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Pinus gerardiana or chilogoza pine is a very important conifer species which is distributed very sparsely and is
threatened due to reckless cone harvest leading to almost complete lack of natural regeneration. The present study
was carried out to assess genetic variation among ten different populations of the species in Himachal Pradesh
using isozymes. A total of nine isozyme loci were recorded for four enzyme systems and fifteen alleles were assigned
for different isozymes. The isozyme loci such as PER-I, EST-II and AAT-II were the most variable in terms of
allele frequency. For each locus one allele was most common, not only with respect to its frequency, in the population
but also with respect to the number of populations which contained it. The isozyme loci PER-II and NADH-I appeared
heterozygous. Most of the genetic variation parameters showed a range of variation in different population and
also revealed low variation in some of the isolated populations of P, gerardiana and perhaps is result of inbreeding
insmall populations. On the basis of similarity coefficient and genetic distances it is concluded that various populations
of P. gerardiana differ substantially i.e. upto 7 per cent of total variation can be attributed to the population differences
which is generally high for any conifer. It is also concluded that species is highly heterozygous in nature as indicated

by negative F-statistics.
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Pinus gerardiana Wall. (chilgoza pine) is distributed very
sparsely in the world. It is confined to the mountains
of eastern Afghanistan, parts of Pakistan and scattered
patches in dry inner Himalayas. In India, the chilgoza
pine is restricted to the dry inner valleys of North-west
Himalayas where it grows at altitude of 1600 to 3300
m above mean sea level. As a timber tree, P. gerardiana
is of little importance and used only where other timber
species are not available. However, there is no other
conifer species, which can match P. gerardiana in terms
of its nutritional nuts that have carbohydrates, proteins
and fats. Tribals of Kinnaur are largely dependent on
the domestic and foreign sale of its nuts and it constitutes
the backbone of their economy. Besides, this species
is a good soil binder, and thus checks soil erosion. Though
chilgoza pine has not been tapped commercially for
oleoresin owing to its limited distribution and to avoid
destruction of the trees, in order to get more valuable
nuts, yet there is great scope for resin extraction. The
species is facing a threat due to reckless cone collection
by tribals which adversely effects its natural regeneration.
Thus, P. gerardiana deserves immediate attention for
genetic conservation and improvement. The basic pre-
requisite for genetic improvement and conservation of
genetic resources is the study of genetic variability in
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existing populations. In order to identify the level of
diversity, marker systems have almost become
indispensable. During the last two decades, isozymes
have been widely used to study genotypic variation in
populations (Hamrick and Godt 1989). Unlike quantitative
traits, isozymes are not generally influenced by
environmental variation, ontogenetically stable and
conditionally expressed. The technique fulfils the aim
of tree geneticist to detect genetic differences as close
as possible to the DNA level because these are direct
gene products.

Material and Methods

Seeds of P. gerardiana were collected from ten different
sites delimited by natural features, such as streams and
mountains. These sites lie on both sides of river Sutlej,
which divides the chilgoza forests into two mountainous
ranges. These sites were Akpa, Rispa, Skiba, Shongthong,
Boktu, Kalpa, Dubling, Kanam, Spilow and Morang.
The sites Akpa, Skiba, Boktu, Rispa were at the centre
of distribution range while Dubling and Morang at the
extremes and most isolated. Ten trees were sampled from
each site. Megagametophytic tissue from 10-15 seeds
was used for enzyme extraction from each tree sampled.
Seeds were soaked in 1% hydrogen peroxide for three
days and then germinated on moist filter paper at 25°C.
When radical emerged out of seed coat by 2 to 5 mm,
the megagametophytic tissue was separated and
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homogenised in pre-chilled pestle and mortar using
extraction buffer (1:5 w/v). The extraction buffer contained
0.05 M tris base, 0.008 M citric acid (pH 8.3), 0.1%
ascorbic acid, 0.1 % cystein hydrochloride and 1 %
polyethyelene glycol (PEG). The homogenates thus
obtained were centrifuged at 15,000 rpm for 20 minutes
at 4°C and stored in a refrigerator in tightly capped
tubes till use. Horizontal polyacrylamide gel electrophoresis
was carried out to separate the various enzyme systems.
The isozymes were fractioned at 4°C at a constant current
of 50mA in polyacrylamide gel in electrophoresis tank
containing lithium borate buffer (pH 8.3) (Scandalios,
1969). The staining procedure followed for various enzyme
systems were. according to Conckle et al. (1984) with
slight modifications. Locations of isozymes were specified
by relative mobility (Rm) values, which were calculated
according to Kuhn and Fretz (1978). The isozymes of
each enzyme system obtained on the gel were named
according to Rajoraand Zesuffa (1988). The fastest anodal
zone was designated as locus 1 for enzyme encoded
by multiple loci. Further, the isozymes at a locus were
denoted by alphabets A, B, C etc. where A represents
the fastest, and B, C, progressively, slower forms. Various
genetic parameters such as allele frequency, proportion
of polymorphic loci (Nei, 1978), polymorphic index
(Allardetal., 1978), observed and expected heterozygosity
(Nei, 1978), average allele per locus, effective number
of allele per locus (Crow and Kimura, 1970), Wright’s
F statistic, similarity index (Pontikis et al., 1980) and
genetic distance (Nei, 1978) were calculated for each
population.

Resuits and Discussion

Only four enzyme systems out of twelve tested were
resolved with- sufficient activity and clarity, hence were
selected for final analysis. These were peroxidase (PER),
esterase (EST), nicotinamide adenine dinucleotide
dehydrogenase (NADH) and aspartate amino transferase
(AAT).

Peroxidase-The investigation revealed that peroxidase
isozymes showed two loci and two bands for each locus.
Neale et al. (1984) also found two zones of activity
for peroxidase in Douglas fir. Similarly, Mowrey et al.
(1990) and Gibson and Hamrick (1991) found two
peroxidase loci in Prunus spp. and Pinus pungens,
respectively. Thus, peroxidase seems to be a diamer in
Pinus gerardiana. The locus PER:I shows a lot of
polymorphism while locus PER-II showed a more
consistent banding pattern as evidenced from their allele
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frequencies in various populations.

Esterase-Three different loci were observed for this
enzyme systeminthe sampled genotypes of P. gerardiana.
The loci EST-I and EST-II had only one band whereas,
EST-IT had two bands and showed polymorphism. Huang
et al. (1994) observed three single band zones for esterase
in Masson pine.

Nicotinamide adenine dinuleotide dehydrogenase-
For this enzyme system two loci were observed and
both were polymorphic with two alleles. The allele
frequencies at NADH-I did not vary much among the
populations. The allele frequencies at locus NADH-II
showed variation, NADH-IIA being the most common
allele.

Aspartate amino transferase-Two loci were detected for
the enzyme aspartate amino transferase activity. The locus
AAT-I had only one allele and was monomorphic over
all the populations while AAT-II had two alleles, AAT-
IIA being the most common allele in all the populations..
The result are in agreement with those of Myburg and
Harris (1997) who also recorded two loci for AAT activity
with one allele at each locus in P. kesia and with Yeh
and O’Malley (1980) who recorded two loci with two
alleles at each locus in Douglas fir. However, some other
workers such as Goncharenko et al. (1993), Timerjanov
(1997), Scaltsoyiznnes et al. (1994) and Beaulien and
Simon (1994) have recorded three loci for AAT activity
in various conifer species.

Genetic interpretations-A total of nine isozyme loci were
recorded for four enzyme systems and fifteen alleles were
assigned for different isozymes. The allele frequencies
for fifteen alleles at nine loci for different populations
are listed in Table 1. The loci such as PER-I, EST-II,
and AAT-II were most the variable and most of populations
did not differ much at loci PER-II, EST-I, EST-III, NADH-
I, NADH-1I and AAT-I in terms of allele frequencies.
It can also be seen that for every locus, there is a most
common allele not only with respect to its frequency in
apopulation, but also with respect to number of populations
contained it. In the present investigation the per cent
polymorphism varied from 33.33 to 66.67 per cent. It
is interesting to note that populations which lie in the
centre of the distributional range such as Akpa, Rispa,
Shongthong, Spilow except Skiba depicted a high per cent
polymorphism as compared to the isolated populations
such as Dubling, Moorang and Boktu. In pines a wide
variation in percentage of polymorphic loci have been
reported in literature ranging from 5 per cent in P. palustris
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Table 1. Probable genotype, allele(s), allele frequency, of Pinus gerardiana at different sites based on isozymes

Loci Sites/
Parameters Dubling Moorang Skiba  Akpa Rispa Kanam Spilow  Shongthong Boktu Kalpa
PER-I  Genotype BE BB&AB BB BB&AB BB&AB BB&AB BB&AB BB&AB BB  BB&AB
Allele freque A 0 033 0 043 0.20 0.20 0.33 0.20 0 0.33
ele lrequency g 1 0.67 1 0.57 0.80 0.80 0.67 0.80 1 0.67
PER-Il  Genotype AB AB AB  AB AB AB AB AB&AA AB AB
Allele frequency A 050 050 050 050 0.50 0.50 0.50 067 050 0.50
cle frequency g 050 050 050 050 0.50 0.50 0.50 033 050 0.50
EST-I  Genotype BB BB BB BB BB BB BB BB BB BB
A 0 0 0 0 0 0 0 0 0 0
Allele frequency B 1 1 1 | 1 1 1 | 1 1
EST-II  Genotype AA  AA  AA AAZAB AA&AB AA&AB AB AA&AB AA&AB AA&AB
Allele. frequenc A 1 1 1 0.67 0.67 0.67 0.50 080 057 0.80
cle lrequency g 0.33 0.33 0.33 0.50 020 043 0.20
EST-II  Genotype AA  AA  AA  AA AA AA AA AA AA AA
A 1 1 1 1 1 1 i 1 ] 1
Allele frequency B 0 0 0 0 0 0 0 0 0
NADH-I Genotype BB&AB AB AB  AB AB AB AB AB AB AB
Allele freauency A 033 050 050 050 0.50 0.50 0.50 050 050 0.50
quency g 067 050 050 050 0.50 0.50 0.50 050  0.50 0.50
NADH-II Genotype AA&Nil AA&AB AB AA&AB AA&AB  AB AB AB  AB&Nil  Nil
Allele frequenc A 1 080 050 080 0.57 0.50 0.50 050 050
quency g 0 020 050 020 0.43 0.50 0.50 050 050
AAT-I  Genotype AA  AA AA  AA AA AA AA AA AA AA
A 1 1 1 1 1 1 1 1 1 1
Allele frequency B 0 0 0 0 0 0 0 0 0 0
AAT-II  Genotype AA  AA&ZAB AAKABAAXAB AA&AB AAXAB AA&AB AB  AA&AB  AB
Allele frequenc A 1 057 057 057 0.67 0.57 0.67 050 067 0.50
quency g 0 043 043 043 0.33 0.43 033 050 033 0.50

(Synder and Hamaker, 1978) to 100 per centin P. heplensis
(Agundez et al., 1999), P. henryi (Guo et al., 1998) and
P. taeda (Schmidtting et al., 1999). The average number
of alleles per locus varied from 1.22 to 1.67, which also
followed the same trend i.e. lower number of alleles per
locus was observed in isolated populations. In 20 species
of Pinus, the mean of average number of alleles per locus
was observed to be 2.29 (Ledig, 1986). Thus in present
studies less number of alleles per locus was observed
than the average reported in the literature.

The expected mean heterozygosity for various
populations in the present study ranged from 0.10 to
0.32, again some of the isolated populations being on
the lower side in this parameter also (Table 2). The
expected heterozygosity for the species as a whole was
recorded to be 0.30, which s on the higher when compared
with expected heterozygosities reported in 37 Pinus
species, which ranged between 0-0.362 with a mean of
0.174 (Ledig, 1986). Directcomparisdn with other studies
may not however be reliable as type of the enzymes,
the number of enzymes and the total loci studied vary
from study to study. In many cases workers take into
account all the loci including the monomorphic ones
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for calculation of the genetic parameters, whereas, others
exclude them. This may lead to differences in the
calculated values. The estimate of the fixation index was
negative for all the populations studied except for the
population at Dubling. The negative values of fixation
index reflect the predominance of heterozygotes in these
populations. In conifers excess of heterozygotes is an
important factor, which canbe ascribed tolarge differences
in male and female allelic frequencies. Significant
predominance of heterozygotes is common in mature
stands of conifers (Muller-Strack ez al., 1983; Morgante
et al., 1993).

Similarity index-The similarity index values (Pontikis
et al., 1980) between and within various populations
are directly based on isozyme phenotypes. The maximum
similarity coefficient value was found between the
populations of Rispaand Kanam followed by that between
Kanam and Spilow, which lie at central part of distributional
range of Pinus gerardiana (Table 3). Minimum similarity
index value was recorded between Dubling and Spilow,
Dubling being an isolated population. For the populations
suchas Dubling, Moorang, the within population similarity
coefficient was high which-indicates higher relatedness.
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Table 2. Genetic variation parameters of different populations of Pinus gerardiana

Site
Parameters Dubling Moorang Skiba Akpa Rispa Kanam Spilow Shongthong Boktu Kalpa In total in
the species
Total number of loci 9 9 9 9 9 -9 9 9 9 8 9
Total number of allele in all loci 11 14 13 15 15 15 15 15 14 13 15
Per cent polymorphic loci 3333 5556 44.44, 66.67 66.67 66.67 66.67 66.67 5556  62.50 66.67
Polymorphic index 0.11 0.25 0.22 030 026 030 032 029 0.27 0.28 0.30
Average number of allele/locus 1.22 1.56 1.44 1.67 167 1.67 1.67 1.67 1.56 1.63 1.67
Effective average number of allele/locus 0.12 0.15 0.14 020 0.16 0.16 0.16 0.19 0.15 0.17 0.30
Mean observed heterozygosity 0.17 0.39 0.42 047 044 050 056 0.44 047 0.47 042
Mean expected heterozygosity 0.10 0.25 0.22 030 030 030 032 0.29 0.27 0.28 0.30
F-statistics 032 015 -0.17 -032 -028 -038 -048 -0.28 -030  -0.36 -0.40

Table3. Intra- and inter-population similarity matrix between ten different populations of Pinus gerardiana based on isozymes

Dubling  Moorang  Skiba Akpa, Rispa Kanam ' Spilow Shongthong Boktu Kalpa

Dubling 0.96
Moorang 0.81 0.94
Skiba 0.89 0.84 0.86
Akpa 0.78 0.89 0.84 0.85
Rispa 0.88 0.85 0.72 0.83 0.84
Kanam 0.76 0.86 0.80 0.85 0.90 0.85
Spilow 0.61 0.81 0.86 0.85 0.88 0.89 0.90
Shongthong 0.72 0.86 0.84 0.72 0.84 0.86 0.85 0.90
Boktu 0.78 0.80 0.84 0.71 0.84 0.88 0.84 0.79 0.82
Kalpa 0.78 0.83 0.75 0.81 0.77 0.79 0.74 0.74 0.81 0.91
Table 4. Genetic distance matrix between ten different populations of Pinus gerardiana based on isozymes

Dubling Moorang Skiba Akpa, Rispa Kanam Spilow Shongthong Boktu Kalpa
Dubling
Moorang 0.046
Skiba 0.060 0.029
Akpa 0.072 0.018 0.058
Rispa 0.079 0.021 0.182 0.011
Kanam 0.156 0.031  0.189 0.023 0.001
Spilow 0.102 0.054 0.056 0.023 0.004 0.009
Shongthong 0.086 - 0.060 0.028 0.209 0.064 0.019 0.026
Boktu 0.076 0.061 0.029 0.224 0.018 0.009 0.017 0.024
Kalpa 0.130 0.060 0.060 0.060  0.053- 0.048 0.068 0.024 0.072

The mean values of within population similarity coefficient
and between population similarity coefficients were 0.883
and 0.813, respectively. This indicates that about 7 per
cent variation is due to their interpopulation differences.
This means that genetic variation in P. gerardiana is
high in local populations and the same allele tends to
be distributed throughout the whole range of the species.
The results are in agreement with those of Hamrick and
Godt (1989) who concluded that conifer species have
approximately 6.8 per cent of their variation among
populations,

Genetic distance-The Nei’s genetic distances are also
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estimation of the inter-population genetic variability. The
genetic distance almost followed the same trend as that
of similarity coefficient (Table 4). The mean genetic
distance for all possible pairs of populations was 0.06
showing that differentiation among populations was
substantially high.

Although average inter-population genetic distances
within populations for most of the conifers is rather low
viz.,0.003 in Russian population of P. koraiensis (Potenko
and Velikov, 1998), 0.0}3 in Larix sukaczewii (Timerjanov,
1997), 0.008 in P. thunbergii (Kim et al., 1997), 0.017
in P. sylvestris (Goncharennko et al., 1994) and 0.0037
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in Doublas fir (Yeh and O’Malley, 1980). However,
Scaltsoyiannes (1999) observed very high genetic distance
between population of Cedrus libani (upto 0.487).
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