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Abstract: [Objective] This study aims to explore the promoter activity of the CsWAKI12 gene in Camellia
sinensis, as well as its differential expression and response characteristics under abiotic stresses. [Method] The
2 000 bp upstream promoter sequence of CsWAKI2 was cloned by RT-PCR and subjected to cis-acting ele-
ment analysis. Five 5'-terminal truncated promoter fragments of CsWAKI12 (pl — p5) were specifically de-
signed and directionally ligated into the pPCAMBIA3301-35S-GUS reporter vector via homologous recombina-
tion. With the combination of a tobacco transient expression system and GUS histochemical staining, changes in
the transcriptional activity of each truncated fragment were detected under normal temperature and different abi-
otic stresses, including low temperature , drought, salt, and ABA treatments. [Result] The CsWAK 12 promoter

was 1 910 bp in length and contained multiple cis-acting elements related to hormone, light, and abiotic stress re-
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sponses. Functional validation exhibited that this promoter possessed transcriptional activity , which was synergis-
tically regulated by multiple regions. The upstream — 1 909 bp to — 1 488 bp region contained both activating
and repressive cis-elements. The fragment spanning — 1 101 bp to — 701 bp harbored strong repressive ele-
ments, whereas the downstream — 726 bp to — 464 bp region acted as an indispensable core segment for stress
response. Promoter fragments exhibited distinct response patterns under different abiotic stresses. Specifically,
the p4 fragment performed significantly upregulated activity under low temperature and salt stress. The p2 frag-
ment displayed the strongest response to drought and ABA stresses. The full-length promoter pl maintained
stable acti-vity under low temperature and could be effectively induced by drought and salt stresses. The
CsWAK 12 promoter modulated gene function by distinct target cis-acting elements in response to diverse envi-
ronmental signals. [Conclusion] The molecular mechanism of CsWAK 2 in response to various abiotic stresses

at the transcriptional level was revealed, providing a new theoretical basis for elucidating the stress regulatory

network in tea plants.
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Table 1 Primers for promoter sequence cloning and vector construction

5|9 4 FK Primer name 514541 5'—3' Primer sequences 53’

CsWAKI2-pl-F aagtctggegggetggtty
CsWAKI12-p2-F gacaaaaccaacccaatcaacc
CsWAKI12-p3-F ttgatgtggggaaaaagttge

CsWAKI12-p4-F
CsWAKI12-p5-F
CsWAKI12p-R
CsWAKI12-pl-F-GUS
CsWAKI12-p2-F-GUS
CsWAKI12-p3-F-GUS
CsWAKI12-p4-F-GUS
CsWAKI12-p5-F-GUS

atgggggaaagtatagtaagatga

aggggctgatgagtagttatgagt

agccegecttttetgtgtte

AGCTATGACCATGATTACGCAAGCT Taagtctggegggetggttg
AGCTATGACCATGATTACGCAAGCT Tgacaaaaccaacccaatcaacc
AGCTATGACCATGATTACGCAAGCT Tttgatgtggggaaaaagttge
AGCTATGACCATGATTACGCAAGCT Tatgggggaaagtatagtaagatga
AGCTATGACCATGATTACGCAAGCT Taggggctgatgagtagttatga

CsWAKI2-pR-GUS

ACGTAACATAAGGGACTGACCACCCGGageegettttetgtgttc
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F RGN, R A5 BE 49 2 000 bp B 6417 (- 1D KriZ
ety Mg fb 5 |, 38 2 2 v B AR I e A K IG T 18
DHb50 8% 372 25 41l , 28 5 7% PCR Ui 38 5 1547 0 e 56
UE . 383t DNAMAN B8 00 7 i 45 )7 51 5 2% )y
G HEAT AT, 45 B CsWAK 12 %& [H R 1 % i 1
ATG E¥iF—1933~—24 bp B3 8 7741, K 3k
1910 bp, 5 & H FHF AL AY VTR Ky 93. 9% . Ff
LTI B v & o CsWAKI2-pl, 3 T Jn 2 )3 3
THIRe o

5000 bp
3000 bp

2000 bp
1500 bp

1000 bp
750 bp

500 bp

M. 5000 bp Maker; | ~V.CsWAKI2 384K pl &
ME B p2~pb.
M. 5000 bp Maker; I — V. The full length of p1 and truncated
fragments p2—p5 of CsWAK 12 promoter, respectively.

BT CsWAKIZ A 8 T4 K Boive B i iy
Fig.1 Construction of full length and truncated fragments
CsWAK 12 promoters
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Table 2 Key cis-acting elements in the Cs WA K12 promoter of tea plant

o1 45,24 PR gl LRV B
Site name Sequence Frequency Function
. AT ARRIZE4 IO 5 240 53 % 25wl 1o e 44
ARRIAT NGATT 3 ARRI binding element; Cytokinin-responsive element
N W Nk
DOFCOREZM AAAG pg  DOlBABLLIEE (L BUiA 4 .
Dof protein core binding site ; Carbon metabolism regulation
CAATBOX1 CAAT 25 A ITF Heat shock element
CACTFTPPCA1 YACT 24 I A e R A B SC A 4H 4 Key component of mesophyll expression module
GT1CONSENSUS GRWAAW 23 Y6 i JE 4 Light-responsive element
POLLENILELATS2 AGAAA 15 A6 F5 5 1 F 35 HH ¢ Pollen-specific expression-related element
MARTBOX TTWTWTTWTT 15 O AN Rk o :
Regulatory element for gene expression in flowering plants
GTGANTGI10 GTGA 13 T 4 il A 31 17 95 3% ¥ Homologous motif of the pectate lyase promoter
R A 2 g 4
POLASIG3 AATAAT 13 ENERERAESHAT o
Consensus sequence of plant polyadenylation signals
. . MY C U A5 AR/ T 54/ AB A IR 1 T #F
EBOXBNNAPA CANNTG 12 MYC recognition site; Low temperature/drought/ ABA-responsive element
I A= ik B S BB - =
TATABOX5 TTATTT 1 AEBBARBENETRELE
Homologous motif of the glutamine synthetase gene promoter
GATABOX GATA 12 JG0A B T4 Light-responsive element
CCONSENSQIS . X MY C U 25 R/ 5%/ AB A k) 13 G 1
MYCCONSENSUSAT — CANNTG 12 MY C recognition site; Low temperature/drought/ ABA-responsive element
VA I G 8 BR A FH 495 R DR 8l ] R
ROOTMOTIFTAPOX1 ATATT 11 Homologous motif of the endoplasmic reticulum immunoglobulin-binding protein
gene promoter
CCAATBOX1 CCAAT 10 T F Heat shock element
TR R AR 5 W B S I WRKY 71 #9456 45
WRKY710S TGAC 7 Binding site of WRKY71,a transcriptional repressor in the gibberellin signaling
pathway
e B 51 2k
POLASIG1 AATAAA 7 FRENEARSEETH o :
Regulatory element for gene expression in flowering plants
IBOXCORE GATAA 6 i Lightregulatory element
GTIGMSCAM4 GAAAAA 6 97 JEUIA FLER R 1 4 Pathogen-and salt-responsive element
CURECORECR GTAC 6 il Wi %7 T A4 5 48006 1 TG Copper-responsive element; Oxygen-responsive element

5 250 P8 RV ATA G WA S TN M A LCLG

BT Y R CH T,

Note: In the “Sequence” column, R stands for A or G; W stands for A or T;N stands for A,C,G or T;Y stands for C or T.
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I X8 A8 S B Ty A B o 6 R AT I S8 E A A O
B, FH T 00 I s 2 A 3 B8 A0 BT S [ 8 e A B
W Ja s T . 45 R Bon , 7 —1100~—700 bp #l
—300~0 bp DX, Wit = AE FH oo 44 4 A 45 hy %5 4R (]
2). BT LRGSR N CsWAK 123K v] GE7E 4

M 1 AN [ 2F B 3 i A vp 2 45 HE AR A
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BRI RIZS GUS O
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W GV 3101 o, ) AR Bk 1 5% A R G2 3047 R 3 1
MG b . SR (E 3, OFEW, &2KFHhF
(CsWAKI12-pD) Je 24~ #%0 Bt (CsWAK12-p2
CsWAKI12-p4) Bk I 42 e (%) 40 75 0y 359 52 90 HS A R
B AT LAY W, IE S CsWAK 2 B 4% 9K 3 F i
GUSHHEEWFshFiHtE. L, 2KHshFib
Hohoge o fp R, HOHTEME B T A S B A
Bl CsWAKI2-p2 W36 PERS 38 T CsWAKI12-p4, &
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—2000
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G RN B B F IR T

—1800 —1600 —1400 —1200 —1000 —800 —600 —400  —200 0
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I3,
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RIRIR Ji‘i |- .h\ | I“l‘ll‘”

|| i i

41 GUS| cswaK12-p2

(1 {1111 n“ Ji‘i - l‘h | I“|‘I”I|

GUS| CsWAK12-p3

IRE IR L

(o \'I. I “IH

"l GUS| CsWAKI12-p5
| 1l

[ n‘H I || Il

GUS| CsWAK12-p4

F 0 bR R i BT A1 e A% I 4 S0 P B L
Colored vertical bars indicate the positions of various cis-acting regulatory elements in the promoter sequence.
K2 CsWAKIZ R8T R 508K R Br iy g s i A
Fig.2 Schematic diagram of serial deletion fragments of the Cs WA K12 promoter

CsWAKI12-pl

CsWAKI12-p2 CsWAKI12-p3

[RERR P o B

Negative control  Positive control

4 a

CsWAKI12-p4 CsWAKI12-p5

B3 CsWAKIZJA 8T AT i Be ki 26 26 J0 5 19 GUS B €8
Fig. 3 GUS staining in tobacco leaves transiently transformed with different truncated fragments of the Cs WAK 12 promoter

2.3 CsWAKI2E B R F R & Xt A E B iE 1
= 4b 32 B9 M K2
KR ARSI 8l T U 3 R0 R P 38 b B
4 ) g A 2, AR BIF 5 3 TBCAE IR A — B 4 i 3 4R
BAE R IE AT AR KT TR 3 A B I e Ak, JF T GUS 4
LU 0 0 BT 45 8 8h 7 BT AL S 3 P AR

k. B 58K, CsWAKI2-p3 Ml CsWAKI12-p5 1E 4%
Fift b BT B G €5 45 5 24 5 [T IR OE B 8 22 e L
PGS b EERE T CSWAKI2-pl .CsWAK12-
p2 M CsWAKI2-pd % 3R F B, S5 KR 5/
6 711,74 CALR LT, 5 CsWAKI2-pl Al
CsWAKI2-p2 Ml It , CsWAK 12-p4 F BEAE J s
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