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ABSTRACT

Background: Structural Variations, SVs, in a genome can be linked to a disease or characteristic phenotype.
The variations come in many types and it is a challenge, not only determining the variations accurately, but also
conducting the downstream statistical and analytical procedure.

Method: Structural variations, SVs, with size 1 base-pair to 1000s of base-pairs with their precise breakpoints
and single-nucleotide polymorphisms, SNPs, were determined for members of a family. The genome was
assembled using optimal metrics of ABySS and SOAP de novo assembly tools using paired-end DNA sequence.

Results: An interesting discovery was the mitochondrial DNA could have paternal leakage of inheritance or
that the mutations could be high from maternal inheritance. It is also discovered that the mitochondrial DNA
is less prone to SVs re-arrangements than SNPs, which propose better standards for determining ancestry and
divergence between races and species over a long-time frame. Sex determination of an individual is found to
be strongly confirmed using calls of nucleotide bases of SVs to the Y chromosome, more strongly determined
than SNPs. We note that in general there is a larger variance (and thus the standard deviation) in the sum of
SVs nucleotide compared to sum of SNPs of an individual when compared to reference sequence, and thus SVs
serve as a stronger means to characterize an individual for a given trait or phenotype or to determine sex. The
SVs and SNPs in HLA loci would also serve as a medical transformational method for determining the success
of an organ transplant for a patient, and predisposition to diseases apriori. The sample anonymous dataset
shows how the denovo mutation can lead to non-inherited disease risk apart from those which are known to
have a disease to mutation association. It is also observed that mtDNA is highly subjected to mutation and thus
the factor for a lot of associated maternally inherited diseases.

Conclusion: ‘Mitochondrial Adam’ can be a fair reality as certainly the biparental mode of mtDNA puts
in question the theory of ‘mitochondrial Eve’. SVs would serve as a stronger fingerprint of an individual
contributing to his traits, sex determination, and drug responses than SNPs.
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Abbreviations: SVs: Structural Variations; InDels: Insertions and Deletions; DIPs: Deletion and Insertion
Polymorphism; SNPs: Single Nucleotide Polymorphisms; mtDNA: mitochondrial Deoxyribonucleic Acid;
CNV: Copy Number Variations; SNVs: Single Nucleotide Variations

BACKGROUND of structural variation algorithms, even in deeply sequenced
individual genomes of the order of 30x average coverage [1,2]
suggests that for lower coverage the larger problem will to get rid
of false positives. Nevertheless, the results with coverage as low

Customization of the genome and biological material analysis
for a tailormade solution individual specific is the next bio
and medical selling proposition. The high false discovery rate
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as 3-5x also could have meaningful findings and be deployed
for several genomes analysis, which would make sense on a
population-wide scale at a relatively lower cost, such as in the
1000 genomes project, phase I [3]. An arXiv preprint of this paper
was published in early 2021 [4] and the abstract was published in
the book of abstract of BIOCOMP 2020 [5].

In the current article, we discuss and extend the findings of
mtDNA and Y-chromosome characteristics in terms of SNPs and
SVs which was first presented in the year 2012 at a personalized
genomics conference [6], followed by an ex-tended article in
2013 at the international BIOCOMP conference [7], and it
would be highly unlikely that many such similar experiments
would not converge to some discoveries as it did happen in later
years [8-10]. This paper serves as an extended paper of [11,12],
particularly adding to them the clinical procedure following the
variants extraction, and emphasis and clarity on mitochondrial
inheritance possibility through paternal lines and thus the
associated diseases. Most recently Luo et al. [13] in 2018, also
came up with a large cohort that showed it is possible to have
mtDNA being biparentally inherited, a discovery which was
already made 6 years ago by Singh AN [6] in the year 2012,
although a rare case of paternal mtDNA inheritance was also
reported earlier [14]. The article thus has now been appropriately
titled as mitochondrial Adam, to give due weightage of possibility
of paternal or bi-paternal inheritace of mitochondrial DNA as
previously mitochondrial Eve [15] paper discussed the possibility
of maternal inheritance of mitochondria as the only possibility.
In addition, the paper also highlights the rising importance of
mutations larger than just the point mutations, as a significant
contributing factor to determine end phenotype and trait.

With regards to discovery of SVs association to traits and
phenotype of individual, here, more precisely we examine the
InDels in SVs which are also known as DIPs. The analysis is then
done for the whole family for matches of the SNPs variations to
known pathogenic SNPs database, ClinVar [16,17] for the sake
of completion and way forward for medical diagnostics and was
also presented at the international BIOCOMP conference [18]
in July 2019.

Variations at specific loci in the genome have been associated
with recurrent genomic rearrangements as well as with a variety of
diseases, including color blindness, psoriasis, HIV susceptibility,
Crohn’s disease and lupus glomerulonephritis [19-24]. Figure
1 summarizes in a broad sense the various variations that can
occur in a genome in comparison to a reference genome, as was
initially published [25]. This only enhances the importance of a
comprehensive catalog for genotype and phenotype correlation
studies when the rare or multiple variations in gene underlie
characteristic or disease susceptibility [26,27]. Microarrays [28-
30] and sequencing [31-34] reveal that the Structural Variants
(SVs) contribution is significant in characterizing populations
[35] and disease [36] characteristics. Interestingly the HLA
domain in chromosome VI of an individual, which is the MHC
region in humans, would be interesting in being decoded for the
variations, as a lesser difference between two individuals could
imply a greater likely of success in an organ transplant. With
time the sequencing of human genomes now be-come routine,
the spectrum of structural variants and Copy Number Variants
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(CNVs) has widened to include much smaller events. The
important aspect now is to know how genomes vary at large as well
as fine scales and by what magnitude does it impact a population
in general and an individual. There are databases such as OMIM
[37], ClinVar, dbSNP [38], PharmGKB [39], HGVbaseG2P [40]
now named GWAS Central, UniProt [41], etc., where genotype
to phenotype associations are maintained and regularly updated.
There have been several new tools made available which can
detect variations without the need for assembling the genome for
the individual, such as those used in the 1000 Genome Project
consortium which finds great applicability in case the coverage
of sequences is low [1] and has, so to speak, yet have a profound
impact at a population level. In this article, we share the results of
the variations detected in a family of four individuals’ viz., father,
mother, and two daughters.

VARIATIONS IN GENOME ARCHITECTURE ]
SNPs l [ SVs l
[ NOVEL } [db.‘-lanch { InDets } [lwsnsmus] [ 'f:‘c'ﬁ:f]

Figure 1: Variations in genome architecture. Um: Un matching; M:
Matching; MNI: Matching Non Insertion; ia-cr: intra chromosomal;
ie-cr: inter chromosomal; SNPs: Single Nucleotide Polymorphism;
SNV: Single Nucleotide Variations; InDels: Insertions and Deletions;
CNVs: Copy Number Variations; Translocation: Single copy match
elsewhere in genome. Tandem Duplication and Multiplication is a
subset of various types of CNVs. Mobile element insertion is a subset
of M-CNVs, C-Del: Complete Deletion; D-Inv: Direct Inversion. The
classification is done based on the characteristic of variation and not on
basis of sizes of variations. Figure plotted using www.draw.io.

METHOD

The blood samples of a family were collected in Amsterdam,
although they might not be individuals who are of direct Dutch
descent as Amsterdam is a cosmopolitan city. To keep their
identities anonymous, we will refer to them as A105A, A105B,
A105C, and A105D, respectively. The DNA was extracted
and sequenced on Illumina HiSeq sequencer with an average
coverage of more than 12x across the genome and with the raw
read length of 90 bases at either end of the paired end reads
with an average insert size of about 470 bases. As there are
many copies of mitochondrial DNA in a cell, the sequencing
coverage of mitochondrial DNA would be several folds higher
than 12x. The reads were then assembled into respective contigs
using parallel assembler ABySS [42] version 1.3.1 with optimal
parameters of kmer size (k) of 49 and minimum reads to make
a consensus contigs (n) of 3 to yield highest possible N50 value
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for the contigs ~ 3000. Default values of SOAP de-novo [43] were
also used for assembling the genomes. SSPACE [44] was also used
for assembly. On average it required about 140 GB of RAM in
a shared environment and 49 computing wall-clock hours on a
symmetric multiprocessor cluster with 6 computing cores each
of capacity 2.6 GHz. The assemblies of the four individuals were
then aligned globally to the NCBI human reference genome,
Build 37, followed by extraction of SVs information of category
insertions and deletions only (InDels), and single nucleotide
polymorphisms (SNPs) on regions of misalignment [45,46].
Genome plot for the A105 A, B, C and D is shown in Figures 2a
and 2b where one can graphically obtain estimates of regions of
alignments and misalignments with the reference genome NCBI

HuRef build 37.
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Figure 2a: A105A, A105B. The large breaks and differences between
the graphs are visible to naked eye, though much of the variations can
be found when zoomed in.

Figure 2b: A105C, A105D. The large breaks and differences between
the graphs are visible to naked eye, though much of the variations can
be found when zoomed in.
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The total time for the alignment and extraction of information
on a single computing core of 2.6 GHz capacity came out to
about 85 wall-clock hours, for each assembly.

RESULTS
Scientific outcomes

The SNPs of the whole genome can also be used for generic
ancestry and divergence determination. For this reason, we also
conducted a SNP genome-wide inheritance analysis and found
that child A105C and child A105D had about 20.82% and
21.02%, respectively, of its SNPs that were novel compared to
those present in the parents i.e. AI05A and A105B (R code for
analysis provided in supplementary). The consistency in both the
children of about 21% SNPs being different from those found
in either of the parents gives confidence in the methodology
deployed. The difference could also be attributed to the aspect
of only 14x genome average coverage and thus less robustness in
detecting sequencing errors. Below in Figure 3 is the plot of the
sum of the bases of InDels and SNPs for chromosome 20 of the
A105 family. The sum of the bases of InDels have in-creased in
the children when compared to their parents while the levels of
SNPs remain more-orless the same, clearly speaking of higher
variance and thus higher standard deviation from mean in the
InDels compared to the SNPs. This interesting observation of
higher standard deviation in the InDels compared to SNPs,
even in just one generation, clearly points out that InDels would
be a stronger candidate for attributing a genetic signature of
an individual and can be thus linked more confidently with
determining the sex of an individual and associating with traits
and disease phenotypes.

A105 Family Chromosome 20 Decode
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Individuals

Figure 3: SVs and SNPs from only Chr 20.
Note: ( B ) Assembly InDels+SNPs, ( B ) Assembly SNPs

Figure 4 is a plot of the sum of the bases of SVs and SNPs
respectively for the whole genome determined for the A105
family. The corresponding values for the plot along with mean
and standard deviation values for SVs and SNPs for the family
is shown in Table 1, here again, we notice that the children
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have a relatively higher number of bases for SVs than their
parents, though the levels of SNPs remain more-or-less the same.
This finding thus proposes that even in one generation of the
offspring, there can be a significant rearrangement in the genetic
background to produce greater variance (and thus standard
deviation) in the variation of genotype and thereby having an
effect on phenotypes, and that the children are not an exact clone
of the set of chromosomes they inherit from either parent as there
will be significant variation, even when simply compared to the
chromosomes of the parents that they inherited. The changes in
SNPs are more restricted than insertions or deletions, and thus
SVs serve as a stronger mean as a fingerprint and characteristics
of an individual when analysed genome wide.

SVs (InDels+SNPs) and SNPs

A105

Figure 4: Genome Wide SVs and SNPs: SNPs are more conserved
genome wide. SVs: Structural Variations; SNP’s: Single Nucleotide
Polymorphism.

Note: (M ) SVs(InDels+SNPs), () SNPs

Table 1: The standard deviation of SNPs (Single Nucleotide
Polymorphism) being far smaller than that of SVs (Structural variations)
for whole genome.

A105 SVs (In Dels+SNPs) SNPs Statistics Value
A105A 47083259 2001074 SDSVs 4018934.7
A105B 49139752 2022063 SD SNPs  24543.9
A105C 56138900 2021242 Mean SVs 51318148.3
A105D 52910682 2059879 Mean SNPs 2026064.5

In Figure 5 and Figure 6 you will see that the calls of bases on the
Y chromo-some of InDels and SNPs, respectively, is far higher for
the father than the mother or the two daughters, thereby clearly
beingable to differentiate male from female. The pseudoautosomal
regions, PAR1, PAR2, are homologous sequences of nucleotides
on the X and Y chromosomes [47] where Genetic recombination
(occurring during sexual reproduction) is known to be limited
only to the pseudoautosomal regions (PAR1 and PAR2) of the X
and Y chromosomes. Thus, small matches will be expected to be
found in the female candidates when making calls for SVs and
SNPs having the reference Y-chromosome from NCBI Build 37 as
the counter alignment pair, as observed in our data and plotted
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in Figures 5 and 6. It is also observed that the difference in the
calls of sums of bases for InDels is far higher than the calls for
the sum of the bases for SNPs, thereby proposing that the former
is a stronger means to determine the sex of an individual than
the latter. This also proposes that contrary to what is observed
genome-wide, the SVs have higher selection pressure than the
SNPs in the Y-chromosome. This strong selection pressure of
Y-chromosome associated SVs compared to SNPs in woman, as
also shown in Table 2 where the SVs comprise only about 0.44%
of total SVs in male while the SNPs comprise about 23% of that
number of male, which would usually be those of PAR1 and
PAR2 region, proposes a stronger method by SVs to determine
paternal inheritance in a woman, by the data illustrated here.

Even though this work involved had about 14x on average
coverage for the genome, since the mitochondrial DNA
comprises anywhere from 2 to 10 copies of the DNA for each
mitochondrion [48], and since each cell in itself comprises of
1000s of mitochondria, the effective coverage for a mitochondrial
genome would be in the order of 14x x Mean (2,10) x 1000, which
is Order(14x x 6 x 1000), which is about Order(84,000x). With
such a heavy coverage of the mtDNA, it is highly unlikely that the
assembly process of the mtDNA genome would be faulty given
that most assembly work typically ranges for genome coverage
in the median value of 49x with a population size of 27 as per
Ekblom and Wolf [49]. From the already existing knowledge of
inheritance of mitochondrial DNA, one would expect all the
SNPs and SVs successful calls in mother to be found in all the
children as well, as mitochondrial DNA is known to be maternally
inherited. This is because mitochondrial DNA material is present
in the cytosol of a cell and not in the nucleus, and there is a lesser
possibility for the cytosol of the sperm cells to integrate with
the cytosol of the mother ova and is known to be destroyed at
fertilization. So, for determining maternal inheritance, mtDNA
is the same as his mother’s mtDNA, which is the same as her
mother’s mtDNA and so on.

Sex Determination by Y chromosome

40000

Successful Calls

Figure D: SVs at Y-Chr homology exhibit higher selection pressure

Figure 5: SVs at Y-Chr homology exhibit higher selection pressure. Svs:
Structual Variations. Y-Chr: Y Chromosome.
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Sex Determination by Y chromosome

Successful SNP Calls

A1058 AT05H

Figure E: SNPs at Y-Chr homology exhibit lower selection pressure, yet good
enough to distinguish gender

Figure 6: SNPs at Y-Chr homology exhibit lower selection pressure,
yet good enough to distinguish gender. SNPs: Single Nucleotide
Polymorphism

Table 2: SVs (Structural Variations) highly conserved in terms of number
for Y-chromosome with mean 0.45% than SNPs 23.57%. Percentage is
calculated keeping the number for A105A (father) as the reference.

Yoage
SNPs o representation
A105 SVs (Single °agte ; SNPs
ChrY (InDels+SNPs)  Nucleotide represse\r;sa on (Single
Polymorphism) Nucleotide
Polymorphism)
Al105A 309158 2208 100 100
A105B 1376 525 0.445079862  23.77717391
A105C 1600 534 0.517534723  24.18478261
A105D 1195 502 0.386533747 22.713550725
Average 0.449716111  23.56582126

Our findings for A105 family analysis revealed contradicting
results. Not all SNPs and SVs present in the mother were found
to be present in the children. There were cases found where a
SNP was found to be present in the father and a child but not
in mother. Table 3 shows the list of SNPs and Table 4 shows
the list of SVs in A105 family. This proposes a discovery that
mitochondrial DNA can have paternal sources of inheritance as
well, though they can also be a result of denovo genetic changes
rather than inheritance. Further, comparing Table 3 and Table
4, it is discovered by the observation that mitochondrial DNA is
less prone to SVs than SNPs, and that can be possibly attributed
to the fact that mitochondrial DNA is not exposed to the
phenomenon of crossing-over of genetic material as is the case
with chromosomes. This proposes a discovery that mitochondrial
DNA can have paternal or mixed paternal-maternal sources of
inheritance as well, though most likely they can be a result of de-
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novo genetic changes rather than inheritance. If denovo mutations
happen to be the case, it would again oppose the ‘mtDNA
bottleneck’ theory which states that mtDNA is subjected to
high bottleneck. The results by Table 3 and Table 4 would then
propose a ‘mtDNA bottleneck leakage’ theory, where possibly
one of the factors that were proposed in (“Two ways to make”)
[50] has caused a bottleneck for mutation that must have gone
uncontrolled. The heteroplasmy nature of mtDNA cannot be
ruled out either, but the fact that maternal mtDNA SNPs are
different than each of the offsprings raises several questions.
Further, the ratio of SVs bases calls to the size of genome is
significantly less for mitochondrial DNA (of the order of 2.35
x 10% than for the whole genome (of the order of 2.5 x 107),
thereby providing further evidence that structural variations in
mitochondrial DNA has higher selection pressure than the rest
of the genome and is thus a more rare event in the mitochondria
relative to the rest of the genome. This ratio remains comparable
to the rest of the genome when considered for SNPs (of the order
of 5.3 x 10* for mitochondria and the order of 8.0 x 10* for

whole-genome).

Mitochondrial DNA and Y-chromosome DNA have been widely
used to determine maternal and paternal ancestry respectively,
such as in recent findings for Native Americans and Indigenous
Altaians [51]. Based on the discoveries above, it can thus be safely
concluded that if we continue with ancestry determination by
mitochondrial DNA, then SVs would serve as better means
to determine ancestry for a longer period than SNPs, as they
are relatively more rare events. At the same time, the SNPs
of the mitochondria would serve as a better candidate for the
characteristic signature of the individual and can be used to
determine ancestry and divergence for a relatively shorter period.
Having said that, it would still be pro-posed that given that there
is the possibility of mitochondrial DNA to be inherited by the
father as well; maternal ancestry determination by mtDNA should
be re-phrased as simply ancestry determination by mtDNA. This
will also mean that all the analysis, which different scientists
across the globe have been conducting so far assuming mtDNA
to be maternally inherited, will need a complete change in the
understanding and knowledge generated. As it is confirmed that
the Y-chromosome is completely paternally inherited, ancestry
determination by ‘Y line tests’ as Y-chromosomes are confirmed
to be inherited from the father remain a good methodology.
Further, as observed and stated above, since SVs have higher
selection pressure than SNPs for the Y-chromosome, the SVs will
serve as a better means for paternal ancestry determination for a
relatively longer time-span and the SNPs would serve as a better
candidate to determine paternal ancestry and divergence in a
relatively shorter time-span.

Table 3: Genome breaks findings: SNP of mother mtDNA not inherited by a female offspring, but found similar to that of father mtDNA. 331 is the
position and A stands for male member. 16519 is the position and T stands for Thymine. 16527 is the position and C stands for Cytosine.

Genome break Plot data
Stringent parameters Lenient parameters
A105A A105B A105C A105D A105A A105B A105C A105D
331 A 331 A 131 T 339 A 331 A 331 A 131 T 339 A
493 A 1476 G 750 A 6474 A 493 A 15380 A 750 A 6474 A
16496 G 1518 C 4769 A 6497 T 1476 G 15408 A 4769 A 6497 T
J Proteomics Bioinform, Vol. 14 Iss. 11 No: 1000557 5
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16519 T 15380 A 16519 T 15476 C 16519 T 16220 A 16519 T 15476 C
16527 C 15408 A 16496 G 16249 T
16220 A 1518 C 16437 T
16249 T 16527 C 16469 T
16437 T
16469 T

Table 4: Genome break findings-a SV of mother MTDNA (Mitochondrial DNA) not present in a female offspring. A105 is the family and A stands
for the male member. 3107 is the position of the nucleotide and N stands for the nucleotide, 314 is the position and C stands for Cytosine, 523 is

the position and A stands for Adenosine.

Genome break Plot data
Stringent parameters Lenient parameters
A105A A105B A105C A105D Al105A A105B A105C A105D
3107 N 3107 N 3107 N 3107 N 3107 N 3107 N 3107 N 3107 N
314 C 314 C Missing 314 C 314 C 314 C Missing 314 C
522 C 4824 N 522 C
523 A 523 A

Clinical applications

If the immunologic responses after the grafting of an organ
from a donor to the receptor are known before conducting the
transplant, we can be more predictive of the chances of success of
the transplantation. The immunologic responses are dictated by
the MHC region of the genome, which in humans corresponds
to the HLA domain in chromosome VI.

DNA editing technologies such CRISPR/Cas9 [52], in the hope
that one day the method would be even more precise, combined
with this kind of study, as mentioned in this paper for detecting
any unwanted structural variations, can be a great promise for
the future. For this purpose, we first matched the SNPs from the

A105 family members to the known OMIM database and stored
the result in Microsoft Excel sheet as shown in Figure 7. From this
table, filtering out those entries that have clinical association is
straightforward, as shown in Figure 8. Databases such as dbSNP
version 130 was also used for the very purpose and to ClinVar
database version 20140211. Figures 9-12 show the results of
ClinVar analysis for A105 A, B, C, and D having 26, 25, 31 and
24 entries respectively. From this data, we could see that apart
from SNPs of clinical significance that was inherited from the
parents, both children A105C and A105D also had 7 and 5 novel
clinically relevant SNPs due to de-novo mutation (calculation in R
script in supplementary). Figures 13 and 14 show the novel SNPs.

Figure 7: Snippet of SNP OMIM database match. SNP: Single
Nucleotide Polymorphism; OMIM: Online Mendelian Inheritance in
Man.

Figure 8: Snippet of Clinically relevant SNPs (Single Nucleotide
Polymorphism) using OMIM (Online Mendelian Inheritance in Man).

J Proteomics Bioinform, Vol. 14 Iss. 11 No: 1000557
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Figure 9: ClinVar matches A105A.
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Figure 10: ClinVar SNPs for A105A.
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Figure 11: ClinVar matches A105B.

Figure 12: ClinVar matches A105C.
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Chromosomelocss —— RefSHP VarSKP Clial Agpet
L LSBIC T CUNSIGeno-gathogenicCLNDBN:AIKghyPenetrnt CNACC=RCVIONMITG
L SEBG A CUNSGenon-patogenicCLNDBN:Fimlial hyperchleterolemia CNACC-RCVONNIA.L
IOWSSIC T CUNSGaoterfINDBN-Mrstte canerol sustepvifty toCNACC-ACVIONESSH2
L WA CUNSIGthe|othenCUNDMN:Geum Jove of inteukin solble roeptor]Serum el of iteeuin 6CLNACC-ACVANOLSTY.L RO
L IMSA 6 CUNSIGther|ohe| oerUNDBN=Lups nephetid sty o seudomons aeuginose i sustepvity o chronc ectio £
1 WOIB6 A CUNSHGnteted CNOBN=alignant melnoma CLAACC-RCVINOERLEH.
1 SEBE0A G CUNSGeuntested CNDBN=nof povid CLAACC-RCVONOGESM L
Figure 13: Novel ClinVar SNPs in A105C.
Cromosome: Locss~—~~ RefSNP VarSNP - Clncal Aspet -
1 SBARC T CUNSIGanonpthogenicCLNDBN=AIHighlyPenetank (LNACC-ACVINOALTG
1 ISIBMG A CUNSIGHnonpathogenicCLNDBN-DUFRY BLOOD GROLP SYSTEM LAk FYAJYB POLYMORPHICLNACC-ACVOONONS
1 MBSRTC CUNSIGRnon pathogenicCLNOBN:FULFUL POLYMORPHSHCLNACC-ACYONMNTES L
1 EWWSA 6 CUNSIGaoterthe|othen CNOBN=Lipus nephritslol ssceptilt t]Pseudomonas aeuginsals sty o
0 S0A G CUNSKGuntsted CINDBN=not provided, CLNACC-RCVOONSESM 1
Figure 14: Novel ClinVar SNPs in A105D.
DISCUSSION CONCLUSION

The motivation of the current work is to lay the foundation for
a personalized medicine scientific age, demonstrating clearly that
the nuts-and-bolts needed for personalized diagnostics is well
in place for us to confidently enter the commercialization stage
of the technology. Although 14x coverage is far higher than the
previous studies of 1000 genome project phasel, which had lower
coverage, future similar studies can be conducted with coverage
of a recommendation of 50x if genome assembly approach
before analytics is to be deployed. The results of mtDNA analysis
seemed to not be affected by these factors as 1000s of copies of
mtDNA exist in the cell anyways. The clinical results generated by
the analysis of non-mitochondrial DNA cannot be trusted with
complete sanctity for coverage of only 14 x, and so those medical
outcomes were not discussed here. Certainly, the work should
not be left to be purely automated and the results generated by
the methods described here should also be validated by a team
of experts. The limitation of the work also questions the need
for cheaper computing facilities with more high-performance
memory for the purpose, especially for genome assembly work.
Techniques, such as mapping, read directly to the reference
genome can also be used as an alternative, which does not require
a high amount of memory, but those techniques come with their
own set of problems such as missing out any novel region and
their genomic loci information in the test genome, which might
be missing in the reference genome.

J Proteomics Bioinform, Vol. 14 Iss. 11 No: 1000557

This research article improves our understanding of human
genetics,variationsin thegenome, and inheritance. ‘Mitochondrial
Adam’ theory can well co-exist with ‘Mitochondrial Eve’ theory
as proposed by Lewin et al. given that we now have evidences
of paternal mtDNA inheritance, while we can continue with
“Y-chromosomal Adam’ theory given that both the SVs and SNPs
sum of nucleotide variance and standard deviation point out to
the same findings. We also pro-posed that given that the standard
deviation of the sum of nucleotides in SVs are larger than that
of SNPs, SVs differences would better characterize the gender of
an individual. It provides us with new scopes to fetch relevant
information and opens the door for many newer technologies to
be built based on the discoveries. The discoveries make us more
equipped with statistical and robust, efficient and relatively less
costly means to derive information such as sex determination,
or immunologic response to disease, or success rate of organ
transplant, or susceptibility to diseases and possible cure for
them. Given that there is a larger standard deviation of the sum
of the nucleotides of InDels (SVs) than sum of SNPs, this can
greatly and strongly impact how personalized genomic analysis
and diagnostics are being carried out, as the scientific community
develops algorithms and tools to better utilize this knowledge
shared by this paper.
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