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ABSTRACT

GENETIC CHARACTERIZATION OF Pinus nigra SUBSPECIES pallasiana
VARIETIES, NATURAL POPULATIONS (SEED STANDS), SEED
ORCHARDS AND PLANTATIONS

Cengel (Nazlier) Burcu
Ph. D. Department of Biology
Supervisor: Prof. Dr. Zeki Kaya
June 2005, 115 pages

Pinus nigra subsp. pallasiana is one of the most widespread and
economically important forest tree species in Turkey. Primary objective of the
present study was to to reveal the effects of forestry practices by determining genetic
diversity of natural and managed seed sources by means of RAPD markers.
Secondly, two varieties were also investigated to reveal their pattern of genetic

variation.

Seed stands, seed orchards and plantations were screened against 11 RAPD
primers and generated 152 polymorphic DNA loci. Two varieties were compared
with a reference seed source and 4 natural seed sources. Seven primers generated 66

polymorphic DNA loci.

An overall average for effective number of alleles was 1.68+0.030; observed
heterozygosity was 0.494+0.024; expected heterozygosity was 0.38+0.014 and
proportion of polymorphic loci was 93% for all seed sources considered. Results
revealed that there was no considerable variation between seed source categories but

some degree of variation was observed within seed orchards and plantations.

Mean Fgr value estimated for the natural populations revealed that 94% of

the total genetic variation was within populations.

Nei’s genetic distance values were also estimated for seed source categories

(0.03-0.14). Nevertheless, varieties’ genetic distance values were considerably higher
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than other natural seed sources (0.07-0.19). Their dendrogram also claimed that two

varieties are genetically different from natural populations.

The extent of genetic diversity explored by RAPD markers revealed that
forestry practices caused no major changes in the managed populations with respect
to natural populations. Moreover, further study is needed to illustrate genetic

divergence of varieties.

Key Words: Pinus nigra, RAPD markers, genetic diversity, seed sources,

varieties.
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Pinus nigra SUBSPECIES pallasiana VARYETELERININ, DOGAL
POPULASYONLARININ (TOHUM MESCERELERI), TOHUM
BAHCELERININ VE PLANTASYONLARININ GENETIK
KARAKTERIZASYONU

Cengel (Nazlier) Burcu
Doktora, Biyoloji Bolimii
Tez Yoneticisi: Prof. Dr. Zeki Kaya
Temmuz 2005, 115 sayfa

Pinus nigra subsp. pallasiana, Tiirkiye’nin ekonomik agidan énemli ve en
genis yayilisa sahip tiirlerinden birisidir Bu calismanin 6ncelikli amaci, dogal ve
yonetilen tohum kaynaklariin genetik ¢esitlilik parametrelerini  belirleyerek
ormancilik etkinliklerinin etkisini ortaya koymaktir, ikinci amag ise Anadolu

karagaminin Tiirkiye’deki 2 varyetesinin genetik yapisini ortaya koymaktir.

Tohum mescereleri, tohum bahgeleri ve agaclandirmalar 11 RAPD
primeriyle taranmis ve 152 polimorfik DNA lokusu elde edilmistir. Varyeteler,
referans tohum kaynagi ve tohum mescereleri 7 primerle taranmig ve 66 polimorfik

DNA lokusu elde edilmistir.

Ortalama etkili allel sayis1 1.68+0.030; gozlenen heterozigotluk 0.49+0.024;
beklenen heterozigotluk 0.38+0.014 ve polimorfik lokus oram1 %93 olarak tahmin
edilmistir. Tohum kaynagi kategorileri arasinda genetik cesitlilik parametreleri
acisindan anlamli fark bulunmamistir ancak, tohum mesceresi ve agaglandirma

kategorilerinde gurup i¢i farkliliklar gozlenmistir.

Dogal mescereler i¢in hesaplanan ortalama Fsr degeri toplam genetik

cesitliligin % 94 linilin populasyon i¢inde oldugunu gostermektedir.
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Tim tohum kaynagi kategorileri i¢in Nei’nin genetik mesafe degerleri 0.03-
0.14 arasinda bulunmustur. Diger yandan, varyeteler i¢in hesaplanan genetik mesafe
degerleri dogal tohum kaynaklarindan daha yiiksektir (0.07-0.19). Varyetelerin dogal
tohum kaynaklariyla kiyaslandigi dendrogramda da, varyeteler dogal mescerelerden

belirgin olarak ayrilmistir.

RAPD belirtecleriyle elde edilen sonuglar, dogal mescereler bazinda
karsilagtirilan genetik ¢esitlilik parametrelerinin tohum mescereleri, tohum bahgeleri
ve plantasyonlar arasinda belirgin farkliliklar olmadigin1 ortaya koymustur. Ancak
varyetelerin genetik ayrismalarini kesin olarak tesbit edebilmek i¢in yeni ¢aligmalar

gerekmektedir.

Anahtar Kelimeler: Pinus nigra, RAPD belirtecleri, genetik c¢esitlilik,

tohum mesceresi, tohum bahgesi, plantasyon, varyete.
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CHAPTER I

INTRODUCTION

1.1. Biology of Pinus nigra subspecies pallasiana

1.1.1. Taxonomy

Pinus nigra Arnold (black pine) belongs to Phylum Pinophyta, Class
Pinopsida, Order Pinales, Family Pinaceae, and Genus Pinus. Common names
associated with the species include black pine, European black pine, Austrian pine,
Calabrian pine, Corsican pine, Crimean pine and Pyrenees pine. Although this
species has received an excessive number of described names, still there is no

general agreement on its nomenclature (Vidakovic, 1991).

Taxonomy of the species started with Miller, who first described black pine
as Pinus maritima at 1768. From this time, black pine and its many lower taxonomic
units have been described by various names, leading to confusion which is still going

on. There are opinions however that black pine is not a uniform species.

Several researchers described two or more small geographic species. Such

as:

Schwarz (1938) divided black pine into 6 subspecies: subsp. pallasiana,
subsp. fenzlii, subsp. dalmatica, subsp. nigra, and subsp. laricio and subsp.

salzmanii.

Villlar (1947) and Svodoba (1953) distinguish the western (P. clusiana or P.

laricio) and eastern species (P. nigricans or P. eunigra).

Rohrig (1956) considered all forms and varieties of black pine as belonging

to one species.



According to Fukarek (1958), black pine is a collective species consisting of

four species: P. clusiana, P. laricio, P. nigricans and P. pallasiana.

Nyman and Gandoger, according to Fukarek (1958), distinguish two groups:

P. laricio and P. nigricans.

According to Vidakovic (1974) the most acceptable classification with some
modifications is that of Flora Europeae (Tutin ef al., 1964). It was stated that Pinus
nigra is very variable and geographical variants are not clearly discrete. They
suggested that following subspecies, which are sometimes regarded as species, worth

recognition:
subsp. nigra (Austria, Italy, Greece, Macedonia),
subsp. salzmannii (France, northern Pyrenees, central and eastern Spain),
subsp. laricio (Corsica, Calabria, Sicily),
subsp. dalmatica (central coastal region of Crotia) and

subsp. pallasiana (the Balkan peninsula, southern Carpathians, Crimea).
However, this classification does not include Northwest Africa and Asia Minor.
Turkey, Cyprus and Syrian populations were also included into subsp. pallasiana

(Davis, 1965; Yaltirik, 1993; Yaltirik and Efe, 1994).

Since black pine have a discontinuous range and significant variation in
morphological, anatomical and physiological traits, it is regarded as one species
subdivided into several subspecies and varieties (Vidakovic, 1991). This is supported
by the fact that geographical subgroups have overlapping distributions, for instance,
Austrian and Corsican pine, Calabrian and Austrian pine (Vidakovic, 1974). A
considerable amount of information on black pine classification was given by

Vidakovic (1974) in his monograph.

In some areas virtually every small clump of trees has been given its own
scientific name. Many of them are invalid under the International Code of Botanical
Nomenclature. Although black pine seems to be an extremely variable species, it
shows a level of genetic diversity similar to many other Pinus species

(Scaltsoyiannes, et al. 1994).



Recently, to achieve a better understanding of the phylogenetic relationships
or evolution of the genus Pinus, various molecular approaches have been employed
(e.g. Strauss and Doerksen, 1990; Govindaraju, ef al. 1992; Wang and Szmidt, 1993;
Krupkin et al., 1996; Wang et al., 1999).

Anatolian black pine (Pinus nigra Arnold subspecies pallasiana (Lamb.)
Holmboe) is the Turkish subspecies of the European black pine (Alptekin, 1986). In
addition to the type variety (var. pallasiana), there are also 4 known varieties which

are considered as distinct taxa, occurring in Turkey (Boydak, 2001). These are:

1. Pinus nigra Arnold subsp. pallasiana var. pyramidata (Acatay) Yaltirik
(It 1s called pyramidal black pine, “Ehrami karacam” in Turkish): It was first
described by Acatay (1956) as “Pinus nigra Arnold var. pyramidata (Acatay)” but in
1986 it was moved to subsp. pallasiana by Yaltirik.

2. Pinus nigra Arnold subsp. pallasiana var. seneriana (Saatgioglu) Yaltirik
(In Turkish: Ebe karagami): It was first described by Saatgioglu (1955) as “Pinus
nigra Arnold var. seneriana Saatgioglu” but later it was attached to subsp. pallasiana

by Yaltirik.

3. Pinus nigra subsp. pallasiana var. yaltirtkiana Alptekin. First reported

by Alptekin in 1986.

4. Pinus nigra subsp. pallasiana var. columnaris-pendula: First reported by

Boydak in 1989.

Fifteen geographical variants were observed by Alptekin in his extensive
study on Anatolian black pine (1986). He studied 23 characters (cone, seed and
needle characteristics) of Anatolian black pine samples from 92 populations
comprising all Turkey; 2 populations from Cyprus and Macedonia. In addition, until

this study Anatolian black pine was regarded as var. caramanica.

There is no consensus on satisfactory classification of taxonomy for
Anatolian black pine. Different publications or different volumes of the same
publication for example, 1st volume of the Flora of Turkey and East Aegean islands

(Davis, 1965) and 11th volume (Giner et al., 2000) do not agree on its taxonomy.



1.1.2. Natural Distribution

Black pine is native to Europe (Figure 1.1). Its range extends from longitude
5° W in Spain and Morocco to about 40° E in eastern Turkey; and from latitude 35° N
in Morocco and Cyprus to 48° N in northeastern Austria and to 45° N latitude in the
Crimea (Critchfield and Little, 1966). Black pine grows widely throughout southern
Europe from the eastern half of Spain, southern France and Italy to Austria; south
throughout Macedonia, western Romania, Bulgaria and Greece on the Balkan
Peninsula; east to southern Russia in the Crimes and south to Turkey; and on the
islands of Cyprus, Sicily and Corsica with outliers in Algeria and Morocco (Mirov,

1967).

Figure 1.1. Natural Distribution of Pinus nigra
(Isajev et al., 2004)



Anatolian black pine occurs as a widespread mid-elevation species in the
Taurus, western Anatolia and northern Anatolian mountains (Figure 1.1). It covers
3.328.731 million hectares in Turkey (Anonymous, 2001). In the Black sea region, it
rarely grows on seaside; but generally on the elevational range of 400 to 1400 m,
forms pure stands, but after 1400 m (up to 1700 m) forms mixed stands with Pinus
sylvestris, Abies spp. and Quercus spp. In the northeast, it forms small stands. In the
western Black sea region, it forms large pure stands. At Thrace, there are also small
stands. In the western Anatolia region, it forms one of the best stands at Boziiyiik,
Keles, Dursunbey, Bigadi¢, Sindirgi, Demirci, Simav, Emet and Tavsanli. At Ida
Mountains (Kazdagi), it grows 200-1400 m high, generally in pure stands. In the
Manisa, Aksehir, Bayindir triangle it forms local stands up to Mugla-Denizli line. It
forms some of the best stands at Mugla-Yilanli, Koycegiz, Fethiye, Golhisar,
Acipayam and Denizli. Starting from Lakes Region, its distribution is limited up to
north (Afyon). However, at Siitciiler, Akseki, Beysehir triangle there are some of the
best stands. In the southern Anatolia region; it occurs at 1200-1400 m with some
other species especially with Juniperus species. Finally Samandag is the south

margin of the distribution.

“Ebe” black pine occurs between 800-1250 m altitudes; within 38°16°63’—
40°46°03”’ north latitudes and 28°29°71°— 31°34°14>’ east longitudes; at Bolu
(Caydurt), Manisa (Alasehir) and Kiitahya (Tavsanli, Domanig, Aslanapa, Aydincik)

provinces (Yiicel, 2000) as individuals or in small groups.

Pyramidal black pine occurs between 980-1350 m elevation; within 39°10°
07°°-39°39°50”" north latitudes and 29°20°05°°— 29°52°55°" east longitudes; at
Kiitahya and Tavsanli (Pullar, Esatlar, Kizik and Vakif) provinces (Yiicel, 2000).

1.1.3. Botany

Anatolian black pine is a tree generally up to 30, rarely 40-50 m high. Trunk
is usually straight. Bark is light gray to gray-brown, on older trees deeply and
longitudinally furrowed (Figure 1.2). Crown on young trees is broadly conical, and
on older trees umbrella-shaped, especially in shallow soil on rocky terrain. Branches
with tips are slightly ascending on young trees, while on older trees only branches at

the top part of the crown have upturned tips. One-year shoots are glabrous, light
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brown to orange-brown. Buds are ovate to oblong-ovate, gray-brown, resinous.
Needles are in groups of two (but occasionally three needle genotypes are found in
some populations), green to dark green, rather stiff, 12-18 c¢cm long, 1-2 mm in
diameter, straight or curved, finely serrate; resin ducts medial; leaf sheath persistent,
10-12 mm long. Flowers appear in May, female inflorescences are reddish and male

catkins are yellow.

Cones are sessile, horizontally spreading, 5-12 cm long, 2-4 cm across,
yellow —brown or light yellow and glossy; ripening from September to October, and
opening in the third year; fertile scales black beneath, apophysis slightly protruding.
Seeds are 5-7 mm long; gray, with a 19-26 mm long wing. Six-eight cotyledons can

be observed.

The oldest Anatolian black pine individual noted in the literature was found
in Goksun-Kasikg1 forest by Soyding in 1959. When it was cut in 1959, it was found
to be 1.77 m in diameter and 33 m height and 844 years of age. The second oldest
individual determined was “Mizikcam1” in Kiitahya-Domanig. Although, it was dead
in 1980, its age was estimated as 743 years. This individual’s trunk was kept for
protection in its original place until it was destroyed by a storm in 1988. This tree
was valued as a monument and played role in many folkloric and historic tails. There
are many old individuals of Anatolian black pine noted as monumental trees in

Turkey (Asan, 1999).

“Ebe” black pine is a compact tree with multiple branches. It is up to 6-10 m
high, branching densely from the base (Figure 1.3). Its crown is rounded and wide.
Generally it does not have a main stem but has many sub-stems. Its characteristic
shape is obvious even at the first years; lots of ascending stems starting from the 15-
50 cm high from the soil level; with 10-20° angles. Needles are in groups of two,
bunching at the shoot tips like a rosette, bright green; 5-11 cm long. Cone formation
takes 4-5 years and its number is less compared to black pine. Cones are 4-6 cm
long, 2-3.5 cm across; seeds are 5-6 mm long. Seed formation ability and fertility is

also very low.



a) General appearance b) Trunk

Figure 1.2. General appearance of Anatolian black pine and some of its features

(Photo from FTSTBRD archives)



Figure 1.3. General appearance of var. seneriana
(Photo from of FTSTBRD archives)

Figure 1.4. General appearance of var. pyramidata from a clonal seed orchard
(Photo from FTSTBRD archives)



Pyramidal black pine is a tree up to 20 m high, and 50-55 cm in diameter
(Yiicel, 1995). It has a pyramidal shape throughout its lifecycle; crown and branches
do not change its structure by age (Figure 1.4). Branches are whorled and ascending
with an angle of 10-20°, angle of the branches narrower at older ages. Needles are in
groups of two, dark green; 5-13 cm long, 1-1.9 cm in diameter; usually straight or
curved. Seed production occurs biannually. During the abundant seed crop year,
productivity is high. Cones are 36-73 mm long, 23-38 mm across. Seeds are 5-6 mm

long.
1.1.4. Reproductive Biology

Black pine is monoecious, with staminate and ovulate strobili borne
separately on the same tree (Vidakovic, 1974). Black pine starts to bloom at age 15
to 20 in its natural habitat. Staminate strobili clustered terminal on the new shoots,
mostly on the older lateral branches in the lower crown, are cylindrical, short stalked,
bright yellow, about 2 cm long with numerous scales and include pollen in great
quantity. One or two ovulate strobili (conelets) appear near the end of the new
growth of terminal and lateral branches. They are cylindrical, small, bright red, and
short stalked or sessile (Vidakovic, 1974). Pollen dispersal and conelet receptivity
take place from May to June. However, ovulate conelets are receptive for the pollen
for only about 3 days. Staminate strobili dry and fall within several weeks after
pollen dispersal. After a few days of pollination, scales of ovulate strobili close and
conelets go through a slow developmental stage. Fertilization occurs 13 months after
pollination, in the spring or early summer. Cones turn to green in color and begin to

grow rapidly until maturity in the fall.

Seeds mature in autumn of the second year, dispersed from October through
November. The average number of sound seeds ranges from 30-40 out of which 15-

20 can germinate. Sound seed containing embryo is usually dark in color.
1.1.5. Genetics

Climatically and topographically diverse and fragmented distribution of
black pine evolved through natural selection. Significant variations in black pine

were recognized by Theophrastus (370-285 B.C.) as early as the 3™ century B.C.



(Van Haverbeke, 1990). The taxonomic records point to a remarkably variable taxon

including more than 100 names.

Basic and haploid chromosome numbers are equal (n=12), two of which are
heterobrachial and the others mostly isobrachial (Saylor, 1964; Borzan, 1981). Kaya
et al. (1985) analyzed the karyotypes of black pine and found that chromosomes XI

and XII were especially variable.

There are numerous isozyme studies relating to the population genetics of
the black pine. The first isozyme study carried out by Bonnet-Masimbert and Bikay-
Bikay in 1978. They studied glutamate oxaloacetate transaminase-GOT enzyme
polymorphism in 40 origins including the subspecies and compared the allele
frequencies. Nicolic and Tucic (1983) also employed isozymes to reveal population
differentiation in 28 natural populations and obtained high intra-population diversity.
Moreover, Fineschi (1984) investigated population variation in 11 natural
populations including 2 subspecies (subsp. laricio and subsp. nigricans). Then, Silin
and Goncharenko (1996), Scaltsoyiannes et al. (1994) and Aguinagalde et al. also
utilized isozyme markers to reveal genetic variation and population differentiation in
natural black pine populations across Europe. All these studies indicate that black
pine exhibits a pattern of genetic diversity characterized by high intra-population

variation.

There are also isozyme variation studies on Anatolian black pine natural
populations. Dogan et al. (1998) carried out a study on isozyme based linkage
analysis in Anatolian black pine populations sampled from Ida Mountains. Tolun et
al. (2000) and Cengel et al. (2000) also studied isozyme variation in natural
populations and reported the existence of high genetic diversity localized within

populations.

Lastly, utility of RAPD markers in Anatolian black pine for population
genetics was investigated by Kaya and Neale (1993). Results of the study have
shown that RAPD markers can be used efficiently in population genetics studies of

Anatolian black pine.
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1.1.6. Ecology

Anatolian black pine is adapted to many soil types and topographic habitats.
It mostly occurs on poor, calcareous, sandy and even pure limestone soils; however,
it requires a deep soil. It is a light demanding species but grows best in a cool to cold
temperate climate. It is resistant to wind, drought, and quite tolerant to urban
conditions-perhaps the most pollution-tolerant one among pine species. Excised
shoots of black pine and other conifer species are capable of absorbing more SO,,
NO,, and O; than shoots of deciduous species (Elkiey et al., 1982). One- to three-
year-old European black pine seedlings were found to have no symptoms of ozone
damage after exposure to 0.02 ppm of ozone for 5 hour periods by repeated
treatments over one growing season (Davis ef al., 1981). Anatolian black pine seems
to have potential to adapt to climatic extremes and can be grown successfully at

steppe lands as long as deep soils are available.
1.1.7. Economic Importance

Anatolian black pine is a widespread and important timber tree for Turkey.
Although the wood has a relatively larger proportion of sapwood to heartwood and
thus requires a long rotation, it is used extensively throughout the Mediterranean
region, where pine timber demand increases every year. Its wood can be used in
poles, posts, mines, rail road ties, furniture, veneers and plywood, wood containers,
shingles and shakes, fuel wood, pulp and paper, thermal and sound insulation
materials and cellulose filament (Goker, 1969). Wood is not heavy, durable and rich

in resin, easy to process (Vidakovic, 1991).
It is also valued as a decorative species; planted solitary or in either small or
larger groups in parks.

1.2. Genetic Diversity in Forest Tree Species

Genetic diversity is both an element of the biodiversity and is also a
necessary element in the safeguarding of all other levels of biodiversity that we value
for their subsistence and utility. It is a resource for the survival and future evolution

of a species, as well as a potential resource for improving its productivity.
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Understanding genetic diversity and changes in diversity are essential for the
effective management of a species since genetic variation in natural populations is
affected by genetic processes and life history characteristics, such as mutation rate,

selection, gene flow, genetic drift and the mating system (Frankel et al., 1995).

Mean genetic diversity of woody species is higher than annual species and
herbaceous species (Hamrick et al., 1979). Mutation is one of the reasons since trees
accumulate mutations during their long life spans. Thus, more mutations should
accumulate per generation in trees than in herbaceous perennials and more in

herbaceous perennials than in annuals (Ledig, 1998a).

Selection is also a cause of genetic variation. Frequency of genes and
genotypes may change as a result of selection. It is the major force that keeps some
alleles from increasing in frequency in a population. Selection is important in
working with quantitative characteristics since tree improvement programs practice
artificial selection that is directed and more powerful than natural selection. The

environment significantly affects these characters. (Ledig, 1998a).

Genetic drift can cause changes in gene frequencies due to small population
numbers. Genetic drift may bring about only a small change in the allelic frequency
in a large population. While in a small population; allelic frequency may show large
fluctuations in different generations in an unpredictable pattern (Weaver and
Hedrick, 1989). Small populations may experience complete loss of some alleles,
and decrease in variability. Size of populations may be reduced as a result of
deforestation and subsequent fragmentation of widespread forest tree species. Also,
if breeding population size is small or care is not taken to keep the population size in

effective population size, genetic drift can be expected. (Ledig, 1998a).

Gene flow is the spread of genes as a result of pollen dispersal or seed
migration. Gene flow by pollen can be very extensive in coniferous species. Pollen
has been deposited 58 km from forests and birds have been observed to carry seeds

of pinyon pine up to 22 km from their source (Ledig, 1998a).

Breeding system affects the pattern of genetic structure of a plant. Out-
crossing increases levels of variation, reduces population subdivision and retards

differentiation among subdivisions of a population. Inbreeding, on the other hand,
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homogenizes genotypes within a family lineage and increases the potential for

genetic differentiation among families (inter-population genetic subdivision).

Geographic range also influences genetic structure of a population. Small,
isolated populations of endemic species tend to have fewer polymorphic loci and less

genetic diversity than more spread species (Hamrick and Godt, 1996).

Ledig (1998a) claimed that genetic patterns may also be affected by climate
change and as well as by the migration of species in space and time via seed
dispersal. For example in Turkey, geological and climatic history caused conifers to
have high levels of genetic diversity. Because in glacial periods, Turkey was likely a
glacial refuge for many species since it was never completely covered with ice.
During interglacial period, conifer populations expanded. Then due to continual
warming and drying, conifer populations were fragmented and conversion of forests
to agricultural lands had occurred. This may resultes in differentiation among

populations.

As a group, conifers are regarded as one of the most genetically variable
groups of species (Hamrick, 1979; Hamrick et al., 1979). Several reviews were
written in an attempt to define the factors responsible for the maintenance of this
high level of genetic variation in conifers (Brown and Moran, 1981; Hamrick, 1982,
1983; Mitton, 1983; Loveless and Hamrick, 1984; Ledig, 1986). Most of these
studies attributed this high level of variation to the taxonomic status and the
geographic range and distribution of the species in addition to the following life-
history features: a) generation length, b) population structure, c¢) pollination
mechanism/mating system, d) stage of succession, e) fecundity, and f) seed
dispersal/gene flow. Ledig (1986) has presented an argument demonstrating that
most of the above factors do not hold for some cases. Red pine (Fowler and Morris,
1977), western red-cedar (Copes, 1981) and Torrey pine (Ledig and Conkle, 1983)
all showed lack of genetic diversity and ranged from localized endemic (Torrey pine)

to the wide spread (red pine and western red-cedar).

Human activities also must be considered, especially in Turkey and the Near
East, where ancient civilizations have had considerable impact on the landscape.

There are many factors, which have caused the loss or decline of forest genetic
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diversity as well as resulted in habitat alteration or loss in Turkey. Some of these
factors, such as agricultural activities, industrialization and urbanization, touristic
developments, unregulated use of plant materials, forest fires and forestry activities,

and environmental pollution are still a threat to forest genetic resources.

Agricultural activities fragment the ranges of many forest trees, and
domestication and fragmentation have consequences for gene flow, mating system,
and genetic diversity (Ledig, 1992). Agriculture related activities such as gaining
new agricultural land through conversion of forests, heavy grazing on forest lands,
and herbicides use on forests close to agricultural fields are the main factors which
have impact on forest genetic resources, both in the past and present (Isik et al.,

1995; Kaya et al., 1997).

In recent years, increased industrialization without development of
environment friendly technologies, and rapid urbanization due to increased
population growth in cities, have led to loses of plant genetic resources or adversely
affected forests by causing habitat loss or alteration (Kaya, 1998). In last years,
tourism and related activities have increased considerably in Turkey, and the
increased demand for nature tourism has forced the government to open previously
untouched habitats and ecosystems for touristic development. In many areas along
the Aegean and Mediterranean coasts, increased demand for touristic land
development has already caused serious habitat degradation and loss of forest genetic
resources; leaving a fragmented forests or habitats behind (Isik er al., 1995).
Although almost all forest lands are owned and managed by the government, illegal
use of forest resources is common. For example, one fifth of the 35 million cubic

meters of fuel wood produced annually is obtained by illegal means.

Each year, about 26 300 ha of forest land with the natural habitats are lost
due to conversion of forests into agricultural lands and to forest fires (Anonymous,
1993). Because little is known about the genetic constitution of natural populations
of forest tree species in Turkey, extra care must be taken in selection of seed sources
as well as seed movement when artificial regeneration of forests are considered.
Although tree improvement programs in Turkey are still in their infancy, genetically

improved clones or varieties may be planted over large areas in future, forming
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monocultures, to increase productivity and increase harvest efficiency. Such mono
cultural management practices might considerably reduce genetic diversity in the
future forests depending on the intensity of methods in tree improvement programs.
Thus, genetic implication of forestry practices in a given species should be
investigated in advance to prevent drastic changes in gene pool of future forests

(Ledig, 1988).

1.3. Determination of Genetic Variation

A wide array of techniques has been used in the studies of forest tree
relationships and variation. Initially, descriptive morphology was widely used and is
still useful. This was followed by studies of growth, physiological and ecological
attributes as well as breeding affinities along with studies of monoterpene, phenolic
and flavanoid chemistry. Isozyme chemistry in 1970°’s and recently DNA
technologies have been employed to analyze genetic structure of populations of

several forest trees and delineate species (Wang and Szmidt, 2001).
1.3.1. Morphological Markers

The genetic variation of the forest trees is studied traditionally with common
garden studies following the approach of progeny tests and provenance tests. Field
experiments are set up in different environments and focus on traits of economic
value and biological importance such as survival, growth, tolerance to environmental
stress, wood characteristics and resistance to pests and pathogens. In these tests, first
the plant must be grown to a suitable developmental stage before certain characters
can be scored. Classical phenotypic features are mostly quantitative and polygenic in
nature, so their expression is influenced by the nature. These tests are still widely
used in tree breeding and very effective in identification of families and clones that
are specifically adapted to particular environments. These studies are used for
assessing the amount of variation and its apportionment among the various classes of
effects on phenotypic, genetic, environment and genotype x environment interaction
(Mitchell-Olds and Rutledge, 1986). However, field tests are expensive, time

consuming, laborious and more importantly based merely on phenotypes. Moreover,
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accuracy of the genetic variation assessment and its distribution among and within

populations is not certain (Wang and Szmidt, 2001).
1.3.2. Molecular Genetic Markers

Genetic variation studies preceded outstandingly during the 1980s and
1990s, by the introduction of protein electrophoresis techniques such as isozymes
(Tanksley 1983; Loveless and Hamrick, 1984; Wendel and Weeden, 1989; Hamrick
and Godt, 1990) and the development of various molecular tools (Wang and Szmidt,
2001). A major revolution has came about awareness in microevolution and
macroevolution after starch gel electrophoresis was invented in 1955 by Smithies and
the histochemical visualization of enzymes on gels by Hunter and Market in 1957.
These inventions were proceeded by the classical studies of Harris (1966), Hubby
and Lewontin (1966), and Lewontin and Hubby (1966); demonstrating the simple
mode of inheritance of several allozymes and gave examples of method’s utility in

studying genetic variation (Wang and Szmidt, 2001).

The isozymes have contributed to plant population genetics to a great
extend, since they are utilized as neutral (or nearly neutral) genetic markers. They are
available to characterize patterns of genetic variation within and among populations
and to scrutinize the process of dispersal and the patterns of mating that influence
levels of genetic differentiation (Brown, 1979; Loveless and Hamrick, 1984,
Hamrick and Godt, 1990; Barrett and Kohn, 1991). Although isozymes are useful for
forest genetics and tree improvement research, the small number of mapped loci

offers only a limited view of the conifer genome (Neale and Williams, 1991).

Isozyme markers widely used in forest genetics for addressing many
questions in population biology, yet the development of several molecular markers in
last decade may provide complementary approaches to address various questions

(Wang and Szmidt, 2001).

Since the DNA itself is potentially the most accurate source of genetic
information, molecular or DNA markers are true genetic markers. They are allowed
to compare two individual plant’s genetic material preventing any environmental

effects on gene expression. It is not likely to have any significant contribution to
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adaptation, due to DNA variation that existed in the non-coding genomic regions.
These are modern genetic markers belonging to so-called anonymous DNA marker
type such as microsatellites or simple sequence repeats (SSR), restriction fragment
length polymorphisms (RFLP), amplified fragment length polymorphisms (AFLP)
and random amplified polymorphic DNAs (RAPD). Since these marker types
generally assess neutral DNA variation, they are not useful for measuring adaptive
genetic diversity. On the other hand, they are very convenient to analyze the
phylogenetic relationships, population structure, mating system, gene flow, parental

assignment, intogressive hybridization, marker-aided selection and genetic linkage.

Markers of all kinds —anonymous or genic, dominat or codominant, highly
or less polymorphic, selective or neutral- have several distinct advantages for
common applications in forest tree genetics. Different applications, classification,
nature and advantage or disadvantages of these markers are reviewed by several
researchers (Mandal and Gibson, 1998; Cervera et al., 2000; Linhart, 2000; Glaubitz
and Moran, 2000; Savolainen and Karhu, 2000). The first and the most important
advantage of these markers over isozymes, is that potentially unlimited number of
DNA markers can be detected. A second advantage is that DNA markers do not vary
among tissue types or developmental stages of the plant because the assays are based
on the DNA itself and not the products of genes. There are clear differences in the
levels of expression of certain isozymes among tissue types commonly used in
isozyme assays (megagametophytes, embryos, buds, needles). A third advantage of
DNA markers is that they are not affected by environmental variation. The presence
or abundance of isozyme or biochemical marker products can be affected by

environmental stimuli (Neale et al., 1992).

DNA-based techniques can be placed into different categories according to
several criteria such as anonymous or genic, cytoplasmic or nuclear, dominat or
codominant, highly or less polymorphic, selective or neutral and each of which has
its own particular advantages and disadvantages. The followings are examples of all

kinds.

Restriction fragment length polymorphism (RFLP) is widely employed for

gene mapping and determination of genetic diversity in plant populations (Bernatsky
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and Tanksley, 1986; Helentjaris et al., 1986). Hybridization technology is utilized in
this analysis; then cloned DNA sequences are labeled and used as probes to identify
size differences in specific genomic DNA fragments following digestion by a
restriction endonuclease. On the other hand, large size of the conifer genomes and a
great deal of repetitive DNA sequences make standard RFLP analysis difficult
(Neale and Williams, 1991)

Variable number of tandem repeats (VNTR) is a technique, which utilizes
hybridization techniques, but identifies repeated DNA regions of different lengths
resulting from variable numbers of several repeats of a core DNA sequence (Dallas,
1988; Nybom and Schaal, 1990). These core sequences are referred to as mini-
satellites or micro-satellites. Length variations can be visualized as multi locus

fingerprint phenotypes or single locus genotypes.

Amplified Restriction Fragment Polymorphism (AFLP) is a powerful
method for detecting polymorphism throughout the genome, based on a two-step
amplification strategy that combines restriction enzymes and PCR (Zabeau and Vos,
1993). This highly reproducible technique allows the simultaneous screening of a
large number of molecular markers, randomly distributed throughout the genome

(Vos et al., 1995; Zhu et al., 1998).

Random amplified polymorphic DNA (RAPD) is one of the developments
that have sprung from the PCR technology (Williams et al., 1990). RAPDs may be
used to detect DNA variability at different levels, from single base changes to
deletions and insertions, but insensitive to sequence differences. Although, identity
of the sequence of a particular amplification product is absent; its presence or
absence in different samples can serve as an informative character for the evaluation
of genetic diversity and relatedness within a species. This method is adaptable to
many situations such as DNA fingerprinting, identification of somatic hybrids and
population genetic analysis and has been used in forest tree population studies
(Russel et al., 1993; Kazan et al., 1993; Chalmers et al., 1994; Nesbitt et al., 1995,
Isabel et al., 1995; Vicario et al., 1995; Szmidt et al., 1996; Nesbitt ef al., 1997).

RAPDs are dominant markers and usually reveal variation in nuclear DNA

(Carlson et al., 1991; Bucci and Menozzi, 1993; Lu et al., 1995). Since RAPD
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markers are dominant; polymorphism will be detected when a DNA sequence will be
amplified from one individual, but may not be amplified from another. Therefore, it
is impossible to discern whether an individual is homozygous or heterozygous for
any particular RAPD locus. It is the same for mapping studies using segregating F,
families. Since homozygotes can not be discriminated from heterozygotes valuable
information is lost and biased estimates of population diversity parameters may arise
(Isabel et al., 1995, 1999; Szmidt et al., 1996). However the dominant character of
RAPD fragments is not problematic in haploid situations. Many conifer species
constitute an opportunity to test the inheritance of the dominant RAPD markers. The
megagametophytes are haploid and are derived from the same single mother cell
after meiosis, which also produces the corresponding egg cell. In this way it is
possible to analyze a DNA fragment expressed in diploid tissue for homo- or
heterozygosity and to use the segregating loci in megagametophytes as a mapping

population.

In RAPD analysis, single primer types are usually added to the reaction mix
and a key feature of the RAPD protocol is that the primers used possess a base
sequence that is arbitrarily defined; whilst the investigators know what the primer
sequence is, they have no idea to which, if any, gene or repeated sequence in plant
genome the primer may have homology. Any bands subsequently observed in a gel
can be used as raw data for the comparison of plant genotypes. Ethidium bromide
stained agarose gels have been used to separate and visualize the amplification

products.

Short primers (commonly 10 bases long) are usually employed, in order that
the randomly defined primers result in the amplification of some sequences. On
average, a 10-mer will hybridize to a strand of DNA about once every million bases.
Current PCR technology does not allow the amplification of sequences larger than
about 4000 bases, so that DNA sequences will only be amplified if two copies of the
single primer used hybridize to opposite strands of a piece of DNA and they are
separated by less than 4000 bases. Since the higher plant genome is very large,

several amplified fragments are normally observed when one 10-mer is employed.
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With reference to the possible uses of RAPD, the essential feature is the
identification of polymorphism by the detection of the differences in DNA occurring
between individual plants. The most important aspect of this polymorphism is that it
can be mapped as the standard genetic marker. Most RAPD markers are rarely
inherited as co-dominant alleles. Loss of a priming site results in complete absence
of the enclosed amplified segment, not simply a shift in mobility on the gel. In
heterozygotes, therefore, differences may appear only as differences in band

intensity, which is not usually a reliable phenotype for PCR analysis.

Optimizing RAPD reactions is usually necessary when initiating a RAPD
laboratory study. This step is laborious, since many reaction components and many
parts of the PCR program can be changed with quite unpredictable effects, although
several papers describe how optimization can be achieved (Williams et al., 1993; Yu
and Paulus, 1992). Instead of finding optimal conditions for each primer, it may be
wiser to use the protocol suggested by Williams et al. (1990) and to select
commercially available primers (Ellsworth and Honeycutt, 1993). It is also common
for some primers to fail to amplify DNA (Kazan et al., 1993; Lu et al., 1995; Pillay
and Kenny, 1996; Ronning et al., 1995). Once the protocol is established, therefore,

it should be kept constant throughout the following analysis.

One of the most important factors that determine the successful application
of RAPD markers is the reproducibility (Hedrick, 1992; Riedy et al., 1992). RAPD
analysis is performed at a low annealing temperature, implying that the binding of
the primer to genomic DNA is partly non-specific. Therefore in order to obtain
reproducible results the reaction conditions must be kept strictly constant. With a
carefully optimized protocol, the reproducibility of RAPD patterns should not pose a
major problem. It was demonstrated that highly reproducible RAPDs can be obtained
from both haploid megagametophytes and diploid needles (Lu et al., 1995).
However, Penner ef al. (1993) studied the reproducibility of RAPD analysis among
six different laboratories and found considerable variation. Therefore, researchers
may need to complete all RAPD analysis pertaining to a given project at a single

laboratory.
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As well as ensuring reproducibility, it is equally important to determine
whether the RAPD bands are inherited in the Mendelian fashion, as this is a
prerequisite for their use as genetic markers (Pillay and Kenny, 1996). Several
studies on RAPD inheritance have reported deviations from Mendelian proportions.
For instance, up to 40 % of the RAPD bands tested by Reiter et al. (1992) revealed
such deviations. Therefore, each RAPD locus should be examined individually, using
carefully optimized protocols, before being used in population and phylogenetic
studies or genomic mapping (Lu et al., 1995; Ronning et al., 1995). However, most
RAPD markers from a wide range of organisms have been demonstrated to be
inherited in Mendelian ratios (Brown et al., 1992; Bucci and Menozzi, 1993; Carlson

et al., 1991; Kaya and Neale, 1993; Pillay and Kenny, 1996).

Amplification products corresponding to single copy sequences may be used
as RFLP probes and transformed into codominant markers. For instance, RAPD
bands can be used as probes to hybridize with genomic DNA to find repetitive
sequences that are useful in fingerprinting analysis (Lu et al., 1997; Francis et al.,
1995). By sequencing RAPD fragments, several studies have demonstrated that it is
possible to convert RAPDs to codominant markers such as Sequence Characterized
Amplified Regions (SCARs) (Garcia et al., 1996; Melotto et al., 1996). Such
markers are more genetically defined and highly reproducible. The finding that most
RAPDs from Pinus are amplified from single or low copy sequences (Lu et al.,

1997) suggests that this approach can also be used for gymnosperms.

RAPD fingerprints have been used to estimate genetic and taxonomic
relationships. They are widely used for the identification of poplar clones
(Castiglione et al., 1993; Lin et al., 1994; Sanchez et al., 1998). The large number of
polymorphic bands produced made it possible to determine genetic relationships

among the different genomes.

RAPDs are also used in the discrimination and verification of genotypes in
Eucalyptus (Keil and Griffin, 1994). It was indicated that RAPD profiles that are
unique to a genotype can be generated reliably and simply and even closely related

genotypes can be distinguished.

21



Effects of different methods of forest regeneration on the genetic diversity
of lodgepole pine (Pinus contorta var ‘latifolia)’ were studied using RAPD (Thomas
et al., 1999). Genetic diversity was estimated for naturally regenerated, planted and
unharvested stands. RAPD markers were also used to investigate genetic biodiversity
impacts of silvicultural practices and phenotypic selection in white spruce (Picea

glauca) (Rajora, 1999).
1.4. Domestication of Forest Trees and Genetic Consequences

The main purpose of a breeding program is to increase the frequency of
desirable alleles found in the breeding population. Despite the fact that breeders
know which traits to be improved, they do not have information about which genes
impact the traits or their distribution in the population. Therefore, breeding programs
must retain sufficient genetic diversity to allow continued genetic gains over multiple
generations (Johnson ef a/.2001). In addition, population sizes must be large enough
to maintain genes of polygenic traits of current interest and potentially rare traits that
may be needed in the future. It is a complicating issue, since, traits of interest

changes over time in response to new pests or changes in human needs.

The concept of a breeding program must include both short- and long-term
objectives. Short-term objectives enclose both maintaining well-adapted trees and
obtaining substantial gains in current traits of interest in the first generation of
breeding (Johnson et al., 2001). Long-term objectives comprise however,
maintenance of low frequency alleles and control of inbreeding. Therefore, short-
and long-term objectives are in controversy. Breeding population must be kept large
enough to maintain rare alleles; on the other hand selection intensity must also be

high to achieve extensive genetic gain.

Unfortunately, it is practically and financially impossible to preserve all
genetic diversity in the breeding population for uncertain future needs. In order to
maintain low frequency alleles for many generations, thousands of parents are
needed (Millar and Libby, 1991; Lynch, 1995; Lande, 1995; Yanchuk, 2001). For

that reason, breeders should make well-versed and wise decisions by understanding
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which alleles are being influenced by selection and by discovering the genetic

variation within a species (Thomas et al., 2001).

—_—m—m

Natural Stands ]

~———Phenolypic selection

\
Selection
- ™~

. - - N
Infusion }—/ /
r

|
Testing Breeding
» Y]

\l

Seed Orchards |—=seed production

Seed handling I

— ]

& storage 1

Nurseries —=seedling production

Germination, :
thinning & culling

Reforestation T—plantations

|

Spacing

Figure 1.5 Domestication flow chart (El-Kassaby, 1995)

The breeding or domestication programs of wild coniferous species contain
several repeated stages. These are: (a) phenotypic selection and breeding programs
with its associated activities, (b) seed production, (c) seedling production, and (d)

reforestation and establishment of plantations (Figure 1.5).

Phenotypic Selection and Breeding Programs with its associated activities:
Selection of seed stands is the first step to get genetic gain. Seed stands are either
artificially or naturally (mainly natural) regenerated forests requiring minimum 25 ha
area. Special silvicultural practices are carried out to produce high quality seed for
regeneration programs. After that, phenotypically superior trees were selected from

natural stands. Individuals are selected based on their phenotypic values for some
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characters or combination of characters. This is a good approximation of
evolutionary significant selection processes and is considered a simple and cost-
efficient method in artificial breeding (Cotterill, 1986; Falconer, 1989). However,
breeders often select individuals based on predicted breeding values to attain greater

genetic gain.

Seed Production: Seed orchard is defined as an area where seeds are mass-
produced to obtain greatest genetic gain, as quickly and inexpensively possible
(Zobel et al., 1958). Seed orchards act as a link between breeding programs and
reforestation activities through the delivery of genetically-improved seeds. First
generation seed orchards are usually established with 30-100 grafted plus tree clones,
selected phenotypically from good stands within a breeding zone. These are
artificially established forests which are intensively managed and have limited
number of genotypes to produce genetically improved forest tree seeds for various

forestry practices.

Achievement of random-mating assumption of the Hardy-Weinberg law is
required in order to maintain the same frequency level of desirable genes in the
orchard seed crops as in the selected population so that the genetic gain should be
maintained (El-Kassaby, 1989). Random mating in seed orchards can be realized
only if the clones are in reproductive synchrony and have similar reproductive output
(i.e. gametic contribution or parental balance). In addition, since coniferous species
are mainly wind-pollinated and often display strong inbreeding depression, the
potential of pollen contamination from undesirable sources and inbreeding through

self-fertilization and/or consanguineous mating are of concern.

Seedling production: During seedling-production phase, biological (seed
dormancy, germination rate and speed of gene mutation) and management (thinning
and culling) factors play a significant role in affecting the level of genetic variation

(El-Kassaby, 1989), if proper handling of materials is not practiced.

Reforestation and establishment of plantations: Seeds collected from seed
orchards are used for the production of genetically improved-seedlings for

reforestation and establishment of plantations. Industrial plantation or large area

24



plantations are established and managed intensively for the production of timber to

supply several products (El-Kassaby, 1989).

Crop plants experiences pointed out that selection and breeding cause
reduction in genetic diversity and altered the genetic structure of these species (Frey,
1981). At present, most coniferous trees are still in their early stages of
domestication. The rate of genetic changes in coniferous tree species, due to tree-
improvement practices, will be slower than that observed for crop plants. However,
the potential for reduction and/or significant alteration in genetic diversity is
dependent on gain levels, the breeding strategy adopted, and its method of
implementation (El-Kassaby, 1992).

Clearly, there are several steps in the forest-tree domestication process
where the genetic diversity could be affected. Consequences of phenotypic selection,
breeding, and seed and seedling production have been evaluated in some conifer

species by comparing genetic variability in natural and domesticated populations.

El-Kassaby (1992) compared allelic frequencies and levels of
heterozygosity between the seed orchards and natural populations for Sitka spruce
(Picea sitchensis) and western red cedar (Thuja plicata) by allozymes. Results
indicated that phenotypic selection did not reduce the variability levels observed for
Sitka spruce and maintained the known low level of variability of western red cedar.
In fact, new alleles observed in the seed orchards, indicating that the sampling of
natural population was less efficient than plus tree selection in capturing the various

allelic forms present in the species populations.

GOmory (1992) used allozyme analysis in Norway spruce (Picea abies
Karst.) to determine whether there were any differences in heterozygosity and gene
diversity level related to stand management (virgin vs. managed forests) and/or stand
origin (naturally regenerated vs. artificially established stands). He found a 13%
reduction in expected heterozygosity for planted (vs. unharvested) stands and an 8%
increase in diversity for naturally regenerated stands of Norway spruce, and reported

this as a significant impact of artificial regeneration on genetic diversity.

Genetic-variation comparisons were made between natural and production

(seed orchard) populations as well as seed and seedling crops produced from the
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same breeding zone’s seed orchards of British Columbia ‘interior’ spruce (Picea
glauca x engelmanni) (Stoehr and El-Kassaby, 1997). The comparisons between the
seed orchard and the breeding zone produced a similar percentage of polymorphic
loci while the expected heterozygosity and average number of alleles per locus were
slightly lower in the seed orchard. The proportion of polymorphic loci increased in
the seed lot, but decreased to the natural populations’ level in the plantation. It was
suggested that the reduction in the plantation was caused by an unintentional

selection in the nursery.

Rajora (1999) employed 51 random amplified polymorphic loci (RAPD) for
the comparison of old growth stands with natural regeneration, phenotypic tree-
improvement selections and plantations of white spruce (Picea glauca). The study
indicated that the plantations and phenotypic tree-improvement selections have
significantly reduced diversity as compared to old-growth and natural regeneration,

suggesting their narrower genetic base.

Thomas et al. (1999) examined the effects of different methods of forest
regeneration on genetic diversity of lodgepole pine (Pinus contorta var. latifolia)
using RAPD and SSR markers. Their results suggests that regeneration of lodgepole
pine after harvesting, by both planting and natural regeneration results in young
populations (20-30 years-old) with similar levels of genetic diversity as mature (100

years-old) unharvested stands.

Genetic diversity within a white spruce (Picea glauca) seed orchard (40
clones) and a jack pine (Pinus banksiana Lamb.) seed orchard (31 clones) was
assessed and compared with genetic diversity in natural populations within the
source area for the orchards (Godt et al., 2001). Gene diversity maintained within the
seed orchards (He: 0.157 for white spruce and 0.114 for jack pine) was similar to that
found within the source area (He: 0.164 and 0.114 for white spruce and jack pine,
respectively) for each species. Mean genetic identities between the seed orchards and
their natural populations were high (>0.99), indicating that common allele

occurrences and frequencies were similar between the orchards and their source area.

Genetic diversity of Turkish red pine (Pinus brutia Ten.) seed sources (seed

stands, seed orchards, plantations) were investigated and compared by RAPD
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markers (I¢gen et al., 2005). The mean proportion of polymorphic loci for all seed
sources was 77 %, implying high genetic diversity in studied seed sources. Mean Fgr
value indicated that 87 % of the total variation contained within seed sources. The
comparison of genetic diversity parameters between seed orchards and seed stands
revealed identical values for Na, Ne, I and He parameters. However, Ho and P (%)

were slightly higher in seed orchards than their natural counterparts.

Tree breeding in Turkey was initiated with plus tree selection and
establishment of seed orchards in 1972. The first tree breeding organization was
established in 1969. Although several seed production plans have been made for
Turkey, a systematical long term plan was missing. Then, the first complete plan for
Turkey was put into action, in which all aspects of forest tree seed production and
breeding are combined and the targets were set. “The National Tree Breeding and
Seed Production Program for Turkey: 1994-2003” was initiated in 1994 within the
framework of Turkish-Finnish Forestry Project. It was prepared by “Enso Forest
development Oy Ltd.” and Ministry of Environment and Forestry in cooperation with
Forest Tree Seeds and Tree Breeding Research Directorate (FTSTBRD) during
1992-1996. The aim of this project was to apply modern seed and plant production
techniques and know-how in Turkey (Koski and Antola, 1994).

Pinus nigra subsp. pallasiana occupies a large area (more than 3 million ha)
covering 16% of the total forest land, so it has a great importance in Turkish forestry.
By reforestation volume, it is the second most important tree species in Turkey.
About the 464 644 ha of lands was reforested by Anatolian black pine by the end of
2002 (Personal Communication, MOEF, General Directorate of Forestation and

Erosion Control). This is the 25.6% of the total reforestation of the country.

Within the framework of Anatolian black pine breeding activities; seven
tree breeding zones were designated covering the whole range of the species. Then,
seed stand selections were completed from each breeding zone. Plus trees were
determined from these stands considering the selection criteria laid out in the
National Program. The most important characteristics when selecting phenotypical

plus trees are as follows: Growth; stem volume, height and diameter at 1.3 m. and
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quality; taper (d 1.3 m — d 6 m), straightness of stem, thin branches, large branch

angle (close to 90°), natural pruning, etc.

Up to date, about 80 seed stands were selected, 52 clonal seed orchards
were established and 26 gene conservation forests were chosen, covering 10 566 ha,

431 ha, and 3503 ha, respectively (FTSTBRD web site: http://www.ortohum.gov.tr).
1.5. Speciation and Variety Development

Evolution produces diversity in many levels, from genes, races, species, to
genera and higher taxa. There are many problems in classifying this diversity,
especially with regard to the level in the evolutionary hierarchy in which to place a
particular taxon. However, there are several different concepts, ideas and definitions
of organic species. Poulton, Dobzhansky and Mayr proposed the biological species
concept, in which species are thought of as populations which do not interbreed, and
are reproductively isolated from other species (Mallet, 1995). On the other hand,
botanists never fully accepted the idea because plants often had high rates of

hybridization, local variability, and environmentally-induced plasticity.

In botany, different variations within a species are denominated explicitly as
subspecies (subsp.), varieties (var.) or forms (f.); a species may be divided into one
or more subspecies, with the subspecies further subdivided into one or more
varieties. Subspecies is the taxon immediately subordinate to a species; a group of
organisims, which differ from other members of their species by genetically-encoded
morphological and physiological characteristics (Sneath and Sokal, 1973). Members
of the different subspecies of the same species are potentially capable of breeding
with each other, and production of fertile offspring. Variety, which is next below the
rank of subspecies, only recognized in botany. One of the taxa always repeats the
same name as for the species as a whole; this is referred to as the type or nominate
subspecies and variety, and includes the specimen the species was originally

described from.

Plant species are found in populations which are genetically dynamic and
constantly changing. Variations observed within the populations are determined by

various environmental factors (climate, soil, etc.), breeding system (out-crossing,

28



selfing, etc.) and biological variables (mutations etc.). However, from time to time
populations bearing distinctive characteristics will diverge from their original
populations in such a way that gene exchange between the two will be prevented by
some barriers. These are called isolation mechanisms and include environmental,

reproductive and spatial factors (Woodland, 1997).

When habitats suitable for supporting two separate taxa are limited, gene
exchange between populations is restricted and thus environmental isolation occurs.
Different soil compositions, light intensity differences, and variation in moisture
availability are some examples of environmental factors. The populations can live in
the same region and be sympatric geographically, but inhabit different habitats. In
regions of low topographic relief and uniform climate, the same species may have a
wide distribution. In this case, populations bring into being clines which are
gradients of character variation where different populations intergraded. While at the
extremes of the range, significant differences may be noticed between these joining
populations. In areas of extreme climatic and topographic variation, species become
more restricted to specific zones and usually have a more restricted distribution

(Woodland, 1997).

When gene exchange is inhibited by reproductive behavior which are
genetically controlled differences between individuals of different populations is
called reproductive isolation. These could be structural (lack of reproductive organ,

etc.) or physiological characteristics (different pollination times, etc.).

Spatial isolation is the final isolation mechanism which is caused by large

distance between populations.
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1.6. Justification of the Study

Black pine is an economically important tree species in Turkey. Because of
its growth characteristics and natural distribution, it is used for most of the
afforestation and reforestation lands available. It is one of the most important forest
tree species, therefore given high priority in “The National Tree Breeding and Seed
production Program for Turkey” (Koski and Antola, 1994) and “National Plan for In
situ Conservation of Plant Genetic Resources in Turkey” (Kaya ef al. 1997). In the
last decade, there are increasing number of studies dealing with the species’ genetic
diversity by means of quantitative traits (Kaya and Temerit, 1994; Simsek et al.,
1995; Ugler and Giilcii, 1999; Velioglu et al., 1999); isozymes variation (Dogan et
al., 1998; Cengel et al., 2000; Tolun et al., 2000) and RAPD variation (Kaya and
Neale, 1993). Since, studies on genetic diversity of Anatolian black pine are limited,

there is a need to asses the genetic diversity especially in managed populations.

Moreover, there is an ongoing “National Tree Breeding and Seed production
Program for Turkey” covering breeding activity of Anatolian black pine. Therefore,
there is a urgent need to assess the impact of forest management activities on genetic
structure of newly established forests. The conservation strategy for species’ gene
resources in forestry practices should be defined within the light of genetic
knowledge. Plantations are mainly established with seeds from seed stands. The yield
and adaptability of these kinds of plantations are determined by how much of genetic
variation existing in natural stands is transferred to the plantations. Thus, it would be
valuable to asses the impact of forestry practices such as seed stand selection and
management, plus tree selection and establishment of seed orchards, use of seeds
from seed stands and seed orchards in establishment of new forests on genetic

comparison of future forests (plantations).
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CHAPTERII.

OBJECTIVES OF THE STUDY

The general objective of this study was to characterize genetic composition
of Anatolian black pine seed sources such as seed stands, seed orchards, plantations

and varieties by means of RAPD markers.
Specifically the following objectives were also set for the study:

1. To determine the magnitude and pattern of genetic variation existing
in Anatolian black pine seed sources (seed stands; seed orchards, plantations) and
varieties by means of RAPD markers.

2. To examine the extent of genetic diversity within and between the
seed sources, by employing genetic diversity measures that are; allelic richness,
polymorphism, and heterozygosity.

3. To quantify differences among seed sources by estimating genetic
distance values which provides a genetic basis for clustering them into meaningful
taxonomic groups.

4. To asses the impact of forestry practices such as selection and
breeding on genetic composition of future forests by estimating how much genetic
diversity was lost or gained during the breeding process.

5. To make implications for sustainable forest management and sound

conservation programs for Anatolian black pine seed sources.
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CHAPTER 111

MATERIALS AND METHODS

3.1. Description of Study Material

Anatolian black pine seed sources were chosen from different categories
comprising 4 different breeding zones of Anatolian black pine in Turkey (Figure
3.1). These are seed stands (SS), seed orchards (SO) which were established with
grafted seedlings of plus trees from the seed stands and plantations (P) established
with seeds from these seed stands (Figure 3.2, Table 3.1). Twenty five trees were

selected from each seed source for seed stands, seed orchards and plantations for

cone collection.

Black Sea
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Figure 3.1. Map showing breeding zones of Anatolian black pine

(MOEF, Mapping and Photogrametry Department)
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Figure 3.2. Map showing study sites (Codes for SS, SO, P, V-P and V-S were
given in Tables 3.2, 3.3, 3.4, 3.5)

Two sets of analyses were conducted. The first set of samples included seed

stands (SS), seed orchards (SO) which were established with grafted seedlings of

plus trees from the seed stands and plantations (P) established with seeds from these

seed stands. This set of analyses was used to assess the impacts of forestry practices

on genetic composition of future forests. When selecting seed sources for the study,

following criteria were considered:

(1)

(i)

(iii)

each seed stand should represent a different breeding zone of

Anatolian black pine;

each seed stand selected must have a seed orchard and
plantation established with material from the respective seed

stand;

seed orchard and plantation established from a selected seed

stand must be mature enough to produce seeds.
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The second set of samples contained samples from seed stands, Anatolian
black pine varieties (var. pyramidata and var. seneriana) and Dursunbey seed stand
(Balikesir Alagam-Degirmenegrek) which is used as a reference population to
compare with the varieties (Table 3.5). Seeds of pyramidal black pine (var.
pyramidata) were sampled from a seed orchard in Eskisehir (National Seed Orchard
Registration Number: 47). It was established with grafted seedlings with 20 clones
from Tavsanli-Ikizoluk seed stand in 1977 (39°36°00°° North latitudes, 29°19°00°’
East Longitudes). It covers 687 ha land and desiganted as Nature Conservation Area
in 1988 (Anonymous, 2000). All clones of this orchard were sampled for the study.
Seeds of “ebe” black pine (var. seneriana) were sampled from a natural stand at
Bolu-Caydurt. This stand is covering 174 ha land, comprising a rich flora and fauna.
This stand was designated as “Nature Conservation Area” by the Ministry of
Environment and Forestry in 1988. However, only 7 trees could be sampled due to

poor seed crop year.

Cones were collected by Turkish Ministry of Environment and Forestry,
Forest Tree Seeds and Tree Breeding Research Directorate. In seed orchards, all
clones were sampled (25-34). In order to obtain open-pollinated seeds, parent trees in
each seed source (seed stands and plantations) were selected by the following

criteria:
1. Trees had to be separated by at least 100 m within each population.

2. Elevation range of trees had to be no longer than 300 meters within

population.

3. Cones had to be collected from the upper one-third of the crown of

trees in order to minimize inbred and close bred seeds.

Detailed description of seed stands, seed orchards, plantations and varieties

used in the study are given in Table 3.2, 3.3, 3.4 and 3.5 respectively.

Seeds were extracted from cones at the “Seed Extraction Facilities” of

Kizilcahamam Nursery, Ankara and kept in cold storage (+4°C) until they are used.
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Table 3.1. The locations of studied seed stands, seed orchards and plantations

Seed Stands Seed Orchards Plantations Breeding Sal.nple
Zone Size
MKP- Burhandag1 Biga- Karabiga | Muystafa Kemal Pasa 3-2 25
Tavsanli- Balikdy Balikesir-Ilica Sandikli 3-3 25
Mengen-Daren [zmit-Gebze Mengen 4-2 25
Afyon- Hocalar MKP- Karacabey Alabarda 5-3 25
Table 3.2. Description of Studied Seed Stands (SS)
SS No|Region-District Subdistrict |Longitude |Latitude |Aspect Altitude
SS 83 | Bursa- M.K.Pasa | Burhandagi | 284300 395410 | W-NW 1000
SS 93 | Kiitahya-Tavsanli Balikdy 2907 45 392500 N 1500
SS 78 Bolu —Mengen Daren 321700 4057 20 N-SE 935
SS 116 Eskisehir-Afyon Hocalar 3003 21 384047 | N-NW 1350
Table 3.3. Description of Studied Seed Orchards (SO)
- - . .. | Number . . Date of
SO No | Origin |District-Subdistrict of Clones Longitude | Latitude Establishment
S083 SS 83 Biga-Karabiga 30 270854 | 402415 1977
S093 SS 93 Balikesir- Ilica 29 274701 | 395205 1988
SO78 SS 78 [zmit-Gebze 38 292802 | 405023 1977
SO116 | SS116 | M.K.P-Karacabey 35 282046 | 401252 1986
Table 3.4. Description of Studied Plantations (P)
No Origin | District-Subdistrict | Longitude | Latitude | Altitude Date of
Establishment
P83 | SS83 | M.K.P-Burhandag | 283230 | 400300 400 1971
P93 | SS93 Sandikli — Balikoy 292130 | 393430 1200 1964
P78 | SS78 Mengen — Daren 321430 | 405830 1400 1971
P116 | SS116 | Hocalar - Alabarda 300340 | 382400 1130 1974
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Table 3.5. Description of Studied Natural Population and Varieties

District- Sample
Code Seed Source Type Longitude | Latitude
Subdistrict Size
Alagam-
D Dursunbey Seed Stand ) 283410 392550 24
Degirmenegrek
Eskisehir-
V-P | var. pyramidata | Seed Orchard . 3007 35 3949 20 20
Inénii
Conservation Bolu-
V-S var. seneriana 314500 4045 00 7
Area Caydurt

3.2. Chemicals

The chemicals (their suppliers and code numbers) used in this study were

listed in Appendix A.

3.3. Methods

3.3.1. DNA Isolation

DNA extractions were performed with some modifications of the methods
described by Kreike (1990) and Dellaporta et al. (1983). Seeds were soaked in
distilled water at 4°C for 24 hrs. After excising and removing the seed embryo,
megagametophytes were homogenized in 400 ul extraction buffer-I (0.1 M Tris HCI1
pH: 8.0, 0.1 M EDTA, 0.25 M NaCl,) in 1.5 ml Eppendorf tubes. After complete
homogenization, 400 ul extraction buffer-1I (0.1 M Tris HCI pH: 8.0, 0.1 M EDTA,
0.25 M NaCl, 2% SDS) was added. Homogenized tissues were kept in a 65°C water
bath for 30-40 minutes. Then, 250 pl of 5 M potassium acetate solution was added to
tubes and incubated on ice in the refrigerator for at least 60 min. Following the
centrifugation at 14 000 rpm at 4°C for 15 min, supernatant was transferred to a new
tube and mixed with 500 pl chloroform-octanol (24:1) solution. After 10 min.
centrifugation (14 000 rpm at 4°C) the top aqueous layer was transferred to a new

tube and 700 ul absolute ethanol/0.3 M sodium acetate solution was added. Then, the
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tubes were incubated at -80°C for at least 60 min. Following the 10 min
centrifugation, supernatant was poured off and precipitation washed twice with cold
ethanol (70 %). The pellet was dried and then re-suspended in 50 pl TE buffer (10
mM Tris, | mM EDTA pH 8.0). The DNA samples were stored at —80°C.

3.3.2. DNA Quantification

DNA quantification of all samples were performed with Hoefer DyNA
Quant™ 200 Fluorometer (Hoefer Pharmacia Biotech, San Francisco, CA) which is a
filter fluorescence photometer with a fixed excitation bandpass source (365 nm) and
an emission bandpass filter (460 nm). Buffers and solutions used were listed in
Appendix B. Bisbenzimide (Hoechst dye) exhibits changes in fluorescence to allow
accurate DNA quantification. Determination of DNA concentration of all isolated
DNA samples were done by using the fluorometric assay of Cesarone et al. (1979).
DNA yields per megagametophyte varied from 500-5000 ng. The 6 samples (in each
parent tree) with the highest DNA yield were selected and diluted to 3 ng/ul for PCR
applications. Diluted DNA samples were stored at —4°C to be able to use throughout

the course of the study.
3.3.3. RAPD Primers

Primers which were previously screened by Kaya and Neale (1993) were
used in this study. Eleven primers giving the highest number of polymorphic loci
were selected and all seed sources were screened to obtain single locus segregation

data.

Random 10-base oligonucleotide primer sequences were obtained from
University of British Colombia (BC, Canada). The sequence of each primer is
arbitrary and generated on a random basis with the requirement that their G+C

content will be 60-70% and their ends are not self-complimentary.

In this study, in the first set of samples; 11 RAPD primers were screened
against 1800 samples (12 seed sources/25 families/6 samples). In the second set,

however, 7 primers were screened against 906 samples (151 families/6 samples) to
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obtain single locus segregation data. The sequences of primers used in this study

were listed in Table 3.6.

Table 3.6. List of RAPD primers used for Anatolian black pine

Primer 5’ to 3’ Sequence
UBC-121* GTG ACG CCGC
UBC-129* CCGGACACGA
UBC-131* GAG GCG GCG A
UBC-139 AGCGTCGACT
UBC-144* CTGCGACGGT
UBC-149 GCGCGGCACT
UBC-151 TTG CGC CCG G
UBC-154* AGA CGCCGAC
UBC-159 GGG AAGAGAG
UBC-162* GGG TGT GGT T
UBC-190* GGCCGATGAT

*: Primers available only for the second set of samples

3.3.4. Optimization of RAPD-PCR Conditions

RAPD-PCR conditions were optimized for the system as described by Kaya
and Neale (1993) for Anatolian black pine to our laboratory conditions. Different
concentrations of template DNA, primer, MgCl,, dNTP and effects of Tween 20 and

bovine serum albumin (BSA) were also tested.

First set of optimization tests included varying DNA and primer
concentrations. DNA amounts of 3, 6, 9, 12 ng and primer concentrations of 4.0, 5.0,

6.0, 7.0 and 8.0 picomoles per reaction volume of 25 pl were tested (Table 3.7).
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Table 3.7. Tested primer and template concentrations for RAPD-PCR

optimization

dNTP | MgCl, Buffer Taq Pol Primer DNA
O vy | D nin | PmOD (g
0.2 2.5 2.4 1.0 3
0.2 2.5 24 1.0 6
4
0.2 2.5 2.4 1.0 9
0.2 2.5 2.4 1.0 12
0.2 2.5 2.4 1.0 3
0.2 2.5 2.4 1.0 6
5
0.2 2.5 2.4 1.0 9
0.2 2.5 24 1.0 12
0.2 2.5 2.4 1.0 3
0.2 2.5 2.4 1.0 6
6
0.2 2.5 2.4 1.0 9
0.2 2.5 2.4 1.0 12
0.2 2.5 2.4 1.0 3
0.2 2.5 24 1.0 6
7
0.2 2.5 2.4 1.0 9
0.2 2.5 2.4 1.0 12
0.2 2.5 2.4 1.0 3
0.2 2.5 2.4 1.0 6
8
0.2 2.5 24 1.0 9
0.2 2.5 24 1.0 12
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The second set of optimization tests included varying DNA and primer

concentrations with Tween-20 and Bovine Serum Albumine (BSA). The effects of

Tween-20 as a nonionic detergent and BSA as an enhancer on RAPD-PCR reactions

were tested (Table 3.8).

Table 3.8. Tested RAPD-PCR conditions in the presence of Tween 20 and BSA

dNTP MgCl, Buffer | Taq Pol Primer DNA | Tween20 | BSA

(mM) (mM) (nL) (unit) (pmol) (ng) (L) | (ug/ng)
0.2 2.5 24 1.0 - -
0.2 2.5 24 1.0 0.13 -

6 3

0.2 2.5 24 1.0 0.13 0.03
0.2 2.5 24 1.0 - 0.03
0.2 2.5 24 1.0 - -
0.2 2.5 24 1.0 0.13 -
0.2 2.5 24 1.0 ’ 0.13 0.03
0.2 2.5 24 1.0 - 0.03
0.2 2.5 24 1.0 ’ - -
0.2 2.5 24 1.0 0.13 -
0.2 2.5 24 1.0 ° 0.13 0.03
0.2 2.5 24 1.0 - 0.03
0.2 2.5 24 1.0 - -
0.2 2.5 24 1.0 0.13 -
0.2 2.5 24 1.0 ° 0.13 0.03
0.2 2.5 24 1.0 - 0.03
0.2 2.5 24 1.0 ; - -
0.2 2.5 24 1.0 0.13 -
0.2 2.5 24 1.0 ’ 0.13 0.03
0.2 2.5 24 1.0 - 0.03

40



Optimized PCR conditions contained; 2.0 ul of temple DNA sample (3
ng/ul); 2.4 pl of buffer (750 mM Tris.HCl pH: 8.8, 200 mM (NH4),SO4; MBI
Fermentas, Lithuania), 0.2 pl (1 unit) of Tag DNA polymerase (MBI Fermentas,
Lithuania); 4 pl of deoxynucleoside triphosphate mix (0.2 mM of each nucleotide);
2.5 ul of 25 mM MgCl,; 7.0 pl of 1 pmol primers (BC, Canada); 0.13 pl of Tween

20; 1 pl of 1.8 pg/ul (0.03 pug/ng DNA), BSA (Sigma, USA) and 5.77 ul of doubled
distilled sterile water (Table 3.9).

Table 3.9. Optimized PCR conditions for Anatolian black pine

Component Quantity used (ul)|Final concentration
10X buffer 2.4 1x
dNTPs (1.25 mM) 4 0.2 mM
MgCl, (25 mM) 2.5 2.5 mM
Primer (1 picomole) 7.0 7 picomoles
Tag DNA polymerase (5 u/ul) 0.2 lu
BSA (1.8 pg/ul) 1 1.8 ug
Tween 20 0.13
Sterile H,O 5.77
DNA (3 ng/ul) 2 6 ng
Total reaction mixture 25

PCR amplification cycles were also optimized as reported by Kaya and

Neale (1993). The cycling schedule was shown in Table 3.10.
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Table 3.10. PCR Cycling Schedule for Anatolian black pine

Step |Temperature |Time Cycle # Description

1 85°C 15 sec 1

2 95°C 5 sec | Initial denaturation

3 92°C 1 min. 55 sec 1
95°C 5 sec )

Denaturation

92°C 55 sec

4 45
37°C 1 min Annealing
72°C 2 min Extension

5 72°C 7 min 1 Final extension

3.3.5. Interpretation of the Gels

PCR products were mixed with 2 ul of 25 % formamide loading dye and
visualized in 1.7% agarose gels. Gels were run in 1XTAE buffer (0.4 M Tris
Acetate) at 80V for 3 hours and stained with 5 pg/ml ethidium bromide for 30

minutes and de-stained with distilled water for 10 minutes.
3.3.6. Data Collection

Amplification products were scored visually. Generuler™ 100 base pair
DNA ladder plus (MBI Fermentas, Lithuania) was used to determine the size of
RAPD bands. The range of ladder was between 100-3000 base pairs.

With two possible states for a haploid RAPD fragment, presence (marker
allele) or absence (null allele), a RAPD locus was defined as a fragment that would
segregate or be monomorphic among the haploid megagametophyte samples.
Genotypes determined from haploid megagametophytes were converted to diploid
genotypes for each family at each locus. For each locus, all dominant homozygotes
(AA) and heterozygotes (AB) were scored as individuals possessing the fragment,
whereas recessive homozygotes (BB) were scored as individuals with no fragment

(Table 3.11).
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Table 3.11. Diploid genotype scores for all loci

Sample Size
(# of Megagametopytes) Samples having band Diploid score
¢ 6 AA
° > AB
¢ 4 AB
6 3 AB
6 2 AB
6 1 AB
6 0 BB

3.4. Analysis of Data

Once data collection with all primers was completed, the data file was
organized as in Appendix C so that it could be analyzed with POPGENE (Version
1.31, Microsoft Windows-Based Freeware for Population Genetics Analysis) (Yeh et
al., 1997) and BIOSYS Version 1.7 (Swofford and Selander, 1989). The following
parameters were estimated: Allele frequencies, allelic richness (number of
alleles/locus, number of effective alleles), and proportion of polymorphic loci,

observed and expected heterozygosities and Shannon’s Information Index.

F-Statistics (Fir, Fis and Fgsr) was estimated by using GENETIX 4.0
software (Belkhir ef al., 1996-2001). POPULATIONS 1.0 Software was used to
construct neighbor-joining trees between seed sources (Langella, 2000). This
program uses the data file in GENEPOP file format and part of the data was given in
Appendix D.
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3.4.1. Allele Frequencies

The estimation of the allele frequencies were done by the following

equation:

(2N, + 2 N,)
j=1

fid )= %, = ———1

Where f(A4;) is the frequency of any allele, N represents the number of
individuals in the population, N; and N represent the number of 4; and A4;

genotypes, respectively and m represents the number of alleles in a locus (Nei, 1987).
3.4.2. Measures of Genetic Variation

In order to determine the amount of genetic variation, the following

parameters were estimated.

a. Proportion of Polymorphic Loci: To be called polymorphic, the most
common allele (x;) should have a frequency of equal to or less than 0.99 or 0.95. In
this study, 0.99 criterion was used. If the sample size and the number of polymorphic
loci involved in the study are large enough, genetic variation can be estimated by
measuring the proportion of polymorphic loci. The proportion of polymorphic loci

was calculated by the following equation:

n,

P="" where n, is the number of polymorphic loci in » number of loci
r

(Nei, 1987).

b. Heterozygosity: The most widespread measure of genetic diversity in a

population is the amount of heterozygosity.

A

The unbiased estimate of the heterozygosity (/) at a locus was calculated

by the formula;

LY B
2N -1
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where N is the number of individuals and x;, is the frequency of RAPD
allele (Nei, 1987).

A

Whereas, the variance of single locus estimates of (/4 ) was;

r(i)=2> 5 - (2 f v

where V(h) is the variance of a single locus, N is the number of

individuals, x is the frequency of RAPD allele (Nei, 1987).

c. Allelic Richness: Another component of the genetic variation is the mean
number of alleles per locus (n,). It is also called as the allelic richness and is very
sensitive to the sample size. The formula used to calculate this value was as follows:

Znai

Mean(n,) = , where (n, ) is the number of alleles at the i/ locus and r
, ;

is the number of loci (Nei, 1987).

Variance of the single locus estimate of (#n,) is:

Z(fzau —mean #i ,)°

V(mean n,)=-

r(n—1)

d. Effective Number of Alleles at a Locus: Mean number of alleles gives
an estimate inflated by deleterious genes of which the contribution to genetic
variability is small. Kimura and Crow (1978) introduced the concept of effective

number of alleles. This number is defined as the reciprocal of homozygosity.

n, = I/fo, where 7, is the effective number of alleles and x; is the

frequency of i" allele.
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e. Shannon’s Information Index: Shannon’s information index is the
degree of variation within each population, and was calculated from the frequency of

the RAPD allele within each population using the formula:
I =p;Inp; (Lewontin, 1972, Yeh et al., 1995),

where I is the Shannon’s information index, p; is the frequency of a RAPD
allele. It is calculated separately for each putative locus, and the mean value of the

index is then produced by averaging over all loci.
3.4.3. F-Statistics

These measures of heterozygosity can be used to define three levels of
inbreeding (Nei, 1987). Fis measures the fixation index or inbreeding coefficient
within subpopulations; the degree to which the actual heterozygosity within sub-
populations deviates from Hardy-Weinberg Equilibrium. And Fis was estimated with

the following equation:

=H5_H1=1_H1

L T T

Fir used for measuring the fixation index over the total population
(inbreeding coefficient). That is the degree of deviation from Hardy-Weinberg

expectations in heterozygosity. It is estimated by the following equation:

:HT_HIZI_HJ
H; H;

FIT

Fsr is the reduction in fixation index due to differences among

subpopulations in allele frequencies. It is estimated by the equation:

ZHT_HSZI_HS
H: H:

Fo

Where,
H; = observed heterozygosity of an individual in any subpopulation.

Hg = expected heterozygosity of an individual in any subpopulation.
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Hy =expected heterozygosity of an individual in the total population.
Hj was estimated by the following equation by Nei, 1987:

2 h,

1

H.= , where s is the number of subpopulations and (ﬁo_) is the
s J

observed heterozygosity in subpopulation j (Nei, 1987).
Hjs was calculated by the following equation:

X,

=l A L . .
H.= o where (4, ) is the expected heterozygosity in subpopulation j

(Nei, 1987).

Hy was also estimated by the following formula:

Ho=1-Y
i , where (x,, ) is the frequency of the i" allele averaged over

all subpopulations (Nei, 1987).
The three types of fixation indices are related to each other in the following

way, so for example one can estimate one of the indices if other two are known.
1= Fp :(I_FIS)(I_FST)

Finally, by using the reduction in fixation index, gene flow between sub-

populations (Ny,) was estimated by the following formula:
Nm =0.25 (] 'FST) /FST

The distribution of genetic variation among populations can be used to
estimate amounts of gene flow among populations (Slatkin, 1985; 1987). This is an

indirect measure of gene flow.

The movement of one individual per generation is sufficient to prevent
substantial differentiation between populations. This result is independent of size
because the force of gene flow, which is counteracted by the force of genetic drift,

which is proportional to the inverse of the population size denoted M.
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Generally, if Nm < I, then local differentiation of populations will result,
and if Nm > I, then there will be little differentiation among populations (Wright,
1951). The F indices proposed by Wright (1951) does not consider the unequal finite
sample sizes and there is some disagreement on the interpretation of the quantities
and on the method of evaluating them. Weir and Cockerham (1984) revised the F
coefficients in order to offer some unity to various estimation formulae suggested by
different authors. They used the parameters F, 6 and f for Fir, Fsr and Fig,
respectively. These estimators do not make assumptions concerning numbers of
populations, sample sizes or heterozygote frequencies and they are suited to small

data sets. Parameters, F, 0 and f were estimated as follows:
F=1-C/(B+C)
0=A/(A+B+C)
f=1-C/(A+B+C)
Where,
A = inter-population component of allelic frequency variance

B = component of allelic frequencies variance between individuals in each

population

C = component of allelic frequencies variance between gametes in each

individual

In this study, Weir and Cockerham’s approach was used to examine the
population structure, but the parameters were donated by Fir, Fsrand Fig instead of F,

0 and f.

In order to test the significance of estimated F-coefficients, the data were
permutated for 1000 times and distribution of the calculated values (Fis and Fsr)
from the permutated data were generated under the null hypothesis (no population
differentiation for Fsr and Hardy-Weinberg equilibrium for Fis and Fir). The
probability of obtaining original estimated F-coefficients under the null hypothesis

was calculated as the proportion of the distribution having values larger than the
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original value. For Fjg, alleles were permutated within each population whereas for

Fsr, genotypes were permutated among the samples.
3.4.5. Genetic Distance

Genetic distance is the extent of gene differences between pairs of
populations (or species). Distance measures are generally analogous to geometric
distances; for example, zero distance is equivalent to no difference between groups.
Identity measures are generally the complement to distance measures (Hedrick,

1985).

The most widely used genetic distance measure is that of Nei’s Genetic
Distance (Nei 1972). I is the identity between two populations x and y, and was

measured by using the following equation;

ny
I :W ,  Where;
xy
J.=Xxy, J=Xx J=Yy

i

and x, and y, represent the frequencies of the i" allele in the x and y
populations.
For multiple loci, J,,, J, and J, were calculated by summing over all

alleles at all loci studied. Then the average value was calculated by dividing these

sums by the number of loci. The average values J, , J, and J, were used to

calculate the genetic identity and distance, D .

I :(‘]'L‘IJ# and D =—Inl
xJ y

3.4.6. Phylogenetic trees

Phenetic or distance methods are employed to obtain a phylogenetic tree or
dendrogram by considering pairwise similarities or distances among seed sources.

Therefore, related populations are organized in a biologically meaning way. Where
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the genetic basis of the phenotypes studied is unknown, a number of metric and non-
metric pairwise indices can be estimated (Sneath and Sokal, 1973); however, the
derived trees can not be interpreted in terms of other than of strict phenetic

resemblance (Strauss et al., 1992).

Phenetic methods of clustering can be distinguished on the basis of whether
they assume homogeneity of evolutionary rates. Neighbor-joining (NJ) method
(Saitou and Nei, 1987) does not assume homogeneity of substitution rates, therefore
the length of branches emerging from particular nodes are free to vary independently
from one another. The resulting dendrograms are un-rooted, and are often termed
networks. Local topological relationships are first examined and the best tree

constructed step by step.

Assessing the statistical significance of a given branching structure as well
as the variance of branch lengths is highly desirable, since there are so many possible
tree topologies. Quantification of levels of uncertainty is especially crucial in genetic
studies for conservation programs, since decisions regarding gene and species

extinctions may be guided by knowledge of relationships.

Resampling procedures have been widely used to place confidence limits on
phylogenetic topologies. They can be applied to any data set where the observations
can be assumed to be independently drawn, because they do not rely on particular
statistical distributions. The bootstrap consists of random sampling with replacement.
It is usually applied to the character array, but could also be applied to any
taxonomic units. For phylogenetic purposes, with each sample of characters a new
topology is calculated, and then the sampling process and topology construction is
begun a new one. The resampling continues until a reasonable level of confidence is
attained (usually 50-100 replicates). The final result is displayed graphically as a
number next to each node indicating the percentage of time that cluster is present
among the resample trees. If that fraction is high, then one gains confidence that the

given cluster actually belongs together.

In this study, dendrograms were constructed by using NJ method to reveal
the genetic distance of seed sources. Bootstrap test was repeated for 100 times to

show statistical confidence. Dendrograms were constructed for all seed sources such
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as seed stands, seed orchards, plantations and varieties with the natural stand.
Besides, seed source origin (location) based dendrogram were also formed to reveal
whether differences between seed orchards, plantations and their natural counterparts

(seed stands) may be caused due to forestry practices and breeding activities.
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CHAPTER 1V

RESULTS

4.1. Optimization of PCR Conditions for Anatolian Black Pine

In the first set of the optimization studies, primer - template interactions
were investigated. DNA concentrations of 3 ng and 6 ng per reaction volume of 25 ul
generally yielded good amplification products. Primer concentrations less than 4
picomoles and more than 8 picomoles produced fewer bands or no bands at all.
Primer concentrations of 5, 6 and 7 picomoles produced reproducible bands;

however, the results were not completely satisfactory (Table 4.1).

In the second set of the optimization studies, effects of Tween-20 (0.13 ul)
and BSA (0.03 pg/ng DNA) were tested. The addition of 0.13 pul Tween-20 per
reaction volume of 25 pl resulted in bright RAPD bands (Table 4.2). No significant
difference was observed when BSA was used alone; however, brighter and clearer
bands were obtained with the presence of both Tween-20 and BSA. Best
amplification products were observed with 7 picomoles of primer, 6 ng of DNA
template, in the presence of 0.13 pl Tween-20 and 0.03 pg/ng DNA of BSA (Table
4.2).
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Table 4.1. Optimization of primer and DNA concentrations for RAPD-PCR

dNTP | MgCl, | Buffer | Taq Pol | Primer | DNA
Results
(mM) | (mM) | (uL) | (unit) | (pmol) | (ng)

0.2 2.5 2.4 1.0 3 faint bands

0.2 2.5 2.4 1.0 6 faint bands

0.2 2.5 2.4 1.0 ) 9 faint bands with smear
0.2 2.5 2.4 1.0 12 | faint bands with smear
0.2 2.5 2.4 1.0 3 good bands

0.2 2.5 2.4 1.0 6 good bands

0.2 2.5 2.4 1.0 : 9 good bands with smear
0.2 2.5 24 1.0 12 faint bands

0.2 2.5 2.4 1.0 3 faint bands

0.2 2.5 2.4 1.0 6 faint bands

0.2 2.5 24 1.0 ° 9 faint bands

0.2 2.5 2.4 1.0 12 very faint bands
0.2 2.5 24 1.0 3 very faint bands
0.2 2.5 2.4 1.0 6 good bands

0.2 2.5 2.4 1.0 ’ 9 good bands

0.2 2.5 24 1.0 12 faint bands

0.2 2.5 2.4 1.0 3 faint bands

0.2 2.5 2.4 1.0 6 faint bands

0.2 2.5 24 1.0 ’ 9 faint bands

0.2 2.5 2.4 1.0 12 very faint bands
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Table 4.2. Optimization of RAPD-PCR in the presence of Tween-20 and BSA

ANTP| MgCl |Buffer| 19 | Primer | DNA | Tween | BSA Results
(mdM) | mM) | (L) | o | (Gmob) | (ng) |20 (uL) | (ug/ng)
0.2 2.5 24 1.0 - - faint bands
0.2 2.5 2.4 1.0 0.13 - faint bands
02| 25 24 1.0 ° : 0.13 0.03 faint bands
0.2 2.5 24 1.0 - 0.03 faint bands
02 | 25 24 1.0 - - good amplification
0.2 2.5 2.4 1.0 0.13 - good amplification
02 | 25 2.4 1.0 ’ 0.13 0.03 | good amplification
02 | 25 24 1.0 . - 0.03 | good amplification
02 | 25 24 1.0 - - good amplification
02 | 25 2.4 1.0 0.13 - good amplification
02 | 25 24 1.0 ° 0.13 0.03 | best amplification
02 | 25 24 1.0 - 0.03 | good amplification
02 | 25 24 1.0 - - good amplification
0.2 2.5 2.4 1.0 0.13 - good amplification
02 | 25 2.4 1.0 ° 0.13 0.03 | good amplification
02 | 25 24 1.0 g - 0.03 | good amplification
02 | 25 24 1.0 - - faint bands
0.2 2.5 2.4 1.0 0.13 - faint bands
0.2 2.5 2.4 1.0 ’ 0.13 0.03 | blurred backgrounds
0.2 2.5 2.4 1.0 - 0.03 | blurred backgrounds
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4.2. Genetic Structure of Seed Sources

In the first set of analyses, after elimination of non-segregating and low
frequency RAPD bands, a total of 11 primers revealed 152 polymorphic RAPD
fragments for studied seed sources (seed stands, seed orchards, plantations). In the
second set, a total of 7 primers revealed 66 polymorphic RAPD fragments for studied
varieties and natural population, after removal of non-segregating and low frequency
RAPD bands. A number of fragments were only observed in some seed sources;
however, all of these fragments were rare and their frequencies within any of the
seed sources were low (<10%). Therefore, the bands with very low frequencies were
removed from the data set and then segregating loci in all seed sources were used in
the analysis. As a result, polymorphic markers (segregating at least in one of the seed
sources) with 2 alleles were used in the analysis. Monomorphic locus was also
dropped out of the data set found. The number of polymorphic fragments scored per
primer varied from seven (UBC-190) to thirteen (UBC-154) (Table 4.3).

Table 4.3. Number of RAPD fragments scored per primer

Primer # of RAPD fragments
UBC-121 12
UBC-129 8
UBC-131 9
UBC-139 9
UBC-144 10
UBC-149 12
UBC-151 8
UBC-154 13
UBC-159 10
UBC-162 10
UBC-190 7

Mean # of fragments/primer 9
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4.2.1. Genetic Diversity

Genetic diversity parameters were calculated using POPGENE software
(Yeh et al., 1997). For each seed source, number of observed alleles (Na) per locus,
number of effective alleles (Ne) per locus (Kimura and Crow, 1964), Shannon’s
Information index (/) (Lewontin, 1972), proportion of polymorphic loci (Lewontin,
1972), observed and expected heterozygosity (Levene, 1949) values were estimated.
Estimates for those parameters were given at the species level, natural populations
versus varieties, seed stands, seed orchards and plantations levels in the following

sections.
4.2.1.1. Genetic Diversity between Seed Sources at Species Level

O Allelic Richness: The number of observed alleles varied between 2+0 in
Burhandag-SO and 1.87+0.03 in Balikdy-P; and the mean number was
1.92+0.02. Averages of the seed source categories, varied between 1.92+0.03
for plantations and 1.95+0.02 for seed stands. Effective number of alleles
ranged from 1.65+0.04 in Balikdy-P to 1.75+0.03 in Balikdoy-SO; and the
mean was 1.68+0.03. Averages of the seed source categories, varied between
1.67£0.03 in plantations and 1.72+0.03 in seed stands. There was no
considerable variation in Na and Ne between seed sources considering
standard errors of estimates. Moreover, mean number of effective alleles (Ne)
was lower than observed number of alleles (Na) as it is expected (Table 4.4).

O Shannon’s Information Index: The average Shannon’s Information index
was estimated as 0.5440.02 for all studied seed sources. Estimated values
ranged from 0.51+0.02 in Balikoy-P to 0.59+0.01 in Burhandag-SO and
Balikdy-SO. Averages of the seed source categories, varied between
0.53+0.02 in plantations and 0.56+0.02 in seed stands and seed orchards.
Considering the standard errors of the estimates, there was no difference

between seed source categories (Table 4.4).
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Table 4.4. Summary of genetic variation statistics (observed (/Na) and effective

number of alleles (Ne), Shannon's Information Index (/), expected (He) and

observed heterozygosity (Ho), proportion of polymorphic loci (%P) and their

standard errors for 152 loci considered in Anatolian black pine seed stands,

seed orchards and plantations by 11 primers

Categories |Seed Sources Na Ne 1 Ho He P
lgé‘rha“dag' 1.97+.017 [ 1.70+.030 | 0.56+.017 | 0.49+.023 | 0.4£.014 | 97
gg"kﬁy' 1.94+.024 | 1.71£.030 [0.56£.019 | 0.48£.025| 0.4£015 | 94
Seed Stands ls)g‘re“' 1.96+.020( 1.72+.030 | 0.57+.017 | 0.48+.024| 0.4+.014 | 96
Isis"cala"‘ 1.94+.024 | 1.73+.031 [0.57+.019|0.51+.027 | 0.4+.015 | 94
Average 1.95+.021 | 1.72.030 | 0.56+.018 | 0.49+.025 | 0.4+.015 | 95
g(‘;rha“dag' 2.0£0 |1.73+.0260.59+.013|0.53+.024| 0.4+.011 | 100
gg‘kéy' 1.97+.017| 1.75+.027 [0.59+.015 | 0.57+.023 | 0.41+.013 | 97
Orscflil(:' ds ls)é‘)re“' 1.91+.029 | 1.68+.033 | 0.54+.021 | 0.5+.027 |0.38+.016| 91
IS{(‘;calar' 1.91.029 [ 1.65+.036 | 0.52.022 | 0.5+.030 |0.37+.017| 91
Average 1.94+.019 | 1.70+.03 |0.56+.018|0.55+.026 | 0.39+.014 | 94
g“rha“dag' 1.91+.029 | 1.66+.034 | 0.53+.022 | 0.52+.030{ 0.37+.017 | 91
gahkﬁy' 1.87+.034 | 1.65+.038 [0.51£.025 | 0.49+.031{0.36+.017 | 87
Plantations |Daren- 1.97+.017 | 1.69+.032 [0.55+.019 | 0.49+.025 | 0.39+.015 | 97
Il){"cala‘" 1.93+.025 | 1.69+.034 | 0.53+.021 | 0.47+.028 | 0.38+.016 | 93
Average 1.94+.022 | 1.70+.031 | 0.55+.019 | 0.51:.026 | 0.39+.015 | 92
Total Average | 1.92+.020 | 1.68+.030 | 0.54:£.017 | 0.49+.024 | 0.38+.014 | 93
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Heterozygosity: Observed heterozygosity values varied between 0.47+0.03 in
Hocalar-P and 0.57+0.02 in Balikoy-SO. Averages of the seed source categories,
varied between 0.49+0.03 in seed stands and plantations to 0.55+0.03 in seed
orchards. Expected heterozygosity values were between 0.34+0.02 (Balikoy-P)
and 0.41+0.01 (Balikdy-SO). Averages of the seed source categories, varied
between 0.37+0.02 in plantations and 0.40+0.01 in seed stands. Mean observed
and expected heterozygosities were 0.51+0.03 and 0.39+0.01, respectively.
Results revealed that there was no variation between groups in terms of expected
and observed heterozygosity values, considering the standard errors of the
estimates. In addition, observed heterozygosity values were slightly higher than
the expected heterozygosity values (Table 4.4).

Proportion of Polymorphic Loci: The proportion of polymorphic loci (0.99
criterion) varied from 87% in Balikdy-P to 100% in Burhandag-SO. Averages of
the seed source categories varied between 92% in plantations and 95% seed
stands and seed orchards. Average proportion of polymorphic loci of seed
sources was estimated as 94%. There was no major difference between seed

source categories (Table 4.4).
4.2.1.2. Genetic Diversity between Natural Populations and Varieties

Allelic Richness: The number of observed alleles varied between 1.82+0.04 in
var. seneriana and 2+0 in Dursunbey. The mean number of alleles for seed
stands and varieties was 1.96+0.02 and 1.85+0.03, respectively. Effective
number of alleles ranged from 1.57+0.03 in Dursunbey and 1.73+0.03 in
Burhandag, Daren and Hocalar. The mean number of effective alleles for seed
stands and varieties were 1.72+0.03 and 1.61+0.04, respectively. Although Na
had its highest value (2) in Dursunbey, Ne was the lowest (1.57). Considering the
standard errors of the estimates, there was a sharp decrease in Na in varieties as
compared to seed stands and Dursunbey. Moreover, Ne of varieties and

Dursunbey were much lower than seed stands (Table 4.5).
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O Shannon’s Information Index: The average Shannon’s Information index was
estimated as 0.57+0.01 for seed stands and 0.49+.02 for varieties and Dursunbey.
Estimated values ranged from 0.494+0.03 in both varieties and Dursunbey to
0.58+0.01 in Burhandag and Daren. Considering the standard errors of the
estimates, there was a slight decrease in Shannon’s Information index for
varieties as compared to seed stands and Dursunbey (Table 4.5).

O Heterozygosity: Expected heterozygosities varied between 0.33£0.02 in
Dursunbey to 0.4040.01 in all seed stands. Observed heterozygosities were
between 0.36+0.02 in Dursunbey and 0.51+0.02 in Burhandag. Mean observed
heterozygosities for seed stands (0.49+0.02) and varieties (0.45+0.03) were in
close range. Mean expected heterozygosities were also similar to observed
heterozygosity and varied between 0.4+0.01 and 0.36+0.02 for seed stands and
varieties, respectively. Dursunbey population had the lowest values for both
observed and expected heterozygosity. Results revealed that there was no
variation between seed stands and varieties in terms of expected and observed
heterozygosity values, considering the standard errors of estimates. But,
observed heterozygosity values were slightly higher than the expected
heterozygosity values in all studied seed sources (Table 4.5).

O Proportion of Polymorphic Loci: The proportion of polymorphic loci (0.99
criterion) ranged from 82% in var. seneriana to 100% in Dursunbey. Average
proportion of polymorphic loci of seed stands and varieties were 96% and 85%,
respectively. Therefore, proportion of polymorphic loci of the varieties was

much lower than natural seed sources (Dursunbey and seed stands) (Table 4.5).
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Table 4.5. Summary of genetic variation statistics (Observed number of alleles (Na)
and effective number of alleles (/Ve), Shannon's Information Index (/), Expected
(He) and Observed heterozygosity (Ho), Proportion of polymorphic loci (%P) and
their standard errors for 66 loci considered in Anatolian black pine seed stands and

varieties by 7 primers

Seed
Categories Na Ne 1 Ho He P
Sources
Burhandag-
1.98+.012 | 1.73+£.030 | 0.58+.015 | 0.51+£.022 | 0.40+.013 | 98
SS
Balikoy-
SS 1.95+.020 | 1.69+.030 | 0.55+.018 | 0.48+.024 | 0.40+.015| 95
Natural
Populations |Daren-
1.96+.020 | 1.73+.030 | 0.58+.016 | 0.48+.025 | 0.40+.013 | 97
(Seed SS
Stands
) Hocalar-
Ss 1.95+.020 | 1.73+.030 | 0.57+.018 | 0.49+.026 | 0.40+.015| 95
Average-
SS 1.96+.020 | 1.72+.030 | 0.57+.015 | 0.49+.020 | 0.40+.014 | 96
Var.
1.824+.038 | 1.62+.037 | 0.49+.025 | 0.48+.032 | 0.37+.019 | 82
seneriana
Var.
Varieties 1.88+.033 | 1.60+.037 | 0.49+.024 | 0.42+.029 | 0.34+.018 | &8
pyramidata
Average-
v 1.85+.030 | 1.61+.040 | 0.49+.023 | 0.45+.030 | 0.36+.017 | 85
Reference |1y | inbey | 2,060 | 1.57+.030 | 0.49+.020 | 0.36£.024 | 033£.016 | 100
Population
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4.2.1.3. Genetic Diversity between Seed Stands

Allelic Richness: The number of observed alleles varied between 1.94+0.02
(Balikdy-SS) and 1.97+0.02 (Burhandag-SS); and the mean number was
1.95+0.02. Effective number of alleles ranged from 1.70 in Burhandag to 1.73 in
Hocalar; and the mean was 1.72. There was no variation among seed stands for
Na and Ne considering standard errors of estimates (Table 4.4).

Shannon’s Information Index: The average Shannon’s Information index
(genetic diversity) was estimated as 0.56+0.02 for seed stands. Considering the
standard errors of estimates, there was no difference between seed stands for this
parameter (Table 4.4).

Heterozygosity: Expected heterozygosity values for all seed stands were the
same (0.4+0.01). Observed heterozygosity varied between 0.48+0.02 in Balikdy-
and Daren to 0.51+0.03 in Hocalar. From the results, it appeared that there was
no variation between seed stands for expected and observed heterozygosity
values. In addition, observed heterozygosities were higher than the expected
heterozygosity values (Table 4.4).

Proportion of Polymorphic Loci: Average proportion of polymorphic loci of
seed stands was found to be 95%. The proportion of polymorphic loci (0.99
criterion) did not vary greatly and ranged from 94% in Balikdy and Hocalar to

97% in Burhandag (Table 4.4).
4.2.1.4. Genetic Diversity between Seed Orchards

Allelic Richness: Considering the standart errors of the estimates, the number of
observed alleles varied considerably among seed orchards. Values ranged from
1.91+£0.03 in Daren and Hocalar and 2+0 in Burhandag. Effective number of

alleles was slightly different among seed orchards and varied from 1.65+0.04 in
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Hocalar to 1.75+0.03 in Balikdy. Moreover, mean number of effective alleles
(Ne) was lower than observed number of alleles as it is expected (Table 4.4).
Shannon’s Information Index: The average Shannon’s Information index was
estimated as 0.56+0.02 for seed orchards. Considering the standart errors of the
estimates, there was a slight difference among seed orchards (0.52+0.02 in
Hocalar and 0.59+0.01 in Burhandag and Balikdy) (Table 4.4).

Heterozygosity: Expected heterozygosity values did not vary between seed
orchards and ranged from 0.37+0.02 in Hocalar and 0.41+0.01 in Balikdy.
Observed heterozygosity values, also, was not different between seed orchards
and ranged from 0.50+0.03 in Hocalar and Daren and 0.57+0.02 in Balikdy.
Average observed and expected heterozygosities were 0.55+0.03 and 0.39+0.01
respectively. Results revealed that there was no considerable variation between
seed orchards in terms of observed heterozygosity values, considering the
standart errors of the estimates. In addition, observed heterozygosity values were
higher than expected ones (Table 4.4).

Proportion of Polymorphic Loci: The proportion of polymorphic loci (0.99
criterion) varied from 91% in Daren and Hocalar to 100% in Burhandag.
Average proportion of polymorphic loci of seed orchards was found to be 95%.
Therefore, proportion of polymorphic loci values varied notably within the

category (Table 4.4).
4.2.1.5. Genetic Diversity between Plantations

Allelic Richness: Considering the standart deviations of the estimates, number of
observed alleles was considerably different among plantations and varied from
1.87+0.03 in Balikdy to 1.9740.02 in Daren. The mean value of Na was found to
be 1.92+0.03. Effective number of alleles did not vary much and ranged from
1.65+0.04 in Balikdy to 1.69+0.03 in Daren and Hocalar; and the mean was
1.67+0.03. Moreover, mean number of effective alleles (Ne) was lower than

observed number of alleles (Na) as it is expected (Table 4.4).
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O Shannon’s Information Index: Estimated Shannon’s Information index values
were in close range and varied from 0.51+0.02 in Balikdy to 0.55+0.02 in Daren.
Considering the standart deviations, estimated values did not vary among
plantations (Table 4.4).

O Heterozygosity: Expected heterozygosity values for plantations were in close
range and varied from 0.36+0.02 in Balikdy and 0.39+0.01 in Daren. Observed
heterozygosity values were between 0.47+0.03 in Hocalar and 0.52+0.03 in
Burhandag. Average observed and expected heterozygosities are 0.49+0.03 and
0.3740.02 respectively. Considering the standart errors of the estimates, there
was no major variation among plantations. In addition, observed heterozygosity
values were much higher than expected ones (Table 4.4).

O Proportion of Polymorphic Loci: Average proportion of polymorphic loci (0.99
criterion) of plantations was found to be 92%. The proportion of polymorphic
loci varied from 87% in Balikdy to 97% in Daren. Therefore, proportion of

polymorphic loci values varied considerably within the category (Table 4.4).
4.2.1.6. Genetic Diversity between Seed Sources Considering Locations

Burhandag: In general, genetic diversity parameters had its lowest values
(except for Ho) in plantation but highest values in seed orchard for this location.
Considering the standard errors of the estimates, there was no considerable
variation in effective number of alleles, Shannon’s Information index, observed
and expected heterozygosities values. However, there was a considerable
reduction in observed number of alleles and proportion of polymorphic loci in
plantation with respect to seed orchard considering the standart errors of the
estimates. Although there were differences in seed orchard and plantation, seed
stand’s genetic diversity parameters were in close range with its seed orchard and

plantation (Table 4.4).

Balikéy: Same pattern was observed for Balikdy location i.e. genetic diversity

parameters had its lowest values (except for Ho) in plantation but highest values
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in seed orchard. Considering the standard errors of the estimates, there were
major differences in allelic richness, observed heterozygosity, Shannon’s
Information index and proportion of polymorphic loci values between plantation
and seed orchard. Yet, seed stand and seed orchard were notably different with

respect to observed heterozygosity (Table 4.4).

Daren: Genetic diversity parameters (allelic richness, Shannon’s Information
index, proportion of polymorphic loci and expected heterozygosity) had its
lowest values in seed orchard but highest values in seed stand. However,
observed heterozygosity was lowest in seed stand and highest in seed orchard.
However, there was no considerable difference between categories except for a
slight decrease of proportion of polymorphic loci in seed orchard than seed stand

and plantation (Table 4.4).

Hocalar: All genetic diversity parameters (except for Ho) had its lowest values
in seed orchard but highest values in seed stand. Considering the standard errors
of the estimates, there was no variation in genetic diversity parameters among

categories (Table 4.4).

In order to define genetic resemblance of seed sources, location based
dendrograms were also constructed to compare seed sources from the same location

(seed orchards and plantations originated from the respective seed stands) (Figure 4.1).

For Hocalar and Daren locations, seed stands seemed to be at the same distance

to seed orchard and plantation.

On the other hand, for Balikdy location seed orchard was genetically closer to

plantation than seed stand.

For Burhandag, plantation and seed orchard was closer to each other, but seed

stand seemed to be distant to both seed sources (SO and P).
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Balikoy
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Burhandag
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Figure 4.1. Dendrograms based on Nei’s genetic distance values for seed sources

considering locations

4.2.2. F-Statistics

Wright’s F-Statistics were also employed to investigate the pattern of genetic
variation in each population and if any deviation from Hardy-Weinberg expectations in

gene frequencies may occur (Wright, 1969; Nei, 1987) (Table 4.6).

Fixation index values within sub-populations (Fis) for seed stands, seed
orchards, plantations and varieties were estimated as to be 0.25, 0.36, 0.34 and 0.33,
respectively (P<0.001). All estimated Fis values were negative indicating that within
subpopulations among categories; heterozygotes were 25 to 36% higher than expected.
Since all estimated Fis values were statistically significant, it could be infered that there

are significant deviations from Hardy-Weinberg expectations within subpopulations.
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Table 4.6. Summary of F-statistics

Sample Size Fis Fir Fst Nm
Seed stands 200 - 0.25%* - 0.18%** 0.06%** 3.9
Seed orchards 200 - 0.36%** - 0.28%%** 0.05%** 4.15
Plantations 200 - 0.34%%* - 0.25%** 0.06%** 3.7
Varieties 54 - 0.33%%* - 0.25%%* 0.06%** 3.5

(***: p<0.001)
Fis: Fixation index within subpopulations
Fir: Total fixation index
Fgr: Genetic differentiation
Nm: Gene flow

Total fixation index values (Fir) were estimated to be 0.18, 0.28, 0.25 and 0.25
for seed stands, seed orchards, plantations and varieties, respectively. All of the Fir
values were also negative and highly significant, claiming that there are significant

deviations from Hardy-Weinberg expectations.

The reduction in fixation index due to genetic differentiation among
subpopulations (Fsr) was also estimated. All of the Fsr values were similar for seed
source categories and highly significant (P<0.001), indicating that at least one of the
populations in each group has been differentiated significantly from others. For instance,
genetic differentiation of seed stands was 0.06 showing that 6% of the genetic variation

is between seed stands and 94 % of the variation is within seed stands.

Gene flow values were also estimated by means of Fsr values. Gene flow
estimates were in close range among seed source categories and ranged from 3.5 for the
varieties to 4.15 for seed orchards. Since all Nm values are larger than 1, it is expected

that gene flow among populations is sufficient to prevent genetic drift.
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4.2.3. Genetic Distance

Nei’s unbiased genetic distance values were calculated for seed source pairs in
each category to reveal the degrees of relatedness among seed sources (Nei, 1972). This
value ranges between “0 and 1” and 0 distance is equivalent to no difference. Genetic
distance values were calculated for seed stands, seed orchards, plantations and seed
stands vs. varieties and natural population seperately (Table 4.7, 4.8, 4.9, 4.10, 4.11).
Dendrograms were constructed by using Nei’s genetic distance values by Neighbor

Joining method.

Seed Stands: Genetic distance values of seed stands infer that Burhandag and
Balikdy, and Daren and Hocalar are the most closely related seed stands (D=0.04). On
the other hand, Burhandag and Hocalar are the most distant seed stands (D=0.07) (Table
4.7).

Table 4.7. Nei’s Unbiased Genetic Distance Values for Seed Stands

Burhandag Bahkoy Daren Hocalar
Burhandag koAskok
Balikoy 0.04 koK
Daren 0.06 0.05 otk
Hocalar 0.07 0.06 0.04 *okok ok

Seed Orchards: Estimated genetic distance values for SOs showed parallel
results to the magnitude observed in seed stands. But the most close and distant seed
sources were different. Balikdy and Hocalar are the most closely related seed orchards
(D=0.03), but Hocalar and Daren are the most distant seed orchards (D=0.08) (Table
4.8).
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Table 4.8. Nei’s Unbiased Genetic Distance Values for Seed Orchards

Burhandag Bahkoy Daren Hocalar
Burhandag otk
Bahkoy 0.04 otk
Daren 0.07 0.06 Rl
Hocalar 0.05 0.03 0.08 oAk

Plantations: Genetic distances among seed sources were in similar magnitude

with those observed in SSs and SOs. But the most close and distant seed sources among

plantations followed a different pattern. The most closely related plantations are Balikdy

and Daren; Burhandag and Balikdy; Burhandag and Daren (D=0.04); on the other hand

Balikoy and Hocalar are the most distant plantations (D=0.08) (Table 4.9).

Table 4.9. Nei’s Unbiased Genetic Distance Values for Plantations

Burhandag Balikoy Daren Hocalar
Burhandag Hokokk
Bahkoy 0.04 kil
Daren 0.04 0.04 otk ok
Hocalar 0.07 0.08 0.06 ks

In addition,

seed sources were grouped on the basis of origins of the seed

sources and genetic distances among them were estimated again (Table 4.10). For
Burhandag, D ranges from 0.04 to 0.14; for Balikdy 0.05-0.10; for Daren 0.06-0.08 and
for Hocalar 0.07-0.09.
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The most genetically identical seed sources were Burhandag-SO and
Burhandag-P (D=0.04) and the most distant ones are Burhandag-SS and Burhandag-P
(D=0.14). Similar pattern was also observed in Balikdy seed sources that SS and P were

genetically more distant than SO and P.

Table 4.10. Nei’s Unbiased Genetic Distance Values for 4 origins

LOCATION |SEED SOURCE| SEED STAND SEED PLANTATION
ORCHARD

Burhandag Seed Stand ok

Seed Orchard 0.09 k%

Plantation 0.14 0.04 w3k
Balikoy Seed Stand kK

Seed Orchard 0.07 *K*

Plantation 0.10 0.05 *kk
Daren Seed Stand *oxk

Seed Orchard 0.08 Hkk

Plantation 0.07 0.06 stk
Hocalar Seed Stand ook

Seed Orchard 0.08 Hkk

Plantation 0.07 0.09 ok ok

For the second set of experiments (natural populations versus varieties) genetic
distance values were also estimated (Table 4.11). Burhandag and Balikdy was the most
closely related seed sources (D=0.04). On the other hand, Dursunbey and Daren seemed
to be the most distant seed sources (D=0.26). Genetic distance between varieties and
other seed sources were consistently high. Alos, Dursunbey population seem to be

genetically distant to all seed sources.

69



Table 4.11. Nei’s Unbaised genetic Distance Values for Natural Populations (Seed

Stands) versus Varieties

Burhandag |Balikoy [Daren (Hocalar [Dursunbey | Var. Seneriana|Var. Pyramidata
Burhandag oAk
Balikoy 0.04 ol
Daren 0.06 0.04 | #xxx
Hocalar 0.08 0.06 | 0.06 [ ****
Dursunbey 0.23 024 | 026 | 0.24 HokEE
Var. 0.14 0.13 | 0.15 | 0.13 0.19 oAk
seneriana
Var. 0.15 0.14 [ 0.14 | 0.11 0.15 0.07 otk
yramidata

4.2.4. Phylogenetic Trees

Dendrograms were constructed using Nei’s genetic distance values by the

Neighbor-Joining method.

Seed sources were grouped as seed stands, seed orchards and plantations to
investigate the pattern of genetic resemblance among seed sources within the seed
source category (Figure 4.2). All bootstrap values in dendrograms were high, claiming
that groupings are highly significant. Seed stands’ dendrogram had 3 groups: first one
contained Burhandag and Balikdy seed stands; second and third ones had Daren and

Hocalar seed stands (Figure 4.2a).

Seed orchards’ dendrogram had also 3 arms: first containing Burhandag and
Daren seed orchards; the second and the third arms were Balikdy and Hocalar. The
pattern of genetic resemblance among seed sources within the SO group was diffrent

than that of SSs (Figure 4.2b).

The pattern of genetic resemblance within plantation group was similar to the

seed stand group (Figure 4.2c).
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Daren
100 Hocalar
Burhandag
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b) Seed Orchards
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Burhandag
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0.01 Balikoy

Figure 4.2. Dendrograms based on Nei’s genetic distance values for seed stands,

seed orchards, plantations
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Another dendrogram was constructed for natural populations versus varieties
(Figure 4.3). In this dendrogram, two varieties formed a distinct group from other
natural stands and reference population (Dursunbey) was also diverged from other

natural populations.

Dursunbey

Hocalar-SS

e & Daren-SS

34
Burhandag-SS

b |
o

Balikoy-SS

var. seneriana

97
0.01 L—— var. pyramidata

Figure 4.3. Dendrogram based on Nei’s genetic distance values for seed stands and

varieties
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CHAPTER YV

DISCUSSION

5.1. Genetic Structure of Seed Sources

Genetic characterization of Anatolian black pine seed stands, seed orchards,
plantations and varieties was accomplished by using RAPD markers. Allelic richness,
Shannon’s Information Index, observed and expected heterozygosity and proportion of

polymorphic loci values were estimated for all seed sources.
5.1.1. Genetic diversity

- Species Level:

Observed number of alleles is one of the components of the genetic variation.
The present study revealed that allelic richness values estimated was high (1.87-2) and
consistent with findings of other studies obtained with RAPD markers. Na was estimated
as 1.86 for Pinus brutia (Lise, 2001); 1.9 for Picea mariana (Isabel et al., 1995); 1.67-
1.89 for Picea glauca (Rajora, 1999); for Pinus brutia (Iggen et al., 2005).

Effective number of alleles estimated for all seed sources (1.65-1.75) were high
and in close range with findings of other studies. Ne was estimated as 1.47 and 1.48 for
Pinus brutia (Iggen et al., 2005; Lise, 2001); 1.46-1.69 for Picea glauca (Rajora, 1999)
and 1.9 for Picea mariana (Isabel et al., 1995). The actual or observed number of alleles
is equal to effective number of alleles when all alleles have the same frequency (Kimura
and Crow, 1964). Otherwise effective number of alleles is always smaller than observed
number of alleles since deleterious genes are not included in effective number of alleles.

In this study, mean effective number of alleles was lower than observed number of
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alleles as it was expected. Therefore, difference between seed source categories for
allelic richness values was not significant and results were consistent with findings of

other studies with RAPD markers in other conifer species.

Shannon’s Information Index values, was also high for the studied seed sources
(0.51-0.59). Similarly high results were reported by RAPD markers for Pinus brutia as
0.40 and 0.45 (Iggen et al., 2005; Lise, 2001); for Picea glauca 0.38-0.55 (Rajora,
1999).

Estimated expected heterozygosity values (0.47-0.55) were consistent with
findings of other RAPD marker studies. He was estimated as 0.34-0.44 for Pinus
sylvestris (Szmidt et al., 1996), 0.28 for Pinus brutia (iggen et al., 2005) and 0.26-0.38
for Picea glauca (Rajora, 1999). Observed heterozygosity values (0.36-0.41) was higher
than findings of other RAPD marker studies. For example, estimated Ho values were
0.23 and 0.25 for Pinus brutia (Lise, 2001; i¢gen et al. 2005), and 0.34 for Picea
mariana (Isabel et al., 1995). This difference may be caused by different sample size
and number of loci detected with different studies. These parameters may also result in
different genetic diversity values even with the same marker type (Szmidt et al., 1996;
Aagaard et al.1998). In this study, sample size and polymorphic loci number were
considerably high when compared to previous studies (Szmidt et al., 1996; Rajora, 1999;
Isabel et al., 1995). In addition, observed heterozygosity values were slightly higher than
the expected heterozygosities. It was also reported in a study with isozyme variation of

Anatolian black pine populations from Bolkar mountains (Tolun ez al. 2000).

Proportion of polymorphic loci, which is another measure of genetic variation,
calculated as 93% on the average. This value was high when compared to other Pinus
species. P is calculated as 88% for Pinus sylvestris; 77 % for Pinus brutia; 82.78% for

Pinus oocarpa (Szmidt et al., 1996; i¢gen et al., 2005; Diaz et al., 2001).

Genetic diversity measures estimated in this study reveals that genetic variation
is considerably high for studied Anatolian black pine seed sources. Since this is the first
population genetics study for black pine with RAPDs, results could only be compared

with other Pinus species and conifers. Observation of high genetic diversity based on
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RAPD markers in the current study should not be a surprise since previous studies also
revealed that black pine show evidence of substantial variation not only in the molecular
level, but also in morphological, anatomic, physiologic and genetic traits (Kaya et al.,
1985; Alptekin, 1986; Matziris, 1989; Portfaix, 1989; Economou, 1990; Isik, 1990;
Kaya ve Temerit; 1994; Simsek e al., 1995; Ucler and Giilcii, 1999).

In addition to that, several studies carried out with isozyme variation also
support the existence of high level of genetic diversity in black pine in general and
Anatolian black pine populations (Table 5.1). Results of those studies revealed that
black pine exibits a pattern of genetic diversity characterized by high intra-population
and moderate degree of inter-population diversity, which results in a high total diversity.
The considerable intra-population diversity of the species is consistent with the findings
of Hamrick and Godt (1989) that gymnosperms, long-lived trees, outcrossing species,
and species with high fecundity are associated with high intra-population genetic

diversity. All of these are also life history characteristics of of Anatolian black pine.

However, the effects of life history characteristics are usually surpassed by
historical factors operating during the last glacial and inter-glacial periods i.e. during the
Pleistocene and Holocene (Ledig, 1998a). Genetic variation patterns are influenced by
the effects of climate change on population size and the migration of species in space
and time via seed dispersal. Turkey’s geologic and climatic history and its role as a
glacial refuge for many species during the Pleistocene, could explain high levels of
genetic variation in conifers occurring there. A continued warming and drying trend in
the early Holocene caused expansion and then fragmentation of conifer populations but
then conversion of forests to agriculture. Nevertheless, long distance colonizations
(founder effects) did not come with these events; and surviving populations’ diversity

probably has not been reduced since these events are recent enough.
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Table. 5.1. Genetic diversity parameters estimated by isozyme markers for black

pine
REFERENCE Sample | Locus | Na %P | Ho | He Fir Fgr Nm
Size No
Black Pine
Nicolic and Tucic (1983)| Bulk 4 3.02 | 66 0.27 13
Scaltsoyiannes et al. Bulk 16 2.02 | 70 0.20 0.06%*
(1994)
Silin and Goncharenko 203 24 2.9 66 1024| 0.25 -0.004 0.13 19
(1996)
Anatolian black pine
Cengel et al. (2000) 315 29 1.67 | 56.6 |[0.15] 0.26 0.41 0.06 3.7
Tolun et al. (2000) 190 24 1.55 | 48 10.25] 0.21 -0.22 0.06 7.5

*:GST

Therefore, possible explanations of high genetic diversity for Anatolian black
pine seed sources are life history characteristics and adaptation mechanisims to the
micro-environments which are prevailing in natural range of species (Kaya and Temerit,

1994).
- Varieties versus natural populations

Genetic diversity parameters estimated for natural populations (seed stands)
versus varieties were considerably different. Considering the standard errors of the
estimates, except for expected and observed heterozygosity, all estimated genetic
diversity parameters were considerably higher in seed stands than varieties. Although,
varieties had lower levels of variation when compared to seed stands, it was expected to
observe much lower values; because, these populations are considered as varieties which
undergo speciation process. Since the sample size was low, reasons for reduction in
allele number and polymorphism can not be distinguished. Further analyses based on

larger samples are needed to confirm results. There may be some other reasons to cause
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differentiation of those varieties such as mutation coupled with strong natural selection.
There appear to be still gene exchange occurring between varieties and natural stands
nearby, since there is still considerable amount of genetic diversity existing in small
populations of these varieties. Another explanation may be that mutation occurred only
in the genes controlling the stem and branching form and so speciation process is still

operating.

Further investigations are needed to throw light on the connection between
genetic divergence, geographical isolation and genetic diversity of Anatolian black pine
varieties. In many cases, RAPDs allow discrimination between species, subspecies,
varieties, cultivars, clones and are useful for the establishment of genetic relationships at
these taxonomic levels (Adams and Demeke, 1993; Morell et al., 1995; Millan et al.,
1996; Nesbitt et al. 1997; Hsiang and Huang, 2000; Gallois et al., 1998). In addition,

different marker systems could also be used such as chloroplast markers.
- Seed Stands, Seed Orchards and Plantations

Allelic richness, Shannon’s Information Index, proportion of polymorphic loci
and heterozygosity estimates were almost the same for all seed source categories, so
there was no considerable variation observed between seed source categories. However,
there was considerable variation within seed source categories. Number of observed

alleles was significantly different within seed orchards and within plantations.

In terms of observed heterozygosity, there was no major variation between seed
source categories and within seed sources. For all seed sources, observed heterozygosity

estimtes were larger than expected heterozygosity values.

Although there was no variation between seed source categories, proportion of
polymorphic loci was considerably different within seed source categories. Large
deviations were observed within seed orchards (91-100) and plantations (87-97).
Proportion of polymorphic loci was higher in seed stands and seed orchards than
plantations. Higher proportion of polymorphic loci values were expected for seed

orchards and reduction in plantations was expected and can be explained with sampling
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and nursery practices. The studied plantations have been established from nursery raised
seedlings originating from bulk seeds from respective seed stand. The details of the seed
collections, and the nursery and seedling-handling conditions are not always well
known. It may be possible that the seeds for those plantations have come from a
relatively small number of seed trees. Seeds could be collected in a poor seed crop year
or seed stands were not sampled adequately; which would narrow their genetic base.
Nursery raised seedlings are subject to a number of selective forces that may also affect
genetic diversity. Daren and Hocalar plantations represent best their natural
counterparts. In fact, genetic diversity residing in all natural populations was
successfully captured all in seed orchards and plantations, since these values are
considerably high compared to other species. Proportion of polymorphic loci was
estimated as 88% for Pinus sylvestris (Szmidt et al., 1996), 77 % for Pinus brutia (Iggen
et al., 2005) and 82.78% for Pinus oocarpa (Diaz et al., 2001).

- Location based comparisons

In Burhandag location, genetic diversity parameters had its lowest values (except
for Ho) in plantation but highest values in seed orchard. Although there was no
considerable difference between seed stand, seed orchard and plantation of the same
origin, there was a considerable reduction in observed number of alleles and proportion

of polymorphic loci in plantation with respect to seed orchard.

In Balikoy, all genetic diversity parameters had its lowest values (except for Ho)
in plantation but highest values in seed orchard and all these differences were important.
In addition, seed stand and seed orchard was considerably different with respect to

observed heterozygosity.

In Daren location, there were no major difference between genetic parameter
estimates for seed stand, seed orchard and plantation except for a slight decrease in

proportion of polymorphic loci in seed orchard.
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In Hocalar location, all genetic diversity parameters (except for Ho) had its
lowest values in seed orchard but highest values in seed stand, however, these

differences were not meaningful.

Therefore, on the basis of location based comparisons, there were considerable
differences between natural (seed stands) and managed seed sources (plantations) of

Burhandag and Balikdy origins.

In Daren and Hocalar origins, there were no variation between seed source
categories. Therefore, there was no sign of any effect of forest management activities on

managed seed sources such as seed orchards and plantations.
5.1.2. F-Statistics

The inbreeding coefficients (Fis, Fir) or fixation indices are direct measures of
the increase in homozygosity due to inbreeding (Wright, 1969). Fis measures the degree
of inbreeding within a subpopulation; Fir measures the degree of inbreeding when the
subpopulations are lumped into a single population. These measures also demonstrate

any deviation from the Hardy-Weinberg expectations in heterozygosity.

Estimated Fis which is the degree of inbreeding within a subpopulation, were all
negative, stating that in all seed source categories heterozygosity was more than
expected. Moreover, all Fig values were statistically significant at the P<0.001 level.
While seed orchards, plantations and varieties exhibit similar level of inbreeding
coefficient though seed stands had a much lower value (-0.25). These results revealed
that within each seed stand heterozygotes are 25% higher than expected. Similar
negative Fig values were obtained for Pinus sylvestris (Szmidt et al., 1996), Pinus brutia

(Ozel, 2001), Picea mariana (Isabel et al., 1995) as -0.26, -0.30, -0.13 respectively.

Fir measures estimated in this study infer that seed stands as a group have 18%
excess heterozygosity and other categories also have the excess of heterozygosity with

larger magnitudes 26 % for seed orchards and 25% for plantations.

Excess heterozygosity can be caused by negative assortative mating and

selection against homozygotes (El-Kassaby et al., 1987; Fady and Conkle, 1993). In

79



conifers, inbred individuals commonly express inbreeding depression and are removed
from the population during the early stages of life (Eriksson et al., 1973). Strong
selection against the more homozygous, relatively inbred individuals at the early stages
is the likely cause of the negative fixation index observed in the current study as well as
in previous studies (Szmidt and Muona, 1985; Plessas and Strauss, 1986; Szmidt et al.,

1996; Tolun et al., 2000).

Fsr values were at the similar magnitude between seed source categories that
can be used to partition variation among and within populations. For example, seed
stands’ Fsr value indicated that 6% of the total variation is between the seed stands and
94% of the variation is within the seed stands. This is similar to other studies’ findings
that conifers exhibit high level of genetic variation within populations (Szmidt et al.,
1996; Isabel et al., 1995; Thomas et al., 1999). Our results indicate that the majority of
genetic diversity is contained within populations, but there is moderate levels of
differentiation among populations, as indicated by Wright (1978) for Fsr values between

0.05-0.15 (Hartl and Clark, 1997).

The distribution of genetic variation among populations can be used to estimate
amounts of gene flow (Nm) among populations that is the number of immigrants per
generation. When Nm < 1, populations begin to differentiate due to genetic drift; and
Nm < 0.5, populations will diverge extensively as a result of drift (Wright, 1969). It can
not be ignored, since low levels of gene flow allow higher levels of differentiation
among populations. In this study, all categories of populations had significant amount of
gene flow to prevent genetic drift. This is also consistent with the other forest tree
species. Almost all estimates by both population genetic structure methods and paternity
methods suggest that conifers have moderate to high levels of gene flow sufficient to
prevent drift (Govindaraju, 1989; Adams and Birkes, 1990; Ledig 1998b). Since forest
trees are highly outcrossed, forest geneticist should operate under the assumption that
gene flow is probably present and should be monitored if it is expected to have an

impact on a management program (Ellstrand, 1992).
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Interestingly, estimated gene flow (Nm) for varieties was found to be 3.5 which

is high enough to slow down speciation process of varieties.
5.1.3. Genetic Distance and Dendrograms

Estimates of Nei’s genetic distance values (1972) among seed sources as well
as seed source categories were determined and genetic relationships among them are

depicted in dendrograms.

The genetic distance values of seed stands were higher than the previous studies
findings such as 0.026-0.1 (Iggen et al., 2005) and 0.025-0.057 for P. brutia (Lise,
2001).

Dendrograms constructed for seed stands revealed that Burhandag and Balikoy
are the most closely related seed stands. These seed stands are not only genetically, but
also geographically closest seed sources when compared to others. Although plantations’
dendrogram also reflects the same situation, seed orchards’ dendrogram interestingly
showed a different pattern. Plus tree selection practices may have better captured the
genetic diversity in natural stands than seed collections which are made periodically for

plantations.

Location (origin) based dendrograms revealed that, in terms of maintaining
genetic diversity at seed stands, seed orchards and plantations, the best forestry practices
have been carried out at Hocalar location. Since each seed source category was in same
proximity to each other for this locality. In Burhandag, Balikdy and Daren locations;
seed orchards seem to be closer to plantations than seed stands. Therefore, the present
results suggest that nursery, clonal selection and seed collection practices may cause
some genetic alteration in seed orchards and plantations using seeds from such seed

SOources.
5.2. Genetic Consequences of Forestry Practices

This study aimed to test whether some forestry practices such as selection of

seed stands, establishment of seed orchards and plantations could alter the genetic
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composition of Anatolian black pine forests. Estimated genetic diversity parameters
appeared to be similar between seed source categories studied inferring that forestry
practices did not cause major negative impact on natural and breeding populations of

Anatolian black pine.

Forest management activities relying on natural or artificial regeneration
systems, including tree breeding can extensively impact the genetic diversity of forest
populations in the future (Rajora, 1999). However, effects of forest management and
domestication on genetic makeup of forest trees are largely unknown. However,
properly applied silvicultural treatments need not cause genetic degradation. Several
studies confirmed this statement (Neale, 1985; Gomory, 1992; Savolainen and

Karkkainen, 1992).

Seed orchards are actually tree-improvement selections which are made for the
desired characteristics such as: height, diameter, stem form, taper, crown shape etc. Thus
their genetic base expected to be narrower. However, genetic diversity parameters
estimated for seed orchards were in close range with seed stands and plantations. Only
variation was observed for observed heterozygosity, in which, there was a slight increase
in seed orchards than seed stands and plantations. In other conifers, seed orchard clones
or advanced-generation breeding stocks have been found to have a genetic diversity
comparable to or even higher than that of the natural counterparts (reviewed in

Savolainen and Karkkainen, 1992; El-Kassaby, 1995).

For sustainable management of species, genetic base of the tree improvement
selections needed to be broadened. Either clone numbers must be increased or multiple
breeding populations should be maintained (Namkoong, 1984). Another concern over
seed orchards is the loss of alleles due to small sample sizes. When seed orchards are
established with a limited number of parents, genetic drift depletes genetic variation very
slowly, at a rate of 1/2Ne per generation (where Ne is the effective population size)
(Savolainen and Karkkainen, 1992). It is evident that seed orchards with even moderate
number of clones or genotypes will lose very little of the expected heterozygosity in one

generation, however, regenerated forests or plantations are not going to continue with
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small population size. Additive genetic variation behaves as expected heterozygosity,
and it is likely to be preserved to a high degree. However, some of the genetic variation
may be in the form of rare alleles; e.g. disease resistance. Seed orchards typically
contain low numbers of clones that even fairly common alleles are lost (Hattemer et al.,
1982). However, empirical results on variation in natural stands and seed orchards
confirm that expected heterozygosity is similar in natural and managed populations

(Muona and Harju, 1989; Yazdani ef al., 1985; Shaw and Allard, 1982; Neale, 1985).

Second stage of loss of gene diversity in seed orchards occur when there is
unequal contribution of gametes by the orchard parents (Harju, 1995). Studies indicate
that truly random mating does not happen in the seed orchard, because 80 % of the seed
is typically produced by 20% of the clones (Johnson and Lipow, 2002). Although
various factors contribute to the unequal reproductive contribution of parents, they all

reduce genetic diversity in the resulting seed orchard.

Our results suggests that, number of plus tree clones (25) used in the
establishment of Anatolian black pine seed orchards was enough to maintain the high
level of diversity in seed orchards since Anatolian black pine maintains high levels of
genetic diversity within populations, if these numbers could be maintained in the future

breeding and plantation program.

Although the genetic diversity of the plantations studied was comparable, our
results suggests that their genetic base may be different because dendrograms
constructed with genetic distance values based on origins produced conflicting results
for 2 origins (Burhandag and Balikdy). In order to maintain genetic diversity in
plantations their genetic base needs to be broadened and seed collections need to be
monitored so that the seed is a mixture from a large number of trees. Therefore, seeds
must be collected in a good crop year, from large number of trees as much as possible.
In addition, generally, these plantations are established with nursery raised seedlings as
in our case. Nursery raised seedlings are subject to a number of selective forces that may

also affect genetic diversity, so they should be monitored carefully.
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There are several studies, examining the impact of forestry practices such as
selection of seed stands, silviculture, and breeding on genetic diversity, produced diverse
results. Johnson and Lipow (2002) summarized results of the 14 allozyme studies
comparing genetic variation between seed orchards and natural populations. In general,
seed orchards retain most of the genetic variation present in their natural counterparts. In
most studies allelic richness and proportion of polymorphic loci values did not differ

significantly between groups.

Genetic diversity within a white spruce (Picea glauca) seed orchard (40 clones)
and a jack pine (Pinus banksiana Lamb.) seed orchard (31 clones) was assessed and
compared with genetic diversity in natural populations within the source area for the
orchards (Godt et al., 2001). Gene diversity maintained within the seed orchards
(He=0.157 for white spruce and 0.114 for jack pine) was similar to that found within the
source area (H.=0.164 and 0.114 for white spruce and jack pine). Mean genetic identities
between the seed orchards and their natural populations were high (>0.99), indicating
that common allele occurrences and frequencies were similar between the orchards and

their source area.

As in the case of our study, other studies involving the direct comparison of
genetic variation within seed orchards and natural populations generally confirm similar
genetic variation (Knowles, 1985; Chaisurisri and El-Kassaby; 1994; El-Kassaby and
Ritland, 1996; Schmidtling and Hipkins, 1998; Godt ef al., 2001).
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CHAPTER VI

CONCLUSION

The results of this study demonstrated that RAPD markers have considerable
practical utility in monitoring changes in genetic diversity of Anatolian black pine

natural seed sources as well as managed populations due to forestry practices.

One clear result to emerge from this study is that; estimated genetic diversity
parameters; which are allelic richness, Shannon’s information index, proportion of
polymorphic loci and heterozygosity values, were found to be generally high in studied

Anatolian black pine seed sources.

Current study has shown that the loss of genetic variation through inadequate
sampling does not appear to have taken place in any of the managed seed sources.
Therefore, in general, forestry practices seem to be capturing the existing genetic
diversity in natural populations (seed stands) for seed orchards and plantations.
Nevertheless, seed sources at different categories for some localities had altered genetic

structure that requires specific monitoring during different stages of forestry practices.

Our results indicate that the majority of genetic diversity is contained within
Anatolian black pine seed sources but there is still appreciable differentiation among
seed sources, that is, studied seed sources are characterized by high intra-population

variation.

The present data demonstrate that number of plus tree clones (25) used in the
establishment of seed orchards was adequate to capture the high level of diversity in
seed orchards at least at the early stages of the breeding program of Anatolian black
pine. But in the future, selection and advance breeding activities will cause reduction of

number of clones in seed orchards; therefore number of clones should be increased.
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Genetic diversity parameters estimated for two varieties of Anatolian black pine
also imply considerable genetic variation in those seed sources. They formed a distinct
cluster in dendrogram, claiming that these two seed sources are appreciably different
from natural stands. However, further study is needed to illustrate these differences with

larger samples or different genetic markers.
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APPENDIX A

CHEMICALS AND SUPPLIERS

2-mercapto ethanol

Acetic acid (glacial)

Agarose

BSA (Bovine Serum Albumin)
Bromophenol blue

Chloroform

dNTP Set (Molecular Biology Grade)
EDTA

Ethidium bromide

Formamide

Gene Ruler™ 100bp DNA Ladder Plus
Hoechst 33258 Dye

1-Octanol

Potassium acetate

Sodium acetate

Sodium chloride

SDS (Lauryl sulfate)

Taq DNA polymerase (Recombinant)
Trisma Base

Tween 20
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Sigma M6250

Merck 1.00056

Prona / Basica le

Sigma B6917

Sigma B-8026

Merck 1.02431

MBI Fermentas R0185
Sigma E4884

Sigma E-8751

Sigma F-7503

MBI Fermentas SM0321
Pharmacia-Biotech 80-6226-87
Sigma O-4500

Merck 1.04820

Merck 1.06265

Baker 0278

Sigma L-5750

MBI Fermentas EP0406
T 1503

Baker 7374



APPENDIX B

SOLUTIONS FOR DNA QUANTIFICATION

10 X TNE Buffer

(1000 ml, buffer stock solution)

100 mM Tris 12.11¢g
10 mM EDTA Na,.2H,0 372 ¢g
2 M Na(Cl 116.89 g

- Dissolve in 800 ml distilled water.

- Adjust pH to 7.4 with concentrated HCI.
- Add distilled water to 1000 ml.

- Filter before use (0.45 um)

- Store at 4°C for up to 3 months.

Hoechst Dye Stock Solution (10 mg/ml Hoechst H 33258)

- Add 10 ml distilled water to 10 mg H33258.
- Do not filter

- Store at 4°C in an amber bottle up to 6 months.

Assay Solution: Low range (A)

(10 to 500 ng/ml final DNA concentration)
0.1 pg/ml H 33258 in 1XTNE (0.2M NaCl, 10mM Tris-Cl, ImM EDTA, pH 7.4)

H33258 stock solution 10 pl
10 X TNE buffer 10 ml
Distilled filtered water 90 ml
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DNA Standard for Low Range

1:10 dilution (100 pg/ml) of 1 mg/ml DNA standard stock solution.

Mix:
1 mg/ml DNA standard stock 100 ul
10 X TNE buffer 100 ul

Distilled water 800 pl
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APPENDIX C

A PART OF THE POPGENE DATA FILE

/* Diploid RAPD data Set */

Number of populations = 2

Number of loci = 25

Locus name :

121-1 121-2 121-3 121-4 121-5 121-6 121-7 121-8 121-9 121-10 121-11 121-12
131-1 131-2131-3 131-4 131-5 131-6 131-7 131-8 131-9

144-1 144-2 144-3

POP BurM

BurM, AA BA BA BA AA BA BA BA AA BA BA BA BA AA BA AA BA BB BA BA BA BA BA BA BA
BurM, BA BA AA BA BA BA BA BA AA BA BB BA BA AA BA AA BA BA BA BB BA BA BA BA BA
BurM, BA BA AA BA BA BA BA BA AA BA AA AA BA AA BA AA AA BA BA BA BA BA BABA BA
BurM, BA BA AA BB BA BA BA BA AA BB BA BA AA AA AA AA AABA AABA AABA BA BB AA
BurM, BA BA BA BA BB BB BA AA BA BA AA AA BA AA AA AA BA BA AA BB AA BABA BA BA
BurM, BB BB AA AA BB AA AA BA AA BB BA AA AA AA AA AA BA BA BA BA AA AA BA BA BA
BurM, BA BA AA BA BA BA BA BA AA BA BA BA BB AA AA BA BB BB BA BB BA BA BA BA BA
BurM, BA BA AA BA BB BA BA BA AA BA BA AA BA AA AA BA BA BA BA BB BA BB BA BB BA
BurM, BA BA BA BB BA BA BA BA AA BA BA AA BA AA AA AA AA BA BA BB BA BA BA BA BA
BurM, AA BA AA BB BA BB AA BA AA BA BA AA BA AA AA BA BA BA BA BB BA BA AABB AA
BurM, BA BB AA BB AA BA AA BA AA BB AA AA AA AA AA AA BA BA BA BB BA BA AA BB AA
BurM, AA BA BA BA AA BA BA BB AA BA BA AA AA AA AA AA BA BA BA BB BA BA AA AA AA
BurM, BA BA BA BA BA AA BB BA AA BB AA AA BA AA BA AA BA BA AA BA AA BA AA AABA
BurM, AA BA AA BA BB AA BB BA AA BB AA AA AA AA BA AA AA BA AA BA AA BA AA AA AA
BurM, AA BA AA BB BA AA BB BA AA BA BA AA BA AA BA AA BA BA BA BB BA BB AA BA AA
BurM, AA AA AA BB BA BA BB BA AA BA BA BA BA AA BA AA BA BA BA BB BA BB AA BB AA
BurM, AA BA AA BB BA BA BB BA AA BA BA BA BA AA AA AA BA BA BA BB BA BA AABA AA
BurM, BA BB AA BB BB BA BB BA AA BA BB AA BA AA AA AA AA AA AA BA BA BB AABA BA
BurM, BA BA BA BA BA BA BA BA BA BA BA BA BA AA AA AA BA BB BA BA BA BA AA BABA
BurM, BA BB AA BA BA BA BA BA AA BB BA BA AA AA AA AA BA BA AA BA BA BA AABABA
POP BalM

BalM, AA AA AA BA BA BA BA BA AA BA AA BA AA AA AA AA AA BB AA BB BB BA AA BA AA
BalM, BA BA BA BA BA BB BA BA BA BA BA BA AA AA AA AA BA BB BA BA BB BB AA BA BA
BalM, AA BA AA BA BB BB AA BA AA BA BA BA BA AA AA AA BA BB BA BB BB BA AA BA AA
BalM, BA BA BA BB BA BB BA BB AA BA BA BA AA AA AA AA BA BB AA BA BB BA AA AA AA
BalM, AA BB AA BB AA BB BA BA AA BA BB AA BA AA AA AA BA BB BA BA AA BA AA BA AA
BalM, AA BA AA BB BA BB BA BA AA BB BA BA BA AA BA AA BA BA BA BA AA AA AABA AA
BalM, AA BA AA BA BA BB AA AA AA BB BB AA BA AA AA AA AA BB BABA AA BB AA BB AA
BalM, BA BA BA BB BA BB BA AA AA BB BA AA BB AA AA AA BA BA BA BA BA BA AABA AA
BalM, AA BA AA BB AA BA AA BB AA BA BB BA BA AA BA AA BA BA AA BA BA BA AABA AA
BalM, BA BA BA BA BA BB BA BA BA BA BB BA BA AA BA AA BA BA BA BA BA BA AA AA AA
BalM, AA BA AA BA BA BB BA BA AA BA BA AA BB AA AA AA BA BA AA BA BA BB AABA AA
BalM, BA BB AA AA BA BA BA BA AA BA AA BA BA AA AA AA AABA BA BA AABB AA BB AA
BalM, BA BA AA BA BB BA BA AA AA BA BA BA BA AA AA AA AA BA BA BA BA BAAABB AA
BalM, BA BA AA BA BA BB BA BA AA BB BA BB BA AA AA AA BA BA BA BA BA BB AABB AA
BalM, BA BA BA BA BA BA BA AA AA BB BA BA AA AA AA AA AA AA AA BA BA BA AABB AA
BalM, BA BA BA BA BB BA BB BA AA BA BA BA AA AA AA AA BA BA BA BB BA BA AA BA AA
BalM, AA AA AA BA BA BA BA AA AA BA BB BA AA AA AA AA BA BA BA BA BB BA AA BB AA
BalM, AA AA AA BA BB BA BA BA AA BA BB BB AA AA AA AA AA BA AA BA BA BA AABA AA
BalM, BA BA BA BA BA BA BA BA AA BB AA BA AA AA AA AA BA BA BA BA BB BA AABB AA
BalM, AA AA AA BA BA BA BA AA AA BB AA BB AA AA AA AA BA BA BA BA BA BA AA AA AA
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APPENDIX D

A PART OF THE POPULATIONS DATA FILE

/* Populations data Set */

121-1

121-2

121-3

121-4

121-5

121-6

121-7

121-8

121-9

121-10

121-11

121-12

131-1

131-2

POP BurM

BurM, 01:01 01:02 01:02 01:02 01:01 01:02 01:02 01:02 01:01 01:02 01:02 01:02 01:02 01:01
BurM, 01:02 01:02 01:01 01:02 01:02 01:02 01:02 01:02 01:01 01:02 02:02 01:02 01:02 01:01
BurM, 01:02 01:02 01:01 01:02 01:02 01:02 01:02 01:02 01:01 01:02 01:01 01:01 01:02 01:01
BurM, 01:02 01:02 01:01 02:02 01:02 01:02 01:02 01:02 01:01 02:02 01:02 01:02 01:01 01:01
BurM, 01:02 01:02 01:02 01:02 02:02 02:02 01:02 01:01 01:02 01:02 01:01 01:01 01:02 01:01
BurM, 02:02 02:02 01:01 01:01 02:02 01:01 01:01 01:02 01:01 02:02 01:02 01:01 01:01 01:01
BurM, 01:02 01:02 01:01 01:02 01:02 01:02 01:02 01:02 01:01 01:02 01:02 01:02 02:02 01:01
BurM, 01:02 01:02 01:01 01:02 02:02 01:02 01:02 01:02 01:01 01:02 01:02 01:01 01:02 01:01
BurM, 01:02 01:02 01:02 02:02 01:02 01:02 01:02 01:02 01:01 01:02 01:02 01:01 01:02 01:01
BurM, 01:01 01:02 01:01 02:02 01:02 02:02 01:01 01:02 01:01 01:02 01:02 01:01 01:02 01:01
BurM, 01:02 02:02 01:01 02:02 01:01 01:02 01:01 01:02 01:01 02:02 01:01 01:01 01:01 01:01
BurM, 01:01 01:02 01:02 01:02 01:01 01:02 01:02 02:02 01:01 01:02 01:02 01:01 01:01 01:01
BurM, 01:02 01:02 01:02 01:02 01:02 01:01 02:02 01:02 01:01 02:02 01:01 01:01 01:02 01:01
BurM, 01:01 01:02 01:01 01:02 02:02 01:01 02:02 01:02 01:01 02:02 01:01 01:01 01:01 01:01
BurM, 01:01 01:02 01:01 02:02 01:02 01:01 02:02 01:02 01:01 01:02 01:02 01:01 01:02 01:01
BurM, 01:01 01:01 01:01 02:02 01:02 01:02 02:02 01:02 01:01 01:02 01:02 01:02 01:02 01:01
BurM, 01:01 01:02 01:01 02:02 01:02 01:02 02:02 01:02 01:01 01:02 01:02 01:02 01:02 01:01
BurM, 01:02 02:02 01:01 02:02 02:02 01:02 02:02 01:02 01:01 01:02 02:02 01:01 01:02 01:01
BurM, 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:01
BurM, 01:02 02:02 01:01 01:02 01:02 01:02 01:02 01:02 01:01 02:02 01:02 01:02 01:01 01:01
BurM, 01:02 01:02 01:02 02:02 01:02 01:02 01:02 01:01 01:01 02:02 01:02 01:01 01:01 01:01
BurM, 01:01 02:02 01:01 01:02 01:02 02:02 01:02 01:01 01:01 01:02 02:02 01:02 01:01 01:01
BurM, 01:02 02:02 01:02 01:02 01:02 01:02 01:02 01:02 01:01 01:02 02:02 01:02 01:01 01:01
BurM, 01:02 02:02 01:01 01:02 01:02 01:02 02:02 01:02 01:01 02:02 02:02 01:02 01:01 01:01
BurM, 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:01
POP BalM

BalM, 01:01 01:01 01:01 01:02 01:02 01:02 01:02 01:02 01:01 01:02 01:01 01:02 01:01 01:01
BalM, 01:02 01:02 01:02 01:02 01:02 02:02 01:02 01:02 01:02 01:02 01:02 01:02 01:01 01:01
BalM, 01:01 01:02 01:01 01:02 02:02 02:02 01:01 01:02 01:01 01:02 01:02 01:02 01:02 01:01
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BalM, 01:02 01:02 01:02 02:02 01:02 02:02 01:02 02:02 01:01 01:02 01:02 01:02 01:01 01:01
BalM, 01:01 02:02 01:01 02:02 01:01 02:02 01:02 01:02 01:01 01:02 02:02 01:01 01:02 01:01
BalM, 01:01 01:02 01:01 02:02 01:02 02:02 01:02 01:02 01:01 02:02 01:02 01:02 01:02 01:01
BalM, 01:01 01:02 01:01 01:02 01:02 02:02 01:01 01:01 01:01 02:02 02:02 01:01 01:02 01:01
BalM, 01:02 01:02 01:02 02:02 01:02 02:02 01:02 01:01 01:01 02:02 01:02 01:01 02:02 01:01
BalM, 01:01 01:02 01:01 02:02 01:01 01:02 01:01 02:02 01:01 01:02 02:02 01:02 01:02 01:01
BalM, 01:02 01:02 01:02 01:02 01:02 02:02 01:02 01:02 01:02 01:02 02:02 01:02 01:02 01:01
BalM, 01:01 01:02 01:01 01:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:01 02:02 01:01
BalM, 01:02 02:02 01:01 01:01 01:02 01:02 01:02 01:02 01:01 01:02 01:01 01:02 01:02 01:01
BalM, 01:02 01:02 01:01 01:02 02:02 01:02 01:02 01:01 01:01 01:02 01:02 01:02 01:02 01:01
BalM, 01:02 01:02 01:01 01:02 01:02 02:02 01:02 01:02 01:01 02:02 01:02 02:02 01:02 01:01
BalM, 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:01 01:01 02:02 01:02 01:02 01:01 01:01
BalM, 01:02 01:02 01:02 01:02 02:02 01:02 02:02 01:02 01:01 01:02 01:02 01:02 01:01 01:01
BalM, 01:01 01:01 01:01 01:02 01:02 01:02 01:02 01:01 01:01 01:02 02:02 01:02 01:01 01:01
BalM, 01:01 01:01 01:01 01:02 02:02 01:02 01:02 01:02 01:01 01:02 02:02 02:02 01:01 01:01
BalM, 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:02 01:01 02:02 01:01 01:02 01:01 01:01
BalM, 01:01 01:01 01:01 01:02 01:02 01:02 01:02 01:01 01:01 02:02 01:01 02:02 01:01 01:01
BalM, 01:02 01:02 01:02 01:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:02 01:02 01:01
BalM, 01:02 01:02 01:02 01:02 01:02 02:02 01:02 01:01 01:01 01:01 01:02 01:01 01:01 01:01
BalM, 01:02 01:02 01:02 01:02 01:01 02:02 01:02 01:02 01:01 01:02 01:02 01:01 01:02 01:01
BalM, 01:02 01:01 02:02 02:02 01:01 01:02 02:02 01:01 01:01 02:02 02:02 01:01 01:01 01:01
BalM, 01:02 01:01 01:02 02:02 01:01 01:02 01:02 01:01 01:01 02:02 01:02 01:01 01:01 01:01
POP Durs

Durs, 02:02 02:02 01:02 02:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:02 01:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:02 01:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:02 01:01 01:01 01:02 01:02 01:02 01:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:02 01:01 01:01 01:01 01:02 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:01 01:02 01:01 01:02 01:02 01:01 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:01 02:02 01:01 01:02 01:01 02:02 01:01 01:01 01:02 02:02
Durs, 02:02 02:02 01:02 02:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:01 01:02 01:01 02:02 01:02 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:01 01:02 01:01 01:02 01:01 01:01 01:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:02 01:02 02:02
Durs, 02:02 02:02 01:02 02:02 01:02 02:02 01:02 01:01 01:01 02:02 01:01 01:02 01:02 02:02
Durs, 02:02 02:02 02:02 02:02 02:02 02:02 01:02 01:02 01:01 01:02 01:01 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 02:02 02:02 01:01 01:01 01:01 02:02 01:01 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:01 02:02 01:01 01:02 01:01 02:02 01:01 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:01 01:02 01:01 02:02 01:02 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:01 01:01 01:01 02:02 01:02 02:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:01 01:02 01:01 01:02 01:02 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 01:02 02:02 02:02
Durs, 02:02 02:02 02:02 02:02 02:02 02:02 01:01 01:02 01:01 01:02 01:02 01:02 02:02 02:02
Durs, 02:02 01:02 02:02 02:02 01:02 02:02 01:01 01:02 01:01 01:02 01:02 01:02 02:02 02:02
Durs, 02:02 01:01 02:02 02:02 01:01 02:02 01:01 01:01 01:01 01:02 01:02 01:01 02:02 02:02
Durs, 02:02 01:02 02:02 02:02 01:01 02:02 01:01 01:01 01:01 02:02 01:02 01:01 02:02 02:02
Durs, 02:02 01:02 02:02 02:02 01:01 02:02 01:01 01:01 01:01 01:02 01:02 01:02 01:02 02:02
Durs, 02:02 02:02 02:02 02:02 01:01 02:02 01:02 01:01 01:01 01:01 01:01 01:02 01:02 02:02
POP Vars

Vars, 02:02 02:02 02:02 02:02 01:02 02:02 01:02 01:02 01:01 01:02 01:02 02:02 01:01 01:01
Vars, 01:02 01:02 01:02 01:02 01:02 02:02 01:01 01:02 02:02 02:02 01:02 01:02 01:01 01:01
Vars, 01:02 01:02 01:02 01:02 01:02 02:02 01:01 01:02 02:02 02:02 01:02 01:02 01:01 01:01
Vars, 01:02 01:02 01:02 01:02 01:02 02:02 01:01 01:01 02:02 02:02 01:02 01:01 01:01 01:01
Vars, 02:02 01:02 01:02 02:02 01:02 02:02 01:01 01:01 02:02 02:02 01:02 01:01 01:01 01:01
Vars, 02:02 01:02 01:01 02:02 01:02 02:02 01:01 01:02 02:02 02:02 01:02 02:02 01:01 01:01
Vars, 02:02 01:02 01:02 01:02 01:01 02:02 01:02 01:02 02:02 02:02 01:02 02:02 01:01 01:01
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