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Abstract

Pakistan is home to approximately 765 bird species, but molecular-level studies for species
identification remain scarce. The Sargodha region, with its agricultural land, canal systems, and hilly
terrain, provides ideal habitats for various bird species. A total of 34 species belonging to 29 different
families have been morphologically identified in this area. However, morphological methods alone
are often insufficient for accurate species identification, which is crucial for conservation, taxonomy,
and ecological research. This study aimed to identify avian species using molecular tools, specifically
the cytochrome b gene, which is widely used for phylogenetic and evolutionary studies due to its
conserved nature within species and variation among species. Tissue samples from eight bird species
(totaling 24 samples) were collected from various locations in Sargodha through local hunters. DNA
was extracted using the Russell and Sambrook method, and cytochrome b was amplified using PCR.
The PCR products were sequenced at Macrogen Laboratory. Sequence analysis was performed using
BioEdit, and phylogenetic relationships were assessed using MEGAG6, employing methods such as
Maximum Likelihood (ML), Maximum Parsimony (MP), Neighbor Joining (NJ), Minimum Evolution
(ME), and UPGMA. All tree-building methods consistently revealed the phylogenetic relationships
between and within species.The results confirmed significant genetic diversity among the bird
species of Sargodha. Homogeneity and heterogeneity across sequences were also identified and
recorded in tabular format. The study demonstrated that cytochrome b is a reliable genetic marker for
species differentiation and phylogenetic analysis. Additionally, the organic DNA extraction method
proved to be efficient and economical. Overall, this research highlights the effectiveness of molecular
tools in avian identification and underlines the rich avian biodiversity present in the Sargodha region,
emphasizing the importance of integrating genetic methods into regional biodiversity assessments.

Keyword: Phylogenetic Analysis, Avian Fauna, Mitochondrial DNA, Cytochrome B Gene, PCR,
Phylogenetic Tree, Pakistan

Introduction
Pakistan holds a significant geographic and ecological position, home to unique fauna like the

endemic Indus dolphin and serving as a key stop on the fourth major bird migration route (Kazmi &
Jan, 1997). With favorable climatic conditions, it supports over 765 bird species across 40 orders,
including resident and migratory birds (Grimmett, 1998). Notable birds include the national bird
(Chukar pheasant), Shaheen falcon, Asiatic peafowl, and rose-ringed parakeet (Bilal et al., 2025).
Sargodha, an agriculturally rich region, hosts diverse bird life. However, urbanization and
deforestation threaten this biodiversity. A study identified 34 species from 29 families, mostly
Passeriformes, such as crows, sparrows, mynas, kites, and wagtails (Ashraf et al., 2018). Alexandrine
parakeet, listed as near-threatened by IUCN, is also found here. Previous research focused on
morphology; molecular identification was lacking. Species identification is key to biodiversity
research. Traditional taxonomy relied on morphology, but molecular techniques are now vital,
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especially in forensics (Ardura et al., 2011). DNA sequencing has advanced avian phylogeny
studies, addressing relationships among higher bird orders and post-Cretaceous evolution
(Jarvis et al., 2014). Birds evolved over 150 million years, with major shifts following the
Cretaceous mass extinction (Butler et al., 2015). Fossils from China and elsewhere
revolutionized understanding of avian evolution (Xu et al., 1999; Brusatte et al., 2015).
Modern birds fall into two clades: Palaeognathae (flightless birds) and Neognathae (true
flight birds, including ducks, parrots, and falcons) (Li et al., 2015). Phylogenetic data is
essential to study speciation, migration, and ecology accurately; its absence may lead to
misinterpretation (Duncan et al., 2007). Mitochondrial DNA (mtDNA) is widely used in
genetic studies due to its small size (14.3-19.5 kb), lack of introns, and absence of
recombination. It is maternally inherited, haploid, and mutates 5-10 times faster than nuclear
DNA, making it useful for molecular identification (Wilson et al., 1985). Its high mutation
rate, lack of repair mechanisms, and maternal inheritance make mtDNA effective for ancestry
mapping, phylogenetics, and disease markers like cancer (Kujoth et al., 2017; West & Shadel,
2017). The mtDNA genome contains 37 genes: 13 for proteins (e.g., COI, ND1, Cyt b), 22
for tRNA, and 2 for rRNA. While gene arrangement is conserved across vertebrates, some
variations exist (Shadel & Clayton, 1997). The control region (CR) regulates replication and
transcription and includes three domains with differing evolutionary rates. Domains | and 11
evolve rapidly and are useful for intraspecific studies, while the utility of slower-evolving
domains in phylogenetics remains debated (Lee et al., 1995; Saccone et al., 1991).
Mitochondrial genomes of various eukaryotes (e.g., human, mouse, cow) help understand
genome size, structure, divergence, and diversity. Gene order in mtDNA is generally
conserved within phyla but varies between them (Wolstenholme et al., 1987). In birds,
mtDNA aids in reconstructing evolutionary history and identifying genetic risks, low
diversity, and dispersal patterns (Britten et al., 1986; Lyu et al., 2018). For phylogenetic
studies, genes shared by all species with suitable evolutionary rates are selected (Miyata et
al., 1980). Cytochrome b and ND2 are preferred for resolving relationships at species and
genus levels (Edward et al., 1998). Control region domains vary in rate, but genes like cyt
b—one-third of whose sites evolve rapidly—are reliable for phylogenetic inference (Sullivan
et al., 1999). Cytochrome b, part of mitochondrial complex Ill, plays a key role in the
electron transport chain. It contains 380 amino acids and is located in the conserved mtDNA
region (Morais, 1990; Hatefi, 1985). Its full sequence has been characterized only in chicken
among birds (Desjardins & Morais, 1990). The aims and objectives are: to check cytochrome
b gene variation in birds of Sargodha, Primer optimization for cytchrome b region, to assess
cytochrome b region as a marker for specie identification, to find out the avian fauna of
Sargodha region and to build a phylogenetic relation between them.

Material and Method

Sample Collection

Samples were collected from different areas of Bhalwal, Sahiwal, Kotmomin and Silanwali, Tehsils of
Sargodha District. Samples were collected by contacting local hunters of these areas. 14 meat samples
of different birds were kept in labelled plastic bags or zipper bags and taken to lab.

Preservation
After sample collection, the very first and most important step of research is to preserve the samples

for future usage. The most simple and standard method of sample preservation is Freezing method. In
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freezing method, sample is stored at -20°C in refrigerator to prevent meat degradation. Samples, in
lab, were freeze at -20°C in lab refrigerator.

Table 1.: Collection of samples from different locations of Sargodha District.

. No. of Sample Conservation .
Sr no |Specie name Sample ID P IArea vatl Coordinates
Samples  type status
Bank Myna (Acridotheres |BM 1 31°49"30N
1 [ginginianus) BM 2 BM3 3 Tissue | Silanwali | Leastconcern [72°32"20E
Common myna gm ; 31°49'30N
2 |(Acridotheres tristis) CM 3 3 Tissue | Silanwali | Leastconcern [72°32"20E
Muscovy Duck mg ; 32°15'56N
3 |(Cairinamoschat) MD 3 3 Tissue Bhalwal Least concern (72°53'58E
Common hoopoe (Upupa g: ; 31°58'23"N
4 lepops) CH 3 3 Tissue Sahiwal Least concern {72°19'32"E
Rock pigeon (Columba ;g ; 32°15'56N
5 |Livia) RP 3 3 Tissue Bhalwal Least concern [72°53'58E
Black drongo (Dicruarus SB ; 32°15'56N
6 |macrocerus) BD 3 3 Tissue Bhalwal Least concern [72°53'58E
Munia (Lonchura mg ; 32° 4'56.8776" N
7 |Malacca) MU 3 3 Tissue | Sargodha | Leastconcern [72°40'8.8608" E.
Scally breasted myna ggm ; Kot 32°11'18N
8 (Lonchura punctulata) SBM 3 3 Tissue |momin Least concern (73°01'43E

DNA Extraction Method

Phenol chloroform (Organic) method was used for DNA extraction. DNA

extraction include following steps:

The DNA extraction was carried out using the phenol-chloroform (organic) method. Initially, 20g of
each tissue sample was crushed using liquid nitrogen and transferred into labeled Eppendorf tubes.
Each tube received 750 pl of lysis buffer (0.32mM Sucrose, 10mM Tris pH 7.5, SmM MgClz, 1%
Triton), followed by centrifugation at 13,000 rpm for 1 minute. An additional 500 pl of the same lysis
buffer was added and centrifuged again. To ensure proper tissue digestion, 500 pl of another lysis
solution (10mM Tris, 400mM NaCl, 2mM EDTA) was added and the samples were incubated at 60°C
for 30 minutes. Next, 15 pl of Proteinase K and 20% SDS were added to each tube, and samples were
incubated overnight at 56°C for complete digestion, resulting in lysate formation. For purification,
500 pl of phenol:chloroform:isoamyl alcohol (PCI) solution was added to each tube, mixed well, and
centrifuged at 13,000 rpm for 10 minutes. The upper aqueous layer containing the DNA was carefully
transferred to fresh tubes. In the precipitation step, 500 pl of chloroform:isoamyl alcohol (24:1) was
added and centrifuged again, followed by transfer of the supernatant to new tubes. To precipitate
DNA, 55 pl of sodium acetate and 500 pl of ice-cold isopropanol were added, and samples were
incubated at -20°C for 45 minutes. After discarding the supernatant, the DNA pellets were washed
with 500 pl of 70% ethanol and centrifuged at 7,500 rpm for 5 minutes. Ethanol was discarded, and
the pellets were air dried. Finally, DNA pellets were eluted in TE buffer (Tris-EDTA) and stored at
4°C for further use. Clear solution was formed after heating. 7 pl Ethidium Bromide was added in gel
solution.

Gell Electrophorasis

To separate DNA molecules based on size, charge, and density, agarose gel electrophoresis was used.
The gel was prepared by dissolving 1 gram of agarose in 100 ml of 1X TAE buffer (Tris-Acetic acid-
EDTA) and heating until a clear solution formed. Once cooled slightly, 7 pl of Ethidium Bromide was
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added to stain the DNA. The gel solution was poured into a casting tray with combs inserted. After
the gel solidified, it was transferred to an electrophoresis tank filled with 1X TAE buffer, and the
combs were carefully removed to create wells. For loading, 2 ul of extracted DNA was mixed with 2
pl of 6X bromophenol blue loading dye and loaded into the wells. The gel was run at 110 volts and
500 mA for 35 minutes. DNA bands were visualized using a UV Trans-llluminator with a Bio Doc
Analyzer, and the results were compared with a 1KB DNA ladder. For further analysis, amplified
products were also run on a 2% agarose gel and visualized under UV light.

Gel electrophoresis analysis:

Amplified product was run on 2 % agarose gel and visualized under UV.
Fig 1.Visualizing DNA after Gel of 13 Samples

0‘0.'040000-0.'0..‘.!"'\"0‘

Amplified Product <600bp

L B BN B R = B e

Amplified Product <600bp

Fig:2 Visualizing DNA after Gel of 11 samples
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Prime Selection
Table 2: Primer Sequences

F1484B 5 -ATCCAACATCTCAGCATGATGAAA-3

R1485B 5-TCAGTTTTTGGTTTACAAGAC-3

PCR Polymerase chain reaction

PCR is a technique used to amplify specific DNA sequences. VFID and VRID primers were used to
target the tissue samples. DNA was denatured at 94°C to form single-stranded templates, primers
annealed to these templates, and DNA polymerase extended the strands, producing new double-
stranded DNA.. This cycle was repeated to obtain the desired number of copies. The PCR master mix
contained DNA template, dNTPs, forward and reverse primers, MgCl., Taq DNA polymerase, PCR
buffer, and deionized water, with reactions performed using a Galaxy XP Thermal Cycler. Optimized
PCR conditions included an initial denaturation at 95°C for 10 minutes, followed by 40 cycles of
denaturation (95°C, 1 min), annealing (60°C, 1 min), and extension (72°C, 1 min), with a final
extension at 72°C for 10 minutes and hold at 4°C.

Analysis of PCR product
Amplified PCR products were analyzed using 1.5% agarose gel electrophoresis. The gel was prepared
in 0.5X TBE buffer with ethidium bromide, poured into a casting tray, and allowed to solidify. PCR
products were mixed with bromophenol blue loading dye and loaded into the wells alongside a DNA
ladder. The gel was visualized under a gel documentation system, and the results were photographed
for analysis.

Fig3. Amplified PCR

I_adder
1000bp—___

Gene Sequencing

The PCR products were sent to Macrogen lab, Korea for sequencing where DNA synthesis and DNA
gene typing facilities are provided. Sequencing of various species was obtained from BLAST tool.

Results
DNA Extraction and Quantification

The genomic DNA was extracted from 8 different species of birds of total 24 samples as each specie
hold 2 of its organisms, visualized and confirmed on 1% agarose gel. A 20mg of meat was used from
each sample for genomic DNA extraction. Total genomic DNA was extracted from meat sample was
optimized with careful adjustments in optimization of Protinase K concentration, phenol-chloroform
method. The results of genomic DNA were visualized by agarose gel documentation system and they
were also recorded.
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Fig 4. Genomic DNA

Polymerase Chain Reaction (PCR) Results

The Polymerase Chain Reaction (PCR) of the extracted genomic DNA of birds was carried in order to
amplify the desired region of Cytochrome b gene. For the analysis of samples, the products were
obtained and base pairs of Cytochrome b were amplified by primers and the results are as below:

IL.adder
1000bp—__

Fig 5 PCR gel results of extracted DNA samples

The genomic data of other birds of different genus was retrieved from GenBank to find out
evolutionary analysis. Accession number and source of different species of birds are as follow:
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Table 2. Species names, accession numbers and data source of different birds acquired from

GenBank.
Common Name Scientific Name Accession Number Source
Little egret Egretta garzetta KJ190950 GenBank
House sparrow Passer domesticus NC_025611 GenBank
Red-vented bulbul Pycnonotus cafer MG762208 GenBank
House crow Corvus splendens NC_024607 GenBank
Cattle egret Bubulcus ibis KJ722534 GenBank
Purple sunbird Nectarinia asiatica MT683497 GenBank
Black-winged stilt Himantopus LC541436 GenBank
himantopus
Eurasian collared dove Streptopelia NC 037513 GenBank
Decaocto
White wagtail Motacilla alba NC_029229 GenBank
Temminck's stint Calidris temminckii JN601815 GenBank
Indian roller Corauas_ KT240053 GenBank
benghalensis
Common moorhen Gallinula chloropus HQ896036 GenBank
Greater coucal Centropus sinensis KT947122 GenBank
Black Kite Milvus migrans NC_038195 GenBank
Spotted owlet Athene brama KR779894 GenBank

Table 3-A: Sampling details and comparison of morphological vs molecular identification

Taxonomy Mitochondrial Cyt-b gene
Morphology
BLAST

28 o Y Q o g 598 = 2

o 3 = 2 @ g = 3 3- @ S 8

£3 = 3, 2 2. ) Z i = 3 © g

@ g - < » B é g 5 % 5 g
Bank Myna Passeriformes | Sturnidae |Acridotheres |ginginianus| 100% A. ginginianus (100%) 0% | KJ456174.1
Common Myna Passeriformes | Sturnidae |[Acridotheres |  Tristis | 100% |A. tristis 1143/1143 (100%) | 0% | KJ456175.1
Muscovy Duck Anseriformes | Anatidae [Cairina Moschata | 99% (C. moschata 1141/114399% | 1% L08385.1
Common Hoopoe |Bucerotiformes| Upupidae [Upupa Epops | 99% |U.epops 1142/1143 (99%) 1% | KY689872.1
Rock pigeon Columbiforme | Columbid (Columba Livia 99% |C. livia 1141/1143 (99%) 1% | KP319029.1

s ae
Black drongo Passeriformes [Dicruridae|Dicruarus macrocerus| 100% [D. macrocerus 1026/1026 0% | JQ864501.1
(100%)
Munia Passeriformes |Estrididae|Lonchura Malacca | 99% |L.. malacca 1129/1143 1% | MN991592.1
(99%)

Scally breasted Passeriformes |Estrididae [Lonchura punctulata | 99% |L. punctulata 1141/1143 1% | KJ456325.1
myna (99%)
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Table 3-B: Sampling details and comparison of morphological vs molecular identification

Taxonomy
Phylum Class Identification Identifier name Taxonomic status Identifier email
method

Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com
Chordata Aves Morphological Asif Naseem Least concern asifnaseem@live.com

Table 4. Codon usage on the basis of cytochrome b gene

uno)
uno)

O
o
c
S
=

NOSY
uopod
unod
NOSy

(@)
o)
o
o
S

uopod
NOSd
uopod
NOSd

UUU(F) |4
UUC(F)
UUA(L)
UUG(L)
CUU(L)
CUC(L)
CUA(L)
CUG(L)
AUU()
AUC(I) |19.1]1.91
AUA() 55 (055
AUG(M) [T [1
GUU(V) |14 [0.36
GUC(V) |55 |14
GUA(V) 82 2.1
GUG(V) (05 [0.14

0.33
1.67
0.45
0.03
0.43
1.49
3.26
0.35
0.54

Ucu(S)
UCC(S)
UCA(S)
UCG(S)
CCU(P)
CCC(P)
CCA(P)
CCG(P)
ACU(T)
ACC(T)
ACA(T)
ACG(T)
GCU(A)
GCC(A)
GCA(A)
GCG(A)

1.2
6.8
8.5
0.4
2.1
7.3
8.7
0.7
29
10.1
9.2
0.4
3.3
12
6.9
0.3

0.4

2.26
2.84
0.13
0.44
1.56
1.86
0.15
0.52
1.78
1.62
0.08
0.58
2.14
1.23
0.05

UAU(Y)
UAC(Y) 95 [1.67
UAA(*) 0.3 [0.12
UAG™) 0 [0
CAU(H) L9 [0.39
CAC(H) 8 161
CAAQ) |5 [1.76
CAG(Q) 0.7 [0.24
AAU(N) 2.1 [0.28
AAC(N) [12.8[1.72
AAA(K) 6.1 [1.83
AAG(K) 0.6 [0.17
GAU(D) 0.7 [0.23
GAC(D) p.1 .77
GAA(E) 48 [1.74
GAG(E) 0.7 [0.26

1.9 033 [UGU(C) (0.6
UGC(C) |3 [1.66
UGA(*) |84 [2.88
UGG(W) 0.6 [1
CGU(R) 0.6 [0.57
CGC(R) [L5 |L44
CGA(R) |41 [3.85
CGG(R) 0.2 [0.14
AGU(S) 0.1 [0.03
AGC(S) |I |0.34
AGAR) 0 0
AGGR) 0 [0
GGU(G) |15 [0.28
GGC(G) [7.3 |1.38
GGA(G) [10.3[1.94

GGG(G) |21 [0.4

0.34

31
5.3

Average codons = 305
All the frequencies are average over all taxa
Relative synonymous codon usage is given in parentheses following the codon frequencies

Table 5: Test of the Homogeneity of Substitution Patterns between Sequences
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U. epops

P. barbatus 1.00

N. jugularis 0.07 0.01

M. migrans 1.00 0.27 1.00

L. rohita 0.19 0.27 0.05 0.14

G. chloropus galeata 1.00 0.26 1.00 0.22 0.04
Egretta eulophotes 0.00 0.00 1.00 0.25 0.01 1.00

D. aeneus 0.03 0.02 0.00 0.13 0.21 0.25 0.00

C. canorus 1.00 0.30 0.00 0.33 1.00 0.36 0.00 0.37

C. albicolis 1.00 0.27 0.01 0.06 0.36 1.00 0.00 0.37 1.00

C. livia 0.09 0.03 1.00 1.00 0.07 1.00 0.18 0.00 0.00 0.04

C. alpina 1.00 1.00 0.02 0.05 0.19 1.00 0.00 0.03 1.00 1.00 0.02

A. ginginianus 1.00 0.12 0.29 0.27 0.00 0.19 0.06 0.02 0.04 0.11 1.00 0.06

A, ginginianus 0.12 0.08 0.07 0.02 0.14 0.20 0.01 0.04 0.36 0.04 0.00 0.03 0.00

A. ginginianus 0.16 0.08 0.13 0.01 0.15 0.21 0.01 0.02 0.28 0.05 0.01 0.03 0.00 1.00

L. punctulata 100 0.14 1.00 1.00 0.02 1.00 0.08 0.02 1.00 0.04 0.12 0.19 0.26 1.00 1.00

L. malacca sinensis ~ 0.06 0.01 1.00 1.00 0.13 1.00 0.16 0.01 0.01 0.01 0.30 0.02 1.00 0.16 0.24 1.00

D. macrocercus 0.12 0.32 0.00 0.13 0.29 0.37 0.00 1.00 1.00 1.00 0.00 0.27 0.04 0.21 0.17 0.05 0.02

C. livia 0.13 0.02 1.00 1.00 0.06 1.00 0.19 0.00 0.00 0.05 1.00 0.01 1.00 0.00 0.01 0.30 0.30 0.00

U. epops 100 1.00 011 1.00 0.21 1.00 0.00 0.03 1.00 1.00 0.08 1.00 1.00 0.14 0.18 1.00 0.05 0.11 0.15

C. moschata 0.00 0.01 0.04 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00

A. tristis 1.00 0.38 1.00 0.36 0.07 1.00 0.03 0.00 0.08 0.06 0.12 0.13 0.22 0.37 1.00 1.00 1.00 0.01 0.22 1.00 0.0
L. punctulata 1.00 0.16 1.00 1.00 0.01 1.00 0.15 0.03 1.00 0.03 0.19 0.17 0.29 1.00 1.00 1.00 1.00 0.04 0.26 1.00 0.0 1.00

L. malacca sinensis ~ 0.05 0.01 1.00 1.00 0.16 1.00 0.21 0.01 0.01 0.00 1.00 0.01 1.00 0.08 0.11 1.00 1.00 0.01 1.00 0.04 0.0 0.30 1.00
D. macrocercus 0.12 0.34 0.00 0.14 0.29 1.00 0.00 1.00 1.00 1.00 0.00 0.30 0.04 0.24 0.14 0.03 0.00 1.00 0.00 0.13 0.0 0.02 0.03 0.01

Note: The probability of rejecting the null hypothesis that sequences have evolved with the
same pattern of substitution, as judged from the extent of differences in base composition
biases between sequences (Disparity Index test). A Monte Carlo test (1000 replicates) was used
to estimate the P-values, which are shown above the diagonal. P-values smaller than 0.05 are
considered significant (marked with yellow highlights) the estimates of the disparity index per
site are shown for each sequence pair below the diagonal. This analysis involved 29 nucleotide
sequences. Codon positions included were 1st+2nd+3rd. There were a total of 1143 positions in
the final dataset. Evolutionary analyses were conducted in MEGA X.
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Dicrurus aldabranus EF449761 .1

Dicrurus aseneus JQ8654497 .1

Corvus macrorhynchos HES805915.1

Corvus corax AYS27287 1

Corvus albicolis AYS27V263.1

Pyvcnonotus cyaniventris KY 4041851

Pycnonotus eutilotus KY404186.1

Pyvcnonotus barbatus HMG33367_.1:1-1041

s0 Mectarinia oritis AF282822_1
1Li—|:ectarinia olivacea FJ487858.1:41-1183
MNectarinia jugularis FJ487866_1
Lonchura punctulata MMN991593.1(2)
oo
=
[=]

Lonchura punctulata MMN991593.1

Lonchura punctulata MMN991593.1(3)
Lonchura malacca sinensis DQ270353_1(3)

499' Lonchura malacca sinensis DQ270353_1(2)
Lonchura malacca sinensis DQ270353.1

Motacilla cinerea patriciae KY 3787611

Motacilla alba EUJ1S7005.1

FPasser flaveolus L7 7904.1
Fasser domesticus MF458379.1
FPasser ammodendri KT885996.1:13674-14819

Acridotheres tristis KA45681 75 1(3)

Acridotheres tristis KJ45651 751

Acridotheres tristis KJ456175_1(2)

Acridotheres cristatellus JF810423 1:13678-14820
Motacilla lugens KU246035 1:13683-14825
Acridotheres ginginianus KJ4561 741
| Acridotheres ginginianus KJ456174_1(3)

Acridotheres ginginianus KJ4561 74 1(2)

a7

35

el
so

=1

EE] |
Acridotheres ginginianus KJ4561 741

o | ,— Cercomela scotocerca GUOoOss5458_ 1
a2 Cercomela dubia GUOoOS55445 1

Wanellus cinereus KM873665.1:13662-1480<4
Wanellus chilensis EF3731683.1

— Himantopus mexicanus EU167022_1
as | Himantopus himantopus RNC 035423 1:°1364494-147386
Calidris subruficollis K2X284865 .1
Calidris alpina AY 1561591

=R Cuculus lepidus MMN991539_ 1
= 1z —5‘7,—|7— Cuculus canorus AY274034_1:118-1260
Cuculus fugax U89197 .1
epops KY&689922 1(4)
epops KY&689922 1(3)

epops KYG&G89922_ 1(2)
epops KY&89922 1

s0

Upupa

| Upupa

o9 Upupa
Upupa

-3 Streptopelia orientalis MG&S0O4792 1
s | 36{——: Streptopelia decaocto KY 3787861
Streptopelia chinensis MHG458552_1

Columba ocenas EU481988 1
OV STaTI0 1 (4)
Y STaTI0 1(3)
Columba EY3ITavIo_1(2)
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Fig 6. Minimum Evolution analysis of taxa
Note: The evolutionary history was inferred using the Minimum Evolution method. The optimal
tree with the sum of branch length = 3.65800118 is shown. The percentage of replicate trees in
which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next
to the branches. The evolutionary distances were computed using the Maximum Composite
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Likelihood method and are in the units of the number of base substitutions per site. The rate
variation among sites was modeled with a gamma distribution (shape parameter = 1). The ME tree
was searched using the Close- Neighbor-Interchange (CNI) algorithm at a search level of 1. The
Neighbor-joining algorithm was used to generate the initial tree. This analysis involved 73
nucleotide sequences. All ambiguous positions were removed for each sequence pair (pairwise
deletion option). There were a total of 1146 positions in the final dataset. Evolutionary analyses

were conducted in MEGA X.

Table 6.: Nucleotide Composition Based on Cytochrome B Gene All frequencies are given in

percent
TU)[C [A [G [Total [T-1 [C-1 [A-L [G-1 [Pos [T-2 [C-2 [A2 [G-2 [Pos [T-3 [C-3 |A-3 [G3 [Pos
#1 #2 #3
C. dubia 241|335 (281[14.2 [701 [231[287 [23.6 |24.4 [233 [41.8 [24.7 (183 [149 [234 [72 |47 [423 34 [234
C.familiaris  [255 (33.7[27.1 (136 (983 |22 [30.5 [22.9 [24.4 327 [42.3 |25 |[19.8 |12.8 [328 [12.1 [45.7 [38.4 [3.6 328
C.scotocerca [232 (35.8 269 [13.9 (898 23 [29.6 [223 [25 [300 [39.4 [27 [20 |133[299 [7.3 [50.8 [38.4 [33 [299
C. livia 247 |36 [26.4[12.7 [1066 [22.2[30.4 [253 [21.9 355 [40 [27.3 [19.4 [132 [355 [12 [50.2 345 [3  [356
C.abicolis 256 (325 (287 13 (925 |21.7 [31.1 [23.7 [23.3 (308 [41.2 [25.6 [18.8 [14.2 [308 [13.9 [40.7 436 [L6 [309
C. corax 254 (32.4(29.1(12.9 (925 [21.7 [30.8 [23.7 [23.7 [308 [40.9 [25.9 [18.8 [14.2 [308 [13.5 [40.4 449 [0.9 [309
D. aeneus 252 [311[30.8 [12.6 [1143 [20.4 [3L.2 [26.7 [21.5 [38L [40.9 [25.1 [20.7 [13.1 [381 [14.4 37 |45.1 [34 [381
C. macrorynchos|24.9 (32,9 [29.1 (12,9 [1140 [21.3 [30.7 [25.2 [22.6 [380 [40.9 [25.7 [20.4 [12.8 [381 [12.4 [42.4 [416 [3.4 [379
D.aldabranus 267 [28.1[20 |16 [441 [265 [21.7 [24.4 [27.2 |147 [38 [258 [18.3 |17.6 [147 156 [36.7 442 [3.4 147
D.annectans 258 30.3 [30.9 [12.8 [L070 [20.7 [29.9 [26.6 [22.6 [357 [41.4 [24 |[21.2 |13.1 [357 154 [37 449 [25 356
E.eulophotes 226 [37.2 [27 |13 [L143 [21.2[30.9 [26.2 [21.5 [381 [385 [28 |[20.4 [12.8 [381 [8.1 [52.7 [343 [4.7 381
Egazeta 244 345 (254 [156 [307 [254 |25.4 [245 (245 [102 [36.2 [25.4 [205 [17.6 [102 [116 [52.4 BL |48 103
Lpunctulata 23 |32.8 [28.8 [15.2 [603 [22.3[26.3 [25.3 [25.9 [201 [37.8 [25.8 [19.4 [169 201 [8.9 [46.2 417 [29 [201
L.malacca (231 [35.4 [28.1 132869 [21.7 [30.6 [23.1 [24.4 [290 [40.3 [27.2 [19.3 [131 [290 [7.2 484 422 2  [289
. macrocercus (253 [3L7 295 134 1899|219 [28:8 [26.1 [23.1 [333 (408 (264 [195 [132 [333 [132 399 [429 [39 533
A ginginianus [22.7 (322 [30.5 [14.4 (685 |23.6 [25.4 [25.8 [25 (228 [37.2 |25 |29 [15.7 [228 [7.4 |46.2 [436 [2.6 [229
C.ivia 251 (35826 |12.9 [1026 [22.2[30.7 [24.8 [22.2 [342 [40.6 [269 [19 |13.4 [342 [125 [0 [342 [32 [342
U. epops 255 335 [27.8 [13.1 [1097 [22.9 [28.4 [25.6 [22.9 [366 [40.2 [27.3 [19.1 [13.1 [365 [13.3 [44.8 385 [3.2 [366
C.moschata 243 [34.9 [245 [16.2 [L080 [23 [28.8 [233 [24.7 [360 [40 [27.2 [19.7 |13 [360 |10 [48.6 [30.5 [0.8 [360
A. tristis 239 (346 [27.4 [13.9 [1048 [225[29.7 [23.7 |24 [350 [40.1 [27.7 [18.6 [13.4 [349 [9.1 [46.4 401 [42 [349
Avg. 246 337 (279135 011 [22.2[295 [24.7 [23.4 [303. [40.2 [263 [19.7 [13.7 [303. [1L5 [45.3 [39.5 [3.6 [303.5
4 4
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Fig 7: Nucleotide Composition based on Cytochrome b gene

Table 7: Maximum Likelihood Estimate of Substitution Matrix

A T/U C G
A - 3.33 4.58 9.72
T/U 3.79 - 24.84 1.80
C 3.79 18.02 - 1.80
G 20.41 3.33 4.58 -

NOTE: Each entry is the probability of substitution (r) from one base (row) to another base
(column). Substitution pattern and rates were estimated under the Tamura-Nei (1993) model (+G)
[1]. A discrete Gamma distribution was used to model evolutionary rate differences among sites (5
categories, [+G], parameter = 0.3245). Rates of different transitional substitutions are shown in
bold and those of transversionsal substitutions are shown in italics. Relative values of
instantaneous r should be considered when evaluating them. For simplicity, sum of r values is
made equal to 100, the nucleotide frequencies are A = 28.05%, T/U = 24.64%, C = 33.95%, and G
= 13.36%. For estimating ML values, a tree topology was automatically computed. The maximum
Log likelihood for this computation was -23329.074. This analysis involved 120 nucleotide
sequences. Codon positions included were 1st+2nd+3rd. There were a total of 1146 positions in
the final dataset. Evolutionary analyses were conducted in MEGA X (Tamura et al., 2018).

Table 8.Comparison of BLAST Results of all the species based on Cytochrome b gene
Sample | Common . Accession  [Similarity Cytochrome B
ID Name Species no. Index Gaps Gene Difference
BM1 [BankMyna [cridotheres 5 oe1241 720720 0/720 0%

ginginianus
BM 2 (100%) (0%)
BM 3
CM1 |Common Acridotheres 1143/1143 0/1143 0
CM2  |Myna tristis KISBI75:1 1 0oow,) (0%) 0%
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CM 3
MD1 |Muscovy  [Cairina 1141/1143  |0/1143 0
MD 2  |Duck moschata 108385.1 (99%) (0%) 1%
MD 3
CH1 |Common 1142/1143  (0/1143 0
CH2  |Hoopoe Upupa epops  |[KY689872.1 (99%) (0%) 1%
CH3
RP 1 Rock Pigeon (Columba livia |KP319029.1 |1141/1143 0/1143 1%
RP 2 (99%) (0%)
RP 3
BD1 |Black Dicrurus 1026/1026  (0/1026 0
BD 2 |Drongo macrocercus JQ864501.1 (100%) (0%) 0%
BD 3
MU 1 . Lonchura MN991592. [1129/1143  |0/1143

Munia 1%
MU 2 Malacca 1 (99%) (0%)
MU 3
SBM 1 g‘;gg&e g lonchura | aceanc, (11411143 (011143 Lot
SBM2 |- punctulata *(99%) (0%) 0

unia
SBM 3
Discussion

Accurate species identification plays a crucial role in forensic science, conservation biology, and
biodiversity monitoring. This study focused on the molecular identification of bird species in the
Sargodha region using the mitochondrial cytochrome b gene, a well-established genetic marker for
distinguishing closely related species. Traditional morphological identification can often be
misleading, especially in cases where visual differences are minimal—as seen with the common myna
(Acridotheres tristis) and bank myna (A. ginginianus), which are often considered the same by non-
experts due to subtle differences in beak color and eye patches. However, molecular analysis revealed
a 93% similarity between these two species, confirming that they are genetically distinct members of
the genus Acridotheres. The cytochrome b gene, known for its reliability in species-level
differentiation and phylogenetic analysis, was successfully amplified and sequenced in 24 samples
representing eight bird species (Shahin et al., 2024). The resulting sequences were compared with
existing data in the NCBI database, verifying that most of the species are already genetically
documented. Despite this, the study adds to the growing body of genetic data and confirms cytochrome
b as a powerful tool for resolving taxonomic ambiguities and revealing genetic relationships. A
comprehensive phylogenetic tree was constructed using the Neighbor-Joining method in MEGA X
software, which provided evolutionary insights into the relationships among the studied species (Bilal
et al., 2025). Besides species identification, the study also addressed the broader issue of declining
avian biodiversity in the Sargodha region. Although the area hosts a rich diversity of bird species,
rapid urbanization, deforestation, pollution, and pesticide usage are threatening their natural habitats.
Increasing human population pressure has led to habitat fragmentation, tree cutting, and environmental
degradation, significantly reducing bird populations year after year. Vehicles and industrial pollution
further contribute to habitat loss by increasing smog and air pollutants. This highlights the urgent need
for conservation efforts based on scientific evidence, including molecular data (Basharat et al., 2024).
The use of mitochondrial DNA, especially the control region (CR), has proven instrumental in
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studying genetic variability and evolutionary patterns. The control region consists of three domains
that evolve at different rates, with Domains | and Il showing higher mutation rates and thus being
more suitable for population-level studies. Although earlier studies speculated that slower-evolving
domains were better for higher-level phylogenetics, this study and others have shown that rapidly
evolving domains can also provide valuable insights. Mitochondrial studies have become increasingly
popular for understanding avian evolution, especially given the slow molecular evolution rates in birds
(Akbar et al., 2025). In a broader evolutionary context, the study aligns with previous research
showing that bird evolution spans over 150 million years, with roots in the Mesozoic and Cretaceous
periods. Molecular data have helped resolve key questions about the origins of major bird orders and
their divergence before and after the Cretaceous extinction. Studies by Jarvis et al. (2014) and others
have shown the power of genetic data in building the avian tree of life. Relationships between aquatic
and terrestrial birds, such as flamingos, grebes, pigeons, and sandgrouse, reflect convergent
adaptations rather than shared ancestry. This study used Labeo rohita as an out-group to root the
phylogenetic tree and validate evolutionary relationships. Evolutionary analyses were based on
disparity index tests and nucleotide substitution models using MEGA X. Base composition and
substitution bias were statistically analyzed, revealing significant variation in sequences. The final
dataset included 1143-1146 base pairs across multiple codon positions, providing a robust platform for
evolutionary inference (Bilal et al., 2024).

Conclusion

24 samples of 8 different birds were collected from different Tehsils of Sargodha and their
mitochondrial genes were used for construction of phylogenetic trees among different members of
birds of Sargodha and the genus of Pakistan bird fauna. Cytochrome b gene is most similar in similar
birds and remain conserved within specie and differ among different species. The study showed that
cytochrome b gene form reliable and accurate genetic tree. The tree showed 616/1143 conserved site
and 527/1143 variable sites. Results showed that Cytochrome b gene is also good tool for specie
identification. Cytochrome b gene is useful for phylogenetic analysis. In conclusion, the cytochrome
b gene is a highly effective molecular marker for identifying bird species, resolving taxonomic
uncertainties, and analyzing genetic variation. It not only supports phylogenetic classification but also
aids in understanding evolutionary history and biodiversity conservation. Given the environmental
challenges and biodiversity loss in the Sargodha region, molecular tools such as DNA barcoding can
play a pivotal role in developing targeted conservation strategies. This study reaffirms that
mitochondrial markers, particularly cytochrome b, are essential for accurate species identification,
evolutionary research, and biodiversity preservation in both local and global contexts.

References

Adachi, J., Cao, Y., & Hasegawa, M. (1993). Tempo and mode of mitochondrial DNA evolution in
vertebrates at the amino acid sequence level: rapid evolution in warm- blooded
vertebrates. Journal of Molecular Evolution, 36(3), 270-281.

Adams, N. J., & Brown, C. R. (1984). Metabolic rates of sub-Antarctic Procellariiformes: a
comparative study. Comparative Biochemistry and Physiology Part A: Physiology,
77(1), 169-173.

Albayrak, T., Gonzalez, J., Drovetski, S. V., & Wink, M. (2012). Phylogeography and population
structure of Kriiper’s Nuthatch Sitta krueperi from Turkey based on microsatellites and
mitochondrial DNA. Journal of ornithology, 153(2), 405-411.

Aliabadian, M., Kaboli, M., Prodon, R., Nijman, V., & Vences, M. (2007). Phylogeny of Palaearctic
wheatears (genus Oenanthe)—Congruence between morphometric and molecular data.
Molecular phylogenetics and evolution, 42(3), 665-675.

Aguadro, C. F. (1990). Contrasting levels of DNA sequence variation in Drosophila species revealed
by —six-cutter| restriction map surveys. In UCLA Symp. Mol. Cell. BIOI. New Ser (Vol.
122, pp. 179-189).

Volume: 3, No: 3 July-September, 2025



559

Arbabi, T., Gonzalez, J., & Wink, M. (2014). Mitochondrial evidence for genetic diversity and low
phylogeographic differentiation in the Marsh Warbler Acrocephalus palustris (Aves:
Acrocephalidae). Organisms Diversity & Evolution, 14(4), 409-417.

Arctander, P. (1995). Comparison of a mitochondrial gene and a corresponding nuclear pseudogene.
Proceedings of the Royal Society of London. Series B: Biological Sciences, 262(1363), 13-
19.

Armenta, J. K., Weckstein, J. D., & Lane, D. F. (2005). Geographic variation in mitochondrial DNA
sequences of an Amazonian nonpasserine: The Black-spotted Barbet complex. The
Condor, 107(3), 527-536.

Arnaiz-Villena, A., Alvarez-Tejado, M., Ruiz-del-Valle, V., Garcia-de-la-Torre, C., Varela, P.,
Recio, M. J., ... & Martinez-Laso, J. (1998). Phylogeny and rapid northern and southern
hemisphere speciation of goldfinches during the Miocene and Pliocene epochs. Cellular
and Molecular Life Sciences CMLS, 54(9), 1031-1041.

Arnaiz-Villena, A., Alvarez-Tejado, M., Ruiz-del-Valle, V., Garcia-De-La-Torre, C., Varela, P. E.,
Recio, M. J., ... & Martinez-Laso, J. (1999). Rapid radiation of canaries (genus Serinus).

Arnaiz-Villena, A., Moscoso, J., Ruiz-del-Valle, V., Gonzalez, J., Reguera, R., Wink, M., & Serrano-
Vela, J. I. (2007). Bayesian phylogeny of Fringillinae birds: status of the

singular African oriole finch Linurgus olivaceus and evolution and heterogeneity of the genus
Carpodacus. Acta Zoologica Sinica, 53(5), 826-834.

Arnaiz-Villena, A., Ruiz-del-Valle, V., Reguera, R., Gomez-Prieto, P., & Serrano-Vela, J. 1. (2008).
What might have been the ancestor of New World siskins. Open Ornithol J, 1, 46-7.

Arnaiz-Villena, A., Timon, M., Corell, A., Perez-Aciego, P., Martin-Villa, J. M., & Regueiro, J. R.
(1992). Primary immunodeficiency caused by mutations in the gene encoding the CD3-y
subunit of the T-lymphocyte receptor. New England Journal of Medicine, 327(8), 529-
533.

Arnold, A. E., Andersen, E. M., Taylor, M. J., & Steidl, R. J. (2017). Using cytochrome b to identify
nests and museum specimens of cryptic songbirds. Conservation Genetics Resources, 9(3),
451-458.

Baig, K. J. (2006). Environmental baseline survey and monitoring of Taunsa barrage: emergency
rehabilitation and Modernization Project: a report submitted to Zoological science
department. Pakistan Museum of Natural history, 22.

Bayer, C. S., Sackman, A. M., Bezold, K., Cabe, P. R., & Marsh, D. M. (2012). Conservation
genetics of an endemic mountaintop salamander with an extremely limited range.
Conservation Genetics, 13(2), 443-454.

Banks, R. C., Cicero, C., Dunn, J. L., Kratter, A. W., Ouellet, H., Rasmussen, P. C., ... & Stotz, D. F.
(2000). Forty-second supplement to the American Ornithologists' Union check-list of
North American birds. The Auk, 847-858.

Barker, F. K., Barrowclough, G. F., & Groth, J. G. (2002). A phylogenetic hypothesis for passerine
birds: taxonomic and biogeographic implications of an analysis of nuclear DNA sequence
data. Proceedings of the Royal Society of London. Series B: Biological Sciences,
269(1488), 295-308.

Barker, F. K., Cibois, A., Schikler, P., Feinstein, J., & Cracraft, J. (2004). Phylogeny and
diversification of the largest avian radiation. Proceedings of the National Academy of
Sciences, 101(30), 11040-11045.

Bennun, L., Butchart, S., Ekstrom, J., Evans, M., Fishpool, L., Pople, R., & Stattersfield, A. (2004).
State of the world's birds 2004; indicators for our changing world (No. 333.95822 S797).
Birdlife International, Cambridge (RU).

Benton, M. J. (1999). Early origins of modern birds and mammals: molecules vs. morphology.
BioEssays, 21(12), 1043-1051 Berthold, P., Gwinner, E., & Sonnenschein, E. (Eds.).
(2013). Avian migration. Springer Science & Business Media.

Berthold, P. (2001). Bird migration: a general survey. Oxford University Press on Demand.

Volume: 3, No: 3 July-September, 2025



560

Blanchard, J. L., & Lynch, M. (2000). Organellar genes: why do they end up in the nucleus?.
Trends in genetics, 16(7), 315-320.

Boonkhaw, P., Prayoon, U., Kanchanasaka, B., Hayashi, F., & Tamura, N. (2017). Colour
polymorphism and genetic relationships among twelve subspecies of Callosciurus
finlaysonii in Thailand. Mammalian Biology, 85(1), 6-13.

Brandley, M. C., Schmitz, A., & Reeder, T. W. (2005). Partitioned Bayesian analyses, partition
choice, and the phylogenetic relationships of scincid lizards. Systematic biology, 54(3),
373-390.

Briolay, J., Galtier, N., Brito, R. M., & Bouvet, Y. (1998). Molecular phylogeny of cyprinidae
inferred fromcytochrome bDNA Sequences. Molecular phylogenetics and evolution, 9(1),
100-108.

Brown, J. W., & Van Tuinen, M. (2011). 12 Evolving Perceptions on the Antiquity of the Modern Avian
Tree. Living dinosaurs: the evolutionary history of modern birds, 306.

Brusatte, S. L., Lloyd, G. T., Wang, S. C., & Norell, M. A. (2014). Gradual assembly of avian
body plan culminated in rapid rates of evolution across the dinosaur-bird transition.
Current Biology, 24(20), 2386-2392.

Burt, D. B. (2004). Plumage-based phylogenetic analyses of the Merops bee- eaters. Ibis,

146(3), 481-492.

Carlisle, J. D., Kaltenecker, G. S., & Swanson, D. L. (2005). Molt strategies and age differences in
migration timing among autumn landbird migrants in southwestern Idaho. The Auk,
122(4), 1070-1085.

Chiappe, L. M. (1995). The first 85 million years of avian evolution. Nature, 378(6555), 349- 355.

Bilal, A., Umar, M., Saeed, K., Yagoob, M., Bilal, H. M., Muhammad, H., Tariq, A., & Siddique, A.
(2025). Emerging zoonotic diseases: Trends, challenges, and solutions. In Pathways of
infection: Zoonoses and environmental disease transmission (Vol. 1, pp. 83-88). Unique
Scientific Publisher.

Chiavacci, S. J., Benson, T. J., & Ward, M. P. (2018). Linking landscape composition to predator-
specific nest predation requires examining multiple landscape scales. Journal of
applied ecology, 55(4), 2082-2092.

Chikuni, K., Minaka, N., & lkenaga, H. (1996). Molecular phylogeny of some Passeriformes, based
on cytochrome b sequences. Journal of the Yamashina Institute for Ornithology, 28(1), 1-
8.

Clay, J. (2013). World agriculture and the environment: a commodity-by-commaodity guide to impacts
and practices. Island Press.

Clayton, D. H., Koop, J. A., Harbison, C. W., Moyer, B. R., & Bush, S. E. (2010). How birds combat
ectoparasites. The Open Ornithology Journal, 3(1).

Clement, P. (1999). Finches and sparrows. Bloomsbury Publishing.

Clements, J. F. (2007). Clements checklist of birds of the world. Comstock Pub.

Associates/Cornell University Press.

Collura, R. V., & Stewart, C. B. (1995). Insertions and duplications of mtDNA in the nuclear
genomes of Old World monkeys and hominoids. Nature, 378(6556), 485-489.

Contina, A., Alcantara, J. L., Bridge, E. S., Ross, J. D., Oakley, W. F., Kelly, J. F., & Ruegg, K. C.
(2019). Genetic structure of the Painted Bunting and its implications for conservation of
migratory populations. Ibis, 161(2), 372-386.

Coster, S. S., Welsh, A. B., Costanzo, G., Harding, S. R., Anderson, J. T., & Katzner, T. E. (2019).

Gene flow connects coastal populations of a habitat specialist, the Clapper Rail Rallus
crepitans. Ibis, 161(1), 66-78.

Lozano, D., Gonzalez, A., & Ldpez, J. M. (2020). Neuroanatomical Distribution of the Serotonergic
System in the Brain and Retina of Holostean Fishes, The Sister Group to Teleosts. Brain,
Behavior and Evolution, 95(1), 25-44.

Volume: 3, No: 3 July-September, 2025



561

Craig, E. C., Elbin, S. B., Danoff-Burg, J. A., & Palmer, M. I. (2012). Impacts of double- crested
cormorants (Phalacrocorax auritus) and other colonial waterbirds on plant and arthropod
communities on Islands in an Urban Estuary. Waterbirds, 35(spl), 4-12.

Crochet, P. A., Chen, J. Z, Pons, J. M., Lebreton, J. D., Hebert, P. D., & Bonhomme, F. (2003).
Genetic differentiation at nuclear and mitochondrial loci among large white- headed gulls:
sex-biased interspecific gene flow?. Evolution, 57(12), 2865-2878.

Crowe, T. M., Bowie, R. C., Bloomer, P., Mandiwana, T. G., Hedderson, T. A., Randi, E., ... &
Wakeling, J. (2006). Phylogenetics, biogeography and classification of, and character
evolution in, gamebirds (Aves: Galliformes): effects of character exclusion, data
partitioning and missing data. Cladistics, 22(6), 495-532.

Davis, K. E., & Page, R. D. (2008). Reweaving the tapestry: a supertree of birds. PLoS Currents, 6.

Davis, K. E., & Page, R. D. (2008). Reweaving the tapestry: a supertree of birds. PLoS Currents, 6.

Bilal, A., Tanvir, F., Ahmad, S., Azam, A. R., Qasim, M., Zafar, H., & Tanvir, F. (2024).
Therapeutical evaluation of bioactive compounds of Nigella sativa for HER2-positive
breast cancer treatment. Journal of Population Therapeutics &  Clinical
Pharmacology, 31(9), 3149-3164.

de Pablo, F. (2005). Bases ecolégicas para la elaboracién de un plan de recuperacion de la
poblacion de milanos reales, Milvus milvus, en Menorca (Doctoral dissertation,
Universitat de Barcelona).

del Hoyo, J., Elliott, A., & Sargatal, J. (Eds.). (1999). Handbook of the birds of the world: Barn-owls
to hummingbirds (Vol. 5). Lynx Edicions.

DEREGNAUCOURTI, S. (2002). HYBRIDIZATION BETWEEN EUROPEAN QUAIL
COTURNIX. Ardea, 90, 1.

Dierschke, V. (2003). Predation hazard during migratory stopover: are light or heavy birds under
risk?. Journal of Avian Biology, 34(1), 24-29.

Shahin, F., Ishfaq, A., Asif, 1., Bilal, A., Masih, S., Ashraf, T., ... & Ishfaq, R. (2024). CRISPR-Cas
Innovative Strategies for Combating Viral Infections and Enhancing Diagnostic
Technologies: CRISPR-Cas in Viral Diagnostics and Therapeutics. Journal of Health and
Rehabilitation Research, 4(3), 1-4.

Donald, P. F., & Evans, A. D. (2006). Habitat connectivity and matrix restoration: the wider
implications of agri-environment schemes. Journal of applied ecology, 43(2), 209- 218.

Bilal, A., Bibi, R., Umar, M., Sajjad, A., Kharal, S., Noor, E., ... & Munir, A. (2025). The
relationship between obesity and breast cancer among women of Punjab, Pakistan. The
Research of Medical Science Review, 3(2), 668-84.

Driscoll, C. A., Macdonald, D. W., & O'Brien, S. J. (2009). From wild animals to domestic pets, an
evolutionary view of domestication. Proceedings of the National Academy of Sciences,
106(Supplement 1), 9971-9978.

Drummond, A. J., & Rambaut, A. (2007). BEAST: Bayesian evolutionary analysis by sampling trees.
BMC evolutionary biology, 7(1), 1-8.

Drummond, A. J., Suchard, M. A., Xie, D., & Rambaut, A. (2012). Bayesian phylogenetics with
BEAUti and the BEAST 1.7. Molecular biology and evolution, 29(8), 1969- 1973.

Duncan, R. P., Forsyth, D. M., & Hone, J. (2007). Testing the metabolic theory of ecology:
allometric scaling exponents in mammals. Ecology, 88(2), 324-333.

Dunham, K., & Grand, J. B. (2017). Evaluating models of population process in a threatened
population of Steller's eiders: a retrospective approach. Ecosphere, 8(3), e01720.

Egevang, C., Stenhouse, I. J., Phillips, R. A., Petersen, A., Fox, J. W., & Silk, J. R. (2010). Tracking
of Arctic terns Sterna paradisaea reveals longest animal migration. Proceedings
of the National Academy of Sciences, 107(5), 2078-2081.

Ekman, J., & Ericson, P. G. (2006). Out of Gondwanaland; the evolutionary history of cooperative
breeding and social behaviour among crows, magpies, jays and allies. Proceedings of
the Royal Society B: Biological Sciences, 273(1590), 1117- 1125.

Volume: 3, No: 3 July-September, 2025



562

Akbar, B., Tanvir, F., Irfan, A., Bilal, A., Nawaz, A., Minhas, H., & Basharat, M. (2025).
ANALYSIS OF NON-SYNONYMOUS SNPS IN THE SET ONCOGENE AND THEIR
IMPACT ON LEUKEMIA. Journal of Medical & Health Sciences Review, 2(2).

Ellsworth, D. L., Honeycutt, R. L., & Silvy, N. J. (1996). Systematics of grouse and ptarmigan
determined by nucleotide sequences of the mitochondrial cytochrome-b gene. The Auk,
113(4), 811-822.

Basharat, M., Bilal, A., Rizwan, M., Asif, 1., Shahin, F., & Hussain, M. (2024). Identification of fish
diversity, distribution, and fauna at Head Qadirabad, Marala and Khankis, Chenab River,
Punjab. Pakistan. Journal of Survey in Fisheries Sciences, 11(3), 75-81

Tamura, K., Peterson, D., Peterson, N., Stecher, G., Nei, M., & Kumar, S. (2011). MEGAG5:
molecular evolutionary genetics analysis using maximum likelihood, evolutionary
distance, and maximum parsimony methods. Molecular biology and evolution,
28(10), 2731-2739.

Tu, F., Tang, S., Yan, C., & Huang, X. (2017). Complete mitogenome of Intermediate Egret Ardea
intermedia (Ciconiiformes: Ardeidae). Mitochondrial DNA Part B, 2(2), 510- 511.

Taylor, A. H., Hunt, G. R, Medina, F. S., & Gray, R. D. (2009). Do New Caledonian crows solve
physical problems through causal reasoning?. Proceedings of the Royal Society B:
Biological Sciences, 276(1655), 247-254.

Taylor, S. L., Payton, M. E., & Raun, W. R. (1999). Relationship between mean yield, coefficient of
variation, mean square error, and plot size in wheat field experiments.
Communications in Soil Science and Plant Analysis, 30(9-10), 1439- 1447.

Thalmann, O., Hebler, J., Poinar, H. N., Paabo, S., & Vigilant, L. (2004). Unreliable mtDNA data
due to nuclear insertions: a cautionary tale from analysis of humans and other great apes.
Molecular Ecology, 13(2), 321-335.

Turner, A. H., Makovicky, P. J., & Norell, M. A. (2012). A review of dromaeosaurid systematics and
paravian phylogeny. Bulletin of the American museum of natural history, 2012(371), 1-
206.

Vili, U., & Lohmus, A. (2004). Nestling characteristics and identification of the lesser spotted eagle
Aquila pomarina, greater spotted eagle A. clanga, and their hybrids. Journal of
Ornithology, 145(3), 256-263.

Van Turnhout, C. A. M., Leuven, R. S. E. W., Hendriks, A. J., Kurstjens, G., van Strien, A., Foppen,
R. P. B., & Siepel, H. (2012). Ecological strategies successfully predict the effects of river
floodplain rehabilitation on breeding birds. River Research and Applications, 28(3), 269-
282.

Verdugo, C., Clark, A. M., Prakoso, D., Kramer, L. D., & Long, M. T. (2012). Multiplexed
microsatellite loci in American crow (Corvus brachyrhynchos): A severely affected
natural host of West Nile virus. Infection, Genetics and Evolution, 12(8), 1968-1974.

Voelker, G., Outlaw, R. K., & Bowie, R. C. (2010). Pliocene forest dynamics as a primary driver of
African bird speciation. Global Ecology and Biogeography, 19(1), 111-1

Ericson PG, Anderson CL, Britton T, Elzanowski A, Johansson US, Kallersjo M, Ohlson JI, Parsons
TJ, Zuccon D, Mayr G. Diversification of Neoaves: integration of molecular sequence data
and fossils. Biology letters. 2006 Dec 22;2(4):543-7.

Ericson, P. G., Irestedt, M., & Johansson, U. S. (2003). Evolution, biogeography, and patterns of
diversification in passerine birds. Journal of Avian Biology, 34(1), 3-15.

Ericson, P. G., Klopfstein, S., Irestedt, M., Nguyen, J. M., & Nylander, J. A. (2014). Dating the
diversification of the major lineages of Passeriformes (Aves). BMC Evolutionary Biology,
14(1), 1-15.

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S. R., ... & Helkowski, J.
H. (2005). Global consequences of land use. science, 309(5734), 570- 574.

Foth, C., Tischlinger, H., & Rauhut, O. W. (2014). New specimen of Archaeopteryx provides insights
into the evolution of pennaceous feathers. Nature, 511(7507), 79-82.

Volume: 3, No: 3 July-September, 2025



563

Francis, C. (2007). World Agriculture and Environment: A Commodity-by-Commodity Guide to
Impacts and Practices. By Jason Clay. 2004. Island Press, 1718 Connecticut Avenue NW,
Suite 300, Washington DC 20009. 570 p. paper, $45.00, ISBN 1-55963-370-0. Renewable
Agriculture and Food Systems, 22(4), 320-320.

Fregin, S., Haase, M., Olsson, U., & Alstrém, P. (2009). Multi-locus phylogeny of the family
Acrocephalidae  (Aves:  Passeriformes)-The traditional  taxonomy overthrown.
Molecular Phylogenetics and Evolution, 52(3), 866-878.

Fuchs, J., Fjeldsd, J., & Pasquet, E. (2006). An ancient African radiation of corvoid birds (Aves:
Passeriformes) detected by mitochondrial and nuclear sequence data. Zoologica
Scripta, 35(4), 375-385.

Fuchs, J., Fjeldsa, J., & Pasquet, E. (2005). The use of mitochondrial and nuclear sequence data in
assessing the taxonomic status of the endangered Uluguru Bush Shrike Malaconotus alius.
Ibis, 147(4), 717-724.

Gan, H. M., Schultz, M. B., & Austin, C. M. (2014). Integrated shotgun sequencing and
bioinformatics pipeline allows ultra-fast mitogenome recovery and confirms substantial
gene rearrangements in Australian freshwater crayfishes. BMC Evolutionary Biology,
14(1), 19.

Garamszegi, L. Z., & Mgller, A. P. (2012). Untested assumptions about within-species sample size
and missing data in interspecific studies. Behavioral Ecology and Sociobiology, 66(9),
1363-1373.

Gibb, G. C., & Penny, D. (2010). Two aspects along the continuum of pigeon evolution: a South-
Pacific radiation and the relationship of pigeons within Neoaves. Molecular Phylogenetics
and Evolution, 56(2), 698-706.

Grimes, L. (2005). The state of the world’s birds 2004: indicators for our changing world, BirdLife
International, Cambridge, UK (2004), 73 pp.(paperback) Price£ 10, ISBN: 0-946888-50-7.

Groombridge, J. J., Jones, C. G., Nichols, R. A., Carlton, M., & Bruford, M. W. (2004). Molecular
phylogeny and morphological change in the Psittacula parakeets. Molecular
phylogenetics and evolution, 31(1), 96-108.

Hackett, S. J., Kimball, R. T., Reddy, S., Bowie, R. C., Braun, E. L., Braun, M. J., ... & Huddleston,
C. J. (2008). A phylogenomic study of birds reveals their evolutionary history. science,
320(5884), 1763-1768.

Handley, L. J. L., Ceplitis, H., & Ellegren, H. (2004). Evolutionary strata on the chicken Z
chromosome: implications for sex chromosome evolution. Genetics, 167(1), 367-376.

Haring, E., Ddubl, B., Pinsker, W., Kryukov, A., & Gamauf, A. (2012). Genetic divergences and
intraspecific variation in corvids of the genus Corvus (Aves: Passeriformes:
Corvidae)-a first survey based on museum specimens. Journal of Zoological
Systematics and Evolutionary Research, 50(3), 230-246.

Haring, E., Gamauf, A., & Kryukov, A. (2007). Phylogeographic patterns in widespread corvid birds.
Molecular phylogenetics and evolution, 45(3), 840-862.

Hasegawa, M., Hashimoto, T., Adachi, J., Iwabe, N., & Miyata, T. (1993). Early branchings in the
evolution of eukaryotes: ancient divergence of entamoeba that lacks mitochondria
revealed by protein sequence data. Journal of Molecular Evolution, 36(4), 380-388.

Helm, B., & Gwinner, E. (2006). Migratory restlessness in an equatorial nonmigratory bird.
PLoS Biol, 4(4), e110.

Gronfeldt, 1. (2013). Variability of Sea Ice Extent along The East Coast of Greenland.

Ho, S. Y., & Larson, G. (2006). Molecular clocks: when timesare a-changin'. TRENDS in Genetics,
22(2), 79-83.

Ho, S. Y., Phillips, M. J., Cooper, A., & Drummond, A. J. (2005). Time dependency of molecular
rate estimates and systematic overestimation of recent divergence times. Molecular
biology and evolution, 22(7), 1561-1568.\

Volume: 3, No: 3 July-September, 2025



564

Hogg, I. D., & Hebert, P. D. (2004). Biological identification of springtails (Hexapoda: Collembola)
from the Canadian Arctic, using mitochondrial DNA barcodes. canadian Journal of
Zoology, 82(5), 749-754.

Horiike, T. (2016). An introduction to molecular phylogenetic analysis. Reviews in Agricultural
Science, 4, 36-45.

Huelsenbeck, J. P., & Ronquist, F. (2001). MRBAYES: Bayesian inference of phylogenetic trees.
Bioinformatics, 17(8), 754-755.

Hunt, G. R., Sakuma, F., & Shibata, Y. (2002). New Caledonian crows drop candle-nuts onto rock
from communally-used forks on branches. Emu, 102(3), 283-290.

lllera, J. C., Richardson, D. S., Helm, B., Atienza, J. C., & Emerson, B. C. (2008). Phylogenetic
relationships, biogeography and speciation in the avian genus Saxicola. Molecular
Phylogenetics and Evolution, 48(3), 1145-1154.

Jarvis, E. D., Mirarab, S., Aberer, A. J., Li, B., Houde, P., Li, C. & Suh, A. (2014). Whole- genome
analyses resolve early branches in the tree of life of modern birds. Science,
346(6215), 1320-1331.

Jonsson, K. A., & Fjeldsa, J. (2006). A phylogenetic supertree of oscine passerine birds (Aves:
Passeri). Zoologica scripta, 35(2), 149-186.

Kenward, B., Rutz, C., Weir, A. A., Chappell, J., & Kacelnik, A. (2004). Morphology and sexual
dimorphism of the New Caledonian crow Corvus moneduloides, with notes on its
behaviour and ecology. Ibis, 146(4), 652-660.

Khan, S., Ahmad, H., Perveen, F., Mehmood, A., Dilber, H., & Syed, H. H. (2013). Genetic diversity
and phylogenetic analysis of crow species of district Mansehra, Pakistan.
Pakhtunkhwa Journal of Life Sciences, 1(2), 60-69.

Klaassen, M. (1996). Metabolic constraints on long-distance migration in birds. Journal of
Experimental Biology, 199(1), 57-64.

Koju, N. P., He, K., Chalise, M. K., Ray, C., Chen, Z., Zhang, B., ... & Jiang, X. (2017). Multilocus
approaches reveal underestimated species diversity and inter-specific gene flow in pikas
(Ochotona) from southwestern China. Molecular phylogenetics and evolution, 107, 239-
245.

Kryukov, A., Spiridonova, L., Nakamura, S., Haring, E., & Suzuki, H. (2012). Comparative
phylogeography of two crow species: jungle crow Corvus macrorhynchos and carrion
crow Corvus corone. Zoological Science, 29(8), 484-492.

Krzeminska, U., Morales, H. E., Greening, C., Nyari, A. S., Wilson, R., Song, B. K., ... & Rahman,
S. (2018). Population mitogenomics provides insights into evolutionary

history, source of invasions and diversifying selection in the House Crow (Corvus splendens).
Heredity, 120(4), 296-309.

Kumar, M., & Kumar, P. (2008). Valuation of the ecosystem services: a psycho-cultural perspective.
Ecological economics, 64(4), 808-819.

Kumar, S., Tamura, K., Jakobsen, I. B., & Nei, M. (2001). MEGAZ2: molecular evolutionary genetics
analysis software. Bioinformatics, 17(12), 1244-1245.

Kvist, L., Martens, J., Nazarenko, A. A., & Orell, M. (2003). Paternal leakage of mitochondrial DNA
in the great tit (Parus major). Molecular Biology and Evolution, 20(2), 243-247.

Livezey, B. C., & Zusi, R. L. (2001). Higher-order phylogenetics of modern Aves based on
comparative anatomy. Netherlands Journal of Zoology, 51(2), 179-205.

Lomolino, M. V., Riddle, B. R.,, & Brown, J. H. (2006). Biogeography (3rd edn).
Sunderland, Massachusetts: Sinauer Associates Inc.

Ld, J., & Brusatte, S. L. (2015). A large, short-armed, winged dromaeosaurid (Dinosauria:
Theropoda) from the Early Cretaceous of China and its implications for feather evolution.
Scientific Reports, 5, 11775.

Mahendiran, M., & Azeez, P. A. (2018). Ecosystem Services of Birds: A Review of Market and Non-
market Values. Entomol Ornithol Herpetol, 7(209), 2161-0983.

Volume: 3, No: 3 July-September, 2025



565

Marshall, P. L., Davis, G., & LeMay, V. M. (2000). Using line intersect sampling for coarse woody
debris (p. 37). Vancouver Forest Region.

Mayr, G., & Gohlich, U. B. (2004). A new parrot from the Miocene of Germany, with com- ments on
the variation of hypotarsus morphology in some Psittaciformes. Belg. J. Zool, 134(1), 47-
54.

Mayr, G. (2002). On the osteology and phylogenetic affinities of the Pseudasturidae—Lower Eocene
stem-group representatives of parrots (Aves, Psittaciformes). Zoological Journal of the
Linnean Society, 136(4), 715-729.

Mikami, S. (1983). Avian adenohypophysis: recent progress in immunocytochemical studies. Avian
Endocrinology: Environmental and Ecological Perspectives, 39-56.

Mikusinski, G., & Angelstam, P. (2004). Occurrence of mammals and birds with different ecological
characteristics in relation to forest cover in Europe: do macroecological data make sense?.
Ecological Bulletins, 265-275.

Mills, E. L., Kelly, B., & O'Neill, L. A. (2017). Mitochondria are the powerhouses of immunity.
Nature immunology, 18(5), 488-498.

Moritz, C., & Cicero, C. (2004). DNA barcoding: promise and pitfalls. PLoS Biol, 2(10), e354.

Newton, A., Brito, A. C., Icely, J. D., Derolez, V., Clara, I., Angus, S., ... & Béjaoui, B. (2018).

Assessing, quantifying and valuing the ecosystem services of coastal lagoons.

O’Connor, J. K., & Zhou, Z. (2013). A redescription of Chaoyangia beishanensis (Aves) and a

comprehensive  phylogeny of Mesozoic birds. Journal of Systematic Palaeontology, 11(7),
889-906.

Mouysset, L., Doyen, L., Jiguet, F., Allaire, G., & Leger, F. (2010, June). INNOVATION RIGIDITY
AND ECOLOGICALECONOMIC RECONCILIATION IN AGRICULTURE.

Outlaw, R. K., Voelker, G., & Bowie, R. C. (2010). Shall we chat? Evolutionary relationships in the
genus Cercomela (Muscicapidae) and its relation to Oenanthe reveals extensive polyphyly
among chats distributed in Africa, India and the Palearctic. Molecular Phylogenetics and
Evolution, 55(1), 284-292.

Outlaw, R. K., Voelker, G., & Outlaw, D. C. (2007). Molecular systematics and historical
biogeography of the rock-thrushes (Muscicapidae: Monticola). The Auk, 124(2), 561- 577.

Owens, I. P., & Bennett, P. M. (2000). Ecological basis of extinction risk in birds: habitat loss versus
human persecution and introduced predators. Proceedings of the National Academy of
Sciences, 97(22), 12144-12148.

Packert, M., Martens, J., Tietze, D. T., Dietzen, C., Wink, M., & Kvist, L. (2007). Calibration of a
molecular clock in tits (Paridae)—Do nucleotide substitution rates of mitochondrial genes
deviate from the 2% rule?. Molecular phylogenetics and evolution, 44(1), 1-14.

Pereira, S. L., & Baker, A. J. (2004). Low number of mitochondrial pseudogenes in the chicken
(Gallus gallus) nuclear genome: implications for molecular inference of population history
and phylogenetics. BMC Evolutionary Biology, 4(1), 17.

Perrins, C. M., & Birkhead, T. R. (1983). Reproduction I: Breeding Seasons. Avian Ecology. Blackie
and Son Ltd. Glasgow.

Poe, S., & Chubb, A. L. (2004). Birds in a bush: five genes indicate explosive evolution of avian
orders. Evolution, 58(2), 404-415.

Qu, J., Cong, J., Guo, C., Hou, J., Zhen, J., & Shi, B. (2017). Complete mitochondrial genome  of
the greater Coucal, Centropus sinensis (Aves: Cuculiformes). Mitochondrial
DNA Part A, 28(3), 311-312.

Randi, E., Tabarroni, C., Rimondi, S., Lucchini, V., & Sfougaris, A. (2003). Phylogeography of the
rock partridge (Alectoris graeca). Molecular Ecology, 12(8), 2201-2214.

Ronquist, F., & Huelsenbeck, J. P. (2003). MrBayes 3: Bayesian phylogenetic inference under mixed
models. Bioinformatics, 19(12), 1572-1574.

Volume: 3, No: 3 July-September, 2025



566

Saif, R., Babar, M. E., Awan, A. R., Nadeem, A., Hashmi, A. S., & Hussain, T. (2012). DNA
fingerprinting of Pakistani buffalo breeds (Nili-Ravi, Kundi) using microsatellite and
cytochrome b gene markers. Molecular biology reports, 39(2), 851-856.

Schmidt, B. K., Foster, J. T., Angehr, G. R., Durrant, K. L., & Fleischer, R. C. (2008). A new species
of African forest robin from Gabon (Passeriformes: Muscicapidae: Stiphrornis). Zootaxa.

Shapiro, M. D., Kronenberg, Z., Li, C., Domyan, E. T., Pan, H., Campbell, M., & Nielsen, S. C.
(2013). Genomic diversity and evolution of the head crest in the rock pigeon.
Science, 339(6123), 1063-1067.

Shuwen, H., Xi, Y., & Yuefen, P. (2017). Can mitochondria DNA provide a novel biomarker for
evaluating the risk and prognosis of colorectal cancer? Disease markers, 2017.

Smith, R. J., & Moore, F. R. (2003). Arrival fat and reproductive performance in a long- distance
passerine migrant. Oecologia, 134(3), 325-331.

Stringham, S. A., Mulroy, E. E., Xing, J., Record, D., Guernsey, M. W., Aldenhoven, J. T., ... &
Shapiro, M. D. (2012). Divergence, convergence, and the ancestry of feral populations in
the domestic rock pigeon. Current Biology, 22(4), 302-308.

Strode, P. K. (2003). Implications of climate change for North American wood warblers (Parulidae).
Global Change Biology, 9(8), 1137-1144.

Sullivan, M. P. (2012). Ecosystem services: do we need birds? A report on the BOU's Annual
Conference held at the University of Leicester, 3-5 April 2012. Ibis, 154(4), 884-886.

Swofford, D. L. (2002). PAUP: phylogenetic analysis using parsimony, version 4.0 b10.

Tamura, K., Dudley, J., Nei, M., & Kumar, S. (2007). MEGA4: molecular evolutionary genetics
analysis (MEGA) software version 4.0. Molecular biology and evolution, 24(8),
1596-1599.

Voelker, G., Rohwer, S., Bowie, R. C., & Outlaw, D. C. (2007). Molecular systematics of a speciose,
cosmopolitan songbird genus: defining the limits of, and relationships among, the Turdus
thrushes. Molecular phylogenetics and evolution, 42(2), 422-434.

Wang, M., Zheng, X., O’Connor, J. K., Lloyd, G. T., Wang, X., Wang, Y., ... & Zhou, Z. (2015).
The oldest record of Ornithuromorpha from the Early Cretaceous of China. Nature
Communications, 6(1), 1-9.

Warren, B. H., Bermingham, E., Prys-Jones, R. P., & Thebaud, C. (2005). Tracking island
colonization history and phenotypic shifts in Indian Ocean bulbuls (Hypsipetes:
Pycnonotidae). Biological Journal of the Linnean Society, 85(3), 271-287.

Waterhouse, F. L., Mather, M. H., & Seip, D. (2003). Distribution and abundance of birds relative to
elevation and biogeoclimatic zones in coastal old-growth forests in southern British
Columbia. Journal of Ecosystems and Management, 2(2).

Weick, F. (2007). Owls (Strigiformes): annotated and illustrated checklist. Springer Science &
Business Media.

West, A. P., & Shadel, G. S. (2017). Mitochondrial DNA in innate immune responses and
inflammatory pathology. Nature Reviews Immunology, 17(6), 363.

Wink, M., Heidrich, P., Sauer-Glrth, H., Elsayed, A. A., & Gonzalez, J. (2008). Molecular
phylogeny and systematics of owls (Strigiformes). Owls of the World, 42-63.

Xu, X., Zhou, Z., Dudley, R., Mackem, S., Chuong, C. M., Erickson, G. M., & Varricchio, D. J.
(2014). An integrative approach to understanding bird origins. Science, 346(6215).

Volume: 3, No: 3 July-September, 2025



