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The random amplified polymorphic DNA (RAPD-PCR)methodwas used to study the genetic
polymorphism of 20 species of the genus Isophya. Each primer amplified a different set of
DNA fragments, all oligonucleotides failed to generate any specific diagnostic band that
could lead to the identification of Isophya species, and none of the amplified fragments were
present in all species. RAPD markers detected a high level of polymorphism in all species.
The data were in most cases not congruent with morphological subdivision to the species
group and cytotaxonomic studies. The genetic lineages of Isophya seem to be in discordance
with relationships proposed by systematists.
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The bush-cricket of the genus Isophya Brunner
von Wattenwyl, 1882 is one of the largest genera
of the subfamily Phaneropterinae in the Palearctic
region (OTTE et al. 2004), with about 45 species
occurring in Europe (HELLER et al. 1998). The in-
trageneric relationships are poorly understood and
thus the groups of related species within the genus
are still not defined (SEVGILI et al. 2006). Moreo-
ver, this genus includes a large number of morpho-
logically similar species (BEY-BIENKO 1954; HARZ
1969). Most taxonomic studies of Isophya species
are based on classical morphological features and
identification is oftentimes extremely difficult
(ORCI et al. 2005). However, species are grouped
according to their morphology into the Isophya
costata-group, I. pavelli-group, I. schneideri-group,
I. modesta-group, I. pirenea-group, I. kraussii-group,
and I. strauberi-group.

Chromosomal analysis of 25 species/subspecies
of the genus Isophya demonstrated their karyo-
typic evolution. The most remarkable changes
seen in the sex chromosomes appeared in 19 spe-
cies as inversions of the ancient acrocentric X
chromosome. This feature could probably help in
resolving the taxonomy of the genus Isophya.
Karyotypic differentiation has been less rapid in
autosomes than in sex chromosomes. Interspecific

autosomal differentiation has involved the distribu-
tion and quantity of C-heterochromatin and the
number of NORs in this genus (WARCHA£OWSKA-
-ŒLIWA et al. 2008).

RAPD (random amplified polymorphic DNA)
technique is a quick, easy and inexpensive method
for the analysis of differentiation of DNA and for
screening genetic similarities and differences in
whole genomes (HADRYS et al. 1992; WILLIAMS
et al. 1990). This technique has been used exten-
sively for detection of genetic diversity in a large
number of insect species (e.g. BLACK et al. 1992;
HUNT & PAGE 1992; WILLIAMS et al. 1994; DOWDY
& MC GAUGHEY 1996; PEARSON et al. 2002). In
Orthoptera RAPD molecular markers have been used
to study genetic differentiation between populations
of the grasshopper Sinipta dalmani (SESARINI &
REMIS 2007) and besides other techniques (allo-
zymes, RFLP, DNA sequences), for the study of
genetic diversity in the presumably morphologi-
cally cryptic species of Laupala crickets (PARSONS
& SHAW 2001). To date, in the genus Isophya ge-
netic variation in the whole genome was carried
out only in the Hungarian species I. kraussi using
the allozyme technique. The results indicated a
high level of differentiation among geographically
distant populations (PECSENYE et al. 2003).



The aim of the present study was the analysis of
genetic variability of twenty species of Isophya
(Orthoptera: Tettigonoidea) by random amplified
polymorphic DNA (RAPD).

Material and Methods

The studied material consists of 21 species, in-
cluding Poecilimon affinis as an outgroup. Adults
and nymphs were collected in 2000-2007 from dif-
ferent areas, for example from Bulgaria, Greece,
Macedonia, Poland and Russia. Individuals were
conserved in 96% alcohol and frozen until DNA
extraction. Species name, collection localities, and
sample sizes are given in Table 1.

DNA was extracted from one leg of each of 46
adults using the QIAampTM DNA Dneasy Tissue
Kit (QiagenTM Germany), according to the manu-
facturer’s protocol. The purified DNA was stored
at -20C until analysis. The DNA concentration
was determined by comparison to a molecular
weight marker XIV TM (Roche TM, France) on 2%
agarose gels followed by ethidium bromide stain-
ing and visualized in UV light.

The RAPD analysis was performed according to
the method described by STOECK & SCHMIDT
(1998), using Taq polymerase Fermentas (Lithua-
nia). The RAPD reaction on DNA of the same indi-
vidual was repeated three times. As a result of this
procedure identical band patterns were obtained,
indicating the reliability of the method. RAPD
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Table 1

Data concerning the studied Isophya species

Species-
group Species Collection localities and year

Number
of

individuals

I. pyrenaea

Isophya altaica
Bey-Bienko, 1926 Russia, Altai Mts, Cherge,  2006 2

I. obtusa
Brunner von Wattenwyl, 1882 Bulgaria, Stara Planina Mts, Pleven Lodge, 24.05.2006 2

I. camptoxypha
(Fieber, 1854) Poland, Polonina Carynska, 24.07.2007 2

I. pavelli

I. Rectipennis
Brunner von Wattenwyl, 1882

Bulgaria, N Black Sea coast, Sofia University Botanical Garden,
20.06.2006 2

I. rammei
Peshev, 1981

Bulgaria, Strandzha Mts, Tsarnogorovo  locality S of Malko
Turnovo, 29.06.2006 2

I. costata I. modestior Serbia, Novi Sad vicinity, Frushka Gora Mt, 10.06.2007 2

I. kraussii
I. pienensis
Maran, 1954 Poland, Bieszczady, Po³onina Caryñska,  24.07.2007 2

I. modesta

I. pravdini adamovici
Peshev, 1985

Bulgaria, E Stara Planina Mts, Karandila locality above Sliven,
17.06. 2006 3

I. modesta longicaudata
Ramme, 195

Bulgaria, N Black Sea coast, Bolata  locality N of Kaliakra cape,
21.06.2006 2

I. plevnensis
Peshev, 1985 Bulgaria, C Danubian Plane, Iskar, 24.06.2006 3

I. miksici
Peshev, 1985

Bulgaria, W Stara Planina Mts, Vracanska Mt., near Pushevitsa
Lodge, 24.06.2006 2

I. andreevae
Peshev, 1981 Bulgaria, Rila Mts, Eleshnitsa Lodge, 13.06 2006 3

I. tosevski
Pavicevic, 1983 Macedonia, Doiran Lake, 5.-6.05.2005 1

I. rhodopensis
Ramme, 1951 Bulgaria, Smoljan, 15.06. 2006 3

I. petkovi
Peshev, 1959

Bulgaria, E Rodopi Mts, Perpericon historic site near Murgovo
vill., 15.06, 2006 3

I. kisi
Peshev, 1981

Bulgaria, N Pirin Mts., Bansko – Gotse Delchev Lodge,
14.06.2005 3

I. bureschi
Peshev, 1959

Bulgaria, N Pirin Mts.; 1.Bansko - Gotse Delchev Lodge,
14.06.2006; 2. N Pirin Mts, above Bansko, 8.08.2006 3

I. leonorae
Kaltenbach, 1965 Greece, Drama, Makedonia, near Elatia, 23.07.2004 1

I. straubei
I. hospodar
(Saussure, 1898) Bulgaria, E Rodopi Mts, Dolni Glavanak village, 25.04.2005 1

I. schneideri I. speciosa
Bulgaria, 1. C Stara Planina Mts, Pleven Lodge, 23..05.2005;
2. Predbalkan Range, VelikoTurnovo, 29.05.2006 3

Poecilimon affinis Bulgaria, Rilsky Monastyr,  06.2006 1



PCR products were separated by electrophoresis
on 2% agarose gels with ethidium bromide in TBE
(Tris-borate-EDTA) at 50 V for 3 h. The specific
bands were detected using fluorescent or silver
tags and UV transillumination.

Ten 10-oligonucleotide primers, used in other
studies of orthopteran species (JIANG & LU 2003;
LI & ZHENG 2003), were initially screened using
1-3 samples of DNA from each species. Primers
were synthesized in the Institute of Biochemistry
and Biophysics of the Polish Academy of Sci-
ences. Their sequences are given in Table 2. The
Bio1D++ software (Vilbert Lourmat, France) was
used to calculate interspecific relationship on the
basis of the similarity of DNA band patterns ob-
tained with the RAPD method according to the NEI
& LI (1979) similarity coefficients i.e. S = 2NAB /
(NA + NB) where: NAB is the number of shared
bands in both individuals A and B; NA and NB are
the number of bands in individual A and B. Den-
drograms were constructed on the basis of the
similarity values in the matrix using the un-

weighted pair group match average (UPGMA).
The UPGMA algorithm is a phenetic distance
method (NEI 1987; PAGE & HOLMES 1998;
GRAUR & LI 2000) employing a sequential clus-
tering algorithm. The results of DNA electropho-
resis were entered into the database as 0 (absence
of a band) and 1 (presence of a band).

Results and Discussion

This is the first report on the use of RAPD mark-
ers for the study of genetic variation in species of
the genus Isophya. Ten different decamer primers
possessing 60% G+C content were screened. Out
of these 10 primers, four primers did not amplify at
all or produced highly inconsistent amplification
products and were excluded from further analyses.
Six primers generated reproducible profiles, namely:
S4, S8, S20, S83, S379 and R06. They produced a
series of bands ranging from 4-12 in the molecular
weight range of approximately 200-1400bp, hav-
ing different intensities. All polymorphic bands
were scored, the size of which ranged between 500
and 1000 bp. Figures 1a and 1b show examples of
the reproducibility of RAPD profiles in the species
revealed by primers S83 and R06. After generation
of clear, reproducible bands, their patterns were
analyzed in order to characterize DNA polymor-
phism in Isophya. The results show that band pat-
ters are different in each species.

The average homology coefficient according to
NEI & LI (1979) for primer S4 was 0.29 minimum,
for S8 – 0.22, for S20 – 0.25, for S83 – 0.29, for
S379 – 0.40 and for R06 – 0.40. The maximum for
each primer was 1.00. The dendrograms were gen-
erated from the RAPD data for each primer and are
shown in Figures 2a,b. No distinct clusters can be
identified.

The RAPD profile of each species was unique in
terms of numbers and positions of bands. The spe-
cies were tentatively grouped on the basis of band
patterns and compared with groups of species
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Table 2

Primers used in studies of the genus
Isophya

Name of primer Sequence (5’ to 3’)
S4 GGACTGGAGT

S8 GTCCACACGG

S18 CCACAGCAGT

S20 GGACCCTTAC

S83 GAGCCCTCCA

S97 ACGACCGACA

S379 CACAGGCGGA

R06 GTAGCCATGG

R07 AACGTACGCG

R010 CTAGGTCTGC

Fig 1. RAPD band pattern of Isophya species on an agarose gel revealed by primers (a) R06 and (b) S83. Lane 1 – molecular
weight marker XIV (Roche, France); Lane 1 – Isophya altaica, 2 – I. plevnensis, 3 – I. tosevski, 4 – I. pravdini, 5 – I.
pienensis, 6 – I. leonorae, 7 – I. miksici, 8 – I. longicaudata, 9 – I. kisi, 10 – I. petkovi, 11 – I. rectipennis, 12 – I. rhodopensis,
13 – I. andreevae, 14 – I. obtusa, 15 – I. rammei, 16 – Poecilimon affinis, 17 – I. modestior, 18 – I. speciosa, 19 – I.
camptoxypha, 20 – I. hospodar, 21 – I. bureschi.

a b



identified on the basis of morphology and cytotax-
onomy (Table 3). Groups delineated on the basis
of morphological traits do not completely coincide
with divisions based on chromosome similarity, as
in, for example, the Isophya modesta-group
(WARCHA£OWSKA-ŒLIWA et al. 2008). It seems
that the genetic lineages of Isophya are in discor-
dance with relationships proposed by systematists.

Each primer amplified a different set of DNA
fragments, all oligonucleotides failed to generate
any diagnostic band that could lead to the identifi-
cation of Isophya species. A high level of poly-
morphism among the 20 studied species was
detected. None of the amplified fragments was

present in all the species. It was very difficult to
assess which primer was specific to a species or
more frequent in some species than in others.

In tettigonids, genetic differentiation was exam-
ined using RAPD markers within Ephippiger species,
the variability between presumed subspecies and song
races of Ephippiger ephippiger was measured and
compared with E. terrestris and E. provincinalis. The
largest genetic distances within E. ephippiger popu-
lations were almost congruent with the variation in
song pattern (RITCHIE et al. 1997). RAPD markers
helped in detecting genetic variation also in other
insect groups, for example in Lepidoptera they ex-
plained the genetic relationships between two sub-

Figs 2. The diagrams of the cluster analysis of RAPD pattern similarity matrix of the studied Isophya species revealed by
primers (a) R06 and (b) S83. The UPGMA method was used for analysis.

a b

Table 3

Groups of Isophya species according to different band patterns revealed by the applied primers

No Species Primers
S4 S8 S20 S83 S379 R06

1 I. rhodopensis I. rhodopensis I. rhodopensis I. rhodopensis I. rhodopensis I. rhodopensis I. rhodopensis

2 I. kisi I. kisi I. kisi I. kisi I. kisi I. kisi

3 I. modesta
longicaudata

I. modesta
longicaudata

I. modesta
longicaudata

I. modesta
longicaudata

I. modesta
longicaudata

4 I. tosevski I. tosevski I. tosevski I. tosevski

5 I. pravdini I. pravdini I. pravdini I. pravdini I.pravdini

6 I. plevnensis I. plevnensis

7 I. leonorae I. leonorae

8 I. bureschi I. bureschi I. bureschi

9 I. andreevea I. andreevea I. andreevea

10 I. petkovi I. petkovi

11 I. miksici

12 I. camptoxypha I. camptoxypha

13 I. altaica I. altaica

14 I. pienensis I. pienensis I. pienensis

15 I. obtusa I. obtusa I. obtusa I. obtusa

16 I. rammei I. rammei

17 I. hospodar

18 I. speciosa

19 I. modestior
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species of the genus Oleria. Not only was a high
level of polymorphism detected between the two
studied subspecies, but also within each subspecies
(GALLUSSER et al. 2004). The same technique was
used as a genetic marker in species determination of
cryptic species of Anopheles (Diptera) (WILKERSON
et al. 1995; NADDAF DEZFOULI et al. 2002).

The RAPD method revealed the occurrence of
high polymorphism among the Isophya species.
However, there were no unique bands or band pat-
terns specific for a particular species or group of
species in the genus Isophya. No correlation exists
between geographical origin of the studied species
and similarity of their band patterns. The obtained
data were in most cases incongruent with morpho-
logical subdivisions and cytotaxonomical data. Fur-
ther studies are necessary for a better understanding
of genetic relationships within the genus Isophya.
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