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Abstract: Thousand-seed weight (TSW) is one of the important component of seed yield. In this study, a collection of 496
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representative rapeseed accessions were genotyped by the high-throughput 60K SNP array for TSW in three environments (14NJ,
15TZ, 16TZ). The genome-wide association study (GWAS) of TSW was performed via the MLM (Mixed linear model) and GLM
(General linear model). The results showed that the broad sense heritability of TSW was 63.12% in three environments. Six and
61 loci were detected with MLM and GLM, which explained 28.92% and 47.08% of the phenotypic variance, respectively. Com-
bining the common loci between two models, 62 significant loci were obtained and accounted for 47.31% of the phenotypic vari-
ance. These loci were distributed on all chromosomes of the genome, with the largest number of 9, 8, and 7 loci detected on
Chromosome A07, A03, and CO06, respectively. The most significant locus Bn-scaff 17526 1-p1066214 was detected on C09, and
accounted for 5.55% and 15.26% of the phenotypic variance in MLM and GLM, respectively. Among them, 21 loci overlapped
with previously reported QTLs, of which 8 loci were verified by at least two populations. The remaining 41 loci were newly de-
tected, and many of them had high effects and were detected in multiple environments, such as Bn-A03-p560769,
Bn-scaff 15743 1-p599416 and Bn-scaff 15743 1-p590955. Besides, 11 candidates orthologous to documented Arabidopsis seed
weight genes, like DGAT, EOD3, AGL61, WRI1, DA2, and RAV1, were found near our GWAS loci. The results are helpful for
analyzing the genetic basis of TSW of rapeseed and lay a foundation for studying the regulation mechanism and guiding the ge-
netic improvement of TSW.
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Table 1 Statistical analysis of 1000-seed weight of the association panel
/ +
Year/Environment Minimum Maximum Average + SD Coefficient of variation
2013/2014 Nanjing 2.27 7.63 4.27+0.88 0.21
2014/2015 Taizhou 1.64 5.77 3.65+0.58 0.16
2015/2016 Taizhou 1.50 6.13 3.51+0.64 0.18
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Fig. 1 1000-seed weight of the association panel in three environments (14NJ, 15TZ, 16TZ)
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Fig. 2 Genome-wide association study of 1000-seed weight in rapeseed (BLUP)

A: MLM ; B: MLM QQ ;C: GLM ; D: GLM QQ

A: Manbhattan plot of MLM for 1000-seed weight; B: quantile-quantile plot of MLM for 1000-seed weight; C: Manhattan plot of GLM for
1000-seed weight; D: quantile-quantile plot of GLM for 1000-seed weight.

®2 MLM FHE R ZF XK= (BLUP)
Table 2  Significant GWAS loci of 1000-seed weight in MLM (BLUP)

TL

Marker Chr. Position (bp) le(® R* (%) Environment ReportedQQTL
Bn-A01-p23472380 A0l 19,346,196 5.34 6.03 16TZ
Bn-A02-p6300284 A02 3,473,319 4.81 5.41 15TZ
Bn-A02-p6564861 A02 3,784,981 5.38 6.06 14NJ [32]
Bn-A03-p22125583 A03 20,956,967 4.77 5.36 [32,35]
Bn-scaff 16874 _1-p411591 C06 31,817,621 4.33 4.86 16TZ [30,36,37]
Bn-scaff 17526_1-p1066214 C09 1,488,283 4.93 5.55 16TZ [32]

1 Abbreviations are the same as those given in Fig. 1.
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Table 3  Significant GWAS loci of 1000-seed weight in GLM (BLUP)

TL

Marker Chr. Position (bp) e (P) R* (%) Environment ReportedQQTL
Bn-A01-p1156979 A0l 760,656 6.37 5.61 15TZ [35]
Bn-A01-p1440009 A0l 1,036,032 5.96 5.21
Bn-A01-p9621623 A01 8,234,343 6.43 5.66 [17,30,36]
Bn-A01-p12222806 A01 10,407,989 7.02 7.03 14NJ
Bn-A01-p15496639 A0l 12,941,394 6.64 6.67 16TZ
Bn-A02-p6300284 A02 3,473,319 7.22 7.23 14TZ
Bn-A02-p6564861 A02 3,784,981 8.59 8.53 14NJ/16TZ [32,35]
Bn-A03-p560769 A03 445,706 9.16 9.08 14NJ/16TZ
Bn-A03-p4352837 A03 3,885,180 6.18 6.22
Bn-A03-p6586436 A03 5,884,508 8.47 8.43 16TZ
Bn-A03-p8851142 A03 8,156,299 7.88 7.86 14NJ/15TZ/16TZ [32]
Bn-A03-p13758392 A03 12,893,544 6.56 6.60 15TZ
Bn-A03-p14747263 A03 13,916,047 6.57 6.60 14NJ [35]
Bn-A03-p22125583 A03 20,956,967 5.64 5.60 [32,35]
Bn-A03-p24494224 A03 22,999,825 6.05 6.10 [32]
Bn-A04-p13705636 A04 14,344,669 8.84 8.77 15TZ [35]
Bn-A05-p2610006 A05 2,720,763 5.69 5.75
Bn-scaff 27198 1-p445589 A06 15,593,147 8.01 7.99 14NJ/15TZ
Bn-A06-p23759352 A06 22,715,814 5.97 6.01
Bn-Scaffold002856-p361 A07 592,982 5.84 5.89 14NJ/16TZ [14,17,31,36]
Bn-A10-p11601681 A07 2,573,087 6.95 6.15 16TZ [33]
Bn-A07-p5877587 A07 7,824,442 7.24 6.42 14NJ/15TZ [13.,32]
Bn-A07-p10557557 A07 11,738,166 5.71 5.77 16TZ
Bn-A02-p305007 A07 12,930,679 5.66 4.93 14NJ/15TZ/16TZ
Bn-A07-p11611255 A07 13,756,170 5.95 6.00 [35]
Bn-A07-p16095589 A07 17,996,553 5.96 6.01
Bn-scaff 15743_1-p590955 A07 18,512,786 8.64 8.58 14NJ/15TZ/16TZ
Bn-A07-p17804261 A07 19,646,053 6.20 5.45 [32,38]
Bn-A08-p2675098 A08 2,098,808 6.81 6.83 16TZ
Bn-A08-p10443959 A08 8,372,628 6.30 6.34 [32]
Bn-A08-p13284369 A08 11,051,828 5.89 5.94
Bn-A08-p20343735 A08 17,811,886 8.82 7.90 15TZ
Bn-A09-p7329993 A09 5,542,361 6.20 6.24 14NJ/15TZ [14,32]
Bn-A10-p15021776 Al10 14,967,128 5.78 5.83 15TZ
Bn-A10-p15167470 Al0 15,100,392 6.67 6.69 15TZ
Bn-scaff 15803_1-p837307 Co1 14,780,320 5.58 5.64 14NJ
Bn-scaff 20942 1-p52095 C02 11,201,048 6.54 6.58 14NJ
Bn-scaff 16002_1-p1803014 Co3 12,573,756 6.95 6.97 15TZ
Bn-scaff 26320 _1-p269450 Co3 30,924,988 5.61 4.89
Bn-scaff 16182 1-p296671 Co3 51,992,967 6.41 6.44 14NJ
Bn-scaff 15794 3-p89166 C03 55,716,441 8.28 7.39 14NJ/15TZ
Bn-scaff 17119 _1-p148890 Co3 56,814,587 9.28 9.19 14NJ/15TZ [35]
Bn-scaff 16217_1-p597569 Co04 21,919,412 5.68 4.96 14NJ
Bn-scaff 18062 _1-p229981 Co04 31,112,520 6.23 5.47 14NJ/16TZ
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Marker Chr. Position (bp) R* (%) Environment Reported QTL
Bn-scaff 15585_1-p1089867 Co4 44,500,243 5.88 5.14 16TZ
Bn-scaff 18903_1-p371596 Co4 47,531,676 6.87 6.89 16TZ
Bn-scaff 16414_1-p1774629 Co5 279,059 7.33 7.33 14NJ
Bn-scaff 20901_1-p2029631 Co05 1,973,973 6.47 6.50 14NJ/16TZ
Bn-scaff 20901_1-p1279675 C05 2,707,564 7.36 7.36 14NJ
Bn-scaff 15763_1-p596396 C05 11,699,136 5.71 4.98 16TZ
Bn-scaff 15763_1-p588874 Co06 20,160,298 5.85 5.90 16TZ
Bn-scaff 16064 1-p938130 Co6 24,703,441 11.57 11.31 14NJ/15TZ/16TZ [35]
Bn-scaff 15743_1-p599416 Co6 27,808,971 9.80 8.80 14NJ/15TZ/16TZ
Bn-scaff 18807_1-p747016 Co6 30,110,394 5.69 4.96 [36]
Bn-scaff 16874_1-p411591 Co6 31,817,621 6.66 6.69 14NJ/16TZ [30,36,37]
Bn-scaff 17799_1-p2391172 Co6 34,110,582 7.71 6.87 14NJ/16TZ
Bn-scaff 17799_1-p853567 Co6 35,737,877 7.70 7.69 14NJ [35]
Bn-scaff 15705_1-p2279820 Cco7 35,285,037 6.12 6.16 16TZ
Bn-A08-p10452462 Co8 16,678,522 6.88 6.08 14NJ/15TZ/16TZ
Bn-scaff 17526_1-p1066214 C09 1,488,283 15.98 15.26 14NJ/15TZ/16TZ [32]
Bn-scaff 15576_1-p614226 C09 41,707,720 9.03 8.96 14NJ/16TZ
1 Abbreviations are the same as those given in Fig. 1.
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Table 4

Information of candidate genes of 1000-seed weight GWAS loci

Arabidopsis homolog gene

Marker Rapeseed gene Chr. Gene name Gene ID
Bn-A01-p15496639 BnaA01g20420D A01 12,306,073 NPC6 AT3G48610
Bn-A03-p22125583 BnaA03g41350D A03 20,713,211 DGAT AT3G51520
Bn-A03-p8851142 BnaA03g17130D A03 8,038,181 T7G2 AT2G37260
Bn-A05-p2610006 BnaA05g36830D A0S 2,713,236 AGL61 AT5G60440
Bn-A07-p11611255 BnaA07g16350D A07 13,870,810 WRII AT3G54320
Bn-A09-p7329993 BnaA09g12210D A09 6,402,925 GW5 AT1G64500
Bn-scaff 20942 1-p52095 BnaA08g15580D Cco02 12,923,783 CLV3 AT2G27250
Bn-scaff 18903_1-p371596 BnaC04g50960D Co04 48,343,005 EOD3 AT2G46660
Bn-scaff 18062 _1-p229981 BnaC04g33070D C04 31,436,211 RAVI ATI1G13260
Bn-scaff 17799 1-p853567 BnaC06g38800D Co6 36,244,755 GRF2 ATIG78300
Bn-scaff 17799 1-p853567 BnaC06g38900D Co6 36,295,477 DA2 ATIG78420
Bn-A08-p10452462 BnaC08g12050D Co8 17,299,420 SHB1 AT4G25350




657

, WRII
142] Bn-scaff 18062 1-p229981
323 kb BnaC04g33070D,
RAVI ,
[43] , 6
NPC6™  cLyv3™®!  GRF2US EoD3M?  GwsHT
DAY SHB W
3 itie
496 ,
3 ,
2012-8998 904 WH-59 CYI19PXW-65
, 5.63 5.59 5.09
5.06 g,
MLM GLM , MLM
Q , K
MLM 6 , 28.92%
, 4 MLM
, GLM; GLM
0.05/ ,
GLM GLM
61 , 47.08% ,
21
62 , 47.31%
21 QTL s Bn-scaff

17526 1-p1066214  Bn-scaff 16064 1-p938130
, Bn-A01-p9621623 Bn-Scaffold

002856-p361  Bn-scaff 16874 1-p411591

26

QTL , 3~159 QTL, 19

, 2.40%~41.46%
QTL , 41

( 2 3)

, Bn-A03-p560769 Bn-scaff
15743 1-p599416  Bn-scaff 15743 1-p590955
9.08% 8.80%  8.58%,

3 )
, Bn-A01-p15496639 Bn-

A05-p2610006 Bn-A08-p10452462

NPC6 AGL61 SHBI
, 11
(4,
TTG2 AGL61 WRII RAVI GRF?2
, EOD3
2. pGar
B9 cLy3
[45]
CRISPR/Cas9 )
[49] [50] [51]
Bn-scaff 18062 1-p229981
BnaC04g33070D, RAVI
s MINI3  IKU2 ,
CRISPR/Cas9
4 iR
496
s 3
63.12% MLM 6
, GLM 61 )
62 , 47.31%
,21 QTL )
8 2 s 41
11
DGAT EOD3 AGL61 WRII DA2 RAVI

MiZk HFIM%ig: 1) AF| W& http://zwxb.china
crops.org/; 2) ¥ B 4= M http://www.cnki.net/; 3) 7 7
# #% http://c.wanfangdata.com.cn/Periodical-zuowxb.
aspXx.



658

47

References

(1]

[3]

(4]

(7]

9]

[10]

(11]

[12]

[13]

[14]

,2010, 32: 300-302.

Wang H Z. Review and future development of rapeseed industry
in China. Chin J Oil Crop Sci, 2010, 32: 300-302 (in Chinese
with English abstract).

QTL . , 20006, 32: 676-682.
Yi B, Chen W, Ma C Z, Fu T D, Tu J X. Mapping of quantitative
trait loci for yield and yield components in Brassica napus L.
Acta Agron Sin, 2006, 32: 676-682 (in Chinese with English
abstract).
Horiguchi G, Ferjani A, Fujikura U, Tsukaya H. Coordination of
cell proliferation and cell expansion in the control of leaf size in
Arabidopsis thaliana. J Plant Res, 2006, 119: 37-42.
Breuninger H, Lenhard M. Control of tissue and organ growth in
plants. Curr Top Dev Biol, 2010, 91: 185.

s . . s

1994, 20: 264-270.

Zhu J, Xu F H. A genetic model and analysis methods for en-
dosperm traits. Acta Agron Sin, 1994, 20: 264-270 (in Chinese
with English abstract).

, ,2015.
Li N. Maternal Control of Seed Weight in Rapeseed (Brassica
napus L.). PhD Dissertation of Chinese Academy of Agricultural
Sciences, Beijing, China, 2015 (in Chinese with English
abstract).
Jofuku K D, Pamela K, Omidyar Z G. Control of seed mass and
seed yield by the floral homeotic gene APETALA2. Proc Natl
Acad Sci USA, 2005, 102: 3117-3122.
Li Y H, Zheng L Y, Corke F, Smith C, Bevan M W. Control of
final seed and organ size by the DAl gene family in Arabidopsis
thaliana. Genes Dev, 2008, 22: 1331-1336.
Tian X, Li N, Jack D, Li J, Andrei K, Bevan M W, Gao F, Li Y H.
The ubiquitin receptor DA interacts with the E3 ubiquitin ligase
DA?2 to regulate seed and organ size in Arabidopsis. Plant Cell,
2013, 25: 3347-3359.
Li S, Liu Y, Zheng L, Chen L, Li N, Corke F, Lu Y, Fu X, Zhu Z,
Bevan M W, Li Y H. The plant-specific G protein y subunit
AGGS3 influences organ size and shape in Arabidopsis thaliana.
New Phytol, 2012, 194: 690-703.
Song X J. Crop seed size: BR matters. Mol Plant, 2017, 10:
668-669.
Fang W J, Wang Z B, Cui R F, Li J, Li Y H. Maternal control of
seed size by EOD3/CYP7846 in Arabidopsis thaliana. Plant J,
2012, 70: 929-939.
Quijada P A, Udall J A, Lambert B, Osborn T C. Quantitative trait
analysis of seed yield and other complex traits in hybrid spring
rapeseed (Brassica napus L.): 1. Identification of genomic re-
gions from winter germplasm. Theor Appl Genet, 2006, 113:
549-561.
Basunanda P, Radoev M, Ecke W, Friedt W, Becker H, Snowdon
R. Comparative mapping of quantitative trait loci involved in
heterosis for seedling and yield traits in oilseed rape (Brassica
napus L.). Theor Appl Genet, 2010, 120: 271-281.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Yang P, Shu C, Chen L, XuJ S, Wu J S, Liu K D. Identification
of a major QTL for silique length and seed weight in oilseed rape
(Brassica napus L.). Theor Appl Genet, 2012, 125: 285-296.
Zhao W, Wang X, Wang H, Tian J, Li B, Chen L, Chao H, Long Y,
Xiang J, Gan J, Liang W, Li M. Genome-wide identification of
QTL for seed yield and yield-related traits and construction of a
high—density consensus map for QTL comparison in Brassica
napus. Front Plant Sci, 2016, 7: 17.

FanCC,Cai G Q,Qin J, LiQ Y, Yang M G, Wu J, Zhou Y M.
Mapping of quantitative trait loci and development of allele-
specific markers for seed weight in Brassica napus. Theor Appl
Genet, 2019, 121: 1289-1301.

Sun L J, Wang X D, Yu K J, Li W J, Peng Q, Chen F, Zhang W,
Fu S X, Xiong D Q, Chu P, Guan R Z, Zhang J F. Mapping of
QTLs controlling seed weight and seed-shape traits in Brassica
napus L. using a high-density SNP map. Euphytica, 2018, 214:
UNSP 228.

Liu J, Hua W, Hu Z, Yang H, Zhang L, Li R, Deng L, Sun X,
Wang X, Wang H. Natural variation in ARFI8 gene simultane-
ously affects seed weight and silique length in polyploid rapeseed.
Proc Natl Acad Sci US4, 2015, 112: 5123-5132.

Shi L L, Song J R, Guo C C, Wang B, Guan Z L, Yang P, Chen X,
Zhang Q H, Graham J K, Wang J, Liu K D. A CACTA-like trans-
posable element in the upstream region of Bnad9.CYP78A49 acts
as an enhancer to increase silique length and seed weight in rape-
seed. Plant J, 2019, 98: 524-539.

Sun CM, Wang B Q, Yan L, Hu K N, Liu S, Zhou Y M, Guan C
Y, Zhang Z Q, Li J N, Zhang J F, Chen S, Wen J, Ma C Z, Tu J X,
Shen J X, Fu T D, Yi B. Genome-wide association study provides
insight into the genetic control of plant height in rapeseed (Bras-
sica napus L.). Front Plant Sci, 2016, 7: 1102.

LuK, Wei L, Li X, Wang Y, Wu J, Liu M, Zhang C, Chen Z, Xiao
Z, Jian H. Whole-genome resequencing reveals Brassica napus
origin and genetic loci involved in its improvement. Nat Commun,
2019, 10: 1154.

, 2020, 46:
147-153.

Sun C M, Chen F, Chen S, Peng Q, Zhang W, Yi B, Zhang J F, Fu
T D. Genome-wide association study of seed number per silique
in rapeseed (Brassica napus L.). Acta Agron Sin, 2020, 46:
147-153 (in Chinese with English abstract).

Thaka R, Gentleman R. R: a language for data analysis and
graphics. J Comp Graph Stat, 1996, 5: 299-314.

Merk H L, Yarnes S C, Van Deynze A, Tong N, Menda N, Muel-
ler L A, Mutschler M A, Loewen S A, Myers J R, Francis D M.
Trait diversity and potential for selection indices based on varia-
tion among regionally adapted processing tomato germplasm. J
Am Soc Hortic Sci, 2012, 13: 427-437.

, 2019, 45:
1303-1310.

Sun C M, Chen S, Peng Q, Zhang W, Yi B, Zhang J F, Fu T D.
Genome-wide association study of silique length in rapeseed
(Brassica napus L.). Acta Agron Sin, 2019, 45: 1303—1310 (in
Chinese with English abstract).



659

[27]

(28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

Evanno G, Regnaut S, Goudet J. Detecting the number of clusters
of individuals using the software STRUCTURE: a simulation
study. Mol Ecol, 2005, 14: 2611-2620.

Hardy O J, Vekemans X. SPAGeDi: a versatile computer program
to analyse spatial genetic structure at the individual or population
levels. Mol Ecol Notes, 2002, 2: 618-620.

Bradbury P J, Zhang Z, Kroon D E, Casstevens T M, Ramdoss Y,
Buckler E S. TASSEL: software for association mapping of com-
plex traits in diverse samples. Bioinformatics, 2007, 23:
2633-2635.

DongHL, TanCD,LiY Z,He Y, Wei S, Cui Y X, Chen Y G,
Wei DY, FuY, He Y G, Wan HF, Liu H, Xiong Q, Lu K, Li J N,
Qian W. Genome-wide association study reveals both overlap-
ping and independent genetic loci to control seed weight and
silique length in Brassica napus. Front Plant Sci, 2018, 9: 921.
Cai D F, Xiao Y J, Yang W, Ye W, Wang B, Muhammad Y, Wu J
S, Liu K D. Association mapping of six yield-related traits in
rapeseed (Brassica napus L.). Thero Appl Genet, 2014, 127:
85-96.

Shahid U K, Jiao Y M, Liu S, Zhang K P, Muhammad H U K,
Zhai Y G, Amoo O, Fan C C, Zhou Y M. Genome-wide associa-
tion studies in the genetic dissection of ovule number, seed num-
ber, and seed weight in Brassica napus L. Ind Crops Prod, 2019,
142: UNSP111877.

Li F, Chen B, Xu K, Wu J, Wu X. Genome-wide association
study dissects the genetic architecture of seed weight and seed
quality in rapeseed (Brassica napus L.). DNA Res, 2014, 21:
355-367.

Atwell S, Huang Y S, Vilhjalmsson B J, Willems G, Horton M, Li
Y, Meng D, Platt A, Tarone A M, Hu T T, Jiang R, Muliyati N W,
Zhang X, Amer M A, Baxter I, Brachi B, Chory J, Dean C, De-
bieu M, Meaux J, Ecker J R, Faure N, Kniskern J M, Jones J D,
Michael T, Nemri A, Roux F, Salt D E, Tang C, Todesco M,
TrawM B, Weigel D, Marjoram P, Borevitz J O, Bergelson J,
Nordborg M. Genome-wide association study of 107 phenotypes
in a common set of Arabidopsis thaliana inbred lines. Nature,
2010, 465: 627-631.

Luo Z L, Wang M, Long Y, Huang Y J, Shi L, Zhang C Y, Liu X,
Bruce D L F, Xiang J X, Mason A S, Snowdon R J, Liu P F, Meng
J L, Zou J. Incorporating pleiotropic quantitative trait loci in dis-
section of complex traits: seed yield in rapeseed as an example.
Theor Appl Genet, 2017, 130: 1569—1585.

ShiJ Q, Li RY, Qiu D, Jiang C C, Long Y, Morgan C. Unravel-
ing the complex trait of crop yield with quantitative trait loci
mapping in Brassica napus. Genetics, 2009, 182: 851-861.

LiN, ShiJ Q, Wang X H, Liu G H, Wang H Z. A combined link-
age and regional association mapping validation and fine map-
ping of two major pleiotropic QTLs for seed weight and silique

length in rapeseed (Brassica napus L.). BMC Plant Biol, 2014, 14:

114.

Zhao W, Wang X, Wang H, Tian J, Li B, Chen L, Chao H, Xiang
J, Gan J. Genome-wide identification of QTL for seed yield and
yield-related traits and construction of a high-density consensus
map for QTL comparison in Brassica napus. Front Plant Sci,
2016, 7: 17.

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Jako C, Kumar A, Wei Y, Zou J, Barton D L, Giblin E M, Covello
P S, Taylor D C. Seed-specific over-expression of an Arabidopsis
c¢DNA encoding a diacylglycerol acyltransferase enhances seed
oil content and seed weight. Plant Physiol, 2001, 126: 861-874.
Johnson C S, Ben K, Smyth D R. TRANSPARENT TESTA
GLABRA2, a trichome and seed coat development gene of
Arabidopsis, encodes a WRKY transcription factor. Plant Cell,
2002, 14: 1359-1375.
Steffen J G, Kang I, Portereiko M F, Lloyd A, Drews G N. AGL61
interacts with AGLS80 and is required for central cell development
in Arabidopsis. Plant Physiol, 2008, 148: 259-268.
An D, Suh M C. Overexpression of Arabidopsis WRI1 enhanced
seed mass and storage oil content in Camelina sativa. Plant Bio-
technol Rep, 2015, 9: 137-148.
Hyun-Young S, Hee N K. RAV1 negatively regulates seed deve-
lopment by directly repressing MINI3 and IKU2 in Arabidopsis.
Mol Cells, 2018, 41: 1072-1080.
CaiGQ,FanCC, LiuS, Yang Q Y, Liu D, Wu J, LiJ W, Zhou Y
M, Guo L, Wang X M. Nonspecific phospholipase C6 increases
seed oil production in oilseed Brassica ceae plants. New Phytol,
2020, 226: 1055-1073.
Yang Y, Zhu K Y, Li H L, Han S Q, Meng Q W, Shahid U K, Fan
C C, Xie K B, Zhou Y M. Precise editing of CLAVATA genes in
Brassica napus L. regulates multilocular silique development.
Plant Biotechnol J, 2018, 16: 1322—-1335.
Liu J, Hua W, Yang H, Li Z, Han Z. The BnGRF2 gene
(GRF2-like gene from Brassica napus) enhances seed oil produc-
tion through regulating cell number and plant photosynthesis. J
Exp Bot, 2012, 63: 3727-3740.
Weng J F, Gu S H, Wan X Y, Gao H, Guo T, Su N, Lei C L,
Zhang X, Cheng Z J, Guo X P, Wang J L, Jiang L, Zhai H Q, Wan
J M. Isolation and initial characterization of G5, a major QTL
associated with rice grain width and weight. Cell Res, 2008, 18:
1199-1209.
Zhou Y, Zhang X, Kang X, Zhao X, Zhang X, Ni M. SHORT
HYPOCOTYL UNDER BLUEI associates with MINISEED3 and
HAIKU?2 promoters in vivo to regulate Arabidopsis seed deve-
lopment. Plant Cell, 2009, 21: 106-117.
Zhai Y G, Cai S G, Hu L M, Yang Y, Amoo O, Fan C C, Zhou Y
M. CRISPR/Cas9-mediated genome editing reveals differences in
the contribution of INDEHISCENT homologues to pod shatter
resistance in Brassica napus L. Thero Appl Genet, 2019, 132:
2111-2123.
Zheng M, Zhang L, Tang M, LiuJ L, Liu HF, Yang H L, Fan S H,
Terzaghi W, Wang H Z, Hua W. Knockout of two BnaMAX1
homologs by CRISPR/Cas9-targeted mutagenesis improves plant
architecture and increases yield in rapeseed (Brassica napus L.).
Plant Biotechnol J, 2020, 18: 644-654.
CRISPR/Cas9

,2020, 21: 1002—-1008.
Gao X W, Tan AQ, Hu X C, Zhu M Y, Ruan Y, Liu C L. Creation
of new germplasm of high-oleic rapeseed using CRISPR/Cas9. J
Plant Genetic Res, 2020, 21: 1002—-1008 (in Chinese with English
abstract).



