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Analysis of significantly associated regions and candidate genes for
dwarf stem trait in Brassica napus based on BSA-sequencing

ZHAO Weiguo', TA Na'", WANG Hao*, YANG Zelin'

(1 School of Modern Agriculture and Biotechnology, Ankang University, Ankang., Shaanxi 725000, China; 2 The Rapeseed
Hybrid Center of Shaanxi Province, Yangling, Shaanxi 712100, China)

Abstract [ Objective] The study aims to reveal the genetic loci and candidate genes associated with the
dwarf trait in Brassica napus, laying a foundation for the improvement of plant height and the breeding of
lodging resistant B. napus varieties. [ Methods ] Rapeseed dwarf stem DW1 was used to cross with tall
stem lines WH14 and WH20, respectively, and the F, and F, generations were used to analyze the genetic
mechanism behind the dwarf trait. Meanwhile, two mixed DNA pools, one from extremely tall and the
other from dwarf stem lines, constructed from F, segregated population of dwarf stem DW1 and tall stem
WH20 hybrid combination, were sequenced and analyzed base on BSA-seq technology, and the significant
association regions and candidate genes associated with dwarf trait were identified. [ Results ] (1) The
dwarf trait of B. napus DW1 was a quality trait and was controlled by one pair of incomplete dominant

genes. (2) Twenty-two genomic regions significantly associated with dwarf trait were identified within the
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21.78—23. 88 Mb region on chromosome A06, with the maximum interval of 46, 71 kb and the minimum interval
of 0. 64 kb. (3) Potential candidate genes, including BnaA06g27050D , BnaA06g34100D , BnaA06g34810D ,
BnaA06g35080D , and BnaA06g36480D , were identified in significantly associated regions on chromosome
A06, which were related to the regulation of auxin and gibberellin signal transduction, respectively.
[Conclusion| The dwarf trait herein is a quality trait controlled by one pair of incomplete genes. One sig-
nificantly associated region was identified in the region from 21. 78—23. 88 Mb on chromosome A06. Five

candidate genes within the significantly associated regions were identified and involved in the regulation of

plant auxin synthesis and gibberellin signal transduction.
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Fig.1 Tall stem WH14 and WH20 and dwarf stem DW1 lines during seedling stage and tall stem
WH14 and WH20 and F, lines during flowering stage of B. napus
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Table 1 Height of the tall and dwarf stem parents of

B. napus and F, plants

#3224 Hybrid combination ¥ & Plant height/cm

WHI14 174

WH20 167

DW1 67
DW1X WHI4(F)) 87
WH14 X DW1(F,) 81
DW1X WH20(F)) 92
WH20 X DW1(F)) 86

HXSHNEFRRERRXF,., 7 EHER . EFKABEHT FAEZHRE

Table 2 Chi square significance test on the number of tall and dwarf stem lines in the F,.; segregation population of

B. napus with tall and dwarf stems in both positive and negative crosses

A DW1 X WHI14 WHI14 X DW1 DW1 X WH20 WH20 X DW1
Trfaitir%cnt JEFF (TS JEAT T JEAT e FF JEAT [SLAS
Dwarf stem  Tall stem  Dwarf stem  Tall stem  Dwarf stem  Tall stem  Dwarf stem Tall stem
1 25 9 13 9 15 6 29 10
2 18 5 12 7 14 5 27 9
3 21 4 18 10 19 8 27 11
4 19 5 21 6 27 7 22 5
5 18 14 26 8 31 8 15 3
6 19 9 15 7 36 9 13 5
7 23 6 29 9 29 5 20 4
8 20 7 22 10 32 8 18 6
BRREL Total 163 59 156 66 203 56 171 53
AV RS 0.294 2. 649 1.577 0.214
I F 4 Significance 0.587 0.104 0. 209 0.643
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£3 MEVNFHESHESEEEARFTILEX 7

Table 3 Analysis of sequencing data and reference genome sequences of B. napus
G ¥ reads il A ZQy MBI 5 H S R SE LG LA
Nl:lm‘l’l)er T )t'_l'”i re;d;/M Total number =Q,, base Total mapped Properly mapped
otal reads/ of bases/G ratio/ % ratio/ % ratio/ %
b Dwarf pool 75. 94 22. 40 96. 40 98. 82 89. 48
AT DW1 Dwarf stem DW1 72.69 21. 44 96. 32 99. 59 89. 21
F AT Tall stem pool 71. 81 21.19 96. 40 99. 54 89. 84
EFF WH20 Tall stem WH20 80.98 23.90 96. 44 99.62 90. 00

F4 DNANRNFESRESESEILGISIT

Table 4  Statistics on the ratio of coverage depth and coverage of DNA sample sequencing

ERE - R B IXEHF S5X R 10X Hw#F
Number Average depth Coverage ratio of 1X/% Coverage ratio of 5X/%  Coverage ratio of 10X/ %
AT M Dwarf pool 23.65 99. 95 95. 45 83. 84
&FF DW1 Dwarf stem DW1 24.02 99. 90 95. 87 87.90
= FFit Tall stem pool 23.18 99. 95 95.13 82. 60
AP WH20 Tall stem WH20 26. 88 99. 91 96. 38 91.31
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The color dots represent the calculated index values. The black lines represent the index values,

and red dashed line represents association threshold.

Fig. 3 Distribution of SNP-index association values on the genome of B. napus
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Fig. 4 Distribution of SNP-index association values on chromosome A06 of B. napus
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Table 5 Twenty-two significant association regions with dwarf trait on chromosome A06 of B. napus

B35 ORI X IAE A06 Yb (0 A £

B3 ORI X I TE A06 Ye (o R i

o2 Significant association region on A06 position/bp o) Significant association region on A06 position/bp
Number 1 i b oefi IX Number -t o B Zp Lk I i

Start position End position Position Start position End position Position

1 21 787 911 21 788 781 871 12 23 071 838 23 084 364 12 527

2 22 057 059 22 065 094 8 036 13 23 096 060 23108 233 12 174

3 22 088 624 22 099 684 11 061 14 23 127 145 23163 434 36 290

4 22 206 320 22 225 235 18 916 15 23 251 630 23 292 428 40 799

5 22 270 600 22 275 250 4 651 16 23 303 987 23 365 196 61 210

6 22 289 692 22 292 131 2 440 17 23 406 432 23 424 879 18 448

7 22 521 157 22 523 876 2720 18 23 436 376 23 449 313 12 938

8 22 669 366 22 670 004 639 19 23 604 709 23 608 339 3631

9 22 682 432 22 686 525 4094 20 23 619 546 23 631 511 11 966

10 22 716 293 22 717 766 1474 21 23 778 088 23 779 242 1155

11 23 006 152 23 052 859 46 707 22 23 877 288 23 878 585 1298

SN R e MR AR R R T L HL 3R B J5T 2 MR Y st A%
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