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ABSTRACT

We analyzed forty-two populations from natural areas of common fir from Croatia, Bosnia and Herzegovina, Slovenia and Albania, by nad5-4 mitochondrial markers. The results showed the presence of very intensive mixing of populations from both haploid types mtDNA in Croatia and Western Bosnia and Herzegovina, which ends south and southeastern from the mountains of Čabulja, Šator, Grmeč and Oštrelj where there can be found haploid types of the Apennine glacial habitat. In the natural population of Macelj (Croatia) there was detected allele 3 typical for Caucasian fir, with presence of natural hybrids in these populations, which is the consequence of the previous haphazard introduction.

INTRODUCTION

From economic and ecological stand point common fir (Abies alba Mill.) is one of the most significant species of forest trees in Central Europe, in Croatia and Bosnia and Herzegovina, but also in a number of central European countries. In Croatia it is present at 200 000 ha (V u k e l i ć  &  B a r i č e v i ć, 2001), and in Bosnia and Herzegovina it covers the area of 562 237 ha (U š ć u p l i ć, 1992) or around 50 % of all high forests. 

Within the last 13 000 years, common fir was exposed to a permanent dynamic migration, that is, the movements from its shelters at the south of Europe, towards central, western and eastern Europe. These migrations were caused by major climatic changes, as one of most significant factors in forest wood migrations at large. After great glaciation, which lasted for approximately 100 000 years, and reached its maximum some 15 000 years ago, all populations of forest trees have started spreading.

Common firm can be separated to two phases of the gene motility. The first, or the gametophyte stage, is the most motive since the pollen (male gamete) is transferred by wind to great distances, up to 35 km (60 km), thus the genes of the male parent are quickly transferred from one position to the other and this is crucial for genetic flow. The other phase, or the saprophyte phase, is less motile although the seed is equipped with the seed wing that ensures better dispersions of the seed. The seed of common fir, however, is relatively heavier than the seed of other conifers and it is therefore transferred to small distances, and its transfer to greater distances is related to zoochore or hydro chore.  Thus, based on the reports from H u n t l e y  and  B i r k s (1983) the speed of the movement of common fir, based on the analysis of pollen, was between 40 and 300 m a year, depending on the period. The fastest movement was reported for the period of 6000 years ago. Due to inheritance of mtDNA from one of the parents it proved to be applicable for population-genetic investigations, particularly for investigations of post-glacial migrations, according to 

L i e p e l t  et. al. (2002), G ö m ö r y et. al. (2004), and phylogenetic investigations in many conifers (G u g e r l i et al. 2001, J o h a n s e n and L a t t a 2003, M i t t o n et al. 2000, S i n c l a i r et al. 1999, S p e r i s e n et al. 2001). This method, however, showed very limited possibilities in ecological investigations, but proved perfect for determining post-glacial migrations of species. The aim of this study is a detailed determination of haploid division of some species of common fir in Croatia, Bosnia and Herzegovina, Slovenia, and Albania. In his paper on post-glacial migrations of common fir M a y e r (1979) (according to G ü r t h 1988), had already pointed at the unsolved issue of the Western Balkans. Later, K o n n e r t and B e r g m a n n (1995) pointed at an unclear genetic image of the area of Croatia, and this was resolved by L i e p e l t  et. al. (2002), but with an insufficient number of samples  from that area, while G ö m ö r y et. al. (2004) limited their work to Bosnia and Herzegovina and Slovenia.

Except major populations from Croatia, the accent was placed on the investigation of small and isolated populations from the sub-Mediterranean area of Bosnia and Herzegovina, in order to determine what is their relationship to the populations from the central parts of their natural distribution in Bosnia and Herzegovina and Central Europe. 

The variability was investigated at the molecular level, with mitochondrial DNA analysis, by application of the two conservative allele known as central European and the Balkan allele. 

This investigation is significant because it supplements the work of L i e p e l t  et. al. (2002), G ö m ö r y  et. al. (2004), and casts more light on postglacial migrations of common fir in parts of Bosnia and Herzegovina and Croatia. It will also cast more light on the activities at renovation of common fir forests (foresting and seed growing), and in establishing gene banks and achieves by in situ and ex situ methods.

MATERIALS AND METHODS

For quality DNA extraction we used fresh material. That is why the material for mtDNA analysis was mostly collected from the trial site of the provenance established in the nursery of the Forestry Institute Jastrebarsko and from the trial site Brloško, a total of 20 provenance, 18 from Croatia and two from Slovenia.

The samples from the Brloško provenance were taken from the natural offspring that grows around the trial site. As the trial sites of the provenances do not cover the entire area of common fir in Croatia, the sampling was done in additional 7 natural populations, and also at the area of Bosnia and Herzegovina (8 populations) and two populations in Albania.

The distances between the trees in their natural stands was one 100 m, and out of every provenance there were collected between three and six units. Later there were analyzed two more samples of the Macelj mountain area.

There were a total of 202 trees of common fir analyzed, 135 from Croatia, 10 from Slovenia, 47 from Bosnia and Herzegovina and 10 from Albania. In table 1 there were presented basic data on the number of analyzed samples from the natural populations and trial sites of the provenances, as well as the obtained allele frequencies.

The isolation of the DNA cell was done from the needles of the fir shoots. There were 5-7 needles per tree used, depending on their size. The DNA molecules were isolated accoridng to D o y l e and D o y l e (1987). The starter: 5'-GGACAATGACGATCCGAGATA-3', was used for amplification, that is 5'-CATCCCTCCCATTGCATTAT-3'. The DNA fragment of the gene nad5-4 was multiplied by it in the PTC-100 (Programmable Thermal Controller) produced by MJ Research, Inc. The programming of the instrument for PCR was done according to 

L i e p e l t  et. al. (2002).
The products obtained by polymerase chain reaction were analyzed at 2100 Bioanalyzer, the product of Agilent Technologies with usage of DNA 1000 lab-chip kit. Based on the size of the multiplied fragment there was determined the haploid type of the unit in accordance with previous investigations (L i e p e l t  et. al. 2002), (G ö m ö r y et. al. 2004). Larger fragment was marked by number 1, and smaller with number 2. The new fragment of approximately 450 pb, which had the course of nucleotides determined subsequently, was marked with number 3. 

Fragment 3 was sequenced in the laboratory VBC-GENOMICS GmbH in Vienna. By searching the public data bases Entrez Nucleotide at web pages of NCBI-a (http://www.ncbi.nlm.nih.gov/Entrez/) there have been determined the species to which this fragment belongs.

For the needs of graphical presentation of their distribution in the area, each haploid type was differentiated by certain color, yellow for number one, red for number two, and green for number three.

RESULTS AND DISCUSSION

	Table 1. List of the investigated Abies alba Mill. populations

	Populations
	No. sampls
	Allel 1 (%)
	Allel 2 (%)
	Allel 3 (%)
	Country

	Gluhe drage
	5
	-
	100
	-
	Croatia

	Zapadni Papuk
	5
	80
	20
	-
	Croatia

	Belevine 
	5
	-
	100
	-
	Croatia

	Biokovo 
	5
	-
	100
	-
	Croatia

	Brloško 
	5
	-
	100
	-
	Croatia 

	Rudač 2a
	5
	-
	100
	-
	Croatia

	Alilovica 
	5
	-
	100
	-
	Croatia

	Josipovac 
	5
	80
	20
	-
	Croatia

	Bistranska gora
	5
	100
	-
	-
	Croatia

	Macelj I
	5
	
	-
	100
	Croatia 

	Macelj II
	3
	
	70
	30
	Croatia

	Macelj III
	4
	
	50
	50
	Croatia

	Trakošćan 
	5
	
	80
	20
	Croatia

	Đedovica-Trešnjevica
	5
	100
	-
	-
	Croatia

	Miletka
	5
	80
	20
	-
	Croatia 

	Rudač
	5
	100
	-
	-
	Croatia

	Rudnik 
	5
	60
	40
	-
	Croatia

	Nađak bilo
	5
	-
	100
	-
	Croatia

	Rastovska 
	5
	-
	100
	-
	Croatia 

	Duliba 
	5
	-
	100
	-
	Croatia

	Potočine Crna kosa
	5
	40
	60
	-
	Croatia

	Gospić
	5
	100
	-
	-
	Croatia

	Lapac 
	3
	100
	-
	-
	Croatia

	Korenica 
	3
	100
	-
	-
	Croatia

	Plitvička jezera
	5
	100
	-
	-
	Croatia

	Lička Plješevica (J)
	4
	100
	-
	-
	Croatia

	Lička Plješevica
	2
	50
	50
	-
	Croatia 

	Južni Velebit
	5
	100
	-
	-
	Croatia

	Gračac Velebit
	6
	100
	-
	-
	Croatia

	Gračac Plješevica
	6
	85
	15
	-
	Croatia 

	Mašun 
	5
	100
	-
	-
	Slovenia 

	Podturen 
	5
	100
	-
	-
	Slovenia

	Kamešnica
	6
	-
	100
	-
	Bosnia and Herzegovina

	Bosansko grahovo
	6
	50
	50
	-
	Bosnia and Herzegovina

	Troglav
	6
	100
	-
	-
	Bosnia and Herzegovina

	Čabulja
	5
	80
	20
	-
	Bosnia and Herzegovina

	Velež
	6
	-
	100
	-
	Bosnia and Herzegovina

	Bjelasica
	6
	-
	100
	-
	Bosnia and Herzegovina

	Orjen
	6
	-
	100
	-
	Bosnia and Herzegovina

	Vran
	5
	-
	100
	-
	Bosnia and Herzegovina

	Dardhe
	5
	-
	100
	-
	Albania

	Luzni i Bardhe
	5
	-
	100
	
	Albania


The analysis of the multiplied fragment of mitochondrial DNA was done by 2100 Bioanalyzer (Agilent Technologies), and not by ocular viewing, and by analysis of the long and short ribbons on agar gel. The instrument has automatically calculated the length of the ribbons. The obtained average number of pairs of bases of longer fragments was 275 pb, and that of the shorter fragments was 185 pb. The length of the initials nad5-4 was 21 pb from one end, and 20 pb from the other. The tolerable error of the instrument, according to its declaration for the listed lengths of the fragment was ± 5,0 %.

From the above stated it is clear that the obtained lengths of multiplied fragments entirely correspond to previous investigations of L i e p e l t  et. al. (2002). 

The deviation was obtained for nine samples, that is, the eight samples from the Macelj population and one sample from the population of Trakošćan. An average number of the bases pairs of the obtained fragments was approximately 450pb. By determining the course of nucleotides of this fragment and by its comparison with the data from data basis (http://www.ncbi.nlm.nih.gov/Entrez/) we determined that 450 pb long fragment corresponds to fragment Nad5-4 of the Caucasian fir (Abies nordmanniana Stev.).

Picture 1 presents the chart of the distribution of haploid types of the Croatian, Bosnia and Herzegovina, Slovenian and Albanian populations that were the subject of this research. Out of forty-two processed populations of common fir from Croatia, Bosnia and Herzegovina, Slovenia and Albania, 13 populations contained only a longer fragment (table 1), which is typical for central and western Europe. The shorter fragment (allele 2) typical for southeastern Europe was only found in 16 populations (table 1). Nine populations in this study were mixed haploid types. In three populations we found common fir mixed with Caucasian fir and in one there was a clear Caucasian fir.
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Chart 1.: Distribution of haploid types of Croatia, Bosnia and Herzegovina, Slovenia and Albania, with additions from  G ö m ö r y et. al. (2004).

The population of Trakošćan, along with allele 2, (the shorter fragment) contains also a sample with the length of an amplified fragment that corresponds to Caucasian fir. Since the phenotype of the sample fully corresponds to the phenotype of common fir we can conclude that this is a hybrid of A. nordmanniana × A. alba. In the population of Macelj we found only haploid types A. nordmanianne in the first samples (Table 1). In three new samples, which by phenotype correspond to common fir, we found one haploid type of the Caucasian fir and two samples with allele 2. Therefore, we can also say for this sample that it is a hybrid A. nordmanniana × A. alba.
From the above, as well as from Table 1 and Figure 1, it is possible to observe significant mixing between and within the populations of Croatia, Bosnia and Herzegovina, and Slovenia, while two populations from Albania behave conservatively. As opposed to this situation the bordering area of haploid types in the region of Carpathian Mts. (Ukraine) is very clear (G ö m ö r y et. al. 2004). In our areas of natural distribution of common fir there is no such clearly defined boundary demarcation.

Gradual mixing of haploid types, according to L i e p e l t et. al. (2002) begins already in northeastern Italy, where allele 2 (the Balkan allele) appears for the first time. The mixing increase in Slovenia and it is the greatest area of natural distribution of common fir in Croatia (Figure 1).

The mixing of the populations of both haploid types mtDNA ends in western and southwestern Bosnia. More southern and more southeastern from the mountains of Čabulja, Šator, Grmeč and  Oštrelj, where we still find haploid types of the Apennine glacial stands, only allele 2 appears, that is, the haploid that is typical for the Balkan stands. Therefore, from the northeastern part of Italy, across Slovenia and Croatia, to western part of Bosnia, there can be noticed two parallel clines of the mixed haploid types (G ö m ö r y  2004).

We have encountered a very interesting situation among the populations of Macelj and Trakoscan; for certain samples the obtained approximate number of pairs for amplified fragment bases was approximately 450pb. For all initially analyzed samples from the population of Macelj we determined mtDNA of the Caucasian fir, however, they better correspond to it by phenotype. In the Trakoscan population there was obtained a proportion of 20:80 samples of Trakošćan, as well as new samples of the Macelj population, which entirely corresponds to common fir by their phenotype. Out of the three new samples of the Macelj population one sample corresponds to A. nordmannani while the other two mtDNA samples correspond to haploid type 2. Otherwise, there are no other documents on introduction of Caucasian fir, and it must have been haphazardly introduced into this area.

For the samples the common fir phenotype of Trakošćan and Macelj, and genotype (mtDNA inherited only by mother) of the Caucasian fir we may conclude that this must be a hybrid A. nordmanniana × A. alba. Cross breading of certain species from the genre  Abies are possible and spontaneously happen in nature (K o r m u t a k 1996). Since this paper only treated mtDNA we cannot exclude the existence of even greater number of hybrids that might have been revealed by the analysis of cpDNA, since the chloroplast DNA of coniferous trees is inherited from father.

From the above it can be brought an important conclusion about applicability of molecular methods in forest studies, preservation of gene fund, conservation (in-situ and ex-situ) as well as in practical foresting – seed production (growing) (seed control) and plant growing (control of planting material). 

Studies of the influence of alohtone species, which spontaneously cross breed with a frequent autochthonous species, to environment, in the first place, to ecosystems. Particularly when talking about an introduced species,  Caucasian fir more resistant than the autochthonous species (common fir) to drought, in the years of desiccation this might be an important asset.  Today there is a frequently asked question about influence of GM (genetically modified) organisms to the environment. Under circumstances when autochthonous vegetation is in some way inferior to alohtone vegetation, these and similar problems are not appropriately managed. Based on the easily accessible molecular analyses there could be estimated the distribution of the Caucasian fir genotype in the Macelj mountain area, but similar method of investigation may be applied to solve other similar problems.
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