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ABSTRACT 

Measles is highly contagious viral disease and transmitted form one person to another 

through respiratory tract by coughing, sneezing or direct contact with respiratory 

droplets. Measles infection play clever role in targeting IL-12 suppression, providing 

an opportunity for replication of virus inside the host. Host immune responses 

decreased during the course of measles infection. It provides a platform for secondary 

bacterial infections which increase the risk for early childhood mortality. Malnutrition 

and immune suppression are the leading risk factors responsible for several measles 

complications like Encephalitis, Blindness, Severe diarrhea, Otitis media, Hepatitis 

and Myocarditis. Recent studies suggested that signaling through TLRs play 

important role in measles pathogenicity and immunogenicity. For the last few years 

extensive research profile augment the role of TLR2 in immunity of vertebrate 

animals. Important functional feature of TLR2 is to form heterodimers with other 

TLRs necessary for its activation. The presence of single nucleotide polymorphism in 

the human genome makes individual differences like difference in phenotype, 

susceptibility of the host to various diseases, drugs, chemicals and pathogens. The 

current study is designed to identify genetic polymorphism in TLR2 gene among 

complicated measles cases. In the present study a total of 100 measles infected 

children associated with various complications were included after fulfilling the 

inclusion and exclusion criteria. All demographic data and clinical information were 

collected on separate performa. The blood sample was collected and used for 

determination of anti-measles IgM antibody through ELISA technique. Out 100 

patients, 50 whose serum IgM titers were ≥180 I.U were selected for further 

molecular characterization of TLR2 gene. Genomic DNA was extracted and 

visualized through gel electrophoresis. Primers were designed against all the exonic 
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regions of the TLR2 gene and amplified through Polymerase Chain Reaction (PCR). 

All the PCR products were also visualized through gel electrophoresis. After 

purification, the PCR products were sent for sequencing. Identification of single 

nucleotide polymorphism was done through BioEdit ClustalW. After the 

identification of SNPs, in-silico verification tools such as Polyphen-2, Mupro, SIFT, 

FATHM, and Provean were used to examine the effect of polymorphism on the 

structure and function of the TLR2 protein. Protein structure of the reference and 

mutant were made through Swiss Model Homology and both structures were 

compared and analyzed. In this study out of 100 patients, female (52%) slightly 

exceeded the males’ patients (48%). In terms of measles vaccination status, 76% of 

children were found to be unvaccinated, while 24% were vaccinated. Among the 

infected children, 77% had elevated IgM level, 8% had intermediate and 15% had 

found negative. Major complications were Pneumonia, Lower Respiratory Tract 

Infection, Diarrhea, Otitis media, Myocarditis and SSPE, more than one complication 

were also observed among unvaccinated children. Majority of the infected children 

(n=63) were under the age of 12 months and were experiencing measles 

complications. In terms of molecular characterization of the TLR2 gene, the single 

nucleotide polymorphism rs1816702 was observed in the regulatory region of the 

TLR2 gene, while rs3804099 and rs3804100 were observed in the coding region. In 

patients, overall percentage of rs1816702, rs3804099 and rs3804100 was 60%, 44%, 

and 40% respectively, while in the control group it was 44%, 26%, and 24%. Novel 

single nucleotide polymorphisms (G>A) (4%), (A>T, A>G) (8%) and (T>C, A>C) 

(2%) were only seen in the patient group.  Significant association of Pneumonia (p-

0.002) and Lower Respiratory Tract Infection (p-0.003) was established with 

rs1816702. Similarly positive association (p-0.003) was seen between rs380410 and 
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Lower Respiratory Tract Infection. Protein structure models were developed from the 

Reference protein (TLR2) and mutant T513A by using 2Z7X (PDB) as a template. 

Both structures were superimposed and RMSD (0.66) was calculated. Both structures 

showed 99.81% similarities. According to the Ramachandran plot, >90% of the 

residues were found in the favorable region. The PDB files for each target uploaded in 

Verify 3D sever to validate the 3D structures of the target model. It has been observed 

that 3D model of the mutant (T513A) showed 93.79% of the residues have average 

3D-ID score ≥=0.2. It has been observed that 3D model of reference protein showed 

93.74% of the residues have average 3D-ID score ≥=0.2.  Protein structure analysis 

revealed that hydrogen bond is present between the two threonines at position 513 and 

512 with distance of 2.52Å in the reference protein. But in mutant (T513A) 

substitution of threonine by alanine at position 513 abolish hydrogen bond between 

alanine and threonine, but almost the effect of non-synonymous polymorphism was 

neutral on protein structure. It was concluded that major complications observed in 

the present study were Pneumonia, Lower Respiratory Tract Infection, Diarrhea, 

Otitis media, Myocarditis and SSPE, while some patients suffered from more than one 

complication. Synonymous polymorphism rs1816702 was found in the regulatory 

region and rs3804099 and rs3804100 was in the coding region of TLR2. Non-

synonymous novel polymorphism was found in the coding region of TLR2 gene. The 

effect of the novel non-synonymous polymorphism on protein structure and function 

of TLR2 was neutral. 
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CHAPTER – 1 

INTRODUCTION AND REVIEW OF LITERATURE 

1.1 Measles 

Measles is highly contagious systemic viral infection. It is caused by measles virus 

(MeV) belongs to paramyxoviridae and genus morbillivirus. Measles virus is a 

enveloped and the genome is made of single stranded RNA. Transmission of the virus 

occurs through respiratory tract by contact with respiratory droplets or direct contact 

with conjunctivae of the infected person [1]. After inhalation of the virus it is 

systemically disseminated and signs and symptoms appear after 9-20 days. The initial 

stage starts with fever and malaise accompanied by cough, coryza and conjunctivitis. 

In this stage Koplik’s spots were observed on the buccal mucosa. After 2 or 3 days a 

maculopapular skin rashes developed on the face, trunk and extremities of the patient 

[2]. 

1.2 Taxonomy of the Measles Virus 

Genome: ssRNA 

Family:  Paramyxoviridae  

Sub family: Paramyxovirinae 

Genus:  Morbillivirus  

1.3 Structure of Measles Virus 

Measles viral particles are roughly spherical with a diameter ranging from 100- 

300nm.  Measles virion RNA is in helical shape surrounded by a protein capsid (N 60 

kDa). The nucleic acid is surrounded by ribonucleoprotein complex, composed of 

three major proteins (N, L and P). The genome of the measles virus consist of six 

genes that encoded different proteins like nucleocapsid (N), phospho (P), matrix (M), 

fusion (F), hemagglutinin (H) and large (L). The M protein is attached into the inner 



 

2 
 

surface and helps in the budding formation during viral replication [2]. Measles virus 

envelope consists of lipid bilayer and the integral viral membrane protein 

hemagglutinin (H, 80kDa) and two subunit of the fusion protein (F1, 40kDa and F2, 

20kDa). The matrix M protein situated at the inner surface of the membrane and can 

be easily removed through high salt concentration and detergents [3].  

 

 

Figure 1.1: Diagrammatic presentation of viral genome [2] 

Measles viral infection is initiated by binding of viral hemagglutinin (H) to the host 

receptors. Viral fusion is facilitated by F protein of the virus. After the release of 

ribonucleic acid, transcription and viral replication start in the cytoplasm and through 

budding viral particles are released [4]. 

1.4 Transmission and Pathogenesis 

Measles is a highly infectious disease and transmitted from one person to another 

through respiratory routes. Patients are infectious and transmitted the virus 3 days 

before and 4-6 days after the appearance of rashes [5]. The presence of two viral 
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proteins, hemagglutinin (H) and fusion (F) protein initiate infection in the susceptible 

cell [6]. Two mechanisms were proposed for measles virus entry by infecting CD150+ 

cells in the alveolar spaces or attachment with DC-SIGN+in sub mucosal surfaces of 

the respiratory tract [7]. 

When the measles virus enters into the respiratory tract, the immature dendritic cell or 

the alveolar macrophages capture the virus and transport into the bronchial associated 

lymphoid tissue (BALT) and lymph nodes. The immune response is initiated and 

subsequently the viral infection is spread in the body. The virus enters into the host 

immune cells like B-cells, CD+4, CD+8, memory T cells and monocytes. The virus 

reaches into the systemic circulation after infecting the immune cells and spread 

throughout the body by infecting lymphoid and non-lymphoid organs. The virus starts 

their replication in the endothelial cells, epithelial cells and macrophages [8]. This 

stage of viral replication and systemic dissemination is clinically silent and lasts for 

10-14 days after infection. [9].  

The second pathway of measles virus entry is by infecting myeloid or lymphoid cells 

in the conjunctiva. Dendritic cells (DCs), langerhans cells, macrophages, CD4+, CD8+ 

T-cells and B-lymphocytes are found in abundance in the lamina propria of the 

conjunctiva provides an excellent platform for replication of the measles virus [10].  

The mechanical damage of the epithelial cells in the respiratory tract by bacteria or 

some other pathogens provides opportunities and advantages to measles virus for their 

entry into the respiratory tract [11]. Nectin-4+epithelial cells form heterodimers at 

cell-to-cell junctions, a stable relationship that is disrupted by the measles virus, 

resulting in virus spread [12]. The presence of circulating CD150+ cells helps the 

measles virus to spread systemically through organs such as the kidney, liver, skin, 

and gastrointestinal tract [9]. The measles viral induce transient and profound 
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immunosuppression that provides a platform for many opportunistic pathogens that 

increase the risk of child mortality. The presence of CD150+ cells and DC-SIGN cells 

in these lymphoid tissues provides a site for measles virus infection and replication 

[13]. Lymphoid tissues such as bronchial associated lymphoid tissues (BALT) and 

gastrointestinal associated lymphoid tissues (GALT) play an important role in 

protecting against the pathogens. However, destroying of BALT and GALT will make 

it easier for previously encountered bacteria or viruses to infiltrate these lymphoid 

tissues. During the acute phase of measles infection both circulating and lymphoid 

tissues the number of lymphocytes are extensively decreased. After clearance of the 

measles infected cells by cytotoxic T-cells, the number of lymphocytes returns to their 

normal level after a week. This lymphopenia which lasts for one or two weeks induce 

depletion in the immune cells leading to measles induce immune suppression [14]. 

The measles virus induces IL-12 suppression, providing an opportunity for replication 

of the virus inside the host. Clinically during the course of measles infection 

immunosuppression is commonly observed, providing a platform for acquiring 

secondary bacterial infections and decreasing the host immune response. The virus 

abrogates dendritic cells function and makes the individuals susceptible for 

opportunistic infections [15]. Measles is major cause of hospitalization. The mortality 

rate is associated with degree of socioeconomic status of affected personals, hygienic 

condition, nutrition and standard health care. The major consequences regarding 

elimination of this disease worldwide are the incapability to immune the entire 

population and as result the susceptible individual responsible for regional outbreaks 

[16]. 
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1.5 Measles Complications 

During the course of measles infection development of complications play a major 

role in measles related deaths. Secondary bacterial infections cause complications 

during the acute phase, which increases the mortality rate among the young children. 

The most common etiology of measles related death is the onset of sever bronchial 

pneumonia among children under age 5 years. Sever pneumonia (oxygen saturation 

less than 90%, central cyanosis, severe respiratory distress, inability of drinking or 

feeding, sever chest in drawing, vomiting all and convulsion) and non-sever 

pneumonia (respiratory rate above 50% breaths/minute in the age group 2-11 months, 

while more than 40% breaths/minute in the age group 12-59 months) were reported in 

measles infected children, which were diagnosed according to WHO guidelines [17]. 

Malnutrition and immune suppression are the leading risk factors responsible for 

several other complications like encephalitis, blindness, severe diarrhea, otitis media, 

hepatitis and myocarditis [18]. After apparent recovery of measles infection, 

immunosuppression persists for several weeks. The involvement of central nervous 

system is common feature. There are four different paradigm of measles induced 

encephalitis like Primary Measles Encephalitis (PME), Acute Post Infectious Measles 

Encephalomyelitis (APME), Measles Inclusion-Body Encephalitis (MIBE) and Sub-

acute Sclerosing Panencephalitis (SSPE). Sub-acute Sclerosing Panencephalitis is a 

progressive, disabling and deadly brain disorder of central nervous system. In SSPE 

neurons are infected by measles virus and lead to widespread demyelination of the 

CNS followed by infection of the oligdendrocytes, astrocytes and endothelial cells. It 

is usually developed after few months or years subsequent to the initial measles 

episode. High level of IgM was found in the cerebrospinal fluid of the patients 

suffered from SSPE [19, 20]. 
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In a previous study conducted in Pakistan in 2016, complications such as pneumonia, 

oral lesions, and acute diarrhea were linked to measles infection in children who had 

not been vaccinated [21]. Complications and mortality rates from measles infection 

are higher in children under the age of five, particularly among unvaccinated children. 

In developing countries like Pakistan, the leading causes of measles associated deaths 

in early age are vitamin A deficiency, low immunity, overcrowding and unhygienic 

lifestyle, malnutrition, and poor health facilities [22]. 

In 2017 a study conducted in the southern region of district Karak (Khyber 

Pakhtunkhwa) Pakistan, where the majority of the children (95.9%) suffered from 

pneumonia and 87.8% have acute diarrhea [23]. In comparison to non-pregnant 

women, hospitalized pregnant women have a higher risk of mortality from 

pneumonia. Furthermore measles infection in pregnant woman leads to fetal 

morbidity and mortality, which is also leading cause of miscarriage, low birth weight, 

prematurity and hospitalization in intensive care units in relation to non-infected 

pregnant women [24].  

1.6 Measles Epidemiology 

Measles has worldwide prevalence with most common infection occurring during 

early childhood.  More than 10 million children are infected each year by measles 

infection leading to several thousand deaths [20]. Because of earlier defense by 

maternal antibodies, infection in children under the age of one year is uncommon in 

developed countries. In developing countries due to poor infrastructure of the health 

care system and deprived maternal antibodies, the measles infection associated with 

secondary bacterial infection may increase the risk of mortality in early childhood. In 

the United Kingdom (UK) measles was endemic with 2-3 epidemics every year prior 

to Measles Mumps Rubella vaccination (MMR). World Health Organization 
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estimated that more than one million deaths occurred each year and marked this 

infection a global burden to be eradicated [25]. Despite the availability of the effective 

and safe live attenuated measles vaccine, more than 85,000 deaths are reported 

globally [26]. Recurrences of measles infection and its complications have been 

recorded in Europe in 2017. These outbreaks may be related to waning vaccination 

coverage, vaccine hesitancy, and a lack of awareness of the effects of measles 

infection in early childhood [27]. According to the World Health Organization the 

goal cited by Global Vaccine Action Plan (GVAP) is to eliminate measles in five out 

of six regions of the world in 2020 [28]. 

In Pakistan resurgences of measles episodes have been reported for the last decade, 

which increase morbidity and mortality in this region.  In 2011, 2012 and 2013, 

measles confirmed cases were 2676, 8048 and 8030 respectively reported throughout 

the country. Recently in 2017 and 2018 major measles episodes were reported 

throughout the country [29]. In 2019, a total of 704 measles cases were registered in 

various states throughout the United States of America (USA), with pneumonia being 

the most common complication. There were 44 cases of measles imported from other 

countries with the majorities of the children (71%) were found unvaccinated [30]. 

Despite Pakistan's valiant efforts to eradicate the measles infection, outbreaks have 

been recorded in various parts of the country. In 2012, there were approximately 

14000 measles cases reported, with 360 children losing their lives due to measles 

complications [31]. 

Developed countries were successful in reduction of measles infection through 

affective immunization. Under the auspices of WHO, a campaign of immunization 

against communicable diseases was started in Pakistan in 1978 [32]. However, like 

other developing countries, the coverage of measles vaccination has been below 60% 
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in Pakistan [33]. To prevent or reduce measles infection and associated complications, 

the only hope is the effective measles vaccination, which can significantly reduce the 

incidence of measles infection and related deaths among the children [34]. In 

Pakistan, recent outbreaks of measles infection have been reported in various parts of 

the country in 2018 [29]. The main causes of these measles outbreaks were a lack of 

vaccination awareness among the general public, low literacy rate, lack of motivation 

among healthcare workers and poor healthcare infrastructure. Some parents are afraid 

of the adverse reaction of measles vaccines particularly in the rural area of Pakistan 

[35]. To eliminate completely measles from the community, a mass immunization 

campaign is recommended after every 3-4 years [36]. Isolation of infected individuals 

is a strong strategy to stop measles virus transmission until the individual is no longer 

contiguous. The length of isolation is determined by the virus's communicability. This 

is usually four or five days prior to the onset of the rashes and four or five days after 

the onset of the rashes. Quick isolation, quarantine and exclusion are standard 

recommendations in the outbreak area for preventing measles infection [37]. 

1.7        Measles and Host Immune Response 

Host immune system play pivotal role in various stages during the course of measles 

infection. At the first step initial innate immune response is restricted due to the 

inhibition of interferon, which allows the viral replication and dissemination. Later on 

appearance of maculopapular rashes were linked to specific cellular responses (T-cells 

and IFN-γ). The clearance of the virus is much slower, taking weeks to months to 

clear with viral RNA remaining in the lymph node [38]. 
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Figure: 1.2: Diagramatic flow of immune respnse and viral clearance [39] 

 

After recognition of viral RNA or proteins by host Toll-like Receptors induction of 

interferon occurs, resulting in activation of the cytoplasmic transcription factor IFN, 

regulatory factor (IRF-3) and nuclear factor kappa light chain enhancer of B cells 

(NFkB). Antiviral proteins are produced in response to these factors, which inhibit 

viral replication [40]. However the combine efforts of measles viral proteins such as 

P, C, H and V disrupt the signaling pathway of IFN-α/β production. As a result, the 

measles virus replication is suppressed, resulting in a prolonged viral latent phase that 

allows the virus to spread throughout the body without causing signs and symptoms 

[39].  

1.7.1 Toll Like Receptors (TLRs) 

In human innate immune system contains germ line-encoded receptors called pattern 

recognition receptors (PRRs). These receptors sense pathogens molecular pattern and 

trigger quick responses against them. These pathogen recognition receptors recognize 

microbial components simply called Pathogen Associated Molecular Pattern 

(PAMPS). After the recognition of PAMPs by PRRs a series of events happen that 
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provoke the host defense mechanism to prevent or fight off infections and initiate 

subsequent specific immunity [41]. 

Toll like receptors (TLRs) are pathogen recognition receptors play important role in 

the first line of defense against invading pathogens [42]. TLRs have been given the 

name after the identification of TOLL gene in Drosophila more than thirty years ago. 

The extracellular domain of Toll like receptors is made of leucin rich repeats (LRR) 

[43, 44]. 

Toll like receptors are predominately expressed on host antigen presenting cells and 

plays important role in directing the fate of infection process [45]. Toll-like receptors 

have been found in serum, cell surfaces, endosome, and cytoplasm [46]. In human 

body there are 10 TLRs. These TLRs are named TLR1, TLR2, TLR3, TLR4, TLR5, 

TLR6, TLR7, TLR8, TLR9 and TLR10 which recognize by PAMPs like lipopeptides 

(TLR2 integration with TLR1 or TLR2), lip polysaccharides (TLR4),  bacterial 

flagellin protein (TLR-5), viral dsRNA (TLR3) and ssRNA (TLR7 and TLR8) [47]. 

Some of these receptors are express on intracellular endosome like TLR3, TLR7, 

TLR8 and TLR9. The presence and expression of these receptors throughout the 

animal and plant kingdom indicate its essential role in physiological and pathological 

conditions [44].The presence of toll like receptors on the surface of the macrophages, 

dendritic cells, polymorphs and natural killer cells indicates its role in immune 

system.  TLRs participate in the antigen presentation process, indicating their 

importance in the interconnection of innate and adaptive immune responses [48, 49].  

Each toll like receptor has ectodomain, transmembrane domain and a cytoplasmic toll 

like interleukin receptor (TIR) domain. The ectodomain consist of leucin rich repeats 

(LRRs) that recognize microbial components. The ectodomain display a horseshoe 

like structure, which interact with PAMPs making a homo or heterodimer in support 



 

11 
 

with co-receptors. After recognition the TLRs recruit TIR domain containing adaptor 

molecule like MyD88 and TRIF, which helps in the signal transduction pathways. 

Finally all these signal leads to the activation of NF-κB, IRFs, or MAP kinases, which 

helps in the production of cytokines, chemokines, and type-I IFNs  that finally protect 

the host from microbial infection [50]. 

1.7.1.1 Toll Like Receptor 2 (TLR2) 

The presence of TLR2 in human tissues and cells indicated its pivotal role in the first 

line of host defense. Its high expression is restricted to small number of cells like 

monocytes, macrophages, granulocytes and dendritic cells derived from 

hematopoietic system. TLR2 is also expressed on cell populations residing in spleen 

and lungs [51]. 

For the last few years, extensive research augments the role of TLR2 in immunity 

among vertebrate animals. The important feature of TLR2 is to form heterodimer with 

other TLRs for its function and activation [52].TLR2 along with TLR1 or TLR6 

recognize a wide variety of PAMPs including lipoproteins, peptidoglycan, 

lipoteichoic acids, zymosan, mannan, and tGPI-mucin [53]. Bacterial components like 

tri-acyl lipopeptides and di-acyl lipopeptides are recognized by TLR2 by making 

heterodimerization in TLR1 and TLR6 respectively [54]. In addition to bacterial 

pathogens TLR2 also recognizes zymosan, a component of yeast cell wall, 

glycophosphatidyleinositol of trypanosome cruzi, cytomegalo virions and measles 

virus [55]. A number of viral proteins derived from cytomegalo virus (CMV), herpes 

simplex virus (HSV), hepatitis C virus (HCV), measles virus (MV) are recognized by 

TLR2 [56]. In case of viral invasion TLR2 is differ from other pathogen recognition 

receptor in respect of nucleic acid sensing. TLR2 recognized glycoprotein of virus 

like hemagglutinin of measles virus by making heterodimer structure with its co-
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receptors TLR1 or TLR6 [57]. Different ligands recognized by TLR2 are shown in 

Table 1.1. 

 

Table 1.1: Toll like receptor 2 and various ligands 

ORIGIN LIGANDS TLRS REFERENCES 

Mycoplasma Di-acyl lipopeptides TLR2/TLR6 [58] 

Mycobacterium Lipoarabinomannan TLR2/TLR1 [59] 

Bacteria Tri-acyl lipopeptides TLR2/TLR1 [60] 

Cytomegalo virus Glycoprotein B TLR2/TLR6 [61] 

Measles virus Hemagglutinin TLR2/TLR6 [51] 

Cryptococcus 

neoformans 

Glucuronoxyloma-

nnan 

TLR2/TLR1 [62] 

 

Gram 

Positive bacteria 

Lipoteichoic acid TLR2/TLR6 [63] 

Hepatitis c virus Hepatitis C core and 

NS3 protein 

TLR2/TLR6 [64] 

 

According to the structure of TLR2, it consist of N- terminal ligand recognition 

ectodomain (ECD), single transmembrane helix and C- terminal cytoplasmic 

signaling domain also known as toll like IL-1 receptor (TIR) [65]. The ectodomain is 

composed of 16-28 diverse leucin rich repeats (LRR), responsible for sensing 

pathogen associated molecular pattern [41]. Diversity found in large number of 

ligands structure consequently raises a question to determine TLR2 receptor 

specificity. A recent study suggested that lipoprotein/lipopeptides and glycopeptides 

serve as actual ligands concentrated on the surface of this receptor [52]. 

Currently many other accessory molecules and co-receptors have been identified to 

accumulate a variety of microbial products on the cell surface or inside the 

phagosomes to initiate TLR2 responses. One of these molecules are CD36 which 



 

13 
 

binds with ligands by anchoring to its lipid moiety and transfer them to another 

accessory molecule such as CD14 which load the ligands on to TLR2/TLR6 or 

TLR2/TLR1 heterodimers [66]. 

TLR2 response to RNA viruses differs from that of other TLRs because TLR2 

recognizes viral glycoprotein rather than nucleic acids [67]. After recognition of the 

measles protein hemagglutinin by TLR2, the expression of TLR2 is increased on 

epithelial cells and immune cells. The TIR domain of the TLR2 directs the signals 

through MyD88 and IRAK4 to activate NF-kB and increased the production of IL-1β 

and TNFα, which increase SLAM receptors expression [68]. TLR2 plays important 

role in measles infection, as evidence by the presence of its high soluble form, as well 

as IL-1 and TNF [69]. Production of type 1 interferon (IFN) is a major key of innate 

immune response during viral infection. It has been observed that IFN-α/β knockout 

mice are extremely vulnerable to multiple viral infections [70]. TLR2 pathway 

through adaptor protein, MYD88 showed in Figure 1.2. 

 

Figure 1.3: TLR2 signaling pathway to induce transcription of IFN-β and IFN-α gene [41] 
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After being stimulated by viral particles, TLR2 also causes the production of 

interferon [61].The presence of cytokines like IFN and prime NK cells is essential for 

activation and maturation of T helper cells (Th1) and to control viral infection. TLR2 

also activates NK cells during viral infection. In TLR2 knock-out mice the function of 

NK cells was demolished, which lead to increase viral load [71, 72]. 

Due to impaired TLR2 immune response in the absence of functional hemagglutinin 

protein, low levels of IL-6 were found in murine monocytes along with low 

expression of the measles receptor CD150 [57]. During the initial stage of viral 

infection, when Th1 response is dominant, TLR2 helps in viral clearance. TLR2 also 

promotes the production of Th2, which helps in the adequate antibody production 

[41]. The Dimerization of the TLR2 with other co-receptors, such as TLR1 or TLR2, 

induced pro/anti-inflammatory immune responses. TLR2/TLR6 heterodimers, in 

particular, activate the signaling pathway that leads to the transcription of pro-

inflammatory molecules like interleukin-6 and tumor necrosis factor alpha (TNF), 

whereas TLR2/TLR1 heterodimers induced IL-10, which inhibits inflammation [73]. 

1.8 Single Nucleotide Polymorphism in TLR2 

A single nucleotide polymorphism (SNP) is a change in the DNA sequence of a single 

base (A, G, C, or T). This variation occur at a specific position in the genome has the 

allelic frequency greater than 1% [74]. Synonymous polymorphism refers to SNP that 

do not cause an amino acid change in the protein (due to genetic code redundancy), 

whereas non-synonymous polymorphism causes an amino acid substitution in the 

protein, which may or may not affect the structure and function of the protein [75]. In 

humans, mice, and domestic animals, genetic variations in the TLR2 gene determine 

the risk of serious infections [76]. SNPs are found in more than 1% of the population 

and account for about 90% of the genetic variation in the human genome [77]. It has 
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been observed that 93% of the genes contain at least one SNP [78]. These SNPs are 

widely distributed throughout the human genome, present in the coding sequence of 

the gene, non-coding regions and regions between the genes. These SNPs may have a 

minor impact on the biological system, but their functional effects include changes in 

amino acids, mRNA stability and transcription factor binding affinity [79]. It has also 

been studied that such genetic variation (SNPs) determines the host's susceptibility to 

disease manifestation [80]. Various strategies have been developed to understand the 

role of SNPs in the underlying genetic architecture of complex diseases [81]. 

The presence of these SNPs in the human genome makes individual differences in 

phenotype, susceptibility of the host to various diseases, drugs, chemicals and 

pathogens [74]. rs121917864 (C2029T) is non-synonymous SNP, where arginine is 

substituted by tryptophan at position 677. It is common among the African and Asian 

population and increased host susceptibility to mycobacterium leprosy and 

mycobacterium tuberculosis [82, 83]. Similarly other non-synonymous polymorphism 

is rs5743708 (G2258A) in TLR2, where arginine is replaced by glutamine at position 

753. These polymorphisms increased host susceptibility for staphylococcal septic 

shock and tuberculosis, while increased risk for endocarditis. Synonymous SNP 

reported in TLR2 are rs3804099 (T597C) (Asn199Asn) showed increased 

susceptibility of the host to filariasis and mycobacterium tuberculosis [75]. 

Significant association (p <0.002) was established between specific measles 

antibodies and different alleles (AA, AG and GG) of rs3804100 present in the coding 

region of TLR2 [84]. Furthermore genetic association was also observed between 

synonymous polymorphism in TLR2 and ulcerative colitis, crohn disease and chronic 

inflammatory bowl diseases. The genetic makeup of these diseases can be explained 

by functional polymorphism in genes that involved in the inflammatory pathway. Toll 
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like receptors activated NFkB, a transcription factor involved in the inflammatory 

responses [85]. The SNP (rs4696480) in TLR2 has been associated to an increase the 

risk of inflammatory bowl diseases. Another SNP (rs1816702) in TLR2 was observed 

to be linked to an increase the risk of crohn's disease by increasing receptor levels, as 

measured through flow cytometry method [86]. 

Severity and susceptibility of brochiolitis, a viral infection are not only influenced by 

environmental factors, but host genetic heterogeneity may also play a role in 

determining host susceptibility [87]. Single nucleotide polymorphism (rs7656411) in 

TLR2 has been associated with sever acute viral brochiolitis in children without any 

co morbidities [88]. 

Recent studies suggested that signaling through TLRs play important role in measles 

pathogenicity and immunogenicity. Measles wild type can activate TLR2 expressing 

T- lymphocytes, which lead to subsequent secretion of cytokines such as IL-6 which 

enhance expression of signaling lymphocyte activated molecule (SLAM), a receptor 

used by measles virus for attachment [89]. Measles virus recognition and specificity 

by TLRs can be influenced by genetic polymorphism, present in the interaction region 

between the viral protein and host receptors. Single nucleotide polymorphisms in 

measles hemagglutinin protein replaced asparagine to tyrosine at position 481 

eliminate the capacity of measles virus to stimulate TLR2 responses. Significant 

association was seen between genetic polymorphism and immune response molecules. 

In genotype (TT) patients with a synonymous polymorphism (rs3804100) in TLR2, 

IL-12p40 levels were found to be lower, while in minor allele variant (CC) patients 

had higher level of the cytokine [90]. 
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1.9 Protein Structure of TLR2 

Toll like receptor-2 (TLR2) is the important member of pathogen recognition 

receptors (PRRs). TLR2 senses conserved microbial molecules, like lipoprotein and 

glycoprotein by making a dimeric structure with either TLR1 or TLR6 [91]. TLR2 

form a heterodimeric structure by interacting with tri-acylated lipopeptides, 

hTLR1/hTLR2/Pam3CSK4 (2Z7X) [92]. TLR2 consist of trans-membrane 

glycoprotein a trans-membrane helix domain, C- terminal intracellular cytoplasmic 

domain also known as toll interleukin-1 receptor (TIR) and extra cellular portion. The 

extra cellular portion known N-terminal is a ligand recognition domain made of 16-28 

leucin rich repeats [93, 94]. Various studies suggested that the TIR domain of TLRs in 

animals and plants is an ancient motif that plays an important role in the initial 

immune signaling cascade and confers pathogen resistance [95]. 

The extracellular domain of TLRs is also called ectodomain (ECD). It consists of 

leucin rich repeats, hydrophobic residues located at distinctive intervals. These motifs 

are found in all animals, plants and microorganism [96]. When the three dimensional 

structure of leucin rich repeats viewed, all of them are arranged to make a loop 

structure. During protein folding multiple consecutive LRR forming a solenoid 

structure contain hydrophobic residues at the interior surface making a stable core 

[97]. The presence of LRRs in the ectodomain causes the concave surface to protrude, 

forming a horseshoe shape with two terminals, the LRR-NT and LRR-CT motifs. 

These LRRs repeat, creating a twisting tendency on the concave surface that provides 

ligand binding space [98]. There have been five crystallographic structures of TLR 

ectodomain and ligand complexes reported to date. Structure analysis revealed, that 

ectodomain of TLR2 contain three distinctive sub-domains, N-terminal, Central 

portion and C- terminal shown in Figure 1.1. The N-terminal consist of LRRs cap (1-
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4) having 24 amino acid residues. The presence of an asparagine ladder and a 

phenylalanine spine are two important features of this region. By contrast, LRRs in 

the central and C-terminal sub-domains have atypical sequences deviated from the 

standard LLRs. Furthermore central sub-domain also lack of asparagine ladder and a 

phenylalanine spine. The border between the central and C-terminal sub-domains 

(LRRs 9–12) harbors ligand-binding pockets on the convex side in both TLR1 and 

TLR2 ECDs. These pockets accommodates large lipid moiety but these pockets are 

varying among different species, for example in mouse this region accommodate short 

chain of lipid as compared to the human TLR accommodating long chain of lipid [92, 

99]. Leucin rich repeats units formed horse shoe shape of ectodomain of TLR2. The 

concave surfaces in lined by parallel β sheets, while the convex surface formed by 310 

helices [100]. 
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Figure 1.4: The ECD domain of TLR2 [101] 

 

Figure 1.5: Binding pockets of TLR1 and TLR2 complex with lipopeptides 

(Pam3CSK4) [101,103] 
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It has been observed, that TLR1 and TLR2 interaction is mandatory for recognizing 

lipoprotein as a ligand. First TLR1 and TLR2 make a dimmer on the cell surface and 

facilitated by hydrogen bond and hydrophobic interactions in the vicinity of the 

binding pockets. It has been suggested that genetic polymorphisms in this TLR1-

TLR2 interaction region, such as P315L, can prevent the dimeric structure from 

recognizing lipid ligand [102]. 

1.9.1 Activation of TLR2 by its Dimerization with TLR1 and TLR6 

It has been observed that heterodimerization of TLR2 and TLR6 recognize fungal 

component such as zymosan, lipopeptides of other microorganisms and parasites. 

TLR2/TLR6 heterodimeric structure is essential for activating various arms of the 

innate immune system and recruiting signaling molecules such as MyD88, TIRAP, 

TRIP, and TRAM proteins [104]. Furthermore this heterodimerization also play 

important role in the specificity and capacity of ligand recognition. The amino acid 

residues, asparagine 248, leucin 250, lysine 338 of TLR2 make interaction with 

aspartic acid 233, asparagine 231 and leucin 318 of TLR6 respectively. While 

isoleucine 745 and glutamine 747 residues in TIR domain of TLR2 interact with 

phenylalanine 678 and proline 680 residues in TIR domain of TLR6 respectively. 

These interactions keep the TLR2 and TLR6 complex's heterodimer structure stable 

for ligand recognition [105]. 

TLR2 also recognizes synthetic analogs (Pam2CSK4 and Pam3CSK4), di-acyl and 

tri-acylated cystein group (lipoproteins). Immune responses are triggered by the 

cystein motif. Furthermore TLR2 also recognizes lipoteichoic acid, lipomannan, 

peptidoglycan, hemagglutinin and zymosan [52]. During TLR2 and TLR6 lipopeptide 

complex, the ectodomain (ECD) form “m” shape heterodimer structure. This dimeric 
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arrangement of TLR2/TLR6 is similar to TLR2/TLR1 complex, but difference is only 

seen in the ligand binding pockets and dimmerization interface of TLR2/TLR6. Two 

phenylalanine residues at positions 343 and 365 in TLR6 block lipid binding sites, 

leaving a small gap for di-acylated lipoprotein than tri-acylated lipoprotein as shown 

in Figure 1.3. It has been observed that polymorphism in phenylalanine residue may 

render this specificity regarding di-acyl and tri-acyl compounds [103].  

 

Figure 1.6: Binding pockets of TLR2 and TLR6 complex with lipopeptides 

(Pam2CSK4) [103] 

Staphylococcal super antigen protein-3 also called SSL3, which act to dock the 

binding pockets of TLR2 and inhibit the attachment of di-acyl lipoprotein. The main 

residues involved in the interaction are phenylalanine 349, tyrosine 376 and 

asparagine 379 of TLR2 with the phenylalanine 156, phenylalanine 158, leucin 160 

and proline 194 of SSL3. Furthermore other interactions like salt bridges (asparagine 

327 of TLR2 with arginine 175 of SSL3), hydrogen bonds (serine 329, Histidine 358 

of TLR2 with arginine 175 and asparagine 174), hydrophobic and hydrophilic forces 

are also involved. SSL3 has been found to overlap with TLR2 in the area involved in 

dimmerization with TLR6. SSL3 activity is reduced by 100 fold due to a genetic 
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polymorphism or mutation in phenylalanine at position 156 and 158. It has also been 

observed that complete loss of SSL3 activity obtained when combined mutation 

observed in phenylalanine 156, proline 194 and β2 and β3 stretch [54]. 

1.10 Genetic Polymorphism in TLR2 

Genetic polymorphism may be either synonymous or non-synonymous. Non-

synonymous single nucleotide polymorphisms cause amino acid substitutions and 

have the potential to affect the gene's product through structure biochemistry [106]. 

SNPs in the regulatory region of a gene can influence when and how the gene is 

turned on, affecting the amount of protein produced. They also have impact on gene 

splicing, transcription factor binding and non-coding RNA sequence. SNPs that are 

not within a gene locus can be used as genetic markers to locate disease causing genes 

[74]. 

TLR2 and TLR1 interaction has previously been studied on structural and functional 

levels [107]. Strong interaction was observed between the residues in TLR2 (TIR 

domain) DD loop and TLR1. In TLR1, glycine at position 676 was found in close 

proximity with arginine and phenylalanine at position 748 and 749 in TLR2. 

Furthermore genetic polymorphism in arginine at position 753 (R753) has been 

associated to increase host susceptibility to microbial infections like Staphylococcal, 

Borellia spp and Mycobacterium spp. Furthermore the above mentioned 

polymorphism also increases the risk of acute rheumatoid fever among the children. 

Genetic polymorphism in promoter region of TLR2 and its effect on the expression of 

mRNA and protein in the tissue of the patient suffered from colorectal cancer were 

also studied. It has been observed that polymorphism in TLR2 (196 to 174del), 
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enhance the TLR2 mRNA expression and established association to increase the risk 

and susceptibility of the host to colorectal cancer [108]. 

Significant association was established between genetic polymorphism in TLR2 gene 

with high altitude induced thrombosis. TLR2 protein structure is affected by a non- 

synonymous polymorphism (rs5743708). Both mutant (Arg-753/Gln-753) and wild 

type of TLR2 model were studied by using Raptor X program, Swiss-PDB viewer and 

Pymol program. It was observed that in mutant the number of the pockets decreased 

to 119 instead of 122 found in wild type TLR2. The mutant TLR2 protein structure 

was found thermodynamically less stable than wild type. It was concluded that the 

mutant protein structure induces less downstream signals making the mutant more 

protective against the disease [109]. 

TLR2 must recognize both di-acyl lipoprotein and tri-acyl lipoprotein ligands in order 

to induce immune responses. The specificity for di-acyl and tri-acyl is depending 

upon on dimmerization with others TLRs such as TLR1 and TLR6 respectively [110]. 

Recent studies suggested that activation of TLRs play pivotal role in innate immune 

responses. Several immune signals executed through TLRs, play important role in 

measles pathogenicity and immunogenicity. TLR2 expressed on the surface of T-cells 

has also been shown to be activated in wild measles strains. As a result increased the 

production of different cytokines level and enhance the expression of CD46 receptors. 

These receptors are used for internalization of the measles virus. The hemagglutinin 

glycoprotein play crucial role to provoke our immune system [90]. 

Measles viral hemagglutinin is type-II integral transmembrane glycoprotein contain 

617 residues.  In the protein structure of hemagglutinin, C-terminal making globular 

head protrudes as spike on viral core [111]. Hemagglutinin lacks of neuraminidase 



 

24 
 

activity, which play important role in the viral replication [112]. In the crystal 

structure of the measles hemagglutinin protein, glycosylation at the asparagine residue 

facilitates hemagglutinin folding and stabilization. Hemagglutinin protein of measles 

shows structure similarity with neuraminidase (HN) protein folds of para influenza 

virus with a Z-score of 23.1. Although these two proteins are differ from one another 

by r.m.s deviation of 3.9 Ӑ. The residues of the hemagglutinin responsible for binding 

to CD46 receptors are conserved in the vaccine strains. Residues present in the 

binding pockets of hemagglutinin are thr-531, asp-530 tyr-529, pro-554 and tye-553 

interact with the residues in the SLAM receptors, while the residues, phe-431, IIe-

487, pro-486, tyr-481 and val-451 residues make interaction with CD46 receptors 

[113].  

The role of toll like receptors is very important for initial recruitment of immune cells. 

Understanding genetics behind enhanced predisposition of some individuals to certain 

measles related complications will enable us to tackle the disease through 

identification of high risk individuals. Moreover these efforts may also provide a 

gateway for the development of personalized medicine in future. Furthermore the 

study will also provide information how the genetic polymorphism affects the protein 

structure of TLR2. 

1.11 Aims and Objectives 

Aim and objectives of the current study are to: 

1.  Determine different clinical complications in measles infected children. 

2.  Identify single nucleotide polymorphism in TLR2 gene. 

3.  Observe the effect of the identified single nucleotide polymorphism on 

protein structure and stability by using bioinformatics approaches. 
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Chapter – 2 

MATERIALS AND METHODS 

2.1 Study area 

The current study was conducted at center of Biotechnology and Microbiology 

(COBAM) university of Peshawar and Sarhad University of Science and Information 

Technology Peshawar. Blood samples were collected from the children admitted at 

pediatric unit at Lady Reading Hospital Peshawar. 

Lady Reading Hospital is a tertiary care hospital, providing health care facilities in 

this region. The hospital was established in 1927. It is about 200 meters away from 

the famous historical Qila Balhisar. There are about 30 different departments in this 

hospital with 1751 beds located for the patients. More than 3000 staff working in this 

institute. According to the statistical data, out patients department (OPD) provided 

health care facilities for about 89912 patients in 2018. Similarly Emergency 

Department (A/E) deal with 1189663 emergency cases, while 143425 patients were 

admitted in different units of the hospital. Pediatric unit consist of following subunits, 

children-A unit, children-B unit, children-C unit, nursery, isolation and pediatric 

surgery unit [114]. 

2.2 Inclusion and Exclusion Criteria 

Children of both genders having age limits between 4 months and 10 years presented 

with measles complications, like pneumonia, myocarditis, otitis media, chronic 

diarrhea, lower respiratory tract infection, hepatitis, encephalitis and acute 

conjunctivitis were included. While those age less than 4 months and above 10 years 
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were excluded from the study. Children having congenital heart disease, thalassaemia 

or other congenital diseases were also excluded from the study. 

2.3 Study Design and Sample Size 

Approval from Departmental Ethical Committee was obtained before the start of this 

research project. Hospital ethical approval was obtained vides Ref: No. 218/LRH 

30/9/2019. Sample size was calculated on the basis of prevalence of measles 

complications [115]. A total of 100 measles infected children admitted at the pediatric 

unit of Lady Reading Hospital Peshawar were included after taken a written consent 

form signed by patient attendant. 

2.4 Case Definition 

A complicated measles case was defined as a child presented or admitted with non-

vesicular maculopapular rash,  high grade fever (>38oC for three consecutive days) 

and at least one of the following: cough, coryza and conjunctivitis having one or more 

complication like pneumonia, otitis media, myocarditis, SSPE [116]. 

2.5 Demographic Data of the Patients 

Patient demographic data and clinical information like age, sex, socio-economic status 

and educational level of the parents, feeding history, vitamin A intake and 

complications were recorded on a separate predesigned performa (Annexure I). 

Measles vaccination status of the patient was established either through vaccination 

card or verbal confirmation with parents. Parent socio-economic status was measured 

according to the previous criteria [21]. A written consent form contains details of the 

patient explained to parents for the purpose to use their data for research and 

publication, thereof. 
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2.6 Diagnosis of Measles Complications 

All the patients admitted in pediatric units were diagnosed by pediatricians for 

measles complication on the basis of their clinical sign and symptoms. Furthermore 

diagnostic parameters like chest X-ray, echo, serum electrolytes, blood complete 

picture, and detection of anti-measles antibody (IgM) in the CSF (in case of SSPE) 

were also done which helps in the diagnosis of measles complications. 

2.7 Blood Sample Collection 

After full filling the inclusion and exclusion criteria, a total of 3.0 ml venereal blood 

sample was collected aseptically from measles infected children. 1.5 ml of blood was 

dispensed into each gel and EDTA tube respectively. Detection of anti-measles (IgM) 

was done in the serum obtained from the clotted, while EDTA containing blood was 

used for molecular purposes. All the blood samples were stored at 2-80C in 

refrigerator [117]. 

2.8 Detection of Specific anti-Measles (IgM) in Patient Serum 

Detection of anti-measles (IgM) antibody was done through enzyme linked 

immunosorbent assay. Blood samples (1.5 ml) in gel tubes were centrifuged at 8000 

rpm in order to obtained clear serum. All the serum samples were stored at 4-80C 

[117]. 

2.8.1 Principle of the Assay 

Detection of ant-measles (IgM) antibody was done by using Alegria® (a fully 

automated random access analyzer). The Alegria® assay features barcoded 8-well 

microstrips, called Alegria® Test Strip, is designed for a single determination of one 

patient sample, which hold a complete set of reagents, including are enzyme 

conjugate (Anti human IgM HRP labeled), enzyme substrate(Tetramethyle benzidin), 
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sample buffer and a test specific control (Test specific antibodies). Antibodies 

quantification is based on indirect enzyme linked immune reaction in which purified 

particles of inactivated measles virus coated on well surface interact with the 

corresponding anti measles antibodies, result in making antigen antibody complex, 

after incubation and subsequent washing enzyme conjugate, was added, that binds to 

the immobilized antibody-antigen complex. After incubation, a second washing step 

removes unbound enzyme conjugate. Addition of enzyme substrate solution results in 

development of a blue color during incubation and the intensity of the color is 

proportional to the concentration of the antibody-antigen complex when measured at 

λ=650 nm [118]. 

2.8.2  Procedure of the Assay  

Algeria ‘strip test SMC technology” was used with the diagnostic automatic 

instrument “Algeria”. Foil was removed from the strip from well No.1 to Well No. 4. 

With the help of micropipette about 10µl of undiluted serum was added into the 

bottom of well No.1. The strip was inserted into the system tray. The loaded sys tray 

was placed carefully at correct position in the Algeria instrument. All the process was 

done automatically by the instrument. Finally the result was calculated by the 

instrument and displayed on the screen. The measuring range of Algeria assay is 0-

200 I.U/ml. The cutoff value for the assay is 25 I.U/ml. Interpretation of the result 

was made as, patient value less than 20 I.U/ml was consider negative, while value 

between 20-25 I.U/ml was borderline titer and value >25 I.U/ml was considered a 

positive result [118]. 
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2.9    Statistical Analysis 

Multiple tools were used for the management and data analysis. For the calculation of 

percentages and means of different variables as well as for graphical representation, 

Microsoft Excel was used. The Chi - square test was used for calculation of P-value. 

2.10 Identification of Single Nucleotide Polymorphism in TLR2 Gene 

Selection of the cases for identification of single nucleotide polymorphism in TLR2 

gene was done on the basis of Anti-measles (IgM) titer in the serum of the measles 

infected children. Out of 100 measles infected children, 50 patients, whose anti-

measles (IgM) titer was >180 I.U/ml in their serum were further studied for molecular 

characterization of TLR2 gene. In each case, one control from healthy individuals was 

selected with the same age group and gender of the patient. Patients group was 

denoted by “M” (M1-M50) while controls were denoted by “C” (C1-C50). Blood 

stored in the EDTA tubes was used for extraction of DNA from both patients and 

control groups by using Gene All ExogenTM (South Korea), DNA extraction kit. 

Genomic DNA was extracted according to the procedure and protocols provided by 

kit manufactures. 

2.10.1 Extraction of Genomic DNA 

About 20 µl of proteinase K solution (20 mg/ml) was added into 1.5 ml micro 

centrifuge tube. Blood sample 200 µl was added into the tube, now buffer (BL) 200 µl 

was added into the tube. The tubes were vortexed and mixed properly and incubated 

at 56oC for 10 minutes. After incubation the tubes were spent down thoroughly to 

remove any drops inside of the lid. The tubes were filled with 200µl of absolute 

ethanol, again vertexes and mixed it thoroughly spent down briefly to remove any 

drop from inside of the lid. The mixture was transferred into SV column carefully, 
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centrifuged the tubes for 1 minute at >8000 rpm and replaced the collection tube 

provided. Now 600µl of buffer (BW) was added and again centrifuged at >8000 rpm 

for one minute and replaced the collection with new one provided. Now 700µl of 

buffer (TW) was added into the tube and centrifuged at >8000 rpm for one minute. 

Discarded the pass through and reinserted the SV column back into the collection 

tube. The SV column was centrifuged at full speed (12000 rpm) for 1 minute to 

remove wash buffer. SV column was placed in fresh 1.5ml micro centrifuge tube. 

Now buffer (AE) 200µl was added into SV column and incubated for 1 minute at 

room temperature. Finally the SV column was centrifuged at full speed (12000 rpm) 

for one minute. The extracted DNA was stored at -20oC for further processing (Gene 

All extraction kit, South Korea). 

2.10.2 Visualization of Extracted DNA on 1 % Agarose Gel  

2.10.2.1 Preparation of TBE (10X) Buffer 

Tris buffer elution (TBE) was prepared by dissolving 29g of boric acid in 250ml of 

distilled water. Tris base 54g was added and solved it thoroughly. Now 4.65g of 

EDTA was added and solved it completely. Now 250ml of distilled water was added 

to make final volume up to 500ml. TBE (1X) was prepared by mixing 10ml of TBE 

(10X) and 90 ml of distilled water. For preparation of 1% agarose gel dissolved 0.5g 

of agarose in 50ml of TBE (1X) buffer and heated in microwave for 60 seconds until 

dissolved it completely. After cooling, 2µl ethidium bromide was added in order to 

stain the gel. The gel was transferred carefully into pre-assembled gel casting tray 

after placing comb containing 8 slots. After solidification of the gel, comb was 

carefully removed and transferred the gel into the electrophoresis tank containing 

TBE (1X) buffer [119]. 
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2.10.2.2 Preparation of Loading Dye 

Loading dye was prepared by dissolving 0.025g of bromophenol in 15ml of distilled 

water. 4.0g of sucrose was added and dissolved. The final volume up to 250 ml was 

made and stored in amber colour bottle at 2-8oC. Loading sample was prepared by 

adding 2µl of DNA with 2-3µl of loading dye and loaded into the wells carefully. Gel 

electrophoresis was performed at 90V for 25 minutes. DNA bands were visualized 

through trans-illuminator. DNA of the patients and controls were stored at -20oC for 

further processing [119]. 

2.11  Primers Designing 

Human TLR2 gene accession number, reference gene sequence and other details were 

obtained from NCBI website. Primers were designed to amplify the exonic region of 

TLR-2 gene by using “Primer 3 plus” (NCBI website). Length of the primers, melting 

temperature (TM), GC contents (GC %) and product size for each primer were shown 

in Tables (2.1 and 2.2). 

Table 2.1:  Primers designed for the regulatory region of TLR2 gene 

  

Exon Primers Length GC TM 
Product 

Size 

 

Exon-1 

F: CTTCTTCGACCCAGCCTTG 19bp 57.9% 60.9oC 

  397bp 

R: GTGCAGAGAGACCACACGAG 20bp 60.0% 59.6oC 

Exon-2 

F: TCACTGCTCACACTGTTGGA 20bp 50% 59.0oC 

  393bp 

R:AGAGCACCAGTCCAGTTTCAG 21bp 52.4% 59.5oC 

Exon-3 

F: ATTGTGCCCATTGCTCTTTC 20bp 45% 60.1oC 

  833bp 

R: CCAGATTTGGCCATAAACAA 20bp 40% 58.5oC 
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Table 2.2:  Primers designed for coding region of TLR2 gene 

 

 

Exon 

 

Primers 

 

Length 

 

GC 

 

TM 

Product 

Size 

 

Exon 

4(A) 

 

F: AGCCCTCACCAGACAACAGT 20bp 55% 59.8oC 
849bp  

 

R: TCCTGCCTAGAAGTAAATGCAA 22bp 40.9% 59oC 

Exon 

4(B) 

 

F: AATCTGAACAGCCCATCCAG 20bp 50.0% 60.1oC 
836bp 

 

R: TACCATTGCGGTCACAAGAC 20bp 50.0% 59.6oC 

Exon 

4(C) 

 

F: TGTAGGTTGAAGCACTGGACA 21bp 47.6% 59.4oC 
712bp 

 

R: CTCGCAGTTCCAAACATTCC 20bp 50.0% 60.6oC 

Exon 

4(D) 

 

F: TGCTGGACTTACCTTCCTTGA 21bp 47.6% 59.9oC 
798bp 

 

R: TCTGGCCACTGACAAGTTTC 20bp 50.0% 58.9oC 

Exon 

4(E) 

 

F: GCCTGGCCCTCTCTACAAAC 20bp 60.0% 61.2oC  
699bp 

 

R: ATACCACAGGCCATGGAAAC 20bp 50.0% 59.7oC 

Exon 

4(F) 

 

F: GCATGTGCTGTGCTCTGTTC 20bp 55.0% 60.6oC 
600bp 

 

R: GACTGGTCTTAAATATGGGAACC 23bp 43.5% 58.0oC 

Exon 

4(G) 

 

F: CTGAGAGCTGCGATAAAGTCC 21bp 52.4% 59.2oC 
699bp 

 

R: TGGCCACAGAGGAGTCTCTTA 21bp 52.4% 60oC 
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2.12       Amplification of Various Exons of TLR2 gene by PCR 

For amplification of various exons of TLR2 gene, extracted DNA of the patients and 

controls was visualized through gel electrophoresis. All the exonic region of TLR2 

gene was amplified in both groups (Control and Patient) through Polymerase Chain 

Reaction (PCR) technique by using already designed primers. All the primers were 

diluted (1X) by using PCR water. For each sample of PCR reaction, 20µl sample 

preparation was made by mixing DNA with the primers (Forward and Reverse) and 

PCR water shown in Table 2.3. For amplification of exons, multiple conditions like 

annealing temperature, concentration of the primers, number of cycles and DNA 

concentration were optimized shown in Table 2.4, 2.5, 2.6, 2.7, 2.8, 2.9, 2.10, 2.11 

respectively. 
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Table 2.3: Optimized conditions for PCR reaction mixture used for the amplification 

of various exons of TLR2 gene 

S. No Reagents Volume ( µl ) Final Volume (20 µl ) 

1 Master mix (2X) 10µl 

         18µl 

2 Forward primer 0.4µl 

3 Reverse primer 0.4µl 

4 PCR water 7.2µl 

5 Template DNA 2.0µl           2µl 

                  

Table 2.4: Optimization of various conditions used for amplification of Exon-1and 

Exon-2 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

        35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 56oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 
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Table 2.5: Optimization of various conditions used for amplification of Exon-3 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

       35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 51oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 

 

Table 2.6: Optimization of various conditions used for amplification of Exon-4(A) 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

        35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 56oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 
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Table 2.7: Optimization of various conditions used for amplification of Exon-4(B) 

and Exon-4(C) 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes        

       35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 54oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 

 

Table 2.8: Optimization of various conditions used for amplification of Exon-4(D) 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

        35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 56oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 
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Table 2.9: Optimization of various conditions used for amplification of Exon-4(E) 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

        35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 54oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 

 

Table 2.10: Optimization of various conditions used for amplification of Exon-4(F) 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

        35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 51oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 
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Table 2.11: Optimization of various conditions used for amplification of Exon-4(G) 

S. No STEPS TEMPERATURE TIME CYCLES 

1 Initial Denaturation 95oC 5 Minutes  

        35 
2 Denaturation 95oC 45 Seconds 

3 Annealing Temperature 53oC 45 Seconds 

4 Extension 72oC 45 Seconds 

5 Final Extension 72oC 7 Minutes 

 

2.12.1    Horizontal gel Electrophoresis for Visualization of PCR Product 

Horizontal gel electrophoresis was used for qualitative visualization of the PCR 

product. 2% agarose gel was prepared by adding 1g of agarose in 50ml of 1X-TBE 

buffer. In order to obtain a clear solution, it was heated in microwave oven for 60 

seconds. The gel was cool down at room temperature. For staining and visualization 

purpose, 2-3μl of ethidium bromide was added into the solution. The solution was 

poured into pre-assembled gel tray after placing comb. After solidification, the comb 

was removed and gel along with the tray was placed in the gel casting chamber. Wells 

were loaded with 2μL of PCR product already mixed with 2μL of ethidium bromide. 

Gel electrophoresis was performed at 90V for 45min in 1X-TBE buffer. For 

visualization of bands, UV-Trans illuminator was used. PCR products were stored at -

20oC. 

2.12.2    Purification of PCR Product 

After amplification, the PCR products were purified according to the protocol 

provided by kit manufactures. Equal amount of binding buffer was added into the 
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PCR mixture tube and examined for the development of color. Appearance of yellow 

color indicates binding of DNA, while orange or violet color indicated no binding of 

DNA. The colour of the mixture changed to yellow after the addition of 10µL 3M 

sodium acetate. Isopropanol was added according to the length of exons (If length 

>500bp, 100% isopropanol was added in 1:2 ratio). After well mixing, the solution 

was shifted to purification column, and subjected to centrifugation for 40 to 50 

seconds. After centrifugation the supernatant was discarded and wash buffer was 

added to purification column. For complete washing again centrifugation was 

performed for 40 to 50 seconds. After centrifugation the supernatant was discarded 

and the purification column was placed in the collections tube. For removal of 

residual wash buffer again centrifugation was done for 60 seconds. After 

centrifugation the column was transferred into 1.5ml effendorp tube. Elution buffer 

about 40µl was added into the membrane of the column and the tube was centrifuged 

for 50 seconds. After centrifugation the column was discarded and the purified 

product was stored at -20oC. 

2.12.3 Sequencing of the PCR Product 

For sequencing purpose, 10µl of the purified PCR product was added into a special 

Barcoded tubes provided by Eurofen (Company) and the required primers 

concentration (5µl  for each sample) were send separately according to the 

instructions provided by the company. All the purified products and primers were 

labeled properly wrapped and send to Eurofen MWG Operon LLC USA for 

sequencing. 
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2.13 Identification of Single Nucleotide Polymorphism (SNP) 

Identification of the single nucleotide polymorphism was done by using BioEdit 

sequence alignment editor software through ClustalW multiple alignments 7.2 version 

[120]. To check the quality of the histograms sequence Finch TV software was used. 

Nucleotide and amino acid position were identified by using BLAST-X and UCSC 

browser. 

2.14 Effect of SNP on Protein Structure of TLR2  

Nucleotide sequences of the mutants and reference TLR2 gene (Retrieved from 

NCBI) submitted into online nucleotide translator Expasy Bioinformatics resource 

portal to obtain the amino acid sequence of the protein. The alignment of the mutant 

and reference TLR2 were done by using Blast X. The mutants were named after the 

substitution of the corresponding amino acids at particular position [121].    

2.14.1 Protein Variation Effect Analyzer (PROVEAN) 

This new algorithm approaches provide a platform to predict the functional 

characterization of protein sequence variation. Provean score provides information 

and distribution of deleterious and neutral effect on variants for all classes of 

variations. Variants with a score equal or below the -2.5 (Threshold value) was 

considered deleterious and above the threshold value was considered Neutral [122]. 

2.14.2 Polyphen-2 

Polyphen-2 is web server used for prediction of the possible impact on protein 

structure and function due to amino acid substitution. Polyphen-2 prediction is based 

on number of the sequence, evolutionary structural and comparative considerations. It 

does functional annotation of single nucleotide polymorphism, SNPs coding maps to 
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make transcript. Polyphen-2 quarry resulted expressed in two forms, “Possibly 

Damaging” or “Benign” [123]. 

2.14.3 Sorting Intolerant From Tolerant (SIFT) 

Sorting intolerant from tolerant is a multi-step algorithm using a homology-based 

sequence approach to identify amino acid substitutions. For a given protein sequence, 

SIFT compiles data of all functionally related proteins making an alignment from the 

homologous sequence with the quarry.  SIFT searched for all positions in the 

alignment and calculating the probabilities for all amino acids at required position. 

SIFT predicts a substitution affecting protein function if a certain threshold value is 

below the SIFT score. SIFT result is expressed “Tolerated” or “Not Tolerated” [124]. 

2.14.4 Mupro 

Mupro is support vector machine-based (SVM) approach and predicts protein stability 

upon the substitution of single amino acid mutation leveraging both sequence and 

structural information. SVM worked on two context, sequence base dependent and 

structure base dependent information. The structural stability is determined in terms 

of increase or decrease. A relative stability change (∆∆G) resulting from single 

mutation is calculating to determine protein stability [125]. 

2.14.5 Functional Analysis Through Hidden Markov Models (FATHMM) 

Functional Analysis through Hidden Markov Models is high throughput web server 

used to predict the functional consequences in non-synonymous polymorphism and 

non-coding variant in human genome. FATHMM facilitates the high-throughput 

analysis of large-scale genomic datasets [126]. 
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2.15 Protein Model Building 

To construct the mutant models, 2z7x (PDB ID) was selected as a template. The 

homology models were generated from Swiss Model online protein modeling tool 

[127, 128] 

2.16 Protein Structure Analysis 

Protein structures of the reference and mutant were superimposed by using USCF 

Chimera software and online superpose web server. To determine the compatibility of 

the 3D structure with its own ID amino acid sequence, Verify 3D services was used 

[129]. It analyzes the alpha and beta chains, loop, polar and non-polar structure by 

comparing the results to make a proper structure. Ramachandran plot also called 

Ramachandran graph, a method used to predict energetically allowed regions for back 

bone of dihedral angles of amino acid residues in protein structures. Ramachandran 

plot was also used for determination of protein sterochemical property [130]. A PDB 

file generated from the Swiss Model was uploaded in Ramachandran plot server for 

analysis. 
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Chapter – 3 

RESULTS 

Patients’ demographic data and other related information shown in Table I.  Out of 

100 patients, number of female patients were 52(52%) having mean age of 15.06 

(±9.42), while 48(48%) males were aged 15.94(±9.70).The breast feeding of babies is 

a common practice in early childhood, however, trends are changing. It was observed 

that 56% children were breast fed while 32% were depending upon formula milk. A 

comparatively small number of children (12%) were found depended on formula milk 

along with breast feed. It was also observed that 58% of measles infected children 

have received vitamin A drops as part of their regular vaccination program. In the 

current study regarding measles vaccination status, majority (76%) of the children did 

not receive measles vaccination, while only 24% of the children received measles 

vaccine (Table 1). 

3.1 Socioeconomic Status of the Parents 

Data related to the parents was also shown in Table 1. As far as the socio economic 

position was concerned, half (50%) of patients belonged to poor families (≤1700$ per 

annum), while 38% were from middle class families (≥1701 and ≤4300$ per annum). 

Only 7% of patients were from upper class (≥4301 $ per annum). Criteria of income 

per annum of the parents were sited according to the previous report with little 

modification [21]. 

As far as the educational status of the parents was concerned, a high percentage (43%) 

were uneducated (Grade 0), while, 28% were having secondary education (Grade 10) 

and 22% have middle (Grade 5) level educational competence. Only 7% parents were 

found to have higher (Grade 12 and above) level education.  

 



 

44 
 

Table 3.1:  Demographic data and other related information of the patients 

Parameters Patient 

Patient related  

Total Number 100 

Male 48(48%) 

Female 52(52%) 

Age wise (in months)  

Male 15.06(±9.42) 

Female 15.94(±9.42) 

Feeding history (%)  

Breast feed 56% 

Formula feed 32% 

Breast + Formula 12% 

Measles vaccination status (%)  

Vaccinated 24% 

Unvaccinated 76% 

Vitamin A intake (both genders) 58% 

Parents related 

Socio-economic status (%)  

High (≥ 4301 $ per annum) 12% 

Middle (≥ 1701 and ≤ 4300$ per annum) 38% 

Lower (≤ 1700$ per annum) 50% 

Educational status (%)  

Higher (Grade 12) 07% 

Secondary (Grade  10) 28% 

Primary (Grade 5) 22% 

Uneducated (Grade  0) 43% 
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3.2 Gender Wise Distribution of Measles Vaccination 

Gender wise distribution of measles vaccination is shown in Figure 3.1, Where high 

percentage of male children (81.2%) were found to be non-vaccinated and smaller 

number (18.7%) were vaccinated. Similarly in female high number (67.3%) were 

found to be non-vaccinated and 32.6% were vaccinated. 

3.3 Detection of Anti-Measles IgM  

Measles case confirmation was done by detecting measles specific antibody (IgM) in 

patient serum through Enzyme Linked Immuno Sorbent Assay (ELISA). Out of 100 

hundred clinical suspected cases, majority (77%) of cases were found IgM positive 

(Titer >25 U/ml), while 8% cases indicated intermediate levels (Titer 20-25 U/ml) and 

15% were found negative (Titer < 20 U/ml) (Figure 3.2). 

3.4 Vitamin A intake Status of the Patients 

Vitamin A administration is regular step in vaccination program. In the current study 

out of 100 children 58(58%) had received vitamin A drops during vaccination 

program, while 42(42%) children did not received vitamin a drops (Figure 3.3).   

3.5 Number of Measles Complications  

In Figure 3.4 number of measles complication are shown. High number of children 41 

(41%) were suffering from pneumonia followed by lower respiratory tract infection 

18(18%). Diarrhea + lower respiratory tract infection 17(17%), Acute diarrhea and 

pneumonia + diarrhea were 6(6%) respectively. Small number of measles infected 

children were observed having otitis media, myocarditis, pneumothorax (2%, 3% and 

2% respectively). Only one case of SSPE was observed. 
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Figure 3.1: Gender wise distribution of measles vaccination status in patients 
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Figure 3.2:  Distribution of patients with respect to Anti-measles (IgM)  
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Figure 3.3: Distribution of vitamin A intake in measles infected patients 
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   Figure 3.4: Number of measles complications (n=100) 
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3.6 Vitamin A Intake with Respect to Measles Complications 

Distribution of vitamin A intake among measles infected children is shown in Figure 

3.5. In case of Pneumonia, 56.1% children received vitamin A drops while 43.9% did 

not receive it. Other measles complications like Lower Respiratory Tract Infection, 

Otitis media, Acute diarrhea, Diarrhea + Lower Respiratory Tract Infection, 

Pneumothorax and SSPE vitamin A intake was 77.8%, 100%, 66.7%, 62.5%, 100% 

and 100% respectively. Small numbers of children that have not received vitamin A 

drops were suffered from Lower Respiratory Tract Infection (22.2%), Diarrhea 

(33.3%) and Diarrhea + Lower Respiratory Tract Infection (37.5%). Majority of the 

children that have not received vitamin A drops were suffered from Pneumonia + 

Diarrhea (100%), Otitis media + Pneumonia (75%) and Myocarditis + Lower 

Respiratory Tract Infection (66.7%). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

51 
 

 

 

 

 

 

 

          Figure 3.5: Percentage of Vitamin A intake in measles infected children with 

respect to complications (n=100) 
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3.7 Feeding Status of the Measles Infected Children 

Measles infected children were distributed in different age group according to their 

breast feeding history (Figure 3.6). Majority of the children belongs to age group of 

<12 months, Where 24(47.9%) of the children were breast fed, while 21(43.8%) 

depend upon on formula milk. Small number of the children 4(8.3%) were reliant on 

breast fed + formula milk (mixed). In the age group between 12-24 months, breast 

fed, formula milk and breast fed + formula milk dependents were 24(61.5%), 

7(18.0%) and 8(20.5%) respectively. Small number of children were observed in the 

age group of >24 months, where 9(69.2%) of the children were depending on breast 

fed and only 4(30.8%) of the children taken formula milk respectively. 

3.8 Distribution of Measles Vaccination in Different age Groups 

Distribution of measles vaccination status among different age groups of measles 

infected children shown in Figure 3.7. Mass number of children (93.8%) belongs to 

age group of <12 months did not receive measles vaccine. Only small number of 

children 6.2% found to be vaccinated. In age group of 12-24 months the percentage of 

vaccinated and unvaccinated children was 41% and 59% respectively. While in age 

group of >24 months both vaccinated and unvaccinated children were 30.8% and 

69.2% respectively. 
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Figure 3.6: Distribution of children in different age group with respect to their 

feeding status 
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Figure 3.7: Distribution of measles vaccination among patients age groups 
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3.9 Measles Complications in Age Group <12 Months 

The most affected age group with respect to measles complications was <12 months. 

Distribution of various measles complications among the children were shown in 

Figure 3.8.  Out of 48 measles infected children, majority of the children suffered 

from Pneumonia (n=23) followed by Lower Respiratory Tract Infection (n=8), 

Diarrhea + Lower Respiratory Tract Infection (n=6), Diarrhea (n=4) and Pneumonia + 

Diarrhea (n=3). Other complications like Myocarditis + Lower Respiratory Tract 

Infection, Myocarditis and Pneumothorax were found in less frequency. 

 

3.10 Measles Complications in Age Group 12-24 Months 

A total of 39 measles infected children presented with complications found in age 

group of 12-24 months. Similarly in this age group major measles complication was 

Pneumonia (n=15). Other complications observed were Lower Respiratory Tract 

Infection (n=8), Diarrhea + Lower Respiratory Tract Infection (n=8), Pneumonia + 

Diarrhea (n=2) and Myocarditis + Lower Respiratory Tract Infection (n=2). 

Pneumothorax, Otitis media and Diarrhea were found in less frequency in this age 

group (Figure 3.9). 
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Figure 3.8: Number of measles complications in age group (<12 months) n=48 

 

Figure 3.9: Number of measles complications in age group (12-24 months) 

n=39 
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3.11 Measles Complications in Age Group >24 Months 

In the age group >24 months, small number of children presented with measles 

complications like Pneumonia (n=3) followed by Diarrhea + Lower Respiratory Tract 

Infection (n=3) and Lower Respiratory Tract Infection (n=2) (Figure 3.10). Other 

complications like Otitis media, Diarrhea, Pneumonia + Diarrhea, Otitis media + 

Pneumonia were found in small number of cases. Only one case of Sub-acute 

Sclerosing Panencephalitis (SSPE) found in this age group. 

3.12 Distribution of Measles Vaccination with Respect to Complications 

Distribution of measles vaccinated and unvaccinated children with respect to different 

measles complications shown in Figure 3.11. It is noted that majority of the children 

suffered from measles complications did not received measles vaccine. Small 

numbers of children were found to be vaccinated. 
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Figure 3.10: Number of measles complications in age group (>24 months) n=13 

 

Figure: 3.11 Distribution of measles complications among measles vaccinated and 

unvaccinated children 
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3.13 Identification of Single Nucleotide Polymorphism in TLR2 Gene 

Out of 100 measles infected children, 50 patients, whose serum anti IgM titer was 

≥180 I/U were further analyzed for single nucleotide polymorphism in TLR2 gene. 

All demographic data and other related information like feeding history, measles 

vaccination status and vitamin A administration of the patient and control shown in 

Table 3.2. Patient group (n=50) comprised of male 24(48%) and female 26(52%) with 

their mean age of 15.25(±10.56) and 14.26(±8.05) for male and female respectively. 

Similarly control group comprised of male 22(44%) and female 28(56%) with mean 

age group of 11.63(±5.85) and 16.64(±8.39) were male and female respectively. 

Regarding feeding history of the patients, 29(58%) of the children were breast fed 

while 15(30%) and 6(12%) were reliant on formula milk and formula milk + breast 

fed. Measles vaccination status of the both groups (Patients and controls) was also 

determined, where majority of the patients 37(74%) were found unvaccinated, while 

only 13(26%) of the patients received measles vaccine.  Similar vitamin A intake was 

seen in 28(56%) children. 
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Table 3.2: Demographic data and related information of the patient and control group 

Parameters Patient Control 

  

Total Number 50 50 

Male 24(48%) 22(44%) 

Female 26(52%) 28(56%) 

Mean of age (in months)   

Male 15.25 (±10.56) 11.63(±5.85) 

Female 14.26 (±8.05) 16.64(±8.39) 

Feeding history n (%) 

Breast feed 29(58) 32(64) 

Formula feed 15(30) 13(26) 

Breast feed + Formula milk 6(12) 5(10) 

Measles vaccination status n (%) 

Vaccinated 13(26) 18(36) 

Unvaccinated 37(74) 32(64) 

Vitamin A intake (both genders) n 

(%) 

28(56) 36(72) 
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3.14 Extraction of DNA 

Genomic DNA was extracted from the patients and controls blood. All the extracted 

DNA bands of the both groups were visualized on 1% agarose gel (Figures 3.12, 3.13 

and 3.14). 

3.15 Visualization of PCR Product on 2% Agarose Gel Electrophoresis 

3.15.1 PCR Product of Exon-1 of TLR2 Gene 

PCR products of the Exon-1 of TLR2 gene were visualized on 2% agarose gel. DNA 

bands (397bp) of the patient and control were shown in Figures 3.15 and 3.16. 

3.15.2 PCR Product of Exon-2 of TLR2 Gene 

PCR products of the Exon-2 of TLR2 gene were visualized on 2% agarose gel. DNA 

bands (393bp) of the patient and control were shown in Figures 3.17, and 3.18. 

3.15.3 PCR Product of Exon-3 of TLR2 Gene 

PCR products of the Exon-3 of TLR2 gene were visualized on 2% agarose gel. DNA 

bands (833bp) of the patient and control were shown in Figures 3.19 and 3.20. 
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Figure 3.12: DNA bands on 1% agarose gel electrophoresis patients (M1-M8) 

 

 

 

 

 

Figure 3.13: DNA bands on 1% agarose gel electrophoresis patients (M26-M33) 

 

 

 

 

 

 

Figure 3.14: DNA bands on 1% agarose gel electrophoresis control (C7-C14) 
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Figure 3.15: DNA bands of Exon-1 (397bp) on 2% agarose gel electrophoresis (M8-M14) 

 

 

 

Figure 3.16: DNA bands of Exon-1 (397bp) on 2% agarose gel electrophoresis (C4-C11) 
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Figure 3.17: DNA bands of Exon-2 (393bp) on 2% agarose gel electrophoresis (M22-M28) 

 

 

Figure 3.18: DNA bands of Exon-2 (393bp) on 2% agarose gel electrophoresis (C1-C7) 

. 
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Figure 3.19: DNA bands of Exon-3 (833bp) on 2% agarose gel electrophoresis (M1-M7) 

 

 

Figure 3.20: DNA bands of Exon-3 (833bp) on 2% agarose gel electrophoresis (C1-C8) 
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3.15.4 PCR Product of Exon-4(A) of TLR2 Gene 

PCR products of the Exon-4(A) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (849bp) of the patients and controls were shown in Figures 3.21 and 3.22 

3.15.5 PCR Product of Exon-4(B) of TLR2 Gene 

PCR products of the Exon-4(B) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (836bp) of the patients and controls were shown in Figures 3.23 and 3.24. 

3.15.6 PCR Product of Exon-4(C) of TLR2 Gene 

PCR products of the Exon-4(C) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (712bp) of the patients and controls were shown in Figures 3.25 and 3.26. 

3.15.7 PCR Product of Exon-4(D) of TLR2 Gene 

PCR products of the Exon-4(D) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (798bp) of the patients and controls were shown in Figures 3.27 and 3.28. 

3.15.8 PCR Product of Exon-4(E) of TLR2 Gene 

PCR products of the Exon-4(E) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (699bp) of the patients and controls were shown in Figures 3.29 and 3.30. 

3.15.9 PCR Product of Exon-4(F) of TLR2 Gene 

PCR products of the Exon-4(F) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (600bp) of the patients and controls were shown in Figures 3.31 and 3.32. 

3.15.10  PCR Product of Exon-4(G) of TLR2 Gene 

PCR products of the Exon-4(G) of TLR2 gene were visualized on 2% agarose gel. 

DNA bands (699bp) of the patients and controls were shown in Figures 3.33 and 3.34. 
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Figure 3.21: DNA bands of Exon-4(A) (849bp) on 2% agarose gel electrophoresis (M6-M12) 

 

 

Figure 3.22: DNA bands of Exon-4(A) (849bp) on 2% agarose gel electrophoresis (C19-C26) 
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Figure 3.23: DNA bands of Exon-4(B) (836bp) on 2% agarose gel electrophoresis (M1-M7) 

 

 

Figure 3.24: DNA bands of Exon-4(B) (836bp) on 2% agarose gel electrophoresis 

(M48, M49, M50, C1-C5) 
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Figure 3.25: DNA bands of Exon-4(C) (712bp) on 2% agarose gel electrophoresis (M1-M7) 

 

 

Figure 3.26: DNA bands of Exon-4(C) (712bp) on 2% agarose gel electrophoresis (C6-C13) 

 



 

70 
 

 

Figure 3.27: DNA bands of Exon-4(D) (798bp) on 2% agarose gel electrophoresis (M1-M7) 

 

 

Figure 3.28: DNA bands of Exon-4(D) (798bp) on 2% agarose gel electrophoresis (C6-C13) 
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Figure 3.29: DNA bands of Exon-4(E) (699bp) on 2% agarose gel electrophoresis (M1-M5) 

 

 

Figure 3.30: DNA bands of Exon-4(E) (699bp) on 2% agarose gel electrophoresis (C4-C11) 
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Figure 3.31: DNA bands of Exon-4(F) (600bp) on 2% agarose gel electrophoresis (M7-M13) 

 

 

Figure 3.32: DNA bands of Exon-4(F) (600bp) on 2% agarose gel electrophoresis (C1-C8) 
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Figure 3.33: DNA bands of Exon-4(G) (699bp) on 2% agarose gel electrophoresis (M1-M7) 

 

 

Figure 3.34: DNA bands of Exon-4(G) (699bp) on 2% agarose gel electrophoresis (C6-C13) 
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3.16    Overall Distribution of SNPs Identified in Patient and Control Group 

The overall number of single nucleotide polymorphisms (SNPs) reported in both 

groups shown in Table 3.3 and Figure 3.35. SNP (rs1816702) was seen in 30(60%) 

cases, while in control group it was 22(44%). Frequency of SNP (rs3804099) in the 

patient and control groups was 22(44%) and 13(26%) respectively. Similarly, the SNP 

(rs3804100) identified in 20(40%) patients, however the same SNP was also seen in 

the control group 12(24%). In the present study we found novel single nucleotide 

polymorphisms in some patients. Novel polymorphism (G>A) found only in 2(4%) 

patients. Other novel polymorphisms (A>T, A>G) 4(8%) and (T>C, A>C) 1 (2%) 

observed in the patient group only. 
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Table 3.3: Number and percent of SNPs reported in patient and control group 

SNPs 

Number 

of Samples 

Number  

of SNPs 

Percent 

rs1816702 P=50 30 60 

 

C=50 22 44 

rs3804099 P=50 22 44 

 

C=50 13 26 

rs3804100 P=50 20 40 

 

C=50 12 24 

AATAACT[G>A]GGTT P=50 2 4 

 

C=50 - - 

GGTTCCCATATT[A>T]AA[A>G]A P=50 4 8 

 

C=50 - 

 CTGTTC[T>C]TGCTGATC[A>C]TG P=50 1 2 

 

C=50 - - 

               P: Patient, C: Control 
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Figure 3.35: Distribution of SNPs in patient and control group
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3.17    Identification of SNPs in the Regulatory Region (5‾UTR) of TLR2 Gene 

Single nucleotide polymorphism, rs1816702 observed in the regulatory region of 

TLR2 gene. SNP rs1816702 was seen in 20 patients (M2, M3, M5, M6, M7, M8, M9, 

M11, M12, M15, M17, M18, M21, M22, M23, M25, M26, M28, M29, M31, M32 

M20, M24, M27, M29, M32, M33, M35, M36, M38, M39, M41, M42 and M47. 

Location, allele, functional consequences, chromosome No, nucleotide position and 

chromatographic peak of rs1816702 are shown in Table 3.4 and Figures 3.36 and 3.37 

respectively.  
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Table 3.4: SNPs reported in the regulatory region in exon-3 of TLR2 gene 

Case ID SNP Allele Exon 
Functional 

Consequences 

Chromosome 

No 

Nucleotide 

Position 

M2 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M3 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M5 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M6 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M7 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M8 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M9 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M10 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M11 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M12 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M15 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M17 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M18 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M21 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M22 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M23 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M25 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M26 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 
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M28 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M29 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M31 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M32 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M33 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M35 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M36 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M38 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M39 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M41 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M42 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 

M47 rs1816702 C>T Exon-3 Synonymous Chr4 153,688,371 
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Figure 3.36: rs1816702 in exon-3 of TLR2 gene  
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Figure 3.37: Chromatogram of rs1816702 in exon-3 of TLR2 gene 
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3.18 Identification of SNPs in the Coding Region of TLR2 Gene 

3.18.1 Identification of SNPs in Exon-4(C) 

Out of 50 patients, SNP (rs3804099) was identified in 22 patients (M1, M2, M5, M6, 

M7, M11, M12, M14, M17, M19, M21, M22, M26, M28, M29, M33, M36, M38, 

M44, M47, M48, M49).  All details regarding the location, allele, functional 

consequence and nucleotide position were shown in Table 3.5 and Figures 3.38 and 

3.39 respectively. 

3.18.2 Identification of SNPs in Exon-4(D) 

Out of 50 patients, SNP (rs3804100) was identified in 20 patients (M5, M6, M8, M11, 

M14, M15, M16, M18, M19, M21, M23, M26, M29, M12, M26, M32, M34, M36, 

M40,  M42, M46 and M48).  All the related information regarding the location, allele, 

functional consequence, chromatogram and nucleotide position were shown in Table 

3.6 and Figures 3.40 and 3.41. 
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Table 3.5: rs3804099 reported in the coding region of exon-4(C) in TLR2 gene 

Case 

ID 
SNP Allele Exon 

Functional 

Consequences 

Chromosome 

No 

Nucleotide 

Position 

M1 rs3804099 C>T 4(C) Synonymous Chr4 

 

153,703,504 

 

M2 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M5 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M6 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M7 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M11 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M12 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M14 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M17 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M19 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M21 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M22 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M26 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M28 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M29 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M33 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M36 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M38 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M44 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M47 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M48 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 

M49 rs3804099 C>T 4(C) Synonymous Chr4 153,703,504 
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Figure 3.38: rs3804099 in exon-4(C) of TLR2 gene 
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Figure 3.39: Chromatogram of rs3804099 in exon-4(C) of TLR2 gene 
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Table 3.6: Numbers of rs3804100 reported in the coding region of exon-4(E) of 

TLR2 gene 

Case ID SNP Allele Exon 
Functional 

Consequences 

Chromosome 

No 

Nucleotide 

Position 

M5 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M6 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M8 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M11 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M14 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M15 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M16 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M18 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M19 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M21 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M23 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M26 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M29 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M32 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M34 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M36 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M40 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M42 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M46 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 

M48 rs3804100 C>T 4(E) Synonymous Chr4 153,704,257 
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Figure 3.40: rs3804100 in exon-4(E) of TLR2 gene
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Figure 3.41: Chromatogram of rs3804100 in exon-4(E) of TLR2 gene
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3.18.3   Identification of Novel Single Nucleotide Polymorphism in Exon-4(E) 

In this study we found novel single nucleotide polymorphism in the coding region of 

TLR2 gene (Table 3.7). Out of 50 patients only in two patients (M3 and M43), novel 

single nucleotide polymorphism with allele G>A was observed in the coding region of 

TLR2 gene. The nucleotide position of the novel variance was 153,704,444. 

Chromatogram of the novel polymorphism showed in Figures 3.42 and 3.43. Other 

novel single nucleotide polymorphism with allele T>C and A>C observed in TLR2 

gene at nucleotide position 153,704,705 and 153,704,714 only in one patient (M44). 

Chromatogram of the novel polymorphism is shown in Figures 3.44 and 3.45 

respectively. 

3.18.4     Identification of Novel Single Nucleotide Polymorphism in Exon-4(F) 

Out of 50 patients, novel SNPs with allele A>T and A>G in TLR2 gene at nucleotide 

position 153,705,274 and 153,705,277 observed in four patients (M18, M24, M31 and 

M37. All related information regarding their allele, location, functional consequences 

and chromatogram shown in Table 3.7 and Figures 3.46 and 3.47 respectively. 
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Table 3.7: Novel single nucleotide polymorphism identified in the coding region of TLR2 gene 

 

 

Case 

ID SNP 
Allele Exon 

Functional 

Consequences 

Chromosome 

No 

Nucleotide  

Position 

M3 AATAACT[G>A]CGTT      G>A 4(E) Unknown Chr4 153,704,444 

M43 AATAACT[G>A]CGTT      G>A 4(E) Unknown Chr4 153,704,444 

M44 CTGTTC[T>C]TGCT  T>C 4(E) Unknown Chr4 153,704,705 

M44 GATC[A>C]TGC A>C 4(E) Unknown Chr4 153,704,714 

M18 GGTTCCCATATT[A>T]AA[A>G]A A>T, A>G 4(F) Unknown Chr4 153,705,274  153,705,277 

M24 GGTTCCCATATT[A>T]AA[A>G]A A>T, A>G 4(F) Unknown Chr4 
153,705,274  153,705,277 

M31 GGTTCCCATATT[A>T]AA[A>G]A A>T, A>G 4(F) Unknown Chr4 
153,705,274  153,705,277 

M37 GGTTCCCATATT[A>T]AA[A>G]A A>T, A>G 4(F) Unknown Chr4 
153,705,274  153,705,277 
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Figure 3.42: Novel single nucleotide polymorphism in exon-4(E) of TLR2 gene 
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Figure 3.43: Chromatogram of novel single nucleotide polymorphism in exon-4(E) of TLR2 gene 

 

 



 

93 
 

 

 

 

 

 

Figure 3.44: Novel single nucleotide polymorphism in exon-4(E) of TLR2 gene 
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Figure 3.45: Chromatogram of novel SNP in exon-4(E) of TLR2 gene 
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Figure 3.46: Novel single nucleotide polymorphism in exon-4(F) of TLR2 gene 
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Figure 3.47: Chromatogram of novel SNP in exon-4(F) of TLR2 gene 
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3.19 rs1816702 and Measles Complications 

Out of 50 patients, rs1816702 was found in 30(60%) children who are suffered from 

various measles complications. Among these 30 children the frequency of Pneumonia 

was high 15(50%) followed by Lower Respiratory Tract Infection 7(23.3%), Pneumonia 

+ Diarrhea 3(10%), Diarrhea + Lower Respiratory Tract Infection 2(6.7%) and 

Pneumonia + Otitis media were 1(3.3%). Small numbers of children were suffered SSPE 

1(3.3%) and Pneumothorax 1(3.3%). Regarding measles vaccination status, it has been 

observed that out of 15 children 11(73.3%) had not received measles vaccine had 

acquired measles complications such as Pneumonia. Only 4(30%) of them had received 

measles vaccine. According to feeding status, 10(66.7%) children depend on breast milk, 

while a limited number of children rely on formula milk and formula milk + breast milk. 

Vitamin A intake was found in 8(53.3%) children, while 7(46.7%) did not received 

vitamin A administration. Similarly 5(71.4%) children did not receive the measles 

vaccine suffered from complication such as Lower Respiratory Tract Infection. Details of 

the measles vaccination, feeding history and vitamin A intake in children listed in Table 

3.8 and Figure 3.48. 
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Table 3.8: Number of measles complications and related data reported in patients having rs1816702 

 

SNP Measles Complications 

 

Cases 

n(%) 

 

Measles 

Vaccination 
Feeding Status Vitamin A Intake 

Yes No 
BF 

n(%) 

FM 

n(%) 

FM+BF 

n(%) 

Yes 

n(%) 

NO  

n(%) 

rs1816702 

Pneumonia 15(50) 4(26.7) 11(73.3) 10(66.7) 3(20) 2(13.3) 8(53.3) 7(46.7) 

LRTI 7(23.3) 2(28.6) 5(71.4) 6(85.7) 1(14.3) - 5(71.4) 2(28.6) 

Pneumonia + Diarrhea 3(10) - 3(100) 2(66.7) 1(33.3) - - - 

Diarrhea + LRTI 2(6.7) - 2(100) 1(50) 1(50) - 1(50) 1(50) 

Pneumonia + Otitis media 1(3.3) - 1(100) - 1(100) - - 1(100) 

SSPE 1(3.3) - 1(100) 1(100) - - 1(100) - 

Pneumothorax 1(3.3) - 1(100) 1(100) - - 1(100) - 

Total and overall percentage 30(60)  

BF: Breast feeding, FM: Formula milk, FM+BF: Formula milk + Breast feeding 
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Figure 3.48: Number of measles complications reported in patients having rs1816702 

 

 

  

 

15

7

3

2

1

1

1

0 2 4 6 8 10 12 14 16

Pneumonia

LRTI

Pneumonia+Diarrhea

Diarrhea+LRTI

Pneumonia+Otitis media

SSPE

Pneumothorax

Frequency of Complications

C
o

m
p

lic
at

io
n

s 
o

b
se

rv
ed

 in
 m

ea
sl

es
 in

fe
ct

ed
 c

h
ild

re
n

 
h

av
in

g 
rs

1
8

1
6

7
0

2



 

100 
 

3.20 rs3804099 and Measles Complications 

 

Out of 50 patients 22(44%) have rs3804099 and were suffered from various measles 

complications. It has been observed that Pneumonia 12(54.5%) and Lower Respiratory 

Tract Infection 5(22.7%) were the two main measles complications observed among 

these children. In case of Pneumonia the number of measles vaccinated children 6(50%) 

and unvaccinated 6(50%) were similar. According to the feeding status of the children 

majority 10(83.3%) were depend on breast feed. Similarly 8(66.7%) of the children 

received vitamin A drops during their routine vaccination. Other complications such as 

Pneumonia + Diarrhea, Diarrhea + Lower Respiratory Tract Infection and Pneumothorax 

were found in small number of children. Details regarding their measles vaccination, 

feeding status and vitamin A administration are shown in Table 3.9 and Figure 3.49. 
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Table 3.9: Number of measles complications and other data of the patients having rs3804099 

SNP Measles Complications 
Cases 

n(%) 

Measles 

Vaccination 
Feeding History 

Vitamin A 

Intake 

YES 

n(%) 

NO 

n(%) 

BF 

n(%) 

FM 

n(%) 

FM+BF 

n(%) 

YES 

n(%) 

NO 

n(%) 

   rs3804099 

Pneumonia 12(54.5) 6(50) 6(50) 10(83.3) 1(8.3) 1(8.3) 8(66.7) 4(33.3) 

LRTI 5(22.7) 1(20) 4(80) 5(100) - - 3(60) 2(40) 

Diarrhea + LRTI 1(4.5) 1(100) - - - 1(100) 1(100) - 

Pneumonia + Diarrhea 1(4.5) - 1(100) 1(100) - - - 1(100) 

Pneumothorax 1(4.5) - 1(100) 1(100) - - 1(100) - 

Otitis media 1(4.5) 1(100) - 1(100) - - 1(100) - 

Otitis media + Pneumonia 1(4.5) - 1(100) - 1(100) - - 1(100) 

Total and overall percentage 22(44%)  

BF: Breast feeding, FM: Formula milk, FM+BF: Formula milk + Breast feeding, SSPE: Sub-acute panencephalitis 
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Figure 3.49: Number of measles complications reported in patients having rs3804099 

 

12

5

1

1

1

1

1

0 2 4 6 8 10 12 14

Pneumonia

LRTI

Pneumonia+Otitis media

Pneumonia+Diarrhea

Diarrhea+LRTI

Pneumothorax

Otitis media

Frequency of Complications

C
o

m
p

lic
at

io
n

s 
o

b
se

rv
ed

 in
 m

ea
sl

es
 in

fe
ct

ed
 

ch
ild

re
n

 h
av

in
g 

rs
3

8
0

4
0

9
9



 

103 
 

3.21 rs3804100 and Measles Complications 

 

Out of 50 patients, 20(40%) children have rs3804100 and were suffered from various 

measles complications. Pneumonia 7(35%) and Lower Respiratory Tract Infection 

7(35%) were the two main measles complications observed among these children. 

According to the measles vaccination status, majority of the children did not receive 

measles vaccine. The breast feeding history reveals that majority of the children were 

breastfed. It has also been observed that some children 3(15%) have co-infection such as 

Diarrhea + Lower Respiratory Tract Infection. Similarly others complications such as 

otitis media and diarrhea were observed in small numbers of children. All details about 

its measles vaccination, feeding status and vitamin A intake are shown in Table 3.10 and 

Figure 3.50. 
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Table 3.10: Number of measles complication and related data reported in patients having rs3804100 

SNP Measles Complications 

 

Cases 

n(%) 

Measles 

Vaccination 
Feeding History 

Vitamin A 

Intake 

YES 

n(%) 

NO 

n(%) 

BF 

n(%) 

FM 

n(%) 

FM+BF 

n(%) 

YES 

n(%) 

NO 

n(%) 

     rs3804100 

Pneumonia 7(35) 2(28.6) 5(71.4) 6(85.7) 1(14.3) - 3(42.9) 4(57.1) 

LRTI 7(35) 1(14.3) 6(85.7) 5(71.4) 2(28.6) - 4(57.1) 3(42.9) 

Diarrhea 1(5) 1(100) - - - 1(100) 1(100) - 

Pneumonia + Diarrhea 1(5) - 1(100) 1(100) - - - 1(100) 

Diarrhea + LRTI 3(15) 1(33.3) 2(66.7) 1(33.3) 2(66.7) - 2(66.7) 1(33.3) 

Otitis media 1(5) 1(100) - 1(100) - - 1(100) - 

Total and overall percentage 20(40)  

BF: Breast feeding, FM: Formula milk, FM+BF: Formula milk + Breast feeding 
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                  Figure 3.50: Number of measles complications reported in patients having rs3804100 
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3.22 Novel Polymorphism and Measles Complications 

In this study novel single nucleotide polymorphism was seen in some patients. Out of 

50, novel single nucleotide polymorphism was seen in 7 patients (M3, M18, M24, 

M31, M37, M43 and M44). We observed novel single nucleotide polymorphism 

(A>G) in two patient (M3 and M43) suffered from Sub-acute Sclerosing 

Panencephalitis and Pneumonia respectively. We also found novel polymorphisms 

(T>C) and (A>C) in patient (M44) suffered from Pneumonia. In this study we 

identified novel single nucleotide polymorphism (A>T) and (A>G) in four patients 

suffered from Lower Respiratory Tract Infection, Pneumonia, Diarrhea + Lower 

Respiratory Tract Infection and Myocarditis (Table 3.11 and Figure 3.51). 
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Table 3.11: Novel single nucleotide polymorphism and measles complications 

ID Novel Single Nucleotide Variance Exon Measles Complications 

M3 AATAACT[G>A]CGTT 4(E) SSPE 

M43 AATAACT[G>A]CGTT 4(E) Pneumonia 

M44 CTGTTC[T>C]TGCTGATC[A>C]TGC 4(E) Pneumonia 

M18 GGTTCCCATATT[A>T]AA[A>G]A 4(F) LRTI 

M24 GGTTCCCATATT[A>T]AA[A>G]A 4(F) Diarrhea + LRTI 

M31 GGTTCCCATATT[A>T]AA[A>G]A 4(F) Pneumonia 

M37 GGTTCCCATATT[A>T]AA[A>G]A 4(F) LRTI + Myocarditis 
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Figure 3.51: Number of measles complications and novel single nucleotide 

polymorphism 
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3.23 Synonymous and non-Synonymous Polymorphism 

In the present study we observed synonymous and non-synonymous polymorphism in 

the coding region of TLR2 gene. In the present study we found two SNPs, rs3804099 

and rs3804100, are synonymous polymorphism in the coding region. A novel single 

nucleotide polymorphism with allele (G>A) at nucleotide position 153,704,444 in 

exon 4(E) of TLR2 gene alter the codon of the wild type (ACG) to mutant (GCG) at 

position 513. In this novel non synonymous polymorphism threonine in the wild type 

is replaced by alanine in the mutant at the same position. Similarly novel single 

nucleotide polymorphism with allele (A>C) at nucleotide position 153,704,714 in 

exon 4(E) of TLR2 gene alter leucin (reference protein) by methionine (mutant type) 

at position 603. Novel single nucleotide polymorphism with allele (T>C) nucleotide 

position 153,704,705 in the same exon did not replaced leucin at position 600 was 

considered a synonymous polymorphism. All the details of synonymous and non-

synonymous polymorphisms are shown in Table 3.12. 
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Table 3.12: Synonymous and non-synonymous polymorphism reported in TLR2 gene 

Polymorphism rs3804099 rs3804100 
Novel Single Nucleotide variance 

 Allele (G>A) Allele (T>C) Allele (A>C) 

Nucleotide position 153,703,504 153,704,257 153,704,444 153,704,705 153,704,714 

Amino acid position 199 450 513 600 603 

Codon wild type AAT AGT ACG CTG CTG 

Codon mutant type AAC AGC GCG TTG ATG 

Amino acid wild type N S T L L 

Amino acid mutant type N S A L M 

Type of SNP S S NS S NS 

S: Synonymous, NS: Non-synonymous, N: Asparagine, S: Serine, T: Threonine, A: Alanine, L: Leucin 
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                 3.24 Numbers of Measles Complications with Respect to Homozygous and 

Heterozygous Alleles in rs1816702, rs3804099 and rs3804100 

Out of 50 measles infected children major complications were Pneumonia 20(40%) 

followed by Lower Respiratory Tract Infection 8(16%) and Diarrhea 4(8%). Some of 

the measles infected children suffered from co-infection like Diarrhea + Lower 

Respiratory Tract Infection 8(16%) and Pneumonia + Otitis media 3(6%). Small 

numbers of children were found to be suffered from other complications like Sub-

acute Sclerosing Panencephalitis, Pneumothorax and Otitis media (Table 3.13).  

                 3.24.1 Association Between rs1816702 and Measles Complications 

SNP, rs1618702 was observed in the regulatory region (5‾UTR) of TLR2 gene. Out 

of 50 children, 30(60%) have genotype heterozygous (C>T) and 20(40%) have 

genotype homozygous (T>T). In case of Pneumonia, out of 20 children the frequency 

of genotypes (C>T) and (T>T) was 15(75%) and 5(25%) respectively. Chi-square test 

was used for determination of association and P< 0.005 was considered as significant 

at 95% confidence interval. A significant association (p 0.002) was found between 

heterozygous (C>T) and Pneumonia. Similarly the frequency of genotype 

heterozygous (C>T) was higher 7(87.5%) compared to genotype homozygous (T>T) 

1(12.5%). Another significant association (p 0.003) was seen between heterozygous 

(C>T) and Lower Respiratory Tract Infection. Small numbers of measles infected 

children were suffered from co-infection. A significant association (p 0.001) was seen 

between genotypes (C>T) and co-infection such as Pneumonia + Diarrhea. Similarly 

genotypes (C>T) was seen in 2(25%) and (T>T) was seen 6(75%) children. These 
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children were suffered from co-infection such as Diarrhea + Lower Respiratory Tract 

Infection (Table 3.14). 

3.24.2 Association Between rs3804099 and Measles Complications 

In rs3804099, out of 50 children, 22(44%) have genotype heterozygous (C>T) and 

28(56%) have homozygous (T>T). In case of Pneumonia, 12(60%) children have   

genotype (C>T), while 8(40%) children have homozygous genotype (T>T). Similarly 

5(62.5%) children suffered from Lower Respiratory Tract Infection have genotype 

heterozygous (C>T) and 3(37.5%) children have genotype homozygous (T>T). A 

significance association (p 0.003) observed between homozygous (T>T) and Diarrhea 

and Lower Respiratory Tract Infection (Table 3.15). 

3.24.3 Association Between rs3804100 and Measles Complications 

In case of rs3804100, out of 50 children genotype heterozygous (C>T) was seen in 

20(40%) children, while genotype homozygous (T>T) was seen in 30(60%) children. 

Genotype (C>T) was seen 13(65%) children who had Pneumonia compared to 

genotype (T>T) which was observed in small number of children. A significant 

association (p 0.003) was observed between genotype (C>T) and Lower Respiratory 

Tract Infection. Small number of children has co-infection like Pneumonia + Diarrhea 

and Lower Respiratory Tract Infection + Diarrhea. No significant association was 

establish between these co-infection and genotypes of rs3804100 (Table 3.16). 
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Table 3.13: Numbers of measles complications with respect to homozygous and heterozygous alleles in rs1816702, rs3804099 and 

rs3804100 

Chi-square test was used and P< 0.05 was considered as significant at 95% confidence interval (CI) 

 

Measles Complications 

Number 

and 

Percentage 

rs3804099 
P-

value 
rs3804100 

P-

value 
rs1816702 

P-

value 

Genotypes 

 

Genotypes 

 

Genotypes 

 Homozygous 

(T>T) 

Heterozygous 

(C>T) 

 

Homozygous 

(T>T) 

Heterozygous 

(C>T) 

 

Homozygous 

(T>T) 

Heterozygous 

(C>T) 

 n(%) n(%) 

 

n(%) n(%) 

 

n(%) n(%) 

 
Pneumonia 20(40) 8(40) 12(60) 0.21 13(65) 7(35) 0.06 5(25) 15(75) 0.002 

LRTI 8(16) 3(37.5) 5(62.5) 0.32 1(12.5) 7(87.5) 0.003 1(12.5) 7(87.5) 0.003 

Diarrhea 4(8) 4(100) 

 

0.005 3(75) 1(25) 0.16 4(100) 

 

0.005 

Pneumonia + Diarrhea 3(6) 2(66.7) 1(33.3) 0.41 2(66.7) 1(33.3) 0.41 

 

3(100) 0.01 

Diarrhea + LRTI 8(16) 7(87.5) 1(12.5) 0.003 5(62.5) 3(37.5) 0.32 6(75) 2(25) 0.05 

Pneumonia + Otitis media 3(6) 2(66.7) 1(33.3) 0.41 3(100) 

 

0.01 2(66.7) 1(33.3) 0.41 

Myocarditis + LRTI 1(2) 1(100) 

 

0.16 1(100) 

 

0.16 1(100) 

 

0.16 

SSPE 1(2) 1(100) 

 

0.16 1(100) 

 

0.16 

 

1(100) 0.16 

Pneumothorax 1(2) 

 

1(100) 0.16 1(100) 

 

0.16 

 

1(100) 0.16 

Otitis media 1(2) 

 

1(100) 0.16 

 

1(100) .0.16 1(100) 

 

0.16 

Total 50(100) 28(56%) 22(44%) 

 

30(60%) 20(40%) 

 

20(40%) 30(60%) 
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Table 3.14: rs1816702 and measles complications 

Measles Complications Number and 

Percentage 

rs1816702 

χ2 P value Odds ratio CI 

Genotypes 

Homozygous 

(T>T) 

Heterozygous 

(C>T) 

n(%) n(%) 

Pneumonia 20(40) 5(25) 15(75) 3.162 0.002 0.1111 0.03065-0.4519 

LRTI 8(16) 1(12.5) 7(87.5) 3.000 0.003 0.02041 0.001664-0.3780 

Diarrhea 4(8) 4(100) 0(0) 2.828 0.005 Infinity 2.520-Infinity 

Pneumonia + Diarrhea 3(6) 0(0) 3(100) 2.449 0.01 0.000 0.000-1.000 

Diarrhea + LRTI 8(16) 6(75) 2(25) 2.000 0.05 9.000 1.000-63.12 

Pneumonia + Otitis media 3(6) 2(66.7) 1(33.3) 0.816 0.41 4.000 0.1746-83.06 

Myocarditis + LRTI 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

SSPE 1(2) 0(0) 1(100) 1.414 0.16 0.000 0.000-9.000 

Pneumothorax 1(2) 0(0) 1(100) 1.414 0.16 0.000 0.000-9.000 

Otitis media 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

Total 50(100) 20(40%) 30(60%) - - - - 

Chi-square test was used and P< 0.05 was considered as significant at 95% confidence interval (CI) 
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Table 3.15: rs3804099 and measles complications 

Measles Complications 
Number 

and 

Percentage 

rs3804099 

χ2 P value Odds ratio CI 

Genotypes 

Homozygous 

(T>T) 

Heterozygous 

(C>T) 

n(%) n(%) 

Pneumonia 20(40) 8(40) 12(60) 1.265 0.21 0.4444 0.1147-1.481 

LRTI 8(16) 3(37.5) 5(62.5) 1.000 0.32 0.3600 0.06130-2.646 

Diarrhea 4(8) 4(100) 0(0) 2.828 0.005 Infinity 2.520-Infinity 

Pneumonia + Diarrhea 3(6) 2(66.7) 1(33.3) 0.816 0.41 4.000 0.1746-83.06 

Diarrhea + LRTI 8(16) 7(87.5) 1(12.5) 3.000 0.003 49.00 2.646-601.0 

Pneumonia + Otitis media 3(6) 2(66.7) 1(33.3) 0.816 0.41 4.000 0.1746-83.06 

Myocarditis + LRTI 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

SSPE 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

Pneumothorax 1(2) 0(0) 1(100) 1.414 0.16 0.000 0.000-9.000 

Otitis media 1(2) 0(0) 1(100) 1.414 0.16 0.000 0.000-9.000 

Total 50(100) 28(56%) 22(44%) - - - - 

Chi-square test was used and P< 0.05 was considered as significant at 95% confidence interval (CI) 
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Table 3.16: rs3804100 and measles complications 

Measles Complications 
Number 

and 

Percentage 

rs3804100 

χ2 P value Odds ratio CI 

Genotypes 

Homozygous 

(T>T) 

Heterozygous 

(C>T) 

n(%) n(%) 

Pneumonia 20(40) 13(65) 7(35) 1.897 0.06 3.449 1.000-11.07 

LRTI 8(16) 1(12.5) 7(87.5) 3.000 0.003 0.02041 0.001664-0.3780 

Diarrhea 4(8) 3(75) 1(25) 1.414 0.16 9.000 0.3969-148.6 

Pneumonia + Diarrhea 3(6) 2(66.7) 1(33.3) 0.816 0.41 4.000 0.1746-83.06 

Diarrhea + LRTI 8(16) 5(62.5) 3(37.5) 1.000 0.32 2.778 0.3780-16.31 

Pneumonia + Otitis media 3(6) 3(100) 0(0) 2.449 0.01 Infinity 1.000-Infinity 

Myocarditis + LRTI 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

SSPE 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

Pneumothorax 1(2) 1(100) 0(0) 1.414 0.16 Infinity 0.1111-Infinity 

Otitis media 1(2) 0(0) 1(100) 1.414 0.16 0.000 0.000-9.000 

Total 50(100) 30(60%) 20(40%) - - - - 

Chi-square test was used and P< 0.05 was considered as significant at 95% confidence interval (CI)
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3.24.4 Effect of Single Nucleotide Polymorphism on Protein Structure 

and Function of TLR2 Gene 

In the current study novel non synonymous polymorphisms was observed in some 

children. The identified single nucleotide polymorphisms were named after the 

substitution of corresponding amino acid at their particular position. In the TLR2 

gene, two non-synonymous polymorphisms were observed. In case (M3), where 

threonine at position 513 substituted by alanine (T513A) and in case (M44) leucin 

at position 603 was substituted by methionine (L603M). Five different mutation 

analysis tools such as Provean, Polyphen-2, SIFT, FATHMM and Mupro were 

used to observe the effect of non-synonymous polymorphism on protein structure 

of TLR2 (Table 3.1). With scores of -0.517 and -0.962, PROVEAN predicted that 

single nucleotide polymorphism variants T513A and L603M have a neutral 

impact on TLR2 protein structure. According to the Mupro predictions, stability 

of the TLR2 protein was decrease in the mutants. The relative stability change 

(∆∆D) of energy recorded in T513A and L603M was -0.906 and -0.1458 

respectively. According to the SIFT predictions the effect of the variants T513A 

and L603M were tolerated. 

According to the Hidden Markov Model to determine functional consequences of 

the protein, effect of the variants T513A and L603M was tolerated. Polyphen-2 

predictions in variants T513A and L603M were also benign shown in Figure 3.51 

and 3.52. 
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Table 3.17: In silico verification of the identified SNPs through bioinformatics tools 

 

 

 

 

 

 

 

   

TOOLS PROVEAN MUPRO SIFT FATHMM POLYPHEN-2 

Mutation name  Score Prediction Prediction ∆∆ D Prediction Score Prediction Prediction 

T513A -0.517 Neutral Decrease stability -0.906 Tolerated 0.28 Tolerated Benign 

L603M -962 Neutral Decrease stability -1.458 Tolerated 1.22 Tolerated Benign 
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Figure 3.52: Polyphen-2 result of variant T513A  

 

 

Figure 3.53: Polyphen-2 result of variant L603M  
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Figure 3.54: SIFT Prediction for T513A 
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3.25.1. Protein Structure Analysis 

Protein structures of the mutant (T513A) and template (2Z7x.A PDB ID) were 

analyzed. Both protein structures showed 93.55% similarities. On superimposition 

of the both protein structures, the root mean square deviation (RMSD) calculated 

was 0.66. The PDB files for the mutant T513A uploaded in Verify 3D sever to 

validate the 3D structures of the target models. It has been observed that 3D model 

of the mutant (T513A) showed 93.79% of the residues have average 3D-ID score 

>=0.2 (Figure 3.54). According to the Ramachandran plot residues in most favor 

regions [A,B,L] were 366(73.8%), while residues in additional allowed regions [a, 

b, l, p] were 127(25.6%), residues in generously allowed regions [~a, ~b, ~l, ~p] 

were 3(0.6%) and residues in disallowed regions were 0(0.003%) (Figure 3.55). 

Similarly protein 3D structure generated from the reference FASTA sequence of 

TLR2 protein (Reference protein) was superimposed with T513A. RMSD 

calculated was 0.003. The PDB files of the reference protein uploaded in Verify 3D 

sever to validate the 3D structures of the target models. It has been observed that 3D 

model (Reference protein) showed 93.74% of the residues have average 3D-ID 

score >=0.2 (Figure 3.56 and 3.57). Furthermore both protein models were analyzed 

through discovery studio. In the reference protein, a hydrogen bond is present 

between the two threonines residues at positions 513 and 512, with a distance of 

2.52Å. While in mutant (T513A), due to substitution of threonine by alanine at 

position 513, abolish the hydrogen bond between these two residues (Figure 3.58). 

However the overall effect of this non-synonymous polymorphism on protein 

structure of TLR2 was neutral.  
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Figure 3.55: Verified 3D structure of T513A showing the average score of 

93.79% 
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Figure 3.56: RAMACHANDRAN plot of T513A  
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   Figure 3.57: Verified 3D structure of reference protein showing the average score 

of 93.74% 
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Figure 3.58: RAMACHANDRAN plot of the Reference protein  
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Figure 3.59: Reference protein structure 
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Figure 3.60: Mutant T513A protein structure 
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Figure 3.61:  Protein model of TLR2 (Ectodomain) 
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Chapter – 4 

DISCUSSION 

Measles is a highly contagious viral disease that increases the risk of morbidity and 

mortality in children especially in developing countries. Measles infection has the 

potential to develop life threatening complications [131]. Eradication of measles is 

the important section of Millennium Development Goal 4 of WHO. Pakistan being 

member of Eastern Mediterranean Region in 1997 made an agreement to eliminate 

measles infection till 2010 [34]. 

Unfortunately, since the last decade, repots of measles resurgence have been 

recorded from various parts of Pakistan.  According to WHO 2019 report, during 

2011, 2012 and 2013, measles confirmed cases were 2676, 8048 and 8030 in 

Pakistan. More recently, in 2017 and 2018 major measles episodes were reported 

throughout the country [29]. According to the Pakistan demographic health survey 

and social living standard measurement, currently EPI coverage is 65% and each 

year about 2 million Pakistani children did not receive first dose of measles vaccine, 

while the coverage of the second dose of measles is also lower (< 60%) [132].The 

upsurge of measles in Pakistan could be attributed to several factors such as graft in 

the healthcare system, which encompasses illicit allocation of funds, neglected 

attitude of healthcare workers, quackery, fake vaccination campaigns and marketing 

of expired drugs  in our country [133]. 

Detection of anti measles specific immunoglobulin (IgM), which is produced as a 

result of the primary immune response used as a gold standard in the diagnosis of 

measles infection. These antibodies are easily detected in the patient serum within 

few days after the onset of rashes through enzyme linked immunosorbent assay 

[134]. World health organization recommended ELISA technique for measles case 
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confirmation. In the current study the same technique was used for measles case 

confirmation. In our study majority of the children (77%) were positive for serum 

anti measles antibody (Patient value >200 IU). Small number of children (8%) have 

borderline titer (value between 20-25 IU), While 15% cases were negative (Patient 

value <20 IU). The border line titers or sero-negative result may be due to the poor 

immune responses of the host, or may be due to early blood sample collection 

before elevation of IgM level in the patient serum. Anti-measles IgM can be 

negative in a true measles case if the sample is taken too early or too late in during 

the course of illness. In up to 30% of measles cases a negative anti-measles IgM 

result can be obtained within 72 hours of the onset of the rashes. Sensitivity of the 

test is lower ≤ 3 days after the onset of the rashes [116]. 

Vitamin A deficiency is linked to the progression of measles complications. In the 

present study vitamin A intake was found in 58% children, although it is not a 

regular part of the vaccination schedule followed in Pakistan. Poor immune 

response, improper maintenance of cool chain during transportation and neglected 

attitude of the health care staff may be the factors leads to development of 

complication. Moreover, in the present study vitamin A intake information was 

made through verbal communication from the parents of the children. 

The age wise distribution, vaccination status and incidence of measles infection 

during the period between September 2018 and August 2019 in Pakistan were given 

in WHO report 2019. The findings suggest emergency and quick intervention; 

furthermore, prompt education, awareness and benefits of immunization among the 

population of this region also need addressing. The most common complications in 

this study were pneumonia and diarrhea, which were consistent with previous 

studies of this area [1]. After three years later, a study conducted by Rashid et al, 
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(2016) to find the frequency of the measles complications in District Peshawar 

[135]. In their study the frequency of Pneumonia and Diarrhea were slightly higher 

than our results, which may be due to small sample size in our study. In the present 

study, we also observed co-infections such as Diarrhea and LRTI, Pneumonia + 

Diarrhea, Otitis media + Pneumonia and Myocarditis + LRTI in measles infected 

children. The vaccination status of measles-infected children was determined in the 

current study using a vaccination card provided by the EPI Health Department KP, 

Pakistan. Vaccination status of the patients was confirmed through vaccination card 

in more than 80 children. Only in few children vaccination status was confirmed 

from parents through verbal communication. Negligence, low education level and 

less awareness about the vaccination schedule among the parents determine their 

mindset regarding the prevention of such disease in this region. It is evident from 

the present study that major factors that may contribute in resurgence of measles 

infection include low vaccination (24 vaccinates babies versus 76 unvaccinated) 

coverage, that may be due to lack of vaccination awareness, poor health 

infrastructure, malnutrition and missing of booster dose. Malnutrition is the 

significant risk factor in measles infected children to acquire complications that lead 

to increased mortality among the unvaccinated children. Furthermore, majority of 

the infected children (76%) were not even vaccinated that highlights higher risk of 

acquiring the infection and consequent complications. In the earlier report about 

75% children suffered from pneumonia and 83.3% were also developed chronic 

diarrhea. These children were also found malnourished [21]. In present study 

children under one year age, particularly between 7-8 months age, developed 

measles complications. The main reason behind it may be the underdeveloped 
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immune system that makes children more prone to this disease and its subsequent 

complications.  

In Pakistan vaccination schedule for measles vaccination is 9 months, while the 

booster dose at 14 or 15 months. It has been recommended for this disease that 

administration of booster dose be made 14 to 15 months of age that increases the 

vaccine efficacy up to 99% and provides more protection compared to single dose 

[136]. However, in present research we did not observe any booster dose 

administration to the children infected by measles. This is an alarming finding that 

necessitates a mandatory administration of the primary as well as the booster dose 

among children. 

Measles remains a leading cause of death among young children worldwide despite 

the availability of live attenuated effective vaccine. In the present study serious 

complications like pneumonia, acute diarrhea, myocarditis and pneumothorax were 

observed in children under one year age. Currently, reported measles complications, 

where major measles complications were bronchial Pneumonia and chronic 

Diarrhea in hospitalized patients. They also reported SSPE, a fatal measles 

complication [137]. Our results also showed correlation with their findings. In the 

present study we observed only one child suffered from SSPE, confirmed through 

detection of anti-measles antibodies in cerebrospinal fluid (CSF) of the patient. 

SSPE may be underestimated; generally it is developed after 3-10 years after a 

person has measles, even though the person seems to have fully recovered from the 

illness [138]. 

 Multiple outbreaks of measles reported from different parts of the world 

particularly from this region [25]. This is not only worrisome but needs effective 

strategy in health care system to devise national strategy for measles vaccination in 
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order to brace the challenge. Combined efforts of the health care staff, awareness 

through social media and related health professionals is required to augment 

awareness among general public regarding vaccination program and clinical 

consequences of measles infection in order to prevent the disease from resurgence 

as an endemic disease. 

The immune responses induced during measles infection are paradoxically 

associated leads to immunosuppression, particularly for non-measles antigens for a 

long period of time even after the resolution of the acute illness. This measles 

induced immunosuppression provides an opportunity for secondary bacterial 

infection, which increase the morbidity and mortality in early childhood [139]. The 

presence of a genetic polymorphism in an immune response gene involved in 

TLR2-dependent signalling could influence the expression of cytokines such as 

interleukin-6 (IL-6). These cytokines play an essential role to enhance the 

expression of measles viral receptors and activate immune responses [140]. 

Toll like receptors (TLRs) are an important component of the innate immune 

system. These components belong to an extended family of proteins called pathogen 

recognition receptors (PRRs) [141]. TLRs identify different pathogen associated 

molecular patterns (PAMPs) and activate TLRs signals, which cause immune 

responses in the form of chemicals (cytokines) to limit and remove the invading 

pathogens [142]. But the pathogens have evolved themselves in many ways to 

protect themselves from the immune components and live for a long period of time 

in the host [143]. Measles infection remained still a deadly disease in spite the 

presence of preventable vaccine globally. Recent research indicated that TLR base 

signalling, especially TLR2, plays an important role in the host immune response to 

measles infection. But the influence of genetic variation in TLR2 gene may affect 
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these immune responses. For the last few years a resurgence of different measles 

outbreak episodes was noted in this region. Major clinical consequences of these 

measles occurrences are measles related complications, which increase the risk of 

morbidity and mortality among the children particularly in their early childhood. It 

is the first study to find single nucleotide polymorphism in measles infected 

children presented with complications in the north south region of Khyber 

Pakhtunkhwa, Pakistan. The present study was a case control study. This research 

included a measles-infected children admitted to the pediatric unit of Lady Reading 

Hospital Peshawar, a tertiary care hospital in this region. We observed that majority 

of the children were suffered from pneumonia, lower respiratory tract infection and 

acute diarrhea and some of them suffered from co- infection as well. In this study 

DNA was extracted from blood samples of the measles infected children. The 

primers were designed to cover all the exonic region of TLR2 gene completely. 

After amplification of the all exons through polymerase chain reaction (PCR), the 

PCR product were send to EUROFINS Genomic LLC laboratory services  for 

sequencing using ‘Sanger’ technique. Previously the same method of sequencing 

was used for sequencing for identification of single nucleotide polymorphism in 

SYK gene in breast cancer patients [144]. 

Single nucleotide polymorphisms in the TLR2 and other immune response genes 

have been found in previous studies in various infections [145, 146, 147]. First time 

in this study, we identified single nucleotide polymorphism in TLR2 gene among 

measles infected children presented with various clinical complications. It has been 

observed that 5UTR region in gene generally contain genetic information regarding 

post translational regulation of the gene expression with respect to average half-life 

of mRNA, structure stability, sub cellular localization and its translation efficacy. In 
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the present, rs1816702 was seen in the regulatory region (5UTR) of TLR2 gene in 

30 measles infected children presented with various complications. It has been 

observed that out of these 30 cases, majority of the children were suffered from 

bronchial Pneumonia. However we also found rs1816702 in the control group as 

well. It is suggested that rs1816702 is present among the population of this region, 

Pakistan.  

According to the previous report, rs1816702 in TLR2 and SLC11A1, rs3731865 in 

African and Americans population increase the risk of tuberculosis [148]. In 

previous studies genetic polymorphism in TLR2 gene was associated with various 

diseases which increase their risk among the individuals. The presence of rs1816702 

in TLR2 increases the risk of crohn disease. Similar findings were observed in the 

current study, where a significant association (p 0.002) was seen between rs1816702 

(C>T) and Pneumonia [86]. We also noted significance association (p 0.003) 

between rs1816702 and Lower Respiratory Tract Infection. It is suggested that the 

presence of these polymorphism among the measles infected children may increase 

the risk of other secondary bacterial infections. Although these finding are 

preliminary, however for more validation, large cohort study may be the 

instrumental tool to establish a legitimate association between genetic 

polymorphism in TLR2 and bacterial infection among the measles infected children. 

Furthermore, some ethical consideration, hesitation (regarding sample collection) of 

the parents of the children and financial issues restricted the study to small group of 

patients [144]. 

We found SNP rs3804099 in the coding region of TLR2 in 22 measles-infected 

children in the current study. The children were also suffering from secondary 

bacterial infections like Pneumonia and Lower Respiratory Tract Infection. In the 



 

136 
 

previous study significant association was established between rs3804099 and 

bacterial infection caused by Gram positive bacteria. It has been noted that children 

having such genetic polymorphism increase the risk for bacterial infection [149]. 

But in the present study we could not establish a convincing association between 

rs3804099 and measles complications due to small sample size. However, out of 20 

children suffered from Pneumonia, rs3804099 (C>T) was seen in 12 cases, while a 

small number of children have a Power Respiratory Tract Infection. According to 

the previous report, significant association was established between rs3804099 and 

sepsis in post-traumatic patients [150]. In some previous reports no significant 

association was seen between rs3804099 and other infection [151]. Variation in 

alleles of rs3804099 and rs3804100 may influence the risk of Mycobacterium 

tuberculosis, but some mutation in TLR2 gene plays protective role in the incidence 

of tuberculosis. However the presence of these SNPs in the coding region of TLR2, 

does not affect the amino acid sequence of the translated protein. However, recent 

evidence suggests that the presence of these SNPs in exons may affect the 

expression of the remaining exons by altering mRNA transcription and splicing. In 

this study, we identified SNPs rs3804099 and rs3804100 in TLR2 gene among 

measles infected children. A large cohort studies needed to explore genetic 

variation, different genotypes, allelic frequencies in these SNPs found in TLR2 gene 

and also to make more valid associations between polymorphisms and measles 

complications. In the previous studies significance association were established in 

various disease based on selection of candidate SNPs in TLR2 gene and using 

different molecular approaches like restriction fragment length polymorphism 

(RFLP), candidate gene approaches and genome wide analysis. In the present study, 

we targeted all the exonic region of the selected gene (TLR2) instead of targeted 
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candidate SNPs and amplified it through conventional PCR. Therefore we observed 

some novel single nucleotide polymorphism in the coding region of TLR2 gene. In 

this study, we found novel single nucleotide polymorphism in two measles infected 

children, where nucleotide ‘G’ replaced nucleotide ‘A’ at position 153,704,444. 

This variation is non-synonymous polymorphism and substituted threonine for 

alanine at position 513 (T513A). This novel single nucleotide polymorphism was 

seen in measles infected child who suffered from Sub-acute Sclerosing 

Panencephalitis, a serious life threatening measles complication. Interestingly, it has 

been also noted that rs1816702 was also seen in the regulatory region of TLR2 gene 

in the same patient. Similarly other novel single nucleotide polymorphisms 

identified at nucleotide position 153,705,274 (A>T) and 153,705,277 (A>G) in four 

measles infected children. These children were also suffering from measles 

complications such as Pneumonia, Diarrhea and Lower Respiratory Tract Infection. 

However these genetic variations are synonymous. A second non-synonymous 

polymorphism observed in TLR2 gene at nucleotide position 153,704,714 (A>C), 

where substitution of nucleotide “C “by “A” change the codon and alter leucin by 

methionine at position 603 (L603M).  

It is the first time that a novel single nucleotide polymorphism has been identified in 

children who have experienced multiple measles complications. We could not find 

valid correlation or any association of these novel SNPs with the disease due to 

small sample size. From this study we provide preliminary evidence of some novel 

genetic variation in TLR2 gene among the measles infected children. However the 

impact of single allele in respect of disease outcome is often modest. To establish a 

strong association of these genetic polymorphism with the disease and its complex 

molecular inheritance pattern large sample size study with multiple statistical 
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application and comparison with control groups play instrumental role in this 

connection. 

The protein model structures build form the mutant T513A were analyzed and 

superimposed with 2Z7x.A. It has been observed that both structures showed 

93.55% identity. The RMSD calculated for the above mentioned models was 0.66, 

indicated that both structures are similar and no potential effect of the single 

nucleotide polymorphism (T513A) observed on 3D protein structure of TLR2. The 

problem of inverse protein folding is most commonly tackled by looking for 

sequences identical to the sequence of a protein whose structure is understood to be. 

When a sequence association can be established, it can also be concluded that the 

unknown structure protein adopts a fold similar to the known structure protein 

[152]. In the present study we used Verify 3D-DOE-MBI structure services to 

determine the compatibility of an atomic model with its own amino acid [153]. The 

application can also analyzed the alpha and beta chains, loop, polar and non-polar 

structure by comparing its results to make a proper structure. According to the 

Verify 3D, 93.79% of the residues have average 3D-ID score >=0.2. 

For further validation and analysis of the protein structure, Ramachandran graph 

was analyzed. It is a 2D graph of the phi (φ) and Psi (ψ) dihedral angles of the 

protein backbone. The Ramachandran plot gives a clear insight into a protein's 

conformation. The Phi and Psi angles cluster in the Ramachandran plot to specific 

regions, where each area fits a specific secondary structure [154]. According to the 

Ramachandran plot, in our model T513A, about 90% of the residues were located in 

the most favored regions, is the evidence of good quality structure. We analyzed 

structure details of both mutant T513A and wild type by using discovery studio. We 

found a hydrogen bond at 2.52Å distance between two threonines at position 513 
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and 512 in the reference protein. In mutant (T513A), where threonine was replaced 

by alanine at position 513 abolishes the hydrogen bond between these two residues. 

However no harm effect was observed on the rest of the protein structure. The 

second mutant L603M protein model was not build due to unavailability of the 

template structure in the PDB. The main domains of TLR2 consist of, ectodomain 

(27-554 residues), leucin rich repeats N terminal (525-579 residues) and TIR (639-

782 residues). Two protein template such as 2Z7X (PDB ID) and 1FYW (PDB ID), 

provide structure details of the ectodomain and TIR domain of TLR2 protein 

respectively [155]. It has been observed that approximately 70 residues (580-638), 

code the transmembrane single helix portion of TLR2 protein. Fold recognition or 

threading technique or Ab initio techniques needed to build a protein model and 

structural analysis of this novel mutation (L603M) in TLR2 protein. 
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CONCLUSION  

Measles virus has potentially fatal consequences at the early age of the child not 

only in this region, but worldwide, which is an alarming situation. Pneumonia, 

Lower Respiratory Tract Infection, Diarrhea, Otitis media, Myocarditis, and SSPE 

were the most common complications seen in this study. Some children have 

experience of more than one complication. Primarily, measles complications were 

observed among unvaccinated children that signifies the importance of measles 

vaccination. Moreover, the workhorse method proved its significance and can be 

effectively utilized in early diagnosis of measles infection. rs1816702, a single 

nucleotide polymorphism observed in the regulatory region (5UTR) of the TLR2 

gene. While SNPs identified in the coding region of the TLR2 gene were rs 

3804099 and rs3804100. All these SNPs were seen in the children having measles 

complication like Pneumonia, Lower Respiratory Tract Infection and Acute 

diarrhea. Significance association was observed between rs1816702 and Pneumonia 

and Lower Respiratory Tract Infection. Another significance association was 

observed between rs3804100 and Lower Respiratory Tract Infection. Novel 

synonymous and non-synonymous polymorphism was also observed in the coding 

region of TLR2 gene. The effect of the novel non-synonymous polymorphism on 

protein structure and function was neutral and not damaging. 
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RECOMMENDATIONS 

1. Prerequisite large group study needed to find the prevalence, morbidity and 

clinical outcome of measles infection among vaccinated and unvaccinated 

children in this region. 

2. Based on our findings, we recommend that immunization against this infection 

begin at a young age, such as 6 or 7 months, rather than the normal 9 months. 

3. National health authorities should consider adopting and implementing evidence-

based strategies to increase measles routine vaccination coverage and should 

conduct supplemental immunization activities to address nationwide measles 

immunity gaps. 

4.  In vivo study needed to explore the role of TLR2 by measuring different 

cytokines like IL-6, IL-10 and IL-12 level in serum of measles infected children. 

5. Large sample size (cohort) study needed to determine the frequency of 

rs1816702, rs3804099 and rs3804100 in a TLR2 gene in measles complications. 

Furthermore genotypic study and comparison among different genotypes and 

alleles associated with the diseases and host susceptibility may be needed. 

6. To establish more convincing association between polymorphism and high risk 

individuals with respect to measles complications may need large sample sizes, 

statistical adjustments for multiple comparison, replication of findings with 

independent cohorts, multiple study designs (including case-control and family-

based studies with use of the transmission disequilibrium testing) and adjustment 

of the analysis for population admixture. 
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Annexure -I 

Patient Consent Form 

Patient Related  Information 

 

Case ID 

 

S. No Name  

 

 

______________ 

 F/Name  

 

2 Address  

 

3 Ward /Adm /Date  

 

Parameters Description 

4 Gender  Male 

 Female 

5 Age   

6  

Measles Vaccination 

status 

 YES                       

 NO 

 First dose 

 Booster Dose 

 Vaccination Card  

 Verbal (parents) 

 Not Known 

 

7  

Feeding History 
 Breastfeed  

 Formula Milk  

 Cow Milk 

 Exclusive/Mixed 

 Dilution factor 

 Dilution of any addition of other 

eatable 

8 Vitamin A Intake  YES  No 

9  

 

Complications 

 Pneumonia  Encephalitis 

 Diarrhea  Myocarditis 

 Otitis media  Hepatitis 

 Oral lesions  Any other 

 Conjunctivitis  

Parents Related Information Description 

10 

 

 

 

Socio-economic status  

 

 High (≥4301 $ per annum)  

 Middle (≥1701 and ≤4300$ per annum)  

 Lower (≤1700$ per annum)   

11 Educational status  Higher (Grade 12)  

 Secondary (Grade 10)  

 Primary (Grade 5)  

 Uneducated (Grade 0)  

 

Parent Signature: ___________________ Researcher Signature: _____________ 
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Annexure -II 
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Annexure -III 
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Annexure -IV 

 

 

 



 

165 
 

Annexure -V 

 

Anti-Measles IgM titer 

  

ID Gender Age IgM Titer Cutoff 

M1 F 24 >200 I.U/ML 20  I.U/ML 

M2 F 12 >200 I.U/ML 20  I.U/ML 

M3 M 36 >200 I.U/ML 20  I.U/ML 

M4 M 12 >200 I.U/ML 20  I.U/ML 

M5 F 7 >200 I.U/ML 20  I.U/ML 

M6 M 7 >200 I.U/ML 20  I.U/ML 

M7 M 7 >200 I.U/ML 20  I.U/ML 

M8 F 10 195 I.U/ML 20  I.U/ML 

M9 F 8 195 I.U/ML 20  I.U/ML 

M10 F 36 185 I.U/ML 20  I.U/ML 

M11 M 12 >200 I.U/ML 20  I.U/ML 

M12 M 36 >200 I.U/ML 20  I.U/ML 

M13 F 24 >200 I.U/ML 20  I.U/ML 

M14 F 24 >200 I.U/ML 20  I.U/ML 

M15 F 24 >200 I.U/ML 20  I.U/ML 

M16 F 10 >200 I.U/ML 20  I.U/ML 

M17 F 8 >200 I.U/ML 20  I.U/ML 

M18 F 6 >200 I.U/ML 20  I.U/ML 

M19 F 8 188 I.U/ML 20  I.U/ML 

M20 F 6 185 I.U/ML 20  I.U/ML 

M21 F 6 190 I.U/ML 20  I.U/ML 

M22 M 36 200 I.U/ML 20  I.U/ML 

M23 F 8 185 I.U/ML 20  I.U/ML 

M24 M 6 180 I.U/ML 20  I.U/ML 

M25 M 9 >200 I.U/ML 20  I.U/ML 

M26 M 9 >200 I.U/ML 20  I.U/ML 
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M27 M 10 >200 I.U/ML 20  I.U/ML 

M28 M 8 >200 I.U/ML 20  I.U/ML 

M29 M 7 175 I.U/ML 20  I.U/ML 

M30 M 12 200 I.U/ML 20  I.U/ML 

M31 F 12 200 I.U/ML 20  I.U/ML 

M32 M 18 180 I.U/Ml 20  I.U/ML 

M33 F 7 200 I.U/Ml 20  I.U/ML 

M34 M 6 >200 I.U/ML 20  I.U/ML 

M35 M 36 >200 I.U/ML 20  I.U/ML 

M36 M 6 >200 I.U/ML 20  I.U/ML 

M37 F 12 >200 I.U/ML 20  I.U/ML 

M38 M 30 >200 I.U/ML 20  I.U/ML 

M39 F 12 >200 I.U/ML 20  I.U/ML 

M40 F 18 >200 I.U/ML 20  I.U/ML 

M41 F 18 >200 I.U/ML 20  I.U/ML 

M42 F 6 190 I.U/ML 20  I.U/ML 

M43 M 12 180 I.U/Ml 20  I.U/ML 

M44 F 24 195 I.U/Ml 20  I.U/ML 

M45 M 12 200 I.U/Ml 20  I.U/ML 

M46 F 9 200 I.U/Ml 20  I.U/ML 

M47 M 12 >200 I.U/ML 20  I.U/ML 

M48 F 18 185 I.U/Ml 20  I.U/ML 

M49 M 6 200 I.U/Ml 20  I.U/ML 

M50 M 12 195 I.U/Ml 20  I.U/ML 
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Annexure -VI 

 

 >chromosome: GRCh38:4:153683470:153706302:1 
 

  GATGGAATAGGGGCAAGGGAAGGGCTTAGCTTCAAACTGTAGACAGAAGTGGGAAGCCCA 

  AATCTTTGCATGGTGAGAAGTGGGATGGAATGTAGGTGCTAGAGATGGTGCACCAGTAGG 

  GACTGTCACTGGATTGGGGAAAAAAATCCGGGGCTGTCCTTATCTGCTCCCTTAGGCAAA 

  ATCGTTCTGTGTTAGTCTGGAGGGTGAACCTATTTTAATGCAGGAGGGCATAGACTTTTG 

  GGTGGAAGCGGACCCTGGAGATGTACTGGCAGGTGAATAGAGTGTGGAAAAGTGGGGAAA 

  GGAGAAGCACGATTCATGAGCCTGAGTTCGGGCTTCCATGGATGGAAAAGCATCAGGAGT 

  GGAATTTAAAGACGGTGTGTTTCAGGTGATGTGAGGTCCTGGATGCCCGAAGCTTCAAGA 

  AAATACTGGTTGGGCACTTAGCTTTCCCTGTGGTTGCCAATCCCACGCAGGCCGCCTCTA 

  GCGTCTCGATTCGCTTTTCTCTGACCTGGAACCTCCGCCAAGCCCCCAGCTCTCTTCTTC 

  GACCCAGCCTTGCACGGGGCAGCTGTCGGGGCAGGACCCGCCTCTGGCCTGTCGCAGCCT 

  AGCTCACGGTCAAGGGCGGGAGCCTGCTGGGAAGCACGGCCGCGGGGGCTCGCTCGGGGC 

  CACCTGCCTGGAACTCAGCGCGAGGTCCAGAGTTCCCTCCGGCTGCGCAGCGGCGCACGT 

  GCCCCGTGGAAGGGGCGGTTCCCGCACCCCAGAAGGAGGGGGCGCCCGGCCGCGCGGACT 

  TTCCCTTTTGCTTACTTCCTAGTCCCGGGCAGGCCGGCTCGGAGGCAGCGAGAAAGCGCA 

  GCCAGGCGGCTGCTCGGCGTTCTCTCAGGTGACTGCTCGGAGTTCTCCCAGGTACGTCGT 

  GCGCTCCCCACTCGTGTGGTCTCTCTGCACCCCTTCCTGGGGTCGGGTCGGGCAGGGGCG 

  GAGGGGAGCCGCAGCCCGGTCACGGGCTCTGGGGAACCCGGGCTCCCGTTCGGCTGCACC 

  TGGGCCCCTAGCTCCTGTCCGGGCGGGGATAGCGGGAAGCGCACCAGGCCCCCGGGACGC 

  CGGTGCTTCTTTGCACGGCCCAGCGCGGGAATGTGGACACCAGCGAAGCCGGCTCAGGTC 

  GGCCCTCGGGAGAAGCAGGGGCTACACGGAAAGGGAGCCCGAGGGTCCTGCAGAGCCCGA 

  GGTCGGGACCCCGCGCGTGCAGTGCCAATGGGCTGCGGCTGGGCTGAGCGCCCTTCCAAC 

  CTTGCAGGCCCCGGGGGGGTTGCCGCGGAGAGCTTCCGCTGGGGCTCCGGGCCTCTGGCC 

  GCCACCTCCCTCGGGAGGCCGAGGGGGGCGGTGGCCCCGGCCCGGCCCTCCCGCTTCCCT 

  CACGGCCTGGCCCTCCCGCTTCCCTGATTCCCGGTAGGGTCGCTCTCCCCGCCTCCTGGC 

  CCCTCTTGGCTCGGATGACAAAGATTGGGTAAAGGCTTTCAACGAGCTAGCGTCTGGCAG 

  GGGGTGTGTCCTCGCTCACTGGTTACTGCTAGGACGGAGCTTGGATTTTGGTCACCGTGG 

  CTCAGAGGTGGGAAAGGTTCCGTGCTCTGGGTCTGTCCAGGACCCTGGCTCCCTAACCCA 

  AGTCTGACCTCTGCTCCCTGGCAGGCTTCGCCCCACCTCTGCGTTCCTTCATTCTTAGGA 

  TGTGTGAGTTAGGTCTCTGATTAGAAAACAACTTACAGCGTTTAAGCAAAGTCGAGTCCT 

  TCAAGTAAGAATGCTTTGAAGTGCCCTTTACAACTTCTTCAACTTCTATAAATATGAACT 

  TGTGTTTAGAACTTAAATGCAAGCCAGGAAAGTCTTTTTCCTGTTTGAAAGAGAGAGAAA 

  GAGAGAGAAAGAGGTGATTGGAAGTGGTGGGTGGGGGCGGAGAAAGAGAAGGAGAGTAAT 

  CTGGGTGTAGACAACTCAAAGTTTGCTGAGATGACTTTAATCTTTTGACTCTGTTATTAA 

  GATTTTTACCAAAGAGCAACTGTAGCTATGGTGGCCTGACTTGAAGGGACAGACCAAACA 

  AACAACAAAACACAAAACAAAACAAACAAACAACAAAAGCAAGAGCAGAAACTATTGGAA 

  AATGATTTATTCACCAATATTTTAAAGGTTCTTCCTGTTCTAAGCAAGGAACATCTTTAA 

  GTTCTTTATAATGTACCCATTTTACATTTACAAAAACTGCCAGAAGTTGACAGCATGTTT 

  TGGGGGTTTCTAAGCTATCAGTTAATTTTTTGGGGTACAGTTTTATTGATAAACTAACAG 
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  AGTAGAAAAAATCTAATGGAATACCCCCAAATTTAAAAGAGGGCAAGAAAAGAGAGACAA 

  TAGAACATAAAACAAATGGGACAAGAATAAAGTACATAGTTGTCACAGTCCCTTGGGTGC 

  TGCTGTAACAAAATACCTGAGACTGGGTAATTTACAAAGAACAGAAATTTATCCATTCAT 

  GGTTCTGGAGTCTGGGAAGTCCAAGATTGAAGGGCTGCATCTGGTGAGGGTCATCTGGCT 

  ACATTATAACATGATGGAAAGCATCACATGGTGAGAGAGAGCAAGAGAGGACAGAACTTA 

  CTTTTATAACAAACTCATTCTCACAATAAACTGCTCCCTTGGTGATAACATTAATCCATT 

  TATGAGGGTACAGCCTTCATAACCTAATCACCTCTTAAAAGGTTCCACCTCTCAGCTCGC 

  AGTGAGCCGAGATCATGCCACTGCACTCCAGCCTGGGTGACAGAGCGAGACTCTGTCTCA 

  AAACAAACAAACAAACAAAAATTCCACCTCTCAACACTGTTGCATTGAAGATGAAATTTC 

  CAATACATGAGCTTTGGGGCACACATTCAAACCATAGCAATAGTTCAATTACTTTAAAGC 

  CCAAAATGTCAGTAATTATATTAAATGCAATTTAATACATCAGTAACTAAATGAGATAGA 

  CTAAATTTTATGATAATCAGACTAATATTATCAGACTAGACTTCAAAACAACCCAACAAT 

  CATATGCTGTTTACAAGAGACACATTTATGGATACTAAAAGGTATAAAGTGAACAGATGC 

  AACCATTTATCAAAAGAAAGCTGTTGTGGCAATATTACTATTAGACAAAATAGAATTAGG 

  AAAAAAATCATAACTGTAGATAAACGTTTCACTAAGTTAAAGGTTTCACTGAGAAGAAAT 

  AAAAATTTTGAATTTATAAGTACTTATAACAACATTAAGAAACTAGAAAATAGAAAAAGA 

  ATAGAGCCAAATTGACTGAACTAGAAAAATAGAAAATTCATAGAAAAATCCACAATCATA 

  GTGGGAGATTTTATCATACATCTCTCAGTAACTGATAGAAAAACCAGACAAAAATCAATA 

  AGGATAAAGAAAATGCGAACACAATGTAGTTCACATAAGGAACCTATACTACTTCCAACA 

  GCAGCTGAAATCACAGAGCATACTTAAAATCTGACCATATACTGGCTCATAGAGTAAATT 

  GCAATACATTTTAAAGAATTTAAATCATACAGAATATGTCTTCTGACCATAATGCAATTA 

  AAGTAGAAAAGAACAGAAAAACTTATAGAAAATTCTCATATATTTGGAAATTAGTAAATT 

  TCTAAATAACCCATGGGTCAAAAAATAATCAGAATGAAAATCAGAAAATATTTTTAATGA 

  CTTATGAAAAAAATTACATATAAAAACTTGTCAGATGCACCTAAACTGTTGCTTAAAGGA 

  AACTTACAACCTTAAGTGCATATATTAGAAATGAAGAGTGACGAAAAATGAATGAGCAAG 

  CAAATACCTTAAAAACTGGAAAAGGAATAGTAAAATAAATCCAGAGAAATCAGAACAGGG 

  GAAATAATAATATAAGAATAGAAATTAATGTGCTAGAAAATAGGGGATCTATCAAGTCAG 

  AAGTTGATTTTTTGAAAATGCTAATAAAAATGATGAACCTCTGGCAAGACAATAAAAGCT 

  GGTACAAATAACTCATCTAAGGAATAAAATTGAGGACCTCTCTTTTGTTAAATGACATAA 

  GCAGGAGGCCATTATCCTGAGACTGTCTCTACACTTTGAGTTCTTACATAATAAACTGCA 

  ACCTAATTTAGTATACTACATAAACAAACTGAAACCTAACTTAGGAGCTTTTTTTTTGTA 

  ATTAATAGCTAAATTTCCACCAAATCATAAATAGCCAAGCTTTAGCCAATCACAGGCAGC 

  CAACTGATCAGACTATGCCCAAACAAGGTAAATGCCTATTACACCATACCCAAATAAGGC 

  AGACTCCTAGCTGAAGCCAATCAGGTGATTACTATGCTCTTGTGTTTGGCCTATAAAAGC 

  TCACTGCTCACACTGTTGGATGCTCTCTGAAACTTTTGTGAATCTGAGTGCTGCCTGATT   

  CATGAATCATTCTTTGCTAAAATAAACTCTGTCAAATTTAATTTGTCTGAAGTTTCTCTT 

  TTAACAGTGTTTGGTGTTGCAAGCAGGATCCAAAGGAGACCTATAGTGACTCCCAGGAGC 

  TCTTAGTGACCAAGTGAAGGTACCTGTGGGGCTCATTGTGCCCATTGCTCTTTCACTGCT 

  TTCAACTGGTAGTTGTGGGTAAGTTCCTGCTCAGACTTGAGCACTATACATTTGCATTTT 

  CAGCTCTCTGACTTTATTTGAGCAATTCTTTGATGGATTGGCTCCAGAATTGGATTGGAT 

  TCAGTGAAGAAACTGAAACTGGACTGGTGCTCTAGGAGGCCTCAAGTAGATAAGGTTACT 
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  AGAAGACAGGGAATCCTGGGCTTATCTGGATTTAAGGAGTCTACAACTCCATCTGCAACT 

  CCAGCCGATTTCATTTATAAGAATTATGGACCAAGAACCTGTGCTTTTCTAGAGAAATGT 

  GTGAGCCTTACTAAAGGTAACTTAGAATTACAATGGACTGCTGAGACCAGCTCGGTCGTG 

  GAGACCCTAACCCAGCAGCGCTAGAGGAATCAAAGACACACACACAGAAATGTAGAGTGT 

  GGAGTGGGAAATCAGGGGACTCACAGCCTTCAGAGCTGAGAGCCCCTAACAGAGATTTAC 

  CCACATATTTACTGACAGCAAGCCAGTGATAAGCATTATCGCTATAGATTATAGATTAAC 

  TAAAAGTATTCCTTACAGGAAACAAAGGGATGGGCCGAAACAAAGGGATAGGCTCTGGCT 

  AGATGTCTGCAGCAGGAACACGTCCTTAAGGCACAGATTGCTCATGCTATTGTTGTGGCT 

  TAGGAACACGTTAAGCGGTTTTCTGCCCTGGGTGGGCCAGGTGTTCCTTGCCCTCATTCC 

  AGTAAACCCACAACCTTCAGCGTGGGCGTCATGGCTGTCACAAACATGTCACAGTGCTGC 

  AGAGATTTTGTTTATGGCCAAATCTGGGGCTAGTTTATGGCCAGGTTTGGGAGCCTGTTC 

  CCACATGTCCCCCTTTTTTGTTTTGCAAAGCAATAAAAGCAAAGGCAGCTTTGTCACAGT 

  GAGCTACTTCTTGCAGGAGTCGGGATTCGCATATGCATACTATACAAAGACAAACAACAC 

  AGATTAAAAGCACAACCATCATTGAAATCACAGAGCTTCCAAGTGTCTTTATCTATTTTA 

  ATGGGTTAATCACTGCTAATCTGTCTGCAGCTCCTTCAAGCACTCCAGTTCCTGGCATTA 

  AGGTCTGGTGTGCCTGGAATGCTTTAAATATTTGTTCTTTTAATATTGCAATATGGAAAG 

  ACAAGTTTGTAGAGTGTCTTCTAGGTGCTTTTTTATTCTTTCCTGAATTTGGTCTTATTT 

  AAGAGCCATTAATAGTTTCCACAAATCCTTATGTTTAGCTCCTACAGCGGGCCATATCAT 

  TTGAGGGTGAGGTGCCACTATACCATCATGTTTCCAGATAATAGGAACTCTTGCCATATT 

  TCTTGCTATTTCTACCATCTGACCATTTTGTTTAGACCAGCTAAACATAGTGTGGCCATG 

  GCACGCAGACTGAGAGGTGCAATTTAAGCTAAACATCCCCTTAGGGGACCAATCAATAAT 

  GATTCCATAGGAATCACTGCGCAGCACCTCTGCCTATTCTGCAATGCAATCTTCCCAAAC 

  AAGTATGTTCATTATTTCTGGCCAGGTCCAATTCTGTTTACAAATAGGTTTTTGAGGGCA 

  ATATGCCTCAATTATAGAAACAGATTTATTATGGTAAATACTGAGATCAGAAAGCATGTG 

  TAACTGTGTCATAGAATGATTACATCCAGGCATTATTGCCAGCCAAGATTGATAAATATG 

  CCCAATAAGTATAATTGTTCTCTGTGTTAGCCCTTGTTGAAGGAATACTAATGGCAATGG 

  TGATCACTGCTATCATAGCTATCATTAAATTACTCATTGTGACTGGTTGTCCCACTTTCC 

  TCAGGTTTTCTTCCACCCTCTATGGCAGTTTCTTGATCTGTCCCCAGGTAGATGGCTGTG 

  TTTGATGGTTGTTGCTCGTGATAGTTTGGGTCCTCCTCAGCATCAGTCTCGACATGGCTG 

  CAACCAGAGGGTCCTCGGGATCCTCCCAGAATCTCTTCCTTGGCATCTGGCTCATGATAA 

  GGTTTCAGGTGTCTTGATGGTATCCAAATCAGCTATTGATTCTGGCCTGGAGAAACACAA 

  GCATAACCTCTACCCCAAGTTATTATTTTACCTATTTCCCAACTTTTTGTTGTCAGATCT 

  CTGCACCAAGCCAGTTGTTCTGCTTCTGTTTTTGCAGCTGGTTTCTGTAGATGCTCTTCA 

  GCTGCTGATAGCATCTGGCCTTTAGGCAGGCTCAAAAAATTTAAAGTCATTAATGCTAGA 

  TTCAGTTGTATATGGGGTGTCCTGTAATCCCTGTTTCCCCTTTTTGCTTTTGCAACTGCT 

  GTTTCAGGGAGAGATTCATTCTTTCTACAATGGTTTGTCCTTGAGAATTATATGGGATGC 

  CAGTAATGTGTTTAATATTCCATATAGAGAAAAATGTAGCTAGAGCTTGGCTAGTATAGC 

  CTGGGGCATTATCTGTTTTAACAGAAGTTGGAATTCCTATCACCACAAAACACTGCAAAA 

  GGTGATGCTTAACACATGCAGTCTCCTGATTGGCATGTAGCCCAGACAAAGTGAGAAAAG 

  GTGTCCACACATACATGTACATAAGCTAGTCTCCCAAACGAGGGAACGTGTGACATCCAT 

  TTGCTAAAGATAATTAGGTTCCAATCCTCGAGGATTAACTCCTCCTGTTAAAGATGAGGA 
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  ATGCACCATTTGGCAAGTTGGGCATCACTGGATAATAGCTTTAGCTTCTTTCCAGGTACT 

  GTTATATCTGCATTTGAGACCAGAGGCATTAACATGGGTTAAATTGTGAAAGTGTCTAGC 

  ATTAGATATTGCAGTAGCAACTAGGCGATCAGCCATTTGATTCCCTTCAGTTAAAGGTCC 

  TGGAAGAGGTGTATGAGCCCTAATGTGAGTGATGTAAAAAGGGTGCATTCTACTCCTAAA 

  TGCTGTTTGCAATTGGGTAAATAAAGTCATCAGTTGTTCATCTGTATGAAGTCATAACTG 

  AGCATTTTCAATTAATTGTATGGAATGAACCACATAGGAAGAATCAGAAATCACATTAAT 

  AGGCATATCAAAAGCAGTCAATACCTCAATTACAGCTAAAGCTCCACTTTTTGAGCTGAA 

  GTATAGGGCGTGTGAAAAACTTTACCTTTTGATCCAGAATAAGAGGCTTTACCATTACAA 

  GACCCATCTGTAAAAACATTCTCAGCACCTTCAGTTGGTTTAAATTTAGTTATTTTGGGG 

  AGAATCCAATTAGTTAATTTCAAAAATTGAAATAATTTCATTTTAGGAAAATGATTATCA 

  AGAATACCCACAAAGTCAGCTAAATGGGTTTGCCAAGTAAGACTATTTATAGAAGCTTGC 

  TGTATTTGTGCCTTTGTGAGAGGGACAATAATTTTTCCAGGATCATATCCATGTAATTTA 

  ACAATCCGAATTCTCCCATTTCTTATCATCGTAGCCATTTGATCCAAATAAGGAGTTAGA 

  GTCTGTGAATTAGTATGTGGAAGAAAAAGCCACTGTACAAAGTCTTGCTCTTATACAATA 

  ACACCAGTAAGTGAATGCTGAGTTGGAAAAATTAGCAAATCTAGGGTCTTTTTTGGATCT 

  ATTCTATTTATTTGAGATTTATGGATTTGCTTTTTGATTAGCTGCAGCTCTGCCTCAGCT 

  TCTTTTGTTAATTGCTGAGGGCTAATGAGACTAGGATCTCCTCTAAGGATAGAAAATAGA 

  TTACTCAGGGCATAGGTGGGAATGCCTAGAGCAGGTCATATCCGATTAATGTCCCCTAGT 

  AATTTTTGAAAGTCATTTAATGTTTTCAATTGATCCCTACGTATAGTTACTTTCTGTGGC 

  ACAATGGTAGTGTCATTTACTAAGGTCCCCAAGTAGGAGTAAGGAGTAGTAGTCTGAATT 

  TTGTCAGGAGCTATATAATTAAACTGGCATGAGAAATCGAGTTTTGCAAGTGATCATAAC 

  ATTGGAGTAATATTTCTTGAGTGGGGGCAGCACAAAGTATATTATCCATATAATGAATAA 

  TGTAACACTGTGAAAATTTTTTACGAGTAGGTTCAATTGCTTGCCCTTCATAAGTCTGGC 

  AAATTTTTGAACTGTTTCACATGCCTTGTAGCAACACTTTCCAATACAAATGCTTTAGTA 

  TGCTGCAGGTTTTTTACTGCAGGAATTGTAAATGCAAACAGTTCACAGCCTTGCTCAGCT 

  AAGGGGATAGTAAAGAAACAGTCTTTTAAATTTATGACTATTAAAGGCCAATTTTTTGGA 

  ATCATAGCAGAAGAAGGCAGTCCCGGCTGCAATGTCCCCATAGGTTGTATAACTGAATTA 

  ATGGCTCTTAAGTCAGTTAACATTCTGCATTTACCTGATTTTTTCTTAATTACAAAAACT 

  GGAGAATTCCAAGGGGAAAATGTTGAGCTATGTGTCCTTTTTCTAATTGTTCAGCAACTA 

  AGTCCTCTAAAGCCTCCAGTTTCTCTTTACTCAGCAGCCATTGTGCTATCCAAATTGGCT 

  TATCTGTTAACCATTTTAAAGGTATATAGGTTCTGGAGGCTTAACAATGGCCACCATCAA 

  AAATGATATCCTAAACCTTGGTGGGAACTTTGTCTTTCCGCTTGAAGCATTTCCTTCAAA 

  GCTTGCAAATTTTTTCCTAGTCCCATACCAGGGACATACCCCATTTCATGCATCATATGT 

  TGACTTTGAGGGCTGTATAATTATTCTGGAATTAGAACTTGTGATCCCCATTGTTGTAAT 

  AAATCTCTTCCCTATAAATTTATAGGTACAGAAGTTATAATTTTTTGTATAGTCCCAGGT 

  TGTCCATTGGGCCCTTCACAATGCAAAATATAACTACTTTGATATACTTTAAGGGCTTTA 

  CCAACTCCAACTATGTTAAATTGAGCAGGTTGAATTGACCATGCAGATGGCCAGTGCTGT 

  ACAGAAATGATTGAAATGTCCGCTCCTGTATCTACCAAACTTTTAAATTTCTTTCCCTGA 

  ATAGTTATTTCACCAGTAGGATGTTTATCAGTAATTTGATTCACCCAATAAGCTGCTTTG 

  CCTTGTTTATTTGTGCTTCCAAATCTTCCTGTTCATTTAATTTCACTTTTCCCCATTTCC 

  ACATATGGCATAATCAGGAGCTGTGCTATATGCTCTCCTGGCTCTGCTTTCCAGGGAACA 
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  GAAGTAGATATAACAATTTGAATTTCCCCTTTGTAATCTGAATCAATGACTCCTGTTTGT 

  ACTTGCACGCCTTTTAAATTTAAACTAGACCTACCTAGAAGTAATCCTACCATCCCCGCT 

  GGCATCATCTGACTGGAGACAGCAACCTTCTTTAACAGTCCCATTACAAAAGGAGAACCT 

  GTTCCATATGGATTAATAGCTTGTTTAAATTCTTTGAGTAATTTAAAAGGAAAAGGCTCA 

  AATGTAGCTATAATATTTCCCTGTTGATCTACGGGGTATATTCTAACAGGGAACTGCTAA 

  GCCTCTATATCACCCTCTCTTCTAACTTGCTGAATTCCTGGCTGAATAGAACTGAGAGTG 

  GTCGCTCGAGGTGCTGCTCAGTCACTGGGGCGACTACTTTTTGCCCAGTGTCCTCTGGAA 

  AAGAAAGATCTGGAGGATCAGGCTACTCTTTTGCTTCGAAATAATGAGGGGGTGCAGAAG 

  GGTAGGGACAAACCTCTCCCTCCTTTGCCACTTTAGCTTTAGCTGGCAAACAAACCTGCT 

  CTGTCACCTCTTCTGTTACTTCATTATACTTTCCTTCCTCCTCATCTTTAGTGTGAAAAG 

  GTTCCAAGGTGGAATGAGCTAGAGCCCACACTTGCCCATTGTTACCCTGATGCTTCCGAG 

  CTCCCCTTCTTACTCACCATGGGGATTGCTTAAGAGTACTCGGGTATCCTCCAGCTTTGT 

  TCCACGTTTTCCAACCATTGCTCCAGCGAGCCTTCATCCTGGGTTTGAGTCCCCACGTTG 

  GGCGCCACTTGCCGAGACCAGCTCGGTCGTGGAGACCCTAACCCAGCAGTGCTAGAGGAA 

  TTAAAGACACACACACAGAAACATAGAGTGTGGAGTGGGAAATCAGGGGATTCACAGCCT 

  TCAGAGCTGAGAGCCCTGAACAGAGATTTACCCACGTATTTATTGACAGCAAGCCGGTGA 

  TAAGCATTATTTCTGTAGATTATAGATTAACTAAAAGTATTCCTTACAGGAAACAAAGGG 

  ATGGGCCAAAACAAAGCGATGGGCTCTGGCTAGATATCTGCAGCAGGAACACGTCCTTAA 

  GGCACAGATCGCTCATGCTATTGTTTGTGGCTTAGGAATGCCTTAAGTGGTTTTCCATCT 

  TGGGTGGACCAGGTGTTCCTTGCCCTCATTCCAGTAAACCCACAACCTTCAGTGTGGGCG 

  TCATGGCCATCACAAACATGTCACAGTGCTGCAGAGATTTTGTTTATGGCAAGATCTGGG 

  GCCAGTTTATGGCCAGATTTGAGGGCCTGTTCCCAACAGTGGACAAAGAAGAAAAGCTGC 

  TTAAGGCAAACAGGCACATATTTTTTAAAGCTACAATAGCTAGACAAACTAAGAGAATCC 

  TGTGTATGTTTTACTTTTGTATTTTTATTTTTAATATTTGTGGATACATAGTAGATGTAT 

  ATATTTATGGGGCACTTGAGATATTTTGATACAGGCATACAATGGATAATAATAACATCA 

  CGGTAAAAGGGGTATCCATTACCTCAAGCATTTATCCTTTCTTTGTGTTATAAACAATCC 

  AATTAAACCTTTTATCATAAAATGTACAATAATGTTGACTGTGGTCACCCTGTTTTGCTA 

  TCAAAGAATAAATCTTATTCATTTTATCTAAGTATATTTGTGTACCCATTAACCATCCCA 

  GTCCCCCTGCTCCTCCAACTACACTTCCCAGCCTCTGTTAACCATCATTCTACTCTCTTA 

  TCTCCATGAGTTCAATTGTTTTAATTTGTAGCTCCCACAAATAAGCGAGAACATGGGATG 

  TTTGTCTTTCTGTGCCTTATTTCACTTAACATAATATCCTCCAGTTCCATCCATGTTGTT 

  ATATGACAGAATTTCATTCTTTCTTATGGCTGAATAGTACCCCATTGTATATATATACCA 

  CATTTTCTTTATCCATTCATGTGTAGGTGGACACTTGGATTGCTTCTAGATCTTGGCTAC 

  TGTGAATAGTGCAGCACTAAACATGGGCGTGCAGATATCTCCTTGATATATTGATTTCCT 

  TTATTTTGGGTATATACCTAGCAGTGGGATTGCTGGATTGTGTGGTAGCTCTACTGTTAG 

  TCTTTTGAGGAACCTCCAAATTGTTCTCCATAGTGGTTGTACTAATTTACATTCCCAACC 

  AACAACAGTGTACAGGGTTCTGTTTTCTCCACATCCTTGCAGCATTTTTATTGCCTGTCT 

  TTTGGATAAAAGCCATTTTAACTGGGGTGAAATGATATCTCATTGTAGTTTTGATTAGCA 

  TTTCTCTGATGATCATTGATGTTGAGCACCTTTTTATATATCTGTTTGCCATTCATGTGC 

  CTTCTTTTGAGAAATGTCTATTTAGATCTTTTGCCCATTTAAAAAATTGGATTATTAGAT 

  TTTTTTCCTATTGAGTTATTTGATCTCCTTATATATTCTGGTTATTAATCCCCTTTCAAA 
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  TGGATAGTTTGTGAATATTTTCTCCCATTCTGTGTATTGCCTCTGCACTTTGTTGATTAT 

  TTAATTTGCTATGCAGAAACTTTTTAACTTGATGTGATCCCTTTTGCTCATTTTTGCTTT 

  GGTTGCCTATGCTTGTGGGGTATGACTTAAGAAATCTTTGCCCAGACCAATGTCATGGAG 

  AGTTTTCTTAATGTTTTCTTTTAATAGTTTCATAGTTTGATGTCTTAGATTTAAGTCTTT 

  AATCTATTTTGTTTTTATTTTTGTATATGGCAAGATATAGGGGTCTAGTTTCTTCCGCAT 

  ATGGATATCTACTTTTCCCAGTACCATTTGTTGAAGAGACTGTCCTTTCTGCAATGTATG 

  TTCTTGACACTTTTATTGAAAATGAATTCACTGTAGATGTGTGGATTTGTTTCTGGGTTC 

  TCTATTCTGTTCTGTTGTTCTGTGTGTCTGTTTTTATGCCAGTACCATTCTGTTTTAGTT 

  ACTATAGCTCTGTAGTATAATTTTAAGTCAGATAATGTGATTCCTCCAGTTTTGTTCTTT 

  TTGCTCAGAATAGCTCTGGCTATTCTGGGTCTTTTGTGGTTTCATGTAAATTTTAGGATT 

  ATATTTTATTAACATATTTCTGTGAAGAATGTCATTGGTATTTTGATAGGAACTGCATTA 

  AATCTATAGATTGCTTTGGGTAGTAAGGATATTTTAACAATATTGATTTTTCCAATCCAT 

  GAACATGGAATATCTTTCCATTTTTTGGTGTCCTCTTTAATTTCTTGCATCAGTGTTTAT 

  AGTGTTTCTTTCATCAGTGTTTATAGTTTTCATTGTAGAGATCTTTTACTCCTTTGATTA 

  AGTTTATTCCTGGGTATTTTATTTGTAGCTGTTGTAGACGAGATTACTATCTTGATTTCT 

  TTTTCAGATTGTTCACTGTTGGCATATACAAATGCTACTGATTTTTGTATGTTGATTTTG 

  TATACTACAATTTCACTGAATTTGCTTATTACAGAGAGACTAAAGATAGTTAGGTCCATT 

  ACCAAATGTGTTTTCTGTCACATTGAAAAATTATACCATGAGAAGGCACATGCTTCTAGT 

  AATTACAGTTCATAGATATGTCAATGTACAGAATGCTGGTGTGACAGTTCACAATTGTTT 

  GCTTTATAGTTTTCACTGGAAATTAAATTACTAAGGGTAAAGTAATCCCAGCACTGTGGG 

  AAGCTGAGGCAGGATGATTGCTTAATGCCAGGAGTTTGAGACCAGCTGGGGCAATGTAGC 

  ATGAGCCCATCTACAAAAAAAAAAAGGAATTCTAATTAATATGTGGTACTAGAATTACCA 

  GAAATAATAAGGGAAACAACTCGGAAAAGAAGGTAAGATGTGTTTTGGGTAAGAACAGCT 

  ATAAAGTATGAGGGGATGTTTTGTTTTGTTAAGGAAAAAATAAAATAATATTTGTCCTAA 

  AGTAGAATGCCTGGTTGTTAAGACAATGAGAAAGAGAAAGAGTATAGAAGAAAAACTGAA 

  TGGATATAAGAAAGTTGTAGAAGGTTGTGGGATAGGAATCCTGGAAAGGGAATTTTATAT 

  GTGATCAAACTAAGATTTGAAGAAAATTCTAAGTTTTTTTTTAAAAAAATTGAGCATGAA 

  TATCAAAAACATACTGACACAGAACTAGAAATTTGTCCTCTATGTTAAAACAACAAGGTT 

  TTCTTGGAGTATTGGTCTGCTCTTAATAAGAAATTGAAAGACTTTTCTTTACCTGCTAAG 

  TAATTGGCCTAGGAAATGAAGATTCTGTGTTTTATTGAGATAATTTATTGTGCTTCATGT 

  TGTCTTTATTAGATCTTTGACTGCCTCAGAGACCTGAGTTCACCTTATTAAAAGAGAAAG 

  AGTTTCTACAATTATGTGGCTTTCTTTATTTGCCTTTGAAGTCTTTTACCAATCACTCTA 

  GTTAAATGAATAAATATTGTTTCATAGGGACCTGTGATCCTATTTTAATCAGATATTTTA 

  AACCTTTTGATATTTTTGACTTCTCAAAATCAAATTCTAAATTAAAACCTTTTGACGTTG 

  AACAAACTTTGGAAGCTTCTAGATGGGCTTCTGGAATATCTCAAAAGAAATTGTTTTCTC 

  TCCTGATAAAAAAGAGAGATATTAAACTAATTGGGCTTATTTGATATGTTATATTGCATG 

  GGAAGAATTGTTAAATTATAAGTGATGCTGAACTTTCTTTAAGTCATATTGTATGGGTAT 

  GTTATTAATATGTGCTTCAGAAATTATATGAAATTCTTAGAAACCAGATAGTCGTGGTAT 

  AATACTATCAGCCAAAATTCTAATTATCGTGAAATATTATGTGTTGCAGAAGTAATACAA 

  TTTCCTTATCAATTGCATTATTGTGAACTCTCATCATATCTTTAACCAAGTCCATTTTAA 

  GCTTTGTCATCTACAAAGAGTCACTTGTTTTACTCTGGTACTTTCCGGAACACTGTGAAA 
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  AACAATTATATAAAGGGTGTGGACCTATAAGACAAACAACCAAACAAAAATCGTAAAGTG 

  TTCTTTTAAAAGATTCGTGGAAAGGACTCTGATAAGTACAGGTTTCTGATAACTTTAAGA 

  TCATACTACTGGACTGGGTAAGAATTTCCAGAACTCTAGCAAAGAAGTGGATTGGTTCAT 

  AAAACTGCCAACCCAACATGAAGCAGAATAAGAATTAATTGAATACCAGGGAAATGCTTT 

  GGCAGATTTTCATGCTAAGTCAGCCAGTACTGAAATTGTTAAGATATGCAATTTGAAAGA 

  ACACTATAATATTCATCTGAATCAAATTATCTATGATAACCTATTTAAATGAACAGCATC 

  ATGCACCTGAATTGGAGAAACAAAACTGATATTTAAAATGATATAAATTTAGTGTTAAAT 

  GTGGCCTCATGGATCAGACAGCTATCTGGTCCTTTCTGAGTCCATATAGCTGCCATTATT 

  AAAAGTTCTGCACTCTATGACTCATCACAGAATAGATAACGTGAAATTATGAAAAAATAT 

  TGGTGTTATGACTGTTCTAAAATTGCTAAAATGGCTTATAATCAATGTTTGGTTTGTCAA 

  ATCCACAATTTTTATAAGATAATAAAAACCTCAGTTGGTACATTTCCACCATCCACTGGA 

  CTATTTGAACATTTACAGATGGATTGCATTCAGTTGCCTCATTGGGAATCTGCAGGAAAC 

  TTAAGTAAATGCTGGATATGTCATGTTGAACCAAATACTAATATGCTTTTAAAGATCTTC 

  TAATTCACCCTATAGCAGATTTCACTGATATTCCAAGTGTGACTACCTGTTCAAATTGCA 

  CATCTGGTCTTTCTATAGGGTTAGGCTTTTTGAGTCACATATTCAGATTTCATGTTTAAA 

  GCTAACAGTAGACAAAACATATAGGAGAGGCTTTACAGTTAAATTATTCCAGAAACTGAA 

  TAATAAAACCAAAAGGAGAGATAATTAGACAGTTTGTAGACGAATTCATAACCCTAATTC 

  TCTAATTGTTGGTAGCCTCCATTGATGATAATTAATAGTGGAGCCTTAGATAAATACTAC 

  TATTGCTTCCCCGTTGATGACCCCTGTAGCACACAGTGTCCCACAGGGAACTGTCTCTTG 

  TGCCCCTCTAGCATATATTTTTATCTATGAAGGATTTAACTATCAATCATAGGCACAGGC 

  AACTCCATGTCCCAGTCAGTAGGAAATAAGAAGTCAGTGTGGATTAGGGATTCTAACAGT 

  ACCACTGTCACTCCATAACCAACTGAAAATTTGACATTGTTCTATACCTCTTAATTTGCA 

  CTATGGTATAAAAAGGAACTTTCTAGCAGGTACGAATCCCTCTAAATGGGCATCTTTTGT 

  TCAAATGCTCCTTCCCTGGCTTGGAATAAATGTAAATGAGGTTATGATTAGAAATCCCCT 

  TCAAACATTAGCTACTACAGCTCACTCTACTGCAAAGGCTATATAGTTGCCCAGTGAAGT 

  TCTCTAAATTCTCTTGCTAAAGTTTCTTTAAATAACAGGATTGCCTTGAACTATCTGTTG 

  GTTTGTAGTGGGGCAGGGGGTGTGATAGGGGACACTGTGTATAATAGCTAATACATCCTA 

  CTGCACTTGCATAAAGGAATCTGTTATAAAGAAAATGAAATAAAGGTATAAAAGTTGGCA 

  AGAAGAAAACCATCATTATGTCTTGAGGATGATTGGGGATACAGAAAATGAGAAGAATCC 

  ACAAACTATTAGAATTACTAAGTTAATTTAGCAAGGTTGCTCAATGCATGGTCAGTATAC 

  AAAATTTAATTGAATTTCTACATATATGTATATGCCATATTGTGTTAGATTGTTTTGCAT 

  TGCTATAAGGGAATACCTGAAGCTGGGTAATTTATAAAGAAAAGAGGCTTATTTGGCTCA 

  TGGTTCTGCAGGCTGTACAAGCATGGCACTAGCATCTGTTTGACCTTAGGAAGCCTTTAC 

  TCATGGTGGAAGAAGGGGGAGCAGGCATGTCATATAGTGAGAGAGGGAGTGAGAGGGAGG 

  GAGCAAGAGTGAAGGGGGAGGTCCCAGACTCTTTTTAAATAACCTGAAATCCTGTGAACA 

  GAGTGAAAACTAACTTATTACCATGAAGAGCACACCAAGCCATTCATGAGGGGTATACCT 

  TCATGACCCAAACGCTTTCCACCAGGTCCTACCTTCAACACTGGGGATCACATTTCAACA 

  TGAGATTTGGAGAGGACAAACATCCAAATCATATCACATATATAAATATGTAAAACTATT 

  TTAAATGTTTTTAAAGTATCGAATAGAAATAAATCTCACAAAATATGCTTAAGAACTTTA 

  AGCAAAAACCATAAAATACTATTGTGATAAGTTAAAGAAGACCTAAATAAATGGAGAGAT 

  CTGTCATGCTCATGGATTGGAAGATTCAATACTGTAATGATATGAATAGTTCCCAAATTG 
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  TTCTATAGATTCAAAACATTGCCAGTTAAAATCTCAGTGGACTTTGTTTTTTTGAAACTG 

  ACAAGCTGATTCTGCCATTTATAATAATATTCAAAGGGGCAAGAATAACCAAGACACATT 

  TGAAGAAGAACAAGGAGGAAGAAGAACGTATTTGAAGAAGAATAAGGAACTCTATTAAGT 

  GTATATCTCCTATATATTGAGATACACATTTGAAATACATCTATCACCTAGATATTGAGA 

  TATATTATACATTTAATATAGTGTGTTGCTGGTATAGGGATAGACAAATGAACATTGGAT 

  CAGAATAGCACTGAAACAAGATCTACCCCTATATGGGCATGTCCCTATTAACAAAAAAAT 

  ATTGTTGATTATTTCCTCAAGATGATCTGTAAAAAACAAGTTAATTGAACATCCATATGG 

  GAAAAAAGTGAATCCTTCTGCTACCTCAAATATCAACCCCAGGTAGATTATAGATCTAAA 

  AGTGAAAGGCAAAGCAATAAAGATTTTAGAAAATAACAAAGAGAATATCTTTATGAAAAT 

  ACAGGAAATATTTTAAAAATAGGCTAGAAAACTCACTATTAAAATATATAAAATATAAGA 

  ACATCTGTTCATCAAAAGTACTATAGTTTGAATAGCAGTGTCTCCTCCAAAATTCATATT 

  GAAACTTAATCCCCATTGTAACAGTACTAATCCTAAAACTAAGTATTAAGAGGTGTGACC 

  TGTGGGAAGTGACTAAGTCATGAGGGGTCTTTCCTCAGGTATGGGATTAGCATCCTTATA 

  AAAGGCCTTGAGATGGAATGTAGTGCCCCCTTGCCCTCTTGCGTTCTCCCATGTGAGGAC 

  ACAGCAACAAGGCACCATCTTGGAAGGAGAGAGAAGCCCTCACCAGACAACAGTGCACAT   

  GCCTTGATCTTAGACTTCCCAGCCTCCAGAGCTATAATAAATACATTTCTGTTCTTTATA 

  AATTACTTGGTCTCTGGTATTTTGTTACAGAAGCACTAATGGACTAAGACAAAAAGATTC 

  CATTATGAAAGTGAAAAGGCAACCGCAGAGTGGCAGAAGCTTTTGGAGATGATGAATATG 

  TTTACTTCCTGGATTGCGGTGATGATACCATGAGTGTATACATATGTGTGTATACATAAT 

  GTATACAAATTGTGTTCATTGATTATGTACAGTTTCTTTGTATACCAATTATACCTTAAT 

  AAAGCTAAGGAAAAAAAAAAGAAAATCCAGAATAAATATGCATGGTATGACCCATTTATT 

  TAAAAAAAAAAAGAGGGAATGCGAAGCAGTGGTTTTGGTGCGAACACAAAAATTCTGGCT 

  TCAACAGCATTTAAATTCCCAAACCAAGCATGTTTGTGTTTTAATTCTTTGTGGCCATAA 

  ATTGTACAGCTCAGGCCTTTATAGTCTCTCAGATTCTGTGAATGTGGGGAATTAGTTTTA 

  CTCATAAAAAGTTTTGTTCTTGGGGATAAATTTTTTAAAAAAATTTTTGTATAGTTAGCA 

  CACTGAGAAAATACAGACAAAGGCATACAGATGCAAGAAATGAGGTAGCTGAATAGACCA 

  AAGAATGATATAGGGCCCAGAAGGTAGGCAAAGAGAAAGTTGTTGGGTTTATGGTTACAA 

  GTAAACTAGCAGTTGTGGTGCAGATAGTTTTATTTCCCCCACATTAATCTGAACAGCCCA 

  TCCAGACTTAAACACTGCTTTTTGCATTTACTTCTAGGCAGGAAGACAGGGTTCTGATGG 

  TGTGAGTCTCCTTCAACTCAGCAAACCACCTTGGTCTGCCTCGAGTTTCCAACACCCCTC 

  CTGCCTGCTAGTGATAGGTGTGAGGCAGGTTGATGAACATGGAACTTTTTTCTTTTGGTC 

  CCAAAGCATGCTACTCCTGGAGTTTCATTCAGTGAATGAGAACTATAGTTTGGTTCTGTG 

  AGATCTCTATGAATCAAGGCGGCCACTGAAGCGGAGAAAAGAAATGCTTAAATGTTAAGA 

  AAGTTTGAAGTGCAGAAAAAGGTGATTGTAAATCCATATGGTTAAGCTTAGCCCATTTCT 

  TAAAAGGCTTGATTGCTCATTCCTCCATTCATTGATTTACTCACTCTTCCAATCCATGTT 

  ATTGAGTCTTGCTCTGTAATTCCGGATGGTTGTGCTTTTAAGTACTGCATAGTGGTTGTA 

  TGTCTGTGTTAGCATTGCTGAATGTATCAGGGAATTCATTTTTTTATCCCCATTCATTCG 

  TTCCATTCATCTGTTTCTCTCTCTCTCTCTCTTTGTGTGTGTGTGTGTGTGTGTGTGTGT 

  GTGTGTGTGTGTGTGTGTTATGCCTAGAAAACATTTCTCAAGAATTAGAATTACGATATG 

  CTGTCAAACACAATGACTTATTTGAACCTCTTTTATTTGTAGGTTGAAGCACTGGACAAT 

  GCCACATACTTTGTGGATGGTGTGGGTCTTGGGGGTCATCATCAGCCTCTCCAAGGAAGA 
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  ATCCTCCAATCAGGCTTCTCTGTCTTGTGACCGCAATGGTATCTGCAAGGGCAGCTCAGG 

  ATCTTTAAACTCCATTCCCTCAGGGCTCACAGAAGCTGTAAAAAGCCTTGACCTGTCCAA 

  CAACAGGATCACCTACATTAGCAACAGTGACCTACAGAGGTGTGTGAACCTCCAGGCTCT 

  GGTGCTGACATCCAATGGAATTAACACAATAGAGGAAGATTCTTTTTCTTCCCTGGGCAG 

  TCTTGAACATTTAGACTTATCCTATAATTACTTATCTAATTTATCGTCTTCCTGGTTCAA 

  GCCCCTTTCTTCTTTAACATTCTTAAACTTACTGGGAAATCCTTACAAAACCCTAGGGGA 

  AACATCTCTTTTTTCTCATCTCACAAAATTGCAAATCCTGAGAGTGGGAAATATGGACAC 

  CTTCACTAAGATTCAAAGAAAAGATTTTGCTGGACTTACCTTCCTTGAGGAACTTGAGAT 

  TGATGCTTCAGATCTACAGAGCTATGAGCCAAAAAGTTTGAAGTCAATTCAGAATGTAAG 

  TCATCTGATCCTTCATATGAAGCAGCATATTTTACTGCTGGAGATTTTTGTAGATGTTAC 

  AAGTTCCGTGGAATGTTTGGAACTGCGAGATACTGATTTGGACACTTTCCATTTTTCAGA 

  ACTATCCACTGGTGAAACAAATTCATTGATTAAAAAGTTTACATTTAGAAATGTGAAAAT 

  CACCGATGAAAGTTTGTTTCAGGTTATGAAACTTTTGAATCAGATTTCTGGATTGTTAGA 

  ATTAGAGTTTGATGACTGTACCCTTAATGGAGTTGGTAATTTTAGAGCATCTGATAATGA 

  CAGAGTTATAGATCCAGGTAAAGTGGAAACGTTAACAATCCGGAGGCTGCATATTCCAAG 

  GTTTTACTTATTTTATGATCTGAGCACTTTATATTCACTTACAGAAAGAGTTAAAAGAAT 

  CACAGTAGAAAACAGTAAAGTTTTTCTGGTTCCTTGTTTACTTTCACAACATTTAAAATC 

  ATTAGAATACTTGGATCTCAGTGAAAATTTGATGGTTGAAGAATACTTGAAAAATTCAGC 

  CTGTGAGGATGCCTGGCCCTCTCTACAAACTTTAATTTTAAGGCAAAATCATTTGGCATC 

  ATTGGAAAAAACCGGAGAGACTTTGCTCACTCTGAAAAACTTGACTAACATTGATATCAG 

  TAAGAATAGTTTTCATTCTATGCCTGAAACTTGTCAGTGGCCAGAAAAGATGAAATATTT 

  GAACTTATCCAGCACACGAATACACAGTGTAACAGGCTGCATTCCCAAGACACTGGAAAT 

  TTTAGATGTTAGCAACAACAATCTCAATTTATTTTCTTTGAATTTGCCGCAACTCAAAGA 

  ACTTTATATTTCCAGAAATAAGTTGATGACTCTACCAGATGCCTCCCTCTTACCCATGTT 

  ACTAGTATTGAAAATCAGTAGGAATGCAATAACTACGTTTTCTAAGGAGCAACTTGACTC 

  ATTTCACACACTGAAGACTTTGGAAGCTGGTGGCAATAACTTCATTTGCTCCTGTGAATT 

  CCTCTCCTTCACTCAGGAGCAGCAAGCACTGGCCAAAGTCTTGATTGATTGGCCAGCAAA 

  TTACCTGTGTGACTCTCCATCCCATGTGCGTGGCCAGCAGGTTCAGGATGTCCGCCTCTC 

  GGTGTCGGAATGTCACAGGACAGCACTGGTGTCTGGCATGTGCTGTGCTCTGTTCCTGCT 

  GATCCTGCTCACGGGGGTCCTGTGCCACCGTTTCCATGGCCTGTGGTATATGAAAATGAT 

  GTGGGCCTGGCTCCAGGCCAAAAGGAAGCCCAGGAAAGCTCCCAGCAGGAACATCTGCTA 

  TGATGCATTTGTTTCTTACAGTGAGCGGGATGCCTACTGGGTGGAGAACCTTATGGTCCA 

  GGAGCTGGAGAACTTCAATCCCCCCTTCAAGTTGTGTCTTCATAAGCGGGACTTCATTCC 

  TGGCAAGTGGATCATTGACAATATCATTGACTCCATTGAAAAGAGCCACAAAACTGTCTT 

  TGTGCTTTCTGAAAACTTTGTGAAGAGTGAGTGGTGCAAGTATGAACTGGACTTCTCCCA 

  TTTCCGTCTTTTTGATGAGAACAATGATGCTGCCATTCTCATTCTTCTGGAGCCCATTGA 

  GAAAAAAGCCATTCCCCAGCGCTTCTGCAAGCTGCGGAAGATAATGAACACCAAGACCTA 

  CCTGGAGTGGCCCATGGACGAGGCTCAGCGGGAAGGATTTTGGGTAAATCTGAGAGCTGC 

  GATAAAGTCCTAGGTTCCCATATTTAAGACCAGTCTTTGTCTAGTTGGGATCTTTATGTC 

  ACTAGTTATAGTTAAGTTCATTCAGACATAATTATATAAAAACTACGTGGATGTACCGTC 

  ATTTGAGGACTTGCTTACTAAAACTACAAAACTTCAAATTTTGTCTGGGGTGCTGTTTTA 
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  TAAACATATGCCAGATTTAAAAATTGGTTTTTGGTTTTTCTTTTTTCTATGAGATAACCA 

  TGATCATAAGTCTATTACTGATATCTGAATATAGTCCCTTGGTATCCAAGGGAATTGGTT 

  GCAGGATCCTCGTGGATATCAAAATTCATAGATGATCAAGTCCCTTATAAGAGTGGCATA 

  GTATTTGCATATAACCTGTGTACATTCTCCTGTATACTTTAAATCATCTCTAGATTACTT 

  ATGATACCCAATACAATGTAAATACTATGTAAATAGTTGTACTGTCTTTTTATTTATATT 

  ATTATTGTTATTTTTTATTTTCAAAATTTTTAAAACATACTTTTGATCCACAGTTGGTTG 

  ACTTCATGGATGCAGAACCCATGGATATAGAGGGCCAACTGTAATCTGTAGCAACTGGCT 

  TAGTTCATTAGGAAACAGCACAAATGAACTTAAGATTCTCAATGACTGTGTCATTCTTTC 

  TTCCTGCTAAGAGACTCCTCTGTGGCCACAAAAGGCATTCTCTGTCCTACCTAGCTGTCA 

  CTTCTCTGTGCAGCTGATCTCAAGAGCAACAAGGCAAAGTATTTGGGGCACTCCCCAAAA 

  CTTGTTGCTATTCCTAGAAAAAAGTGCTGTGTATTTCCTATTAAACTTTACAGGATGAGA 

  AATACTAGAGGGTGTATTTTCATGTGATCTGGATCTGTCTTTCTGGCTATTAGATAGGTT 

  TCTCCAGCCATAGTTACTTGAGAGAGTGAGTACACAGTGCAAGGTACAGTAAATTATGTA 

  TTTCTGTAATTTAACAAAATAAATACTCAGTTTAGGAGAATTTGAAAGACACTTCCCACA 

  TCCGGACTCTGGTCTTCCTCAGCCTCTAACTAC 
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