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5. Systemic Acquired Resistance
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https://dorl.net/dor/20.1001.1.23222115.1400.12.3.7.7
https://biot.modares.ac.ir/article-22-48629-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.23222115.1400.12.3.7.7 ]

e

5L L L edd el (oS 5l e 5adS L e
s (o pidS Lets Jles 1 5 el sl
Shestial Ly 1S GRNA 2l sl ¢ J S50 sla Ul
NucleoSpin RNA Plant kit (Co, Macherey- «_s
(23 S el (Nagel, Germany, Cat. No: RN 7713C
GRNA S5 S0 0/5 5 eslizal L cDNA sl o i
First Strand s 5l eslinal L 5 alS (sls €508 IS
cDNA Synthesis Kit (Fermentas Co, Cat. No:
OSIs Gerdm P ml OS5 ol &
Jsl s e 5l eslizal | (Real Time — PCR) RT-PCR
05 5 =olen 4 anly a0 @roA 5 L cDNA
ol e L ST L ey e 515 oy ol
o=l o3 e esli el gla ST =0 Jsas) o
T e B mul sS4 b e A
P S u:-‘jb Q\)&@} (_;)YL.«:L” .h.ﬂj: oS .LJ:L
Eurofins MWG Operon-Company o | &S % 3l
s el (55 e sl >~ (Ebersberg, Germany)
N (MRNA) =2 A% J 40 5 L MRNA wiens o Ik
Sl e [17] A5 s 5 alons (MY
5 cb_w)) US_V‘J QJJJT&QSM O 340 Sles

S <=L‘>u\ EXCEI Jﬁ%ﬁ &QS L M))

49

Sl S & g 53 53 et (P13 b sl
LKoo 5 oSt s 51 a0 S50 ¢ s S o

Ajﬁfaj‘}wbjw‘)f JJ}AL}.“.&'/J/.)

L s, s 2l
s Sl o ilasl s S iagsy ol 5o
S e ol pll gD (s o2 alS IS5
dad o3, SS oS (Scarb) puesam Sme o3, SO
o=l dle) ol S e S (S Sobe & ol
LSS 5 o SLsiG slags 5SU v im 03 Solow
L S el ol eslital (il o (Ll o bl
il a7 o STy ST (6 S 51 (Sla pon 31 03l
Cile o pslie 05 S oS ArOA il 05 3 eslinad
O sl pindl 5 gy 4 Al o s Sl 5 35S
alllas gl [5] 55— el ms )5 oL L5 S
s LA > 58 il sla S 5L
e 3330 s opl 53 OLLS 5y LSt sl
Pectobacterium ¢ SL 31 21A 4, ) Lo sSU
Dickeya (s SL. ;lENA49 4, .. 5 atrosepticum
Sl G 528 L 0lalS Tl i eslizal (dadantii
03 e GBS Cm pilS L e g S 0l
5ot gl ) 53 0, S e Bl s S
S Do ol ddoled 0 lag SLL e
28 sles 3 el 15 e L SU slaw 5o
(ads 53 55350 5505) 0sls OIS L 31 S sle s
L5 (1972 L) <LB (Luria-Bertani Broth) lases s
Do 55 gl (3w e 5 0 0303
10005 oo (ol i IS (K555
2 % 107 Ly 1) Lags SL 0 il s 31 23 s
Al gy 48 LS oy ol o 555 2 (ke

5303 Sl da s esls 13 g el ) bl IS

8. Agrobacterium tumefaciens


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.7.7
https://biot.modares.ac.ir/article-22-48629-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.23222115.1400.12.3.7.7 ]

1400 &\:@L‘{ 53 Ulmi 512 092

[5] Liasn cnl 55 ot osliad gla ST =1 Jgus

o S F LS Y] LIy

) b S5l Jigs o 355 axk o101
b S5l <
Gl )
aroAseq2-f CAGGAAACAGCTATGACGCATTAAAGGCGATCTGGTTTC 250.750
aroAr_ch TCAGAGCTCAGCCGTGCTGACTCAGA
nt CTP-f GTTTCTAGAAAAATGGCACAGATTAGCAGCATG 250-200
nt CTP-r CAATGAGCTCCATGGTCTGTGCAGTGACCACTGAT
St PR2-f CTAATGCGGTGGTACAAGATGG 300-250
St PR2-r TGACACAACAATTCCTACAGATCC
St PR3-f ATAAGCCATCATGCCACAACG 250-200
St PR3-r GCAGTATTCGGACCCATCC
St PR5-f ATCTCCCGTCTCGCATTTGC 250-200
St PR5-r GGGCCAAACTTGGAACCTTAATG
St HSR-203j-f GTAATGATAGTTCGGTTGATAAGC 200
St HSR-203j-r AGAGGTAGGAAGACGGAAAC
St HIN-1f GCAACTGCATTTTCCAAATCATC 200
St HIN-1r CACGTAGAAATTGACCTTGTTAGG
St EF1-af TTGATGCTCTTGACCAGATTAACG 300-250
StEFl-ar ACGGGCACAGTTCCAATACC
Slr Ol r A5 ol LU PR sles Ol mhaws o o g s

Hypersensitive

(2 Jsa>) 1L .+ (Response — 203

)HSR — 203j &5 5 PR-2 o}

Pectobacterium  slas sSU L s joowm S 5
Dickeya dadantii ENA49 , atrosepticum 21A

5 S e UB) o sidS Ly e 5 o 03]
S 5l (aals) Jus Olse 4 ad sles (2
-6 LS A sslind 055 Olas ol 5 OLLS

LAt Hlass S stdS L Ll sl 31 S sl
Ol gl )3 et (Bl Grsly 0 5SS (1 52)

50


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.7.7
https://biot.modares.ac.ir/article-22-48629-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.23222115.1400.12.3.7.7 ]

e I

Pectobacterium ; Dickeya dadantii ENA49 slas SU L s 31 5 oo salS L ol Jlad s o sS o-1 IS

Lok o3 5 ol slas s s S o o ¢ Poatrosepticum 21A L ol o3 J1 5 odis e WS il .atrosepticum 21A

031 50l ws) e S 12D, dadantii ENAGY L i o301 5 odis e saS ¢ ¢+ P. atrosepticum 21A (5 L

D. dadantii ENA49 (s S L s

Pectobacterium atrosepticum (¢ ;L L olS 45 340 ¢ swsjmw 23 2wl cla0; s PR oo} Ol dslie =2 J g
SR e P8 el SO S PR S0 Pl 2 95

ol jles Ll (6,80 Lo 0341 olS 51l (glad gai (5l ik Jless Canw 32dS b e 5 0l 03,1 Dickeya dadantii 5 21A

A eslad CA.:MJL:K L;

Lys
PR-2

PR-3
PR-5
HIN1

HSR-
203

aroA

MRNA (sl a5eed Ol s sl ks

Pectobacterium Pectobacterium

(4als) atrosepticum atrosepticum
14.90 £ 0.15 42.70+2.31"
7.30+2.01 13.65 +0.12"
6.50 + 2.01 10.40 +3.21"
7.20+0.23 13.05 + 6.14"
12.06 £2.10 29.12 +2.14"
7.90 +2.01 14.90 + 2.10"

Dickeya
dadantii

19.70 +
7.26"
12.78 +
2.33"
9.40 +1.26
12,50 +
1.80"
2737+
2.73"
14,16 +
2,67d"

Dickeya
(4alz) dadantii

13.25+
0.33

7.07+0.38
7.06 £0.80
6.91+0.28

10.85 %
0.82

9.10+2,32

Lys
PR-2

PR-3
PR-5
HIN1

HSR-
203

aroA

(P < 0/0B) o 3 0 Jlag b S 1 4 o sl L0 Sl S8 2 3 03 Ol (613 gme B 1S

51


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.7.7
https://biot.modares.ac.ir/article-22-48629-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.23222115.1400.12.3.7.7 ]

1400 a\:...‘.eb' 53 e)k.i 512 092

o S F LS Y] LIy

& S dom
O aa 3 4l 5 o pidlS @ pslie OLALS Sl o3zl
5 LT s OlalS Coeglie gla S 55l CaiS ol s Iy
S G 2 b kS S alS S ole Jelye
G 5ilS ligslen Lo Sl S e 5 Sl
0L 0lalS a5 2 O ok SU ST ol o st
et S ilS L LS s o o o o3l
" SIS ol o e slacdle o8 Saly
ot mal gLl s ety WL Ll
ALS Gl Sl 40 et glaST il
0> Laiayin LS sl dagg SL 5 Lz B o sas
S gdS Jor slap 5K 5 (2l SLAS ol 3550
Y s ot g 5 1By ban Uil e
b sle Sl 5 5 m glacile 51 30 (5558

Ay u:.«.ﬁls b

cl:a

1- Sadravi, M. (2012) The use of genetic
engineering to create plants resistant to diseases.
Plant Pathol. J. 1(2): 1-9. (In Persian with English
Abstract).

2- Gholamnezhad, J. (2017) Plants defense
mechanisms against pathogen. Plant Pathol J. 6:
24-32.

3- Yasuda, M., Ishikawa, A., and Jikumaru, Y.
(2008) Antagonistic interaction between systemic
acquired resistance and the abscisic acid-mediated
abiotic stress response in Arabidopsis. Plant Cell.
20: 1678-1692.

4- Stallings, W. C., Abdel-Meguid, S. S., Lim, L.
W. (1991) Structure and topological symmetry of
the glyphosate target 5-enopyruvylshikimate-3-
phosphate synthase: a distinctive protein fold. Proc.
Natl. Acad. Sci. U. S. A. 88: 5046-5050.

5- Pasalari, H. M., Tratsiakova, O. M.,
Evtushenkov, A. N. (2015) Glyphosate tolerance
transgenic potato plants containing aroA gene.
Proc. BSU. Series. Physiol. Biochem. Mol. Biol.
Sci. 10: 123-126 (Russian).

52

515 o3l L PR-2 slads Ol &Il ol o

05 &)= o UT 5 UT o5l « PR-3 05 L 2/9
4 HSR-203) o5 ol L 1/5 51/3 ¢;lwl «PR-5
S UT o3lul w HINL o5 sl o 5 ,L2/4 5215 o5l
s Dickeyadadantii slas SLL s 5« LT
o3 S Uy |33l Pectobacterium atrosepticum
als gladi sl 3 S de a0 0k (2d545) 55
W03 Obs Olye o 45 3l OLAS 7l ST iy i
s slad OLalS) wald 5 ileslssse ladised o
GO (sl b DALS el IS L
05 5 PR-2 (6la 05 Ol gl 1)l 5 5m 5 ()13 s
St 3100 U s sl 4 e HSR-203]
S AiS A 5 Kl e el opl &S 5 e S Ihg il
Ceslis @t LA L BLS I o o 5218 J‘Sj‘u
AUl S Gla Siley 4 o oS L]
s mel gLl Ol il o 58
S ool (S5 s s b (1 US2) e
oy ey andls o s [8] CsidS L SL
Sl 5555 slags L L (Sl Sl de olS Ol
oS Sl 31 Yot | 0155 e ) g 5205
Gl gle0s LI L Solen b O axlge oS
s 4Bl ool &S 5ls s cdas o OLES 2S5 elos
LS 53 OLLSan 5 s [16] 04 Ol b sl L
W[12] S0 oS 55 0L 5y [11] sy
0351 s e S [8] S 5 5 VLY
L OLalS Slag Kyl s cLisisnd g0 L s
sl Sty glad) (RSl o G 5ilS
Glacssis ) ol S Conslin mlav 5055 s
5 illas (s o Gl S les b s oddsln


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.7.7
https://biot.modares.ac.ir/article-22-48629-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.23222115.1400.12.3.7.7 ]

e

correlated with programmed cell death. Mol. Plant
Microbe Interact. 11: 544-554.

13- Feng. P. C. C., Baley, G. J., Clinton, W. P.,
Bunkers, G. J., Alibhai, M. F., Paulitz, T. C., and
Kidwell, K. K. (2005) Glyphosate inhibits rust
disease in Glyphosate-resistant wheat and soybean.
Proc Natl Acad Sci U S A. 102: 17290-17295.

14- Duke, S. O., Wedge, D. E., Cerdeira, A. L., and
Matallo, M. B. (2007) Interactions of synthetic
herbicides with plant disease and microbial
herbicides. In:  Novel Biotechnologies for
biocontrol Agent Enhancement and Management.
Springer Nature (Netherlands). 277-296.

15- Van Loon, L. C. (2011) Significance of
inducible Defense-related proteins infected plants.

Annu. Rev. Phytopathol. 2006: 135-162.

16- Pasalari, H., Tretyakova, O. M., Evtushenkov,
A. N. (2016) Induction of Potato defense response
genes in Potato leaves during bacterial infection
and glyphosate processing. J Plant Dis protect.
3(106): 37-39.

17- Livak, K. J., Schmittgen, Th. D., (2001).
Analysis of relative gene expression data using
Real-time quantitative PCR and the 2-A,c; method.
Methods. 25(4): 402-408.

53

6- Benbrook, C. (2016) Trends in glyphosate
herbicide use in the Unites States and globally.
Environ. Sci. Eur. 28 (3): 548-555.

7- Duke, S. O., and Powles, S. B. (2008)
Glyphosate: a once in a century herbicide. Pest
Manag. Sci. 64: 319-325.

8- Pasalari, H., Evtushenkov, A. N. (2016) PR-
genes expression in the leaves of transgenic potato
plants after glyphosate treatment. Vestnik BSU.
Series, 2, Chem. Biol. Geog. 1: 31-35 [Russian].

9- Bonny, S. (2008) Genetically modified
glyphosate-tolerant soybean in the USA: Adoption
factor impacts and prospects: a review. Agron
Sustain Dev. 28: 21-32.

10- Antonio, L., Cerdeira-Dionsio, L. P., Gazziero-
Stephen, O. (2011) Impacts of Glyphosate-
Resistant Soybean Cultivation in South America. J.
Agric. Food Chem. 59: 5799-5807.

11- Pline, W. A., Wilcut, J. W., Duke, S. O. (2002)
Tolerance and accumulation of shikimic acid in
response to glyphosate applications in glyphosate
resistant and non-glyphosate resistant cotton
(Gossypium hirsutum L.). J. Agric. Food Chem. 50:
506- 512.

12- Pontier, D., Tronchet, M., Rogowsky, P. (1998)
Activation of hsr203, a plant gene expressed during
incompatible plant-pathogen interactions is


https://dorl.net/dor/20.1001.1.23222115.1400.12.3.7.7
https://biot.modares.ac.ir/article-22-48629-fa.html

[ Downloaded from biot.modares.ac.ir on 2025-04-21 ]

[ DOR: 20.1001.1.23222115.1400.12.3.7.7 ]

. Tarbiat Modares Biotechnology-Tarbiat Modares University
\ University

Mechanism of action of glyphosate in transgenic potato
plants in response to bacterial pathogens, Pectobacterium
atrosepticum and Dickeya dadantii

Hossein Pasalari

1-Assistant professor of Agriculture Department, Minab Higher Education Center, University of
Hormozgan, Bandar Abbas, Iran

“ Corresponding Author: hossein.pasalari@hormozgan.ac.ir

Received: 2021/1/10 Accepted: 2021/6/19

Abstract:

Different defense pathways in plants evolved in reaction to pathogens. The
main aim of this study was to investigate the mechanism of action of
glyphosate in resistance induction to bacterial phytopathogens. To do so,
glyphosate at an optimal concentration of 1.8 mg / | was used on transgenic
potato, to induce resistance to two strains of pathogenic bacteria (21A of
Pectobacterium atrosepticum and ENA49 of Dickeya dadantii). It was been
shown that plant defense responses to pathogens can be stimulated by
treatment plants at an optimal concentration of glyphosate. Transgenic
potato leaves infected with potato pathogenic bacteria, and then treated with
glyphosate showed a high level of expression of pathogenesis-related genes
(PR-2, PR-3, PR-5), especially PR-2 gene and defense response genes (HSR-
203j, HIN1), especially HSR-203j gene. The expression of PR-2 gene in
leaves infected with these two bacteria were 1.5 and 2.9 times, for PR-3 gene
1.7 and 1.7 times, for PR-5 gene to 1.3 and 1.5 times and expression of HSR-
203J gene to 2.5 and 2.4 times and - HIN1 gene to 1.7 and 1.7 times, with
Dickeya dadantii and Pectobacterium atrosepticum infection, respectively.
The expression of these genes in control samples didn’t significantly change.
The results showed that there was a significant difference between the
expression of genes in the experimental and control samples (plants treated
by glyphosate compared to untreated plants). The results showed that the
treatment of plants by glyphosate can induce a systemic acquired resistance
to phytopathogens by inducing proteins and defense response genes

.Keywords: Plant bacterial pathogens, Pathogenesis related genes and

defense response genes, Glyphosate, Induced resistance
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