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Abstract. Understanding of the intraspecific level of gene flow among populations of an insect pest can be
fundamental to any pest management strategy. The stem borer, Sesamia nonagrioides (Lefébvre), is an
important pest of sugarcane, maize and rice in southern and southwestern Iran. In this study, genetic
variation in four populations of S. nonagrioides from different host plants--sugarcane, maize and rice in
southern and southwestern Iran (Khuzestan and Fars provinces), as well as a population from maize fields of
northwestern Spain--were compared using Random Amplified Polymorphic DNA (RAPD). Eight 10-bp
oligonucleotide primers produced a total of 64 markers. Nei's genetic distances obtained for paired
comparisons of S. nonagrioides populations ranged from 0.070 (Firuzabad versus Amir Kabir sugarcane agro-
industry) to 0.166 (Nurabad versus Amir Kabir sugarcane agro-industry). The genetic distance values were
used as input data for two-dimensional principal coordinate analysis (PCA) in order to study the variation
among S. nonagrioides populations. In general, there were significant genetic differences among the studied
populations and analysis of variance of the molecular data (AMOVA) led to a ®pr estimate equal to 0.391,
indicating that 39% of genetic variability was found among groups and 61% within groups (p< 0.001). These
results suggest a low level of inter-population gene flow in pairwise populations from sugarcane, maize and
rice fields in Iran. Such levels of differentiation among populations may indicate only a moderate dispersal
capacity of S. nonagrioides, even when no remarkable geographic barriers exist. For an effective management
of this pest in the future, there is urgent need for a better understanding of the gene flow of sympatric S.

nonagrioides populations associated with different host plants within its distribution range.

Key words: Sugarcane borer, Mediterranean corn borer, gene flow,
Random Amplified Polymorphic DNA (RAPD), Iran.

Introduction

After the establishment of sugarcane industry in
southwestern Iran about 60 years ago, new pests
have arisen in the area from time to time. This is
probably due to a shift from natural ecosystems to
large-scale monoculture of sugarcane in this area
(Esfandiari & Soleimannejadian 2012). The stem
borer, Sesamia nonagrioides (Lefebvre, 1827) (Noc-
tuidae), is an oligophagous insect that feeds on a
narrow range of Poaceae. It is considered as a ma-
jor pest of maize in several countries of the Medi-
terranean basin and is known as Mediterranean
corn borer (Margaritopoulos et al. 2007, Samayoa
etal. 2014).

In Iran, it is known as an important pest that
causes heavy losses in sugarcane crops in
Khuzestan province, southwestern Iran (Daniali
1986, Jamshidnia et al. 2010, Esfandiari et al.
2011a,b). With 4-5 annual generations, this pest
also damages maize and rice crops in Khuzestan
and Fars province in southern and southwestern

Iran. It also attacks several cultivated and non-
cultivated graminaceous species in these areas
(Fazeli 1992, Jemsi & Kamali 1992, Mossadegh &
Kocheili 2003).

The egg parasitoid wasp, Telenomus busseolae
Gahan (Hymenoptera: Scelionidae), is the most
important parasitoid that plays an important role
in suppressing populations of sugarcane stem
borers, S. nonagrioides and S. cretica Lederer, in
Iran. The latter species also damages the sugar-
cane together with S. nonagrioides in Khuzestan
province. (Jamshidnia et al. 2010). However, T.
busseolae cannot completely control the pest, espe-
cially in hot summers of Khuzestan or in sensitive
sugarcane varieties (Jamshidnia, Ahvaz, pers.
comm. 2012). Observations show that S. non-
agrioides varies in prevalence and pest status over
different parts of its distribution range in Iran. For
example, S. nonagrioides is dominant in northern
Khuzestan than the southern parts compared to S.
cretica, and the distance between the two regions is
not more than 150 km (Jamshidnia, Ahvaz, pers.
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comm. 2012). Moreover, S. nonagrioides does not
damage rice fields adjacent to sugarcane fields in
southern Khuzestan, whereas it is a notable pest of
rice in parts of Fars (about 500 km away from
Khuzestan) (Esfandiari et al. 2011b).

The detection and characterization of genetic
differentiation among insect populations is a key
step for improvement of any pest management
practice such as biotype ecology and evolution,
biological control, resistance management and in-
sect-plant interactions (Kourti 2006, Margari-
topoulos et al. 2007, De La Poza et al. 2008, Hoy
2013, Agunbiade et al. 2014). In Europe, several
studies have been conducted to evaluate S. non-
agrioides population genetics: allozyme analysis
(Bues et al. 1996), mitochondrial DNA compari-
sons (Kourti2006), PCR-RFLP analysis of a frag-
ment of 16S ribosomal DNA (Margaritopoulos et
al. 2007) and RAPD-PCR (De La Poza et al. 2008).
RAPD-PCR (Random Amplification of Polymor-
phic DNA-Polymerase Chain Reaction) technique,
despite its limitations in comparison with other
molecular markers, has been successfully applied
in population genetic studies of many insects (De
La Poza et al. 2008). The present study aimed to
evaluate the genetic variation of S. nonagrioides
populations by using the RAPD-PCR technique in
southern and southwestern Iran.

Materials and methods

Insect sampling

Fully grown larvae of S. nonagrioides were collected from
infested sugarcane, maize and rice fields at four locations
across its distribution range in southern and southwest-
ern Iran (Fig. 1). Specimens were identified by using iden-
tification keys (e.g. Tams & Bowden 1953, Meijerman &
Ulenberg 1996). Additionally, a maize population col-
lected from Pontevedra, northwestern Spain, was in-
cluded in the analysis (Tablel). A sample size of 14 indi-
viduals from each population was used for analysis.

DNA extraction

Total genomic DNA extraction was conducted following
procedures of De La Poza et al. (2008) with some modifi-
cations, as follows: the head and thorax of the insects
were removed and disposed individually in 1.5-ml PCR
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Figure 1. Map of Khuzestan and Fars provinces, south
and south-west Iran; showing the locations of S. non-
agrioides collections.

tubes and homogenized with 475 pl of an extraction
buffer (125 mM NaCl, 100 mMTris, 10 mMEDTA, pHS).
Proteinase K (20 pl) and 10% sodium dodecylsulfate (25
pl) were added, followed by incubation at room tempera-
ture overnight. Then, 80 pl of 5 M NaCl and 60 pl of 10%
CTAB were added followed by 10 min at 65°C. Purifica-
tion was continued by consecutive passes through phenol
and chloroform-isoamyl alcohol (25:24:1). Deionized wa-
ter (20 pl) was added to reduce NaCl concentration, and
the homogenate was centrifuged at 5,000 rpm for 20 min
at room temperature. The aqueous phase was transferred
into a 1.5-ml microcentrifuge tube and the chloroform-
isoamyl step was repeated. DNA was precipitated by
adding one volume of chilled isopropanol to the aqueous
phase. The precipitate was centrifuged at 5,000 rpm at
room temperature for 10 min. The isopropanol was de-
canted, and the DNA pellet was rinsed with 70% ethanol
and centrifuged at 5,000 rpm at room temperature for 10
min and repeated again. The ethanol was decanted, and
the DNA was dried under laminar air flow for 10 min.

Table 1. Characteristics of the collected Sesamia nonagrioides populations for RAPD.

Population Country-Province  Host plant  Latitude Longitude Sampling date
Firuzabad Iran-Fars rice 29° 00 52°33"  Sept.-Oct.2011
Nurabad Iran-Fars maize 30° 05’ 51° 30’ Sept. 2011
Hafttappeh Iran-Khuzestan sugarcane 32°05 48° 21" Aug. 2011
Amir Kabir agro-industry ~ Iran-Khuzestan sugarcane 31° 03’ 48°18’ Sept. 2011
Pontevedra Spain-Pontevedra maize 42°27 08° 40’ Apr. 2009
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For some individuals, DNA extraction was done using
DNeasy® Blood & Tissue kit according to the procedure
recommended by Qiagen.

RAPD-PCR and gel analysis
Eight10-bp oligonucleotide RAPD primers (Table 2, Cin-

naGen technologies - Iran) were selected on the basis of
an earlier study (De La Poza et al. 2008). Distilled water
was used as a template for negative control. The PCR re-
actions had a final volume of 25 pl, and 100 ng of DNA
template was amplified according to the following condi-
tions: 2.5 pul of 10X PCR buffer, 2.5 pl of 2.5 mM dNTPs,
0.75 ul of 50 mM MgCl, 2 pM primer (1 pl), and 0.3 ul of
5 U/pl of TagDNA polymerase (CinnaGen technologies -
Iran). Each reaction was overlaid with two drops of min-
eral oil to prevent evaporation. The reactions were per-
formed in a Bio-Rad PCRMJ Mini Gradient Thermal Cy-
cler programmed for an initial denaturation of 95°C for 1
min, followed by 45 cycles at 94°C for 30 s, 48°C for 45 s,
72°C for 50 s, and an extended elongation of 72°C for 10
min on the final cycle.

Table 2. Sequence of primers selected for
Sesamia nonagrioides populations and number
of DNA bands generated by individual RAPD

primers.
Primer  Sequence(5’-3") No. loci
A CCCAAGGTCC 7
B GGTGCGGGAA 6
C CCAGATGCAC 9
D AAGACCCCTC 8
E CACCAGGTGA 6
F TTATCGCCCC 9
G ACGCACAACC 9
H GGACTGCAGA 9
total 63

The PCR amplifications products were separated in
1% agarose gels using tris-borate-EDTA (TBE) buffer 0.5
X (45 mM Tris-borate, 1 mM EDTA) and stained with
ethidium bromide. After electrophoresis, the gels were
photographed under UV light using a Gel Documentation
System. Samples with the same primer were run on a sin-
gle gel to reduce gel variance in interpretation of the re-
sults. A 100-bp DNA ladder (Fermentas, Inc.) was used as
a standard molecular weight marker.

Statistical analysis
A binary matrix reflecting the presence (1) or absence (0)

of the DNA bands (generated by RAPD primers) was
analyzed. Only the most visible and re-producible bands
were selected as molecular markers. Nei's (1972) genetic
distance as well as analysis of molecular variation
(AMOVA) were calculated in GenAlEx (Genetic Analysis
in Excel) v. 6.5 package (Peakall & Smouse 2012). PCA
was performed according to Nei’s genetic distance using
GenAlEx v. 6.5. Multivariate approach was chosen, be-
cause principal coordinate analysis (PCA) is more infor-
mative regarding distances among major groups. Assum-
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ing that genotype frequencies at RAPD loci are in Hardy-
Weinberg proportions, unweighted pair group method
with arithmetic mean (UPGMA) was applied and a den-
drogram was prepared. Dendrogram was based on Nei's
genetic distance between the populations using UPGMA
modified from the NEIGHBOR procedure of PHYLIP v.
3.5. The analysis was performed using PopGene program
(Yeh & Boyle 1997).

Results

The selected primers generated reproducible and
consistent amplification patterns. A total of 63 dif-
ferent markers was scored with the eight primers
used for analysis of DNA from samples of S. non-
agrioides, ranging from 300 to 1200 bp in size. The
number of distinct markers observed for each
primer ranged from 6 to 9, which all were poly-
morphic (Table 2). The B and E primers produced
the least number of total loci, whereas the C, D, F,
G and H primers all generated 9 polymorphic loci
(Table 2).

Paired comparisons of S. nonagrioides popula-
tions by Nei’'s genetic distance are presented in
Table 3. Genetic distances ranged from 0.070 to
0.166 among populations. The lowest genetic dis-
tance was identified between Amir Kabir and
Firuzabad populations. The highest genetic dis-
tances were found between Nurabad versus Amir
Kabir (0.166), Nurabad versus Firuzabad (0.152),
and Nurabad versus Haft Tappeh (0.157) popula-
tions.

Genetic variability was detected among the
five populations of S. nonagrioides generated by
RAPD primers. The AMOVA yielded a ®pr esti-
mate equal to 0.391 (P <0.001), indicating that 39%
of the genetic variability is found among popula-
tions and 61% corresponded to differences within
populations (Table 4).

UPGMA dendrogram (Fig. 2) based on Nei's
genetic distance grouped five populations of S.
nonagrioides into two clusters. The Spanish popula-
tion made a cluster with the Nurabad population
with a genetic distance of 0.126. The second cluster
consisted of the Hafttappeh population and a
clade that included Amir Kabir and Firuzabad
populations with least genetic distance of 0.070.

According to Nei's genetic distances, percent-
age of variation of populations explained by the
first three principal components was 86.95% (Fig.
3) (38.21% by the 1t component, 26.62% by the 2nd
and 22.12% by the 34). The plot was in agreement
with the UPGMA dendrogram.
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Table 3. Pairwise genetic distances matrix between five studied populations of Sesamia nonagrioides.

Population Firuzabad Nurabad Hafttappeh Amir Kabir agro-industry =~ Pontevedra
Firuzabad 0.000

Nurabad 0.152 0.000

Hafttappeh 0.127 0.157 0.000

Amir Kabir agro-industry 0.070 0.166 0.119 0.000

Pontevedra 0.134 0.126 0.126 0.131 0.000

Table 4. Statistical analyses of molecular variance among populations and within
populations of S. nonagrioides in this study.

Source of variation df  Sum of Squares Mean squares  Estimated variance  %total variance
Among groups 4 295.200 73.800 4.744 39
Within groups 65 479.857 7.382 7.382 61

Total 69 775.057 12127 100

Der

Signifcant levels are based on 1000 permutations; df: degree of freedom, p <0.001.

Maiz (Spain)

Maiz (Nurabad)

Rice (Firuzabad)
Sugarcane (Amir-Kabir)
Sugarcane (Hafttappeh)

Figure 2. UPGMA dendrogram based on
Nei’s (1972) genetic distance, summarizing
the data on differentiation among S. non-
agrioides populations, following RAPD

0.98 analysis.
Principal Coordinates (PCoBR)
Hafttappeh PS
N
'g . Spain
3] Figure 3. Associations among S. non-
Amir Kabir Nurabad agrioides populations obtained from
@ Firuzabad °* a principal coordinates analyses,
Coosar using the Nei’s distance matrix of
63 RAPD markers.
Discussion data are similar to our values (0.070 to 0.166).

Pairwise comparisons of Nei's genetic distances,
the unweighted pair group method with arithme-
tic average dendrogram and AMOVA, all indicate
significant genetic differentiation and a low level
of gene flow among S. nonagrioides populations in
Iran, except for Amir Kabir versus Firuzabad
populations. Approximately, 39% of molecular
variability was among populations and 61% could
be found within groups (Table 4).

Significant genetic variation among S. non-
agrioides populations was also reported among
European populations collected from maize (De
La Poza et al. 2008, Margaritopoulos et al. 2007).
De La Poza et al. (2008) found that Nei’s genetic
distances ranged from 0.015 to 0.141 among 15
populations of the Mediterranean corn borer from
Spain, France, Italy, Greece and Turkey. These

However, sampling areas in southern Europe
ranged over 3000 km, whereas our sampling lo-
calities in southern and southwestern Iran were
limited to a distance of 500 km. De La Poza et al.
(2008) obtained Nei’'s genetic distances of over 0.10
in pairwise comparisons of populations separated
by distances over 1000 km. In our study, pairwise
genetic distances between two pairs of popula-
tions obtained from climatically similar and geo-
graphically near locations such as Nurabad vs.
Firuzabad (180 km) and Amir Kabir vs. Hafttap-
peh (120 km) showed distances as high as 0.152
and 0.119, respectively. No significant natural bar-
riers separate the two sampling sites (populations)
of Amir Kabir vs. Hafttappeh in the Khuzestan
province. However, in the case of Nurabad vs.
Firuzabad, the southern range of Zagros Moun-
tains in Fars province serves as a natural barrier
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between these two populations.

Such levels of differentiation among geo-
graphically close populations indicate only mod-
erate dispersal behavior of S. nonagrioides and its
sedentary nature, even when no remarkable geo-
graphical barriers exist (De La Poza et al. 2008).
Ecological observations regarding flight behavior
and dispersal capacity of S. nonagrioides validate
the low dispersal ability of this pest (Albajes et al.
2004, Eizaguirre et al. 2004). The notable genetic
distances in our study may be the underlying
cause of the observed difference in behavior of this
species in crop farms of southern and of south-
western Iran (see introduction). According to De
La Poza et al. (2008), resistance to insecticides or
transgenic plants will be more likely to develop at
the local level when low amount of gene exchange
exists between populations. However, no insecti-
cide treatment or Bt transgenic plants are used
throughout the range of S. nonagrioides in southern
Iran.

The least genetic distance in our study (0.070)
observed between Amir Kabir and Firuzabad
populations, with a geographical separation of
about 500 km, cannot be attributed to the influence
of geographic proximity, compared to other pair-
wise distances (Fig. 1). Migration could also not be
the reason because this pest has a sedentary nature
(Albajes et al. 2004, Eizaguirre et al. 2004, Margari-
topoulos et al. 2007). Human introduction of the
pest between these locations by way of plant ma-
terial seems to be the most plausible explanation
for the high genetic similarity between these two
geographically separated populations. However,
the effect of other factors such as small population
size and low number of primers (see e.g. Lynch &
Milligan (1994)) cannot be ruled out.

The Iranian populations of S. nonagrioides are
geographically somewhat isolated with the nearest
population being the Turkish one, about 1000 km
away (Moyal et al. 2011). For nearly 40 years, the
sugarcane stem borer in southwestern Iran was
known as S. botanephaga Tams & Bowden, 1953
(Mossadegh & Kocheili 2003). Esfandiari et al.
(2011a) stated that the African taxon S. botanephaga
(or S. nonagrioides botanephaga) does not occur in
Iran, but the nominate subspecies S. nonagrioides
nonagrioides exists in this region. They concluded
that S. nonagrioides might be native to southwest-
ern Iran rather an exotic African pest, having
adopted sugarcane as a host after it began to be
cultivated there about 70 years ago. Moreover,
they mentioned that most of the original host
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plant species for S. nonagrioides as well as the egg
parasitoid T. busseolae occur in southwestern Iran.
In a study on the evolutionary history of S. non-
agrioides using one nuclear and two mitochondrial
genes, Moyal et al. (2011) also confirmed that the
Iranian population of S. nonagrioides does not be-
long to the sub-Saharan subspecies S. nonagrioides
botanephaga. The observed genetic variability of the
S. nonagrioides by RAPD markers in our study fur-
ther supports the notion that this insect may be
native to southwestern Iran and is not a recently
imported pest as sometimes suggested (e.g. Khan-
jani 2004).

Genetic differences may evolve if the physio-
logical adaptation of an insect to a certain host
plant causes a decrease in performance on the al-
ternative host (Vial991, Busato et al. 2002, Via et
al. 2012). For example, Leniaud et al. (2006) de-
tected a significant host-plant effect on genetic dif-
ferentiation of S. nonagrioides populations from
France and Spain using allozyme analysis. In our
study, populations of first cluster in the UPGMA
tree were collected on maize (Fig. 2), and the sec-
ond cluster included two populations from sugar-
cane and a population from rice. It seems that the
clustering reflects the diversity as related to host
plants rather than isolation by geographical dis-
tances. However, it is difficult to conclude to what
extent different host plants can affect our results
regardless of geographic distances. We did not
study S. nonagrioides populations associated with
different host plants in the same area, as sugar-
cane crop plantations were only limited to
Khuzestan province and we could not find this
pest in rice fields of Khuzestan. In order to shed
light on the evolutionary history of S. nonagrioides
in Iran, there is an urgent need for a better under-
standing of the gene flow of sympatric S. non-
agrioides populations associated with different host
plants, including wild ones. Such studies should
be done along the distribution range of this spe-
cies in Iran by using more appropriate molecular
markers given disadvantages with RAPD markers
(Schlotterer 2004). It is worth considering that
physical and temporal proximity of sugarcane and
maize crops in most areas in Khuzestan province,
as well as rice and maize crops in Fars province,
may contribute to intensification of the pest at-
tacks by increasing available habitats for the spe-
cies. The information obtained here will be useful
for designing effective strategies such as biological
control by T. busseolae and other control measures.
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