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I. INTRODUCTION 

Renal diseases are a cocktail of vascular diseases and 

metabolic dysregulations ranging from diabetes, 

hypertension and obesity. They cover a large spectrum of 

diseases spanning from relatively common to rare, and from 

benign disorders to high-morbidity/high-mortality disorders 

[1]. Chronic kidney disease (CKD) and renal failure are 

major health concerns worldwide and genetic factors are 

strongly one of the causes leading to establishment and 

development of the diseases. CKD is a multifactorial 

disorder with an important genetic component [2] and a 

number of monogenic disorders underlying CKD have been 

identified, but these account only for a small proportion of 

the total burden of kidney disease. Recent studies have 

identified common genetic variants at the UMOD, 

SHROOM3, GATM and MYH9 loci associated with kidney 

function in European and African American populations. 

[3], [4]. 

End-stage renal disease (ESRD) is the ultimate stage 

complication in CKD culminating with a necessity to 

undergo dialysis or renal transplantation. The incidence of 

new cases in the United States is 339 per million population 

(PMP) [5], or Europe (585 PMP) [6] and in India, it is (163 

PMP) [7]. 

Only 10% of CDK cases are known to be due to Genetic 

related Renal Disease (GRD) and a big large proportion is 

yet to be identified as such. For nearly half of those 

identified as GRD, the gene implicated remains unknown [8, 

9]. A typical example of GRD is Autosomal Dominant 

Polycystic Kidney Disease (ADPKD), a common potentially 

lethal disease [10].  

View the dangerous and endemic slope the proportion of 

the CDK is undertaking, the need of establishing a genes 

data base or genes repertoire for CDK is becoming urgent 

and necessary. Such a gigantesque undertakes aimed at 

inventory and curate the genes population underlying the 

pathophysiology of CDK would only be accomplished via 

powerful and sophisticated methodologies to scan the whole 

human genome. To this end, we used Exome sequencing on 

Illumina platform to sequence and to decipher the faulty 

genes on Illumina MiSeq sequencer.  

In pediatric populations’ panel, Exome sequencing has 

been useful to diagnose genetic forms of nephrotic 

syndrome or congenital kidney defects [11]-[13]. Exome 

sequencing is a target capture and sequencing of the protein-
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coding regions in the genome and the method is increasingly 

used as the first choice for the diagnostic purpose if it is 

available. 

In the past, Zhang et al. [14] have used gap filling to 

annotate 31 genes in human MHC haplotype sequence. 

Subsequently, Sarnataro et al. [15] presented a HeatMap 

where they show contact domains between chromosomes 19 

and 22. To our knowledge, there were no such studies 

reported yet using chromosomes HeatMap deriving genomic 

regions and mutations from whole exome sequencing from 

DNA of patients suffering from renal failure. Here we 

presented a novel approach to establish the severity or the 

magnitude of a disease on different chromosomes and 

associated haplotypes using chromosomes Heatmap.  

 

II. MATERIALS AND METHODS 

A. Samples Population 

The patients’ genomic DNA (gDNA) investigated in this 

study were subgroup of 135 hemodialysis patients from the 

outpatient’s clinics from King Khaled Hospital. 

Hemodynamic renal parameters were initially performed 

and published from these patients [16]. 12 blood samples 

were offered to our group by Dr. Moh’d Alaraj consent. We 

limited the number of patients to 12 in part due to the cost of 

Exome sequencing kits and the flurry of data generated after 

the sequencing at FASTQ level. 

B. Libraries Preparation 

We have generated human genomic library as reported 

elsewhere [17]. Brief, high quality gDNA was purified from 

whole blood using Qiagen kits (QIAamp DNA Blood Mini 

Kit from QIAGEN, Hilden Germany). The construction of 

the library was done using the Nextera Transposase Kit and 

sequenced on MiSeq Illumina sequencing platform.  

C. Bioinformatics Methodology 

Bioinformatics tools and pipeline that we used to analyze 

the sequence for variants of interest and fishing for the 

chromosome coordinates are summarized in Fig. 1. 

 

III. RESULTS 

The 12 ESRD patients were identified by numbers K2, 

K3, K11, through numbers K76. Their anthropomorphic, 

clinical, and biochemical parameters are described in Table 

1.  

The normal glomerular filtration rate (GFR) as assessed 

via cystatin (GRFcy) and creatinine clearance (GFRcr) is 

above 90 mL/min/1.73 m2; in the 12 patients, it ranged from 

11 to 30 mL/min/1.73 m2, representing a 60% to 79% 

decrease in renal function. The patients show an important 

accumulation of creatinine in the bloodstream (447-

1196 μmol/L compared to normal value of 60-110 μmol/L) 

and most importantly are the case of uric acid which ranges 

from 154.8 to 1085 mmol/L as compared to the normal 

range of 2-8 μmol/L). The alteration of the above parameters 

represents a big deterioration in the renal function 

characteristic of ESRD. WES was applied on the libraries 

prepared from genomic DNA of the 12 patients. The number 

of reads submitted to hg19 allows us to extract chromosome 

coordinates that were we used subsequently to plot the 

chromosome HeatMap using Heatmap freely available at 

[18].  

 

 
Fig. 1. GDNA library sequencing data flow analysis. 

 

The data on this chart are organized hierarchically by 

chromosome and haplotypes, by sequenced-clone contigs 

within each chromosome and by severity of mutations. On 

the right of the Heat Map, there are 77 elements organized 

in folders. These include 22 autosomes; X and Y are for the 

sex chromosomes, 34 unknown chromosomes (ChrUn), sex 

chromosomes (X and Y), six haplotypes of interest 

harboring diagnostic variants, 12 haplotypes of minor 

interest and 22 autosomes. 

Figure 2: Heatmap representing the Change rate by 

sample and Chromosome. HeatMap analysis was performed 

for the change rate by sample and chromosome, utilizing 

software Heatmapper (http://www.heatmapper.ca [18]. 

Rows represent the samples and columns represent the 

chromosome identified in the heatmap analysis. Color 

intensity signifies the significance severity of the mutations 

in the corresponding chromosome, determined by Fisher's 

Exact Test, with FDR correction for multiple comparisons 

by the Benjamin-Hochberg method. 
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TABLE 1: ANTHROPOMORPHIC DATA DEPICTING BIOCHEMICAL PARAMETERS DEDUCED FROM CDK PATIENTS 
 

Units 
Normal 

Range 

Patients 

 K2 K3 K11 K31 K32 K43 K45 K49 K56 K68 K69 K76 

GFRcy 
mL/ 

min/1.73m2 
≥ 90 11 9 16 30 5 4 12 16 8 7 13 9 

GFRcr 
mL/ 

min/1.73m2 
≥ 90 11 9 15 28 5 4 12 16 8 7 12 9 

Age  Years 26 31 25 33 31 34 32 15 26 37 31 38 

Other 

pathologies 
 N/A H H HD1 H XHD HD1  HD1 H H HD2 HD1 

Fasting 

glucose 
mmol/L 4.2-6.1 3 4 11 7 4 5 8 7 5 4 7 16 

Creatinine μmol/L 60-110 552 621 414.69 234.35 1085 1196 501 447 701.1 744.21 490 622 

Blood 

pressure 
mmHg 120/80 THT* THT* THT* THT* THT* THT* THT* THT* THT* THT* THT* THT* 

Uric acid mmol/L 2.0-8.5 225 187 154.8 234.35 1085 1196 501 447 701.1 744.21 490 622 

Na+ mmol/L 
135-

147 
140 140 133.4 136.5 133.7 134 145 141 135.3 135.2 140 138 

K+ mmol/L 3.5-5.1 3.87 3.74 4.3 3.9 5.1 5.1 4.2 3.87 4.4 6 3.87 4.09 

Cl- mmol/L 95-110 106 100 100 97 99 104 105 107 101 102 102 101 

Ca+ mmol/L 2.1-2.8 2.33 2.22 2.96 2.93 1.89 2.51 2.43 2.25 2.37 2.45 2.51 2.08 
Urea mmol/L 2.5-7.1 11.44 9.6 7.73 4.96 22.17 21.28 10.55 15’34 18.96 8.32 24.33 24.33 

The bold and shaded areas are parameters most symptomatic of kidney failure. b Abbreviations: GFR, glomerular filtration rate as assessed via cystatin 

(GFRcy) and creatinine clearance (GFRcr); THT*: Treated Hypertension. 

 

 
Fig. 2. Change rate by samples and chromosome as deduced from the 

chromosome coordinates. Patient’s identification codes are presented on X 

axis on the top side of the figure from left to right: K11, K31, K69, K32, 

K68, K76, K43, K3, K2, K56, K45, and K49. The different karyotypes span 

the entire figure from the bottom to the top with the diagnostic karyotypes 

presented in color and scale level on the right top represents log2fold 

change the different degree of the severity in the mutations. The different 

chromosomes and karyotypes are presented on the Y axis. 

 

On the top right of the Fig. 2, we presented a scale of 

values from zero to 8e+5 (0-8e+5 ) detailing the levels and 

severity of the mutations; blue color means absence of 

mutations, light blue, less mutations, pale orange 

intermediate mutations, orange more mutations and red 

extreme mutations. This color code represents an important 

annotation preluding SNPs identification and sorting. The 

Fig. 2 also depicts a list of affected chromosomes and 

haplotypes and the level of the seriousness of mutations 

from each patient. Affected chromosomes are: one unknown 

chromosome (ChrUn) existing in all patients and harbors 

respective positions for the following haplotypes: 

chr17_ctg5_hap1, chr4_clag9_hap1, chr6_mann_hap4, 

chr6_mcf_hap5, chr6_qbl_hap6 and chr6_ssto_hap7. These 

chromosomes have lesser intensity in term of mutation 

except in patient K11 that presents pronounced level of 

mutations. The nature and identity of these mutations 

remained to be elucidated. The haplotype chr6_cox_hap2 

presents a small higher level of mutation than 

aforementioned chromosomes except for the patient K45 

that depicts a higher level of mutations compared to the 

other patients. The haplotype chr6_dbb_hap6 represents the 

major chromosome of interest as exemplified on the 

HeatMap. This haplotype presents a higher density of 

mutation among the 12 patients. 

 

IV. DISCUSSION 

There are many ways to process the avalanche of data of 

SNPs filtration resulting from whole exome sequencing after 

bioinformatics analysis. Even after running the FASQ data 

through GATK pipe line followed with variants filtration, 

diseases association and hard filtration of variants associated 

with disease [19, 20], we still have at least 250 variants per 

sample remained that will require further subsequent sorting 

using Bayesian probability and R-algorithm [21], [22]. Since 

the faulty or variants of interest are usually few, uncovering 

these mutations from the big number of SNPs or INDELS 

will necessitate synthesis of a series number of primers that 

will be used in subsequent Sanger sequencing for final data 

confirmation [23]. This increases the cost and the load of the 

labor. To minimize this load, we envisaged developing a 

short cut that can allow us to narrow down the number of 

SNPs. To this end, we plotted the chromosomes HeatMap 

from chromosomes data coordinates and the HeatMap 

depicts haplotypes with varieties degree of intensities. 

Whether, variation in these mutations as depicted by 

variation in log2 fold change/color intensity is a result of 

high number of genes mutated associated with the renal 

failure or simply due to genetic hierarchy remained to be 

demonstrated by in-depth molecular works involving 

transgenesis and gene KO methodologies. Nonetheless, the 

chromosome HeatMap has provided us with a road map to 

narrow down our SNPs characterization via primers 

designing. This approach will guide us to navigate toward 
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the positional sequencing of specific variants annotation in 

renal failure Fig 2. The data as it emerged from the 

HeatMap plot is phenomenal. Indeed, it depicts the 

haplotype Chr6_dbb_hap3 of biological importance. This 

haplotype is the site of the major histocompatibility complex 

(MHC) and is recognized as the most variable region in the 

human genome and has susceptibility to harbor more than 

100 diseases [14], [24]. It is the site of genetic determinants 

for many inflammatory and autoimmune diseases as well as 

for some infectious diseases. This genomic region has been 

recently sequenced to entirety using gap filling methodology 

and can be used as reference to identify diseases association 

within this haplotype. Chr6_cox_hap2 is another haplotype 

of great interest in that, it contains RAGE locus that 

mediates interactions of advance glycosylation end products 

(AGE). These are non-enzymatically glycosylated proteins 

accumulate in vascular bed during aging with subsequent 

acceleration of diabetes [25], [26]. Indeed, in human 

diabetes, the kidneys display a marked increase of AGE and 

RAGE [27] and RAGE and AGE were also increased in 

human diabetic subject as well as in ESRD patients as 

compared to non-diabetic human [28]. The other haplotype 

which merits putting emphasis on, because of its clinical 

importance is Chr6_ssto_hap7. This haplotype is the site of 

expression atp6v1g2 which encodes a component of 

vacuolar ATPase (V-ATPase. In our further Sanger 

characterization of our SNPs resulting from GATK pipeline, 

we observed via Sanger sequencing that, this gene was 

mutated in our 12 patients as well as 100 other End-stage 

renal diseases (ESRD) patients. We subsequently confirmed 

the V-ATPase protein mutation with our collaborators on 

their proteomic suite pipe line at EBI, UK, Saffron Walden 

(data not shown). Taken together, the chromosomes 

HeatMap approach represents an excellent strategy for 

variants annotation and prioritization. The methodology 

allows us to refine our data stemming from GATK pipe line, 

an approach that generates a strong lead toward narrowing 

down the flurry of SNPs stemming from bioinformatics 

analysis of Exome sequencing data.  

In conclusion, profiling genomic gDNA from 12 ESRD 

unrelated patients using next generation sequencing, we 

identified more than 250 variants per patients after hard 

filtration with different algorithms. The plotting of the 

chromosomal coordinates using HeatMapper revealed genes 

karyotypes of great clinical significance allowing annotation 

or mapping of gene sites mutations of specific chromosomes 

from these 12 ESRD patients. In-silico tools remain a 

valuable approach to predict and discriminate the emergence 

and severity of mutations inside the genome. Further studies 

are required to vet these haplotypes against our SNPs data 

base and ultimately develop genetic modified animals 

aiming at knock-in specific region of chromosome of 

interest into mouse genome. 
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