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Cloning and expression analysis of WD40 transcription

factor DcWD40-1 from Dracaena cambodiana
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Abstract: Hainan Dragon trees (Dracaena cambodiana) are the main plant resources of dragon's blood in China,
and the main chemical constituents of the dragon’s blood from which are flavonoids. The recent studies about

dragon's blood mainly focus on the chemical constituents and pharmacological activities, while the molecular
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mechanisms of dragon's blood formation remain unknown. WD40 transcription factor plays an important role in
flavonoid accumulation. In this study, a WD40 gene named DcWD40-1 was cloned in Dracaena cambodiana
based on transcriptome data and RT-PCR technology. The full-length of cDNA of DcWD40-1 was 1 550 bp,
containing 1 353 bp opening reading frame (ORF), and encoding 450 amino acids with the calculated molecular
weight of 50.77 kD and calculated pl 5.71. Bioinformatics analysis showed that DcWD40-1 belonged to a member
of WD40 superfamily, had five conserved WD40 domains, and shared high identities to WD40 proteins from other
plants. A 1503 bp-length promoter region of DcWD40-1 was isolated by Genome Walking method, which had
structural characteristics of typical eukaryotic promoters. The promoter region of DcWDA40-1 contained lots of
hormone responsible elements, such as abscisic acid -responsive element, auxin-responsive element, salicylic acid
-responsive element and jasmonic acid -responsive element; also had many cis acting elements related stress such
as light, cold, hot, and anaerobic inducer. Expression analysis showed that DcWD40-1 was induced by dragon's
blood inducers, positively related to flavonoids accumulation and formation of dragon's blood. In addition,
DcWD40-1 can also respond positively to jasmonic acid, cytokinin, brassinosteroid and UV-B treatment. These
results will lay the foundation for further study of the potential functions and mechanisms of DcWD40-1 in
flavonoid biosynthesis in Dracaena cambodiana.
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M35 — eG4 5t 2, BAVEIALRS . T R AL AEVIEE DAL (Gupta et al,
2008; Wang et al, 2011). ¥ 1A (Dracaena cambodiana) & [ 7= I 36 () JEJ5FEY) (R iEE
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MBW & & W [ 15 2 DN At S R i 3RE, 25 85 A7) & Ri(Xu et al, 2015). WDA40
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etal, 2012). ## MrwD40-1(Liu et al, 2013). #ii DkWDRL1 (Naval et al, 2016). £1% PgwD40
(Bensimhon et al, 2011). #77¥ZF FtWD40 (Yao et al, 2017). PHZLAi SIAN11 (Gao et al, 2018),
(ELTE I B 0 A O oK W WD40 2% 53¢ R 7 (14708
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10063 JE£ 1135 15 5 FASE I 40 10 VAT SR i R LA 259, Ab3J5 04 3. 6d HURE, Ak
FHHTHRIE (Zhu et al, 2016); FEHUVAE K —BUWA R W B T B 7R H b 7 d J5 kAT Pid
S G S B (UV-B) AL B AT J5 5576 200 um L ZEHTER (MeJA) 752 (ABA). 47245
(CTK)FIHZE R W ER(BR)ALEE, AbEE 0. 3. 12, 24 h JGHURE. AT FREMCREESS, R,
T-80 CLRAT.

1.2 ZPRARE & cDNA &

& RNA FI DNA $% 8 Rl #4E br A= ) B B A 7] (FOREGENE) ¥ Plant Total RNA
Isolation Kit X7 £ 1 Plant DNA Isolation Kit #2H. & RNA %I AL R A RA
&) (NOVA® Yugong Biolabs)ft] All-in-One First-Strand Synthesis MasterMix (with DNase 1)i5]
LML R 379 cDNA.
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M. WZE NActin, 5% F %)~ gDCACT-F(5'-ACCGAGAGAGGGTACTCATT-3),
qDCACT-R  (5-CCAGCTCCTGCTCGTAATC-3") H B *# IR/
qWD1-F(5-GAATGGAGGTGGTGGGTATTT-3') Gl qWD1-R
(5-TTTGTTTGATGGAGGAGAGAGA -3), qPCRZ M AAAH20 uL: 10 L 2xSYBR mix, 1FJ%
5451 uL (10 pum L), 1 pL cDNABEH, 7 uL ddH,0. gPCRRMi%fF: 95 ‘C 10 min;
95 ‘C 15s, 60 ‘C 30s, 72 ‘C 30s, 40MEH. RHI 2 “UL Mk Al A X 235 B
2 R 50M
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L7 M Tl 0 AL AR 5 3% 2 B Th 3R A3 IWDA0 R R IRIES TR A1), et 5t 51 i 1% 5 A
AR P HIEATY 1, $R15—2%1 500 bp e A5 MIFE R4 . K B I BOE BB THA Fdk AT
Mpp, Mgt R S s B PR 28 R —3, B EEF 4 9DcWD40-1. ATk
f)DCWD40-15: K 4 K1 550 bp, 7 —~1 353 bp3e B [ il [ 5L AE «

2.2 DCWD40-1 K43 THRHIE

DcWD40-1 Zhidh £ [ Hi 450 AN LA, HAHEER (Gly) MLLZ K (Ser) k%, 1
40 />, (5 ELIA#)] 8.9%. DeWD40-1 £ H 731N CossHas12NessOeseS17> Tl 735 50.77
KD, BE & 25 L 1 5.7, TN & 17 T 55 728 DCWDA40-1 58 7 T ik vh vl Rt ek, 1A 3 71.4%.
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Note: The conserved WD40 domains are underlined.
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Fi g.1 Alignment of DcWD40-1 and other WD40s form other plants

2.3 DcWD40-1)8 3h T K 5a B A 7 51 04

FFHGenome Walking /7% 73 25 T DcWDA40-1J5 31 [X 1503 bp, %X 45 H A $LH B A4
AT EEIRFE, A5 2N TATA-box. CAAT-box&3EATLif. thoh, ZRai FRHh&a
Y 73 2 KW R TCAFCMRs . Bt V& BRAHRL TG ABRE . A2 K 3 N o4 TGA-box 7K A% R
I TG TCA-element 156 KT ER 1 B 76 1 CGTCA- motif&s 2 S o 15 J8 A5 b7 T A 3 i 7
JEfFTC-rich repeat. P4 S IuiFHUR 1M N TCIFARE S FA0 B 76/ HSE AR Wi ST 1
LTREA K ZAN A R o4, 1n3-AF1 binding site. ATCC-motif. ATCT-motif. Box I GA-motif.

G-box SP1. GT1-motif&. iXiiiHH ik X S 2 A e ] G 520 DeWDA0- 11 # % /K-



CAATTTTATCATTTTGTTTTTAGCTGTATAACTATTTTAAACATTTATGTATTATTGGCTGTTTGGAATAAGGTTAACTGAATTTTTTTCCTCCTTGTTCAGCACAG

GT1-motif HSE
CCACAGACCCACTTACGCTCTAAGCGTAGTTGTTTTTTTTTTTTTTCTTTGAATAATTGGTAGTTTGTTTTTTTTCTTTGAATAATTGGACTATGGGTTGCAGGCCC
AAATAAGAGAAAAACCGACCGATCTGAACCGAACAAGAGAAAAACCGATCAATCTGAACCGAACTGAAAATTTAGTTTCCGTTTTCTACGGGCTACGGTTIGGT
TTCGGATATGATATTTCGGTTTTGTTTTTTATTGGAATTTTTTCACTCAAATTCAAACTGAACCGATCGATACTCATTCCTGCTTAATTCCGAGAAGCTAAGGA
ARE LTR LTR HSE

TTCAAGTGCAAATATTTTTTTTTTTTAAATTACAGATATTTAAAT TACACGTGCTACAATATCTATAATAT TATAGAAATAAT T TTTGCAATGAAGACTAAAAAATT
ABRE/ G-Box HSE
TTGTGGGCGCTTCTAGAATACCTGCGCTCAGATTTGAAAGCCGGCCCGGCCTGCCACGTCACTCGGTCGGTTTTGGACAGCGAAAAAAAACATTTCTCTAGA
ATCT-motif BoxI ABRE/G-Box/TGA-box CGTCA-motif HSE

GACTTGCCGAACCAAACAAAAAAAAAAGGGATATTTAAAGATTTGTCCTTACATCTTTATAAATTATAATTGAGTCCCTTAAATCTTAATATTTAGATTTAGTCC
3-AF1 binding site  CRM
CAATCCTCTAAGTTATTACAATTTAGTCCCTCTCGCTACCTTCCGTTAGCCCAGTATATTTTTTTATCTGATATCCTTCCTTAATTCCTTTTTTCCTCTTCCTCCTCT
ATCC-motif
CTTCTACTTCCCTCTTCCTCCTCTTCTCTCTTCTTTTTCATTCTTCCTCCTCTCTTCTCCTTCCCTICTTCCTTCTCTCTTCTTTTTCATTCTTCCTCTTCTCTTCTCC
GA-motif
TTCCCTCTTCCTCCCCTCTTCTTATTTTTTTCATTCTTCCTCCTTTCTTCTCCTTCCCTCTTCCTCCTCTCTTCTCATTTTTTCATTCTTCATCCTTTCTTCTCCTTCC
SP1 TCA-element TC-rich repeats
CTCTTTCTCCTCTCTTCTCC CTCTTCTITCCTTTCTTCTCCTTTTCTTTATTGGGTTCATTGGTTCCCCTTICTTCTTCTCTTCTATCTCTATTCTTTCCCTTTTT
TCA-el GA-motif TCA-el t TCA-element
TTCTTTATAAGGGTATTTAAGTCATTTTATTATTAAAAAAAAGTAAAAATTAAATTTTTCCGTTTATTTGGATGGAAAAATTAACGAAGCGACTAAACTGTAGCAA
CTTAGAGGATTTAGGGACTAAATCTAAATATGAAGATTTGGATATAAAGATGTAAGGGACAAAACTGTAAATATCAAAAAAAAAAAAAAGACTTCGAAACTAAA
CRM CRM
AAAAAGAAAAGAAAAAACAATCAAGTAAAAGAGAACACGGAATCCCGAAAAAGATTTCTAATTATTTATTACTCGCATCATCTAATCTAATCTCCTACAA
LTR HSE ATCT-motif
ATTCATGTGAGCGGGCGGCATCACCTCAACTTTGCTTTTGCTTCTCTCGATGATTATCTATTATCAATAGATACTCGTTGCTGGATTATAGGATAGAGCATGTCGA
SP1 GA-motif CRM
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Fi g.2 Promoter sequence of DcWD40-1 and main regulatory elements
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Note: A. Expression analysis based on qPCR; B. Expression analysis based on FPKM values.
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Fi g.3 Expressions of DcWDA40-1 in response to the inducer of dragon’s blood
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DcWDA40-151 i ZEMeJA. CTK. ABA. FIBR, LI UV-BE i S AFIE. qPCREE R IR,
Kx T ABASL (Kl4: C), HAthSFALEEIAES T DCWDA0-1113R1E, HHMeJAFIBRALEE T,
Rk HIELL B E24 h, 73R IER KT 2. 145816 545 (¥l4: A, D); CTKALEET,
TR AT E12 h, Lif6.26% (B4: B); DcWD40-15FUV-BI N AR, AbFEJE3 h3#
RERE SR, XTI 74.565 (B4: E).

A B C D w ©
3 9 15 9
&
£
o2
33 2 I ¢ 10 6 0
5 5 -
s :
G
RE 3 0.5 3 30
L]
g =
S, 0 [] ﬂ 0 0 (..l 0
0 3 12 24 0 3 12 24 0 3 12 24 0 3 12 24 0 3 12 24

AbFEF [E] Treatment time (h)

A MeJAZLFE; B. CTKACFE; C.ABAXLHE; D. BRANHE; E. UV-BALHE,
Note: A. MelJA treatment; B. CTK treatment; C. ABA treatment; D. BR treatment; E. UV-B treatment.
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Fi g.4 Expressions of DcWD40-1 under different stress treatments
3 iR

WDA0E B HHZE - REBMEAXE, SdilamEksy, L 225 EKRRFEE
1, fE 58S, diinR. BERREE. EERZERA. AEA PR, ERAREME
LB AN A A WA 20 B2 (Xu & Min 2011). S5 W78 KIIWDA0 [ 52 i i S &
FYIAF(Xu et al, 2015). F NS5 B A U 12 T WD402E K 2 #5424 PhAN11(De et al,
1997), FfJEAEZMEYIHEEE 1R & B R FIWDA0S L 5k K 1. WD40 HHIEW 5
MY BAIbHLHES 5 K 5~ AR SMBW A &4 By [ 1 5 58 S B 2E V) 5 . FEMBW Bt B 45
ki, HADNA 44 HEFIAMYB FbHLH 5. WD40%: 3% K7k %2 %A 1T LRI )
WA IO, A AT AT, I REAE TRa e B A AR, SHBROCAE M B RS (Xu
etal, 2014; Xu et al, 2015). WDA0%% 5% K1 BAR AN GE B A1 B i & R s I B R R IA
1B E7E 2 M) Ak S i 3205 WDA0HE [ B it 25 12 B R AR U SR B &5 & (Yao et
al, 2017; Gao et al, 2018), X i}t BFHWDA0H 35 [K| 175 ST i AR 2 b oA S B EH .
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I M S B AR B IEAH G (Zhu et al, 2016), Ut AR SRR A=) 5 R 72 rh m] e B 2
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R B EE B 54 B (De et al, 2012; Yun et al, 2015; Xin et al, 2017 Koyama et al, 2018 ).
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4n3-AF1 binding site. ATCC-motif. ATCT-motif. Box I. GA-motif. G-box SP1. GT1-motif
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A, BATKGAR ST DeWDAO-1I1 T B AR IA P FS REAE AT IR AT FL, il % N s

LAl 2 17 85 7 A3 DeWDA0- 1 AR IA RAR e g e MU o R B 5 2 S g B
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