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Nevertheless their fast migration in 10% SDS-PAGE often
produces some distortion that makes impossible a systematic
analysis; keeping in mind that SP23 may also depend the locus
sp37, the allelic variation could be a consequence of that
described above.

The 2 stands from which seeds were collected showed very
similar allelic frequencies with no significant differences in
any locus (�2=6.258, 4 d.f., N.S.; �2=4.804, 2 d.f., N.S.;
�2=0.188, 1 d.f., N.S. for sp9*, sp7* and sp37 respectively).
Table 1 gives the allelic frequencies among the whole sample of
101 seeds for all loci except sp22 (for the reason mentioned
above). As far as the SDS-PAGE may distinguish, no inter-
individual differences were recognized for SP98 and SP74. The
other loci showed a strong polymorphism. The mean heterozy-
gosity (H) was H=0.213 and the polymorphic index (PI) as
defined by HAMRICK (1979) was PI=0.288. Keeping in mind
that we are analysing only a specific type of proteins (seed
storage) and that only the variation in MW is detected, those
values can be considered high (see the review by HAMRICK,
1979). S. japonica is an entomophil pollination species and
hence most probably allogamous. The genotypic frequencies for
loci sp9* and sp37 showed no significant differences with
respect to HARDY-WEINBERG expectations, but for locus sp7*
there was a significant increase of homozygotes (�2=32.617;
d.f.=2; p<0.001). A certain degree of selfing could be
responsible for this fact, although it is not clear why the
heterogeneity of genotypes may affect some loci but not others,
such as described in Robinia pseudoacacia (SURLES et al., 1990)
and in the Douglas-fir (RITLAND and EL-KASSABY, 1985).

European populations of S. japonica are quite recent and, in
cases of the Spanish populations, data concerning the precise
origin and number of seed trees or seed lots imported lack
completely (many reforestations are carried out by private
companies after an official assignment). Therefore, the
diversity in seed protein constitution detected here is impor-
tant since it implies that these populations of Sophora contain

a remarkable genetic variability making them an appropriate
material for any further selection and breeding programs.
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Summary
Eight natural populations of Pinus nigra ARN. occurring on

the Crimean peninsula were investigated by starch-gel electro-
phoresis. A total of 70 alleles were observed at 24 loci. Interpop-
ulation genetic diversity was about 2% of the total genetic
diversity. NEI’ s genetic distance coefficient ranged from 0.005
to 0.022 among populations and averaged 0.012. The level of
gene flow was 18.98 migrants per generation. The results of

the analysis of gene diversity, genetic differentiation and gene
flow demonstrated that the P. nigra populations studied had
similar genetic structures. Estimated parameters of genetic
variation showed that in P. nigra more than 66% of loci were
polymorphic and the mean expected and observed heterozygos-
ity values were 0.248 and 0.241, respectively, which allowed to
regard the P. nigra as one of the most highly variable members
of the genus Pinus.
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Introduction

In our previous studies, we performed genetic and popula-
tion analysis of 2 5-needle pine species, Pinus pumila
and Pinus sibirica (GONCHARENKO et al., 1993 a and b), and 1
2-needle pine species, Pinus sylvestris, in different parts of
ranges of these species (GONCHARENKO et al., 1994). All these
species occur in Eurasia and have immense distributions. The
current study investigates one more 2-needle pine species,
P. nigra ARN. The range of black pine consists of a network of
isolated populations extending from Spain on the west to
Turkey and Russia on the east (CRICHFIELD and LITTLE, 1966;
MIROV, 1967; VIDAKOVIC, 1991). A part of the eastern popula-
tions of this species occurs in the territory of the Crimean
peninsula where it has come to be known as Crimean pine.
Some authors regard this species as a distinct one, Pinus
pallasiana LAMB. (KOMAROV, 1934; SUKHACHYOV, 1938; KAPPER,
1954). 

The purpose of our study was to analyze genetic diversity,
differentiation and the levels of genetic variation in 5 geo-
graphically related and 3 isolated populations of  P. nigra
occurring in the Crimea on the basis of the analysis of 24 iso-
zyme loci.

Materials and Methods

Sampling

P. nigra occurring in the Crimea is reported to be character-
ized by a sufficient reduction of its stands. In consequence of
this its present range consists of a single great population ex-
tending throughout the southern slope of the major chain of
the Crimean mountains and a few small isolated populations
(KOMAROV, 1934; SUKHACHYOV, 1938).

Seed material of P. nigra was collected from 203 individual
trees in 8 natural populations located in the mountain Crimea.
Five population samples were collected from a continuous part

of this species distribution, 2 of them being obtained from the
southern slope of the Ai-Petri Mountain (designated by AP-1
and AP-2), one being collected from the southern slope of the
Iograph Mountain range (IG), and the remaining 2 being
obtained in the vicinity of the settlement of Nikita (NK-1 and
NK-2). Seeds were also collected from 3 populations isolated
from the main distribution, one of them being located at the
north-east extremity of the Great Canyon (GC), another being
located throughout the eastern slope of the Demerdzhi Moun-
tain (DM), and still another being situated in the vicinity of the
settlement of Novy Svet (NS) and defined as an extreme
eastern isolate of  P. nigra in the Crimea. The locations of all
the populations assayed are shown in figure 1.

Isozyme analysis

For the electrophoretic study haploid megagametophytes
were used. Individual trees were genotyped using 8 to 20
megagametophytes sampled randomly from each tree set of
seeds extracted from 2 to 5 cones. The seed material was
collected during the seasons of 1990 to 1993.

The enzymes were electrophorezed on 13% to 14% starch
gel. Methods of enzyme extraction and electrophoresis followed
CONKLE et al. (1982), CHELIAK and PITEL (1984), and
GONCHARENKO et al. (1989). 14 gene-enzyme systems
were fractionized in 3 buffer systems: A) tris-EDTA-borate,
pH 8.6, B) tris-citrate, pH 6.2, C) tris-citrate, pH 6.2 (electrode
buffer) / tris-HCl, pH 8.0 (gel buffer) (GONCHARENKO et al.,
1992). Recipes for histochemical enzyme staining followed the
standard methods (CONKLE et al., 1982; CHELIAK and PITEL,
1984; GONCHARENKO et al., 1989) with insignificant modifica-
tions. The enzymes assayed, their abbreviations, the buffer
systems used, and the number of loci consistently scorable are
given in table 1.

Alleles were designated as described by PRAKASH et al. (1969)
who designated the most common allele within each locus with
the arbitrary value 1.00. The other alleles at this locus were
numbered according to the electrophoretic migration of allo-
zymes relative to the most common allozyme. Null alleles were
designated by symbol 0. In this study alleles of P. nigra were

Fig. 1. – P. nigra’s continuous distribution on the Crimean peninsula �|||||_____ with locations of
8 sampled populations: 1 - Great Canyon, 2 - Ai-Petri-1, 3 - Ai-Petri-2, 4 - Iograph, 5 -Nikita-1,
6 - Nikita-2, 7 - Demerdzhi, 8 - Novy Svet.
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Table 1. – Enzyme systems, their Abbreviations (Abbr.), Enzymes Commission numbers (EC), number of
loci scored (Scor.), and buffer systems used for electrophoresis.

*) Level of significance < 0.5

Table 2. – Segregation of allozyme variants in P. nigra.
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Fig. 2. – Relative mobility and designation of the electrophoretic variants at 24 loci found in P. nigra.

designated relative to those of another 2-needle pine species of
Eurasia P. sylvestris described earlier (GONCHARENKO et al.,
1994).

Statistical analysis

To estimate the levels of genetic diversity, differentiation,
and variation in the populations studied we used all the
parameters earlier applied to P. pumila (GONCHARENKO et al.,
1993a): parameters of WRIGHT’s F-statistics, NEI’s G-statistics,
the gene flow parameter (Nem), NEI’s genetic distance co-
efficient (DN), the mean number of alleles per locus (A), % poly-
morphic loci (P95 and P99), expected heterozygosity (He), and
observed heterozygosity (Ho).

Results and Discussion

Segregation

An electrophoretic study of 14 enzyme systems revealed 70
different electrophoretic variants. Genetic determination of the
variants revealed was established by the analysis for their
segregation in heterozygous trees as in our previous investiga-
tions of other pine species (GONCHARENKO et al., 1993a and b,
1994). The data on the analysis for segregation in P. nigra are
presented in table 2. On the whole, segregation of the electro-
phoretic variants corresponds to the expected 1:1 segregation
ratio. As seen in table 2 a case of distortion of the 1:1 segrega-
tion ratio occurred only at 6-Pgd-1. For the members of the

genus Pinus, deviation from the normal segregation ratio is a
quite common phenomenon. For instance, distortion of 1:1
segregation at a number of loci was revealed in Pinus sylvestris
L. (RUDIN and EKBERG, 1978; SZMIDT and MUONA, 1989;
GONCHARENKO et al., 1994), P. taeda (ADAMS and JOLY, 1980),
P. strobus (ECKERT et al., 1981), P. banksiana (CHELIAK et al.,
1984), P. muricata (MILLAR, 1985), P. albicaulis (FURNIER et al.,
1986), P. attenuata (STRAUSS and CONKLE, 1986), P. thunbergii
(SHIRAISHI, 1988), P. pumila (GONCHARENKO et al., 1993a), and
P. sibirica (GONCHARENKO et al., 1993b). In this regard it is
notable that in the current study in the case of P. nigra distor-
tion of segregation occurred for a single allelic combination,
0.95/1.05, at 6-Pgd-1. But even at this locus for the other allelic
combinations the segregation ratio was 1:1 (Table 2). On the
whole, the data obtained are in good agreement with the
supposition that the electrophoretic variants revealed here in
P. nigra are under gene control. Interestingly, the earlier
studies of P. nigra natural populations reported that for the
AAT (BONNET-MASIMBERT and BIKAY-BIKAY, 1978) as well as
EST-B, ACPH, and LAP (NIKOLIC and TUCIC, 1983) enzyme
systems segregation ratio of the electrophoretic variants in
megagametophytes was also 1:1. However, NIKOLIC and TUCIC

(1983) used colorimetric esterase whose genetic origin we failed
to determine, while BONNET-MASIMBERT and BIKAY-BIKAY (1978)
consider that the AAT enzyme system is encoded by 4 loci
rather than 3 ones as in the current study.
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Allele frequencies

A total of 70 electrophoretic allele variants was detected by
us in the Crimean populations of P. nigra. The results of the
genetic analysis showed that these variants were under the
control of 24 structural loci. All these variants are depicted
schematically in figure 2.

Allele frequencies for each individual population and the
whole of the species are listed in table 3. From the table it can

be seen that the commonest allele at each locus was predomi-
nant practically in all the populations studied. The exceptions
were Aat-2, Adh-2, Mdh-2, and Pgm-2 at which alternative
alleles, while insignificantly, were predominant in some popu-
lations. The most striking allelic frequency differences among
the populations exceeding 30% were observed for 8 alleles at
Aat-3, Gpi, 6-Pgd-1, and 6-Pgd-2 (Table 3). It should be stress-
ed that for 4 alleles such differences were revealed in both the

Table 3. – Allele frequencies for 24 loci in 8 populations of P. nigra.
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Ai-Petri-2 population from the continuous Crimean pine distri-
bution and the isolated Great Canyon population. It is
interesting to point out that in the most distant Novy Svet
population allelic frequency differences between this and the
other P. nigra populations exceeding 30% were observed for 3
alleles only. As a whole, allelic frequencies in the 5 geographi-
cally related populations had not any distinct differencies from
those in isolated ones.

In addition to the frequent alleles, the analysis of the
Crimean pine revealed 16 rare alleles (frequency for the whole
of the species was less than 1%). Most of rare alleles were
found only within a particular population, which permit to
regard them as ”private“ alleles. Of the 11 ”private“ alleles
detected in the 6 populations assayed only 4 were found in
isolated ones. However, in all cases frequencies of ”private“
alleles were insignificant and were not greater than 4.2%,
which consequently excluded any sufficient contribution of
these alleles to genetic differentiation.

Thus, on the basis of the analysis of allelic frequencies we
can infer that neither geographically related nor isolated

populations studied have distinct differences in their genetic
structures.

Genetic diversity and differentiation

On the basis of allelic frequencies we computed parameters
of WRIGHT’s F-statistics (GURIES and LEDIG, 1982) and NEI’s 
G-statistics (NEI, 1975) which permited to judge the level of
genetic diversity in the populations investigated. Data on the
correlation between uniting gametes within populations (FIS),
among populations (FST), for the species as a whole (FIT), and
the ratio of diversity among populations to the total diversity
(GST) are compiled in table 4. As seen from the table, the FIS
values calculated on the basis of analysis for 24 loci ranged
from –0.087 at Aat-2 to 0.089 at Gdh and averaged –0.004 for
P. nigra. A negative value indicates a slight excess of hetero-
zygotes within each P. nigra population. At the same time, FIT
values ranged from –0.074 at Aat-2 to 0.101 at Gdh and aver-
aged 0.009, indicating a minor heterozygote deficiency in the
whole of Crimean pine. These small FIS and FIT values show
that the P. nigra populations studied are in good agreement



73

with HARDY-WEINBERG expectation. FST and GST values which
estimate the level of interpopulation diversity were 0.013 and
0.024, respectively (Table 4). Thus about 98% of genetic varia-
tion resides within each population. To date, sufficient genetic
diversity, from 12% to 22%, has been revealed in a few North
American pine species such as P. ponderosa, P. muricata,
P. attenuata, P. radiata, P. monticola, P. jeffrey, and P. pungens
(O’MALLEY et al., 1979; BROWN and MORAN, 1981; MILLAR, 1983;
STEINHOFF et al., 1983; FURNIER and ADAMS, 1986; MORAN at al.,
1988; MILLAR et al., 1988; GIBSON and HAMRICK, 1991). The
highest value of diversity, 100%, occured in P. torreyana (LEDIG

and CONKLE, 1983). The 2 currently existing populations which
constitute this species have qualitative differences at 2 of the
59 genes analyzed with the absence of polymorphic loci within
each of them. In conformity with HAMRICK et al.’s review (1992)
the mean level of diversity estimated for the genus Pinus using
GST is 6.5%. Thus, the FST and GST values obtained support the
speculation of similarity of the genetic structures of the popula-
tions assayed and enable us to infer that there is no meaning-
ful diversity in P. nigra occurring on the Crimean peninsula
regardless of the fact that at present three of the populations
studied are geographically isolated and most of them have
”private“ alleles.

Using NEI’s genetic distance coefficient (NEI, 1972) we esti-
mated the level of genetic differentiation (DN) among the

Table 4. – Estimates of FIS, FIT, FST, and GST for 24 loci in P. nigra.

P. nigra populations studied. The DN values are given in
table 5. As seen in the table, values of DN among the popula-
tions ranged from 0.005 (Iograph and Nikita-2) to 0.022 (Novy
Svet and Ai-Petri-2), averaging 0.012. The average DN value
computed for P. nigra was similar to the genetic distance
values in other pine species with no sufficient geographical iso-
lation between their populations (GURIES and LEDIG, 1982;
DANCIK and YEH, 1983; WOODS et al., 1983; GULLBERG et al.,
1985; ROSS and HAWKINS, 1986; WHEELER and GURIES, 1987;
GONCHARENKO et al., 1993a and b; KIM et al., 1994).

Table 5. – Estimates of NEI’s genetic distance coefficient based upon
data from 24 loci.

Using the DN values and an unweighted pair-group method
(UPGMA), we constructed a dendrogram visualizing genetic
differentiation in the P. nigra populations (Fig. 3). As evident
from the dendrogram, clustering resulted in formation of 2
groups of the populations studied, genetic distance between
them being 0.018. From the dendrogram it can be seen that
clustering did not depend on geographical distance or isolation.
For instance, the Nikita-1 population from the continuous
Crimean pine distribution appeared to be closer to the
Demerdzhi isolated population (DN is 0.007) than to the closely-
spaced Nikita-2 population. A similar situation held for the 2
adjacent Ai-Petri-1 and Ai-Petri-2 populations which appeared
in different groups as a result of clustering. With regard to the
most divergent population Novy Svet, contrary to our ex-
pectations, it did not separate from the remaining populations
and related quite closely (DN is 0.012) to the populations of the
main cluster (Fig. 3).

Fig. 3. – Dendogram showing the clustering of the 8 natural populations
of P. nigra based on NEI’s genetic distance coefficient.
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The low level of genetic differentiation among the P. nigra
populations studied which was estimated using the FST, GST
and DN values was apparently the result of intensive gene
exchange among these populations. Gene flow (Nem) can
be expressed as migrants per generation and its amount can
be calculated using the mean FST value as follows: FST =
1/(1+4Nem) (SLATKIN, 1985). In the current study we calculated
Nem as 18.98. Such a high amount of gene flow which is
equivalent to 19 migrants per generation is in good agreement
with the data which indicate that comparatively recently the
range of P. nigra was more extended and its stands distributed
throughout the whole of the mountain Crimea (KOMAROV, 1934;
SUKACHYOV, 1938). On this basis isolation and shrinkage of
some present Crimean pine populations in size did not affect
their genetic structures because they occurred as long ago as in
historic times, and may be regarded as a result of influence of
man-made factors.

Genetic variation

To estimate genetic resources of natural P. nigra populations
occurring in the Crimea we calculated parameters of genetic
variation in each population and the whole of the species. The
values of these parameters are tabulated in table 6. As is seen
from the table, the proportion of polymorphic loci (P95 and P99),
mean number of alleles per locus (A) as well as expected (He)
and observed (Ho) heterozygosity values are virtually similar in
all the populations. This fact corroborates once again the in-
ference about the absence of any sufficient genetic distinctions
between the populations assayed which was made on the basis
of analysis of allelic frequencies and the FST, GST, DN and Nem
values. On the basis of the values of genetic variation comput-
ed for the whole of the species it is resonable to say that in the
P. nigra occurring in the Crimea 67% (P99) of the genes are
polymorphic and the mean number of alleles per locus is 2.9
(Table 6). The average He and Ho values were 0.248 and 0.241,
respectively. Interestingly, a similar level of genetic variation
was earlier revealed on the basis of analysis of 13 allozyme loci
in the Crimean pine populations (SHURKHAL et al., 1988) as
well as on the strength of analysis of 4 loci in P. nigra popula-
tions of the Balkan-Mediterranean origin (NIKOLIC and TUCIC,
1983).

Regardless of the fact that only a small segment of its range
was assayed, even now the data obtained enable us to regard
P. nigra as one of the most polymorphic pine species. When its
genetic variation is compared with those of the pine species
studied to date on the basis of analysis for 20 and more loci, it
is apparent that in the He value P. nigra ranks below only
P. oocarpa (MILLAR et al., 1988), P. pumila (GONCHARENKO et al.,
1993a), and P. sylvestris (GONCHARENKO et al., 1994).
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Abstract

Analyses of rust spots per seedling and cankering percent-
ages of 215 families of western white pine in British Columbia,
inoculated under controlled conditions in variable numbers in 4
inoculation years, indicate that spot frequency per seedling is
under genetic control. Family heritability estimates ranged
from 18.2% to 86.6%, averaging 77.3% for the years for which
adequate families for selection were screened using 2-year-old
seedlings. Confidence limits ranged from –12% to +163%.

Repeated seed collections from parent trees often showed
similar needle-spot-frequency performance against rust
following inoculation under artificial conditions. Correlation
between low spots per seedling and low percentage of
cankering in many families indicates that fairly simple
screening can produce tangible reductions in rust susceptibili-
ty. Mean spots per seedling from all parent trees tested vs. the
mean for stock from unselected parents indicates gain of about
24.5% in reduced spotting by phenotypic selection of rust-free
seed parents. Seed collections from the ”selected“ candidates in
situ should reduce mean spots per seedling by 52% vs.
unselected parents; cloning the selected candidates into a seed
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