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Summary

Five natural populations of Pinus pumila were investi-
gated by starch-gel electrophoresis. A total of 56 alleles
were observed at 22 loci. More than 68% of the loci were
polymorphic and, on average, 28.8% of the loci per tree
were heterozygous (observed heterozygosity). Interpopula-
tion genetic diversity was 4.3% of the total genetic
diversity and the level of gene flow was 5.56 migrants per
generation. Ner's genetic distance coefficient ranged from
0.015 to 0.045 among populations. The data obtained sug-
‘gest that there are no strong genetic differences between
geographically distant populations of P. pumila from Chu-
kotsk, on the one hand, and from Sakhalin, on the other.
Key words: Pinus pumila, isozymes, inheritance, segregation, popu-

lation structure, genetic variation, genetic differentia-
tion.

Introduction

In recent years, scientists in several countries success-
fully conducted populational and genetic analyses for a
great number of coniferous species, especially pines. This
became possible because of isozyme electrophoresis which
came to be widely used in population studies. Using a
large set of isozyme loci (more than 14 to 18), the level
of wvariation, gene diversity, and differentiation were
quantified in populations of different species of the Pinus
genus (O’MaLrey et al, 1979; Yen and Layrton, 1979;
CoNKLE, 1981; Hamrick et al., 1981; ALLENDORF et al., 1982;
Guries and Leprc, 1982; WHeeLER and Guries, 1982; DANCIk
and YEH, 1983; Lepic and CoNkLE, 1983; FURNIER and ADAMs,
1986; Lepic, 1986; Pressas and Strauss, 1986; MiLLar et al,
1988; MoraN et al., 1988; NiesLiINnG and ConNkLE, 1990). These
investigations were devoted to North American pine spe-

Silvae Genetica 42, 4—5 (1993)

cies. Genetic structure of European populations of Pinus
sylvestris (Muona and SzwmipT, 1985; DukHAREV et al., 1987;
Paputov et al.,-1989; GonNcHARENKO et al, 1991) and of
Mediterranean populations of the Pinus halepensis-brutia
species complex (Louxkas et al., 1983; ScHiLLER et al., 1986;
ConkLE et al., 1988) were also analyzed.

In the present study, we used 22 isozyme loci to analyze
genetic variation and differentiation among populations of
Pinus pumila (PaLL.) ReceL, which has a great continuous
distribution in eastern Siberia and the Far East.

Materials and Methods

This study was based on seeds collected in 1989 to 1991
from 63 individual trees in 3 mainland populations of P.
pumila from the Chukotsk Autonomous Circuit (Dolgy
Island in the Velikaya River delta, the Malaya River delta,
and Mainets Lake), and 2 populations from the island of .
Sakhalin (in the vicinity of the towns of Makarov and
Nogliki). Locations of the populations sampled are shown
in figure 1.

Isozyme analysis

Individual trees were genotyped using 8 to 20 mega-
gametophytes plus some embryos for every locus. The
megagametophytes and embryos were sampled randomly
from a set of not less than 50 seeds extracted from 2 to 20
cones from each of the 63 trees. One of the Mdh loci was
expressed in the embryo tissues, and in this case, no less
than eight embryos from each tree were assayed.

Methods of enzymes extraction and electrophoresis
followed ConkLE et al. (1982), CueLiak and PrreL (1984), and
GoNCHARENKO et al. (1989). The enzymes were electropho-
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Figure 1. — Location of the 5 populations of P. pumila sampled.
D1 — Dolgy; Ml — Malaya; Mn — Mainets; Mk — Makarov; Ng —
Nogliki.

resed in a vertical chamber on 13% to 14%s starch gel.
For electrophoresis, 2 buffer systems were used: A) tris-
EDTA-borate, pH 8.6, B) tris-citrate, pH 6.2 (electrode
buffer)/tris-HCI, pH 8.0 (gel buffer) (GoncHarRENkO et al,,
1992).

Recipes for histochemical enzyme staining followed
the standard methods (ConkLE et al., 1982; CueLiak and
PrreL, 1984) with insignificant modifications. The enzymes
assayed, their abbreviations, the buffer systems used, and
the number of loci consistently scorable are given in
table 1.

Allozymes were identified by their relative electropho-
retic mobilities (Prakasz et al., 1969). Within each locus,
the most common allozyme in P. sibirica, a closely related
species to P. pumila, was designated with the arbitrary
value 1.00. Null alleles were designated by symbol 0.

Statistical analysis

To estimate levels of genetic variation and differentia-
tion in the populations studied, a number of parameters
were used. Expected heterozygosity (H) for each locus
was calculated according to the formula:

H, = 1— Y%
where x; is the frequency of the i-th allele. Observed
heterozygosity (H,) was given by dividing the number of
heterozygous trees by the overall number of trees assayed
for a particular locus. Both expected and observed mean
heterozygosities were estimated as:

H = 1/L 2 H,
where L is the number of loci surveyed and H, is hetero-
zygosity for a particular locus. Percent polymorphic loci
(P) was calculated by dividing the number of polymorphic
loci by the overall number of loci surveyed, and mean
number of alleles per locus (A) was obtained by dividing
the number of alleles revealed by the overall number of
loci surveyed, percent polymorphic loci being estimated at
99%, (the frequency of the most common allele was not
greater than 99% — Py), at the 95% criteria (P,;), and for
all the alleles revealed (A). To measure gene diversity in
the natural populations, we calculated values of WrIGHT’S
F-statistics and Ner's G-statistics (Ne1, 1975; Guries and
Lepig, 1982; Pasurey, 1986). The Fgp values were utilized
to obtain the gene flow parameter, N,m (number of
migrants per generation), as follows:

Nem = (1/Fgp — 1)/4,

after Scatkin (1985). Genetic distance coefficient (Dy)
among the populations was-.estimated by NEr's method
(NEI1, 1972).

Results and Discussion

Enzyme phenotypes

Table 1. — Enzymes, their abbreviations (abbr.), Enzyme Commission Numbers (EC), number of loci scored
(Scor.), and buffer systems used for electrophoresis.

Enzyme Abbr.,. EC no. Scor. loci Buffer
Alcohol dehydrogenase ADH 1.1.1.1 2 A
Aspartate aminotransferase AAT 2.6.1.1 3 A
Diaphorase DiA 1.6.4.3 3 B
Fluorescent esterase FL-EST 3.1.1.2 1 B
Glutamate dehydrogenase GDH 1.4.1.2 1 A
Isocitrate dehydrogenase IDH 1.1.1.42 1 B
Leucine aminopeptidase LAP 3.4.11.1 2 A
Mal ate dehydrogenase MDH 1.1.1.37 4 B
Phosphaoglucomutase FGM 2.7.5.1 2 A
Phosphoglucose isomerase GFI 5.3.1.9 1 B
Shikimate dehydrogenase SkDH 1.1.1.25 2 B
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Figure 2. — Zymogram of ADH and GDH allozymes of megagametophytes of P. pumila.
ADH: slots 1 to 4, 8, 10, 13, 14 — Adh-1°% Adh-2!'®; slots 5, 6, 11, 12 — Adh-1°-8% AdH-2%
slots 7,9 — Adh-1°% Adh-2-°-%; slots 15,16 — Adh-1"% Adh-2". GDH: slots 1,2, 5 to 10, 14 to
16 — Gdh'*®; slots 3, 4, 11 to 13 — Gdh! %,

254 1

Figure 3. — Zymogram of ADH and

GDH allozymes of

0 H 42 34 15 46 17 -

megagametophytes of P. pumila. ADH:

slots 1, 5, 6, 10 to 15 — Adh-1"% Adh-2!'%; slots 2 to 4 — Adh-1'"% Adh-2!"%; slots 7 t0 9 —
Adh-1"-% Adh-2'-®; slots 16 to 18 — Adh-1*-% Adh-2’. GDH: slots 1, 7, 8, 15, 16 — Gdh''®; slots

2 to 6, 9 to 13, 17, 18 — Gdh'*"; slot 14 — Gdh!-,

Figure 4.,— Zymogram of AAT allozymes of megagametophytes of P. pumila: slots 1, 3, 4, 19, 20
— Aat—11+00 Agt-21:30 Agt-31-00; glots 2,5, 7 to 9 — Aat-11-% Aat-2!-% Aat-3!'-%; slots 6, 10, 14, 16 —
Aat-11-% Agt-21-0 Aat-30-40; slots 11, 13, 15, 17, 18 — Aat-11-9% Aat-2!-30 Agat-3°-40; slot 12 — Aat-11-%
Aat-2"'" Aat-31-30,

The number of loci consistently scorable in P. pumila
is given in table 1.

Alcohol dehydrogenase (ADH)

Gels stained for ADH show up to 3 zones of activity,
the most anodal zone being ADH-1 and the most cathodal
being ADH-2 (Fig. 2, 3). The third zone located midway
between ADH-1 and ADH-2 represents a heterodimer
between these 2 loci. Variation in ADH-1 or ADH-2
results in a change of position of the band representing the
heterodimer, so that it is always midway between the
ADH-1 and ADH-2. ADH-2 was weakly staining. No
heterodimer is observed when there is a null allele at
ADH-2.

Aspartate aminotransferase (AAT)

Four zones of activity occurred on gels stained for AAT,
but gene control was established only for the 3 faster-

migrating zones. The upper zone (AAT-1) was mono-
morphic (Fig. 4). A single locus with 2 alleles controlled
the isozymes at AAT-2, and a single locus with four al-
leles controlled the isozymes at AAT-3 (Table 2).

Diaphorase (DIA)

Three zones of activity were detected on gels stained
for DIA. The faster migrating zone (DIA-1) had 2 variants,
which segregate as alleles at a single locus (Table 2). The
other zones were monomorphic. Since the middle zone
in P. sibirica (GoNcHARENKO et al., 1989), a species closely
related to P. pumila, was variable, we presume that three
loci are present.

Fluorescent esterase (FL-EST)

One polymorphic zone of activity indicated a F1-Est
locus with three alleles (Table 2). Some other zones of
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Table 2. — Segregation of allozyme variants in P. pumila.

Locus Allele Ratio _)(2
Adh-1 0.85/0.98 21:23 0.09
2.85/1.08 12:14 @.15
Adh-2 ©.90/1.08 20:21 0.02
2.98/0 4:4 2.00
1.00/0 87:54  7.72%x
Aat-2 1.00/1.32 71:84 1.09
Aat-3 0.40/1.00 123:104 1.59
2.48/1.38 14:13 0.04
@.40/0 52:67  1.89
1.00/1.30 622 2.00
1.00/0 10:7 2.53
Gpi 1.00/1.25 127:98  3.74
Dia-1 0.80/1.0@0 177:155 1.46
Lap-1 0.90/1.00 120:168 8.00%x
1.00/1.05 4:8 1.33
1.00/0 F1:18  3.45
Lap~2 0.70/0.90 20:20 0.00
2.70/1.08 14:10 0.47
2.90/1.00 91:63  S.09%
Mdh-2 ©.70/0.98 '34:38 0.22
©.780/1.08 3I2:26  0.62
2.92/1.00 164:159 2.08
1.00/1.30 b:2 z.00

*) level of significance < 0.05
**) level of significance < 0.01
**) level of significance < 0.001

fluorescent activity were diffuse and inconsistently re-
solved.
Glutamate dehydrogenase (GDH)

The single zone of activity on gels stained for GDH is
apparently controlled by one locus with three alleles
(Table 2). The allozymes of GDH are presented in figures
2 and 3.

Isocitrate dehydrogenase (IDH)

Gels stained for IDH had one zone of activity. Isocitrate
dehydrogenase showed no variability in P. pumila, but it
was variable in P. albicaulis (FurnNier et al, 1986), a
species in the same subsection of the genus, subsection
Cembrae Loud.

Leucine aminopeptidase (LAP)

Gels stained for LAP showed two polymorphic zones of
activity. Four variants were found in LAP-1, one of them
being 0. The lower zone of activity (LAP-2) had 3 variants.
Malate dehydrogenase (MDH)

Four zones of activity occurred on gels stained for
MDH, but the fastest migrating zone (MDH-1) was visible
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!Locus  Allele Ratio )Kz
Mdh-3 1.00/1.05 69:57 1.14
Mdh-4 ©.80/1.00 78:78 .00
2.80/1.20 14:17  0.29
0.80/1.80 14:16 ©.13
2.80/0 14:13 0.04
1.00/1.20 111:60 15.21%xs
1.00/0 17:18  0.03
Gdh 1.00/1.20 163:1464 0.00
1.00/1.30 7:4 D.82
1.20/1.30  14:10  0.67
{F1-Est 1.00/1.30 7:17  4.17%
1.00/1.5@ 120:124 ©.07
1.30/1.50 5:7 ?.33
Fgm-1 0.90/0.95 16:12 @.57
0.90/1.080 36:29 0.75
0.95/1.00 113:99 ©.92
1.00/1.05 8:8 .00
IFgm-2 1.00/1.1@  68:51  2.43
Skdh-1 D.90/1.00 4:8 1.33
2.95/1.00 25:31 0.64
1.00/1.1@ 32:31  0.02
Skdh-2 1.00/1.10 20:26 ©.78

only in embryos. The other zones were active both in the
megagametophytes (Fig. 5) and in the embryos. MDH-1
was monomorphic. MDH-2, MDH-3 and MDH-4 were
polymorphic with 3, 2 and 5 variants, respectively. The
lower zone (MDH-4) had a 0 variant. A total of 4 loci were
observed.

Phosphoglucomutase (PGM)

Two zones of activity were evident on gels stained for
PGM. Both zones (PGM-1 and PGM-2) were polymorphic
with 4 and 2 variants, respectively. Isozymes of the upper
zone (PGM-1) stained much more intensely than those of
the lower zone (PGM-2).

Phosphoglucose isomerase (GPI)

Gels stained for GPI had 2 zones of activity. Bands of
the faster migrating zone sometimes blurred and stained
faintly, therefore this zone was difficult to interpret. We
interpret the slow migrating zone as a single, polymorphic
locus.

Shikimate dehydrogenase (SKDH)
Two zones of activity occurred on gels stained for



Figure 5. — Zymogram of MDH allozymes of megagametophytes of P. pumila:

o 10

slots 1,5 —

Mdh-2-® Mdh-3'"% Mdh-4!-%; slot 2 — Mdh-21-% Mdh-3!% Mdh-4!:%; slots 3,6 — Mdh-2"% Mdh-3t-%

Mdh-41-9; slot 4 — Mdh-2!"® Mdh-3.9 Mdh-4*-%; slots 7, 10, 12 — Mdh-2°-% Mdh-3t-%

Mdh-40-%;

slots 8,9 — Mdh-2"7 Mdh-3'-% Mdh-4-%; slot 11 — Mdh-2°* Mdh-3!'® Mdh-4!-%,

Figure 6. — Zymogram of SKDH allozymes of megagametophytes of P. pumila: slots 1, 2 —

1

Skdh-1*% Skdh-2'+®; slots 3 to 6, 10, 13 to 16 — Skdh-1''® Skdh-2!"®; slots 7 to 9 ~— Skdh-1'-1

Skdh-2'-%; slots 11 to 12 — Skdh-1!-% Skdh-2t-19,

SKDH. Both zones were polymorphic (Fig. 6). SKDH-1
consisted of 4 isozyme variants. The second more cathodal
zone, consisted of 2 variants.

Segregation

In the electrophoretic analysis of the 11 enzyme systems,
56 different electrophoretic variants were revealed in the
populations of P. pumila. The analysis for segregation of
haploid megagametophytes in heterozygous trees enabled
us to test whether these variants were under gene control.
A parent tree heterozygous for any locus produces haploid
megagametophytes in a 1:1 allelic segregation. Total data
on segregation of variants are presented in table 2. As
seen in this table, cases of distortion of the expected 1:1
segregation occurred for some allelic combinations at
Adh-2, Lap-1, Lap-2, Mdh-4, and Fl-Est. Segregation
distortion has been observed in a number of other pine
species (Apams and Jory, 1980; Eckert et al., 1981; CHELIAK
et al., 1984; MiLLAR, 1985; FurNiER et al., 1986; STrauss and
ConkLE, 1986; SuiraisHi, 1988). For example, in P. dalbicaulis
(FurniER et al., 1986) segregation distortion was revealed
for three loci that correspond to Mdh-4, Fi-Est, and
Gpi of the current study.

It should be stressed that we observed cases of segrega-
tion distortion only for particular allelic combinations.
The same alleles in other combinations gave a 1:1 segre-
gation of alleles (Table 2). Similar cases of segregation
were earlier revealed in the course of analyses for P.
muricata (MiLLar, 1985). Interestingly, segregation distor-
tion varies substantially in various individuals as well as
in one and the same individual in different years. This
was shown in investigations of P. attenuata, P. banksiana,
and P. thunbergii (CueLiAk et al., 1984; Srrauss and CONKLE,
1986; SHirAIsHI, 1988).

As a whole, our data support the allelic nature of the
electrophoretic variants revealed in P. pumila.

Genetic variation

Frequencies of the 56 alleles at 22 loci in P. pumila are
listed in table 3. From this table it is obvious that in
practically all the populations of P. pumila surveyed, 8
loci (Aat-3, Gdh;.Dia-1, Mdh-2, Mdh-4, Pgm-1, Lap-1,
Fl-Est) appeared to be highly polymorphic. Three other
loci (Lap-2, Gpi, and Adh-2) were highly variable in some
populations and weakly polymorphic in the others. In
some populations of P. pumila no variation was observed
at Aat-2, Mdh-3, Pgm-2, Skdh-1, Adh-1, and Skdh-2. With
regard to the latter two loci, even in variable populations,
frequency of the most common allele approximated to
95%. Aat-1, Dia-2, Dia-3, Idh, and Mdh-1 appeared to be
entirely monomorphic (Table 3).

On the basis of all 22 loci, we computed the propor-
tion polymorphic in the 5 natural populations of P. pumila
(Table 4). The summary in table 4 indicates that these
populations had very similar levels of genetic variation.
It should be noted that the Nogliki population differs
greatly from the others. The proportion of polymorphic
loci and mean number of alleles per locus are highest in
Nogliki, but mean observed heterozygosity, on the con-
trary, is lowest. Moreover, this population is the only one
in which observed heterozygosity (H,) was similar to the
theoretically expected heterozygosity (H,) under Harpy-
WeINBERG equilibrium (Table 4). In the other populations
of P. pumila, an excess of heterzygotes was observed. Dif-
ferences revealed for the Nogliki population are apparently
the result of the larger sample size (Table 3). The propor-
tion of polymorphic loci and mean number of alleles per
locus are strongly dependent on sample size.

Although, we analyzed only 63 trees it is evident that
more than 68% of the loci in this species are polymorphic
and the mean number of alleles per loci is greater than 2.5.
The observed heterozygosity (H,) for 22 loci is 0.288.
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According to our data, P. pumila is one of the most
polymorphic species in the Pinus genus. Only a few pine
species analyzed for 18 or more genes demonstrated simi-
lar or higher levels of genetic variation. For instance,
ConkLe (1981) showed that expected heterozygosities in
the North American species, P. lambertiana and P.
jeffreyi, exceeded 26% and 27%, respectively. Populations
of P. sylvestris from Byelorussia have slightly higher
observed heterozygosity (0.314) and expected heterozygo-
sity (0.286) based on 18 loci (Paburov et al., 1989). However,

the highest heterozygosities recorded are for P. longaeva
(Ho=0.302 and He=0.327) and P. taeda (Ho=0.377 and
He=0.362) (HieserT and Hamrick, 1983; ConkLE, 1981). It
should be noted, however, that the values for P. longaeva
and P. taeda are based on only 14 and 10 loci, respectively,
and are perhaps slightly overestimated.

Analysis of genetic structure

We made an attempt to identify population structure of
P. pumila using Ners G- and WricHT’s F-statistics. On

Table 3. — Allele frequencies for 22 loci in 5 popuiations of P. pumila..

Fopulations*

Locus | ALl@le | o s e o o e e e e e o e

I I D1 I M1 I Mr ! Mi: | Ng

Adh-1 % 10 1@ 1@ 8 25
@.8%5 1.000 1.200 1.00 1.000 2.240
@.90 2.000 2.000 ?.000 ?.000 2.0240
1.00 ?.200 2. 000 ?.000 0.002 2.020

Adh-2 n 1@ 10 1@ 7 25
@ 2.100 2.150 0.102 @.286 2.100
2.90 0.200 @.000 2.200 @.286 2.000
1.00 @.700 0.850 2.700 B.429 2.900

Aat-1 r 1@ 10 1@ :1 25
1.00 1.000 1.000 1.000 1.000 1.000

Aat-2 r 10 19 1@ 8 25
1.00 @.950 1.000 1.008 ®.875. ©.900

1.30 0.0350 @.002 ?.200 @.123 2.100

Aat~-3 n 10 1@ 1@ a8 25
] 0.002 2.202 2.120 ?.125 2.9280
2.40 @2.700 ?.700 @.650 B.563 2.480
1.00 @.320 @.700 @.2599 . 313 2.400
1.30 ?.200 @.000 @.200 0.2000 2.040

Gdh n 10 10 1@ 8 25
1.00 B.400 @.450 @.500 B.563 @.380
1.20 ?. 600 2.550 ?.500 @.375 @. 600

1.30 @.000 @.220 2.000 ?.063 2.020

Gpi n 10 102 1@ 8 25
1.00 @.850 @.700 @.250 @.813 @.900
1.25 @.150 @.300 @.150 @.188 2.120

Dia-1 n 1@ 1@ 10 8 25
@.80 2.550 @. 650 2.700 B.563 2.520
1.00 ?.450 @.350 @.300 @.438 @.480

Dia-2 n 10 10 10 8 25
1.00 1.000 1.200 1.000 1.000 1.0200

Dia-3 n 1@ 10 1@ 8 25
1.00 1.000 1.000 1.000 1.000 1.000
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Locus | Allele |- e e e e e e e e e e e e
I [ D1 1| L} S Mn | Mk Ng

Idh n 10 10 10 8 25
1.020 1.000 1.000 1.000 1.000 1.000

Mdh-1 n 10 1@ 10 8 25
1.00 1.000 1.000 1.000 1.000 1.000

Mdh-2 n 10 10 10 8 25
2.70 @.000 @.050 ?.200 2.000 2.0220
2.90 @.550 8.350 @.35@ @.567 @.640
1.00 @.450 2. 600 B.450 @.438 ?.340

Mdh-73 n 10 10 10 8 25
1.00 2.95@ ?.700 0.800 1.000 ?.960
1.25 2.050 ?.300 2.200 ?.200 2.040

Mdh-4 n 1@ 12 10 8 25
[} 2.100 0.050 @.0200 2. 000 2.060
2.80 0.150 2.200 0.05@ 2.250 @.320
1.00 ?.650 2.500 @.600 @.438 @.520
.20 @.100 @.250 . 350 @.250 2.100

1.680 2.000 2.200 0.200 @.0463 2.000

Pgm-1 n 12 1@ 19 8 25
2.90 @.200 2.100 ?.000 B.313 @.140
B.95 . 350 @.400 2.250 B.067 @.260
1.00 2.450 2.400 0.750 @.563 @.600
1.85 @.0200 @.100 0.000 @.063 2.000

Pgm-2 n 1@ 10 10 =] 25
1.00 1.000 2.900 2.850 @.813 @.8580
1.10 2. 000 2.100 0.150 @.188 @.120

Lap-1 n 1@ 10 19 8 25
@ 2.200 2.000 @.000 2.000 2.020
2.%0 @.250 . 350 0.450 B.063 D.160
1.00 2.550 Q. 600 @.550 @.875 @.820
1.12 2. 000 @.050 0.200 0.063 ?.0200

Lap-2 n 102 10 10 8 25
@.7@ @.000 2.100 2.000 @.188 2.000
@.90 ?.950 2.750 @.200 2.3500 @.860
1.00 ?.050 @.150 @.100 @.313 9.140

the basis of all 22 loci (Table 5), the genetic structure of
P. pumila populations can be quantified by describing the
correlation between uniting gametes within populations
(Fig), between populations (Fgp), for the species as a
whole (Fyr), and by the ratio of diversity among popula-
tions to the total diversity (Ggry).

In P. pumila, Fig varied from —0.322 at Gpi to 0.134 at
Lap-2. The weighted mean over all loci was —0.076; i.e.,

there was a 7.6% excess of heterozygotes relative to
Harpy-WEINBERG expectations averaged over all loci and
populations. Fyp averaged —0.030; i. e., heterozygosity was
in excess by 3% in P. pumila.

Fgr for multiple alleles was obtained as a weighted
mean of Fgp for all the populations investigated. It ranged
from 0.013 (Skdh-2) to 0.123 (Adh-2). Mean Fgr was equal
to 0.043 (4.3%). Ggr was also 0.043. This means that 95.7%
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Locus ) Allele |~ e -
1 | D1 1} o S Mn ) Mk 1 Ng

Fl1-Est n 102 10 12 8 25
1.00 2.500 0. 600 @.950 @.817 @.740

1.30 2.0200 2.200 2.000 2.000 2.060

1.50 2.500 @.400 @.250 @.188 @.200

Skdh-1 n 10 10 10 7 23
2.90 9.000 0.200 0.200 2.000 9.020

2.95 0.0200 ?.000 2.000 2.071 @2.120

1.00 @.952 1.000 .70 0.857 2.e00

1.12 2.0250 ?.000 . 700 2.871 2.060

Skdh-2 n 12 10 10 7 25
1.00 @.250 @.950 1.000 1.000 Q.960

1.10 2.052 @.250 0.200 2.0200 2.040

*) Dl — Dolgy, M1 — Malaya, Mn — Mainets, Mk — Makarov, Ng — Nogliki

**) n — number of trees analysed for a locus

of the total variation is contained within each P. pumila
population while only 4.3% is due to interpopulation varia-
tion. o

The Fgr and Ggp values (Fable 5) indicate that there is
no significant genetic diversity among the Chukotsk and
the Sakhalin populations of P. pumila.

On the basis of Fgr values it is possible to calculate the
amount of gene flow, N,m (StatkiN, 1985). According to
our data,

Nem = (1/Fgpr—1)/4 = 5.56.

This means that the number of migrants exchanged
between P. pumila populations is over 5 per generation.
Gene flow can be mediated both by seed and pollen
migration. The established fact of gene exchange among

the populations studied shows that the 11 kilometer strait
that separates the island of Sakhalin from the continent
does not apparently isolate island populations of P. pumila
from mainland ones.

Genetic distance

Using Ners genetic distance coefficient (Ner, 1972) we
estimated the level of genetic differentiation among the
populations. Dy values based on the 22 loci are listed in
table 6. Distance values ranged from 0.015 (Dolgy —
Malaya) to 0.045 (Dolgy — Makarov).

To better visualize the results, a dendrogram was con-
structed (Fig. 7). It shows the relationships among the
populations. The Dy values were clustered using the

Table 4. -- Genetic variation in natural populations of P. pumila.

| Fercentage of

FPopulationslloci polymorhiclof alleles per|d

I Average number |

Percentage of heterozygous

loci per individual

| = e e | locus b e e e e e e e e
| F I F ) A lExpected (H ) '!'Observed (H )
95 9 e o
Dolgy B.5682 @.682 1.864 . 230 2.303
Malaya B.86756 B.636 1.953 @8.271 2.318
Mainets Q.63 B.636 1.818 B.247 B.300
Makaraov B.4636 B.63 2.091 @.283 @.322
Nogliki @.4682 B.773 2.318 @.252 @.253
In total in
the species 0.682 @.773 2.545 Q. 2535 2.288
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Table 5. — Estimates of FIS’ FIT’ FST and GST for 22 loci in
P. pumila.

Adh-2 @.040 B.176 @.123 8.116
Aat-1 0. 000 2. 200 2.0200 2.000
Aat-2 -0.0871 -0.029 2.239 2.039
Aat~-3 ~-0.171 -p.138 2.2 2.228
Gdh 2.248 2.069 2.022 2.020
Gpi -0.322 -0.276 0.035 2.0835
Dia-1 -B@.296 -0.272 2.219 2.0219
Dia-Z2 2.000 2.0200 2. 000 2.000
Dia-3 2.000 2.0200 0.200 2. 000
Idh ?.000 o.o00 2.000 2.000
Mdh—1 0.000 Q.000 2.000 2.000
Mdh-2 -0.129 -0.055 B.063 ?.032
Mdh-3Z -@.133 ?.002 2.119 @2.1192
Mdh-4 -@P.219 -0.166 2.02473 2.040
Pgm—1 -0.063 -2.003 2.025s6 2.032
Fgm-2 -0.130 -0.09% ?.038 2.230
Lap~1 -8.024 2.064 2.886 2.028%
Lap-2 B.1=4 B.216 @.094 2.2790
Fl-Est -0.242 -Q.140 @.082 2.101
Skdh-1 -0.0465 B.oz4 Q.8465 @.082
Skdh-2 -2.034 -0.020 2.013 2.0173
Mean ~-2.876 -0.030 2.243 2.043

unweighted pair group method (UPGMA). Contrary to
our expectations, the Chukotsk mainland populations and
the Sakhalin Island populations did not form independent
groups, but formed one mixed cluster. The Dolgy and the
Malaya populations appeared closer to the north-eastern
coastal populations from the vicinity of the town of
Nogliki than to the third Chukotsk population sampled

Mn

o Mk Ngo 01w

[t} - W r
0040 o
0,045
0,020 - 0.024
0.030
0,0%0 4
0.037
0.040 <
Figure 7. — Dendrogram showing the clustering of the five

natural populations of P. pimula based on Ner's genetic distance
coefficient.

near the Mainets Lake. Nevertheless, as shown in the
dendrogram, genetic distance between the three Chukotsk
and the Nogliki (sampled on the island of Sakhalin) pop-
ulations did not exceed 0.030, a value characteristic of
geographically related populations of a single pine species
(Guries and LEepiG, 1982; WHEeLER and Guries, 1982; DanN-
cix and YEH, 1983; Louxas et al., 1983; Woops et al., 1983;
Ross and Hawriys;1986; GoNcHARENkO et al., 1989). Such a
low Dy value indicates a high level of genetic similarity
among the sampled populations of P. pumila.

We conclude that populations of P. pumila have a very
high level of genetic variation, and share a common gene
pool in the north-eastern and eastern parts of the species’
range.
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Summary

Eight natural populations of Pinus sibirica were in-
vestigated by starch-gel electrophoresis. A total of 36
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alleles were observed at 20 loci. Of the 20 loci, 55%
were polymorphic. The mean observed and expected
heterozygosity values were 0.173 and 0.176, respectively.
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