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1.ABSTRACT

The standard theory of evolution by Darwin attributes the development of all complexities
manifested by different life forms to forces of natural selection and survival of the fittest. It also
states that the need for adaptation to survive and produce off springs has caused the life to
develop from low complexity single cell organism to multi cellular highly complex human being.

But in this thesis we argue that if in fact natural selection shapes different forms of life then life
must have devolved from higher complex form to the lower complex form. The major premise
being losing complexity improves your chances at survival. We try to prove it through
documenting various kind of evidences through examples. Moreover an experiment has been
carried out in which we determine the positive selection between Pan troglodytes and Homo
sapiens house keeping genes.

The house keeping genes were tested using Codon based z -test of positive selection by forming
a pipeline through MEGA software. A test hypothesis was alternative hypothesis : dN(rate of
non synonymous substitutions per non synonymous site) > dS(rate of synonymous substitution
per synonymous site) was tested against the alternative hypothesis. dN > dS is condition for
positive selection. For all the genes the hypothesis was not rejected i.e. alternative hypothesis of
positive selection was not selected. This suggests that our genes are not under positive selection
as suggested by Darwin theory of evolution.
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2.INTRODUCTION

“The origin of life on the earth has been one of the most outstanding problems in science.
Although it is still a formidable problem, with the development of molecular genetics there is a
much better hope that substantial progress will be made in the near future. I imagine that in the
coming century, studies on the origin of life will become more popular and will be regarded as a
more respectable field than it is now. “ — Motoo Kimura (The neutral theory of molecular
evolution and the world view of the neutralist).

With this view in mind we suppose that we should not adhere so rigidly to Darwin theory of
evolution as far as origin of life and tree of life is considered. Hence inquiry into evolution and
origin of life is not obsolete. Indeed it is contrary, as it is the beginning. Such studies shall shed
light on big questions like who we are or from where we have come from, the process through
which we are the way we are and finally what shall be our future or where are we heading to.
The problem of origin of life thus should be taken as a complete field in itself and inquiries
should be made in it,not to find an immediate solution but as a small step towards development
of this field.

Many a times, a look forward to future can provide us clue to the journey of past to the present.
Just imagine some thousands years down the lane - whom do one reason to inhabit the earth?
Would the only survivors will be these simple single cell organism like bacteria and virus or the
complex organism like Elephants and Tigers?. If we have a good chance of bacteria being the
survivors then perhaps the life on earth is becoming only less complex.

This theory of devolution proposes that life came into being with highly complex body and most
lowly developed brain. Now in order to survive this life form shall had taken one step towards
either increasing its brain complexity or losing its body complexity or both. And in this process
should have formed various creatures and species with intermittent brain and body complexity as
survival and chance would have allowed them. The Homo sapiens are towards one end of the
chain where they maintain high body complexity through high complexity brain. While bacteria
or virus on the other end, where they have lost the whole body complexity to become most
simple organism in order to survive. It is like body and brain maintain a balance together.




LLow complexity Brain Q

High complexity body
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Fig 1. Showing either of the two ways of survival. Either increase the brain complexity or
decrease the body complexity or do both in order to survive.




3. REVIEW OF LITERATURE

3.1 Less is more hypothesis

This hypothesis is coined by Maynard V. Olson. Through this hypothesis he proposes a testable
view that gene loss is a major motif of molecular evolution (Olson, M.V., 1999). This is carried
out by taking several examples from mice, yeast and human genomes that support adaptation and
survival through gene loss.

3.1.1 Selection for Year-Round Fecundity in Mice

This hypothesis is made concrete by observing the difference between the reproductive behavior
of wild and laboratory mice. Wild strains of Mus musculus, the species from which the
laboratory mice were derived, show a seasonal manner or pattern of reproduction. These wild
strains show the similar diurnal cycles of melatonin synthesis that occur in the pineal gland as
shown nearly by all mammals that have central role in the regulation of seasonal
reproduction.'(Tamarkin et al 1985). This mechanism is evolutionary conserved, this mechanism
monitors the changes in the length of daylight and adjust the reproductive behavior accordingly
in that response. As this is evolutionary conserved mechanism it must be the ancestral state. But
when we study the laboratory mice whose reproduction is uncoupled from seasonal change it
now show know pineal-melatonin synthesis. This feature is because of the occurrence of
recessive mutations in two genes, which code for the two enzyme required for the conversion of
serotonin to melatonin. (Ebihara et al. 1986; Goto et al .1994). A plausible hypothesis is that
these mutations due to selection for trait of unregulated breeding, a highly desirable
characteristic of domesticated mice.

In Humans, the instances of adaptive gene loss included Duffy-negative blood group and its
relationship with resistance towards Plasmodium vivax(Tournamille et al., 1995). This involves
loss of chemokine receptor that are essential for entry of the pathogens into target cells. In this
example, there is the occurrence of recessive mutation in a promoter element required for
expressing the receptor DARC in erythroid lineages. In some regions of western Africa, there is
100% allele frequency of Duffy-negative mutation.

The strength of this hypothesis is that it can be readily tested apart from the fact its genetic
plausibility. The testing of this loss-is-more hypothesis rests on the ease with whch gene loss
mutations could be easily recognized through sequence analysis. Many human genetic diseases,
as phenylketonuria, cystic fibrosis, some types of breast cancer 1 that involve early onset of
BRAC1 and BRAC?2 genes, seem simply to require loss of the relevant gene function (Olson. M.
V., et al., 2003). Existing data that proves less is more hypothesis are indeed good but are
limited. The best described differences between Homo sapiens and Pan troglodytes adhere to this
hypothesis. The example of it is in one major biochemical difference that humans cannot
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synthesize a form of the cell-surface SALIC ACID called N-glycolyl-neuramininc
acid.(Muchmore, E.A., 1998).

3.1.2 Gene losses during Human Origin

A study has been conducted that checks whether there is process of adaptive pseudogenization
involved with human origin (Wang, X., et al., 2006).The adaptive pseudogenization would
actually mean selection by loss of genes. A comparative genomic analysis was carried out to
identify 80 non processed pseudogenes that got inactivated in Homo sapiens after its separation
from chimpanzee lineage. The functions involving chemoreception and immune response were
found over representing. However to study adaptive pseudogenization the focus was on
CASPASE12 gene, a cysteinyl aspartate proteinase that participates in inflammatory and innate
immune response to endotoxin. Through population genetic evidence it has been found that there
is nearly complete fixation of a null allele at CASPASE12. And this process is being driven by
positive selection as null allele would provide protection against sepsis. It was also estimated that
pseudogenization of CASPASE12 started shortly after out-of-Africa migration of Humans.
Intrestingly, two more genes that were also associated with sepsis were also pseudogenized in
humans. Thus the identification and analysis of human —specific pseudogenes open the door for
understanding the roles of gene losses in human origins, and the finding that gene loss is in itself
an adaption that supports “less-is-more” hypothesis.

The gene loss hypothesis is particularly more intriguing in human evolution, many gene losses
have been proposed that provide adaptations and are responsible for specific human phenotypes.
As, the pseudogenization of MYH16 in human is responsible for reduction in the size of hominin
masticatory muscles that provided space for brain size expansion. Hence it is fascinating to
identify and analyse all of the human-specific gene losses i.e. the gene losses that occurred after
the human-chimpanzee divergence event. In this study this would the gene loss may have
occurred independently in other species also except chimpanzee. First step is the identification of
human — specific gene losses by the comparison of human nonprocessed pseudogenes with the
chimpanzee genome sequence. Such human specific pseudogenes were formed after the
separation event of human — chimp in the last 6-7 million years(Brunet, M., et al., 2002).

The genome of human has abundance of pseudogenes.(Zhang, Z., et al., 2003)but most of them
are found to be processed. Processed pseudogenes are DNA sequences that are reversed
transcribed and then randomly inserted in the genome.( Torrents, D., et al., 2003) Such genes
never had any function and hence eliminated from the study. In contrast, nonprocessed
pseudogenes are those sequence that once had a function but now have their coding sequence
interrupted. But many of these non processed pseudogenes are formed after event of gene
duplication to avoid genetic redundancy. (Zhang, J., 2003) .

Thus such nonprocessed genes also won’t have any functional evolutionary consequences. Hence
the study takes only those human specific nonprocessed pseudogenes that do not result from
human specific gene duplicates.
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The study identification of pseudogenes that are human specific give information about evolution
of human specific features. There is overrepresentation of genes involved in the chemoreception
and immunity that had gone pseudogenized in humans. This indicates substantive changes in
these two areas of physiology in course of evolution of Homo sapiens. The study should be
better completed by also analysing non processed chimpanzee specific pseudogenes. However
due to lack of accuracy in sequencing of chimpanzee genome it was not possible.

3.2 Implausible nature of Darwinian Evolution in practice

Darwin theory of evolution seem quite plausible at morphological level. The gaining of new
morphology or phenotype by addition of slight variations in phenotype of the species looks
reasonable. But a further inquiry at genetic or protein level opens the huge complexity involved
that would be required to gain a new characteristic. It has been shown that the vast majority of
possible protein sequences formed for a given size shall be unstable and cannot be maintained
inside the body of living organism. Let apart being functionally beneficial.(Durston, K.K. et al. ,
2007), (Bowie, J.U. et al., 1989), (Bowie, J.U. et al. , 1990), (Reidhaar-Olson, J.F. et al. , 1990),
(R.T. Sauer et al. , 1989). Take a comparatively small protein sequence of 150 aa in length. The
total number of sequences that can be formed by random permutations and combinations shall be
20150. Out of these total possible structures how many protein sequence can possibly produce a
stable protein, let apart a beneficial function. Experimental studies have shown that only 1 in
1074 sequences of 150aa in six are capable for the formation of a stable protein and this ratio
decreases exponentially with increase in size of the protein. (Thirumalai,D., et al., 1999),
(Meyer, S. C. , 2014). To produce a functional protein the ration becomes 1 in 1077 protein
sequences.

When one starts to consider the protein that require above 1000 aa with an average degree of
specificity, then the least distance between this protein and the next functional protein evolved
from this protein would be 150 aa non selectable modifications. (Sean Pitman, 2010). It means
that it would take around 150 modifications on average in a protein of size 1000 aa to produce a
new protein carrying a new function. So how much time it would take to bring 150 non
selectable mutations within a large population. Now total number of bacteria that are on earth is
1e30 and the total number of living organism that ever lived on earth are less than 1e70. (Meyer,
S. C. , 2014). To carry 150 mutations, the search space sixe is 20*° = 1e195. , that would bring
a new function to a 1000 aa long sequence. Now if we assume that a random mutation occur
every 30 minutes in every one of our organism , then it would take 1e140 years to achieve
success to bring new function in one protein — a huge amount of time.

3.2.1 Irreducible complexity
Darwin himself acknowledged that - "If it could be demonstrated that any complexorgan existed

which could not possibly have been formed by numerous, successive, slight modifications, my
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theory would absolutely break down.” In this light comes the concept of irreducible complexity
(Behe, M. J. , 2009). By irreducible complexity it is meant that there is a single system that is
formed or composed of several interacting parts that together contribute to a single basic function
and the removal of any one of the part shall cause the cease of function of the system.

There are as such many examples of biological complex system but most famous is the bacteria
flagellar motility system. It consists of 50 genes that include genes for the sensory apparatus that
turns flagellum clockwise or anti clockwise according to the environment and 40 other structural
genes that builds the whole flagellum. The DNA required for building of flagellum is over 10000
codons. (Macnab, R. M., et al., 1999). And this requirement is irreducible in order to attain the
function of flagellar motility. The argument is that how can nature bring all the parts together
gradually when the system does not work until all the parts are in their unique place at the same
time.

3.2.2 Evolution of TTSS system

Dr. Kenneth Miller proposed that the Type 111 secretory system (TTSS : is a toxin injector) is the
argument that goes against the concept of irreducible complexity as forwared by Michael Behe.
(Pallen, M. J., 2009). It is argued that the TTSS system demonstrates that how the complex
system like that of flagellar motility system comes to existence from the smaller simple systems
like the TTSS. TTSS ‘s 10 protein parts are found to be contained in the 50 or so protein parts of
the flagellar motility system. But it turned out to be the other way round — that is a form of
devolution and not evolution. The question that arises is which system has evolved earlier ? The
simpler TTSS system or the complex system of flagellar motility. It can be reasonable predicted
that actually the simpler TTSS system evolved or rather devolved from the more complex
flagellar motility function.

1. Bacterial flagellum is found in many different kinds like mesophilic, thermppbhilic,
spirochete, gram-negative and gram-positive bacteria but TTSS are only found in certain
gram negative bacteria only. TTSS system is restricted to only pathogenic gram negative
bacteria that attacks animals and plants and obviously animals and plants are believed to
be evolved after million of years of evolution of flagellar motility system of bacteria. (He,
S.Y., 1998.)

2. The GC content of TTSS genes is typically low then the GC content of surrounding
chromosome. Moreover TTSS genes are found commonly on large virulence plasmids
suggesting their spreading by horizontal gene transfer. (Kim, J. F., 2001)

3. Moreover TTSS system show very little homology with any other bacterial transport
system. The observations points that the TTSS or anything homologous did not exist in
pre fagellar time . Therefore TTSS should have arisen from the complex flagellar motility
system by the removal of other parts.( Sukhan, A., 2001), (Plano, G. V., et al. , 2001),
(Nguyen, L., et al., 2000.)

3.3 Various other examples supporting theory of devolution
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Example of Cancer

Activation of EGFR related pathways induces genes implicated in tumor progression. While
removal or blocking of these pathways would mean better survival as this would prevent cancer
to occur. Infact we already have in place the EGFR targeted therapies ( eg. Cetuximab for colon
cancer) block the activation of this signaling pathway. (Lievre, A., et al., 2006).

Example of AIDS

Clinicians have noticed that a small fraction of people engaged in high risk behavior did not
develop AIIDS. The reason deduced is the functionality of co receptor of CD4 being lost. As
HIV binds to CD4 and its co- receptor, the loss of co-receptor would mean that HIV won’t be
able to bind and hence enter inside the cell to cause infection. (Libert ,F.,et al. 2002 ), ( Sephens ,
J.C. etal .1998)

Example of Malaria

Haemoglobin mutation at position 6from glutamine to valine, helps to prevent malaria.(Fairhurst,
R. Metal., 2005), (Luzzatto, L., 2012).

The above example, one may argue that does not support the corollary that addition of proteins
or pathways would cause disease. True enough. But the point is we don’t have single example of
addition or formation of new proteins to prevent diseases. And similarly we see that removal of
proteins or pathways is preventing diseases, although not always, but it does. The losing of
protein functionality cause disease but that has no relevance to evolution. The only deduction is
thus, that reduction in total protein complexes of the organism has prevented it from diseases and
given it a chance to survive.

With no proper evidence of past, the only phenomena that pro Darwin theory people cite is the
bacterial strains getting drug resistance. The argument is that variant bacteria that are resistance
to drug are being selected and this is evolution. Quite true that they are selected, but have they
evolved or devolved. See the example with genetic and molecular mechanism of the drug
resistance by M Tuberclosis.

Drug Resistance of M. Tuberclosis — The insertion sequence 1S6110 has been associated with
new resistance emerging through the inactivation of critical genes. Transposition of the insertion
sequence 1S6110, was identified in the pncA gene from 19 pyrazinamide-resistant
Mycobacterium tuberculosis strains. Alignment of the PncA protein from homologous proteins
from different bacteria species revealed three highly conserved regions in PncA which play an
important role in the processing of pyrazinamide. (Kim, H. J., et al. , 2012).

Low occurence of Cancer in Chimpanzee

Cancer is one of the major disease in modern societies. But, the occurence ofthis disease in non-
human primates is very low.The availability of the chimpanzee genome sequence gives an good
opportunity to find the genetic basis for the biological differences between Homo sapiens and
our most closely related organism .(Mikkelsen TS, et al. , 2005) An striking finding in this regard
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is the observation that non-human primates show a lower incidence of cancer than humans.(
Varki, A. ,2000). ( Beniashvili DS, 1989).

A study was carried out to find whether the genetic differences between human and chimpanzee
genome is the reason causing low susceptibility of cancer in chimps. Examination of a set of 333
human cancer genes with its orthologous genes in chimpanzee was carried out.

If we count the number of nucleotide differences between human and chimp at BRCAL , it is
very few. The number of nucleotide differences between human and chimpanzee sequences at
the BRCAL is low and difference percentage is 1.15%. However, humans and chimpanzee
sequences differ by an 8 Kb insertion/deletion within the partially duplicated region. NBR2 gene
is prematurely truncated due to this 8 KB deletion. The sequencing of the BRCA1 gene has
revealed an 8 Kb deletion in the chimpanzee sequence that would prematurely truncate the co-
regulated NBR2 gene (Puente, X. S., etal. , 2006).

Crippling of APOC3 cut heart disease risk by 40%

By studying and mining the DNAs of thousands of patients, researchers at the Broad Institute,
Massachusetts General Hospital found the gene mutations significantly reduce a person’s risk of
coronary heart disease by lowering the levels of triglycerides, a type of fat in the blood.

The four rare mutations all cripple the same gene, called APOC3. The APOC3 protein is mainly
made in the liver and pours out into the blood stream.

There, it is thought to prevent the removal of triglyceride-rich lipoproteins from the blood in a
few distinct ways, particularly by delaying their clearance following a meal.

This is the most recent study published in June 2014 in the New England Journal of Medicine.
The scientists analysis more than 110.000 patient samples and genotyped their necessary parts of
APOC3 gene. A comparison was made between the heart attack rates in those patients that
carried the mutations and those without the mutations.

It study found that there is 40% lower risk of coronary heart disease in the people who carried
the mutations that crippled the activity of APOC3 gene. Hence, suggesting inhibition of APOC3
as a new potential strategy for therapeutic development (Geach, T. , 2014), (Jgrgensen, A. B.,
2014).
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3.4 Neural Theory of Evolution

As against the Darwanian theory of evolution using natural selection, the neutral theory of
evolution gives emphasize on the value of random genetic drift and the mutation pressure as the
main thing causing molecular evolution.

When the neutral theory was proposed (Kimura, M., 1968), the data that was available consisted
of sequences of amino acids of only few protein in related organism, as haemoglobin sequences.
The examination of neutral theory was thus restricted due to limited availability of DNA data.

This situation would change with the emergence in huge amount of DNA sequence data to
perform experiments to validate the neutral theory. This DNA data came through development of
new sequencing techniques.

According to the neutral theory, most of the mutant substitution causing evolution at the
molecular level were done by random fixation, through sample drift of neutral mutants
(selectively neutral to be precise) being under continued mutation pressure. (Kimura, M., 1983)

It is quite in contrast with the neo-Darwin or synthetic theory of evolution, which says that
positive natural selection causes the spread of mutants within the species.

The neutral theory also propounds that intra specific variations produced at the molecular level is
selectively neutral. This variability is maintained within the species by creation of a balance
between mutation input and the random extinction of that mutation.

In other words, the neutral theory regardsprotein and DNA polymorphisms as a transient phase
ofmolecular evolution (Kimura, M. et al., 1971). The neutral theory rejects the idea of majority
of polymorphisms being adaptive and that they are maintained actively in the species through
some act of balancing selection.

The neutral theory is apart from other traditional theories of evolution in the fact of it being
quantitative- there are formulae for such quantities - as the rate of evolutionand the amount of
intraspecific variability. Moreover the validity of the formulae by comparing theoretical
predictions with actual data can be checked.

First, let usconsider a process which is cumulative, in whichneutral mutants are getting
substituted sequentially at a site by the continued input of new mutations through random genetic
drift. Then we have this formula, for the rate of evolution pergeneration -

Kg= Vo, [1]

where Kgrepresents the long-term average per generation ofthe number of mutants that spread
through the populationand Vo is the rate of production of neutral mutants per locus(or site) per
generation.

A property of neutral mutations that long term mutation substitution rate is equal to mutation rate
is the basis of the above equation.
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If we denote by Vthe total mutation rate, and if f, is thefraction of neutral mutations at the time
of occurrence, sothat

fo = Vo/V, then Eq. 1 may be rewritten as
kg = VTfo. [2]

Now, beneficial mutations can occur, but the neutral theoryassumes that they are so rare and
therefore they can be neglected inour quantitative consideration. Thus, (1 - f,) is representing that
fraction of definitely deleterious mutants which are removed or eliminatedfrom the population
and had not contributed to either evolutionor polymorphism, even when the selective
disadvantages involved arevery small. The above formulation is so remarkable simple in the fact
that the evolutionary rate (on the long-term basis) is independent of population size and
environmental conditions of each organism.

In studies of molecular evolutionary, it is routine to measure the evolutionary rate in terms of
years (i.e., the unit length of time is year) and not in terms of the generations.

Therefore, it is relevant to modify Eq. 2 so that it provide theevolutionary rate per year.
ki = (V/g)fo. [3].

In the above equation g stands for the generation span (in years),and V+/g is the total mutation
rate per year.

Evolution of DNA Sequences

It is now quite established as a fact that synonymous base substitutions that do not cause change
in amino acid are occurring at much higher rate in evolution that the non synonymous
substitution that are amino acid altering. Moreover it is now also established that substitutions
occurring in the region of intronic region occur at rate equal to higher than the synonymous
substitution rate.

When we consider the fact that natural selection acts upon the phenotype of the organism, these
observations that are inclined towards the more occurrence of synonymous and other silent
subsitutions suggests that the molecular changes that are less likely to become the subject of
natural selection occur more rapidly in evolution. Now, such molecular changes have the higher
chance of being selectively neutral and hence can be better explained by neutral theory.

Neutral Theory predicts that the maximum evolutionary rate is set by the mutation rate (ky<= Vr)
and maximum rate will be attained when all the occurring mutation would be selectively neutral.
(fo = 1). This point is validated through the discovery of high evolutionary rates in the psedo-
genes. (Miyata T. et al.,1980) has showed this by doing a careful study of the evolutionary rate
of pseudo alpha — globin gene in the mouse. Another study including a statistical analysis of the
evolutionary rates of pseudo genes is carried out by (Li et al., 1981). An interesting fact is
revealed by these studies. It is that the rate of substitution are equally high in all three codon
positions. The estimated rate of substitution in globin pseudo genes is ~ k = 5 * 10
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substitutions per nucleotide site per year in mammals. Now this is almost twice higher than the
rate of substitution at 3™ codon position in normal globin genes(most of which are
synonymous).This implies that the rate of synonymous mutation is subject to weak negative
selection. It is therefore evident that pseudo genes are liberates from the constraint of negative
selection and can thus accumulate deletions and additions at much higher rates.

3.5 Story of evolution of Humans from Chimpanzee

About ten million years ago, In Africa there used to be quite a wetter climate than what we have
presently. (Brunet, M., et al., 2002). From, Atlantic to Indian Ocean there was an unbroken piece
of low land covered wholly with Tropical rain forests. Starting from eight million years ago, the
Africa was split into two due to development of tectonic forces. An east African rift valley was
formed. An uplift was formed due to the tectonic forces that hindered the easterly flow of the
rain clouds i.e a rain shadow area was formed over east Africa. East Africa started to become
dry.

These geological occurrence of events has caused the split of the common ancestors of modern
chimpanzee and Humans into two geographically separate populations. One of the part of the
population remained in wet, west Africa while the other in dry east Africa rift valley. This other
part of population of dry East Africa, started to adapt to increasingly open and dry habitats of
east and north central regions of Africa. This group of east Africa eventually evolved into
modern Humans of today. (Alles, D. L., et al., 2003).

3.6 MEGA

Availiabilty : http://www.megasoftware.net/

The molecular evolution genetics analysis (MEGA) tool is an integrated software or suite that
performs statistical based test on comparative analysis of molecular sequence data and is based
on the evolutionary concepts. (Kumar et al.2008; Tamuraet et al.2011). This software is widely
used by the biologists for reconstruction of evolutionary history of the species and to find the
extent and nature of selection forces that have shaped the evolution of species and genes. MEGA
is widely used as a tool in evolutionary bioinformatics.

MEGA key feature include its Graphical User Interface (GUI), which provides visualization in
detail and good exploration of sequence data in interactive way, phylogenetic trees and other
analysis results. With increasing popularity and usefulness of MEGA the use and need of users
requires multi-gene and genome-scale data analysis. This requires high throughput analysis. For
this purpose, MEGA has re-engineered its source code i.e. computational core — which
implements the algorithms for all analysis in MEGA,and now provides it as an stand alone
program. And can be executed through command line by use of scripting language as perl.
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MEGA-CC comes with MEGA-Proto. MEGA — Proto allows the generation of a configuration
file. It ask the user to provide parameters for the analysis and it is the mirror of the GUI based
MEGA application. As soon as the user is done with the selection of parameters and
configuration, this selection is saved as the file. Using the MEGA-Proto application, the user first
generates an analysis options file that specifies the chosen settings for the substitution model,
genetic code table, gaps/missing data treatment, distribution of rates, topology search approach
etc.

The analysis options file made by the MEGA-Proto has to be saved on the disk. Once this is
done we can now execute MEGA-CC to perform our required task. There are many options for
processing of the alignment files. MEGA-CC provides a simple method of ‘File Iterator’ system.
File Iterator will search in the user specified directory for the input files and choose all the
compatible files and process them iteratively.

Alternatively we can provide a text file for ‘File Iterator’ system which should contain the list of
names of all the input files. But in order to use this feature, the user will have to launch MEGA-
CC executable from a command prompt along with the appropriate parameter flag, and pass it a
directory name or the name of a text file which lists all target input files. Alternatively, the user
can generate their own script that iterates over the names of the alignment files and launches the
MEGA-CC executable for each file. Supported input data files for MEGA-CC are FastA and
MEGA files for sequence data, Newick files for phylogenies and MEGA files for distance
matrices. Choose the desired settings in this dialogbox and saves them into the analysis options
file in an appropriate directory for use with MEGA-CC.

& MEGA 6.06(6140226) s @ %
£ ki A S e e (s
Aign Modes  Dstance  Diversty  Phylogeny UserTree  Ancestors Selecton  Rates Cocks | Diagnose
@ e = = <] 9 P &
First Time User B s Citation DOt Bux Updates? ‘ool references

Fig 2: View of MEGAG6 — GUI home page.
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3.7 Background of the experiment

Non synonymous substitutions are those nucleodite substitution that produce change in the codon
in a manner that it now codes for a different amino acid and are hence subjected for evolution
selection. While synonymous subsitutions do not produce amino acid change. Synonymous
subsitions are hence neutral as they do not bring any change in functional unit i.e. protein.
Therefore synonymous substitution always occur as neutral rate because they are not subject to
selection forces of nature. Hence if dN > dS , then dN/dS > 1, it means that non synonymous
mutation are being fixed at a rate greater than that of synonymous mutations, hence there is
occurring a positive selection. Similarly if dN < dS, then dN/dS < 1, it means that rate of non
synonymous mutation is less than that of synonymous mutation which means that non
synonymous mutations are deleterious and hence being eliminated by nature. This is called
purifying selection. And similarly if dN/dS = 1, then no selection is under way and hence this is
in accordance with kimura’s neutral theory of evolution. (Yang, Z., 1997 ; Zhang, L., et al.,
2005)
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4 MATERIAL AND METHODS

1- Went to www.tau.ac.il/-elieis/HKG website to collect all housekeeping genes of Homo
sapiens. (Eisenberg, E. et al, 2013)
2- The file contains the gene symbol and RefSeq id in tab separated format.

7 HK_genes.txt (OS_Install (C:) \Users\prateek\Desktop) - gedit
File Edit View Search Tools Documents Help

DBEB-vd el @& 8B N 2

HK_genes.tt 3¢ |

paas NM 015665
AAGAB NM_024666
ARMP NM_001087
AAR2 NM_015511
AARS NM_001605

ARBRS2 NM_020745
AARSD1 NM_ 001261434
AASDHPPT NM_015423
AATF NM_012138
ABCB10 NH_012039
ABCB7 NM_004299
ABCD3 NM_002858
ABCE1l NM_OOZQQO
ABCF1 NH_001090
ABCF2 NM_005692
ABCF3 NM_018358
ABHD1O NM_018394
ABHD12 NM_015600
ABHD13 NM_032859
ABHD14A NM_ 015407
ABHDl16A NM_021160
ABHD4 NH_022060
ABHD8 NM_024527
ABI1 NM_005470
ABT1 NM_013375
ACADS NM_014099
ACADVL NH_OOOOlB
ACAP3 NM_030649
ACBD3 NM_022735
ACBDS NH_145698
ACBDé6 NM_032360
ACIN1 NM_014977
ACLY NM_001096
ACOT13 NM_018473
ACOTS NH_005469
ACOT9 NM_001033583
ACOX1 NM 004035
ACOX3 NM_ 003501




Fig 3 : File HK_genes.txt containing the Gene name and Ref_seq id in tab separated format.

3- Wrote perl script 1 (see appendix) to take only the second column having just the RefSeq
ids of the human house keeping genes.

"7 HK_genes_refseq_ids (Data (D:) \project) - gedit

File Edit View Search Tools Documents Help

DE-JB &8 &% B e B

1

1 HK_genes_refseq_ids ¥ ]

NM 015665
NM 024666
NM_001087
NM 015511
NM 001605
NM_020745
NM 001261434
NM 015423
NM 012138
NM 012089
NM 004299
NM 002858
NM 002940
NM 001090
NM 005692
NM 018358
NM 018394
NM 015600
NM 032859
NM_015407
NM 021160
NM 022060
NM_024527
NM_005470
NM_013375
NM 014049
NM 000018
NM 030649
NM_022735
NM 145698
NM 032360
NM_014977
NM 001096
NM_018473
NM 005469
NM 001033583
NM 004035
NM_ 003501

Fig 4:- File HK_genes_refseq_ids.txt formed after parsing HK_genes.txt
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10-

11-

12-

There are total of 3805 human house keeping genes in the list. Now converted these total
3805 genes in text file each containing 500 ids because Genbank can accept 500 ids given
together. This was done using perl script 2 (see appendix) .

Pasted the Refseq ids in NCBI nucleotide database search bar, 500 ids together at a time
to get nucleotide sequences for the 3805 human house keeping genes. Downloaded all the
sequences by going to download tab.

Installed BioPerl module of the perl. Typed CPAN Bio::Perl to install BioPerl on
Command Prompt with access to internet.

Installed module to access BLAST remotely from the local system. Typed
Bio::Tools::Run::RemoteBlast on cmd to install this module on the system with access to
internet.

To check whether the module is installed correctly on the system , typed the following
command on the cmd window —

C:\> perl -MBio::Tools::Run::RemoteBlast — 1

Used to standard module Bio::Tools::Run::Remote blast for getting the homologous
sequences of Human house keeping genes in Pan troglodytes.

Now had files for all the Homologous sequence pairs between Homo sapiens and Pan
troglodytesthat are for human house keeping genes. For some genes a relevant

homologous sequence was not found in Pan troglodytes.

As MEGA do not accept very long identification line , Wrote a perl script -3 (see
appendix) to cut short the first identification line upto RefSeq id.

Converted the text files into fasta format as MEGA accepts only fasta format for the
alignment . Wrote perl script 3 for it (see appendix).

23




“seqdump (20t ¥ ’

>g1|331999976 | ref |NM 013375.3| Homo sapiens activator of basal transcription 1 (ABT1), mRNA
AAGGCACTTTACGGCCETCGTGCCGCTCETGTCAGTCAACAT GEAGGCAGAGGAATCGEAGAAGGCCGCA
ACGEAGCAAGAGCCECTGEAAGGCACAGAACAGACACTAGAT GCARAGCAGCAGCAGEAGGARTCCCAAG
AAGCGGCCTGTGGCAGCAAGARACGGETACTGCCAGGTATTCTGTACCTGGGCCATATCCCGCCECGCTT
CCGGCCCCTGCACGTCCGCAACCTTCTCAGCGCCTATGGCCAGRTCGGACGCGTCTICTTTCAGGCTGAG
GACCGGTTCCTGAGACGCAAGAACARGECAGCAGCAGCTGCCAEAGCARAAARGCGETCCTACACCAAGE
ACTACACCGAGGGATGGETGEAGTTCCETGACAAGCGCATAGCCARGCECETGGCGECCARTCTACACAR
CACGCCTATGGETGCCCGCAGGCGCAGCCCCTTCCGTTATGATCTTTGGAACCTCARGTACTTGCACCET
GGCCGATGGGEACCCTGCTCGCCCAGATGECTCCTGGACATTTGCCCAGCGTCCTACTGAGCAGGRACTG
AGGGCCCGTARAGCAGCACGGCCAGGGEEACGTCAACGGECTCECCTGECAACTGCCCAGGACAAGGCCC
GCTCCAACAAAGGGCTCCTGECCAGEATCTTTGEAGCCCCECCACCCTCAGAGAGCATGEAGGEACCTTIC
CCTTGTCAGGEACTCCTGAGGGCCTGEETGECCCCTTCCATTTCCTGGCCCTGCTCTGCTICCTGICTAC
CTCATACTAGAATGATCGTGACTACCCGGGCAGACATTTTACTGTGTTTICTCAGACCAAGTGTCTACTGA

............................................................... TAATTIC
TGTTTGCTIGIGCTGTTIGTTTTTGITTTTCATCTGTCAATGTGATGATCTGTGTTTTATAGGGTAGAGT
GGATTTGTCTACTTTGGCTGTAAAATACCCTARTCACATTATGATCTTGACAGETGCACTTTACTGGGGA
CAATARRRAGGACCATACGGTARR

>g1|410040395|ref |XM 001173335.3| PREDICTED: Pan troglodytes activator of basal transcription 1 (ABT1), mRNA
CTTTACGGCCGTCRTGCCGCTCGTGTCAGTCAACATGGAGGCAGAGGARTCGGAGARGECCECAACGGAGCARGAGCCEC
TGGAAGGGACAGAACACACACTAGAT GCAEAGCAGGAGCAGEAGCAATCCCARGARGCAECCTRTGGCAGCARGAAGCEE
GTAGTGCCAGGTATTGTGTACCTGGECCATATCCCGCCGCECTTCCGECCCCTGCACGTCCGCAACCTTCTCAGCGCCTA
TGGCGAGGTCGEACGCGTCTTCTTTCAGGCTGAGGACCGETTCETGAGACGCARCARCARGGCAGCAGCAGCTGCCRRAG
GEARAARGCGETCCTACACCAAGGACTACACCGAGGGATGGETGEACTTCCGTGACARGCECATAGCCARGCACATRECE
GCCAGTCTACACAACACGCCTATGGETGCCCGCAGGCGCAGCCCCTTCCGTTATGATCTTTGGAACCTCARGTACTTGCA
CCGTTTCACCTGETCCCACCTCAGCGAGCACCTCGCCTTTCAGCGCCAGGTGCGCAGECAGCGCTTGAGAGCGEAGRTTG
CTCAAGCCAAGCGTGAGACCGACTTCTATCTTCARAGT GTGEAACGGGGACAACCCTTTCTTGCGGCCCATGEEEACCCT
CCCCGCCACCCTCAGAGAGCATGGAGGEACCTTCCCTTGTCAGGGACTCCTGAGGECCTGEGTGGCCCCTTCCATTTCCT
GGCCCTGCTCTGCTTCCTGTCTACCTCATACTAGAATGATCCTGACTACCCGGGCAGACATTTTACTGTGTTTICTCAGAC
ATTTTTATTGGTGGGEAGGTCGTTGGACARGTTCCAACTTTCATCTTGTGTTCCCTTCACCTTCATATCCTGATCTTAGA
GTATTARGAGTTTTACAGGCCACTAGTATAACATAGGCATCCTGETACATGCCTATARAGGETGEAATGGEAGCCATREC

CCCATTGAGTGTAGGAARRTARTTTTTTACATCCACAATTTTGTTTCTATTTARACAGCACTTGT TTTTTTATATCAAGT
AACTCATTTARTCCACAACTATATARTATTGTTATCCCTCCATTARARCTGAGCT CAGAGAGATGACTCAA

Fig 5:- Each single file contains a pair of homologous sequence
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#] seqdump (2) fasta ¥

>gi| 331999976 |ref|NM 013375.3|
AAGGCACTTTACGGCCGTCGTGCCGCTCGTGTCAGTCAACATGGAGGCAGAGGAATCGGAGAAGGCCGCA
ACGGAGCARGAGCCGCTGGAAGGGACAGAACAGACACTAGATGCGGAGGAGGAGCAGGAGGAATCCGARG
AAGCGGCCTGTGGCAGCARGAAACGGGTAGTGCCAGGTATTGTGTACCTGGGCCATATCCCGCCGCGCTT
CCGGCCCCTGCACGTCCGCAACCTTCTCAGCGCCTATGGCGAGGTCGGACGCGTCTTICTTTCAGGCTGAG
GACCGGTTCGTGAGACGCAAGAAGAAGGCAGCAGCAGCTGCCGGAGGAARAARGCGGTCCTACACCAAGG
ACTACACCGAGGGATGGGTGGAGTTCCGTGACAAGCGCATAGCCAAGCGCGTGGCGGCCAGTCTACACAA
CACGCCTATGGGTGCCCGCAGGCGCAGCCCCTTCCGTTATGATCTTTGGAACCTCARGTACTTGCACCGT
GGCCGATGGGGACCCTGCTCGCCCAGATGGCTCCTGGACATTTGCCCAGCGTCCTACTGAGCAGGAACTG
AGGGCCCGTAAAGCAGCACGGCCAGGGGGACGTGAACGGGCTCGCCTGGCAACTGCCCAGGACARGGCCC
GCTCCAACARAGGGCTCCTGGCCAGGATCTTTGGAGCCCCGCCACCCTCAGAGAGCATGGAGGGACCTTC
CCTTGTCAGGGACTCCTGAGGGCCTGGGTGGCCCCTTCCATTTCCTGGCCCTGCTCTGCTTCCTGICTAC
CTCATACTAGAATGATCGTGACTACCCGGGCAGACATTTTACTGTGITTCTCAGACCAAGTGTCTACTGA

TOGC v 00000000 0/810,0,0.0,0000 005070 0, 0,8,0,0,0,8,8, 0508050500 8,8,0,8,0,8,8,050,8, 450,0.0/8,8,0:8,0,8,8 wioiuiaisiemiee
............................................................... TAATTTIC
TGITTIGCTTGIGCIGITTIGTITITIGITITTCATCTIGTCAATGTGATGATCTGTGTTTTATAGGGTAGAGT
GGATTTGICTACTTTGGCTGTARAATACCCTARTCACATTATGATCTTGACAGGTGCACTTTACTGGGGA
GAATARAARGGACCATACGGTARA

>gi|410040395|ref|XM 001173335.3|
CTTTACGGCCGTCGTIGCCGCTCGTGTCAGTCARCATGGAGGCAGAGGAATCGGAGAAGGCCGCARCGGAGCAAGAGCCGC
TGGAAGGGACAGAACAGACACTAGATGCGGAGGAGGAGCAGGAGGARTCCGAAGARGCGGCCTGTGGCAGCAAGAAGCEE
GTAGTGCCAGGTATTGTGTACCTGGGCCATATCCCGCCGCGCTTCCGGCCCCTGCACGTCCGCARCCTTCTCAGCGCCTA
TGGCGAGGTCGGACGCGTCTTCTTTCAGGCTGAGGACCGGTTCGTGAGACGCAAGARAGAAGGCAGCAGCAGCTGCCGGAG
GGAARARAGCGGTCCTACACCAAGGACTACACCGAGGGATGGGTGGAGTTCCGTGACAAGCGCATAGCCAAGCGCGTGGCE
GCCAGTCTACACAACACGCCTATGGGTGCCCGCAGGCGCAGCCCCTTCCGTTATGATCTTTGGARCCTCAAGTACTTGCA
CCGTITTCACCTGGTCCCACCTCAGCGAGCACCTCGCCTTTGAGCGCCAGGTGCGCAGGCAGCGCTTGAGAGCGGAGGTITG
CTCAAGCCAAGCGTGAGACCGACTTCTATCTTCARAAGTGTGGAACGGGGACAACGCTTTCTTGCGGCCGATGGGGACCCT
CCCCGCCACCCTCAGAGAGCATGGAGGGACCTTCCCTTGTCAGGGACTCCTGAGGGCCTGGGTGGCCCCTTCCATTTCCT
GGCCCTGCTCTGCTTCCTGTCTACCTCATACTAGAATGATCGTGACTACCCGGGCAGACATTTTACTGTGTITTICTCAGAC
ATTTTTATTGGTGGGGAGGTCGTTGGACAAGTTCCAACTTTCATCTTGTGTITCCCTTCACCTTCATATCCTGATCTTAGA
GCCCCCCTCCCCCTGCCACCCACCTTACTGTITTAACCTGGATTTTTTITTTICTATTTAATTTTTGTCTAATATCTTAGCCC
AGTTTATCAATCAGTTATCTTARAGTCAGCATTTTCTAAGCCATTGTTTGAGGAARCAGTGACAATAGGTAACACATCTITA
GTATTAAGAGTTTTACAGGCCACTAGTATAAGATAGGCATCGTGGTAGATGCGTATARAGGGTGGARTGGGAGCCATGGC

§,08,8)8,0,8,8,18,8,8/8,8,8.8,0,8,8/8,,8/,8/8,8,8/8/8,8,8,8,8,8,8,0,8,8,8,8,8,8/8.8,8,6,8,8,8,8,8.8,8,8,8,8/8,8,8,0,8,8,8,8,8.8,8,8,6,8,900s1 LART

CCCATTGAGTGTAGGAAAATAATTTTTTACATCCACAATTTTGITTCTATTTARACAGCACTTGTITTTTITTATATGAAGT
AACTCATTTAATCCACAACTATATAATATTGTTATCCCTCCATTARRACTGAGCTCAGAGAGATGACTCAA

Fig 6: View of file after step no. 11

13- Now our files are ready to be fed into MEGA software.

14- Downloaded and Installed MEGA-CC software. MEGA-CC is computational core

package to automate the process through command line or scripting language. MEGA
GUI has to be used manually analyzing one sequence at a time.
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15- MEGA-CC contains two application M6CC and M6Proto.
4.1 Using MEGA-CC for alignment of the homologous sequence pair

16- Opened M6Proto. This is same as MEGA-GUI except it cannot run algorithms. It is used
to save parameter settings with which you want to run the algorithm.

17- First the pair of sequences needed to be aligned. So selected the parameters for alignment
of two nucleotide sequences as shown in figure below.

18- Now saved these settings with the name —align.mao. A file is formed with the name
‘align’ and having extension .mao

& MEGA 6 Analysis Settings Prototyper | = | @& P
S e T e e o
Align Models Distance Diversity Phylogeny User Tree Ancestors Selection Rates Clocks
Specify a data type for analysis
@ Mucleotide [hon-coding) o <
# M6: ClustalW Parameters = | B x|
) Muclectide [coding]
DNA

) Protein [amino acid)
Pairwise Alignment
() Distance [MEGA format) Gap Opening Penalty 15
Gap Extension Penalty 6.66
Which data type should | select? ]
[ ———— Mulﬁple Al'gnment
Gap Opening Penalty 15
Gap Extension Penalty 6.66
DNA Weight Matrix (1us ~|
Transition Weight 0.5
Use MNegative Matrix OFF -
Delay Divergent Cutoff (%) 30

[ Keep Predefined Gaps

' Save Settings... ] [ x Cancel }

L3>

First Time User?

MNucleotide [non-codingl data specified

Fig 7:- Making the analysis settings .mao file for the alignment.
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19- Have to execute M6CC for the alignment using align.mao as parameter settings. The
command is —
C:/> M6CC.exe —a align.mao —d datafile.fasta —o outFile.meg
Where - ais the flag indicating analysis settings file , -d indicates your file that contains
data to be analysed and —o for output file. As we want output to be in .meg
extension(mega format) as input for selection test we use .meg extension in name of
output file.

c:s. C:\Windows\system?;é.\w ] (oD e

Microsoft Windows [Uersion 6.1.76001] a
Copyright {(c)> 2009 Microsoft Corporation. All rights reserved.

C:\Users\prateek>cd Desktop

C:\Users\prateek\Desktop>cd MEGA

m

C:\Users\prateek\Desktop\MEGA>M6CC.exe —a align.mao —d hi.fasta —o outfile.meg

MEGA-CC.A5 Molecular Evolutionary Genetics Analysis

Build#fi: 6131212

Alignment settings:
: DNAPWGapOpeningPenalty = 15
: DNAPUGapExtensionPenalty : 6.66
: DNAMAGapOpeningPenalty = 15
: DNAMAGapExtensionPenalty : 6.66
: DNAWeightMatrix : IUB
: TransitionlWeightNEdit : 8.5
: UseNegativeMatrix : OFF
: DelayDivergentCutoff : 30

: KeepPredef inedGaps I

: datatype : snNucleotide
: containsCodingNuc : False

: missingBaseSymhol ?

: identicalBaseSymbhol

: gapSymbol

Executing pairwise alignment

C:\Users\prateek\Desktop\MEGA>

Fig 8:- Executing MEGA-CC for alignment of input file hl.fasta

20- Now wrote a perl script 4 (see appendix) to automate the procedure of alignment for
many files.

21- Using script of step no. 20 also formed a new folder that contained all the alignment

output files with extension ‘.meg’ . See figure below to see example of output file
generated after alignment.
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4.2 Using MEGA-CC for positive selection test of the homologous
sequence pair

22- Opened M6CC-Proto and selected the option of ‘coding nucleotide”’ .

23- Went to “Selection” tab in the menu bar and clicked on Codon-based Z test of selection.

24- Chose parameters as shown in the figure below. Saved these settings for selection test
analysis with the file name analysis_settings.mao .

# MEGA 6 Analysis Settings Prototyper | = | | =X
= _  ® w ®m & & _ K _=m B O
Align Models Distance Diversity Phylogeny User Tres Ancestors Selaction Rates Clocks

Specify a data type for analysis

() Nucleotide [non-coding)

@ MNucleotide [coding]

/ ) Protein (amino acid)

() Distance [MEGA format)

Which data type should | select? I

e

&k M6: Analysis Preferences =268 X

Options Summary ] Gaps/Identical/Missing Data Treatment

Option Selection

Analysis Z-test of Selection

Scope Overall Averags

Test Hypothesis (HA: alternative) Positive selection (HA: N > dS)

Estimate Variance
Variance Estimation Method Bootstrap method
No. of Bootsirap Replications 500
Substitution Model
Substitutions Type Syn-Nonsynonymous
Model/Method Nei-Gojobori method (Proportion)

Data Subset to Use

Gaps/Missing Data Treatment Pairvsise deletion
f Seve settngs.. | [ Goncel ]|
% . v,
First Time User?
MNucleotide [coding] data specified J
Fig 9 : The standard settings selected for Z test of positive selection for pair of 2
sequences
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25- Wrote perl script 5 (see appendix) to automate the execution of M6CC using
analysis_settings.mao as analysis settings file and alignment output file as data files.

26- Output files created are stored in a new folder that is formed using the script of step no. 2
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5.RESULT AND DISCUSSION

o After the execution of MEGA- CC for Z test of positive selection, 2 result files were
generated.

e 1stfile is the text summary file and 2™ file is mega file that contains the value of
probability and statistic (AN — dS) , that is used to calculate the value of probability.

e The value of probability is > 0.05 for all the homologous pairs and for most of the pairs it
is equal to 1.00.

e The probability of rejecting the null hypothesis of strict-neutrality (dy = ds) in favor of
the alternative hypothesis (dy > ds) (in the Probability column) is shown. Values of P less
than 0.05 are considered significant at the 5% level and are highlighted.

e The test statistic (dy - ds) is shown in the Statistic column. ds and dy are the numbers of
synonymous and nonsynonymous substitutions per site, respectively.

e The table below reports the result of 10 such homologous pairs.

e The result is in corroboration with a similar study conducted using 161 human house
keeping genes. There was no positive selection detected. (Zhang, L., et al., 2007)

Human Gene RefSeq | Chimp gene RefSeq Id | Probability Statistic

Id

NM_013375.3 XM_001173335.3 1.00 -0.797
NM_013333.3 XM_001137261.3 1.00 -0.62907953
NM_004446.2 XM_001172425.2 1.00 -0.25211827
NM_005702.2 XM_511365.3 1.00 -1.27289933
NM_016442.3 XM_003310766.2 1.00 -0.71010391
NM_001983.3 AC193935.3 1.00 -0.64578082
NM_000400.3 NM_001246590.1 1.00 -0.17127437
XM_005252652.1 XM_507693.2 0.31511748 0.48263392
NM_000122.1 XM_003828264.1 1.00 -2.15705690
NM_000123.3 XM_003314205.1 1.00 -2.18771552

Table 1: Showing result of 10 homologous sequence pairs between Human and Chimpanzee
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http://www.ncbi.nlm.nih.gov/nucleotide/332811947?report=genbank&log$=nucltop&blast_rank=3&RID=WPWP3YKF01R
http://www.ncbi.nlm.nih.gov/nucleotide/332848214?report=genbank&log$=nucltop&blast_rank=6&RID=WPWTPG7W015
http://www.ncbi.nlm.nih.gov/nucleotide/410039534?report=genbank&log$=nucltop&blast_rank=2&RID=WPWWCSWM015
http://www.ncbi.nlm.nih.gov/nucleotide/158631591?report=genbank&log$=nucltop&blast_rank=14&RID=WPWZY6XC015
http://www.ncbi.nlm.nih.gov/nucleotide/350538410?report=genbank&log$=nucltop&blast_rank=7&RID=WPX2DY2Y014
http://www.ncbi.nlm.nih.gov/nucleotide/397516176?report=genbank&log$=nucltop&blast_rank=3&RID=WPX7K14T015
http://www.ncbi.nlm.nih.gov/nucleotide/332841606?report=genbank&log$=nucltop&blast_rank=5&RID=WPX9SYA701R

7 *homologenel.fasta.txt.fastaaligned.meg_selection_result.meg (OS_Install (C:) \Use...uences\final_results) - gedit

File Edit View Search Tools Documents Help
B~-al 8 @ % B0 XN®

#] *homologenel fasta.t...selection_result.meg ¥

Prob Stat
1.00000000 -797

Fig 9: Output file for Sequence pair NM_013375.3 and XM _001173335.

Text of Output summary file

; Suggested Citation for MEGA-CC:
;  MEGA-CC: Computing Core of Molecular Evolutionary Genetics
; Analysis Program for Automated and Iterative Data Analysis.

; Bioinformatics (2012) doi:10.1093/bioinformatics/bts507

’
3k 3k 3k 3k 3k 3k ok 3k 3k 3k sk ok 3k 3k sk %k 3k 3k 3k sk 3k 3k 3k %k >k 3k 3k 3k %k 3k 5k 3k %k >k 3k 3k %k 3k 3%k 5k %k %k >k 3k 3k %k 3k 5%k 3k 3k %k %k >k 3k %k %k %k 3%k 3k %k %k 3k 3k %k %k *k Kk kk*kk

%k %k %k %k

; Please see the important message(s) at the bottom of this file

’
3k 3k 3k 3k 3k 3k 3k 3k 3k %k %k %k %k %k %k %k %k >k >k >k >k >k 3k 5k 5%k 3k %k %k %k %k %k %k %k %k >k >k >k >k >k >k >k >k 3k 3k 3k 3%k %k 3%k 5%k %k %k %k %k %k %k >k >k >k %k >k >k >k %k %k 3 % % 3%k %k *k *k %k

%k %k %k %k

[General Info]
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Data Type = nucleotide (non-coding)
No. of Taxa = 2

No. of Sites = 2038

Data File =

'C:/Users/prateek/Desktop/MEGA/homologene_fasta/aligned_sequences/homologene
1.fasta.txt.fastaaligned.meg'

Settings File ='C:/Users/prateek/Desktop/MEGA/analysis_settings.mao'
Command Line = C:/Users/prateek/Desktop/MEGA/M6CC.exe -a
C:/Users/prateek/Desktop/MEGA/analysis_settings.mao -d
C:/Users/prateek/Desktop/MEGA/homologene_fasta/aligned_sequences/homologenel
.fasta.txt.fastaaligned.meg -o

C:/Users/prateek/Desktop/MEGA/homologene_fasta/aligned_sequences/final_results/
homologenel.fasta.txt.fastaaligned.meg_selection_result.meg

[Analysis Settings]

Analysis = Z-test of Selection

Scope = Overall Average

Test Hypothesis (HA: alternative) = Positive selection (HA: dN > dS)

Variance Estimation Method = Bootstrap method

No. of Bootstrap Replications =500

Substitutions Type = Syn-Nonsynonymous
Model/Method = Nei-Gojobori method (Proportion)
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Fixed Transition/Transversion Ratio = Not Applicable

Gaps/Missing Data Treatment = Pairwise deletion
Site Coverage Cutoff (%) = Not Applicable
datatype = snNucleotide
containsCodingNuc =True
missingBaseSymbol =7?

identicalBaseSymbol =,
gapSymbol =-

Select Codon Positions = Select Codon Positions=1st, 2nd, 3rd, Non-Coding

[Analysis Statistics]

Execution Time = 0.671 (seconds)

Peak Memory Used(Working Set) = 12.984 (MB)

’
3k 3k 3k 3k 3k 3k >k 3k 3k 3k sk 3k 3k 3k sk >k 3k 3k sk >k 3k 3k 3k sk sk 3k 3k 3k %k 3k 3k 3k %k >k 3k 3k 3k 3k %k %k 3k 3k >k %k %k 5k 3k %k >k 3k 3k %k %k %k 3k 3k %k %k 5k 3k %k %k %k 3k %k %k k >k %k %k k *k

%k %k %k %k

; Please note the following important messages:

’
%k 3k 3k 3k 3k 3k %k 3k 3k %k %k %k %k %k %k %k %k >k >k >k %k >k >k >k 3k 3k 3k 3k 3k 3%k %k %k %k %k %k %k >k >k %k %k >k >k >k >k 3k 3k 5k 3k 3k 3%k %k %k %k %k *k %k %k >k %k %k %k >k >k >k %k %k % 3k %k % *k *k
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% k% %k

’

Warning: Stop codon(s) were found in your alignment. They were removed and

the analysis continued.
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6.CONCLUSION

As all results did not reject the hypothesis to favor the alternative hypothesis — HA: dN > dS,
it can be safely said that human housekeeping genes are not under positive selection. By this
it means that non synonymous mutations that bring change in gene function in order to adapt
are not under any selection force of nature as proposed by Darwin. It essentially means that
the formation of new amino acid is either disfavored or neutrally favored. This is not in line
with the Darwin theory of evolution according to which both of the species must be adapting
according to their environment and in order to accomplish thistheir genes must be under
force of gradual natural selection to positively select for variations that favor in adaptation.

Here we cannot possibly give the specific nature or mechanism of path and manner in which
all species were formed from complex structure organism to simple structure organism. But
all the evidences of present day indicate that the path of devolution is quite possible. From
drug resistance in bacteria , adaption in laboratory mice for much desired characteristic of
unregulated reproduction, several disease resistance in humans, development of drug that
would cripple a particular gene, to phenomenon of adaptive pseudogenization, all show the
motif of loss of genes. On the other hand, there is huge improbability calculated in formation
of new stable and functional protein as well as there is not a single gene or protein that is
newly formed as a part of adaption by an organism and can be given as a supportive example
for Darwin theory of evolution.
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/. FUTURE PERSPECTIVE

Darwin easily explained the path of evolution by citing morphological evidence. But with
knowledge of sequencing at genome and proteome level, several scientists have started to
doubt the formation of different life forms in a manner according to theory of natural
selection. Hence inquiries in origin of life and tree of life hold lots of promise.

Role of Bioinformatics can be crucial in the development of the subject of evolution. There is
a scope in simulation of process of randomization in mutations that happen in genome. The
phenomenon of chance associated with evolution can be programmed and tested over the
virtual biological data available. And with the completion of GWAS (Genome Wide
Association Studies) project, the SNP variation association data with disease is available. To
associate SNP variation with evolution is a potential possibility. Two efforts are already
made in this direction. Cheng, F., et al.,2009 ; Voight, B. F., et al., 2006)

Overall computational statistics and programming can play a crucial information in mining
patterns and knowledge from large amounts of sequence data available.

Apart from the significance of larger questions like “from where we have come?” or “who
are we?” and “where we are heading to?”, the studies on evolution could be hugely beneficial
in the field of medicine. There can be a study to find a pattern or parameters involved in loss
of genes and complexity that have formed different species in order to survive. Only which
kind of genes can be lost or if two particular genes have to be lost together or if there is a
sequence to loss of gene?. Or if we can exploit the intra human species variation data and
then point out the adaption with geography. Answer to all these questions can be useful for
the field of medicine.
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9. APPENDIX

Perl script 1

#! /usr/bin/perl -w

Sfilename = 'gene_result.txt';
open(fh1, Sfilename) ;

@a = <fh1>;

close fhl;

Sstring = join ("', @a) ;

#print Sstring ;

while (Sstring =~ /(NC_.*?)\t/g)
{

Sgene_id =$&;

Sgene_id =~ s/\s//g;

print Sgene_id, "\n";

}

Perl script 2

#! /usr/bin/perl/ -w
Sfilename = "HK_genes.txt" ;
open(fh1, Sfilename);
@array = <fh1>;

close fhl;

Sprateek = "p" ;
Sprateekl ="p1";
Sprateek2 = "p2";
Sprateek3 = "p3";
Sprateek4 = "p4" ;
Sprateek5 = "p5" ;
Sprateek6 = "p6" ;
Sprateek7 = "p7";
$q=1;

foreach Sline (@array)
{

@vals = split(' ', Sline);
print Svals[1], "\n" ;

if (Sq <= 500)
{
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open (OUTPUTFD, ">Sprateek");
print OUTPUTFD Svals[1], "\n";
}

elsif (Sq <= 1000)

{
open (OUTPUTFD1, ">Sprateek1");

print OUTPUTFD1 S$vals[1], "\n";
}

elsif (5q <= 1500)

{
open (OUTPUTFD2, ">Sprateek2");

print OUTPUTFD2 Svals[1], "\n" ;

elsif (Sq <= 2000)

{
open (OUTPUTFD3, ">Sprateek3");

print OUTPUTFD3 Svals[1], "\n" ;
}

elsif (Sq <= 2500)

{
open (OUTPUTFD4, ">Sprateek4");

print OUTPUTFD4 Svals[1], "\n" ;
}

elsif (Sq <= 3000)

{
open (OUTPUTFD5, ">Sprateek5");
print OUTPUTFD5 Svals[1], "\n" ;

}

elsif (Sq <= 3500)
{
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open (OUTPUTFDS6, ">Sprateek6");
print OUTPUTFD6 Svals[1], "\n" ;
}

elsif (Sq <= 4000)

{

open (OUTPUTFD7, ">Sprateek7");
print OUTPUTFD7 Svals[1], "\n" ;

}

++50 ;

}

Perl script 3

#!/usr/bin/perl -w

@files = ();

Sfolder = 'homologenes';
opendir(FOLDER, Sfolder);
@files = readdir(FOLDER) ;
closedir(FOLDER) ;

mkdir "homologene_fasta" ;
foreach Sfile (@files)

{

open(fh, "Sfolder/Sfile") ;
@array = <fh>;

close fh;

Sstring = join("', @array) ;
$string =~ s/(|\s.*?)\n/\n/g ;
open (OUTPUTFD, ">homologene_fasta/Sfile.fasta");
print OUTPUTFD Sstring ;

}

Perl script 4

#! /usr/bin/perl -w

Sfolder = "homologene_fasta" ;
opendir(FOLDER, Sfolder) ;
@files = () ;

@files = readdir(FOLDER) ;
closedir(FOLDER);
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shift @files ;

shift @files ;

mkdir "Sfolder/aligned_sequences" ;

foreach Sfile (@files)

{

Soutput_name = $file."aligned" ;

system("C:/Users/prateek/Desktop/MEGA/M6CC.exe -a
C:/Users/prateek/Desktop/MEGA/align.mao -d C:/Users/prateek/Desktop/MEGA/Sfolder/Sfile -
o C:/Users/prateek/Desktop/MEGA/Sfolder/aligned_sequences/Soutput_name.meg");

}

exit ;

Perl script 5

#! /usr/bin/perl -w

Sfolder = "homologene_fasta/aligned_sequences" ;
opendir(FOLDER, Sfolder) ;

@files = () ;

@files = readdir(FOLDER) ;

closedir(FOLDER);

shift @files ;

shift @files ;

mkdir "Sfolder/final_results" ;

foreach Sfile (@files)

{

Soutput_name = Sfile."_selection_result" ;
system("C:/Users/prateek/Desktop/MEGA/M6CC.exe -a
C:/Users/prateek/Desktop/MEGA/analysis_settings.mao -d
C:/Users/prateek/Desktop/MEGA/Sfolder/Sfile -o
C:/Users/prateek/Desktop/MEGA/Sfolder/final_results/Soutput_name.meg");
}

exit ;

Perl Script 6 #if we chose option sequence pairs instead of overall average

#!/usr/bin/perl -w

@files = ();

Sfolder = 'final_results' ;
opendir(FOLDER, Sfolder);
@files = readdir(FOLDER) ;
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closedir(FOLDER) ;

shift @files ;

shift @files ;

Scount = 0 ; # number of prob val <0.05
Scountl = 0 ; #total count of prob val

for(Si = 0; Si < scalar @files ; Si= Si+3)

{

open (fh, "Sfolder/Sfiles[Si]");

@text = <fth>;

close fh;

Stext_as_string = join(", @text) ;
while(Stext_as_string =~ /\[\d\]\s*(\d.*?)\n/g)
{

Sstring =51 ;

Sstring =~ s/\[.*\1//g ;

@array = split (' ', Sstring) ;

foreach Sarr (@array)

{

if ($arr =~ /0\.04|0\.03]|0\.02|0\.01|0\.00/g)
{

++Scount;

}

++Scountl ;
}

print Sstring ;
@array = ();

}
}

print "\n", "number of prob val <0.05 =", Scount, "\n" ;
print "total count of prob val =", Scount1 ;
Sper = Scount/Scountl *100 ;

print "\n", "percentage of positive selection of genes=", Sper ;
exit ;
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