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Introduction

Our knowledge of the variability within populations of
Pinus sylvestrisis mainly limited to hardiness and growth
(cf. EicHE 1966, HagNeR 1970, ReMr6D 1972, EicHE and ANDERs-
soN 1973). An increased knowledge of the variability o
other genetically determined characteristics in Scots pine
populations should be valuable especially since the total
amount of seed needed for almost all reforestation in Swe-
den will be produced in the seed orchards established
within a few years. A continuous cutting of the autoch-
tonous stands and a reforestation with seeds from the seed
orchards will in the near future narrow the gene pool o
Scots pine unless measures are taken to preserve genetic
variability. In this connection it is worth mentioning that
Stern (1972) strongly warned against a low number of trees
in the breeding population.

The number of plus trees selected all over Sweden a-
mounts to more than 5,000 trees. This seems sufficient to
guarantee a satisfactory variability. However, first of allit
must be remembered that these 5,000 trees have to be di-
vided into different breeding populatiens according to their
origin. Today Sweden is divided into 16 different seed or-
chard zones which constitute themain unitsof reforestation.
This means that each breeding population contains about
300 plus trees. However, these trees are not evenly dis-
tributed within the zones. Furthermore, the variability of
the various commercially important characteristics differs
between the zones. A study of the zymograms of individual
trees belonging to different populations would reveal
variability within as well as between the populations
examined. Studies of zymograms in Scots pine (Rupin and
Rasmuson 1973) have revealed that isozyme alleles can
act as codominant hereditary factors. The same mechanism
works in other conifers as well (Barters 1971, Concre 1971).
Based on a study of vegetatively propagated material
Rasmuson and Rupin (1971) showed that the influence of
root stock and location was insignificant.

Investigations of the variability of different forest tree
populations by the aid o the isozyme technique have
been undertaken by several investigators during the last
few years (Mivazaki and Sakal 1969, Sakai and Park 1971,
Sakal et al. 1970, 1971, 1972, Sakar and Mivazaki 1972,
Martsura and Sakal 1972, Ticerstept 1972). Another practical
application of the isozyme technique has been suggested
by Beremann (1971 and 1972). | n this case isozyme examina-
tion should be used for seed certification.

During the previous century reforestation following for-
est fire seems to have been of common occurrence. | n these
cases the reforestation may have originated to a great ex-
tent from seeds formed on a few surviving trees widely
separated from each other. The probability for selfing may
thus have been relatively high (cf. Jounson 1945). If selfing
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has resulted in seed production it is expected that the new
regenerated population suffered from inbreeding to a
certain extent. If this process has taken place several times
the degree of homozygosity may have been increased con-
siderably. By the aid of zymogram analysis the allele
frequencies in different isozymeloci can be revealed. Based
on the allele frequencies the expected frequencies of the
genotypes, following random mating, can be calculated. A
deficit of heterozygous genotypes may indicate inbreed-
ing, and the coefficient of inbreeding (F) may be estimated
Ho — Hp

Ho
Hop = proportion of heterozygotes expected according to
random mating;
Hp = proportion of heterozygotes observed (cf. Crow and
Kimura 1970).

However, there are other possible causes for deviations
from expected genotype frequencies, for instance selection
in favour of or against homozygotes, heterogeneity of the
population and the existence of more or less isolated sub-
populations, the presence of silent alleles which makes it
impossible to discriminate between heterozygotes and
homozygotes. Isozyme analysis is a valuable tool for
revealing inbreeding, but when interpreting the obtained
data due consideration must be given to other possible
factors which might account for the observed deviations.
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Figure 1 — The geographic localization of the populations included

in the study.

Silvae Genetica 23, 1-3 (1974)



In the present paper data from three populations of Pinus
sylvestris will be presented. Two of them were selected
for isozyme analysis of special reasons. They will be
presented in another context. Their geographic localization
is shown in Fig. 1.

Material and Methods

Needles for this investigation were collected on the
south-west side of the crowns of the trees. The geographic
data of the three localities are summarized below.

ground in an automatic mortar grinder (own construction).
Buffer, staining methods for esterases and other details
were made according to the simplified method earlier de-
scribed by RubpiNn and Rasmuson (1973).

For leucine-amino-peptidases (LAP) and glutamate-
oxalate-transaminases (GOT) the electrophoretic separation
was carried out in a 12% starch-gel pH 8.2 (AsutoN and
Brapen 1961) for 4.5 hours in room temperature and at 20
volts per em. However, the gel buffer was diluted with 50%
more dest. water (Beckman et al. 1967) than the original

Name of locality Latitude Longitude Altitude Date of collection mt‘;‘;gms
vagsjofors
Ladtjarnstorp 60 18’ 13° 06’ 180 January 1973 99
Bomtorpet 600 17 130 07 200 January 1973 42
GAardstjarn 65° 29° 19° 17 400 December 1972 132
Kiruna
Kauppinen 67° 51’ 200 27 355 March 1973 19
Nokutosvara 670 51° 200 16’ 480 March 1973 20

The trees belonging to the Kiruna population constitute
mother trees of the populations included in the country-
wide provenance experimental series established during
the early fifties by Eicue (cf. Eicue 1966). The collection of
material was done from grafts growing in a clone archive
at Roskér, Bogesund, nine kilometers north-east of Stock-
holm.

The stand Ladtjarnstorp at Vigsjofors was an ordinary
full density stand about 100 years old. It is worth mention-
ing that more than 10 per cent of the trees suffered from
Peridermium pini. At Bomtorpet the stand had a density
of about 0.6 and was 110 years old.

The age of the trees at Gardstjarn amounts to about 120
years. The average number of trees per hectar within this
seed-tree stand varies between 10—18 trees.

The twigs with needles were stored at +6° C for less
than two months before investigation. The needles were

Table 1. — The allele frequencies in three isozyme

Ashton and Braden buffer.

In order to develop the LAP-bands the gel was prein-
cubated in 0.2 M Tris-maleat buffer pH 5.4 for 15 minutes.
The buffer was removed and the staining solution was ad-
ded. This consists of 55 ml of the above mentioned Tris-
maleate buffer, 5 mg L-leucyl-f-naphtylamide HCl and
7.5 mg Black K salt (Beckman et al. 1964). After two hours
at 37° C the LAP-pattern was recorded. Fixation of the
gels was done in a solution consisting of water, metanol
and acetic acid in the ratio of 5:5:1. The GOT-bands
were stained with the following staining solution: 75 ml 0.1
M phosphate buffer pH 7.4, 0.375 mg pyridoxal-5-phos-
phate, 172 mg L-asparic acid and 150 mg Fast Blue BB-
salt (Scuwagrtz et al. 1963, slightly modified). The pattern
was recorded after 1'% hours in 37° C and in darkness.
Fixation of the bands was done in glycerol + dest. water
(1:1).

loci from three populations of Pinus sylvestris

Locus EST-B GOT-B LAP-B
Allele B0l B1 B2 B3 B31 B4 B1B13 B2 B22 B3 B4 B0l B1 B2 B3 n
Viagsjofors 0.04 0.07 0.69 0.17 — 003 002 — 038 001 059 — 0.004 0.02 0.94 0.04 282
Gardstjidrn 0.05 0.11 0.62 018 003 0.01 004 — 043 0.04 048 0.004 — 0.003 0.94 0.06 264
Kiruna 003 — 086 0.09 001 001 — 001 055 0.08 036 — —_ 0.03 095 0.03 78
Test of
homogeneity 7% = 18.804 72 = 26.439 72 =0.101
df =8 df =6 df =2
0.025 < p < 0.05 p < 0.001 0.95 < p < 0.99

B 31 and B 4 pooled
B 2 versus other alleles:

2% = 15.897

df =2

p < 0.001

B 3 versus other alleles:
72 = 4.025

df =2

0.10 < p <020

B1 + B13 + B4 pooled

2% =19.93
af = 4
p < 0.001

B1l + B13 + B4 pooled

B2 + B 22 pooled

B 2 versus other alleles:
2=1"17481 df=2 p<0.05

B 2 + B 22 versus other alleles:
72=14595 df =2 p <0.001
B 3 versus other alleles:

22 =15549 df =2 p <0.001

B0l + B1 + B 3 pooled
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Results and Discussion

The zymogram analysis of the two populations at Vig-
sjofors showed a close relationship between the two popula-
tions. Therefore, the trees of these two populations can be
regarded as components of just one population.

Owing to the low number of trees in the two popula-
tions at Kiruna they were regarded as one population to
make comparisons with the other two populations mean-
ingful.

The allele frequencies in the three investigated isozyme
loci are compiled in Table 1. To perform tests of homo-
geneity among populations the alleles with the lowest
frequencies had to be pooled, as indicated in the table. The
reason for pooling the GOT-B alleles B2 and B22 will be
given below. The tests revealed heterogeneity of allele
frequencies for the EST-B locus (5% significance) and for
the GOT-B locus (0.1% significance) whereas an extremely
high p value for homogeneity was obtained for the LAP-B
locus.

The most common alleles were tested separately against
all other alleles. In the EST-B locus a significant hetero-
geneity was found for B2 but not for B3. In the GOT-B
locus B2, B2 + B22, as well as B3 showed heterogeneity
among populations. The resulting x> values are also given
in Table 1.

A separate test of homogeneity was also carried out for
the Vigsjofors and Gardstjarn populations. In that case
the test of homogeneity revealed that the differences in al-
lele frequencies were significant at the one per cent level
both as regards the EST-B and GOT-B loci.

The genotype frequencies of the two populations were
tested with respect to the agreement with the Harpy-
WeinBerG law. The data from this analysis are compiled in
Table 2.

Table 2. — Summary of the test of agreement with random mating
genotype frequencies within three isozyme loci from three dif-
ferent populations of Pinus sylvestris.

EST-B GOT-B LAP-8

Vigsjofors 0,3<p<0,5 0,5<p<0,7 0.8<p< 0,9
Gardstjim p< 0,001 p<0.1 b 0,8<p< 0,9
Kiruna 0,10<p< 0,20 0,8< p< 0.9 0,90<p< 0,95

1) 1f the figures for the genotypes B 2/B 2, B 2/B 22, B 22/B 22 are summed the p value will fall

between 0,5 and 0, 7

The GOT-B locus needs a special comment. In the pop-
ulation from Géardstjarn four homozygous B 22/B 22 trees
were found whereas the theoretically expected number
based on the frequency of this allele was calculated to be
0.24. This deviation from the expectation explains the low
p value obtained in this case. However, it is a delicate task
to separate the genotypes B 2/B 22 and B 2/B 2 from each
other. It was therefore preferable to test the agreement
with the Harpy-WEeinBerG law also following pooling of
the genotypes B 2/B 2, B 2/B 22, and B 22/B 22. In doing so
the p value falls between 0.5 and 0.7. With this in mind it
may be concluded that only the EST-B locus in the Gards-
tjarn population showed a significant deviation from the
expectation of random mating.
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During the analysis of the compiled data it was found
that the deviations were all caused by an excess of homo-
zygous individuals. Inbreeding coefficients were therefore
calculated according to the equation given in the intro-
duction (Table 3). This calculation is just another way of
expressing the deviations from the Harpy-WEeiNBerG law,
and in agreement with the previous test the only significant
coefficient of inbreeding was found in the Gardstjarn pop-
ulation for the EST-B locus. This inbreeding coefficient
was remarkably high, amounting to 0.33 which is even
higher than that expected following half sib mating.

As pointed out earlier the significance of this observa-
tion should not be overestimated. No significant excess of
homozygotes was found in the other two loci, but selection
might act differently on the various genotypes of the
tested loci, or on loci linked to them, which may obscure
the inbreeding effect. A close study of our data shows that
the differences between the gene frequencies in the GOT-
B locus of the three populations are greater than for the
corresponding ones in the EST-B locus. — Furthermore
preliminary date from a new investigation of stands dis-
tributed all over Sweden (Rupin unpubl.) suggest that the
most common EST-B alleles — B2 and B3 — occur in the
same frequency in the very north and in the very south of
Sweden. — This probably means that selection on a geo-
graphical basis is less pronounced for the EST-B locus.
Moreover, the population at Gardstjérn is an artificial one.
The trees have been selected according to their good char-
acteristics with respect to growth, trunk straightness etc.
The occurrence of an excess of homozygotes might be con-
nected with these characteristics of practical value. Since
the trees which are rejected on the occasion of selection
cannot be analysed, it is impossible to come to any con-
clusions concerning this question. It suffices to add that
the excess of B 1/B 1 trees was most pronounced but B 3/B 3
trees were also in great excess.
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Abstract

The allele frequencies in three isozyme loci of three
Swedish pine populations were estimated (cf. Table 1). The
populations were tested with respect to homogeneity. The
tests revealed heterogeneity of allele frequencies for the
EST-B locus (5 per cent significance) and for the GOT-B
locus (0.1 per cent significance) whereas high p value for
homogeneity was obtained for the LAP-B locus. The pop-
ulations were tested for agreement with expected genotype
frequencies following random mating. A general excess of
homozygotes was found, but the deviations were significant
only for the EST-B locus of the Gardstjirn population
(lat. 65° 29’ alt. 400 m). The calculated inbreeding coefficient
for this population for the EST-B locus was 0.33.

Key words: Pinus sylvestris, population genetics, isoenzyme studies,
esterases, leucine aminopeptidases, glutamate-oxalat-
transaminases, allele frequencies, inbreeding, genetic
variability.
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