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Abstract 
 
The incidence and prevalence of Systemic Lupus Erythematosus (SLE) in North America are 
23.2 and 241 per 100,000 people per year respectively, while the incidence in Africa is 0.3 per 
100,000 people per year. This study aims to predict the autoimmune response of killer T-cells 
in patients suffering from SLE by searching for variations in genes regulating the activities of 
killer T-cells. An approximate matching algorithm applying the Boyer-Moore algorithm was 
used for the matching. The threshold on all single nucleotide polymorphisms (SNPs) was set 
to 10% of the nucleotide sequence length of the gene. For 50% of susceptibility genes with no 
match, the patient is susceptible. Sixteen (16) patients showed that they are all guaranteed to 
manifest autoimmune killer T-cells according to the study. The algorithm can predict the 
response of killer T-cells and improve the early detection and treatment of SLE patients.  
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1. Introduction 
 
Systemic Lupus Erythematosus (SLE) is a chronic inflammatory rheumatic disease 
characterized by antibody production and tissue destruction. According to the American 
College of Rheumatology revised criteria (1997) for the classification of SLE, a combination of 
the following clinical manifestations is observed in an SLE patient. These clinical 
manifestations include malar rash, erythematous raised patches with adherent keratotic 
scaling and follicular plugging, a skin rash from reaction to sunlight or drugs, Oral Ulcers, 
Nonerosive Arthritis, Pleuritis or Pericarditis, Renal Disorder (Persistent proteinuria, Cellular 
casts), Immunologic disorder (Anti-DNA or Anti-Sm), seizures and psychosis. At least 4 of 
these symptoms must manifest before SLE can be suspected. In an SLE patient the immune 
tolerance or self-recognition that should prevent the system from attacking itself fails. 
 
Over the past 40 years, more than 100 genetic risk factors have been defined in systemic lupus 
erythematosus through a combination of case studies, linkage analyses of multiplex families 
and case-control analyses of a single gene [1]. The Human Leukocyte Antigen (HLA-DR) 
genes, which encodes the major histocompatibility complex (MHC) proteins, was the first 
described genetic link to SLE [2]. The HLA complex helps the immune system distinguish the 
body's proteins from proteins made by foreign invaders such as viruses and bacteria. Aside 
the HLA gene, other genes that have been identified to signal or activate T-cells in SLE patients 
include; interferon induced with helicase C domain 1(IFIH1), signal transducer and activator 
of transcription 4(STAT4), solute carrier family 15 member 4(SLC15A4), Fyn binding protein 
(FYB), in the type I interferon(IFN) pathway and protein tyrosine phosphatase nonreceptor 22 
(PTPN22), cytotoxic T lymphocyte-associated antigen 4(CTLA4), (CD8), PR/SET domain 
1(PRDM1), interleukin 21(IL21) in T-cell signaling and FC fragment of IgGreceptor IIa/IIIa 
(FCGR2A/FCGR3A) in the immune complex clearance pathway [3]. 

 
2. SLE, the Disease, Classification, Manifestation, and Diagnosis 
 
SLE, a complex autoimmune disease, causes defects of multiple immunologic components of 
both the innate immune system and the adaptive immune system including altered immune 
tolerance mechanism, hyperactivation of T and B cells, decreased ability to clear immune 
complexes and apoptotic cells, and failure of multiple regulatory networks [4]. SLE is known 
to depend on the interaction of genetic, environmental and hormonal factors, although its 
pathogenesis may not be fully understood. Usually, SLE is triggered by environmental factors 
like sunlight, drugs, and stress, and is more common amongst women than men in the ratio 
15: 1 [5]. As a result of the varying clinical manifestations in SLE patients, 11 criteria of 
diagnosis of SLE was established by the American College of Rheumatology (ACR), in which 
the simultaneous presence of at least four criteria can confirm the SLE diagnosis [6]. 

 
2.1. Immune response in an SLE patient 
 
For a patient having susceptibility genes, exposure to UV radiation from sunlight is one of the 
environmental factors linked to the onset of SLE. In the case of sunburn, the cell 
deoxyribonucleic acid (DNA) on the skin may be severely damaged causing programmed cell 
death (Apoptosis). Resultantly, the inside of the cell is exposed including part of the nucleus 
DNA, histones and other proteins. Due to susceptibility genes present in the individual, the 
immune system misrecognizes the exposed parts of the nucleus as nuclear antigens. Also, less 
effective clearance of apoptotic bodies after apoptosis is promoted by susceptibility genes.  
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B-cells bind with the nuclear antigens and start producing antibodies called Anti –Nuclear 
Antibodies. These antibodies bind with antigens to produce the antigen-antibody complexes 
which enter the blood and drift away to the vessel walls and different organs and tissues. At 
the organ or tissue, a local inflammatory reaction takes place which causes damage to 
activation of the complement system, and after a large enzyme cascade cause tissue cells to 
die. Other triggers of SLE are bacteria, drugs, and sex hormones. This is known as type III 
hypersensitivity. 
 
For type II sensitivity, the Anti-Nuclear antibodies are produced to target other cells like red 
and white blood cells and molecules like phospholipids which marks them for phagocytosis 
and destruction leading to symptoms. 
 
Alternatively, antigen-antibody complexes are internalized by plasma dendritic cells. The 
antigens are then delivered to Toll-like receptors to stimulate the production of Type I 
interferons (alpha, beta, omega) which when released binds to B cells causing the production 
of more antibodies to bind the nuclear antigens. Type I interferon can promote maturation of 
dendritic cells which can ingest additional nuclear antigens which can then be presented to 
CD4+ helper T-cells and CD8+ killer and transforming them to auto-reactive cells. 
 
2.2. Pathogenesis of SLE 
 
The pathogenesis of SLE is characterized by a complex interplay of genetic predisposition and 
environmental exposures and loss of tolerance and immune activation [7].  
 
In general, there are three stages in which the pathogenesis is subdivided, and they include 
Genetic predisposition, environmental exposures and Loss of tolerance Immune activation.  
 
In stage one, there is a long period of predisposition to autoimmunity with genetic 
susceptibility and environmental exposures each contributing to disease development. 
Environmental factors, such as ultraviolet light exposure, and exposure to infection, such as 
that of Epstein–Barr virus, have been suspected as inducers or enhancers of SLE [8].  
 
Stage two develops when there is a loss of tolerance to self-antigens, and autoantibodies 
(autoAb) are generated. Abnormal B- and T-cell functions perpetuate autoantibody 
production by B cells and creates autoreactive T-cells [9]. 
 
The third and final stage is inadequate regulation of autoAb production with T- and B- cells 
hyperactivity. Abnormal clearance of immune complexes(autoAb) results in their deposition 
in tissues, activation of complement and defective cellular apoptosis that generates a pool of 
potential autoantigen [9], eventually leading to tissue damage and clinical manifestations of 
the disease [8]. 
 
2.3. Genetics of SLE 
 
Genome-wide association studies (GWAS) have revealed many implicated loci, most of them 
shared with other autoimmune diseases. The majority of genetic variations, including Single 
Nucleotide Polymorphisms (SNPs), associated with SLE are within immune response–related 
genes and HLA (Human leukocyte antigen) gene variants [10]. Each Single nucleotide 
polymorphism (SNP) contributes a relatively small risk.  
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In the pathophysiology of SLE, the following is observed:  

After apoptosis, apoptotic debris binds with autoantibodies and activates plasmacytoid 
dendritic cells. Dendritic cells activate autoreactive T- and B- cells and propagate 
inflammation. Tissue injury by cytotoxic T-cells and autoantibodies. The human leukocyte 
antigen is a gene complex encoding the major histocompatibility complex (MHC) proteins. 
Genes linked with susceptibility to SLE can be classified to HLA and Non-HLA genes. 
 
2.4. Gene associations 

Most disease-associated variants lie in the noncoding regions regulating gene expression 
through transcriptional/ posttranscriptional mechanisms or epigenetic modifications 
including SLE [11]. The majority of established SLE susceptibility genes encode products 
involved in innate and adaptive immune responses, particularly the three key immunological 
pathways relevant to the pathogenesis of SLE: (1) activation of toll-like receptor (TLR), type I 
interferon (IFN), and nuclear factor κB (NF-κB) signaling; (2) clearance of apoptotic cells and 
immune complexes (ICs); and (3) dysfunctions in lymphocyte signaling [11]. 

Based on region, the genes implicated for susceptibility to SLE can be grouped in human 
leukocyte antigen (HLA) genes, which lie within the major histocompatibility complex (MHC) 
and non-HLA genes which lie outside it. 

2.5. HLA genes – MHC region 

The major histocompatibility complex (MHC), located on the short arm of chromosome 6, is 
one of the most extensively studied regions in the human genome because variants at this 
locus have long been associated with most autoimmune diseases, many infectious and 
inflammatory diseases as well as transplant compatibility. In particular, human leukocyte 
antigen (HLA) class I and class II molecules are critical in mediating host defense responses 
through antigen presentation, and immune tolerance through self/non-self-recognition [12]. 
The classical MHC encompasses approximately 3.6 mega base-pairs (Mb) on 6p21.3 and is 
divided into three subregions: the telomeric class I, class III and the centromeric class II 
regions (see Figure 1). Of the 224 genes within this region, 57% (128 genes) are expressed, and 
40% of these have a putative immunoregulatory function [12]. 

In the meta-analysis of genome-wide linkage studies of SLE, Fora Bosco et al. established a 
relationship between the MHC region and SLE in chromosome 6p21 [13]. Essentially, 
hereditary and acquired deficiencies of classical HLA class I and class II genes (for their role 
in antigen presentation to T cells), as well as complement C4 alleles, leads to a lupus-like 
syndrome [12]. 

Predominantly, European-derived populations have shown the most consistent HLA 
associations with SLE in the class II alleles, HLA-DR3 and HLA-DR2 and their respective 
haplotypes [14]. HLA class II molecules mediate host defense responses through antigen 
presentation and immune tolerance by self/non-self-recognition. Given their roles in T-cell 
dependent antibody responses, cumulative studies have reported the association of class II 
alleles with autoantibody production, especially HLA-DR3 with anti-Ro/La antibodies [15]. 
A haplotype is a combination of alleles that lie close together in the genome and are inherited 
together as a consequence of minimal genetic recombination. 
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Figure 1: Location and organization of the MHC on chromosome 6. The MHC is classically divided 
into three regions: class I, class II and class III. Each region contains several genes, but not all are 
shown. The classical class I and class II HLA genes encoding antigen presenting molecules are 
illustrated, as are three gene clusters in class III, from left to right: the complement cluster C4A, C4B, 
CFB, C2, the heat shock protein cluster, and the TNF cluster, LTB, TNF and LTA [16]. Copyright 2000 
Massachusetts Medical Society. All rights reserved. 
 
The MHC class III region contains genes that encode complement component C4 (C4A and 
C4B), C2, and factor B (Bf gene); some that encode cytokines such as tumor necrosis factor-
alpha (TNF-alpha, TNF gene); and some that encode lymphotoxins (LTA and LTB) (Namjou, 
Kelly, & Harley, 2007). 
 

2.6. Non-HLA genes 
 
These genes reside outside the major histocompatibility complex region. These genes can 
further be grouped based on the pathways linked with the pathogenesis of SLE [Table 1].  
 
Table 1: Pathways and description of non- HLA Genes. 
 

SNo Pathways Genes Description 
 
 
 
 
 
1 

 
 
 
 
 
Type I IFN Pathway 
 

i. IF1H1 
 

The Interferon-induced Helicase C 
domain 1 (IFIH1) gene is located at 
chromosome 2 (2q24 [17, 18]. 

ii. IRF- 5, IRF – 6, IRF- 7, TLR 7, 8 
and 9 
 

Are transcription factors that regulate 
the expression of a wide range of genes 
[19, 20]. 

iii. STAT4 
 

Expressed in T and B lymphocytes, 
monocytes, macrophages, natural killer 
cells, and dendritic cells. [21, 22]. 

iv. TYK2 
 

Tyrosine Kinase 2 (TYK2) is located at 
chromosome 19 (19p13.2), a linkage 
locus for SLE. [23] 
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2 

 
 
NFkB Pathway 
SLE risk genes in this pathway 
include; TNFAIP3, UBE2L3, 
TNIP1, IRAK1 [24] [25] 

i. TNFAIP3 (6q23) 
and TNIP1 (5q33) 

 

critical regulators of NF-kB signaling 
pathway, modulating cell activation, 
cytokine signaling and apoptosis [26]. 
The role of TNFAIP3 in SLE of several 
SNPs has been identified [27, 28, 29, 30]. 

ii. IRAK1 - MECP2 
(Xq28) 

 

located on chromosome Xq28 [31].  
There is evidence for altered 
methylation in SLE [32], as well as 
differential expression of potentially 
methylated genes [33]. 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
B-cell and T-cell Signaling 
Pathway 

i. PTPN22 
 

Research shows that the PTPN22 gene 
can limit T-cell receptor (TCR) signalling 
[11]. 

ii. CTLA-4 
 

signalling regulate and maintain self-
tolerance [34]. 

iii. PDCD1 
 

Reported as associated to SLE from 
Taiwan and Poland populations 
[35][36]. 

iv. FYB encodes an adaptor protein implied in 
positive regulation of T cells [37][38, 39]. 

v. TNFSF4 Found to be involved in proliferation 
and differentiation of T and B 
lymphocytes [40, 41]. 

vi. IL10 
 

Possesses both immunosuppressive and 
immunostimulatory properties 
[42][43][44]. 

vii. RASGRP3 
 

Responsible for the regulation a small 
membrane-bound GTPase implicated in 
immune B cell receptor signaling [45, 
46]. 

viii. BANK1 Causes actions which results in calcium 
ion release from the stores of the 
endoplasmic reticulum [47, 48]. 

ix. CSK 
 

The SLE-risk CSK variant is associated 
with high CSK expression, increased 
Lyn phosphorylation [49]. 

x. ETS1 
 

V-etserythroblastosis virus E26 
oncogene homolog 1 (avian) (ETS-1) is a 
member of the ETS family 
transcriptional factors [50] 

xi. IKZF1 
 

IKZF1 is located on chromosome 7 
(7p12.2) [51]. 

    
 
 
 
4 

 
 
 
Yamaguchi sarcoma viral (v-
yes-1) related oncogene 
homolog (LYN) 

i. LYN LYN is found on chromosome 8 (8q12.1) 
[47, 52] 

ii. PRDM1 – ATG5 
 

The protein binds specifically to the 
PRDI (positive regulatory domain I 
element) of the beta-IFN gene promoter 
[24, 53]. 

iii. BLK 
 

It is located on chromosome 8 (8p23.1). 
[54]. 

iv. TREX1 
 

TREX1 (3P21), DNA repair exonuclease 
1 (TREX1, located on 3p21.3- p21.2) [24, 
55]. 

    
 
 
 
5 

 
 
 
Clearance and of Apoptotic 
Cells and Immune Complexes 
(ICs) 

i. FCGR2A/B, 
FCGR3A/B. 

 

Different functional variants of 
FCGR2A, FCGR2B, and FCGR3A as risk 
factors for SLE [56]. 

ii. ITGAM 
 

Alters  immune complex clearance and 
deposition resulting in tissue damage 
[57]. 
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 iii. C1q 
 

Deficiency has been described to be the 
most potent risk factor for developing 
SLE [58, 59]. 

iv. C4A complex complement of C4 gene shows 
a strong disease risk in SLE [60, 61]. 

 
Early detection and diagnosis of SLE have been difficult due to its multiple symptoms which 
are also shared by other diseases. This research therefore aims to develop and evaluate a 
novel, faster and computer aided means of detecting the manifestation of SLE based on the 
DNA analysis for faster treatment response in patients.  
 
3. Materials and Methods 
 
According to Bengalio et al. (2010), the threshold for single nucleotide polymorphism (SNP) 
allowed for identifying significant variations or mutations in a gene is 10% of the sequence 
[62]. The autoimmune response of killer T cells is hence predicted to occur when more than 
50% of genes acting in the adaptive immune pathway of SLE pathogenesis show more than 
10% SNP variations. 
 
3.1. The implementation of this algorithm requires the following research 
materials: 
 
Laptop or computer with intel Pentium core dual; Sequence Read Archive Toolkit; Printers; 
Python Development Environment; Ubuntu/Linux Operating System; Human Reference 
DNA sequence; The DNA sequence from 16 Individuals; Google Cloud Platform and 
Statistical Package for The Social Sciences Software (SPSS). 
 
3.2. Modified Boyer Moore algorithm for approximate pattern matching 
 
3.2.1. Statement 
 
In searching for all occurrences of a pattern string p=p1…pm in a text string t=t1…tn with at 
most k mismatches, 1 <k<m. 
 
For some position j, the state Sj is a bit number, each in Sj[i], for 1 < i <m, and contains the 
number of mismatches between p1…pi and tj-m+1 …tj. 
 
Proposition: For some position j in t, let l be the largest index i, 1 <i<m-1, such that Sj[i] < k, if 
such an index exists and 0 if otherwise. Let d = m –l. Then, the next position after j where P is 
likely to occur is jnext = j+d i.e., Sj’[m] > k, for every j’ such j < j’ <jnext, d is the next shift and 
1<d<m-k 
 
Then for each character a in ∑, a vector Ta of size m is constructed such that: for i, 1 < i < m,  
 

   0 ,
1,

iif a p
a otherw iseT i                             [1] 

 
The T array defined above contains information about the occurrence of a given character a, 
such that at a given position in the pattern p we have 
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                                 [2] 

 
In order to obtain Sj+d as a sum of numbers in base 2b let D denote the|∑| x m matrix such 
that, element D[a][m-r] for each a contains ∑ and 0 < r < m -1, is denoted by 

,a m rD   is defined 

as 
 
 ( )

( , ) 1
[ ]2

m i br
a m r ai r

D T i r 
  

                                        [3] 

 
𝐷,ି  denotes positions in p1 … pm-r containing character a. For a fixed r,

,a m rD 
 is obtained by 

a left shift Ta. Therefore,  
 
 

,

1

( ) 0
( )

j d r m r

d

j d j tr
S S bd D

  



 
                            [4] 

 
with initial values S0 =0 and d = m. 

 
3.3. Character skip 
 
In a character skip, assuming j is the last position scanned in text t and d is the next shift. The 
substring is of text still to be scanned at the step of the search is then tj+1 … tj+d. 

 
Let Sj+d,0= Sj<<bd be the obtained number, then, each of the d characters tj+d.r+1, with 1 < r <d, 
is processed. 
 
Let Sj+d,r be the partial state obtained after processing characters tj+d… tj+d-r+1 of t. Then Sj+d,r = 
Sj+d,r-1 + Dtj+d-r+1, m-r+1 and Sj+d= Sj+d,d.  
 
Hence for given indexes r, 1< r <d, and i, 1 <i<m, we have the following conditions: 
 

a. If Sj+d,r[i] > k the prefix of length I of P does not occur in j +d. 
 
b. If Sj+d,r[i] < k, and no more comparisons have to be performed for the prefix of length I 

of P, then the prefix matches at position j + d. 
 
The computation stops at the first partial state giving enough information for further 
processing. Let 𝑆

ᇱ be this partial state. Differences between 𝑆 and 𝑆
ᇱare located only in 

individual states exceeding k+1 [63]. 
 
3.4. Sample size determination 
 
The formula for sample size is given by: 
 

 
2

2

[1 ]Z SD SD
N

ME





                                       [5] 

 
 



ISSN 2816-8089 
 

56 
Int J Bioinfor Intell Comput, Vol 1, Issue 1, February 2022 

where 
Z is the Z-value or Z-score corresponds with the chosen confidence level.  
N is the number of samples 
SD is the standard deviation 
ME is the margin of error, also known as the confidence interval (CI) 
 
For this research, the following parameters are used:  
 
Margin of Error or Confidence Interval =+/-5%; Confidence interval (CI)=90%; 
Corresponding Z value = 1.645 
 
Hence the Sample Size determine from is approximately = 271; i.e., 271 SLE data. 
 
3.5. Statistical analysis 
 
Statistical Analysis aims to determine the accuracy and predictive power of the hypothesis 
chosen to predict the response of killer T cells in SLE patients’, i.e., for more than 50% of 
susceptibility genes in the adaptive immunity pathway showing significant variations or 
polymorphisms. Since the proposed algorithm returns binary categorical variables FOUND 
(1) or NOT FOUND (0) when matches exist or no matches due to significant SNP variations, 
respectively, a multivariate binary logistic regression model is appropriate for testing the 
significance, accuracy and predictive power of the hypothesis. 
 
 A multivariate binary logistic regression model is one that has several independent variables 
and one categorically dependent variable. In this research, the independent variables are 
binary values found (1) and not found (0) returned for each of the susceptibility genes in the 
adaptive immunity pathway by the matching algorithm, while the dependent variable is 
whether or not the patient would experience the autoimmune response of killer T cells. The 
regression model is defined by the formula: 
 

 
0 1 1

0 1 1
( )

1

n n

n n

b b x b x

b b x b x

e
P Y

e 

 




                     [6] 

 
The data collected after running the matching algorithm for each of the samples are analyzed 
using the Statistical Package for the Social Sciences (SPSS) software. The statistical importance, 
predictive power and accuracy are finally reported. 
 
3.6. Proposed algorithm implementation 
 
Proposed algorithm for predicting the response of Killer T-cells in the DNA sequence of an 
SLE patient is summarized in the following steps: 
For each of the genes involved in signaling or activating killer T-cells, get the Nucleotide 
sequence for that gene from the Human Reference DNA sequence. 
Run an approximate sequence matching algorithm on each of the DNA sequences from the 
SLE patients. 
 
Set a threshold on all single nucleotide polymorphisms (SNPs) to 10% of the nucleotide 
sequence length of the gene. 10% SNP variation in the nucleotide sequence of genes is 
sufficient to induce harmful variation in the performance of the gene as identified by [62]. 
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Find the percentage of the number of all genes with variations more significant than 10%.  
 
The flow charts in Figure 2 and Figure 3 below show the algorithm used by the software and 
the overview of the software in operation, respectively.  
 

 
 
Figure 2: A Flow chart for the Overview of Software in Operation. 
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Figure 3: Flow Chart showing the Algorithm Implementation. 
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4. Results & Discussion 
 
4.1. Analysis of genes in NFkB pathway 
 
From the Literature Review, genes acting in the NFkB pathway include tnfaip3, tnip1, irak1, 
and mecp2 genes. Binary Logistic Regression for the covariance of these genes shows statistical 
significance as shown in Table 2. Nagelkerke R Square test show that between 46.3% and 
62.7% of the variability in the independent variable (the autoimmune response of killer T 
cells), is accounted for by dependent variables (the genes acting in the NFkB pathway). 
Furthermore, the closeness of the observed and expected in the contingency table for Hosmer 
and Lemeshow Test gives credence to the predictive power of the hypothesis with 
insignificant values of p>0.0. The chi-square test value is 2 (degree of freedom =4, number of 
samples =270) =167.766, p<0.001 
 
  Table 2a: Model Summary for genes in NFkB Pathway. 

        
Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 23 20.814 0 2.186 23 

2 11 16.185 7 1.815 18 

3 31 27.794 0 3.206 31 

4 20 17.107 6 8.893 26 

5 9 9.806 14 13.194 23 

6 0 4.36 20 15.64 20 

7 6 4.142 14 15.858 20 

8 0 1.156 20 18.844 20 

9 0 1.79 33 31.21 33 

10 6 2.847 50 53.153 56 

 
Table 2b: Contingency table for genes in NFkB Pathway. 

 
Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 193.976 0.463 0.627 

 
Table 2c: Classification Table when independent variables are considered in NFkB Pathway. 

 

Observed 

Predicted 

Result Percentage 

Correct 0.00 1.00 

Step 1 
Result 

0.00 89 17 84.0 

1.00 20 144 87.8 

Overall Percentage   86.3 
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4.2. Analysis of genes in the apoptosis and disposal of cellular debris 
pathway 
 
Genes acting in this pathway include atg5, fcgr2b, irf5, trex1 genes. Binary Logistic Regression 
for the covariance of these genes shows statistical significance as shown in Table 3. Nagelkerke 
R Square test shows that between 46.2% and 62.6% of the variability in the independent 
variable (the autoimmune response of killer T cells is), accounted for or explained by 
dependent variables (the genes acting in the apoptotic pathway). Furthermore, the closeness 
of the observed and expected in the contingency table for Hosmer and Lemeshow Test gives 
credence to the predictive power of the hypothesis with insignificant values of p>0.001. The 
chi-square test value is 2 (degree of freedom =4, number of samples =270) =167.476, p<0.001. 
 
Table 3a: Model Summary for genes in the apoptotic pathway 
 

Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 194.266a 0.462 0.626 

 
 
Table 3b: Classification table for genes in the apoptotic pathway 
 

Observed 

Predicted 

Result Percentage 

Correct 0.00 1.00 

Step 1 
Result 

0.00 82 24 77.4 

1.00 21 143 87.2 

Overall Percentage   83.3 

 
Table 3c: Contingency table for genes in the apoptotic pathway 
 

Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 28 26.254 0 1.746 28 

2 20 24.547 7 2.453 27 

3 22 17.175 0 4.825 22 

4 12 14.959 14 11.041 26 

5 13 10.559 13 15.441 26 

6 6 7.591 27 25.409 33 

7 5 2.386 14 16.614 19 

8 0 1.564 33 31.436 33 

9 0 0.964 56 55.036 56 

 

4.3. Analysis of genes in the phagocyte function and antigen presentation 
pathway 
 
Genes acting in this pathway include fcgr2b, fcgr3a/b, il10, itgam genes. Binary Logistic 
Regression for the covariance of these genes shows statistical significance as shown in Table 
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4. Nagelkerke R Square test shows that between 57.6% and 78.0% of the variability in the 
independent variable (the autoimmune response of killer T cells), is accounted for or 
explained by dependent variables (the genes acting in the antigen presentation pathway). 
Furthermore, the closeness of the observed and expected in the contingency table for Hosmer 
and Lemeshow Test gives credence to the predictive power of the hypothesis with 
insignificant values of p>0.0. The chi-square test value is 2 (degree of freedom =4, number of 
samples =270) =209.614, p<0.001. 

 
Table 4a: Model Summary for genes in the antigen presentation pathway 
 

Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 130.102a 0.576 0.78 

 
Table 4b: Contingency table for genes in the antigen presentation pathway 
 

Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 61 58.735 0 2.265 61 

2 12 16.466 7 2.534 19 

3 22 18.964 7 10.036 29 

4 6 8.869 27 24.131 33 

5 0 1.533 19 17.467 19 

6 5 0.737 14 18.263 19 

7 0 0.643 28 27.357 28 

8 0 0.048 25 24.952 25 

9 0 0.005 37 36.995 37 

 
Table 4c: Classification Table for genes in the antigen presentation pathway 
 

Observed 

Predicted 

Result Percentage 

Correct 0.00 1.00 

Step 1 
Result 

0.00 95 11 89.6 

1.00 7 157 95.7 

Overall Percentage   93.3 

 
4.4. Analysis of genes in T-cell function pathway 
 
Genes acting in this pathway include csk, ets1, HLA-dr2/dr3, ikzf1, ikzf3, il10, stat4, pdcd1, prdm1, 
ptpn22, tnfsf4, tyk2 genes. Binary Logistic Regression for the covariance of these genes shows 
statistical significance as shown in Table 5. Nagelkerke R Square test show that between 72.3% 
and 100% of the variability in the independent variable (the autoimmune response of killer T 
cells), is accounted for and explained by dependent variables (the genes acting in the T cell 
function pathway). Furthermore, the closeness of the observed and expected in the 
contingency table for Hosmer and Lemeshow Test gives credence to the predictive power of 
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the hypothesis with insignificant values of p>0.0. The chi-square test value is 2 (degree of 
freedom =12, number of samples =270) =319.685, p<0.001. 
 
Table 5a: Model summary for genes in the T-cell function pathway 
 

Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 0.000a 0.723 1 

 
Table 5b: Contingency table for genes in the T-cell function pathway 
 

Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 26 26.000 0 0.000 25 

2 26 26.000 0 0.000 26 

3 24 24.000 0 0.000 24 

4 9 9.000 14 14.000 23 

5 0 0.000 28 28.000 28 

6 0 0.000 7 7.000 7 

7 0 0.000 115 115.000 115 

 
Table 5c: Classification table for genes in the T-cell function pathway 
 

Observed 

Predicted 

Result Percentage 

Correct 0.00 1.00 

Step 1 
Result 

0.00 85 0.00 100.0 

1.00 0.00 164 100.0 

Overall Percentage   100.0 

 
4.5. Analysis of genes in B-cell function pathway 
 
Genes acting in this pathway include bank1, blk, csk, elf1, ets1, fcg2b, hla-dr2/dr3, ikzf1, il10, il21, 
lyn, prdm1, rasgrp3 genes. Binary Logistic Regression for the covariance of these genes shows 
statistical significance as shown in Table 6 below. Nagelkerke R Square test show that between 
54.0% and 73.1% of the variability in the independent variable, (the autoimmune response of 
killer T cells) is accounted for or explained by dependent variables (the genes acting in b-cell 
function pathway). Furthermore, the closeness of the observed and expected in the 
contingency table for Hosmer and Lemeshow Test gives credence to the predictive power of 
the hypothesis with insignificant values of p>0.0. The chi-square test value is 2 (degree of 
freedom =15, number of samples =270) =319.685, p<0.001. 
 
Table 6a: Model Summary for genes in B-cell function pathway 
 

Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 152.129a 0.54 0.731 
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Table 6b: Classification table for genes in B-cell function pathway 
 

Observed 

Predicted 

Result Percentage 

Correct 0.00 1.00 

Step 1 
Result 

0.00 85 0.00 100.0 

1.00 0.00 164 100.0 

Overall Percentage   100.0 

 
Table 6c: Contingency table for genes in B-cell function pathway 
 

Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 27 27.000 0 0.000 27 

2 26 26.000 0 0.000 26 

3 27 27.000 0 0.000 27 

4 5 5.000 21 21.000 26 

5 0 0.000 28 28.000 28 

6 0 0.000 19 19.000 19 

7 0 0.000 96 96.000 96 

 
4.6. Analysis of genes in signal transduction, cell cycle, growth, energy, 
metabolism, epigenetic modifications, DNA repair pathway 
 
Genes acting in this pathway include mecp2, ppp2ca, slc29a3 genes. Binary Logistic Regression 
for the covariance of these genes shows statistical significance as shown in Table 7. Nagelkerke 
R Square test show that between 48.2% and 65.3% of the variability in the independent 
variable (the autoimmune response of killer T cells) is accounted for or explained by 
dependent variables (the genes acting in the NFkB pathway). Furthermore, the closeness of 
the observed and expected in the contingency table for Hosmer and Lemeshow Test gives 
credence to the predictive power of the hypothesis with insignificant values of p>0.01. The 
chi-square test value is 2 (degree of freedom =3, number of samples =270) =177.612, p<0.001. 
 
Table 7a: Model summary for genes in Signal transduction, cell cycle pathway  
 

Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 184.130a 0.482 0.653 
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Table 7b: Contingency table for genes in Signal transduction, cell cycle pathway  
 

Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 24 23.504 0 0.496 24 

2 42 43.498 14 12.502 56 

3 25 22.38 14 16.62 39 

4 10 12.228 14 11.772 24 

5 0 1.618 18 16.382 18 

6 5 1.77 20 23.23 25 

7 0 0.888 31 30.112 31 

8 0 0.114 53 52.886 53 

 
Table 7c: Classification table for genes in Signal transduction, cell cycle pathway 
 

Observed 

Predicted 

Result Percentage 

Correct 0.00 1.00 

Step 1 
Result 

0.00 101 5 95.3 

1.00 42 122 74.4 

Overall Percentage   82.6 

 
4.7. Analysis of genes in the complement and clearance of immune complexes 
pathway 
 
Genes acting in this pathway include c1q, fcgr2a/2b, fcgr3b genes. Binary Logistic Regression 
for the covariance of these genes shows statistical significance as shown in Table 8. Nagelkerke 
R Square test show that between 73.8% and 100% of the variability in the independent variable 
(the autoimmune response of killer T cells), is accountable for or explained by dependent 
variables (the genes acting in the immune complex pathway). Furthermore, the closeness of 
the observed and expected in the contingency table for Hosmer and Lemeshow Test gives 
credence to the predictive power of the hypothesis with insignificant values of p>0.05. The 
chi-square test value is 2 (degree of freedom =5, number of samples =270) =361.743, p<0.001. 
 
The analysis gives credence to the hypothesis; hence variation (SNPs) in more 50% of genes 
would predispose a patient to autoimmune activities of killer T cells. 
 
Table 8a: Model summary for genes in immune complexes pathway 
 

Step -2 log likelihood Cox & Snell R Square Nagelkerke R Square 

1 0.000a 0.738 1 
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Table 8b: Contingency table for genes in immune complexes pathway 
 

Step Result = 0.00 Result = 1.00 Total 

 
Observed Expected Observed Expected 

 
1 50 50.000 0 0.000 50 

2 29 29.000 0 0.000 29 

3 27 27.000 0 0.000 27 

4 0 0.000 28 28.000 28 

5 0 0.000 19 19.000 19 

6 0 0.000 21 21.000 21 

7 0 0.000 96 96.000 96 

 

4.8. Approximate matching algorithm 
 
The approximate matching algorithm involves adding a Boyer-Moore approach to a shift-add 
method when searching all occurrences of a pattern string P = P1 … Pm in a text string T = T1 
…. Tn with at most k mismatches, 1 < k < m [63]. For some position j, the state vector Sj is a bit 
number (represented in base 2b), and Sj contains individual states of the search between each 
prefix of P and the corresponding substring of t. 
Individual state Sj[i] contains the number of mismatches between P1 … Pi and Tj-m+1 … Tj. 
Furthermore, P matches at j if and only if Sj[m] < k +1 [63]. 
 
Software development and testing of the software were done in Ubuntu 16.04 LTS platform 
on a virtual machine on Google cloud with specifications Intel Xeon, 52 Gigabytes RAM and 
500GB Hard disk size. The software was written in Python programming Language and run-
on Ubuntu terminal interface. 
 
Open-source DNA sequence data (16) located on the Sequence Read Archive (SRA) of the 
National Center for Biotechnology Information (NCBI) in the United States were used for this 
research. Data was taken from locals within the Nigeria tribes with run or accession numbers; 
SRR017528, SRR016407 SRR799760, SRR020178, SRR023623, SRR023628, SRR1596548, 
SRR1611133, SRR1611134, SRR1611136, SRR630584, SRR630583, SRR618674, SRR618673, 
SRR618672, SRR618671. 
 
Table 9 below gives a summary of the results gotten from 16 patients. The results of the 
findings suggest all the autoimmune response of killer T – cells are likely to manifest in all the 
sixteen patients as Single Nucleotide Polymorphisms (SNPs) as seen to manifest for all the 40 
genes, and this goes in-line with the stated hypothesis. The patients DNA have experienced a 
significant mutation as all the pathways that produce autoreactive killer T cells are activated. 
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Table 9: Result of Analysis of study participants 
 

Run Number Selection Base Pairs Date Published 

SLE 

Susceptibility 

   
(DD/MM/YY) 

 
SRR017528 Random 32.1Gb 30-06-2009 YES 

SRR016407 Random 25.1Gb 10-07-2009 YES 

SRR799760 Random 1.4Gb 25-03-2013 YES 

SRR020178 Unspecified 25GB 31-03-2011 YES 

SRR023623 Unspecified 8.4Gb 16-03-2010 YES 

SRR023628 Unspecified 12Gb 16-03-2010 YES 

SRR1596548 Unspecified 72.6Mb 13-10-2014 YES 

SRR1611133 Size Fractionation 106.4M 22-07-2015 YES 

SRR1611134 Unspecified 566.2Mb 13-10-2014 YES 

SRR1611136 Unspecified 564.2Mb 14-10-2014 YES 

SRR630584 Random 3.4Gb 21-12-2012 YES 

SRR630583 Random 3.4Gb 21-12-2012 YES 

SRR618671 Random 22.1Gb 21-12-2012 YES 

SRR618673 Random 20.9Gb 21-12-2012 YES 

SRR618674 Random 21Gb 21-12-2012 YES 

SRR618672 Random 21.9Gb 21-12-2012 YES 

 
However, it is observed that variations set at 0.1% of the length of the patient genome have 
no match to any of the genes. This unexpected occurrence could well result from structural 
variation in the genome like multiple copy number variations, deletions, insertions, and 
duplications account for this outcome. 
 
5. Conclusion 
 
The goal of this work was to create an algorithm that could analyze the DNA sequence of a 
patient with Systemic Lupus Erythematosus (SLE) and predict killer T-cell responses. The 
method used was to match the DNA coding sequence of a gene from the reference genome to 
the coding sequence of that gene in the patients' genome to discover a gene variant in patient 
DNA. The threshold for significant single nucleotide polymorphisms is 0.1 percent of the 
overall length of the gene-coding DNA sequence. The approximate sequence matching 
algorithm developed was used to conduct the matching. The findings from 16 patients reveal 
that they will all have autoimmune killer T-cells. Furthermore, the algorithm's predictive 
power and accuracy are both at 80%. Future direction for the present study will involve large 
number of data set and extensive clinical testing to evaluate the consistency of the model for 
predicting the response of killer T-cells. 
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