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Coalescence: An anti-clockwise travel 

 
Sonali Sonejita Nayak, Harshit Kumar, Divya Rajawat, KA Saravanan, Anuradha 

Panwar, Kanika Ghildiyal, Nabaneeta Smaraki, Harsh Rajeshbhai Jogi, Anurodh 

Sharma, Bharat Bhushan, Triveni Dutt and Manjit Panigrahi 

 
Abstract 
Since the early 1980s, the stochastic process known as 'the coalescent' has played a central role in 

population genetics, and results based on it are now routinely used to analyse DNA sequence 

polymorphism data. Coalescence theory provides a formal technique to anticipating how diverse 

biological activities may affect patterns of genomic variation, in addition to establishing the basis for 

much of modern evolutionary inference. Polymorphisms in current populations are the result of historical 

occurrences, and population genetic investigations frequently simulate gene lineage branching to 

anticipate the time to the most recent common ancestor. The emphasis in coalescent thinking is to view 

populations backward in time, using observable divergence in a population to estimate the time to a most 

recent common ancestor (MRCA); This ancestor is the point at which gene genealogies come together, or 

coalesce', in a single biological organism. The main parameters estimated in coalescence analyses are the 

theta (product of the mutation rate and adequate population size) and coalescence time. The coalescence 

time refers to the number of generations that have elapsed since the samples had a common ancestor. 

This approach takes a backward-looking, retrospective look at the genetic process. 

 

Keywords: Coalescence, evolution, population genetics, simulation, wright-fisher model 

 

Introduction 

Population genetics originated as an attempt to reconcile Mendelian inheritance with 

biostatistics models. Fisher, Haldane, and Wright's work established population genetics as a 

field. Individuals that were more adaptable in our prehistoric age passed their genes on to 

future generations. The degree of genetic variability between or within livestock species, 

breeds, or populations is referred to as diversity. The diversity found in nature is the result of 

evolutionary mechanisms like mutation, gene flow, selection, non-random mating, and genetic 

drift etc. Natural selection leaves signatures in our genome which can be exploited to discover 

genes that may be responsible for metabolism variations (Bamshad and Wooding 2003) [3]. 

Fisher (1930) [19] and Wright (1931) [72] presented a population model that describes the 

genealogical link between genes. This fundamental reproduction model dynamically follows 

the evolution of an idealized population and the transmission of genes from one generation to 

the next. Population biology and genetics are important components of the Theory of 

Evolution. Motoo Kimura's (1924-1994) contributions later made the theory more robust 

through the enhanced use of diffusion theory. In 1968, Kimura formulated the neutral 

hypothesis of molecular evolution. Most of the observed genetic variations are selectively 

neutral, according to the Neutral Theory. Genetic drift refers to the random variation of allele 

frequency over time. Furthermore, genetic drift is a process that occurs in the past and 

continues into the present. Although standard population genetics models of drift use a 

"forward" approach from the past to the present, we may also study drift from the present back 

into the past. The coalescent hypothesis is a logical extension of the more traditional 

Population Genetics concept of neutral evolution, as well as a close approximation to the 

Wright-Fisher model (for large populations). It was found independently by many researchers 

in the 1980s, but Kingman is credited with the final formalization. The "backward" method, 

from the present back into the past, is the foundation of coalescent theory. Following a pair of 

alleles backward was first proposed by Malécot, which relates the passage of time to their 

common ancestor. This is the fundamental concept underlying the theory of coalescence. John 

Kingman developed the mathematical derivation for the coalescent in the early 1980s. 

Kingman described the coalescent in 1982 (Kingman 1982b) [34] but Hudson (1983) [27] and 

Tajima (1983) [63] discovered it independently (Donnelly and Tavaré 1995) [14]. 
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For a classical Wright-Fisher model, Kingman explained that 

this backward process could be well described by a single 

time-homogeneous Markov chain. The coalescent is a chain 

of events. Since then, the coalescent model has been applied 

to a wide range of mutation and demographic models 

(Donnelly and Tavaré 1995 [14], Donnelly 1999) [15] 

surprisingly robust to deviations from the norm. Coalescent 

theory connects population genetic models and molecular 

data. It explains how demography, recombination, and other 

factors influence the shape of gene trees and provides 

statistical tools. Between the early 1970s and the early 1980s, 

there was a shift in perspective from population genetics to 

the coalescent approach, which is now the dominant view. A 

new one starts with a sample and goes back in time (Ewens 

1990) [17]. The coalescent theory has evolved from an esoteric 

problem pursued purely mathematical reasons to an essential 

conceptual tool used to make testable predictions over the last 

two decades (Hamilton 2009) [23]. 

 

The concept of evolution 

The fundamentals of population genetics theory explain how a 

population evolves under a particular set of circumstances. 

Evolution is a forward-looking process in which the genetic 

makeup, allele frequencies, and genotype frequencies change 

over time. Theodosius Dobzhansky was a noted geneticist 

who stated that “Nothing in biology does sense apart from in 

the light of evolution”. He wrote an essay on it in 1973, 

criticizing anti-evolution philosophy and advocating theistic 

evolution. When evolutionary processes such as natural 

selection and genetic drift work on variation, some qualities 

become more frequent or rare within a population (Scott-

Phillips 2014) [77], The factors that determine whether a 

feature is widespread or rare within a population change 

regularly, resulting in changes in inheritable qualities 

occurring across succeeding generations. This activity of 

evolution has resulted in biodiversity at all levels of biological 

social group, including species, individual creatures, and 

molecules. Biodiversity is often investigated at three levels 

namely genetic diversity, species diversity, and ecological 

diversity. These three layers interact to produce the 

complexness of life on Earth. The diversity we see today is 

because of evolutionary forces. Natural selection will only 

resulted in evolution if a population contains a sufficient 

amount of genetic variation. Blending inheritance is a popular 

theory before the discovery of Mendelian genetics. However, 

with blended inheritance, genetic variation would be swiftly 

lost, making evolution improbable by natural or artificial 

selection. The mathematical theory of population genetics, 

developed by Wright (1931) [72], Fisher (1930) [19], Malecot 

(1941) [78], and Kimura (1954) [79], states that genomes change 

by random processes like mutation, drift, migration and 

selection. The Hardy–Weinberg principle explains how 

variation is preserved in a population in conjunction with 

Mendelian heredity. 

 
Hardy-Weinberg Equilibrium  
Hardy-Weinberg Law explains the genetic equilibrium in a 

population. Wilhelm Weinberg (a German physician) & 

Godfrey Harold Hardy (a British mathematician) postulated 

the law in 1908, independently. It states that in a sizeable 

random-mating population, in the absence of selection, 

mutation, or migration, the gene and genotype frequencies are 

constant from generation to generation. Furthermore, there is 

a simple relationship between the gene and genotype 

frequencies. The assumptions are no selection, no mutation, 

no migration, random mating between individuals, and a large 

population. This combined Mendelian genetics with natural 

selection, which was an important footstep in the 

development of a cohesive explanation of how evolution 

works (Larson 2000) [38]. A simple model of populations 

illustrating the genealogical correlation between genes is that 

introduced by Fisher (1930) [19] and Wright (1931) [72] called 

as Wright-Fisher model. This is the basic null model which 

argues that no change occurs unless evolutionary mechanisms 

like selection, genetic drift, mutation, and gene flow from 

other populations are present. 

 

Wright-Fisher Model 

It takes a different approach than the Hardy-Weinberg model 

in that it introduces specific generations and individuals. 

Here, we need a model of evolution in small populations to 

think about quantitative changes in such populations. The 

Wright-Fisher model, named after its creators Sewall Wright 

and RA. Fisher (Fig. 1). It is one of the simplest models and 

most beneficial for population genetics. Wright (1931) [72] and 

Fisher (1930) [19] proposed a simple population model for 

describing the genealogical relationship between genes 

(Wright 1931, Fisher 1930, Hein et al. 2006) [72, 19, 24]. 
 

 
 

Fig 1: Balls in different strata represent different generations. Each 

ball represents one individual. Figure depicts the Wright–Fisher 

model of population size 10 for nine reproduction cycles 

which equivalent to ten generations. This diagram depicts the 

genealogical relationships of all genes over the course of ten 

generations. 
 

Assumptions of wright-fisher model  
Generations should be non-overlapping and discrete, constant 

population size, all individuals are equally fit, the population 

has no geographical or social structure, genes in the 

population are not recombining, usually haploid individuals or 

two sub-populations (male & female) are assumed 

(Berestycki 2009) [7]. There is no migration, mutation, random 

mating, or natural selection operating at the locus in question. 

This model, however, is flawed in that it assumes a constant 

population size, which is not always the case. A bottom-up 

analysis of the Wright-Fisher model emphasizing coalescence 

events yields the coalescent model. Genetic drift, gene flow, 

recurrent mutation, and natural selection are the primary 

factors determining allele frequencies. Because of the 

accessibility of molecular data on all genetic variations, the 

neutral hypothesis of molecular evolution was developed. 
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Neutral Theory 

Neutral theory was proposed by Kimura (Kimura 1968 [29], 

Kimura 1977 [30], Kimura 1983 [31]). It suggests that within a 

population, a considerable majority of variation is neutral. 

Most of the changes in amino acid sequence or DNA between 

related species are selectively neutral. It forecasts the amount 

of variation in a population and the relative rates of non-

synonymous and synonymous substitution and other 

population genetic quantities. In a neutral evolution model, 

selection does not act on variation at nonsynonymous sites 

and does not act on variation at synonymous sites. The neutral 

theory of biodiversity provides a scalable, mechanistic model 

of biodiversity that includes individual-level dispersal, drift, 

and speciation dynamics (Thompson et al. 2020) [65]. 

Corresponding to the neutral theory the most of the variations 

present within a population are selectively neutral, and also 

most variations in DNA or amino acid sequences over time 

are also selectively neutral, resulting in many molecular 

variations between related species. The neutral theory 

proposes a scalable, mechanical model of biodiversity that 

takes into account individual-level dispersion, drift, and 

speciation processes (Thompson et al. 2020) [65]. Then, the 

coalescent theory came as a natural expansion of the more 

conventional population genetics idea of neutral evolution, as 

well as a large population idea to the Wright-Fisher model. 

 

Coalescence 

In a pedigree, tracing the ancestry history for allele copies 

gives a means to explain the current patterns in those allele 

copies. When two homologous DNA molecules merge back 

into a single DNA molecule in the past, this is a coalescent 

event. As time passes, the study of random processes in which 

particles join together to form clusters is known as the 

coalescent theory (Rosindell and Cornell 2007) [55]. 

Coalescence is accomplished by tracing lineages backward in 

time (Rosindell et al. 2007) [56]. The coalescence time refers 

to the number of generations that have elapsed since the 

samples had a common ancestor. Coalescence explains you 

take a selection of genes from a population and trace their 

ancestors back in time when two or more genes in a sample 

descended from a common ancestor (Wakeley 2020) [69]. With 

time appropriately scaled and large population size, Kingman 

(1982b) [34] demonstrated that this backward process is well 

described for a classical Wright-Fisher model by a single 

time-homogeneous Markov chain called the coalescent (Fig. 

2). 
 

 
 

Fig 2: Each ball in the figure represents one individual. Each stratum 

represents different generations. Branching pattern of Green balls 

represent a coalescence structure 

The fundamental coalescent is predicated on several 

assumptions, no selection, random mating, and no population 

structure, including constant population (Hein et al. 2006) [24]. 

These assumptions can be relaxed by including additional 

parameters such as a population growth term (Slatkin and 

Hudson 1991) [61], these other parameters are currently not 

taken into account in current methods for characterizing and 

detecting recombination (Slatkin and Hudson 1991, Kuhner et 

al. 2000, Fearnhead and Donnelly 2006) [61, 18]. The time to 

the most recent common ancestor (TMRCA) is often used to 

refer to the ultimate coalescent time when all DNA copies 

surveyed today collapse into one ancestral molecule. The 

coalescent theory uses a retrospective approach to trace alleles 

of a gene shared by all sampled members of a current 

population back to one ancestral copy known as the sample's 

most recent common ancestor (MRCA), (McVean et al. 2000) 
[41]. A sample's genealogy can be described in terms of branch 

lengths and topology. The measurements of the branches 

represent the waiting time between subsequent coalescence. 

Although the coalescence of neutral alleles is easy in ideal 

populations, it is complicated by biological realities including 

population structure, population size variations, and non-

Poisson variation in reproductive success (Agrawal and 

Hartfield 2016) [80]. In addition to ecological influences, the 

selection at one site in the genome can have a significant 

impact on the coalescence timeframes of connected neutral 

sites, impacting genomic diversity patterns (Saravanan et al 

2019 [97]. Coalescence periods can be drastically reduced 

using selective sweeps (Maynard Smith and Haigh 1974, 

Kaplan et al. 1989) [39, 28]. 

 

Felsenstein's bugs in a box  

Joe Felsenstein, a population geneticist, has proposed a 

delightful metaphor for thinking about coalescence as a 

stochastic process that moves forward in time. Felsenstein 

imagines a box full of cannibalistic and voracious bugs. The 

bugs wander around the box at random, and when two bugs 

contact each other, one eats the other. The procedure is 

ongoing until there is the last surviving bug in the box. In 

terms of mathematics, Felsenstein's metaphor of bugs-in-a-

box corresponds to the coalescent process for a neutral locus. 

Felsenstein's bugs-in-a-box analogy is mathematically 

identical to the coalescent process for a neutral locus but with 

time running forward instead of backward. According to 

Felsenstein's metaphor, bugs are copies of genes. When one 

bug eats another, this is referred to as a coalescent event. 

When only the last bug is left in the box, the entire population 

has coalesced.  

The Fig: 3 Shows coalescent structures for loci from the very 

same population assuming pure drift, balancing selection, a 

selective sweep, and a partial sweep. The points of the tree at 

the bottom of the graph indicate five sampled alleles, which 

eventually coalesce into a single lineage as we go back in 

time. This last coalescent point indicates the MRCA of the 

sampled alleles. The duration to the MRCA (TMRCA) for 

balancing selection is longer than for neutral genes, which is 

longer than for a sweep area. When all alleles are selectively 

neutral and the effective population size is constant, the 

conventional coalescent gives the expected branch length. The 

chance of coalescence changes with changes in the effective 

population size (population expansion, population 

bottlenecks). Natural selection influences the likelihood of 

coalescence by varying the fitness of alleles in each branch. 
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Natural selection and variations in the effective population 

size affect the estimated time to coalescence and, as a result, 

the anticipated branch lengths in a genealogy tree. If the 

chance of coalescence is greater in the present than in the 

past, most coalescent events occur near the present and 

internal branches are long in comparison with external 

branches.  

 

 
 

Fig 3: One capsule represents one individual having two alleles at a 

locus in generation 1(parents) & two (offspring’s).Let there are ‘N’ 

number of individuals. Probability that an allele in Generation-2 has 

a parent in Generation-1 = one. Probability that a random allele in 

Generation-2 has the same parent in Generation-1 = 1/2N. 

Probability that they don’t share common parent = 1-1/2N 

 

Why Coalescence?  

Coalescent methods are mainly related to the genealogical 

tree of the sampled genes when the structure of genetic data is 

considered. These are useful and attractive because; a) 

Genealogical methods are more accessible than traditional 

approaches for quantitative analysis of randomly formed 

models. b) The application of the coalescent results in highly 

efficient simulation methods. c) The shape of genetic data 

reflects the underlying genealogy to a large extent. Hence, an 

understanding of genealogy improves a qualitative 

understanding of genetic variation patterns d) it offers 

inference techniques for genetic data that, for the first time, 

allow full use of the information possessed by that data 

(Nordborg 2019) [46].  

Coalescence is not only faster than traditional forward-in-time 

methods but it can also model scenarios that would be 

virtually impossible to model using the forwards-in-time 

method, such as scenarios set in almost infinite landscapes 

(Rosindell and Cornell 2007) [55]. On the one hand, population 

geneticists have increased their demand for models that 

incorporate more natural features than Kingman's coalescent 

allows for (Berestycki 2009) [7].  

 

Coalescence: A Mathematical Approach  

The likelihood that the two lineages will select the same 

parent and coalesce is 1/N, while the possibility that they will 

choose different parents and remain distinct is 1-1/N. Because 

generations are self-contained, the probability that they will 

remain distinct more than t generations in the past is (1-1/N)t. 

In a Wright-Fisher model, consider k number copy of genes 

from N individuals (diploid). How long will it take for all k 

lineages to unite? For this, we must add the average waiting 

times for each subsequent coalescent event, beginning with 

the first when there are k lineages and ending with only two 

lines.  

 

This gives;  

 

∑ 4𝑁/𝑖(𝑖 − 1)  = 4𝑁(1 − 1/𝑘)

𝑘

𝑖=2

 

As a result, the average coalescent time for k number copy of 

genes in a large population is about 4N. The expected time for 

the last event to occur is 2N, which is more than fifty percent 

of the completely coalescent time for all k lineages. The 

average time to coalescence for any random gene copy pair in 

a diploid Wright-Fisher population of size N for a neutral 

locus is 2N generations.  

In a haploid model with 2N genes, what is the distribution of 

the waiting time until the MRCA of two genes sampled? The 

likelihood of a coalescence event occurring in a given 

generation is 1/2N. The likelihood that no coalescence event 

will occur is (1-1/2N). Because sampling in different 

generations is independent of one another, the likelihood that 

two genes find a common ancestor j generation back in time 

is = (1-1/2N) j-1X1/2N. They chose different ancestors in the 

first j-1 generations and then the same ancestor in generation j 

(Fig. 4). For a sample of “n” genes, the likelihood that k genes 

had k distinct ancestors in the previous generation is 

 
2N−1

2N
.

2N−2

2N
.. . .

2𝑁−𝐾+1

2𝑁
 =∏ (1 − 𝑖/2𝑁)𝐾−1

𝑖=1  

 

Expansion of Coalescence  

The basic coalescent technology of modeling the genealogical 

process for a sample of genetic data has been expanded in 

various ways. Slatkin (1991) [62] considered changes in 

population size over time (Slatkin and Hudson 1991) [61]; 

Notohara (1990) [48] provided a general mathematical model 

of coalescence in a geographically structured population; 

Kaplan & his co-workers (1988) modeled strong selection, 

and Krone and Neuhauser (1997) [35] described a framework 

for the coalescent with weak selection. Only recently has the 

coalescent approach been formalized for the population 

structure, with the development of a general model known as 

the structured coalescent. 

 

Coalescence in simulation algorithm 

Simulation has frequently been used to compare extensive 

hypotheses relating to genetics and population genetic 

management at a low cost (Krone and Neuhauser 1997) [35]. 

Simulated data is beneficial for defining the effect of current 

selection and management practices over time, which is 

frequently not the case with accurate data due to time and cost 

constraints (Table 1). Simulation is also helpful in optimizing 

marker panel construction in terms of SNP uniformity across 

the genome, the impact of including preselected candidate 

causative mutations, and the proportion of individual to 

genotype for a given marker density in a population 

(Daetwyler et al. 2013) [13]. Simulation processes in 

population genetics are essential for better understanding the 

effect of several evolutionary and demographic circumstances 

on sequence patterns and variation and allowing researchers 

to evaluate better and create analytical methods for the study 

of disease-related genetic factors (Howard et al. 2017) [26]. 

Mathematical or computer simulations are used to study 

theoretical models.  

A backward-in-time coalescence model entails selecting an 

individual to be 'un-born' and locating its parent through an 

'un-dispersal' event (reproduction is modeled asexually so that 

each individual has only one parent), (Thompson et al. 2020) 
[65]. There are three types of genetic data simulation 

algorithms available: backward time, forward time, and 

resampling approach. The retrospective approach, also called 

coalescent simulation, begins with the witnessed sample in 
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the current generation and works backward-that is, starting 

with a population of individuals, this approach first traces all 

alleles to a singly inherited allele (Howard et al. 2017) [26] 

Howard. A coalescent framework easily incorporates 

population structure, demography, and recombination. 

Coalescent simulations focus on constructing genealogies 

rooted in the MRCA under numerous evolutionary and 

demographic scenarios, ignoring individuals who are not 

linked to the MRCA (Howard et al. 2017) [26]. Geno-Diver is 

a combined coalescence simulator capable of simulating 

complex traits with a quantitative component and 

implementing multiple selections and mating strategies based 

on genomic information.

 
Table 1: Description of various simulation tools and softwares available for coalescence targeted simulation algorithms. 

 

Software Developers Software Developers 

Ms Hudson, 2002 Mlcoalsim Ramos-Onsins and Mitchell-Olds, 2007 

SNPsim Posada and Wiuf, 2003 msHOT Hellenthal & Stephens, 2007 

SARG Nordborg and Innan, 2003 GENOME Liang et al., 2007 

simcoal2 Laval and Excoffier, 2004 IBDSim Leblois et al., 2008 

GeneArtisan Wang and Rannale, 2005 MaCS Chen et al., 2009 

CoaSim Mailund et al., 2005 Msms Ewing & Hermisson., 2010 

Cosi Schaffner et al., 2005 DendroPy Sukumaran, J. and Mark T. Holder, 2010 

FastCoal Marjoram and Wall, 2006 DIYABC Cornuet et al.,2014 

GeneRecon Mailund et al., 2006 msprime Kelleher et al., 2016 

Recodon Arenas and Posada, 2007 BEAST Suchard et al, 2018 

DIYABC v2.0 Cornuet et al., 2014 msprime Kelleher & Lohse, 2020 

Discoal Kern & Schrider, 2016 Coala Staab & Metzler, 2016 

Phylodyn Karcher et al., 2017 skelesim Parobek et al., 2017 

 

Applications of Coalescence  

The main parameters estimated in coalescence studies are the 

coalescence time and theta (Sigwart 2009). Whether 

coalescence has occurred in the recent past or the remote past 

can be determined in a rapidly growing population. Generally, 

we think if n is large, two individuals chosen at random from 

the nth generation are unlikely to be closely related in a 

rapidly growing population, but this is not the case. The use 

of Y-STR profiles for forensic purposes is gaining popularity 

(Walsh et al. 2008) [71] used a coalescent approach to 

investigate the effect of Y-STR matching on autosomal 

matching, and Buckleton and Myers (2014) [81] expanded on 

their work. Ewing & Hermisson (2010) [82] implemented a 

coalescent simulation program (msms) for a structured 

population selected at a single diploid locus. It includes the 

functionality of the simulator ms to model population 

structure and demography but adds a model for deme- and 

time-dependent selection using forward simulations. It is used 

to investigate both hard and soft selective sweeps in 

structured populations and the genetic footprint of local 

adaptation. Walsh et al. (2008) [71] described a method for 

adjusting autosomal coancestry values to account for the 

presence of a Y chromosome match (Athreya 2012) [2]. 

Bonuso et al. (2009) [9] studied the factors that shape the 

genetic structure of T. bronchi by 61 demonstrative specimens 

from all over Italy (Walsh et al. 2008) [71]. Tuber bronchi is a 

significantly cherished truffle traded in Italian markets. They 

used phylogenetic and coalescent analyses using four loci, 

revealing two genetically isolated sympatrically distributed 

groups despite morphological differences. It is challenging to 

comprehend historical relationships and population evolution 

without employing various methods, such as coalescent 

theory (Kingman 1982a, 1982b; Hudson 1983) [34, 27]. It is 

likely to calculate previous mutation and gene flow events 

using this and mutation models (Bonuso et al. 2009) [9]. 

Their results showed that the possibility that European HG, 

South-F, Central-F, and Gurgy were sampled from a single 

panmictic population could not be rejected. They looked at 

female effective population size parameter combinations 

during Europe's colonization 45000 years ago, and the most 

recent Neolithic samples studied in this study 5900 years ago. 

They identified conditions under which population panmixia 

between hunter-gatherers/Early-Middle Neolithic farmers and 

Gurgy cannot be neglected. Models based on neutral theory 

have already been applied to a variety of systems, including 

river systems (Beerli and Felsenstein 1999) [5], coral reefs 

(Beerli 1998), birds (Dornelas et al. 2006, Volkov et al. 2007, 

Graves and Rahbek 2005) [6, 16, 68, 21] and tropical trees (Halley 

and Iwasa 2011, Hamilton 2009) [23]. Thompson, Chisholm & 

Rosindell (2020) [65] presented software packages for 

performing spatially explicit neutral simulations 

straightforward and effective. Portela et al. used coalescent 

theory to estimate adequate population size and gene flow to 

characterize the genetic variability of A. aculeata populations. 

The coalescent-based findings contributed to their 

understanding of A. aculeate population genetics and 

suggested that some traditional assessment methods may not 

be effective at characterizing historical evolutionary 

processes. Coalescent methods are best for studying the 

combined effects of demographics (seed bank, migration, 

extinction, and recolonization), mutation, recombination, and 

selection on genetic variation. The coalescing is the essence 

that it stimulates the genealogical history of a set of genetic 

data. As a result, history makes predictions about possible 

patterns of variation among the sample's members. 

 

Coalescence and signatures of selection 

For combining mathematical and stochastic theory with 

polymorphism data, the Kingman coalescent (Kingman 

1982b) [34], Wright-Fisher (Fisher 1930, Wright 1931) [19, 72], 

and Moran (1958) models have been instrumental. The 

Kingman model enables us to interpret observable genetic 

diversity using a sample of people’s population genealogy 

(called n-coalescent) based on present and past DNA 

polymorphisms, allowing for model-based inferential 

analysis. Neutral random processes, such as historical 

demographic expansion, can generate comparable patterns of 

nucleotidic diversity in the genome as those coming from 

natural selection, such as positive selection (Kingman 1982b, 

Tajima 1989) [34, 63]. However, demographic events are 
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thought to affect the entire genome, whereas selection may 

affect only a few sites. All genomic studies that use statistical 

methods relying on polymorphism data to identify natural 

selection like Tajima's D, Fay and Wu's H, and McDonald-

Kreitman etc (Kumar et al., 2021; Saravanan et al 2020a; 

Panigrahi et al., 2022; Rajawat et al., 2022a; Kumar et al. 

2022, Rajawat et al., 2022b) [37, 98, 50, 53, 94, 5]; Kumar et al or 

infer past demography and/or selection, rely heavily on 

predictions from theoretical population genetics, sometimes 

more particularly from the coalescent theory (Tellier and 

Lemaire 2014) [64].  

 

Selection and its effect 

Selection has been broadly classified into two types i.e., 

artificial selection and natural selection. Natural selection is 

caused by the environment in which people with diverse 

genotypes have a varying ability to contribute to the gene pool 

of the following generations. Natural selection can be 

categorized into positive selection, purifying selection, and 

balancing selection. Artificial selection is a human-mediated 

process in which the next generation's gene pool is influenced 

not only by fitness components but also by features chosen by 

people. Natural and artificial selection signatures left on the 

genome may be traced back and assist to comprehend the 

evolutionary processes influencing the genome (Rothammer 

et al. 2013, Gouveia et al. 2014) [57, 20]. However, when a 

variant (either a newly arose variant or a standing variant) 

provides a fitness advantage to the carrier individual in 

comparison to other members of the population, the carrier is 

more likely to thrive and leave more offspring than non-

carriers, causing the frequency of the beneficial allele to 

increase in the population (Utsunomiya et al., 2020) [66]. This 

leads additional related neutral variations to be carried 

together with the chosen variant, resulting in a selective 

sweep (Biswas and Akey 2006, Vitti et al. 2013, Gouveia et 

al. 2014, Utsunomiya et al. 2020) [8, 67, 20, 66]. It causes decrease 

in variations surrounding it, resulting in "selective signature" 

areas. The unique footprints due to the selection, which are 

found in the genome of individuals are called as selection 

signatures. The findings of selection signatures has the 

potential to reveal the identities of genes and mutations linked 

to critical phenotypic features in livestock species. It is also 

highly important to evaluate a population's levels of genetic 

variation, because genetic diversity is the raw material 

required for breeding. Due to its ability to detect genomic 

information connected to economic features, scanning 

genomic footprints has been a popular notion in recent years 

(Saravanan et al. 2021) [59]. Reference genome assembly data 

can be used for a variety of genomic applications, including 

admixture analysis (Pal et al., 2022) [96], breed-specific SNP 

panels (Kumar et al., 2019; Kumar et al., 2021b; Kumar et 

al., 2021c) [90, 91, 92], copy number variations (Kumar et al., 

2021d) [93], rare SNP Several SNP chips have been created in 

recent years using various reference assemblies (Panigrahi et 

al., 2022) [50]. These SNP BeadChips have numerous uses in 

the field of genomics, including the investigation of various 

diversity parameters and the haplotype block structures of 

different crossbred cattle (Chhotaray et al., 2021b; Saravanan 

et al., 2020b; Saravanan et al., 2021) [88, 99, 59]. There are many 

ongoing works on genomics like identifying genomic breed 

composition (Ahmad et al., 2020; Saravanan et al. 2022a, 

Saravanan et al. 2022b; Kaisa et al., 2020) [85, 100, 101, 89], 

ancestry informative markers detection (Chhotaray et al. 

2020) [86], and Genome-wide association study (Chhotaray et 

al., 2021a) [87]. 

 

Methods of detection of selection signatures 

Advances in high-throughput sequencing and SNP genotyping 

technologies have greatly expanded our ability to identify 

selection signatures. Various statistical methods have been 

developed for the detection of selection signatures using the 

SNP data in livestock species. These methods are based on 

the neutral theory of molecular evolution and can be broadly 

classified into two groups: intra-population statistics and 

inter-population statistics. Intra-population statistics search 

for footprints of selection by comparing genomic data within 

populations. This group includes three primary methods based 

on the site frequency spectrum, LD, and reduced local 

variability. Tajima's D test is based on differences in the 

shape of lineages. The likelihood of coalescence is constant 

per lineage throughout time in the typical coalescent theory of 

genealogical branching. All genomics studies that use 

statistical methods for detecting natural selection approach 

that relies on polymorphism data (Tajima's D, Fay and Wu's 

H, McDonaldKreitman) or infer past demography and/or 

selection rely heavily on theoretical population genetics 

predictions, sometimes more specifically from the coalescent 

model. This theoretical framework, as well as the established 

statistical inference tools, have been widely applied to 

study species and population demography (Nelson et al. 

2012) [43]. Wright (1943) [43] proposed the standard measure of 

population structure, FST, as the correlation between alleles in 

different individuals from the same subpopulation. The mean 

coalescence periods of alleles within subpopulations and 

alleles taken at random from the overall metapopulation are 

closely connected to FST values. 

Saravanan et al. (2020a) have evaluated the Tharparkar cow 

breed's genome-wide evaluation using haplotype block 

structure, genetic diversity, and linkage disequilibrium. 

Saravanan et al. (2021) [59] studied and compared selection 

signals in Tharparkar cattle to animal genomes, in pigs 

Mehrotra et al. 2021a [95], Kumar et al. (2021) [37] identified 

Tharparkar cow breed-specific SNPs using an ovine 50K 

array. Using a publicly accessible collection of ROH islands, 

Gorssen et al. (2021) [83] investigated selection signatures in a 

variety of cattle and domestic animals. Illa et al. (2021) [84] 

discovered selection signatures in Sahiwal cattle, identifying 

genomic areas and candidate genes that regulate milk content 

and coat colour features. Saravanan et al. (2021) [59] studied 

the genetic diversity and selection signatures in three Indian 

sheep breeds (Changthangi, Deccani, Garole). 

 

Conclusion 
The coalescent theory is an exciting approach that has 

transformed our understanding of evolutionary processes 

(Chave and Leigh 2002) [11]. Because of its nearby association 

with genetic data samples, the coalescent course provides a 

natural framework for inferring population structure and 

history. The ease and effectiveness of the coalescent method 

under neutrality, which stems from the fact that a sample's 

genealogy can be modelled without reference to the rest of the 

population; the coalescent has become a potent inferential tool 

as the population grows (Condit et al. 2002) [12]. The 

relationship between population history and gene trees is 

complex, and conclusions can only be drawn after carefully 

examining the processes that generate gene trees. One of the 

https://www.thepharmajournal.com/


 
 

~ 2636 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
most important insights gained from coalescent theory is that 

the same population history can result in different gene trees 

if repeated. A very different historical scenario may 

occasionally produce surprising similarities in gene trees 

(Nielsen 2012) [44]. The coalescent theory examines drift in 

reverse, tracking alleles back in time to see which have a 

common ancestor in a previous generation (Nielsen 2012) [44]. 

Over time, all alleles in the present-day coalesce into fewer 

and fewer ancestral alleles until only the last one is left. The 

coalescent theory allows for many valuable inferences about 

the most recent common ancestor (MRCA) as well as 

demographic history (Relethford 2012) [54]. Due to high rates 

of coalescence observed during the selection phase, positive 

selection produces an excess of low and high-frequency 

variations. Coalescent theory not only allows us to infer past 

demography and the action of selection in the genome from 

polymorphism data, but it also provides a theoretical 

framework for developing new statistical methods and a 

renewed understanding of genome data in a variety of 

bacteria, fungi, viruses, marine organisms, and plant species 

with unusual life cycles (Tellier and Lemaire 2014) [64]. 
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