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REBX, BRABRFI AR, 2 AKBEEGHAA MIP &G %R 8155 57 SGGHINPAVT F# 2 A & E 4% F 44
NPA ( Asn-Pro-Ala ) 50,3344 6 NEIER . T R R YLt 4 R Ao m B AZ TR, 202 4 SRR 8 18 & & ( PIPs, plasma
membrane intrinsic proteins ) & K #% ., 5B % KL F PCR 694 R £, 2 A CsPIPs 09 & Bk ik B — 4 B4 -k, CsPIP2;
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F R RRIE RN, 2 AR R G A B ) AL B T Fria 6 iF 5 LR AR 15 24 d P EE SRR B R KA, CsPIP2;
7 Fa CsPIP2; 8 20 LA T 7.13 4574 3.68 435 457 29 d F 2 MR BE 4 FK-F LT, K TIRSBBARL, "HER R X
52 RF, CsPIP2; 7 2 40% T F 693 A2 P 0% TR, LAKJG X B % Lifl; CsPIP2; 8 #k 3) 4L, 55 PEG 4L 22 i 64 R A X A0
B, ZKE TR,

KR 7oA Ky phit; KGR G R Ll Rk AT TR ALK

Cloning of CsPIP2; 7 and CsPIP2; 8 Genes in Tea
Plant and Its Response to Drought Stress

DUAN Meng-sha, LIU Xiang-hong, WAN Si-qing, ZHANG Yong-heng,
HE Jing-yuan, LIU Huan, YU You-ben
( College of Horticulture,, Northwest A&F University, Shaanxi Yangling 712100 )

Abstract: In order to investigate the effect of aquaporin in tea plant under water stress, two aquaporin genes
( AQPs, aquaporins ) were cloned from Camellia sinensis ( L. ) Kuntze ‘Fuding Dabai’ , and their expression
patterns under simulated drought, exogenous application of ABA, natural drought and rehydration were analyzed.
Amino acid sequence analysis showed that both aquaporins contained SGGHINPAVT, a conserved signal
sequence of MIP protein family, and two highly conserved NPA ( Asn-Pro-Ala ) units, both of which contained
six transmembrane regions. Based on the results of homologous alignment and the prediction of cell localization,
they were assigned to the plasma membrane aquaporin ( PIPs, plasma membrane intrinsic proteins ) subfamily.
The results of real-time fluorescence quantitative PCR showed that the gene expression of the two CsPIPs was

tissue-specific, the expression level of CsPIP2; 7 was the highest in leaves, and CsPIP2; § was higher in flowers
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and leaves. After 20% PEG simulated drought stress, CsPIP2; 7 was significantly down-regulated, CsPIP2; §
fluctuated, and was slightly up-regulated 24 hours later. After exogenous application of ABA, CsPIP2; 7 was

significantly down-regulated, while CsPIP2; 8 was significantly up-regulated. In addition, experiments of natural

drought and rehydration showed that the expression of the two aquaporin genes was up-regulated by drought

stress and reached the maximum 24 days after irrigation stopped, CsPIP2; 7 and CsPIP2; 8 were up-regulated by

7.13 times and 3.68 times respectively, and the two genes were down-regulated 29 days after irrigation stopped,

and were down-regulated or remained stable after rehydration. Different from the expression pattern of leaves,

CsPIP2; 7 decreased slowly in the process of slow drought and was up-regulated significantly after rehydration,

and CsPIP2; 8 fluctuated as with PEG treatment, but was down-regulated after rehydration.

Key words: tea plant; water stress; aquaporin; gene cloning; expression analysis; drought and rehydration

IR e g K T B A A )
MG, WK DK R R A AR B i A A
BN AT Aok S aa o TSRS R K 53
T R S L RN UL, 2 X AR ) 7 5 e e K
Mo AEPERIHE 8 TOREK &, B4
TER T Z R0 BAEBILE , 4545 A & i K e 7 A
P AL B R AR S

7K 18 i £5 F ( AQPs, aquaporins ) Jg& — 2 [#5 ii
B AR H, PR FE A S H (MIPs, major
intrinsic proteins ), &) 1Z - 1E THIYIIA N & Fh A=)
5L 18— S 5 1 e S 2 K B ANy T R
R A L KO E E A K TR
(A% i, DR 240 TR RG240 L R ) 2L 2R 6 OK R 3%
P ARHE T KB SIE

AR 5 25 PR e 20 A BLPE R0 B 1R A8 I Y o3
A, A ) /K GE T B 1 A SRR AL, BAR A
1€ 7K i i #5 A ( PIPs, plasma membrane instrinsic
proteins ) 3= B {37 T 40 A o L, 2 A A K G
A F G P EROR I — 28, GRS A 3 i FIAR vhoK 43
(i 85 55z i 15 1O TR0 5 K O T8 2 11 (TIPs,
tonoplast intrinsic proteins ) W 3= F 3¢ v T & ¥
. HHT AQPs T #UE S 7EAH Y 1 2 Fh A 4w 15 50
R R PR VE I, AR T O 4R R
i Co, By e AT A Lz s
%o BRILZ AN, MY AQPs 7E T 5 AR Bk AL IR 55
A A W 3 ) 7 - 2 R A
Tk T 7K T A Y = R R S e 40 1Y) 37 K P g

SN K e IE O A5 A RE S e 0 B A R
W B I AS B 4E R 7 oK s, i Rk K #H
P AQP FEH CfPIP 2; 1 REHE i 0L pig 57 78 W g+ 5+
ST R 7 S TR R IF R AR B 7Kl
TE R TPIPI; 2 et 3 bl g I oy
i 5 1, I HLask 238 RI0L R I 78 J0h 8 5t 1 T 4 b

WA IE R R K BRI T T ATIP2; 2 ),
LR X A L 52 i 3 Rk 3 BT kg SRR, A7 R
B

AR TR EE N HA T EY . WK
R, R m R TR AR E A b,
v R A A UL S T S I R
. JKGE 8 8 2 54 T 5 0 e R, S [F] Y
TR B B AT RS A R A R B L, FEAE Y 4
MK L, PIPs 287K 38 18 2 1 £ 22 5 41 LK 55
1) WS WA R A, 7K 3 T AR P % 38 o B, 4t A
2 5K, TRV 7K 43, T8 25 5 R S 0 HEAE FH 1 3t
R SO AT R R, 25 A TIAA L ABA
By, A i BRRAMAE K T —
Fh A RIS A0 3 07 M S 7, ABA 25 = i3S A R T
3R AL P I 3 5 AR 2R K 4333 1, DT ke 1) £
AR I, Yue %6120 438 % 20 AN ZS Mk
W E R A, RS T HAE 10% PEG. ABA IK
TS5 0 T 1 238 LA RCAE AR 2E A R - i & v
IVER . SR, & TASR TPk iE & e BT
3 T A A RIS K e R WL ARG . AS B SR AR
REABIFSE R 1, FE ke 1T 2 4N 0 2 K 3 i 2
FIFESEA |, R 50X B 7K T8 2 3 R
SRR I, DU A AR BT R 1 43 DL 5% 25 0 ik
i, 2 v 7K 3 R ARG B 28 B 43 B Rl B 87 10
%o
1 #RE57FE
L1

HEA RN 1A TO M R AR S R AR R
2018 4F 5 H B A PY b AR AR B K2 1 £ 45 ik
Bl
1.2 Ak
121 BT ELIEFABAL E Pt &



4 1 BV S5BE CsPIP2; 7 F CsPIP2; 8 F IR Y 7 i K =S Filp it () i 1o 1011

K — B W KB AR 42 bk, O R LR AT
20% PEG6000 15 U] + 52 &b B, 55 Bk 1 42 Bk #F 17
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Table 1 Primer sequences
B YSES 519075 1) wRESI YT (57-31) ERSIIFFAI (5-3)
Gene name Primer direction Clone primer sequence Quantitative primer sequence
CsPIP2; 7 F GCATTCCTCATCCTCCAATTC AAGGTGACGTTGCTGAGAGC
R AGAGAGTGGGGTTTAAAGAGG TCGGTGGCGGAAAAGATTGT
CsPIP2; 8 F AGATGTCGAAAGAAGTGAGC GTCGCTGATAAGAGCGGTGT
R TTAGTTGGTGGGGTTGCTG TCCTCTTGGGATCAGTGGCT
Cs-f-actin F CTGCGTGATGGTCAGGTCAT
R GCTGGGAGCAAGAGCAGTAA
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TR 2 2 S
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Table 2 Protein characteristics of aquaporin gene sequence
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Fig.1 Hydrophilicity/hydrophobicity analysis of the CsAQPs proteins
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Fig.2 Multiple sequence alignment of the CsAQPs proteins
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Fig.3 3D structure prediction of the CsAQPs proteins
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Sequence identified in this study
O %W Camellia sinensis
0O U7+ Arabidopsis thaliana
A Fj%] Vitis vinifera

Ty O

33 PEMIRS Olea europaea PIP2;2 AOA52194.1
K45 Olea europaea var.sylvestris PIP2;8 XP_022858990.1
Wk Sesamum indicum PIP2;7 XP_011092966.1
W% Vitis vinifera PIP2;7 RVW97312.1
#i%] Vitis vinifera PIP2;2 NP_001267957.1
VG Hevea brasiliensis PIP2;8 XP_021685202.1
581045 7!(%;_Manih‘ot eseulenta PIP2;8 XP_021608959.1
KEE Manihot eseulenta PIP2;7 XP_021629177.1

W Ziziphus jujuba PIP2;7 XP_015893158.1
WMk Juglans regia PIP2;4 ACR56614.1
M Malus domestica PTP2;8 XP_008377729.1
87H43% Durio zibethinus PIP2;8 XP_022748378.1

W[} Thenbroma cacao PIP2;8 XP_007041804.1

4% Crtrus clementina PIP2;8 XP-006422584.1
TR Mimosa pudica PIP2;5 BAD90701.1
W Camellia sinensis CsPIP2;8
AL Spatholobus suberctus PIP2;8 TKY75507.1
53 B9 KRS Glycine soja PIP2;7 XP_028227228.1
67 IR Arabidopsis thaliana PIP2;8 AT2G16850.1

1117 Tarenaya hassleriana PIP2;8 XP_010526891.1

37 HHAERRIERL Actinidia cfhinensis var.chinensis PIP2;7 PSS25973.1

ZB Camellia sinensis CsPIP2;7
32 85— HESF Arabidopsis thaliana PIP2;7 ATAG35100.1

WLIZEAE Camelina sativa PIP2;7 XP_010432340.1
HE T Brassica napus PIP2;7 XP_022561143.1

65 947 % N Raphanus sativus PIP 2;7 XP_018450928.1
—i

& Brassica oleracea var.oleracea PIP2;7 XP_013629883.1
0.01 98 W ANNSE Brassica napus PIP2;7 XP_013718058.1

64

PIP: JEIEA7ERE 5 TIP: WOLIE A7 1 5 NIP: 28 NOD26 NAEZE [ 5 SIP: /N il MR A 72 2R 1
PIP: plasma membrane instrinsic protein, TIP: tonoplast intrinsic protein,
NIP: NOD26-like intrinsic protein, SIP: small basic intrinsic protein
B4 KiBEEBRHUREE
Fig.4 Phylogenetic analysis of the CsAQPs proteins
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Fig.5 Expression pattern of A0Ps in different tissues of tea plant
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Fig.6 Expression pattern of AQPs in tea plant treated with PEG
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