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Fig.3 Putative phosphorylation sites of L. ruthenicum LrPIP1 by KinasePhos prediction
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Fig. 4 Pediction of nuclear export signal of L. ruthenicum LrPIP1
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LOSEXNF MY, UL R KA (Oryza brachyan-
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B A A A K GE T 2R 1 PIPs B AT £ )3 80 LT
BLAST [a] ¥ 73 A 45 3R 8o (B 1), BB R A
LrPIP] JEN 4% 2 32 )7 51 5 Z R A 9 4 L 1
EUA 85 vy 1 Tm) 5 G v B 4 B Y [ O M o Gk
99 % s i Fl ClustalW 34 i 17 2 )5 51 b X, 3 B
b X 285 B RS X BB AR /Y 22 Fh R T
G AT AR 5 AR (8 o 45 5 8 MEGA 7.0 3
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B X T S BRI E O T O 5 PR o A Y AR
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BRHBAN, EEZ 1000 K, WA 7 iR, X 22
PN EE/EENY STRER S B SN S R NS
B, AR B M AL LePIPI 5 A o M AC 8 19 5 2
HORG R AR RN, 5M T H LR
% K R AN IR
2.9 ERHWRE LrrIp1 &R T 2 8 05 0 sh
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ARG IR T B AL LrPIPT 3 K AE T 52
R AFRIAE B K LrPIPT 35D AE M F P i
FHXTFIE . DURIE AL B cDNA S AR iF
7 RT-PCR [, 18SfEN NS 3, 25 R E
8 Fin . T 5l N B MAC LrPIPL K& RUAH XS &
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A LePIPD 36 (9 A X 355K 1 B 1
(P<0.05), LrPIP1 FEPH By Pt b7, 4 0 w7 g
J2 PR S AR A e 0 T R Bk 38 DA T K it 3K LrPIPL
S DL AT 22K 43 AT 3 R T 5 B R T
PE P EE G D2 B, LrPIPI JE B 0 A X 265k B
WCKA—ERERN L. HMET Dl R E
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HiAT BF 28 3E W 40 98 SA WA JE 40 i N H, O,
5,155 PIP 76 40 M 9 78 4k 7 it 47 5 o, 14
TS A M T N A IR B M aa e AR &
LA 0.1 mmol « Lt SA B, B E Pk B2 B
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CAG27864.2 4L % Oxybasis rubra (L.) S. Fuentes, Uotila & Borsch.
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82 AAG23180.1 76#83E Brassica oleracea L. var. Botrytis L.
ABC01884.1 L% ¥ Solanum tuberosumL.
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100 _CAAL33586.1 M % Nicotiana tabacum L.
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Fig. 7 Phylogentic tree constructed by PIPs protein sequence in plant
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Fig. 8 Expression analysis of LrPIPI gene in L. ruthenicum under water stress and exogenous SA
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TR 3 I AT R S A0 K 48 B T BE A G
A O 0 0 A A K 4 R A% L LePIPT 5
HAbREY) PIPs 5 [0 2 3 W2 )3 51 [l V5 M AR /& L JiF
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9 N i A C i 4 43 A & e BE LR SF B NPA ¥ 51,
Xl AR ST 0 5 AL 2 K GE G R A R .
JE Ty Re B DIAH Gy
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RN NI We e e = USSR O PO
PRFE S H B e 8 LA B e A b AT Th LA
BAEY R L B TR B RS
BRI 7 2 FE AR B U BN ) S D0 Rg 4 i
B Smod & BA EZMAEM. Maurel
251200 Van Wilder 2V BFGE & B0, B IR 1L &= 4= 9
Py AQPs 177 15 M 19 7 L A W 1R 9 1 AQPs
B L EE R AEAEAL T N B C 3 Y 22 & 5% Sk
o FEARBEFE T, LePIPL 25 85 R Ak o 41 45
TR FE AL E R LA 4 A2 E R
A0 5 A I W7 R s 1 T R 1 1 A
RF P R R, BRI LePIPT 3
5[ B 4 5 PIPs a5t L BE 88 5 30, 1 5 B i
R/ NS ANG o 3 SV POR S & £
FE oA ALY 56 R L 36 2 06 2R 59 ) B ) 94
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AU BIF 9 3IF B 7K 3 38 2 1 T R AE A A K 4 s
By, KAy W5 S PIPs Y b 8 35 3K o al 4 ) 3¢
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T . AE M 3% (Brassica oleracea 1.. var. Botrytis
L. )4 g b /K 3 25 11 BobTIP26-1 3 X 75 2% K |
52K rh #8545 A s Mahdieh 487 #F 5% &
UL AHED NtPIPL;1 #1 NtPIP2; 1 JE P 1 5% K

TET R E TS RV L NeAQPT 3 [H ) e
AKCEAG B B R T 5 R 3SR AL RS A
YK i 3 &L PIPs (MpPIP1;1 . MpPIP2;
DL BEA B WA T RE T R ik
WIS O BT 1 B S = B 7o - R
FHHE (Musa acuminata L.) M IR, MaPIP1;1
FE DA X 2 3 ik Bl B 1 198 5 7K ok 8 ek 2 52 3 39 1Y
AR B T RSB E TR AT R P
36 Ab BEAE i T BRET X 5 AR 86 LrPIPI
FEPRUAE 5 38 T AR D6 3k o 1 A8 A0 1 B A [
WFFE R, B MRS LrPIP1 3R 782 5 i D1
T E L&A, b D2, EHE A D3 T
LrPIP1 3 335 5 30 F o #0475 & F X 1]
CK,

A AR Z W 5T UE B, 4l ) 3 3% (L35 B 7% 1R
AR R KR AR 8 2D v LLJE K 08 18 8
ik, BN . KA OsPIP2;6 3N £ k2 5] GA,
IAA ABA 955 AAMEG B it ot FPS £F Me-
JA RN SA AbBER ik B, BRI EN, K
MR ATE NG5 F U B AM BB {2 it kg £
Jie AR B2 i KRS AR BT s sk R DY R
HMIR SA AL R, K FE I OsAQP JEH £ 35
VAL A Sk R IE R IR CK 19 2. 93 %, Hl
KT T Fhan T AR AT PIPs 3 [F AR X 26 1k 4
Xof SR 7K A T2 (1) W) g AF S BIF 5% 85 /0, AR WF 5 R IR
SN SA ABRAT S LrPIPL FE R A A 2635 L 78
BRSO T AMNEBE SA 5% LrPIP] FEH 35k
L AE R AR L SA nTES LrPIPL BE A
Fikia L, HEEWE T LR Z; 51HNE
SA AbIEE T TR i5E S LePIPI B &K
TS AR HE DU AT B 2 B SR A A AT DUHC AR 55
BT S0 L i AR SA S LePIP1 2 A

{37 S B AN ] (HHE B AR 98 P LB A iy ok —
AT

R BT BB T R a T R R AL B A —
ERYLREYE, B LePIPI 3R DLIE R 53 55 30 5
BFEh E R A R R A A A i R LrPIPI
SR RBT JH B SNE SA Ab PR TS S R
et LePIPI 35 B KB RIES H.O, L2
BN M K AR WAk S BN M RS 1 3 P A
Ik A S 2T w AL A, R0 PIPs A # iz
H, O, WIRE 77, DT 3 o JE SR At 4D A it SR . G
TR I T8 R R HLBE 2 sh 0 DL KK A R X
HF ka8 A1y B4 /E LR 45 A1 75 i — 20



33

Lok B 5 BAUMAT LrPIP1 BE R 14 58 B 4 5 K At /K 1 1R

HAE T 530 T 2K M2 « 317 -

ST o LUIA DAy 2k DR A Wi i

JK 53 75 A AR A ) 1 3

R TR JZE AL 2 3t B RTINS 5

FA A F

B - BRMFHFRAFERFTZ2"RABE L

FAERFB, EARATR AR R

VEERAEORI IR, EREATFTES
g Bt .

S #ELH Reference:

(1]

(2]

(3]

[4]

[5]

(6]

[7]

[8]

[9]

[10]

SINGH R K,DESHMUKH R,MUTHAMILARASAN M,
et al. Versatile roles of aquaporin in physiological process
and stress tolerance in plants[J]. Plant Physiology and Bi-
ochemistry ,2020,149.178-189.

KAPILAN R, VAZIRI M, ZWIAZEK ] J. Regulation of
aquaporins in plants under stress[ ]J]. Biological Research ,
2018,51(1) 4.

MAUREL C,BOURSIAC Y,LUU D T,et al. Aquaporins
in plants[J]. Physiological Reviews, 2015, 95 (4):1321-
1358.

FEIEN, EIA. TRMEET
SRATLIT. P52 A K 2 2
49(5) :447-452.

TANG S R,WANG T J. Analysis of sequence and expres-

F 7P SIP2-1 By 335 i F 5
iz Elﬂﬂ%{x()tﬁﬁ) 2020,

sion of SIP2-1 in Artemisia sphaerocephala under drought
stress[ J ]. Jowrnal of Inner Mongolia Normal University
(Natural Science Edition) ,2020,49(5) :447-452.
B35 . 3 b K G AR R TR G I e R SR
AHTID]. AR ZRZ - LA AR K . 2020.
LI Q Y. Genome-wide identification and transcriptome anal-
ysis of aquaporin gene family in Nicotiana tabacum [ D].
Tai’an Shandong:Shandong Agricultural University,2020.
JAJR B BT R KRG GsPIPI-4 B R 32 i K W T 520 1 1F 5
[DJ. UM - #i7 7TK 4 , 2020.
ZHOU Q ZH. Studies on the GsPIPI-4 gene from wild soy-
bean(Glycine soia 1..) enhanced drought tolerance in soy-
bean(Glycine max L.)[D]. Hangzhou: Zhejiang Universi-
ty,2020.
WO RS LS EYKE B R A B R L.
o> THEY) ﬁ“ﬂl.2019,17<14> :4674-4678.
XU D, XU J J, LI B, et al. Research advances for plant
aquaporins| ] ]. Molecular Plant Breeding ,2019,17 (14)
4674-4678.
UEHLEIN N,OTTO B,HANSON, et al. Function of Nic-
otiana tabacum aquaporins as chloroplast gas pores challen-
ges the concept of membrane CO» permeability[ J]. Plant
Cell ,2008,20(3):648-657.
SARDA X, TOUSCH D, FERRARE K, et al. Two TIP-
like genes encoding aquaporins are expressed in sunflower
guard cells[J]. Plant Journal ,1997,12(5):1103-1111.
FEAE AL, Kk £ B, WO E, L /N Kl GE e
TaTIPI-1c-4BL 1 5 M5 &R AT L], bR 48

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2020,29(12) :1-9.

DU SH SH,ZHANG Y L, TIAN SH J,et al. Cloning and
expression analysis of wheat aquaporin gene TaTIPI-1c-
4BL [J]. Acta Agriculturae Boreali-occidentalis Sinica »
2020,29(12):1-9.

Wtk W LR S R B KA OsAQP B IR %
SRR Sr R L], [315'5%1&#%%%’5’5%?*&»
2019,35(6) :678-686.

PENG J J.ZHANG J,WANG M N,et al. Overexpression
of rice OsAQP enhances salt tolerance of transgenic Ara-
bidopsis thaliana [ J]. Chinese Journal of Biochemistry
and Molecular Biology .2019,35(6) :678-686.

& HE IS 30,5 R MRS i B 0 R Sk 4
AALTE PERFSE [T, A A RF#,2010,31(13) :259-262.
L1J,LI SH ZH.FENG W,et al. In vitro antioxidant and
free radical scavenging activities of total flavonoids from
the leaves of Lycium ruthenicum Murr. [J]. Food Sci-
ence ,2010,31(13) :259-262.

A R, BT, R SRR B AL R
LI R A r 2] ], T R XS, 2017, 34(6)
1362-1370.

KEJ,LI J,LU H Y.et al. Change of stomatal aperture
and ultrastructure on Lycium ruthenicum Murr, leaves
under different conditions[J]. Arid Zone Research ,2017,
34(6):1362-1370.

EEE KEFTREWIE T RT-PCR N2 2 K A 07 ik &
PIP2s FER MBS HTLD]. 0 FIPE R« Y 520l ol K2
2014.

JIAO ZH J. Selection of reference gene of Stipa grandis in
qRT-PCR under drought stress and analysis of expression
of PIP2s gene[ D]. Hohhot: Inner Mongolia Agricultural
University,2014.

ARON M B,LU S, ANDERSON ] B,et al. CDD:a con-
served domain database for the functional annotation of
proteins[ ] . Nucleic Acids Research +2011,39:225-229.
COUR T L,KIEMER L,MOLGAARD A.et al. Analysis
and prediction of leucine-rich nuclear export signals[]].
Protein Engineering Design & Selection s 2004, 17 (6) :
527-536.

KONSTANTIN A,LORENZA B,K JURGEN, et al. The
Swiss-Model workspace: a web-based environment for
protein structure homology modelling[J]. Bioinformat-
ics +2006,22(2) :195-201.

MARTINIERE, ALEXANDRE, LI X, er al. Salt stress
triggers enhanced cycling of Arabidopsis root plasma-
membrane aquaporins[J]. Plant Signaling & Behavior
2012,7(4),529-532.

TORNROTH-HORSEFIELD S, WANG Y, HEDFALK
K. Structural mechanism of plant aquaporin gating[]].
Nature ,2006,439(7077) :688-694.

MAUREL C, VERDOUCQ L,LUU D T. Plant aquapor-

ins: membrane channels with multiple integrated func-



» 318 -

[

NI

31 %

[21]

[22]

[23]

[24]

[26]

tions[ J ]. Annual Review of Plant Biology, 2008, 59
595-624.

VAN WILDER V, MIECIELICA U,DEGAND H,et al.

Maize plasma membrane aquaporins belonging to the PIPI
and PIP2 subgroups are in vivo phosphorylated[ ] ]. Plant
Cell Physiology »2008,491364-1377.
VBRGSO L . BN PIP2; 4 JEH AR W) (5 B4
Fe T 0T B RS R IK AT LD ], U Al K 2 2 i
2020,38(5) :538-544,

CHEN L Q.LAI M X,FAN H F,et al. Induced expression

in drought stress and bioinformatic analysis of PIP2; 4
gene in Cucumber[ J]. Jowrnal of Sichuan Agricultural
University +2020,38(5) :538-544.,

BARRIEU F.MARTY-MAZARS D, THOMAS D.et al.

Desiccation and osmotic stress increase the abundance of
mRNA of the tonoplast aquaporin BobTIP26-1 in cauli-
flower cells[J]. Planta +1999,209:77-86.

MAHDIEH M, MOSTAJERAN A, HORIE T, et al.
Drought stress alters water relations and expression of
PIP-type aquaporin genes in Nicotiana tabacum plants
[J]. Plant and Cell Physiology.2008.49(5):801-813.
SRR SRR R, R0, S5 R RS R AL GG R S K R
5K TE R P R R 0 T 5 A A e [ ] v Al
4% ,2015,24(10) :109-117.

HAN X Y, ZHANG L S, WANG ] F,et al. Hydraulics
characteristic and aquaporin expression of several apple
dwarf rootstocks in responses to drought stress[J]. Acta
Agriculturae Boreali-occidentalis Sinica , 2015, 24 (10) :

109-117.

&L B R IR K GE G A S A 2Rk A S e b

[27]

[28]

[29]

[30]

[31]

(D] UM WA bR R 2, 2014,

YU ZH. Expression and cloning of plasma membrane
aquaporin gene from cucumber leaf[ D]. Hangzhou: Zhe-
jiang A & F University,2014.

XU Y.HU W.LIU J H,et al. A banana aquaporin gene,
MaPIPI1; 1, is involved in tolerance to drought and salt
stresses| ] ]. BMC Plant Biology,2014.14:59.

ZE ek, AR ) L W SC S KGR GE R (1 S5 B OsPIP2; 6
MYy RE A AT L], AR, 2013, 46 (15) :3079-3086.

LIR,NIU X L,MIAO Y W,et al. Functional characteriza-
tion of the plasma intrinsic protein gene OsPIP2; 6 in rice
[J7. Scientia Agricultura Sinica 2013, 46 (15): 3079-
3086.

FERBE. MeJA Fl SA XF FIREL B =il & B ¥ & FPS %
B FERE[D]. W /R AR AL bRk k2, 2012,

LI CH X. Study on triterpenoid biosynthesis regulation in
birch saplings by MeJA and SA and the key enzyme gene
FPS cloning[ D]. Harbin: Northeast Forestry University,
2012.

LIU Y J. Metabolism and interaction of C and N in the ar-
buscular mycorrhizal symbiosis[ J]. Chinese Journal of
Applied Ecology, 2014, 25(3):903.

sk BT 2 Rl AR A a7 Rb IR KRS Os-
AQP He[RI 3k 5z [J . 1] v U i K 2 2% 4 CH SR RL 2
Ji) .2016,44(1) :105-109.

ZHANG J,LIANG W H. Effects of seven phytohormones
and two abiotic stresses on the expression of rice OsAQP
gene[ ] ]. Journal of Henan Normal University ( Natural
Science Edition),2016,44(1):105-109.



3 1 i R A SRR AL LrPIPI i R AY B K 8 5 I AN it /K A% I %8 HAE T 52 i T 3 312 19 2 ) + 319 -

Cloning and Identification of LrPIP1 Gene of Lycium ruthenicum

and Effect of Exogenous SA on Its Expression under Drought Stress

MA Yonghui', LI Jin' and KE Jing”

(1. Xinjiang Key Laboratory of Special Species Conversation and Regulatory, Key Laboratory of Plant Stress Biology
in Arid Land, College of Life Sciences, Xinjiang Normal University, Urumgqi Xinjiang 830054 ,China;
2. Urumgqi 13th Middle School, Urumgi Xinjiang 830000, China)

Abstract Plasma membrane intrinsic proteins(PIPs) is an essential multifunctional protein involved
in many physiological activities of plants. To investigate the role of Lycium ruthenicum Murr. PIP
gene in response to drought stress. In this study, we cloned a PIP gene in Lycium ruthenicum Murr,
named as LrPIPI . Bioinformatics were used to systematically analyze characteristics and phylogeny,
predict secondary and three dimensional protein structure, and construct phylogenetic tree of LrPIPI
protein. Lycium ruthenicum seedlings were treated with drought stress and salicylic acid(SA) in dif-
ferent gradients and the expression levels of LrPIPI gene were checked by Real-time quantitative PCR
(qRT-PCR). The results showed that transcripts of LrPIPI gene expression were significantly raised
under light drought stress compared with CK treatments without SA treatments, and the expression
of LrPIPI was up-regulated compared with CK under moderate and severe stresses and down-regula-
ted significantly compared with CK. Under drought stress, SA can regulate the expression of LrPIPI
gene, comparede with CK the transcripts of which were down-regulated under mild drought stress,
but up-regulated under moderate and severe drought stresses, the expression of LrPIPI was signifi-
cantly improved. Taken together, these results demonstrated that the LrPIP1 gene might play a cru-
cial role in regulating the abiotic stress response in Lycium ruthenicum. Thus, this study lays the
foundation for further illustrating functions of LrPIPI1 gene.

Key words Aquaporins;LrPIPI gene;Drought; Lycium ruthenicum Murr. ; Salicylic acid
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