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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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ABSTRACT
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are

Page No.



used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent

Page No.



common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.

Page No.



OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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ABSTRACT

The present study is an attempt to find the diversity of grasshoppers in Christ College
campus, to calculate the relative abundance of collected grasshoppers and to study their
variations according to seasons and habitats. The study was carried out in four sites of Christ
College campus, Irinjalakuda, Thrissur district, Kerala. Collection was done on two different
seasonal period from monsoon to post monsoon. Post monsoon has the maximum species
richness and monsoon shows more species diversity. According to our study, we observed
19 grasshopper species, Family Acrididae is the most abundant and Family Tetrigidae has
the least abundance.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.
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REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,

Page No.



Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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INTRODUCTION

The first true primates evolved around 55 million years ago or a bit earlier, near the
beginning of the Eocene Epoch. Their fossils have been found in North America, Europe, and
Asia. They looked different from the present day primates. Changes in gene regulation and
differences in mRNA expression levels across primates have often been documented, however, it
is not yet known to what extent measurements of divergence in mRNA levels reflect divergence
in protein expression levels, which are probably more important in determining phenotypic
differences. Collagenases, a subgroup of Matrix matalloproteases (MMPs) are a large family of
zinc-dependent endopeptidases with a great affinity for several components of the extracellular
matrix. The collagenases include MMP-1 (interstitial collagenase/collagenase-1), MMP-8
(neutrophil collagenase/collagenase-2), and MMP-13 (collagenase-3). These MMPs attack triple
helical regions of interstitial collagen types I, II, and III at a specific single site after the Gly
residue of the partial sequences Gly-(Ile or Leu)-(Ala or Leu), located about three-fourths of the
distance from the N-terminus. This cleavage generates fragments approximately three-fourths
and one-fourth of the size of the collagen molecules. They are distinct from a closely related
gelatinases (MMP2 and 9) that are characterized by the presence of the additional fibronectin

domain located inside the catalytic domain.

A phylogenetic tree or evolutionary tree is a graphical representation which shows the
evolutionary history between a set of species or taxa during a specific time. In other words, it is a
branching diagram or a tree showing the evolutionary relationships among various biological
species or other entities based upon similarities and differences in their physical or genetic
characteristics. In evolutionary biology, all life on Earth is theoretically part of a single
phylogenetic tree, indicating common ancestry. Phylogenetics is indeed the study of this
phylogenetic tree. The main challenge is to find a phylogenetic tree representing optimal
evolutionary ancestry between a set of species or taxa. The first step in the phylogenetic tree
construction (using bioinformatics tool) with a new sequence would be to use BLAST. This nifty
yet powerful resource matches your sequence to the millions of sequences stored in genomic and

nucleotide databases. The tool comes up with the sequences most similar to the query submitted.
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It also gives insights as to the possible identity of those sequences. The results include
homologues across species and in similar tissues or organisms. A sequence alignment is a way of
arranging the sequences of DNA, RNA, or protein to identify regions of similarity that may be a
consequence of functional, structural, or evolutionary relationships between the sequences. If
two sequences in an alignment, they share a common ancestor and mismatches can be interpreted
as point mutations and gaps as indels (that is, insertion or deletion mutations) introduced in one
or both lineages in the time since they diverged from one another. In sequence alignments of
proteins, the degree of similarity between amino acids occupying a particular position in the
sequence can be interpreted as a rough measure of how conserved a particular region or sequence

motif is among lineages.

Phylogenetics and sequence alignment are closely related fields due to the shared
necessity of evaluating sequence relatedness. The field of phylogenetics makes extensive use of
sequence alignments in the construction and interpretation of phylogenetic trees, which are used
to classify the evolutionary relationships between homologous genes represented in the genomes
of divergent species. The degree to which sequences in a query set differ is qualitatively related
to the sequences evolutionary distance from one another. Roughly, high sequence identity
suggests that the sequences in question have a comparatively young most recent common
ancestor, while low identity suggests that the divergence is more ancient. This approximation,
which reflects the “molecular clock™ hypothesis that a roughly constant rate of evolutionary
change can be used to extrapolate the elapsed time since two genes first diverged , assumes that

the effects of mutation and selection are constant across sequence lineages.

Page No.



REVIEW OF LITERATURE

Primates are unique among placental mammals. Two extreme type of placentation are
present in this single order. Strepsirrhines have non-invasive epitheliochorial placentation and
Haplorhines have highly invasive haemochorial placentation. Strepsirrhines include Lemurs and
Lorisiforms and Haplorhines include tarsiers and higher primates. Resemblance in placenta type
provide the first evidence that tarsiers are linked to higher primates and distinct from lemurs and
lorisiforms. Tree-shrews have endotheliochorial placentation and differ from both primate
subgroups. Endotheliochorial placentation is primitive and epitheliochorial placentation is
unlikely to be primitive.The recent availability of comprehensive molecular phylogenies for
placental mammals has provided an independent framework to determine the most parsimonious
interpretation of the evolution of placenta types (Robert Martin, 2008). In an earlier elaborate
study, speciation between primates and rodents was estimated by looking at the protein coding
genes of mitochondrial genomes from 31 mammals (A.D Yoder 2000). Based on paleontological
data, three calibration points were used: one at 20-25 MYA for the hominoid/cercopithecoid
divergence, one at 53—57 MYA for the cetacean/artiodactyl divergence, and the third at 110-130
MYA for the metatherian/eutherian divergence. Nulceotide and the amino acid sequence were

looked at and results produced that were not mutually exclusive.

Even with decades of data and methods, we still can’t agree on the exact evolutionary
tree of higher primates (apes and humans). The most likely scenario has humans closest to
chimps, but other possibilities exist. Despite numerous theories, 20 key reasons cause this
uncertainty. New methods using DNA offer hope for more definitive answers. (Holmquist et al
1988). Primate phylogeny forms a solid framework for a novel depiction of diverse patterns of
genome evolution among primate lineages. They are essential for future comparative genomic
investigation of adaptation and selection in humans and across primates. Studies on the evolution
of catarrhine primates were done using molecular, fossil and bio geographical data. It was found
that the common ancestor of Old World Monkeys originated in Africa and some monkeys later

moved to Asia around 10 million years ago. The study further suggested that the ancestor of the
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living homininds left Africa about 20 mya and the common ancestor of the living African apes

returned to Africa from Eurasia around 10 mya (Caro-Beth Stewart, Todd R Disotell 1998).

In the deep study of evolutionary roots of strepsirrhine primate labyrinthine morphology,
geometric morphometric analysis showed that the labyrinthine morphology of extant
strepsirrhines contains a mixed locomotor, allometric and phylogenetic signal. Discriminant
analysis at the family level confirmed that labyrinthine shape is a good taxonomic marker. The
results support the hypothesis that evolutionary change in labyrinthine morphology is adequately
described with a random walk model, i.e. random phenotypic dispersal in morphospace (Lebrun
et al, 2010). An overview of the taxonomy of New World primates based on morphology to the
great number of studies based on molecular data aiming for the elucidation of the phylogeny of
New World monkeys. The traditional classification of the infraorder Platyrrhini divided these
primates into Cebidae and the Callitrichidae, with Callimico being allocated to either the former
(Simons, 1972, Simpson, 1945) or the latter family. Hill (1957) and Hershkovitz, 1972,
Hershkovitz, 1977 proposed a third family — Callimiconidae — to accommodate Callimico,
because it shares characteristics that define both cebids and callitrichids. According to
Hershkovitz (1977), then all New World primates should be included in one of three families —
the Callitrichidae which comprised the marmosets, tamarins (Saguinus) and lion tamarins
(Leontopithecus), the monotypic Callimiconidae (Callimico) and the Cebidae (Schneider et al,

2015).

In a study on molecular phylogeny and evolution of primate mitochondrial DNA,
researchers determined nucleotide sequences of homologous 0.9-kb fragments of mitochondrial
DNAs (mtDNAs) derived from four species of old-world monkeys, one species of new-world
monkeys, and two species of prosimians. With these nucleotide sequences and homologous
sequences for five species of hominoids, they constructed a phylogenetic tree for the four groups
of primates. The phylogeny obtained is generally consistent with evolutionary trees constructed
in previous studies. The results also suggest that the rate of nucleotide substitution for mtDNAs
in hominines (human, chimpanzee, and gorilla) have slowed down compared with that for old-

world monkeys (Hayasaka, 1988). Mitochondrial genomes have been used to study the
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phylogenetic relationship of primates in detail. Using 454 sequencing, the study adds 32 new
complete mitochondrial genomes and introduces 20 previously unrepresented genera in the
primate tree. The study focuses on the New world monkeys and suborder Strepsirrhini. (Knut
Finstermeier, et al 2013). The evolutionary relationships of the number of species within the
genus Lepilemur were analysed with the help of a comparative cytogenetic and molecular study.
The study involved the complete sequencing of the mitochondrial cytochrome b gene from 68
individuals and the results were compared to those obtained from cytogenetic studies derived
from 99 specimens. The results support the classification of the eight major supportive lemur

taxa as independent species. (Nicole Andriaholinirina, et al. 2006)

The relationship between the prion protiens and new world primate phylogeny have been
studied. The PrP C prion protein contains 250 amino acids with some variation among species
and is expressed in several cell types. Variations in the prion protein gene were observed among
16 genera of New World primates (Platyrrhini), and resulted in amino acid substitutions when

compared with the human sequence. Schneider et al, 2004)

Beta-globin gene cluster of primates were analyzed to understand their evolutionary
history. The rate of accumulation of mutations have also been seen to vary by a factor of 7
among different primate lineages. The study groups superfamilies Lemuroidea and Lorisoidea
into suborder Strepsirhini and Tarsius and Anthropoidea into suborder Haplorhini. Evolution
rates have been suggested to have slowed down over the past 25 million years of hominoid

descent and has found to have happened in correlation with lengthened lifespans (Koop, BF et al

1989).

Using the SINE's methods for the analysis of mobile element based of old world
monkeys. It helps to known ancestral staples. Makes them to useful genetic studies for
phylogenetic studies. Alu is an helping part of it, in this methods found 285 new Alu Insertions
from sixteen old world monkeys. Old world monkeys are represent on the most diverse and
largest primate families. And have respect classification. The phylogenetic researchers are
classified and grouped the old world monkeys into different classes and divisions. Mainly the

subfamily cerocopithecidae are the most studied group.. SINEs ( short interspersed element are
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used as the genetic markers this will helps to analysis several levels of phylogenetic analysis.

Using both Compcompuational and PCR methods (Xing a et al, 2005).

New world monkeys represent monophyletic group. The phylogenetic relationships
among new world monkeys have been extensively investigated using nucleotide sequence from
different genome.In these studies still there are some unresolved issues.There are three
monophyletic new world monkey families Atelidae, Cebidae and Pitheciidae. As a result
Maximum parsimony analysis support the three proposed platyrrhine families. In the maximum
parsimony tree, the two most closely related families are Atelidae and Cebidae.Phylogenetic
relationships were reconstructed by maximum parsimony, maximum likelihood, and Bayesian
approaches (JuanC Opazo et al, 2006). Anthropoid primates from the neotropics are members of
parvorder Platyrrhini. The platyrrhines are also called New World monkeys. There are more than
125 species of extant New World monkeys found in approximately 15 genera. The phylogenetic
relationships of these neotropical primates have been extensively studied from a molecular

perspective (Derek wildman et al, 2009).

Phylogenetic trees are certainly useful for comparative studies, providing a useful
framework for comparative biologists. Species evolution is not statistically independent. The fact
that close relatives inherit characteristics from their common ancestor has always complicated
the analysis of cross- species data. The methods in turn developed to resolve such issues, all
requires resolved phylogeny. In one of the earlier studies, primates phylogeny was estimated of
all 203 species of primates. Application of parsimony algorithm and bootstrapping resulted in the

composite tree with 160 nodes (Purvis, Andy 1995).

In a project conducted under the support from National Cancer Institute and National
Institute of Health, researchers constructed a robust phylogenetic tree of primates. The tree was
constructed from the data collected of genomic sequences from 186 primates. Also outgroup
species from Dermoptera, Scandentia and Lagomorpha was included. This phylogenetic
representation done carefully was a notable illumination showing the pathway of primates

evolution (Perelman et.al 2011).
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Studies also estimated the molecular divergence dates of major primates in the context of
molecular clock studies. Such studies also aid in understanding the lineage. Utilizing the
genomic data, molecular divergence dates were able to be studied since alignments can be
arranged and sites can be analysed for this study. Much before the molecular clock, paleontology

used to provide only a mere timeframe of species evolution (Steiper et.al. 2006).

Inferring molecular phylogeny for evolutionary studies are done in non- primates as well.
The molecular phylogeny of malarial parasites was recovered from mitochondrial cytochrome b
gene sequences. Parsimony as well as maximum- likelihood analysis produced similar
phylogenetic trees in this case. The conclusions were supported by hypothesis testing (Perkins
et.al 2002). Inferring species super matrix has helped in studying macroevolutionary dynamics
and even historical biogeography. The results obtained highlighted both the power as well as
limitations of inferring the molecular phylogeny data to different species concepts (Springer

et.al. 2012).

Over the past 60 million years, a million copies of Alu DNA have appeared in the
genomes of primates. This is still an ongoing process. DNA alu repeats in the genomes of
primates such as human, chimpanzee, gorilla, orangutan, baboon, rhesus, and macaque. New
Alu elements arise in unique and irreversible events and appear to prevent precise excision and
loss. The same insertions cannot occur independently in two species. Once the insert is
genetically fixed, the DNA elements persist in all descendant lineages. Different from point

mutation, the distribution of individual alu corresponds to a phylogeny only (H. Hamdi, 1999).

To resolve the debate in strepsirrhine phylogeny, 61 loci containing interspersed elements
were characterized and the absence and presence of orthologous loci in the strepsirrhine panel
was determined. According to these findings, it is concluded that strepsirrhines originated in
Africa, and that Madagascar and Asia were colonized by immigration events (C. Roos, 2004). To
investigate the phylogenetic relationships among species of New World monkeys, 1.3 kb of DNA
was collected for 2 introns of the glucose-6-phosphate dehydrogenase locus encoded on the x

chromosome of 24 species of New World monkeys (M. Von. Dornum, 1999).
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Two molecular based approaches are used to date the initial divergence of the platyrrhine
clade, a relaxed clock model using fossil record and genome datasets, and Bayesian inferences
from generation time and body size to substitution rate. Fossil constraints, topology, and
substitution rate are an important part of our divergence time estimates. making an impact.
Bayesian estimates using conservative and realistic fossil constraints suggest that the LCA of
extant platyrrhines is 29 Ma, with a 95% confidence interval for Nodine of 27-31 Ma (SI Perez,
2013). The sequences of nuclear protein-coding gene LCAT were used to study the relationship
between 19 extant rodents. The study agrees with several previous molecular and morphological
studies, both concerning branching orders inside Muroidea and the bush-like radiation of rodent
suprafamilial taxa. This indicates that this nuclear gene is a fitting candidate for tackling

questions about rodents relationships.

The data from primates were used to reveal that the molecular clock in CpG and non-
CpG sites have different nature, projecting differences in their molecular origin. Through the
process, it was observed that molecular clocks are heterogeneous even within a genome. During
phylogenetic analysis and while concluding divergence times using molecular data, one should
be mindful that different regions of genome follow different molecular clocks. In this study, our
efforts are directed towards studying the pathway of certain collagenases in the course of
evolution. Even though some studies have been done using DNA sequences and that too in
different context, in our study we focusses primarily on amino acid sequences. This is not a well
researched area. Though this study we aim on providing a new work in the area of comparative
biology. The results of the work may be useful in the future providing insights into how may be

the few crucial changes in amino acids may have resulted into a complete new lineage.
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SIGNIFICANCE OF THE STUDY

The study of molecular evolution in primates through the comparison of amino acid
sequences using bioinformatics tools represents a novel and underexplored area of research. To
date, there has been a notable scarcity of studies employing bioinformatics techniques to
investigate the evolutionary patterns of primates, particularly in relation to proteins such as
MMP1, MMP8 and MMP13 collagenases. The selection of these collagenases for our study is
particularly significant due to their split genes nature. By conducting a comparative analysis of
the evolutionary trees derived from the collagenases with established standard trees, we aimed to
shed light on the distinctive evolutionary trajectories of these proteins in primates. The insights
obtained from this comparative study have the potential to deepen our understanding of the
molecular evolution of primates and elucidate the factors driving the evolution of collagenases in

this taxonomic group.
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OBJECTIVES

1.  Retrieval of relevant data (Gene/mRNA/protein sequence of collagenases of primates) from

relevant reliable resources such as NIH or SIB.

2. Align the retrieved sequences using bioinformatics software to ensure they are in the

correct reading frame and homologous positions are appropriately aligned.

3. Construction of the phylogenetic trees based on the Gene/mRNA/protein sequence of

collagenases in primates.
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METHODOLOGY

The three human collagenases used in the study are MMP1, MMP8 and MMP13. The FASTA

sequence and other details of collagenases are as below.

>NP_002412.1 interstitial collagenase isoform 1 MMP1 UniProt_P@3956 [Homo sapiens]
MHSFPPLLLLLFWGVVSHSFPATLETQEQDVDLVQKYLEKYYNLKNDGRQVEKRRNSGPVVEKLKQMQEF
FGLKVTGKPDAETLKVMKQPRCGVPDVAQFVLTEGNPRWEQTHLTYRIENYTPDLPRADVDHAIEKAFQL
WSNVTPLTFTKVSEGQADIMISFVRGDHRDNSPFDGPGGNLAHAFQPGPGIGGDAHFDEDERWTNNFREY
NLHRVAAHELGHSLGLSHSTDIGALMYPSYTFSGDVQLAQDDIDGIQAIYGRSQNPVQPIGPQTPKACDS
KLTFDAITTIRGEVMFFKDRFYMRTNPFYPEVELNFISVFWPQLPNGLEAAYEFADRDEVRFFKGNKYWA
VQGQNVLHGYPKDIYSSFGFPRTVKHIDAALSEENTGKTYFFVANKYWRYDEYKRSMDPGYPKMIAHDFP
GIGHKVDAVFMKDGFFYFFHGTRQYKFDPKTKRILTLQKANSWFNCRKN

>NP_002415.1 neutrophil collagenase isoform 1 MMP8 UniProt_P22894 [Homo sapiens]
MFSLKTLPFLLLLHVQISKAFPVSSKEKNTKTVQDYLEKFYQLPSNQYQSTRKNGTNVIVEKLKEMQRFF
GLNVTGKPNEETLDMMKKPRCGVPDSGGFMLTPGNPKWERTNLTYRIRNYTPQLSEAEVERAIKDAFELW
SVASPLIFTRISQGEADINIAFYQRDHGDNSPFDGPNGILAHAFQPGQGIGGDAHFDAEETWTNTSANYN
LFLVAAHEFGHSLGLAHSSDPGALMYPNYAFRETSNYSLPQDDIDGIQAIYGLSSNPIQPTGPSTPKPCD
PSLTFDAITTLRGEILFFKDRYFWRRHPQLQRVEMNFISLFWPSLPTGIQAAYEDFDRDLIFLFKGNQYW
ALSGYDILQGYPKDISNYGFPSSVQAIDAAVFYRSKTYFFVNDQFWRYDNQRQFMEPGYPKSISGAFPGI
ESKVDAVFQQEHFFHVFSGPRYYAFDLIAQRVTRVARGNKWLNCRYG

>NP_002418.1 collagenase 3 MMP13 UniProt_P45452 [Homo sapiens]

MHPGVLAAFLFLSWTHCRALPLPSGGDEDDLSEEDLQFAERYLRSYYHPTNLAGILKENAASSMTERLRE
MQSFFGLEVTGKLDDNTLDVMKKPRCGVPDVGEYNVFPRTLKWSKMNLTYRIVNYTPDMTHSEVEKAFKK
AFKVWSDVTPLNFTRLHDGIADIMISFGIKEHGDFYPFDGPSGLLAHAFPPGPNYGGDAHFDDDETWTSS
SKGYNLFLVAAHEFGHSLGLDHSKDPGALMFPIYTYTGKSHFMLPDDDVQGIQSLYGPGDEDPNPKHPKT
PDKCDPSLSLDAITSLRGETMIFKDRFFWRLHPQQVDAELFLTKSFWPELPNRIDAAYEHPSHDLIFIFR

GRKFWALNGYDILEGYPKKISELGLPKEVKKISAAVHFEDTGKTLLFSGNQVWRYDDTNHIMDKDYPRLI
EEDFPGIGDKVDAVYEKNGYIYFFNGPIQFEYSIWSNRIVRVMPANSILWC

The study on phylogenetic relationships in primates was conducted using this amino acid
sequences to do the BLAST (Basic Local Alignment Search Tool) analysis in the NCBI
Genebank database. The most suitable amino acid sequences for each primate species were
then carefully selected from sequences delivered by the server. An out group was chosen

which in our study was the Mus musculus of the order Rodentia.

The selected sequences were then compared with that of the out group and a phylogenetic tree
was constructed based on the degree of divergence. The software used for constructing

phylogenetic tree was Molecular Evolutionary Genetics Analysis (MEGA).
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RESULTS AND DISCUSSIONS

The research article titled “A Molecular Phylogeny of Living Primates” published in
2011, established a robust and widely accepted framework for understanding primate evolution.
This phylogenetic tree served as a standard reference for our study, allowing us to compare our
data and draw conclusions. According to this article Order Primata is subdivided into two major
Suborder Haplorrhini and Strepsirrhini. The remaining primate phylogeny is classified as

follows.

Suborder Haplorrhini further divides into Infraorders, namely Simiiformes and
Tarsiiformes. Tarsiiforme include only one Family (Tarsiidae) with only two extant species.

Simiiformes is subdivided into Parvorders Catarrhini (Old world) and Platyrrhini (New world).

Parvorder Catarrhini in turn consist of the Superfamilies Cercopithecoidea and
Hominoidea. Cercopithecoidea has only one extant Family viz. Cercopithecidae but the
organisms of Superfamily Hominoidea is further divided into two Families, viz, Hylobatidae and
Hominidae. Family Cercopithecidae has two Subfamilies such as Cercopithecinae and
Colobinae. Family Hylobatidae include all Gibbon Genus and there is no further subgrouping.
Hominidae on the other hand has two Subfamilies viz. Homininae and Ponginae. Subfamily
Ponginae include all species of Orangutang and all o there Greater Apes and Humans are
included in Homininae. Subfamily Cercopithecinae is subdivided into two Tribes namely,
Papionini and Cercopithecini whereas Colobinae is subdivided into two Tribes namely Presbytini

and Colobini.

Parvorders Platyrrhini on the other hand is divided directly into three Families such as
Cebidae, Atelidae and Pitheciidae. Family Cebidae has four Subfamilies namely, Callitrichinae,
Aotinae, Cebinae and Saimirinae. Fly. Atelidae has two Subfamilies (Atelinae & Alouattinae) so

also Fly. Pitheciidae (Callicebinae & Pitheciinae).

Suborder Strepsirrhini is divided into the Infraorders Lemuriformes, Chiromyiformes
and Lorisiformes. Unlike Haplorrhini, there is no observed grouping of these Infraorders into

Parvorders or Superfamilies. Instead, they are grouped into Families such as Lepilemuride,
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Cheirogaleidae, Indriidae, Lemuridae, Daubentoniidae, Lorisidac and Galagidae. Further

subdivision within Lorisidae includes the subfamilies Lorisinae and Perodicticinae.
MMP-1

The phylogenetic tree for the MMP1 gene in primates was meticulously constructed, employing
an analysis of amino acid sequences from various primate species. To enhance our phylogenetic
analysis, Mus musculus was strategically employed as the outgroup, providing a reference point
for the evolutionary relationships within the MMP1 collagenase gene among primates. Our
investigation also utilized a well established standard phylogenetic tree for primates, derived
from genomic sequences across diverse species, serving as a foundational reference for
elucidating the evolutionary dynamics of collagenase genes within our study group (Reference).
The results obtained regarding the evolutionary pathway of the MMP1 gene include the

following observations:

Carlito syrichta: Our findings indicate that MMP1 gene of Carlito syrichta, a tarsier
species primarily descended with minimal changes from the common ancestor of all
primates indicating an ancient ancestry. Although this tree suggests such an ancient
ancestry and early divergence of Carlito syrichta from the early primate stock, a
comparison with the established tree reveals that tarsiers diverged from a common stock
of strepsirrhini - more primitive primate. It is therefore inferred that the MMP1 gene

remained with minimum changes in the tarsiers as compared to strepsirrhini primates.

Hominidae: In our tree constructed using MMP1 the common ancestor of Pan and Homo,
along with the common ancestor of Gorilla and Pongo, collectively share a common
ancestor. Gibbons, including Nomascus and Symphalangus, share a common ancestor that
along with the common ancestor of Hominidae were descended from a common stock of
interbreeding ape like animal. Upon analysing the standard phylogenetic tree, a similar
pattern emerges, with Homo and Pan sharing a common ancestor. This common ancestor
was also ancestral to present day Gorilla, from which the Pongo ancestry might have

diverged. However, the discrepancy in our results suggestive of Gorilla sharing a recent
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common ancestor with Pongo, but not with Homo or Pan. This suggests a simultaneous
origin for Gorilla and Pongo, contrary to the standard tree’s assertion of Gorilla’s more
recent evolution compared to Pongo. Further analysis of the amino acid sequences are
required to see if the Homo-Pan group has any common advantage with the kind of

changes on the MMP1 protein over the Gorilla-Pongo group.

Old World Monkeys: Our results indicate that, three groups viz. Macaca, Papio and
Theropithecus are equally distant from a common ancestor, while Colobus and
Trachypithecus share another common ancestor. The standard phylogenetic tree confirms
this, revealing a common ancestor for Colobus and Trachypithecus, along with the
ancestor of Macaca, Papio and Theropithecus. But with Macaca, Papio and
Theropithecus, our results differ from the standard tree. While standard tree implies that
Papio and Theropithecus had a common ancestor after the common ancestry shared with
Macaca, our tree do not mention between an ancestor common to both Papio and
Theropithecus. Though the changes are minimal, it wold be interesting to look for the

their sequences for further analysis.

New World Monkeys: Our findings in New World Monkeys suggest that Saimiri and
Cebus share a most recent common ancestor, while Aofus share a common ancestor with
this lineage. This is consistent with both our phylogenetic tree and the standards
phylogenetic tree. Furthermore, Nycticebus and Otolemur share a common ancestor, and
Lemur and Microcebus also share a common ancestor. The common ancestors of these
pairs collectively had a single common ancestor, aligning with observations on the

standard phylogenetic tree.
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MMP-8

Hominidae: In the phylogenetic tree derived from MMP8 sequence data, it was observed
that the common ancestor of Homo and Gorilla shares ancestry with the common
ancestor of Pan. This collective ancestry is further linked to the common ancestor of
Hominidae, which is shared with Gibbons. In contrast to the standard phylogenetic tree,
where Pan and Homo share an ancestor ancestral to present-day Gorilla, our results
suggest the potential existence of an alternative evolutionary pathway for these three
species. A comprehensive investigation is recommended to explore the implications of

this alternative pathway further.

Loris: Our findings indicate that the Loris shares a common ancestor with Hominidae,
Tarsier, Gibbons, New World, and Old World monkeys, all of which originate from the
Strepsirrhini primates. Similarly, Lemurs are shown to arise from Haplorrhini primates.
Discrepancies with the standard phylogenetic tree, which suggests a more recent common
ancestry for Lemurs and Loris, necessitate further analysis to validate the proposed

ancestral pattern among the descendants of these two major groups of early primates.

New World Monkeys: Upon examining the lineage of New World monkeys, it is
observed that recent descendants Aotus and Saimiri share a common ancestor, which is
further linked to the common ancestor of Cebus and Sapajus. This lineage can be traced
back to early Strepsirrhini primates. Although minor differences are noted compared to
the standard phylogenetic tree, where an ancestor common to Saimiri and Cebus precedes

the common ancestry with Aotus, further analysis is warranted to explore these nuances.

Old World Monkeys: Our analysis reveals that Papio and Theropithecus share a common
ancestor, which is connected to the common ancestor of Macaca. This ancestral lineage
can be traced back to an ancestor shared with the common ancestor of Piliocolobus and
Trachypithecus. The observed pattern aligns with the standard phylogenetic tree in the

lineage of Old World monkeys.
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MMP-13

Hominidae: When we comparing the phylogenetic tree made by us on the basis of
MMP13 and the standard one, the Nomascus leucogenys & Symphalongus syndactylus
(Hylobatidae) share a recent common ancestor and they together share common ancestor
with old world monkeys in MMP13. But, when we comparing this with the standard one

we can observe that the Hylobatidae sharing common ancestor with Hominidae.

New World Monkeys: Our findings in new world monkeys by comparing the Standard
phylogenetic tree with the phylogenetic tree of MMP13 depicting that, in the
phylogenetic tree of MMP13, the Cebus imitator & Sapajus apella shares a recent
common ancestor and these group share a common ancestor with Samiri bolivensis and
all of these collectively share a common ancestor with Aotus nancymaae. When we
comparing this with the standard phylogenetic tree Cebus imitator & Samiri bolivensis

directly arrived from a common ancestor.

Old World Monkeys: By analysing the group Cercopithecidae in the tree of MMP13,
Papio Anubis & Theropithecis gelada share a recent common ancestor and they together
share a common ancestor with Macaca group, Piliocolobus tephrosceles &
Trachypithecus francoisi  directly. But when we comparing this with the standard
phylogenetic tree, they where not sharing a common ancestor directly, all of them share a
common ancestor with other species recently, but all of them primitively share a common

ancestor.
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