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Abstract 

 

Previous research has been proved that 

phylogenetic trees are useful for the comparative 

studies between different organism on the basis 

of the evolution in their DNA or Protein 

sequences at few specific points. Currently it has 

been proved that with the help of phylogenetic 

tree we can predict the evolutionary relationship 

through the comparative analysis of entire 

genome. 

 

In this book chapter we focused on 

various novel techniques for the phylogenetic 

analysis of complete genome. These experiment 

target on gene comparison and gene order. Here 

we discussed several techniques for making 

these comparisons. In recent time period we 

were using Maximum Parsimony Method and 

Distance Methods beside this recently we are 

using Maximum Likelihood and Bayesian 

methods are developed.  

 

In this book chapter we discuss all 

approaches in turn, including their applications 

and harmful effects and software which make 

use of them. 

 

Keywords: These experiment target on gene 

comparison and gene order. Here we discussed 

several techniques for making these 

comparisons. 
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I. INTRODUCTION 

 

Statistical analysis of the relationship between variables has been intensively 

researched since 1960s.Even though the complete methods and materials available have 

changed a lot since then, practical tests are still in principle the same (1).  

 

We attempt to analyse characters of our living organism that show difference between 

few species then we try to create an estimate of the evolutionary tree based on the model to 

explain the differences or similarities we see (2). 

 

The first experiments were based on morphological characteristics of bacteria and 

various methods were developed
1
. However, different characters often cause confusion, and 

since the decision to use morphological characters is somewhat problematic, a more reliable 

method is needed. Since each disease is defined primarily by the genetic information received 

from its parents, it is more logical to directly compare the morphological features of genes 

rather than to identify them (3). Information about the DNA or amino acid sequences of 

homologous genes has been obtained and many methods have been developed to use this 

information. Some rely on the original maximum parsimony method, but others are more 

robust and can not only estimate phylogenetic relationships but also provide distressing levels 

of confidence. The most approved phylogenies were obtained from the linkage of individual 

genes (Homologous). However, sometimes this process ends in failure (3). The initial stage 

researchers observed that phylogenetic relationship between organism was completely 

different to evolutionary history of genes in which the gene may be present. 

 

This may be due to duplications, deletions, or even horizontal changes in the species' 

genes (mostly found in prokaryotes), so phylogenies from different genes may appear 

inconsistent. Second, it is no easy to detect the desirable genes in all three species of interest, 

but the phylogeny is different enough to be. Determine phylogeny by considering Species 

(Organism) at genomic level rather than the genes of human (4). This is due to the increasing 

number of complete genome sequences and the belief that, when considering the genes of a 

species, the evolutionary history of an organism's entire genome is more reliable than the 

history of a single gene. In addition, determining the genome phylogeny will form the basis 

for examining phenomena that affect the analysis of each other, like as redundancy and 

horizontal interchange of genes (5). 

 

II. EVOLUTIONARY STUDIES AT GENOMIC LEVEL 

 

In this study we will discuss the difference between different organism at genomic 

level. This difference will calculate on the basis of the evolution at position of specific gene 

or Gene Content and arrangement of gene in a genome (Gene Order). With the help of this 

study easily observe the orthologous gene before the comparative analysis of Gene content 

and order of gene (6). 
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1. Prokaryotes: Prokaryotic genomes are simple and usually consist of a single genome in 

circular form. Various Prokaryotic species genomes sequencing have been done and 

Mapping is also has been completely done (7). A recent analysis of prokaryotic gene 

order has revealed the large differences in gene conservation was predicted in different 

lineages stages, as well as differences in evolutionary processes; but in most cases the 

lines between replication history and main content transformations appear to be the same. 

widespread. Although gene content comparisons have been used to do this, we do not yet 

know whether comparisons of prokaryotic gene sequences will provide useful 

phylogenetic information (8). It is increasingly believed that the evolutionary history of 

prokaryotes cannot be represented by trees due to frequent gene transfer and 

hybridization. However, recent studies have shown However, many phylogenetic 

networks may be needed to accurately represent prokaryotic evolution, but there is 

currently no real consensus on how these should be constructed or what they should 

represent. See the “Phylogenetic Networks” section below for further discussion (8). 

 

2. Eukaryotes: Eukaryotic genomes are more complex than prokaryotic genomes and thus 

pose a broad challenge to their analysis. Generally speaking, there are more genes, more 

elements, and more chromosomes. Duplication events result in many copies of genes, 

resulting in divergence of orthologs (for example, in Yeast we observed approx. 25% 

redundancy of genes, suggesting an equivalent of 1% of genes for My5). On the other 

hand, horizontal transfer of genes is less likely in prokaryotes (9). 

 

Firstly, the complete genome of saccharomyces cerevisiae was sequenced. 

Currently genome of various yeast species related to Saccharomyces cerevisiae have been 

examined. Various analyses have concluded that frequent mutations in small segments, 

gene duplications and losses and polyploidy events are the main forces driving gene 

rearrangements. Similar studies have begun to be carried out in the field of animal and 

plant genomics (10). 

 

3. Organellar Genomes: In addition to large, complex nuclear genomes, most eukaryotes 

also have small, simple mitochondrial genomes that have evolved independently of the 

nuclear genome, thus providing an additional source of phylogenetic information (10). 

These genomes contain approximately 35 genes and have been sequenced in many 

different species. Additionally, all plant species have a chloroplast genome containing 120 

genes. (See the MRC website for links to chloroplast and mitochondrial genome sequence 

databases11.) These “organelle” genomes are highly conserved in terms of gene 

expression and constitute some of the most widely studied databases (11). 

 

4. Models of Genome Evolution: All methods of phylogenetic analysis are based on 

understanding the mechanisms underlying differences between taxa (12). These can 

occur, for example, in changes in weights or distance measurements for maximum 

frugality schemes. Probabilistic methods such as maximum likelihood or Bayesian 

analysis require good mathematical models (12).  

 

We use a generalized version of the Nadeau–Taylor model 15 to represent genome 

evolution. Here, chromosomes are defined in rows or circles around the genes they 

contain, and orthologous genes are given the same label (13). Various evolutionary events 

(such as insertions, deletions, duplications, or translocations) can change the sequence or 
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content of regulation. The precise nature of these events and the rates at which they occur 

can be determined from our prior knowledge of the genome in question or estimated from 

our data clocks. Figure 1 shows how genomes are represented and how they have 

changed through evolutionary events (14). These are all evolution, but only some of them. 

For example, if we know that there is no significant conservation of genes across 

genomes, then we should not bother with the model Instead we will consider the model of 

gene transfer and consider only comparing the content of genes (15). However, studies of 

genetics can be inaccurate in the absence of complete data, so we will restrict our models 

to tracing evolutionary patterns and consider comparisons between genetics. Genetics are 

just one part of our genomes. Often, we don't know much about the actual processes that 

cause differences in certain data, so our models may not accurately reflect the underlying 

processes (16). In these cases, we must make sure that our results do not depend on the 

model we choose (17). 

 

III.  PHYLOGENETIC ANALYSIS 

 

Many attempts to reconstruct genome phylogenies have used methods derived from 

DNA analysis, which are well described by Page and Holmes. How these methods can be 

applied to the analysis of whole genomes is discussed below(18,19). 

 

 
 

Figure 1: Diagrammatic representation of evolutionary relationship between different species 

in which negative value is representing the no change in the orientation of gene. 

 

Encoding of Binary Attributes: Early attempts at numerical phylogenetic analysis were 

based on the analysis of observed dichotomous characters in each species of interest (19).  

 

Therefore, if the genome can be encoded as a series of self-translating boxes, we can 

resolve genomic phylogenies using a library of techniques designed for such analyses (20). 

 

How can we binary encode observable differences in the genome? The presence or 

absence of genes or protein families can be easily represented (depending on their 
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identification),
17

 but when we consider genes the answer is not so obvious (21). Researchers 

have discussed various encodings, including “joining coding,” which encodes adjacent genes 

as symbols, and “relative position coding,” in which each gene is replaced by a character 

(non-binary) that represents its position relative to the genome (22). Researchers used the 

pairwise neighbour method in “maximum binary encoding” (MPBE), and few other 

researchers also used this method in the analysis of baculovirus genomes. These analyzes 

have proven successful because they produce results consistent with those obtained with 

other methods (23). Figure 2 shows the binary coding of the three compared gene sequences 

(23,24). 

 

 
 

Figure 2: Binary encoding of gene orders in a sequence and this binary encoding sequence 

representing the absence and presence of pairs of gene. This result can analyse with the help 

of Standard Phylogenetic Package. 

 

During their research researchers proposed a differential (non-binary) coding in which 

each gene corresponds to two symbols representing the genes on either side of it (25). This 

method is good, although the number of possible states for a character is the same as the 

number of genes in the system, which is often beyond the limits of identification algorithms 

(26). 

 

However, we must be careful when using encodings of this nature for the following 

reasons: the obvious seed cannot be closer to more than two seeds, so the state of one 

behaviour will obviously affect the state of the others (27). We found that not all attributes of 

the state function correspond to a valid genome. Moreover, if we consider an evolutionary 

phenomenon such as change, this will both create and destroy (28). Overt behaviour cannot 

be changed on its own. This means that in order for this method to provide genetic estimates 

of ancestral nodes, we need to ensure that each of our ancestral states actually corresponds to 

the valid genome. This would be less of a problem if the gene sequence is not well-composed 

and the neighbouring gene is not well-composed (29). 

 

The GO Tree software package developed by Bryant handles (among other things) the 

encoding of genetic information. It is exported in Nexus format 21 and can then be analysed 

using the popular PAUP phylogeny package (30). 

 

IV.  DISTANCE METHODS 
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One of the most popular ways to create a tree is to combine matrices. The distance 

between each pair of genomes is found and then we find the tree that fits this distance. In this 

article we are only interested in finding distance measurements; For a discussion of tree 

construction, see Page and Holmes. 
16

 Any distance measurement should relate as closely as 

possible to the actual evolutionary distance between genomes and should ideally be easy to 

calculate (31). 

In one of the first studies on genome phylogeny (28). used the minimum number of 

mutation events between two genomes as a measure of distance and applied this to the 

mitochondrial genomes of various species. It is a type of distant modification and its 

analogues are often used in gene sequence analysis. Here different evolutionary events can 

have the same value or different weights depending on how we think they will happen (30). A 

special type of "exchange" distance is transposition, or distance, which is the minimum 

number of transformations between two gene sequences. Finding the distance is equivalent to 

solving the "reverse sorting" problem, and improved algorithms have been successfully 

proposed to achieve this. Recently developed a linear time algorithm to calculate the 

inversion distance between two circular genomes (31). 

 

"Breakpoint distance" is also commonly used because it is easy to calculate and is 

robust to misidentified orthologues (30). It is simply the number of adjacent pairs in a 

genome that are not adjacent to another genome. Extended this concept to induced breakpoint 

distance, which can be used to compare genomes with different contents and sizes; first 

corrected the gene content and then normalized the distance so that the size of the seed 

appeared. This distance (along with the shared distance) was used to determine the phylogeny 

of the mitochondrial genomes of various plant and algal species (32). Figure 3 shows how to 

calculate the induction breakpoint distance for two genomes with different elements (32). 

 

We encountered an unexpected problem when assessing modifications or distances 

between genomes at unrelated points. If a mutation occurs in a gene, we will not know which 

form will be deleted when editing the gene content. Sankoff calls the original gene the true 

standard, and the distance based on preserving the gene but removing excess copies is called 

the standard distance. Bryant
25

 showed that comparing samples remotely is NP-hard (33). 

 

Gene distance points are used to construct prokaryotic phylogenies; The distance used 

here is the proportion of genes shared by two genomes. This approach was used to construct 

phylogenies related to prokaryotes and Saccharomyces cerevisiae (33). 
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Figure 3: Representation of division between two genomes with unequal count of gene 

 

Prokaryotes and Saccharomyces cerevisiae. Generally, the distance is based on the 

above limits, meaning they tend to approach a maximum as the actual evolutionary distance 

grows. For example, in the case of breakpoint distance, this maximum is the number of 

breakpoints between two genomes. The limit for the induced breakpoint distance is 1 (see 

Figure 4). Many different models also have a maximum value of the realignment distance 

(34). Figure 4,5 describes various methods of evolutionary change that allow for a better 

estimate of the true evolutionary distance. Experiments based on simulated gene sequences 

show that they can improve the relationship between predictions and distance accuracy and, 

more importantly, improve the accuracy of phylogeny construction (35). Figure 5 shows a 

simplified version of the distance measurement described in Figure 4. 

 

Using a comparison of rRNA trees associated with 26 fungal genomes, Keogh et al.
29

 

determined whether a number of different indices correlated with evolutionary distance (36). 

They examined the relationship between gene conservation and conservation among all 

species and S. cerevisiae and found that gene conservation decreases with increasing 

evolutionary distance (36). However, in many cases there is only a single pair of genes 

known in S. cerevisiae and orthologs exist in the compared species. Many yeast species need 

to be sequenced to perform useful phylogenetic analyses (37). 
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Figure 4: Graphical representation of evolutionary of approx. 100 genes.  

 

1. Inslico Analysis of Phylogenetic Relationship Distance Based Method: The widely 

used PHYLIP30 software package contains programs for reconstructing phylogenetic 

trees from distance matrices. There are many different algorithms that can be used, 

including neighbour-joining, the Fitch-Margloliash algorithm, and the least-connected 

algorithm called UPGMA. See PHYLIP documentation for more information (38). 

 

Several different software packages have recently been released to estimate 

genome-wide distances. Derange 231 aims to find the weighted tuning distance between 

two gene sequences. GRIMM Web Server 
32

 finds the shortest rearrangement distance and 

provides the best concept of rearrangement between two (possibly multichromosomal) 

genomes with identical elements (39). 

 

The SHOT web server provides a complete genome tree only for selected species 

from the collection, using the sequence of genes or gene content information. There are 

many options for different transformations and tree building algorithms (40). Almost 

exclusively in this area the trust can be placed on the inner bones of the tree (see 

"Measurement Analysis" below) (41).  

 

V. MAXIMUM PARSIMONY 

 

Instead of using the principle of maximum parsimony for binary encodings, it can be 

applied directly to the entire genome. In this case, we want to find the tree that requires the 

least number of evolutionary events while accounting for variance (42). We generally limit 

ourselves to comparing gene sequences because simplicity of gene content can be achieved 

by binary character coding (see section above) (43). 

 

Finding a small tree (even one with only three genomes) has proven to be NP-

challenging, and developing heuristics to find predictive answers is an ongoing research 

project. Details of the algorithms used to solve this problem and related problems are beyond 

the scope of this article; see for details (43).  

 

One of the first attempts focused on finding “divergence phylogenies,” that is, trees 

that minimized the total number of points between all contiguous areas. This is easier to find 

than the maximum parsimony tree (although it is still NPhard) because the distance itself is 

easier to calculate than the distance itself. The BPAnalysis33 package uses a heuristic that 

was developed to solve the phylogeny breakpoint problem but proved too slow to be useful. 

GRAPPA (44) speeds up the computation by several orders of magnitude, so that entire 

chloroplast and mitochondrial genomes can be analysed efficiently without significant loss of 

resolution problems. GOTree20 also finds summary phylogenies, but is not limited to 

identifying genomes with identical gene content (like GRAPPA) (45). 
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Figure 5: Diagrammatic representation of the effects of transforming the distances between 

different species.  

 

Recent efforts have been directed towards finding the true maximum parsimonious 

(relative to evolutionary events) tree, and this is now possible thanks to advances in 

algorithms and computing power. The MGR algorithm proposed by Borque and Pevzner14 

provides a solution to this problem and can be used on web servers (45). Thanks to the 

improvement of the distance between differences mentioned previously, the new version of 

GRAPPA can also find distance-based parsimonious trees (45). Parsimony methods are 

considered more reliable than distance methods when reconstructing trees, but take longer 

(some distances are O(N2) in number of species, while finding parsimony trees is NP-hard) 

(46). Additionally, the parsimony method provides us with all updates, not an estimate of the 

tree topology. In particular, they provide estimates of the genetic order and the content of 

ancestral nodes. However, it is difficult to evaluate the accuracy of the solution using 

parsimony: many methods give the best tree but give little or no information about whether 

there are other trees with good balance or near-good scores (47). 

 

1. Maximum Likelihood: Felsenstein proposed a method to find maximum likelihood 

(ML) phylogenies of DNA or protein, and this method can be used to examine entire 

genomes. This is one of the best methods based on the general concept of statistical 

probability; In other words, the highest probability tree is the tree that gives the highest 

probability of the genome analysis result according to our defined criteria. Therefore, we 

need a way to calculate the probability of a particular evolutionary parameter, given the 

gene content and order of the extant species. We can then use the similarity measure to 

evaluate the phylogenetic signature (48). 

 

In principle, Felsenstein's approach can be applied to this new problem. However, 

the number of possible chromosomes at the nodes of the phylogenetic tree weakens this 

possibility. They developed a method to estimate these trees by limiting the number of 

states allowed for nodes. However, the accuracy of this approach has not yet been tested. 

A recent study (J. Dicks (unpublished) showed that taking into account the chromosomal 

status of internal nodes may not be important for ML tree estimation. Therefore, rapid 
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evolution of genome-wide trees may be possible in the future with machine learning (48). 

However, this increase in speed will come at the expense of information about the most 

likely chromosomal evolutionary pathways in the data set, which is one of the most 

interesting areas of focus. Dicks used sparse integration and maximum likelihood in the 

CHROMTREE software for one or more chromosomes (49). 

 

2. Method of Invariants: Researchers offered a unique approach in the context of DNA 

sequence studies and was adapted by Sankoff and Blanchette for genetic studies (48). 

This approach has the advantage of not relying on long-term assumptions and therefore 

variable costs. 

 

The process is done by defining a function of the genetic order of each leaf, which 

is not equal to the real tree (and whose probability is zero), but will not be zero in other 

trees. The tree can then check the value of the parameter function, which can be measured 

using the specified data. To explain this scientist proposed a stochastic model of genetic 

evolution similar to the Jukes-Cantor model of DNA mutation. The model is simple and 

does not react to the type of evolutionary events that lead to genetic changes (49). 

 

Sankoff and Blanchet note that their hopes for a good prediction of function are 

not consistent, which would require large data (relative to genome size). Simulation 

studies show that the method performs poorly for small genomes, but performance 

increases rapidly as genome length increases. This approach is thought to be particularly 

interesting when larger genomes (possibly eukaryotic nuclear genomes) are being 

processed because the computational problem does not increase as the length of the 

genome under analysis increases (48,49). 

 

3. Bayesian Analysis: Another method based on the Bayesian inference model to solve the 

genome-wide phylogeny problem was proposed (45).  In the general Bayesian 

framework, each measurement, observable or unobservable, is considered a random 

parameter with an associated probability. If the ratio associated with each parameter is 

known (or can be calculated), then it is just mathematical information to give the 

distribution of the parameter we need, given the values of the parameters. This is done 

using Bayes theorem (46). 

 

 With an appropriate model of how the genome is analysed based on the unknown 

(and some prior classification for each unknown variant of interest), we can explore the 

classification of unknown abnormalities based on the analysis of each genome (47). 

 

But tree topology is not a simple code, and neither is the genome itself. Therefore, 

the probability distribution can become very complex and require Monte Carlo 

simulations to solve. Presented a simple case based on gene ordering and used this 

method to find the relevance of phylogenies to qualitative data (48). 

 

4. Statistical Analysis: Phylogenetic analysis of organisms is not fair in all cases, but many 

tests and methods have been prepared and used to test trees formed by molecular 

sequences. Many of these methods can be used to study genomic trees if there is a way to 

transfer new data from old data. If we have a set of independently evolving sources (as in 

molecular arrays), nonparametric bootstrapping will work; where it is taken as basis and 
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replaced with the original data to create a new data set. This approach can be easily 

adapted to any type of data that can be expressed in a suitable format (see Binary Coding 

section above). But it is difficult to see how gene order could be changed (49). 

 

The pocket knife method can be used to combine genes. Here we sample part of 

the text without modification to get a new set of changes, even though it is clear that the 

recycled data is not the same size as the original data. The confidence level provided by 

SHOT package 
45

 uses this model to sample three-quarters of orthologous families to 

generate new data (50). 

 

If we have a sample of what the data looks like, entire gene sequences can be 

resampled using parameter bootstrapping, which is an option for resampling any dataset. 

We can create new data using trees estimated from old data, but these should be 

approached with caution, as using the predictions and models we show new errors versus 

using standard (non-parametric) bootstrap systems This error may not occur (51). 

 

5. Phylogenetic Studies: All the analyses we have discussed so far assume that 

phylogenetic trees adequately represent evolutionary history. This is not necessary, 

especially when dealing with whole genomes, especially prokaryotic genomes. In this 

case the most general acyclic network should be used to represent the transition (51). 

 

Now, segmentation plot 
46

 represents phylogenetic inconsistency by showing that 

the same data sets support potentially incompatible species groupings. These can also be 

used to identify common occurrences in individual molecular sequences and can be used 

to represent areas where the phylogenetic tree is inaccurate (50). 

 

Legendre and Makarenov developed a method to add more edges to adjacent joins 

to create a “mesh graph” and thus improve the fit of the distance matrix. They are used to 

describe many different things. Makarenov developed the T-Rex software to create 

network graphs from distance matrices (51). 

 

For further information, a special issue of the Journal of Taxonomy is devoted to 

the topic of evolutionary relationships between representations of networks, although 

often not in the context of whole genome evolution (52,53). 

 

VI.  FUTURE ASPECTS 

 

Various experiments have been proved that use genome-level data for the analysis of 

evolutionary relationship by using different methods as discussed above. Comparisons of 

gene expression are becoming more common and are being done across many different 

databases. Comparison of genes raises broader questions, and although techniques for gene 

sequence analysis are available, their benefits has far away been restricted to small size 

genomes Binary Coding, usually bacterial or endosymbiotic genomes.  

 

Most of the above methods require the genome to be encoded as a set of known 

genes, but all known genomes are now exceptions to this rule (especially in the case of 

eukaryotic nuclear genomes). Perhaps the most important thing is to focus on the information 

we currently have or will have in the future. These will be in various states of completion, 
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ranging from whole genome alignments (mostly bacterial, prokaryotic, or endosymbiotic 

genomes, although some may include eukaryotic nuclear genomes) to a section or map of 

various species. 

 

Gene expression and analysis of gene expression rely on the success of identifying 

orthologous genes in most taxa and large evolutionary gaps that have been confounded by the 

evolution of genes. Identification of orthologs is usually done by performing all-to-all 

BLAST or other similar searches and grouping them together by cluster analysis based on the 

results. This method is not error-prone, so it is important that genome-wide phylogenetic 

analysis methods are robust to missing or inaccurate data. They also need to be robust to the 

use of inappropriate models because the mechanisms of genome evolution are not 

understood. Researchers addressed this issue during GRAPPA testing. 

 

Further studies are needed to evaluate the value of phylogenetic information obtained 

from genome-scale comparisons. More testing is needed to determine the best way to remove 

it. Additionally, to increase the likelihood that phylogenetic measures will be useful, we must 

conduct more rigorous analysis to determine their accuracy and reliability. 
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