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Molecular characterization and transcriptional analysis of
VrWOX genes in mungbean [Vigna radiate (L.) Wilczek]

GUO Xu'”, ZHANG Huiying'’, WANG Zheng', LI Shuai'’

College of Life Sciences, Qingdao Agricultural University, Qingdao 266109, Shandong, China

Abstract: WUSCHEL-related homebox (WOX) gene family is a type of plant specific
transcription factor, and belongs to the homeobox (HB) transcription factor superfamily. WOX
genes play an important role in plant development, such as stem cell regulation and reproductive
progress, and have been identified in many plant species. However, the information of
mungbean VrWOX genes is limited. In this study, we identified 42 VrWOX genes in mungbean
genome using Arabidopsis AtWOX genes as BLAST queries. VrWOX genes are unevenly
distributed on 11 mungbean chromosomes, and chromosome 7 contains the most V¥rWOX genes.
VrWOX genes are classified into three subgroups, the ancient group, the intermediate group and
the modern/WUSCHEL group, which contains 19, 12 and 11 VriWOX members, respectively.
Intraspecific synteny analysis revealed 12 VrWOX duplicated gene pairs in mungbean.
Mungbean and Arabidopsis thaliana have 15 orthologous genes, and mungbean and Phaseolus
vulgaris have 22 orthologous genes, respectively. The gene structure and conserved motif are
different among VrWOX genes, indicating their functional diversity. The promoter regions of
VrWOX genes contain different number and type of cis-acting elements, and VrWOX genes
show distinct expression levels in eight mungbean tissues. Our study investigated the
bioinformation and expression profiles of VrWOX genes, and provided essential information for
further functional characterization of VrWOX genes.
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WOX (WUSCHEL-related homebox)3k K 5
1% )& F [R5 5 (homeobox, HB)#E st K 75 ik,

TG (4 R A 2 AT, FE AR AR A 40
BT R D RE O S AR LU AT T . LR T R

S PR YRR SR SRR -, AR T I AR
e WOX B ZIERL B & A —ARSF 1) HB 25
Pl , AR S 60-66 MEIERR, @il
W2 E - 5 £y - B2 BE (helix-turn-helix, HTH)4% 5k 25
454 DNA, PEfEE Tk %L, wox
HERFGE 225y ERETES, Wk
Y L& Vi AN = L 0
A

AR RBEE 7 FHORI K JE, WOoX AR

&: 010-64807509

AWOoXx B KR 0% = BT AwUS
(AtWUSCHEL)X: X () Zb 741, s ad 41 He st
PR R ST B P A R AH S TP AN I B A E T
15 4~ Awox HH . AR IHLHFICHR, Haecker
BN 15 A4S Aewox FER K4 E] 3 Ak (G
HK): AtWOXI10. AtWOX13 F1 AtWOX14 J& T
ZAL S AtWOXS . AtWOX9 . AtWOX11 Fl
AwoX12 J& T h F ik 35 AawUS K
AtWOXI-AtWOX7 J& THE L WFR R WUS

B<: cjb@im.ac.cn

567




568

ISSN 1000-3061 CN 11-1998/Q =4 T #2%44t  Chin J Biotech

b . T H E YR WOoX FNAATETF L E
3 A b, MRS s . By
wox FH RfffeF il ik e 2, ARk
0y ArwOoXx BB FE S SR IT T 4l M
W MREE RAEMET, ML R
AWOX FEHNAHA T T shaes
AwUS FEPFE S g 2 Re T AR S S5
A 2oy fbad B2, EMTREE A0 Az o 7E2E
He U, AtWUS T AtCLV J: R (AtCLAVATAIE %,
SR sh 25 F- a1 T A s, 4ewus 3%
Z 5 EMAE R AT AR, FER bk
WA AN, BRI AR EL AeWUS SEAEY) R
——ANCAPLUESE T 2 5 R8T 40 £ 6e
T AR s R 1 o AtWOXT F AtWOX3 HAT —
SEMTIRETUA , YIBES S S o A U RACR 5y
AU TEE R, AR UE R AR A, B B
R, awox2 2 5ABEYIRIGEE, W4
4t ia) ey 1 R, AR A Y0 R AR (Pinus
pinaster) P IRIER PpwOX2 FI R 4 AY
ik, ARG ECR SRR, G
KE o AtWOX4 Fl AtWOX5 2 5 ITIE 2 A
FRAY A LU T 4RI 550 aewoxe 25
PRI RER A T, Rk R R A,
AtWOX7 38 328 EL 2 00 200 6 ) 1A S A1 97 ol A
REM, hEEE T B AtWOXS T AtWOX9
FES G ZAG I AEEE T, PE T 58 O XFFR G 21
o4 Tl B UL R AewoX10 H ik
KA A OGSO R i B L )R . Acvox M
AWOX12 B —EMIReIiR, TES5 T4
PN A RS = e NI PURTE SUR
AtwOX13 FESHMYNEFAERKMAHAK
(G AR Yz B Rt ol U B 40 T A 4 2
TV B e A B e Y SRR T [, 2 Sl
AR AR B E R Amox14 fEiE
HeWiE PR B K (gibberellins, GAs)IIF R, 3%

http://journals.im.ac.cn/cjben

g HLRN AR MR, 5 4wox4
TEAR ARG 5 P AR A2 vh B — i i U Re
TUARTVERNS,

DA ERTLAR H WOX SER R IR MR F 525
PR IF A B AR R o BRI T4, 7EH
RS E T WOoX FER %, Wit
W H 8 W (Populus)!™ . I 3% (Brassica
napus)?®® | B JK (Cucumis  sativus)>" F i T
(Solanum melongena) V% ; BA.-FI-AE 4 p () 7K A5
£ K (Zea mays)' . /N
(Triticum aestivum)> FIFSH (Pinus Linn)?H%
FEGRHED T, T WOX BRI Kk m P iRiA,
an . $EE Y T8 (Medicago truncatula) . 3% 5.
(Phaseolus vulgaris)Fl K5 (Glycine max), 533 &%
A 19, 19 1 33 4~ Wox KNP, 3 F SR
o) — SESL P D BB A AHOCHIESE , e 2E 5 75
STF (STENOFOLIA, #IrgIT AtwOX1 [R5
JEM Gy AU Ao B T IR Y, ST
AR MewoX9 TEE , B E SRR A AR,
MWOXSs T 2 5 ETE SRS ENL R T,
EREHERE GmWOX1Ss REMSIEEMNA 2RI
A, 3R mE R T SRR S AMEY
S (Pisum sativum)" P AR, AewoX1 WlF]
ZMY) LATH (LATHYROIDES)S 55t i 2
FAE M & & 1 FE P,

4k 5. (Vigna radiata) j2&: — 85 2 ) G BHE
Yy, SEEA . R, 7Y Mg R ik
TPk PR, HT R =, WpiEAE, FEA
DRI FI4R B e i T RE , S —Fh 25 B [l IR Y B
PeZeRECY, B AR R ERMERME. R
M HATTESR L PR BT KT VrWOoX RN %
HIHRIE . WOX e [A1EA T A AR & BBk 74
& CHER, S VewOX JEF RN 48 5 1)
REAEIENE N M UGS 2R &L, 3 R Sk TR 7 i
AR ASIE T PR A SRR . AR ST S

(Oryza sativa)™ |



BB F/RE Viwox BERREERKEDT

T 42 NG VrWOX FEHEERG, FHE SR
KGR IEAT T 4325, b T ILIE 254 . Fh N
FFPIRIIEZ M | 5 s FIRCVE oo | LR KA
B K B A HAE 25 55 AR BE R TP R A B T T
ek & VeiWOX RGN A M e, it —
AT IR KR 5 D RR R T —E 1Y
PRI

1 S

1.1 EEBHIEIRE

R E Haecker ZFPHEFE|I M IF 15 4
AtwOX FENFEM I, FIF Awox FEN5
TAIR10 (https://www.arabidopsis.org)**! [ I3k
HBCAtWOX IR P A . KL SRE B B
) WOX K& DX 80 i 5t 1Y & B R 41 34 A
Phytozome (https://phytozome-next.jgi.doe.gov)X|
ol AR
1.2 ZE VWoX EEREBREEE

4 wox FEMNZKHEN pfam family 2w’
PF00046, ] HMMERPY T H A 4¢ 5 4 5L K 4
PEAT M 5E , O 1k A A R NT S A B S L
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Fz 1 KHRDPER{ERA qRT-PCR 3|#157

Table 1 The qRT-PCR primers used in this study

Gene name  Forward primer (5'—3) Reverse primer (5'—3") Purposes
VeWOX1 AGGGAACAAGACAGCACACA TTTCCCAGCCATGTAGCACC qRT-PCR
Vrwox2 ATTGCAGAACGACTTCGGGT TGTACGCCGGTAGGAGAGAA qRT-PCR
VrWOX3 GCTACTTCAAACATGGGTCTTGG TGTTGTCCACCACCACTACA qRT-PCR
VeWOX4 GTTGCACTTCTCGACCCCTC TAGAGCTCCTTGGGTGGTGG qRT-PCR
VeWOX5 GGCTTGAAGGCCACTCTCTT TACGAGCTCAGAACAAGCCC qRT-PCR
VrWOX6 ACCCTCAATCACGACAACGA CACCGCTTCCTGTGTTCTCT qRT-PCR
VeWOX7 GCGTCGCAAGGTTGATAAGG CACCGAAAGAGTTCAAGGGGA qRT-PCR
1Z4/40).¢] GGAGGTGCAGGAAGATACGAG AGCTTTAGGGCTAGGTCTCTCT qRT-PCR
VrWOX9 GGGGGCCAATGGACATCAAA CAAGCCCTGCATCAAGAAACC qRT-PCR
VeWOX10 CTGCTCCCATAGAGAAGGCG GTCTCGAGTTGTTCGTCGGT gqRT-PCR
VrwoXi1 ATGCGGACTCCAAATGCTGA GCTTCTGTCTTTGACGTGCT qRT-PCR
VeWOX12 GGTTGCAGAAGGAGGTCCAA GAGTGACCACGCTCACAAGA qRT-PCR
VeWOX13 AACTGCAGAACAGCGTAGGG TGTGGGGACTGAGGATGTGT qRT-PCR
ViWOX14 CAAGGATCCACCTTCACCCC AGCATTCGGAGTTCTCGTCC qRT-PCR
VeWOX15 TGCCTCAATCGCTATCGGAA CAAGCTGTTCGCAGATGGTG qRT-PCR
VeWOX16 CCTGCGGGAGCATAGATCAG TGGTGTGGGCTAGAGGAAGA qRT-PCR
VeWOX17 GTAGCGAATCCTCCGCTTCT AGCCAAAGTCAGCTCGTTCC qRT-PCR
VrWOXI18 TGGTCTTGGCCTTGGTCTTG CACCCTTCTGGTGTTGTGGG qRT-PCR
VeWOX19 CAAACGCTTACGACCCCTTG AAGTTGTGACAGGAGGCGAA gqRT-PCR
VrwOX20 CCGCAAGCTCTCCTTTGATG TTGAAGCGTCTCAATCACCCT qRT-PCR
VrWOX21 ACTGCACAAGGCAGAAACCT ATGGGTGACGTTTGGAGTGG qRT-PCR
ViWOX22 GCTGCAAGAGCTAAAGGCAC TAGGAGCCATGGAGAAGGGT qRT-PCR
VrwOX23 TTCACGTTCCGGTTCCCAG TGGCAGATCATCGATAGTGGAAA qRT-PCR
ViWOX24 CCCACCGTCATTTCTCCACA GGTGGGACTTTAGCGGACAA qRT-PCR
VeWOX25 TGATCATCACCATCTTGCCTC TCCACCTTGAGCTCACAACAA qRT-PCR
VrwOX26 AGAAGACGGCGAAACCTCAA CTTTGCCAGTGCCAGCTTTT qRT-PCR
VrWOX27 TGAGAACCATTTGCGGGACA TCTGTACTGAGCCGAGAGGG qRT-PCR
VeWOX28 GAGCTTAGGCGACACTTCCA CCCTTTACCCGGTCCTATGC qRT-PCR
VrwOX29 TCCTGATTCCAACAAGCCGT TTCCACCTGCACACTCACTC qRT-PCR
VeWOX30 GGGGGAAAAGAGAAGGGGTG GGAAGCGTGGAATTCTGGGA qRT-PCR
VeWOX31 CCTCAACCTGTTCCAAGCCA GGTGGCTCAGAGCTTCGATT qRT-PCR
VrwOoX32 TGTGAGTAAAGCGAAGGGTGA TCTCCCCGATCTCACAACCT qRT-PCR
VrWOX33 TGGAAGGGAAGACAAGGGTG TGGTTTTGCTTCAGGCTTCC qRT-PCR
ViWOX34 GGATACATGTTTACACAGACCCT GGCGAACGAGAAGAAGCAGT qRT-PCR
ViWOX35 AGACATATGCGCCCACAACA GGGACCACCAGTTGAGGATG qRT-PCR
ViWOX36 CGGTTACCTTCTGCGGTTGA TCCCTCTCGCTACGCTTTTC gRT-PCR
VeWOX37 ATTCCTCACCCTACGCCAAC AGCCATGAATGTCCTCACCG gqRT-PCR
ViWOX38 CCGCTAACCGCCATGTTTTC TGGGTTGTGAAGGAGGTGTG qRT-PCR
VrWOX39 CCACACCCATGGTCTTCCTC CGGAAGCAGGTGTTTGGTTG qRT-PCR
ViWOX40 CCCAGAATATTGTCAGGCCCA ACAAAAGGAAAATAAGGGATGAAGT qRT-PCR
VrwOX41 GTCGAGCATGGGTAGACCAG TCTTTCCTACATCCTACAGTGTTT qRT-PCR
ViWOX42 GACAGACACAACCACGCTGA GCTTGGCCAGTGTTTATTGGA qRT-PCR
VrActin CAGTGTCTGGATTGGAGGCT GTCCTCGACCACTTGATG qRT-PCR
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Figure 1
size are shown.
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Distribution of V¥WOX family members in mungbean chromosomes. The chromosome number and

ViWOX37 SHIEGIT AtwUS A T fal— A>3 52
bW vrwoXx37 ATRE S AtwUS HA I
e, 5P T MRS -(E 2). OHH
eI AR p 2 DT o — R SR AN,
DRI T A A7 B A L DR 15401 ) ) MCScanX %
X VewOX (3R Z BT 400 (K] 3). 38
IR, LR B 12 X vewox A LA,
SBR VewOX7/20., ViWOX10/29 . ViWOX11/38 .
VeWOX12/31 . ViWOX14/19 . ViWOXI16/32 .
ViWOX16/41 . ViWOX25/30 . ViWOX26/36 .
ViWOX28/40 . ViWOX32/41 . ViWOX34/42 .
VrWOX T FENIESET 11 WYk 4y
fi, Xhad 2 M REEKNERE SN
(ViWOX16/41 . ViWOX25/30)F1 10 /4> Ye (o {4 7] &
HRE(E 3A),
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x2 VWOXERERER
Table 2 VrWOX genes identified in mungbean genome

Gene ID Chr Length of amino acid Molecular weight (kDa)  Isoelectric point  Group Gene name
XP_ 014490274 N/A 817 89.04 6.42 1 122/40).¢)
XP_ 014490519 N/A 151 17.48 8.92 I 122/40).¢4
XP 014491062 N/A 283 30.94 7.02 I ViwOX3
XP 014492048 N/A 202 23.27 7.99 I ViwOX4
XP 014494018 2 842 92.02 6.08 I ViwOX5
XP 014494340 2 301 34.46 4.63 1 VrWOXo6
XP 014495086 3 176 20.48 6.93 I VrWOX7
XP 014495698 3 234 27.13 8.72 1 VrWOoX8
XP 014496114 1 280 30.82 7.03 1I VrwoXx9
XP 014496474 4 267 30.18 491 1 VrwOoX10
XP 014496704 4 195 22.08 10.45 1T woXxili
XP_014497427 4 296 33.05 7.78 1 VrWOX12
XP 014498994 5 236 26.55 10.04 1 VrWOX13
XP 014500317 5 225 25.99 9.98 1 VrWOX14
XP 014500511 5 216 24.56 6.40 I ViwOX15
XP 014501306 5 837 92.26 6.46 I ViwOX16
XP 014502850 6 526 59.49 7.43 I ViwOX17
XP 014503808 6 314 35.68 6.67 I VrWOoX18
XP 014503920 6 234 26.83 9.44 il VrWwOX19
XP 014504325 6 184 21.24 8.84 1 VeWOX20
XP 014506266 7 307 34.76 7.07 1T VrWwOX21
XP 014507042 7 275 30.81 8.50 1 VrwoXx22
XP 014507975 7 319 37.02 4.76 1 VrwOX23
XP_014508300 7 214 24.01 8.13 1 VrWOX24
XP 014508867 1 360 40.75 6.91 1 VrWOX25
XP 014509478 7 290 32.40 8.09 1 VrWOX26
XP 014509941 7 846 92.96 6.55 I ViwOoX27
XP 014512318 8 323 35.93 7.74 I ViwOX28
XP 014512537 8 281 31.63 6.78 I ViwOX29
XP 014514810 1 362 41.09 8.35 I VrWOX30
XP 014515436 9 296 32.05 7.87 I VrWOX31
XP 014516466 9 836 92.16 6.43 I VrWOX32
XP 014517123 10 245 28.44 5.84 1 VrwOX33
XP 014517469 10 394 42.85 8.31 1I VrwOX34
XP 014518680 10 846 92.78 6.14 1I VrWwOX35
XP 014519357 11 290 32.45 7.33 1 VrWOX36
XP 014519639 11 350 39.17 6.84 1 VrWOX37
XP 014522125 2 237 26.66 6.01 1 VrWOX38
XP 014522235 N/A 317 35.81 4.50 I ViwOX39
XP 022634669 3 262 29.44 7.18 I VrwOX40
XP 022636494 5 847 92.99 6.55 I ViwOX41
XP 022640191 7 378 42.07 8.00 I VrWOX42
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Figure 2 Phylogenetic relationship analysis of VrWOX proteins. Vigna radiate (Vr); Arabidopsis thaliana
(At); Glycine max (Gm); Medicago truncatula (Mt); Phaseolus vulgaris (Pv). I: Ancient evolutionary branch;
II: Middle evolutionary branch; III: Young evolutionary branch, which is also called WUS evolutionary

branch.
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Figure 3 Synteny analysis of chromosome regions where VrWOX genes are located. Synteny analysis of
VrWOX family genes (A), mungbean and Arabidopsis WOX genes (B), mungbean and Phaseolus vulgaris WOX
genes (C). For the chromosome regions that have synteny, the WOJX genes are connected using red lines.
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®3 RE Vrwox ESEEE Ka/Ks LR

Table 3 The Ka/Ks ratios of V#*WOX duplication events in mungbean

VrWOX gene 1 VrWOX gene2 Ka Ks Ka/Ks Selective pressure Duplicate type
VrWOX7 VrwOX20 0.164 354 0.753307 0.218 177 Purifying selection Interchromosomal
VrWOX10 VrW0OX29 0.153983 1.939590 0.079 390 Purifying selection Interchromosomal
VrWOX12 VrwOX31 0.208 719 1.708 740  0.122 147 Purifying selection Interchromosomal
VrWOX14 VrwOX19 0.135960 0.625102 0.217 500 Purifying selection Interchromosomal
VrwOX16 VrWwOX32 0.027 554 0.675 432 0.040 795 Purifying selection Interchromosomal
VrwOX26 VrwOX36 0.118 224 0.825982 0.143 131 Purifying selection Interchromosomal
VrWOX30 VrWOX25 0.188 130 0.660 466 0.284 845 Purifying selection Intrachromosomal
VrWOX38 VrwOX11 0.381 879 1.828 990 0.208 792 Purifying selection Interchromosomal
VrWOX40 VrwoXx28 0.204 308 0.827 525 0.246 890 Purifying selection Interchromosomal
VrwOX41 VrwOX32 0.103 556 1.661 530 0.062 326 Purifying selection Interchromosomal
VrWOX41 VrwOX16 0.098 932 1.745140 0.056 690 Purifying selection Intrachromosomal
VrWOX42 VrWOX34 0.234 842 1.078 820 0.217 685 Purifying selection Interchromosomal
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Figure 4 Phylogenetic and gene structure analysis of ViWOX proteins in mungbean. A: Phylogenetic analysis
of ViwWOX proteins. The phylogenetic tree is made using FastTree with the neighbor-joining method. B:
Exon-intron structure analysis of V¥WOJX genes. Exons, introns and UTRs are represented using green boxes,
black lines and purple boxes, respectively. C: The distribution of conserved motifs in VrWOX proteins. Each
motif is represented by a colored box. D: The homeodomain of ViWOX proteins. The conserved WOX domain
is represented by a purple box.
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Figure 5 Sequence logos of the 20 conserved motifs in ViWOX proteins.
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Interaction network of VrWOX proteins. Nodes connected by light blue and purple lines represent

known interacting proteins, the nodes connected by green, red and dark blue lines represent proteins that may
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Figure 8 Expression of VrWOX genes in different mungbean tissues. Eight tissues, including flowers, pods,
leaves, seeds, nodule roots, stems, roots and shoot apices, are used for gene expression analysis.
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K& B BenT AR A s s 1 A . 28
HAEMZH, ViwOX37 524 viwOoX & 1 &
HIFGIF AtCLV Fl AtTPL fE7EAHEAEFH(E 7).
AtCLV . AtTPL F1 AtWUS H B AE 2 [F] 24340
FTT AR T AN RS, W vrwox37 e vl
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