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Abstract

Objective

One of the most significant challenges facing human society today is food safety and security.
The chemical management of plant pests and diseases has led to an increase in environmental
pollutants. Therefore, it is essential to find alternative methods for combating these diseases. In
this context, genes that confer resistance to pathogens represent valuable genetic resources for
managing plant diseases. This study aimed to analyze the expression of several genes that regulate
resistance and sensitivity in cultivars with varying degrees of susceptibility to the bacterium
Pseudomonas syringae pv. tabaci (Pst), the causative agent of wild tobacco blight.

Materials and methods

Initially, six tobacco cultivars were prepared and cultivated. After seven weeks, the seedlings
were inoculated with Pst bacteria. Based on the diameter of the necrotic tissue and the assessment
of bacterial growth and proliferation, resistant and susceptible cultivars were identified and
selected for subsequent stages of cultivation. To determine the expression patterns of genes
involved in resistance, leaves from the seven-week-old seedlings were sampled at various time
points post-inoculation (0, 12, 24, 48, and 72 hours), and total RNA was extracted from these
samples. Subsequently, complementary DNA (cDNA) was synthesized from the RNA. The
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expression profiles of the WRKY, PAL, PRI, PR2, and PR5 genes were analyzed using the gPCR
technique.

Results

Based on the results of the necrotic tissue diameter and bacterial growth and proliferation tests,
the Basma cultivar was identified as resistant, while the White Burley cultivar was classified as
susceptible. The examination of gene expression activity for resistance-related genes, including
WRKY, PAL, PRI, PR2, and PRS5, revealed a significant increase in expression in the resistant
Basma cultivar compared to the susceptible White Burley cultivar following inoculation.
Conclusions

The findings of this study indicate that certain genes play a crucial role in plant defense responses.
These genes are involved in the mechanisms of resistance and sensitivity of tobacco plants in their
interactions with Pst bacteria. They genes may serve as promising targets for the development of
transgenic plants that exhibit resistance to diseases. However, further detailed and complementary
studies are necessary.
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Introduction

Tobacco (Nicotiana tabacum L.), an important economic crop, is exposed to a wide range of
biotic and abiotic stresses that significantly impact its yield and quality. Among the biotic stresses,
tobacco fire blight is a common disease in tobacco cultivation. The pathogen responsible for
tobacco fire blight is Pseudomonas syringae pv. tabaci (Pst). Currently, chemicals remain the
primary strategy in fire blight management. Although somewhat effective, the widespread use of

chemicals has led to various issues, including low efficiency, disruption of soil microbial
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ecosystems, potential risks to human health, and the persistence of excessive chemical amounts.
Plants possess a highly specialized defense system, which includes mechanisms that are activated
before and after various stresses to protect plants. Proteins that play a crucial role in plant defense
emerge after stress formation. Among these proteins, pathogenesis-related (PR) proteins are
particularly important as they can induce the plant's innate immune system. PR proteins have the
ability to inhibit pathogen growth or prevent spore germination. In addition, these proteins can
act as antimicrobial agents, hydrolases, and proteinase inhibitors, among other functions. Strategy
for disease management involves transferring resistance genes to various tobacco cultivars, while
technological advancements can introduce advanced traits to produce plants with greater
resistance to various stresses. Therefore, this study examines the resistance of different plant
cultivars to fire blight and analyzes the expression of PR genes in susceptible and resistant
cultivars. The information obtained can aid future research in genetic modification of resistant
plants and the development of disease control management methods. This study marks the first

time work is being conducted on these cultivars.

Materials and methods

In the research, six varieties including Basma, White Burley, Burley, Virginia, Samsoun and
Xanthi were initially obtained from the Iran Tobacco Research Institute-Tirtash. The seeds were
surface disinfected and then sown in pots containing autoclaved soil, which were later transferred
to the growth chamber. A suspension with a concentration of 1x107 CFU/ml per milliliter was
prepared from a two-day culture of Pst bacteria in NA culture medium. For inoculation,
approximately 20 microliters of the suspension were injected into the interleaf space of the
youngest two leaves of each seven-week-old plant using a special syringe. The pots were then
returned to the growth chamber and after 4 days, the diameter of the necrotic spot in the inoculated
seedlings was measured. To evaluate the growth and proliferation of bacterial populations in
different tobacco cultivars, five leaf discs with a diameter of 5 mm were taken from healthy leaves
of each cultivar and immersed in a bacterial suspension with a concentration of 1x107 CFU/ml
for 20 minutes. The leaf discs were then transferred to a growth chamber, surface sterilized and
powdered after 4 days. Subsequently 1 ml of 10 mM MgCl. solution was prepared for each sample
to a dilution of 107'% and all dilutions were transferred to King B culture medium. The number of
colonies was counted after 48 hours to identify resistant and susceptible cultivars for further steps.
To determine the expression pattern of genes involved in resistance, leaves of seven-week-old
seedlings were sampled at different times after inoculation (0, 12, 24, 48 and 72) and total RNA
was extracted. Complementary strand DNA (cDNA) was then synthesized from the RNA
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samples. The profiles of the WRKY, PAL, PRI, PR2, and PR5 genes were investigated using the
gPCR technique.

Results

The study revealed that in the resistant cultivar, the expression levels of the genes being studied
increased after inoculation. These genes play a crucial role in eradicating bacteria, limiting their
presence to the site of injection and preventing further penetration and spread. On the other hand,
the susceptible cultivar exhibited lower expression levels of these genes, creating conditions for
bacterial multiplication and spread among leaf cells. Therefore, utilizing resistant cultivars can
effectively contribute to disease control in a manner that is both efficient and environmentally
friendly. Additionally, the bacterial population was also the lowest in the Basma cultivar and the
highest in the White Burley cultivar. The expression level of the WRKY12 gene in both cultivars
reached its maximum value 12 hours after inoculation, but the expression level of this gene in the
Basma cultivar was approximately 10 times higher than that of the White Burley cultivar at the
same time. The expression pattern of the PAL gene in the resistant cultivar Basma reached its
maximum value 24 hours after inoculation, with the expression level of this gene being about 13
times higher than that of the control sample. In contrast, the White Burley cultivar did not show
any specific activity at different times after inoculation. The expression of the PR/ gene in both
cultivars increased significantly during the first hours after inoculation. In Basma, this increase
was observed to be as high as 1496-fold compared to time zero, while in White Burley, this
amount was 412-fold. PR2 gene expression also reached its highest level in both genotypes 12
hours after infection, with this increase being 7 and 3 times the initial value in resistant and
susceptible cultivars, respectively. Furthermore, the PR5 gene expression pattern in Basma
reached its peak after 12 hours, with its level being 91 times that of the control plant and 2.75
times higher than that of the White Burley cultivar measured at the same time. The results of
tracking the fluctuations of Pst bacterial population in Basma and White Burley cultivars with the
hrp gene showed that the bacterial population level was higher in the susceptible cultivar than in
the resistant cultivar 24 hours ofter infection.
Conclusions

This study demonstrated that in the resistant cultivar, the expression level of the studied genes
increased after inoculation. These genes are essential in eliminating the bacteria, restricting their
presence to the injection site, and halting further penetration and spread. In contrast, the
susceptible cultivar exhibited lower expression levels of these genes, creating favorable

conditions for bacterial multiplication and spread among leaf cells. The findings of this study
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highlight that utilizing resistant cultivars can effectively aid in disease control in a sustainable and

eco-friendly manner.
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Minute 44,8 1 60 Annealing Jlasl
1
Second 4t 15 .
95 Extension b yus
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Table 2. The primers used in real time PCR assays

s BENE T
b ST Primer sequence Gene name
Amplicon
size (bp)
5'- CTATTCTCCGCTTTGGACTTGGCA - cdy S )‘LéT
160 3 Forward Primer Actin j
5'- AGGACCTCAGGACAACGGAAACG - Sy Sl Actin gene
3 Reverse Primer
5'- AGCTAGTTCATTTGATGCCACAC -3' <) S
120 Forward Primer WRKYI2 .;
Y e. 1
5. CATCCAAGATCTCAAGCTCGGT -3' S S WRKYI2 gene
Reverse Primer
5" TCTCCAAATCTCCTCACAACC -3' <) S5l
115 Forward Primer PAL
. 2 e. 1
5'- AGCTGCCATTTCCCAATTC -3' S5 55k PAL gene
Reverse Primer
5'- GGATGCCCATAACACAGCTC -3' ©9) 25
110 Forward Primer PRI
5" GCTAGGTTTTCGCCGTATTG -3' CulS y S PRI gene
Reverse Primer
5" TCTTGCAGCTGCCCTTGTACT -3' cd) 5l
150 Forward Primer PR2 3
e 5 Sl
5. GAAGGCCAGCCACTTTCAGAT -3' A5 ) PR2 gene
Reverse Primer
5'- CCGTATCAGGAATGCTGCAAG -3' 8y S
125 Forward Primer PR5 3
. o F e. 1
5'- GGCCAAAGCCTAACAAGTGC -3' Sl p S5k PRS gene
Reverse Primer
-5, £l
5'- GCAAGCCGCTGTCAGTTCCAA -3' i )l‘.’
120 Forward Primer hrp o;
Sy S 3lel hrp gene

5'- GATCACACCACTGGCCGACGA -3
Reverse Primer
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Table 2. Analysis of variance of necrotic tissue

&0 oo &35l ey i B
Mean square DF Source of variation
27.933%* 5 2
Cultivar
lojl gllas
0.001 12 oS
Error
A:)l o o .
14.963 s
Ccv
**: Significant at 1% level of probability Mo pd S pdaw jd (gyld me FF
7
96
55
2
= b b
“ 4 b b
g3 a
=)
5
=2
>
5]
0
Basma Virginia ~ Samsoun Xanthi Burley White
burley
Cultivar

Figure 1. Disease progression rates among different cultivars eight days post- inoculation

with Pst
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Figure 2. The right leaf tobacco White Burley cultivar and left leaf tobacco basma

cultivar, eight days after post-inoculation with Pst
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Figure 3. The amount of Pst bacteria population development in tobacco cultivars
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oy 355 s 030 3Vl 4 gl ) G WY Celio )3 68) 93 0 0 WRKYI2 5 ol iWRKYI2 o5 ol (595
w85 3 8 g & g oy (e > White Burley o3, 51 i ply Ve Loy Basma o3, 55 05 onl ol oljes Ul
ol il e ol lis Gaalal (sals) s ho oloj & Cumd ply Y dga> White Burley o8, 5 5 ol V¥ 3505Basma
WRKY (slayitigyg (F JS3) cudls aals] Jg355 55 (S29)1 5l ey YV cslis b g 8l (2alS )5 4 ol el gl s
5 ol 85 5 o3l Gl IS o 4 5 o e (S 5 Saaeisd il B o Lol oS o5 lsie 4
3 owbol g (08" i85 yizen (Phukan et al., 2016; Jiang et al., 2017; Chen et al., 2019) x5 olS !
«OsWRKY30 OsWRKY22 lagy; oS cul odb ol clidss S o bl el glagwl 5 20 i
Wang et al., ) >95 » Magnaporthe oryzae )y > Cuwglis il3dl el gy ;5 OSWRKYS9 3 OsWRKY45
clays e gyl olS )3 .(2007; Abbruscato et al., 2012; Peng et al., 2012; Shimono et al., 2012
Mao et al., ) sad o !33!Iy olS glos ¢ arily is MAPK cuwd iyl poe > ATWRKY46  ATWRKY33
3 Coglio Wl 5 oge i WRKY ooy sloygSh 5l 5 conl ons odly )l (20115 Sheikh et al., 2016
Pectobacterium carotovorum o Alternaria brassicicola Botrytis cinerea sisle Cgy54,55 sl yje5b ol
23S e i lsdl Pec 4 gl > WRKY70 oL Arabidopsis p Jlw b 4 .35 > pv. carotovorum (Pcc)
Li et al., 2004; ) 45 . Pseudomonas syringae 3 Pcc ;g 93 4 Cos (¢ i Camlan o] g8 yw a5 Js
PR slay; sile Jbb (gl DNA & WRKY usgisy sloyeS6 s 5L (Zheng et al., 2006; Lai et al., 2011
5 s lon Jelos @ Gy 5 g8 > S35 (LS (bl ol Sgoon > (Van loon et al., 2006) cusl pye
cogo g ok Jate W-bOX & olaidl s & WRKY (lapSgp 5y 5959 W-bOX b & (gloss cblis adge
Xanthomonas sgSG 31 > gp > WRKYI2 5 oL (Du et al., 2000) 55 0 Casd (b o5 5l (mngdgy L]y
ol a8 ouis U3l (Song et al., 2001) 45 0 POX g PAL PRI NPRI )\ )38l Co40 OFyzae pv. oryzae
il 38l e Colgs )3 5 amd ilidl ) Slisslen b lad e slacnSyy b o5y olS 3 IWRKY4 o tWRKY3 slays
S & o4s Jate b g5 0 NIWRKYI2 sgigy sile Jled ,e56 . (Oh et al., 2008) 35,5 o cuoglio gdaws
pb & (ools 0 oliSingi (Verk etal,, 2010) 590 PRI 05 Glo G 9o PRI 05 igogn ) sloss cblis
Sldlas )y Pec jl ol (Sogll plp p3 olS Canglio yiul38l 3 (callS (5 a5 Silod S ololids oo oIS 3 |, WRKY12
Gk 5 o5 ol omzen g biee G (aeg BB sk & Pec (Sogl 4 sl 13 WRKYI2 o5 ol o sl ol
Kimet al., ) 5)b (g)lon ©ud (ol 3 (g550 (35 oglio b by slogy) ol sl 9 (£18> glojie gl Jlb
s M8 b BASMA o3, > oxiisySoilsl ilej csaosl alei 53 RKY 55 ol o alae ) 5 (2014
I8 ol > GV Jewilty WRKY (5 ol cpglio pB] 5 sl ] oaimaylis o 5 White Burley 8, 5l iz
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ablie (Sl P57 axalge 5| g 03 cnl Vb g @y Ol el & 2980 asudio jliy Sloj Edge (nl Cuenl it
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Ol o > (gl B glis calllas 3,0 05, 53 g 3 H(PAL) jUligel oWl i (o35 ol (555!
¥ oo & Sile 5l o VW el 3 Pst 658U L Jobss 5l o o5 cpl ol Basma pglie o8, )3 .05 ssalie PAL
295 gl 4 gl Sl gy el YF loj 53 9 48l el g0 4 (1531l ) (o Gloj) i diged )3 ol ljee 2l
42l 05 Ol 8g) (VF Cel) (Sloj alall cpl I g 292 28l digad plp W a9 loj nl 53 (o (e S skt )
PAL 5 &8 sls jlis oy Pt 5 2SL, L White Burley 48, S on o Lol 5,8 1y aelsl VY celw b zals pl g 0
eyl (F JS3) ool 03,55 Bl (385 (6551 L (iS55 5 425185 ol ull il Sl oy cilie lol 3
Dixon et ) 3, b g)lan 4 LS caoglio ;5 g0dS i85 45 Cawl A5l pudalio 15 phee (s pns | (S Asilig e it
Baigohs il el (S0 wiile (LS (b SVgaze | (g A jwse 4 e ol (al., 2002
w3l K PAL (Reichert et al., 2009) x5, cgio slos,Slas a8 395 oo oyl g byl ¢S oy ylogS
9 oS jiwgs sl objle yiw PAL cJké (Liu et al., 20192) 395 o 4l A3gibgp Juid mudgilio )d (salS
Mauch-Mani & ) 35’ o Ihn ges5 olS 13 (Sl plin )3 a8 48 o doi | (SA) Sibwdls bl s5lo a6 Lo
Yang et al., ) ol g ook sl o5 S 9 (Slusarenko 1996; Duan et al., 2014; He et al., 2019
$YU Hlww Basma pglas o8, 3 PAL ()l sows ¢ 539l 5 o slacielo (olod p3 a5 a5 ool o)lis adlllae o) )3 .(2022
Gl gylon & oglie guwl @l > wlol i PAL o Slosls o)l iy Ollllas .5 White Burley ylus o8,
2 PAL ()5 slaciiss, 45 sad asuie wicen (Tanaka et al., 2003; Kim & Hwang 2014) »)ls .als
0F Ol 8 0y olS > (Je plgsay (Edwards et al. 1985) wuboo Jl3l 059k plizee )5 WL @l 5
ol ol @y > (Maher et al., 1994) . Cercospora nicotianae g,l5 yly > Cwglio ialS’ o gePAL
» (Zhou et al., 2018) 5,5 o gy Cawdls (gHlow plyp )3 Cooglio dbnl cely Ling s disS » PALIL
e o)l g 08y 90 > PR2 § PAL slayy; ol Quantitative Real-time PCR S5 51 aolawl b (sladlae
G L iale ) o Sl polis oy 5 s ol ol o o L5 gl A g (polie) ol 5 (el
Heydari Nezhad et ) ¢l il38l oyl olus o8, 4 Cons (5 bline j5boas Acidovorax avenae subsp. avenae
[(al., 2016

Pst 5pSL L Jolss > White Burley o Basma 8, 55 0 PRI (5 ol 665! ()0 *PRI (5 b 9N

w5y 90 B PRI O UL.: FLENN ol u.uLo)] 5l ol =S g Lgrfb O,g] 4 Caoglde j 45 O,g] AN ol oxad L
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olej 4 Camd i YOS B PRI 55 ol epolio o8, 53 el (a8 Ll gl 1 L ads) sl 5o adllas 350
2 P PRI G5 ol €5 sl oo 3 o o il b 352 il VIV (ol 08 )5 (2aldl ol o7 s 5l ol jao
Wloas (plolid o8 w3 alisilon b bdye boeBsn oeess I PRI Glaggyn (F US3) cdl als o8) o
ol ) by ol ol Wilons Laas s (o)l Lo 435 5l 4lalS e 3 PR (clapzig 0 (Showmy & Yusuf 2020)
8 clllas (Lincoln et al., 2018) aus o o] i) (slo i 4 olS STy 13 oges g pho s b piigy opl S
Alietal., 2018; Shi) wb o Lili8l gog b6 job 4 ) (i cos LS )3 PRI s gigy gdaw &5 L3> olis
g calisee bS5 a8 ol ol awsdS sla yimg (et al., 2019; Tunsagool et al., 2019; Yang et al., 2019
> 9 b s ) slodsiuS b ply 3 (it Cunglin Ygemn 5513 Vb e PRI (5 o sl olals
Colus ooy (U & Cund il 01d Jlbpd ol 13 PRI (5 4 GlalS (lio 1> 55,5 g )low slomgyng
Cutt et al., 1989; Riviére et al., 2008; Kusajima et al., 2010; Dolatabadi ) s o L (59l 4 ¢t
Sl 4 (et al., 2014; Gao et al., 2015; Jiang et al., 2015; Maschietto et al., 2016; Liu et al., 2019b
PRI 5 35 5 G ol &5 canl oas 355 4l (Vidhyasekaran 2002) usl Sgo Lic (595 p (uSgy oyl Ay oo
(Lincoln et al., 2018) 545 oo (s5lows plyp )3 Cunglie yiolj8l &y yoeio &S WS o Jdw 1) Jled 5enST (sladisS Folaw
Al aisls i g S ) Ssla 5 ol Jsbe Slaolsed Casi b ol Sas PRI 55yl 2 o3
» b Jslse oo S lais 4 (84065 0 PRI &S sl oss o3> (L pien ((Santén et al., 2005)
uasuine (gladllks > (Chen et al., 2014; Chien et al., 2015; Meijer et al., 2019) 1S’ o Jos > 23 Ji&us
Yang ) sg st wles 18, 4 G pylie o8, 0 PRI 5 ole ol Rhizoctonia solani b sy (539 5 s 5 05
e ol b sS Tag Sl (55901 5l e sl VY ol o8y 63 1 ;3 PRI 05 ol o adlllas ) o et al., 2022
polie o) & And o LiS 990 (nl gy (wlus 15 I sk 0 (g Slagle) (oS 3 0F cnl Ol e epalie 03,
3 Pst s ySt JpsS > e Ul

5 polie o3y 93 y» )3 PR2 ()3 ol 45 05 oaaliio imgly ol | Jol> (sloosls 3JUT S g PR2 (5 (3l (555!
EF Scorgk 4 b plis 1) (el o 08y 93 12 0 0F ol Ol o 8l GRIEIPST (681 b Jolss 1 gy (ol
Oles i ¥ gV sl 5 pglie o) 1 i 41 45 s Sl 4y (So9l 5l Gy ol WY )3 s 99 50 0 PR2 ()5 ol
(¥ JS8) b aal VY olej B Gials” cnl g 3905 (b 1y (o35 89, 5953 005 ol e ool 31 g -8 dolna yio

-l YV =gul 548) L elS-Y oV -ls iy o i (LS 5-Y 9V -l el (B-glucanases) PR2 sla gy
VY 3500 )3 byl JgSUse (159 2900 b (GE-Y5) -l )3 o685l (00— L T'o) slo oy (sl sl (3l oS olS
Sygo & b &S Sygo s 05l ol gled y> (clailS gy i PR2 (Van Loon et al., 2006) ol og3ls obS Y5 15
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535 o 418 BsSly 03 (5L pyd &S Canl sl g (5L py8 93 glyls PR2 (Stintzi et al., 1993) 5 o YL I, olals ,»
plie w8y 93 y» > PR2 ()5l o 3 osaliio caslllas () )3 g (oo g3 (odhigt]) (oo @) sLd 4y sl 3 9
Som adsl clelw o (5 cpl YU Cundl s lis gl cpl il ioli8l zal 51 o Y 5 VY lacels 3 wles
Sk ok o)l 055 e iyl Jolo 3585 9 sl (ol Jolye )3 gods I L & conl [igslony Jole 395
sty B ke White Burley jolus o8, 4 cows Basma polie 18, 5 PR2 (5 ol gaw (el 2 ogde 0950
polie o) 2 SVL geati g Yy ISt & Gl |y (lue g pglie pB)] lo () 0ol Ol gl )3 39290 glis 09 iy
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(Arabi et al., 2019) 55, (WI2291) _olus 8, ;| yuin (Banteng) pylie 58, ) Sp. teres
W L5 85 duy 355 25l & (539l Jl e sl VY Basma o8, 3 PRS o5 ol o5 1PRS (95 ol 565!
155 & Cod i plp YIVO 085 cnl )3 05 nl Ol €59 omimen 092 (o oloj) i olS )3 o5 ol ol 1yt
Y & ol lise VY el 5l L 08y 93 52 1 a8 sanlie (Sl | pw celw YY) ol 2ol ol ,»White Burley
oSy 47 olegl (alS (g b lagl Jly Slealis > 4 PRS o3l a slate clagiign (F JS3) <l pials
il 29,5 {TL (3L p,5 Osmotins .(Moralejo et al., 1999) siwa (89,20 »» Thamatin-like (TL) (yologl aus
s (PRS) boouiSon 5l 095 cpl & 3leie 55 ipdion Olo (i9d (S » & win (LS GbonSyn
Sl 9 4595 (P9 A5 @0 bgw gty (93955 3| 95 PRS cla gy 04,5 (Vidhyasekaran 2002)
lacdale sSle 15 oyl byl s 4y (23S Tg 15 W g ol meos oyl > (Vigers et al., 2006) wloads lis S5 oyl
Bicsslom Jolse oo o)]525 5 L (552333085 (i ol ol 005 ol 55 oy Jalge Mo b (Sl S sV
o LS o PRS 55 ol U1 5l alols zols (Kitajima & Sato 1999; Vidhyasekaran 2002) aas o yuss |
(42L3) yao oloj 4 Canms ()] Ol o i Ol i polie 9 eles 1 pel (9598 CaliSie pBI )5 & AL oo s
SBLS > (391 ot cnl sl S 35 e 03 (st o5 o 28 se 35 el ) ot VY el o
LS (5looddll o wlus g polie cuigi; 15 PRI (sladsuus lise Lo anlllas 4> (Liu et al., 2013) 5l céslao wg
28528k (o sz D90 88y 93 0 05 (il @D 9 Ol e BT da g BB a5 G ol o bl ccdly 381 Pst
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Figure 4. The mRNA transcript levels of WRKY12 (a), PAL (b), PRI (c), PR2 (d), and PR5
(e) genes in Basma and White Burley cultivars were analyzed in over hours post-inoculation

with Pst
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