International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

Distinctive Features of a Saudi Genome

Ibrahim Alabdulkareem®, Anthony J. Robertson?, Sami Al Garawi®, Mohammed Aljumah®,
Mohammed AlBalwi®

'Medical Genomics Research Department, King Abdullah International Medical Research Center, Ministry of National Guard Health
Affairs, P.O. Box 22490, Riyadh 11426, Kingdom of Saudi Arabia,

23King Abdullah University of Science and Technology, Jeddah, Kingdom of Saudi Arabia

4King Abdullah International Medical Research Center, Ministry of National Guard Health Affairs, P.O. Box 22490, Riyadh 11426,
Kingdom of Saudi Arabia,

>Pathology and Laboratory Medicine, King Abdulaziz Medical City, Ministry of National Guard Health Affairs, P.O. Box 22490, Riyadh
11426, Kingdom of Saudi Arabia,

Medical Genomics Research Department, King Abdullah International Medical Research Center, Ministry of National Guard Health
Affairs, P.O. Box 22490, Riyadh 11426, Kingdom of Saudi Arabia

Abstract: We have fully sequenced the genome of an individual from the region of Saudi Arabia. In order to facilitate comparative
analysis, an initial characterization of the new genome was undertaken based on single nucleotide polymorphism (SNP). The SNP data
having associated population statistics, essentially the HapMap, served to identify features that were rare by comparison. Methods were
developed and applied to tag observed SNPs as different and were extended to identify strings or clusters of difference in the individual
relative to comparison populations to effectively increase the significance over single SNP comparison. Difference strings identified in
the individual relative to each comparison population showed a genome location pattern with various levels of overlap between the
comparison populations. The SNP frequencies from the HapMap population samples Ceu and Yri showed a difference inversion
relative to the sample genome. The total SNP difference count was greatest between the individual and the Yri population sample while
the number and total span of SNP difference clusters was greatest in comparison with the Ceu population sample. The final pattern of

difference clusters has served to define distinctive features in the individual genome toward preliminary characterization.
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1. Introduction

There is a recognized and promising trend in human health
studies involving the use of high-resolution genetic
information to compliment diagnostics " ). High-resolution
information based on Microarray ©*! and parallel-sequencing
™ methods provide a gain in feature density which may
commonly expand the potential of clinical genetics and its
impact on health care.

In the process, practical challenges such as handling and
analyzing of large data sets are introduced "%, Genome—
wide association studies (GWAS) adapt genetic principles to
high-resolution feature measurements in the search for
disease-associated, not necessarily causal, genetic variations
] Comprehensive patient studies have revealed the power
of GWAS to define distinctive genetic features, or variations

within disease individuals relative to the host population ).

For a successful outcome to the search for distinctive
features, a comparison among a significant number of
individuals is required to eliminate personal variations and
confidently link any consistent variation to the disease .
The human genome is complex and the variation that might
have been naively considered as limited in times just after the
first human genome release is proving to be more general
than expected. The catalogs and collections of variation are
becoming extensive [ 1],

In addition to the challenge of developing a systematic
format of variations that naturally increase as more individual
genomes are sampled, there is a balancing demand for
representing all found variation within a conventional
reference as a basis for clinical interpretations.

In what might be a contributing element to an emerging trend
in clinical practice, possibly even a paradigm shift !'*); there
is an alternate and parallel approach to GWAS. The
mapping of rare alleles to disease is centered on the
measurements of populations and restricted to high coverage
of information rich variations, such as protein coding regions
of the genome ). A susceptibility allele might have
provided some selective advantage in the past but remains, at
least with low frequency, due to insufficient generation
passage or weak purifying selection. The paradigm of
evolutionary medicine and efforts to include high-resolution
genetic information demands sufficient sampling and clear
understanding of the origins and demographics of rare and
disease causing alleles !"*.

For the present study, we have reviewed genomic data from a
geographic region with great opportunities for the application
of medical genetics as well as population studies " ') An
individual, healthy Saudi Arabian male was the contributor of
DNA sequenced to moderate coverage as well as being
analyzed for SNPs with a Microarray method. The amount
of sequence data has provided the starting point for in depth
mapping of variation with additional full-genome data
expected to become available through 1000 genomes 07,
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For the present, we have mapped the SNPs and placed the
found haplotype into the context of available populations
with significant measure of allele overlap and frequency to
draw upon for statistical analysis. Particular attention was
focused on genetic difference that is unique to the sample and
distinguished the sample within the comparison.

2.Methods
2.1 Clinical

The purified genomic DNA collected from a peripheral blood
of a healthy male individual was used as a source material for
genomic analysis, both Sequencing and Microarrays. Paired-
read sequence data includes a total of 43 flow-cell lanes
which were produced from 3 separate genome fragment
libraries following standard protocols for the Illumina GAx
8] DNA from the same source was used to develop
Affymetrix SNP chips 6.0 following the vendor-supplied
protocols for target labeling and scanning !,

2.2 Sequence Assembly

Genome version GRCh37/hgl9 was downloaded onto a
standard workstation by HTTP directly from NCBI Entrez
201 Download options were selected for each chromosome,
including the mitochondrial to contain the whole sequence in
forward orientation with default annotation features in
GenBank-full format.  The reference sequences were
subsequently imported without changes into the assembly
software, Genomics Workbench '/,

The sequence read data were imported into the Genomics
Workbench as 43 separate files with undetermined fragment
length (mate-pair import) so that alignment parameters could
be optimized independently for each data set. Prior to
assembly, the reads were trimmed based on quality scores
using the Workbench Trim Tool to allow for global
alignment that extends the mismatch penalty to the ends of
reads during alignment *". An average of 1.02% of the total
read length was trimmed from the data that ranged in length
from 39 to 75 as determined by the instrument cut-off value
used. A data sample for each of the 43 files was pre-
assembled ignoring non-specific reads to provide a paired
read length distribution that was in-turn used to set the
optimal alignment parameters.

The alignment to reference was performed using default
settings for both long and short reads (short<56, others are
long) with the Global Alignment option and paired
parameters set to range from the average (+/-) 2.5 standard
deviations based on the predetermined pair fragment length.

2.3 Variant Mapping

SNP detection was performed on the complete assembly
using the SNP detection tool available in the Genomics
Workbench. The settings for quality were Window length =
11, Maximum gap and mismatch count = 2, Minimum central
quality = 20 and a Minimum average quality = 15. The
settings for significance were Minimum coverage = 3 and

Minimum variant frequency (%) = 35.0. The Maximum
expected variations (ploidy) was set as 2. The output of
Genome Workbench SNP detection is a table of the SNPs
detected in the aligned data relative to the reference and that
pass the settings filter for quality and significance.

Affymetrix SNP chip 6.0 measurements from the same
sample were compared to the SNP mapping results obtained
through sequencing, assembly and SNP detection. For this
comparison, it is the positional information relative to the
reference sequence that is used to register the non-identical
results files. Overlapping, common positions were
determined with a Venn diagram based online tool ). Each
separate position list was compensated for missing positions
present in the comparison list leading to the generation of a
single, matched comparison table. A simple positive scoring
that required absolute agreement between sequence and
hybridization based methods was used after all positions
without full adjacent information were removed through
applied filters. No corrections were made for major and
minor alleles or the level of confidence of the SNP call so
that positive scores were assigned to high-confidence
matches only.

2.4 Population Frequency Tables

The distinction value of the SNPs identified in the reference
assembly was extended through comparison to population
frequencies.  The variant annotation files available to
download from the UCSC Table Browser " ! in gff
format with a corresponding frequency table representing a
population, essentially the HapMap SNPs, were added to the
reference in the Genomics Workbench as separate annotation
tracks with an available software plug-in designed for that
purpose . More relevantly, the tables of SNP population
frequencies for each of the populations Ceu, Chb, Jpt and Yri
were combined and filtered for complete overlap with the
found SNPs to produce a single frequency table for each
chromosome representing the individual SNP and each
population. An online Venn diagram tool was used to find
the intersection among the combined data sets based on the
consistent numbering relative to the reference genome *.
The four selected populations provide substantial sampling of
SNPs and individuals that decreases significantly if
additional population tables are included.

2.5 Determine Distinctive Variations

The distinctive features of the individual genome based on
SNP variation were identified by two separate methods.
Custom —R” scripts directed a global approach to find those
SNPs in the frequency tables that are either frequent or rare
in a single population only. An allele was considered to be
rare in a population if the frequency was less than 10% and
frequent if 50% or greater. The values used in allele calling
were empirically determined to return a workable sampling.

Measure of difference of a population relative to the
individual (or other populations) was counted as the frequent
or rare SNP unique to the population after normalizing to the
total number of frequent or rare alleles within that
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population. A directed approach was also taken to identify
distinctive SNPs by making a set of rules to call the found
SNP different from the corresponding one in each population

(Supplemental Figure 1). The measure of difference was
directly counted as the total number of difference calls.

Where the individual SNP allele is homozygous

0O = the number of homozygous individuals in the population that differ from the
individualftotal number of individuals

FD = the number of homozygous individuals in the population that differ from the
individualtotal number of homozygous individuals

£ = homozygous individualsitotal indirviduals

E = anested IF staterment as a correction for population heterozygotes in 3
position where the individual is homozygous

IF(£=0.2, 68 IF(Z<0.3,.5995 IF(Z=0.51, 358 IF(Z=0.5 425 IF(Z=0.6,34 IF(Z<0.7, .55

F(Z=08,17.0000))

Z = IF Z=0.8then ED otherwizse (O+H)

Formula If © =0.643 then different othenwise same

Supplemental Figure 1: A decision formula was developed to call the observed SNP different from the corresponding SNP

within a comparison population. The variables are calculated directly from the frequency data for each SNP. The decision is

generated separately for homozygous or heterozygous alleles that are observed in the sample. Output is a decision of same or
different.

2.6 Determine Distinctive Regions

The identification of difference strings was again performed
in the frequency table described above with the addition of
the difference tags that were added. For the purpose of
identification of strings of sequential difference, the
frequency table was ordered from lowest to highest position.
A script was developed to report the start and end positions
of the string as well as the number of SNPs within the string.
The script was run to identify all strings and filtered to strings
of at least 10 SNPs relative to each of the comparison
populations. An annotation file in .gff format was prepared

assembly. Only 2 of the contigs produced from de-novo
assembly have a non-human top blastN hit to NCBI-nt and
those 2 were both more similar to bac clones from Pan
troglodytes relative to other GenBank entries. An average
across all chromosomes of the reads that mapped to the
reference as paired reads was 92% ranging from a low of
73% on the X chromosome to a high of 96% for chromosome
12 and also for the Mitochondrion reference. Considering the
entire fragment length or paired read distance, the physical
coverage of the reference was 28.90 (Table 1).

Table 1: Mapping Statistics

for the difference strings identified in each chromosome with G M G MW dpeipedn gms Opddi Gaslf
a separate annotation types given to each comparison » by perly by by
population. Annotation files generated were added to the b, e AR TR R R
reference genome in the Genome Workbench. Unique ] ;” jg : “;: f:
features were searched by manually stepping through the i B 3 250 151 19143 LAl
graphics pane of the Genomics Workbench and viewing the £ g 2 15804 13 T L]
overlap within the difference annotation, a process aided with g i i b oS
the search for annotation tools available in the Workbench. ; 4;: j“: := i{ :;
1 M 1 995 33ME M0
3.Results W 3 2 w3 g A
1 1% 13183 s ez s
3.1 Assembly of the sequence data to the reference et 5 il i i
T 1073 12635 LB 15 kT
The total length of the current human male reference genome Booms X RS WERS 190 2340
is 3,112 Mb with 2,882 Mb outside of regions annotated as o sl S o
—Gap”. For this study an individual Saudi male genome Jlt “ : :: ::rz fx
sample was sequenced resulting in 42,996 Mb of paired-read " Qi $11 g 1963 (o3
sequence as data source in an assembly to the reference. n a W3 B 190 k| EILE
With the assembly parameters that were used most of the : il ME-AON s % L3
reads, 97%, were included in the final assembly for 14.5 fold = . Q. i ol v
sequence coverage of the non-gap reference (Table 1). The v B RE e a3
3% of the reads that did not map during the assembly process u 1§l 0 161 1554 1954 b ol
were saved and de-novo assembly was performed using the Tk MU B 478 YT
de-novo tool in the assembly software. About 7% of the )
. . Bl pepmace  evenge 4§ fald plyird e T ]
unmapped reads were assembled into contigs of length at
least 2.5 times the average read length as a result of de-novo
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3.2 SNP mapping and accuracy

With high confidence in the outcome of the sequencing and
assembly process; the focus was naturally directed to the
variation that might be revealed in the assembly, an interest
due to the under-sampled geographic region of the sample
genome. Even with all of the possible types of variation and
having available tools to map different types of variation,
deliberate attention was directed to SNPs. The advanced
organization and genome coverage of the HapMap and the
availability of SNP frequency tables within representative
populations were considered as an information-rich source
for a comparison between the sample genome and external
population alleles. The lack of quantitative information for
much of the reported variation supported the attention given
to HapMap SNP data. A total of 3,291,451 SNPs were
mapped in the assembly with the tool and parameters
described (methods). Accuracy of SNP mapping was
assessed by comparison between the SNP mapping and the
results from Affymetrix SNP chip 6.0 developed from the
same sample. The overlap between the found SNPs and
Affymetrix hybridization probes was 10.6% and those SNPs
were used to test the platform agreement. The average
agreement determined was 92.7% with a range from 90.4%
to 99.1% across the reference (supplemental Table 1).

Supplemental Table 1: Affymatrix Compared to Sequencing
for SNP detection

chr agresnent ‘";kaf& sequence SNPs *:fs;:zps
1 0918 2m 226,896 29
2 0923 29,325 239,542 97
3 0926 24167 198277 ¥8
4 0916 23141 219,531 413
5 0s18 22408 180,453 »7
6 0916 21613 186211 384
7 03514 18,560 164975 94
8 0s22 19,595 157,322 403
9 0930 15899 123218 83
10 0921 18845 151,480 391
1 0921 17,825 147,017 400
12 0924 16,550 134,261 30
13 0934 13504 111,491 405
14 0%zl 11,372 92810 %9
15 0932 10814 82667 414
16 0s1g 11,834 94347 411
17 0935 8226 75332 M8
18 0926 10873 86779 410
19 0918 4709 60,105 95
20 0518 8393 63417 367
21 0512 4396 46,565 389
22 0504 4155 38003 %0
X 0591 9388 64,308 251
Y 0985 &5 13550 15
M NA 0 31 NA
0.927 average

3.3 Comparison of found SNPs to HapMap populations

A frequency table was built after selecting the intersection of
the HapMap SNPs that are present as called SNPs in the

alignment of the individual to the reference. The side-by-side
genome alignment was thus extended into a statistical
variation space. The SNP sample size found in the assembly
and filtered for presence in all included HapMap populations
is 1.4 times greater than the total Affymetrix chip SNP
features. The average population sample size for each SNP is
93 to provide significant sample dimensions (supplemental
Table 2). Including additional HapMap populations in the
frequency tables reduced the sample size due to fewer SNPs
tested in those studies. Only the 4 populations with a large,
overlapping SNP test pool and with large genome sampling
sizes were considered to provide an optimal sampling
dimension.

Supplemental Table 2: SNP and population allele sampling

size
e wr M om "M Curngy b Rirses  Vriroes
i M wp  regiep g wg
1 ZEE ms mME M1 MBS DR DEEE TN
T IRMI 0 ges  I0EIM 405 TRLSIN  DER D RS
7 BRI s mes 30 TLIERIE  BRE NE66  TRHERID
4 A3 w2 osED M1 TRIGKIE  N-4RA O NEEE TRENIN
§ 10453 3 BED M THEBRIE RE8 B RN
¢ BN s mis M9 MISRIN  B4RE  NEEE  THENIM
T OIS a5 mER X6 TRIESIE B BEGE  TRENIE
g LT3 mMa nam 1M TRBSIN O REER ME6E THERIM
g IENE 30 SEE I TLBLIE O DRE  ¥E56 TR
o VLD o &z ME TSN D4EE WEEE TRELLH
n M7 g2 & 4 TRERIN D4EE 0856 TN
B IMEl em g 31 TRIEIE  N4EE  BERE TR
B UL 15 asm 1M TRESIM MR WEEE] THIERIM
HORED 3 40E MM TSN DR NS NI
B OB 30 ¥ET NI RSRIE I4EE  TEEM TR
B ;1 mS0 197 TRIEHIE MEA 0E6ES TRIETIH
OB M BME N TRBSID DS N8eEs RNLIN
B BT 15 335 I RSB N4 0866 THEID
BOAE g RAE 4R RESIT DS BEEE TENIR
A BT 1 DA 1M 7RISR Des 08 RN
N B 1% KT OB BRI Re8  NsH  TEID
n BME g WA 14 TRIERIN N4RE TS TRIERIN
I BB 13 MaE B TERID N4EM TEEH TN
Y B g £ 0 545 1BRD BBN 299
M | 7 0 0 slE5 0100 4T WSS TRELIE

Difference measures were applied to contrast the sample
genome against HapMap populations representative of
geographic or ethnic groups *”.. Search results for rare or
frequent alleles present within a single population were used
to define unique representation of the allele in a single
population relative to other populations. This rare or
frequent difference measure is a 2 vS. 1 approach since the
Chb and Jpt population statistics were excluded due to an
introduced similarity bias. The data were normalized to the
total number of frequent and rare alleles to again avoid bias,
in this case the potential bias caused by having a higher
number of such rare or frequent alleles within their
population.

A consistent pattern of the sample genome having a greater
difference to the Yri population was observed following this
measure (Figure 1).
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Figure 1: A summary of the total difference count based on
the single population method.

An alternate approach was developed to produce a decision
of difference for each sample SNP. A formula was
developed and applied to each SNP to compare the sample
against each population. The formula produces a different-
or-not decision relative to corresponding population
frequency observed among possible alleles. In many cases
the decision is as clear as a homozygous allele in the sample
not found in the comparison population and in some cases the
decision is marginal. The optimized formula and large
sample size do provide a detail level useful for distinction
among similar populations. The consistent pattern observed
with a 2 vs. 1 approach of counting the presence of rare or
frequent alleles in a single population is also found with the
decision formula method. The Yri population contained
more differences from the sample genome and the Ceu
population had the fewest differences relative to the found
SNPs (Figure 2).
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Figure 2: A summary of the total difference count based on a
formula method. The formula applied to each SNP tested
provides a difference decision. The results of the difference
call formula are shown as the total number of differences for
each population separated by chromosome. The inset in the
graph is the subset of those SNPs that are different and are
also non-synonymous.

total average

3.4 Difference strings distinguish unique genomic regions

In the process of labeling the relative difference of each SNP
present in the frequency tables uninterrupted strings of
difference labels were observed. Based on this observation
of strings of difference labels in consecutive positions, these
were investigated further as possible chromosomal regions of
concentrated differences. We retrieved all such strings of at
least 10 consecutive difference-labeled SNPs. The difference
strings were in turn added as annotation tracks to the
reference genome. Difference strings relative to each
comparison population were kept as separate annotation
types. The population samples Ceu and Jpt had the largest
number of strings with a corresponding large and mainly
overlapping span (Figure 3).
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Figure 3: A summary of the total span of difference strings.

Consecutive SNPs that are different from the comparison

population and forming a string of length 10 or greater are represented. The span of a represented string is the distance
between the end positions. The total span is scaled in the inset for 2 populations only.

A difference inversion was observed concerning the strings
present in the Yri population. The span of strings was found
to be less in the Yri population than in other populations
contrary to the observation that the total number of
differences was greatest in that population. The average
string length over all chromosomes was 15.2 consecutive
SNPs.

The regions of the genome where the annotation of difference
strings overlapped were visually identified in the Genomics
Workbench graphics display following the addition of
annotations representing the difference strings from each
comparison population. There were 46 separate regions
across the genome having overlapping difference string
annotation (Table 2). The regions with such overlapping
annotation are unique and distinguish the sample genome as
different from all populations in these regions for the SNP set
used.

Table 2: genes containing multiple, overlapping difference
strings
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Additional tests were performed to further assess the unique
regions identified, for chromosomes 17 and 22. Firstly,
variation types such as deletions and insertions were found
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using the available tools in the Genome Workbench. There
was no co-occurrence of additional variation types with
unique regions identified based on SNP difference strings.
Also, the alleles present in the alignment positions of
HapMap SNPs not identified as SNPs due to agreement with
the reference were recovered. These non-SNPs were added
to the original frequency tables and the difference formula
was repeated to label these positions in addition to those that
were previously labeled. Some changes in the difference
string positions resulted from inclusion of non-SNP positions
but the changes were balanced and mainly supported the
difference strings as before. Slight shifts in the start and end
position, interrupted strings that were replaced by new
adjacent strings were observed. Finally, found SNPs that
were not in HapMap positions were retrieved and searched
for clusters. Clusters of found non-HapMap SNPs having
near proximity of at least 10/Kb were recovered into .gtf files
and added as an additional annotation track. Interestingly,
there was very little co-occurrence of non-HapMap, found
SNP clusters with HapMap strings. All together these
additional tests supported the utility of overlapping HapMap
difference strings to successfully identify unique regions
where other approaches may have fallen short.

Of the 46 genomic regions that might be considered as
unique or distinctive based on overlapping difference string
annotation 30 were located within regions annotated as
genes. Since some of the genes that contain unique regions
contain multiple, separate unique regions (Table 2) a total of
16 genes are affected. Amazingly, the total span of unique
regions is 0.016% of the non-gap genome suggesting
selective force directing the location of the unique regions to
overlap gene regions. The g:Profiler **! ! was employed to
test for functional relations among the genes containing
unique regions listed in Table 2. Of the 16 genes listed as
having at least one unique region 3 genes are associated with
a bioGRID network P*" B! with a g:Profiler significance of
0.00206 using all default settings for significance. The genes
associated in a bioGRID are shown in (Figure 4).

chr 5tring Gene symbol ENGS
5 C WEETR ENSG00000119048
6 C MAD2L1BP ENSGOOO00124688
6 C ENSG00000170734
6 C ENSG00000010810
15 ¢ ENSG00000172349
16 C ENSG00000140992
8 U ENSG00000182197
16 U ENSG00000167526
1:-' U ENSG00000034152
Y ENSG00000143379
m ENSG00000169231

Figure 4: Genes containing at least 3 overlapping difference
strings that are associated in an interaction network as
defined through bioGRID and identified using g:Profiler with
an assigned significance of p=0.00206. The associated genes
were identified pairwise by adding the list of unique genes

listed in Table 3 to the list of either Yri-Chb-Jpt (Y) or Ceu-

Chb-Jpt (C). The Y list and the C list of genes did not have

any significant functional linkage assigned using g:Profiler
with default settings for significance. Combining the lists
extended the bioGRID network by the 2 genes indicated.

Addition of genes with difference strings from at least 3
populations, also listed in (Table 2), to the unique genes
expanded the bioGRID when lists were added pairwise. The
genes associated in a bioGRID are shown in (Figure 2).

4.Discussion

Finding variation in an alignment of sequence data to a
reference genome is meaningless unless the comparison is
extended to a larger basis. In the alignment process the
reference may become as an introductory step in the
comparison of the sample genome to any and all, to uncover
the unique qualities of the individual. Steps that follow the
assembly process or any other process of initial genome
characterization ultimately require a body of comparison
features. This well known challenge of forming an adequate
basis of comparison remains a true challenge requiring deep
organization. The HapMap project has quickly become a
classic attempt to the formation of a comparison scale and
has seeded a growth in complementary projects that aim to
catalog and count variable genomic features. Forming the
connections between high-resolution haplotype and health
risks remains elusive.

The review of data that was generated from a region with
advanced disease tracking methods and a developing interest
to adopt high resolution genome analysis in clinical practice
has presented an exceptional opportunity to advance the
process of connecting the dots, forming the connections
between haplotype and health.

We have performed an initial characterization of the
variation present in an individual Saudi. With a focus on the
subset of found SNPs that are also represented in each of the
HapMap representative populations (Ceu, Chb, Jpt and Yri) a
basis of comparison was formed. The similarity of the
individual to the Ceu population sample as well as the
difference between the individual and the Yri population
sample based on the total count of SNPs that differed in the
comparison took on an inverse when regions of the genome
were considered. Strings of SNPs that were adjacent to each
other and different from the comparison population were
more numerous and covered more of the genome in the Ceu
sample than in the Yri population. The co-occurrence or
overlap of difference strings marked unique features in the
individual and focused attention to a relative limited space
within a vast sea of sequence.

It is noteworthy that the SNPs in difference strings were
closer together on the average relative to the overall density
of SNPs (Table 3).
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Table 3: SNP density

non-gab total S P (lb]_nx . yl'ip_c

hr Kb ferend totalKh EEVS T PEVAVO P sampled/EKb Kbhin EKbin jpt pex Kb Kb in
(HM_ovex! Qusters Qusters in dusters chusters

1 226 281 378572 167 102 926 0455 06793 07116 06593 06956
2 238 357 419728 176 106,184 0.445 0 9855 0 2036 08052 13642
3 194 797 198278 102 91796 0471 135042 10451 11055 14785
4 187 712 219532 117 84230 0.449 16035 1.452 17539 22272
5 177 745 180454 102 79603 0.448 26898 1 5062 15775 34779
[ 167 745 186211 111 8265 0.490 16799 13185 12816 19098
7 155854 164 975 106 66878 0.429 14369 10832 11950 15258
8 142 939 157 322 110 71300 0.499 13652 12574 13570 213824
9 121 043 123218 102 55856 0461 17944 13873 14009 20038
10 131,715 151480 115 65289 0.496 22937 12404 14740 22010
1 131330 147917 112 63285 0.186 14145 1301 15809 15865
12 130 532 134261 103 56993 0.437 17270 12142 12023 14230
13 95590 111891 117 51686 0.541 1.1086 1.1026 12691 17398
14 88290 92810 105 41,135 0.466 13538 1275 14556 16482
15 82221 82 667 101 36887 0.449 14823 15122 10930 28237
16 78935 94 347 1.2 35910 0455 09273 14018 10939 19512
17 77895 75,332 097 28901 0371 0 8620 11454 11216 15868
18 74757 86,779 116 39313 0.526 0 9051 12038 10757 13467
19 55859 60,106 108 17 805 0319 09418 07158 06043 39231
20 59 606 63417 106 27490 0.461 1.1664 13087 12722 11194
21 35159 46 564 132 16774 0.477 17390 15516 14587 16553
22 34895 38003 109 14 489 0415 14832 13504 11733 113536
X 151351 64 308 042 24457 0.162 0 6066 0 6587 05814 13335
Y 25754 12 690 053 69 0,003 0 0000 0 0000 00000 00000
M 16097 31 000 0 0.000 0 0000 0 D000 00000 00000

The average SNP density is consistently higher in the span of
identified difference strings relative to the average SNP
density across the entire genome. The string density is higher
across all chromosomes and for difference strings relative to
each of the comparison populations. For the majority the
average difference string density is even higher than the
density of the total SNPs found before filtering to HapMap
overlap. With this high density established, the difference
strings become concentrated regions of difference.  This
non-random distribution has been noted before and
various explanations have been explored. The natural force
or biological process that leads to the accumulation of SNPs
that are rare or different by comparison into clusters or
strings would also undoubtedly generate rare or different
phenotypic character.

[32]

In the search for unique features present in our individual, we
followed the wvariation to genomic regions that have
comparatively different SNP alleles relative to a
representative sampling. The genomic regions are different
from all of the comparison populations included in the study
or from subsets. As it turns out, the SNPs directed the focus
to regions of concentrated density and these regions might
have something to tell. Lists of the genes that contain the
distinctive elements that were found provide a further
suggestion of how the natural process is working to provide
advantage to our individual in the equally unique
environment that surrounds him. As a better understanding
of the prime function of these genes and gene interactions
may emerge and as additional like individuals are
characterized, the connections between distinctive genomic
features and distinctive health features should be achieved.

5. Acknowledgement

We acknowledge the support of King Abdullah International
Medical Research Center, Ministry of National Guard Health
Affairs, Riyadh, Kingdom of Saudi Arabia. The authors are
also grateful to Ms. Zoe P. Camarig for her secretarial
support in reviewing and editing the manuscript.

6. Competing Interest

The authors declare no competing interests.

References

[1] Marian, AJ. -Medical DNA sequencing,” Curr Opin
Cardiol 2011;26:175-180.

[2] Cooper GM, Shendure J. Needles in stacks of needles:
finding disease-causal variants in a wealth of genomic
data,” Nat Rev Genet 2011;12:628-640.

[3] Roberts R, Wells GA, Stewart AF, et al. —Fhe genome-
wide association study--a new era for common polygenic
disorders,” J Cardiovasc Transl Res 2010;3: 173-182.

[4] Pareek CS, Smoczynski R, and Tretyn A. —Sequencing
technologies and genome sequencing,” J Appl Genet
2011;52:413-435.

[5] Pare G. —-Genome-wide association studies--data
generation, storage, interpretation, and bioinformatics,”
J Cardiovasc Transl Res 2010;3:183-188.

Paper ID: SUB158436

Volume 4 Issue 9, September 2015

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

1861



International Journal of Science and Research (1JSR)
ISSN (Online): 2319-7064
Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438

[6] Moore JH, Asselbergs FW, and Williams SM.
—Bioinformatics challenges for genome-wide association
studies,” Bioinformatics 2010;26:445-455.

[7] Kingsley CB. Identification of causal sequence variants
of disease in the next generation sequencing era.
Methods Mol Biol. 2011; 700: 37-46.

[8] Visscher PM, Brown MA, McCarthy MI, et al. —Five
years of GWAS discovery,” Am J Hum Genet
2012;90:7-24.

[9] Gamazon ER, Skol AD, and Perera MA. —Fhe limits of
genome-wide methods for pharmacogenomic testing,”
Pharmacogenet Genomics 2012;4:261-272.

[10] Durbin RM, Abecasis GR, Altshuler DL, et al. 4000
Genomes Project Consortium. A map of human genome
variation from population-scale sequencing,” Nature
2010;467:1061-1073.

[11]Buchanan CC, Torstenson ES, Bush WS, et al. -A
comparison of cataloged variation between International
HapMap Consortium and 1000 Genomes Project data,”
J Am Med Inform Assoc 2012;2:289-294.

[12] Kuhn T. The Structure of Scientific Revolutions,

International ~ Encyclopedia of Unified Science
Foundations of the Unity of Science (Volumes I—II of
the Encyclopedia).

[13]Tennessen JA, Bigham AW, O’Connor TD, et al.
—Evolution and functional impact of rare coding
variation from deep sequencing of human exomes,”
Science 2012;337:64-69.

[14] Nesse RM, Ganten D, Gregory TR, et al. -Evolutionary
molecular medicine,” J Mol Med 2012;90:509-522.

[15] Tadmouri GO, AlAli MT, Ali SA, et al. €TGA: the
database for genetic disorders in Arab populations,”
Nucleic Acids Res 2006;34:602-606.

[16] Armitage SJ, Jasim SA, Marks AE, et al. —Fhe Southern
Route "Out of Africa": Evidence for an Early Expansion
of Modern Humans into Arabia,” Science 2011;331:453-
456.

[17]Hammond A. Saudi project hopes to put Arabs on
genetic map. Reuters. 25 September 2008.

[18]Mate Pair Library Sample Preparation Guide. Illumina,
Inc. 5200 Illumina Way San Diego, CA, USA.

[19]Human SNP Assay 6.0 User Guide for Automated
Target  Preparation  Affymetrix 3420  Central
Expressway, Santa Clara, CA, USA.

[20]National Center for Biotechnology Information, U.S.
National Library of Medicine 8600 Rockville Pike,
Bethesda MD 20894, USA
http://www.ncbi.nlm.nih.gov/.

[21]Genomics Workbench User Manual 4.8. CLC bio
Finlandsgade 10-12 DK-8200 Aarhus N, Denmark 2011.

[22]Oliveros JC. VENNY. An interactive tool for comparing
lists with Venn Diagrams. 2007
http://bioinfogp.cnb.csic.es/tools/venny/index.html

[23]UCSC Genome Bioinformatics Group: Center for
Biomolecular Science & Engineering CBSE/ITI, 501D
Engineering II Building University of California, Santa
Cruz, 1156 High St., Santa Cruz, CA 95064, USA.
http://genome.ucsc.edu/

[24]Karolchik D, Hinrichs AS, Furey TS, et al. —Fhe UCSC
Table Browser data retrieval tool,” Nucleic Acids Res
2004;32:493-496.

[25]Fujita PA, Rhead B, Zweig AS, et al. Fhe UCSC
Genome Browser database: update 2011,” Nucleic Acids
Res 2011;39:876-882.

[26] Annotate with GFF file User Manual CLC bio. For the
online version with additional information on plug-ins
and GFF file format
http://www.clcbio.com/index.php?id=1343.

[27] Barnes MR. —Navigating the HapMap,” Brief Bioinform
2006;7:211-224.

[28]Reimand J, Kull M, Peterson H, et al. —g:Profiler -- a
web-based toolset for functional profiling of gene lists
from large-scale experiments,” Nucleic Acids Res
2007;35:193-200.

[29]Reimand J, Arak T, and Vilo J. —g:Profiler-a web server
for functional interpretation of gene lists,” Nucleic
Acids Res. 2011;39:307-315.

[30]Stark C, Breitkreutz BJ, Reguly T, et al. Biogrid: A
General Repository for Interaction Datasets,” Nucleic
Acids Res 2006;34:535-539.

[31]Chatr-Aryamontri A, Breitkeutz BJ, Heinicke S, et al.
—Fhe BioGRID Interaction database: 2013 update,”
Nucleic Acids Res 2013;41:816-823.

[32] Amos W. —Even small SNP clusters are non-randomly
distributed: ~ is this evidence of mutational non-
independence?,” Proc Biol Sci 2010;277;1443-1449.

Author Profile

Mohammed AlBalwi received the B.S. in Medical Technology
from in King Abdulaziz University, Jeddah, KSA (1989). Finished
his post-diploma in Clinical Cytogenetics at the Minchener Institute
for Applied Science, Toronto, Ontario, Canada (1994) and got the
PhD in Genetics and Molecular Genetics Cancer at Sheffield
University, UK (2001). Completed a fellowship training program in
Clinical Molecular Genetics for American Board of Medical
Genetics at Stanford University, Stanford, USA (2003). Currently,
working as Head Section for Molecular Pathology and Genetics,
Department of Pathology and Laboratory Medicine (2004).
Actively involved at Medical Genomics Research Department, King
Abdullah International Medical Research Center as Senior Research
Scientist and Assistant Professor at the College of Medicine, King
Saud bin Abdulaziz for Health Sciences.

Volume 4 Issue 9, September 2015
www.ijsr.net

Paper ID: SUB158436

Licensed Under Creative Commons Attribution CC BY

1862



http://www.ncbi.nlm.nih.gov/
http://bioinfogp.cnb.csic.es/tools/venny/index.html
http://genome.ucsc.edu/
http://www.clcbio.com/index.php?id=1343



