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Positive selection refers to the process by which certain genetic variations are more likely to be passed on to future generations
because they confer some advantage in terms of survival or reproduction. Zinc finger proteins are a type of transcription factor
that plays a role in regulating gene expression, particularly in undifferentiated stem cells. Suppose it has been found that
certain zinc finger proteins show genetic signatures of positive selection in mammals. In that case, it suggests that these
proteins may have played a role in adaptive evolution in undifferentiated stem cells. This could mean that the specific genetic
changes in these zinc finger proteins gave an advantage to the organisms that possessed them, helping them survive and
reproduce more effectively. These genetic changes may have allowed the organisms to adapt to changing environments or to
develop new abilities, such as increased resistance to disease or faster growth. Undifferentiated stem cells that underwent
adaptive evolution during the evolution of mammals can be identified genetically by the outcomes of positive selection on zinc
finger proteins. Because of selection pressures like environmental shifts or the introduction of novel pathogens, it is plausible
that some zinc finger proteins have experienced fast evolution. The emergence of novel activities or higher expression levels of
these proteins as a result of this quick evolution may have given the creatures that possessed them a survival edge. Another
possible outcome of positive selection in zinc finger proteins is the emergence of new genetic variations that allow for
increased diversity and plasticity in stem cells. This increased diversity and plasticity could have allowed for more efficient
adaptation to changing environments and could have played a role in the evolution of new organisms or new characteristics in
existing organisms. Overall, the results of positive selection in zinc finger proteins can provide insight into how adaptive
evolution occurred in undifferentiated stem cells during the evolution of mammals and how this evolution may have
contributed to the development of new organisms and new characteristics and adaptations to changing environments.
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1. Introduction

Undifferentiated cells that display an unlimited capacity for
self-renewal and pluripotency are called pluripotent stem
cells (PSCs) [1]. Even though PSCs have the potential to
provide significant resources for the study and preservation
of rare animal species, ethical and technical challenges have
prevented researchers from attempting very many equiva-
lent derivations with these species. PSCs can now be
obtained from a wider variety of mammals, including some
that are threatened with extinction, thanks to recent devel-
opments in somatic cell reprogramming into induced plu-
ripotent stem cells (iPSCs) [2]. Many taxonomic groups
have successfully used iPSC technology, including primates
and Carnivora. We reserve all of our rights. There is a strict
ban on recycling without prior permission [3]. However,
there is an ongoing debate regarding the possibility of
species-specific differences in the characteristics of the PSCs,
including but not limited to the pluripotent state, the degree
of reprogramming efficiency, and the optimal culture condi-
tions. Variations in gene regulatory mechanisms can help
explain some of the phenotypic differences between individ-
uals and species [4]. By analyzing the similarity and differ-
ences between networks, comparative methods can shed
light on how gene regulatory processes have developed
throughout evolution [5]. The observation of purifying
selection and positive selection enables one to infer evolu-
tionary conservation and adaptations. The development of
phenotypic adaptations in cetacean lipid metabolism has
genetic signatures that we recently described. Numerous
studies have demonstrated the role of natural selection in
the evolution of adaptive traits in animals and plants [6].
Importantly, how changes are positioned in the regulatory
network’s hierarchy will affect how a regulatory process is
regulated. However, how natural selection affects the PGRN
genes and how the mammalian PGRN’s evolutionary pat-
terns function are still unclear. Adaptive evolution refers to
the process by which species evolve in response to changing
environmental conditions. This process occurs when certain
genetic variations conferring a survival advantage become
more common in a population, leading to new traits and
adaptations [7]. Studying adaptive evolution in proteins
can provide important insights into the mechanisms under-
lying the evolution of species and the molecular basis of bio-
logical adaptation. Proteins are the workhorses of the cell,
performing various functions such as catalyzing chemical
reactions, transmitting signals, and providing structure [8].
By analyzing the genetic signatures of proteins in different
species of mammals, researchers can gain insights into the
evolutionary pressures that shaped their function and role
in biological processes. For example, they can identify amino
acid substitutions that have arisen in response to changing
environments and led to the development of new traits and
adaptations [9].

Phylogenetic analyses have been used to reconstruct the
evolutionary history of ZFPs, revealing patterns of gene
duplication, gene loss, and sequence change that have con-
tributed to the increased functional diversity of this impor-
tant protein family [10]. Molecular evolution approaches,

such as site-specific positive selection tests, have revealed
amino acid changes that are expected to have functional ram-
ifications, providing insight into the molecular underpinnings
of ZFP development. Several mammalian lineages have been
studied using comparative genomics to learn more about the
evolution of ZFPs. By comparing the sequences and architec-
tures of ZFPs across species, researchers have found lineage-
specific modifications in gene expression and function that
have contributed to the evolution of complex traits and devel-
opmental processes [11].

The study of adaptive evolution in proteins is crucial
because it sheds light on the molecular foundation of biolog-
ical adaptability and, by extension, on the mechanisms
underpinning the evolution of species. This data can be uti-
lized to create innovative solutions to problems in human
health and the environment, as well as to better understand
the processes that drive the development of proteins and
other biological systems. The purpose of this research was
to determine how stable the mammalian PGRN has been
throughout the course of evolution [12]. (i) We did this by
calculating the ratio of synonymous to nonsynonymous site
substitution rates (dN/dS) to understand how strong purify-
ing selection is throughout time and how quickly evolution
is proceeding. (ii) To better comprehend the evolution of
the PGRN design, we examined the estimated conservation
profiles throughout the PGRN subcircuits. (iii) We found
genes undergoing positive selection for lineages and looked
at the concordance in the functional areas of the proteins
to discover the phylogenetic inference of the differences in
the PGRN.

2. Materials and Methods

The nucleotide and amino acid sequences of the ZFP42 gene
can be downloaded from the Ensembl database using the
gene ID or gene name. The sequences can be downloaded
in FASTA format, which is a standard format for biological
sequence data. The nucleotide and amino acid sequences of
the ZFP42 gene were aligned with the sequences from other
species using alignment software such as Clustal Omega,
MUSCLE, or MAFFT [13]. Alignment is necessary to ensure
that the sequences are in the same reading frame and to
identify the conserved regions of the gene [14]. The maxi-
mum likelihood method was utilized during the phyloge-
netic investigation, which was carried out with the MEGA
6 software. The bootstrap test was carried out with a maxi-
mum likelihood approach, and a value of 1000 was used
for the advanced log-likelihood values [15].

2.1. Sequence Analysis. Alignment programs like Clustal
Omega, MUSCLE, and MAFFT were used to compare and
align the ZFP42 gene’s nucleotide and amino acid sequences
with those of other species. Making sure the sequences are
all in the same reading frame and finding the conserved
parts of the gene both require alignment [16]. Several statis-
tical techniques, including the codon-based maximum likeli-
hood method included in the PAML (Phylogenetic Analysis
by Maximum Likelihood) software program, were used to
conduct the positive selection analysis. For each codon in
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the gene, this technique calculates the dN/dS ratio and
checks to see if it is significantly higher than 1, which
denotes positive selection. Positive selection operating on
particular branches of the phylogenetic tree can also be
found using additional techniques, such as the branch-site
model [17]. Phylogenetic trees were created using a variety
of techniques, including neighbor joining, Bayesian infer-
ence, and maximum likelihood. Based on the degree of sim-
ilarity or difference between the ZFP42 gene sequences from
other species, these methods use algorithms to infer the evo-
lutionary relationships between the sequences. It is possible
to examine and evaluate the tree’s topology and branch
lengths in order to deduce evolutionary links and identify
positive selection. Software like MEGA (Molecular Evolu-
tionary Genetics Analysis) or FigTree was used to illustrate
the findings of positive selection and phylogenetic analysis
[18]. With the use of these tools, users can see the phyloge-
netic tree, spot branches that have undergone positive selec-
tion, and view the dN/dS ratio and other important statistics.

2.2. Tests for Selection. Positive selection led to the evolution
of PGRP genes or genomic regions, which meant that they
underwent alterations to increase their fitness and environ-
mental adaption [19]. Positive selection was discovered in
protein-coding genes using the PAML (Phylogenetic Analy-
sis by Maximum Likelihood) software tool. The data are
analyzed by PAML using the codeml application [17]. In
order to identify positive selection, the codeml program
examines the rates of synonymous and nonsynonymous
changes. The proportion of synonymous to nonsynonymous
changes in protein-coding genes is measured here. Positive
selection is indicated by a dN/dS ratio greater than one,
whereas purifying selection is indicated by a ratio lower than
one [20]. By computing the likelihood log ratio (2lnL) using
the 2 distributions, PAML’s output file indicates a positive
selection [21]. The likelihood ratio test (LRT) and the Bayes
empirical Bayes (BEB) approach, which contrast a null
model that assumes no positive selection with a different
model that enables positive selection [22], are the most often
employed statistics. To test for positive selection, the LRT
evaluates how well the alternative (selection) model fits the
data compared to the null (no selection) model. In order to
calculate the posterior probability that a given codon site
has been subject to positive selection, the BEB technique is
used [23]. Models based on codon use predict the frequen-
cies of synonymous and nonsynonymous changes in
protein-coding genes. Using these models, scientists have
been able to identify protein-coding genes that have been
positively selected. The branch-site and site-specific codon-
based models were employed to identify positive selection.
Different from the site-specific model, which examines pos-
itive selection at particular codon sites, the branch-site
model examines positive selection along a single branch of
the phylogenetic tree [24].

Protein-coding sequences that have undergone positive
selection were also analyzed using the Datamonkey website
[25, 26]. Methods for detecting positive selection were found
on Datamonkey, and they included the fixed effects likeli-
hood (FEL), the random effects likelihood (REL), the fast

unconstrained Bayesian approximation (FUBAR), and the
mixed effects model of evolution (MEME) [26, 27]. The
likelihood-based approaches FEL, REL, and MEME all
employ a phylogenetic tree to identify areas of positive selec-
tion. The ongoing selective forces on the sequence across the
entire tree or at each site are identified by FEL and REL.
However, MEME permits various selective pressures to act
on various sequence locations [28].

On the other hand, FUBAR is a Bayesian approach that
estimates the posterior probability of positive selection at
each site in the sequence with the help of a Markov chain
Monte Carlo (MCMC) algorithm [29]. Protein-coding
sequence data showed evidence of positive selection, which
was further verified using the Selecton server. To calculate
the posterior probabilities of various selection patterns at
each site in the protein-coding sequences, the MCMC model
utilized in the Selecton server employed a Bayesian method-
ology. In addition to positive and negative selection, it also
provides for the option of no selection at any given site.
Using the posterior distribution as a sample, the MCMC
method can estimate the likelihood of each candidate
region [30].

2.3. Phylogenetic Analysis. Phylogenetic trees will be built
using ZFP42 sequence data from several species in order to
examine evolutionary links and changes in the gene.
Maximum likelihood was used to create the phylogenetic
trees in MEGA (Molecular Evolutionary Genetics Analysis)
10.0.5 [15]. We first built a tree with the neighbor-joining
method and then assessed its topology with the maximum
likelihood technique and the Whelan and Goldman
(WAG) substitution model [31]. We did 1000 bootstrap
runs to assess the robustness of the tree structure further.
TreeBeST’s resulting species tree serves as a standard against
which gene trees and other phylogenetic trees can be judged.
Phylogenetic network analysis revealed reticulation events in
the evolutionary history of the proteins [32].

Positive selection can then be determined by establishing
which specific amino acid positions in a protein sequence
have been subject to positive selection. By definition, positive
selection causes beneficial mutations to become more com-
mon in a population over time [33]. Positive selection mod-
ifies particular amino acid residues in proteins to improve
their function or alter their structure. By comparing synon-
ymous (silent) and nonsynonymous (amino acid altering)
substitution rates at each amino acid site, we applied a
widely used method for detecting positive selection. Positive
selection can be inferred from the observation of a site-
specific increase in the frequency of nonsynonymous substi-
tutions relative to synonymous substitutions [34]. Further,
convergent evolution at specific places was investigated by
comparing the amino acid sequences of homologous pro-
teins from various species. Positive selection may be inferred
when two distantly related species independently develop
identical amino acid changes at the same place [35, 36].

2.4. Conservation Analyses. ConSurf [37] was used to con-
duct the conservation study of ZFP42. The ZFP42 amino
acid sequences utilized in this investigation were retrieved
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from public databases like GenBank and UniProt. The Con-
Surf server is a bioinformatics platform for analyzing protein
sequences for conservation. Conserved areas in protein
structures are often utilized to locate functional domains
and residues [38, 39]. Each residue in the protein sequence
is assigned a conservation score from 1 (most varied) to 9
(most conserved) by the ConSurf service. When visualizing
a protein’s structure, it might be useful to highlight con-
served residues by giving them a distinct color or form.
We looked into the synteny conservation of genomic regions
surrounding the ZFP42 gene across mammalian species.
Using the ConSurf library (https://consurf.tau.ac.il/) [40],
the evolutionary conservation of amino acid residues in the
mammalian ZFP42 protein was studied. These amino acids
are more common in protein-protein interactions and
enzymatic crannies. Changes in conserved amino acids are
more harmful than polymorphisms in more flexible areas
of a protein because they affect the protein’s function and
structure [41].

2.5. Protein Modeling and Structural Analysis. Crystal struc-
tural comparison of human ZFP42 protein and human com-
pound C2H2 zinc finger domains [42] reveals high homology
between the two. As a result, it served as a starting point for cre-
ating a 3D model of the human ZFP42 protein. Software pack-
ages like SWISS-MODEL [43], I-TESSAR [44], and Phyre2
(https://www.sbg.bio.ic.ac.uk/phyre2/html) [45] were used for
protein modeling.

3. Results

The zinc finger protein 42 (ZFP42) is a DNA-binding tran-
scription factor involved in regulating gene expression. The
protein contains one or more zinc finger domains, which
are structural motifs found in various DNA-binding pro-
teins. Zinc finger domains consist of repeating sequences
of amino acids that chelate zinc ions and are responsible
for the DNA-binding activity of the protein. ZFP42 is a
C2H2-type zinc finger protein, meaning that it contains
two cysteine and two histidine residues in each zinc finger
domain that coordinate the zinc ion. ZFP42 interacts with
particular DNA sequences via its C2H2 zinc finger domains,
which enables it to connect to target genes and control their
expression. In this study, we looked at the evolution of the
zinc finger protein ZNF91 subfamily and at the role it may
play in the formation of mammalian undifferentiated stem
cells. The functional effects of positively selected sites in
the ZNF42 subfamily were discovered utilizing a combina-
tion of comparative genomics, phylogenetic analysis, and
molecular modeling. Several positively selected sites within
the ZNF42 subfamily have been identified, and many of
these are located inside the proteins’ DNA-binding domains.
Signs of convergent evolution, when different lineages share
adaptive changes, were also found at some of these sites. We
used molecular modeling to estimate the effect of amino acid
modifications on protein structure and DNA binding affinity
in order to evaluate the potential functional consequences of
these favorably selected sites. We found that several strategi-
cally placed motifs were predicted to affect the selectivity of

DNA binding, which may allow the proteins to regulate dis-
tinct target genes or signaling cascades.

3.1. Gene Structure and Annotation Analysis. Annotations to
the genome are often shown by colored blocks along the
chromosome and transcriptional arrows. You should first
locate the genes, exons, introns, promoters, and untranslated
regions (UTRs) in the region of interest. Enhancers, pro-
moters, and transcription factor binding sites, among other
regulatory elements, had their positions mapped out thanks
to genome annotations. These components can be crucial in
regulating gene expression and shedding light on the genes’
putative roles. Annotations of the genome uncovered
evolutionarily conserved areas, which are significant for
maintaining genomic structure and function. These areas
can help you deduce whether or not your study area is
biologically significant. Both a Kruppel-type zinc finger
domain (involved in DNA binding) and a BTB/POZ domain
(engaged in protein-protein interactions) are present in the
ZFP42 protein. The protein functions as a transcriptional
regulator, controlling processes including embryonic stem
cell self-renewal and differentiation. In humans, there are
three isoforms of the ZFP42 gene that result from alternative
splicing: ZFP42 isoform 1, ZFP42 isoform 2, and ZFP42
isoform 3. The first isoform, 1, is the longest and most
well-studied. In contrast, the N-terminal area is absent in
isoform 2, and both the N-terminal and C-terminal regions
are absent in isoform 3 (Figure 1). Similar to its human
counterpart, the mouse ZFP42 gene consists of eight exons
covering roughly 49 kilobases. The rodent ZFP42 protein,
which regulates self-renewal and differentiation in embry-
onic stem cells, has both a Kruppel-type zinc finger domain
and a BTB/POZ domain.

The term “gene synteny” describes the preservation of a
gene’s physical relationship from one species to another.
Several mammalian species’ synteny of the zinc finger pro-
tein 42 (ZFP42) gene has been analyzed. The ZFP42 gene
is situated in close proximity to C11orf98 and CEP295NL
on human chromosome 4. These adjacent genes are pre-
served in a wide range of mammalian species (Figure 2).
ZFP42 is a gene found on chromosome 7 in mice, and its
close neighbors include the Dctn2 and Rad23b genes. DNA
repair is mediated by the Rad23b gene, while intracellular
transport is regulated by the Dctn2 gene. Humans and
numerous other mammals share these genes.

Although the genes immediately next to ZFP42 are con-
served between humans and mice, the order and orientation
of these genes with respect to ZFP42 are not. This points to
the possibility of chromosomal rearrangements involving
the ZFP42 locus throughout mammalian evolution. Zinc
finger protein 42 (ZFP42) in mammals has a complex evolu-
tionary history, and its gene tree might shed light on its
ancestry and connections to other genes. Many different
kinds of mammals share a copy of the gene ZFP42. This
includes primates, rodents, carnivores, and ungulates.
ZFP42 sequences from several mammalian species were
used to create a gene tree, which demonstrates the high
degree of conservation of this gene and the evolutionary
relationship among various mammalian species. Several
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evolutionary processes, including gene duplications, specia-
tion, and loss, are depicted in the gene tree for ZFP42 in
mammals. The ZFP42 gene, for instance, has three recog-
nized isoforms in humans but only two in mice. These var-
iants are thought to have resulted via alternative splicing
following the split between humans and mice (Figure 2). In
addition, the gene tree shows that some species have lost
the ZFP42 gene, while others have multiple copies. For
example, in the primate lineage, at least two gene duplication
events have given rise to ZFP42 paralogs, such as ZFP42L1
and ZFP42L2. Overall, the gene tree of ZFP42 in mammals
suggests that the gene has undergone a complex evolution-
ary history, with some species retaining the gene, others
losing it, and others undergoing gene duplication events.
Despite these events, the conservation of the gene across a
wide range of mammalian species indicates that it likely
plays an important biological role.

3.2. Positive Selection. Adaptive selection is a process in
which certain alleles, or versions of a gene, become more

common in a population over time due to the frequency of
favorable traits associated with those alleles. The concept of
adaptive selection is central to the theory of evolution and
is believed to play a key role in the development of new
species and the evolution of complex traits. Evidence of
adaptive selection in the evolution of zinc finger protein 42
(ZFP42) would suggest that this gene has undergone adap-
tive evolution, in which changes in its genetic makeup have
occurred due to natural selection acting on traits that
improve the chances of survival and reproduction. Observ-
ing adaptive selection in ZFP42 would provide important
insights into the evolution of this gene and its role in the
development and function of various tissues and cell types
in mammals. The amount and locations of histidine and cys-
teine residues involved in zinc atom coordination are used to
classify zinc fingers. The C2H2 class is the first to be charac-
terized, and it is distinguished by the presence of cysteines as
the first pair of zinc-coordinating residues and histidines as
the second pair. Some members of this family have been
shown to bind zinc dependently to DNA or RNA in various
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Figure 1: Genome annotation displays a genome location of zinc finger protein 42. The introns are shown as horizontal lines connecting the
blocks representing the coding exons. Thinner blocks at the beginning and conclusion of the aligning regions represent the 5′ and 3′
untranslated regions (UTRs). The aligning sections (often exons) are displayed as black blocks when the query is a cDNA. Darkness in
dense display mode is proportional to the amount of features that align with the region or the quality of the match.
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experimental experiments. The structural stability of the
C2H2 zinc fingers depends not only on the conserved zinc
ligand residues but also on several other locations. Four res-
idues following the second cysteine are the most conserved
spots, and it is usually an aromatic or aliphatic residue. In
addition, a comprehensive domain-wide profile was created
(Figure 3).

3.3. Conservation Analysis. The zinc finger protein 42, also
known as ZFP42, is a transcription factor that is present in
all mammalian species. The protein’s conservation across
species shows it serves a job that has been conserved
throughout evolution, specifically in the regulation of
embryonic stem cell self-renewal and differentiation.
Sequence similarity and preserved expression patterns are
two ways to quantify gene conservation. The term “sequence
similarity” is used to describe the degree to which the DNA
and amino acid sequences of a gene are similar from one
species to another. Conversely, when we talk about whether
or not a gene’s expression is conserved across species, we are
referring to whether or not that gene is expressed in a
consistent manner. According to the amino acid sequence
similarity study, there is a significant degree of conservation
of the ZFP42 protein across mammalian species, with a high

degree of similarity between the human, mouse, and other
mammalian ZFP42 proteins (Figure 4). The ZFP42 gene’s
DNA sequence is similarly well conserved, showing almost
no variation between species. ZFP42 serves as a transcription
factor, and its DNA-binding specificity and transcriptional
activity are both dependent on its domain structure. ZFP42
is essential for the development and function of many mam-
malian organs and cell types, although our knowledge of its
domain structure and involvement in gene regulation is lim-
ited. Proteins with several zinc finger domains are encoded
by the ZFP42 (zinc finger protein 42) gene found in mam-
mals. Transcription factors, or zinc finger proteins, attach
to DNA to control gene expression. ZFP42 is a protein that
has been found to be functionally conserved across multiple
mammalian species, including humans, chimps, mice, rats,
and dogs. Some parts of the protein show more divergence
between species than others, but overall, there is a high
degree of conservation.

3.4. Adaptive Selection. Zinc finger protein 42 (ZFP42) has
undergone an intricate process of evolution that reflects
the shifting genetic and environmental influences that have
changed the gene over time. Several mammals, including
humans, include the DNA-binding transcription factor

Genes
Gene ID gene of interest
Gene ID within-sp. paralog

Primates and rodents: 19 homologs
Rodents and rabbits: 3 homologs

Chimpanzees: 2 homologs
ZFP42, Human
ZFP42, Gorilla

ZFP42, Sumatran orangutan
Old world monkeys: 4 homologs

Laurasiatherian mammals: 31 homologs

African mammals: 6 homologs
ZFP42, Armadillo

Branch length
×1 branch length
×10 branch length
×100 branch length

Nodes
Gene node
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Collapsed alignments
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Expanded alignments
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(×10 branch length)
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Figure 2: Gene synteny refers to the conservation of the physical linkage of genes across different species. Zinc finger protein 42 (ZFP42)
gene synteny has been studied in different mammalian species. Gene tree shows the evolutionary relationships among genes across different
species. The gene tree of ZFP42 in mammals suggests that the gene has undergone a complex evolutionary history, with some species
retaining the gene, others losing it, and others undergoing gene duplication events. Despite these events, the conservation of the gene
across a wide range of mammalian species indicates that it likely plays an important biological role.
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ZFP42, which is involved in controlling the expression of
certain genes. Natural selection, gene duplication and loss,
recombination, mutations, and gene duplication are likely
to have all had an impact on the evolution of ZFP42.
ZFP42’s structure and function may vary as a result of muta-
tions, which are the main source of genetic variation in pop-
ulations. Gene duplication and loss can also play a role in the
evolution of ZFP42, as these events can result in multiple
copies of the gene in a genome and create new functional
units. When a species’ genes change due to selective forces
in its environment, this is called adaptive evolution. Several
studies have shown evidence of positive selection operating
on the gene for zinc finger protein 42 (ZFP42) during its adap-
tive evolution in different mammalian species (Figure 5). Nat-
ural selection promotes variants in a population’s genetic
makeup that also give a selective advantage, which is known
as positive selection. ZFP42 is a protein shown to have experi-
enced positive selection in both humans and other primates
and animals. These areas may have undergone adaptive
modifications in response to environmental forces, as they
are considered critical for regulating gene expression. An

aBSREL analysis discovered evidence of episodic diversifying
selection on eight of your phylogeny’s forty-four branches.
Formal tests for diversifying selection were conducted on 44
different branches. After making adjustments for the effects
of repeated tests, the significance of the findings was deter-
mined by applying the likelihood ratio test at a significance
level of p 0.05. In the table that presents the detailed data,
you will see the significance and the number of rate categories
inferred at each branch. A statistical summary of the models
that best fit the data is presented in the following table. Base-
line MG94xREV is shorthand for the MG94xREV baseline
model, which assumes that each branch has a single rate cate-
gory. The full adaptive model is shorthand for the adaptive
aBSREL model, which deduces the optimal number of rate
categories for each branch.

The aBSREL (adaptive Bayesian selection and recombi-
nation estimation with local likelihoods) method is a statis-
tical framework that can detect evidence of episodic
diversifying selection in a given gene. Diversifying selection,
also known as positive selection, refers to instances in which
certain alleles, or gene versions, become more common in a
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Zinc finger protein domains

Figure 4: High sequence similarity and conserved ZFP42 gene expression patterns across several mammalian species imply that the protein
has an essential and evolutionarily conserved function. It is also a useful model for researching stem cell biology and early development due
to the gene’s conservation across species.
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population over time due to the frequency of favorable traits
associated with those alleles. If aBSREL has found evidence
of episodic diversifying selection in zinc finger protein 42
(ZFP42), this would suggest that this gene has undergone
adaptive evolution, in which changes in its genetic makeup
have occurred as a result of natural selection acting on traits
that improve the chances of survival and reproduction.

3.5. Recombination Analysis. The mechanism of recombina-
tion also plays a significant role in the genesis of ZFP42.
During meiosis, recombination occurs when genetic mate-
rial is transferred between homologous chromosomes. This
might result in the development of novel genetic combina-
tions. ZFP42’s evolution is thought to have been guided in
part by natural selection. The frequency with which a popu-
lation exhibits a change in its genetic makeup that increases
its prospects of survival and reproduction rises with time.
Proof of adaptive evolution can be found in the observation
of positive selection, or the enrichment of specific alleles in a
population. It has the potential to shed light on the history of
ZFP42 and its function in mammalian tissue and cell devel-
opment. The evolution of ZFP42 is a multifaceted and ever-
changing process that is a product of the interaction of
numerous forces. The evolution of ZFP42 holds key infor-
mation about the historical significance of gene regulation
in shaping mammalian development and physiology.
Understanding the evolution of ZFP42 and its role in the
development and function of different tissues and cell types
in mammals would benefit greatly from the observation of
episodic diversifying selection in this gene utilizing aBSREL.

More study is required to determine how ZFP42 and
other genes have shaped mammalian evolution and the
emergence of fundamental biological processes. Evidence
of episodic diversifying selection in a gene can be found
using the FEL analysis, a statistical technique (Table 1).
Alleles, or variants of genes, that are associated with more
desirable qualities tend to become more widespread over
time; this process is known as “diversifying selection”
(Figure 6). Zinc finger protein 42 (ZFP42) may have under-
gone adaptive evolution, in which changes to its genetic
makeup have occurred as a result of natural selection acting
on traits that increase the likelihood of survival and repro-
duction, if a FEL analysis has found evidence of episodic
diversifying selection in this gene. Observing episodic diver-
sifying selection in ZFP42 using FEL analysis would provide
important insights into the evolution of this gene and its role
in the development and function of various tissues and cell
types in mammals. Further research is needed to understand
the precise mechanisms by which ZFP42 and other genes
have influenced the evolution of mammals and the develop-
ment of key biological processes.

3.6. Branch-Site Unrestricted Statistical Test for Episodic
Diversification. Based on the likelihood ratio test, there is
evidence of episodic diversifying selection in this dataset
(p = 1:036e − 11). BUSTED analysis (v4.1) was performed on
the alignment from home/datamonkey/datamonkey-js-server/
production/app/busted/output/63e61790f4c29257da21727f
using HyPhy v2.5.46. This analysis included site-to-site synon-

ymous rate variation. BUSTED is a statistical method that can
detect evidence of episodic diversifying selection in a given
gene. Diversifying selection, also known as positive selection,
refers to instances in which certain alleles, or gene versions,
become more common in a population over time due to the
frequency of favorable traits associated with those alleles
(Figure 7). If a BUSTED analysis has found evidence of epi-
sodic diversifying selection in zinc finger protein 42 (ZFP42),
this would suggest that this gene has undergone adaptive evo-
lution, in which changes in its genetic makeup have occurred
as a result of natural selection acting on traits that improve
the chances of survival and reproduction.

Observing episodic diversifying selection in ZFP42 using
BUSTED analysis would provide important insights into the
evolution of this gene and its role in the development and
function of various tissues and cell types in mammals. Fur-
ther research is needed to understand the precise mecha-
nisms by which ZFP42 and other genes have influenced
the evolution of mammals and the development of key bio-
logical processes.

3.7. Genetic Algorithm for Recombination Detection. GARD
discovered clear recombination bottlenecks. As fast as
27.00 models per second, GARD analyzed 11826 models.
With 942 possible breakpoints in the alignment, a search
space of 6148571947736 models with up to 5 breakpoints
was available, of which the genetic algorithm investigated
0%. Zinc finger protein 42 (ZFP42) may have experienced
genetic recombination, the swapping of bits of DNA
between pairs of identical chromosomes, if recombination
breakpoints can be found in it. Recombination breakpoints
can occur when two chromosomes exchange genetic mate-
rial, leading to the formation of new combinations of genes
and the rearrangement of the genetic material. The genetic
analysis for recombination detection (GARD) is a bioinfor-
matics tool that can identify recombination breakpoints in
a given gene or genomic region. If GARD has found evi-
dence of recombination breakpoints in ZFP42, this would
suggest that the gene has undergone rearrangements due to
genetic recombination (Figure 8). Observing recombination
breakpoints in ZFP42 may provide important insights into
the evolution of this gene and its role in the development
and function of various tissues and cell types in mammals.
Further research is needed to understand the precise mech-
anisms by which recombination breakpoints have influenced
the evolution of ZFP42 and the development of key biologi-
cal processes.

4. Discussion

The zinc finger protein 42 (ZFP42) is a transcription factor
that plays a role in regulating gene expression in undifferen-
tiated stem cells. It is involved in the maintenance of stem
cell pluripotency and self-renewal, which are critical proper-
ties for the proper functioning of these cells [46]. Studies
have revealed that ZFP42 has undergone adaptive evolution
in mammals during evolution. This adaptive evolution has
been associated with genetic signatures that indicate changes
in the structure and function of the protein. These changes
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are thought to have allowed ZFP42 to better regulate the
expression of specific genes in response to changing environ-
mental conditions, which has been critical for the survival
and success of mammals over time [47]. The genetic signa-
tures of adaptive evolution in ZFP42 provide insight into

the molecular mechanisms underlying the evolution of stem
cells in mammals and how these cells have responded to
changing environmental conditions over time. Understand-
ing the role of ZFP42 in the regulation of gene expression
in stem cells may also have implications for the development

Table 1: Detailed site-by-site results from the FEL analysis.

Partition Codon Alpha Beta Alpha = beta LRT p-value Total branch length p-asmp Class

1 85 0.000 3.045 1.861 4.038 0.0445 7.453 0.0000 Diversifying

1 133 0.000 4.170 2.596 6.446 0.0111 10.396 0.0000 Diversifying

1 137 0.000 0.665 0.469 2.753 0.0971 1.876 0.0000 Diversifying

1 150 0.475 2.555 1.973 2.873 0.0901 7.903 0.0000 Diversifying

1 155 0.000 2.270 1.692 7.144 0.0075 6.777 0.0000 Diversifying

1 245 0.000 1.896 1.425 5.115 0.0237 5.706 0.0000 Diversifying

1 258 0.000 0.637 0.448 2.746 0.0975 1.794 0.0000 Diversifying

1 281 0.000 0.907 0.703 2.994 0.0836 2.816 0.0000 Diversifying

1 305 0.000 0.665 0.471 3.325 0.0682 1.887 0.0000 Diversifying

1 354 0.000 0.885 0.592 4.568 0.0326 2.372 0.0000 Diversifying

1 400 0.000 0.456 0.239 3.837 0.0501 0.956 0.0000 Diversifying

1 404 0.000 0.779 0.506 5.059 0.0245 2.025 0.0000 Diversifying
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Figure 6: FEL analysis has found evidence of episodic diversifying selection in zinc finger protein 42 (ZFP42), and this would suggest that
this gene has undergone adaptive evolution.
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of regenerative medicine and the treatment of diseases that
involve stem cells. Zinc finger protein 42 (ZFP42) has been
shown to have undergone adaptive evolution in mammals,
revealing genetic signatures of this evolution [48]. As a tran-
scription factor, ZFP42 plays an important role in regulating
gene expression. The changes in its structure and function
that have occurred over time have allowed it to better regu-
late the expression of specific genes in response to changing
environmental conditions. This adaptive evolution has likely
been critical for the survival and success of mammals during
evolution. Studies investigating the genetic signatures of
ZFP42’s adaptive evolution have provided insight into the
molecular mechanisms underlying the evolution of gene reg-
ulation in mammals [49]. They may have implications for
the development of regenerative medicine and the treatment
of diseases involving gene expression changes [50].

Studies have identified genetic signatures of ZFP42’s
adaptive evolution, providing insight into the molecular
mechanisms underlying the evolution of gene regulation in
mammals. These studies suggest that ZFP42 has evolved to
better respond to environmental changes and maintain
cellular functions, such as pluripotency and self-renewal, in
stem cells. The adaptive evolution of ZFP42 highlights the
importance of transcription factors in gene regulation and
the role that evolution plays in shaping their function [51,
52]. Understanding the molecular mechanisms underlying
the evolution of ZFP42 may have important implications
for developing regenerative medicine and treating diseases

that involve gene expression changes. Positive selection is a
process of natural selection in which certain alleles, or ver-
sions of a gene, become more common in a population over
time due to an increase in the frequency of favorable traits
associated with those alleles. In the zinc finger protein 42
(ZFP42) case, researchers have identified instances of posi-
tive selection in this gene, suggesting that it has undergone
evolutionary changes that have allowed it to better adapt to
its environment. ZFP42 is a gene involved in regulating gene
expression, and it is believed to play a role in the develop-
ment and function of various tissues and cell types [53].
The observation of positive selection in this gene may
indicate that changes in ZFP42 have played a role in the
evolution of mammals by contributing to the development
and function of these tissues and cells (Figure 3). Further
research is needed to understand the precise mechanisms
by which ZFP42 and other genes have influenced the evolu-
tion of mammals and the development of various tissues and
cell types. However, the identification of positive selection in
ZFP42 highlights the importance of this gene in the evolu-
tionary process and its potential role in the development of
key biological processes.

The analysis of zinc finger protein 42 (ZFP42) can reveal
important insights into the process of adaptive evolution,
which refers to changes in the genetic makeup of a species
that have occurred due to natural selection, acting on traits
that improve the chances of survival and reproduction. In
the case of ZFP42, researchers may analyze the gene to
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Figure 7: Cumulative distribution of the likelihood ratio test for the BUSTED test broken down by the contributions of individual sites.
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identify instances of positive selection, a process in which
certain alleles become more common in a population over
time due to an increase in the frequency of favorable traits
associated with those alleles [54].

Such analysis can provide evidence for the role of ZFP42
in the evolution of mammals, as changes in this gene may
have played a role in the development and function of vari-
ous tissues and cell types. In particular, ZFP42 is believed to
be involved in regulating gene expression, and its analysis
may reveal how changes in this gene have influenced the reg-
ulation of genes in various tissues and cell types, leading to
their evolution [55]. Overall, the analysis of ZFP42 can pro-
vide valuable insights into the process of adaptive evolution,
highlighting the importance of this gene in the evolutionary
process and its potential role in the development of key bio-
logical processes in mammals. Episodic positive selection,
also known as diversifying selection, refers to instances in
which certain alleles, or versions of a gene, become more
common over time due to the frequency of favorable traits
associated with those alleles (Figure 6). Evidence of episodic
positive selection in zinc finger protein 42 (ZFP42) would
suggest that this gene has undergone adaptive evolution, in
which changes in its genetic makeup have occurred due to
natural selection acting on traits that improve the chances
of survival and reproduction [56].

There have been several studies that have identified evi-
dence of episodic positive selection in ZFP42. For example,
researchers have compared the sequences of ZFP42 from
different species or populations and found that certain gene
regions have evolved faster than others, suggesting that these
regions may have undergone positive selection [57, 58]. In
addition, phylogenetic analysis and comparative genomics
have provided further evidence for episodic positive selec-
tion in ZFP42, as gene changes have occurred at different
times in different species. Overall, the evidence of episodic
positive selection in ZFP42 highlights the importance of this
gene in the evolutionary process and its potential role in the
development and function of various tissues and cell types in
mammals. Further research is needed to understand the pre-
cise mechanisms by which ZFP42 and other genes have
influenced the evolution of mammals and the development
of key biological processes.

5. Conclusions

Adaptive evolution refers to changes in the genetic makeup
of a species that have occurred due to natural selection,
which acts on traits that improve the chances of survival
and reproduction. ZFP42 is a gene that is involved in the
regulation of undifferentiated stem cells, which are cells that

4
3
2
1

#
 Br

ea
k 

po
in

ts

0 100 200 300 400 500 600 700 800 900 1, 000 1, 100 1, 200 1, 300

Coordinate Delta c-A/c

0 100 200 300 400 500 600 700 800 900 1, 000 1, 100 1, 200 1, 300

Coordinate

0
0

100

200

300

400

100 200 300 400 500 600 700 800 900 1, 000 1, 100 1, 200 1, 300 1, 400 1, 500 1, 600

Coordinate

M
od

el
 av

er
ag

ed
 su

pp
or

t

0.0

0.2

0.4

0.6

0.8

1.0

To
ta

l t
ro

o 
le

ng
th

1 23 1020 100 300

Figure 8: GARD has found evidence of recombination breakpoints in ZFP42, and this would suggest that the gene has undergone
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have the potential to differentiate into many different cell
types. The observation of positive selection in this gene
may indicate that changes in ZFP42 have played a role in
the evolution of mammals by contributing to the develop-
ment and function of undifferentiated stem cells. In conclu-
sion, ZFP42’s adaptive evolution in mammals reveals genetic
signatures that shed light on the evolution of gene regulation
in mammals. It highlights the importance of transcription
factors in gene regulation and the role of evolution in
shaping their function. Further research in this area has
the potential to lead to new therapeutic strategies for dis-
eases that involve changes in gene expression. Overall, the
findings of positive selection in ZFP42 reveal important
genetic signatures of adaptive evolution in undifferentiated
stem cells, which have likely played a crucial role in the
evolution of mammals over time. Further research is needed
to understand the precise mechanisms by which ZFP42 and
other genes have influenced the evolution of stem cells and
other key biological processes in mammals.
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