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Summary

Genetic diversity and genetic differentiation of nineteen
Russian populations of Korean pine (Pinus koraiensis SIEB. et
ZUCC.) were studied analyzing allozyme variation at 26 loci. On
average, the mean number of alleles per locus was 1.93, the
proportion of polymorphic loci (P0.99) was 58.7%, the observed
heterozygosity was 0.182 and the expected heterozygosity was
0.183. Only 1.5% of the total genetic variability was due to
variation among populations. The mean value of NEI’s genetic
distance (0.003) confirmed that interpopulational differentia-
tion is low. The resulting values of genetic variation were lower
in the population group of the Maliy Khingan – Kukan
mountain ranges, than in the population group of the Sikhote
Alin – Low Amur mountain ranges. The high gene diversity of
the Sikhote Alin and Low Amur mountain range populations
may provide some support to the hypothesis about longterm
existence of Korean pine in these areas. 
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Introduction

The Korean pine, Pinus koraiensis SIEB. et ZUCC., occurs in
natural and artificial stands of Russia, China, Korea, and
Japan.  In Russia, P. koraiensis is distributed in the Primorski
Territory, in the southern part of Khabarovsk Territory, in the
Jewish Autonomus Region and at the southeast end of the
Amur Territory (Figure 1). Usually, P. koraiensis grows in
mixed stands with broadleaf tree species. The Korean pine-
broadleaf forests occupy low and middle altitude zones growing
in very different relief and soil conditions. In the south Sikhote
Alin mountain range they occur up to 900 m above sea level,
while in the north, Korean pine reaches only to 500 m (USENKO,
1969).

Intensive use and management of forests has led to develop-
ment of strategies towards their conservation. Studying genetic
variation of index species is the first step towards solving this
problem (MILLAR and LIBBY, 1991). For the  Korean pine-broad-
leaf forests P. koraiensis is one such index species. Recently,
results of genetic variation in three P. koraiensis populations of
Primorski and Khabarovsk Territories (KRUTOVSKII et al., 1990;
POLITOV et al., 1992) and in eight populations from south Korea
(KIM et al., 1994) have been reported. It had been supposed
that genetic variation of P. koraiensis in south Korea would be
much greater than in the Russian Far East. But differencies in
electrophoretic procedures and isozyme loci studied in the two
labs prevented an accurate comparison of genetic variation in
the two regions (KIM et al., 1994).

Hence, to make a comparison of genetic data from different
parts of Korean pine range it was the objectives of this work to

estimate the level of genetic variability and differentiation of
natural populations of P. koraiensis in Russia. 

Materials and Methods

Seeds for electrophoresis were collected in 19 native popula-
tions from 44° to 51° latitude north (Figure 2). In 11 popula-
tions the collection of seeds was performed from individual
trees, isolated each other more than 20 m. The remaining eight
populations were represented by seed lots that were collected
from native populations by state forest farms for artificial
reforestation (Table 2).

Six megagametophytes per tree or 70 megagametophytes per
seed lot were subjected to horizontal starch gel (12.5%) electro-
phoresis. Each megagametophyte was ground in 100 µl 5 mM
tris-HCl (pH-8.0) extraction buffer containing 1 mM ascorbic
acid, 1% PVP-40 and 1% Triton X-100. Enzymes in liquid
extracts from individual seeds were separated simultaneously
in three modified buffer systems:

A) Tris-EDTA-borate, pH 8.6: stock buffer – 900 mM tris/500
mM boric acid/20 mM EDTA; gel buffer – dilute 50 ml of stock
buffer to 1 liter; electrode buffer – dilute 200 ml of stock buffer
to 1 liter (GURIES and LEDIG, 1978); 

B) Tris-citrate, pH 6.2: stock buffer – 220 mM tris/86 mM citric
acid, adjust to pH 6.2 with 220 mM tris solution; gel buffer –
dilute 35 ml of stock buffer to 1 liter; electrode buffer – stock
buffer without dilution (ADAMS and JOLY, 1980); 

C) Tris-HCl, pH 8.0/ tris citrate, pH 6.2: gel buffer – 220 mM
tris/500 mM tris-HCl, pH 8.0 (dilute 33 ml of buffer to 1 liter);
electrode buffer – stock buffer B without dilution (GONCHAREN-
KO and POTENKO, 1990).

Recipes for enzyme staining follow standard methods (CHE-
LIAK and PITEL, 1984) with non-significant modifications. The
enzymes assayed, their abbreviations, the buffer systems used,
and the number of consistently scorable loci are given in 
table 1.

Allele frequencies were analysed using the BIOSYS-1 (SWOF-
FORD and SELANDER, 1989) computer program. For each popula-
tion, mean sample size per locus, mean number of alleles per
locus (A), percentage of polymorphic loci (P0.95 and P0.99) and
expected heterozygosity (He) were computed. Chi-square tests
of homogenity for allele frequency variation among populations
and NEI’s genetic distance (NEI, 1978) were calculated as well. 

For assaying the populations genetic structure the fixation
indices (FIS, FIT and FST) were used (NEI, 1977). FIS and FIT
measure the deviation of genotype frequencies from HARDY-
WEINBERG proportions in the populations and in the total popu-
lation, respectively, whereas FST measures the degree of genetic
differentiation among populations. Calculation of the F-stati-
stics and observed heterozygosity (Ho) were performed for the
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Figure 1. – Distribution of Korean pine (modified from SCHMIDT, 1994). Nos.: 1 – Amur Territory; 2 –
Jewish Autonomus Region; 3 – Khabarovsk Territory; 4 – Primorski Territory.

11 populations where individual tree seed collections were
conducted (Figure 2).

Results

Staining of the 15 enzymes revealed gene products of 26 loci.
Parameters of genetic variation were calculated on the basis of
frequencies of 81 alleles (Table 1). The mean number of alleles
per locus ranged from 1.65 to 2.19, and averaged 1.93. The
proportion of polymorphic loci (P0.99) ranged from 50.0% to
69.2%, with an average of 58.7%. The observed heterozygosity
was from 0.164 to 0.199, with an average of 0.182. The mean
value of expected heterozygosity was higher and amounted to
0.183, with variation from 0.154 to 0.218. The resulting values
of genetic variation were lower in the population group of the
Maliy Khingan – Kukan mountain ranges (population nos. 1 to

6), than in the Sikhote Alin – Low Amur mountain ranges
(population nos. 7 to 19) and on average they were respectively:
mean number of allele per locus – 1.83 and 1.98, number of
polymorphic loci (P0.99) – 56.4 and 59.7, observed heterozygosity
– 0.167 and 0.186, expected heterozygosity – 0.167 and 0.191
(Table 2). 

Among the 11 populations, for which values Ho were
calculated, in eight the average proportion of observed hetero-
zygotes was lower than expectated under the HARDY-WEINBERG

equilibrium. Only in populations Mulcha (11), Arkhipovka (18)
and Ustinovka (19), Ho values were higher than He, i.e. there
was an excess of heterozygotes in these populations (Table 2).

FIS values ranged from –0.084 for Adh-2 to 0.159 for Mdh-4,
with an overall mean of 0.016. FIT values at loci Aat-3, Adh-2
and Mdh-2 were negative and at 20 loci were positive, reaching
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Figure 2. – Location of the sampled populations: � – seed collection was conducted from individual
tree; ∆ – seed lot was sampled. Nos.: population numbers shown in table 2. Solid line: limit of distri-
bution of P. koraiensis in Russia. Dotted line: northern limit of the Korean pine-broadleaf and Korean
pine-spruce-larch mixed forests in the Holocene climate optimum – 6880 ± 270 years ago (modified
from KOROTKII et al., 1997).

0.177 at Mdh-4. On average FIT was 0.031. Positive FIS and FIT
values indicate, that relative to the HARDY-WEINBERG equilibri-
um a deficiency of heterozygotes is typical for P. koraiensis
populations and the whole species. FST values at 26 loci was
0.015. Thus, about 98% of the total genetic variability resided
within populations and only 1.5% – among populations (Table
3). 

Chi-square tests of homogenity for allele frequences in popu-
lations showed that there are no significant differencies at the
Adh-2, Pgm-2, Mdh-2, 6-Pgd-1, 6-Pgd-2, Idh, Sdh and Aco loci.
Among populations most heterogenous allele frequences were
at Aat-3, Adh-1, Gdh, Lap-1, Lap-2, Skdh-2, Mdh-3, Dia-1 and
Gpt (Table 3).

Unbiased NEI’s genetic distance values (D) were low between
the 19 populations of P. koraiensis and averaged 0.003. The
largest value (D = 0.011) was detected between Obluchie and
Sukpay (1 to 12) and also between Kukan and Sukpay (4 to 12)
populations that pertain to different population groups (Table
4).

Discussion

A comparison of genetic variation for Korean pine with that
for other stone pines in the same subsection Cembrae and for
other pines in general was conducted by KIM et al. (1994). Here
a comparison can be made of the genetic variation between
different geographic regions of  Korean pine range. 
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Table 1. – List of enzyme systems tested.

Table 2. – Genetic variability at 26 loci in 19 populations of P. koraiensis (standard errors in parentheses).

1) unbiased estimate (see NEI, 1978)
2) number of analysed seeds per seed lot
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Table 3. – F-statistics for 23 polymorphic loci and test of homogeneity of allele frequency.

*) p < 0.05; **) p < 0.01; ***) p < 0.001

Table 4. – Estimates of NEI’s (1978) genetic distance based on data from 26 loci among 19 populations of P. koraiensis.

According to our data Korean pine has a significant amount
of genetic diversity: our measures were significantly higher
than those obtained by KRUTOVSKII et al. (1990) at three
Sikhote Alin and Sikhote Alin spur’s populations. In our work
the mean number of alleles per locus was 1.98 against 1.69
obtained by KRUTOVSKII et al. (1990), the number of poly-
morphic loci (P0.99) was 59.7 against 47.9, and expected hetero-
zygosity – 0.191 against 0.123. In that study Lap-2, Lap-3 and
Dia-1 loci having highest levels of heterozygosity were exclud-
ed. Basing on the description given by KRUTOVSKII et al. (1987)

they seems to be analogous to Lap-1, Lap-2 and Dia-1 in our
study. Besides this KRUTOVSKII et al. (1990) sampled about 19
trees per population, explored 16 loci, and analyzed embryos at
12 loci. Thus, the observed differences in values of diversity
were more likely caused by differences in measurements, than
by differences in genetic variation of the populations.

It turned out that levels of genetic variation were different
between samples from different geographical regions of the
Russian Far East. The populations of the Sikhote Alin – Low
Amur mountain ranges were more variable. In that region the
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Table 5. – Estimates of NEI’s (1978) genetic distance within and among regions.

mean expected heterozygosity was 14% higher than in popula-
tions of the Maliy Khingan – Kukan mountain ranges (Table
2).

In spite of the obtained high values of variation, the value of
mean number of alleles per locus was lower than in the south
Korean populations which had 2.0 (KIM et al., 1994), against
1.93 in the Russian populations. Other values of variation were
also lower in our study: the number of polymorphic loci (P0.99)
was 69.0% in the Korean populations, against 58.7% in
Russian; observed heterozygosity – 0.200 against 0.182; expect-
ed heterozygosity – 0.208 against 0.183. Thus, the difference
between south Korean and Russian populations in values of
genetic variation is not as significant as was reported in the
comparison of KRUTOVSKII et al. (1990) data with that of KIM et
al. (1994). It is also interesting to note that the obtained values
of variation at 16 common loci [Aco, Fl-Est, Gdh, Aat-1, Aat-2,
Aat-3, Idh, Lap-1, Mdh-1, Mdh-2, Mdh-3, Mdh-4, Dia-1 (analo-
gous to Mnr-A of KIM et al., 1994), Pgm-1, Skdh-1 and Skdh-2]
were also lower in Russian Far East populations than in the
Korean ones. This points to comparability of study results of
genetic variation at 23 loci in south Korea with that at 26 loci
in Russia.

Positive FIS and FIT values indicate that deficiency of hetero-
zygotes is typical for P. koraiensis populations and the whole
species. The deficiency of  heterozygotes was also found in the
south Korean populations, where the FIS and FIT values were
0.007 and 0.066, respectively (KIM et al., 1994). Unfortunately,
without a study of the mating system of this species it is now
dificult to answer the question as to the reasons for the
deficiency of  heterozygotes in south Korean and Russian popu-
lations?

The obtained data are not in agreement with the earlier
results for three P. koraiensis populations in Russia (POLITOV et
al., 1992). For these populations an excess of heterozygotes is
reported (FIS = –0.077, FIT = –0.033).

The mean FST value was 0.015; much lower than values
found for south Korean populations (KIM et al., 1994) and for
three populations in Russia (POLITOV et al., 1992), where the
values were 0.059 and 0.040, respectively.

On the average NEI’s genetic distances were also lower
among Russian (D = 0.003) than among south Korean popula-
tions (D = 0.010). Genetic distances turned out to be the lowest
for conifers (GONCHARENKO et al., 1989).

These major differences between diversity values among
populations and NEI’s distances in south Korea and Russia
may be caused by the influence of genetic drift in south Korean
populations which are distinguished by scattered distribution.

Despite differences in variation indices between populations
from different geographic regions of Russia, differentiation
among regions was not significantly, but higher than differen-
tiation within regions (Table 5). To obtain a more sensitive
model of population differentiation from different geographic
regions it is necessary to use methods of organelle DNA
analyses (HIPKINS et al., 1994). In particular RAPDs of mtDNA
turn out to be more effective markers in revealing genetic

differences between Douglas-fir races than allozymes (AAGAARD

et al., 1995).

As reported by HAMRICK et al. (1992), evolutionary history of
the species must have a major influence on genetic diversity.
Woody species that originated from a limited number of
individuals or have spent a considerable proportion of their
evolutionary history as small, isolated populations should have
less variation at the species and population level and more
variation between populations than species with a history of
larger, more continuously distributed populations. 

Several Korean pine colonization attempts of the Russian
Far East territories in the Holocene period are hypothetised.
NEISHTADT’s (1957) pollen analysis from Pleistocene peat sedi-
ments has shown that P. koraiensis grew beyond the present
range in the Russian Far East. In the early Holocene period
(7700 to 9800 years ago) the limits of distribution had moved
north of Hanka lake and in the middle Holocene period (2500
to 7700 years ago) – further north toward the mouth of the
Ussury river. The species achived its greatest development in
the late Holocene period (0 to 2500 years ago) moving far to the
north  (NEISHTADT, 1957).

The latest studies of fossil conifer pollen from the lower
reaches of the Amur river “clearly give evidence to the presence
of Korean pine in the phytocoenoses of the south Soviet Far
East during the entire Quaternary. The only change was in the
density of the interbreeding populations” (URUSOV, 1995).

The studies of KOROTKII et al. (1997) indicate that 18000 to
20000 years ago the vegetation of Sikhote Alin was similar to
that of contemporary north-west coast of the Sea of Okhotsk.
After the cooling of climate the Korean pine appeared among
mountain vegetation approximately 9.500 years ago, in the
Holocene period. And in the middle Holocene the northern
border of its area had spread to the Selemdja, Tugur and Nima-
elen rivers. As can be seen, the range of  P. koraiensis was
much wider than presently (Figure 2). Southward decline of
Korean pine occured because of the cooler climate periods in
the middle and late Holocene, resulting in the expantion of
taiga boreal forests with Picea, Abies, and Larix species.

The mixed birch and larch stands, rare forests combined
with tundra phytocenoses and a wide mountain tundra zone
were characteristic of the middle Sikhote Alin during the
recent period of climate cooling (about 18000 to 20000 years
ago) as described in the work of GOLUBEVA and KARAULOVA

(1983). More than 9800 years ago the Korean pine-broadleaf
forests appeared in the low mountain zone of the pre-Boreal
Holocene period. The studies of GOLUBEVA and KARAULOVA

(1983) and KOROTKII et al. (1997) indicate a recolonization
history of P. koraiensis as opposed to the colonization hypo-
thesis of NEISHTADT (1957).

We did not find a decline of P. koraiensis genetic variation
from south to north in Russia as could be expected from the
south to north colonization history by NEISHTADT (1957). For
example, in the most northern (Galichnoe) population the
levels of variation has exceeded some southern populations
(Table 2), and was comparable with those found in south Korea
(KIM et al., 1994). 
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As the Sikhote Alin and Low Amur mountain range popula-
tions have comparable levels of variation to south Korea’s, it
may serve as confirmation of the hypothesis of longterm
existence of Korean pine within these areas (Figure 2). The
lower values of genetic variation within the Maliy Khingan –
Kukan mountain range populations are likely evidence of
recent colonization of these territories by P. koraiensis and/or of
the influence of geographic barriers.

Interestingly the present expansion of the species range
(URUSOV, 1995) or a continued expansion of Korean pine
(NEISHTADT, 1957) to the north have been suggested by both
hypotheses. The discovered lower values of genetic variation in
the Maliy Khingan – Kukan mountain range populations do
not contradict these assuptions, at least for this part of the 
P. koraiensis range.

Were we to compare the obtained results with the history of
the studied species in the recent period of climate cooling, a
lack of Sikhote Alin Korean pine refugium would have been
corroborated by low FST (Table 3) and D values (Table 4).

At the same time in order to reconstruct a more correct
model of P. koraiensis diversity distribution it is nessesary to
research the populations in China and north Korea.
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1. Abstract

A set of 130 clones of Picea abies planted in three field sites
has been studied after 8 years. The ortets were representative-
ly selected in 5 full-sib families. Estimates of ortet (nursery) –
ramet (field) correlation were significant but low, r = 0.23.
Correlation estimates vary dramatically between families.

Different degrees of adaptation on family level are discussed as
one possible explanation.

Clone x field site interaction components were significant
and twice the size of the clone component for height increment,
which is larger than found in other studies.

The gain in height increment in the field after selection for
the 20% best ortets in the nursery was only 5.6%, which is
only 15% of the gain achieved after field tests. That is
considered too low to justify nursery selection. The selection
response showed a large variation between full-sib families.

The conclusion of the study is that nursery selection of
young ortets is too unprecise. Field testing on clonal level is
required to obtain a sufficient genetic gain.
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