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1 INTRODUCTION
1.1 General introduction

Trees are the largest plant species, major elements of forest ecosystems and basic ecological
models on Earth. In general, trees live a long time, preserve high levels of diversity and adapt
to local conditions (Petit et al. 2006). Forest trees make up a major part of ecological systems
and play important role in human society, as they provide various products, such as wood
materials for building and fuel consumptions. Approximately 30% of the world’s ice-free land
surface is covered by forests and woods (Council, N.R 1991). From an evolutionary viewpoint,
the characteristics of forest trees in terms of maintenance of genetic variation and adaptation to

environmental conditions should be an essential feature for future conservation efforts.

Understanding molecular basis and adaptation of species/populations is an important factor in
population genetics (Gonzales-Martinez et al. 2006), because genetic diversity is a keystone of
biological species. Diversity refers individuals, populations and species, and enables them to
adapt to varying environments (Amos and Hardwood, 1998). Indeed, genetic variation within
and among populations is fundamental for effective gene conservation issues (Eriksson et al.
1998). Besides, many tree species cover different geographical distribution ranges.
Accordingly, local adaptations of particular populations may occur in response to variant
selective forces under different environmental conditions, such as climate (Hedrick et al. 2006;
Kawecki & Ebert 2004).

In general, evolutionary genetic forces, such as genetic drift, mutation, selection and gene flow
shape levels of genetic diversity throughout long periods of time (Rajora et al. 2001). Perennial
plant populations, for instance, generally maintain high levels of genetic variation than shorter-
lived plant species, and are less likely to be altered by genetic drift (Hamrick et al. 1979). Life
history and ecological factors could be a plausible explanation for the presence of high levels

of genetic variation in forest tree populations (Hamrick et al. 1981).
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Unfortunately, most of the forests in the world are diminishing at unusual rate. Various
anthropogenic pressures and current deforestations have altered trees globally and led to
extinction of more than 10% of the world’s tree species (Oldfield et al. 1998; Petit et al. 2006).
As the status of forest trees is shifting globally, the genetic diversity within forest species also
has gained interest and concepts in forest genetics are getting much more essential for genetic
management (Ziehe et al. 1999). Because of changes in genetic structures of forest species, it
is required to sustain permanent efforts (Finkeldey & Ziehe, 2004). Therefore, maintaining
forest genetic resources gained much attention recently (Geburek and Turok, 2005) and is
becoming one of the important task for today’s world.

A variety of DNA-based molecular markers have been developed for assessment of genetic
diversity in forest trees. Molecular markers, such as Restriction Fragment Length
Polymorphisms (RFLPs), Random Amplified Polymorphic DNAs (RAPDs), Amplified
Fragment Length Polymorphisms (AFLPs) and microsatellites or Simple Sequence Repeats
(SSRs), are often used for genetic studies of plant sciences (Mondini et al. 2009). SSRs, among
these markers, are markers of choice in plant genetic studies because of their multiallelic nature,
codominant inheritance, relative abundance and easy detection by using Polymerase Chain
Reaction (PCR) (Thiel et al. 2003). As an alternative approach, expressed sequence tags (ESTS)
have received particular attention, and such efforts may provide a different source of SSRs that
combined with coding regions of the genome (EST-SSRs) (Eujayl et al. 2002). In the present
study, the patterns of genetic diversity, differentiation and analysis of spatial genetic structure
within and among natural walnut populations from walnut-fruit forests in the Kyrgyz Republic

is assessed by using gSSR and EST-SSR markers.

1.2 Biodiversity in Kyrgyz Republic

Biodiversity is the variety of species, populations, ecosystems and genetic diversity within and
among populations (Frankham et al. 2004). Biodiversity has a major role in ecosystem balance.
Actually, the biological diversity is quickly damaging by human activities. Consequently,

maintaining biodiversity for the survival of living organisms on the planet is urgently needed.
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The Kyrgyz Republic has valuable sources of biological diversity that occur mainly in
mountainous areas. The territory of the country is about 19.99 million ha (4.3% are forests,
4.4% - water surface, 54% - agricultural lands and 37.3% - other lands), almost 95% of the land
IS mountainous at more than 1500 m a.s.l and is located between two mountain systems (Tien
Shan and Pamir) (Orozumbekov et al. 2009). The mountainous region of the Kyrgyz Republic
covers varieties of ecosystems; however, only about 4 % covered with forested area. The
ecosystems include deciduous and evergreen forests, shrublands, grasslands, desserts, various
wetlands (Akimaliev et al. 2013).

The mountainous area, such as western Tien-Shan and southern Fergana region, is an original
place for many cultivated plant species (Dzunusova et al. 2008). There are four types of forests:
spruce forests (Picea schrenkiana, as a main species), walnut-fruit forests (Juglans regia, Malus
and Prunus sp.), and juniper (Archa) forests (Juniperus sp.). In the north of the country, forests
mostly consist of spruce and poplar; however, forests in the southern part, with drier climate,
occur in mixed types with walnut, maple, apple, cherry, plum, Crataegus and almond
(Orozumbekov et al. 2009) (Fig. 1).

The wild fruit and nut forests, particularly walnut-fruit forests in southern part of the country,
are stated to be the largest forest area in the present time, and gained special interest globally in
terms of genetic resources (Fisher et al. 2004). According to the Vavilov (1931, 1951), center
and origin of the Persian walnut (Juglans regia) is likely to be in the mountains of Central Asia,
but exact history of the walnut forests has been subject of debate. Unfortunately, all levels of
ecosystem are under anthropogenic pressures, including natural walnut forests in walnut-fruit
forests. For instance, during periods between 1897 and 1995, the total area of nut-fruit forests
(Persian walnut, pistachio, etc) decreased by 50% from 1,200,000 to 630,000 ha, including
approximately 20,000 ha of walnut forest trees (Ashimov, 1995 & 1998; Molnar et al. 2011).
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1.3 The Persian Walnut (Juglans regia)
1.3.1 Taxonomy and botanical aspects

The family Juglandaceae, known as walnut family, consists of seven genera and about 60
deciduous tree species located mostly in the Northern Hemisphere of both Old and New World
(Manos et al. 2001). Walnut trees belong to the genus Juglans L., usually the seeds of these
trees are known as walnuts. Besides genus Juglans L., Juglandaceae family consists of six more
genera that are commercially essential nut-producing trees, namely Carya Nutt., Oremunnea
Oerst., Platycarya Sieb and Zucc, Pterocarya Kunth., Engelhardia Lesche. Ex Blume and
Alfaroa Standl. (Manning et al. 1978). About 21 species are present in the genus Juglans (Miller
et al 1976; Manning et al. 1978), which are divided into four sections mostly based on
morphology and wood anatomy; Cardiocaryon Dode, Trachycaryon Dode ex Mann.,
Rhysocaryon Dode and Juglans. The Persian walnut (Juglans regia, literally “royal walnut”) is
well-known in this genus. In general, Juglans regia owns different names, such as Carpathian,
Himalayan and English walnut. In Kyrgyz Republic, for instance, J.regia is called “T'penxwuii

opex (Greece nuts)”.

One of the most extensive walnut forests are in Kyrgyz Republic, which are important genetic
resource for in situ conservation efforts (Hemery et al. 1998). J. regia is a large and deciduous
tree growing up to 35 m in the wild (Fig. 2) with tomentose juvenile shoots. It is a light-
demanding species, sensitive to winter and late spring frosts (Mohni et al. 2009). The root
systems of walnut trees are well-developed and deep that provide significant stress and drought
tolerance (Molnar et al. 2011). The leaves are alternate, 25-40 cm in long, odd-pinnate with 5-
9 leaflets (Fig. 2). The male flowers are in catkins of 5-10 cm in length, and the female flowers
are terminal (Fig. 3). The fruit is drupe-like and spherical, with a green pericarp, which releases
the nut when mature. All Juglans species produce edible nuts, although size and extrability
differ considerably. In fact, Juglans regia has impressive diversity in nut types (shape, size,
thickness, kernel, color, flavor, etc), and nuts are mainly sold in markets, known as bazaars
(Fig. 4; Fig. 5).



