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Abstract

Korla pear (Pyrus sinkiangensis Yu) as one of the characteristic fruit trees in Xinjiang, plays an
important role in promoting agricultural production, farmers' income and regional economic development.
However, branch blight could cause serious losses to the pear industry, because of its damaging and difficult
to control effectively. The problem of Korla pear diseases is becoming more prominent. Therefore, the top
priority for the Korla pear industry at present is to find a green prevention and cure strategy for branch blight.
It has been identified that Harpin protein could be act as immune elicitor, inducing a defense response in
Korla pear and increasing plant resistance to blanch blight. Therefore, this study utilized the antagonistic and
growth-promoting endophytes to express the Harpin gene by a homologous recombination method, in order
to effectively improve the disease resistance of Korla pear. This will provide a new idea approach for the
biological control of branch blight.

In this study, we firstly screened endophytic bacteria from the branches of Rosaceae, and analyzed
antagonism with pathogenic bacteria and growth-promoting effects. Then, the Harpin overexpression vector
and the homologous recombination vector were constructed. The Harpin gene was successfully introduced
into endophytic antagonist by electrical conversion method to obtain the overexpression strain and the
recombinant strain; Analysis of the control effect of Harpin gene heterologous expression strains on isolated
plant tissues; Finally, using RNA-seq technology, the recombinant strain-treated branches were subjected to
transcriptome analysis to resolve the Harpin protein elicitor elicitor induced immune signaling and regulatory
pathways in Korla pear. The main findings are as follows:

(1) Fourteen strains of endophytic antagonistic bacteria were isolated from the branches of Rosaceae,
including Bacillus velezensis (1 strain), Bacillus atrophaeus (1 strain), Bacillus halotolerans (7 strains),
Bacillus mojavensis (1 strain) and Bacillus subtilis (4 strains). The antagonistic effect of Bacillus atrophicus
PSL2 was good in the plate confrontation experiment and the growth promotion experiment. Therefore, the
Bacillus atrophicus PSL2 was selected to control branch blight of Korla pear.

(2) The constitutive secretion expression vector PBE2R-Harpin and homologous recombinant PCU-
Harpin vectors were constructed and transformed with Bacillus atrophicus PSL2 using the electroshock
method. Overexpression Bacillus atrophaeus PSL2-1 strain and homologous recombinant Bacillus
atrophaeus PSL2-2 strain were identified by PCR and sequencing methods. SDS-PAGE analysis of the
secreted proteins of both strains revealed that both strains showed a specific band at 39 kDa, similar to the

molecular weight of the Harpin protein. It was identifided that Harpin gene was successfully expressed in



the expression strain and the recombinant strain.

(3) In the leaf efficacy experiments, the average efficacy was 24.49% after treatment with the wild-
type strain PSL2. However, the average efficacy was 46.45% after treatment with constitutively expressing
PSL2-1 strain and homologous recombinant PSL2-2 strain of Harpin gene. The results showed that Harpin
gene expression significantly improved the prevention and cure effect of branch blight. In the branch efficacy
experiments, Disease spot inhibition rate of Korla pear and Pyrus betulifolia branch was 69.15% and 68.35%
after treatment with the wild-type strain PSL2, respectively. However, Disease spot inhibition rate was
75.23%~78.12% after treatment with constitutively expressing PSL2-1 strain and homologous recombinant
PSL2-2 strain. It can be tentatively inferred that Harpin gene expression enhances plant control of pathogens.

(4) In order to clarify the molecular mechanism of Harpin gene enhancing the disease resistance of
Korla pear, Branches treated with water, wild-type, and recombinant strains were transcriptome-sequencing.
The results identified 985 differentially expressed genes. The analysis showed that the Harpin protein could
regulate BAK1 to trigger the PTI response. Meanwhile, it increased the expression of disease resistance-
related genes associated with ROS accumulation, phytoalexin synthesis, cell wall thickening and early/late
defense responses in Korla pear branches. Moreover, it also activated the expression of signal transduction-
related genes, such as Ca?" signaling pathway, ethylene signaling pathway, jasmonic acid signaling pathway
and ABA signaling pathway. The results indicate that Harpin protein can activate various disease resistance
signaling pathways to enhance the resistance of Korla pear to branch blight.

In conclusion, Bacillus atrophicus PSL2 obtained by screening in Prunus salicina. It has a significant
inhibitory effect on the pathogenic bacteria of branch blight. Meanwhile, it could significantly promote the
growth of the plant. Heterologous expression of Harpin gene can activate immune signaling pathways in
plants. It can further improve the prevention and cure effect of the strain on branch blight. However, the
receptor target of the Harpin protein as an immune elicitor in Korla pear remains unclear. Therefore, the
specific signal-inducing mechanism needs to be further studied. In a word, this study provides a new idea
and method for the prevention and control of branch blight in future. It has important theoretical and practical
value for the sustainable development of the Korla pear industry.

Key words: Branch blight; Endogenous antagonistic bacteria; Harpin gene; Homologous recombination;

Korla pear
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1.1 Bttt & A E I

1.1.1 FHREN

e IR ENA B (Pyrus sinkiangensis Yu)J& T XU HHEMIN, SR Mg, MEai
ARG, HRWP, FESAER IR RS XN, R AL A ERT SR AR A . R
Wk B ARG ZR IR A T, bR LSk, w5 A BREE = RV IS wh 3+
BAHAR . DXl TR s ) Fodit X, PE/REhTT H 2. Bz, T8, B THom
FFH AR, FRME R E AR BT YA TR B T e 7R B A B A 1 Jo AT
PR T RRAER, 45 B R A AL A P T AR A . SR RIS 3 22 AR R IR 5
SRR RFTEERFEK R —, A TA 1400 ZEMNREE IS, 1Rl AN SN H A 2
i3 A AP

JiE IR B IE % VUG )\ IR, B C K R ROHT B B KA A AL, A B LR E R )
TR EAL L B ESRME T ERPE S, EERAR R TR R TS, M 2005
EF 2012 /R B EZFE A BER K EON 7.6 %o BTSRRI Ll
50 2%, &Et 150 24, FEERBA XL 1 TZ, ERNEREFRIRER
HEAE Y,

HAT, PRI EEME TR /R B, SR e, =1, w12, g
HEILN 2. EEEFRTIEEDNKE, B 7a2%W I IRRIKER B R K E LS, &
FIR I F MR ER BN FER R TR, FRTER. MR, BHE SR FH
R AR IB R TE, N ER BN RN ORI AR SR (i SEE RHEA)
PRABHRE B L ORR B P 1 4 T 0 T A A PR IR At 8 DR DT

1.1. 2 $hhfRiE T
R 78 & EH AR DE Ay BR SC QB (Erwinia amylovora) 5| RS A0 B H9W &, X 20RHE D)

HABCKMEREES], H OO 1780 SEAE 3L E AL HIM A 4y, I o A& 4R 2 |
FE . R AT ARUOL, S, 2000 4R 782 BUR M BRI RR 9 I8 R A THEE0E 578
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81101, KAk T 2016 SR N EHrsBHLIX , PHIS T Sk Rk gL E. amylovora
AR FFE, EAARKNA 0.9~1.8%0.6~1.5 um, AMRSAIEMR, AT, /£
T 5 %REMIR) NA B9t FiadE B KN, E amylovora PV, BH. K. W.
B ST B YAEA LR, R — BUE A Sk, BRNE E R, AL R
FREERT LAAE 1-2 RAEKE] 100-107 N4, A 100 ZF0 R RS 5EAHRY 8, —RiE
ARG ) EARAE R N 6 km/FEPO M E amylovora BI1R YL it 43 WA B0 KT B 2
FHEMARN, BFEIE W RFMMISZ S, E amylovora 75— MHIEH 2 32
T AR 230,

TEIAE RS, M 8552 BIRORJ3 98 S TR AR 55 i R I T PN 2% R 0 8 5 8 Al R A
0, IR KR — AR b o (B R B AR R Al o A AE IR AN 5242 T BB 0 I 7y A A 25
TR BN WA 2R DL AR 22 5 AN BT, — M R B, R IR AR
FEIHIAEZE, e R0 5 I8 K T8 g A eil A i e Ae, A5 )5 i 1 B0
FTEREATE A 0 2 AR 0 AE M by ENE 2, R RK, R, M. BR
A SPGB S Ak T 2 5 2y JBO (B0 A, 40T BRI GL AT 1~3 M IRLR,
FENIRCRAFE B, HTE RGN 5 TR Z WA AT PLAE Sl 15~30 cm, B B4 il 5 B AR
WIBET:, WHRES, SRR K b A E k. BEEREARIEE, FEEMETKE
AR T RATE G B, [FINEE B X O IR Se (A B, B2 AR IR K
5 211354551

via internal spread of
bacteria, infected
suckers and infection

on stigmas and are spread \\

Bacteria are disseminated from canker

to blossoms by insects and rain Vd

/7 Internal spreadof / I,
,/ bacteria to other ,’ /
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/ Formation of new = 7
s v e~
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—————————————
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Figurel-1 The disease cycle of Erwinia amylovora
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1.2 RAGTmBI A SRS

H1T E. amylovora (W47 5 E R R 5, 110 HEHL 5y BORh SRR I R 2R PERK,
ToEF A RBURIA bR, &R T BRI B a0 e, H AT R R
EE A DR L A IE A TP,

1.2.1 IEBEMM A

I e BT RN B B R AL UM E A AR RS E P S A, (HIX RO VARERS KK . R
B ERE ToRaR 31 ANREFPURTE, KPR ARG AL U e BT AR 4%
RO R R I A et 5 I I O B A I R S A AR OK DML, 9% - Harrow
Delight’. ‘Maxine’ . ‘Harrow Sweet’ %5057 i FH°7>8), Harshman %5 AXF 200 Z 3874
R BRGNS 2 RPN, TR RIAL ‘Hessle” SR KRN R 10,
UHEFEN 20 DNELEA R E R CEBR O CZREL XA R I BP0 1
[15]

1.2.2 k=EFZE

W2 T F ERAETHAEIARG, WA A N, PR o B3 . H AN AE
MRS R LERFPERPNOENR, BT RENPZ ARG R, PRk
[R5 B ARG FRBE KU AT R, R 2 B X 28 1E 7 e 257 i U BE R s
T3 S5 R A2 b R 255 FE BRI 2 1 BT IR A B, 2 B TR TR S0 e e A 22 2 7 2 — 10 (H 2
H il ORI AR B R 21 7 T ik, iz ik iR B Qe AR LR rpsL HRR
A%, FEUR IR E R R A2 0%, Bantleon A AT R AL B 2 UK E AL S T BE R R
N5 B R W2 B B0 80 %A1 90 % LA 11031, 7R B BN AN 28 =22 = 1 s 36 R+, 7EDY
AN H B 2= 7 HEAT IS T 50 oAl 1 By Kasumin % H 5% 32 B R D03
H] Kasumin TACER SR IEH: 3L b, E. amylovora BRG], A0 EbT-X] HE AL FH2H B
100 5o 5 HKALBERIRAAH LG, 72 HTA] )3 SR it F 1 Kasumin 450 AT 5% 575 240 1
kb T 100 594, EBAS1E R 40 Y% TE « MEMREE B 510 2 AR At 24 T A AL 9
RN e I TR AR ST R, 2 d IR Rk 23 70 9 95.63 %1 80.55 %, FRAUHERKIA 21
dM BRI, AP IR IR G R AR AR, SIS R U AR A ) I R R
BT LT, A T B IMUR 257 BGOSR PEIE IR, TR I 24 7] £ 5 B N 8 R Rt 233 Rt
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1.2. 3™X REEHE

BeM R A G, BB 0.5 %R ERRIVE R, FHEBTHE W 1 LN A K I R,
AL, JFFTEERZG AR IR 1 . W IR DR ANAEIN T, N R INHAZ R R, IR
PEHOTHIRG 25 TS SRS R R85 el A1 A e B8], AR SR A HUIN B B B BB R
BIE B, BB R B TR 80N 91 %, WnSHEF BT AN 135 BB BT 5 k%
Bt AR 22 B AR R R TR I B AR RR A, Cellind S5 PFA% 204 A8 15 X 0l g FR A6 2
A SR B GLAE 2, AT SO o8 JE AR ) AR 7, R E IS T IR S SR fE e R A,
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FERCRG I R AEHIX, R Sk G o FH B0 o & BRFORE 0 e DD A 0 1 R T 26

1.2.4 £YB5ia

H AR T AR e A K B R R T = A 5 R . IRBARE =, A LA
H & B AR =] T AR T AR e U . XS S IR AR 2 . B B
B AT DAIIEE R R, WA IR A E RN, R XA
Rk, A E SR TR A RIS R BP0 B T Y B AR M R, R R T R BTG, DU
FARAEY) SRR E R R A, BB iR12122%0), Sanford % 42 HAEMIB G, kBt
e v — LEFE B AR ) R A I A SR B ) R A, (HX — R IE M IR SR
07, FREAVBARIP AT 20 e 50 548, Skt L RIFRAEDERL, F-M
T4l A r=, REEAEYIBE IR R E T R UL, £ 2R B S50 1k f 5 P s ik
RiELZF AT B XM16 RIS HGR 25 BRI BT B 3 20 i 2 AR 1 /N XGRS B, XM16
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(221, Beauveria bassiana 08F04 Wi jii/NZ R 2R 1358, REAE A 70 HE 28 e M 250 1o & /b
64.4 %971, B. subtilis BY-2 7& MIHIZEAR 22 73 B 3RAT (1) N A4 B8 3 B bk, T8 5 il
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IEE] 200% LA BB PR 5N G AE Y NE T o B MR M T WSS i H R G T
/N 22 B8 i B R R W A 8 ) A E O P . A St B IR TR (Pseudomonas
aeruginosa)JT86 K IEEALER 24 h X HH 5 T8 1% 9% B8 (Sclerotinia sclerotiorum)~ A% 2595
B (Sclerotium rolfsit) FIHH B ST AL I3 B (Rhizoctonia solani) B A% i R ANH R HIAE] 100 %
LA 2 AN 2 it 2 ) 1] PR S T 2R 200 Anilll JT86 PR 1) 20 e B ook g it it 2, B0 JT86
AU AR R ARG AF4EREEAN LT PUEE; RIS B HRIEE JT86 I R AL 5 7 i B
W 2RS4, T 2 iERK KT, FEEZRRENE, AR
R A 22U

1.3 EWIRR T FHLE

TR AT FRATTNAR — 52 ) Bz R BRI OR 47, < B JBR> A2 24 o B3 T ) o o A o )=, il
INZBE B S JFAR 2 B B — ME R EY 9% R A, LR FRE R — R 505 R AH
Koy, Bl HOEAEY) B AERIP R S, CAB (hdk— 30 & gel0), Sy 1 HEHUm B i AE 4
IR, TEPDIZ BT H — AR B 58 B (1) S8 2R G R AR N B R A, FRATT
PR MR g R YRR 2 ANZR, 5 1 252 HAH M € A7 1)
IR I 52 7&K PRRs(Pattern-recognition receptors) EL 4% 1 1) 95 [ B8 FA 95 S5 AH 5¢ 4 T AR 5
PAMPs(pathogen-associated molecular patterns) (41 1 #H 5¢ 73 ¥ £ X DAMPs (Damage-
associated molecular patterns) i filt & (147 %% [ 87, ¥R 4 PTI(Pattern-triggered immunity),
TSR TE N T R RN, 23 0 WARNL B R A PTL: 26 2 )25 0% R4t A T
N ¥) NLR(Nucleotide-binding Leucine-rich Repeat proteins)S 4 85 [ B H2 5Y 7] H2 /8 s
J55 B 1) 2508 Rl (Effectors) A T fist & (B S 9% - #% 4 ETI(Effector-triggered immunity),
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SR PTI AN BTI (WSS MFE AL s AR AR B A5 & SR R S HE Ca? {55
ROS 155, ZZRFIHHE FEBEEMAPK) RIS 55, TRE A4 40 i 5 5~ F0 B 18R 1
FEAEBY SRR ARG O B I 20 PR T A A B P e 2 A, AT DUER G S R AR SR A O
&P o % RS S U7, A0 3 1T S0 0% 32 AR (PRR) FH 2 A6 FE R (RLP) A2 AR G
(RK) ZHJk, TEYE 2L B R AR 3 N\ A SR AR R T PAMPs A7, A4t B #E 6 i 3R A7
f1g22 FJKEHETS 771 gb Ak, o5 S5 A4 o] 3 i 4 AR R A AT B N A A SUE R,
TRE TSR B BERY . ZH AL ATP FIMHTE I IR IR % H R (NAD)®, X 4655
" DME N % 7> T (DAMPs), 5 J5fA PAMP 575 3 DAMP 540 /il K i 52 1k
PRR 45 & H0f il R 41 N B RLCK 1 MAPK FIBER 1L, RLCK BERRGELE T Ca®
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JETEF] RBOHD %8 MR EG AT 5 S HE A G5 B 10 o 93 i 1T 3t 2 TR TSU 85 o 8 B2 A Sk i P
SN, PR P ) NLR(E G S CNL A1 TNL) 5 52 AR [ RE A8 X Se s N 4, Bk )
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Figure 1-2 Plant immune system and signaling network
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