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Identification and Analysis of WOX Transcription Factor in Dendrobium
officinale

ZENG Dan-qgi'?, ZHANG Ming-ze!, HE Chun-mei, WANG Hao-bin'?, YU Zhen-ming!, SI Can'?,
ZHAO Cong-huit?, LI Dong-mei®, DUAN Jun®”

(1. Guangdong Provincial Key Laboratory of Applied Botany, Key Laboratory of South China Agricultural Plant Molecular Analysis and Gene Improvement,
South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China; 2. University of Chinese Academy of Sciences, Beijing 100049,

China; 3. Shunde Polytechnic, Foshan 528300, Guangdong, China)

Abstract: In order to understand the function of transcription factor WOX in Dendrobium officinale, the WOX
family members in D. officinale were identified by whole genome analysis techniques, the bioinformatics of
WOXs and expression patterns of WOXs were analyzed. The results showed that there were nine WOX
transcription factors in D. officinale genome, named DoWOX 1 to DoWOX 9, respectively. The most of DoWOXs
contained 2-3 exons, while DoWOX9 had only one exon. The promoters of DoWOXs contained cis-regulatory
elements related to hormone induction, stress responsive, plant growth and development. The expression of
DoWOX1, DoWOX2, DoWOX3, DoWOX4 and DoWOX9 were the highest at protocorm-like body (PLB) stage by
gPCR, which of DoWOX4 was the highest at small flower bud stage, and then decreased. In addition, the
expressions of DoWOX3, DoWOX7 and DoWOX9 were the highest in columns, and that of DoWOX4 was the
highest in lips. Therefore, DoOWOXs might be involved in regulating the growth and development of D. officinale,
and play an important role in maintenance of PLBs state and flower development.
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WY R AR L AR R, RUER B 2
P TR ARSI AR, 7T ARHS, K
SHBPIRES AR AR 1t B Bk 1t L&
TR SR 7 A AT B IR 5550 7 ARA0-2, ki
X IR ARAAT 5 PR e R ATGHE ) K B RS 5
6, YR AR AR E R 2 KN H
Wid. H AT Y I 40 Mt 78 32 ZAE LR I
(Arabidopsis thaliana) &5 1) 22924 ial*-51, 7K #&(Oryza
sativa) 5 AR R T-4H ARl E, R T4 & AL ERAE
P AR A BRI 5 SR R IR A e

WOX FJj(WUSCHEL-related homeobox) &
Z4H L homeobox (HB)HEZK % H 1) — 2 781, WOX
s R 1 A BB g -0 -0 e - A - IR e 1) L AR &
P91, FEREA) AR B SRR 47 v A A (10,
IRV T AMRYERE . MRIBTE R ZE T ARATE
MR B AFREE, WOX5 fEMRFIZE A4
ARSI R E EAA BRI YY)
IRIG K B RN BRI, AUz 2 s i,
M HL 32 31 R 0 AR K 3R OB R 2 281, WOX AT L ik
SERPIE IR K B A arizal?; ERK &, WOX11
FEAS AR SR IR 40 i Hh R IR D2 DGR LBD16, i
TRAEMRMIER KT fERRZET40H, WOX4 Al
HoAR WUS B3 AE T 40 i 4 R v s =2 224 125260,
WOX 5% KT EAE M 4 AR & A B 201
AR, WUS 02T 4R 7 2
[KI7-181 - 7R A= 4 (Petunia hybrid) A1/ %% (Nicotiana
tabacum) - WOX1 J2& fRiFAE #8 B 454 1E 1 06 75 5L
PRIIS-201 WUS SRR F RS AT A2y 3 NS 71
%9 WUS. Ancient Al Intermediatel®, {H %} H:IhhE
AN

B 57 A fisk(Dendrobium officinale) ==+ (Orchi-
daceae) A1 fiti@ B A MY, AR HNE, A
AP S s B A s 5 o Rk e2ad,
B0 R A2 S B AR B KB ek, R A3
TR AR B A i A KR B X R L BRI A
HEAKE . HATRT WOX 3 F T Ihaemt 7t
T s TR RS B, 2 b tndgk i
2 A SO U A WAROE . AL, 2 RHEI
eSS Em e, WMAARESRRNE R, &
PG BEFERS . AHIF TR ORI (1 8k B A etk [
AR, X H WOX FKGikAT % & MAEYE 5%

a8, I b WOX S BRIFE AN [A] 2B K A By BOAE
HIA A PRI, PR WOX #5cA1
TR B AR A PR SR OB A AR

1 BRI

1.1 #E

¥k Bz 47 fiH(Dendrobium  officinale) f T+ [ &}
e LA . HLZ 1 em KA, 400
WA . A0 JEIRANA A, AU 15 min,
{17 T80 CUKF % H -

Bk R A R AR 1/2MS+0.1%35 11 9% + 2%
B +0.6%55 flg 15 77 2 (pH 5.4) L85 9%, B4 N
(26+1)°'C. 32.57 umol/(m? s). 12 h Y:[E/12 h HBHE,
FHXTIR E 2 60%. KA MR BRZE L A ZF (EIR)
VN (2 3 om =) &R EUE G 5 TRAT- T80 C Uk 4H
%H

1.2 WOX B FHF F IR & e M55 5347

M NCBI (https:/ftp.ncbi.nlm.nih.gov)3& Kl 41 £4f
JE T 8k R A Rk RIS A, R A Pfam, Swiss_Prot.
eggNOG_class. NR jE:R4E F kR WOX #63t [H 1.
SR JE TR B WOX HEH 74 57T WOX &
F P FIEEAT EoS,  FER i mt, MR AR 1A L
WL PR B, F 433 R RN B F i DoWOXs.

1.3 ZEFF X AIBEAR 4

K H) DNAMANS A1 X5 8k B2 1 fift WOX SR T ik
TR IETR P 53T Xt . SR Clastal X version
2.0 B A X8k B A7 fH WOX 2 F BEAT EL XS,
Fasta 1% 2030 1F, 5\ MEGA, ] [ 454235 (Neighbor-
Joining) & R Gtk B M (NI #), 4T 1000 IREX
bootstrap 4t it .

1.4 WOX HyAEWIMz B 2257

MR Bz A fipt A R A PP GFF S A Hh 3545 Do-
WOXs ] GFF {3: %%, FI| ] GSDS 7£ £k # 4 (http://gsds.
cbi.pku.edu.cn/) 2 i1k K A sk WOX S i i (1) FE A
4ER). FIFTEL T E MEME (http://alternate.meme-
suite.org/tools/meme) 8 2 2k K¢ A itk WOX Jik R 5K Ik Bt
1) motif, FH PlantCare £ £k # 4 (http://biocinfor-
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matics.psb.ugent.be/webtools/plantcare/html/) Ji
DoWOXs Ji 3 1 H i i A FH Je 4, JF H TBtools
il .

1.5 RNA FIHREURI 5%

Z AU RNAOUE 2.0 377 S (b s R IEPE
BERRHEA PR A A 45, 23 A SRk B A ARt )
REMWICRIEERZE . AAEZFAUVNE) AL A [F] 24
LU FEE BN SRS RNA. $REUT)
RNA £ DNA B 65, B2 pl BT KA, 7
K-F Promega A 7] '] GoScript™ Reverse Transcription
System X7 &r, B 4 g C4ifb s RNA J#E4T e i
3 RNAEFRTY 20 pls

#* 1 SO E R PCR BT 51

Table 1 Primers used for quantitative real-time polymerase chain reaction

1.6 Ri&SHT

K2 E BIO-RAD /A iTag Universl SYBR
Green supermix S MNARFTXT 9 4~ DoWOXs #E4T S
w6 # PCR (qQPCR) 44T {4 F Primer Premier 5.0
BRAAE B PRVRE S M DX AL T 5 I WD (3R 1), DAk B A it
Actin Jy S 25K (NCBI accession No.: JX294908), T
ABI 7500 Real-time PCR £ 47 qPCR, A5
GUERAE R AT AR B, SR 2784CT kRIS
MR BRABHERI K E 70 3 M NME
HIA(Z 0.5 cm). FHAEE (L Lem)FI4& T 1. R
F gPCR %} DoWOXs TEAEAN ] & M BURIAS [R1 443
IR AT 7M. FH HIE R =1 & (http://www.
biocloud.net/)7E £k # 1 2x ill #1[&] (heatmap) »

:H Gene 5| ¥F %1 Primer sequence (5'~3') FEK Gene 514741 Primer sequence (5'~3")
DoWOX1 F: TTAACATGAGAGCCATGTTTGG DoWOX5 R: AGTGCTAGTTGTTGGGAAGAGC
R: AGAGAGAGTTCAACCGGTCAAG DoWOX6 F: AAGATGGAACCCAACTCAAGAA
DoWOX2 F: TTGGTTCAGTTTGGTGTGAAAG R: TCTCTTCAGCTCCCTTTGTTTC
R: AGCTTTGCAATAGAACCCCATA DoWOX7 F: TTGTTCAAGTCCAAACCTTCCT
DoWOX3 F: GGCTTCAAAGAAATCGCTAGAA R: GCGGTTTTGAAACCAATAGAAG
R: AAAGAAGTTGAAGAACGGCAAG DoWOX8 F: GAATGACGGAGAAGAGAGGAGA
DoWOX4 F: CCAAGACAAGGCTTGGATTTAC R: CAATACATGCTCCCAAATCTCA
R: TAGAAGTGCTGCTCTCCTCCTT DoWOX9 F: AAGGTGCTGACGGATCTCTTTA
DoWOX5 F: TGTTCTATGGACACCAGATGC R: AGATCTGTATGCACTGGTGACG

2 RS

2.1 WOX 3% [ K% e Mt v 1 g

7E NCBI 5= K 4 Hicths PN 38k R ik R R 24
4, F+FIH Pfam. Swiss_Prot. eggNOG_class. NR
FRA R R WOX B 1, JL¥wEh 9 MERK
At WOX FRIER S, 43 il i 44 9 DoWOX1,
DoOX2. DoWOX3. DoWOX4. DoWOX5. DoWOX6.
DoWOX7. DoWOX8 F1 DoWwOX9.

DLER B A it WOX S5 B VIR I+ WOX &K
R AR (B 1), Z5RRE, B AT
WOX ZKJi ] 43 1% 3 N340 32, 43531 8 WUS . Ancient
H1 Intermediate, A WUS FIR A SRR Z, 4391
& DoWOX3. DoWOX4. DoWOX5. DoWOX6 Fl
DoWOX9; H:kJ2 Intermediate, 43 5% DoWOX1.
DoWOX2 1 DoWOX7; Ancient %&b, UEH
DoWOX8. It4), WUS ) DoWOX4 1 DoWOX5
49 32K 72 b Ho A DoWOXs [] 1) 43 374K B 22 4

BEE RS, U8 DowWOX4 Fl DoOWOXS5 354 - £
Bl RIS, B2 AL IhEE .

2.2 DOWOXs [IAEYIE BF 0T

{81 Ff DNAMAN [FJERAZ 206 9 4~ DoWOXs i
ITZHFAILXS, iRRM, BRRA WOX IR
R EA PR I [R)JE R A £ 4435 (homeobox domain,
HD), H A b -1 -u5 ig- 7 £ -8 e i 45 R R AIE (]
2). UbAh, TESBE | FURGE 1 ARV 2 m AR T
WAL A, W 7N IX Le S SRR TR SR v] BRTEJL R Dh Rk B
FEEZEMEM .

FIFH MEME T 562k Bz A sk WOX S5 R R )
B ASEMEHT M (B 3), 45 5%, i DoWOXs
HR-& A ER IR Motifl A1 Motif2, 1B HAE WOX 5
A RO RS . 7E Intermediate Ji% 52 0 AEAE
Motif3 {573 F; WUS A 7 R DowOX9
bb, HARBRAE C i # A O] 57 1) Motif4; Ancient
% 71 DOWOX8 & A IR 757 5 /b, i B WOX 1
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Fig. 1 Phylogenetic tree of WOX family members in Dendrobium officinale (Do) and Arabidopsis thaliana (At)
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DoWOX6 VTSLELKSFSFSKASSAPLQHQHVTLSGGGTR NAQOQIEKITAE|
DOWOXT  iovw eumne evape ooy wiae: SYASGSEERTPEPKP. . PRDEIRRIRS
DoWOX8 QDSLAGMRFGSMYCDPMLTSSSHKIASRQ. . TKQKIKEVTLE
DOWOX9 s suevs snewe sunie oo MEEAGLCNSRVGAKCG. . 5}l STEQIQKESS
Helix I Loop Helix 11 Turn
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DoWOX8 REARSKRKQSSTAPSNTESEAEIEIESHE. . c c ¢ c et teeesacesnscssanasans
DoWOX9  KIENKNWEYUOINHKARIE . . . .. ... vv i B i isin s m mns G e BaR EE R

Helix 11T
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Fig. 2 Multiple alignment of amino acid sequence in WOX family members of Dendrobium officinale

Be LA 2 2 ikt /2 . b4k, R— xR
DoWOX4 1 DoWOX5 [/ 3 P &R 54>, HAL
BT, R TREE—EE, 158 DowOoX4 Fl
DoWOX5 HEA AHARI & 5 Dh RE A £ 44, [ A
T R B 1 R GRS 53 BT ) P 54

2.3 DOWOXs ZEF 451

FIFTELRER AT GSDS #a £ 8k K7 7 it DOWOXs %
I A & -4 a5 i (B 4), wT0L, R84
DOWOXs AN E T 1~3 4, AME T 1~3 4. 454 %
GEREALRT, AN [FEA 7 S R R A 4 22 e B X, B
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Fig. 3 Conservative motifs of WOX proteins

A8 AR [ 73 S FR) 26 DR (B A AE — 8 2 5, (L RV
H¢ 754 [ DoOWOX4 Il DOWOXS )3 K 45 4 i FL AR 101 o
AN, [F9 WUS 3] DoWOX3, HILH L5
DoWOX4 #11 DoWOX5 #Hfid, & 2 M ET, 14
W&, ULBE WUS SIS R 5 KB IR 57 - Ancient
SCHK) DOWOX8 A 3 MAME T 2 M E T

% DOWOXs [¥1)c 2+ PlantCARE 347 404t
(K 5), 455%H, 9 DowWOXs # &H 13 /M54
KRB AR AE I To A, A [F] 3 DR 1] A i =G AR
TG o, CAE F o meristem expre-
ssion 37 6 4>, DoWOX1 &5H 3 /S, ViHHHATfE
TR B AR R R A K By EE A . 5
F ARSI 0 AE F e 444 auxin-responsive. gibbe-
rellin-responsive . MeJA-responsive . abscisic acid
responsive. salicylic acid responsive %5, 7EFEYIRIIA
S5 A R N PP A . S R R SR Y
AR AR H oA drought-inducibility
defense and stress responsive . low-temperature
responsive 1 anaerobic induction %%, B8Rm0 A &K

DoWOX3
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l

KE o XU WOX FRM AR B AT E KK E
AT, ZEMIET. iR, oK,
MR AR B 38 B 12 S 51 o

2.4 DoWOXs fFik

RN B EN ISP N G
JRA] A e BE (PRE AR, 1T WOX R FE4ERFE )
AR e HEIERM . R gPCR HAK
5341 7 DOWOXs 7E2k Kz A b A [l B B BL [ 3R
LB (B 6), 25K, B DowWOX3 4h, HR
DoWOXs 7E KRBk 25 . WA ZEFI/NE A Rk,
DoWOX1. DoWOX2. DoWOX3. DoWOX4 £ DoWOX9
TERFERZE P R E R m, R WOX TR A
fR 2R R BR 25k Hh 47V B B A €5 . DOWOXS TEM
A ZE R IR 2R 05 B B i, DOWOX6 78 /) i i
DoWOX7 1 DoWOX8 7£ 3 IMAE K B I iR IA &R
YR . AL, ANFER BB R IAH) DoWOXs
AN, 40 DoWOX3 7E 2R JEER ZE R 7 Rk, W RES
HAARFEW s e oia 5.
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Fig. 4 Gene structure of DoOWOXs
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Fig. 6 Expression of DoWOXs in Dendrobium officinale at different development stages
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B EERBA 5 E (- 7), 7T I, DoWOX4.

DoWOX5 [HFRIAMERB AL, 7E S1 I &L
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