
For a molecular genetic study on Hungarian populations of European corn borer L5 stage larvae were col-
lected from 14 places of three different regions of the country (uni- and bivoltine ecotypes). Additionally,
the study included larvae from Egypt, too (multivoltine ecotype).

Molecular examinations of European corn borer larvae using the study of mitochondrial cytochrome
b (cyt b) revealed that by single strand conformation polimorphism (SSCP) the populations found in
Hungary represented the same haplotype. Even the Egyptian sample showed no genetic divergence.
Some minor deviatons were found in the case of a sample from Székkutas, but that did not prove the
genetic divergence of the bivoltine ecotype either, since the other samples of South-East Hungary did not
display this kind of genetic variation. On the basis of our investigations it can be said that the univoltine
and bivoltine generations, have uniform genetic complements.
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INTRODUCTION

The number of generations of the European corn borer depends on the area of its dis-
tribution. In Hungary a complete first (univoltine) and a partial second (bivoltine)
generation develops [14], while in the southern states of North America [18] and in
North Africa [5], the multivoltine ecotype occurs characteristically.

The possible genetic variations among the above-mentioned ecotypes was shersed
by various diapause and pheromone studies.

The existence of European corn borer strains different in characteristics have
already been assumed [15], but Arbuthnot [1] was the first to identify in the Corn
Belt of USA the multivoltine homozygous- and univoltine heterozygous strains. The
populations originating from different areas of North America vary as regards dia-
pause, rate of development [3, 6] and even in their response to photoperiod [4].
According to the data of the literature the results of genetic studies on European corn
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borer populations are inconsistent. Pornkulwat et al. [16] pointed out in DNA stud-
ies the genetic divergence of univoltine-, bivoltine- and multivoltine ecotypes in
North America. From genetic studies on European and North American populations
Marcon et al. [11] have drawn the conclusion that the genetic variation of populations
with different number of generations cannot be demonstrated, because in conse-
quence of mating between ecotypes the continuous gene exchange cover up the occa-
sionally formed genetic limits. According to Arbuthnot [2] and McLeod [12] differ-
ences in the number of generations are due – besides the variation of temperature –
to the genetic stability of an inclination to diapause.

The existence of different strains is confirmed by sex pheromone studies newly
carried on [7]. These studies proved the existence of European corn borer strains
attracted by different ratio mixtures of sex pheromone isomers [10]. Variation in bio-
type could be detected in Hungary, too. Here the avoidance of hemp by the
Martonvásár population was the most remarkable [13]. The tetradecinil-acetate effi-
cient at the time of the first flight had a poor – if any – effect on the second flight.

The mitochondrial DNA changes much more rapidly than the nuclear genome,
which suggests separations at the population level. The analysis of the cytochrome b
gene of the mitochondrial DNA is often used to separate insect populations and study
their evolutionary relations [17]. That is why we chose the molecular study of the
chytochrome b gene. To compare the cytochrome b genes of samples originating
from various collecting places we used SSCP, a method sufficiently sensitive to
detect differences even in one or two bases [8].

MATERIALS AND METHODS

Place and time of collecting European corn borer larvae

The study was carried out between 25 and 30 April 2002 in 14 different places of the
country. We tried to choose the places of survey so as to obtain more samples from
one region. By cutting the maize stalks, 3–4 larvae per place were collected, then
stored in absolute alcohol at –20 °C until the molecular examinations. To make the
tissue sampling easier we timed the collecting work to find fully developed (L5)
larvae.

We also included European corn borer larvae from Egypt in the study. Places of
collecting can be seen in Fig. 1.

DNA isolation

The 1–2 mm pieces cut with sterile scalpel from the thorax muscle of European corn
borer larvae were placed one by one in clean Eppendorf tube, followed by soaking in
1 × TAE for one and a half hour at room temperature. Then the DNA was extracted
in 200 μl 5% Chelex 100 to which 3.5 μl Proteinase K (50 μg/μl) per sample was



added, then the samples were homogenized with sterile disposable pestle (Sigma). In
order to expose the tissues as fully as possible homogenization was carried out with
a little sterile coal-dust.

The samples were incubated in the extraction mixture for 12 hours at 56 °C with
frequent vortex stirring. Then the supernatant was removed and kept for 10 minutes
at 95 °C in order to inactivate the proteinase enzymes. The DNA samples were then
stored at –20 °C until use.

PCR

For the PCR amplification of the cytochrome b gene we used the following primer
pair [9]:

CB1: 5’ – TAT GTA CTA CCA TGA GGA CAA ATA TC – 3’
CB2: 5’ – ATT ACA CCT CCT AAT TTA TTA GGA AT – 3’
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Fig. 1. Map of collecting of European corn borer larvae
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Fig. 2. Cytochrome b PCR products (with CB1 and CB2 primers) of 18 DNA samples of European corn
borer. PCR products (5 μl each) loaded on 1.5% agarose gel. The PCR fragment is about 430 bp long

Fig. 3. SSCP analysis of mitochondrial cytochrome b PCR fragments. The Ostrinia nubilalis DNA sam-
ples came from 9 collecting places in Hungary and place in Egypt. The DNA bands show nearly the same

haplotype



The PCR reactions were prepared for 25 μl final volume which contained the fol-
lowing:

200 μM dNTP, 0.15 μM CB1 and CB2 primers, 1 × PCR buffer, 2 mM MgCl and
1.2 U Taq DNA polymerase (Zenon), 1 μl template DNA. A negative control was
always included. We used MJ Research PTC 100 PCR machine. The temperature
steps used were: 10 minutes preincubation at 94 °C, 36 cycle 30 s at 94 °C, 1 minute
at 46 °C, 2 minutes at 72 °C, final elongation 10 minutes at 72 °C.

SSCP analysis

We compared the about 430 bp long PCR products using SSCP. The electrophoresis
was carried out through acrylamide gel of 12% final concentration in TBE buffer.
The acrylamide solution consisted of 2955 μl 0.5 × TBE, 1200 μl filtered acrylamide
(30%), 5 μl TEMED, 40 μl 10% ammonium persulfate. The gel sheets were cleaned
with 95% ethanol. The gel was prerun for 1 hour in 0.5 × TBE (Tris, boric acid,
EDTA). The PCR products (5 μl each) were kept for 10 minutes at 100 °C with the
following mix: 10 μl (95% formamide, 20 mM EDTA, 0.05% bromophenol blue,
0.05% xylene cyanol). Then we put the tubes containing the heat denaturated DNA
strands suddenly onto ice. The PCR products thus formed into single strand confor-
mations were loaded on the before mentioned vertical acrylamide gel. The gel was
run at 15 °C, at 45 V for 24 hours. Then we soaked the acrylamide gel in ethidium
bromide solution to make the DNA bands visible in UV light and suitable for being
photographed.

RESULTS

With the universal cytochrome b primers (CB1/CB2) we gained a sufficient amount
of PCR products from the DNA samples of the European corn borer instars (Fig. 2).
The gel photo of the SSCP analysis of the PCR products (5 μl each) is shown in Figs
3 and 4.

By examining the DNA bands of the gel photos we can say that the SSCP analy-
sis of the mitochondrial cytochrome b genes European corn borer instars collected in
14 places of Hungary practically showed the same haplotype. Even the distant
Egyptian corn borer gave similar DNA bands. This suggests that the European corn
borer may have an extended uniform population in our region. These results are in
accordance with an earlier study which compared Ostrinia nubilalis individuals liv-
ing in Europe and North America on the basis of DNA markers [11]. The Székkutas
(SE Hungary) sample was the only one that differed from the others.
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DISCUSSION

The molecular genetic study of fully developed (L5) European corn borer larvae col-
lected in various places of Hungary has made it clear that the European corn borer
populations inhabiting the area of the country possess uniform genetic complements.
This confirms the results of experiments carried out by Pornkulwat et al. [16] with
North America, and Marcon et al. [11] with European corn borer generations, name-
ly, that there is no difference in genome between the univoltine and bivoltine eco-
types. Though genetically slightly different, it does not prove the existence of the ini-
tial “bivoltine ecotype”. Namely, in that case the individuals from Hódmez�vásár-
hely, Tataháza and Csorvás ought to have given DNA bands similar to those of the
Székkutas sample. What the cause of the cytochrome b divergence of the Székkutas
sample may be, we do not know. But it does not influence the answer given to our
question, that is, the Hungarian univoltine and bivoltine European corn borer gener-
ations from a uniform group.
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Fig. 4. SSCP analysis of mitochondrial cytochrome b PCR fragments. The Ostrinia nubilalis DNA sam-
ples originate from 10 collecting places in Hungary. With the exception of the sample from Székkutas

the DNA bands exhibit the same haplotype
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