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Abstract

Mountain areas of Gilgit Baltistan (GB) is especially rich in medicinal plant species but unfortunately not much genetic
analysis work has been conducted on various medicinally important species native to the area. Two plant species of family
Apiaceae viz., Bunium persicum (black cumin or kala zeera) and Carum carvi (cumin or zeera) are medicinally important
species of Gilgit Baltistan and have been used by local communities as antioxidant, antimicrobial, antidiabetic, anticarcinogenic
/ antimutagenic, to treat heart problems, thatching and Roofing, spice, condiments and perfumes / breath freshener / lotions
industries etc. Plant material was collected from two locations viz., (i) district Astore (considered as low altitude
approximately; 2500 (m.a.s.l) and (ii) Deosai plateau (considered as high altitude; approximately 4000 (m.a.s.l).
Morphological, biochemical and DNA based markers were used for the first time to estimate genetic diversity in the two
species. Two species collected from low and high altitudes showed significant differences for the morphological characters such
as plant height, number of branches, canopy area and seed weight.

Total seed protein concentration was estimated using UV spectrophotometry. Average seed protein in the two species
ranged from 5.59 to 13.05%. Seed protein banding pattern was studied using SDS-PAGE. Seeds of Carum carvi collected
from high altitude showed an extra band which could be used as species specific protein band in furhter charactrization and
better understanding of txonomic classification of the species. Twenty two Randomly Amplified Polymorphic DNA primers
were used for the estimation of genetic distances among the two species. Minimum genetic distance among Bunium
persicum and Carum carvi estimated was 34% (GLDO03 and GLKO03) while maximum genetic distance among the two
species was 100% revealed by 9 RAPD primers viz., GL -A02, -B06, -C01, -D04, -E02, -G07, H09, -K04 and -K09. On an

average the two species from the family Apiaceae showed 81% genetic distance.
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Introduction

Pakistan with a wide variety of climates has an
abundance of thousands of species of medicinal
importance growing widely in the forests, deserts,
roadsides and banks of rivers. Over 50% of the population
in Pakistan is being cured using traditional medicines by
more than 40,000 traditional herbal practitioners (Aslam,
2002; Shinwari, 2010; Shinwari & Qaiser, 2011).
Therefore, the rich and varied diversity of medicinal and
aromatic plants is one of Pakistan’s important strengths
and provides the basis for future bio industrial
developments in the country (Yousuf et al., 2006).

Mountain areas of Gilgit Baltistan (GB) is situated
between 710 and 750 east longitude and 320 and 370
north latitude, stretched over an area of 28,000 square
miles (Rasool, 1998) and is especially rich in medicinal
plant species. Medicinally important genera of GB
include Bunium and Carum. The genera are widely
distributed across Asia, Europe and North Africa. Bunium
persicum also known as “Black Cumin” (black zeera) is
one of the economically and medicinally important plant
species. Black cumin essential oil is used in
pharmaceutical, food sweetening, soft drink, food and
hygiene industries. Ripe black cumin fruits contain an
essential  oil rich in  monoterpene  aldehydes
Cuminaldehyde, p-mentha-1, 3-dien-7-al and p-mentha-
1,4-dien-7-al; terpene hydrocarbons are the main
components of fruits collected in the wild or harvested
unripe. Carum carvi (Syn. Caraway, Persian cumin,
commonly called “zeera”) is a biennial plant in the genus

Carum of family Apiaceae. It is native to western Asia,
Europe, and North Africa. The plant is similar to other
members of the carrot family. Main flower stem is 40-60
cm tall, with small white or pink flowers. Caraway
fruits/seeds are crescent-shaped 2 mm long. Seeds may be
used whole or crushed. Seeds of Carum carvi are
commonly used as spice, desserts, liquors, casseroles, rice
dishes etc. Some time roots of Carum carvi are cooked as
vegetable. Leaves of Carum carvi are used as medicine.
Seeds of Bunium persicum and carum carvi when crushed
are highly aromatic. The flavor is similarly pine-like,
astringent, and bitter. Average seed yield of Bunium
persicum and Carum carvi ranges from 230-250 Kg/ha
(Sofi et al., 2009).

It is essential to take measures for improvement and
conservation of these medicinally important species from
GB. Prior to make conservation strategy, it is pre
requisite to estimate existing genetic diversity in the local
material (Yousuf et al.,, 2008). To estimate genetic
diversity, previously morphological, cytological and/or
biochemical markers were commonly used (Jan et al.,
2011). But these markers are generally less in number
and often influenced by environment so these markers are
not considered very suitable for estimation of genetic
diversity studies. Recently DNA based markers have
been developed which are unlimited in number and are
not influenced by environment and hence are considered
best available marker system. A number of molecular
markers including RFLP (Restriction Fragment Length
Polymorphism), PCR (Polymerase Chain Reaction), ASA
(Allele Specific Amplification), SSR (Simple Sequence
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Repeat), STS (Sequence Tag Site), and SNP (Single
Nucleotide Polymorphism) are in common use for the
estimation of genetic diversity studies in various
plants/animal species (Mago et al., 2011; Akbar et al.,
2012). Among these assays, PCR based assays are easier,
cheaper and can be performed in shorter time. Hence
PCR based assays are getting more attention for the
estimation of genetic diversity all over the world
(Sumikova & Heanzalova, 2010; Sultan et al., 2013). So
far not much work has been documented in Pakistan
regarding molecular characterization of Bunium persicum
and Carum carvi. Present research has been formulated
for the first time to estimate genetic diversity in Bunium
persicum and Carum carvi in Gilgit Baltistan. Present
study was undertaken to characterize Bunium persicum
and Carum carvi collected from low and high altitudes of
district Astore, GB using morphological characters.
Genetic diversity was estimated using RAPD primers

Materials and Methods

Plants of two species viz., Bunium persicum and
Carum carvi were collected from 2 locations viz., village
Hercho, district Astore  (considered as low altitude
approximately 2500 m.a.s.l.) and Deosai (considered as
high altitude, approximately 4000 m.a.s.l.). Five plants
per location were collected and average of 5 plants was
used for statistical analyses. Morphological data were
recorded for plant height (in cm), number of branches,
canopy area (in cm) and 1000 seed weight (in g).

Total crude protein was extracted from seeds of two
species using protocol described by Yeoh & Wong
(1993). Crude seed protein concentration was estimated
using UV spectrophotometer (Grimsley & Pace, 2003).
Crude seed protein was also separated using Sodium
Dodecyl Sulphate Polyacrylamide Gel Electrophoreses
(SDS-PAGE). Modified CTAB based protocol of Doyle
& Doyle (1990) was used for isolation of total genomic
DNA from seeds of Bunium persicum and Carum carvi.
The quality and quantity of the DNA was checked on 1%
agarose/TBE gel. Gel was observed under UV light using
“UVitech” Gel Documentation System. Twenty three
RAPD primers were used to estimate genetic diversity in
Bunium persicum and Carum carvi.

Basic Statistical analysis (including mean, median,
minimum, maximum, standard deviation, standard error
and coefficient of variation) were carried out using
computer program PAST (PAleontological Statistics,
Hammer, 2016) version 3.11. Only reliably scoreable
DNA fragments were included in the analyses, faint bands
were not included to estimate genetic diversity. Genetic
diversities among all the possible comparisons were
estimated using unweighted pair group of arithmetic mean
(UPGMA) procedure

GD=1-dxy/dx+dy-dxy
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Where GD = Genetic diversity, dxy=number of common
DNA fragments in two samples, dx=number of total DNA
fragments in sample number 1, dy=number of total DNA
fragments in sample number 2 (Nei & Li, 1979).

Results and Discussion

Significance test for the morphological characters
studied during present research was performed using F-
statistics (Table 1). Differences in plant height between
Carum and Bunium genera (data from 2 altitudes was
pooled for this analysis) was highly significantly different
(F and p values were 147.5 and 2.1E-10, respectively).
Number of branches in Carum carvi was significantly
different for the samples collected from high and low
altitudes. While number of branches in Bunium persicum
were highly significantly different for the samples collected
from high and low altitudes. Statistically, difference
between numbers of branches in the two genera (pooled
data over altitudes) was also highly significant. Canopy
area was highly significantly different in samples of Carum
and Bunium collected from low and high altitudes. When
pooled data was used for comparing two genera,
statistically f value (1.125) was not significantly different
(p value 0.302). 1000 seed weight for Carum carvi
collected from high and low altitudes were 1.8 g and 1.4 g.
Corresponding values for Bunium persicum were 1.08 and
1.5 g, respectively. Average 1000 seed weight was
subjected to t test for statistical significance. t-value was
10.04 and p value was 0.002 indicating that 1000 seed
weight in 2 genera collected from 2 altitudes was highly
significantly different.  Present findings strengthened
previous finding of Majeed et al. (2009) who reported that
in Bunium persicum, highly significant differences for
morphological characters exist. They also concluded that
morphological data they reported further strengthened
genetic diversity estimates using RAPD markers.

Crude protein was extracted from seeds of Carum
carvi and Bunium persicum collected from high and low
altitudes. Seed Protein concentration was estimated using
UV spectrophotometer. (Grimslay & Pace, 2003). Crude
seed protein values for Carum carvi and Bunium persicum
collected from high and low altitudes were 6.85, 6.2, 5.59
and 13.05%, respectively (Table 2). Maximum seed
protein (13.05%) was estimated in Bunium persicum
collected from low altitude. Crude seed protein percentages
were highly significantly different (t value=4.58, p
value=0.01).

Crude seed protein extracted from Bunium persicum
and Carum carvi were separated using SDS-PAGE. SDS-
PAGE banding pattern of the two species showed that
seed protein profile of Bunium persicum collected from
high altitude (lane 1, Fig. 1) and low altitude (lane 3) was
same. While in Carum carvi collected from high altitude
(lane 2) showed an extra protein band as comapred to
Carum carvi collected from low altitude (lane 4).

Table 1. Statistical significance for morphological characters studied during present research.

Plant height  Plant height Plant ht Branches Carum Branches Branches Carum Canopy area  Canopy area  Canopy area
Carum high Bunium highvs  Carum vs high vs Carum  Bunium high vs ) Carum highvs Bunium high Carum vs
N . . vs Bunium .
Carum low Bunium low Bunium low Bunium low Carum vs Carum Bunium
F value 6.84" 86.6™ 147.5™ 6.97" 84.7 36.25™ 32117 42217 1.125"™
P value 0.02 6.5E-06 2.1E-10 0.02 7.1E-6 8.6E-05 0.0003 0.0001 0.302
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Table 2. Seed protein concentration in Bunium persicum
and Carum carvi collected from low and high altitudes.

Sample

Seed crude protein %

Carum carvi high altitude
Carum carvi low altitude
Bunium persicum high altitude
Bunium persicum low altitude

t value
p value

6.85

6.2

5.59
13.05
4.58™

0.01

L%

Fig. 1. SDS-PAGE profile of Bunium persicum collected from
high altitude (lane 1) Carum carvi collected from high altitude
(lane 2) Bunium persicum collected from low altitude (lane 3),

Carum carvi collected from low altitude (lane 4).

Table 3. Genetic distances among Bunium persicum and

-

Carum carvi estimated using 22 RAPD primers.

S. No. Name of RAPD  Genetic distance
1. GLA-02 100
2. GLA-06 86
3. GLA-07 67
4, GLB-02 100
5. GLB-06 100
6. GLB-08 50
7. GLC-09 100
8. GLC-12 67
9. GLD-03 34
10. GLD-04 100
11. GLD-09 84
12, GLE-02 100
13. GLE-10 82
14, GLG-01 100
15. GLG-07 100
16. GLG-09 66
17. GLH-03 83
18. GLH-08 57
19. GLH-09 100
20. GLI-02 52
21. GLK-03 34
22. GLK-04 100
23. GLK-05 100

Average 81%

GLE-08

Fig. 2. Few examples of PCR amplification of total genomic
DNA isolated from seeds of Bunium persicum (lane 1) and
Carum carvi (lane 2) Using RAPD primers.

Few examples of PCR amplification are presented in
Fig. 2. Genetic distances were estimated using UPGMA
procedure of Nei & Li (1979). Only reliably scoreable
DNA fragments were included in the analyses. DNA
fragments were scored as present (1) or absent (0). Genetic
distances between Bunium persicum and Carum carvi are
presented in Table 3. Genetic distances among two species



304

ranged from 34-100% with an average of 81% genetic
distance between the two species. Although some common
DNA fragments were amplified in the two species (for
example DNA fragments 1 and 2 using GLK-03 and DNA
fragments 1 and 3 using GLD-03) there was no RAPD
prime which showed complete homozygosity between the
two species. Eleven RAPD primers viz., GLA-02, GLB-02,
GLB-06, GLC-09, GLD-04, GLE-02, GLG-01, GLG-07,
GLH-09, GLK-04 and GLK-05 showed 100% genetic
distance between Bunium persicum and Carum carvi.

Recently using DNA sequence analysis, the two
species have been reclassified in genera Bunium and
Carum (Zakharova et al., 2014). Plants are usually biennial
/ perennial in nature. Oil extracted from seeds of Bunium
and Carum is rich in  monoterpene aldehydes
Cuminaldehyde, p-mentha-1,3-dien-7-al and p-mentha-1,4-
dien-7-al; terpene hydrocarbons. Plant extracts especially
oil extracted from the species is used in pharmaceutical,
food sweetening, soft drink, food and hygiene industries,
spice, desserts, liquors, casseroles, rice dishes etc (Bashir et
al., 2014; Shinwari et al., 2014). Locally leaves of Bunium
and Carum are also used as herbs by indigenous
communities (Sofi, 2009). Worldwide these species are
distributed across Asia, Europe and North Africa. In GB
these species are found across a wide range of
environmental conditions ranging in altitude from
approximately 2500 meter above sea level to 4000 meter
above sea level (Deosai Plateau which is second highest
plateau after Tibetan plateau, Anon., 2016).

Average seed yield of Bunium persicum and Carum
carvi ranges from 230-250 Kg/ha (Sofi et al., 2009).
Giving due consideration to medicinal / economic
importance of Bunium persicum and Carum carvi, recently
lots of research has been conducted from all over the world
on utilization of DNA based technology for
characterization / improvement of quality and quantity of
Bunium persicum and Carum carvi (Lozykowska et al.,
2014) . Various researchers have used different DNA based
techniques including Restricted Fragment Length
Polymorphism (RFLP), Amplified Fragment Length
Polymorphism (AFLP), and Polymerase Chain Reaction
(PCR) etc for the estimation of genetic diversity in the local
materials of Bunium persicum and Carum carvi (Plunkett et
al., 2004; Majeed et al., 2009). Unfortunately not much
work has been documented on utilization of DNA
technology for the characterization / improvement of
Bunium persicum and Carum carvi in Pakistan especially
Gilgit-Baltistan.  For conservation and management of
species like Bunium persicum and Carum carvi, it is a
prerequisite to estimate existing genetic diversity in the
material obtained from local resources. Present research is
therefore first documented attempt to estimate genetic
diversity of Bunium persicum and Carum carvi using
morphological, biochemical and DNA based markers.
Plants of two species viz., Bunium persicum and Carum
carvi were collected from 2 locations viz., village Hercho,
district Astore (considered as low altitude approximately
2500 m.a.s.l.) and Deosai (considered as high altitude,
approximately 4000 m.a.s.l.). The two species Bunium
persicum and Carum carvi collected from low and high
altitudes were significantly / highly significantly different
for the morphological characters studied viz., plant height,
number of branches, canopy area and seed weight except
canopy area where species showed non-significant
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differences. This indicated presence of sufficient genetic
differences among the two species collected from various
altitudes.  Concentration of seed storage protein was
estimated using UV spectrophotometry. Maximum crude
seed protein (13.05%) was estimated in Bunium persicum
collected from low altitude while minimum seed protein
concentration was observed for Bunium persicum collected
from high altitude. Crude seed protein percentages were
highly significantly different in the 4 samples studied (t
value=4.58, p value=0.01). Crude seed protein extracted
from Bunium persicum and Carum carvi were separated
using SDS-PAGE. Seed protein profile of Bunium
persicum collected from low and high altitude were same.
While in Carum carvi collected from high altitude showed
an extra protein band as comapred to Carum carvi collected
from low altitude. The extra protein band of relatively
lower molecular weight (arrowed in Fig. 1) observed in
Carum carvi colleceted from high altitude strengthens a
previous report of Dias et al. (2008) who using DNA
based markers reported altitudinal variation in clover
(genus Trifolium). They separated various populations
(they studied) collected from low altitude from those
populations collected from high altitudes. It is suggested
that this extra protein band in Carum carvi (collected from
high altitude) should be studied in detail for better
understanding of proteomics in genus Carum and
ultimately family Apiaceae.

For estimation of genetic diversity, total genomic
DNA isolated from seeds of Bunium persicum and Carum
carvi were amplified using 23 RAPD primers. Genetic
distances among two species ranged from 34-100% with
an average of 81% genetic distance between the two
species. Although some common DNA fragments were
amplified in the two species (for example DNA fragments
1 and 2 using GLK-03 and DNA fragments 1 and 3 using
GLD-03) there was no RAPD primer which showed
complete homozygosity between the two species. Eleven
RAPD primers viz., GLA-02, GLB-02, GLB-06, GLC-09,
GLD-04, GLE-02, GLG-01, GLG-07, GLH-09, GLK-04
and GLK-05 showed 100% genetic distance between
Bunium persicum and Carum carvi. Present research
demonstrated that RAPD markers can successfully be
used for the estimation of genetic diversity in Bunium
persicum and Carum carvi. Therefore it is suggested that
cheaper, easier and user friendly technique of PCR using
RAPD primers should be utilized at larger scale for the
estimation of important plant species especially those
endangered in Gilgit-Baltistan due to uncontrolled
harvesting for medicinal purposes. This will help in
formulating better strategies for the conservation /
management /improvement of various economically
important plant species of the area and local communities.
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