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Abstract. Distribution of individual heterozygosity was studied in 9 natural populations of
Platanus orientalis L. in Bulgaria. The heterozygosity was assessed by using isoenzyme genetic
markers. The study of distribution of individual heterozygosity in populations is an indirect
indicator of the way of crossing and how much actual genetic structure of the populations
approaches the theoretically expected one. In the present study, the average number of
heterozygous loci per individual of all populations was 2.81 (21.58% of all tested loci). The results
show that, in general, in the studied populations of Platanus orientalis there is a crossing that is
close to the panmixia, corresponding to the model of "ideal population". This means that the
studied populations produce seed with high heterozygosity and may, if necessary, be used for
harvesting of seed materials for forestation purposes and for conservation of valuable gene pool
ex situ.
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Introduction

In most population genetic studies,
heterozygosity is used as an average measure
of genetic diversity in populations (in one locus
or on average of all loci) (Frankham et al,,
2002). In cross-pollinated plants, hetero-
zygosity is believed to be an evolutionary
advantage, i.e., heterozygous individuals have
higher  genetic  adaptability  (so-called
"overdominance") (Aidoo et al, 2002)
Therefore, in number of cases, besides the
average heterozygosity per locus and per
population the distribution of individual
heterozygosity is also of interest.

In plants, especially coniferous, the
growth of heterozygous individuals is often
better than that of homozygotes (Mitton &
Grant, 1980, 1984; Ledig et al., 1983; Ledig,
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1986, Bush et al, 1987), although inter-
relationships are complex and may depend on
the age of the population and the presence of
competition (Ledig et al., 1983; Linhart &
Mitton, 1985). In some species, a positive
correlation between heterozygosity and
fertility is reported (Linhart & Mitton, 1985;
Tomekpe & Lumaret, 1991). Based on an
isozyme analysis Schaal & Levin (1976) and
Wolff & Haeck (1990) demonstrated positive
correlations between the level of heterozygo-
sity and the size, fertility and longevity of the
plants, respectively, in Liatris cylindracea Michx.
and Plantago lanceolata L. For Gentiana
pneumonanthe L. Oostermeijer et al. (1995)
found that in a number of loci the hetero-
zygotes show significantly higher genetic
adaptability than homozygotes.
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For heterozygous individuals, there is a
tendency to have a lower dispersion of
morphological traits (Mitton, 1978). A positive
correlation between level of individual hetero-
zygosity with growth and growth variation in
American aspen (Populus tremuloides Michx)
has been established (Mitton & Grant, 1980), as
long as it has not been established in Pinus
ponderosa Dougl. ex Laws. and Pinus contorta
Dougl. (Knowles & Mitton, 1980; Mitton &
Grant, 1980). Positive dependence between
heterozygosity and biomass production was
found in Salix eriocephala Michx. (Aravano-
poulos & Zsuffa, 1998), but such was not found
in Salix exigua Nutt. (Aravanopoulos, 2000).

In many cases, including this study the
heterozygosity was assessed using isozymes
genetic markers. Although isozymes represent
a relatively small and apparently non-random
sample of the genome (Bergmann, 1991), they
are indicative of the average heterozygosity in
the populations. The isoenzyme genetic
markers were used successfully to assess the
individual heterozygosity of Norway spruce
(Lundkvist, 1979; Gomory, 1992), in Bulgaria
were applied to the Scots (Doncheva et al.,
2003) and black pines (Zhelev et al., 2010).

Lundkvist (1979) uses a theoretical model
of binomial distribution of individual
heterozygosity and establishes an increase in
the number of heterozygous loci per individual
with increased altitude and bimodal distri-
bution of individual heterozygosity (i.e., two
peaks distribution). Gomory (1988) developed
a model for the theoretical distribution of
individual heterozygosity, emphasizing that
binomial distribution can only be expected if
heterozygosity is the same in all loci, which in
the majority of populations is not met.
Applying the developed model Gomory (1992)
establishes statistically significant deviations
from the theoretical distribution for four
populations of Norway spruce in Slovakia and
bimodal distribution in some of the popu-
lations. A similar bimodal distribution was
also found by Doncheva et al. (2003) for Scots
pine populations in Bulgaria, but statistically
significant deviations between the expected
and observed distribution of heterozygosity
were not found in the 15 studied populations.
Zhelev et al. (2010) found that there is no

127

Mira Georgieva

credible deviation of the observed distribution
from theoretically anticipated distribution in
the natural population and seed orchard of
Pinus nigra  Arn. Such deviation was
established only in seed orchard offspring.

The aim of the present study is to track and
analyze the distribution of individual hetero-
zygosity in some natural populations of
Platanus orientalis L. in Bulgaria.

Materials and methods

The subject of investigation were nine
natural populations of Platanus orientalis in
Bulgaria (Table 1). Two of them represent the
northernmost limit of distribution of the species
in our country - Asenovgrad and Topolovo
towns. Ivaylovgrad is the most isolated
population and that of Mt. Slavyanka is located
at the highest altitude.

Establishing the degree of genetic diversity
is based on biochemical genetic markers. In
present study isoenzyme analyzes were used.
Enzymes were extracted from dormant winter
buds of Oriental plane tree branches collected
from 29 to 70 randomly chosen individuals per
population. A starch gel electrophoresis was
used to separate the isoenzymes. Electropho-
resis was established in 12% starch gel in two
buffer systems - Ashton (Ashton & Braden,
1961) and Tris-Citrate (Shaw & Prasad, 1970).
Nine enzyme systems coding 13 gene loci were
analyzed (Table 2). For the histochemical
staining of the enzyme fractions, standard
recipes indicated in the literature by Cheliak &
Pitel (1984), Conkle et al. (1982), and Wendel &
Weeden (1989) were used.

Diploid genotypes were reported directly
from the electrophoregrams. The following indi-
cators of polymorphism in the populations were
determined: allelic frequencies, average number
of alleles per locus, percentage of polymorphic
loci, expected and observed heterozygosity and
inbreeding coefficient. For heterozygosity, the
approach of Nei (1978) was applied with correc-
tion for the number of individuals. The above
parameters were calculated using the program
product BIOSYS-1 (Swofford & Selander, 1989),
except for the effective number of alleles and the
inbreeding coefficient, which were calculated
using the program product MSO Excel based on
the results obtained from the program BIOSYS-1.
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Table 1. Natural populations of Platanus orientalis L.

Population Geographical coordinates Altitude (m)
Asenovgrad(A) 41°58' N 24°52'E 150
Topolovo (T) 41°54'N 25°00'E 150
Goce Delchev (GD) 41°37'N 23°52'E 300
Petrich (P) 41°24'N 23°03'E 400
Melnik (M) 41°30'N 23°24'E 250
Sandanski (S) 41°36' N 23°20'E 200
Slavyanka (SL) 41°26' N 23°33'E 500
Kresna (KR) 41°44' N 23°08 E 250
Ivaylovgrad (IV) 41°35'N 26°06'E 300

Table 2. Analyzed enzyme systems.

Enzyme system (E.C.* code) Number of loci | Buffer system**
Alcohol dehydrogenase (ADH, 1.1.1.1) 2 TC
Glutamate dehydrogenase (GDH, 1.4.1.2) 1 A
Glutamate-oxaloacetate transaminase (GOT, 2.6.1.1) 2 A
Leucine aminopeptidase (LAP, 3.4.11.1) 2 A
Malate dehydrogenase (MDH, 1.1.1.37) 1 TC
Menadione reductase (MNR, 1.6.99.2) 1 A
Phosphoglucomutase (PGM, 5.4.2.2) 1 TC
Phosphoglucose isomerase (PGI, 5.3.1.9) 2 A
Shikimate dehydrogenase (SkDH,1.1.1.25) 1 TC

*E.C. - Enzyme Commission

** A - Buffer system Ashton (pH 8.1); TC - Buffer system Tris Citrate (pH 7.0)

The heterozygosity is the most commonly
used measure of level of genetic diversity in
populations (Berg & Hamrick, 1997). Directly
established heterozygosity (the frequency of
heterozygous genotypes) is called observed
heterozygosity (H,). The theoretical heterozy-
gosity, ie., that which is expected at the
available allelic frequency if the population is
in genetic equilibrium, is denoted by He and is
called expected heterozygosity. For each locus,
it is calculated according to the Hardy-
Weinberg Law:

HWL=p>+2pg+ 3 =1, Q)

where the heterozygosity is given by 2pg.
The rest of the expression (p2 + ¢?) is the
homozygosity.

H,=1-> p} )
i=1

where p; - is the frequency of the ith
(consecutive) allele in this locus;
n - the number of alleles.
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Heterozygosity was calculated as the arith-
metic mean of all loci in general for population.
Comparing the expected with observed hetero-
zygosity has an expression in the inbreeding
coefficient (F), which is defined as:

H,-H H
e o :1_ o (3)
H H

e e

F =

where H. is given by Eqn (2) , and H, is the
observed proportion of heterozygotes.

In order to calculate the expected distribu-
tion of individual heterozygosity in populations,
the program product INDIV (Gomory, 1988) was
used. The observed distribution was found after
counting the number of heterozygous indivi-
duals in a corresponding number of loci for each
population. The correspondence between the
expected and observed distribution was tested by
X*test. Since, according to the theory of this test,
the number of individuals in expected class
should not be less than 5, in cases where this was
established, the final classes were merged until an
expected class < 5 individuals was obtained.



Results and Discussion

Study of distribution of individual hetero-
zygosity in populations is an indirect indica-
tion of the way of crossing and how much the
actual genetic structure of the populations is
approaching the theoretically expected accor-
ding to the established traditionally used
Hardy-Weinberg model (Hosking et al., 2004).

In present study, the average number of
heterozygous loci per individual (Table 3) of all
populations was 2.81 (21.58 % of all tested loci).
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This value is highest for population of Goce
Delchev - 3.3 (25.4%), and lowest for popula-
tion of Asenovgrad - 2.44 (18.8%). In four cases
(Kresna, Melnik, Asenovgrad and Ivaylov-
grad) most individuals are heterozygous by
two loci, in three cases (Sandanski, Slavyanka
and Topolovo) most individuals are hetero-
zygous by three loci, in one case (Petrich) - in
four loci and in one case (Goce Delchev) the
individuals, heterozygous at three and four
loci, are with equal number (Fig. 1).

Table 3. Indicators of individual heterozygosity in the studied populations.

Populations Average number of heterozygous loci per % heterozygous loci
individual per individual

Kresna 2.56 19.69
Sandanski 2.67 20.54
Slavyanka 3.02 23.23
Petrich 2.98 22.92
Melnik 2.67 20.54
Goce Delchev 3.3 25.38
Asenovgrad 244 18.77
Topolovo 2.67 20.54
Ivaylovgrad 294 22.62
Average 2.81 21.58

g 34
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Fig. 1. Dependence between the average number of heterozygous loci per individual
(Lh.ind") and altitude.
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The results for distribution of individual
heterozygosity (Fig. 2) show that this distribution
is different for different populations. In three out
of nine cases (Kresna, Slavyanka and Asenov-
grad) a statistically significant deviation of the
actual distribution from theoretically expected
one was found. In the remaining six cases, no
significant deviation was observed, which means

that the genetic structure of these populations
and the nature of pollination in them are close to
the theoretical characteristic of a panmict popula-
tion with free pollination. A trend is observed in
the discrepancies - observed values are more than
expected atlower values (2 heterozygous loci per
individual), while at higher values, theoretically
expected are higher than actually found (Fig. 2).
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Fig. 2. Distribution of individual hetezygosity in the studied populations.
Legend: on the abscissa — number of loci; on the ordinate — number of individuals heterozygous
for the corresponding number of loci. Obs. — observed; Exp. — theoretically expected.
* — statistically significant deviation at p<0.05; *** — at p<0.001, ns — statistically insignificant
deviation; x2 test.
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In natural population and orchard of Pinus
nigra Arn. with adult individuals, Zhelev et al.
(2010) found that there was no reliable deviation
from the actual theoretically expected distribu-
tion, whereas a slight deviation (p = 0.043) was
found in the offspring in orchard in Sliven.
Statistically significant deviations from the
theoretical distribution for four Norway spruce
populations in Slovakia and other statistically
insignificant deviations in other populations was
reported by Gomory (1992). These results show
that deviations from the theoretical distribution of
individual heterozygosity have been found in
other tree species, with populations characterized
by a far more homogeneous spatial structure than
those of the Oriental plane. The comparison with
the conducted studies shows that the populations
of Platanus orientalis do not differ in principle from
those of the mentioned coniferous species.
Although there are significant differences in the
peculiarities of the populations - the Oriental
plane tree is predominantly linear along the water
streams in contrast to coniferous species with
numerous populations of large areas, the general
characteristic - cross pollinating species with
anemophilic pollination appears to be more
important as a factor, affecting the distribution of
heterozygosity. In the case of the mentioned
species as well as Oriental plane tree, in the
majority of cases there is no deviation from
theoretically expected distribution.

The reasons for deviations from theoretical
distribution may be due to different factors - not
accidentally and selectively, including inbreeding
and self-pollination (at least on separate spots),
inhomogeneous spatial structure of populations,
pre-zygotic and post-zygotic selection, as well as
some other unpredictable factors. Which of these
factors have a significant impact is a matter that
can be answered after further research.

Conclusions

The results show that, in general, in the
studied populations of Platanus orientalis there is a
crossing that is close to the panmixia, corres-
ponding to the model of the "ideal population".
This means that the studied populations produce
seeds with high heterozygosity and may, if
necessary, be used for harvesting of seeds
materials for forestation purposes and for
conservation of valuable gene pool ex situ. The
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consistency between the theoretical model and the
actual distribution is also an indirect indicator of
inheritance of the isoenzyme variants under
Mendelian laws.
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