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TS 57 2023-07-31 Abstract:  Drought stress can induce the expression

BRSO T 8552 B L S 457 H (2022A-054) 5 Hil of crop wax synthase/ diacylglycerol acyltransferase ( WSD')
R T ( 22ZD6NA009) :2023 4FH 46 B 1 9 gene. In order to clarify the physical and chemical properties
BV R ST (KJZC-2023-12) ; [ Mg 3 A of BnWSD family genes in Brassica napus and their response

1RZ T H (CARS-12) characteristics to drought stress, this study used bioinformat-
TEEBAN . T45®(1997-) , B Hl Fu A i+ iFgs ik, T BN ics methods to screen BnWSD family genes from the B. napus
PR AP . (E-mail) 2107106686@ qq.com genome and analyzed their structure, chromosome location,
WIS : THEM, (E-mail) wiwang@ gsau.edu.cn; #5J7 4, (E-mail ) phylogenetic tree and the physical and chemical properties,

18293121851@ 163.com structure, conserved motifs and cis-acting elements of their
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encoding proteins, based on the B. napus transcriptome database. The expression characteristics of BnWSD family genes were de-
termined by drought stress treatment with Longyou 10 as the experimental material. The results showed that a total of 36 BnWSD
family genes were identified in the genome of B.napus, of which could be divided into three subfamilies. The number of amino
acids of encoded proteins of 36 BnWSD family genes ranged from 105 to 538, and the isoelectric point ranged from 6.32 to 9.63.
There were eight conserved motifs in 36 BnWSD family genes, and each gene contained two to eight conserved motifs, and motif
2 was a common functional motif in the BnWSD family genes, which was relatively conserved in evolution. There were 11 cis-act-
ing elements related to light response, hormone response and drought stress response in the promoter region of BnWSD gene in
B. napus. The relative expression levels of BnWSD gene in different organs of B.napus were different. The relative expression lev-
els in leaves and stems were relatively higher, while the relative expression levels in roots and flowers were relatively lower or not
expressed. With the deepening of drought, the relative expression levels of BnWSDI-1, BnWSD2, BnWSDS8, BnWSD9, Bn-
WSD12, BnWSD18-1, BnWSD20-1 and BnWSD24-1 in leaves of B.napus showed an increasing trend. In summary, the BnWSD
gene was closely related to the drought resistance of B.napus. The results of this study provide a basis for further analysis of the

drought resistance mechanism of B.napus and clarifying the role of the BnWSD gene family in epidermal wax accumulation and the

breeding of drought-resistant B.napus varieties.
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Table 1 ¢RT-PCR primers for expression analysis of WSD family genes in Brassica napus

HH EE5H(5'—3") S5 (5'— 3")
BnWSDI-1 GGCTCTATGGTCGGTGGCTATG TGAACACAACACATCCGCTTACTC
BnWSD2 GAGGAGGAGGAGGTGGAGGAG CATGATGGTGACGGCACAGTAG
BnWSD8 TGGCGAGTGAGGAGGAGGAG TTACCACAATGACGGCACATAGTTC
BnWSD9 ACACAAAGATGGGTTCGGACAAAC GACCAGCGTGAGATCGGAGAC
BnWSD12 GGTGAACGACAGTAGCCAAGAAC ACGGGATTGTAGTGAGGTCAGAG
BnWSD18-1 TTCAACATCGTAACCATCGGACTC CCACCAATTCCTGTCTCTAGTATGC
BnWSD20-1 GAGAGAATGAGAGAGGAGGAAGAGG GCATCAAGGACGACGCCAAG
BnWSD24-1 GGTGAACGACAGTAGCCAAGAAC ACGGGATTGTAGTGAGGTCAGAG
Actin TCCATCCATCGTCCACAG GCATCATCACAAGCATCCTT
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Table 2 Physicochemical properties and subcellular localization of proteins encoded by BnWSD family genes in Brassica napus

ity 2 1 5T B SR I A R s

F5 BRI AR BRE
FEEMEE () HRFEA ARERE EURE kMR WHMEN
1 BaWSDI-1 BnA01g0026310.1 468 7.99 52.71 92.05 -0.164 YA JET AN A A%
2 BaWSDI-2 BnA01g0026320.1 278 9.63 40.08 93.31 -0.154 ANAfJET AN A A%
3 BaWSD2 BnA02g0051100.1 423 8.12 50.38 95.39 -0.103 AT B
4 BaWSD3 BnA02g0062480.1 489 9.17 37.86 98.43 -0.031 iy
5  BnWSD4-1 BnA02g0069450.1 481 8.82 43.58 100.08 0.082 AT SRR
6  BnWSD4-2 BnA02g0069470.1 478 8.33 46.32 106.36 0.111 I BT | B
7 BaWSD53-1 BnA03g0095330.1 479 9.03 37.40 88.52 -0.200 EEYN
8  BnWSD5-2 BnA03g0095340.1 451 9.09 41.29 101.22 -0.031 I BT | B
9  BnWSD5-3 BnA03g0095420.1 168 9.54 32.44 101.61 0.176 i BT
10 BnWSD6-1 BnA03g0105610.1 490 9.32 35.69 99.98 -0.004 JB s
11 BnWSDG6-2 BnA03g0105690.1 490 9.28 35.03 99.98 0.002 iy
12 BaWSD7-1 BnA03g0111640.1 491 8.82 31.36 97.19 0.003 i) SIS TN
13 BaWSD7-2 BnA03g0111660.1 480 9.20 30.51 96.40 -0.041 SIS TN
14 BnWSDS BnA03g0145140.1 472 6.44 36.32 96.99 -0.060 AT SR
15 BaWSD9 BnA06g0242100.1 538 9.52 41.40 93.10 -0.208 i g 5t
16 BaWSDIO BnA07g0273520.1 460 8.82 38.12 103.43 0.061 Bl o5
17 BnWSDII BnA0820321430.1 485 9.25 36.19 93.88 -0.045 B o5
18 BaWSDI2 BnA09g0335780.1 484 8.60 40.33 93.90 -0.220 = e 045
19  BnWSDI3 BnA10g0395550.1 478 8.33 46.32 106.57 0.112 YT | B
20  BaWSDI4 BnA10g0400210.1 391 8.86 42.22 113.48 0.163 Jo
21 BnWSDIS BnC01g0457220.1 500 9.22 44.58 95.14 -0.193 Bl
22 BaWSDI6 BnC02¢0474490.1 485 8.95 45.47 96.66 -0.070 E2t ) [N TN L
23 BnWSDI7 BnC02g0487150.1 417 9.08 38.02 100.22 -0.145 JEE Ik
24 BaWSDIS8-1 Bn(02g0495610.1 508 8.50 41.05 102.03 0.112 AT SRR
25  BnWSDIS8-2 BnC02¢0495660.1 424 6.87 46.64 102.22 0.134 I BT
26 BnWSDI9 BnC02g0509390.1 492 6.32 40.57 104.41 0.011 S
27 BnWSD20-1 BnC03g0540370.1 481 9.09 40.19 88.54 -0.250 EE YN
28  BaWSD20-2 BnC03g0540380.1 160 9.54 37.19 96.31 0.129 2t
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29 BnWSD2I BnC03¢0552400.1 489 9.16 36.15 98.59 -0.012 JB
30  BnWSD22 BnC03g0560080. 1 430 9.18 42.36 97.88 0.060 4 BT
31  BnWSD23-1 Bn(03g0562340.1 481 8.93 29.02 95.57 -0.063 AT | SRk
32 BaWSD23-2 BnC03¢0562350.1 480 9.14 30.44 95.79 -0.049 i BT
33 BaWSD24-1 BnC06g0746280.1 417 8.89 40.82 94.46 -0.197 S 5T A A%
34 BaWSD24-2 BnC06g0746440.1 485 9.00 37.71 93.46 -0.053 Bl o051
35 BaWSD25-1 BnC09g0913460.1 105 6.49 30.40 109.71 0.429 2
36 BnWSD25-2 BnC09g0913450.1 507 9.31 40.64 89.78 -0.311 Bl o5

#3 HERHZE BnWSD REEFREAR-RLEHTN

Table 3 Protein secondary structure prediction of BnWSD family genes in Brassica napus

AN RIS R R R B

e EREARK 12 TE R A5 FENEE B-Fe s
Bk (A4 HE(%) BN (%) BN dAi(%) B () H (%)
1 BnWSD1-1 183 39.10 181 38.68 86 18.38 18 3.84
2 BnWSD1-2 129 46.40 95 34.17 42 15.11 12 4.32
3 BnWSD2 170 40.19 163 38.53 76 17.97 14 3.31
4 BnWSD3 190 38.85 197 40.29 82 16.77 20 4.09
5 BnWSD4-1 194 40.33 186 38.67 87 18.09 14 2.91
6 BnWSD4-2 199 41.63 177 37.03 85 17.78 17 3.56
7 BnWSD5-1 190 39.67 195 40.71 79 16.49 15 3.13
8 BnWSD5-2 186 41.24 171 37.91 79 17.52 15 3.33
9 BnWSD5-3 75 44.64 54 32.14 28 16.67 11 6.55
10 BnWSD6-1 195 39.80 191 38.98 88 17.96 16 3.26
11 BnWSD6-2 195 39.80 192 39.18 85 17.35 18 3.67
12 BnWSD7-1 186 37.88 201 40.94 85 17.31 19 3.87
13 BnWSD7-2 189 39.38 183 38.12 87 18.12 21 4.38
14 BnWSD8 192 40.68 176 37.29 85 18.01 19 4.02
15 BnWSD9 190 35.32 236 43.87 91 16.91 21 3.90
16 BnWSD10 179 38.91 189 41.09 78 16.96 14 3.04
17 BnWSD11 196 40.41 194 40.00 85 17.53 10 2.06
18 BnWSDI12 191 39.38 194 40.00 84 17.32 16 3.30
19 BnWSD13 194 40.59 187 39.12 82 17.15 15 3.14
20 BnWSD14 170 43.48 147 37.60 61 15.60 13 3.32
21 BnWSDI15 182 36.40 226 45.20 75 15.00 17 3.40
22 BnWSD16 191 39.38 201 41.44 78 16.08 15 3.10
23 BnWSD17 143 34.29 175 41.97 84 20.14 15 3.60
24 BnWSDIS-1 205 40.36 180 35.43 102 20.08 21 4.13
25 BnWSD18-2 163 38.44 163 38.44 80 18.87 18 4.25
26 BnWSDI19 182 36.99 203 41.26 89 18.09 18 3.66
27 BnWSD20-1 189 39.29 191 39.71 85 17.67 16 3.33
28 BnWSD20-2 71 44.37 54 33.75 27 16.88 8 5.00
29 BnWSD21 190 38.86 192 39.26 86 17.59 21 4.29
30 BnWSD22 155 36.05 177 41.16 80 18.60 18 4.19
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Fo RS -1 TR Hh T Ak B-Fes
(D) i) BEC) (%) HEC) b)) B i E (%)

31 BaWSD23-1 186 38.67 194 40.33 84 17.47 17 3.53
32 BaWSD23-2 201 41.87 181 37.71 80 16.67 18 3.75
33 BuWSD24-1 174 41.73 160 38.37 71 17.02 12 2.88
34 BnWSD24-2 207 42.68 180 37.11 82 16.91 16 3.30
35 BaWSD25-1 40 38.10 31 29.52 28 26.67 6 5.71
36 BaWSD25-2 178 35.11 218 43.00 94 18.54 17 3.35

BnWSD23-1 BnWSD23-2 BnWSD24-1 BnWSD24-2 BnWSD25-1 BnWSD25-2

E1 HERGHR BhWSD RIEEE %K E B R = REEMHN
Fig.1 Prediction of tertiary structure of proteins encoded by BnWSD family genes in Brassica napus
2.2 HIEEGHZE BnWSD RixEE R EEE M K 1, A03 SHafk Forfifd i % , A 8 > BnWSD
36 M H W AIMEE BaWSD FEH A TE 13 54 ,A06 5 A07 5 A0S 5 A09 5 COl S YL fifA
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Fig.2 Chromosomal location of WSD family genes in Brassica napus
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Table 4 Length of sequences encoded by conserved motifs of Bn-
WSD genes and amino acid sequences in Brassica napus
o AT
ot
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Motif 1 50  DMSKPLWEIHILNLKTSBAESVGVLKIHHSLGDGMSL
MSLLLACTRKTSD

Motif 2 41 GHPQALTVHFQSYANKMIISLAVDPTVIPDPHKLCDD
MVES
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TMDRKKHSLEAL
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Motif 5 27 TVNDVLLGVTQAGLSRYLSRRYDEEAT

Motif 6 29  PGSELKPKKFIHRIISLDDVKLVKNAMNM

Motif 7 33 IIVTIGFKTKINPSATIEGLKNTLINHPRFSSK

Motif 8 22 GKPKWVPTKVRVEDHVIVPDID
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Fig.3 Conserved motifs and structure of BnWSD family genes in Brassica napus
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Fig.4 Phylogenetic tree of WSD proteins in Brassica napus, Brassica rapa, Arabidopsis thaliana, Solanum lycopersicum and Benincasa hispida
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Fig.5 Analysis of cis-acting elements of BnWSD family genes in Brassica napus
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