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Abstract

The statement of theory: {Evolution of organisms and biodiversity depends mainly on gene evolution
through the appearance of novel genes. Biodiversity results from the DNA modifications induced by visible
and non-visible environmental effects, the variation of gene expression, stresses, mutation, and invasion of
genetic materials. Each individual belongs to the same species of living organisms has its own identity of
DNA fingerprint}. The principles of theory: Gene evolution depends mainly on gene duplication, a variety
of environmental conditions, mutation, transposable elements, horizontal gene transfer (HGT). Also, de nove
genes originated from non-coding DNA which mainly comes from retroviruses, exosome, micro-RNA, and
invader nucleic acids from viruses, bacteria, or any parasite. Similarity and variations are the principles of life.
In the same species, the similarity is produced from coding DNA while, individual variations arise from non-
coding DNA. Aim and applications of theory: The main prediction of this theory is not only each individual
of human beings have his unique DNA fingerprint, but also any individual in the same species has also a
unique identity in DNA fingerprint. Any living organism acquires genetic materials through their intimate
contacts with other organisms and environmental DNA. If the acquired genetic material reaches germ cells,
it could transfer to the next generation giving new traits. Viruses are considered the main source of genetic
transformation in all living organisms. The genomic materials of some viruses could integrate inside the
human genome like hepatitis B and HIV. The human genome has about 5 % viral genetic material, especially
from retroviruses. This theory could explain the appearance of new individuals according to the transfer of
genetic materials during intimate contact between different species and support many researchers who
discovered new species. Also, this theory may explain and will answer different questions; why husband and
wife after some time, nearly acquire some similarities? Why people in the same geographical area nearly have
a similar pattern? Why don't siblings match their DNA fingerprint? Also, it explains the host-parasite
relationship depending upon the transfer of DNA and RNA in between.

Kew words: Evolution; biodiversity; gene evolution; environmental stressors; DNA; micro-RNA; SNP;
horizontal gene transfer; de nove genes; molecular evolution
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Introduction

Although the human afraid from variations, the
creation depends upon integrated variation. The
environment and genetic materials are responsible
for biodiversity and evolution. Environmental
stressors (visible and non-visible things) including,
pollutions including,
such as viruses, bacteria fungi, and environmental
DNA or invader DNA lead to DNA modifications
that result in biodiversity and +/- microevolution.
This theory is used and applied to explain the
emergence of new types of organisms through
generating new genes, gene duplication, horizontal
gene transfer (HGT), transposable elements, +/-
mutation, and DNA polymorphisms
various environmental stressors. Also, this theory
explains some phenomena, such as the convergence
or similarities of a husband and his wife, also, the
similarity among all residents of an ethnic group that
resides in one region by transporting the micro-
RNA from vegetables, foods, and biological fluids.
Moreover, the theory also explains the difference of
siblings in their genetic fingerprint through the

chemicals and biomaterials

to resist

variation in the process of linkage and crossing over
that occurs during the meiosis division. In addition,
it illustrates the relationship between host and
parasite that depends on the transfer of DNA and
RNA in between them. The central dogma of
biodiversity and evolution {environmental effects
on the genetic material (DNA) of living organisms
lead of DNA and
modifications lead to biological diversity and +/-
micro-evolution} were designed based on the
current theory. The theory clarifies the relationship
between evolution and adaptation, as any adaptation

to modifications these

or modification is considered +/- micro-evolution.
The definition of evolution unit, which is the
permanent change or modification in one base pair
in the entire individual genome compared to its
previous ancestor was identified. The theory
haplotype
dendogram, the single nucleotide polymorphism

provides an explanation of the

(SNP), and clarifying that each point on the line
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between clades considered as one evolution unit.
The evolution can be measured quantitatively
according to this formula: Degree of evolution =
numbers of + micro-evolution unit (Hassab EI-Nabi,
2016; Hassab EI-Nabi 2020; Hassab El-Nabi et al.
2020).

Previous works supported the proposed theory
Evolution is the change of inherited characteristics
within a population over time through natural
selection, which may result in the formation of a new
species. Lamarck's theory, at the beginning of the
19th century Jean-Baptiste Lamarck was a French
scientist who developed an alternative theory
of evolution before  Charles Lamarck's
theory involved two ideas: A characteristic that is
used more and more by an organism becomes bigger
and stronger, and one that is not used
eventually disappears. Any feature of an organism
that is improved through use is passed to its offspring.
However, through modern science, we now know
that in the vast majority of cases this type of
inheritance cannot occur. Lamarck's theory cannot
account for all the observations made about life on
Earth. For instance, his theory implies that all
organisms would gradually become complex, and

Darwin.

simple organisms disappear.

Lamarck argues that life was not fixed. When
environments changed, organisms had to change their
behavior to survive. If they began to use an organ
more than they had in the past, it would increase in
its lifetime. If a giraffe stretched its neck for leaves,
for example, a "nervous fluid" would flow into its
neck and make it longer. Its offspring would inherit
the longer neck, and continued stretching would
make it longer still over several generations.
Meanwhile, organs that organisms stopped using
would shrink (Ghiselin, Michael T. (1994).

Charles Darwin was a British naturalist who
proposed the theory of biological evolution by natural
selection. Darwin defined evolution as "descent with
modification," the idea that species change over time,
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give rise to new species and share a common
ancestor. The mechanism that Darwin proposed for
evolution is natural selection. Darwin also suggested
a mechanism for evolution: natural selection, in
which heritable traits that help organisms survive and
reproduce become more common in a population
over time. Traits are often heritable. In living
organisms, many characteristics are inherited, or
passed from parent to offspring (Darwin Charles
1859; Huxley, T.H. 1860). Darwin knew this was the
case, even though he did not know that traits were
inherited via genes.

Recent attempts to reconcile neo-Darwinism and
theory  of
molecular evolution give epigenetic mechanisms and

neo-Lamarckism in a unified

microbiome a prominent role. However, supporting
empirical data is still largely missing. Because
experimental studies using extant animals can hardly
be done over evolutionary timescales. Liu et al.
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(2019) proposed that advances in
ancient DNA techniques provide a valid alternative,
so  novel animal evolution and
adaptation can be revealed. Also, they evaluate: (1)
the possible roles of epigenomes and microbiomes in

animal adaptation; (2) advances in the retrieval of

dynamics in

paleoepigenome and paleomicrobiome data using
ancient DNA techniques; and (3) the plasticity of
either and interactions between the epigenome and
the microbiome, (Liu et al.,2019).

The theory of evolution and diversity of living
organisms is not only explained on the morphological
characters (Phenotype) but also on genetic characters
(genotype) through gene evolution. The flow of
genetic information starts from the gene through the
transcription process that produces mMRNA which is
then translated to a protein on ribosomes through the
translation process (Fig. 1).

Fig. (1) The central dogma — DNA encodes RNA, which in turn is translated into proteins.

Image©Edvotek 2014

Several mechanisms frequently cooperate in generating a new gene (Fig. 2) through exon or domain

shuffling, gene duplication, retrotransposition, transposon elements (TE) domestication, lateral gene transfer,
gene fission or fusion, de novo origination, reading —frame shift, alternative splicing, non-coding RNA and

pseudogenes as RNA regulator.


https://en.wikipedia.org/wiki/Thomas_Henry_Huxley
https://edvotek.files.wordpress.com/2014/05/central-dogma.jpg
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Fig. (2) Different mechanisms explain the development of new genes (after Sidi et al., 2013)

DNA is responsible for the continuity of life due to
its ability to be replicated. If this molecule loses this
character and the replication process stops, the
biological life disappears on the earth, because of cell
division, growth, reproduction formation of embryos.
Some genetic materials transfer in the same genome
through transposable elements or from one organism
to another naturally through horizontal gene transfer
(HGT) or artificially through genetic engineering
techniques. Hence, forming transformed organisms
or transgenic animals will stop. DNA is considered as
book of the life for each organism. Life is based on
identity and diversity, it starts with identity then gene

evolution leads to diversity, then return back to
identity for each newborn individual.

Understanding how genes originated and
subsequently evolve is crucial for explaining the
genetic basis for the origin and evolution of novel
phenotypes and, ultimately, biological diversity
(Manyuan et al., 2013). Mutation of any gene (Fig. 3)
in a germ cell leads to the formation of a proto-gene.
This proto-gene structure must then spread through
the population until it becomes fixed. To form new a
gene, about 5 mechanisms to be done.
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Fig. (3) The de novo formation of a gene. A random mutation leads to the creation of a new start site within
a non-coding region of DNA, resulting in the formation of a new gene. Image ©Edvotek 2014.

The first one is gene duplication which is thought to
contribute most to the generation of new genes. A
single or few new gene structure(s) can be formed at
one time by DNA — based duplication (the copying
and pasting of DNA sequence from one genomic
region to another) or retroposition. While DNA-
based duplications are often tandem (Thornton 2003),
retroposed genes most often move to a new genomic
environment, where they must acquire new
regulatory elements or risk becoming processed
pseudogenes, (Kaessmann et al., 2009). Different
isoforms of the genes involved in phototransduction
are expressed in vertebrate rod and cone
photoreceptors, providing a unique example of
parallel evolution via gene duplication (Lamb et al.
2018).

The second mechanism is the alteration of
existing gene structures. A new gene structure can be
generated by modifying existing exons or domains.
Gilbert (1978) proposed that exons and domains
could be recombined to produce new chimeric genes.
In addition, retroposed sequences may jump into or
near existing genes and recruit existing exons, or to
be recruited into an existing coding sequence, (Zhang

etal., 2009). Xue et al., (2003) found that the Epstein-

Barr virus contains an early gene that undergoes
frequent frameshifts, probably to combat host
immunity. In addition, divergence in alternative
splicing patterns between duplicate genes can
generate distinct transcripts that produce noncoding
RNA or polypeptides with slightly or entirely
different functions and rapidly alter duplicate gene
structures and functions, (Zhang et al., 2010, Zhou et
al., 2011).

The third mechanism is the De novo gene. New
gene structures may arise from previously noncoding
DNA. Chen et al., (1997) were the first to show that
antifreeze protein, which binds and halt the growth of
ice crystals in the blood of some polar fishes, was
created by amplification of microsatellite DNA.

Since then a number of de novo genes originating
from non-coding regions have been identified in
humans, (Xie et al., 2012). Another origin of the de
novo gene is the horizontal gene transfer (HGT),
whereas the exchange of genes between genomes
from distantly related taxa can immediately add new
genes and functions in a genome. HGT is a major
mechanism for the addition of new genes to
prokaryotic genomes (Koonin et al., 2001), but has


https://edvotek.files.wordpress.com/2014/05/de-novo.jpg
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also been reported in a number of eukaryotic
organisms including plants (Yoshida et al., 2010),
insects (Moran et al., 2010), and fungi (Hall et al.,
2005). Bedhomme et al., (2019) report a central role
of HGT in fuellingevolutionas a powerful
mechanism promoting rapid, often dramatic
genotypic and phenotypic changes. The profound
reshaping of the pre-existing geno/phenotype allows
the recipient bacteria to explore new ways of
functioning, far beyond the mere acquisition of a
novel function.

Host-parasite interaction is one type of relationship
usually pointed out in the literature that could
potentially increase the probability of the horizontal
transfer between species, because the species
involved in such relationships are generally in close
contact. Transposable elements, which are well-
known genomic DNA, are DNA entities that tend to
be involved in horizontal transfer due to their ability
to mobilize between different genomic locations
(Ortiz et al., 2014). The movement of RNAs between
cells of a single plant is well documented. Kim et al.
(2014) sequenced transcriptomes of Cuscuta growing
on Arabidopsis and tomato hosts to characterize
MRNA transfer between species and found that
mRNA move in high numbers and in a bidirectional
manner. These findings demonstrate that parasitic
plants can exchange large proportions of their
transcriptomes with hosts, providing potential
mechanisms for RNA-based interactions between
species and horizontal gene transfer. Feng et al.
(2014) found and suggest that sequence diversity of
tRNA-linked STR in E. nuttalli occurs with relatively
high frequency and might be a marker of the
geographical distribution of host rhesus macaques,
even in a limited area. This result showed the effect
of geographical variation on the diversity of tRNA or
genetic materials.

The fourth mechanism for the production of new
genes is non-coding RNAs. Not all new genes code
for proteins. Non-coding RNAs were found to play
an important role in neuronal functions in the early
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1990s (Toll-Riera, et al., 1993). Dai et al., (2008)
showed that a new long non-coding RNA influences
courtship behavior in D. melanogaster.

The fifth mechanism is Transposable Elements
(TE). A transposable element (TE, transposon, or
jumping gene) is a DNA sequence that can change its
position within a genome, sometimes creating or
reversing mutations and altering the cell's genetic
identity and genome size (Bourque et al 2018).
Transposable elements represent one of several types
of mobile genetic elements (Fig 4). TEs are assigned
to one of two classes according to their mechanism of
transposition, which can be described as either copy
and paste (Class | TEs) or cut and paste (Class Il
TEs). (Kapitonov and 2008). Retrotransposon Class |
TEs are copied in two stages: first, they are
transcribed from DNA to RNA, and the RNA
produced is then reverse transcribed to DNA. This
copied DNA is then inserted back into the genome at
a new position. The reverse transcription step is
catalyzed by a reverse transcriptase, which is often
encoded by the TE itself. The characteristics of
retrotransposons are similar to retroviruses, such as
HIV.

Retrotransposons are commonly grouped into
three main orders: Retrotransposons, with long
terminal repeats (LTRs), which encode reverse
transcriptase, similar to retroviruses. Retroposons,
long interspersed nuclear elements (LINEs, LINE-1s,
or L1s), which encode reverse transcriptase but lack
LTRs, and are transcribed by RNA polymerase II.
Short interspersed nuclear elements (SINEs) do not
encode reverse transcriptase and are transcribed by
RNA polymerase 111

(Retroviruses can also be considered TEs. For
example, after the conversion of retroviral RNA into
DNA inside a host cell, the newly produced retroviral
DNA is integrated into the genome of the host cell.
These integrated DNAs are termed proviruses. A
provirus is a specialized form of eukaryotic
retrotransposon,  which can produce RNA
intermediates that may leave the host cell and infect
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other cells. The transposition cycle of retroviruses has
similarities to that of prokaryotic TEs, suggesting a
distant relationship between the two.)

DNA transposes are the structure of DNA
transposons (Mariner type). Two inverted tandem
repeats (TIR) flank the transposase gene. Two short
tandem site duplications (TSD) are present on both
sides of the insert. The mechanism of transposition:
Two transposases recognize and bind to TIR
sequences, join together, and promote DNA double-
strand cleavage. The DNA-transposase complex then
inserts its DNA cargo at specific DNA motifs
elsewhere in the genome, creating short TSDs upon
integration

The cut-and-paste transposition mechanism of
class 1l TEs does not involve an RNA intermediate.
The transpositions are catalyzed by several
transposase enzymes. Some transposases non-
specifically bind to any target site in DNA, whereas
others bind to specific target sequences. The
transposase makes a staggered cut at the target site
producing sticky ends, cuts out the DNA transposon,
and ligates it into the target site. A DNA polymerase
fills in the resulting gaps from the sticky ends and
DNA ligase closes the sugar-phosphate backbone.
This results in target site duplication and the insertion
sites of DNA transposons may be identified by short
direct repeats (a staggered cut in the target DNA
filled by DNA polymerase) followed by inverted
repeats (which are important for the TE excision by
transposase). Cut-and-paste TEs may be duplicated if
their transposition takes place during the S phase of
the cell cycle when a donor site has already been
replicated but a target site has not yet been replicated.
Such duplications at the target site can result in gene
duplication, which plays an important role in
genomic evolution. Not all DNA transposons
transpose through the cut-and-paste mechanism. In
some cases, a replicative transposition is observed in
which a transposon replicates itself to a new target
site (e.g. helitron).

Class Il TEs comprise less than 2% of the human
genome, making the rest Class I. TEs are found in
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almost all life forms, and the scientific community is
still exploring their evolution and their effect on
genome evolution. It is unclear whether TEs
originated in the last universal common ancestor,
arose independently multiple times, or arose once and
then spread to other kingdoms by horizontal gene
transfer. (JKidwell, 1992) While some TEs confer
benefits on their hosts, most are regarded as selfish
DNA parasites. In this way, they are similar to
viruses. Various viruses and TEs also share features
in their genome structures and biochemical abilities,
leading to speculation that they share a common
ancestor. (Villarreal (2005).

The genomic DNA is dynamic and not static, this
proofed by transposable elements and horizontal
gene transfer between intimate contact. TES can
mediate gene recombination by carrying coding
sequences from one part of the genome to another
(Yang et al., 2008). In addition, TEs were found to be
a source of micro-RNAs, major components of post-
transcriptional regulation of expression (Wang et al.,
2012). Mobile elements are DNA sequences that can
change their position (retrotranspose) with the
genome. It has long been thought that neuronal
genomes are invariable; however recent studies have
demonstrated that mobile elements actively
retrotranspose during neurogenesis, thereby creating
genomic diversity between neurons. In addition,
mounting data demonstrate that mobile elements are
misregulated in certain neurological disorders,
including Rett syndrome and schizophrenia (Erwin et
al., 2014). Transposable elements have an ongoing,
largely parasitic interaction with their host. Hellen
and Brookfield (2013) examined the sequence
divergence between class Il DNA transposons from
mammalian genomes. They reported that these
sequences undergo a continuous process of turnover,
keeping a family as an integrated whole, as members
of the family are continually created and lost. Gifford
et al. (2013) reported that TEs play an important role
in somatic tissues and evolution. “Transposable
elements have made major evolutionary impacts on
the creation of primate-specific and human-specific
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genomic regulatory loci and species-specific
genomic regulatory networks (GRNs). Molecular and
genetic definitions of human-specific changes to
GRNs contributing to the development of unique to
human phenotypes remain a highly significant
challenge. Collectively, analyses reveal critical
evolutionary contributions of transposable elements

Retrotransposon (Class 1)
Donor DNA Donor DNA

Transcription

RNA intermediate

lReverse transription

DNA intermediate
| |

llntegration

Transposable element
I |
Target DNA Target DNA

pISSN: 2356-9174, elSSN: 2356-9182 227

and distal enhancers to the creation of thousands of
primate- and human-specific elements of a chromatin
folding code, which defines the 3D context of
interphase  chromatin ~ both  restricting and
facilitating biological functions of GRNSs, (Glinsky,
2018).

DNA transposon (Class 2)
I I
Donor DNA Donor DNA

Excision

DNA intermediate
| |

+

Target DNA
T

Integration

Transposable element

I— |
Target DNA Target DNA

Fig. (4) types of Transposable elements

Viruses and evolution

Viruses consider the main source for evolution
through integration into the genome of organisms
from bacteria to humans. About 5% of the human
genome sequence is composed of the remains of
retroviruses that over millions of years have
integrated into the chromosomes of egg and /or sperm
precursor cells. There are indications that the protein
expression of these viruses is higher in some diseases.
(Marchi et al., 2014). Human papillomavirus (HPV)

integration is a key genetic event in cervical
carcinogenesis. By
sequencing and high throughput viral integration
detection Hu et al., (2015) identified 3.667 HPV
integration breakpoints in 26 cervical intraepithelial
neoplasia. Moreover, the microhomologous sequence

conducting  whole-genome

between the human and HPV genomes was
significantly enriched near integration breakpoints,
indicating that fusion between viral and human DNA
may have occurred by microhomology-mediated


https://www.ncbi.nlm.nih.gov/pubmed/?term=Glinsky%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=29335803
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glinsky%20GV%5BAuthor%5D&cauthor=true&cauthor_uid=29335803
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DNA repair pathways. (Hu et al., 2015). Human
papillomavirus (HPV) integration within the E2 gene
has been proposed as a critical event in cervical
carcinogenesis. Radiation therapy caused an eight-
fold increase in the risk of HPV16 genome
disruption. The integration status is influenced by the
irradiation modalities, interestingly E2disruption
being found widely after radiotherapy treatments
with a total fractioned dose of 50 Gy. (Kahla et al.,
2014).

Approximately 1 % of the human population
inherits a chromosomally integrated copy of human
herpesvirus 6 (C1-HHV-6). Huang et al. (2013)
detected  extra-chromosomal circular HHV-6
molecules and they found that truncated C1-HHV-6
and extra-chromosomal circular molecules are likely
reciprocal products that arise through excision of
telomere-loop (t-loop) formed within the CI-HHV-6
genome. After the release of viral sequences from
human telomere as circular molecules, some of which
have the potential to become fully functioning viruses
(Huang et al. 2013)

DNA into host
chromosomes was found in most of the hepatitis B

Integration of the viral

virus (HBV)- related hepatocellular carcinomas
(HCCs). HBV integration favored chromosome 17
and preferentially integrated into human transcript
units. Ding et al. (2012) identified 8 genes that were
recurrent target genes by HBV integration including
fibronectin 1 (FN 1) and telomerase
transcriptase (TERT 1), two known recurrent target
genes, and additional novel target genes such as the
SMAD family member 5 (SMAD 5), phosphatase
and actin regulator 4 (PHACTR4), and RNA binding
protein fox-1 homolog (G. elegance) 1 (RBFOX1).
Moreover, additional fourteen recurrent HBV target

reverse

genes were identified by Ding et al., (2012). Jacobs
et al. (2014) reported that throughout evolution
primate genomes have been modified by waves of
retrotransposon insertion.

Retroviral replication proceeds through an

obligate integrated DNA provirus making retroviral
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vectors attractive vehicles for human gene —therapy.
Though most of the host cell genome is available for
integration, the process of integration site selection is
not random. including HIV-1
preferentially integrate within the bodies of active
genes, whereas the prototypical gammaretrovirus
Moloney murine leukemia virus (MoMLV) favors
strong enhancers and active genes promoter,
(Kvaratskhelia et al., 2014).

Lentiviruses

Hepatocellular carcinoma (HCC) is a cancer of
substantial morphologic, genetic, and phenotypic
diversity. HBV integrations, indicating that HBV
integration is an early driver event and remains
extremely stable during tumor progression. Diverse
HBV-related
hepatocellular carcinoma revealed by single-cell
genome sequencing, (Duan et al., 2018).
Gene duplication and aneuploidy trigger the
rapid evolution of herbicide resistance in common
Waterhemp. This is the first report of early events in
aneuploidy triggered de chromosome
integration by an as yet unknown mechanism, which
may drive rapid adaptive evolution of herbicide
resistance in crop common Waterhemp, (Koo et al.,
2018).

Bacteria and evolution

modes of clonal evolution in

novo

Bacteria also, chair in the evolution through a
transfer of genetic materials to its host. Natural
competence for transformation is a developmental
program that allows certain bacteria to take up free
extracellular
integrated this DNA into their genome. Thereby,
natural transformation acts as a mode of horizontal
gene transfer and impacts bacterial

(Matzger and Blokesch, 2014).

DNA from the environment and

evolution.

Horizontal gene transfer (HGT) is a major driving
force of bacterial evolution. The rapid exchange of
genetic information mediated by HGT enables
bacteria to adapt to new environmental niches, to
spread harmful traits such as antibiotic resistance
cassettes or pathogenicity island, and to maintain
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genome integrity, (Stokes and Gillings, 2011).
Horizontal gene transfer describes the transmission
of genetic material across species boundaries. HGT
often occurs in microbic and eukaryotic genomes.
However, the pathways by which HGTs occur in
multicellular eukaryotes, especially in plants, are not
well understood. Gao et al., (2014) systematically
summarized more than ten possible pathways for
HGT. The intimate contact which frequently occurs
in parasitism, symbiosis, pathogen, epiphyte,
entophyte, and grafting interactions could promote
HGTs between two species. Besides these direct
transfer methods, a gene can be exchanged with a
vector as a bridge, possible vectors include pollen,
fungi, bacteria, viroids,  plasmids,
transposons, and insects. HGT, especially when
involving the horizontal transfer of transposable
elements, is recognized as a significant force
propelling genomic and biological
innovation, playing an important functional and
evolutionary role in both eukaryotic and prokaryotic
genomes, (Gao et al., 2014). The virulent malaria
parasite
eukaryotic genome. Here, | perform comparative

viruses,

variation

in humans has the most AT-biased

genomic analyses of the most AT-rich eukaryotes
sequenced to date and show that the avian malaria
parasites Plasmodium gallinaceum, P. ashfordi, and
P. relictum have the most extreme coding sequences
in terms of AT-bias. This information enables a better
understanding of genome evolution and raises the
guestion of how certain organisms can prosper
despite severe compositional constraints, (Videvall,
2018).

Wang et al., (2007) demonstrated intergenic
natural genetic transformation between Escherichia
coli and Bacillus subtilis at different growth phases.
Inspection of the genomes of bacterial pathogens
indicates that their pathogenic potential relies, at least
in part, on the activity of different elements that have
been acquired by horizontal gene transfer from other
(usually unknown) microorganisms. Similarly, in the
case of resistance to antibiotics, besides mutation-
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driven resistance, the incorporation of novel
resistance genesis a widespread
procedure for the acquisition of this phenotype.
Current information in the field supports the idea that
most (if not all) genes acquired by
horizontal gene transfer by bacterial pathogens and
contributing to their virulence potential or antibiotic
resistance originate in the environmental, (Martinez,
2018). Predatory bacteria attack and digest other
bacteria and therefore may play a role in shaping
microbial communities. By comparative genomics,
we detected two regions of gene content difference
that likely occurred via horizontal gene transfer
events. Acquired genes encode functions such as
modification of DNA, membrane synthesis, and
regulation Understanding
genome evolution and predation
phenotypes among predatory bacteria will inform
their development as biocontrol agents and clarify
how they impact microbial communities. (Enos
2018). About half of all bacteria carry genes for
CRISPR-Cas adaptive immune systems?, which
provide
short DNA sequences
parasitic DNA elements into CRISPR loci on the host
genome. The biotic complexity of microbial
communities in natural environments is an important
driver of the evolution of CRISPR-Cas adaptive
immunity, with key implications for bacterial fitness
and virulence, (Alseth et al., 2019).

RNA and evolution

evolutionary

of gene expression.
variation in

immunological memory by inserting

from phage and other

Short interspersed elements (SINES) act as driving
forces in genome evolution, (Schmitz, 2012). SINEs
are short interspersed elements derived from cellular
RNAs that repetitively retropose via RNA
intermediates and integrate more or less randomly
back into the genome. SINEs propagated almost
entirely vertically within their host cells and, once
established in the germline, are passed on from
generation to generation. As
elements, their reverse transcription (from RNA to
cDNA) and genomic integration depends on the

non-autonomous
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activity of the enzymatic machinery of autonomous
retrotransposons, such as long interspersed elements
(LISEs). SINEs are widely distributed in eukaryotes,
but especially effectively propagated in mammalian
species. More than a million Alu-SINE copies
populate the human genome (approximately 13 % of
genomic space), and few master copies of them are
still active. SINEs serve as beneficial building blocks
for  evolution, contributing to  phenotypic
heterogeneity and modifying gene regulatory
networks, (Schmitz, 2012). They substantially
expand the genome space and introduce structural
variation to the genome. SINSES have the potential to
mutate genes, to alter gene expression, and generate
new parts of genes. A balanced distribution and
controlled activity of such properties is crucial to
maintaining the organism’s dynamic and thriving
evolution, (Schmitz, 2012).

Nutrition and micro-RNA

Environment transfer to organisms through food
(nutrition), drinking and air (respiration), all previous
parameters have magnified effects on genetic
materials producing variations of living organisms
through induction of benefit or harmful mutations, or
variation of gene expression or appears of de novo
gene from non-coding DNA.
engagement with the world, that transfer our
bodies (Pollan, 2006).
reported that micro-RNAs

Eating is an
into our
study
(miRNAs) from plants may control target genes in the
consumer, (Zhang et al., 2012). Food-derived plant
miRNA entered mammalian circulation naturally and
achieved levels comparable to those of abundant
endogenous extracellular miRNA. Plant micro-RNAs
were detected not only in circulation, but also in all
murine tissue types examined, and at copy numbers
rivaling those of endogenous miRNAs. In the liver,
some plant miRNAs were more abundant than let-7a.
In the mouse, plant miRNA were said to down-
regulate at least one endogenous target in the liver,
the low-density lipoprotein receptor adapter protein

environment
Experimental
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one 1 (LDLRAPI), within hours of dietary intake
(Kenneth and Kendai, 2014)

Snow et al. (2013) reviewed non-dietary means of
systemic xenomiRNA transfer. Organ or stem cell
transplants, blood transfusions, pregnancy, and
various states of parasitism may involve direct RNA
transfer from one organism to another. Inhalation of
atmospheric plant material, injection of plant-based
drugs, and fluid exchange (e.g. through different
sexual practices) could allow RNA transfer. Liu et al.
(2018) reported that MicroRNAs (miRNAS) are a
RNAs
frequently 21 nucleotides long. miRNAs act as

group of endogenous non-coding small

negative regulators of their target genes through
sequence-specific mMRNA cleavage, translational
repression, or chromatin modifications. Alterations
of the expression of a miRNA or its targets often
result in a variety of morphological and physiological
abnormalities, suggesting the strong impact of
miRNAs on plant development.

A different sort of extracellular RNA (exRNA)-
mediated communication may exist in some
eukaryotes (Witwer et al., 2013). RNA molecules
associated with several extracellular carriers,
including lipoprotein (Vickers et al., 2011) and
protein complexes (Turchinovich and Burwinkel,
2012), but extracellular vesicles (EV) have enveloped
viruses and EV have been examined, (Wurdinger et

al., 2012).
Environmental DNA

Environmental DNA (eDNA), i.e. DNA released
in the environment by any living form, represents a
formidable opportunity to gather high-throughput
and standard information on the distribution of
feeding habits of species. It has therefore great
potential for applications in ecology and biodiversity
management. Environmental DNA for biodiversity
research and monitoring constitutes essential reading
for all graduate students, researchers and
practitioners who do not have a strong background in

molecular genetics and who are willing to use eDNA
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approaches in and  biomonitoring.
Environmental DNA (eDNA) offers a way to sample
genetic material non-invasively without requiring
visual observation. While eDNA has been trialed
extensively as a biodiversity and biosecurity
monitoring tool with a strong taxonomic focus, it has
yet to be fully explored as a means for obtaining

population genetic information, (Clare et al., 2019).

ecology

Gaines et al., (2019) reported the mechanisms of
weed resistance for herbicide glyphosate, including
herbicide sequestration in the vacuole, a rapid cell
death response, nucleotide polymorphisms in the

herbicide target (5-enolpyruvylshikimate-3-
phosphate synthase, EPSPS), and
increased gene copy number of EPSPS. For this latter
mechanism, two distinct molecular genetic
mechanisms have been observed, a tandem
duplication mechanism and a large

extrachromosomal circular DNA (eccDNA) that is
tethered to the chromosomes and passed to gametes
at meiosis. Herbicide resistance can generate new
into plant adaptation to
contemporary environmental stress. Boron induced

insights

toxicity stress on Citrus roots. Huang et al., (2019)
suggested that miR319 and miR171 play a pivotal
role in Citrus adaptation to long-term B toxicity by
targeting MYB and SCARECROW,  respectively,
both of which are responsible for root growth and
development. Temperature stress is a
major environmental factor affecting not only plant
growth and development, but also fruit postharvest
life and quality. Huang et al., (2019) suggested that
miR319 and miR171 play a pivotal
in Citrus adaptation to long-term B toxicity by
targeting MYB and SCARECROW,  respectively,
both of which are responsible for root growth and

role

development. Methylation of genomic DNA can

influence the transcription profile of an organism and
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may generate phenotypic diversity for rapid
adaptation in a dynamic environment. M. HpyAXIl is
a type Il DNA methyltransferase present in
Helicobacter pylori and is upregulated at low pH.
This the expression of
critical genes to ensure the survival of this pathogen
at low pH inside the human stomach. M.HpyAXI
methylates the adenine in the target sequence (5'-
GCAG-3") and shows maximal activity at pH 5.5.
(Narayanan et al., 2019). Can ecological changes
impact somatic genome development? Vitali et al.
(2019) answered and reported that environmentally
induced developmental thermoplasticity contributes
to genotypic diversification in Paramecium.

enzyme may alter

Exosomes and evolution.

Exosomes and microvesicles (MVs) are derived from
endosomes and the plasma membrane, respectively.
These extracellular vesicles (EVs) play a significant
role in intercellular communication by serving as a
carrier for the transfer of membrane and cytosolic
proteins, lipids, and RNA between cells, (Raposo et
al., 2013).

The release of exosomes occurs by the fusion of
multivesicular bodies (MVBs) with the plasma
membrane in various types of cells, (Simons et al.,
2009; Thery et al., 2009). Exosomes have also been
isolated from a variety of body fluids, such as blood,
semen, saliva, plasma, urine, cerebrospinal fluid,
epididymal fluid, amniotic fluid, malignant and
pleural effusions of ascites, bronchoalveolar lavage
fluid, synovial fluid, and breast milk, (Simpsonetal.,
2008; Properzi, 2013). Exosomes play a significant
role in communication between tumors and their
target cells (fig. 5). The release of exosomes is
essential for events such as gene transfer and the
targeting of therapeutic agents to specific cells,
(Gurunathan et al., 2019).


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaines%20TA%5BAuthor%5D&cauthor=true&cauthor_uid=31002387
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=30901819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=30901819
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vitali%20V%5BAuthor%5D&cauthor=true&cauthor_uid=31548355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vitali%20V%5BAuthor%5D&cauthor=true&cauthor_uid=31548355
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gurunathan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30987213

Journal of Bioscience and Applied Research, 2020, Vol.6, No. 4, P.220 -241

Exosome Transmembrane
Proteins
Transferrin
Receptor j<
|
Q_/\ %
Cholesterols ) MRNA g
LI AL £ o DNA P %}? small RNA
L RV
§ ~\(

" wp
a-synuclein ,%%2

(monomer)
a-synuciein
Aggregates

Skeletal

Integrins

( signalling Proteins ) ( HSP70, HSP90 )

[ Rab5, Rab7 ) ( AﬂnexinsJ

T o, Q

elraspanins 77 \

(CD63, CD81,CD9) & \
&& )

vy

Targeting/Adhesion Molecules

MHC Class |

—— 0 1cAns
Proteins e((f a
&

Oligomeric Proteins

pISSN: 2356-9174, elSSN: 2356-9182 232

PROPERTIES

« Long Body Circulations
e Compartmentalization
MHC Class |l e Targeted Delivery

* Biocompatiability & Safe

e Cargo Protection & Encapsulation
« Hight Penetration

* Biodegradable

* Enhanced Biodistribution

Flotillin 3 ]

voé

[REESR N

® )

Fig. (5)Typical structure of exosomes, properties, and functional attribution of various biomolecules

present in exosomes, (after Gurunathan et al., 2019).

Almost all bacteria, archaea, and eukaryotic cells
shed extracellular vesicles either constitutively or in
a regulated manner. These nanosized membrane
vesicles are spherical, bilayered proteolipids that
harbor specific subsets of proteins, DNAs, RNAs,
and lipids. Some research has facilitated conceptual
advancements in this emerging field that indicate that
extracellular ~ vesicles act as intercellular
communicasomes by transferring signals to their
target cell via surface ligands and delivering
receptors and functional molecules. Almost all
bacteria, archaea, and eukaryotic cells shed
extracellular vesicles either constitutively or in a
regulated manner. These nanosized membrane
vesicles are spherical, bilayered proteolipids that
harbor specific subsets of proteins, DNAs, RNAs,
and lipids. Recent research has facilitated conceptual
advancements in this emerging field that indicate that
extracellular  vesicles act as intercellular
communicasomes by transferring signals to their
target cell via surface ligands and delivering

receptors and functional molecules. Choi et al.,

(2015). Extracellular vesicles (EVs) have emerged as
a ubiquitous mechanism for transferring information
between cells and organisms across all three
kingdoms of life. In addition to their roles in normal
physiology, vesicles also transport molecules from
pathogens to hosts and can spread antigens as well as
infectious agents. Although initially described in the
host-pathogen context for their functions in immune
surveillance, vesicles enable multiple modes of
communication by, and between, parasites, (Coakley
et al., 2015). Tumor-secreted extracellular vesicles
(EVs) are critical mediators of intercellular
communication between tumor cells and stromal
cells in local and distant microenvironments.
Accordingly, EVs play an essential role in both
primary tumor growth and metastatic evolution. EVs
orchestrate multiple systemic pathophysiological
processes, such as coagulation, vascular leakiness,
and reprogramming of stromal recipient cells to
support  pre-metastatic niche formation and
subsequent metastasis. (Becker et al., 2016)
Polymorphism and stress
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Any stress on any organism leads to
polymorphism for adaptation. Age-related factors
including oxidative stress play an important role in
prostate carcinogenesis. Zhang et al., (2019)
hypothesized that germline  single-nucleotide
polymorphisms (SNPs) in oxidative stress pathway
are associated with prostate cancer (PCa) risk.
One SNPin the MAPK14 (rs851023) was
significantly associated with incident PCa risk.
Compared to men carrying two copies of allele A, the
presence of one or two copies of the G allele was
associated with decreased risk of PCa, (Zhang et al.,

2019).

Agrichemical contamination provoke
evolutionary responses in freshwater populations. It
is a particularly relevant issue in semi-arid regions
due to the sensitivity of endemic species to pollutants
and to interactions with temperature stress. A
genome-wide approach was used and analyzed 2056
single nucleotide polymorphisms (SNPs) loci in 551
individuals from all sites. Our results reveal that
A. Torrens is sensitive to pesticide exposure, but that
a high gene flow may confer resilience to
contamination, (Gouin et al., 2019) We developed in
our lab electrophoretic pattern of nucleic acid
technique, which is based on gently squeezing of

can
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solid tissue with blue tips and directly run in
electrophoresis. This technique reflects the state of
DNA and RNA without any technical or mechanical
degradation. Surprisingly, we detected RNA  less
than 50 bp we predict that this RNA may be micro-
RNA (Fig. 6). The technique of sister chromatid
exchange (SCE) reflects the mutation and instability
of the genome (Fig. 7, 8, 9) by increasing the rate of
frequency of SCE than the normal rate. We observed
some environmental pollution and drugs increased
this rate, this reflects the effect of environmental
pollution for increasing the rate of transfer or
movement of transposable elements and induction of
variation in the somatic or germinal genome.
Chromosomal instability is a hallmark of cancer that
results from ongoing errors in chromosome
segregation during mitosis. chromosomal instability
is a major driver of tumor evolution, its role in
metastasis has been established. Chromosomal
instability drives metastasis through a cytosolic DNA
response, (Bakhoum, 2018). We found individual
variation in one species of Artemia sp. And eel
Anguilla anguilla using haplotype technique, (Fig.
10.  Recently, we detect transverse of DNA from
person to another through check hand (unpublished
data) Fig. 11.

500 bp
400 bp
300 bp

200 bp

100 bp
Micro - RNA

Fig. (6) Micro- RNA less than 100 bp (after Hassab El-Nabi, 2004)
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Fig. (8) Sister chromatid exchanges (SCE) in control human metaphase (after Hassab El-Nabi,

1994)
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Fig. (9) Sister chromatid exchanges (SCE) in treated human metaphase with mitomycin C,
(after Hassab EI-Nabi, 1994).
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Fig. (10) Different haplotype of eel Anguilla anguilla (after Hassb El-Nabi et al., 2016)
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Figure (11): A comparison of the electropherogram of Blue and Green dyes for mixed STRs genotype resulted
from check hands between two persons (A and C), that appeared in sample (B).

**Amplification products were separated on an Applied Biosystems® 3500 Genetic Analyzer using a
3kV, 5-second injection as described in the PowerPlex® Y23 System Technical Manual TMDO035.
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