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Abstract: [Objective] China is the origin of the kiwifruit (Actinidia spp.), with rich germplasm resourc-
es and wide geographical distribution. It is one of the most recently domesticated fruit plants and has be-
come an important horticultural crop. There are 54 species and 21 varieties of the 4. Lindl. in the world.
Kiwifruit bacterial canker is a devastating disease in kiwifruit industry globally and caused by pathogen
Pseudomonas syringae pv. actinidiae (Psa). Psa is highly virulent, and once systemic invade plant may
quickly lead plant to death. It has been documented that the Pathogenesis-related 1 protein (PR-1) could
resist the spread of viruses, limit the invasion of pathogens and protect plants from adversity stress. In
many plant species such as Arabidopsis and tobacco, the overexpression of the PR-1 gene could en-
hance plant resistance to P. syringae. However, the PR-1 gene in kiwifruit and its role in responses to
abiotic stress remain largely unknown. The objective of this study was to explore the function of kiwi-

fruit Pathogenesis-related 1 gene (PR-1) in response to biological stress. This analysis could contribute
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to in-depth understanding the function of the PR-1 gene in kiwifruit disease resistance. [Methods] An-
nual grafted treess of kiwifruit species 4. eriantha were used as experimental materials. The full-length
sequence of the PR-1 homologous gene AePR-1 of A. eriantha was cloned and analyzed by multiple bio-
informatic tools. The DNAMAN software was used to compare and analyze the sequence of the AePR-1
gene. The conserved domain of AePR-1 protein sequence was analyzed by NCBI website. The Expasy
ProtParam tool was used to predict the molecular weight, theoretical pl, instability index and grand av-
erage of hydropathicity (GRAVY) of AePR-1 protein. The Cell-PLoc 2.0 software was used to predict
the subcellular localization of PR-1 protein. The phylogenetic relationship between the AePR-1 protein
and PR-1 of other plants was analyzed by the MEGA 11.013 software using neighbor-joining method.
The qRT-PCR was performed to analyze the expression level of the 4AePR-1 in different tissues and
flower organ. The expression of the AePR-1 gene in response to P. syringae pv. Actinidiae (Psa) bacteri-
al solution and Jasmonic acid (JA), Salicylic acid (SA), Abscisic acid (ABA), Gibberellin A3 (GA;)
treatments was detected by real-time fluorescence quantitative PCR method. The samples were taken at
0Oh, 6 h, 12 h,24 h, 36 h, 48 h, 72 h and 96 h after treatment and immediately frozen in liquid nitrogen
and stored at -80 °C for RNA isolation. The subcellular localization technology was used to analyze the
expression position of the AePR-1 gene in cells. The homologous recombination was used to construct
the 4ePR-1 overexpressed vector and heterologous expression was carried out in the tobacco to vali-
date the function of the gene PR-/ under Psa infection. All the experiments and data in this study in-
volved at least three repeats. The Excel, SPSS and Origin2023 software were used to statistics and anal-
ysis of test measurement data. LSD test (»p<<0.05) was used to assess significant differences in means.
[Results] The full length of the cloned AePR-1 gene sequence was 522 bp, encoded 173 amino acids
and contained CAP_PR-1 conserved domain. The relative molecular weight (MW) of protein was
19.28 ku and the isoelectric points (PI) was 9.28. The protein instability index was 41.54 and the pro-
tein belonged to unstable protein and the grand average of hydropathicity (GRAVY) was —0.261. The
subcellular localization of PR-1 showed that the AePR-1 gene was mainly localized in the cytoplasm
and cell membrane. The phylogenetic tree results showed that the protein AePR-1 was highly homolo-
gous to the AthPR-1 from Arabidopsis and CsaPR-1 from Cucumis. The qRT-PCR results showed that
AePR-1 gene was highly expressed in the roots and pistils. And after inoculation with Psa bacterial so-
lution, the expression level of the 4ePR-1 gene decreased at the early stage, increased rapidly after 6
hours, and reached its peak at 24 hours. With the prolongation of the treatment time of different hor-
mones, the expression of the 4ePR-1 gene generally showed two peaks. The AePR- 1 expressed the
highest on the second day after overexpression of tobacco. Therefore, Psa was used to infect injected
tobacco on the second day of tobacco transient expression. The results showed that on the 14th day af-
ter infection, the leaves of the empty control group showed large areas of yellow spots, while a small
number of yellow spots appeared on the surface of the leaves overexpressing the 4ePR-1 gene. [Con-
clusion] This study explored the anti-disease effect of kiwifruit AePR-1 gene in kiwifruit bacterial can-
ker. The results showed that the 4ePR-1 gene of kiwifruit was expressed in large quantities under the
induction of Psa bacteria and exogenous hormones, participated in the immune response of kiwifruit
and enhanced the disease resistance of kiwifruit. This study shows that the AePR-1 gene plays an im-
portant role in the disease resistance of kiwifruit and can be valuable for resistance breeding of kiwi-
fruit.

Key words: Actinidia; PR-1 gene; Pseudomonas syringae pv. actinidiae (Psa); Disease-resistant



1526 3 L)

S 4

413

F W) 22 7= A — 20 #2 A O B2 I (pathogenesis-
related proteins, PRs) S HLAHIH I it A= 0 11452 e Bl A
AR RS, 3R E LR R (TMV) R
LI e b s s I Bz B £ 4, PR
H SRR 7T 2 R0 F . HEUR S (HR) R4t 3K
131 SOV (SAR) 5 F % AR S AR A Y ia # Re
T AR N PR R H e S AR 225, PR 25 FAH
X3RN, BT oy YR B IR B L AR E
PR 5R , BE A RO FE 20 i A AN 4 B[R] AR R, FEAE A
T AN BT 77 A H AR .

PR & H W KI5 N 1T DKk, KZH 2 565
WS 5 A% 3, AT B2 v R Ao s i T R B e
PR-3.PR-4.PR-8 fll PR-11 %5 25 (1 B A JL T i B &
PEC PR-5 8 [ B A HUAH T TR 2 4% S0 7 1 s 82 1)
1E Y PR-6 B A & B HI77E M, Reig P4
AR HUR AR s PR-10 FL A A% W A% BRI 12 ; PR-
15 F1PR-16 HAT 4l 8 22 R Rk A5 R, PR-
| B A SR S pi s ik, i 5EY 8
B N AN ZR GEARATYE [ B, FE R i i 18 v k4%
HEMER"™", BRINAERL SaPR I-like 3% K 7 AE 1) Joy
BN W ARIK S5 AR AR P E JK RS PR-1
LR KR A 7 PR-1-3 A1 PR-1-13 TR 82 P K FE S0k 9
W (Thanatephorus cucumeris) " F1 [ M4 55 18 (Xan-
thomonas oryzae) J5" 31K & 15 B2 52 5 PR CAB-
PRI = RIAE MR B b i 30K J5 5 5 4% 3 5 e ik R 0 2
X B 4 A8 [ 2 DA R T i B2 B TR (Phy-
tophthora nicotianae) ~ ¥ (Ralstonia sola-
nacearum) F ] 7 H. ) #F 6 (Pseudomonas syrin-
gae pv. tabaci) FIHUTE" s UFF I+ PR-1 FEERI ) FR 2
Ha5g 7 T B A R (P syringae pv. tomato
DC3000) (14701 s #4761 %) VvPR1b1 K2R i 2234 T 4
B e 5 0 R 5L B O e S5 4H R (P syringae
pv. tabaci) BFIHLTE""™ o IR BT UL, AS [F4) Fh i
PR-1 85 H 25 3 26 AN ] FoAE FIALH A — 2,
R A 7480 52 7 S 5 ARABLER) T R

TH RPN (P, syringae pv. actinidiae , Psa)
52 9| BRIk (Actinidia Lindl.) 40 B8 M 15 5599 1 2
N R A T == R L 0 G N R T VAN S N
AR B M P2 R A5 RE A, H AT M TG B AR ¥R TR
M 1984 S IRAE H A R I A4, 41 B 14 35t 32
kSR AR % 0 Ynal 8 i SRR T
T W FUR B, SRR « 7K R A0 Wt 7 TR S5 A )

WO BE 5 3 PR-1 2 DR 304 T % 5 5 B A b7 AAE
FHE, 324 Ak, PR-1 2R A 15 B A S 82 H (1 Th RE A
o AG 6 2 P AR AR N FOKPI SR
FhAE Y b O A AH SCHIE IT , AR LE BRI R LA E
EEAE R RGN 4 2 R AN R S Rl (RO 0
PR A 0, DAGR 3% 050 A st ik, 2 A
T PR-1BEIK| () 55 4 L2 3R 3K B Wi I8 355 02 93 A /MR
W B FRIK G D, H sk — A5 B it JCAE A5 i o 7
AR ThAe , LA A SRR Bk A T PR R s
P HE PR K fg AT Brovs ML A B2 A B 10 St

1 MR

1.1 #H

BTN (A. eriantha) SRR I3 , TR
NN EERIE Rk (A, valvata) SR R URS 15, 4R AT
T 5 ] 205 B U5 AR 3 P O8N 5 AR R
5 (N. benthamiana) H 7 FE 4 b R} 27 Bg 45 M S 44 if
FURTARES A2 I S50 5 AR AT s Psa i 1R FH WYL A8 A0l R}
SBElE T TR . BRIk TR I S TR R
HREFEIANH, BBENT ARG R, K NE
IR 25 °C AR 80%+ 12 h 6 /12 h BB R,
Psa B# WK FH 4 IRBE 72 3L 85 9% , 75 20 °C. 200 r- min™'
PEIRYR 24 h, W EERRE 2 1x10° cfu- mL " J5 #EAT 42
e, ffH 5 mmol - L' /KR (SA) .250 mg - L' 7~ 5
# (GA») .50 pmol - L™ it V& B2 (ABAD X 542 P EAT 1
T AR, BT N AR 2 96 he k50
IR R R REA 2 R AL T 1 B T80 °C
UKFE IR 25 o
1.2 RNAEHEL k¥R

FIF 2 95 2 By RNA U & CRARA LR
AN FDFERURE i RNA , T80 CCUKFR PRI & . i
FH TOYOBO ReverTra Ace qPCR RT Kit(FSQ-101)
# RNA [ 56 4 B cDNA, [N AR &4 4 pL 5xRT
Buffer. 1 pL. Enzyme Mix. 1 pL Primer Mix. 4 pL
RNA.10 pL ddH,O. 5E%# RNA Al ddH.O il A\ PCR
B, R PCRAX 65 °CA2 % 5 min J5 & 10K b, f 0
NHABA 5y, SN FEFF :37 °C+ 15 min, 98 °C. 5 min.
S 3% S5 1) cDNA FR-17F--20 °CUKAF £ H
1.3 PR-1EERERRAZLXEST

15 T A 4 A 00F 56 1A ety 1O, 3 3 7 R Ak A
DRI £H 25 RO R 047 H 15 51 Lk, SR H 2R
AePR-111] CDS J¥ %1, 1§ F Primer Premier 6.0 %4 %



81

KB AR BRRBR LA S E E PR-1 3 K e BE AN DI RE 7 1527

5 L5 Y 5'- ATGGGGTGGTTGTGTA-3',
N 519 : 5'-CTAAATATTTTCTACATAGGTC-3")
18 4K 7 %1 ; f FH 2% TransStart®) Fast Pfu Master
Mix (At 2 & EVEARF R A FD AT PCRY
4, PCR 7™ IRl Wi Ji5 3% $2 T 34 (pClone007 Blunt
Simple Vector Kit, It 5T E RV AV RHEAH R A D, I
A2 K T TR RS2 75 4T B, P B o B ] A U
JEIEM T . 51YE SANIN R AE Bl A TAEY) THRA
PR A" 347, fd H Expasy ProtParam . H %} AePR-1
7 FVEAT AR XS 43 ot B 5 P R R R 1 S B AL Ay
PE 34T+ 8 | DNAMAN B %t AePR-1 R 41 ik
1T HEXT 4 BT 5 75 NCBI 33 43 1 AePR-1 28 [ )5 1) (1)
{5 5 Ky 3 5 T B Bk PR-1 28 (5 %1 78 phytozome
HH5 e b Blast £ 2 HoAR R R 741, 348 F MEGA-X
A48 #2125 (Neighbor-Joining) #4) i R Gt K A M,
HATRGEKE T
1.4 PR-1EFEMFTESH

K FH SE IO BRI, 43 BT AePR-1 FE R {E
AFHL R VZE A D) R TE 2% B OMfE 88
ST AE T AEFE) S BLLO TR R Psa Al
# (SA.GA; ABA) &b # J5 0.6+ 12.24.36.48.72.
96 h [ LIEIGHL . 9% E & 51 YN AePR-1F: 5'-
AAGACTACCTCAACGCCCACAAC-3', AePR-1R:
5-TTCTTCTCGTCCACCCACATTTT-3'; % ¢ & &
77N NovoStart SYBR qPCR SuperMix Plus ; [ W
& % 24 10 pL 2xNovoStart SYBR gPCR SuperMix
2 uL cDNA. 1 pL PR1 Primer Forward. 1 pL PR1
Primer Reverse.6 pL RNase Free Water; < N.F2 /5 A
95 °C T 1 5 min, 95 °CA £ 20 s, 60°CIE /K 20 s,
72 CCHEAH120 s, AP 2 JE D IR 40 M EFE . SR
2 AR BN BE A BBk N 2 L K] B-actin
(IR P B LS 3 NS I A ) 2
HMBEAREL.
1.5 IF4HAEE(L

8 FH — 38 5 1) B AR & (Rl R R R A TR
AFED ¥ H IR B B 3 pCAM35s-GFP H AR A7 A1
i C B 514 5-GGGGACGAGCTCGGTACCAT-
GGGGTGGTTGTGTAGGATG- 3', N iif 5| ¥ : 5-
CATGGTGTCGACTCTAGAAATATTTTCTACATA -
GGTCTTAAGCTTTAATACATAGG-3") , & il filt &
FIB ARG e A KA B RS2 A A M, BR T P TR 7
PCR PHPE % 52 5 26 Rilg A= T AW TR PR 2 =1

¥ B WU IE A 1 BH TR #4 AL A KT B GV3101.
L2 3 pCAM35s-GFP Ay % 8, 5% iV 5 7 142 e
THEL N R J 0, BT N AR 35 95 (R Ai B TA
LD #7%2~3 dJ5 , i O R BB 7 G X
SR AT U440 L 1 WL %
1.6 TRIAEIAEE R IR ERBFRTE AL

SR FH [ B 4 1) 7 V2 B B PR-1 B PR 4N
F| £ 15 344 PBI121 /1 (PR-1-121-F: 5'-AACACG-
GGGGACTCTAGAATGGGGTGGTTGTGTA-3', PR-
1- 121-R: 5'- CTGACCACCCGGGGATCCCTAAAT-
ATTTTCTACATAGGTC-3" , ¥ 1k £ ¥ B GV3101
J& » LS 20 0 PBI121 /R B8, R B M 8 T 3% B2 vE 4
(1) 77 ¥ BEAT I ) 2 TR0, e Ak BRI IS5 T8 N T
Braefarp s R (P E R LD . EEF 1.2/13d
B 23 S Kar il PR-1 238 5, i 1% Psa B VAR % %
FIB MBI S AR ] o SR J5 K Psa TR VRV S 21 1% N
FIB I BEAE R B o, Ab 3 E BT B AR A
TARAE P Ak LR 5%, E S F (R AL,
1.7 HUBRSH

X F Excel A1 Origin 2023 A4 X 38 2 s 34T
it o i Bk o B R 2241, K H Dunn-Sidak £ H L
BOTEAT 2 7 BB VR, B3 KR E M 0.05.

2 AR5

2.1 PR-1ERAM=ERFIISH

FEAERR R R T oe B 3R AT 1 5% PR-1 521X, im 44
N AePR-1. Til%15% cDNA 4K N 522 bp, 3L 4 fid
173 NRAHERR . I 7 2% W 3k Expasy % H B A0 R4
I3 W7, R B AePR-1 &5 [ AH XS 4 F i &4 19.28 ku.
LN 9.28 AR E RECHN 41.54. K AePR-111)
F7 50 5 AR5 Mk (A, chinensis Planch. var. chinen-
sis) AcPR-1 [ 547 RIYE EL X, 7R & (5] CDS 741
AR 12 AR AR VB AR T AR
FRANE  (H 3 B T 173 AR ER. @ xt
AePR-1 5 AcPR-1.AthPR-1.NtaPR-1 [&J5 & 4 541
IIHT s RIRIX L 7 5 8 B A 6 AR ST 1 bk = R 45
M FE 7 (SEZRHEFR 7R ) A1 4 4> allergen V5/Tpx-1 relat-
ed fR5F IS5 B R ZRHER ) (B D .

P T BBk AePR-1 5 H AR ) PR-1 2 (1 1)
RERKBW, KK B W2 RS T K% EgrPR-1,
K& GmaPR-1 %54y 32 fIA] 1] TcaPR-1. %] %] VViPR-1
S AN B K s (B 2) o B AR TR Bk



1528 R L)

k
=5
R
Bl

AePR-1 NMGWLCRMS S LALAS LMY AMYHS S LAQNS! P QDY LNA[RMARUIA AQY 4% 65
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(R i e
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AthPR-1 'NEKBY. . ........ 161
NtaPR-1 YRGSY. . .......... 126

FEA4L: AePR-1 (DTZ79_19g02670) ; H14£: AcPR-1 (Ach26g253311) ; {77 : AthPR-1 (AT2G14610) ; A% : NtaPR-1 (P08299) . SLZRHER R
PR5F R TR S5 M BT, AR HE R IR allergen V5/Tpx-1 related fR5F IS5 F115
A. eriantha: AePR-1 (DTZ79_19g02670); A. chinensis: AcPR-1 (Ach26g253311); Arabidopsis thaliana: AthPR-1 (AT2G14610); Nicotiana taba-

cum: NtaPR-1 (P08299). Solid border indicates conserved cysteine, dotted box indicates conserved allergen V5/Tpx-1 related domain.

1 AePR-1 5HAt PR-1 EAFFIEIRMESHT
Fig.1 Alignment of the predicted amino acid sequences of AePR-1 and other PR-1
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Fig.2 Phylogenetic relationship of AePR-1 with other plant PR-1
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Fig. 3 Subcellular localization of PR-1 in tobacco epidermal cells
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Fig. 4 Analysis of PR-1 gene expression in different tissues and flower organs
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Fig. 5 Analysis of PR-1 gene expression after Psa infection and hormone treatment
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Fig. 6 The expression patterns of AePR-1 after transient expression of tobacco (A) and infection results of Psa (B)
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