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Genome-wide association study of seed number per silique in rapeseed
(Brassica napus L.)
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Abstract: Seed number per silique (SSN) is a key component of seed yield in rapeseed, increasing SSN can improve the seed
yield of plants. A collection of 496 representative rapeseed accessions was genotyped by the Illumina 60K SNP array and pheno-
typed for SSN in two environments. The genome-wide association study (GWAS) of SSN was performed via the MLM (Mixed
linear model) and GLM (General linear model). The broad-sense heritability of SSN was 57.7%. Nine and twenty loci were de-
tected with MLM and GLM, respectively, and all loci detected by MLM were included those by GLM. Six loci were overlapped
with reported QTLs, and two of them were validated by two independent researches, and the rest 14 loci were new. We identified
plausible candidate genes nearby seven loci, and the reported rapeseed SSN gene BnaC9.SMG7b was found near the locus
Bn-scaff 15576 1-p74980 on C09 chromosome detected in this study. Besides, six candidates orthologous to documented Arabi-
dopsis SSN genes, like GRDP1, SPATULA, HVA22D, and DA2, were found near our GWAS loci. The results provide an insight
into the genetic basis of seed number per silique and lay a foundation for further mechanism exploration and breeding for this trait
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Environment Min. Max. Mean + SD CV Seeds per silique

2014/2015 Taizhou  8.83 27.73 21.45+2.36 0.11

B1 XEBRERELANTRENEANESH
2015/2016 Taizhou 11.00 26.24 20.56+1.99 0.10 Fig. 1 Distribution of seed number per silique of the associa-
tion panel in two environments
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Fig. 2 Genome-wide association study of rapeseed seed number per silique (MLM)
A: BLUP MLM ; B 15TZ MLM ; C:16TZ MLM Bonferroni

A: Manhattan plot of MLM based on BLUP value; B: Manhattan plot of MLM in15TZ; C: Manhattan plot of MLM in 16TZ. The dashed
horizontal line depicts the Bonferroni significance threshold.
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Table 2 Significant GWAS loci of seed number per silique in MLM

. —lg (P) ) . QTL
Marker Chr. Position R* (%) Environment Reported QTL

Bn-A01-p3904495 A01 3,530,446 5.01 0.03832 16TZ [5]

Bn-A04-p10393460 A04 11,537,744 5.15 0.03946 15TZ

Bn-A07-p22251229 A07 23,650,401 4.78 0.03896 15TZ

Bn-A08-p14749618 A08 12,312,967 437 0.03265 15TZ [7]

Bn-scaff 15936 _1-p270915 Co1 36,405,870 4.66 0.03521 BLUP [5-6]

Bn-scaff 15712 6-p1336179 C02 38,045,422 433 0.04469 15TZ, 16TZ

Bn-scaff 23954 1-p220801 C03 11,576,750 4.49 0.03371 15TZ

Bn-scaff 16027_1-p367097 Co4 1,254,637 4.52 0.03698 15TZ

Bn-scaff 23907_1-p3780 Co4 7,268,977 5.09 0.04605 BLUP

GLM BLUP 20 s A0l A04 A07 A08 CO01~CO7
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Fig.3 Genome-wide association study of rapeseed seed number per silique (GLM)
A: BLUP GLM ; B: 15TZ GLM ;. C: 16TZ GLM Bonferroni

A: Manhattan plot of GLM based on BLUP value; B: Manhattan plot of GLM in 15TZ; C: Manhattan plot of GLM in 16TZ. The dashed
horizontal line depicts the Bonferroni significance threshold.
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Table 3 Significant GWAS loci of seed number per silique in GLM

- -lg (P) 2 . D
Marker Chr. Position R (%) Environment Reported QTL
Bn-A01-p3904495 A01 3,530,446 5.05 0.0357 16TZ [5]
Bn-A04-p10393460 A04 11,537,744 5.79 0.0408 15TZ
Bn-A07-p9916502 A07 11,196,091 4.50 0.0404 BLUP
Bn-A07-p22251229 A07 23,650,401 4.41 0.0322 15TZ
Bn-A08-p14749618 A08 12,312,967 4.74 0.0327 15TZ [7]
Bn-scaff 15838 1-p1554155 Co01 1,926,096 4.41 0.0437 16TZ [8]
Bn-scaff 15936 1-p270915 Co01 36,405,870 5.13 0.0353 BLUP [5-6]
Bn-scaff 15712 6-p1336179 C02 38,045,422 4.66 0.0435 16TZ
Bn-scaff 23954 1-p635109 C03 11,205,203 4.78 0.0330 15TZ
Bn-scaff 16027 1-p367097 C04 1,254,637 4.62 0.0365 15TZ
Bn-scaff 23907 1-p3780 Co04 7,268,977 5.59 0.0483 15TZ,BLUP
Bn-scaff 19253 1-p524524 C04 15,606,945 4.29 0.0290 BLUP
Bn-scaff 15936 1-p357665 C05 9,508,115 4.78 0.0453 BLUP
Bn-scaff 16064 1-p1144443 C06 24,511,029 4.74 0.0327 15TZ
Bn-scaff 17484 1-p132976 Co7 5,857,563 4.60 0.0317 15TZ
Bn-scaff 20084 1-p104549 Cco7 9,638,283 5.36 0.0375 15TZ
Bn-scaff 16069 1-p1651456 C07 38,070,340 5.23 0.0365 15TZ
Bn-scaff 16069 _1-p3780494 Co07 40,184,749 4.35 0.0302 16TZ
Bn-scaff 15808 1-p420800 C09 37,129,614 5.15 0.0365 16TZ [5]
Bn-scaff 15576 _1-p74980 C09 41,126,168 435 0.0303 16TZ [5,19]
57.7% 2
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Table 4 Information of candidate genes of seed number per silique GWAS loci

Marker Rapeseed gene Chr. Position Ar. homolog
Bn-A04-p10393460 BnaA04g13080 A04 11,015,882 GRDPI
Bn-A07-p9916502 BnaA07g13170 A07 11,744,966 GLEI
Bn-A08-p14749618 BnaA08g15580 A08 12,923,783 SPATULA
Bn-scaff 23954 1-p635109 BnaC03g21140 Co3 11,367,292 DA2
Bn-scaff 16069 1-p3780494 BnaC07g39210 Cco7 40,210,953 HVA22D
Bn-scaff 15808 1-p420800 BnaC09g33680 C09 36,922,347 MSII
Bn-scaff 15576 _1-p74980 BnaC09g38310 C09 41,208,383 SMG7b

BnaC9.SMG7b; Yang 1 CRISPR/Cas9 an example. Theor Appl Genet, 2017, 130: 1569-1585.
CLV3 A04 C04 2 s (6] QTL
, ; Shah [27] s ,2014.
API A02 , Qi L P. QTL Analysis for the Traits Associated with Plant Archi-
tecture and Silique in Brassica napus L. PhD Dissertation of
Huazhong Agricultural University, Wuhan, Hubei, China, 2014
Bn-scaff_15576_1-p74980 82 kb (in Chinese with English abstract).
BnaC9.SMG7b( 4) > 6 [7] Cai G, Yang Q, Chen H, Yang Q, Zhang C, Fan C, Zhou Y. Ge-
N netic dissection of plant architecture and yield-related traits in
, , GRDP]?Y Brassica napus. Sci Rep, 2016, 6: 21625. doi: 10.1038/srep
D422 21625.
CRISPR/Cas9 ’ [8] Yang Y’. Shi J, Wang X, Liu G, Wang H. .Genetlc archltectur.e and
mechanism of seed number per pod in rapeseed: elucidated
through linkage and near-isogenic line analysis. Sci Rep, 2016, 6:
24124. doi: 10.1038/srep24124.
Mtz LM% Rk: 1) AFI M35 http://zwxb. china- [9] Sun C, Wang B, Yan L, Hu K, Liu S, Zhou Y, Guan C, Zhang Z,

crops.org/; 2) ¥ E 4= K http://www.cnki.net/; 3) 7 7 4%
http://c.wanfangdata.com.cn/Periodical-zuowxb.aspx.
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