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Abstract: Next-generation sequencing (NGS) has been widely applied to clinical diagnosis. Target-gene capture followed by deep 

sequencing provides unbiased enrichment of the target sequences, which not only accurately detects single-nucleotide variations (SNVs) 

and small insertion/deletions (indels) but also provides the opportunity for the identification of exonic copy-number variants (CNVs) and 

large genomic rearrangements. The use of NGS allow to directly distinguish the underlying causative diseases genes via a systematic 

filtering, in which the identified gene variants are checked for novelty and diseases association. This maneuver is possible, provided that, 

we reach proper depth of coverage metrics during sequencing. Here we use the depth of coverage metrics to assess genome stability in 

different diseases. Our results confirm other results observed in the past about genome instability and rearrangement in multiple cancers 

while shedding the light about chromosome instability in hypercholesterolemia.  
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1. Introduction 
 
A proper delineation of diseases associated mutation in 
functional elements in human genome represents a central 
ambitious and challenging approach in genomics-based 
medicine (1). Many diseases like cancers are the results of 
the inerrant appearance of SNPs and Indels (2) and these 
later are subjected to chromosomes instability (3-5), 
chromothripsis events and chromosomes shattering (3-5). 
The majority of human cancer cells are highly aneuploid 
harboring chromosome numbers deviating from their normal 
modal number of 46. In cancer, aneuploidy is a consequence 
of an increased rate of whole chromosome missegregation 
during mitosis, a process known as chromosomal instability 
(CIN) (6). There is now evidence that most cancers may 
indeed be genetically unstable, but that the instability exists 
at two distinct levels. In a small subset of tumor cells, the 
instability is observed at the nucleotides level as results of 
base substitutions, deletions or insertions. In most other 
cancers, the instability is observed at the chromosome level, 
resulting in losses and gains of whole chromosomes or large 
portions of karyotypes (7). There is evidence that most 
cancers may indeed be genetically unstable. Recognition and 
comparison of these instabilities are leading to new insights 
into tumor pathogenesis (8). The stamp of chromothripsis or 
genomic instability have been seen in many cancers and 
occurs in 25% of bone cancers. 
 
The first use of massive parallel pair-ended sequencing in 
the elucidation of the mechanisms underlying this 
phenomenon has been conducted by Stephens and 
colleagues (9). We currently have only a partial repertoire of 
these alerted sequences in proteins coding sequences and it 
is practically impossible to identify all these mutations using 
conventional Sanger Sequencing Methodology. The Next 

Generation Sequencing (NGS) technologies parented by few 
scientists have permitted to put these challenges into reach. 
Whole-genome sequencing and Exome sequencing and 
analysis are becoming important part of a translational 
medicine research toolkit (10) to investigate small-scale 
changes such as single-nucleotide variants (SNVs) and 
indels (11-13) in addition to large-scale events such as 
chromosomal rearrangements and chromosomes shattering 
(14). For both basic genomics sciences and personalized 
medicine, the compromise between data quality and quantity 
will determine what constitutes the accuracy of whole 
genome analysis, especially for detecting SNPs and Indels. 
As whole-genome sequencing becomes a commodity, it will 
be important to determine the descriptive and quantitative 
metrics that can shed the light on individual’s genome 
sequence. However, not such standards currently exist in 
NGS sciences. 
 
While population geneticists will be contended with 
sequencing targeting a low-coverage pooled data sets, in this 
approach where we are targeting diseases like cancers and 
hypercholesterolemia we will put the beam on highly 
accurate SNVs calls from an individual’s genome. 
 
Secondly, we seek to understand whether the probe coverage 
of different chromosomes is peculiar to particular diseases 
types, inerrant to the chemical identity of the ligands or 
imputed to both phenomena. 
 
To answer these questions, we undertook human exome 
sequencing on gDNA from different types of cancers: breast 
cancer, human cancer cell lines, and ALCL and gDNA 
originating from blood sample of individual diagnosed blood 
pressure, hypercholesterolemia and diabetes on MiSeq 
Illumina platform to a total of 350 GB (representing 39 X 
average sequenced depth).  
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We next focused on data plotting from depth coverage using 
Excel program to generate curve for each chromosome that 
build a compromise between scatter plot and area under the 
curve. We meticulously analyzed the magnitude and 
intensity of the oligos binding sites on each chromosome 
which ultimately leads us to identify the nature and 
magnitude of chromosome instability.  
 
2. Methods 
 
Libraries preparation and sequencing 
 
1) Genomic DNA (gDNA) libraries construction for 

Exomes sequencing on Illumina Platform 
 
a) Tagmentation reaction 
High quality gDNA was purified from cells and whole blood 
using Qiagen kits (QIAamp DNA Blood Mini Kit from 
QIAGEN, Hilden Germany). The construction of the library 
was done using the NexteraTransposome Kit based on Tn 
transposase chemistry. Brief, 50 ng of gDNA was used in 
tagmentation reaction which involves the transposase that 
simultaneously fragments the gDNA and adds adapters 
sequences at the ends the fragments allowing amplification 
the generated DNA fragments by PCR in the subsequent 
steps. After the fragmentation and tagging reaction, the 
transposase is removed from the reaction product using 
magnetic beads before performing limited-cycle PCR 
(suppression PCR). This limited PCR step adds index 1 (i7) 
and index 2 (i5) as well as common adapters (P5 and P7) 
required for libraries DNA population to be recognized by 
the flowcell leading cluster density generation and 
sequencing. The PCR product is two times enriched two in 
successive subtractive-hybridization in presence of a 
cocktail of Exome oligos or expended Exome oligos 
followed by capture using streptavidin beads. 
 
b) Validation of the library 
To achieve a highest data quality on the Illumina platform, it 
is important to create optimum cluster densities across every 
lane of the flow cell and this requires accurate quantitation 
of gDNA library templates using Qubit fluorometer 
(Invitrogen). 
 
c) Quality Assessment    
Post-enriched library quality assessment and size 
distribution are assessed on an Agilent Technologies 2100 
Bioanalyzer using an Agilent High Sensitivity DNA Chip. 
Depending on the level of indexing, an initial dilution of the 
sample can be necessary. For a 12-plex pool, it is 
recommends to use 1:10 dilution of sample before loading it 
onto the Chip. Preferably, loading 300 to 400 ng of the post-
enriched products on the Chip put the pick of library 
molecules sandwiched in the middle high molecular and low 
molecular weight markers thereby allowing proper 
estimation of fragments size distribution.  
 
d) Library Sequencing 

Depending 0n the concentrations and libraries sizes 
distribution as assessed by Qubit and Agilent Bioanalyzer, 
3-6 pM of each library was sequenced for 151 cycles on 
Illumina MiSeq using V-3 Chemistry Kit, prior to 
denaturation of librairies DNA in presence of 0.2N NaOH. 
To ensure molecular diversity, all samples were spiked with 
10% phiX. Samples are loaded into the cartridge and 
sequenced on MiSeq flow cells using Nextera XT program. 
 
2) Bioinformatics Methodology  
Sequence data from Illumina MiSeq were processed using 
the bioinformatics pipeline outlined in Figure 1 which 
included concatenation, reference alignment, and removal of 
duplicate reads, indel realignment and base recalibration. A 
quality control analysis was performed using FastQC tool to 
generate an HTML format report which provides 
information about Basic Statistics, Per base sequence quality 
report, Per tile sequence quality, Per sequence quality 
scores, per base sequence content, Per sequence GC content, 
Per base N content, Sequence length distribution, Sequence 
duplication levels, Overrepresented sequences, Adapter 
content and Kmer content. From the FastQC analysis, the 
first 15 base pairs were trimmed off as these were the 
adapter sequences. After performing adapter and quality 
trimming, FastQC analysis was performed again to check 
the presence of any bases having low scores or adapter 
regions in the sequence. Post FastQC analysis, reads were 
mapped to the human genome reference assembly 
(GRCh37/hg19) using Bowtie2 aligner algorithm which uses 
paired-end alignment mode for aligning paired-end data to 
reference genome. Bowtie 2 outputs the alignments into 
SAM format. The SAM file thus obtained was converted to 
BAM file using samtools program. The Depth of Coverage 
was obtained by inputting the BAM files with proper 
headers into GenomeAnalysisTK.jar tool for coverage 
statistics analysis per gene and per sample and with the 
application of  all the following Read Filters like: 
NotPrimaryAlignmentFilter, 
FailsVendorQualityCheckFilter, DuplicateReadFilter, 
UnmappedReadFilter, MalformedReadFilter and 
BadCigarFilter) are automatically applied to the data by the 
Engine before processing the DepthOfCoverage analysis. 
Note that, the NotPrimaryAlignmentFilter recognizes the 
SAM flag that identifies secondary alignments. It is intended 
to ensure that only reads that are likely to be mapped in the 
right place and therefore to be informative will be used in 
the analysis; FailsVendorQualityCheckFilter recognizes the 
SAM flag corresponding to the vendor quality check; 
DuplicateReadFilter recognizes the SAM flag set by 
MarkDuplicates. Like NotPrimaryAlignmentFilter, it 
recognizes the SAM flag corresponding to being unmapped. 
MalformedReadFilteris also applied automatically by all 
GATK tools in order to protect them from crashing on reads 
that are malformed. There are a few types of malformation 
(such as the absence of sequence bases) that are not filtered 
out by default and can cause errors, but these cases can be 
preempted by setting flags that cause the problem reads to 
also be filtered. 
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Figure 1: Data Analysis Pipeline 

 
Figure 1: Exome sequencing analysis pipeline listing 
various steps and tools for processing Miseq data. 
 
3) Plotting Chromosomes Binding Curves  
Chromosomes binding curves were plotted from the depth of 
coverage data produced on the spreadsheets after 
bioinformatics analysis. Each curve was plotted using 
probes Metrix data on then X axis and the density of the 

curve on Y axis. The curves were generated using Excel 
program that integrates a combination of scattered plot and 
the area under the curve. To avoid a scattered distribution on 
the pics of curves, we joined the oligos that depicted the 
minimum binding sites to their coordinates on the Y-axis 
and maximum binding sites. This obviates a random 
distribution of the pics of the curves thereby producing a 
qualitative curves depicting the chromosomes integrity.  
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3. Results 
 
The fig1 presents chromosome 1 binding curves in four 
different pathologies: anaplasia large lymphoma, 
hypercholesterolemia, breast cancer and cancer cell line, 
SUPM2 treated with crizotonin. The gDNA libraries were 
blended with the same cocktail of oligos and each oligo has 
its position on X-axis with its corresponding pic on Y-axis. 
For Anaplasia large lymphoma, the oligo with coordinate 
68613 on the X-axis represents the minimum of the binding 
curve and the oligo 12965 the maximum of the curve. For 
hypercholesterolemia, the oligo 2264 represents the 
minimum of the curve and the oligo 5285 the maximum of 
the curve. In cancer cell line SUPM2, the oligo 631 
represents the minimum of the curve and the oligo 148 the 
maximum of the curve. In breast cancer, the oligo 14748 
represents the minimum of the curve and the oligo 14150 the 
maximum of the curve. 
 
The fig2 presents chromosome 3 binding curves with four 
different pathologies as fig1. For anaplasia large lymphoma, 
the oligo 12884 represents the minimum of the curve against 
the oligo 12965 representing the maximum of the curve. In 
hypercholesterolemia, the oligo 4270 represents the 
minimum of the curve and the oligo 1548 the maximum of 
the curve. In the cancer cell line SUPM2, the minimum of 
the curve is represented by the oligo 1968 against the oligo 
7176 on the maximum of the curve. In the breast cancer, the 
minimum of the curve in represented by oligo 7305 against 
the oligo 11953 on the maximum of the curve. 
 
The fig3 presents the chromosome 4 with the same four 
pathologies. In anaplasia lymphoma, the nature of oligo 
binding to the chromosome 4 is presented by oligo 15685 at 
the bottom of the curve against the oligo 10350 on the 
maximum of the curve. In hypercholesterolemia, the oligo 
533 shows the minimum of the curve and the maximum of 
the curve is represented by the oligo 794. The nature of 
chromosome binding in SUPM2 is described by a curve 
presenting at its minimum the oligo 1071 and its maximum 
the oligo 1142. The oligos on Chromosome 4 binding site 
are represented by the oligo 38 at the minimum of the curve 
and oligo 41 at the maximum of the curve. 
 
The fig4 depicts chromosome 6 binding curves in the four 
different state of pathologies. Likewise on the chromosome 
4, breast cancer presents more chromosome shattering as 
compare to chromosome 3 and chromosome 1. 
 
The fig5, 6, 7, 8 and presents respectively: chromosomes 11, 
12, 13, 19 and chromosome M, with chromosome M and 13, 
much more shattered as compared with chromosomes 11, 12 
and 19. 
 
4. Discussion 
 
The majority of human cancer cells are highly aneuploid 
harboring chromosome numbers deviating from their normal 
modal number of 46 (15, 16). In cancer, aneuploidy is a 
consequence of an increased rate of whole chromosome 
missegregation during mitosis, a process known as 
chromosomal instability (CIN) (17). Chromosome instability 
may be associated with aberrations in mitotic spindle 

checkpoints (18) and genes such as hBUB1 and MAD2 (19, 
20), aberrant sister chromatid exchange (21), DNA repair 
pathways (22), and abnormal centrosome copy numbers or 
amplification (23–26). Recently, studies have implicated 
breakage-fusion-bridge cycles in chromosome instability. 
Albeit the existence of plethora of studies linking CIN to 
breast cancer as well as other cancer in general (27-31), 
there is no direct evidences implicating other diseases like 
hypercholesterolemia and anaplasia lymphoma to CIN. In 
breast cancer, aneuploidy (32), absence of Brca2 gene, the 
over-expression of STK15/BTAK and conditional mutation 
in Brac1 exhibits gross genomic instability (33-35).  There 
are two main classes of genomic instability: nucleotide 
instability and chromosomal instability (CIN) (28). While 
nucleotide mutations include base substitutions, deletions 
and insertions, mutations at the cytogenetic level include 
gains and losses of whole or parts of chromosomes as well 
as simple or complex chromosomal rearrangements. Here 
we used the of depth of coverage metrics to demonstrate that 
the genome instability is much more pronounced in breast 
tumors as compared with SUPM2 cancer cell line, 
hypercholesterolemia and anaplasia large lymphoma. A 
higher population of probe oligos that bind to their sites 
denote the state of integrity or the stability of the genome 
before transposase digestion leading to the generation of the 
libraries. It is important to recall that we used 
Illuina/Nextera kit to generate these libraries and it is also 
known that other companies like: Agilent or Nimbulgen kits 
will generate libraries with different magnitudes of depth of 
coverage resulting from the probes binding efficiency (36-
38). In either case, the exome sequencing analysis has 
proven to demonstrate the stability of the genome. Indeed, 
other studies have initially reported a comparison 
performance between four different kits for libraries 
building from four commercial platforms: 
Roche/NimbleGen’sSeqCap EZ Human Exome Library 
v3.0, Illumina’s Nextera Rapid Capture Exome (v1.2), 
Agilent’s SureSelect XT Human All Exon v5 and Agilent’s 
SureSelect QXT, using the same DNA samples (37). From 
these studies, it was reported Agilent XT showed the highest 
target enrichment efficiency and the best SNV and short 
indel detection sensitivity in coding regions with the least 
amount of sequencing. Agilent QXT had slightly inferior 
target enrichment than Agilent XT. Illumina, with additional 
sequencing, detected SNVs and short indels at the same 
quality as Agilent XT, and showed the best performance in 
coverage of medically interesting mutations. NimbleGen 
detected more SNVs and indels in untranslated regions than 
the others. Our study was not aimed at comparing the 
capture performance of each library kit, but the capture 
performance of Illumina inside different pathologies.  
 
Mitochondrial defects have long been suspected to play an 
important role in the development and progression of cancer 
and a key event in carcinogenesis involved the development 
of an injury to the respiratory machinery, resulting in 
compensatory increases in glycolytic ATP production (39, 
40). Malignant cells produce a large amount of their ATP 
through glycolytic mechanisms rather than through 
oxidative phosphorylation. Because glycolytic ATP 
generation is inefficient by nature, this leads to a high 
consumption of glucose to fulfill cellular energy 
requirements, mechanism that contrast with normal cells. In 

Paper ID: ART2017972 DOI: 10.21275/ART2017972 1859

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1505026/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1505026/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1505026/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1505026/#R32


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 2, February 2017 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

our study, we reported onfig9 that the mitochondrial genome 
of patients suffering from hypercholesterolemia and breast 
cancer, is practically degraded as exemplified by nature of 
the probes capture compared to large anaplasia lymphoma 
and the cancer cells line SUPM2. 
 
5. Conclusion 
 
The depth of coverage is under influence of many factors 
that are required to properly address biological questions 
using exome sequencing. The experimental design needs 
meticulous planning of some intrinsic issues that relate to 
the integrity of genome structure and its mappabilityvis a 

visto the relative abundance of reads that inform us about the 
biological question and the trade-off between controlled 
replicated designs and sequencing depth. Such an exercise in 
the quest of depth of coverage in itself constitutes an 
approximation as it requires a use of presumably true 
positive control of set of transcripts or binding sites, a 
setting that the design of the exome sequencing does not 
have. Here, we used the metrics of depth of coverage 
derived from our FastQ data analysis on GATK pipeline in 
combination with excel plotting to access the state of 
genome stability. More works are required to decipher the 
nature of interactions between the binding sites on the 
genome and the probes.  
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Figure1:Chromosome 1 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis represent 
the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is predicted by the 

ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the sites will show 
binding, whereas the degradation of the sites is characterized by absence of binding (c). 

 
Figure 2: Chromosome 3 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 

represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 
predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 

sites will show binding, whereas the degradation of the sites is characterized by absence of binding (c). 
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Figure 3: Chromosome 4 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 

represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 
predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 

sites will show binding, whereas the degradation of the sites is characterized by absence of binding (c). 
 

 
Figure 4: Chromosome 6 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 

represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 
predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 

sites will show binding, whereas the degradation of the sites is characterized by absence of binding (b and c). 
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Figure 5: Chromosome 11 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 
represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 

predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 
sites will show binding, whereas the degradation of the sites is characterized by absence of binding (b and c). 

 
Figure 6: Chromosome 12 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 
represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 

Paper ID: ART2017972 DOI: 10.21275/ART2017972 1864



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 2, February 2017 
www.ijsr.net 

Licensed Under Creative Commons Attribution CC BY 

predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 
sites will show binding, whereas the degradation of the sites is characterized by absence of binding (b and c). 

 
Figure7: Chromosome 13 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 
represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 

predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 
sites will show binding, whereas the degradation of the sites is characterized by absence of binding (c). 

 
Figure 8: Chromosome 19 binding curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 
represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 

predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 
sites will show binding, whereas the degradation of the sites is characterized by absence of binding (b and c). 
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Figure9: Chromosome M Saturation curve for ALCL, Hypercholesterolemia Breast cancer and SUPM2 Czr. The X axis 
represent the probes coordinates and the Y axis represent the % of binding to a specific locus. The magnitude of CIN is 

predicted by the ability of the probes on X-axis to bind to its site in the fragments of the library. The relative integrity of the 
sites will show binding, whereas the degradation of the sites is characterized by absence of binding (b and c). 
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