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Abstract

Introduction: Changes in the resistance to bacterial soft rot in potatoes can be linked to

the expression of pathogenesis-related (PR) genes. The aim of this study was to

investigate the relationship between the accumulation of PR genes and the induction of
resistance through infection of potato tuber cells with pathogenic bacteria at different
temperatures in order to effectively combat bacterial soft rot disease in potatoes.

Materials and Methods: Pectobacterium carotovorum 2A, Pectobacterium

atrosepticum 36A, and Dickeya dadantii ENA49 were used in this study. For bacterial

infection, the potato cultivars semi-resistant cultivar Scarab and susceptible cultivar

Vesnianka, were used. The factorial experiment with three replications was carried out

according to a completely randomized design. The relative level of mRNA copies of PR

genes was determined by RT-PCR using primers of these genes. The mean values were
compared according to the LSD test. Results: The experiments demonstrated the
induction of PR-3, PR-5t and PR-10 in potato tuber cells in response to infection with

P. carotovorum 2A, P. atrosepticum 36A and D. dadantii ENA49. It has been shown

that the degree of induction of resistance genes depends on the temperature and the

potato cultivar. Conclusion: It can be concluded that significant changes in potato
resistance to bacterial soft rot at temperatures of 28 and 33 ° C are associated with the
expression of these PR genes.

Key words: Dickeya, Pectobacterium, Scarab, Vesnianka

> hossein.pasalari @Hormozgan.ac.ir

76


http://dx.doi.org/10.52547/pps.10.1.76
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.1.2
https://yujs.yu.ac.ir/pps/article-1-321-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22519270.1399.10.1.1.2 ]

[ DOI: 10.52547/pps.10.1.76 ]

e PR 054w 0lo s 2bySSh o (Sovmn & (G ji Cuoglio o abal
Plant Pathology Science Vol.10(1), 2021

PR o5 4w ol 8 LU xS0 o (Soumwgs & (oo joumw Cooglio oy il

G)YL“L;Q-:-W-"'
Olpl e mlie jois ()5 50,2 olKiils colie Sk ui;)‘j,o—l Ve ST IAY 09,5
ARV 7A B ERVEURY AR S VARYES SR | AR

PRGOS 4w ol s bySh py (Somms @ (coojomms Cwglie G alal, (VWAR) 2 o VLG
Doi: 10.2982/PPS.10.1.76. Y$-Ad () + LS clisis low il

oS

Lo lagy Olo b Sl (Sen (2L 8L o5 (Sdewg 4 (Soejimms Suaglie )3 i taoddie
aw Glo mhw oo dal) ) ieeh opl sl 5l Gas ol asly bLs | (PR) olis,les b
LSl b Gaeiam load il ladshe iluoogll azms jo Cuglie Wl 5 PR (5
Slgo 39 (Foejra LSl pF (Shwn Silom e Sl johite 4 calize slales 10 I Lo
Pectobacterium . Pectobacterium carotovorum 2A s aSL b pgy 9
o)l ) o slapd, wal okl Dickeya-dadantii ENA49 4 atrosepticum36A
ol Sl s iU L (Sodll slp 58 (solom 4 olar Bilinny 5 (s)low @ pglindoss
b beases slaws ol sl LS5 aw b Bolas LlS b b b,eiSl & sody iales]
ooy opl 4 by slo 55kl SeS L bly ey ;0 PCR &b 5 PR slagys 5l MRNA oo
s PR-5E PR-3 slays oyl e oaidly o slowil LSD (y505] b o yuSilis dunsliie ol fpunesd
P. 36A P. carotovorum 2A & Sogll & ul j0 cusjouw slooss sla Jsle ;o PR-10

5 atrosepticum

50,0 Se Ol s 16 S Azl Cllls S ) w08, 9 Leo 4 (D, dadantii ENA49

ghaw b ogaades a0 YV g YA glalos jo 0L iSU e (Souws e 4 (soojoamw Cuwglio
.o)lo APEN PR O daw Q.il Qu

Dickeya, Pectobacterium, Scarab, Vesnianka :.gowds 5jlg

Introduction doddo

Oz Jg—ame ooyl wadgs jlade i slg o)1y Hlaz pose A )0 sege A (S jiae
(Hoque 2010 ) 553 o <ot e 0,5 bl don ;o Lo a5 45 ol &3 5 @ a5 5| o

45 ogbon azlge slodyae CSde b Bl 5l 9 335 Ggo ok 5o Sl Jpazme ol
a8 oly ol an ol &l aily e aS i oL iSL slas,les Loyl alex

77


http://dx.doi.org/10.52547/pps.10.1.76
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.1.2
https://yujs.yu.ac.ir/pps/article-1-321-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22519270.1399.10.1.1.2 ]

[ DOI: 10.52547/pps.10.1.76 ]

VWA ol 5 gl o) ol s Jlo P (ol len il
Plant Pathology Science Vol.10(1), 2021

Pectobacterium carotovorum sl » 5L .( Moslemkhani and Mozafari 2016)
o o0 ool el as W ls |, oblgs 1 Dickeya dadantii 4 Pectobacterium atrosepticum
SlasS g 5l (o sl )Ll Job yo 5 0l Jad Job jo calie sladiss jo (e 8L
5 Sendgis) Jobo g5 aisS 4o sl sl i Ul 955 slas 5L

Tratsiakova) oS o Jos s 25 cpl ol lewm slo,5SB laie 4 a5 conl (Sadsisg
oo 5 Sy sLagll lsis oo (o5 Sn slaailis s 4y 36 LS (sl sk (2011
JB oS 65 F parte i sloons 1S abewsar 6,5 lory (J5¥s0 SlasSl l it S Lo
G5 arteis (lpoas S abewg a4 5 Lo ol e (JsSUge slagSl (aris aiis olulis
OO 9900 ez ge (mizmad g oy o slo S e Jolde o oLS o blax cel ol S
Ks G,k 5 (2012 Sadravi) wsd ce ool T sl 5 lew aliwy 4 a5 598 co (olois Lo
=3 5Ll 985 5l olipen J515 a1 055 5e slagumisn 09,555 b wilsi a5 Lo
R slos L csslio slagyy 5l osliiunl U s Lol o blis 1o 5 0S5 nS sl olS Lawgs
Piw lapds e 5l Cmilon del puinm e b puiue & y50 4 (Resistance genes)
@ il oo 2B lagul (! izmen (Gholamnezhad 2017 ) wgis oo o 5 jles o150 Lo

L olwsST Cnglie g o (Hypersensitive Reaction) HR | el 398 (iiSTy alewg

SIS 1SS (et al. 2008Yasuda) wiss o 50 (Systemic Acquired Resistance) SAR
=l slo ) oimsan o) Collad 0uisS pdals gl )5 g5l axlllas oopgs (JoSg0 S5y (a8lg
i 6355 (o B g 0550 S e aliwgar olS G a5 WlKie ail e (ylalS elis
30 Glisee slays la dasme (65,40l 4 (> Q.ll 50 Ol oo Jus olS Gcléo Gwl.a 3 Lg‘o%g
O Lhgel S g cdadlome 2aSTs lagyy HLial Gl pad Jled 4 jorie a5 095 oo 5T Lo Jobo
o=l 0, Sles sl S axdllas .( Liu 2010 ) wilas s Fb pl )0 A 05l 0 (6,500 sl
Wyl yieai oS elds slazwl sloul o aS g0l sl syl yo a4 olo lis e yg
g5 L La S le an oS ol 0l (cete (i (PR) (255 )ben b o o slagrds
09,3 S ¢ =l lew b bad e slays.(Van Loon et al. 2011) ¢l Loy PR LYY
g oo e 18,8 lews Cishe o 15 a0 sl @ gl (o o aites Ll glagis s 5l ol
oy Saadsn ol b )0 g Wed s 2L oLS slaaiss 5l o lews ;0 PR sl cpis
S gy aesd G akayly (Van Loon et al. 2011 ) el asl plaisl solgls VY 4 ool
o lanys ol s oS Canloads (5,8 cpl a4 o (LS ;o Seetnen olusST Cwglin 9 PR
aS sais ool ylis .(Van Loon et al. 2011) sl L3, olS [0 ol Cows 45 Cglie dnmwgs

78


http://dx.doi.org/10.52547/pps.10.1.76
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.1.2
https://yujs.yu.ac.ir/pps/article-1-321-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22519270.1399.10.1.1.2 ]

[ DOI: 10.52547/pps.10.1.76 ]

e PR 054w 0lo s 2bySSh o (Sovmn & (G ji Cuoglio o abal
Plant Pathology Science Vol.10(1), 2021

Hlals o ieas ] abge a5 Cowl oddesls ylid ¢ pizen w4l L3I Phytophthora infestans
Dickeya dadantii 4 Pectobacterium atrosepticum 21A 156 lows slos xSU 4 civo jmn
ST Saaglie ol b g (oo Gl o) 5 @lisolen b bas e slagys Glo b olS ENAAY
Pasalari and Evtushenkov ) aas - olis STy 5 )lan paoxe polp ;0 (SAR) ot
o calizes glabes 1o 3 ke sla 5SL b (e jnms (sloné il slo sl (g5lwoogll azs

B9 swojomw 2L SL e Sowg 6len Fie sl jolate

Materials and Methods L gy 9 dlgo

pr Sy Jole Lo il bd g 9 (o) o Lo ) Sl
O9SUS” 51 D. dadantii ENA49 4 P. atrosepticum 36A P. carotovorum 2A sla s ,:SL
slapd; ot SBl (g, Mh) ded gy (g oy (JeSge umny A slag ST
3 e sSL pl a4 wles (Vesnianka) SGlaaws 5 polie das (SCAND) o Kul i) o
Pasalari 2020, ) wos bl 6 g Db Jo (oolST Slo s § (o jom (Sliido dncwgo
SlS 5 L LB Lo )l g sSL sbbasgw o, sl (Retyakova and Evtushenkov 2010
Gl S e B g Shiie 0l 5 055 @ IS s 05 @y e ojlas 0,5 03 (5)
S3bo3y Sl 0905 P 3l g d2yd TAD WIS o (So3el 58 Jolowo 510l ooliul
P LB o o cele Cuns o 4y g iSL ol oolainl a6 iSL Jolos o g,y g 0 g
S alcwgay clblo g 5l g &5 comjomms laoas Laial cold Wl ugmdw a0 YA gleo
Cwols g po il Sy SO ojlail 4 olaaST (g i SISl SST 4y wings ouls Jgacas
Gra S5 o 318 )0 uejom sload Sl 5l 4S5 oo o a5 e s soses Lo i
a8 (2x107 CFUIMI Ly ,5) as xS ygmniliwgen 51 yid oo 00 w0 ools |13 g% yikd g0,
o Sys 000 sl el (595 050 005 328y (g proe I (SuSelsnsed Jslmo Lanss

O 9 ( Tl‘atSIakova 2011 ) A eals )‘)_9 g 0L f°'>) .)l.?u‘ Qﬁ)""‘“’ J.Jlim‘ 4.1..\..4.»9.’ as
4,0 VY g ugeads a0 YA ((0all) ogudis a0 VA loo b el VT o 40 e S

JB b Al JoyeSh Ojgo 4 Gilel dad (9aSS gy 5y S5 )0 gamabs

Shaals glge 4 ab slxl vals sladiges 3 Giolejls ge sladiges 51 1SS aw b Solas

S g Adgs oduid oo9ﬂ 590 s xS aling a5 Jlais g0 Lcow.‘é) (S Jra Sloas slasuns

79


http://dx.doi.org/10.52547/pps.10.1.76
https://dor.isc.ac/dor/20.1001.1.22519270.1399.10.1.1.2
https://yujs.yu.ac.ir/pps/article-1-321-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-12-13 ]

[ DOR: 20.1001.1.22519270.1399.10.1.1.2 ]

[ DOI: 10.52547/pps.10.1.76 ]

VWA ol 5 gl o) ol s Jlo P (ol len il
Plant Pathology Science Vol.10(1), 2021

O995) b o Sl dnlie 0l oolitu] ciog ool a0l ugendi a0 YY 9 YA OA slales
Al plxl asy O Jlis! mlaw 4o LSD

CDNA 3w g (S jowmw srous <L 31 RNA &1 sl

P oo &zl (5955 L GLSS aw b jles 2 30) (shejnms slooas 8L 5l S (e w0
5 ooliiul b ol slse cnl 51 S RNA gl 5ciul « e 2 Jitie 850 slaalg) 4 5 onal o
S o Joadlygiws 3k g NucleoSpin RNA Plant (,LJT Macherey-Nagel) ,bs cuS
s 6,5 2uS 5l oolinud b CDNA i gl oads s S RNA 5 s el o1 susjle
oolaiwl ouijle Jasdlygiws mllae (Jleid Fermentas) RevertAidTM First Strand) cDNA
Sy solaz slo,55kT ca b (RT-PCR) (adly Lo )0 5lienly (slojenis (2aSTy (9031 0o
plil (awg, DNA-Technology) DT-96 oKiws ,o (EF-1a) Jsls Juu8 cas S g o5 »
@0X) (n S pule Somyime jsySe Vol s ds e Vo 25Ty o () Jgo) wd
Fadg S Vo /A (ol cdale Voeg S ¥) 55T so 5l g S < /Y ((Amplicon, Denmark)
Gidg,San 5 5956 00) X sl so o s, Sen ) 5 (DEPC Water) s b oads Lo o

S Cpl 4o ead soliiwl sla 5T Clasin N Jyox
Table 1. Characteristics of the primers used in this research

s askad o1l N

et T . S Skl aw
ALl b ,55LEl Jlgs _ RO L
Primers Primer sequences okl At |.'. Primer
Annealing n;;i)zgcon source

StPR3f
PR-3- ATAAGCCATCATGCCACAACG
Potato StPR3r
GCAGTATTCGGACCCATCCC
StPR5tf
PR-5-Potato ATCTCCCGTCTCGCATTTGC
(Thaumatin)  StPR5tr
GGGCCAAACTTGGAACCTTAATG

Tratsiakova

56°C <110 bp 2011

Tratsiakova

60  <110bp 2011

LePR10f2

TATGAGTCAACAACAATTTCCC oC Tratsiakova
PR-10 LePR10r 60 <110 bp 2011

TGGACCACCTTCAACAAAGTTC

StEF1laf

TTGATGCTCTTGACCAGATTAACG oG _ Tratsiakova
EF-le SiEF102r 56 1100bp o019

ACGGGCACAGTTCCAATACC
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Figure 1. PCR analysis of cDNA isolated and synthesized from the tuber disc of potato.
- Line 1 — negative control; Line 2,3 — the synthesized cDNA fragment of tuber disc of
potato with the PR-3; Line 4,5 — the synthesized cDNA fragment of tuber disc of potato
with the PR-5; Line 6,7 — the synthesized cDNA fragment of tuber disc of potato with
the PR-10; Line M — Molecular DNA weight markers (1 kb DNA ladder Mix,

Fermentas).
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Table 2. Expression levels of genes PR-10, PR-5t, PR-3 in tuber discs, of potato
cultivar, Vesnianka (Relative value of mRNA copies), under temperatures of 18, 28 and

33 °C, infected with strains of Pc, Pa and Dd. For control was been used of tuber discs,
not infected with bacteria and incubated under temperatures of 18, 28 and 33 " ©*.

Infected with Infected with Infected with

Control Pc 2A Pa 36A Dd ENA49

Gene
18°C  28°C 33 18°C 28°C 33C 18°¢ 28°C 33 18°¢ 28°C 33C

PR-3 227 105 55 520a 49.5ab 10.6bc 104.0a 99.0ac 78.8c 279a 10.8ab 11.3c

PR-5t 0.01 11 7.2 05a 03ab 9.8b l6a 04ac 26ab 04a 02ab 37c

PR-10 512 405 11 1009a 27ab 10ac 116b 05ab 46bc 844a 08ac 4.0ab

LSD (505 ;0 aoyo i v ;o ()b g BB (S i B> SO il slo Sl

IVPRY
*Means followed by the same letter in the columns are not significantly different
according to LSD test (p<0.05)
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Table 3. Expression levels of genes PR-10, PR-5t, PR-3 in tuber discs, of potato
cultivar, Scarb(Relative value of mMRNA copies), under temperatures of 18, 28 and 33 °
€, infected with strains of Pc, Pa and Dd. For control was been used of tuber discs, not
infected with bacteria and incubated under temperatures of 18, 28 and 33 ° ©*,

Control Infected with Pc 2A Infected with Pa 36A Infected with Dd ENA49

Gene
18°C  28°¢  33C 18°C 28°C 33°¢ 18 28°C 33°C 18 28°C 33°C

PR-3 9.7 3305 435 389ab 53ab 4.8ac 299a 54.2ab 21.9ac 3.2b 36.8ab 32.4bc

PR-5t 11 55 19.2 3.7a l4ac 109b 3.7a 2.5ab 355¢ 1.0a 29.9ab 39.5¢

PR-10 2.50 2.5 2,1 2.8b 0.03bc O0.1ab 106a 0.3ab 0.2ac 2.0b 0.03ab 11.7ab
ao s i v ;0 gyl gre WS (S i By SO Blas Gl o Sl e o ot

5l

s Means followed by the same letter in the columns are not significantly different
according to LSD test (p<0.05).
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Masuda et al. ) Phytophthora infestans z,18 b ,sSde (sla gusjomm Sogdl J1 0 cdl> 0

el 00ls & 5.5 (Pasalari and Evtushenkov 2016) oy VEraz 43, g, 5 5 (2001
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