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Functional Identification of Potato Gene St4AVPI to Enhance
Drought Resistance of Arabidopsis thaliana
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Abstract: Potato (Solanum tuberosum L.) is the fourth largest food crop in the world. To explore and
identify the biological basis of drought resistance genes is an important way to cultivate new varieties of drought-
resistant potato. Potato StAVPI gene is involved in material transport across the vacuolar membrane and plays an
important role in plant response to material transport and abiotic stress. In this study, the StAVPI gene with the
full length of 2301 bp coding region was cloned from the leaves of ‘Atlantic’ potato. Bioinformatics analysis
showed that the StAVPI gene contained typical H -pyrophosphatase domain and 13 transmembrane domains,
which had high sequence similarity with AVP1 protein of related species, and was predicted to be located on the
vesicular membrane. Tissue expression pattern analysis showed that St4VP1 gene expression was the highest in
flowers and the lowest in tubers. The biomass and root length of Arabidopsis thaliana plants overexpressed in

StAVPI were significantly higher than those of wild type, and the contents of malondialdehyde in leaves of
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Arabidopsis thaliana plants overexpressed in StAVPI were significantly lower than those of wild type under

drought stress, while the contents of superoxide dismutase, peroxidase and proline were significantly higher than

those of wild type. Stress response genes such as DREB were significantly up-regulated. The results of ColP test

showed that StAVP1 directly interacted with StRAB, and AtRAB gene expression was significantly up-regulated

in Arabidopsis thaliana strains overexpressed in St4AVPI under drought stress. In this study, through biological

information analysis, heterologous expression phenotype, physiological, functional verification of gene

expression, protein interaction analysis, potato St4AVPI gene is an important gene source for potato genetic

improvement.

Key words: potatoes ; drought stress ; St4VP1 ;expression analysis; RAB
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fRAERERRER (PPL) P A2 A HHBE T A H BRI ST 7]
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RE A R T VR V6L A i R Tl o 1 2 0 b o, A A —
A e B VR B o F AR 2= R T, S B0 P IRk

FRE = 1) s 5 ol , b7 Ik A AR R A
o ARSI P A A 5 4 BT B, AtAVPL AL
A FT 32 KR P (AtRLK, receptor-like kinase)
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DH S0 K TE & RAREE R (100 pg/mL)[#) LB [& {AF
M b LB WA K 75 5L b 5 5% SR USR5 b 20
BamH 1 F Sal TRUEED) % 78 1E 6 14 55 20 F 8 A
%} StAVP1-GFP,
1.2 StAVP1 E[E=ER FF 5 534

DL £ Et  cDNA ¥ 81 A , 2K ] Primer
Premier 6.0 511549, ¥ 21K StavP1 FEH . §14
T 28 B R W ERE I F DK A I [l B 9 R B R E
1) 5 DL i 4 S B A AR, FB A R A 7T O 1 PR o
SERESEA TN S g R

A TMHMM Server v 2.0 (http: //www.cbs.dtu.
dk/services/TMHMM/ ) 7E4% 73 B 5 B 45 4435, GS-DS
W %5 (http: //gsds. cbi. pku.edu. cn/) 7E 28 73 I & [H 4%
¥, F] F§ LocTREE 3 (https://rostlab. org/services/
loctree3/) 7E £k Tl I 25 11 0 40 AfL %€ {7 , SWISS-
MODEL (https : /swissmodel. expasy. org/) Tl #ll| 25 [
Jit = 4k 45 K, WebLogo (http://weblogo. berkeley.
edw/) 7 Hr 8 AR SF)IT 41, Mega XA B 8 1 &
SR
1.3 WETEARTEMNELE

4 % ik 3 K StAVP1-GFP %% 1k & T
GV3101, Fif B R AL ARG T, SR T AR+
TS AR R (25 pg/ml) B9 MS [ AR 575 1 i vk
PHPERR R . BRI R IR IT 4 PCRFE RS | T
e RR R 422 A 523715 T, X StAVP-GFP #l R 57
MR, T RS2 Y6853 1T -
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Table 1 Primer sequence used in this study

ZEENHE 1 min, 10% NaClO F10.01% Triton 145K
TH#E S min, 8255 FJCR KT VE4 U, BRK 1 min. K
THER R RT3 1/2 MS R 3R3E 14 CFfk2 d,
J& BTN ARG SR G IR RIS E] 2y 16 h/8 h,
TREE 22 °C X 80%0+5%

BRI AR, W95 7 dJE , e ARG 5 5 5
10 dJF EERERSAR/N—EU AT B4k 2 5 KR 3k
FT) R, 3 MK TR, JETTIE o 97 4 i
PEA=6:3:1,

LR T B AR S TS A K 21 dJ L 1B 45
P2 WA K 7 d, TS aa 4525 S R Aok,
IR A K 7 d, B B DL I 2l e e, R Ak
3N ES
1.4 EEFREHH

U A R RNAS [R] 3 e3R8 0k 2 2 il B BUE RNA
(RNAprep Pure #4752 RNA $2HGR5] &, KA A4k
B (b)) A RA W) | % 5% 4 1 cDNA (HiScript
IV 1st Strand cDNA Synthesis Kit(+gDNA wiper) , 7§
SUEMERE A IR I AT PR D) o AR AS [ L R
BT S 9EOEE 1 PCR A 759 (K 1), LLAtEF 1o
YE RN Z N . R SYBR YL kL 1T qRT-PCR
FENEFH 224 RS M ek i BEAMREAC R
523K, R student ¢ K55 . A R AL G AR
cDNA 1uL, | #5445 1 uL, PCR reaction mix
10uL, ddH,0 #b 2 2 20 pL; 4 FEF R 95 °C 30 s;
95 °C 105,60 °C 105,72 °C 15 5,40 PMEFR,

SR LU ) T (573) ik
Gene name Forward primer sequence(5'-3") Reverse primer sequence(5'-3") Purpose
AtEFla TACGCATTGAAGACCCTCCAC TGGCCACACTTGCTTAGACAA eSS
StAVPI GGATCCATGGGGTCGGCGTTGTTG GTCGACAAAGATCTTGAAAAGGATAC 18 StAVP1 KN 4K
qStAVP1 TCCTGCTGTGATTGCTGATAA ACAAGAGCAGCACAAGATGAT qRT-PCR e L R e 15 B
qAtDREB TAAACCAGCTCACCCAATCCC CGGTTCTTGGGGAGTCTGATC
qAtNCED1 TGTCCTGTCTGAAATCCGCC CCCTGCTTCGAGGTTGACTT
qAtP5CS1 GCAGGCAAAGGCTTCGTTATC AGCACAAGCCTTCCCATCAA
qAtRD224 GACCTTTAACTCTCCCGCTA GGAAGAGAGAAACCCTCGTA
qAtLEA CGAAGGATACGGGACAGGAAC GTGAAGCATTCCTCCCAAGCC
qAtRAB CGTCAGATTCTCGTTGAGGGA TCCAGGTAAGAATCATCAGCAA
1.5 &IEFEHREN filf ( POD, peroxidase) 7 #4 , N — & (MDA,

T A R 5 O[] ek 2k vk 2R I R R R A Ak
Yy 5 4k T (SOD, superoxide dismutase) . i & 1L )

malondialdehyde) . Jfi Z 2 (Pro , proline ) 7% f K A1 R
SR AR ) CARRBE ST R G E A
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2 d, FiEE AR 5595 2~3 d, 9% BB AR F A 1
Blo BURICHIHE I 5 3RS, BT 4 CR ™,
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PAGE Fl Western Blot #5:i]2',
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A:StAVPIIER 5il ;s B: StAVP 1 RS IRES IR IMIT ; C: StAVP 1 HERZ5H 7347 D - StAVP 1 85 1AL (T ; B StAVP 1 8 1 = HESS AT
A:StAVPI gene cloning; B: StAVPI protein transmembrane domain analysis; C:St4VP1 gene structure analysis; D : StAVP1 prediction of protein
subcellular localization; E: StAVP1 prediction of protein three-dimensional structure
El1 StAvPl EEEEMEMER ST
Fig.1 StAVPI gene cloning and bioinformatics analysis
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3 AW B AR S T T, StAVP 2R FI7E
20~752 A HE IR 2 () A7 13 SR Hy 1 (14 1B) .
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PR Ih 5 th 4% B StAVP1 2 1751 4 K R fie
T, 5 AR R R N GRS 1 R %O R
L (E2),

StVP-like (42 Solanum tuberosum, XP_006341399.1)
SIVP2 (F&iili Solanum lycopersicum, NP 001307479.1)
LbVP1 (42 Lycium barbarum, QBI71978.1)
NtVP-like (MH¥E Nicotiana tabacum, XP 016472529.1)
OeVP-like (B Olea europaea, XP 022872831.1)
SiVP (Z K Sesamum indicum, XP 011073387.1)

MeVP (A3 Manihot esculenta, XP 021626845.1)

L VvVP (Hi%] Vitis vinifera, XP 002273207.1)

99| L— GmVP (KE Glycine max, XP 003528302.1)

AtVP (RUFISF Arabidopsis thaliana, NP 173021.1)

HvVP (K% Hordeum vulgare, XP_044957737.1)

L 7ZmVPIl (FK Zeamays, PWZ10703.1)

OsVP3 (Hifg Oryza sativa, XP_025879380.1)

MtVP2 (714 Medicago truncatula, XP_013454481.1)

B2 StAVP1EHZRSHNL O

Fig.2
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BN, StAVP FER e e h Rk e, M i
1 445 i HESE AR i Rk fE Ik, 430 i
R 2,548 2345 LAGS  FEP A RA AR,
A FHE 0.3 75 (E 3)
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Sk B LR T P S5 R 3K StAVP L R 15 235 )
MR AR AT, T StAVP] ik B i@ 34 T,
RIEL LRI RE TF iR 2R, DU AR U400 R I 0 %o B 6
F R TY o[RBT 52 ae 2 %) 3% )3 1 s 3R
Xof i I DR R A AR R AR E K 7 do S5 EHR, IE

StAVP1 phylogenetic analysis of proteins

5 StAVP1

ok

K

LR ES
Relative expression level

-
0-
i i E S A G T
Leaf Root Stem Tuber Flower Petal Stamen

RS ZOR A LEEAE P< 0,05 P<0.01 KF-22 57 3%
* and ** indicated significant differences compared with leaves at
P<0.05 and P<0.01 levels, respectively
B3 StAVPI EARFIRE PHIRES T
Fig.3 StAVPI tissue expression specificity
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K
Jg T ST StAV P HE R R 5 A )
43 T ML, 8 i qRT-PCR 43 #f T DREB . NCEDI .
P5CSI .RD22A4 .LEA 30 )3 25 A DG KL T 3R I8 7K - o
gE RN (L S)  FEIEH KA AT, 55 A AU
L, 3L 3K StAVP 1 AR DREB R 338 /K- 450
AR (B S5 180, RD224 \NCED1 \LEA ,P5CS1 %:[H

C
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OEl OE2 OE3

IE AT
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D h
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F
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= ‘g 1501
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g 5 100F
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—~ = == r _
> 200 g 300 e Z 800 .
2 5 =) g Qb‘g xk K =
o0 1 - ~ 3 2 L
22 = £ 200f 2§ 600
Z 8 vl g #H o =
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pupEs o 100+ 2%
&£ sof R £ 5 200f
K SE P
= = =) 0 Jlf
EHAE TR g ERAE TR A ERAE TR
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AER A TR TR W R B 00 B IR A0 T B A AL 3 ML IR 22 (OE1 \OE2 \OE3)V- MR Ll s C~E - 14 I T 5HBHA T R 57
AR AR B P~ AR 0T R0 T SR T AL R AR R AL 5 % o ) IR TE R A5 260 15 B A AR HUASCAE P< 0.05 . P<0.01 /K225 .35, T 1)

A:Seed germination of Arabidopsis thaliana under normal conditions; B: The average root length of 3 transgenic lines (OE1, OE2, OE3) was

compared with that of wild type under normal conditions; C-E:Growth of Arabidopsis thaliana under normal and drought stress conditions;

F-1: Changes of physiological indexes of Arabidopsis thaliana under normal and dought stress conditions; * and ** indicated that there were

significant differences at P<0.05 and P<0.01 levels compared with wild type under the same conditions, respectively; The same as below
B4 RERIESAVPI NI E KA RIS
Fig.4 Effects of St4VP1 on growth and physiological indexes of Arabidopsis thaliana
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AAFRERE LH, FRBBEKAT, B4R
AVPI 3 R 36 3K K- 38 10E 7 K 4 2540048 e A
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E 80 F ek § §
60 o B
T E a0k o i _g 6 T wx IH .g 10 i
X'z s X'z X'z -
8 20% [ e 2 o T #3 . -
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] - K3 6f A 3 ok
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=E 2F 1 . = E 4 =
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Fig.5 Expression of stress-related genes in transgenic plants under water stress
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W StAVP1 5 RAB WY HAE & & ARWFFEAE
Th A SR 12 o [ G 1) AGRAB 14 [5) 5026 1, 4 2t
p1301S-StAVP1-GFP #1p1301S-RAB-GST #k{A 4>
SFACARKT R, TR G 2 PR R AR G Bt e, SR
A GST A1 GFP HLiA#EY 12 1 A4 2815, id )
Western Blot 5 {iF H.AF % 5 , ELHIflG 25 11 StAVP1-

IP : GST
input IgG IP

1P : GFP
input IgG IP

StAVP1-GFP

StRAB-GST

. . . o

GFP F1 StRAB-GST 43+ i K /N3 511 24 107 kD #1
120 kD, Z55FK X HREE 1 1gG 5 2 1A 44
22 H 485, T FH anti-GFP #1 anti-GST % 2k 43 51 i

TR M REEDIVE , HAR OB A 225855107, B
StAVP1 Fil StRAB £ f 4 4 JfL N A7 76 A 5 4E A
(1 6A) . [AI}, QRT-PCR Z5 &0, F 5 hif 414
T, 2 IR StAVP I IR IR FR I AtRAB 3k 7KVl

AtRAB

N Col mm OE1 mm OE2 OE3
sk

S
S

(%]
(=]
T

ok T

—_
(=]
T

LEROEISS 3
Relative expressiom level
)

S

IEH A

Normal

TEPE
Drought

A:Co-IP 1 HAESGIE ; B: AtRAB FEH F k7K
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