ﺑﻴﻤﺎﺭﻱﻫﺎﻱ ﮔﻴﺎﻫﻲ  /ﺟﻠﺪ  / ۵۴ﺷﻤﺎﺭﻩ  / ۳ﺳﺎﻝ ۱۷۲-۱۶۳ :۱۳۹۷

ﺗﺸﺨﯿﺺ ﻣﻮﻟﮑﻮﻟﯽ ژنﻫﺎي اﻟﻘﺎء ﺷﺪه ﮔﯿﺎه ﺳﯿﺐ زﻣﯿﻨﯽ دﺧﯿﻞ در دﻓﺎع ﻋﻠﯿﻪ ﺑﺎﮐﺘﺮي
Ralstonia solanacearum
ﮐﺒﺮي ﻣﺴﻠﻢﺧﺎﻧﯽ ،1ﺟﻮاد ﻣﻈﻔﺮي ،*2ﻣﺴﻌﻮد ﺷﻤﺲﺑﺨﺶ 3و اﺑﺮاﻫﯿﻢ ﻣﺤﻤﺪي ﮔﻞﺗﭙﻪ

4

)ﺗﺎرﯾﺦ درﯾﺎﻓﺖ1396/6/1 :؛ ﺗﺎرﯾﺦ ﭘﺬﯾﺮش(1397/8/20 :

ﭼﮑﯿﺪه
ﺑﺎ اﺳﺘﻔﺎده از ﺗﮑﻨﯿﮏ  cDNA-AFLPواﮐﻨﺶ ﻣﻮﻟﮑﻮﻟﯽ رﻗﻢ ﺣﺴـﺎس )ﻣﺎرﻓﻮﻧـﺎ( و رﻗـﻢ ﻣﺘﺤﻤـﻞ )اﻟـﺲ( در ﮔﯿـﺎه ﺳـﯿﺐ زﻣﯿﻨـﯽ

(Solanum

) tuberosumو ژﻧﻮﺗﯿﭗ ﻣﻘﺎوم ) (S. phurejaﺑﺮاي ﺷﻨﺎﺳﺎﯾﯽ ژنﻫﺎي دﺧﯿﻞ در ﻣﮑﺎﻧﯿﺴﻢﻫﺎي دﻓﺎﻋﯽ ﻣﻮرد ﺑﺮرﺳﯽ ﻗـﺮار ﮔﺮﻓـﺖ .ﺑﯿـﺎن ژنﻫـﺎي
ﻣﺮﺗﺒﻂ ﺑﺎ دﻓﺎع در ﭼﻬﺎر زﻣﺎﻧﻬﺎي  4 ،2 ،0و  7روز ﺑﻌﺪ از آﻟﻮده ﺳﺎزي رﯾﺸﻪ ﮔﯿﺎﻫﺎن ﺑﺎ ﺑﺎﮐﺘﺮي  R. solanacearumدر ﺷـﺮاﯾﻂ درون ﺷﯿﺸـﻪاي

ﺑﺮرﺳﯽ ﮔﺮدﯾﺪ .ﺣﺪود  2820ﻗﻄﻌﻪ ﻣﺸﺘﻖ از روﻧﻮﺷﺖ ﻣﺸﺎﻫﺪه ﺷﺪ ﮐﻪ در اﯾﻦ ﻣﯿﺎن  206ﻗﻄﻌﻪ اﻟﮕﻮﻫﺎي ﺑﯿﺎن ﻣﺘﻔﺎوﺗﯽ ﻧﺸﺎن دادﻧﺪ .در ﻣﺠﻤـﻮع

 20ﻗﻄﻌﻪ ﺑﺎ ﺑﯿﺸﺘﺮﯾﻦ اﺧﺘﻼف ،ﺗﻮاﻟﯽﯾﺎﺑﯽ ﺷﺪﻧﺪ و ﻫﻤﻮﻟﻮژي آﻧﻬﺎ ﺑﺎ ژنﻫﺎي ﺷﻨﺎﺧﺘﻪ ﺷﺪه ﻗﺒﻠﯽ در ﺑﺎﻧﮏ ژن ﺑﺮرﺳﯽ ﮔﺮدﯾﺪ .اﯾﻦ ژنﻫﺎ ﺗﺸﺎﺑﻪ ﻗﺎﺑﻞ
ﺗﻮﺟﻬﯽ ﺑﺎ ﺑﺮﺧﯽ ژنﻫﺎي درﮔﯿﺮ در ﻓﺮاﯾﻨﺪﻫﺎي ﻓﯿﺰﯾﻮﻟﻮژﯾﮑﯽ واﮐﻨﺶ ﺑﻪ اﺳﺘﺮسﻫﺎ ،دﻓﺎع ،ژنﻫﺎي ﺳﺎﺧﺘﺎري وژنﻫﺎي دﺧﯿﻞ در ﻧﺴﺨﻪﺑـﺮداري،

ﺳﻨﺘﺰ و ﺑﺴﺘﻪﺑﻨﺪي ﭘﺮوﺗﺌﯿﻦ داﺷﺘﻨﺪ .ﺗﻐﯿﯿﺮ ﺑﯿﺎن اﯾﻦ ژنﻫﺎ در  S. phurejaﻧﺴﺒﺖ ﺑﻪ  S. tuberosumﭘﺲ از آﻟﻮدﮔﯽ ﺑﺎ  R. solanacearumﺑﯿﺸـﺘﺮ
ﺑﻮد.

ﮐﻠﯿﺪواژه :ﭘﮋﻣﺮدﮔﯽ

ﺑﺎﮐﺘﺮﯾﺎﯾﯽcDNA-AFLP ،S. phureja ،Solanum tuberosum ،

* ﻣﺴﺌﻮل ﻣﮑﺎﺗﺒﺎت ،ﭘﺴﺖ اﻟﮑﺘﺮوﻧﯿﮑﯽmoslemkhany@yahoo.com :

 .1ﻣﺆﺳﺴﻪ ﺗﺤﻘﯿﻘﺎت ﺛﺒﺖ و ﮔﻮاﻫﯽ ﺑﺬر و ﻧﻬﺎل ،ﺳﺎزﻣﺎن ﺗﺤﻘﯿﻘﺎت ،آﻣﻮزش و ﺗﺮوﯾﺞ ﮐﺸﺎورزي ،ﮐﺮج ،اﯾﺮان.

 .2ﻣﺆﺳﺴﻪ ﺗﺤﻘﯿﻘﺎت اﺻﻼح و ﺗﻬﯿﻪ ﻧﻬﺎل و ﺑﺬر ،ﺳﺎزﻣﺎن ﺗﺤﻘﯿﻘﺎت ،آﻣﻮزش و ﺗﺮوﯾﺞ ﮐﺸﺎورزي ،ﮐﺮج ،اﯾﺮان.
 .3ﮔﺮوه ﺑﯿﻤﺎري¬ﺷﻨﺎﺳﯽ ﮔﯿﺎﻫﯽ ،داﻧﺸﮑﺪه ﮐﺸﺎورزي ،داﻧﺸﮕﺎه ﺗﺮﺑﯿﺖ ﻣﺪرس ،ﺗﻬﺮان ،اﯾﺮان.
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Abstract
Molecular responses of susceptible (Marfona) and tolerant (Els) cultivars of Solanum tuberosum, and a resistant genotype of S. phureja were comparatively studied using a cDNA-AFLP technique to identify candidate
genes involved in defense mechanisms against Ralstonia solanacearum. Transcriptional changes were studied at 0, 2, 4 and 7 days post inoculation of the plants by R. solanacearum through root inoculation under in
vitro conditions. Of the 2820 transcript derived fragments (TDFs) detected, 206 TDFs showed variable patterns. In total 20 TDFs with stronger differential induction were sequenced. These TDFs showed significant
homologies with the genes involved in physiological processes, stress responses, cell structure, defense, transcription and protein synthesis/folding. Approximately 5% of the sequenced TDFs were identified with unknown function. Induction of a higher number of genes was altered in response to R. solanacearum in S.
phureja compared to S. tuberosum.
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Introduction
Ralstonia solanacearum is an important plant
pathogen that attacks many plants in warm and
humid climates (Denny 2006). Bacterial wilt
caused by R. solanacearum is a limiting factor in
production of potato in both tropical and sub subtropical regions (Allen et al. 2005). Among disease
control methods used for the pathogen, planting
disease-resistant cultivars is one of the most successful, economical and environmentally-friendly
strategy (Boshou 2005). Therefore, the development of genetically resistant and commercial potato cultivars is important for management of bacterial wilt disease for potato production.
Research on molecular mechanism(s) governing
potato-Ralstonia interactions is an important preliminary step for discovering and utilization of effective resistance genes for improvement of potato
resistance against R. solanacearum (Zuluaga et al.
2015). Scientists have known that some plants, like
animals, can also be immune against some pathogens (Chester 1933). For the most crops susceptible to bacterial wilt, high level, gene-for-gene type
of resistance encoded by a single dominant gene
has not been reported and the available sources of
resistance in cultivated potato are often polygenic
(Boshou 2005). The low levels of resistance
against R. solanacearum in Solanum tuberosum
cultivars are not sufficient to withstand infection
under optimal conditions for disease development.
Useful approach for understanding the molecular
basis of interaction between R. solanacearum and
potato plant is to characterize the genes differentially expressed under compatible or incompatible
combinations.
Although potentially higher levels of resistance
against R. solanacearum have been reported in S.
phureja (Fock et al. 2005; Moslemkhani et al.
2012, Virupaksh et al. 2012; Rowe et al. 1972), the
mechanisms regulating defense and resistance in S.
phureja are still unknown. Some genes such as
receptor like kinase have been characterized during
Interaction between potato and Ralstonia solanacearum (Li et al., 2010). However, little is known
about the genes involved in incompatible interaction of S. phureja and R. solanacearum. Recently,
the interactions of R. solanacearum with S. tuberosum, S. lycopersicum and S. commersonii have
been studied at transcriptomic and proteomic levels
(Dahal et al. 2009; Dahal et al. 2010; Li et al.
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2010; Esposito et al. 2008). The results demonstrated that the response of Solanum spp. against R.
solanacearum is by elevating the expression of
pathogenesis-related and other defense-related proteins (Dahal et al. 2010).
Gene expression analysis of the responses of
potato cultivars against R. solanacearum provides
useful information about the molecular mechanisms of potato-Ralstonia interactions and the development of molecular markers for research on
potato genetic breeding. Therefore, we applied a
cDNA-amplified fragment length polymorphism
(cDNA-AFLP) approach to identify and compare
the genes differentially-induced against R. solanacearum in S. tuberosum (susceptible host) and S.
phureja (resistant host) over time.

Material and methods
Plant material and inoculation
The highly virulent R. solanacearum strain SH12
(race 3, biovar 2) was isolated from potato plants
of Khuzestan province in South Western Iran. Isolation and characterization of bacteria from samples was carried out according to Schaad et al.
(2001). Also PCR and pathogenicity test were used
for diagnosis of isolated bacteria (moslemkhani et
al., 2005). The bacterium was grown for 24 h, at
28°C on yeast peptone glucose agar (YPGA) medium overnight. The resulting bacterial suspension
of 108 CFU/ml (OD600=0.1) was used for plant inoculation.
Supper Elit seed tuber classes of cultivars Els
and Marfona of S. tuberosum and botanical seeds
of S. phureja were obtained from National Plant
Gene Bank of Iran. S. tuberosum and S. phureja
were cultured on MS basal medium (Murashing &
Skoog, 1962) under in vitro conditions and multiplied using axillary shoot tips. The potato clones
were subcultured at four weeks interval and maintained under environmental conditions with 16 h
day -1 illumination at 55 µmol-2 s-1, 22°C and 70%
relative humidity. Four week-old in vitro plants
were inoculated using root inoculation method
(Fock et al. 2000). Inoculated plants were sampled
0, 2, 4 and 7 days after inoculation to evaluate the
transcriptome of the potato genotypes in response
to bacterial infection. The experiment was carried
out with 4 replicates.

165

Moslemkhani et al.: Molecular characterization of defense-related genes, induced against …

RNA isolation and cDNA synthesis
Total RNA was extracted from whole plantlet
tissue (leaf, stem and root), using RNeasy® mini kit
(Qiagen), and mRNA was purified from 200 µg of
extracted total RNA using Qiagen Oligotex mRNA
purification kit according to their manufacturer’s
instructions. The quantity of the extracted total
RNA and mRNA were checked on 1% agarose gel.
First strand cDNA was synthesized by using Fermentas First Strand cDNA synthesis kit according
to the manufacturer’s protocol. Double stranded
cDNA was synthesized and purified (Moslemkhani
et al., 2014).

cDNA-AFLP analysis
A cDNA-AFLP analysis was performed as described by Bachem et al. (1998) Transcript-derived
fragments (TDFs) were generated by digestion of
the ds cDNA with 5 u of MseI and EcoRI (Invitogen). EcoRI and MseI adapters were then ligated to
the digested cDNA. Ten μl of the ligation mix was
used for pre-selective amplification using EcoRI+0
(5’-GACTGCGTACCAATTC-3’) and MseI+0 (5’GATGAGTCCTGAGTAAC-3’) primers. The preselective reaction was used for selective amplification. Standard EcoRI and MseI AFLP primers were
used with two selective nucleotides EcoRI CT, AC
and MseI CC, GG, AT, AC (Vos et al., 1995). Selective amplification products were fractionated on
a 6% denaturing polyacrylamide gel and visualized
by silver staining (Bassam et al. 1991). TDFs of
interest were excised from the gel, immersed in 50
μl of sterile water and incubated overnight at 4°C
for DNA diffusion. After centrifugation of tubes
contain excised fragment, the extracted DNA were
re-amplified using AFLP selective primers under
the same PCR conditions. The PCR products were
resolved by agarose gel electrophoresis (Ausubel et
al. 1992) and purified using Qiagen gel extraction
kit (Qiagen, USA). The purified DNAs were sequenced by MWG Biothech, (Germany). The resulting nucleotide sequences were analyzed in the
GenBank database using Basic Local Alignment
Search Tool (BLAST) Program.

Results
The three genotypes of potato showed different
response against R. solanacearum, as confirmed by
bioassay. S. phureja was immune, while potato cv.
166

Els showed high level of tolerance and cv. Marfona was susceptible against the pathogen (Moslemkhani et al., 2011). Under in vitro conditions,
sever wilt symptoms appeared on inoculated plantlets of cv. Marfona but not on cv. Els and S. phureja , ten days post inoculation. However, a mild
wilting was observed at leaves around the inoculation site in cv. Els, 15 days after inoculation, while
no symptom was observed on S. phureja , even one
month post inoculation.
The result of cDNA-AFLP showed clear differences between infected and non-infected samples
and among different sampling times post inoculation (Fig. 1). By using eight primers combinations,
2820 TDFs were amplified, ranging from 50 to 800
bp. Among them, 206 TDFs were differentially
induced of which 7.28% and 74.27% corresponded
to down-regulated and up-regulated transcripts,
respectively. A considerable level of differentially
TDFs (18.44%) were specific fragments to either
S. tuberosum or S. phureja (Fig 2). Most of the upregulated TDFs were presented in S. phureja 4 and
7 days after inoculation. Out of 324 TDFs obtained
in S. phureja , 19/75% were up-regulated and
1/85% were down-regulated. Of the 284 TDFs in
cv. Marfona transcriptom profile, 17/25% showed
up-regulation and 1/76% showed down-regulation.
Among 274 TDFs detected in cv. Els, 14/60%
were up-regulated and 1/46% were downregulated. Of the sequenced TDFs, 20 sequences
showed similarity to those recorded in the GenBank databases (Table 1).
The functions of 20 sequenced TDFs were identified based on their similarities to the known proteins registered in centers such as NCBI. The sequences could be divided to eight categories from
which 20% were involved in physiological
processes, 15% in stress responses, 25% in cell
defense, 15% in cell structure, 10% in signal transduction, 5% in transcription, and 5% in protein
synthesis and folding. No homology was found for
the remaining (5%) that corresponded to the proteins of known functions.

Discussion
Large scale analysis of gene transcription is a
powerful approach for analysis of plant-pathogen
interactions. In this study, cDNA-AFLP technique
was used to identify differentially-expressed transcripts putatively associated with the infection
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Fig. 1. Part of results obtained from cDNA-AFLP analysis of Solanum phureja, Solanum tuberosum cvs. Els and
Marfona after infection by Ralstonia solanacearum. TDFs were obtained from selective amplification using MseGG, EcoR-CT primer combinations. Each row corresponds to three potato genotypes including control (0), and
inoculated plantlet sampled 2, 4 and 7 days post inoculation.
Solanum tuberosum  و ارﻗﺎم اﻟﺲ و ﻣﺎرﻓﻮﻧﺎ در ﮔﻮﻧﻪSolanum phureja  درcDNA-AFLP  ﻗﺴﻤﺘﯽ از ﻧﺘﺎﯾﺞ ﺣﺎﺻﻞ از آﻧﺎﻟﯿﺰ.1 ﺷﮑﻞ

 ﺑﻪMse-GG, EcoR-CT  ﻗﻄﻌﺎت ﻣﺸﺘﻖ از روﻧﻮﺷﺖ ﮐﻪ ﺑﺎ اﺳﺘﻔﺎده از ﺗﺮﮐﯿﺐ ﭘﺮاﯾﻤﺮي. Ralstonia solanacearum ﺑﻌﺪ از آﻟﻮده ﺳﺎزي ﺑﺎ

، ﮔﯿﺎﻫﺎن ﻧﻤﻮﻧﻪ ﺑﺮداري ﺷـﺪه در دو:(7  و4 ،2) ، ﮔﯿﺎه ﺳﺎﻟﻢ: (0)  ﻫﺮ ردﯾﻒ ﻣﺮﺑﻮط ﺑﻪ ﺳﻪ ژﻧﻮﺗﯿﭗ ﺳﯿﺐ زﻣﯿﻨﯽ اﺳﺖ ﮐﻪ ﺷﺎﻣﻞ.دﺳﺖ آﻣﺪهاﻧﺪ

.ﭼﻬﺎر و ﻫﻔﺖ روز ﭘﺲ از آﻟﻮده ﺳﺎزي

process and resistance response during the interaction of S. tuberosum (cv. Els and Marfona) and S.
phureja against race 3, biovar 2 of R. solanacearum under in vitro conditions. Results from the
present and our previous studies (Moslemkhani et
al. 2011) indicate that potato cv. Marfona is susceptible and cv. Els is relatively tolerate against R.
solanacearum. The highest level of resistance was
found in S. phureja. In vitro assessment of plantpathogen interaction has advantages as compared
to the greenhouse assessment and eliminates confounded effects of other variables that may occur
under greenhouse conditions (Moslemkhani et al.
2011).
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The majority of the differential transcription
rate in the present study (74.27%) were upregulated in response to R. solanacerarum infection in potato indicating a drastic change in the
biochemical composition of plant cells. (Dahal et
al. 2010; Li et al. 2010; Esposito et al. 2008).
Number of the up-regulated genes in resistant potato (S. phureja , incompatible interaction) was significantly higher than those in S. tuberosum cultivars Els (partial tolerant) and Marfona (susceptible) in compatible systems. Similar results have
been reported in other incompatible plant-pathogen
interactions (Kiba et al. 2003)
We identified various TDFs from cv. Marfona,
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Fig. 2. The induction rate of TDFs detected by cDNA-AFLP analysis in Els and Marfona (Solanum tuberosum)
and Solanum phureja using eight primer combinations. A) Number of TDFs up-regulated ( ), down regulated (
) or not changed (
) in inoculated plants compared to mock-inoculated plants. B). TDFs transcribed in one
(left or right zone) and in both (middle zone) Solanum species
( Solanum  در رﻗـﻢ اﻟـﺲ و ﻣﺎرﻓﻮﻧـﺎcDNA-AFLP  ﻧﺮخ اﻟﻘﺎء ﻗﻄﻌﺎت ﻣﺸﺘﻖ از روﻧﻮﺷﺖ ﺷﻨﺎﺳﺎﯾﯽ ﺷﺪه ﺑﺎ اﺳﺘﻔﺎده از ﺗﮑﻨﯿﮏ.2 ﺷﮑﻞ

 ﺗﻌﺪاد ﻗﻄﻌﺎت ﻣﺸﺘﻖ از روﻧﻮﺷﺖ ﮐﻪ در ﮔﯿﺎﻫﺎن آﻟﻮده:A . ﺑﺎ اﺳﺘﻔﺎده از ﻫﺸﺖ ﺗﺮﮐﯿﺐ ﭘﺮاﯾﻤﺮي ﻣﺨﺘﻠﻒSolanum phureja  وtuberosum)

 ﺗﻌﺪاد ﻗﻄﻌـﺎت ﻣﺸـﺘﻖ از:B .( ﺑﺎﻗﯽ ﻣﺎﻧﺪﻧﺪ

) ( ﻧﺸﺎن دادﻧﺪ ﯾﺎ ﺑﺪون ﺗﻐﯿﯿﺮ

) ( ﯾﺎ ﮐﺎﻫﺶ ﺑﯿﺎن

) در ﻣﻘﺎﯾﺴﻪ ﺑﺎ ﮔﯿﺎﻫﺎن ﺳﺎﻟﻢ اﻓﺰاﯾﺶ ﺑﯿﺎن

 ﻧﺴﺨﻪ ﺑﺮداري ﺷﺪه اﺳﺖ )ﻗﺴﻤﺖ ﺳﻤﺖ راﺳﺖ ﯾﺎ ﭼﭗ ﺗﺼﻮﯾﺮ( ﯾﺎ در ﻫﺮ دو ﮔﻮﻧﻪ وﺟـﻮدSolanum روﻧﻮﺷﺖ ﮐﻪ ﺗﻨﻬﺎ در ﯾﮑﯽ از ﮔﻮﻧﻪﻫﺎي
.دارد

some of which corresponding to stress responding
and senescence/dehydration-associated proteins.
Dehydration-related genes are expressed under
water deficiency and low temperature stresses
(Riechmann et al. 2000). Wilting is depended on
the density of the pathogen in vascular system,
preventing sufficient water exchange and resulting
in dehydration stress (Denny 2006). Dehydrationassociated proteins are involved in many developmental and stress-related processes (Choudhary et
al. 2009). Probably, early dehydration responses
play a role in scavenging stress-induced generation
of reactive oxygen species (Choudhary et al.
168

2009).
Small heat shock protein genes are also stressrelated genes that were up-regulated in S. phureja
after inoculation by R. solanacearum. These genes
are induced during exposure to elevated temperature and a variety of cellular stresses such as oxidative stress (Banzet et al. 1998; Byth et al. 2001).
The synthesis of these stress proteins can be considered as an adaptive mechanism in which mitochondrial protection could be essential (Banzet et
al. 1998).
Gene encodes a DnaJ-like protein was upregulated in potato cv. Marfona two days post
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Table 1: Homologies of the sequences of differential fragments of potato genotypes against R. solanacearum with
sequences registered in the GenBank databases
 ﺑﺎ ژنﻫﺎي ﺛﺒـﺖR. solanacearum  ﻫﻤﻮﻟﻮژي ﺗﻮاﻟﯽﻫﺎي ﻗﻄﻌﺎت ﻣﺘﻤﺎﯾﺰ در ژﻧﻮﺗﯿﭗﻫﺎي ﮔﯿﺎه ﺳﯿﺐ زﻣﯿﻨﯽ در واﮐﻨﺶ ﺑﻪ آﻟﻮدﮔﯽ:1 ﺟﺪول

ﺷﺪه در ﭘﺎﯾﮕﺎه دادهﻫﺎي ﺑﺎﻧﮏ ژن

Length Blast
(bp)
score

Accession Function
number

Annotation

S.tuberosum AT-AC

129

1e-58

JZ531628 Phosphatase activity

NIL interacting factor protein

S.tuberosum CT-CA

117

3e-52

JZ772715 Molecular chaperone DnaJ- like protein

S.tuberosum AT-AC

85

1e-05

JZ772716 Signal transduction

S.tuberosum AT-AC

310

1e-146 JZ772717 Stress response

S. phureja

AT-AC

90

6e-35

S. phureja

GG-AC 116

6e-48

S. phureja

AT-CT

214

2e-85

JZ772724 structural

Plastid lipid associated protein

S. phureja

AT-CT

174

1e-66

JZ772725 physiology

S.tuberosum AT-CT

223

4e-99

JZ772721 structural

1-deoxy-D-xylulose 5 phosphate synthase
Plastid lipid associated protein

S. phureja

AC-CA

125

2e-56

JZ772733 defense

chitinase

S. phureja

GG-CT

94

7e-40

JZ772726 defense

Plastidic pyruvate kinase beta
subunit 1

S. phureja

AT-AC

116

2e-47

JZ772727 transferase activity

S. phureja

GG-AC 77

9e-31

JZ772728 Stress response

S. phureja

GG-AC 149

8e-68

JZ772729 Signal transduction

S. phureja

AT-AC

128

4e-47

JZ772730 structural

Uracil phosphoribosyl transferase putative
Mitochondrion localized small
heat shock protein
Serine/threonine-protein kinase
Pentatricopeptid repeat containing protein

S.tuberosum CT-CA

100

4e-43

JZ772718 Stress response

S.tuberosum CT-CA

129

2e-48

JZ772719 defense

S.tuberosum CT-CA

123

2e-55

JZ772720 defense

S. phureja

GG-AC 118

9e-53

JZ772731 transcription

Polygalactronase inhibiting
protein
Myb transcription factor

S. phureja

AT-AC

1e-51

JZ772732 defense

Putative aspartic protease

TDF

Species

B8
(M.2,4)
H8
(M.2)
B7
(E.4)
B9
(M.2)
B10
(S. ph. 4)
C16
(S. ph. 4)
E2
(S. ph. 4)
E3
(S. ph. 4)
E4
(E.4)
G33
(S. ph.2)
F5
(S. ph.
4,7)
B11
(S. ph. 7)
C5
(S. ph. 2)
C17
(S. ph. 4)
B2
(S. ph. 4)
H6
(E. 2,4)
H5
(E.sh)
H7
(E.7)
C8
(S. ph.
2,4)
B3
(S.ph.4,7)

Primer
comb

116

JZ772722 oxidation-reduction
process
JZ772723 -

inoculation. This protein may play an important
role in transport and signal transduction of the molecules induced by R. solanacearum (Li et al.

169

Leucin rich repeat family protein
Senescence/ dehydration associated protein-related
putative peroxisomal (S) -2hydroxy acid oxidase 2
Un known protein

Mitochondrial small heat
shock protein
Lypoxygenase

2010). Recent study by semi-quantitative RT-PCR
has indicated that the gene is induced by infection
by Ralstonia solanacearum as well as by treatment

169

Moslemkhani et al.: Molecular characterization of defense-related genes, induced against …

with jasmonic acid, suggesting that DnaJ-gene may
play a role in recovering the activity of proteins
destroyed by R. solanacearum or jasmonic acid
stresses (Li et al. 2007).
Polygalactronase-inhibiting protein (PGIP) coding gene was up-regulated in potato cv. Els with
considerable level of resistance. PGIPs are plant
cell wall proteins that protect plants from pathogen
invasion (Matteo et al. 2003). They inhibit bacterial polygalactronases, the effective enzymes in multiplication and distribution of the pathogen in plant
tissues. it seems that PGIPs contribute to the development of defense responses and delaying the
appearance of disease symptoms (Schacht et al.
2011).
Putative aspartic protease (AP) coding gene was
severely up-regulated in S. phureja 4 and 7 dpi as
compared to S. tuberosum cultivars, which implies
that these genes are involved in resistance responses against R. solanacearum. It has been reported that aspartic protease APs are involved in
senescence, defense and stress responses (Guevara
et al. 2004).
The DNA sequence corresponding to TDF C8 in
S. phureja had a high homology with the gene encoding for Myb transcription factor that participate
in regulation of defense-related genes (Rushton &
Somssich 1998).TDF H5 showed homology to lipoxygenase (LOX) gene that was down regulated
in the cv. Els over times post inoculation. LOX
genes are transcriptionally activated by wounding,
pathogen infection and elicitors (Kolomiets et al.
2000). Contrary to several reports, our results
showed that transcription rate of lipoxygenase gene
was down-regulated in relatively resistant cv. Els.

This could be due to the fact that lipoxygenase
gene are expressed in early stage of potato infection by R. solanacearum. These observations need
to be further confirmed by additional experiments.
The analysis of transcriptome data in this study
provides new insights to dissection and understanding the molecular mechanisms involved in
susceptibility, tolerance and immunity responses of
potato plant against R. solanacearum.
This study provides useful information on differential gene induction in potato plantlet after pathogen challenge in compatible and incompatible
interactions. The identified TDFs, showed significant homologies with the genes involved in physiological processes, stress responses, cell structure, defense, transcription and protein synthesis/folding, suggesting their direct or indirect involvement in plant response to the pathogen and
supporting the complexity and the polygenic regulation of plant response against Ralstonia solanacearum. Our data indicated in S. phureja more
transcriptional changes involves against R. solanacearum. The TDFs, showed significant homologies
with the Myb transcription factor is one of the excellent candidate for study defense responses of S.
phureja. Myb transcription factor has central role
in controlling the synthesis of the phenylpropanoid-derived compounds that contributes to the enhancement of plant defense response. We suggest
future investigation to learn how Myb transcription
factor involve in resistance of S. phureja and focusing research efforts on engineering these transcription factors to promote resistance in Solanum
tuberosum.

References
Allen C., Prior P. and Hayward A. C. 2005. Bacterial wilt disease and the Ralstonia solanacearum species
complex. St. Paul, MN: APS Press.
Ausubel F. M., Brent R., Kingston R. E., Moore D. D., Seidman J. G., Smith J. A. and Struhl K. 1992. Current protocols in molecular biology. New York: Greene Publishing Association; Wiley-Interscience, v.1.
Bachem C. W. B., Oomen R. J. F. and Visser R. 1998. Transcript imaging with cDNA-AFLP: A step by
step protocol. Plant Molecular Biology Reporter 16: 157- 173.
Banzet N., Richaud C. Deveaux Y. Kazmaier M. Gagnon J., and Triantaphylides C. 1998. Accumulation of
small heat shock proteins, including mitochondrial HSP22, induced by oxidative stress and adaptive response in tomato cells. Plant Journal 13:519–527.
Bassam B. J., Caetano-Anolles G. and Gresshoff P. M. 1991. Fast and sensitive silver staining of DNA in
polyacrylamide gels. Analytical Biochemistry 196:80-83.
Boshou L. 2005. A broad review and perspective on breeding for resistance to bacterial wilt. In Bacterial
Wilt Disease and the Ralstonia solanacearum Species Complex, eds. Allen, C., Prior, P. and Hayward,

170

170

Iran. J. Plant Path., Vol. 54, No. 3, 2018: 163-172

A. C., American Phytopathological Society, St. Paul, MN, USA, 225-238.
Byth H. A. Kuun K. G. and Bornma N. L. 2001. Virulence-dependent induction of Hsp70/Hsc70 in tomato
by Ralstonia solanacearum . Plant Physiology and Biochemistry 39:697–705
Chester K. S. 1993. The problem of acquired physiological immunity in plants. The Quarterly Review of
Biology 8:129-154.
Choudhary M. K. Basu D., Datta A., Chakraborty N. and Chakraborty, S., 2009. Dehydration-responsive
nuclear proteome of rice (Oryza sativa L.) illustrates protein network, novel regulators of cellular adaptation and evolutionary perspective. Molecular and Cellular Proteomics 8:1579–1598.
Dahal D., Heinz D., Dorsselaer A. V., Braun H. P. and Wydra, K. 2009. Pathogenesis and stress related, as
well as metabolic proteins are regulated in tomato stems infected with Ralstonia solanacearum. Plant
Physiology and Biochemistry 47:838-846.
Dahal D., Pich A., Braun H. P. and Wydra, K., 2010. Analysis of cell wall proteins regulated in stem of susceptible and resistant tomato species after inoculation with Ralstonia solanacearum, a proteomic approach. Plant Molecular Biology 73:643-658.
Denny T. P., 2006. Plant Pathogenic Ralstonia species. Plant Associated Bacteria, (573-644). APS Press.
Esposito N., Ovchinnikova O. G., Barone A., Zoina A., Holst O. and Evidente, A. 2008. Host and non-host
plant response to Bacterial wilt in potato: role of the lipopolysaccharide isolated from Ralstonia solanacearum and molecular analysis of plant pathogen interaction. Chemistry and Biodiversity 5:2662-2675.
Fock I., Collonnier C., Purwito A., Luisetti J., Souvannavong V., Vedel F., Servaes A., Ambroise A., Kodja
H., Ducreux G. and Sihachakr, D. 2000. Resistance to bacterial wilt in somatic hybrids between Solanum tuberosum and Solanum phureja . Plant Science 160:165-175.
Fock I., Luisetti J., Collonnier C., Vedel F., Ducreux G., Kodja H. and Sihachakr D. 2005. Solanum phureja
and S. stenotomum are sources of resistance to Ralstonia solanacearum for somatic hybrids of potato.
Page 253-259 in Bacterial wilt disease and the Ralstonia solanacearum species complex. C. Allen, P.
Prior, and A.C. Hay ward (eds.), St. Paul, MN, USA; Am Phytophatology Soc. (APS Press).
Guevara M. G., Verıssimo P., Pires E., Faro C. and Daleo G. R. 2004. Potato aspartic proteases: induction,
antimicrobial activity and substrate specificity. The Journal of Plant Pathology 86: 233–238.
Kiba A., Tomiyama H., Takashi H., Ohnishi K., Okuno T. and Hikichi Y. 2003. Induction of resistance and
expression of defense-related genes in tobacco leaves infiltrated with Ralstonia solanacearum. Plant and
Cell Physiology 44: 287–295
Kolomiets M. V., Chen H., Gladon R. J., Braun E. J. and Hannapel D. J., 2000. A leaf lipoxygenase of potato
induced specifically by pathogen infection. Plant Physiology 124:1121–1130.
Li G. C., Jin L. P., Wang X. W., Xie K. Y., Yang Y., Van der Vossen A. G., Huang S. W. and Qu D. Y.
2010. Gene transcription analysis during interaction between potato and Ralstonia solanacearum. Russian Journal of Plant Physiology 57:685-695.
Li G. C., Jin L. P., Wang X. W., Xie K. Y., Xie B. Y. and Qu D. Y. 2007. Cloning of DnaJ-like gene cDNA
in diploid potato using RACE methods combined with cDNA library. Acta Horticulturae Sinica 34: 649654
Matteo A. D., Federici L., Mattei B., Salvi G., Johnson A. K., Savino C., Lorenzo G. D. and Tsernoglou D.
2003. The crystal structure of polygalacturonase-inhibiting protein (PGIP), a leucine-rich repeat protein
involved in plant defense. Proceedings of the National Academy of Sciences 100:10124–10128.
Moslemkhani C., Mozafari J. Alizadeh, A. 2005. Diagnosis of Ralstonia solanacearum in potato seed tubers
and soil, using PCR technique. Iranian Journal of Plant Pathology 47:215-228.
Moslemkhani C., Mozafari J., Alizadeh A., Shamsbakhsh M. and Mohamadi Goltapeh E. 2011. Evaluation
of potato cultivars for resistance to Ralstonia solanacearum under in vitro and greenhouse conditions.
Seed and Plant Improvement Journal 26:501-515.
Moslemkhani K., Mozafari J., Shams Bakhsh M. and Mohamadi Goltapeh E. 2012. Expressions of some defense genes against Ralstonia solanacearum in susceptible and resistant potato genotypes under in vitro
conditions. Iranian Journal of Plant Pathology 4:183-197.
Moslemkhani K. and Mozafari J. 2014. Effects of various parameters influencing the quality of results in a
cDNA-AFLP technique used for transcriptom analysis of potato. Journal of agricultural biotechnology

171

171

Moslemkhani et al.: Molecular characterization of defense-related genes, induced against …

6: 183-197
Murashige T. and Skoog F. 1962. A revised medium for rapid growth and bio assay with tobacco tissue culture. Physiological Planta 15: 473-479.
Nie X. and Singh R. P., 2001. Differential accumulation of Potato Virus A and expression pathogenesis related genes in resistant potato cv. Shepody upon graft inoculation. Phytopathology 91:197-203.
Riechmann J. L., Heard J., Martin G., Reuber L., Jiang C., Keddie J., Adam L., Pineda O., Ratcliffe O. J. and
Samaha R. R. 2000. Arabidopsis transcription factors: genome-wide comparative analysis among eukaryotes. Science 29:2105-2110
Rowe P. R., Sequeira L. and Gonzalez L. C. 1972. Additional genes for resistance to Pseudomonas solanacearum in Solanum phureja . Phytopathology 62:1093-1094.
Rushton P. J. and Somssich I. E. 1998 Transcriptional control of plant genes responsive to pathogens. Current Opinion in Plant Biology 1:311-315.
Schaad N. W., Jones J. and Band Chun, W. 2001. Laboratory guide for identification of plant pathogenic
bacteria (3rd ed.). The American Phytopathological Society, St. Paul, Minn: APS.
Schacht T., Unger C., Pich A. And Wydra K., 2011. Endo and exopolygalacturonases of Ralstonia solanacearum are inhibited by polygalacturonase inhibiting protein activity in tomato stem extracts. Plant Physiology et biochemistry. Plant Physiology and Biochemistry 49:377 -387
Virupaksh U., Patil J., Gopal J. and Singh B.P. 2012. Improvement for bacterial wilt resistance in potato by
conventional and biotechnological approaches. Agricultural research 1:299-316.
Vos P., Hogers R. and Bleeker M. 1995. AFLP: a new technique for DNA fingerprinting. Nucleic Acid Research 23:4407-4414.
Zuluaga A. P., Sole M., Lu H., Gongora-Castillo E., Vaillancourt B., Coll N., Buell C. B. and Valls M.
2015. Transcriptome responses to Ralstonia solanacearum infection in the roots of the wild potato Solanum commersonii. BMC Genomics 16:246.

172

172

