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Abstract

Stem canker and black scurf of potato (Solanum tuberosum L.) caused by Rhizoctonia solani
Kühn are important and epidemic diseases in potato-growing regions worldwide, including Iran. In this study, 120 isolates were retrieved from infected stem canker from six potato-growing regions in Iran (Isfahan, Ardebil, Fars, Hamedan, Kurdestan and Kerman).
Out of these, 30 isolates were selected as representatives for genetic and virulence analysis. The isolates were analyzed by one sequence analyzes of the ITS-rDNA region, random
amplified polymorphic DNA (RAPD) and inter-simple sequence repeat (ISSR), as well as
virulence studies. Based on sequence analysis of the ITS-rDNA region, all 30 isolates were
assigned to the anastomosis group (AG) and all were assigned to AG-3 PT. Cluster analysis
using the unweighted pair group method with the arithmetic averages (UPGMA) method
for both RAPD and ISSR markers revealed that they were divided into three main groups,
with no correlation to geographical regions of the isolates. Pathogenicity tests showed that
all isolates were pathogenic on potato cv. Agria; however, virulence variability was observed
among the isolates. The grouping based on RAPD analysis and virulence variability was not
correlated.
Keywords: genetic diversity, isolates, ISSR, RAPD, virulence variability

Introduction
Potato (Solanum tuberosum L.) is one of the most important crops that plays a vital role in ensuring food
security in many countries globally, and has a high
degree of genetic diversity. Many varieties are grown
commercially around the world. Potato is the fourth
most staple crop after wheat, rice and corn around the
world (Dubey et al. 2012).
Potato plants can be infected with different pathogens such as stem canker. Stem canker and black scurf
caused by Rhizoctonia solani Kühn are some of the
most important diseases on potatoes, and causes considerable damage (Cubeta and Vilgalys 2000; Misawa
and Kuninaga 2010). This species can cause disease on
around 500 plant species (Gush et al. 2019). In general,

the isolates, AG-1, AG-2-1, AG-3, AG-4, AG-5 and
AG-9 with many subgroups, have been reported as the
main isolates causing stem canker and black scurf on
potato worldwide (Tsror 2010; Fiers 2011; Muzhinji
et al. 2015). However, AG-3 is considered the predo
minant anastomosis group associated with Rhizoctonia
diseases on potatoes (Carling and Leiner 1986; Bandy
et al. 1988; Woodhall et al. 2008; Das et al. 2014; Ito
et al. 2017), including Iran (Balali et al. 2007).
At least 13 related, but genetically distinct, anastomosis groups (AGs) are known to form the species
complex of R. solani (Carling et al. 2002a, 2002b; Yang
et al. 2017). They vary in hyphal anastomosis ability,
host symptoms, host range, biochemical patterns,
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geographical distribution, fatty acid composition, and
DNA sequences (Ogoshi 1987; Carling 1996; Cubeta
and Vilgalys 1997). Recently, sequence analyzes of ribosomal DNA (rDNA) regions have been employed
for the accurate identification of Rhizoctonia species
and their anastomosis groups (Kuninaga et al. 1997;
2002; Sharon et al. 2006, 2008; Yang et al. 2017).
Genetic analysis of plant pathogen populations is
fundamental to understanding epidemiology, resistance management and host-pathogen coevolution
(McDonald and Linde 2002). Understanding genetic
variation within pathogen populations is necessary
and should be considered as the first step for developing disease management programs (Godoy-Lutz et al.
2008). In Iran, genetic diversity and virulence variabi
lity among R. solani isolates causing stem canker and
black scurf of potato has not been studied. Therefore,
the objective of this study was to determine the genetic
and virulence variability among R. solani isolates associated with potato plants collected from various potato-growing regions of Iran.

Materials and Methods
Isolation
Rhizoctonia infected samples were collected from
six potato growing regions in Iran: Isfahan, Ardebil, Fars, Hamedan, Kerman and Kordestan states
(Fig. 1). Sixty fields from all major potato-cultivating
areas of Iran were surveyed, and potato plants exhibiting pronounced stem canker symptoms were collected.
Two infected plants were arbitrarily selected per field.
To isolate the causal agent of the disease, 5-mm2 sections were taken from the edge of lesions and surface
sterilized in 1% NaOCl for 2 min. The infected sections were rinsed in sterile distilled water twice, and
then dried using sterilized filter paper for 10 min and
eventually plated on potato dextrose agar (PDA) (Nasr
Esfahani 2018a). The media were incubated in an incubator in the dark at 25°C for 10 days (Caesar et al.
1993). A total of 120 isolates were obtained, out of
which 30 were selected randomly based on variations

Fig. 1. Map of Iran shows the locations of potato plantations where 30 Rhizoctonia solani isolates were collected, including, the state
name and the numbers of the isolates
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in morphology and phenology as the representatives
to cover almost all the sample isolates which were to be
subjected to genetic and virulence analysis. The hyphal
tip technique was used to purify the isolates for further
studies (Boysen et al. 1996; Linde et al. 2005; Nasr Esfahani 2019).

DNA extraction, PCR amplification
and sequencing
A semi-synthetic liquid medium was used to prepare mycelial mass production for DNA extraction
(Romain et al. 1999; Nasr Esfahani 2018b). Nutrient
medium (40 ml) was poured into 100-ml Erlenmeyer
flasks, which were closed with sterile cotton. After sterilization, two discs of the fungus (diameters of 5 mm)
were placed in the medium. The flasks were put on
a rotary shaker at a speed of 120 rpm for 4 days. Finally, a MM vacuum pump was used to get dried mycelia. The mycelia of all isolates were stored at –80°C.
Total genomic DNA was extracted from all isolates
using the CTAB method (Romain et al. 1999). A NanoDrop ND-1,000 spectrophotometer (LMS Co., Ltd.,
Tokyo, Japan) was used to check the quality and concentration of genomic DNA. The internal transcribed
spacer-ribosomal DNA (ITS-rDNA) region was used
to characterize the isolates using the universal primers
ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) and ITS5
(5’-GGAAGTAAAAGTCGTAACAA GG-3’) (Alghu
thaymi 2018). PCR amplifications were performed as
described by Yang et al. (2017). PCR products were
then purified using Gene JETTM commercial PCR
Purification Kit (Fermentas, Axon Scientific, Malaysia) and sequenced using commercial sequencing
service provider, according to the producer’s recommendations (Iraizol Old Extraction DNA Kits, Rona
Bio-Fanavaran Co., Iran).

Sequence alignment
and phylogenetic analysis
DNA sequences of each isolate were refined using
BioEdit sequence Alignment Editor (Hall 1999), in
which the sequences obtained from reverse primers
were transformed to the reverse complement orientation and aligned with the sequences obtained from
forward primers to obtain consensus sequences. To
analyze the relationship of all 30 isolates to known
R. solani AGs, the sequences from this study and sequences of 13 reference R. solani AGs (AG-2-1, AG-3,
AG-4 and AG-5) (Alghuthaymi 2018; Yang et al. 2017)
were initially aligned using Clustal W Multiple alignment (Thompson et al. 1994), checked visually, and
improved manually where necessary. The sequence of
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Athelia rolfsii isolate FSR-052(AY684917) was used as
an out-group.
Phylogenetic analysis of the rDNA-ITS region
was performed with a Kimura 2-parameter model
in MEGA 7.0 (Kumar et al. 2016). Branch support
of the trees obtained from the neighbor-joining analysis was assessed by boot-strapping with
1,000 replications to estimate the reliability of inferred monophyletic groups. All gaps were treated as
missing data.

Identification of anastomosis groups
using a specific primer
A specific primer, which was designed by Woodhall
et al. (2007) for the identification of the anastomosis
group AG-3 PT (potato type), was used to confirm the
identification of all 30 isolates.

RAPD and ISSR analyses
Ten random amplified polymorphic DNA (RAPD)
primers, including OPA-03, OPB-17, OPC-08, OPC-9,
OPP-16, OPP-17, OPP-18, OPP-19, OPX-14 and
OPF-10 were used for genetic analysis of polymorphisms among the 30 R. solani isolates. For the intersimple sequence repeat (ISSR) analysis, nine primers
(EZ1, EZ2, EZ7, EZ9, EZ11, EZ13, EZ18, EZ25, and
EZ27) were used for genetic analysis polymorphisms
among the isolates. PCR amplification of RAPD loci
were carried out in a 25 ml volume mixture, containing
0.5 μM primer, 2.5 μl of a 10× buffer (200 mM Tris–HCl,
500 mM KCl), 1.5 mM MgCl2, 0.2 mM of each dNTP,
1 U Taq DNA polymerase and 2 μl of DNA template
(10 ng). RAPD and ISSR analyses were carried out as
described by Nasehi et al. (2014).
RAPD analysis was performed in three replications to confirm the consistency of amplification and
only repeatable bands were scored. Monomorphic and
polymorphic bands were considered as binary characters and were scored as 1 for the presence and 0 for the
absence of DNA bands. The scores were then entered
into a matrix for analysis by the numerical taxonomy
and multivariate analysis system, NTSYS-pc 1.8 program (Applied Biostatistics Inc., Setauket, NY, USA)
(Rohlf 1993). The similarity matrix was calculated
using Jaccard’s similarity coefficient. Clustering was
performed using the unweighted pair group method
with arithmetic averages (UPGMA) to generate the
dendrogram.

Pathogenicity tests
Pathogenicity tests were performed for all isolates
in a greenhouse with an average temperature of
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17 ± 2°C, relative humidity of about 60% and a photoperiod of approximately 12–14 h daylight (Nasr
Esfahani et al. 2012). The experiment was arranged
in a completely randomized design in 10 replications
of infected and control plants. Seed tubers (mean size
50 ± 5 g) from commonly grown and certified cv. Agria
sprouted potatoes from the Seed and Seedling Department, Isfahan, Iran were planted individually in plastic
pots filled with a mixture of pasteurized sand, soil and
peat at a 1 : 2 : 1 ratio. Each replication consisted of one
potato plant. For the inoculation, potato tubers initially were surfaced sterilized in 1% sodium hypochlorite
for 10 min, and then inoculated with five discs (5 mm
diameter) of each isolate, which were grown on PDA
media for 10 days, and were placed 10 mm above the
tuber and covered with a 10-mm layer of sand. Control
pots were inoculated with PDA media only. The plants
were irrigated thrice a week to ensure normal moisture, and all pots were fertilized on two occasions with
a complete fertilizer (Blomstra NPK: 100 : 18 : 86 and
micronutrients, Orkla Care, Solna, Sweden). In total,
each plant received 220 mg nitrogen and 240 mg nitrogen, respectively.
Plants from each replicate were sampled 30 days
after inoculation for stem canker disease index assessment. To confirm Koch’s postulates, R. solani isolates
were re-isolated from infected potato plants on PDA
media and re-inoculated as above, and the infections
were observed visually (no scoring). Disease rating was scored based on a scale of 0–6 points, where:
0 – no disease symptoms, 1 – <10% of infection on the
underground stems, 2 – ≤10.1 to 25% of infection on
the underground stems, 4 – ≤25.1 to 50% of infection
on the underground stems, 5 – ≤50.1 to 75% of infection on the underground stems, and 6 – ≤75.1 to 100%
of infection on the underground stems (NIAB 1985;
Padasht-Dehkaei et al. 2013; Nasr Esfahani et al. 2014).
The experiments were repeated twice. Re-isolation
of the inoculated fungi was performed to fulfill Koch’s
postulate. Percent disease severity (PDS) in each
replication was calculated using the following formula:
PDS =

∑ RT × 100
,
S×N

where: T – the total number of underground stems in
each category; R – the disease severity scale; N – the total number of underground stems tested; S – the highest number in the scale.
Data were transformed to arcsine square-root
and then subjected to analysis of variance (ANOVA,
p < 0.05), and the means were compared by Duncan’s
multiple range test using SAS software version 9.2
(Moghaddam et al. 2019).

Results
Isolation
A total of 120 isolates were retrieved from potatoes
infected with stem canker from six potato-growing regions in Iran. Out of these 30 isolates were selected as
representatives for further studies on genetic and virulence analysis.

Anastomosis group determination by PCR
PCR amplification of the ITS-rDNA regions of all
30 isolates produced a 711 bp fragment. Sequences
of the ITS-rDNA regions of all 30 isolates were identical on the basis of the initial alignment using the
Clustal W Multiple in Mega 7.0 (Kumar et al. 2016);
therefore, the sequences of representative isolates
Rs-5, Rs9, and Rs-12 were deposited in DDBJ/EMBL/
GenBank databases as MH113808, H113809 and
MH113810, respectively. These three sequences were
only used in the phylogenetic analysis. Phylogenetic
analysis of the ITS-rDNA indicated that the isolates were
grouped in a cluster that included reference isolates of
R. solani AG-3 with a bootstrap value of 94% (Fig. 2).
The results also revealed that the isolates were clustered in a sub-distinct cluster with reference isolates of
R. solani AG-3 PT (potato type) with a high bootstrap
value of 97%. Additionally, the identification of the
isolates was confirmed by positive specific PCR amplification with the 474 bp fragment using the specific
primer set Rs1F2/AG-3PR2.

RAPD
A total of 116 consistently amplified DNA bands were
generated from ten RAPD primers, of which 87.93%
were polymorphic. The mean number of bands per
primer was 11.6, which ranged in size from approximately 100 to 3,000 bp. The dendrogram produced
from UPGMA analysis based on Jaccard’s coefficient revealed that the variability was relatively high
among the 30 R. solani isolates, and the similarity
index ranged from 100 to 52%. This result also indicated that the isolates obtained from the main potato
growing regions of Iran, (Ardebil, Hamadan, Fars, Isfahan, Kerman and Kurdestan provinces) were clustered into three main groups at a similarity index of
64%, with no correlation with the geographical regions of the isolates (Fig. 3).

ISSR
Application of nine ISSR primers generated a total of
44 consistently amplified fragments (100–3,000 bp),
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Fig. 2. Phylogenetic tree constructed with the ITS-rDNA region of the three representative isolates from this study, and
Rhizoctonia solani reference sequences retrieved from GenBank (MH113808 (Rs-5); MH113809 (Rs-9) and MH113810 (Rs-428 12):
BankIt and seq1–3 were not accession number of GenBank. The R. solani isolates AG-3 from potato, tomato and tobacco were
indicated with PT (potato type), TM (tomato type), and TB (tobacco type), respectively. Athelia rolfsii (FSR-052) was used as the out-group
taxon. The bar indicates nucleotide substitutions per site. Numbers of bootstrap support values ≥50% based on 1,000 replicates

of which 42 (95.45%) fragments were polymorphic.
The mean number of bands per primer was 4.89.
The dendrogram showed that the variability was
relatively high among the isolates, and the similarity
index ranged from 100 to 60% (Fig. 4). The results
indicated that 30 R. solani isolates were also clustered
into three main groups at a similarity index of 78%,
with no correlation with the geographical regions of
the isolates.

Pathogenicity tests
Typical symptoms of the stem canker disease started
30 days after inoculation. The results of pathoge
nicity indicated that the 30 isolates were pathogenic
on potato (cv. Agria). No symptoms were observed
on potato plants grown in the control treatment. The
pathogenicity of the isolates was fulfilled according to Koch’s postulate visually, but not from potato
plants grown in the control treatment. The results
also revealed that PDS was significantly different,
and the isolates were clustered in different groups
with high virulence variability (Table 1). This result
showed that the isolate Ji5 with 86.1 PDS (from Jiroft,
Kerman) had the highest pathogenicity on potato,
while the isolate Se4 with 15.0 PDS (from Semirom,
Isfahan) had the lowest pathogenicity. Other isolates
were grouped between these two groups into different groups.

Discussion
Molecular markers have been widely adopted to determine the genetic characteristics of fungi, plants and animals (Nasehi et al. 2014; Moghaddam et al. 2019). Sequencing of different DNA regions has been employed
as an alternative to morphological identification of
R. solani (Kuninaga et al. 1997; Gondal et al. 2019).
The ITS-rDNA regions have proven to be powerful
tools for revealing the heterogeneity of AG-3 from potato, tomato and tobacco (Kuninaga et al. 2002), AG-1
IA isolates – from soybean (Fenille et al. 2003), AG-1
IA – from rice (Wang et al. 2015), AG-1 IB – from lettuce (Grosch et al. 2007), and AG-2-1 – from cauliflower (Pannecoucque and Höfte 2009). In the present
study, phylogenetic analysis of the ITS-rDNA region
confirmed the identification of the isolates as R. solani
AG-3 PT. There were no differences among all isolates
based on the ITS-rDNA regions sequenced. The identification was also confirmed using the specific primer
for AG-3 PT.
RAPD and ISSR markers are also potential tools
to separate individuals having intraspecific and interspecific variability (Nasehi et al. 2014). Previous studies have shown that RAPD and ISSR markers reveal
the existing genetic variability among populations of
R. solani (Dubey et al. 2012; Zheng et al. 2013; Shu
et al. 2014; Chikara et al. 2015), as well as other plant
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Fig. 3. Dendrogram generated by UPGMA showing the genetic variability of 30 Rhizoctonia solani isolates derived from a combination
of the 10 RAPD primers, including OPA-03, OPB-17, OPC-08, OPC-9, OPP-16, OPP-17, OPP-18, OPP-19, OPX-14 and OPF-10. The
numbering of the isolates is based on Table 1

pathogenic fungi (Mahmodi et al. 2014; Nasehi et al.
2014). In this study, 30 isolates of R. solani AG-3 collected from main potato-growing provinces of Iran,
including Isfahan, Ardebil, Fars, Hamedan, Kurdestan
and Kerman were studied on the basis of genetic diversity using RAPD and ISSR markers. Both RAPD and
ISSR analyzes showed that the 30 R. solani AG-3 isolates had relatively high diversity, and the isolates were
grouped into three main groups, with no correlation to
geographical origins of the isolates.
Pathogenicity tests revealed that all 30 R. solani
AG-3 isolates were pathogenic on potato (cv. Agria),
which confirmed that these isolates were the causal
agent of stem canker on potato, however virulence
variability was observed between them. The virulence
variability between the isolates was relatively high and
the isolates were clustered into different groups, however these variations were not correlated to geographical origins of the isolates. The mean PDS % of three to
eight isolates obtained from each state was as follows:
Isfahan – 60.3%; Ardebil – 61.6%; Hamedan – 53.5%;
Fars – 59.7%; Kerman – 68.5% and Kordestan – 67.6%.
There was about 17% difference between the highest

(Kerman state) and the lowest (Hamedan state). The
mean PDS% of Kordestan state (67.6%) and Kerman
state (68.5%) were also high. The groupings based on
RAPD and ISSR analyzes and virulence variability
were also not correlated.
In this study, it was shown that RAPD and ISSR
markers could successfully discriminate between the
30 various Iranian R. solani isolates from potato. In
general, consensus data provided reliable information related to the isolates, indicating new information
with RAPD and ISSR markers having similar polymorphism with 88 and 95% similarities, and similarity index ranges of 52–100 and 60–100%, respectively.
In addition, there was a very close clustering of the
R. solani isolates within the three main groups at similarity indices of 64 and 78% for RAPD and ISSR. Our
data are not in agreement with the statement that ISSR
is the best choice to study the genetic diversity in comparison to RAPD by Mahdizadeh et al. (2012) on Mac
rophomina phaseolina on sesame and Sornakili et al.
(2017) on Colletotrichum gloeosorioides isolates on
mango. It has already been concluded that RAPD is
a more powerful marker than ISSR (Nasehi et al. 2014).
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Fig. 4. Dendrogram generated by UPGMA (the unweighted pair group method with arithmetic averges) showing the genetic
variability of 30 Rhizoctonia solani isolates derived from a combination of the nine ISSR primers, including EZ1, EZ2, EZ7, EZ9, EZ11,
EZ13, EZ18, EZ25, and EZ27

Table 1. Origins and the percent disease severity of Rhizoctonia solani isolates used in this study

S/No.*

Isolate

Species

Location

States

RAPD
groups

1

Es1

Rhizoctonia
solani

Isfahan

Isfahan

Group 1

ISSR
groups

Percent
disease
severity
[%]

Group 2

49.98 e–i

2

Ch1

R. solani

Chadeghan

Isfahan

Group 1

Group 2

74.99 abc

3

Se3

R. solani

Semirom

Isfahan

Group 1

Group 1

69.44 a–e

4

Se4

R. solani

Semirom

Isfahan

Group 1

Group 1

15.00 j

5

Gh2

R. solani

Gholpayeghan

Isfahan

Group 2

Group 1

72.22 a–d

6

Es5

R. solani

Isfahan

Isfahan

Group 1

Group 1

80.55 ab

7

Na3

R. solani

Namin

Ardebil

Group 1

Group 1

66.66 a–f

8

Na5

R. solani

Namin

Ardebil

Group 1

Group 2

63.88 b–g

9

Ni3

R. solani

Nir

Ardebil

Group 3

Group 3

72.22 a–d

10

Ni2

R. solani

Niaz village

Ardebil

Group 1

Group 2

44.44 ghi

11

Na8

R. solani

Namin

Ardebil

Group 1

Group 2

66.66 a–f

12

Ag3

R. solani

Aghabagher village

Ardebil

Group 1

Group 2

55.55 c–h

13

As1

R. solani

Asadabad

Hamedan

Group 1

Group 2

55.55 c–h

14

Ra1

R. solani

Razan

Hamedan

Group 1

Group 2

58.33 c–h

15

De1

R. solani

Dehpiaz

Hamedan

Group 1

Group 1

41.66 hi

16

Ra2

R. solani

Razan

Hamedan

Group 1

Group 2

33.33 i

*Numbers of obtained Rhizoctonia solani isolates causing stem canker and black surf of potato in the said states
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Table 1. Origins and the percent disease severity of Rhizoctonia solani isolates used in this study – continuation
ISSR
groups

Percent
disease
severity
[%]

S/No.*

Isolate

Species

Location

States

RAPD
groups

17

Ka1

R. solani

Kabodarahang

Hamedan

Group 1

Group 2

63.88 b–g

18

De2

R. solani

Dehpiaz

Hamedan

Group 1

Group 2

63.88 b–g

19

Ka3

R. solani

Kazeron

Fars

Group 1

Group 2

69.44 a–e

20

Ma2

R. solani

Marvdasht

Fars

Group 1

Group 2

58.33 c–h

21

Eg5

R. solani

Eghlid

Fars

Group 1

Group 2

47.22 f–i

22

Ab1

R. solani

Abadeh

Fars

Group 2

Group 1

52.77 d–i

23

Eg4

R. solani

Eghlid

Fars

Group 2

Group 1

55.55 c–h

24

Eg1

R. solani

Eghlid

Fars

Group 2

Group 1

75 abc

25

Ji2

R. solani

Jiroft

Kerman

Group 1

Group 1

44.44 ghi

26

Ji5

R. solani

Jiroft

Kerman

Group 3

Group 3

86.10 a

27

Ji3

R. solani

Jiroft

Kerman

Group 2

Group 1

74.99 abc

28

Sa2

R. solani

Sanandaj

Kordestan

Group 2

Group 1

66.66 a–f

29

Sa1

R. solani

Sanandaj

Kordestan

Group 3

Group 3

66.66 a–f

30

Sa5

R. solani

Sanandaj

Kordestan

Group 2

Group 1

69.44 ae

*Numbers of obtained Rhizoctonia solani isolates causing stem canker and black surf of potato in the said states
Values followed by the same letter in the column did not differ significantly (0.05 level) in Duncan’s multiple range test
The difference between the mean disease severity of the states was about 17%, with the highest in Kerman by 69%, the lowest one was 52% in Hamedan
state, and others were with about 61% R. solani disease severity

In conclusion, in this study it was shown that both
the RAPD and ISSR markers could effectively distinguish between the Iranian R. solani isolates, with
new and more reliable information on the viability of
the isolates. In addition, the disease severity showed
considerable variation within and between the states.
This indicates that due to the existence of relatively
high diversity in genetics and virulence of R. solani,
a single isolate could not be used for screening resis
tance of potato varieties. These results might help in
selecting appropriate breeding strategies against this
potato pathogen. The results of the present study could
also be expanded to examine a wider genetic diversity
of R. solani on different host plants from different geographical regions. Thus, it is suggested that both mar
kers, RAPD and ISSR, may be used as complementary
tools for reconfirmation of the results for genetic ana
lysis of R. solani. This study also suggests that well-chosen primers could result in an accurate and quick ana
lysis of genetic diversity of R. solani isolates and their
geographical distribution studies. The Iranian R. solani
population is genetically highly diverse, which is most
likely due in part to the exposure of the pathogen to diverse environments and possibly to a wider host range.
To our knowledge it is the first report on analyzing
R. solani isolates covering the main potato growing areas in Iran, by RAPD, ISSR, pathogenicity and phylogenetic analysis.
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