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Genetic differentiation of populations of the green oak leaf roller (Tortrix viridana L.)
and its host (Quercus robur L.) using nuclear gene markers 
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Abstract: Populationsgenetische Differenzierung beim Eichenwickler (Tortrix viridana L.) und 
seiner Wirtspflanze (Quercus robur L.) anhand nukleärer Genmarker
Populationen des grünen Eichenwicklers (Tortrix viridana L., Lepidoptera: Tortricidae) und der 
Stieleiche (Quercus robur L., Fagaceae) wurden auf genetische Differenzierungen mit Hilfe von 
Kern-DNA-Markern untersucht. Insgesamt wurden 14 Eichenbestände in Nordrhein-Westfalen (NRW) 
und 7 weitere in verschiedenen Regionen Europas in die Untersuchung einbezogen. Weder für die 
Eiche noch für den Eichenwickler sind genetische Differenzierungen der Populationen auf einer 
kleinen geographischen Skala (etwa 150 km) nachweisbar, jedoch zeigen die Eichenpopulationen eine 
zunehmende genetische Distanz mit zunehmender geographischer Distanz. Für den Eichenwickler 
konnten innerhalb von Populationen in einem Radius von etwa 40 m Familienstrukturen ermittelt 
werden und auf einer kontinentalen Skala lassen sich die Ergebnisse für den Eichenwickler mit einer 

„isolation by distance“ erklären.
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In Western Europe pedunculate oak (Quercus robur L.) is the forest tree with the highest number of 
phytophagous insect species (Yela & lawton 1997). One of these, the green oak leaf roller Tortrix viridana 
L. is an oligophagous herbivorous moth with a host range limited to the genus Quercus (hunter 1990, Du 
Merle 1999). During outbreaks, T. viridana often leads to defoliation of oaks in spring. The abundance 
of T. viridana is subject to the population size fluctuations typical for herbivorous insects, where periods 
of small population sizes (latent periods) alternate with periods of high population sizes (outbreak) (e.g. 
schütte 1957, horstMann 1984).

Apart from many experimental studies on population dynamics of the moth (e.g. hunter 1990, Du Merle 
1999, ivashov & al. 2002) so far little attention has been paid to the genetic variation within the species as 
an important aspect of the genetics of this host-parasite interaction. siMchuk & al. (1999) found changes in 
the heterozygosity level of different isozyme loci during outbreaks in T. viridana and molecular markers for 
T. viridana have been developed for analyses of genetic variation within and among populations (schroeDer 
& scholz 2005). But, investigations of genetic variation within and among populations of forest pest species 
are important to predict future pest outbreaks. So far the processes outbreaks based on are not entirely 
clarified, however it is known that migration plays a major role. Using molecular markers investigations of 
the genetic variation are possible and offer the opportunity to analyse distribution events.

In this paper first results are presented concerning the genetic variation of the green oak leaf roller at three 
geographic scales: (1) among trees within a population, (2) among populations at a small spatial scale of 
about 150 km and (3) among populations at a broader geographic scale up to 3000 km. Furthermore results 
of the genetic variation of oaks at the small spatial scale are represented.
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Material and Methods
Study Sites and Sampling

In an area of approximately 150 x 150 kilometres in North Rhine-Westphalia (NRW) living caterpillars and 
pupae of T. viridana, and oak leaves were collected in May in the years 2003 to 2005 from approximately 
25 marked oaks (Quercus robur) per stand in a total of 14 oak stands. The immature stages of the moths 
were reared in the laboratory and the adults were identified. The adults were frozen at –20°C until DNA 
extraction. Neither larvae nor pupae have directly been used for DNA extraction to avoid a contamination 
of the moth DNA with parasitoid DNA. A total of 332 leaf rollers and leaves from 379 oaks from NRW 
were used for AFLP (Amplified Fragment Length Polymorphism) analysis. Additionally a total of 67 green 
oak leaf rollers from one stand each in the East of Germany, in Slovenia, in Poland and in four stands in the 
Ural Mountains was sampled using pheromone traps.

DNA Extraction
The DNA extraction method was identical for oak leaves and moths. Frozen moth individuals or 1 cm2 of 
single leaves, respectively, were ground to powder in liquid nitrogen. Total DNA was extracted, following 
a CTAB protocol by DuMolin & al. (1995) with a slight modification for DNA extraction of the moths: 
Proteinase K in a final concentration of 0,4 µg/µl was added to the lysis buffer.

AFLP Protocol for Q. robur and T. viridana
The AFLP protocol (vos & al. 1995) was used to study the genetic variation of T. viridana and Q. robur. 

For analysing of T. viridana two primer-enzyme combinations (Eco-ACG + Mse-ATG; Eco-AAC + Mse-
AAG) and for Q. robur three primer-enzyme combinations (Eco-ACC + Mse-CAT; Pst-CAG + Mse-CAA; 
Pst-CAG + Mse-GCA) were used. 5 µl of DNA (containing 100 ng DNA per µl) were digested with EcoRI 
and MseI restriction enzymes and ligated to specific adapters. 5 µl of each restricted and ligated sample 
were used for preselective and selective amplification. AFLP products were electrophoresed on 6 percent 
denaturing polyacrylamide gel by ALF sequencer. Band scoring was performed using an ALF express II 
(Amersham Pharmacia Biotech). AFLP profiles were recorded in a matrix as presence (1) and absence (0) of 
bands with the software ALF win Fragmentanalyser 1.02 (Amersham Pharmacia Biotech). Only polymorphic 
bands were used for the population genetic analysis.

Genetic data analysis
Using the program SPAGeDi (harDY & vekeMans 2002) spatial genetic structure was analysed with a 
multilocus estimator of the pairwise relatedness coefficient between individuals. This is an estimator of the 
kinship coefficient that is specifically adapted to dominant genetic markers. Average multilocus kinship 
coefficients per distance interval were computed for six distance classes (20, 40, 60, 80 100, 120 m) and were 
plotted against distance. A permutation procedure was applied to test significant deviation from a random 
spatial distribution of the moths. Each permutation consisted of a random redistribution of the AFLP profiles 
over the spatial co-ordinates of the samples. Gene diversity was calculated and an AMOVA was carried out 
for populations of Q. robur and T. viridana using ARLEQUIN 2.0 (schneiDer & al. 2000).Values of gene 
diversity were obtained by averaging across loci. Specific SAS macros (stauber & hertel 1997) were used 
to calculate genetic distances according to GreGorius (1978). The subsequent UPGMA cluster analysis and 
drawing of dendrograms were also carried out with SAS (SAS Institute Inc. 2002). Correlations between 
genetic and geographic distances within T. viridana and Q. robur were calculated and tested using the Mantel 
nonparametric test calculator (lieDloff 1999).

Results and discussion
SGS within populations 

The SGS analysis detected kinship coefficients that were significantly larger than expected for a random 
distribution among the insects within a radius of 20 m to 40 m (Fig. 1). The correlograms showed the 
expected tendency of decreasing kinship with increasing distance typical for family structures. We explain 
our findings with a different mobility for both sexes and the mating behaviour of T. viridana. Results with 
regard to the mobility of T. viridana were equivocal. According to schneiDer (1984) the adult moths have 
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a low flight activity, whereas Du Merle (1999) and horstMann (1984) found a high dispersal activity for 
the species. In the laboratory we observed for T. viridana a low flight activity for females and a high flight 
activity for males. Similarly the males of other lepidopteran species have been reported to be more mobile 
than the females (salvato & al. 2002, wahlberG & al. 2002). siMchuk & al. (1999) observed that males of 
T. viridana mate first with females that developed on the same tree and then start flying over some greater 
distance (up to a few kilometres). Thus, this behaviour explains our findings of family structure within a 
radius of about up to 40 m.

Genetic variation and differentiation
The AFLP analysis for Q. robur was carried out with three primer-enzyme combinations resulting in a total 
of 104 fragments in an interval of 50 to 600 bp, of which 76 were polymorphic (Tab. 1). For T. viridana 
two primer combinations used in AFLP analysis revealed a total of 74 bands in the interval of 60 to 300 
bp, of which 59 were polymorphic. All analyses have been done with these polymorphic fragments only. 
For T. viridana gene diversity was slightly lower than for Q. robur and the Fst value was clearly lower for T. 
viridana than for Q. robur at the small spatial scale of NRW (Tab. 1).

Gene 
diversity Fst p-value

Q. robur 0,164 ± 0,085 0,086 0,218

T. viridana 0,145 ± 0,076 0,045 0,362

Nevertheless we neither could differentiate between the oak nor between the leaf roller populations. For 
oaks this is due to higher pollen-mediated gene flow revealed using nuclear gene markers and the life-cycle 
characteristics of long-living trees (austerlitz & al 2000) and for the green oak leaf roller the explanation for 
our observation of low genetic differentiation among populations is the above mentioned different mobility 
of the two sexes manifested in biparental inherited gene markers.

A dendrogram, created by the AFLP genetic distance matrix, does not reflect the geographic order within 
NRW, but at the continental scale a gradient from West (NRW) to East (Ural Mountains) has been revealed 
(Fig. 2). On this larger geographic scale, including distances of about 500 km up to 3000 km, geographic 
distances are correlated with genetic distances. Here, isolation by distance was proven by a significant 
result of the Mantel test (r = 0,6795; p = 0,001). This might be due to reduced levels of gene flow within 
and among sample sites resulting in a subpopulation structure as ascertained for other lepidopteran species 
(salvato & al 2002, wahlberG & al. 2002).

Fig. 1: Spatial genetic structure for one 
of the observed populations. Dotted 
lines represent the 99% confidence 
interval of the permutations. Distances 
above the zero-line indicate a spatial 
structure in which genotypes are more 
similar than expected from a random 
distribution and values below the zero-
line indicate greater genetic differences 
than expected for a random spatial 
genetic structure.

Tab. 1: locus-by-locus AMOVA and gene 
diversity of Q. robur and T. viridana 
populations using nuclear DNA 
markers. 
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Fig. 2: Dendrogram created with SAS for T. viridana populations based on AFLP data. 
Populations numbered 3 to 12 belonging to North Rhine-Westphalia, 15 Eastern Germany, 
30 Slovenia, 31 Poland, 32-35 Ural Mountains.

Genetic distance vs geographic distance
A Mantel nonparametric test (lieDloff 1999) for the populations of T. viridana resulted in no correlation 
between genetic and geographical distance (r = -0,0644; p = 0,35) due to high gene flow. For Q. robur 
a Mantel test resulted in a significant positive correlation (r = 0,3424; p = 0,04). Although we could not 
clearly differentiate between the oak populations we nevertheless find an increasing genetic distance with an 
increasing geographic distance already at a small spatial scale of up to 150 km in NRW. This might be due 
to a clearer spatial structure in oaks than in associated insects because of postglacial re-colonisation routes 
and men made seed transfers, which gave rise to the current distribution of the genetic variation within the 
genus Quercus (köniG & al. 2002).

References
austerlitz, f., Mariette, s., Machon, n., GouYon, P.h. & GoDelle, b. (2000): Effects of colonization 

processes on genetic diversity: Differences between annual plants and tree species. – Genetics 154: 
1309-1321.

Du Merle, P. (1999): Egg development and diapause: ecophysiological and genetic basis of phenological 
polymorphism and adaptation to varied hosts in the green oak tortrix, Tortrix viridana L. (Lepidoptera: 
Tortricidae). – J. Insect Physiol. 45: 599-611.

DuMolin, s., DeMesure, b. & Petit, r.J. (1995): Inheritance of chloroplast and mitochondrial genomes in 
pedunculate oak investigated with an efficient PCR method. – Theor. Appl. Genetics 91: 1253-1256.

GreGorius, h.-r. (1978): The concept of genetic diversity and its formal relationship to heterozygosity and 
genetic distance. Math. Biosci. 41: 253-271.



Mitt. Dtsch. Ges. allG. anGew. ent. 16 Giessen 2008

241

harDY, o.J. & vekeMans, X. (2002): SPAGeDi: a versatile computer program to analyse spatial genetic 
structure at the individual or population levels. – Mol. Ecol. Notes 2: 618-620.

horstMann, k. (1984): Untersuchungen zum Massenwechsel des Eichenwicklers, Tortrix viridana L. 
(Lepidoptera: Tortricidae), in Unterfranken. – Zeitschr. Angew. Entomol. 98: 73-95.

hunter, M.D. (1990): Differential susceptibility to variable plant phenology and its role in competition 
between two insect herbivores on oak. – Ecol. Entomol. 15: 401-408.

ivashov, a.v., boYko, G.e. & siMchuk, a.P. (2002): The role of host plant phenology in the development of the 
oak leaf roller moth, Tortrix viridana L. (Lepidoptera: Tortricidae). – Forest Ecol. Manag. 157: 7-14.

köniG, a.o., zieGenhaGen, b., van DaM, b.c. & al. (2002): Chloroplast DNA variation of oaks in western 
Central Europe and genetic consequences of human influences. – Forest Ecol. Manag. 156: 147-166.

lieDloff, a. (1999): Mantel nonparametric test calculator, version 2.00 Brisbane: Queensland University 
of Technology. URL: http://www.sci.qut.au/NRS/Mantel.htm 

salvato, P., battisti, a., concato, s., Masutti, l., Patarnello, t. & zane, l. (2002): Genetic differentiation 
in the winter pine processionary moth (Thaumatopoea pityocampa – wilkinsoni complex), inferred by 
AFLP and mitochondrial DNA markers. – Mol. Ecol. 11: 2435-2444.

schneiDer, i. (1984): Untersuchungen zur Überwachung des Eichenwicklers, Tortrix viridana L. (Lepid., 
Tortricidae), mit seinem Pheromon. – Zeitschr. Angew. Entomol. 98: 474-483.

schneiDer, s., roessli, D. & eXcoffier, l. (2000): Arlequin Version 2.000: A software for population genetics 
data analysis. Genetics and Biometry Laboratory, Department of Anthropology. – University of Geneva, 
Switzerland. http://lgb.unige.ch/arlequin/

schroeDer, h. & scholz, f. (2005): Identification of PCR-RFLP haplotypes for assessing genetic variation 
in the green oak leaf roller Tortrix viridana L. (Lepidoptera, Tortricidae). – Silv. Genet, 54: 17-24.

schütte, f. (1957): Untersuchungen über die Populationsdynamik des Eichenwicklers (Tortrix viridana L.).–  
Zeitschr. Angew, Entomol, 40: 1-36, 285-331.

siMchuk, a.P., ivashov, a.v. & coMPaniYtsev, v.a. (1999): Genetic patterns as possible factors causing 
population cycles in oak leaf roller moth, Tortrix viridana L. – Forest Ecol. Manag. 113: 35-49.

Statistical Analysis Software SAS 9.1 TS Level 1M2, – Copyright © 2002-2003 by SAS Institute Inc., Cary, 
NC, USA.

stauber, t. & hertel, h. (1997): Populationsgenetik mit SAS. – URL: http://www.mol.shuttle.de/wspc/
genetikl.htm 

vos, P., hoGers, r., bleeker, M., reiJans, M., van De lee, t., hornes, M., friJters, a., Pot, J., PeleMan, 
J., kuiPer, M. & zabeau, M. (1995): AFLP: a new technique for DNA fingerprinting. – Nucl. Acids 
Res. 23: 4407-4414.

wahlberG, n., kleMetti, t., selonen, v. & hanski, i. (2002): Metapopulation structure and movements in 
five species of checkerspot butterflies. – Oecologia 130: 33-43.

Yela, J.l. & lawton, J.h. (1997): Insect herbivore loads on native and introduced plants: a preliminary 
study. – Entomol. Exp. Appl. 85: 275-279.



Mitt. Dtsch. Ges. allG. anGew. ent. 16Giessen 2008

242


