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Abstract: The WUSCHEL related-homeobox (WOX) family is one of the plant-specific
transcription factor families, playing important roles in plant growth and development. In this
study, 51 WOX gene family members were identified from the genome data of Brassica juncea
by searching and screening with HUMMER, Smart and other software. Their protein molecular
weight, amino acids numbers, and isoelectric point were analyzed by using Expasy online
software. Furthermore, bioinformatics software was used to systematically analyze the
evolutionary relationship, conservative region, and gene structure of the WOX gene family. The
mustard WOX gene family was divided into three subfamilies: ancient clade, intermediate clade,
and WUS clade/modern clade. Structural analysis showed that the type, organization form and
gene structure of the conservative domain of WOX transcription factor family members in the
same subfamily were highly consistent, while there was a certain diversity among different
subfamilies. 51 WOX genes are distributed unevenly on 18 chromosomes of mustard. Most of
the promoters of these genes contain cis acting elements related to light, hormone and abiotic
stress. Using transcriptome data and real-time fluorescence quantitative PCR (qRT-PCR)
analysis, it was found that the expression of mustard WOX gene was spatio-temporal specific,
among which BjuWOX25, BjuW0OX33, and BjuWOX49 might play an important role in the
development of silique, and BjuWOX10, BjuWO0OX32, and BjuWOXI1, BjuWOX23 respectively
might play an important role in the response to drought and high temperature stresses. The
above results may facilitate the functional study of mustard WOX gene family.
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Table 1  Primers used for real time fluorescence quantitative PCR

Gene name Forward primer (5'—3") Reverse primer (5'—3")

BjuW0OX01 GTGGTGGTGTTGGTGGTTCTTCTAA TCAGCCTGACATGCCATACTCCT
BjuWwO0X04 GGACTAAGTGTGGACGGTGGAATC ACACGTTCTTGCTCTCGATCTTACC
BjuwO0X08 GCAACTTCACCAACAACAACTCCAA AGCAGCAAGCGAAAGACGAATGA
BjuWw0X09 GCCTGTCTCAATAGCGATGGTAGC CTCTGTGTTCCTTGCTCCTCTTGTC
BjuwOX10 GGCTCAGGCTCAGGAGGAATGTA TTGATCTTCTGCTTGCTCGGTGTC
BjuWOX14 GGTGGAATGCGGACTCCTAACG GGTTGTTCCTCTTCTGCTTCTGTCT
BjuWwoOX17 GCTCGCTCTCCTCCACAACTCT TGTCTCCGTTATCTGTCCGTGTTCA
BjuwOX19 AAGAAGAGATTCAACGGCACAGTCA ACGCATTAAGAGCACCACATTCAGT
BjuWw0X22 ACTACAACAACGGAGTTCGGTCAC GGTGCTGAAGAAGAGGATGATGGTT
BjuwoOX25 ACCGAGCACCGATCAGATTCAGA TGCAACGTCTCTATCACCTTCTCCT
BjuWw0OX26 ACTCGCTAAGCAACTTCACCAACAA ACAGATGGGAGAAGGCTGAGAACA
Bjuwo0X27 GCCTGTCTCAATAGCGATGGTAGC TCCTGTGTTCGTTGCTGCTCTTG
Bjuw0X32 GACACCGAGCAAGCAGAAGATCAA CTCCACCTCAGACTCACCATTGTTG
BjuW0OX33 GCATAGGAACACCGAGCAAGCAA CGACCTCAGACTCACCATTGTTGTT
BjuWw0OX36 AATCACGGCTCCAGTGTCGAATG TCGGCTTCTTCTTCTTGCTCAACAT
BjuWw0OX48 AGTCAATCTTCAACAGCGGTATGGT GGTCTGGTCACAAGTATTGGTGGTT
BjuW0X49 GCATAGGAACACCGAGCAAGCAA CGACCTCAGACTCACCATTGTTGTT
BjuWwOX51 GAGCCACCGCAACATCATCATCA TGACTGTGCCGTTGAATCTCTTCTT
GAPDH ACCACTAACTGCCTTGCTCC AGCTCTTCCACCTCTCCAGT

FANEE R o R B, T3 WOX F AW 5 H 4y
AR, WUS /B 29 4~ wox
B, PR HEA 134, Ml e HEa 94
WOX KK . i TSI WOX SR G50 2
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514 wox M E M A SR T E R SR
RE R, g1 W 3 MKIR(E 2).
X ARSI kB, el 51 A
WOX & & A motif 1 A motif 3, 1 motif 4
Hl motif 6 Aty 2 A AL ¥, motif 2 Sy Hha] 52
R Ay o i BT WOX HER 451, K
Bk BjuWOX38 WA W& F4b, Hay wox Ay
A 1-T ANE T, R—ERERITR wox
JE B AR A JE R 254
2.3 T wox ERERBERNELMR.
TR EE S # A0 IE 4 Bl xE L

B 1 2 BE TR 7 91— G 235 R B A 5 43 A

&: 010-64807509

IR 2), IF3K 514 WOX P bt X K B 7E
348-1 401 bp Z[A], Wt EEN 115-466 1%
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1% 1y 4 B0 55 L e B 78 FR 14 Y5 il ) . SOPMA Tl
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R2 BuWoX ERERERRER
Table 2 The characteristics of BjuWOX gene family members

Gene name Gene ID Chromosome Chromosome position Strand Coding Amino Molecular Theoretical
region acids  weight isoelectric

(bp) (aa) (Da) point

Bjuw0OX01 BjuA002999 A0l 1587 679-1589 000 + 768 255 2517132 5.72
BjuWw0X02 BjuA006339 A0l 39 454 734-39 456 108 + 792 263 28 874.85 5.97
BjuWw0X03 BjuA006340 A0l 39461 309-39 462 686 + 795 264 28 988.01 5.97
BjuW0X04 BjuA040937 A02 1069 012-1 069 673  + 576 191 21 816.30 6.66
BjuW0OX05 BjuA008004 A02 24 034 244-24 035 803 + 957 318 35431.00 6.96
BjuWOX06 BjuA010056 AO03 9755181-9 760 662  + 1248 415 46 591.30 6.81
Bjuw0OX07 BjuA010055 AO03 9767 947-9 770 228  + 1248 415 46 591.30 6.81
BjuWw0OX08 BjuA010821 AO03 14 022 850-14 023 889 — 681 226 26 159.11 9.33
BjuWw0X09 BjuA012587 A03 22170 851-22 172 911 — 1059 352 40 126.50 6.97
BjuWOXI10 BjuA014157 AO03 38167 646-38 168 718 — 801 266 29 341.50 5.30
BjuWOX11 BjuA016365 A04 17 857 804—17 858 891 + 705 234 27 143.24 9.32
BjuWOX12 BjuA020101 A0S 2291 619-2293 569 + 1059 352 40 161.95 8.58
BjuwOX13 BjuA018465 AO05 7 020 644-7 022 218  + 1173 390 43 341.87 8.35
BjuWwOX14 BjuA016427 AO05 10 685 603—10 686 681 + 756 251 28 555.10 9.63
BjuWwOX15 BjuA020524 AO05 28 438 973-28 439 717 + 432 143 16 441.62 9.20
BjuWOX16 BjuA046118 A0S 31462 268-31 463 673 — 789 262 28 708.67 6.10
BjuWOX17 BjuA022314 A06 9510474-9 511543 - 612 203 22 850.21 5.43
BjuWOX18 BjuA023426 A06 20 100 027-20 101 694 — 861 286 32 505.86 8.45
BjuwOX19 BjuA001259 AO07 3017519-3019087 + 909 302 34319.65 6.85
BjuWw0OX20 BjuA028186 A08 4803 512-4 804 874 + 774 257 29308.82 9.27
BjuWw0OX21 BjuA029662 A08 19 131 437-19 132 415 + 708 235 26 861.00 5.33
BjuWw0X22 BjuA032954 A09 9560 803-9 562 506 - 912 303 34484.58 6.51
BjuW0OX23 BjuA033941 A09 19 747 090-19 762 688 — 1401 466 5237433 8.26
BjuW0X24 BjuA044155 A09 51413 871-51 414 954 — 705 234 2725276 6.26
Bjuw0OX25 BjuA039918 A10 18 251 214-18 251 887 — 579 192 22 073.82 8.99
BjuWw0X26 BjuB026308 B0l 14 632 679-14 633 820 — 714 237 27 520.75 9.33
Bjuw0X27 BjuB025530 BO01 38 461 645-38 463 570 + 1059 352 40 214.64 7.73
BjuWw0X28 BjuB023627 B0l 42 713 84342 714 615 — 435 144 16 447.6 8.95
BjuW0X29 BjuB033714 BO02 3399 613-3 401 251 + 870 289 32614.77 8.22
BjuWOX30 BjuB035507 BO02 42 724 373-42 726 395 + 906 301 33301.96 6.29
BjuwOX31 BjuB048545 B02 51571 515-51 576 500 — 828 275 31415.07 9.54
BjuWw0X32 BjuB049008 B02 65 938 186-65 939 206 — 780 259 28 81591 5.52
BjuWw0X33 BjuB043771 BO03 5590 229-5591299 + 792 263 2955691 5.77
BjuW0OX34 BjuB032260 BO03 14 476 095-14 477 263 + 792 263 30 819.65 5.75
BjuWOX35 BjuB018002 BO03 16 565 015-16 566 608 + 621 206 23222.65 6.17
BjuW0OX36 BjuB027615 BO04 4511951-4520759 — 1347 448 50515.52 4.84
Bjuw0OX37 BjuB027817 B04 6 876 3306 881 849  + 1029 342 39510.81 5.66
BjuWw0X38 BjuB028686 B04 17 008 402—-17 008 746 + 348 115 13 412.76 10.00
BjuWw0X39 BjuB045340 BO0S5 3918951-3920185 + 795 264 29 387.54 5.72
BjuW0OX40 BjuB003204 BO0S 17 864 066—17 864 745 — 585 194 2225593 6.25
BjuWOX41 BjuB011697 BO0S 28 469 134-28 470 185 — 804 267 30 038.34 9.61
BjuW0OX42 BjuB004417 BO06 15414 851-15415913 — 741 246 27941.44 9.54
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Gene name Gene ID Chromosome Chromosome position Strand Coding Amino Molecular Theoretical
region acids  weight isoelectric
(bp) (aa) (Da) point
BjuWw0X43 BjuB005294 B07 681 725-651 145 - 798 265 28 954.85 5.97
BjuWw0OX44 BjuB008508 B07 23 697 585-23 699 547 — 1038 345 39476.79 6.74
BjuW0OX45 BjuB002871 BO07 34 355 689-34 356 734 — 774 257 29 337.01 9.51
BjuW0OX46 BjuB016205 BO08 18 159 955-18 161 926 — 1080 359 40313.44 7.88
BjuWw0X47 BjuB046140 BO08 30950 917-30 951 993 + 681 226 26 129.09 9.39
BjuWw0X48 Bju0O000931 Contigll8 1274036 9 969-11 389 + 789 262 2892590 5.76
2398663 1051118
1124627
BjuW0X49 Bju0004268 Contig254 106612 87 066-88 136 - 792 263 29 572.86 5.67
1426954 1 97414
BjuWw0OX50 Bju0007820 Contig533 1 085294-1086916 + 1179 392 43 447.02 8.36
BjuWwOX51 BjuO012621 Super_scaffold 41 67 707-69 429 - 933 310 35086.44 6.79
1 1402938

+: Sense strand; —: Antisense strand.

@ BjuWoXi1
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1 FESEFEIEETT wox ERERKIER RS L
IR IF wox 3N
Figure 1

BT Wox LI, L = fIp I

Phylogenetic tree of WOX genes in Brassica juncea and Arabidopsis thaliana. The blue circles
represent the mustard WOX genes, and the red triangles represent the Arabidopsis WOX genes.
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Figure 2 Phylogenetic relationships and gene structure of WOX genes in Brassica juncea. A: Phylogenetic
tree of mustard WOJX genes. B: Protein conservative domains of mustard WOX genes. C: Exon and intron

structure of WOX genes in mustard.
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Figure 3

Chromosomal position of WOX genes in Brassica juncea. The leftmost scales represent the

chromosome length; AO1-A10 and BO1-B08 represent the names of 18 chromosomes of mustard respectively.
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Figure 4 Cis-acting element distribution in the promoters of the WOX genes in Brassica juncea. The 2 000 bp
promoter sequences of mustard WOX genes contain a variety of cis-acting elements, including photo

responsive elements, hormone responsive elements, drought, low temperature, anaerobic, wound and other
response elements, as well as specific elements of meristem, seed, and endosperm.
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Figure 5 Expression profiles of BjuWOXs under drought and high temperature stresses. BDS: Treatment for
12 h under drought stress; BHS: Treatment for 4 h under high temperature stress.
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Figure 6 Expression profiles of BjuWOXs in different tissues of Brassica juncea. A and B represent some

WOX genes with relatively low expression level and relatively high expression level in mustard bolting stem,
leaf, flower and siliques, respectively. Different lowercase letters showed significant difference at 0.05 level.
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