Research Article

ISSN: 2639-7455

Earth & Environmental Science Research & Reviews

Understanding Genetic Diversity of Episyrphus balteatus (De Geer, 1776) From
Different Regions of Himachal Pradesh On the Basis of Designed COI Primer

Poonam Kumari and Mahender Singh Thakur*

Department of Biosciences, Himachal Pradesh University,
Summerhill, Shimla-5, HP

"Corresponding Author

University, Summerhill, Shimla-5, HP, India.

Mahender Singh Thakur, Department of Biosciences, Himachal Pradesh

Submitted: 2023 Oct 04; Accepted: 2023 Oct 30; Published: 2023 Nov 25

Citation: Kumari, P., Thakur, M. S. (2023). Understanding Genetic Diversity of Episyrphus balteatus (De Geer, 1776) From
Different Regions of Himachal Pradesh On the Basis of Designed COI Primer. Earth Envi Scie Res & Rev, 6(4), 620-625.

Abstract

During present investigation, a total nine localities i.e. Darlaghat (1563m), Jatoli (1464m), Kotla Panjola (1190m), Chandol
(1418m), Dhar (1360 m), Alsindi (1132 m), Naldehra (2050 m), Ghanahatti (1668 metres) and Potters hill (1887 m) of Punica
granatum were selected for the field surveys of insect pollinators from which Episyrphus balteatus was observed at four
localities of Himachal pradesh i.e. Dhar (1360 m), Ghanahatti (1668 m), Kotla Panjola (1190m) and Naldehra (1887 m) and
samples of species were collected. All the sampled species of Episyrphus balteatus from four localities were characterized
genetically through mtCOI gene for the intraspecific diversity studies. Multiple sequence alignment between all the mtCOI
sequences of Episyrphus balteatus revealed the similar pattern between the nucleotides of all the sequences. Nucleotide
content analysis of all the species at first, second and third codon position revealed the average A+T percentage (69.96%)
found to be higher than C+T (30.13%). The A+T bias was pronounced in general for this region for all codon positions. It
was found that transition/transversion value of COI (R) is 0.00 which concluded that there is insignificant neutral selection
in samples of Episyrphus balteatus of Himachal Pradesh. Phylogenetic analysis studies showed the sample of Naldehra and
Ghanahatti were found to be closely related to each other and of Dhar and Kotla Panjola samples were also phylogenetically
close to each other. Distance matrix also clearly indicates the very less difference among the sampled species proves that

there is no genetic diversity between them.

1. Introduction

Pollination is a very important ecosystem service for reproduction
of most flowering plants and pollinating animals are necessary for
transmitting genes within and among populations of wild plant
species [1]. Although most scientific research has concentrated
on pollination problems in wild plants but animal pollination has
become increasingly important in food production in recent years.
According to [2], animal pollination is required for the production
of fruit, vegetables, and seeds from 87 of the world's most important
food crops, accounting for 35 % of worldwide food output. gave
a complete list for 1 330 tropical plant species, demonstrating that
animal pollination improves at least one variety of tropical crops
in almost 70% of cases [3]. Also highlighted that flower visiting
insects provide an important ecosystem function to worldwide
agricultural production through pollination services [4].

Although insect pollinators are very crucial for the ecosystem

maintenance, but they are negatively threatened as a result of
multiple environmental pressures [5]. Plant-pollinator interactions
have been shown to be negatively affected by invasive species [6,
7] pesticide use [1,8] climate change, land-use changes such as
habitat fragmentation [9,10,11] and agricultural intensification
[12,13].

Now a days, Global climate change also a serious threat to insect
pollinators and pollination services [6,5,14, 15] proposes three
scenarios for species reactions to large-scale climate change i.e.
adaptation to new environment, Emigration to another suitable
area and Extinction. Climatic change will occur too quickly for
populations to adjust through genetic changes. The distributions
of species are projected to shift towards the poles and higher
altitudes when temperatures rise and exceed their thermal
tolerance thresholds [16,14]. As a result of climate change,
many studies have discovered poleward expansions of plants
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[17,18,19,20] and butterflies [21,22]. Crop species and pollinators
that have been managed can be easily transported and grown in
more favorable environments. On the other hand, moving food
production to other places could have major socio-economic
implications. Furthermore, wild pollinators may be unable to track
the movement of crops. Due to climate change, if insect pollinators
get affected and decline, definitely species which are dependent on
the pollinators will also show decrease in their diversity as well
as in crop pollination because these species have strong biotic
interaction between them.

Wild pomegranate (Punica granatum L.) is medicinally very
important wild fruit crop of Himachal Pradesh [23] and it is well
known for its medicinal properties. Various types of polyphenols
primarily ellagic and punicalagin has been found in the pomegranate
juice that may reduce the risk of heart diseases [24] and also slow
down the cancer progress (Adams et al., 2006). Its fruits helpful
in the treatment of vomiting, sore throat, brain diseases, spleen
complains, bronchitis, liver and kidney disorders [25]. Due to
its medicinal properties, the wild pomegranate germplasm in
Himalayan region is eroding fast due to human incursion [26,27]
and pollinators diversity were also declining day by day due to
such human activities.

So, keeping in view the role of wild pollinators to increase
production of wild crops including fruits, vegetables etc., the present
investigations were conducted on genetic diversity of Episyrphus
balteatus. This study will be preliminary or base model for further
investigation, so the researches can carry study regarding their role
of this species to increase the production and diversity of Punica
granatum in different areas of Himachal Pradesh and further
investigation can be carried out on conservation, monitoring and
management of Punica granatum as well as Episyrphus balteatus
in the Himachal Pradesh.

2. Material and Methods

During a study period, total 9 localities i.e. Darlaghat (1563m),
Jatoli (1464m), Kotla Panjola (1190m), Chandol (1418m), Dhar
(1360 m), Alsindi (1132 m), Naldehra (2050 m), Ghanahatti

(1668 metres) and Potters hill (1887 m) of Punica granatum were
selected for the field surveys of insect pollinators from which
Episyrphus balteatus was observed at four localities i.e. Dhar
(1360 m), Ghanahatti (1668 metres), Kotla Panjola (1190m)
and Naldehra (1887 m) and samples of species were collected.
Collected specimens were preserved immediately in refrigerator at
-800C until DNA extraction. DNA was extracted from the thorax
or upper abdominal region of the insect specimen by using DNeasy
blood and tissue Qiagen Kit method by following standardized
protocol of the manufacturers. Extracted DNA was preserved in
the -200C for further use. Target DNA from mitochondrial gene,
i.e. Cytochrome Oxidase subunit I was amplified using a pair of
forward primers LCO1490 5°- GGT-CAA-CAA-ATC-ATA-AAG-
ATA-TTG-G-3’ and reverse primer HCO2198 5°- TAA-ACT-
TCA-GGG-TGACCA-AAA-AAT-CA-3’ [28]. PCR reaction was
performed in 96-well plates with 20 pl reaction volume containing
1uL DNA template; 1 pL primer forward; 1 pL primer reverse; 5
pL distilled water; 12 pL Emerald PCR master mix in a C1000™
Thermal Cycler. Thermocycling consisted of a pre-denaturation at
temperature of 940C for 4 minutes followed by 30 cycles with
denaturation reaction conditions at temperature of 94°C for 40
seconds, annealing at temperature of 50°C for 30 seconds, and
extension at temperature of 72°C for 50 seconds. Then process of
PCR ended with final extension at 720C temperature for 6 minutes.

The amplified product was analysed on a 1.2% agarose gel
electrophoresis and checked under UV light and documented.
The amplified DNA fragments were extracted from agarose gels
and purified using DNA/RNA purification Qiagen Kit method
standardized by manufacturers. The primers used were the
same primers used in PCR amplification and sequencing was
done in “Big dye terminator version 3.1” cycle sequencing kit
with sequencing machine—ABI 3500xL Genetic analyser. After
completion of sequencing, all fasta format sequences obtained
by Sanger sequencing was used for BLAST search to check the
sequence homology at NCBI. All the sequences were edited and
aligned using bioedit sequence alignment editor software. All the
gaps and mismatched were removed and sequences were submitted
in the gene bank for accession Number (Table 1).

S. No. | Species name Sample Geographical Location Genebank Accession Number
Location
Locality Longitude Latitude Altitude COI

1 Episyrphus balteatus Dhar 76°-82"85 31°-62°42 | 1360 m OL305829

2 Episyrphus balteatus Ghanahatti 77°-05°04 31°-08"18 1668 m OL405702

3 Episyrphus balteatus Kotla Panjola | 77°-08"51 30°-51°09 | 1190 m OK655768

4 Episyrphus balteatus Naldehra 77°-18°69 31°-18°39 | 1887 m OL765264

Table 1: Places of sample collection of Episyrphus balteatus with geographical location and Genbank accession numbers of COI

gene.
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The nucleotide content (A, T, G, C) of all the samples and the
total C+G and A+T at first, second and third codon position were
calculated using MEGA X software (Table 3). DNADIST with
the Kimura two parameter distance option was used to estimate
divergence between sequences with a transition/transversion
ratio in the MEGA X software. In this study, phylogenetic
analysis of obtained 4 sequences of sampled Episyrphus balteatus
were conducted using Neighbor-Joining method and Kimura-2
parameter in MEGA X. Sequences were aligned using the MEGA
X software [29]. Analyses were performed on 1000 bootstrapped
data sets generated by the program [30].

3. Results and Discussion

DNA was extracted from the collected samples of Episyrphus
balteatus. MtDNA COI gene was effectively amplified for 710 bases
(Fig.1) and sequenced by Sanger sequencing method. Sequences
were checked in NCBI-BLAST to confirm the species similarity,
which matched with previous submitted mtCOI sequences of
Episyrphus balteatus in NCBI with 98 to 100%. Sequences were
submitted to genebank and accessed with accession numbers
from genebank (Table 1). All the DNA sequences were aligned
using multiple sequence alignment program CLUSTAL Omega in
which alignment between all the mtCOI sequences of Episyrphus
balteatus revealed the similar pattern between the nucleotides of

Gene
express
DNA
ladder 1

5000 bp

3000 bp
2000 bp
1500bp

1000 bp
750 bp

500 bp
300 bp

100 bp

Episyrphus balteatus

Kotla Panjola

all the sequences (Fig. 2).
Naldehra
5

710 bp

Figure 1: Analysis of Amplified PCR Product in 1.2% Agarose, Lane 1: Gene ruler express DNA ladder, Lane 2,3,4,5,6: 710 bp size

mtCO1 gene

CLUSTAL O(1.2.

4) multiple sequence alignment

OK655768 TTCGGAGCTTGAGCTGGAATAGTAGGTACATCATTAAGTGTATTAATTCGTGCAGAACTT 60
0L305829 TTCGGAGCTTGAGCTGGAATAGTAGGTACATCATTAAGTGTATTAATTCGTGCAGAACTT — 60
0L405702 ——=—=—===-— TGAGCTGGAATAGTAGGTACATCATTAAGTGTATTAATTCGTGCAGAACTT 51
OL765264 —=—====——————mmm e AGAAGGTACATCATTAAGTGTATTAATTCGTGCAGAACTT 40
kk hkhkhkhkkhkkhhkhkhkkhkhkhkhkhkkhhkhkhkhkkhhkhkhkhkkhhkrrhkkhkhkhhxkkkxk
OK655768 GGTCATCCTGGTGCTTTAATTGGAGATGATCAAATTTATAATGTAATTGTTACAGCCCAT 120
0L305829 GGTCATCCTGGTGCTTTAATTGGAGATGATCAAATTTATAATGTAATTGTTACAGCCCAT 120
0L405702 GGTCATCCTGGTGCTTTAATTGGAGATGATCAAATTTATAATGTAATTGTTACAGCCCAT 111
0L765264 GGTCATCCTGGTGCTTTAATTGGAGATGATCAAATTTATAATGTAATTGTTACAGCCCAT 100
hkhkhkhkhkhkhkhkkhhkhkhhkkhhhrhhhkhhrhkhkhkhhkhhhkhhkhhhkrhbhhkhkhhkkhhhkhkhkkhhkrkrhkkhkhkrxkkkxkx
OK655768 GCTTTTGTAATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGA 180
0L,305829 GCTTTTGTAATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGA 180
0L405702 GCTTTTGTAATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGA 171
0L765264 GCTTTTGTAATAATTTTTTTTATAGTAATACCTATTATAATTGGAGGATTTGGTAATTGA 160
Ak hkhkhkhkhkhkkhhkhkhkhkkhhhrhkhkhkhrhhkhhhdhhhhhkhkhhrhkhhhkhhkhkhkhkhkhkkhhkrkrhkhkhkhxkkkxkx
OK655768 TTAGTTCCATTAATATTAGGAGCTCCTGATATAGCATTTCCTCGTTTAAATAATATAAGT 240
0L305829 TTAGTTCCATTAATATTAGGAGCTCCTGATATAGCATTTCCTCGTTTAAATAATATAAGT 240
0L405702 TTAGTTCCATTAATATTAGGAGCTCCTGATATAGCATTTCCTCGTTTAAATAATATAAGT 231
0L765264 TTAGTTCCATTAATATTAGGAGCTCCTGATATAGCATTTCCTCGTTTAAATAATATAAGT 220

Ak Ak kA hkhkhk kA hk kA kA kA bk kA hkhk Ak hkhkhkdk bk kA hkhkhkhkhkdhkhkhkhkhkhkhkhkhkhkrhkkhkhkxhk,xkx*k
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Figure 2: CLUSTAL O (1.2.4) Multiple sequence alignment of COI Sequences of Episyrphus balteatus from different areas of Himachal
Pradesh

Nucleotide content analysis of COI gene: According to the neutral theory, nucleotide polymorphism levels correlate to evolutionary
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TTTTGACTATTACCTCCTTCTTTAACATTATTATTAGTAAGTAGTATAGTTGAAAATGGA
TTTTGACTATTACCTCCTTCTTTAACATTATTATTAGTAAGTAGTATAGTTGAAAATGGA
TTTTGACTATTACCTCCTTCTTTAACATTATTATTAGTAAGTAGTATAGTTGAAAATGGA
TTTTGACTATTACCTCCTTCTTTAACATTATTATTAGTAAGTAGTATAGTTGAAAATGGA

Ak hkhkhkhhkkhkhhkhkhhkhhkkhkhrhkhhkhhhkhkhhkhhkhkhhkhkhhkhhkhkhhkhkhhkhkhkkhkhkrkhkhkhkhhkhxkkx*

GCTGGAACAGGTTGAACAGTATATCCTCCTCTTTCTGCTGGTATTGCTCATGGAGGAGCT
GCTGGAACAGGTTGAACAGTATATCCTCCTCTTTCTGCTGGTATTGCTCATGGAGGAGCT
GCTGGAACAGGTTGAACAGTATATCCTCCTCTTTCTGCTGGTATTGCTCATGGAGGAGCT
GCTGGAACAGGTTGAACAGTATATCCTCCTCTTTCTGCTGGTATTGCTCATGGAGGAGCT

R I S I I S S S S S R R b b b b b b b b b b S S S S S S S S S e e R R R R dE b b b b db 3 i 4

TCTGTAGATTTAGCAATTTTTTCTTTACATTTAGCAGGAATATCATCAATTTTAGGAGCT
TCTGTAGATTTAGCAATTTTTTCTTTACATTTAGCAGGAATATCATCAATTTTAGGAGCT
TCTGTAGATTTAGCAATTTTTTCTTTACATTTAGCAGGAATATCATCAATTTTAGGAGCT
TCTGTAGATTTAGCAATTTTTTCTTTACATTTAGCAGGAATATCATCAATTTTAGGAGCT

R I S b e b I I I I S I b e I I I b e I I b I I I I b S I I b b 2 I b b b e IR b b b I I I b b I b b i i

GTAAATTTTATTACAACTGTTATTAATATACGATCTCATGGAATTACTTATGATCGAATA
GTAAATTTTATTACAACTGTTATTAATATACGATCTCATGGAATTACTTATGATCGAATA
GTAAATTTTATTACAACTGTTATTAATATACCATCTCATGGAATTACTTATGATCGAATA
GTAAATTTTATTACAACTGTTATTAATATACGATCTCATGGAATTACTTATGATCGAATA

ER R I i b b b b b b I b b b I b b b I I b b b 2 b I S b b S b b 2 I b b b b I b b b I 2h S b I b b i

CCTTTATTTGTTTGATCAGTTGTAATTACAGCATTATTATTACTTTTATCATTACCTGTA
CCTTTATTTGTTTGATCAGTTGTAATTACAGCATTATTATTACTTTTATCATTACCTGTA
CCTTTATTTGTTTGATCAGTTGTAATTACAGCATTATTATTACTTTTATCATTACCTGTA
CCTTTATTTGTTTGATCAGTTGTAATTACAGCATTATTATTACTTTTATCATTACCTGTA

LR I S S S R R b b b b b b b b b S b S S S S S S S S e S R R R dE b b b b db b b

TTAGCAGGAGCTATTACTATACTTTTAACTGATCGAAATTTAAATACTTCATTCTTTGAT
TTAGCAGGAGCTATTACTATACTTTTAACTGATCGAAATTTAAATACTTCATTCTTTGAT
TTAGCAGGAGCTATTACTATACTTTTAACTGATCGAAATTTAAATACTTCATTCTTTGAT

TTAGCAGGAGCTATTACTATACTTTTAACTGATCGAAATTTAAATACTTCATTCTTTGAT
Kok ok kK Kk ok ok kK ok ok kK ok ok ok ko ok ok ko ok ok k ok ok ok ko ok ok kK ok ok ok k ok ok ok kK ok ok ok ok Kk k ok kK

CCAGCAGGAGGAGGAGATCCAATTTTATATCAACATTTATTT-—-—-——————————
CCAGCAGGAGGAGGAGATCCAATTTTATATCAACATTTA-—=—=———————————
CCAGCAGGAGGAGGAGATCCAATTTTATATCAACATTTATTTTGATTTTTTGGTC
CCAGCAGGAGGAGGAGATCCAATTTTATATCAACATTTATTTTGATTTTTT---—

R i I b b e I I I b e I b b b b 2 b b I IR b b b b IR b b b b b b i

rate, and the transition and transversion ratio within populations should be related to long-term evolutionary rate.

Comparative significance of Transitions and Transversions: The frequencies of transitions and transversions is mentioned in Table
2. The estimated transition/transversion (Ts/Tv) bias of COI (R) is 0.00. The percentage of sites showing transitions (0%) is less than

300
300
291
280

360
360
351
340

420
420
411
400

480
480
471
460

540
540
531
520

600
600
591
580

642
639
646
631

the number of sites showing transversions. The nucleotide frequencies are 29.63% (A), 40.30% (T/U), 13.87% (C), and 16.20% (G).

Transitions (%) Transversions (%) Ts/Tv
ratio
CoOl G/A C/T T/C A/G A/T A/C T/A T/G C/A C/G G/T G/C 0.00
Gene
0.00 0.00 0.00 0.00 20.15 ]6.93 14.82 | 8.1 14.82 |8.1 20.15 ]6.93

Table 2: Frequency percentage (%) of transitions and transversions and transition/transversion ratio (Ts/Tv) of COI gene.
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4. Base composition at each Codon positions

The nucleotide content (A,T,G,C) and the total C+G and A+T at
first, second and third codon position of all the samples revealed
the high numbers of polymorphic sites verified in the COI gene

were evenly distributed among the 3 codon positions. Average
A+T percentage (69.96%) found to be higher than C+T (30.13%)
(Table 3). The A+T bias was pronounced in general for this region
for all codon positions

Samples First codon Second codon Third codon Total

Episyrphus balteatus A C G T A C G T A C G T C+G |[A+T
OL305829, Dhar 254 (146 |324 277 |14.6 [258 |[17.4 |423 |488 (1.4 [0.0 [49.8 |30.53 [69.53
OK655768, Kotla Panjola 252 145 322 |28.0 |14.5 [25.7 (173 [425 |486 |14 [0.0 [50.0 [30.36 [69.60
OL765264, Naldehra 252 (148 |31.0 [29.0 |152 [252 [16.7 [429 |483 (0.9 [0.0 [50.7 [29.53 |[70.43
0OL405702, Grinhatti 25.0 (148 |31.5 |28.7 |144 [25.6 [17.2 |42.8 |484 (0.9 [0.0 [50.7 |30.1 70.00
Average 252 (147 |31.8 |28.4 |14.7 [25.6 [17.1 [42.8 |485 |12 [0.0 [50.3 [30.13 |[69.96

Table 3: Mean frequencies (%) for base compositions at different codon positions for COI region.

In determining the degree and direction of natural selection, the
transition/transversion (Ts/Tv) ratio is important. Transitions do not
contribute significantly to genetic divergence, whereas transversions
have a considerable impact on species evolution. Present study
revealed that the transition/transversion value of COI (R) is 0.00.
The values of transition/transversion ratio in the present study
does not indicates any genetic diversity between species but there
is possibility of genetic divergence in Episyrphus balteatus of
Himachal Pradesh over evolutionary time scale.

5. Phylogenetic analysis of mitochondrial COI of Episyrphus
balteatus samples

Phylogenetic relationship among Episyrphus balteatus of the present
study obtained through Neighbor- Joining method which showed
that among the four samples sequences, the sample of Naldehra and
Ghanahatti were found to be closely related to each other and Dhar
and Kotla panjola samples were also phylogenetically very close
to each other. Distance matrix also clearly indicates the very less
difference among the sampled species proves that there is no genetic
diversity between them (Fig. 3).

Results are very much similar with the findings of Willis et al
(1992), who also found that honeybees are AT-biased and average
A+T and C+G content of the findings in the ratio of 3:1 respectively.
Similarly, Chalapathy et al. (2014) also studied the mitochondrial
DNA diversity of Apis cerana populations of Nilgiri Biosphere
Reserve. They characterized bee colonies from 10 localities of
Nilgiri Biosphere genetically through COI gene of mitochondrial
genome. They also observed that nucleotide composition of the
mtCOI of Apis cerana were also strongly biased toward A and T with
an average AT content of 75.6%. In 2019, Gaikwad also investigated
phylogenetic variations in Apis cerana from Maharashtra's North
Western Ghats.

Due to great variations in elevation and climatic conditions,
Himachal Pradesh is one of the world's richest reservoirs of
biological diversity. The world's biodiversity is under constant threat
from environmental change. Species must adapt to a continually

changing environment in order to live. As a result, adaptation to
environmental changes becomes vital in order to avoid extinction
[31]. Recent research suggests that global climate change may
have an impact on the genetic diversity of stationary populations.
The evolutionary adaptive capacity of a species is determined by
micro-evolution, which includes selection for local genotypes better
adapted to changing environmental conditions [32] as well as the
evolution of phenotypic plasticity [33, 34]. The current study, which
is limited to a few Western Himalayan locations, indicates less
genetic difference. However, a comprehensive survey of Episyrphus
balteatus across Himachal Pradesh would yield fascinating insights
on the species genetic diversity.

6. Conclusion

Evolutionary impacts of global climate change altered intraspecific
genetic diversity. It causes variations in phenotypic plasticity
levels in individuals and communities as they respond to changing
environmental conditions. These changes also reduce genetic
diversity in populations and species, perhaps resulting in population
viability and extinction. To reduce the risk of extinction of species
and ecosystems, widespread sampling and deeper characterization
of genetic diversity with diverse mitochondrial genes is essential.

References

1. Kearns, C. A., Inouye, D. W., & Waser, N. M. (1998).
Endangered mutualisms: the conservation of plant-pollinator
interactions. Annual review of ecology and systematics, 29(1),
83-112.

2. Klein, A. M., Vaissiére, B. E., Cane, J. H., Steffan-Dewenter,
L., Cunningham, S. A., Kremen, C., & Tscharntke, T. (2007).
Importance of pollinators in changing landscapes for world
crops. Proceedings of the royal society B: biological sciences,
274(1608), 303-313.

3. Roubik, D. W. (Ed.). (1995). Pollination of cultivated plants in
the tropics (Vol. 118). Food & Agriculture Org..

4. Losey, J. E., & Vaughan, M. (2006). The economic value of
ecological services provided by insects. Bioscience, 56(4), 311-
323.

Eart & Envi Scie Res & Rev, 2023

Volume 6 | Issue 4 |624



https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1146/annurev.ecolsys.29.1.83
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1098/rspb.2006.3721
https://doi.org/10.1641/0006-3568(2006)56%5b311:TEVOES%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2006)56%5b311:TEVOES%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2006)56%5b311:TEVOES%5d2.0.CO;2

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Schweiger, O., Biesmeijer, J. C., Bommarco, R., Hickler,
T., Hulme, P. E.,, Klotz, S., ... & Settele, J. (2010). Multiple
stressors on biotic interactions: how climate change and alien
species interact to affect pollination. Biological Reviews, 85(4),
777-795.

Memmott, J., & Waser, N. M. (2002). Integration of alien plants
into a native flower—pollinator visitation web. Proceedings of
the Royal Society of London. Series B: Biological Sciences,
269(1508), 2395-2399.

Bjerknes, A. L., Totland, @., Hegland, S. J., & Nielsen, A.
(2007). Do alien plant invasions really affect pollination success
in native plant species?. Biological conservation, 138(1-2),
1-12.

Kremen, C., Williams, N. M., & Thorp, R. W. (2002).
Crop pollination from native bees at risk from agricultural
intensification. Proceedings of the National Academy of
Sciences, 99(26), 16812-16816.

Steffan-Dewenter, 1., & Tscharntke, T. (1999). Effects of habitat
isolation on pollinator communities and seed set. Oecologia,
121, 432-440.

Mustajarvi, K., Siikamiki, P., Rytkdnen, S., & Lammi, A.
(2001). Consequences of plant population size and density for
plant-pollinator interactions and plant performance. Journal of
Ecology, 80-87.

Aguilar, R., Ashworth, L., Galetto, L., & Aizen, M. A. (2006).
Plant reproductive susceptibility to habitat fragmentation:
review and synthesis through a meta-analysis. Ecology letters,
9(8), 968-980.

Tscharntke, T., Klein, A. M., Kruess, A., Steffan-Dewenter, 1.,
& Thies, C. (2005). Landscape perspectives on agricultural
intensification and biodiversity—ecosystem service
management. Ecology letters, 8(8), 857-874.

Ricketts, T. H., Regetz, J., Steffan-Dewenter, 1., Cunningham,
S. A., Kremen, C., Bogdanski, A., ... & Viana, B. F. (2008).
Landscape effects on crop pollination services: are there general
patterns?. Ecology letters, 11(5), 499-515.

Hegland, S. J., Nielsen, A., Lazaro, A., Bjerknes, A. L., &
Totland, ©. (2009). How does climate warming affect plant-
pollinator interactions?. Ecology letters, 12(2), 184-195.
Coope, G. R. (1995). Insect faunas in ice age environments:
why so little extinction. Extinction rates, 55-74.

Deutsch, C. A., Tewksbury, J. J., Huey, R. B., Sheldon, K. S,
Ghalambor, C. K., Haak, D. C., & Martin, P. R. (2008). Impacts
of climate warming on terrestrial ectotherms across latitude.
Proceedings of the National Academy of Sciences, 105(18),
6668-6672.

Lenoir, J., Gégout, J. C., Marquet, P. A., de Ruffray, P, &
Brisse, H. (2008). A significant upward shift in plant species
optimum elevation during the 20th century. science, 320(5884),
1768-1771.

Thomas, C. D., & Lennon, J. J. (1999). Birds extend their
ranges northwards. Nature, 399(6733), 213-213.

Brommer, J. E. (2004, January). The range margins of northern
birds shift polewards. In Annales Zoologici Fennici (pp. 391-
397). Finnish Zoological and Botanical Publishing Board.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Zuckerberg, B., Woods, A. M., & Porter, W. F. (2009). Poleward
shifts in breeding bird distributions in New York State. Global
Change Biology, 15(8), 1866-1883.

Parmesan, C., Ryrholm, N., Stefanescu, C., Hill, J. K., Thomas,
C. D., Descimon, H., ... & Warren, M. (1999). Poleward shifts
in geographical ranges of butterfly species associated with
regional warming. Nature, 399(6736), 579-583.

Konvicka, M., Maradova, M., Benes, J., Fric, Z., & Kepka, P.
(2003). Uphill shifts in distribution of butterflies in the Czech
Republic: effects of changing climate detected on a regional
scale. Global ecology and biogeography, 12(5), 403-410.
Thakur, N. S., Dhaygude, G. S., & Gupta, A. (2011). Physico-
chemical characteristics of wild pomegranate fruits in different
locations of Himachal Pradesh. International Journal of Farm
Sciences, 1(2), 37-44.

Aviram, M., Rosenblat, M., Gaitini, D., Nitecki, S., Hoffman,
A., Dornfeld, L., ... & Hayek, T. (2004). Pomegranate juice
consumption for 3 years by patients with carotid artery stenosis
reduces common carotid intima-media thickness, blood
pressure and LDL oxidation. Clinical nutrition, 23(3), 423-433.
Kirtikar, K. R. (1935). Indian Medicinal Plants: Lalit Mohan
Basu. Allahabad, India, 1-838.

Rana, J. C.,, Dutta, M., & Rathi, R. S. (2012). Plant genetic
resources of the Indian Himalayan region—an overview. Indian
Journal of Genetics and Plant Breeding, 72(02), 115-129.
Khan, M. A., Khan, M. A., Hussain, M., & Mujtaba, G. (2014).
Plant diversity and conservation status of Himalayan Region
Poonch Valley Azad Kashmir (Pakistan). Pakistan Journal of
Pharmaceutical Sciences, 27(5).

Vrijenhoek, R. (1994). DNA primers for amplification of
mitochondrial cytochrome ¢ oxidase subunit I from diverse
metazoan invertebrates. Mol Mar Biol Biotechnol, 3(5), 294-9.
Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018).
MEGA X: molecular evolutionary genetics analysis across
computing platforms. Molecular biology and evolution, 35(6),
1547.

Felsenstein, J. (1985). Confidence limits on phylogenies: an
approach using the bootstrap. evolution, 39(4), 783-791.
Hansen, J., Sato, M., & Ruedy, R. (2012). Perception of climate
change. Proceedings of the National Academy of Sciences,
109(37), E2415-E2423.

Riddle, B. R., Dawson, M. N., Hadly, E. A., Hafner, D. J,
Hickerson, M. J., Mantooth, S. J., & Yoder, A. D. (2008). The
role of molecular genetics in sculpting the future of integrative
biogeography. Progress in Physical Geography, 32(2), 173-202.
Canale, C. 1., & Henry, P. Y. (2010). Adaptive phenotypic
plasticity and resilience of vertebrates to increasing climatic
unpredictability. Climate Research, 43(1-2), 135-147.
Hoffmann, A. A., & Sgro, C. M. (2011). Climate change and
evolutionary adaptation. Nature, 470(7335), 479-485.

Copyright: ©2023 Mahender Singh Thakur, et al. This is an open-access
article distributed under the terms of the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original author and source are credited.

Eart & Envi Scie Res & Rev, 2023

https://opastpublishers.com/

Volume 6 | Issue 4 [625


https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://doi.org/10.1111/j.1469-185X.2010.00125.x
https://doi.org/10.1098/rspb.2002.2174
https://doi.org/10.1098/rspb.2002.2174
https://doi.org/10.1098/rspb.2002.2174
https://doi.org/10.1098/rspb.2002.2174
https://doi.org/10.1016/j.biocon.2007.04.015
https://doi.org/10.1016/j.biocon.2007.04.015
https://doi.org/10.1016/j.biocon.2007.04.015
https://doi.org/10.1016/j.biocon.2007.04.015
https://doi.org/10.1073/pnas.262413599
https://doi.org/10.1073/pnas.262413599
https://doi.org/10.1073/pnas.262413599
https://doi.org/10.1073/pnas.262413599
https://link.springer.com/article/10.1007/s004420050949
https://link.springer.com/article/10.1007/s004420050949
https://link.springer.com/article/10.1007/s004420050949
https://www.jstor.org/stable/3072120
https://www.jstor.org/stable/3072120
https://www.jstor.org/stable/3072120
https://www.jstor.org/stable/3072120
https://doi.org/10.1111/j.1461-0248.2006.00927.x
https://doi.org/10.1111/j.1461-0248.2006.00927.x
https://doi.org/10.1111/j.1461-0248.2006.00927.x
https://doi.org/10.1111/j.1461-0248.2006.00927.x
https://doi.org/10.1111/j.1461-0248.2005.00782.x
https://doi.org/10.1111/j.1461-0248.2005.00782.x
https://doi.org/10.1111/j.1461-0248.2005.00782.x
https://doi.org/10.1111/j.1461-0248.2005.00782.x
https://doi.org/10.1111/j.1461-0248.2008.01157.x
https://doi.org/10.1111/j.1461-0248.2008.01157.x
https://doi.org/10.1111/j.1461-0248.2008.01157.x
https://doi.org/10.1111/j.1461-0248.2008.01157.x
https://doi.org/10.1111/j.1461-0248.2008.01269.x
https://doi.org/10.1111/j.1461-0248.2008.01269.x
https://doi.org/10.1111/j.1461-0248.2008.01269.x
https://doi.org/10.1073/pnas.0709472105
https://doi.org/10.1073/pnas.0709472105
https://doi.org/10.1073/pnas.0709472105
https://doi.org/10.1073/pnas.0709472105
https://doi.org/10.1073/pnas.0709472105
https://doi.org/10.1126/science.1156831
https://doi.org/10.1126/science.1156831
https://doi.org/10.1126/science.1156831
https://doi.org/10.1126/science.1156831
https://www.nature.com/articles/20335
https://www.nature.com/articles/20335
https://www.jstor.org/stable/23735946
https://www.jstor.org/stable/23735946
https://www.jstor.org/stable/23735946

