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Abstract 

The black poplar (Populus nigra) is one of the characteristic species of the riparian forests. Plantation of hybrid 
poplars associated with the risk of hybrid poplar gene introgression into the gene pool of black poplar and the loss 
of habitat endanger the distribution of the black poplar. 
 
The aim of this study is to analyze the genetic composition of the black poplar population located in the Danube 
National Park and to determine if hybrid poplar gene introgression in the black poplar gene pool takes place. The 
findings of this study are the basis for in-situ and ex-situ conservation of black poplars. In the course of this study, 
the genetic material of 317 offspring, 104 adult black poplars and 4 reference samples are investigated, paternity 
analysis is made and distribution-tendencies are illustrated. 
 
The results show that introgression takes place and about 5-10 % of the offspring contain hybrid poplar genes. 
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Introduction 

In 1998 / 1999, 1.532 sampling points were established throughout the area of the Danube National Park (Raster 
400 m x 100 m). An angle count sampling accomplished in the Danube National Park during the winter months 
2008 / 2009 determined 548 adult black poplars on 171 sampling points (ÖBF 2009; ECKMÜLLNER et al. 2008). 
On 24 of these 171 sampling points with black poplars, 101 hybrid poplars occurred (ÖBF 2009).  
 
The research questions of this study are: 

1. How many populations of black poplar can be determined in the Danube National Park? 
2. Does introgression take place and if so, to what extent? 
3. Is it possible to detect adult hybrid poplars as parents (parenthood analysis)? 
4. Are there any distribution patterns? 
5. What is the effect of a combination of different analysis methods with regard to the results? 

 
 

Methods 

Leaves of 105 adult poplars (dbh > 10 cm) and 318 offspring (dbh < 10 cm) were collected on 8 sample sites 
(Fig. 1) throughout the area of the Danube National Park. The adult poplars were located within a radius of about 
100 m to the respective offspring. Adult hybrid poplars which could act as parent were also collected within this 
radius.  
 
All individuals were marked and tagged with GPS. The DNA was extracted from the leaves with the Invisorb®Spin 
Plant Mini Kit. 
 
439 samples (including reference samples) were analyzed by microsatellite markers to determine, if there is any 
influence of hybrid poplar genes. 
 
Thus, 16 gene loci were examined: WIN3, wpms14, wpms17, wpms20, wpms09, wpms15, PMGC14, ORNL214, 
wpms16, PTR8, ORPM344, GCPM1894, ORPM29, ASP112322, GCPM1719 and PTR4. 
 
The WIN3 analysis was done by agarose gel electrophoresis. For all further analysis methods, the fragment length 
of each gene loci was detected with the CEQTM 8000 Genetic Analysis System (© Beckman Coulter). 
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All detected fragment lengths (exclusive the WIN3 gene locus) were noted in Excel. The values were compared to a 
reference list of fragment lengths provided by the Austrian Research Centre for Forests and compared to the 
fragment lengths of the reference samples. An individual was – mathematically – influenced by hybrid poplar 
genes when the occurred fragment lengths of one locus differed in both alleles (if existing) and one rare value 
occurred or when the fragment lengths of two gene loci were completely different from the reference list / 
reference samples. 
 
The program R 3.3.2 (© The R Foundation) / RStudio 1.0.44 (© 2016 RStudio) Package PoppR 2.3.0 was used to 
put the individuals in various groups if more than 6 different fragment lengths on the analyzed gene loci / alleles 
between the compared individuals occurred. Individuals with 6 or less different fragment lengths were put 
together in one group. 
 
Parenthood analysis was made with Cervus 3.0.7 (© Tristan Marshall 1998 – 2014 Field Genetic Ltd). 
 
GenAlEx 6.502 – Genetic Analysis in Excel (Peakall & Smouse 2006, 2012) was used to calculate the genetic 
distance of the samples, conduct a principal coordinate analysis and analyze the molecular variance within and 
between individuals. 
 
The calculation of the possible amount of origin populations was effectuated by Structure 2.3.4. (PRITCHARD et al. 
2000; FALUSH et al. 2003, 2007; HUBISZ et al. 2009). The data provided by Structure 2.3.4 were analyzed with 
Structure Harvester (DENT & VONHOLDT 2012) and Clumpak (KOPELMAN et al. 2015). 
 
 

 
Figure 1: Location of the sampling sites. Red line = Border of the Danube National Park. 

 
 

Results 

1. Nowadays there is one single population of black poplar located in the Danube National Park. Gene flow 
takes place between the individuals throughout the whole area of the Danube National Park. Analysis show 
that this – nowadays single – population is composed of three origin populations. 

2. 51 of the analyzed Individuals are influenced by hybrid poplar genes. From these 51 Individuals, 31 
juveniles show an interference of hybrid poplar genes. Introgression takes place and about 9.8 % of the 
offspring is influenced by hybrid poplar genes. 

3. 15 out of 22 sampled adult hybrid poplars were defined as parent-tree. 6.3 % of offspring could be assigned 
to a specific adult hybrid poplar. 

4. 27.9 % of the offspring are located at the same sampling point as the designated parent-tree. 58.2 % of the 
investigated individuals show a difference of two sampling points between offspring / parent-tree. 

5. Different methods of analysis showed a variable amount of individuals which were influenced by hybrid 
poplar genes. 29 of the individuals were found to be influenced in more than one analysis. 21 individuals 
were found to be influenced only by a single analysis method, independent of the method. Every analysis 
method shows - in some cases - different individuals which were determined as influenced by hybrid 
poplar genes.  
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Discussion 

An allocation of one sample to a determined cluster in R does not mean that this sample is influenced by hybrid 
poplar genes. If samples are put in the same cluster it can be concluded that there is some kind of (family) 
relationship between the samples. 
 
The combination of the WIN3 analysis and the allocation to a cluster in R give first clues if samples are influenced 
by hybrid poplar genes and if there is some kind of (family) relationship between these samples. 
 
The results of the PCoA showed some kind of allocation of the samples in 3 different clusters with transition areas. 
It was not possible to detect a specific pattern within these clusters. It was not possible to find any correlation 
between age group and allocation to one cluster either. The molecular variance of 2 % between the sampling sites 
confirmed the suggestion that there is just one single population of black poplar which stands in genetic exchange 
throughout the whole area of the Danube National Park. 
 
A mixture of genes between black and hybrid poplar across many generations could be excluded because of the 
analysis in Structure. The majority of analysed black poplar samples is not influenced by hybrid poplar genes. 
 
 

Conclusion 

The ascertained introgression accords to the results / presumptions of further studies (cf. HEINZE 2008). BENETKA 
et al. 1999 identified an introgression of about 9 % by spontaneous pollination in open nature. 
 
It seems that the rate of introgression stabilizes by an amount from 7 – 10 %. To preserve the existing population 
of black poplar in the Danube National Park, it is necessary to renaturate the riparian forests and protect existing 
habitats. Specific removal of hybrid poplars is not necessary. 
 
 

References 

BENETKA, V.; MOTTL J.; VACKOVA, K.; POSPIKOVA, M.; DUBSKY Y, M. (1999): Estimation of the introgression level in 
Populus nigra L. populations by means of isozyme gene markers. In: Silvae Genet., 48: 218-223. Warsaw 

DENT, E. A. AND VONHOLDT, B. M. (2012): STRUCTURE HARVESTER: a website and program for visualizing 
STRUCTURE output and implementing the Evanno method. In: Conservation Genetics Resources vol. 4 (2): 359-
361  

ECKMÜLLNER, O.; FLECK, W.; FRAISSL, C.; HOLZNER, W.; LUTTERSCHMIED, H.; POSCH, B.; REIMOSER, F.; SCHNETZ, M. 
(2008): Aufnahmeschlüssel Naturrauminventur Winter 2008/2009 im Nationalpark Donau-Auen basierend auf 
dem Schlüssel 2003/2004 sowie dem Schlüssel Stichprobeninventur 1998/99 in Naturraum ‚Wald‘. Endversion 4. 
Oktober 2008 

FALUSH, D.; STEPHENS, M.; PRITCHARD, J. K. (2003): Inference of Population Structure Using Multilocus Genotype 
Data: Linked Loci and Correlated Allele Frequencies. In: Genetics 164: 1567-1587 

FALUSH, D.; STEPHENS, M.; PRITCHARD, J. K. (2007): Inference of populations structure usind multilocus genotype 
data: dominant markers and null allels. In: Molecular Ecology Notes (2007). 

HEINZE, B. (2008): Genetic traces of cultivated hybrid poplars in the offspring of native Populus nigra in Austria. 
In: Preslia 80: 365-374  

HUBISZ, M. J.; FALUSH, D.; STEPHENS, M.; PRITCHARD, J. K. (2009): Inferring weak population structure with des 
assistance of sample group information. In: Molecular Ecology Ressources (2009) 9: 1322-1332 

KOPELMAN, N. M; MAYZEL, J.; JAKOBSSON, M.; ROSENBERG, N. A.; MAYROSE, I. (2015): CLUMPAK: a program for 
identifying clustering modes and packaging population structure inferences across K’. In: Molecular Ecology 
Resources 15(5): 1179-1191 

ÖSTERREICHISCHE BUNDESFORSTE AG (2009): Aufnahmetabelle Schwarzpappel Donau-Auen 2008_2009 

PEAKALL, R. AND SMOUSE P.E. (2006) GENALEX 6: genetic analysis in Excel. Population genetic software for 
teaching and research. Molecular Ecology Notes. 6: 288-295. 

PEAKALL, R. AND SMOUSE P.E. (2012) GenAlEx 6.5: genetic analysis in Excel. Population genetic software for 
teaching and research-an update. Bioinformatics 28: 2537-2539. 

PRITCHARD, J. K; STEPHENS, M.; DONELLY, P. (2000): Inference of Population Structure Using Multilocus Genotype 
Data. In: Genetics Society of America (ed.), Genetics 155: 945-959 (June 2000) 

 
 

Contact 

Melanie Micek 
micmelanie@hotmail.com  
Vowerkstraße 4/3 
1120 Wien 
Austria 
  

mailto:micmelanie@hotmail.com


424 

 
 
 
 
 
 


