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Genome-Wide Association Analysis of Drought Tolerance in
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Abstract: Brassica napus is the main source of edible vegetable oil in China, which plays an important role in the security of
edible oil supply, and drought has seriously constrained the production of B. napus in China. Mining drought tolerance loci and
candidate genes in B. napus germination will provide theoretical basis and technical support for breeding new drought-tolerant B.

napus varieties. In this study, 145 B. napus germplasm resources were used for seed germination under normal and 15%
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PEG6000 conditions, respectively. The data of germination potential, seedling formation rate and germination index of different
materials were investigated. The drought tolerance indicators were screened during germination and genome-wide association
analysis was performed. The results showed that germination index could be used as an indicator of drought tolerance during the
germination stage of B. napus. Total of 17 extreme drought-resistant and 9 extreme drought-sensitive germplasm were screened on
the basis of germination index. A total of 2 major effect loci significantly associated with drought tolerance were detected by
GWAS analysis of germination index using MLM (mixed linear model) in B. napus, which were distributed on two chromosomes,
C07 and C09, with 11 SNP on chromosome C07 and 3 SNP on chromosome C09. Combing with the functional annotation of the

candidate genes in the significantly associated SNP intervals and
their expression data under different stresses, BnaC07G0290100ZS . BnaC07G0290500ZS and BnaC07G0290700ZS were

significantly induced by drought stress, and it was hypothesized that BrnaC07G0290100ZS . BnaC07G0290500ZS and
BnaC07G0290700ZS are the key genes regulating drought tolerance in B. napus during germination stage.
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Table 1 Statistical data of 145 Brassica napus germplasm under PEG6000 treatment

b FHME: 5 R g
Ei I o C a5 SN [E 3 S U R 3]
Indicator Repeat paitE % Min Max %> Kurtosis Skewness H?
treatment
Mean+SD CV
] 0.85
. HE1 0.94+0.09 0.57 1.00 9.57 4.022 -2.027
HAXT R 2
. HHE2 0.93+0. 11 0.30 1.00 11.83 9.881 -2.846
Relative
germination HE3 0.74+0.24 0.10 1.00 32.43 -0.199 -0.742
potential
FEME 0.87+0. 12 0.34 1.00 13.79 3.253 -1.601
0.85
- HH 0.22+0. 15 0 0.73 68.18 0.032 0.723
AR R T 28
Relative fiE2 0.52+0.24 0.03 1.00 46.15 -0.696 -0.348
seedling HE3 0.59+0. 19 0.13 1.00 32.20 -0.606 -0.177
success
FEME 0.44+0.13 0.12 0.72 29.54 -0.533 0.034
. 0.87
REFRE HH 25.18+11.7 4.83 52.00 46.50 -0.612 0.537
geri‘r‘l‘;‘e“:ﬁo“ FH2  24.9549.17 1.95 42.62 36.75 -0.126 -0.809
3 29.2349.22 3.22 45.00 31.54 -0.028 -0.718
P 26.45+8.21 5.48 41.84 31.04 -0.429 -0.241




3 0.06

>4 2 20.04
5] o ]
(] ,gl_ ﬁ?-

W2 1 0.02
=4 ® =

0- 0
0.4 0.6 . 0.2 0.4 0.6 10 20 30 40
FESUZQ‘%% NS AEES REFIRE
Relative germination potential Relative seedling success Germination index

&1 PEG6000SLIE TNHILZFIEE . HEXT &K FEMET R ERIRE ST

Fig.1 Histogram of frequency distribution of germination index, relative germination potential and relative seeding rate under

PEG6000 treatment
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Fig.2 The correlation of germination index, relative germination potential and relative seeding rate

FFPEG6000 31 b B 0t S A o -1 2508 2 FR B% N 0~12.00 (B EEBURO + 12.01~24.00 (P EERIURD |
24.01~36.00 C(H1AEM 5D F136.01~48.00 (Wi 5 73 44l (EI3) o FHr ik BEBUS IR 9y, B BUK
MIFP RS20, T S MR R 674, M MR R 1740 (£2) o SRR, KEBFIREILA 1 UK
IR RE TR S, /D 0P T 2 Ik A% FEE SRR R o i



Extremely drought

tolerant extremely sensitive
R B i 1 i AUk

12% 6%

moderately sensitive
Hh B Ak
36%

o TR 5
46%
Moderately drought
tolerant
E3 SHRERBRETIHALANESFRS T
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Table 2  Statistics for extreme drought tolerant materials
REFRE HRRT 5 2 9
LG Germination Relative  germination LRSS
index potential Relative seeding rate
Material number
L3 36.07 0.99 0.42
L116 36.17 0.94 0.70
L62 37.73 0.83 0.40
L72 37.92 1.00 0.32
L7 38.38 0.93 0.51
L136 38.42 1.00 0.57
L20 38.49 1.00 0.58
L145 39.12 0.94 0.63
L52 39.12 0.97 0.63
L76 39.66 0.99 0.58
L57 40.48 0.99 0.68
L73 40.66 0.99 0.64
L144 40.68 1.00 0.72
L24 40.73 1.00 0.43
L16 40.99 0.98 0.67
L135 41.13 1.00 0.67
L2 41.84 1.00 0.70
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Fig. 4 Genome-wide association analysis of germination index under drought-resistant conditions
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Table 3 SNPs loci significantly associated with germination index

RIRAL 5 Y to th ﬁiﬂoﬁﬁifi
SNP -log10(p) 0B
Chromosome

RZ
C07: 29403943 Co07 4.24 8.77
C07: 29526454 Co07 5.80 11.63
C07: 29526503 Cco7 5.72 11.44
C07: 29526531 Co07 5.81 12.76
C07: 29654163 Co07 5.04 9.48
C07: 29654197 Co7 5.01 9.31

C07: 29654215 Cco7 5.18 10.70
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14235922

Co7 5.18
Co7 4.07
Co7 4.50
Co7 4.63
C09 4.16
C09 4.16
C09 4.07

10.10

7.39
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Table 4 Candidate genes related with germination index in the intervals of significant associated SNP markers

%£ K ID ZS11 K % 5 Pt fh iz (bp) 0L 7T 22 ] PTG I 22 (]
Gene ID ZS11 gene ID Chr Position(bp) Arabidonsi D drabidonsis ali
rabidopsis gene rabidopsis alias

BnaC07g22840D  BnaC07G0290100ZS  CO7 29375462~29380040 AT3G25690.2 CHUPI
BnaC07g22850D  BnaC07G0290200ZS  CO7 29382225~29383581 AT3G25700.1 o
BnaC07g22860D  BnaC07G0290300ZS  CO07 29412127~29413807 AT3G25710.1 BHLH3?2
BnaC07g22870D  BnaC07G0290500ZS  CO07 29486216~29487654 AT3G25730.1 EDF3
BnaC07g22880D  BnaC07G0290600ZS  CO07 29487726~29489679 AT3G25740.1 MAPIC
BnaC07g22890D  BnaC07G0290600ZS  CO07 29491098~29491407 AT3G25740.1 o
BnaC07g22900D  BnaC07G0290700ZS  CO07 29491639~29492573 AT3G25770.1 A0C2
BnaC07¢22910D  BnaC07G0290700ZS  CO07 29503475~29504453 AT3G25770.1 A0C2
BnaC07g22920D o Co7 29513424~29515594 AT1G28430.1 CYP705424
BnaC07¢22930D  BnaC07G0290800ZS  CO07 29515705~29516634 AT3G25780.1 A0C3
BnaC07g22940D  BnaC07G0290900ZS  C07 29529284~29532482 AT3G25790.1 HHOI
BnaC07¢22950D  BnaC07T0291100ZS  CO07 29538790~29541043 ATIG45688 NLPI
BnaC07g22960D  BnaAl0G0155900ZS  CO07 29582570~29584174 o o
BnaC07¢22970D  BnaC07T0291400ZS  CO07 29597144~29599957 o o
BnaC07¢22980D  BnaC07G0291600ZS  CO07 29630838~29633910 AT3G25830.1 TPS27
BnaC07¢22990D  BnaC0770291700ZS  CO07 29634044~29637565 AT4G22100.1 BGLU3
BnaC07¢23000D  BnaC07G0291600ZS  CO07 29651509~29654378 AT3G25830.1 TPS27
BnaC07¢23010D  BnaC0770292300ZS  CO07 29656031~29660449 AT3G25840.1 PRP4KA
BnaC07¢23020D  BnaC07G0292400ZS  CO07 29665201~29665641 AT3G25855.1 ATHMP28
BnaC07¢23030D  BnaC07G0292500ZS  CO7 29665965~29668282 AT3G25860.1 LTA2
BnaC07g23040D o Co07 29668405~29668755 o o
BnaC07g23050D  BnaC07G0292600ZS  CO07 29672086~29672689 AT3G25870.1 o
BnaC07g23060D  BnaC07G0292700ZS  CO07 29683438~29683576 o o
BnaC07g23070D  BnaC07G0292800ZS  CO07 29708307~29708899 AT3G25882.1 NIMIN-2
BnaC07g23080D  BnaC07G0292900ZS  CO07 29726649~29727918 AT3G25890.2 CRFI11
BnaC07g23090D  BnaC07G0293000ZS  CO07 29738806~29741086 AT3G25900.3 HMT-1
BnaC07g23100D  BnaC07G0293100ZS  CO07 29745969~29746212 AT3G25905.1 CLE27
BnaC07g23110D  BnaCO07T0117800ZS  CO7 29748172~29749071 AT3G23600.1 o
BnaC07¢23120D  BnaC07G0293200ZS  CO07 29755250~29756610 AT3G25910.1 SIz1



BnaC07¢23130D  BnaC07G0293300ZS  CO7 29756676~29757961 AT3G25920.1 RPLIS

BnaC07g23140D  BnaC07G0293400ZS  CO7 29760095~29761037 AT3G25930.1 o
BnaC07g23150D  BnaC07G0293500ZS  CO7 29766652~29767390 AT3G25950.1 LAGI
BnaC09g17510D  BnaC09G0219200ZS  C09 14225601~14227580 AT5G43360.1 PHTI-3
BnaC09g17520D  BnaA09G0190300ZS  C09 14227709~14229865 AT5G43370.2 PHTI-2
BnaC09g17530D _ C09 14246756~14247048 _

— R AR BB GG B

— indicates that no relevant information was found
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Fig. 5 Expression heatmap of candidate genes in leaves and roots under different stress conditions

A, C, E, G, I, KM and Uindicate gene expression data in leaves, and B, D, F, H, J, L N and P indicate gene expression data in roots
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Hh ZE K BnaC07G0290100ZSTEF F AL B Ih e, JLM Fy op i 3Rk BAH X T 5 IR AL SR>, 2 a5 AR Ok
Frf R BEAR T X HBAMIRE . BnaC07G0290500ZSHET R AL PR 5, F AL 193814 B 05 4 4 FRE = T X e
HPPRE, JFHAESIWM REE TR BT, BB AR 106 . BraC07G0290700ZSH: R £+ 5 p i 4k 3
JERA N LR BAME, HAEFE3WE, HEEERET & £ R KMW330M . i RiE
BnaC07G0290100ZS 1£ 37 I+ 1 ) [7] Y5 & K| CHUPI ( Chloroplast unusual positioning 1) &M 544415 5 &
G i) B N 5y, BB ZARFKF LB I 5 CHUPL R A= Y0¥ AH BAE ISR AT mh Sk e fon, I3 & e &
TERIUS] o FERARBY B, GHEARZ 2 2 Wi if, bS8 nl g 2 d ik i S 4R e AL 1O SRR, AT T
B RSN . BnaC07G0290500ZS (ERL T I+ B [FJ 2L K EDF3  ( Ethylene response DNA bindingfactor 3)
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