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Abstract: In order to explore the role of 6ZIP (basic leucine zipper) gene in response to abiotic stress, a
bZIP gene significantly up-regulated under low temperature stress was cloned based on the transcriptome
data of Ricinus communis, and named as RcbZIP11 (GenBank No. OQ506490). The coding region se-
quence of the RebZIP11 gene was 492 bp in length, which deduced 163 amino acids. It was predicted to be
a hydrophilic protein with a conserved bZIP_plant_GBF1 domain. Multiple sequence alignment showed
that RebZIP11 protein was relatively conservative during evolution. Phylogenetic tree analysis showed that
RcbZIP11 had the closest relationship with JcbZIP11 protein. Subcellular localization showed that the
RcbhZIP11 protein was localized in the nucleus. The promoter sequence of the RcbZIP11 was successfully
cloned. The prediction results showed that the region had light response elements, stress response ele-
ments, and hormone induction elements. RcbZIP11 gene was expressed in different tissues (true leaves,
cotyledons, stems, and roots) of castor, and the relative expression level was the highest in cotyledons.
The relative expression levels of RebZIP11 in roots and leaves under stress (drought, salt, low tempera-
ture, and ABA) were higher than 0 h, indicating that the RcbZIP11 gene was actively involved in the abi-
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otic stress response of castor. In summary, this study lays a foundation for further exploring the function

of the RchZIP11 gene in the growth process of castor under stress conditions.

Key words: 6ZIP ; castor; gene cloning; abiotic stress; expression
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Table 1 Primer sequences
5|9 4 FK Primer name 51 F %) Primer sequence(5'—>3") H & Use
RcbZIP11-CDS-F CAGGATCTCAGATTTAACTGAGATT 8

RebZI1P11-CDS-R

GACCATGAACAGGACATCCCTCGTC

Gene cloning

RcbZIP11-F

RebZIP11-R

ACTAAACTAAACACTTATGAAAACT

GGAGATATATATATAGTATATATTTAC

JA BT ke

Promoter cloning

RcbZIP11-Sac I-F

RcOZIP11-Xba 1-R

AGAACACGGGGGACGAGCTCATGGCATCCTCTAGTGGGAATTCCT

ACCATGGTGTCGACTCTAGAATATTGAAACAAATCCGGAGATGCC

T e Ol e Tk UK
Construction of fluorescent
expression vector

RcbZIP11-Q-F

TGGCATCCTCTAGTGGGAAT

gRT-PCR
RcbZIP11-Q-R CATCAAGGTGCTGCTGTTTT
Actin-F TCCCTCAGTACGTTCCAGCA s
Actin-R CACCTCCATACTCCTCCCT Actin

ERPFRILS N Sac T H Xba T BEVIALA,

Note: The underline in the table is the Sac | and Xba [ restriction sites, respectively.
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% 0.2 pL BH 1 uL,SybrGreen qPCR Master Mix
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AR R E G DRSS R E . AR A X
2 T P RebZIPI11 (AR 4 ik 5, I 4
SPSS Fil Excel 3 {4 % B4 #4740 22, {fi . TBtools
HAFRY fancy heatmap BRIF 261 E F .
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2.1 RcbZIP11 EEH=E

RebZIP11 BH KBy e L RME 1 i,
P8 B /INIE 500~750 bp Z 8], £F & T A B,
TG % B H cDNA 4K 643 bp, Hiif CDS A& 492
bp,CDS XN TGN & F B AAE, i 163 A~ 2 5
i, PG B ILIE 2. ¥ 7 5428 2 GenBank, 4
v %N Ricinus communis bZIP11 (RebZIP11) , %
5N 0Q506490,

750 bp
500 bp

M. DL 2 000 DNA 43 Fftbiife; 1. RebZIP11 3N &K SopEr= 1),
Kl 1 RebZIP11 3P 2K MY 1
M. DL 2 000 DNA marker; 1. The full-length cloning
product of RebZIP11 gene.
Fig. 1 Amplification of the full length of RebZIP11 gene

2.2 RcbZIP1l EEMEMERESH
2.2.1 RcbZIP11 EERMRSFE S

W& 3,4 NCBI-CD Search il J5 %& ¥ , RebZ-
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R

s @ L

K D N S Q I

T S I N I i T Q H

ttc ctg aat gtt gag gct gaa aac tct att tta agg gca caa atg atg gaa ctt agc cag

E L N v E A E N S T

R A Q M M E L S @

aga ctg gac tct tta aat gag atc ttg aat tat atc aac act aca aca agc aat ggg att

R L D S L N E K L N

ir N T T T s N G I

tat gaa att gat cat cct cat cat cat cat caa gat gct act gct gtt gct gect gac agt

-4 E I D H E H H H H

D A T A v A A D S

ttc atg aac cca cta aat ttg atc tat ctt aac caa ccc atc atg gca tct ccg gat ttg

F M N B L N L I X L

ttt caa tat taa
F Q Y -

Q B 10 M A S B D L

2 RcbZIP11 3£ [ CDS 551 J it e 5 & 5L 8 7 91
Fig.2 CDS sequence and deduced amino acid sequence of RebZIP11 gene
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Fig. 3 Conserved domain analysis of RcbZIP11 protein
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5> #r

RebZIP11 2 BT A9 53 F XA G Hion Ny O Sy 5
AHXF 2 F B 2 18, 65 kD, S M 702 2 573
A S A TR 6. 14,

ZH A% RebZIP11 & 1R I 163 /> & 35t ik ok 3%
Hr, Ser Ml Leu & &5 » 40 5 13,5001 10, 4%,
B RANAE Phe A 1. 8% ;45 1E B (10 & L R 7k
(Arg + Lys) > T aff 1 B (Y 2 5 1R 5% 3 (Asp +
Glw 43528 15 S F1 18 4>, BRI RECE 77. 24, 54
SRR KR —0. 722, 358 RebZIP11 & 1 436K
PEE A B D,

RebZIP11 @
AtbZIP11 @
CcbZIP44 @
GmbZIP11
CabZIP11 :
NtbZIP11-like :

N HydtoE)a(h / l(y'to & [);)ohnle K
|

(=

wm O L O WO O i O W

20 40 60 80 100 120 140 160
f57 & Position/aa

Bl 4 RcbZIP11 25 BT Y 2% B 7K 43 A
Fig.4 Hydrophilic and hydrophobic analysis
of RcbZIP11 protein

RebZIPI1 =
AtbZIP11
CcbZIP44 *
GmbZIP11
CabZIP11 :

NtbZIP11-like * EANNNCNGLAN

MDHNQEEPYSFNFASNE PMIDGFNMTRS

PR RAR 27 51— BOVE RS 5 AtbZIP11. BUREIF (NP_195185. 1) ; CcbZIP11. #JK(XP_004152685. 1) ;
GmbZIP11. K E (KAH1220101. 1) ; CabZIP11. M (XP_016539772. 1); NtbZIP11-like. % (XP_009619503. 1),
AL bZIP_plant_GBF1 454,

K5 RebZIP11 & 155 HAWRTIY) 10 2 5 51 o Xt
The darker the color, the higher the sequence consistency; AtbZIP11. Arabidopsis thaliana (NP_195185.1);
CcbZIP11. Cucumis sativus (XP_004152685.1); GmbZIP11. Glycine max (KAH1220101.1); CabZIP11l. Capsicum
annuum (XP_016539772. 1) ; NtbZIP11-like. Nicotiana tabacum (XP_009619503.1). The black horizontal line
is bZIP_plant_GBF1 domain.

Fig.5 Multiple sequence alignment of RcbZIP11 protein with other plants

2.2.3 RcbZIP1l EARMFEI SR

¥ RebZIP11 48 1 5 [A) HAth 48 4 19 bZIP 2
iRy S AT L X (B 5) R BN [R 4 (17 bZ1P 2 3
15 1 7 51 — M 2 68. 37 % . 7E bZIP_plant GBF1
SEA IR LR Y — B R, M C g AR ST R AR
55 . £ NCBI B4 FlF 2 T4 A (Populus al-
ba s XP_034931683. 1), &R (Populus trichocar-
pa ,XP_002306888. 1),k XU# (Jatropha curcas .
XP 012071923. 1) . 7] 0] # ( Theobroma cacao s XP_
007017624. 1) Bk (Prunus persica s XP_007223601. 1),
# N (Cucumis sativus, XP_ 004152685, 1) . #j %j
(Vitis vinifera s XP_003634372. 1) . F AR JK (Carica
papaya  XP_021905988. 1) 4L B§ IF (NP_195185. 1)
FIKRG (XP_015622690. 1) 10 ¥ Fh i) bZIP &
1SR 81 3L 9 5 B R RebZIP11 2K 1A 5k 47 it

e, & B RebZIP11 58X JebZIP11 B %
KR (E 6),

JK#& Oryza sativa (OsbZIP11)
LR T+ Arabidopsis thaliana (AtbZIP11)

% KN Carica papaya (CpbZIP11-like)

Hi 4] Vitis vinifera (VvbZIP11)

#H K Cucumis sativus (CsbZIP44)
#k Prunus persica (PpbZIP11)

T TR Theobroma cacao (TcbZIP44)

WRIRM Jatropha curcas (JobZIP11)

B Ricinus communis (RcbZIP11)

£ ¥ Populus trichocarpa (PtbZ1P44)

R ¥ Populus alba (PabZIP44-like)

Kl 6 RcbZIP11 EH MR G KB #H AR 417
Fig. 6 Phylogenetic tree analysis of RebZIP11 protein
2.2.4 RcbZIP11 EA K Z RN = REETRN
RebZIP11 45 [ BT (9 = 90 25 #1500 25 21 (1| 7
R, HALE 98 1> o BRIE .2 4> BIF & .57 I BEHLL
FE AN 6 AN SEHEE L 20 ] 7 R A SR R L Y 60, 12% .

98%
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FEAFE T bZIP K% l4h, RebZIP11 2 1 Y
P X AE) G PR T I 45 R (1 8. B) W G Kk TR Ak 7
BAE ARV IX (LT X8 A B RN LX) B 80 R
100 % , Ut Bl RebZIP11 R 115t 1Y — 2% 45 14 110 &5 SR
EARE AT AR,

|| {1 | i i

i | TEEEREEEEETREE
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20 40 60

100 120 140 160

fi7 & Position/aa

W, o BBHE SR, BT S s SR 00, BHLLRIE s 20 (0. JE M4,
& 7 RebZIP11 % H Ay 945+

Blue. « helix; Green. B-sheet; Purple. Random coil; Red. Extension chain.

Fig. 7
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Secondary structure of RebZIP11 protein
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]

A. RebZIP11 EHE M =% 254 ;B i X4 E L
K 8 RcbZIP11 H H Y = K454 X 4T 7

A. The tertiary structure of RebZIP11 protein; B. Pull-type conformation diagram.

Fig. 8 Tertiary structure and grading of RcbZIP11 protein

2.3 RcbZIP1l B FFEIMNTZER S

WE 9,4 PCR ¥ 5B RebZIP11 WY 8 7
F B, T 45 5 5 RebZIP11 J8 3h 7 70 )% 51) 45 51
— 50, R R v B RebZIP11 3 3 751 .

2000 bp

M. DL 2 000 DNA 4p 71k br#E; 1. RebZIP11 J8 3 T 5™ )
9 RebZIP11 Ji 80 F %3 5 b
M. DL 2 000 DNA marker; 1. Cloning product
of RcbZIP11 promoter.

Fig. 9 Cloning of promoter sequence of RebZIP11

Plant CARE 48 FE W0 25 3 (3% 2) IR % J¥
FIR T 4% 0 ef (TATA-box #l CAAT-box) 4k, it
FEA G B TCF (GT1-motif Fl G-box) . I % Wi i
2501 (GARE-motif , TCA-element, CGTCA-motif
M TGACG-motif) F1 i 38 M j; 25 J¢ £ (GC-motif |
MBS 1 CCAAT-box) , Ut W] RebZIP11 )5 3+ #] G
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. A (g 2 55 S g 14 05 =X 7 9 Y e 4
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Fig. 12 The abiotic stress expression pattern of RcbZIP11 gene
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