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Abstract

Juniperusexcelsa (Cupressaceae) is an evergreen tree and the second most diverse group of the conifers distributed
abundantly in high elevation zones of Balochistan. Genetic and phytochemical variations in three naturally occurring
populations of J.excelsa were analysed. Genetic variability was assessed by different molecular markers (RAPD, ISSR and
URP) with an objective to use genetic diversity as a key to conserve the taxon which is also known as living fossil as
dominated in Mesozoic era. Genetic diversity was assessed by polymorphic bands to generate a dendrogram based on
UPGMA. Using tested markers, 116 bands were amplified out of which 67 bands were polymorphic with an average value
of 8.37 (57%) bands per primer. Based on data, a cluster dendrogram was prepared that exhibited the mean genetic
similarity matrix as 0.57 and two major clusters diverge at 0.49. The genetic similarity coefficient among all accessions
ranged from 0.35 to 0.90. In phytochemical analysis, total phenolic and flavonoid contents were estimated and compared
among all accessions. Ecological characteristics of the study sites were measured to check their impact on genetic and
chemical variation. Soil properties were analyzed for Principal Component Analysis. Chemical variation of J. excelsa of
three sites revealed by dissimilarity matrix exhibiting genetic distance based on TPC and Flavonoids. Cluster analysis
represent two major groups. Mean concentration of TPC and flavonoids were 56+9.15 and 150+27.9 mg/g respectively.
PCA of soil considered three factors had Eigen values >1 and explain cumulatively 4.60 %, 26.02% and 10.36 % of the
variance. First factor was positively correlated with second and fifth, but negatively correlated with other factors. In
conclusion, molecular marker profiling together with phytochemical variation of total phenolic and flavonoid content in all
accessions of Juniperusexcelsa and impact of ecological diversity on Genetic and chemical variation can be used as base

line study for implementation of conservation strategies.
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Introduction

Juniperus excelsa M. Bieb. (Cupressaceae) grows in
various parts of the world; naturally it exists in Anatolia,
central and south Balkons, central and south Asia and east
Africa (Farjoon, 1992). Juniper tree is considered to be
the second most diverse group of the conifers. The genus
Juniperus consists of approximately 67 species, all native
to northern hemisphere. Juniperus excelsa has been
reported as a threatened tree in Pakistan by International
Union for Conservation of Nature (IUCN) Red data List
(Anon., 2006).

J. excelsa attains a height up to 20 m, trunk width up
to 2m diameter at breast height. They can easily survive
in harsh climatic condition (Fisher et al., 1995). All
Juniperus spp. grow slowly with meager seedling
development. Some extensive 100,000 hectares area is
covered adjacent to Quetta region in Zarghoon range and
Ziarat by Juniperus excelsa (Khatak, 1963). These forests
of J. excelsa are considered as one of the world’s largest,
oldest, drought resistant, enormously slow growing and
long-lived trees which sometimes live more than 1000
years. Therefore, Sheikh (1985) termed them "Living
Forest Fossil". However some natural isolated populations
are also found near Quetta such as Takatu mountain range
and Hazarganji Chiltan National Park.

Genetic diversity refers to genetic makeup of
organism and plays a vital role in the survival of species
and their adaptability in diverse ecosystems. For

conservation strategies and breeding programs, genetic
diversity and plant distribution is very important (Volis et
al., 2001; Meloni et al., 2006; Bruschi et al., 2003).

Molecular marker can be used to assess genetic
variability within and among populations. Several
marker systems are now available for genetic diversity
analysis. RAPD markers are quite suitable for DNA
fingerprinting as they are rapid and easy to assess
however, amplification of bands can be effected by
different factors such as variable sequence of primers,
quantity of template and annealing site in genome
(Kernodle et al., 1993).The Inter Simple Sequence
Repeat (ISSR) amplification assay was developed by
Zietkiewicz et al. (1994) and did not need prior
sequence and was less vulnerable (Adams et al., 2003).
Universal Rice Primer (URP) markers were first time
used by Kang et al. (2002). These are repeated chains
that were extracted of genome bank of the rice of local
Korea and it canuse for genomes of plants, animal and
microbes. URP markers with suitable PCR condition,
produce high polymorphs. Additionally it has been
proved that these markers are useful tools for genetic
analysis in between and within species (Rashmi et al.,
2008; Abbas et al., 2015).

In this view, the present study was conducted to
check the genetic variability in three naturally occurring
populations of J. excelsa and three elevation zones of
Balochistan through molecular and phytochemical
profiling. In parallel, the soil characteristics of the study
sites were also analyzed and compared.
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Materials and Methods

Study area: As the province of Baluchistan is rich in
biodiversity, occupies a position between the two major
Zoogeographical regions of the world namely, the Oriental
and Palearctic. The geography of the region has an impact on
the distribution of plants and animals (Anon., 2000). Sra-
Ghurgai (Takatu-mountain range) found in Koh-i-Takatu
mountain range its elevation ranges from 1660 to 3000
meterabove sea level (a.s.l). It is situated at 30° 17’ - 39° N
latitude and 67° 01’- 02° E longitude (Saeed et al., 2014).
Zarghoon is another important high elevation zone adjacent
to Quetta valley ranges from 2200 to 3,578 m (11738. ft. The
highest peak). The area constitutes steep slopes, hills and
narrow valleys. The Zarghoon range extended up to Ziarat
and covered by thick Juniper forest approximately 200,000
acres. Hazarganji Chiltan National Park Comprised of
diverse sandy and forest habitats. Common vegetation
includes trees, shrubs and herbs with dominating Pistachia
spp., Cerassus spp. Fraxinusxanthoxyloides and some
fragmented J. excelsa. The Chiltanmarkhor (National animal
of Pakistan) is also confined within the park boundaries.
Temperature range is -10°C to 35°C, while Altitude ranges
from 1600-3300m. Park is located at 30° 07°N latitude and
66° 58’E longitude (Saeed et al., 2015).

Plant material: Young and healthy leaf buds were sampled
(during 2012-2014) from three natural populations, including
forest of Zarghoon range (ZR), Sra-Ghurgai (SG) and
Hazarganji (HG). A total of nine genotypes i.e. three
genotypes from three different sites of three populations
were sampled for analysis (Table 1). Taxon was identified
and dry samples were preserved. The voucher specimens
with accession numbers were submitted in herbarium at
Department of Botany, University of Balochistan Quetta.
Leaves samples for DNA extraction and PCR amplification
were immediately stored at ultra-low freezer.
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DNA extraction and purification: For genomic DNA
isolation, method described by Doyle & Doyle (1987)
was used. To check the integrity of isolated DNA, 1%
agarose gel stained with ethidium bromide was used to
check the quantity of isolated DNA samples, was further
checked on Biospec-Nano at 260/280 nm.

PCR reaction: A total of twenty two primers including
RAPD, URP and 18-mer ISSR were used, 8 of them were
polymorphic (Table2). The reaction for amplification was
carried out in volume equal to 20u/ reaction. PCR mixture
containing, 3mM MgCl,, 1X PCR buffer, 0.2mM dNTPs
mix, 20 pmol primers, 0.01% gelatin, 1U/rxnDream
TagDNA polymeraseand 25 ng DNA template.

PCR amplification was performed using thermal
cycler (Applied Biosystems 96 well USA). For RAPD
primers, PCR was performed with initial denaturation at
94°C 3min and then 36 cycles with annealing temperature
36°C for 1 min, extension step at 72°C for 2 minutes. An
additional extension step for 5 minutes at 72°C in the final
cycle was also added. For URP primers, PCR was
performed with initial denaturation at 94°C 3min and then
40 cycles with annealing temperature 50-56°C for 1 min,
extension step at 72°C for 2 minutes. For ISSR primers,
PCR was performed with initial denaturation at 94°C for
3min and then 40 cycles with annealing temperature 56°C
for 1 min and extension step at 72°C for 2 minutes
followed by an additional extension step for 5 minutes at
72°C in the final cycle. The amplified products were
checked by electrophoresis in 1.8% agarose gels
containing ethidium bromide (0.5pg / ml) in 1X TAE
buffer. The product was visualized by Gel documentation
under UV light and the size of markers were estimated by
comparing to the standard ladder (100bp BIORON
0.2mg/ml) in the gel.

Table 1. Ecological characteristics of the study sites.

S. No. Sampling sites Site code  Latitude (N) Longitude (E) Elevation (m)
1. Sra-Gurgai (Takatu Mountain Range (SG) Al 30.17 67.01 1660-3000
A2 30.29 67.06
A3 30.33 67.08
2. Zarghoon range (ZR) B.1 30.21 67.12 2200-3200
B.2 31.05 67.18
B.3 31.22 68.01
3. Hazarganji (HG) C1 30.21 66.54 1700-2600
C.2 30.07 65.55
C.3 30.15 66.07
Table 2. Details of polymorphic primers used in the study.
Primer Sequence TA (°C) B P PB %
ISSR UBC 808 5’ —(AG)8C- 3’ 53 4 4 100
ISSR UBC 856 5" —(AC)8TG- 3 52 20 20 100
URP (13-R) 3’ -TACATCGCAAGTGACACACC- 5’ 54 6 6 100
OPA-2 5’ -TGCCGAGCTG- 3’ 36 28 13 46
OPA-3 5’ -AGTCAGCCAC- 3’ 34 13 4 30
OPA-4 5’ -AATCGGGCTG- 3’ 34 15 8 53
OPC-2 5’ -TGATCCCTGG- 3’ 36 18 9 50
OPC-1 5’ -GTTTCGCTCC- 3’ 32 12 3 25
Total 116 67 58

Note: Ta(°C) (annealing temperature), T (Total bands), P (Number of polymorphic bands), %PB, percentage of polymorphism, PIC

Polymorphic Information Content)
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Phytochemical variation: Spectrophotometric quantification
to detect phytochemical variation of plants total phenolic and
flavonoid contents was also carried out.

I. Flavonoids: For flavonoids estimation, method described
by Ordonez et al. (2006) was used. Take 0.5 ml sample 0.5
ml 2 % AIClI; ethanol solution was added after one hour at
room temperature the absorbance was measured at 420 nm.
A vyellow color indicated the presence of flavonoids. Total
flavonoids contents was calculated as quercetin (mg/g) using
equation (Y=0.0255xR?=0.9812).

1. Total phenolic content (TPC): Total phenolic contents
were measured by the method of Slinkard& Singleton
(1977). An aliquot of the extract was mixed with 5ml FC
reagent (previously diluted with water 1:10 v/v) and 4 ml of
sodium carbonated (7%). The tubes were vortexed for 15
seconds and were allowed to stand for 30 minutes at 40°C for
color development. Absorbance was then measured at 765
nm. Total phenolic contents were expressed as mg/g tannic
acid equivalent using the equation (Y=0.1216xR?=0.9365).

Statistical analysis of data: For molecular markers, the
amplified bands were scored as 1 (present) and O (absent),
and data were clustered (dendrograms) based on similarity
matrices using the paired group method with the help of
software NTSYS 2.10 (Rohlf, 1998). For soil data and
phytochemical parameters, Principal Component and
Agglomerative hierarchical clustering were performed using
XLSTAT 2012.

Results and Discussion

This is the first comprehensive report on molecular
characterization and impact of ecosystem diversity on
genetic diversity and phytochemical variation in populations
of J. excelsa from high elevation zones of Quetta and
adjacent areas ranging from 1600-3500m a.s.l.

The topographic factor affects the environmental
variables and the soil properties. Geographical distance play
key role in the variability of component. The principal
component analysis considered the three factors had Eigen
values >1 and explain cumulatively 4.60%, 26.02% and
10.36% of the variance. First factor is positively correlated
with second and fifth but negatively correlated with others.
Thus, the effect of the variation factor of the variable 111 led
to a reduction of its values while the values of other variables
increased. Badr et al. (2012) reported the genetic diversity in
Artemesiajudaica was the result of different locations with
different environmental heterogeneity.

Molecular markers play an important role in evaluating
ecological consequences, such as climate change on plant
response. It is evident that rapid warming can cause a
decrease in the variability of alleles that response to climate.
Hence the assessment and conservation of genetic variability
by molecular markers can be an important source for
analyzing adaptability to environmental changes (Jump &
Penuelas, 2014). In present study, three different marker
systems i.e. RAPD, URP and ISSR were used for the first
time on this significant taxon from Balochistan. The
amplified band size ranged from 395 to 1000 bp for RAPD,
400 to 1500 bp of ISSR and 285 to 1000 bp in URP (Fig. 2).
We used combined RAPD, ISSR and URP markers to
generate dendrogram by cluster analysis. A combined
marker system approach to detect polymorphism could be

useful in removing error and targeting various sites of
genome as was previously used by Phong et al. (2011) in
Dalbergiaoliveri. As J. excelsa was not characterized earlier
by different markers combination so this study would give
the amended pattern of genetic variation. Meloni et al.
(2006) studied ISSRs and a few geographical regions and
suggested that genetic variation was still harbored within
populations and concluded the species was not endangered
yet, and it probably will be sufficient, for conservation
purposes, to maintain a few populations placed across the
whole distribution range to ensure that the total genetic
diversity was represented.

Out of tested primers, eight makers i.e. five RAPD, two
ISSR and one URP exhibited polymorphism and showed
reproducible bands among Nine J. excelsa accessions. Table
2 explains the characteristics of banding patterns obtained
with primers. These eight primers amplified 116 loci and 67
were polymorphic (57% polymorphism). The total number
of RAPD, ISSR, URP bands scored per primers also varied.
Overall data revealed an average of 8.3 bands obtained per
primer. The amplified band size ranged from 395 to 1000bp
for RAPD, 400 to 1500 bp of ISSR and 285 to 1000bp in
URP. ISSR and URP produced 100% polymorphism
whereas RAPD primer OPA-4 and OPC-2 generated 53%
and 50% polymorphism respectively. OPC-1 produced
minimum 25% polymorphism. Similarly, Kasaian et al.
(2011) has performed the molecular characterization of
Juniperus species from Iran using 18 random primers and
reported an average of 10.3 bands/primer. In other plant
species with a large distribution, ISSRs yielded values of
polymorphism between 72% and 95% in Penstemon (Wolfe
etal., 1998) and 81% in Primulaobconica (Nan et al., 2003),
but these studies were based on a greater number of
individuals and ISSR markers.

Genetic similarity matrix and cluster analysis: Genetic
similarity matrix was produced using combined data for
RAPD, ISSR, and URP markers by similarity coefficient
through the UPGMA, (NTSYS pc) (Fig. 3). The
generated dendrogram of three populations of J. excels
showed two major clusters that diverged at 0.49 similarity
coefficients. First cluster sub divided into two main sub-
clusters of which cluster | clearly represented the (SG)
less diverse population with genetic distance 0.59 to 0.90.
Whereas sub-cluster 1l comprised of B1, B2, B3 (ZR)
with C1 (HG) cluster exhibited more diverse group with
phylogenetic similarity coefficient of 0.67. Mean genetic
similarity was calculated as 0.57 out of 36 possible
comparisons. The highest genetic similarity occurred
between Al and A2 (SG) 0.900 depicted low genetic
variability within population SG (Takatu Mountain range)
(Table 3). In contrast, lowest genetic similarity coefficient
of 0.35 was found between B2 (ZR) and C3 (HG)
populations, indicating high genetic variability (Table
3).Previously it has been reported by Douaihy et al.
(2011) for mountain ecosystems of the Basin that level of
genetic diversity werehigh and observed among species
and population. Whereas these results are in agreement
with Genetic Diversity is high in all population except Al
and A2 found similar in one cluster. Other accessions
from different sites are diverse making sub clusters (Fig.
3). However, Hasan et al. (2009) estimated genetic
diversity in Artemisia capillaris and reported low genetic
variability within population.
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Table 3. Genetics similarity matrix of J. excelsa based on Euclidean distance.
Al A2 A3 B.1 B.2 B.3 C.l C.2 C.3
Al *
A2 0.9000 *
A3 0.7000 0.6000 *
B.1 0.6000 0.5000 0.5000 *
B.2 0.7500 0.6500 0.5500 0.7500 *
B.3 0.6500 0.5500 0.4500 0.5500 0.7000 *
cl 0.7000 0.6000 0.6000 0.7000 0.7500 0.7500 *
C.2 0.6000 0.5000 0.4000 0.5000 0.4500 0.5500 0.4000 *
C.3 0.5000 0.5000 0.5000 0.5000 0.3500 0.4500 0.6000 0.6000 *

Table 4. Analysis of variance for TPC and flavonoids
among different population of J. excelsa.

TPC Flavonoids
F-Value 37.05 0.56
P-Value 0.000 0.600
Significance level iolaied NS

Significance level* ** *** at p<0.05, p<0.01,p<0.001 respectively

Table 5. the TPC and flavonoid contents in
J. excelsafor different poputions.
Phenolics Flavonoids

Area code (mg/g tannin (mg/g quercetin
equivalents) equivalents)
A 67.40 £1.05 147.38 £ 31.6
B 47.81 £2.06 139.34 £37.9
C 52.86 £ 4.42 164.31 £ 135
Overall 50.03 £9.15 150.34 £27.9
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Fig. 1.3-D component plot of soil variables.

Phytochemical analysis: All accessions of J. excelsa
were characterized to be having significantly varied levels
of total phenolic contents (TPC) expressed as tannin
equivalents and flavonoids contents as quercetin
equivalent within and among population (Table 4). The
TPC ranged from 66 to 68 mg/g with in population A
(Sra-Gurgai), 45 to 49 mg/g with in population B
(Zarghoon) and 49 to 57 mg/g within population C
(Hazarganji) (Fig. 4). Variation was maximum among
populations (ranged from 45 to 68 mg/g) than within

population with highly significant difference (p<0.001).
Mean concentration of TPC across the populations was
56+9.15 mg/g whereas flavonoid showed diverse pattern
within and among population. It ranged from 113 to 175
mg/g within population A (Sra-Gurgai) in population B it
ranged from 96-170 and population C from 149-175 mg/g
amongst, flavonoid showed non-significant difference
(Table 4). Mean concentration of flavonoids across the
populations was 150+27.9 mg/g (Table 5). UV-B
radiation and environmental factors can influence the
flavonoids and phenolic contents (Dumas et al., 2003).
According to our results, high chemical variation in TPC
was found in disturbed habitat of SG with genetically less
diverse population of Juniper. Whereas in ZR and HG
which are comparatively conserved regions, having more
genetic diversity and less variation in TPC.

Based on TPC and Flavonoids contents data, the
relationship among nine accession of J. excelsa from
three sites was revealed by cluster analysis trough
dissimilarity matrix (Fig. 5). Cluster analysis
represented  two major groups. The first group
comprised of Al, B1, C1 and C3 whereas group two was
represented by two sub-clusters including A3, B3 and
C2. Where as B2 and A2 populations represented by a
diverged cluster.The topographic factor affects the
environmental variables and the soil properties.
Geographical distance play key role in the variability of
component. The principal component analysis
considered the three factors which had Eigen values >1
and explained cumulatively 44.60%, 26.02% and 10.36
% of the variance. First factor is positively correlated
with second and fifth but negatively co related with
others. (Fig. 1) Thus, the effect of the variation factor of
the variable 111 led to a reduction of its values while the
values of other variables increased. Molecular markers
are also used to assess plant response to climate change,
which is a major issue at a global level. Changes, such
as rapid warming, have been seen to cause a decrease in
the wvariability of those loci controlling physical
responses to climate. Climatic factors correlated with
micro-geographical genetic differences, and the various
molecular markers used for each study. They concluded
that although phenotypic plasticity buffers against
environmental changes over a plant’s life cycle, it will
weaken over time as climatic event become more
extreme and over longer time spans. The assessment and
maintenance of genetic diversity, through the use of
molecular markers is crucial as it provides a repository
of adaptability to environmental and other changes
(Jump & Penuelas, 2014).
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Conclusion

Based on our findings, it was concluded that there
was an impact of ecological consequences on genetic
diversity and phytochemical composition of J. excelsa.
The J. excelsa populations have diverse genetic pattern on
different sites included in this study. Due to fragmented

habitat and anthropogenic effects, diversity within
population found to be less than among populations in
Takatu mountain range. Whereas semi-conserved and
conserved regions of Zarghoon range and Hazarganji
Chiltan National park still retained genetic diversity
within populations, however, sustainable management
plans are to be implemented. Furthermore it is also
concluded that assessment and conservation of genetic
diversity through molecular markers is essential that
could be used as a key to conserve genetic variability and
assess environmental changes on allelic frequency.
Moreover, implementation of conservation strategies for
such important taxa is highly recommended.
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