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ABSTRACT

Hepatitis B is a severe liver inflammation caused by Hepatitis B virus (HBV). Host genetic
factors influence HBV acquisition and outcome. Moreover, HBV has been demonstrated to
utilize an autophagy process to promote its replication. Various autophagy-related (ATG)
genes regulate the process at different stages and among them; ATGS5 is a key regulatory gene
that promotes autophagosome formation by interacting with ATG12 and ATG16L1 to form a
complex with E3 like activity. Single Nucleotide Polymorphisms (SNPs) in the ATG5 gene
have been strongly linked to a variety of diseases like asthma, Paget disease of bone and
thyroid carcinoma. Moreover, a non-synonymous SNP (nsSNP), E122D in ATG5 has been
shown to impair its interaction with ATG12 leading to the disruption of autophagosome
formation. However, until now, SNPs in ATG5 gene have not been studied for their
association with HBV infection susceptibility. In this study, we have predicted deleterious
nsSNPs (M129V, A95D, and 165V) and analyzed their impact on the structure and function
of the ATGS5 protein through a computational approach. In addition, we selected non-coding
SNPs (rs2245214, rs12212740, and rs510432) of ATG5 gene and genotyped those in 550
HBV infected patients and 250 healthy individuals. We found a strong association of the
nsSNP M129V (rs34793250 (T/C), OR=3.35 (T vs. C), p=0.01) and the non-coding SNPs
(rs2245214 (C/G), OR=1.30 (C vs. G), p=0.02 and rs510432 (G/A), OR=1.66 (GG vs. GA),
p=0.01) with HBV infection susceptibility. Therefore, these SNPs could be utilized as
biomarkers for HBV risk analysis in our population after validation. Further, the influence of
these SNPs on the patients’ treatment response could be investigated to develop better

therapeutic strategies based on the host genotype.
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Chapter 1

INTRODUCTION




Introduction

Hepatitis B is a severe liver infection which is caused by the hepatitis B virus (HBV).
Initially, HBV causes a short-term infection called acute infection which gradually develops
into chronic disease and later progresses to liver cirrhosis, hepatocellular carcinoma and may
lead to death [1]. Globally, there are around 2 billion people infected with HBV among which
257 million people are the chronic carriers [2]. In India, there are more than 37 million HBV
carriers [3] and according to the World Health Organization (WHO), every year, 1 lakh
people die due to HBV related complications. Although vaccines, antiviral medications, and
interferons against HBV are available, a better prediction of the risk, progression or outcome
of the infection is required for better management of the disease [4-6]. Moreover, prediction
of biomarkers that influence HBV treatment response also needs an investigation to develop
more effective individualized therapies [7, 8]. For example, recent studies have identified
various SNPs in IL28B to be associated with positive treatment response and viral clearance
in HCV and HBYV infected patients [9-13].

HBYV is a DNA virus in the Hepadnaviridae family. The HBV virion is about 42 nm in
diameter and consists of an outermost envelope which encloses an innermost nucleocapsid.
The outer envelope is composed of Hepatitis B surface antigen (HBsAg) and the
nucleocapsid is made of the Hepatitis B core antigen (HBcAg). The nucleocapsid also
contains the viral polymerase and partially double-stranded DNA as its genome (3.2 kb) [14].
The short-term infection of HBV is called an acute infection during which the virus is usually
cleared within first 6 months. However, if the infection lasts longer than six months, it is
considered to be a chronic infection [15]. Various serologic markers exist including, HBsAg,
an antibody against HBsAg (HBsAb), antibody to HBcAg (HBcAb), and IgM antibody
against HBcAg, are used to determine the different phases of HBV infection (acute or
chronic). The serologic information also helps to determine whether a patient is immune to

HBYV due to natural infection or due to prior vaccination [15].

Autophagy is a fundamental biological process that directs a broad range of physiological as
well as pathological conditions in humans [16]. Autophagy has an important role in
antimicrobial host defense against diverse viral infections [17]. However, HBV induces
autophagy and exploit the process for its own replication [18]. Upregulation of autophagy by
HBV has been demonstrated by various studies [19-21]. Studies suggest that HBV X protein



(HBX) and the small surface protein (SHBSs) assist in the induction of the autophagy process.
Therefore, antiviral drugs that target autophagy could be developed for the treatment of HBV
infection [20, 22]. Moreover, any disruption/intervention at initial stages of this pathway
could help to tackle the virus and resolve the infection.

Autophagy has been implicated in various human disorders such as cancer [23], certain
neurodegenerative disorders [24], cardiomyopathies [25, 26], pancreatitis [27] and various
infectious diseases [28]. Besides these, recent data suggest its involvement in other human
conditions such as Asthma [29], skin disorders [30], dental diseases [31], Paget disease of
bone [32], amyotrophic lateral sclerosis [33], and hereditary spastic paraparesis [34]. Various
stress signals induce the process of autophagy that then initiates the formation of an isolation
membrane and a phagophore. The phagophore further expands to form a double-membrane
structure called an autophagosome. The maturing autophagosomes engulf cytoplasmic
constituents like damaged cell organelles or degraded proteins and then fuses with the
lysosome to form autolysosomes. The engulfed matter is finally degraded in the
autolysosomes with the help of lysosomal enzymes [35, 36]. The process of autophagy is
regulated by several autophagy-related (ATG) genes. 41 autophagy-related genes have been
discovered in yeast and many of them have mammalian counterparts [37]

ATG5 is the key autophagy regulatory protein that conjugates to ATG12 and forms a
complex with the multimeric protein ATG16L1. The ATG12-ATG5/ATG16L1complex acts
as an E3-like enzyme, essential for the conjugation of microtubule-associated protein 1 light
chain 3 (LC3) and phosphatidylethanolamine (PE) required for the formation of
autophagosome [38, 39]. Liver-specific Atg5 gene knockout in transgenic mice has been
shown to reduce HBV DNA levels by inhibiting autophagy [19, 21]. In another study, ATG5
levels have been found to be elevated in HBV patients. This elevated level of ATG5 may
promote prolonged induction of the autophagy process which directly benefits HBV
replication [40]. Recently, a number of genetic studies have focused on single nucleotide
polymorphisms (SNPs) in autophagy-related genes to study their association with
susceptibility to various diseases [29, 41-44]. In this context, SNPs such as rs12212740 and
rs510432 of ATG5 have been linked to Asthma susceptibility and lung function [45, 46],
rs573775 has been shown to be linked with Systemic lupus erythematosus [47], rs2245214 is
found to be associated with Thyroid carcinoma and Paget disease of bone [32, 48].



Moreover, a recent study found a mutation E122D in ATG5 that impairs its interaction with

ATG12 and leads to Ataxia development due to autophagy inhibition [49].

Host genetic factors influence HBV acquisition and play an important role in determining
progression and outcome of the infection [50, 51]. Evidently, polymorphisms in immune
related components such as Human leucocyte antigen (HLA), cytokines, chemokines,
interferons and various immunoregulatory factors have been associated with susceptibility
and outcome of HBV infection [52]. On the other hand, polymorphisms in autophagy-related
genes have not been studied for their association with HBV infection until now.

Identification of disease-associated SNPs in a gene is the first step in population-based
association studies. Although the experimental approach to identify disease-associated SNPs
from neutral SNPs provides the best confirmation but these experimental strategies are time
consuming and expensive. On the other hand, in silico methods provide fast, efficient and
cost-effective detection and analysis of deleterious SNPs from a large number of neutral
SNPs [53, 54]. Non-synonymous SNPs (nsSNPs) on the other hand, are more important as
they occur in the protein coding region, which alters the encoded amino acid sequence. The
substituted amino acid may affect the protein structure and function leading to disease
development. Some of the common mechanisms by which an amino acid substitution can
cause disease is by changing the protein stability or protein binding affinity affecting protein-

protein interactions [55].

In our study, we have explored various in silico tools for the prediction of deleterious nSSNPs
in ATGS5. For this, we used, Sorting Intolerant From Tolerant (SIFT), Polymorphism
Phenotype (PolyPhen2) and PredictSNP, for the prediction of nsSNPs that have a damaging
impact over ATG5 protein function. Additionally, we have analyzed ATG5 gene to find out
its evolutionary connections with other species, important regulatory elements (RE),
transcription factor binding sites (TFBS), post-translational modification sites (PTMs),

linkage disequilibrium (LD) and its interactions with other proteins.

In order to analyze the effect of nsSNPs on the structure and function of the ATG5 protein,
we followed another computational protocol where we have performed sequence-based
analysis and structure-based analysis for pathogenicity, stability and conservation analysis.
Also we have analyzed the structural variations of the protein complex upon mutation,

computed the total energy, and predicted binding affinity change upon mutations. Therefore



in this study, we have explored polymorphisms in ATG5 (deleterious nsSNPs and noncoding
SNPs) and have genotyped them to find out their association with HBV susceptibility or

progression.
Rationale

HBV modulates the process of autophagy in the host and exploits this process for its own
replication. Any disruption/intervention at the initial stages of this pathway could help in
virus replication inhibition and infection resolution. Moreover, host genetic factors influence
HBV acquisition and may predispose individuals to infection. ATG5 is an essential
autophagy protein that conjugates with ATG12 and ATG16L1 to form an E3 like complex
that plays a pivotal role in autophagosome formation. ATG5 deficient mice die within 1 day
of birth during early neonatal starvation period, highlighting its role in regulating the process
of autophagy. In this context, polymorphisms in ATG5 could be explored to find out their
association with HBV infection, susceptibility or progression. Moreover, nsSNPs in ATG5
could disrupt its interactions or even destabilize its complex, which might result in varying
levels of autophagy and possibly alter individual susceptibility to HBV infection. An
understanding of such SNPs could help in elucidating novel mechanisms of disease
pathogenesis, identification of biomarkers for risk analysis or treatment responses and could

be further utilized for developing a more effective individualized therapy.
Considering these lacunae, the following are the objectives of this study.
Objective 1: To predict deleterious nsSNPs in the autophagy-related gene ATGS5.

Objective 2: To investigate the impact of predicted nsSNPs on the ATG5 protein at sequence

as well as structural levels.

Objective 3: To genotype the predicted deleterious nsSNPs as well as the selected non-

coding SNPs in hepatitis B virus-infected patients and healthy individuals.
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2.1 Hepatitis B infection

Hepatitis B is a severe infection of the liver due to the hepatitis B virus (HBV). HBV-
induced hepatitis is an acute (short-term) illness for a few people (<6 months), while for
others; it can be chronic (long-term) infection (>6 months). The chronic Hepatitis gradually
leads to the development of scars in the liver tissue leading to liver cirrhosis or development
of a malignant tumour called hepatocellular carcinoma (HCC) or liver cancer [2]. The
likelihood of developing chronic HBV infection depends upon the age of the host. It is more
than 90 percent of infected infants (<1 year), 25-50 % of children (1-5 years), and 5% adults
that develop chronic infection. Immunocompromised persons or people under some

immunosuppressant therapy are always at a higher risk of developing chronic infection [15].
2.1.1 Epidemiology

Hepatitis B is a major health problem in the world. Globally, around 2 billion people have
been infected with HBV [56]. According to the latest reports from the WHO, 257 million
people are chronically infected with HBV in the world (Figure 2.1). Moreover, in 2015,
hepatitis B resulted in 8,87,000 deaths due to the complications like liver cirrhosis and HCC
[2]. On the basis of prevalence of HBV surface antigen (HBsAg; HBV endemicity), there are
three regions with high (> 8% of the population carries HBsAQ), intermediate (2-7%) or low
endemicity (<2%). High endemic regions include the developing regions, South-East Asia,
sub-Saharan of Africa, China, and Pacific islands, the Amazon basin and parts of the Middle
East. South Asia, Eastern and southern Europe, Japan, Russia, and parts of South America are
the intermediate endemic regions. While, North America, North Western Europe, and

Australia are classified as low endemicity regions [57].
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Figure 2.1: Geographical prevalence of HBV in the different regions of the world (Adapted
from World health organization (WHO)) [2].

In India, more than 37 million people have been estimated to be the carriers of HBV and 15-
25 % of HBsAg carriers are at risk of death due to liver cirrhosis and HCC. Moreover, 1
million infants out of 26 million infants that are born in any given year, hold a greater than

normal life-long risk of presenting with a chronic infection [3].
2.1.2 Pathogenesis

The HBV is a small DNA virus that belongs to Orthohepadnavirus genus of Hepadnaviridae
family. HBV is categorized into eight genotypes (A-H) and has a partially double-stranded
and circular DNA (3.2 kilobase pairs) as its genome [14]. HBV infects hepatocytes in the
liver leading to acute or chronic disease conditions. The actual infectious virion (Dane
particle) is 42 nm in diameter. In the infected host, the virus circulates in high concentrations

that is around 10° virions/ml of blood [58].



2.1.3 Structure of HBV

The outermost surface of the HBV virion comprised of the Hepatitis B surface antigen-
HBsAg, which in part helps that forms a lipid enclosure. Next is the inner nucleocapsid that
consists of HBV core antigen-HBcAg, HBV e antigen-HBeAg, DNA, and the viral
polymerase, which also possesses reverse transcriptase activity.

2.1.4 HBV Genome organization

The nucleocapsid (core) of the virus consists of a partially double-stranded relaxed circular
DNA (rcDNA) of 3.2 kb. The DNA has one complete coding strand called the negative
strand and an incomplete non-coding strand called the positive strand. The viral polymerase
is covalently attached at the 5’ end (negative strand). Furthermore, the viral genome consists
of four open reading frames (S, C, P, and X) as shown in Figure 2.2. The ORF S (surface)
encodes the surface envelope proteins (HBsAg; large, medium, small) and is divided into
three regions, the S, pre-S1 and the pre-S2 region. The ORF C (core) encodes the e antigen
(HBeAQ) and structural proteins of the nucleocapsid (HBcAg). The C region has the core and
pre-core regions. The ORF P (Pol) encodes the viral polymerase (DNA polymerase). The Pol
region has 3 domains, namely; the terminal protein domain that has its function in the
encapsidation and in the initiation of minus-strand synthesis; the reverse transcriptase (RT)
domain that functions to catalyze genome synthesis; and the ribonuclease H domain that
plays a role in degradation of pre-genomic RNA and in carrying out the viral replication. The
ORF X encodes a multifunctional HBx protein. Studies show that the HBx protein has an
important role in HBV infection progression and is also responsible for the oncogenic
potential of HBV. HBsAg has various other functions in DNA repair, signal transduction
events, transcriptional activation of genes and in protein degradation. However, the
mechanisms of these activities of the protein are largely unknown. In addition, the HBV
genome includes various other functionally important regions in the 5’ ends of the plus strand
called the direct repeats (DR1 and DR2) (Figure 2.2). During the replication, these are
required for the strand-specific DNA synthesis. Enl and En2 are the enhancer elements,
which direct the expression of viral proteins in the liver. Also, there is a glucocorticoid-
responsive element (GRE) sequence, a polyadenylation signal, and a posttranscriptional

regulatory element has been described as a part of the HBV genome [14].
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Figure 2.2: The HBV genome organization and other regulatory elements (Adapted from
Liang, 2009) [14].

2.1.5 HBV Lifecycle

HBV gets transmitted from host to host by the contact with infected blood and other body
fluids such. Therefore, the virus enters the liver of the host from the bloodstream. In liver
tissue, the virus infects the hepatocytes through binding to its receptor. After its entry, the
virus releases its genome as a relaxed circular DNA (rcDNA) at the nuclear pore. The rcDNA
is then repaired into covalently closed circular DNA (cccDNA) by the viral and host cellular
enzymes the nucleoplasm where it is repaired by viral and host cellular enzymes [59]. This
cccDNA is then transcribed into different viral RNAs encoding the viral nucleocapsid
proteins (C, pre-C), viral polymerase (P), surface proteins (large, medium, and small) and the
transcriptional transacting protein (HBXx). The pictorial presentation of HBV life cycle is

shown in Figure 2.3.

2.1.5.1 Binding and entry
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Initially, the virus particle attaches to the hepatocyte’s surface by low-affinity reversible
binding through its preS1 receptor. This primary binding of the virus to the hepatocyte is
energy independent process that is required for productive HBV infection. After this, the
virus particle binds irreversibly to an NTCP (sodium taurocholate co-transporting
polypeptide) receptor on the hepatocyte’s membrane. The preS1 domain of the surface
protein of the virus is responsible for this binding to the receptor [60]. After the binding to the

hepatocytes membrane, the virion enters the cell with the help of host factors by endocytosis.
2.1.5.2 Viral-nucleocapsid release and transportation

After the entry of the virus, the rcDNA is released into the cytoplasm (Figure 2.3). Next, the
nuclear import receptors namely, importin o and  and the nuclear localization signaling
(NLS) at the C-terminal of core protein interaction and help in transporting the genome

(rcDNA) to the nucleus (nucleoplasm) through the nuclear pore complex (NPC) [61].
2.1.5.3 rcDNA repair-cccDNA formation

The viral rcDNA is repaired in the nucleus where the positive strand is completely
synthesized with the viral polymerase utilizing a short RNA primer. After the complete
synthesis, the positive and the negative strands of the DNA are ligated to form the cccDNA.
This cccDNA is used as the template for transcribing different viral MRNAs.

2.1.5.4 Transcription

The transcription process is regulated by the host and the viral factors. Host factors include
the various transcription factors, namely, CREB, STAT1 and STAT2, chromatin modifying
enzymes namely, PCAF, HDAC1, and various hepatocyte nuclear factors. Moreover, the
viral proteins such as HBx protein also participates in the transcription process by interacting
with the promoter for all four ORFs for the synthesis of their respective mRNAs. The four
main mMRNAs are then exported to the cytoplasm again with the help of host and viral factors.
Studies have demonstrated that others proteins like HBcAg and the nuclear export factor-1
(NFX1) are involved in transporting the viral pre-genomic RNA (pgRNA) to the cytoplasm
[61].
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2.1.5.5 Translation

The pgRNA is translated into the core protein and the viral polymerase, while, sub-genomic
RNA translation occurs for the synthesis of the surface proteins (L, M, and S), as well as the

multifunctional HBx regulatory protein.
2.1.5.6 Assembly of nucleocapsid

With the help of the viral core protein and polymerase, pgRNA is packaged to form the viral
nucleocapsid. Once packaged, the genome is replicated by the reverse transcription of
pgRNA utilizing the viral polymerase and eventually this process leads to the formation of
the encapsidated, double-stranded rcDNA [62].

2.1.5.7 Nucleocapsid recycling or Nucleocapsid envelopment

The nucleocapsid containing the new viral genome (rcDNA) is reimported to the nucleus for
the amplification and maintenance of the stable cccDNA pool. HBsAg levels have been
shown to regulate the transport of the nucleocapsid to the nucleus with the decreased amount
promoting the reimport. In addition, the nucleocapsid can move towards endoplasmic
reticulum (ER) for its envelopment by the HBV envelope glycoproteins. The viral envelope
proteins are embedded into the ER membrane after the process of translation. These proteins
bud into the lumen of ER and are secreted as non-infectious sub-viral particles. Then again,
when these surface proteins bind to the DNA-containing nucleocapsid inside the ER lumen,
these interactions eventually allow the produced products to be secreted as infectious Dane
particles through the endosomal sorting complex required for transport (ESCRT) pathway
(Figure 2.3).
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Figure 2.3: Hepatitis B Virus life cycle (Adapted from Lamontagne et al., 2016) [62]. In
liver tissue, the virus binds to its receptor NTCP on the surface of hepatocytes. After its entry,
rcDNA in the nucleocapsid of the virus is released at the nuclear pore and converted into
cccDNA. This cccDNA is transcribed into various viral RNAs encoding viral nucleocapsid
proteins, polymerase (P), surface proteins (L, M, and S) and transcriptional transacting

proteins (X)
2.1.6 Diagnosis and Serology of HBV infection

The clinical symptoms of HBV infection much similar to the symptoms seen following
infection with other viruses. Therefore, serologic testing of the patient is considered the best
diagnosis of HBV infection. In the Hepatitis B serologic testing, several HBV specific
antigens and antibodies are measured in the patient to identify different stages of HBV
infection. Moreover, the tests also help to determine whether a patient has a risk of acquiring
an infection or is already immunized to HBV due to prior infection or vaccination. The

various serologic markers (or combination markers) along with the possible diagnosis and
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interpretation is shown in Table 2.1.The serologic course in the patient during HBV infection

is shown in Figure 2.4.

Hepatitis B surface antigen (HBsAg): The surface of HBV consists of this antigen
(HBsAQg). The antigen is detected in the serum of the patient infected with HBV during the
acute and chronic stages. Moreover, its presence indicates active infection and therefore
could be transmitting virus to the susceptible individuals. The HBV vaccine is designed using
HBsAg.

Hepatitis B surface antibody (anti-HBs): This is the antibody produced against the viral
surface antigen HBsAg. The presence of anti-HBs indicates immune response against the
virus and hence there is the chance of patient recovery. Hence, anti-HBs is detected in the

vaccinated person indicating his immunization status.

Total hepatitis B core antibody (anti-HBc): The host immune system produces this
antibody against the viral core protein. The anti-HBc is detected during the acute stage of
HBV infection. In addition, anti-HBc is seen in the case of a previous infection in the patient.
The antibody may also be observed in the patient at the onset of symptoms. Also, the

antibody persists in a patient for their lifetime.

IgM antibody to hepatitis B core antigen (IgM anti-HBc): The antibody is usually positive
for the patient during the acute stage of HBV infection and is absent in the patient during the
chronic stage of the infection. Therefore, its presence indicates a recent infection in the

patient.
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Table 2.1: The different serologic markers used for the diagnosis of HBV infection

(Adapted from www.cdc.gov/hepatitis/hbv)

Serologic markers Results Diagnosis and Interpretation
HBsAg Negative Susceptible

antrHBc MNegative

antr-HBs MNegative

HBsAg MNegative [mmune due to natural mfection

ant+ HBe Postive

ant+ HBs Postive

HBsAg MNegative Immune due to hepatiis B vaccmation
antrHBc MNegative

ant+ HBs Postive

HBsAg Postive Acutely mfected

ant+ HBe Postive

IzM ant+HBc Postive

antr-HBs MNegative

HBsAg Postive Chronically mfected

ant+ HBe Postive

IzM ant+HBc MNegative

antr-HBs MNegative

HBsAg MNegative Interpretation unclear; four possibilities:
antrHBc Postive 1. Resolved mfction (most common)
antr-HBs MNegative 2. False-postive ant- HBc. thus susceptible

3. "Low level” chromce mfection

e

. Resolving acute infection

HBsAg: Hepatitis B surface antizen

anti-HBs: Hepatitis B suiface antibody

anti-HBe: Total hepatitis B core antibody

IgM anti-HBc: IgM antibody to hepatitis B core antigen
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Figure 2.4 Serologic patterns during the acute and chronic stages HBV infection (adapted

from
(http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/hepatology/hepatiti

s-B/)
2.1.7 HBV transmission

HBV infection is mainly transmitted through the contact with infected blood and body fluids-
semen and saliva. There is no evidence for the spread of HBV by contaminated food, water,

feces or through the air.

There are three main routes of HBV transmission:-

e Perinatal Transmission
HBV can transmit from infected mothers to the child (MTCT) during the perinatal period.
MTCT is responsible for more than 33% of chronic HBV infections around the world
[63]. The transmission of HBV from infected mothers to babies can occur through the

placenta in the uterus, natal spread during delivery or through breast milk to the child

after delivery [57].
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e Sexual Transmission
The HBV infection is considered to be a sexually transmitted disease (STD). Multiple
sexual partners or sexual partners of injection drug users or prostitutes are highly
susceptible to the infection [64].

e Parenteral Transmission
HBV infection could be spread by the percutaneous route through reusing of needles,
during infected blood transfusions or dialysis, acupuncture, piercing, and tattooing,
sharing personal items like razors or toothbrushes. Thus blood donors and the health care

workers are at high risk of getting the infection through parenteral transmission [65].
2.1.8 Treatment

Treatment of HBV is aimed at the elimination of infection, halting the process of liver
damage, preventing the development of liver cancer, normalizing liver enzymes and

improving symptoms.
These are following classes of treatment given to HBV patients

e Antivirals: In order to eliminate HBV by suppressing viral replication. Example:
nucleoside analogs (lamivudine, entecavir and telbivudine) and nucleotide analogs
(adefovir and tenofovir)

e Immune-modulators: To enhance the immune response of the host against the virus to

help recover from infection. Example: interferon-alpha and pegylated interferon-alpha.
2.1.9 Prevention

Immunization against HBV through vaccination is considered to be the most effective way to

prevent the infection and its complications.

e Plasma-derived vaccines: Hepavax B, Hepaccine-B
e Recombinant DNA yeast-derived or mammalian cells-derived vaccines: Hepavax-

Gene, Engerix-B.
2.2 Role of Genetics in HBV infection

There are various factors that affect the risk or outcome of HBV infection, which could be

categorized into, environmental factors (alcohol and aflatoxin exposure), host factors
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(immunological and genetic) and viral factors (viral loads, genotype, and mutants). The host
immunological response against HBV plays important role in defining the acquisition,
progression, and outcome of the infection [66]. There are a number of studies that link the
variations in human HLA genes with HBV infection susceptibility, progression, and outcome
(Table 2.2) [51, 67-69].
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Table 2.2: The list of polymorphisms in the human leukocyte antigen (HLA) class | and

Il genes that are associated with HBV clearance, persistence, and response to
vaccination (Adapted from Chatzidaki et al., 2011) [51].

HLA complex

Association

Studied population

HLA class 1
A+02 «0301 <11
B+08.18.+35
HI A class T
HLADR
DREI1-1
DRBI1:03

DRE1-07

DEBI1:11

DRBI1+13(01/02)
DRBI:15
HLADQ
DQB1.02
DQB1:06

Viral clearance

HBV persistence

Response to HBV mmmmization
Vertical transnussion

Eesponse to vaccination
Nomresponse to vaccmation
Intrauterine mfection
Nomresponse to full vaccmation
Clronic mfection

Response to mmunization

Val persistence

Vmal clearance

Eesponse to vaccination

Nomresponse to vaccmation

Response to vaccmation

Adults
Adulis

Infanis, aduks
Infants

Infants

Adults

Infants
Adolescents
Adults

Infants

Adults

Adults, children
Infants. adolescents,
adults

Infanis, aduks
Adolescents

HBV-hepatitis B vims; HLA-human leucocyte antigen.

Moreover, polymorphisms in certain cytokines, chemokines and their receptors have also

been demonstrated to influence the HBV infection outcome. In this context, a TNF-a, -238

promoter variant was shown to be significantly associated with HBV persistence and

development of chronic conditions [70, 71]. Similarly, polymorphisms in Interleukin-28B

(IL-28B) play an important role in hepatitis C virus clearance and prediction of treatment

outcome [72]. The function of IL-28B polymorphisms in HBV infection is being explored for

its association with infection susceptibility, outcome and treatment response [73].
The IL28B SNP rs12979860 has been shown to be strongly linked with HBV clearance in an
Egyptian population [74]. Another study demonstrated a strong association of IL-28B

polymorphisms with serologic response to interferon treatment in CHB patients [13]. Besides
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these, IL-28B polymorphisms have also been shown to influence HBeAg seroclearance in
CHB patients [75]. In another study, SNPs rs12979860, rs12980275 and rs8105790 in IL-
28B, were demonstrated to be significantly related to HBV clearance in Saudi Arabian
patients [76]. However, there are studies that have found no link between the IL-28

polymorphisms and HBV clearance [77-79].

Similarly, polymorphisms in other candidate genes have been studied for their role in HBV
infection, including, IL10, 1L19 and 1L20 [80], TNFA (tumor necrosis factor alpha) [81],
interferons (IFNAR1, 121FN-g, IFN-g) [82-84], RANTES (regulated on activation, normal T
cell expressed and secreted) [85], MBL2 (mannose binding lectin) [86], CCND2 (Cyclin D2)
[87], VDR (vitamin D receptor) [88], CTLA4 (cytotoxic T-lymphocyte antigen 4) , estrogens
[89], MTHFR (5,10-methylenetetrahydrofolate reductase) [90], TLR3 (Toll-like receptor 3)
[91], TLR4, TLRS5, TLR9 [92], as well as, UBE2L3 (Ubiquitin Conjugating Enzyme E2 L3)
[93].

2.3 Autophagy (Macroautophagy)

Autophagy is an essential, self-degrading process that removes damaged cell organelles and
proteins for cell renewal. The process plays an important role in human health and disease. At
basal levels, the process of autophagy is beneficial as it maintains cellular homeostasis by
eliminating and recycling damaged cell organelles and misfolded proteins. However, under
stress conditions like nutrient deficiency, pathogen infection, hypoxia, radiation or anticancer
drug treatment, the process gets amplified to bring about cellular adaptation and survival [35,
94, 95]. Deregulated autophagy has been demonstrated to be involved in various human
ailments including liver diseases, infections, muscular disorders, cancer, neurodegenerative
diseases, cardiac hypertrophy and diabetic nephropathy [28, 96-99]. The implication of
autophagy in different human diseases highlights its clinical and biological significance.
Autophagy could, therefore, be targeted to understand the etiology of various diseases.
Moreover, studies have shown modulation of autophagy could be used as a therapeutic
strategy to improve treatment response in breast cancer, and other infections [100, 101].

Autophagy appears to be regulated by a complex mechanism [102, 103]. The process of
autophagy is mainly divided into four stages/phases, 1) Initiation, 2) Elongation, 3) Fusion
and 4) Degradation. Various stress signals (mentioned above) induce and initiate the process

with the formation of an isolation membrane. The isolation membrane further expands to
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form phagophore. The phagophore membrane further elongates to form a double-membrane
structure called an autophagosome. Next, the autophagosome while maturing, engulfs various
cytoplasmic constituents like old cell organelles, damaged proteins, pathogens, etc, and fuses
with the lysosome to form autolysosomes. The engulfed matter is degraded finally in the
autolysosomes with the help of lysosomal enzymes. Numerous autophagy-related (ATG)
genes regulate the various stages of the process of autophagy. Until now, 41 ATG genes have
been discovered. The ATG5 gene is an important gene that encodes for an ATG5 protein
which regulates the elongation of the autophagosome. ATG5 covalently joins with ATG12 to
form an ATG5-ATG12 conjugate, which further interacts non-covalently with ATG16L1 to
form ATG12-ATG5/ATG16L1 complex. This ATG12-ATG5/ATG16L1 complex acts like
E3 enzyme that promotes ATGS8-phosphatidylethanolamine (PE) formation and
autophagosome elongation.

2.3.1 Autophagy and HBV

It has been shown that HBV infection can induce autophagy as demonstrated by various
studies [19-21]. Moreover, these studies demonstrate that the virus induces autophagy for its
own replication and hence could be targeted to tackle the infection [19]. In another study, it
was demonstrated that the HBV X protein (HBX) binds to PI3BKC3 leading to the production
of a high level of phosphatidylinositol-3-phosphate (PtdIns (3)P) in cells. This ultimately
leads to an increased number of autophagic vacuoles, autophagosomes and autolysosomes
[104]. Moreover, different genotypes of HBV have been shown to have different effects on
autophagy [105]. Also, HBx has been shown to induce autophagy by activating death-
associated protein kinase (DAPK) in a beclinl dependent manner [106]. HBV has also been
demonstrated to induce autophagy by another mechanism that is through its small surface
protein (SHB). In this mechanism, HBV utilizes its various structural proteins to alter the
process of autophagy. The SHBs induce autophagy by triggering ER stress, which in turn
activates autophagy through unfolded protein responses (UPR) [107]. Additionally, HBV
infection was demonstrated to utilize autophagy for its envelopment [20]. Therefore, the most
specific mechanism used by HBV for its replication via autophagy induction is remains
unclear. However, the involvement of autophagy in DNA replication and envelopment is

believed to contribute enhanced viral replication.
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The involvement of autophagosomes in viral replication in other viruses has also been
demonstrated in various studies. HBV and HCV induce the formation of autophagosomes but
prevent their fusion with lysosomes to inhibit degradation of the enclosed constituents. This
mechanism helps the virus to replicate inside or on the surface of autophagosomes without
being degraded or eliminated [108]. Figure 2.5 is a general representation of how HBV and

HCV exploit the process of autophagy to promote their replication.
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Figure 2.5: Autophagy exploitation by HBV (Adapted from Schneider and Cuervo,
2014) [108]. HBV and HCV take advantage of the process of autophagy by disrupting the
fusion of lysosomes and autophagosomes in order to prevent their degradation in
autophagolysosomes. However, with the use of autophagy blockers, viral replication and
infectivity could be hampered and that would ultimately reduce the disease burden

2.4 Autophagy-related gene 5 (ATG5): An essential autophagy regulator

ATG5gene is located at the long arm of chromosome number 6 (6g21). The gene is 141.34 kb
in size with 10 exons. This gene encodes autophagy protein 5, ATG5 which is 275 amino
acids long. ATG5 (Lys 149) binds covalently to ATG12(C-terminal Gly 186) to form a
functional ATG12~AATGS5 conjugate with the help of the enzymatic reactions catalyzed by
ATG7 and ATG10. Furthermore, the ATG12~ATG5 conjugate binds noncovalently to
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ATG16L1 and forms a complex (ATG12~ATG5-ATG16L1) that acts as an E3 ligase
facilitating an ATGS8-PE (phosphatidylethanolamine) conjugation reaction required for
autophagosome expansion [109-111]. ATG12 or ATG5-ATG16L1 alone do not function like
an E3 enzyme for ATGS8-PE ligation. Therefore ATG12~ATG5-ATG16L1 complex
formation is essential for autophagosome biogenesis [111]. Moreover, in yeast as well as in
mammalian cells, the inactivation of the ATG12 conjugation system leads to more
dysfunctional autophagosome formation when compared to the effect of an inactivated ATG8
conjugation system, suggesting the key role that ATG12 plays in this system [39]. Also, in
the autophagy process, the ATG12~ATG5 conjugate is considered to be the only E3-like
enzyme for LC3 lipidation, in contrast to the various E3 ligases found in the ubiquitin-
proteasome pathway [110]. Therefore, ATG5 has an indispensable role in accelerating the

formation of the ATG12-ATG5 conjugate that is critical for the autophagosome formation.

ATG5 deficient mice die within 1 day of birth during the early neonatal starvation period
highlighting the importance of the process of autophagy [112]. Another study demonstrated
that mosaic deletion of ATG5 in mice leads to the development of multiple benign tumors in
the liver [113]. While podocyte-specific deletion of ATGS5 leads to glomerulosclerosis,
accumulation of ubiquitin, p62 and mitochondria in aging mice revealing the influence of
autophagy over glomerulopathy and mitochondrial maintenance. ATG5 is also essential for
mitochondrial maintenance in the parasite Leishmania. Leishmania mutants lacking ATG5
were not able to differentiate normally and developed dysfunctional mitochondrion that

resulted in reduced virulence of the mutants [114].

Autophagic machinery is also involved in the processing and presentation of intracellular
antigens for the MHC Il by dendritic cell [115, 116]. A study provided evidence for the
essential requirement of ATG5 in antigen presentation by dendritic cells in vivo [117].
Therefore, the autophagy machinery plays an important role in antigen presentation and
hence, could be utilized for better vaccine design [118]. Furthermore, ATG5 has shown to
influence B cell development and maintenance [119]. Moreover, deletion of ATG5 may result
in abnormalities in T-cell development and proliferation [120, 121]. ATG5 deletion also
interferes with normal adipocyte differentiation, which has been demonstrated both in a cell

model as well as in vivo [122].
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Autophagy also has a functional influence on the preimplantation development of embryos in
mammals. The Oocyte-specific ATG5 knockout in mice leads to the disruption in the
development of embryos, which were fertilized by ATG5-null sperm; whereas no disruption
was observed in the development of embryos which were fertilized by wild-type sperm [123].
Also, another study demonstrates an important role of ATG5 in neurogenesis and
organogenesis through functional analysis in zebrafish. Moreover, the study provides
evidence for the essential requirement of ATG5 over ATG12 in the formation of ATG12—
ATGS5 conjugate in zebrafish development [124]. ATGS5 also influences primary ciliogenesis
by eliminating accumulated OFD1 (oral-facial-digital syndrome 1) from centriolar satellites

through the autophagic pathway [125].

In mouse embryos, ATG5 is shown to regulate neural stem /progenitor cell differentiation
[126]. Mice with ATG5 deficient neurons, exhibit degeneration that leads to the buildup of
inclusion bodies in the cytoplasm [127]. On the other side, loss of ATG5 in Purkinje cells
causes axonal swelling due to neurodegeneration in mice [128]. Besides this, another study
demonstrates ATG5 to be essential for astrocyte differentiation in the developing mouse
cortex through the modulation of STAT3 activity [129]. Elevated ATG5 levels also impaired

neuronal development in mice [130].

Accumulating data indicates that ATG5 expression directly influences autophagy levels in
mice, as the systemic deletion of ATG5 leads to complete disruption of the process [112].
Also, overexpression of ATG5 in mice has been shown to enhance autophagic activity [131].
Likewise, ATG5 overexpression is also linked to the pathogenesis of autoimmune
demyelination, multiple sclerosis and HBV infection [132]. In addition to this point, ATG5
expression was also found to be elevated in macrophages of the spleen and kidney and in
peripheral blood mononuclear cells (PBMCs) in patients with Systemic lupus erythematosus
(SLE) [132]. In contrast, ATG5 expression level is found to be strongly down-regulated in

patients with colorectal cancer [133].

A recent study demonstrates the prognostic significance of ATG5 expression levels in
predicting favorable disease-free survival in patients with breast cancer [134]. Moreover,
ATG5 knockdown reduces the oxidative stress (basal as well as drug-induced) due to
camptothecin (CPT) treatment in osteosarcoma (OS) cells highlighting the effect of
autophagy blockage on anticancer drug efficacy [135, 136]. Therefore, the process of
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autophagy plays a significant role in health and human diseases and it could be modulated by

altering ATG5 expression for therapeutic management/treatment of various human disorders.

The various roles of ATG5 have been pictorially represented in Figure 2.6.
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Figure 2.6: The figure represents the essential roles of ATG5 in various cellular

processes highlighting its biological significance.
2.4.1 Autophagy-independent roles of ATG5

The autophagy genes code for autophagy-related proteins that act, coordinate and regulate the
autophagy process at various phases. Interestingly, these proteins participate in additional
cellular processes like cell survival and apoptosis, cell trafficking and signaling, and the
process of transcription and translation [137]. In addition, a very recent study demonstrates
the role of autophagy-related genes in fungal stress response, asexual development and

virulence [138].
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Likewise, ATG5 which was considered to be a cytosolic protein plays important role in the
nucleus of a cell too. There is an evidence for the presence of ATG5 in the nucleus where it
interacts with BIRC5/survivin (an apoptosis inhibitor) in response to DNA-damaging agents
(anti-cancer drugs) and leads to mitotic catastrophe independent of autophagy [139, 140].
These dual roles of ATG5 in the cytoplasm, as well as the nucleus, emphasize its potential as
a therapeutic target and thus should be considered when developing new anticancer
treatments. ATGS also has an essential role in providing cellular immunity to and clearance
of intracellular pathogens like Listeria monocytogenes and Toxoplasma gondii, through
GTPase trafficking independent of autophagy [141]. Moreover, ATG5 also function to
protect against Mycobacterium tuberculosis (Mtb), by preventing (polymorphic mononuclear
cells, PMN)-mediated immunopathology, highlighting the autophagy-independent
contribution of ATG5 in controlling infection [142]. In contrast to this bactericidal activity,
the conjugate ATG5-ATG12 has been shown to impede innate antiviral immune responses
promoting viral replication in cells [143]. Furthermore, ATG5 after calpain-mediated
cleavage increases the susceptibility of the cell to apoptosis establishing a link between the
process of autophagy and apoptosis [144, 145]. Such additional activities of ATG5 emphasize

its biological significance.
2.4.2 ATGS interaction partners and its implications

The primary role of ATGS5 is to conjugate with ATG12 and ATG16L1 to form a complex that
behaves like an E3 enzyme and facilitate the attachment of phosphatidylethanolamine to the
C-terminus of Atg8, which is the most crucial phase for autophagosome formation [146].
Different interaction partners such as TECPR1 and ATG3 have also been reported to interact
with ATG5 and participate in autophagosome maturation process [147-149]. The interaction
of ATG5 with BIRC5/survivin, which has already been discussed is a major finding as it
exposed the presence of ATGS5 in the nucleus, which was earlier considered to be a cytosolic
protein only. Such interactions of ATG5 could be modulated and studied to provide better
understanding of the various associated molecular links [139].

Recently, RACK1 (Receptor Activated C-Kinase 1) protein was found to be another
interacting partner of ATG5 that helps to regulate the autophagy pathway [150]. RACK1
interacts with ATG5 and induces autophagy during starvation conditions and any hindrance

in their interaction leads to autophagy inhibition highlighting the importance of their
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interaction [150]. Another protein, Caveolin-1 (Cav-1), interacts with ATG5 and ATG12 and
even their active ATG5-ATG12 conjugate to suppress/deactivate the functional activities of
ATG5, and its conjugate ATG5-ATG12. This interaction has been demonstrated in lung
epithelial cells and overall, results in autophagy inhibition [151]. Therefore, the Cav-1 and
ATGS interaction regulate the autophagy process and hence it could be modulated for better

management of various lung disorders.

Moreover, the transcription and phosphorylation of ATG5 by p73 and p38 respectively,
regulate the process of autophagy and are eventually involved in the maintenance of
homeostasis in organisms following environmental stress. As observed in the studies, lack of
p73 inhibits transactivation of ATG5 leads to disturbed hepatocellular lipid metabolism in
mice explaining the significance p73-ATG5 axis in regulating lipid metabolism [152].
Similarly, another study revealed the role of p38 in controlling ATG5 activity through
phosphorylation and consequently as a negative regulator of the maturation of
autophagosome and hence autophagy [153]. Likewise, there are various important regulatory
elements, transcription factors and their binding sites, and post-translational modification
sites in ATG5 that may influence its activity. Such regulatory signatures of ATG5 could be
targeted to alter its expression/activity for the treatment of different ailments [154].

Furthermore, ATG5 interacts with FADD (Fas-associated protein with death domain), leads
to autophagic cell death by inducing IFN-gamma revealing the dual role of ATG5 in
autophagy as well as in autophagic inducing cell death activity [155]. Besides this, ATG5
interaction with a protein, Rab33B, is required for HBV naked capsid formation and releases
revealing the involvement of the process of autophagy in viral capsid biogenesis as well as
exposing the non-autophagic function of ATG5 [156]. In the case of HCV, ATGS5 interacts
with the viral RNA polymerase (NS5B) during the onset of infection favoring viral
replication [157]. Moreover, the ATG5-ATG12 conjugate is also shown to be involved in the
negative regulation of the type | IFN production pathway by interacting with the retinoic
acid-inducible gene 1 (RIG-1) and the IFN-promoter stimulator 1 (IPS-1), which results in
obstruction of innate immune responses and consequently the promotion of viral replication
[143, 158, 159]. Therefore, these studies highlight the significance and medical implications
of ATGS5 in viral infections and expose the various targets that could be exploited to develop

new treatment strategies to overcome increasing viral disease burden.
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The various interaction partners of ATG5 have been pictorially represented in Figure 2.7
along with their associated molecular pathways to emphasize the possible role for the key
autophagy gene ATGS5 in the cell and how viruses might manipulate this process to expose

potential targets for modulation and therapeutic intervention.
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Figure 2.7: Different interaction partners of ATG5 required for accomplishment of

various essential functions and pathways implicated in various human disorders.
2.5 Single Nucleotide Polymorphisms (SNPs) and its implications

Single nucleotide polymorphism (SNP) is a variation of a single nucleotide base at a specific
locus in DNA. The possible nucleotide type on that position of SNP is called ‘allele’. The
polymorphism may have two (bi-allelic), three (tri-allelic) or four alleles (tetra-allelic). The
bi-allelic polymorphism is most common with the minor allele frequency more than 1%

whereas the tri-allelic and tetra-allelic polymorphisms are very rarely found. The most
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frequent allele at the SNP position is called the ‘wild-type’ allele while the second most

frequent is called the ‘mutant’ allele [160].

SNPs are the type of genetic variation which is most commonly found, comprising nearly
1/1000™ of the average human genome (3.3 x 10° bp). There about 10 million SNPs found in

the human genome and on an average, a SNP occurs once in every 300 nucleotides.

The nucleotide base substitution in a SNP can be either a transition (between purines (A>G)

or between pyrimidines (C>T) or Transversion (between purine and a pyrimidine).

The SNPs can be found in the coding region (cSNPs) or the non-coding region (intronic
SNPs-iSNPs). SNPs in the coding region can be of two types: Synonymous SNPs (SSNPs)
and non-synonymous SNPs (nsSNPs). For sSNPs, the base substitution does not lead to a
change in an amino acid or protein sequence. Therefore, these are also called silent
mutations. nsSNPs on the other hand, lead to changes in amino acids resulting in the changes
to the protein; they are also called missense mutations. Another type of nsSNP is called non-

sense mutation in which the substituted amino acid results into a termination codon [161].
2.5.1 SNP detection techniques

There are around 1 million SNPs which have been identified to date. For SNP detection, a set
of biochemical reactions are carried out that determines the exact location of the suspected
SNP and thus to find out its identity. There are four common methods used for SNP

detection/identification:
2.5.1.1 Single-strand conformation polymorphisms (SSCPs) method

In this method, the DNA containing the target SNP is amplified. The amplified product is
denatured and then run on a non-denaturing polyacrylamide gel. The fragments undergo
various conformational changes during the run and would achieve a particular secondary
structure based on their sequence. The fragments containing the target SNP are easily
differentiated on the basis of their different migration pattern. Furthermore, the confirmation
is performed by sequencing. SSCP is a simple technique with 75-95% success rate (variable).
This technique is widely used, is labor intensive and has low throughput [162, 163].

2.5.1.2 Heteroduplex analysis
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The Heteroduplex analysis depends upon the recognition of the duplexes formed after the
reannealing of the denatured PCR product. The Heteroduplex could be easily analyzed over a
gel, which can resolve the conformational changes due to sequence variations. These
sequence variations lead to conformational changes in the double helix that directly affect its
mobility over gel electrophoresis. This method of SNP detection is simple, low cost with a
high success rate (95-100%) [164, 165].

2.5.1.3 Direct DNA sequencing

Through the better availability and improvement of DNA polymerases and other sequencing
reagents, DNA sequencing is considered to be a superior strategy for SNP detection. By the
means of automated sequencing machines, DNA sequencing could be achieved
automatically. Through one experiment much of the information about the target SNP
including its type, location, etc could be easily obtained. These advantages for this method
over other methods, overcomes the limitations of high-quality samples (PCR products) and

expensive instrumentation [166].
2.5.1.4 Variant detector arrays (VDAS)

The VDA technology, SNP identification is done by hybridization of the PCR products to the
oligonucleotides, which are arrayed on a silicon glass DNA chip. The difference between the
hybridization strength of matched and unmatched oligonucleotides is measured for target
SNP identification. A lot of DNA sequences could be rapidly scanned using VDA technique
[164].

2.5.2 Genotyping SNPs

Detection of the genotype of known individual SNPs is called Genotyping. SNPs genotyping
is carried out by using two major methods, the traditional methods or the high throughput
methods. The traditional methods include gel-based methods based on enzymatic digestion or
PCR, for example: Restriction fragment length polymorphism (RFLP) and amplification
refractory mutation system (ARMS). On the other hand, there are high throughput methods
namely, allele discrimination methods (Allele-Specific Hybridization, Allele-Specific Single-
Base Primer Extension), High-throughput assay chemistry (Flap endonuclease-FEN

discrimination, Oligonucleotides ligation).
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2.5.2.1 Traditional Methods

Traditional methods include the gel-based methods for SNP genotyping. RFLP and ARMS

are the two traditional methods for SNP genotyping discussed below.

2.5.2.1.1 Polymerase chain reaction-Restriction fragment length polymorphism (PCR-
RFLP)

PCR-RFLP is one of the first approaches used for SNP genotyping. In this method, the PCR
is carried out to amplify the target DNA sequence containing the SNP. Then, with the help of
restriction enzymes, the amplified product is digested. The digested fragments are resolved
by agarose gel electrophoresis. The banding pattern is observed for each sample, which is

specific to the type of genotype of the individual at a particular locus [167].
2.5.2.1.2 Amplification refractory mutation system (ARMS)

ARMS method is a PCR-based method for genotyping SNPs. It is also known as allele-
specific Polymerase chain reaction (ASPCR). In this method, four different primers are
generated (two forward primers and two reverse primers). The primers are designed to amply
the target sequence containing the SNP but amplification occurs only when the target allele is
present in the sequence. Moreover, the resultant PCR products for both the alleles would vary

in their lengths and therefore could be easily resolved by electrophoresis [168, 169].
2.5.2.2 High throughput techniques

High throughput techniques include SNPs genotyping methods aimed at large scale
association studies that include a number of target SNPs and a large population set. The
genotyping methods are based on the most common high throughput techniques and they are

discussed below.
2.5.2.2.1 Allele-specific hybridization (ASH)

For this method, two probes (oligonucleotides) are designed specific to the two different
alleles in the target sequence. These probes bind to the target sequence only when there is a
perfect match. During the reaction (under optimum conditions) even a single mismatch
prevents the annealing of the allelic probe to the target sequence. As there is no use of
restriction enzymes, the hybridization method is considered to be the simplest method of SNP
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genotyping [166]. Examples of high throughput techniques based on ASH include the 5'
nuclease or the TagMan assay, enhanced version of ASH - dynamic allele-specific

hybridization (DASH), molecular beacon probes and the scorpion analysis [170].
2.5.2.2.2 Enzymatic cleavage- Flap endonuclease (FEN) discrimination

Unlike RFLP, the cleavage-based assay known as the Invader assay has high throughput
potential for SNP genotyping. The Invader assay is an enzyme based method to detect SNPs
with high specificity. The method utilizes two oligonucleotide probes (the invader probe and
the allele-specific probe) and an enzyme flap endonuclease (FEN). The allele-specific probe
and the invader probe hybridize with the target sequence in the presence of the SNP to form a
tripartite structure that is then recognized and cleaved by a FEN enzyme called Cleavase.
However, no cleavage occurs in the absence of a SNP. The cleavage can be detected by
fluorescence techniques or by mass spectrometry [171]. Other detection systems for high
throughput SNP genotyping technologies include capillary electrophoresis, DNA arrays and
pyrosequencing [166].

2.5.3 Applications of SNPs

SNPs are the most abundant genetic polymorphisms that can affect an individual’s
susceptibility to different diseases or infection with different pathogens. SNPs also influence
the effect of various drugs or vaccines in an individual. With the advancement in SNP
detection/genotyping technology and its accessibility, more SNPs are being linked to human
diseases. SNPs play important role in various aspects of biomedical research and
pharmacogenomics discussed in the following section.

2.5.3.1 Biomedical research

Various genetic association studies are helpful in predicting the link of a genetic variant with

the disease risk, progression, outcome or even treatment response.
2.5.3.2 Genome-wide association study

In general, a genome-wide association study (GWAS), mainly explores associations between
the SNPs and major human diseases. In GWAS, the entire genome is investigated in order to
identify SNPs or other DNA variants associated with a disease. The findings from a GWAS

could elucidate the pathophysiology of various diseases and facilitate the development of
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personalized medicine in which a patient is given treatment based on his genotype. For
example, a GWAS study identified a polymorphism (3 kb upstream of IL28B) to be
significantly associated with treatment response (PeglFN and RBYV) in patients suffering
from chronic HCV (genotype 1) infection [9, 172].

2.5.3.3 Candidate gene approach

In order to conduct the genetic association study, the candidate gene approach targets pre-
specified genes that are linked to the disease. Therefore, such SNPs in the selected genes are
genotyped to find out their association with the disease susceptibility, progression or outcome
in the patients [173, 174]. Such polymorphisms in the selected genes are hypothesized to
increase an individuals’ risk of developing the disease or in protecting the patient from the
disease. Moreover, the susceptible genetic variants could be further investigated to study their

role in treatment/drug response [175, 176].
2.5.3.4 Linkage disequilibrium analysis

Linkage disequilibrium (LD) is the correlation of SNPs that are positioned in proximity to
each other. LD analysis of the genome provides information the population history, the
breeding system and the pattern of the geographic subdivision. LD of a particular pair of loci
or in a genomic region also reveals the history of natural selection, gene conversion, mutation
and other forces that cause gene-frequency evolution. Overall the LD can provide
information about the evolutionary history that could be used as a basis for association
studies and for mapping genes in humans and in other species [177]. LD could also be used to
locate genes that affect quantitative traits (QTL) [178]

2.5.3.5 Forensics

Due to various advantages of SNPs like their abundance in the genome, low mutation rate,
the availability of easier and faster methods of detection they represent excellent markers in
forensic research. Moreover, small DNA samples could be utilized for a forensic

investigation [179].
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2.6 ATG5 polymorphisms and various human disorders

Recent genome wide association studies reveal genetic polymorphism within autophagy
related genes to be convincingly associated with human diseases like Crohn’s disease [41,
180, 181], autoimmune disease like systemic lupus erythematosus (SLE) [182], infectious
diseases [42, 183, 184] neurodegenerative diseases [185], allergy [186, 187], psoriasis [43],
Paget disease of bone [32], Behget's Disease and VKH Syndrome [188], nonalcoholic fatty
liver disease (NAFLD) [189], Huntington's disease [190] and cancer [44, 191-194]. These
studies add to our understanding of the genetic basis of various human diseases by the
identification of certain variants in genes, as well as the involvement of a biological pathway
like autophagy in disease pathogenesis, which could be targeted to develop a novel treatment

strategy or to enhance existing treatment responses in patients.

There are a number of studies that demonstrate the association of polymorphisms of a crucial
gene like ATG5 with the susceptibility to various human disorders. In a recent study,
106774459T>A variant has been identified in a Parkinson’s disease patient, which
significantly enhanced ATG5 gene promoter activity. ATG5 expression was also observed to
be elevated in those patients [125]. Moreover, the SNPs rs12212740 and rs510432 in ATG5
have been linked to asthma pathogenesis. The expression levels of ATG5 were also found to
be elevated in asthma patients [46, 186]. Recent studies demonstrate the association of SNP
rs2245214 with increased susceptibility to thyroid carcinoma [48] and Paget disease of bone
[32]. Moreover, the SNP which has previously been observed to be associated with SLE [47]
has recently been shown to be linked to Behget's disease [188].

Recently, a study reveals the involvement of autophagy in the pathogenesis of Neuromyelitis
Optica (NMO) by demonstrating the association of a genetic variant in ATG5 rs548234 with
the disease. However, the study finds no association of this variant with multiple sclerosis
susceptibility/pathogenesis [195]. The same SNP rs548234 at PRDM1-ATGS5 intergenic
region has also been linked to SLE in the Chinese population [196]. Table 2.3 lists the genetic
polymorphisms in ATG5 studied to be linked with different diseases in human.

More recently, Kim et al., [49], identified a mutation (E122D) in ATG5 that impairs its
conjugation with ATG12 leading to autophagy inhibition and subsequent development of

ataxia highlighting the impact of mutations on protein function and ultimately disease
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manifestation. Overall, these genetic studies highlight the therapeutic importance of

autophagy which could be genetically modulated by targeting ATG5.

Table 2.3: List of ATG5 genetic variants/single nucleotide polymorphisms associated

with different diseases.

Gene variant/ Polymorphism  Disease association Reference
106774459T>A Parkinson’s Disease [197]
rs12212740 Asthma [46]
rss73775 Behcet’s disease [188]
rs510432 Asthma [186]
rs573775 Systemic Lupus Erythematosus (SLE) [47]
rs2245214 Thyroid carcinoma [48]
rs2245214 Paget disease of bone (PDB) [32]
rs548234 Neuromyelitis Optica [195]
PRDM1-ATG5 Systemic Lupus Erythematosus (SLE) [196]
rs548234

2.7 Computational analysis

SNPs within the coding region are considered to be important as they are likely to cause an
amino acid substitution that could have a deleterious or damaging impact over the protein
structure and function leading to disease development. In order to predict such nsSNPs, a

number of computational tools are available.
2.7.1 Databases for data retrieval

Through advancement in high-throughput technology and next-generation sequencing
techniques a huge amount of human genomic information has been generated. There are a
number of resources from which desired data could be retrieved for further research and

analysis. List of databases which could be explored are shown in the Table 2.4.
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Table 2.4: List of databases for retrieval of genomic, SNP or nsSNP data

Database Website

NCBI https://www.ncbi.nlm.nih.gov/

dbSNP https://www.ncbi.nlm.nih.gov/projects/SNP/
UniPROT/SWISS-PROT | http://www.uniprot.org/

RCSB PDB https://www.rcsb.org/pdb/home/home.do
Ensembl http://www.ensembl.org/index.html

OMIM http://www.omim.org/

HGMD http://www.hgmd.cf.ac.uk/ac/index.php
HGVbase http://hgvbase.cgb ki.se

PMD http://pmd.ddbj.nig.ac.jp

dbNSFP http://sites.google.com/site/jpopgen/dbNSFP

2.7.2 Tools for prediction of post-translation modification sites (PTM) sites

There are various web-based tools available for the prediction of post-translation

modification sites (PTMs) for phosphorylation, ubiquitinylation, and palmitoylation and

Calpain cleavage. The list of tools used in our study are shown in Table 2.5.

Table 2.5: List of tools for prediction of post-translational modification (PTM) sites

Tool Website Feature/methods used

NetPhos http://www.cbs.dtu.dk/services/NetPhos/ | Artificial  Neural — Network
(ANN) based method

CSS- http://csspalm.biocuckoo.org/online.php | Clustering and scoring strategy

PALM (CSS) algorithm

BDM-PUB | http://bdmpub.biocuckoo.org/ Bayesian Discriminant Method.

GPS-CCD | http://ccd.biocuckoo.org/. Matrix Mutation (MaM). GPS
2.0 algorithm.
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2.7.3 Tools for predicting the functional impact of nsSSNPs

As nsSNPs result in a change in the encoded amino acid, these can affect the human
physiology in many ways. The substituted amino acid may inactivate enzymes by disrupting
their functional sites or they may alter splice sites leading to the production of defective gene
products [198]. Moreover, nsSNPs may lead to alterations in protein structure, stability,
folding and binding affinity [199, 200]. Overall, they may result in loss of functional
properties of the protein leading to the development of a disease. There are several
computational approaches to predict the function of nsSNPs. The list of tools for the analysis
of the effect of nsSNPs is shown in Table 2.6.
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Table 2.6: List of computational tools for the

protein structure and function

analysis of the impact of nsSNPs on

Toal Website Features/Methods used for prediction

SIFT http://sift jeviorg/ Statistical method using PSSM with
Dinichlet priors

PolyPhen-2 http://genetics bwh harvard.edu/pph2/ Naive Bayes approach coupled with
entropy-based discretization

PredictSNP https:/loschmidt chemt muni cz/predictsnp/ Machine learning methods

MutPred http://mutpred] mutdb org/ Support Vector Machine and Random Forest

I-Mutant2 .0

http://foldmg biofold org/i-mutant/i-
mmtant? () html

Support Vector Machine

1PTREE- http://203.64 84.190:8080/IPTREEr/iptree htm | Rule-Based Decision Tree

STAB

WET-STAB http://bioinformatics myweb hinet net/wetstabh | Weighted decision table method (WET)
tm

DUET http://biosig unimelb edu aw/duet/ Support Vector Machmes (SVM)

CUPSTAT http://cupsat.tu-bs.de/ Use of mean force potentials and stepwise multiple
regression to develop prediction model

SRide http://snide enzim huw/ Prediction 15 based on (A) surrounding
hydrophobicity (B) a quantitative measure of the
number of long-range residue—residue contacts, (C)
stabilization centers and (D) conservation score.

The ConSurf | http://consurf tau ac 11/2016/ Calculation of conservation scores using empirical

server Bayesian method.

PDBsum http://www ebi.ac uk/thomton- Uses PROMOTTF program, PROCHECK, RasMol
srv/databases/cgi- scripts, PROSITE patterns for detailed analysis of
bin/pdbsum/GetPage pl?pdbcode=index html protein structures.

LS-SNP/PDB | http://1s-snp 1cm jhu edw/ls-snp-pdb/ Generates High-quality protemn graphics rendered
with UCSF Chimera molecular visuvalization
software. An auvtomated, high-throughput build
pipeline that systematically maps human nsSNPs
onto Protein Data Bank structures

TM-align https://zhanglab.cemb.med. wnuch edu/TM- TM-score  rotatton mainx and  Dynamuc
align/ Programming (DP

BeAtMuSiC http://babylone ulb.ac be/beatmusic Set of statistical potentials dertved from known

protein structures
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Chapter 3

METHODOLOGY




3.1 In silico analysis

3.1.1 Data mining

National Center for Biotechnology Information (NCBI) was explored for retrieving the
protein sequence for human ATG5 (Protein ID: NP_004840), the 3D protein structure for
ATG5 was obtained from Protein Data Bank (PDB ID: 4GDK). The NCBI and database SNP
(dbSNP) was also surveyed for obtaining SNP information of ATG5.

3.1.2 Prediction of deleterious nsSNPs

The computational methodology followed to achieve this objective is shown in the form of a
flow diagram (Figure 3.1). According to dbSNP, human ATG5 possesses around 7,358
Single nucleotide polymorphisms. This SNP data set was selected as a batch report and
submitted to Sorting Intolerant From Tolerant (SIFT) for prediction of deleterious nsSNPs
[201]. We have used various additional in silico tools that include Polymorphism Phenotype
(PolyPhen2) [202, 203], PredictSNP [204] to predict the impact of nsSNPs on the ATG5
protein function. The impact of the change in amino acid is predicted as tolerated or
damaging/deleterious. The in silico tools calculate the tolerance index and probability scores

which directly depicts the effect of substituted amino acid on the function of the protein.
3.1.3. Linkage disequilibrium and haplotype analysis

The International HapMap project [205] was explored to obtain the genotype data for ATG5
for the CEU (CEPH—Utah Residents with Northern and Western European Ancestry)
population to carry out linkage disequilibrium analysis. Haploview version 4.2 was used for
linkage disequilibrium (LD) analysis. D’ (linkage disequilibrium) and r2 (correlation
coefficient) were calculated and analyzed to find out the genetic association, extent of
recombination and correlation between the different loci. Further, haplotypes were generated

using Haploview 4.2
3.1.4. Prediction of post-translational modification (PTM) sites

Various PTM sites, namely, phosphorylation, ubiquitination, palmitoylation, and calpain-
cleavage were predicted in the ATG5 protein by using different web-based tools. For the
identification of phosphorylation sites, we used the NetPhos algorithm. The serine (S),

threonine (T) and tyrosine (Y) residues were therefore predicted as the various
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phosphorylation sites in ATG5. A tool based on the clustering and scoring strategy for
predicting palmitoylation (CSS-PALM) was used to obtain various palmitoylation sites [206].
Another tool based on the Bayesian Discriminant Method for prediction of ubiquitination
sites (BDM-PUB), was utilized for identifying ubiquitination sites in ATG5. Additionally for
obtaining calpain cleavage sites in ATG5, a Group-based Prediction System-Calpain
Cleavage Detector (GPS-CCD) 1.0 tool was used [207]. In order to annotate the variously
predicted nsSSNPs and PTM sites, we used IBS tool (illustrator of biological sequences) [208]
to create a schematic diagram representing ATG5 protein structure.

Data

mining

G e
|
LN
|_Polyphen-2_|
|_PredictSNP_
| Netphos
| CSSPAM
|_BOM-PUB
| Gpscep

p—
—

SIFT
PolyPhen-2
PredictSNP

NetPhos
CSS-PALM
BDM-PUB

GPS-CCD

IBS

Figure 3.1: Schematic representation of the computational methodology for predicting
nsSNPs and PTM sites in ATGS5. SIFT, PolyPhen-2, and PredictSNP tools were used for the
prediction of nsSNPs, various post-translational modification sites were predicted using
NetPhos for phosphorylation sites, CSS-PALM for palmitoylation sites and BDM-PUB for
ubiquitination sites and GPS-CCD for calpain-cleavage sites. IBS tool was used to annotate
the predicted nsSNPs and PTM sites over protein domain structure.
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3.1.5. Impact of damaging nsSNPs of ATG5 on protein structure and function

Diagrammatic representation of computational tools used to study the impact of predicted
nsSNPs on ATG5 protein structure and function is shown in Figure 3.2. This methodology
was followed to analyze the effect of nsSSNPs on the ATG5 sequence as well as structural
level. For this, we carried out pathogenicity analysis, conservation analysis and stability
analysis of deleterious nsSNPs. Further, mutant structures were generated for computation of

total energy, and prediction of binding affinity change upon mutations (Figure 3.2).

Pathogenecity

MutPred analysis

PDBsum
LS-SNP/PDB Structural
TM-align analysis
SRide

iPTREE-STAB
MINING

WET-STAB Stability
(NCBI, dbSNP) G analysis

CUPSTAT

Pymol = G
SWISS PDB - nergy minimization

VIEWER and total energy
computation

Discovery Studio 4.1
%

BeAtMusSiC Binding affinity

study

Figure 3.2: Diagrammatic representation of computational tools used to study the

impact of predicted nsSNPs on ATG5 protein structure and function [209].
3.1.5.1. Pathogenicity analysis

The nsSNPs leads to amino acid substitutions that may affect protein structure and function
and may ultimately lead to a disease [210]. The nsSNPs that may cause alterations in the
active sites of the protein like the catalytic sites or PTM sites could be detrimental to the
function of the protein. Therefore, such mutations could lead to the development of a disease
[211]. In our study, we used MutPred tool pathogenicity analysis of the predicted nsSSNPs of
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ATG5 (rs34793250 M129V, rs77859116 165V and rs115576116 A95D) of ATG5. For this,
we provided ATG5 protein sequence and the nsSNPs as input to the tool [211].

3.1.5.2. Conservation analysis

For carrying out the conservation analysis of amino acids in ATG5 we used the ConSurf
server [212]. We submitted the ATGS protein structure (PDB ID: 4GDK, chain B) to the
ConSurf server, which carried out multiple sequence alignment (MSA) using MAFFT. By
using CSBLAST as the homolog search algorithm, 150 ATG5 protein homologs retrieved
from the UNIREF90 database. An empirical Bayesian method was utilized by the tool to
calculate the conservation scores which depicts the relative degree of evolutionary
conservation at each site of the protein sequence. The score ranged from a scale of 1-9,
where, the lowest score 1 shows the most variable positions while a score that of 5 indicates

the average conservation and a score of 9 specify the most conserved positions.
3.1.5.3. Stability analysis

Protein stability analysis was carried out in order to investigate the impact of the deleterious
nsSNPs on ATG5 protein structure. Both ATG5 protein sequence, as well as its structure,
was provided as an input to various computational tools to compute protein stability at
sequence and structure level. Protein sequence analysis was done using I-Mutant2.0,
iPTREE-STAB and WET-STAB tools, while, I-MUTANT2, DUET, and CUPSTAT
(Cologne University Protein Stability Analysis Tool) tools analyzed the protein structure for
predicting protein stability. I-Mutant2.0 is a web server based on the support vector machine
(SVM) feature and ProTherm database for calculating the change in protein stability due to
point mutations [213]. The tool can analyze both the protein sequence as well as protein
structure to compute the change in free energy (AAG).Accordingly, the AAG value less than 0
signifies decrease in protein stability, while a AAG value more than O signifies an increase in
the protein stability. iPTREE-STAB is an interpretable decision tree-based method in which
the discrimination and prediction are mainly based on decision tree coupled with, adaptive
boosting algorithm, and classification and regression tree (r)[214]. WETSTAB is a web
server based on a weighted decision table method (WET) for computation of the change in

protein stability on the basis of thermal denaturation, due to single-site mutations [215].
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DUET is another in silico tool that calculates protein stability change due to point mutations
in proteins by analyzing the corresponding protein structure. The two utilizes two integrated
methods, mCSM and SDM, based on SVM [216]. Last but not the least, CUPSAT tool
compute the change in protein stability due to single-site mutations on the basis of factors
that include torsion angle distribution and amino acid-atom potentials that analyze the amino

acid location at mutation site [217].

Furthermore, SRide server was used to identify the stabilizing residues in the protein
structure responsible for maintaining protein stability [218]. Both the native and the mutant
structures were analyzed to detect such stabilizing residues. Various parameters like the
stabilization center (SC), long-range order (LRO), surrounding hydrophobicity (Hp), and
conservation scores are analyzed in order to predict the stabilizing residues in the protein
[219]

3.1.5.4. Structural analysis

The predicted nsSNPs were located and annotated over the corresponding protein structure by
using a web-based tool, LS-SNP/PDB. This server interprets the nsSNPs on the basis of
various parameters that include evolutionary conservation and electrostatic potential, etc
[220]. The nsSNPs were annotated over the protein structure for ATG5, PDB ID: 4GDK
according to the LS-SNP/PDB server. The native structure (4GDK), as well as the mutant
structure, was generated using PyMol and SWISS-PdbViewer [221]. The mutant structure for
individual mutation was named as 4GDKx (with 165V mutation), 4GDKy (for A95D
mutation), and 4GDKz (for M129V mutation). Similarly structures carrying double mutations
were named as 4GDKxy (for 165V + A95D mutations), 4GDKyz (for A95D + M129V
mutations), and 4GDKxz (for 165V + M129V mutations). Also, we generated a mutant
structure with all the three mutations (I65V + A95D + M129V mutations). Further, we used
PDBsum server for overall structural analysis of the x native structure and mutant structures
[222].

In addition, TM align tool was used for the calculation of RMSD value and Tm score and for

comparing the native and mutant structures for structural similarities [223].
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3.1.5.5. Total energy computation

Energy minimization and total energy were computed for the native (4GDK) as well the
mutant structures (mentioned above) using CHARMM force field (Discovery Studio 3.5).
The final potential energy (CHARMM energy), Van der Waals energy, electrostatic energy,
and final RMS gradient was calculated to study the impact of nsSNPs when present
individually or in combinations. The combination of mutations was studied in order to
analyze their effect on protein structure as these could prove more damaging to protein

structure and function than the single mutations [224, 225]
3.1.5.6. Binding affinity analysis

In order to analyze the impact of nsSNPs on the binding affinity of ATG5 protein with its
interacting partners ATG12 and ATG16L1, we utilized an in the silico tool, BeAtMuSic
(http://babylone. ulb.ac.be/beatmusic). This tool predicts binding affinity change due to the
presence of mutations that affect protein-protein interactions and overall protein stability. The
protein native structure, as well as the mutations, were provided as input to the tool. The
calculations were made on the basis of statistical potentials developed from already known
protein structures [226].

3.2. Genotyping of predicted nsSNPs and selected non-coding SNPs of
ATGS5 in HBV infected patients and healthy individuals

3.2.1. Collection of Blood samples from Hepatitis B patients and healthy individuals
(control)

Our study group included 550 HBV infected patients and 250 healthy individuals from North
India. The blood samples were collected from Post Graduate Institute (PGI), Chandigarh.
Duly signed consent forms were obtained from all the subjects before sampling and the study
was conducted with the approval of Institutional Ethics Committee. All the patients’ samples
were tested for various biochemical liver function test (LFT) for enzymes alanine
aminotransferase (ALT) or called serum glutamic pyruvic transaminase (SGPT) and aspartate
aminotransferase (AST), also called as serum glutamic oxaloacetic transaminase (SGOT) and
Bilirubin. The patients were categorized into four groups (Asymptomatic, Acute, Chronic and
Liver cirrhosis) based on clinical diagnosis report. All patients were above 18 years of age

and others who were co-infected with viruses like HIV or HCV and pregnant women were
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excluded from the study group. The same criterions were followed for the healthy donors
(control group) except that they all were HBV negative. The clinical and demographic

characteristics of HBV patients and healthy control group are shown in Table 3.1.

Table 3.1: Clinical and demographic features of HBV infected patients and healthy control

group.

Characteristerics HBYV patients Control group
(550) (250)
Gender
Male (count) 330 120
Female (count) 220 130
Age (Average) 18-75 (37.02) 22-69 (32.6)
Serological and biochemical
parameters
HBsAg + -
HCV - -
HIV - -
AST(IU/L) 100479 28+10
ALT(IU/L) 105+89 30+12

Clinical diagnosis

(Infection stage)

Asymptomatic carrier 140 -
Acute hepatitis 114 -
Chronic hepatitis 256 -
Liver cirrhosis 40 -

HBV: Hepatitis B virus; HBsAgQ: Hepatitis B surface antigen; HCV: Hepatitis C virus; HIV:
Human immunodeficiency virus; ALT: Alanine aminotransferase; AST: Aspartate

aminotransferase (Mean+SD)
3.2.2. Sample processing

Peripheral blood (5ml) was collected from the HBV patients and healthy individuals in
vacutainer tubes with and without anticoagulant (EDTA). For isolation of serum, blood was

collected in a tube without anticoagulant. The tube containing blood was allowed to coagulate
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for 2-3 hours and then centrifugation was carried out at 2000 rpm for 15 minutes. The serum
was isolated without disturbing the settled coagulated blood at the bottom of the tube.
Genomic DNA was isolated from the blood samples, mixed with anticoagulant, using a
standard salting out the procedure with little modifications as described below [227]. The

composition of buffers and reagents used for isolation of DNA is given in APPENDIX B.

Protocol for DNA isolation

e To 300ul of a blood sample, RBC lysis buffer is added (3x the volume of blood) for
the lysis of red blood cells (RBCs). The tube is then kept on the rocker at room
temperature (RT) for 25-30 minutes to permit uninterrupted shaking.

e The tube is then centrifuged at 13000 rpm for 1 minute to get a cream white pellet of
white blood cells (WBCs).

e The supernatant obtained is then discarded and the WBC pellet is re-suspended in
300ul of TE buffer (pH 8.0). A vortex machine could be used for the mixing of the
pellet. After that, 20ul of 10% SDS solution (final concentration (Fc) = 0.62%) is
added. The solution is then incubated at 56°C for 30 minutes in a dry/water bath.

e Then, 150ul of 7.5M ammonium acetate (Fc=2.4M) is added to the solution and
mixed vigorously for about 1 minute using a vortex machine for the precipitation of
proteins.

e The mixture is then centrifuged at 13000 rpm, at RT, for 15 minutes to obtain the
pellet of the precipitated proteins.

e The clear supernatant is then transferred to a fresh tube. To this, chilled absolute
ethanol is added (2x the volume of supernatant). The tube is immediately shaken to
permit genomic DNA precipitation.

e The tube is then centrifuged at 13000 rpm for 10 minutes to obtain DNA pellet.

e The pellet is washed with 150ul of 70% ethanol by centrifugation. The final pellet is
then air-dried at RT for 10-20 minutes.

e The dried DNA pellet is dissolved in the 40ul of TE buffer (pH 7.3) and kept at 65°C
for 10 minutes. The DNA is stored at 20°C until further use.
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3.2.3. Primer designing

Apart from nsSNPs, we also selected three other important non-coding SNPs of ATG5 i.e.
rs2245214, rs12212740 and rs510432 to look for their association with HBV infection
susceptibility. These SNPs of ATG5 have already been shown to be associated with Asthma
[45, 46], Thyroid carcinoma [48] and Paget disease of bone [32]. Specific amplification
primers were designed for detection of the selected SNPs. Such primers were able to amplify
the target sequence containing restriction site at the SNP position. For nsSNP rs115576116
G/T natural restriction site was present at the SNP position, therefore, the natural PCR-RFLP
analysis was carried out for genotyping in the study population. However, for SNPs,
rs34793250, rs77859116, rs2245214, rs12212740, and rs510432, no restriction site was
naturally found at the SNP position. Therefore, we manually designed forward primer to
introduce an artificial restriction site by adding a mismatched base adjacent to the SNP site
which could be then genotyped by Artificial-RFLP (A-RFLP). The general representation of
strategy for designing primers for A-RFLP is shown in Figure 3.3.
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S'-TCCAACAAAGTAGAGAAGAAGATCAAATG*.....3' Native sequence
*SNP(G/A)
l Mutation

5'-TCCAACAAAGTAGAGAAGAAGATCATATG*......3'  Mutant sequence
;'_.l

5..C %‘[ ATG..3) Restriction site
3..GTATAC..5 tor Ndel

5'-A45Ca5 TCCAACAAAGTAGAGAAGAAGATCATAT -3'  Forward primer

5'-TCTACCCTCTTCTGAGAATCTTG-3' Reverse primer
IPCR

Ndel l RFLP

Genotypes

Figure 3.3: The strategy followed for designing primers to incorporate restriction site
for the enzyme Ndel and to genotype rs510432 A/G SNP by PCR-AFLP method.

49



3.2.4. Optimization of PCR conditions

Gradient PCR was performed for each primer set to choose the most optimal annealing
temperature and primer concentration to amplify the target sequence containing the selected
SNP. Total 25ul PCR reaction was prepared that included, 12.5 ul PCR Green Master Mix
(GoTag® Green Master Mix, Promega, Madison, US), and primer (0.25uM) and DNA
template (20ng). The reaction was carried out at different annealing temperatures using the

veriflex option in the thermal cycler/PCR machine (Applied Biosystems, Foster City, CA).
3.2.5. Optimization of RFLP conditions

For RFLP analysis, PCR products were digested with 1-3 units of the respective restriction
enzymes and were incubated at 37 °C, from 2 hours to overnight for selecting the most
optimal enzyme units and digestion conditions. Further, the digested products were analyzed
by agarose gel electrophoresis. For this, the products were run on 2-3% agarose gel
containing ethidium bromide (EtBr) for visualization of various bands for the detection of

different genotypes of respective SNPs.

3.2.6. Genotyping of selected SNPs by PCR-RFLP followed by Agarose gel
electrophoresis

First of all, PCR was performed with the optimized conditions and the PCR products were
run on 1-2% agarose gel containing EtBr to check amplification of the target sequence
containing the selected SNP. Then, RFLP was performed and again the digested products
were run on 2.5-3% agarose gel containing EtBr for detecting different genotypes of
respective SNPs in each sample. The banding pattern after PCR-RFLP was analyzed in all
800 samples, individually.

3.2.7. Haplotype and linkage disequilibrium (LD) analysis

Haplotype and LD analysis for the four selected SNPs of ATG5 (rs34793250, rs2245214,
rs12212740 and rs510432) in both cases and controls was performed using SHEsisPlus
(online version) [228, 229]. The web-based tool uses expectation maximization (EM)
algorithm for the haplotype reconstruction and frequency estimation [230]. The lowest
frequency threshold (LFT) of haplotype analysis was set at 0.03 (default value). Every single
haplotype with a frequency less than this value was discarded in the association analysis. For
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LD analysis, pair-wise D' and R? were calculated for the given loci. P-value of 0.05 was set as

the threshold for significance level.
3.2.8. Statistical analysis

Genotype data was compiled using Microsoft Excel software (Microsoft Corporation) and the
allelic and genotypic frequencies for all the SNPs were calculated. Odds ratios (OR) and 95%
confidence intervals (95% CI) were computed to evaluate the risk associated with alleles and
genotypes. MEDCALC software (https://www.medcalc.org/) was used to calculate an odds
ratio, class interval and p-value for significance level. Power of the study was calculated
using Sampsize calculator ( http://sampsize.sourceforge.net/). Virological and biochemical
data is represented as MeantStandard deviation (SD). One-way analysis of variance
(ANOVA) followed by Dunnett’s multiple comparisons test was carried out by using the
GraphPad Prism version 7.00 (GraphPad Software, La Jolla California USA). P-value less

than 0.05 was considered to be statistically significant.
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Chapter 4

RESULTS




Objective 1: To predict deleterious nsSNPs in the autophagy-related gene ATG5

4.1. Prediction of deleterious nsSNPs

Sorting Intolerant from Tolerant (SIFT), Polymorphism Phenotype (PolyPhen2), and PredictSNP tools were used to predict the deleterious
nsSNPs in ATG5. On the basis of the predicted scores, the nsSNPs could be tolerated or damaging to the protein function. We have identified
3 nsSNPs rs34793250 M129V, rs77859116 165V and rs115576116 A95D among which two nsSNPs rs34793250 (M129V) and rs115576116
(A95D) were found to deleterious to the ATG5 protein function according to the other in silico tools (Table 4.1). We have selected these
nsSNPs to analyze their impact on ATGS5 protein structure and function by various other computational tools (Objective 2) and also selected

them for genotyping in Hepatitis B individuals to find out their link with the infection susceptibility.

Table 4.1: The non-synonymous Single Nucleotide Polymorphisms (nsSNPs) of ATG5 having deleterious effects

SNP INFORMATION SIET PolyPhen-2 PredictS NP
PolvPhen-1  nsSNPAnalvzer PhD-SNP MAPP
SNP Amine  Score Predicted Probability  Predicted impact Prediction Prediction Prediction Prediction
m acid impact SCOoTe
change
334703250 MI120V 100 TOLERATED 0.000 BEMNIGN Deleterious Disease Neuntral Deleterious
77839116 IasV 0.21 TOLERATED 0.000 BENIGN Neutral Neutral Neuntral Neutral
1115576116  A95D 0.32 TOLERATED 0.000 BENIGN Neutral Neutral Deleterious Neutral
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4.2 Linkage disequilibrium analysis predicts significantly linked genetic

variants and haplotypes

We have used a computational tool to detect genetic variants in ATG5 that are strongly
linked with each other. For the haplotype analysis, we selected the SNPs positioned in the
chromosome number 6 and also those which were genotyped in the CEU population were
selected (Figure 4.1). Three different blocks were found in the same loci with a strong
correlation between each other (0.96 between Block 1 and 2, 0.95 between block 2 and 3).
Also, 26 markers were predicted in the first block which was of 38 kb in size. The second
block was 58kb in size and contained 39 markers. The third block had 16 markers and was of
15kb in size (Figure 4.1b). The linkage disequilibrium revealed other important SNPs which
are tabulated and shown in Table 8.1 APPENDIX A.

CTCCCCTACCTGGTCTTTTTTCGAGT .314 CGAAGGGGCCCGTGGCAACCCTTAATCACTAAAGAACTA 363 TACGGCCTATCCTTGG .343

CTCCCCTGCCCGATGTTGGTTCGGAT 196« / CCGGGGGGCCCGTAGCACCTCTCAAGTGCCAGAAAGCTA (118 4—~TGCGGCCTGTCCTTGE .098
CCCCTCTGCTTGGGCTTGTTTCGAAT 157 A CGAGGGGGCCCGTGGCCACCCTCAATCATCAAAAAGCTA 147 +/—CACGGGCTATTCTTGA .167
CTTCCCCGCCTGATGCTGTTTGCAAT .108 K\ TGAGGGGGCTCGCGACAACCCTCAATTATCAAAAAGCTG .087 TGCGGCTTATCCTTGG6 .108
CTCCCATACCTGGTCTTTTGTCGAGT.088§§§CGAAGGGGCCCGTGGCAACCCATAATCACTAAAGAACTA.069 TACGGCCTGTCCTTGG6 .010
TTTTCCCGTCTCATGTCGTTCCGAAC .069 '<\CGAGCACATCTTTGGCAAACTTCCGTTACCGAGATGTCA.069 ~TGTGACTGACCCTCCG .059
CTCCCCTGCCCGATGTTTGTTCGAGT .020/ \\CC666666CCCGTAGTACCTCTCAAGTGCCAAAAAGCTA .078 A\ TGCGGCCTGTCTCTGG .078

TGAGGGGGCTCGTGACAACCCTCAATTATCAAAAAGCTG .011/ \TACAGCCTATCCTTGG.098

.96 .95

Figure 4.1: Linkage disequilibrium (LD) analysis of ATG5. (A) The Haploblock diagram
of the Linkage disequilibrium plot showing 3 blocks having 26, 39 and 16 markers
respectively. (B) The diagram showing the correlation of 0.96 between block (1) and (2) and
correlation of 0.95 between block (2) and (3) of the genotyped SNPs of ATG5.

54



4.3 Several PTM sites predicted in ATG5 which were annotated on the

protein structure.

11 phosphorylation sites were found at the serine (S), threonine (T) or tyrosine () residues

in ATG5 protein sequence through a NetPhos algorithm (Table 4.2).

Table 4.2: Different phosphorylation sites investigated in ATG5

5. No. Name Postion Confextsequence Score Prediction
1 ATGY 66 QEDISEIWFE 0982 =*s*
2 ATGS 106 VHFKSFPEK 0946 *s5*
3 ATGS 225 EVCPSAIDP 0990 *s*
4 ATGS 239 SEHLSYPDN 0963 *s5*
5 ATGS 28 QDEITEREA 0957 *T*
6 ATGS 73 EYEGTPLEW 0682 *T*
7 ATGS 192 RIYQTTTER 0827 =*T*
8 ATGS 193 IYQTTTERP 0397 *T*
9 ATGS 194 YQTTTERPF 0981 *T*
10 ATGS 36 AFPYYIIIP 0907 *Y*
11 ATGS 260 EHISYPDNFE 0506 *Y*

The prediction score = 0.5 was considered as phosphorylated

2 palmitoylation sites were predicted in ATGS as shown in Table 4.3.

Table 4.3: Various palmitoylation sites predicted in ATG5

5. No. D Posttion Peptide
1 ATGS 19 WEGRIPTCFTLYQDE
2 ATGS 128 [EAHFMSCMKEADAL

Overall 7 ubiquitination sites were identified in ATG5 by using BDMPUB web server that
utilizes a Bayesian Discriminant Method for prediction (Table 4.4).
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Table 4.4: Various ubiquitination sites predicted in ATG5

5. No. Name Peptide Posttion  Score
1 ATGS *=MTDDKDVLEDVW 5 093
2 ATGS TLVIDEVKEHFQEKVM 53 082
3 ATGS KVEEHFQKVMRQEDI 58 123
4 ATGS DLLHCPSKDATEAHF 118 0.39
5 ATGS AHFMSCMEKEADATKH 130 0.83
6 ATGY MEKEADATKHESQVIN 136 1.00
7 ATGS EADAIKHESQVINEM 138 1.45

We found 4 Calpain-cleavage sites in ATG5 which were identified using GPS-CCD 1.0 tool
(Table 4.5). Furthermore, we made a schematic representation of protein domain structure
and annotated the predicted nsSNPs and all the PTM sites. Illustrator for Biological
Sequences (IBS) tool was used to create the schematic protein structure and annotation of
various regulatory signatures of ATGS5 [208] as shown in Figure 4.2.

Table 4.5: Various Calpain-cleavage sites identified in ATG5

5. No. Name Peptue Posttion  Score

1 ATGS MEEADAIK | HESQVIN 136 0.6615
2 ATGS PERIYOTT I TERPFIQ 193 0.6846
3 ATGS> PDNFLHIS I IPQPTD 268 0.7808
4 ATGS PDNFLHISI | IPQPTD* 269 0.6500
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Figure 4.2: The various functional sites predicted in the ATG5 protein. Schematic
diagram showing the estimated location of the predicted PTM sites (phosphorylation,

ubiquitylation, palmitoylation, and Calpain-cleavage sites) and the nsSNPs in ATG5 [209].
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Objective 2: To investigate the impact of predicted nsSNPs on the ATG5 protein at

sequence as well as structural levels.

4.4. Conservation profile of the nsSNPs of ATG5.

In order to calculate the conservation rate of each amino acid position in the ATG5 protein,
we have used the ConSurf server. According to the results, the predicted nsSNPs positions
are at the variable sites in the protein. The normalized conservation score for the amino acids
ILE65, ALA95 and MET129 were found as 1.063, 1.307 and 0.241, respectively. The overall
conservation analysis of ATG5 protein chain shows it's various functionally important
residues including the highest and lowest conserved residues as shown in Figure 4.3.The
normalized conservation scores, color and residue variety for all the amino acid residues of
ATGS5 protein is shown in Table 8.2 APPENDIX A.

58



A <2 <[+«

Variable Average Conserved

Figure 4.3: The conservation analysis of ATG5 performed by the ConSurf server. (A)
shows overall conserved as well variable residues in ATG5 (B) represents the highly
conserved residues (C). represents the highly variable residues (D) location of 165 amino
acid (E) location M129 amino acid and (F) represents the location of A95 amino acid (The

color scale represents the conservation scores [9 - conserved, 1 - variable]) [209].
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4.5 nsSNPs destabilize the ATG12-ATG5/ATG16L1 protein complex.

The free energy change value or sign (AAG) is calculated by subtracting the unfolding Gibbs free energy value of the native protein

(kcal/mol) from the unfolding Gibbs free energy value of the mutated protein. According to the ternary classification system, support vector
machine (SVM) in I-MUTANT?2, a AAG value less than 0.5 signify a decrease in the protein stability while a AAG value> 0.5 signify

increased stability [231]. The AAG value was observed to be negative for all the three nSSNPs predicted by different tools as shown in Table

4.6. The negative values indicate lower stability and hence the mutations M129V, 165V, and A95D were found to decrease the protein

stability as predicted from the protein sequence compared to other mutations (M129V and 165V). Similarly, the protein stability was carried
for all the three nsSNPs of ATGS at structural level using three tools (I-Mutant 2, DUET and CUPSTAT). The results show decrease in

protein structure stability upon mutations as indicated by the predicted Gibbs free energy values shown in Table 4.7

Table 4.6: Prediction of change in Gibbs free energy due to the mutations from the ATG5 protein sequence using three computational
tools, -MUTANT2, iPTREE-STAB, and WET-STAB

ATGS IMUTANT2 iPTREE-STAB WET-STAB PREDICTION
nsSNP AAG Value AAG Value AAG Value

(kcal'mol) (kcal'mol) (kcal/mol)
165V -1.53 -1.3200 -1.005 Destahilizing
AB5SD -0.01 -1.1814 -0.312 Destahilizing
MI129V -1.03 -1.6632 -0.312 Destahilizing

AAG =0: Decrease Stability: AAG =0: Increase Stability
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Table 4.7: Prediction of change in Gibbs free energy due to the mutations from the ATG5 protein structure using three
computational tools, I-MUTANT2, DUET and CUPSTAT

ATGS I-MUTANT2 DUET CUPSTAT PREDICTION
Mutations | AAG Value Behtve mCSM SDM DUET Fehtive | AAG Value  Belative solvent

(4GDK (kcal/mol) solvent AAG Value AAG Value COMBINED solvent (kcal'mol) accessibility

structure) accessibility | (kcal/mol) (kcal'mol) AAG Value  accessibility (%)
(%0) {(kcal'mol) (%o)

I65V -0.30 211 -1.024 -0.02 -1.003 18.60 -1.31 21.62 Destahilizing
A95D -1.10 209 -1.064 -1.44 -1.046 17.10 -2.37 245 Destahilizing
M129V -1.16 03 -1 826 -16 -1863 020 -0.69 05 Destahilizing

AAG <0: Decrease Stability; AAG =0: Increase Stability

SRide server was utilized for the identification of various stabilizing residues in the ATGS5 native and the mutant structures. A total of 15

amino acids were predicted as stabilizing residues in the ATG5 protein. However, there were variations in a number of stabilizing residues in

the different mutant structures. Therefore, we have generated the mutant structures that carried individual and the combination of mutations

and analyzed the effect of these mutations in the mutated protein structure. Table 4.8 shows the predicted stabilizing residues in ATG5 native

as well as in mutant structures.

61



Table 4.8: Prediction of stabilizing residues in ATG5 native and mutant structures by

using the SRide server

Modeled Mutadon No. of Listof stahlinng rezidues Efect of Mutation
structures Stahilizing
residues
HMatrve 15 ILE (16}, FRO (17), THR(18), PRO(40), SER{43), PRO(E2),
structre ILE(83), VAL({102), HIS103), LETK135), TYR{134),
HIS(266), ILE(267), SER(268), ILE269).
Mutant 185V 15 ILE(16), PRO{1T), THR(18), PRO(40), SER(43), PROVEY).  No effed
structime ILE(83), VAL({102), HIS103), LEUK135), TYR{134),
HIS(266), ILE(267), SER(268), ILER69)
AG3D 14 ILE(16), PRO{1T), THR(18), PRO40), SER(43), PROYE2).  Loss of amino and SER
ILE(83), VAL{102), HIS(103), LEU{135), TYR{184), (268)
HIS266), ILE(267), ILEC26%)
M129V 15 ILE(16), PRO{1T), THR(18), PRO40), SER(43), PROVEY).  Anune amd LEU (135)
ILE(83), VAL(102), HIS103), TYR{184), PHE(264), replaced with PHE
HIS(266), ILE(267), SER(263), ILE268) (264)
I85V, A95D 14 ILE(16), PRO{1T), THR(18), PRO(40), SER{43), PROE2).  Loss of amuino acd SER.
ILE(83), VAL102), HIS103), LETK135), TYR{1384), (268)
HIS266), ILE(267), ILE26%)
AG3D, 15 ILE(16), PRO{1T), THR(18), PRO(40), SER(43). PRO(8Y),  Anune asmd LEU (135)
MI129V ILE(83), VAL(102), HIS103), TYR{184). PHE(264), replaced with PHE
HIS(266), ILE(267), SER(263), ILE268) (264)
185V, 15 ILE(16), PRO{1T), THR(18), PRO40), SER(43), PROVEY).  Amine acd LEU (135)
M129V ILE(83), VAL(102), HIS103), TYR{184), PHE(2&4), replaced with PHE
HIS(266), ILE(267), SER(268), ILE269) (264)
165V, A95D, 15 ILE(16), PRO{1T), THR(18), PRO(40), SER(43), PRO(EY).  Amine amd LEU (135)
MI129V ILE(83), VAL(102), HIS103), TYR{184). PHE(264), replaced with PHE
HIS(266), ILE(267), SER(268), ILEZ65) (264)
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4.6 Annotation of predicted mutations on the ATG5 protein structure

According to the LS-SNP/PDB database, all the predicted nsSNPs (rs34793250, rs77859116,
and rs115576116) are located at positions M129V, 165V, and A95D, respectively. These
nsSNPs were annotated on the available PDB structure 4GDK as predicted by the database
(Figure 4.4)

Figure 4.4: Representation of predicted mutations on ATG5 protein structure. (A)
4GDK structure containing different protein chains, chain A & D (ATG12), B & E (ATGb),
chain C & E (ATG16L1), (B) ATG5 native structure (chain B) with wild-type residues (165
[red], M129 [yellow] & A95 ([blue]) (C) ATG5 mutant structure 65V, 129V and 95D.
(Green - VAL, purple - ASP, orange - VAL), (D) Native and mutant structures superimposed
(E), (F) & (G) shows 165V, A95D, M129V mutations respectively [209].
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4.7 nsSNPs increased total energy of the ATGI12-ATG5/ATG16L1

complex.

The mutant structures were generated that carried individual mutations and combination of
mutations. Both the native (wild type-without any mutation) and mutant structures (7
structures) were subjected to energy minimizations and then total energy was computed.
CHARMM force field parameter was used for the computation of the same by using
Discovery Studio 3.5. CHARMM energy/potential energy (Kcal/mol), Van der Waals energy
(Kcal/mol), electrostatic energy (Kcal/mol), final RMS gradient was computed for native and
mutant structures (Table 4.9). It was observed that the mutations (M129V, A95D, and 165V)
increased the potential energy of the native structure by 3025.7 Kcal/mol and hence could
destabilize the protein complex. The CHARMM energy of the native structure was observed
to be —52,421.2 (Kcal/mol) and for the mutant structure, it was found to be —49,395.5
(Kcal/mol). The mutation M129V was observed to increase the potential energy of the
complex structure to the maximum that is —49,132.2 Kcal/ mol when compared to other
mutations (165V and A95D) (Figure 4.5).
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Table 4.9: Total energy (CHARMM energy) of the native and mutant structures of ATG5 after energy minimizations (The native

structure and the mutation with the maximum destabilizing effect have been shown in bold)

Structure Force field Potential Vander Waals energy Electrostatic Final EMS gradient
4CDK enersy/CHARMNM (Ecal'mole) enerzgy (Kcal/mole) (Ecal'mole X _{“}

ene1zy (Kcal/mol)

NATIVE CHARMNMI -52421.2 -5618.77 -54038.7 1.36291
I65W CHARMM -49477.7 -5494.97 -50950.5 1.137
A95D CHARNM -49432 -5491.57 -50884 4 1.36632

All 2oV CHARNMNMI -49132.2 -5511.07 -50542.9 1.15829

165V, A95D CHARNM -49330.5 -5492 55 -50740.7 1.17877
A9SD MMI29V CHARNM -49426 3 -5505.35 -50892 1 1.26558
MI129V, 165V CHARNM -49286.5 -5491.13 -50829.7 1.32941
I65V, A95D,
CHARNM -49395.5 -5511.04 -50735.2 1.17018
nM125V

65



Total energy computation
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Figure 4.5: Graphical representation of total energy of native and the mutant
structures. The mutant structures were generated mutations individually(single mutation) as

well as in combinations (double and triple mutations (all three)) [209].
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4.8 nsSNPs decreased binding affinity of the components of the ATG12-ATG5/ATG16L1 complex.

BeAtMuSIC program was used to study the effect of the predicted nsSNPs on the interactions of ATG5 with ATG12 and ATGI16L.
According to the results, all the nsSNPs were observed to decrease the binding affinity of ATG5 with ATG12 and ATG16L1 (Table 4.10).
However, one of the mutations A95D was observed to decrease the binding energy value to the maximum and was predicted to be present at

the interacting interface of ATG5 and ATG16L1 which may have a strong impact on their interaction and hence over its stability.

Table 4.10: The binding energy change observed upon mutations predicted by BeAtMusiC tool

Be AtMuSiC
. . Solvent Solvent
4GDK AAGBind N B o
accessibality accessibality Interface Prediction
(kcalmol) . .
m partrer(s) (%) (m complex) (%a)
Chain AD (ATGI12) + Chain BE(ATGS)
65V 0.31 22.1% 221% No Decreases bindmg affinity
A95D 0.37 71.553 % 71.55% No Decreases bmdmg affinity
M129V 045 0.49 % 0.49 % No Decreases bmdng affinity
Chain BE (ATGS) + Chain CF(ATGI16L1)
65V 0.31 22.1% 22.1% No Decreases bmdmg affinity
A93D 0.84 71.535% 21.59 % Yes Decreases binding affinity
MI129V 0.43 0.49 % 0.49 % No Decreases bindmg affimty
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Objective 3: To genotype the predicted deleterious nsSNPs as well as the selected non-coding SNPs in hepatitis B virus-infected

patients and healthy individuals.

4.9 Genotyping nsSNP rs34793250 T/C [M129V]

The dbSNP was used to retrieve the information of the nsSSNP rs34793250 to design specific primers that contained a restriction site for the

enzyme Rsal at the position of the SNP. The primers pair was checked for their specificity using the BLAST tool [232] and IDT

OligoAnalyzer tool [233]. The Table 4.11 shows the primer sequences, amplified product size and expected fragment sizes after RFLP.

Table 4.11: The primer sequences and expected banding pattern for nsSNP rs34793250 T/C [M129V]. The mutant base in the

forward primer is shown in the lowercase letter.

ATG5 Type Primer sequences Amplified Restriction Genotypes (bp)
SNP 5-3 product size enzyme

(bp)
rs34793250 Missense Forward primer 254 Rsal TT-198, 56

T/C variant
[M129V]

A@5Cas) TGTTTTAAAGCATCAGCTTCTTTCyg
Reverse primer
TGGGTTATTTCAGTGCTAAGAGA

TC-254, 198, 56
CC-254
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4.9.1 Optimized PCR and RFLP conditions

PCR was carried using the specific primers for genotyping the nsSNP rs34793250. For
selecting the optimum annealing temperature and optimal primer concentration, gradient PCR
was carried out initially. For this, the PCR was carried out in different tubes kept at gradient
annealing temperature i: e from 53°C to 57°C. Primer concentration range was also used (5-
15 pmol/ul). Amplified PCR products were run on 1.5% agarose gel containing EtBr. We
obtained a single 254 bp band with the highest intensity at 57°C with which was regarded as
the optimal annealing temperature. Also, 10 pmol/pl primer concentration was found to be
the optimum concentration of forward and reverse primers to amplify the target sequence

containing the nsSNP as shown in Figure 4.6.

L 553884 855368571 - NC

254 bp

Figure 4.6: Agarose gel image for the amplified products obtained after gradient PCR
for nsSNP rs34793250 [M129V]. Lane 1 to lane 6 represents the gradient temperature in
increasing order from 53°C to 57°C. L represents 50bp DNA ladder and NC stands for the
negative control (without DNA sample) used in the reaction. We obtained a bright 254bp

single band without a primer-dimer formation at 57°C with 10 pmol/ul primer concentration.
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4.9.2 PCR-RFLP results

The optimized PCR conditions were used to amplify DNA segments from 550 HBV samples
and 250 controls samples in order to genotype the nsSNP (rs34793250). The optimized PCR-
RFLP conditions are shown in Table 4.12. Thereafter, the PCR products were digested with
Rsal (3 units) by incubating at 37°C, overnight. We observed the homozygous wild-type
genotype TT (198bp and 56bp bands) and heterozygous genotype TC (254bp, 198bp, and
56bp bands) in different HBV as well as healthy control samples. The representative agarose
gel picture is shown in Figure 4.7.

Table 4.12: The optimized PCR conditions for nsSNP rs34793250 T/C [M129V]

PCR Stage Temperature Duration
Initial depaturation 95°C 2 munutes
Denaturation 95°C 45seconds )
Annealng 57°C 1 nunute % 35 cyvcles
Extension 72°C 45 seconds )
Fmal extension 72°C 5 munutes

L TR RTINS SO N Onaa

INEEETT TT TTATT SHaEL TT AT TCTC

254 bp
G G G G5 G5 S E S s E e 198 bp
254bp
product
56 bp

A B
Figure 4.7: The representative PCR-RFLP agarose gel image for genotyping nsSNP
rs34793250 T/C [M129V] in HBV infected and healthy control samples. (A). PCR
amplification gel picture showing 254 bp product obtained in HBV infected samples (Lane 1
to 5). NC represents the negative control used in the reaction (L=50bp DNA ladder) (B).
RFLP analysis of the HBV infected samples (Lane 1 to 12) (L=50bp DNA ladder).
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4.9.3 Allelic and Genotypic frequencies

Genotyping data was compiled and compared for calculating the allelic and genotyping
frequencies in 550 HBV infected and 250 healthy control samples. The nsSNP rs34793250
(T>C) was observed to be associated with HBV susceptibility. The C allele was found to be
significantly associated with HBV risk (OR=3.35, 95% CI=1.31-8.59, p=0.01). The allelic
and the genotypic frequencies obtained are shown in Table 4.13. We estimated the power of
the study using Sampsize calculator by computing odds ratio and minor allele frequency for
the given sample size which was observed to be 62%. Moreover; we found a significant
association of C allele in the asymptomatic, acute and chronic stages of HBV infection. No

association of this SNP was found in cirrhosis patients (Table 4.14).

Table 4.13: Genotypic and allelic frequencies of ATG5 polymorphism rs34793250 (T/C)

in HBV infected cases and healthy control samples. (N = total number of samples)

ATG3SNP s ID HBV Control Odds ratio pvalue

Genotype and allele (N=350) (N =250) [95% CT]

1:34793250 (T=C)
TT 514[93] 245[98] Ref
TC 36[7] 5121 3.43[1.3303 to 8.8538] 0.01
CcC 0[0] 0[0]
T 1064 [97] 495[99] Ref
C 36[3] 5[1] 3.35[1.3065 to 8.5878] 0.01

Sigmificant values (p<0.03) are shown i bold.
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4.9.4 Comparison of Virological and Biochemical parameters with different genotypes

Viral load in different HBV infection categories was co-related with the genotypes of HBV
patients. No significant difference was found in mean viral load between the host genotypes
for this SNP. Although not significant, the low viral load was found in patients with
homozygous mutant genotype CC as compared to homozygous wild-type genotype TT, in all
categories of HBV infection (Table 4.15). Additionally, statistical analysis was carried out to
study the relation between the patient genotypes and biochemical parameters namely, AST,
ALT (Table 4.15). The patients (asymptomatic and chronic stage) with heterozygous
genotype (TC) were found to have high mean ALT level as compared to patients with
homozygous wild-type genotype (TT vs. TC, p= 0.02). The mean AST level was also found
to be significantly high in patients (chronic stage) with heterozygous genotype (TC) than with
homozygous wild-type genotype (TT vs. TC, p= 0.02). We did not find any significant
difference in the mean Bilirubin levels of patients with different genotype (Table 4.15).
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Table 4.14: Genotypic and allelic frequencies of ATG5 nsSNP rs34793250 T/C in

different HBV infection stages and healthy control samples

HBYV infection Genotype Cases Control Odds ratio
Categories and (N=550) N=150) [95% CI] P
(no of samples) Allele ™ o value
TT 129/140 2437230 Ret.
TC 11/140 5250 4.18[1.42 t0 12.28] 0.01
ASTMPTOMATIC CC 0140 0250
(1400 T 269 (96.07%) 403 (99%%) Ref. !
C 11(3.93% 5(1%) 4.05[1.3% 10 11.77] 0.01
TT 106/114 24572350 Ref.
TC 8114 5250 JT071.18 t0 11.57] 0.02
ACUTE cC 114 0250
(114) T 2201(96.40%) 405 (90%%) Feef. !
C 8351 5(1%%) 36116t 11.13] 0.03
TT 2417236 2437230 Ref.
TC 15236 5230 05 [1.09 10 8.52] 0.03
CHRONIC CC 0236 0230
(236) T 407 (97.07%) 403 (999%) Ref. !
C 15 (2.93% 5(1%) 2.99[1.08 to 8.28] 0.04
TT 3840 2437230 Ret.
TC 2/40 5230 238048 t0 13.77] 0.27
CIFRHOSIS cC 0/40 0250
(40) T 78 (97.5%%) 405 (99%%) Fef.
C 202.5%%) 5(1%) 253048 0 13.31] 0.27

p value <0005 was considered significant (shown in bold)
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Table 4.15: Analysis of the virological and biochemical parameters in HBV infected patients with nsSNP rs34793250 (T/C) genotype.

HBYV infection . . Bilirubin
Genotypes Viral load (copies/ml) AST (IU/L) ALT (IU/L)
category p value p value p value (mg/dL) p value
(no of samples) [MeanxSD] [MeanxSD] [Mean+SD]
(no of samples) [MeanxSD]
TT (129) 130+111 0.13" 60+45 0.38" 46x51 0.02" 0.56+0.25 0.36
. TC (11) 77+ 97 48+20 99+190 0.62+0.26
Asymptomatic (140)
CC(0) 0 0 0
TT (106) 1624+1459 0.13" 69451 0.74 87459 0.45 0.92+0.42 0.11
Acute TC (8) 834+429 63+32 71+36 0.68+0.19
(114) CC(0) 0 0 0
TT (n=241) 2151191+3710419 0.23 102+61 0.02" 10472 0.02" 1.1+0.50 0.13
Chronic TC (n=15) 983546+1364270 1564281 166+319 0.94+0.52
(256) CC(n=0) 0 0 0
TT (38) 1890032059 0.80" 168+75.3 0.36" 15485 0.79" 0.92+0.34 0.16
TC (2) +10152697922 118+54 138+26 0.76+0.11
Cirrhosis
CC(0) 45676579+0.71 0 0
(40) 0

A ‘p value’ <0.05 was considered to be statistically significant. Significant values are shown in bold.

74



4.10 Genotyping of nsSNP rs77859116 T/C [165V]

The dbSNP was used to retrieve the information of the nsSNP rs77859116. We have designed specific primers such that they amplify a
region that contains desired restriction site for the enzymes Asel at the SNP position. The primers pair was further checked for their
specificity using the BLAST tool [232] and IDT OligoAnalyzer tool [233]. The Table 4.16 shows the primer sequences, amplified product

size and expected fragment sizes after RFLP.

Table 4.16: The primer sequences and expected banding pattern for nsSNP rs77859116 T/C [165V]. The mutant base in the forward

primer is shown in the lowercase letter.

ATG5 Type Primer sequences Amplified Restriction Genotypes

SNP 5-3 product size enzyme (bp)
(bp)

rs77859116  Missense  Forward primer 259 Asel TT-204, 55

TIC variant CusyA5) CCTTCATATTCAAACCATATCTCALTA TC-255, 204, 55

[165V] Reverse primer CC-259

TATTCAAAATAATGCAAAGAACACGG
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4.10.1 Optimized PCR-RFLP conditions

PCR was carried using the designed primers for genotyping the nsSNP rs77859116. For
selecting the optimum annealing temperature for the primer set, gradient PCR was carried out
initially. For this, the PCR was carried out in 13 different reaction tubes kept at gradient
annealing temperatures, from 48°C to 68°C. Amplified PCR products were analyzed on 1.5%
agarose gel with ethidium bromide. We obtained a single 259 bp band with maximum
intensity at 56°C which was regarded as the optimum annealing temperature. Also, 10
pmol/ul primer concentration was found to be the optimum concentration of forward and

reverse primers to amplify the target sequence containing the nsSNP as shown in Figure 4.8

2

L 48 50 52 54 56 58 60 62 64 6

T

2589bp —> - W e o W e -

Figure 4.8: Agarose gel image for the amplified products obtained after gradient PCR
for the nsSNP rs77859116. Lane 2 to lane 12 represents the gradient temperature in
increasing order from 48°C to 68°C, shown on the top of the gel. L represents 50bp DNA
ladder and NC in lane 13, is the negative control (No DNA template) used in the reaction. We
obtained a bright 259bp single band without a primer-dimer formation at 56°C and hence it

was selected as an optimum annealing temperature for the PCR.
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4.10.2 PCR-RFLP results

The optimized PCR conditions were used to amplify DNA segments from 550 HBV patient
samples and 250 healthy control samples in order to genotype the nsSNP. The optimized
PCR conditions are shown in Table 4.17. The PCR products were digested with Asel
restriction enzyme (2 units, 37°C overnight incubation). We observed only the homozygous
wild-type genotype TT (204bp and 55 bp bands) in HBV infected as well as healthy control

samples. The representative agarose gel picture is shown in Figure 4.9.

Table 4.17: The optimized PCR conditions for genotyping nsSNP rs77859116 T/C [I65V]

PCR Stage Temperature Duration
Imtial denaturation 95°C 2 numutes
Denaturation 95°C 30 seconds )
Annealng 56°C 1 munute % 33 cycles
Extension 72°C 40 seconds |
Fmal extension 72°C 5 nunutes

s ST TS T T
- W 204bp

259 bp

55bp

Figure 4.9: The representative PCR-RFLP agarose gel picture for genotyping nsSNP
rs77859116 T/C [165V] in HBV infected as well as healthy control samples. Lane 1
represents a 50bp DNA ladder; Lane 2 contains the undigested 259 bp PCR product (for

reference). Lane 3-8 contains the Asel digested PCR products from HBV infected samples.
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4.10.3 Allelic and Genotypic frequencies

Genotyping data was compiled and compared for calculating the allelic and genotypic
frequencies. We observed only homozygous wild-type genotype (TT) in all the HBV infected
samples, therefore, we have analyzed only 150 HBV infected and 150 healthy control
samples. The allelic and genotypic frequencies are shown in the Table 4.18.

Table 4.18: Genotypic and allelic frequencies of ATG5 polymorphism rs77859116 (T/C)

in HBV cases and healthy control samples (N = total number of samples).

ATG5SNP rs ID HBV Control Odds ratio p-value
Genotype and allele (N=550) (N =250) [95% CI]

rs77859116 (T>C)
1T 150/150[100] 150/150 [100]
TC 0/150[0] 0/150[0] Not estimable  Not estimable
CC 0/150[0] 0/150[0]
T 300[100] 300[100] Not estimable  Not estimable
C 0 [0] 0[0]
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4.11 Genotyping of nsSNP rs115576116 G/T [A95D]

The dbSNP was used to retrieve the information of the nsSSNP rs77856116. Fortunately, there was a restriction site for enzyme Bglll naturally
present at the position of the nsSNP. Therefore, we selected natural primer pair from the PRIMER BLAST software. The primer pair was
further checked for their specificity using the BLAST tool [232] and IDT OligoAnalyzer tool [233]. The Table 4.19 shows the primer

sequences, amplified product size and expected banding pattern for different genotypes after RFLP.

Table 4.19: The primer sequences, amplified product size, restriction enzyme and expected banding pattern for nsSNP rs115576116
G/T [A95D]

ATG5 Type Primer sequences Amplified product  Restriction enzyme  Genotypes (bp)
SNP 5'-3 size

(bp)
rs115576116 Missense Forward primer 966 Balll GG-966
GIT variant AATTGGGGGAGGGGAACAGA GT-966, 729, 237
[A95D] Reverse primer TT-729, 237

AAACCACCTGATGCCTGGAAA
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4.11.1 Optimized PCR-RFLP conditions

PCR was carried using the designed primers for genotyping the nsSNP rs77859116. For
selecting the optimum annealing temperature for the primer set, gradient PCR was carried out
initially. For this, the PCR was carried out in 6 different reaction tubes kept at gradient
annealing temperatures, from 60°C to 70°C. Amplified PCR products were analyzed on 1.5%
agarose gel with ethidium bromide. We obtained a single 966 bp band with the highest
intensity at 64°C and was regarded as the optimum annealing temperature for amplification

of the region containing the nsSNP as shown in Figure 4.10.

4

60 62 6466 68 70 L NC

966 bp

Figure 4.10: Agarose gel image for the amplified products obtained after gradient PCR
for the nsSNP rs115576116. Lane 1 to lane 6 represents the gradient temperature in
increasing order from 60°C to 70°C. L represents 50bp DNA ladder and NC in lane 8, is the
negative control (no DNA template) used in the reaction. We obtained a bright 966bp single
band without a primer-dimer formation at 64°C and hence it was selected as an optimum

annealing temperature for the PCR.
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4.11.2 PCR-RFLP results

The optimized PCR conditions were used to amplify DNA segments from HBV infected
samples and healthy control samples. The optimized PCR conditions are shown in Table
4.20. The PCR products were digested with

Bolll restriction enzyme (1 unit, 37°C overnight incubation). We observed only the

homozygous wild-type genotype GG (966 bp) in all the samples screened. The representative
agarose gel picture is shown in Figure 4.11

Table 4.20: The optimized PCR conditions for genotyping nsSNP rs115576116 G/T
[A95D]

PCR Stage Temperature Duration
Tmitial denaturation 95°C 2 nunutes
Denaturation 05°C 30seconds )
Anncaling 64°C 30s L 35 cyeles
Extension 72°C 30 seconds |
Fumal extension 72°C 5 nunutes

L 1 2 3 4

<— 966 bp

Figure 4.11: The representative PCR-RFLP agarose gel picture for genotyping nsSNP
rs115576116 G/T [A95D] in HBV infected as well as healthy control samples. L
represents a 100bp DNA ladder; Lane 2 to lane 4 represents the Bglll digested PCR

products from HBV infected samples.
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4.11.3 Allelic and Genotypic frequencies

Genotyping data was compiled and compared for calculating the allelic and genotypic
frequencies. We observed only homozygous wild-type genotype (GG) in all the HBV
infected as well healthy control samples. Therefore we have analyzed only 150 HBV infected
and 150 healthy control samples. The allelic and genotypic frequencies are shown in the
Table 4.21.

Table 4.21: Genotypic and allelic frequencies of ATG5 polymorphism rs115576116 G/T
[A95D] in HBV infected cases and healthy control samples. (N = total number of samples)

ATG5 SNP HBV Control Odds ratio
p-value
Genotype and allele (N=150) (N =150) [959% CI]

rs115576116 (G>T)

GG 150/150[100] 150/150[100]
Not estimable  Not estimable
GT 0/150[0] 0/150[0]
TT 0/150[0] 0/150[0]
G 300[100] 300[100]
Not estimable  Not estimable
T 0 [0] 01[0]
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4.12 Genotyping of non-coding SNP rs2245214 C/G

The dbSNP was used to retrieve the information of the noncoding SNP rs2245214 C/G to design specific primers that contained a restriction
site for the enzyme Sall at the position of the SNP. The primers pair was checked for their specificity using the BLAST tool [232] and IDT

oligo analyzer. Table 4.21 shows the primer sequences, amplified product size and expected banding pattern for different genotypes after

RFLP analysis.

Table 4.22: The primer sequences amplified product size, restriction enzyme and expected banding pattern for non-coding SNP

rs2245214 C/G. The mutated base in the forward primer is shown in lower case letter.

ATG5 Type  Primer sequences Amplified Restriction Genotypes (bp)
SNP 5-3 product size enzyme
(bp)

rs2245214 Intronic  Forward primer 518 Sall CC-518

CIG variant  C ., A, CACCCCCA CG-518, 462, 56
GCTTTTAAATTTTTATATGAACTTATCAGTCGA (GG-462, 56
Reverse primer
GCTCCTAGCCCAGGTTTAGA
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4.12.1 Optimized PCR-RFLP conditions

PCR was carried using the designed primers for genotyping the SNP rs2245214 C/G. For
selecting the optimum annealing temperature for the primer set, gradient PCR was carried out
initially. For this, the PCR was carried out in 6 different reaction tubes kept at gradient
annealing temperatures, from 54°C to 64°C. Amplified PCR products were analyzed on 1.5%

agarose gel with EtBr. We obtained a single 518 bp band at 60°C which was selected as the

optimum annealing temperature for amplification of the region containing the SNP as shown

4

54 56 58 60 62 64 L NC

in Figure 4.12

Figure 4.12: Agarose gel image for the amplified products obtained after gradient PCR
for the non-coding SNP rs2245214 C/G. Lane 1 to lane 6 represents the gradient
temperature in increasing order from 54°C to 64°C. L represents 100 bp DNA ladder and NC
in lane 8, is the negative control (without DNA template) used in the reaction. We obtained a
bright 518 bp single band without a primer-dimer formation at 60°C and hence it was

considered to the optimum annealing temperature for the PCR.
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4.12.2 PCR-RFLP results

The optimized PCR conditions and optimal primer concentration were used to amplify DNA
segments from HBV infected samples and healthy control samples. The optimized PCR
conditions are shown in Table 4.23. The PCR products were digested with Sall restriction
enzyme (2 units, 37°C overnight incubation). We observed all the three genotypes;
Homozygous wild-type CC (518 bp), heterozygous genotype CG (518 bp, 462 bp, and 56 bp)
and homozygous mutant genotype GG (462bp and 56bp) in different HBV infected as well as
healthy control samples as shown in Figure 4.13.

Table 4.23: The optimized PCR conditions for genotyping SNP rs2245214 C/G

PCR Stage Temperature Duration

Iutial denatwration 05°%C 2 munutes

Denaturation 95°C 30 seconds )

Annealing 60°C 30 seconds L 35 cycles
Extension 72°C 30 seconds |

Fmal extension 72°C 5 munutes

GC GC GG GC GC GG CC

e )

Figure 4.13: The representative PCR-RFLP agarose gel picture for genotyping SNP
rs2245214 C/G in HBV infected as well as healthy control samples. Lane 1 represents a 50
bp DNA ladder; Lane 2 to lane 8 represents the Sall digested PCR products from HBV
infected samples.
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4.12.3 Allelic and Genotypic frequencies

The non-coding SNP rs2245214 (C/G) was also found to be associated with HBV infection
susceptibility. The G allele was found to be significantly associated with HBV risk as
compared to control samples (OR=1.30, 95%CI1=1.05-1.63, p=0.02; estimated power 50%)
(Table 4.24). Also, we observed significant association in the homozygous (CC vs. GG,
OR=1.93, 95%CI=1.14- 3.27, p=0.02) and recessive genotype models (CC+CG vs. GG, OR=
1.71, 95%CI=1.04-2.82, p=0.03) (Table 4.24). Moreover, the SNP was found to be
significantly associated in the chronic (C vs. G, OR=1.36, 95%CI=1.05 to 1.75, p=0.02;
CG+CC vs. GG, OR=2.03, 95%CI=1.175t03.520, p=0.01; CC vs. GG, OR=2.20,
95%ClI=1.22 to 3.95, p=0.01) and cirrhosis stage (C vs. G, OR=1.66, 95%CI=1.03 to 2.68,
p=0.03; CC vs. GG, OR=3.10, 95%CI1=1.08 to 8.87, p=0.04) of HBV infection while there

was no association found in the asymptomatic and acute stages of infection (Table 4.25)

Table 4.24: Genotypic and allelic frequencies of ATG5 polymorphism rs2245214 (C/G)

in HBV infected cases and healthy control samples. (N = total number of samples)

ATG5 SNP rs ID HBV Control Odds ratio p-value
Genotype and allele (N=550) (N =250) [95% CI]
cC 197[36] 107[43] Ref. /
CG 275[50] 121[48] 1.23[0.8982t0 1.6966] 0.19
GG 78[14] 22[9] 1.93[1.1352 t0 3.2666]  0.02
CG+GG 353[64] 143[57] 1.34[0.9881t0 1.8193]  0.06
CG+CC 472[86] 228[91] Ref. /
GG 78[14] 22[9] 1.71[1.0400 to 2.8204]  0.03
C 669[61] 335[67] Ref, /
G 431[39] 165[33] 1.30 [1.0473t0 1.6336]  0.02

p value <0.05 was considered significant (shown in bold)
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4.12.4 Comparison of virological and biochemical parameters with different genotypes

We observed a wide variation in average viral load in patients with different genotype in all
categories of HBV infection. In asymptomatic stage, mean viral load was found to be low,
while in acute, chronic and cirrhosis stages, we found higher mean viral load in patients with
homozygous mutant genotype (GG). Moreover, we found a significant difference between
the mean viral load of patients with CC and GG genotype. However, we did not observe any
significant difference in mean AST, ALT and Bilirubin levels of patients with respect to their

genotypes (Table 4.26).
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Table 4.25: Genotypic and allelic frequencies of ATG5 nsSNP rs2245214 (C/G) in

different HBV infection stages.

HBYV infection categories Genotype and Cases Control Odds ratio [95% ClI] p-value
(no of samples) Allele (N=550) (N=250)

CcC 52/140 107/250 Ref. /

CG 74/140 121/250  1.26 [0.8106 to 1.9536] 0.31
| GG 14/140 29/950 1.31[0.6201 to 2.7652]
CG+GG 88 143 1.27 [0.8282 to 1.9361] 0.48
ASYMPTOMATIC Ref

(140) CC+CG 126 228 ' 0.28
GG 14 29 1.15[0.5692 to 2.3294] 0.69

C 178/280 335/500 Ref. /
G 102/280 165/500 1.16 [0.8562 to 1.5808] 0.33

ccC 41/114 107/250 Ref. /
CG 58/114 121/250  1.25[0.7764 to 2.0157] 0.36
' GG 15/114 22/250 1.78 [0.8417 to 3.7615] 0.13
CG+GG 73 143 1.33[0.8433 t0 2.1046] 0.22

ACUTE
CC+CG 99 228 Ref. /
(114)

GG 15 22 1.57 [0.7818 to 3.1539] 0.20

C 140/228 335/500 Ref. /
G 88//228 165/500 1.28[0.9218 to 1.7669] 0.14

CcC 93/256 107/250 Ref. /
CG 121/256 121/250  1.15[0.7907 to 1.6742] 0.46
" GG 42/256 22/250 2.20[1.2226 to 3.9463] 0.01
CG+GG 163 143 1.31[0.9175 to 1.8746] 0.14

CHRONIC
CC+CG 214 228 Ref. /
(256)

GG 42 22 2.03[1.1752 to 3.5202] 0.01

C 307/512 335/500 Ref. /
G 205/512 165/500 1.36[1.0486 to 1.7529] 0.02

CcC 11/40 107/250 Ref /
CG 22140 121/250  1.77[0.8196 to 3.8163] 0.15
" GG 7/40 22/250 3.10[1.0800 to 8.8701] 0.04
CG+GG 29 143 1.97 [0.9432 to 4.1258] 0.07

CIRRHOSIS

(40) CC+CG 33 228 Ref. /
GG 7 22 2.20[0.8712 to 5.5471] 0.09

C 44/80 335/500 Ref. /
G 36/80 165/500  1.66 [1.0296 to 2.6800] 0.03

p value <0.05 was considered significant. Significant values are shown in bold

88



Table 4.26: Analysis of the biochemical parameters (AST, ALT, and Bilirubin) in HBV infected patients by rs2245214 (C/G) genotype

HBYV infection category Genotypes Viral load (copies/ml) p AST (IU/L) p ALT (IU/L) p Bilirubin (mg/dL) P
(N=no of samples) (n=no of samples) [MeanxSD] value [MeanxSD] value [Mean+SD] value [Mean+SD] value
CC (n=52) 123117 0.66" 61+52 0.72 55+73 0.66" 0.54+0.3 0.37
CG (n=74) 132+108 0717 58+41 0.44" 49+78 0.34™ 0.58+0.2 0.917
Asymptomatic (N=140) GG (n=14) 110+106 0.78 50+20 0.61* 36x15 0.51* 0.530.2 0.35"
CG+GG (n=88) 128107 0.56" 57+39 0.42% 47472 0.46" 0.58+0.2 0.76%
CG+CC (n=126) 128+112 0.97% 6046 0.92+ 5176 0.927% 0.56+0.3 0.85%
CC (n=41) 124241242 0.10" 73£76 071" 96+82 0.28" 0.82+0.3 0.09”
Acute CG (n=58) 1718+1517 0.10™ 39+26 0357 83+35 0.29™ 0.97+0.5 0.84™
(N=114) GG (n=15) 1891+1449 0.07* 54+26 0.48* 72441 0.18* 0.84+0.4 0.10*
CG+GG (n=73) 1753+1495 0.35" 6627 0.23% 81+36 0.31% 0.94+0.4 0.53%
CG+CC (n=99) 1520+1422 0.32% 71253 0.67% 8859 0.49% 0.91+0.4 0.41%
CC (n=93) 1926294+3083860 0.73" 116+114 0.23" 117.1+141 0.24" 1.04+.04 021"
Chronic CG (n=121) 2104039+ 4050473 0417 100468 027" 10062 0.53" 1.13+0.6 0.80"
(N=256) GG (n=42) 2430059 +3673920 0.58" 95+34 0.15* 10352 0.21* 1.0620.5 0.32"
CG+GG(n=163) 2192717+ 3939691 0.51% 99+61 0.41* 10159 0.76" 1.11+0.6 0.72%
CG+CC (n=214) 2023733+ 3636201 0.95+% 10792 0.50% 108+105 0.651 1.09+0.5 0.77%
CC (n=11) 169603285+188534786 0.009" 147+49 0.22" 12055 0.11" 0.91+0.4 0.81"
Cirthosis CG (n=22) 3357082456+3796674214 0.71" 185+94 0.77" 172497 0.37" 0.94+0.3 0.87™
(N=40) GG (n=7) 138511072+14932304 <0.001* 15321 0.28* 14979 0.13* 0.88+0.3 0.93"
CG+GG (n=29) 2522638023+1881569975 <0.001% 17682 0.57* 166+91 0.25% 0.92+0.3 0.69%
CG+CC (n=33) 2226041460+1089146366 0.005% 17182 0.71% 120455 0.06F 0.93+0.3 0.99%

* Student’s t test (CC vs. CG), **(CC vs. GG), " (CC+CG+GG), ™ (CG+CC vs. GG), T one-way ANOVA - (b/w all pairs), p value <0.05 was considered significant, ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
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4.13 Genotyping of SNP rs12212740 G/A

The dbSNP was used to retrieve the information of the non-coding SNP rs12212740 G/A to design specific primers that contained a
restriction site for the enzyme Pvull at the position of the SNP. The primers pair was checked for their specificity using the BLAST tool [232]
and IDT OligoAnalyzer tool [233]. The Table 4.27 shows the primer sequences, amplified product size and expected fragment sizes after
RFLP.

Table 4.27: The primer sequences and expected banding pattern after RFLP for SNP rs12212740 G/A. The mutant base in the forward

primer is shown in the lowercase letter.

ATG5 Type Primer sequences Amplified product Restriction Genotypes (bp)
SNP 5-3 size enzyme
(bp)
rs12212740 Intronic  Forward primer 557 Pvull GG-504, 53
G/A variant ~ Cp5) AAGA§) CCGCCG GA-557, 504, 53
ATTTTTAAACAAAATGTTAGCAGCT AA-557

Reverse primer
AACCTTGGGCAAGTTATTTGA
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4.13.1 Optimized PCR-RFLP conditions

PCR was carried using the designed primers for genotyping the SNP rs12212740 G/A. For
selecting the optimum annealing temperature for the primer set, gradient PCR was carried out
initially. For this, the PCR was carried out in 11 different reaction tubes kept at gradient
annealing temperatures, from 48°C to 68°C. Amplified PCR products were analyzed on 1.5%
agarose gel with EtBr. We obtained a single 557 bp band at 52°C which was selected as the
optimum annealing temperature for amplification of the region containing the SNP as shown

in Figure 4.14.

48 50 52 54 56 58 60 62 64 66 68 L NC

NN - 8 8 = -« -

Figure 4.14: Agarose gel image for the amplified products obtained after gradient PCR
for non-coding SNP rs12212740 G/A. Lane 1 to lane 11 represents the gradient temperature
in increasing order from 48°C to 68°C. L represents 100 bp DNA ladder and NC in lane 13,
is the negative control (without DNA template) used in the reaction. We obtained a bright
557 bp with slightest primer dimer at 52°C and hence it was considered to the optimum

annealing temperature for the PCR.
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4.13.2 PCR-RFLP results

The optimized PCR conditions were used to amplify DNA segments from HBV infected
samples and healthy control samples. The optimized PCR conditions are shown in Table
4.28. The PCR products were digested with Pvull restriction enzyme (3 units, 37°C overnight
incubation). We observed all the three genotypes; Homozygous wild-type GG (504 bp and 53
bp), heterozygous genotype GA (557 bp, 504 bp and 53 bp) and homozygous mutant
genotype AA (557 bp) in different HBV infected as well as healthy control samples. The
optimized agarose gel picture after RFLP is shown in Figure 4.15.

Table 4.28: The optimized PCR conditions for genotyping SNP rs12212740 G/A

PCE Stage Temperature Duration

Initial denatwation 95°C 2 mmmutes

Denaturation 95°C 45seconds )

Annealing 52°C 1 nuonute > 30 cyckes
Extension 72°C 45 seconds |

Fmal extension 72°C 5 nunutes

L 1792306 7

!AAGGAGAA GG AG GG

557 bp - R p—
504 bp - - -_—" @ o

Figure 4.15: The representative PCR-RFLP agarose gel picture for genotyping SNP
rs12212740 G/A in HBV infected as well as healthy control samples. L represents a 100
bp DNA ladder; Lane marked as 1 to lane 7 represents the Pvull digested PCR products from
HBYV infected samples.
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4.13.3 Allelic and Genotypic frequencies

We did not observe any significant association for rs12212740 (G/A) SNPs with HBV
infection susceptibility. Allelic and Genotypic frequencies are shown in Table 4.29.
Moreover, no significant association was found in different categories of HBV infection
(Table 4.30).

Table 4.29: Genotypic and allelic frequencies of ATG5 polymorphism rs12212740 (G/A)

in HBV cases and healthy control samples (N = total number of samples).

ATG5 SNPrs ID HBV Control Odds ratio p-value
Genotype and allele (N=550) (N =250) [95% CI]
rs12212740 (G>A)
GG 500[90.91] 232[92.8] Ref. \
GA 48[8.73] 17[6.8] 1.31[0.7374 t0 2.3275]  0.36
AA 2[0.36] 1[0.4] 0.92 [0.0827 t0 10.1642]  0.95
GA+AA 50[9.09] 18[7.2] 1.29 [0.7356 t0 2.2582]  0.38
GA+GG 548[99.64] 249[99.6] Ref. \
AA 2[0.36] 1[0.4] 0.91 [0.0820 to 10.0693] 0.94
G 1054[96] 481 [96] Ref. \
A 46 [4] 19 [4] 1.10 [0.6405 to 1.9060]  0.72

p-value < 0.05 was considered significant

4.13.4 Comparison of virological and biochemical parameters with different genotypes

We observed a significant difference in the mean viral load of patients with the wild-type
(GG) and mutant genotype (AA) of the patient (acute stage). The average viral load was
observed to be higher in the patient with homozygous mutant genotype (GG vs. AA, 1802+
1614 [n=105] vs. 604+126 [n=8], p=0.03; GG vs. GA+AA, 1802+1614 [n=105] vs. 600+118
[n=9], p=0.04). Moreover, the patients with AA genotype in the acute stage of infection had
higher mean ALT (GG vs. GA, 66+34 [n=105] vs. 107£142 [n=8], p= 0.023) and mean AST
levels (GG vs. GA, 84+44[n=105] vs. 128+147[n=8], p= 0.035).We also found significantly
higher mean Bilirubin level in cirrhosis patients with GA genotype (GG vs. GA, 171+78
[n=36] vs. 142+14 [n=4], p=0.001) (Table 4.31).
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Table 4.30: Genotype frequency distribution of ATG5 polymorphism rs12212740 (G/A)

in different HBV infection stages

HBYV infection Genotype and Cases Control Odds ratio [95% CI] p-value
categories Allele (N=550) (N=250)
n/N n/N

GG 125/140 232/250 Ref. /
GA 14/140 17/250 1.53[0.7292 to 3.2037] 0.26
| AA 1/140 1/250 1.86 [0.1151 to 29.9282 0.66
ASYMPTOMATIC AA+GA 15 18 1.55[0.7537 to 3.1740] 0.23

(140) GA+GG 139 249 Ref. /
AA 1 1 1.79[0.1112 to 28.8640] 0.68

G 264 481 Ref. /
A 16 19 1.53[0.7759 to 3.0339] 0.22

GG 105/114 232/250 Ref. /
GA 8/114 17/250 1.04 [0.4350 to 2.4853] 0.93
| AA 1/114 1/250 2.21[0.1369 to 35.6663] 0.58
AA+GA 9 18 1.10 [0.4804 to 2.5405] 0.81

ACUTE
GA+GG 218 249 Ref. /
(114)

AA 1 1 2.20[0.1366 to 35.5459] 0.58

G 105 481 Ref. /
A 9 19 1.16 [0.5311 to 2.5391] 0.71

GG 234/256 232/250 Ref. /
GA 22/256 17/250 1.28 [0.6642 to 2.4786] 0.45
" AA 0/256 1/250 0.33 [0.0134 to 8.1550] 0.50
AA+GA 22 18 1.21[0.6333 to 2.3186] 0.56

CHRONIC
GA+GG 256 249 Ref. /
(256)

AA 0 1 0.32[0.0131 to 7.9975] 0.49

G 490 481 Ref. /
A 22 19 1.14 [0.6074 to 2.1269] 0.69

GG 36/40 232/250 Ref. /
GA 4/40 17/250 1.52 [0.4828 to 4.7621] 0.48
" AA 0/40 1/250 2.12[0.0849 to 53.1224] 0.64
AA+GA 4 18 1.43 [0.4585 to 4.4729] 0.54

CIRRHOSIS

(“0) GA+GG 40 249 Ref. /
AA 0 1 2.05 [0.0822 to 51.2845] 0.66

G 76 481 Ref. /
A 4 19 1.33[0.4413 to 4.0230] 0.61

p value <0.05 was considered. Significant values are shown in bold.
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Table: 4.31: Analysis of the biochemical parameters (AST, ALT,
rs12212740 (G/A) genotype.

and Bilirubin) in HBV infected patients with ATG5 polymorphism

HBYV infection

category Genotypes Viral load (copies/ml) P AST (IU/L) p ALT (IU/L) p Bilirubin (mg/dL) p
(n=no of samples) [MeanxSD] value [MeanxSD] value [MeanxSD] value [Mean+SD] value
(N=no of samples)
GG (n=125) 131+ 113 0.10* 59+46 0.81* 49474 0.56* 0.56+0.3 0.63*
Asymptomatic GA (n=14) 86+ 75 0.15# 5626 0.81# 61+57 0.65# 0.60+0.2 0.71#
(N=140) AA (n=1) 28 0.217 51+0 0.99+ 240 091t 0.40+0 0.94+
GA+AA (n=15) 82+74 56+25 58+55 0.59+0.2
GA+GG(n=139) 127 +111 59+44 50+72 0.56+0.3
GG (n=105) 1802 + 1614 0.03* 66+34 0.02* 84+44 0.04* 0.90+0.4 0.63*
Acute GA (n=8) 604 + 126 0.04# 107+142 0.06# 128+147 0.19# 0.83+0.3 0.61#
(N=114) AA (n=1) 568 0.031 240 0.09% 23+0 0.13} 0.90+0 0.92+
GA+AA (n=9) 600 =118 98+136 116+142 0.83+0.3
GA+GG(n=113) 1717 + 1585 69+50 87+57 0.90+0.4
) GG (n=234) 2138212 + 3761332 0.42* 105+88 >0.999* 109+102 0.39* 1.09+0.5 >0.999*
Chronic GA (n=22) 1487651 + 1748828 105437 9044 109405
(N=256) AA (n=0) 0 0 0 0
) ) GG (n=36) 2016656546 + 10594197937 0.75* 171478 0.47* 152+89 0.90* 0.86+0.3 0.001*
Cirrhosis GA (n=4) 352635053 + 47398398 142414 158+20 1.40+0.1
(N=40) AA (n=0) 0 0 0 0

* Student’s t test (GG vs. GA), **(GG vs. CC), # (GG+GA+AA), ## (GA+GG vs. AA),T one-way ANOVA (b/w all pairs), p value <0.05 was considered significant (shown in bold), ALT: Alanine aminotransferase;
AST: Aspartate aminotransferase.
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4.14 Genotyping of SNP rs510432 A/G

The dbSNP was used to retrieve the information of the promoter SNP rs510432 A/G to design specific primers that contained a restriction site
for the enzyme Ndel at the position of the SNP. The primers pair was checked for their specificity using the BLAST tool [232] and IDT
oligoanalyzer [233]. Table 4.32 shows the primer sequences, size of PCR product and different fragments after RFLP.

Table 4.32: The primer sequences amplified product size, restriction enzyme and expected banding pattern for SNP rs510432 A/G.

ATG5 Type Primer sequences Amplified Restriction  Genotypes (bp)
SNP 5-3 product size enzyme
(bp)
rs510432 Promoter Forward primer 260 Ndel GG-205, 55
AIG variant A5 Cas TCCAACAAAGTAGAGAAGAAGATCALAT GA-260, 205, 55
Reverse primer AA-260

TCTACCCTCTTCTGAGAATCTTG
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4.14.1 Optimized PCR-RFLP conditions

PCR was carried using the designed primers for genotyping the SNP rs510432 A/G. For
selecting the optimum annealing temperature and primer concentration, gradient PCR was
carried out initially. For this, the PCR was carried out in 6 different reaction tubes kept at
gradient annealing temperatures, from 50°C to 60°C. Amplified PCR products were analyzed
on 1.5% agarose gel with EtBr. Although we obtained bright 260 bp bands at every
temperature, we selected 56°C as the optimum annealing temperature for amplification of the

region containing the SNP as shown in Figure 4.16.

4

L 50 52 54 56 58 60 NC

260 bp

Figure 4.16: Agarose gel image for the amplified products obtained after gradient PCR
for the promoter SNP rs510432 A/G. L represents 100 bp DNA ladder, Lane 2 to lane 6
represents the gradient temperature in increasing order from 50°C to 60°C. NC in lane 8, is
the negative control (without DNA template) used in the reaction. We obtained a bright 260
bp without primer dimer formation at 56°C and hence it was considered to the optimum

annealing temperature for the PCR.
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4.14.2 PCR-RFLP results

The optimized PCR conditions were used to amplify DNA segments from HB samples and
healthy control samples. The optimized PCR conditions are shown in Table 4.33. The PCR
products were digested with Ndel restriction enzyme. We observed all the three genotypes;
Homozygous wild-type GG (205 bp and 55 bp), heterozygous genotype GA (260 bp, 205 bp
and 55 bp) and homozygous mutant genotype AA (260 bp) in different HBV infected as well

as healthy control samples. The representative agarose gel picture is shown in Figure 4.17

Table 4.33: The optimized PCR conditions for genotyping SNP rs510432 A/G.

PCR Stage Temperature Duration

Lutial denatwation 95°C 2 munutes

Denaturation 95°C 40 seconds
Annealing 56°C 1 nuoute » 30 cyclkes
Extension 72°C 40 seconds |

Fmal extension 72°C 5 munute s

AA GA GG AA GA AA GG
260bp —> — T —

€— 205bp

€— S5bp

Figure 4.17: The representative PCR-RFLP agarose gel picture for genotyping SNP
rs510432 A/G in HBV infected as well as healthy control samples. L represents a 100 bp
DNA ladder; Lane 2 to Lane 8 represents the Ndel digested PCR products from HBV

infected samples.
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4.14.3 Allelic and Genotypic frequencies

No significant association was observed for the promoter SNP rs510432 (G>A), in the allelic
model of polymorphism. However, the genotypic frequencies reveal its association with HBV
susceptibility in the heterozygous (GG vs. GA, OR=1.66, 95%CI=1.11- 2.487, p=0.01;
estimated power 22%) and dominant model (GG vs. GA+AA, OR=1.62, 95%CI1=1.10- 2.40),
p=0.02) of polymorphism (Table 4.34). This promoter SNP was also found to be significantly
associated in  asymptomatic  (heterozygous model, OR=2, 95%CI=1.10 to
3.65,p=0.02;dominant model, OR=1.8, 95%CI=.025 to 3.36, p=0.04) and in chronic stage GG
vs. GA, OR=1.81, 95%CI=1.11 to 2.96,p=0.02; GG vs. GA+AA, OR=1.79, 95%CI=.1.19 to
2.90, p= 0.02) of HBV infection while no association was found in the acute and cirrhosis
patients (Table 4.35).

Table 4.34: Genotypic and allelic frequencies of ATG5 polymorphism rs510432 (G>A)

in HBV infected cases and healthy control samples. (N = total number of samples)

ATG5 SNPrs ID HBV Control Odds ratio p-
Genotype and allele (N=550) (N =250) [95% CI] value
rs510432 (G>A)
GG 75[13.64] 51[20.4] Ref. /
GA 388[70.54] 159[63.6] 1.66 [1.1115 to 2.4774] 0.013
AA 87[15.82] 40[16] 1.48[0.8824 to 2.4790] 0.136
GA+AA 475[86.36] 199[79.6] 1.62 [1.0964 to 2.4030] 0.015
GA+GG 463[84.18] 210[84] Ref. /
AA 87[15.82] 40[16] 0.99 [0.6557 to 1.4841] 0.948
G 538[49] 261[52] Ref. /
A 562[51] 239 [48] 1.14[0.9232 to 1.4096] 0.222

Significant values (p < 0.05) are shown in bold.
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4.14.4 Comparison of virological and biochemical parameters with different genotypes

We have found a significant difference in the mean viral load of patients with homozygous
wild-type genotype (GG) and homozygous mutant genotype (AA) in the asymptomatic
category (GG vs. AA, 80.5£71 [n=17] vs. 161+77 [n=17], p=0.004). However, we did not
observe a similar trend in other categories of HBV infection, where the higher viral load was
found in the wild-type genotype (GG) of patients as compared to the mutant genotype (AA).
Also, we did not observe any significant difference in AST, ALT and Bilirubin levels in

patients with respect to their genotypes for this SNP (Table 4.36).
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Table 4.35: Genotypic and allelic frequencies of ATG5 SNP rs510432 (G/A) in different
HBYV infection stages and healthy control.

HBV infection Genotype and Cases Control Odds ratio [95% CI] p-value
categories Allele (N=550) (N=250)
(no of samples)
n/N n/N [%]
GG 17/140 51/250 Ref. /
GA 106/140 159/250 2.00 [1.0961 to 3.6494] 0.024
I AA 17/140 40/250 1.26 [0.5789 to 2.8079] 0.546
ASYMPTOMATIC AA+GA 123 199 1.85 [1.0246 to 3.3557] 0.040
(140) GA+GG 123 210 Ref. /
AA 17 40 0.73 [0.3944 to 1.3348] 0.302
G 140/280 261/500 Ref. /
A 140/280 239/500 1.09 [0.8149 to 1.4634] 0.555
GG 18/114 51/250 Ref. /
GA 75/114 159/251110 1.34 [0.7310 to 2.4436] 0.346
| AA 21/114 40/250 1.49 [0.7002 to 3.1600] 0.302
ACUTE AA+GA 96 199 1.37 [0.7577 to 2.4657] 0.299
(114) GA+GG 93 210 Ref. /
.AA 21 40 1.19 [0.6625 to 2.1213] 0.566
G 111/228 261/500 Ref. /
A 117/228 239/500 1.15 [0.8414 to 1.5748] 0.379
GG 32/256 51/250 Ref. /
GA 181/256 159/250 1.81[1.1107to 2.9635] 0.02
" AA 43/256 40/250 1.71[0.9244 to 3.1755] 0.09
CHRONIC AA+GA 224 199 1.79 [1.1084 to 2.9035] 0.02
(256) GA+GG 213 210 Ref. /
.AA 43 40 1.06 [0.6618 to 1.6972] 0.80
G 245/512 261/500 Ref. /
A 267/512 239/500 1.19 [0.9299 to 1.5230] 0.17
GG 7/40 51/250 Ref. /
GA 26/40 159/250 1.19 [0.4882 to 2.9076] 0.70
W AA 7/40 40/250 1.28 [0.4133 t0 3.9331] 0.67
CIRRHOSIS AA+GA 33 199 1.20 [0.5053 to 2.8887] 0.67
GA+GG 33 210 Ref. /
(40) .AA 7 40 1.11 [0.4606t0 2.6929] 0.81
G 40/80 261/500 Ref. /
A 40/80 239/500 1.09 [0.6811 to 1.7509] 0.71

Significant values (p<0.05) are shown in bold.

101



Table 4.36: Analysis of the biochemical parameters (AST, ALT, and Bilirubin) in HBV infected patients with ATG5 polymorphism
rs510432 (G/A) genotype.

HBV infection category Genotypes Viral load (copies/ml) p AST (IU/L) p ALT (IU/L) p Bilirubin p
(N=no of samples) (n=no of samples) [Mean+SD] value [Mean+SD] value [Mean+SD] value (mg/dL) value
[Mean+SD]
GG (n=17) 81+71 0.11* 60+28 0.93* 52+50 0.87* 0.63+0.2 0.09*
GA (n=106) 128 +118 0.004** 59+44 0.35** 49474 0.44** 0.54+0.2 >0.999**
Asymptomatic (N=140) AA (n=17) 161 +77 0.07# 52421 0.85# 39+46 0.91# 0.63+0.3 0.36#
GA+AA (n=96) 132 +114 0.16## 58+42 0.50## 50£71 0.62## 0.56+0.3 0.23##
GA+GG (n=93) 121+114 0.301 59+42 0.97+ 48+71 0.98% 0.56+0.2 0.46t
GG (n=18) 140141491 0.63* 5630 0.19* 64+34 0.06* 0.90+0.4 0.92*
Acute GA (n=75) 1578+1390 0.60** 73453 0.61** 93+63 0.23** 0.89+0.4 0.79**
(N=114) AA (n=21) 1658+1557 0.60# 6350 0.25# 80+45 0.08# 0.94+0.5 >0.999%#
GA+AA (n=96) 1595+1419 0.75## 7153 0.56## 90+60 0.57## 0.90+0.4 0.62##
GA+GG (n=93) 1547+1401 0.98% 7050 0.73+ 88+60 0.40t 0.89+0.4 0.99t
GG (n=32) 3341376+8903074 0.27* 100+84 0.62* 1224141 0.60* 1.11+0.5 0.84*
Chronic GA (n=181) 2284619+3955857 0.80** 109497 >0.99** 1104113 0.39** 1.09+0.5 0.57**
(N=256) AA (n=43) 2858354+7940397 0.38# 100+37 0.684# 102+48 0.50# 1.05:0.4 0.75#
GA+AA (n=224) 2399366+4987396 0.67## 107489 0.64## 108+103 0.58## 1.08+0.5 0.62##
GA+GG (n=213) 2455472+5066631 0.85t 107495 0.97t 1124117 0.947 1.09£0.5 0.97+
GG (n=7) 321699032+458449347 0.99* 132415 0.24* 145+33 0.97* 1.02+0.3 0.53*
Girrhosis GA (n=26) 275928476+12610352832 0.88** 169+81 0.15** 146x78 0.77** 0.94+0.3 0.36**
(N=40) AA (n=7) 288714934+337461164 0.65# 182+84 0.18# 159+120 0.93# 0.84+0.4 0.423#
GA+AA (n=33) 2265170800+11276081185 0.99## 17481 0.53## 148+88 0.72## 0.92+0.3 0.37##
GA+GG (n=33) 2271767620+11275629199 0.94% 162+74 0.71% 146+80 0.998+ 0.96+0.3 0.83F

* Student’s t test (GG vs. GA), **(GG vs. AA), # (GG+GA+AA), ## (GA+GG vs. AA), T one-way ANOVA (b/w all pairs), ALT: Alanine aminotransferase; AST: Aspartate aminotransferase. p<0.05 was

considered significant.
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4.15 Haplotype and linkage disequilibrium analysis

As we have the complete genotype data of only four SNPs out of the total six SNPs of ATGS5,

therefore, we performed haplotype analysis of only four SNPs (rs34793250, rs2245214,

rs12212740 and rs510432). Five haplotypes were predicted in our study population out of
which three haplotypes TCGA (OR=1.74, p <0.05), TGGG (OR=1.67, p <0.05) and TGGA
(OR=3.97, p value <0.05) were found to be significantly associated with HBV infection

susceptibility as shown in Table 4.37. Linkage disequilibrium (LD) analysis showed a strong
linkage between the nsSNP rs34793250 and the SNP rs12212740 (D'=0.99) The LD plot

obtained for the four SNPs is shown in Figure 4.18.

Table 4.37: Haplotype analysis of 4 SNPs of ATG5 gene genotyped in our population

cases and controls (significant p-value is shown in bold)

Haplotype Case(freq) Control(freq) OR [95% CI] p-value

TCGA 372(0.338) 128(0.353) 1.74 <0.05
[1.378~2.197]

TGGG 283(0.257) 97(0.267) 1.67 <0.05
[1.289~2.156]

TCGG 218(0.198) 94(0.259) 1.24 0.127
[0.946~1.613]

TGGA 140(0.127) 20(0.055) 3.97 <0.05
[2.454~6.411]

TCAA 42(0.038) 14(0.038) 1.56 0.195
[0.844~2.88]

Significant values (p<0.05) are shown in bold.
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Figure 4.18: Linkage disequilibrium among 4 SNPs (rs34793250, rs2245214, rs12212740
and rs510432) of ATG5 gene. In this LD plot, the nsSNP rs34793250 and the non-coding
SNP rs12212740 has shown significant correlation (D'=0.99) of being in linkage

disequilibrium.
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Chapter 5

DISCUSSION




Discussion

5.1 In silico analysis

5.1.1 Prediction of deleterious nsSNPs, other significant genetic variants, and haplotypes

that exist in linkage disequilibrium

nsSNPs is single nucleotide variation in DNA sequence that leads to change in the amino acid
of the encoded protein. The substituted amino acid may prove deleterious to protein function
by altering the protein structure and stability [234]. Subsequently, these polymorphisms could
be damaging to the protein structure and function. However, not all nsSSNPs are detrimental
and lead to disease development. There are a few nsSNPs which lead to structural changes in
the protein but do not disrupt the overall protein function. Such nsSNPs are referred as
tolerant [235]. We have used SIFT tool in order to predict nsSNPs in ATG5 that could have a
deleterious impact on ATGS5 function. Three nsSNPs predicted ATG5, rs34793250 [M129V]
(T/C), rs77859116 [I65V] (T/C) and rs115576116 [A95D] (G/T) were predicted to have
tolerated impact by SIFT and PolyPhen-2. However, the same nsSNPs were found to be
deleterious by PredictSNP. Therefore, these nsSNPs were selected to further analyze their
effect on the protein structure and function in our objective 2 and were genotyped to find out
their association with HBV infection susceptibility.

LD analysis holds great significance in human genetics as it provides information about the
past evolutionary events, the biology of recombination and provides a base for mapping
genes in humans and other species [177]. Moreover, LD uncovers the correlation among
neighboring alleles and reveals the cluster of genetic variations that are inherited together
[236]. The groups of such genetic variants called “haplotypes” are extremely valuable for the
genotype-phenotype investigation. Thus, in our study, we predicted linked genetic variants or
haplotypes of ATG5 that are in linkage disequilibrium (Figure 4.1). We have obtained, three
distinct alternative blocks of different sizes (38 kb, 58 kb and 15 kb). Also, a significant
association was observed among the blocks. We have obtained a total of 26 markers in the
block 1, 39 markers in the block 2 and 16 markers in the block 3. The information revealed
by these LD patterns is implicated in association mapping to find out their link with the
disease susceptibility. The genetic variants that are observed to have a higher frequency in

diseased individuals as compared to the healthy individuals may increase an individual’s
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susceptibility to that particular disease. Hence, such SNPs could be identified for risk analysis

in that population.
5.1.2 Putative functional sites in ATGb5

Posttranslational modifications (PTMs) are believed to have an indispensable role in
regulating a variety of cellular events and have been shown to influence protein-protein
interactions [237]. Moreover, any alterations in PTMs may result in modulation of regulatory
pathway ultimately leading to manifestation in form of a disease [238]. In this context, amino
acid substitutions (nsSNPs) may lead to PTM alterations by disrupting the PTM sites and
may result in disease development [239]. In a study, a mutation in cyclin D1 has been shown
to disrupt the phosphorylation that leads to nuclear accumulation contributing to genesis and
progression of neoplastic growth [240]. Similarly, there are various other studies that analyze
and link PTM associated mutations with disease development [241-243]. Therefore, we have
analyzed PTM sites in ATG5 protein annotated over protein domain structure along with
predicted nsSNPs (Figure 4.2). In this context, we have obtained 11 phosphorylation sites in
ATG5 through the NetPhos algorithm. Phosphorylation has been already demonstrated to
influence ATGS5 function. According to a recent study, phosphorylation of ATG5 is mediated
by p38 leads to the inhibition of autophagy [153]. Also, we have obtained 2 palmitoylation
sites in ATG5 through CSS-PALM server. Palmitoylation has been shown to regulate
proteins trafficking, compartmentalization, and membrane interactions and various cellular
events including apoptosis and cellular signaling [244, 245]. By using BDM-PUB web-based
tool, we obtained 7 ubiquitination sites in ATG5. Ubiquitination is a highly dynamic and
enzymatically catalyzed posttranslational modification that influences various processes, like
cell cycle, protein trafficking, and even the immune responses [246]. On the other hand,
deregulation of ubiquitination has major consequences and is involved in cancer, various

neurodegenerative diseases, metabolic syndrome and other infections [247]

Furthermore, we have predicted a total of 4 Calpain—cleavage sites in ATG5 with GPS-CCD
1.0 tool. Calpain-mediated cleavage has been demonstrated to play a significant role in
several cellular events like cell death/apoptosis [144], cytoskeleton remodeling [248], and the
cell cycle [249]. Calpain activation and cleavage have also been shown to influence the
function of ATGS5. In this context, ATG5 has been shown to switch autophagy into apoptosis

process after its Calpain cleavage [144].
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5.1.3 nsSNPs were found to destabilize the ATG12-ATG5/ATG16L1 protein complex

ATG12-ATG5/ATG16L1 complex is indispensable for the process of autophagy. ATG12-
ATG5/ATG16L1 has an essential role in autophagosome formation. A recent study showed a
mutation in ATG5, E122D inhibits the conjugation between ATG5 and ATG12. Moreover,
ATG5 expression and autophagy flux were also found to be reduced [49]. The study
emphasizes the need to identify such disease-causing variants in order to understand the
pathogenic mechanism of various human diseases. Therefore we performed sequence and
structure-based analysis of the predicted nsSNPs (rs34793250, rs77859116, and
rs115576116). The results indicated the degree of destabilization caused, based on decreased
Gibbs free energy change values obtained from different tools. Both at the sequence and
structural level, we found that all three nsSSNPs decreased the stability of the ATG5 protein as

predicted from the change in Gibbs free energy values (Table 4.6 & 4.7).

Moreover, these nsSNPs resulted in loss or replacement of stabilizing residues in the protein
complex. Though all the predicted nsSNPs increased the energy of the complex, the mutation
M129V was observed to increase the energy to the maximum. Furthermore, we predicted the
change in binding affinity of ATG5 towards ATG12 and ATG16L1 proteins. It was observed
that all the mutations lead to an overall decrease in binding affinity of ATG5 with ATG12
and ATG16L1. On the whole, all the results from different parameters indicated that these
mutations in ATG5 are likely to have a potentially damaging impact over the protein as well

as its complex structure and could play important role in various diseases.
5.2 Genotyping of predicted nsSNPs and noncoding SNPs in HBV infected patients

The selected nsSNPs rs34793250 [M129V] (T/C) and noncoding SNPs were genotyped in
550 HBV infected patients and 200 healthy control samples to find out their role in HBV
infection susceptibility. The target region was successfully amplified through PCR and the
genotyping was done by RFLP followed by agarose gel electrophoresis. Statistical analysis
was done to find out significant differences in the frequencies of the alleles and the genotypes
obtained for selected SNPs in HBV infected as well as healthy control samples. Moreover,
virological (viral load) and biochemical parameters (AST, ALT, and Bilirubin) were

compared with different genotypes obtained for each SNP.
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5.2.1 nsSNPs rs34793250 [M129V] (T/C), and noncoding SNPs rs2245214 (C/G) and
rs510432 (G/A) may increase individuals’ risk for HBV infection

ATG5 rs34793250 (T/C) [M129V]

The nsSNP rs34793250 (T/C) of ATG5 was found to be the most destabilizing mutation as it
increased the total energy of the ATG5-ATG12-ATG16 complex structure to the maximum.
Furthermore, this nsSSNP was observed to be significantly associated with HBV infection
susceptibility. The mutant allele C was found to be significantly linked with HBV risk.
Genotype models of polymorphism were also analyzed to compare genotypic frequencies. A
significant association was found in the Dominant and heterozygous models of
polymorphism. In order to evaluate the role of the mutant allele in the progression of HBV
infection, we compared the observed allelic and genotypic frequencies with different HBV
infection categories. Significant association of C allele was observed in the asymptomatic,
acute and chronic stages of HBV infection. Whereas, no association of this SNP was found in
cirrhosis patients (Table 4.14). However, the odds ratio did not seem to increase with the
increase in the severity of HBV infection, indicating no significant role played by the nsSSNP
in HB progression. Furthermore, viral load in different HBV infection categories was co-
related with the genotypes of HB patients. Also, there was no significant difference observed
in the mean viral load between the host genotypes for this SNP. Although not significant, the
low viral load was found in patients with homozygous mutant genotype CC as compared to
homozygous wild-type genotype TT, in all categories of HBV infection (Table 4.15).
Additionally, statistical analysis was carried out to study the relation between the patient
genotypes and biochemical parameters namely, AST, ALT, and Bilirubin levels (Table 4.15).
The mean AST level was found to be significantly high in patients (chronic stage) with
heterozygous genotype (TC) than with homozygous wild-type genotype. The same pattern
was observed for ALT levels where the patients (asymptomatic and chronic stage) with
heterozygous genotype (TC) were found to have high mean ALT level when compared to
patients with homozygous wild-type genotype. However, no significant variation was

observed in Bilirubin levels in relation to the genotype of patients.
ATG5 rs2245214 (C/G)

The noncoding SNP rs2245214 (C/G), is located within an intron, has already been studied in

tuberculosis [250] [251], systemic lupus erythematosus [252], non-medullary thyroid cancer
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[48] and Paget disease of bone [32]. The SNP was shown to be significantly linked with
increased risk of developing non-medullary thyroid cancer and Paget disease of bone.
However, in a recent study, no significant association was found for rs2245214 SNP with the
distribution and susceptibility of Head and neck squamous cell carcinoma (HNSCC) in
Spanish patients [253].

Also, in another study, this SNP was studied for its influence on trained immunity induced by
Bacillus Calmette-Guerin (BCG) vaccine, both in vitro and in vivo. [254]. Furthermore, this
Intronic polymorphism results in a change of recognition site for a SRp40 protein which is
involved in mRNA splicing [32].Therefore, we have selected this SNP to study its association
with HBV infection susceptibility. According to our results, we found this SNP rs2245214 to
be associated with HBV susceptibility. The G allele was observed to be significantly related
to HBV risk as compared to control samples. Also, we observed a significant association in
the homozygous and recessive genotype models of polymorphism. The allelic and genotypic
frequencies were also calculated in different HBV infection stages. We found the SNP was
significantly associated with the chronic and cirrhosis stages of HBV infection. There was
wide variation in average viral load in patients with different genotype in all categories of
HBYV infection. In asymptomatic stage, mean viral load was found to be low, while in acute,
chronic and cirrhosis stages, the mean viral load in patients with homozygous mutant
genotype (GG) was found to be higher. However, we did not observe any significant
difference in mean viral load, AST, ALT, and Bilirubin levels of patients with respect to their

genotypes when compared with controls.
ATG5 rs510432 (G/A)

The genetic variant rs510432 (G/A) in ATG5 promoter region, found 335bp upstream of the
transcription start site (TSS), is an important polymorphism that has been shown to be
significantly linked with childhood asthma [186]. The disease-associated allele was also
found to enhance the ATG5 promoter activity. Moreover, STAT1 and C-Fos transcription
factors were also identified in the study which has been already studied for their role in
asthma. Furthermore, in the same study, ATG5 mRNA expression was also demonstrated to
be elevated in the nasal epithelial cells of acute asthmatics [186]. In a recent study, the minor
genotype of this promoter SNP rs510432 was linked with an increased risk of atopic diseases

in children, emphasizing its role in the development of atopic march in children [255]. In
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another study [256], the SNP was demonstrated to be linked with increased melanoma stage
and a borderline association was also observed with the presence of non brisk tumor
infiltrating lymphocytes (TIL) in patients. The study highlights the potential of the ATG gene
polymorphisms to be identified as markers of melanoma risk, progression, and/or therapeutic
targets [256]. On the other hand, a very recent study demonstrates the association of the
variant genotype (AA) with decreased risk of Coal Workers’ Pneumoconiosis (CWP) in a
Chinese Population [257]. Another study found out the significant association of the
promoter SNP, with a positive response to adalimumab (ADA) therapy in Crohn’s disease
patients [258]. Recently, the promoter polymorphism was also demonstrated to be associated
with predisposition to sepsis progression and mortality in a Chinese Han population.
Moreover, the study showed the decrease in ATG5 transcription levels in presence of risk
alleles (A) of polymorphism rs510432 by modulating its promoter activity [259]. In our
population, however, no significant association was found for this promoter SNP in the allelic
model of polymorphism. However, the genotypic frequencies reveal its association with
increased HBV infection risk in the heterozygous and dominant models of polymorphism.
This promoter SNP was also found to be significantly associated in asymptomatic and in the
chronic stage of HBV infection. As we did not observe any increase in odds ratio/risk factor
in the chronic stage when compared with asymptomatic stage, we believe that this SNP does
not play role in progression of the infection. Moreover, we did not find any significant
association in the acute and cirrhosis patients. Also, the mean viral load in patients with
homozygous wild-type genotype (GG) in the asymptomatic category (p=0.003) was found to
be significantly higher. However, we did not observe a similar trend in other categories of
HBV infection. Also, AST, ALT and Bilirubin levels in patients were comparable with

respect to the genotypes for this SNP in cases and controls.

Therefore, these ATG5 SNPs (nsSNPs rs34793250 [M129V] (T/C), and non-coding SNPs
rs2245214 (C/G) and rs510432 (G/A)) could be further explored and investigated in other
population to validate their contribution towards HBV infection progression, outcome or

treatment response.

5.2.2 No significant association was observed for the nsSNPs rs77859116 [165V] (T/C),
rs115576116 [A95D] (G/T) and non-coding SNP rs12212740 (G/A) of ATG5 with HBV

infection.
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ATGS rs77859116 (T/C) [165V] and ATG5 rs115576116 (G>T) [A95D]

We did not find any significant relation of the nsSNPs rs77859116 (T>C) and rs115576116
(G>T) of ATG5, with HBV infection susceptibility. Also, for these nsSNPs rs77859116
(T>C) and rs115576116 (G>T) we observed only homozygous wild-type genotype TT and
GG, respectively, in 300 samples (150 cases + 150 controls for each SNP).

ATG5 rs12212740 (G/A)

The noncoding SNP rs12212740 of ATGS is located at intron 3, 7kb downstream and 8kb
upstream of Exon 3 and 4 respectively. The SNP has been already been shown to be
associated with Asthma [46, 260]. However, the functional consequences of this SNP are still
unknown. In our population, we did not observe any significant association of the SNP with
HBYV infection susceptibility or progression. The mean viral load of patients with the wild
type (GG) and mutant genotype (AA) of the patient were compared to find out any significant
difference. The average viral load was observed to be higher in the patient with homozygous
mutant genotype (AA) in acute stage of infection. Moreover, the patients with AA genotype
in the acute stage of infection had higher mean ALT and mean AST levels. However, we
found significantly higher mean Bilirubin level in cirrhosis patients with heterozygous
genotype (GA).

Therefore, these three SNPs (rs77859116, rs115576116 and rs12212740) could be genotyped
in other population groups in order to understand their role in HBV infection and obtain more

conclusive results.
5.2.3 Haplotype distribution and linkage disequilibrium among 4 nsSNPs of ATG5

ATG5 polymorphisms, as discussed earlier, have studied in variety of diseases. The
distribution haplotypes of the promoter polymorphisms of ATG5 —769 T>C rs506027 and —
335 G>A rs510432 and an intronic SNP 830 C>T rs573775, have been already studied and
shown in Asthmatic patients. The results showed no significant association of these SNPs
with Asthma susceptibility. However, GA/AA genotypes in rs510432 were found to be
associated with higher sputum neutrophil count in adult asthmatic patients. Moreover, the two
promoter SNPs; rs506027 (T>C) and rs510432 (G>A) polymorphisms were also observed to
be in complete linkage equilibrium thereby explaining the differential effects of the two

haplotypes (TG and CA) on ATG5 promoter activity in both human airway epithelial cells
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and human mast cell [187]. The same results were also demonstrated by another study where
the sepsis associated polymorphisms haplotype rs506027-rs510432 T-G was shown to
enhance the promoter activity [259]. Therefore, haplotype and linkage disequilibrium
analysis of polymorphisms within a gene or between two genes becomes essential for
understanding the contribution of the linked/unlinked variants in disease pathogenesis. In this
context, another study demonstrates the linkage of ATG5 (rs2245214, C>G) and ATG16
(rs2241880, T>C) polymorphisms in PDB patients. The results indicate that an individual
carrying C allele of the ATG16L1 polymorphism rs2241880 and G allele of ATG5
rs2245214 polymorphism would be at increased risk of getting PDB [32].

In our population, haplotype and linkage disequilibrium (LD) analysis was carried out for
four SNPs of ATG5; rs34793250 [M129V] (T/C), and non-coding SNPs rs2245214 (C/G),
rs12212740 (G/A) and rs510432 (G/A) for which we had the complete genotype data for 550
HBV infected cases and 250 controls. Five haplotypes, TCGA, TGGG, TCGG, TGGA, and
TCAA, were identified by haplotype analysis, for both the groups (cases + controls). Among
these, three haplotypes TCGA, TGGG and TGGA were commonly observed and were found
to be associated in HBV infection (p<0.05), while, the distribution of TCGG and TCAA
haplotypes was not found to be significantly different in the cases and controls (p>0.05). The
associated haplotypes TCGA, TGGG and TGGA contained combination of wild-type and
mutant alleles of the genotyped SNPs and proved to be risk factor of HBV infection.
Moreover, the LD plot reveals a block with significant correlation of linkage disequilibrium
(D'=0.99) between two SNPs (rs34793250-rs12212740). Therefore, the acquisition of these
linked alleles (associated haplotypes) of these important SNPs of ATG5 may increase an
individual’s susceptibility to HBV infection. Further experiments could be carried out in

order to study the effect of identified haplotypes in intervening autophagy process.
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Chapter 6

CONCLUSION




CONCLUSION AND FUTURE PROSPECTIVES

The predicted deleterious nsSNPs by in silico tools, as well as the other noncoding SNPs of
ATGS5, were successfully genotyped in HBV patients as well as in healthy controls. We found
a significant association of the most destabilizing nsSNP rs34793250 (T/C) [M129V] with
HBV infection susceptibility. According to the observed allelic frequency, the C allele may
predispose individuals to HBV infection. Moreover, the SNP was found to be significantly
associated with different HBV infection stages (asymptomatic, acute and chronic). The TC
genotype of this SNP was also found to be significantly related to higher mean AST and ALT
levels in patients.SNP rs2245214 (C/G), located in the noncoding region, was also found to
be linked with HBV infection susceptibility. Thus, the presence of G allele in the genotype of
an individual may increase the risk for HBV acquisition. The third SNP, rs510432 (G/A)
located in the promoter region of ATG5, did not show any association with HBV
susceptibility in the allelic model. However, a significant association has been observed in
the genotypic models (heterozygous and dominant), demonstrating the risk imposed by the
mutant allele. Moreover, the patients with mutant AA genotype had significantly higher mean
viral load. The SNP rs12212740 (G/A) does not play any role in HBV infection as we did not
find any significant association among the different genetic models and stages of infection.
However, the patients with genotype GA were found to have higher mean viral load, ALT
and Bilirubin levels which again points towards the significance of this SNP in HBV

infection.

In summary, the study highlights the important SNPs rs34793250 (T/C), rs2245214 (C/G)
and rs510432 (G/A) in ATGS5 which may increase individuals’ risk of HBV infection. We
have already shown the deleterious impact of the nsSNP rs34793250 over ATG5 protein
structure and function through an in silico approach. The in silico methodology, therefore,
helped in the selection of an important nsSSNP in ATG5 which may increase HBV infection
susceptibility in our study population. The other SNP rs2245214 which is significantly
associated with HBV infection has been already linked to Paget disease of bone and thyroid
carcinoma. Moreover, this polymorphism has been shown to result in loss of recognition site
for a SRp40 protein which is involved in mMRNA splicing. Last but not the least, the ATG5

promoter SNP rs510432, also plays a substantial role in predisposing individuals towards
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HBV infection. Moreover, this SNP constitutes the binding site for two transcription factors
STAT1and C-Fos and therefore it may lead to transcriptional aberrations that could lead to
disease development. Consequently, these three SNPs of ATGS5 have considerable
implications and significance in addition, to being involved in HBV infection susceptibility.
Therefore, further in silico and experimental studies could be carried out to validate the effect
of these nsSNPs on the protein stability, PTMs and binding affinities. Moreover, in silico and
experimental studies could be performed for analyzing the impact of non-coding SNPs on the
splicing events and transcription levels/promoter activity. Additionally, the autophagy levels
could also be detected in patients having particular genotype to analyze their role in altering
the autophagy pathway. Furthermore, replication studies and patient follow up could be done
in order to elucidate the role of SNPs in HBV infection susceptibility, progression, outcome
or treatment. The overall conclusion with future prospectives of the study has been shown in
Figure 6.1. After validation, the SNPs could be utilized as biomarkers for risk analysis or for

the prediction of drug response in patients.
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APPENDIX-A

Table 8.1: The linkage disequilibrium table representing important SNPs.

Sr. Name ObsHET | PhredHET | Hwpval | %Geno | MAF | Alleles
No
1 rs9386514 0.339 0.347 1 90 0.223 T:C
2 rs6920944 0.169 0.155 1 97.8 0.085 CT
3 rs9486301 0.328 0.274 0.3426 96.7 0.164 T:C
4 rs4945747 0.383 0.31 0.1458 100 0.192 CT
5 rs11754416 0.15 0.139 1 100 0.075 CT
6 rs9486302 0.276 0.238 0.6031 97.8 0138 | C:T
7 rs12201458 0.167 0.18 0.9127 100 0.1 C:A
8 rs1885450 0.383 0.31 0.1458 100 0.192 T:C
9 rs698029 0.467 0.486 0.9107 100 0417 | GA
10 | rs11759048 0.164 0.15 1 86.7 0.082 CT
11 rs9486305 0.293 0.25 0.5066 93.3 0.147 CT
12 | rs9373839 0.339 0.347 1 90 0223 | T.C
13 | rs11751513 0.083 0.08 1 100 0.042 CA
14 rs6930834 0.145 0.135 1 88.9 0.073 G:C
15 rs2743556 0.517 0.489 0.9112 100 0.425 GA
16 rs9486306 0.321 0.27 0.3925 90 0.161 T:G
17 rs2245214 0.525 0.491 0.8338 98.9 0.432 C:G
18 rs2299860 0.214 0.191 1 90 0.107 T.C
19 | rs11756379 0.15 0.139 1 100 0.075 T:C
20 rs617994 0.483 0.489 1 100 0.425 GT
21 rs9372120 0.39 0.371 1 98.9 0.246 TG
22 rs2299863 0.179 0.191 0.9644 90 0.107 TG
23 rs1626224 0.15 0.139 1 100 0.075 T:C
24 | rs17587319 0.217 0.193 0.9665 100 0.108 | C:G
25 | rs4945748 0.217 0.193 0.9665 100 0.108 | G:C
26 rs9386516 0.35 0.349 1 100 0225 | AG
27 rs665791 0.482 0.496 0.9936 90 0455 | AG
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28 | rs1769972 0.143 0.133 1 90 0.071 T:.C
29 | rs1769971 0.098 0.093 1 81.1 0.049 | AG
30 | rs1769970 0.17 0.155 1 88.9 008 | G:T
31 rs594819 0.508 0.488 1 98.9 0424 | T.G
32 rs2787521 0.138 0.128 1 95.6 0.069 T:C
33 | rs2787525 0.143 0.133 1 90 0.071 T:C
34 | rs12529488 0.228 0.202 0.9257 94.4 0.114 CT
35 | rs3827644 0.321 0.337 0.9537 90 0214 | GC
36 | rs3804329 0.35 0.349 1 100 0225 | AG
37 rs1475270 0.482 0.496 0.9936 88.9 0455 | GA
38 | rs2787528 0.167 0.153 1 100 0.083 | G:C
39 | rs2743561 0.017 0.017 1 100 0.008 CT
40 | rs13203112 0.017 0.017 1 97.8 0.009 CT
41 rs2787529 0.15 0.139 1 100 0075 | GA
42 rs2743562 0.15 0.139 1 100 0.075 | G:C
43 rs796707 0.161 0.148 1 90 0.08 GA
44 | rs13191943 0.017 0.017 1 98.9 0.008 T:C
45 | rsl769974 0.15 0.139 1 100 0.075 CT
46 | rs12526431 0.214 0.191 1 90 0.107 CT
47 rs2743564 0.153 0.141 1 97.8 0.076 CT
48 | rs1769981 0.143 0.133 1 90 0.071 G:T
49 | rs3804332 0.2 0.18 1 88.9 0.1 T.C
50 | rs9398075 0.316 0.332 0.9246 95.6 0211 | GA
51 | rs10484576 0.217 0.193 0.9665 100 0.108 | GA
52 rs3851210 0.161 0.148 1 90 0.08 CT
53 | rs9486312 0.317 0.267 0.3675 100 0.158 | AC
54 | rs10484577 0.35 0.349 1 100 0225 | AC
55 | rs2757133 0.15 0.139 1 100 0075 | CA
56 | rs3804333 0.321 0.337 0.9537 90 0.214 CT
57 rs1624701 0.143 0.133 1 90 0.071 CT
58 | rs6906688 0.083 0.11 0.338 100 0.058 | T:A
59 rs524428 0.5 0.494 1 90 0.446 CT
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60 | rs17513225 0.136 0.126 1 97.8 0.068 | A:C
61 rs2757132 0.15 0.139 1 100 0.075 | AG
62 rs9373842 0.351 0.352 1 95.6 0228 | TG
63 rs633724 0.518 0.481 0.818 90 0.402 CT
64 | rs9372121 0.35 0.349 1 100 0225 | AG
65 | rs9486314 0.411 0.384 0.9352 90 0.259 CT
66 rs484621 0.482 0.492 1 90 0.438 CT
67 rs2787538 0.161 0.148 1 90 0.08 AG
68 | rs12529626 0.232 0.205 0.9114 90 0.116 | AG
69 | rs2787540 0.143 0.133 1 90 0071 | AG
70 rs547738 0.473 0.492 0.9324 88.9 0436 | AG
71 rs1624009 0.161 0.148 1 90 0.08 AT
72 rs490010 0.482 0.492 1 90 0438 | GA
73 | rs1766200 0.161 0.148 1 90 0.08 CT
74 | rs1769962 0.153 0.141 1 97.8 0.076 T:C
75 | rs10499049 0.2 0.18 1 100 0.1 A:G
76 | rs9486315 0.339 0.282 0.3173 90 0.17 T:C
77 rs2763219 0.518 0.473 0.7223 90 0384 | AG
78 rs543465 0.15 0.139 1 100 0.075 CT
79 | rsl2212740 0.179 0.191 0.9644 90 0.107 | GA
80 | rs17066720 0.018 0.018 1 90 0.009 | G:C
81 rs2787545 0.15 0.139 1 100 0075 | GA
82 rs9320155 0.317 0.267 0.3675 100 0.158 | C:G
83 | rs1766208 0.37 0.302 0.2296 87.8 0.185 CT
84 | rs2791116 0.133 0.124 1 100 0.067 | TG
85 | rs9373843 0.368 0.301 0.2078 96.7 0.184 | AG
86 rs626664 0.15 0.139 1 100 0075 | T:C
87 rs3804334 0.333 0.278 0.2984 100 0.167 CT
88 | rs3804335 0.133 0.124 1 100 0.067 CT
89 | rs9399980 0.133 0.124 1 100 0.067 T:C
90 | rs2787548 0.136 0.126 1 98.9 0.068 T.C
91 rs2787549 0.15 0.139 1 100 0.075 | G:C
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92 rs9486319 0.298 0.254 0.4924 95.6 0.149 | GA
93 | rs2763214 0.133 0.153 0.6697 100 0.083 | TA
94 rs671116 0.518 0.473 0.7223 90 0384 | AG
95 | rs17066765 0.017 0.017 1 100 0.008 T:.C
96 | rs2763212 0.161 0.148 1 90 0.08 AG
97 rs2787552 0.121 0.113 1 95.6 0.06 CT
98 rss573775 0.357 0.392 0.6745 90 0.268 | GA
99 rs803360 0.483 0.493 1 100 0442 | C:G
100 | rs17066773 0.018 0.018 1 90 0.009 T:C
101 rs580187 0.354 0.291 0.357 82.2 0177 | TA
102 | rs12526668 0.196 0.177 1 90 0.098 CT
103 rs597443 0.464 0.494 0.8005 90 0.446 CT
104 | rs2763221 0.167 0.153 1 83.3 0.083 T:.C
105 | rs3804338 0.089 0.085 1 90 0.045 CT
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Table 8.2. Amino Acid Conservation Scores obtained for ATG5 from the ConSurf web server.

POS SEQ 3LATOM SCORE COLOR CONFIDENCE INTERVAL CONFIDENCE INTERVAL COLORS MSA DATA RESIDUE VARIETY
(normalized)
1 D ASP3:B -0.474 7 -0.681,-0.364 7,6 107/150 N,E,S,D
2 D ASP4:B -1.196 9 -1.275,-1.162 9,9 136/150 D,N
3 K LYS5:B -0.577 7 -0.734,-0.436 8,7 136/150 K,R,D,M,AE,N,S,T,Y
4 D ASP6:B -0.950 8 -1.087,-0.879 9,8 137/150 N,Q,D,AE
5 \Y% VAL7:B -0.522 7 -0.681,-0.436 7,7 139/150 LM,Q, VA
6 L LEUS:B -0.442 7 -0.625,-0.286 7.6 139/150 ST,LE,LRQM,PC
7 R ARG9:B -0.922 8 -1.048,-0.832 9,8 140/150 QRKEH
8 D ASP10:B -0.180 6 -0.436,-0.006 75 140/150 ILAHERKQM,DG,CV,Y,SN
9 \Y% VAL11:B -0.244 6 -0.436,-0.108 75 140/150 M,T,LV,I
10 w TRP12:B -1.100 9 -1.236,-1.048 9,9 140/150 W,R
11 F PHE13:B -0.184 6 -0.436,-0.006 75 140/150 N,D,S,K,E,Y,F
12 G GLY14:B -0.915 8 -1.048,-0.832 9,8 140/150 AS,G
13 R ARG15:B -0.288 6 -0.503,-0.201 7,6 141/150 STY,RKQAH
14 | ILE16:B -0.265 6 -0.503,-0.108 75 141/150 V,IL,L
15 P PRO17:B -1.031 9 -1.162,-0.966 9,8 141/150 P,G,A
16 T THR18:B -0.541 7 -0.681,-0.436 1,7 141/150 V,LASSLT,C
17 C CYS19:B 0.286 4 -0.006, 0.394 54 141/150 SY,V,QR,LKEAH,C
18 F PHE20:B -0.879 8 -1.007,-0.784 9,8 141/150 LV, F
19 T THR21:B 0.725 2 0.394, 0.808 4.2 141/150 C,LH,E,LLR,KM,Q,N,V,F,S,T
20 L LEU22:B -0.864 8 -1.007,-0.784 9,8 141/150 L T,V,F LA
21 Y TYR23:B -0.001 5 -0.286, 0.110 6,5 141/150 N,Y,T,S,C.EHAD,Q,L
22 Q GLN24:B 1.055 1 0.577,1.115 31 141/150 L KR,D,Q,ILAE,GP,STV,N
23 D ASP25:B 0.257 4 -0.006, 0.394 54 141/150 ST,V,Y,NRLQDAHEC
24 E GLU26:B -0.860 8 -1.007,-0.784 9,8 139/150 N,G,D,Q,E
25 | ILE27:B 0.466 3 0.110, 0.577 53 138/150 G,P,.CEAHIMD,LY,FVTS
26 T THR28:B 0.757 2 0.394, 1.115 41 138/150 N,V,S,T,G,ALLQM,FY,P,CHED
27 E GLU29:B 0.201 4 -0.108, 0.394 54 115/150 C,GD,LEE,ANTSFV
28 R ARG30:B 0.304 4 -0.006, 0.577 53 136/150 V,S,T,LH,E,K,R,Q,D,G,C
29 E GLU31:B 0.680 3 0.241, 0.808 4,2 139/150 V,S,T,N,LALKR,Q,G,FH,ED,P
30 A ALA32:B -0.848 8 -1.007,-0.784 9,8 139/150 T,S,V,W,ACP
31 E GLU33:B -0.092 5 -0.364, 0.110 6,5 140/150 N,S,P,AE,K,L,R,D
32 P PRO34:B -0.316 6 -0.503,-0.201 7,6 140/150 N,S,T,V,P,R,LK,Q,D,AE
33 Y TYR35:B 1.066 1 0.577, 1.586 31 140/150 L,S,V,LLFY,C
34 Y TYR36:B -0.386 6 -0.625,-0.286 7,6 140/150 C.Y,FV,T
35 L LEU37:B -0.519 7 -0.734,-0.364 8,6 141/150 LMTALV,Y
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36
37
38
39
40
41
42
43
44
45
46
47
48

49

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

A OALKrdAr<wnw<®xmuorr

THOM<KMTMTE ~MO~-T0OMOITIXOTIXRL

LEU38:B
LEU39:B
PRO40:B
ARG41:B
VAL42:B
SER43:B
TYR44:B
LEU45:B
THR46:B
LEU47:B
VAL48:B
THR49:B
ASP50:B

LYS51:B

VAL52:B
LYS53:B
LYS54:B
HIS55:B
PHES6:B
GLN57:B
LYS58:B
VAL59:B
MET60:B
ARG61:B
GLNG62:B
GLUG63:B
ASP64:B
ILE65:B
SER66:B
GLU67:B
ILE68:B
TRP69:B
PHE70:B
GLU71:B
TYR72:B
GLU73:B
GLY74:B
THR75:B
PRO76:B

-0.792
-0.601
-0.762
-1.130

0.674
-0.999
-1.236
-0.471
-0.582
-0.836
-0.485
-0.497
-0.282

-0.831

-0.586

0.565

-0.172
-0.389
-0.821

1.343
0.331
1.053
0.288
0.994
2.393
1.095
0.833
1.063
1.643

-0.396
-0.172
-0.991
-0.113
-0.602

1.021

-0.376
-0.197

0.727

-0.900
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-0.923,-0.734
-0.784,-0.503
-0.923,-0.681
-1.236,-1.087
0.241, 0.808
-1.087,-0.966
-1.296,-1.199
-0.681,-0.364
-0.784,-0.503
-1.007,-0.734
-0.681,-0.364
-0.681,-0.364
-0.503,-0.108

-0.966,-0.734

-0.734,-0.503
0.241, 0.808
-0.436,-0.006
-0.566,-0.286
-0.966,-0.734
0.808, 1.586
-0.006, 0.577
0.577,1.115
-0.006, 0.394
0.577,1.115
1.115, 2.828
0.577, 1.586
0.394, 1.115
0.577,1.115
1.115, 1.586
-0.566,-0.286
-0.364,-0.006
-1.162,-0.879
-0.364,-0.006
-0.784,-0.503
0.577,1.115
-0.566,-0.286
-0.436,-0.006
0.394, 0.808
-1.048,-0.832
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8,8
8,7
8,7
9,9
42
9,8
9,9
7,6
8,7
9,8
7,6
7,6
75
8,8

8,7
42
75
7,6
8,8
2,1
53
31
54
31
11
31
4,1
31
11
7,6
6,5
9,8
6,5
8,7
31
7,6
75
4,2
9,8

143/150
143/150
143/150
143/150
143/150
143/150
143/150
143/150
143/150
143/150
143/150
144/150
144/150

144/150

144/150
144/150
143/150
144/150
143/150
142/150
142/150
142/150
143/150
143/150
143/150
143/150
137/150
143/150
143/150
144/150
144/150
144/150
144/150
144/150
144/150
143/150
144/150
144/150
144/150

M,LEV,AFI
CVAIL

P.R,S,LM

P.GER,S
I,LLM,Q,G,C,F,V,Y,S,N
N,GLAT,S

Y

I,F,L

P, T,M,S A

V,AlLLM
TFV,Y.CLILAH
LMAW,ICSTV,Y
S,T.N,D,QAEGP
AEKR,QP

CILAVML,S
IL,HEKLR,QNFV,Y,S

V, X, T,SNE,D,QR,KG,P
Y,FT,SEILHQR,L

ALMLY V,FS

NV, T,X,S,GAH1QMRLK
V,S,T.N,LHARK,Q,D,G
C.LRDMQAHISTFVY
C,G,M,DLKEAILTSV
F.V,S,T.N,ALHELKR,D,Q,P
H,EDP.CY,AILKRLMQGVSTN
G,P,D,LKREAITSFV
N,T,S,V,Q,R,LK,LAF,CP,D,EH
V,S,TNAILRKM,Q,GFY,HED,P
Y,S,T,.NH,LAEKR,M,D,Q,G,P
K,Q.D,HAEPSTV,N
P,M,L,V,F,LLA

W,P,G

V,FY,LR,M,LAC
K,R,S,Q,D,V,E
N,FV,Y,ST,CHLQ
E,AD,QLRK,GXSN

S, T.NKR,LH,GP
S,T,FV,NLKQM,LAH,E
T,LAP



75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
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LEU77:B
LYS78:B
TRP79:B
HIS80:B
TYR81:B
PRO82:B
ILE83:B
GLY84:B
LEU85:B
LEU86:B
PHES7:B
ASP88:B
LEU89:B
LEU90:B
ALA91:B
SER92:B
SER93:B
SER94:B
ALA95:B
LEU96:B
PRO97:B
TRP98:B
ASN99:B
ILE100:B
THR101:B
VAL102:B
HIS103:B
PHE104:B
LYS105:B
SER106:B
PHE107:B
PRO108:B
GLU109:B
LYS110:B
ASP111:B
LEU112:B
LEU113:B
HIS114:B
CYS115:B

PRO116:B

-0.692
-0.876
-0.477
-0.939

0.135

-1.209
-0.738
-1.241
-0.394
-1.007

0.071

-1.235
-0.153

1.398
0.876
0.915
0.546
1.221
1.307

-0.818
-1.112
-0.750

0.793

-0.558
-0.647
-0.959
-0.882
-0.897

0.259

-0.158
-0.531
-1.209

0.476
1.107
0.406

-0.259

0.045
0.060
0.160

2.172
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-0.879,-0.566
-1.007,-0.784
-0.734,-0.286
-1.048,-0.879
-0.201, 0.394
-1.275,-1.162
-0.879,-0.681
-1.296,-1.236
-0.566,-0.286
-1.125,-0.923
-0.201, 0.241
-1.296,-1.199
-0.364,-0.006
0.808, 1.586
0.394, 1.115
0.577,1.115
0.241, 0.808
0.808, 1.586
0.808, 1.586
-0.966,-0.734
-1.199,-1.048
-0.966,-0.625
0.394, 1.115
-0.734,-0.436
-0.784,-0.566
-1.087,-0.879
-1.007,-0.832
-1.048,-0.832
-0.006, 0.394
-0.364,-0.006
-0.734,-0.436
-1.275,-1.162
0.110, 0.577
0.577, 1.586
0.110, 0.577
-0.503,-0.108
-0.201, 0.241
-0.201, 0.241
-0.108, 0.394

1.115, 2.828

142

8,7
9,8
8,6
9,8
6,4
9,9
8,7
9,9
7,6
9,8
6,4
9,9
6,5
21
41
31
4,2
2,1
2,1
8,8
9,9
8,7
4,1
8,7
8,7
9,8
9,8
9,8
54
6,5
8,7
9,9
53
31
53
75
6,4
6,4
54
11

144/150
144/150
144/150
149/150
149/150
149/150
150/150
150/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
148/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
149/150
150/150
150/150
150/150
150/150
148/150
134/150
142/150
148/150
149/150
148/150

140/150

VI T,QM,L

Q.RK,P,N

GMTLLV.W

N,Q,LHY

CM,LWH,LN,Y,F

R,P

CV,IL

G

LV.AFY,L

CV,ILS

YWFHTM,L

D,T

SY,F,CM,Q,.L,I
N,S,T,F,V,Y,C.LLQMAH,I
R,K,QM,W,LAGSTV,NDH,ECPF
T,SN,LAQM,LKR,G,Y,FEHD,P
N,V,S,T,P,GHEKLRQ,D
N,T.S,V.GM,RLK]IAFPDEH
G,ILALKQMN\V,STPCHEDF
P,Q.D,LLHTSV

TLILP

LV,W,L,M
V,Y,S,T.N,LHAEKR,QP,G,.C

L VI

V,F,ST.N,ILD

LAV,M,L

N,H,V,R,.K,M,Q

ST.LVRY

S,T,N,HERK,Q,D,G
D,QKR,EAIHCGPTSV,N
SFV,Y,GPR,LAW

S,P

V,T,S,N.EA,LLQM,D,RK,P
N,S,T,G,EKR,Q,D
G,ELAM,D,QK,LN,V,TS

LS LV

M,LY,FAV,I
SALHQLKR,GP
Y.F,TSNWA,LMLR,P,C
P,.D,H,E,Y,G,KR,LQ,LAN,S,TV



115 S SER117:B -0.269 6 -0.436,-0.201 7,6 150/150 N,S,T,C,G,KR,D,AE

116 K LYS118:B 0.131 5 -0.108, 0.241 54 150/150 LE,LLK,R,D,G,V,S,T\N
117 D ASP119:B 0.346 4 -0.006, 0.577 53 150/150 E,AQD,LKN,V,T,S

118 A ALA120:B 0.310 4 -0.006, 0.394 54 150/150 Y,V,T,SNEW,LAM,D,L
119 | ILE121:B -0.367 6 -0.566,-0.286 7,6 150/150 T.M,LV,All

120 E GLU122:B -0.989 9 -1.087,-0.923 9,8 150/150 E,K.Q.D

121 A ALA123:B -0.353 6 -0.566,-0.286 7,6 150/150 GM,D,Q,LWAESTF
122 H HIS124:B -0.314 6 -0.503,-0.201 7,6 150/150 SY,FN,QM,LEIH.C
123 F PHE125:B -0.409 6 -0.625,-0.286 7,6 150/150 F,W,Y,LLM,N

124 M MET126:B -0.566 7 -0.734,-0.503 8,7 150/150 M,L,FV,ILN

125 S SER127:B -0.605 7 -0.734,-0.503 8,7 150/150 N,C,V,HAQ,S

126 C CYS128:B 0.334 4 -0.006, 0.577 53 150/150 NV,S,T,GCAKM

127 M MET129:B 0.241 4 -0.006, 0.394 54 150/150 V,LM,L

128 K LYS130:B -1.254 9 -1.296,-1.236 9,9 150/150 K

129 E GLU131:B -1.159 9 -1.236,-1.125 9,9 150/150 Q.D,E

130 A ALA132:B -1.219 9 -1.275,-1.199 9,9 150/150 ASK

131 D ASP133:B -1.075 9 -1.162,-1.007 9,9 150/150 S,K,D,GN

132 A ALA134:B 0.152 4 -0.108, 0.241 54 150/150 NY,FV,T,S,G,CIW,AQM,L
133 L LEU135:B -0.825 8 -0.966,-0.734 8,8 150/150 L TMFV,I

134 K LYS136:B -1.046 9 -1.162,-1.007 9,9 150/150 K,R

135 H HIS137:B -0.970 8 -1.087,-0.923 9,8 150/150 N,Y,HTR

136 K LYS138:B -0.596 7 -0.784,-0.503 8,7 150/150 Q.D,RKV,G

137 S SER139:B 0.186 4 -0.108, 0.394 54 150/150 K.D,M,ALE,C,G,S,T,N
138 Q GLN140:B -0.134 5 -0.364,-0.006 6,5 150/150 Y.V,TN.EAAILHMD,QKR,L,P
139 \Y VAL141:B -0.140 6 -0.364,-0.006 6,5 149/150 LAMKLRV,T

140 | ILE142:B -0.312 6 -0.503,-0.201 7,6 149/150 FAV,LLMT

141 N ASN143:B -0.614 7 -0.784,-0.503 8,7 149/150 N, T,S,M,QK,LEHA

142 E GLU144:B 0.169 4 -0.108, 0.394 54 149/150 E,AQD,LKG,CV,TSN
143 M MET145:B -1.084 9 -1.162,-1.048 9,9 149/150 I,F,LM

144 Q GLN146:B -0.778 8 -0.923,-0.681 8,7 149/150 V,T,5,GM,Q,LRK

145 K LYS147:B -0.275 6 -0.503,-0.108 75 149/150 S\V.P.RK,QM,LAE

146 K LYS148:B -0.511 7 -0.681,-0.436 7,7 149/150 G,Q,D,K,REHNT,S

147 D ASP149:B -0.881 8 -1.007,-0.784 9,8 149/150 E,D,QG

148 H HIS150:B -0.772 8 -0.923,-0.681 8,7 149/150 Y,V,FSHILQRLC

149 K LYS151:B -0.227 6 -0.436,-0.108 75 149/150 N,S,T,G,K,R,D,HA,I

150 Q GLN152:B -0.975 8 -1.087,-0.923 9,8 149/150 T.S,QM,LKEA

151 L LEU153:B -1.153 9 -1.236,-1.125 9,9 149/150 LM

152 W TRP154:B -0.799 8 -1.007,-0.681 9,7 148/150 F,W,LT

153 M MET155:B 0.343 4 -0.006, 0.577 53 148/150 NV, T,S.EALHDM,Q,LR
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154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178

179

180
181
182
183
184
185
186
187
188
189
190
191
192
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GLY156:B
LEU157:B
GLN158:B
ASN159:B
ASP160:B
ARG161:B
PHE162:B
ASP163:B
GLN164:B
PHE165:B
TRP166:B
ALA167:B
ILE168:B
ASN169:B
ARG170:B
LYS171:B
LEU172:B
MET173:B
GLU174:B
TYR175:B
PRO176:B
ALA177:B
GLU178:B
GLU179:B
ASN180:B

GLY181:B

PHE182:B
ARG183:B
TYR184:B
ILE185:B

PRO186:B
PHE187:B
ARG188:B
ILE189:B

TYR190:B
GLN191:B
THR192:B
THR193:B
THR194:B

-0.777
-0.357

0.736

-0.590
-0.631
-0.709
-0.824
-0.669
-0.842
-1.000
-1.102
-0.442
-0.291
-1.218
-0.147
-0.371
-1.010
-1.042
-0.642

1.228
0.696
1.561
0.753
1.486
1.005

1.377

-0.433
-0.198

0.310

-0.611
-1.166

0.083

-0.944
-0.262
-0.666

1.507
2.735
2.530
1.358
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-0.923,-0.681
-0.566,-0.201
0.394, 0.808
-0.734,-0.503
-0.784,-0.503
-0.879,-0.625
-0.966,-0.734
-0.832,-0.566
-0.966,-0.784
-1.125,-0.923
-1.236,-1.048
-0.625,-0.364
-0.503,-0.201
-1.275,-1.199
-0.364,-0.006
-0.566,-0.286
-1.125,-0.923
-1.125,-1.007
-0.832,-0.566
0.808, 1.586
0.241, 0.808
0.808, 1.586
0.241, 1.115
0.808, 1.586
0.577,1.115

0.808, 1.586

-0.625,-0.286
-0.436,-0.006
-0.006, 0.577
-0.784,-0.503
-1.275,-1.125
-0.201, 0.241
-1.048,-0.879
-0.503,-0.108
-0.832,-0.566
0.808, 1.586
1.586, 2.828
1.586, 2.828
0.808, 1.586
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8,7
7,6
4,2
8,7
8,7
8,7
8,8
8,7
8,8
9,8
9,9
7,6
7,6
9,9
6,5
7,6
9,8
9,9
8,7
2,1
42
21
4,1
21
31
2,1

7,6
75
53
8,7
9,9
6,4
9,8
75
8,7
2,1
11
11
2,1

148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
148/150
149/150
149/150
149/150
148/150
148/150
144/150
139/150

76/150
149/150
149/150

149/150

149/150
149/150
150/150
150/150
150/150
149/150
149/150
149/150
149/150
150/150

46/150

45/150
146/150

G,AS

F.V,I.LLM
CEAHWIQMLKRNVTS
S,T.NKM,Q,D,H,E
SV,FY,N,LDHEG

H,K,S,R,N

T,FAY

E,D,L,K,N

K,R,D,Q,Y.E\N

Y.F

F.W

EHILAQDKGPV,FTS

LM, T,V,ALE

V,K,N
E,HQDRLKG)Y,V,SN
HM,Q,LKR

LR,LF

CAVMTL
L,Q.D,AEP,GSTFN
DHCPFY,LRQIAGSTVN
N, T,S,V,G,Q,R,L ALY FPD,EH
C,G,PD,QAENSTV
G,K,DH,ILEN,S,T
ST,Y,NKLM,Q,DAILECPG
K,R,L,.D,Q,HE,GP,S,V,N
K,L,QAGSTVNDHECPFY

V,ENW,A,LM,L,P
FY,CHAILRKM
C,D.AHN,SFY

LT,LV

P,S

CY.,V,LFEM,L

HESKR

V,W,F,IL,C

GV,FHY
CHEDFY,LAKRLMQN,\V,ST
S,T.V,Q.M,D,AP

LM, T,R,SL
V,T,SNALQM,LRK,GEH,D,P



193 E GLU195:B 0.074 5 -0.201, 0.241 6,4 149/150 H.EK,D,Q,GPFY,SN

194 R ARG196:B 1.490 1 0.808, 1.586 2,1 149/150 HED,C,Y,ALRKQM,GV,STN
195 P PRO197:B 0.810 2 0.394, 1.115 41 146/150 AH,IDR,LKGP.CYVTSN
196 F PHE198:B 0.935 2 0.394, 1.115 41 148/150 L,Q.M,,H,C,P,TV,FY

197 | ILE199:B 0.709 2 0.394, 0.808 4,2 148/150 H,ILW,LK,R,M,Q,C,V,Y,ST,N

198 Q GLN200:B -1.107 9 -1.199,-1.048 9,9 148/150 E,LMT,Q

199 K LYS201:B 0.705 2 0.241, 0.808 4,2 148/150 ALW,QMRK,G,V,TSNEDPC)Y,F
200 L LEU202:B -0.649 7 -0.832,-0.566 8,7 148/150 FT,LAQ,LP.C

201 F PHE203:B 0.306 4 -0.006, 0.577 53 149/150 L.QMWH,ICTV,FY

202 R ARG204:B 0.072 5 -0.201, 0.241 6,4 149/150 T.5.N,AQKR,G,P,C

203 P PRO205:B -0.659 7 -0.832,-0.566 8,7 148/150 N,FV,Y,STPRAI

204 \Y VAL206:B 2.389 1 1.115, 2.828 11 146/150 CHFY,GLRKM,QIWN,STV
205 A ALA207:B 1.198 1 0.808, 1.586 2,1 146/150 L,K,R,D,HAE,GS,T,V,N

206 A ALA208:B 1.391 1 0.808, 1.586 2,1 142/150 G,P,Q,D,KEAN,TSV

207 D ASP209:B 1.320 1 0.808, 1.586 2,1 147/150 N, T,S,P,GEHAD,QKR

208 G GLY210:B -0.426 7 -0.625,-0.286 7,6 146/150 V,SN,E,D,K,G,C

209 Q GLN211:B 2.406 1 1.115, 2.828 11 146/150 Q.D,LLRKEHACGTS)Y,VN
210 L LEU212:B 2.161 1 1.115, 2.828 11 146/150 N,S,T,FV,C,GP,LRKQAHE
211 H HIS213:B 1.098 1 0.577, 1.586 31 147/150 HEFY.,GLARKLQMNV,ST
212 T THR214:B -0.608 7 -0.734,-0.503 8,7 146/150 P,LRLLKN,V,ST

213 L LEU215:B -0.194 6 -0.436,-0.006 75 146/150 LFWAV, LY

214 G GLY216:B 1.984 1 1.115, 2.828 11 145/150 N,S,FY,G,LKR,D,QA I HE

215 D ASP217:B -0.161 6 -0.364,-0.006 6,5 145/150 CEHAD,QKN,T,S

216 L LEU218:B -0.416 6 -0.625,-0.286 7,6 145/150 M,L,S,LAF,V

217 L LEU219:B 0.156 4 -0.108, 0.394 54 145/150 CILLMNV,FT

218 K LYS220:B 2.562 1 1.586, 2.828 11 145/150 N, T,S,V,G,M,D,QLKR,EIHA
219 E GLU221:B 0.660 3 0.241, 0.808 4,2 144/150 E,AILMD,QLR,NV,TS

220 \Y VAL222:B 0.873 2 0.394, 1.115 4,1 144/150 Y.FV,TSNWAIM,L,.C

221 C CYS223:B 1.519 1 0.808, 1.586 2,1 141/150 G,C,E,LLAHD,Q.LN)Y,V,FTS
222 P PRO224:B 0.216 4 -0.108, 0.394 54 142/150 G,QM,K,LA,ILNTSV,P.DHYF
223 S SER225:B 2.725 1 1.586, 2.828 11 142/150 T.S,V,FNM,Q,D,KR,LEAH,G
224 A ALA226:B 1.906 1 1.115, 2.828 11 133/150 T,S,FV,NM,D,QKR,LEILAC
225 | ILE227:B 2.794 1 1.586, 2.828 11 98/150 R,LLK.M,LAG,S,T,V,N,D,EPFY
226 D ASP228:B 2.822 1 1.586, 2.828 11 137/150 N,S,T,V,G,RK,LQ,LAF,Y,C,P,DHE
227 K LYS235:B 2.824 1 1.586, 2.828 11 137/150 T,5,V,N,QR,LKILAG,FDEHP
228 N ASN236:B 2.823 1 1.586, 2.828 11 136/150 GM,LKAILWN,TSV,CPDEHY,F
229 Q GLN237:B 1.992 1 1.115, 2.828 11 136/150 N,T,S,V,G,Q.M,RLKALY,PEH
230 \Y VAL238:B 0.068 5 -0.201, 0.241 6,4 136/150 L,LACP,Y VF

231 M MET239:B 0.873 2 0.394, 1.115 4,1 136/150 ILHKLRQM\VFY,T

232 | ILE240:B -0.662 7 -0.832,-0.566 8,7 136/150 CTSLILV,A
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233
234
235
236
237
238
239
240
241
242
243

244

245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266

267

U—!'U,o'u——(n—Il—'nzo'U-<UJ|—Irl'lml—§or‘U—lml—g'UFI'I—OI

HIS241:B

GLY242:B
ILE243:B

GLU244:B
PRO245:B
MET246:B
LEU247:B
GLU248:B
THR249:B
PRO250:B
LEU251:B

GLN252:B

TRP253:B
LEU254:B
SER255:B
GLU256:B
HIS257:B

LEU258:B
SER259:B
TYR260:B
PRO261:B
ASP262:B
ASN263:B
PHE264:B
LEU265:B
HIS266:B

ILE267:B

SER268:B
ILE269:B

ILE270:B

PRO271:B
GLN272:B
PRO273:B
THR274:B

ASP275:B

-0.896
-1.096
-0.646

1.673
0.420

-0.456

1.408
0.612

-0.937
-0.756

0.034

-0.248

-1.013
-0.585
-0.849
-0.563
-1.005

0.167

-1.079
-0.659
-0.826
-1.257
-1.217
-1.238
-1.021
-1.113
-0.445

0.777
0.407
2.526
0.611
1.859
0.197
1.980

0.083
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-1.007,-0.832
-1.199,-1.048
-0.784,-0.566
1.115, 1.586
0.110, 0.577
-0.681,-0.364
0.808, 1.586
0.241, 0.808
-1.048,-0.879
-0.923,-0.681
-0.201, 0.241

-0.436,-0.108

-1.162,-0.923
-0.734,-0.503
-0.966,-0.784
-0.734,-0.436
-1.125,-0.966
-0.108, 0.394
-1.162,-1.048
-0.832,-0.566
-0.966,-0.734
-1.296,-1.236
-1.275,-1.199
-1.296,-1.236
-1.125,-0.966
-1.199,-1.087
-0.625,-0.364
0.394, 1.115
0.110, 0.577
1.586, 2.828
0.110, 0.808
0.808, 2.828
-0.201, 0.394
0.808, 2.828

-0.436, 0.394

9,8
9,9
8,7
1,1
53
7,6
21
42
9,8
8,7
6,4
75

9.8
8,7
8,8
8,7
9,8
54
9.9
8,7
8,8
9.9
9.9
9.9
9,8
9.9
7.6
41
53
11
52
21
6.4
21
7.4

137/150
138/150
137/150
137/150
137/150
136/150
136/150
137/150
137/150
137/150
137/150

137/150

136/150
136/150
136/150
136/150
136/150
136/150
135/150
134/150
133/150
133/150
134/150
134/150
134/150
134/150
133/150
132/150
130/150
102/150

70/150

64/150

53/150

40/150

31/150

Q.HF

N,G,S,V

TMLILAV
F,D,E.H,CP,TSV,NMQ,RLK,ILAG
L TALV,P

V,X,S,E,HAQM,L,P
F.D,E,H,P.X,T,S\V,NM,Q,LR,K AW
N,T,S,V,G,P,D,Q,K.EH

V.S T,LAEM,C

N,P,Q,D,S,HV

CTMLV,I
G,CHLARLQN\VST

W,F,Y

LMAV,I
C,GPLAILSVY
TV,Y.KR,LD,Q,IE
N,R,S,)Y,HW
CFY,LM

ASTC

C)Y HF

X,LAP

D,X

N,SH

F

LV,L

Y HT

M,L\V,F,I
STV,FAILC

V,A LM

N, T,V,F,CP,R,LM,QHA,I
P.QMKHATSY
P,E.AQRKLV,TS
DKAGPTSV
N,T,S,P,E,AD,R,K
G,N,D,FV

*Below the confidence cut-off - The calculations for this site were performed on less than 6 non-gaped homologue sequences, or the
confidence interval for the estimated score is equal to- or larger than- 4 color grades.
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APPENDIX-B

8.3. Buffers and reagents

a) Buffers and reagents used in DNA isolation

e Tris (hydroxymethyl) aminomethane-cholride (Tris-Cl)

pH was set to 8.0 by using 1N HCI
Added Mili Q (MQ) water to make up the final volume to
100 ml. Filtered the solution using Whatmann filter paper

Stored at room temperature (RT)

Ingredients Amount (g) Final
concentration
Tris base (pH 8.0) 12.11 1M

e Ammonium Chloride (NH4CI)

Dissolved in 80 ml of MQ water and final volume was
made up to 100 ml. Stored at RT

Ingredients Amount (g) Final
concentration
Ammonium Chloride (NH4CI) 5.35 1M

e Di-sodium ethylene diamine tetra acetate (Na,EDTA)

Dissolved in 50 ml of MQ water and placed over magnetic
stirrer. 10 M NaOH was added to the above mixture
Allowed the salt to dissolve completely. Final volume was
made up to 100 ml with MQ water drop-wise to set the pH
at 8.0. Stored at RT

Ingredients Amount (g) Final
concentration
EDTA 18.61 05 M
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e Red blood cell (RBC) lysis buffer

Ingredients Concentration | Volume (ml)
Tris (pH 8.0) 1M 10

Ethylene diamine tetra acetic acid 0.5M 2

(EDTA)

Ammonium chloride 1M 125

(NH4CI) (pH 8.0)

Added Mili Q water to make up the final volume to 1000 ml

Stored at RT.

Tris-EDTA (TE) buffer (pH 8.0)

Ingredients Concentration | Volume (ml)
Tris Cl 1M 10

Ethylene diamine tetra acetic acid 0.5M 2

(EDTA) (pH 8.0)

Mixed completely in 700 ml of MQ water initially.

Then final volume was made to 1000 ml by adding MQ water.

Stored at RT.

Tris-EDTA (TE) buffer (pH 7.3)

Ingredients Concentration | Volume (ml)
Tris Cl (pH 7.3) 1M 10
Ethylene diamine tetra acetic acid 0.5M 2

(EDTA)

Mixed completely in 700 ml of MQ water initially.

Then final volume was made to 1000 ml by adding MQ water.

Stored at RT.

148




Sodium dodecyl Sulphate (SDS) (10%b)

Ingredients Amount (g) Final
concentration
Sodium dodecyl Sulphate (SDS) 10 10 %

Dissolved in 70 ml of MQ water

Allowed the salt to dissolve completely

Final volume was made up to 100 ml with MQ water
Stored at RT

Ammonium acetate (7.5 M)

Ingredients Amount (g) Final
concentration
Ammonium acetate 28.9 75M

Dissolved in 20 ml of MQ water

Allowed the salt to dissolve completely

Final volume was made up to 50 ml with MQ water
Stored at RT

Dehydrated Ethyl alcohol (chilled)

Undiluted dehydrated ethyl alcohol is kept at -20°C deep freezer till use.

Ethyl alcohol (70%0)

Ingredients Volume Final
(ml) concentration
Dehydrated ethyl alcohol 70 70%

Mixed completely in 30 ml of MQ water to obtain the final
volume of 100 ml.
Stored at RT.
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b) Buffers used for Agarose gel electrophoresis

e Tris-acetic acid-EDTA (TAE) buffer (50x)

Filtered and stored at RT

Dissolved completely in 500 ml of MQ water
Added 57.1 ml of glacial acetic acid
Added 100 ml of 0.5 M EDTA (pH 8.0)

Final volume was made up to 100 0 ml with MQ water

Ingredients Amount (g) Final
concentration
Tris base 242 50x

e Agarose gel (0.8%, 2%, 2.5%)

Added 100 ml of 1x TAE buffer

Dissolved completely by heating in microwave oven

Ingredients Amount (g) Final
concentration
Agarose 0.8 0.8%

Added 100 ml of 1x TAE buffer

Dissolved completely by heating in microwave oven

Ingredients Amount (g) Final
concentration
Agarose 2 2%

Added 100 ml of 1x TAE buffer

Dissolved completely by heating in microwave oven

Ingredients Amount (g) Final
concentration
Agarose 2.5 2.5%
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e Ethidium bromide (10 mg/ml)

Ingredients Amount (mg) Final

concentration

Ethidium bromide 50 10 mg/mi
Added 5 ml of MQ water

Dissolved completely by heating in microwave oven

c) Buffers used for Agarose gel loading

e Gel loading dye (6x)
0.25 % Bromophenol Blue (BPB) with 40% Sucrose dissolved in water for
genomic DNA analysis.

e Gel loading dye (10x)

0.5 % (w/v) xylene cyanol, dissolved in distilled water mixed with equal volume of

glycerol. Used for PCR product analysis.
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