWuU75
SWU80
SWU81
Swug4
SWuU88
SWU93
SWuU9%4
SWU96
SWU99
SWU100
Swu102
SWuU104
SWU105
Swu107
SWU110
SWUll11
SwWul112
SWU113
Zhongshuang10
Zhongshuang7
Zhongshuang12
Zhongyou589
Fuyou4
Zhen2609
HX0352
Yangguang2009
Huyou21
Zheshuang3
Zheyou21
Wanyou20
Wanyoul2
Hongyou3
Zhenyou5
Yangyou4
Huyoul5
Huyoul6
Huyoul8
Zheshuang72
Zheshuang8

Zheyou50

" [EFK Chongging, China
"hE FEEK Chongqing, China
"hE FEEK Chongqing, China
" [EFK Chongging, China
"h[E FEEK Chongqing, China
"hE FEEK Chongqing, China
"1 [EFK Chongging, China
"hE FEEK Chongqing, China
"hE FEER Chongqing, China
"H[EFK Chongging, China
"hE FEEK Chongqing, China
"h[E FEEK Chongqing, China
"H[EFK Chongging, China
"hE FEER Chongqing, China
"hE FEEE Chongqing, China
*H[EFK Chongging, China
"h[E FEER Chongqing, China
"h[E FEEE Chongqing, China
*H[EFK Chongging, China
F 1L Hubei, China

Fi 1L Hubei, China

Fi 1L Hubei, China

F 1t Hubei, China

F 1L Hubei, China
HHEVTFR Jiangsu, China
HHEVTFR Jiangsu, China

Fi 1L Hubei, China
1[5 L Shanghai, China
HH[E WYL, Zhejiang, China
HH[E WYL, Zhejiang, China
ThIH 2 Anhui, China
ThIH 2 Anhui, China
HHEVTFR Jiangsu, China

F 1L Hubei, China

F 1t Hubei, China

i [H [ Shanghai, China
1 [E _[-#F Shanghai, China
HIE#TT Zhejiang, China
HIEWIT Zhejiang, China
HH[E WYL Zhejiang, China

HH[E WYL Zhejiang, China

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1
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MEHRS Accession number #MAEL%  Accession name [E%, HiX Country, region W # Sub-population
B399 Suyoul HHEVT SR Jiangsu, China Pl
B400 Zhongshuang4 i [E3#1dt Hubei, China Pl
B401 Zhongshuang]1 i [E31dt Hubei, China Pl
B402 Yangguang198 i [E31dt Hubei, China Pl
B403 Huahang901 1 [Ei#1t Hubei, China P1
B404 YangJ6711 HHEVT SR Jiangsu, China P1
B406 Yangjian8 HHEVT R Jiangsu, China Pl
B407 Xiwang106 "1 [E7#Jk Hubei, China Pl
B408 Zheyoul7 HH[E WYL, Zhejiang, China Pl
B409 Zhongshuang5 i [E31dt Hubei, China Pl
B410 Zhongyou821 i [E31dt Hubei, China Pl
B411 Qinyoul 1 [Ei#1t Hubei, China P1
B412 Weilong88 "1 [E7#Jk Hubei, China Pl
B414 Qinyou5 1 [Ei#1t Hubei, China P1
B415 Suyou4 HHEVTHR Jiangsu, China Pl
B416 Fengyou9 i [E31dt Hubei, China Pl
B424 Ningyoul0 "1 [E7#Jk Hubei, China Pl
B425 Helios 1 [E#1t Hubei, China P1
B427 Mian96-203 17 Qinghai, China Pl
B428 Qing662A H[E#dt Hubei, China Pl
B429 699 th 116 Hubei, China Pl
B430 Canada2 1 [Ei#1t Hubei, China P1
B432 Zhongshuang9 i [E31dt Hubei, China Pl
B433 WH-12 th[E 116 Hubei, China Pl
B435 WH-17 th 116 Hubei, China Pl
B436 WH-19 th[E 116 Hubei, China Pl
B437 WH-20 th[E 116 Hubei, China Pl
B438 WH-23 th 116 Hubei, China Pl
B439 WH-24 th 116 Hubei, China Pl
B440 WH-25 th 116 Hubei, China Pl
B442 WH-27 th[E 116 Hubei, China Pl
B443 WH-28 th[E 116 Hubei, China Pl
B445 WH-30 th[E 116 Hubei, China Pl
B446 WH-31 H[E#Jt Hubei, China Pl
B447 WH-33 " E#IJk Hubei, China P1
B451 WH-42 *F[EHIdE Hubei, China P2
B452 WH-43 *F[EHIdE Hubei, China P2
B453 WH-45 A [E#1t Hubei, China P2
B454 WH-49 th 116 Hubei, China Pl
B455 WH-50 th[E 116 Hubei, China P2

B458 WH-57 P E 1AL Hubei, China Pl
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W Sub-population

B459

B460

B466

B475

B479

B482

B486

B487

B488

B491

B492

B493

B494

B499

B501

B504

B506

B508

B509

B510

B511

B513

B514

B516

B517

B518

B521

B526

B527

B528

B529

WH-58
WH-59
WH-83

NY7

Cubs root
Shengli
Daichousen
comet

Niklas
WESBROOK
Suigenshu
Huayou4

Y1
Shaoyeqing
Hujizao
Fengding 240
Dahuagqiu
Ningyou 10
Ningyou 8
Ningyou 6
Duoyou 1
Huaiyou 12
Peixuan 170
Guangde 8104
Dangyouzao 1
Guangde 761
Chu 107

Jie 65-1
Shenhuangl
Zheyou 601

Sangao rapeseed

F 1L Hubei, China
FEWIIE Hubei, China
F 1L Hubei, China
F It Hubei, China
F 1L Hubei, China
F 1L Hubei, China
F 1L Hubei, China
F 1L Hubei, China
F 1L Hubei, China
F 1L Hubei, China
F It Hubei, China
F 1L Hubei, China

"h [ -3 Shanghai, China
"h[E -3 Shanghai, China
*f[5 Fi# Shanghai, China

HHEVT R Jiangsu, China
HHEVTHR Jiangsu, China
HHEVTHR Jiangsu, China
HHEVTHR Jiangsu, China
HHEVTHR Jiangsu, China
HHEVTHR Jiangsu, China
HHEVTJR Jiangsu, China
HHEVTJR Jiangsu, China
ThIH 2 Anhui, China
hIH 2% Anhui, China
hIH 2 Anhui, China
ThIH 2 Anhui, China

HH[E WYL, Zhejiang, China

"h ¥ -3 Shanghai, China

HH[E WYL, Zhejiang, China
HH[E WYL Zhejiang, China

P1

P1

P1

P1

P1

P1

P1

P2

P2

P2

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1

P1
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