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Abstract

Hepatitis B infection is simply an inflammation of the liver tissue which is intensifying at
an alarming pace and demands emergent attention. According to W.H.O. 2017 report,
approximately 257 million people are chronically infected with hepatitis B around the
world and an estimate of 8.8 million people die every year due to complications caused
by hepatitis B virus (HBV) infection. India constitutes 17.6% (1324 million) of the
world's population (7600 million) and accounts for 10-15% of the worldwide HBV
burden. Importantly, it has been shown that hepatitis B virus uses autophagy machinery
for its own survival and proliferation via its X and S protein. In mammals, ULK1 is the
principal gene of autophagy pathway, which gets activated first and further initiates
autophagy downstream genes. Till date, the genetic variations in ULK1 have been studied
with a handful of diseases which includes Mycobacterium tuberculosis infection, Behcet's
disease (BD) and Vogt-Koyanagi-Harada (VKH) syndrome, congenital heart
malformation, and Crohn's disease. Despite of strong association studies of autophagy
with Hepatitis B infection available in literature, there are no genetic association studies
reported between ULK1 and Hepatitis B. Owing to these facts, the current study
investigated whether nsSSNPs rs61942435, rs79965940, rs55824543 and rs56364352 and
non-coding SNPs rs12303764 and rs3923716 in ULK1 gene might be linked with the
susceptibility to HBV infection or its progression to various stages of HBV infection. On
comprehensive analysis and assessment, it was found that rs79965940, rs56364352 and
rs3923716 are associated with higher risk of HBV infection developing from initial
asymptomatic infection to more severe chronic infection. In conclusion, we anticipate
that these analyzed SNPs can be used as genetic biomarkers and can act as a bridge

between the research gap on autophagy and HBV relation.
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Introduction

1. Introduction

Human genetic studies have a central goal to categorize genetic risk factors for frequent and
multifaceted diseases such as schizophrenia and type Il diabetes, and for rare Mendelian diseases
such as cystic fibrosis and sickle cell anemia [1]. The genome-wide association studies (GWAS)
measures and examines the DNA sequence variations across the human genome to spot genetic
risk factors for diseases that are common in the population [2]. The ultimate goal of GWAS is to
use genetic risk factors to make predictions about who is at risk and to spot out the biological
factors of disease susceptibility for building up new prevention and treatment strategies [2].
Understanding the biological basis of genetic effects will lead to a significant role in building
new pharmacologic therapies. One of the most flourishing appliances of GWAS has been in the
area of pharmacogenetics, which gives rise to a new field called personalized medicine that aims
to modify healthcare to individual patients based on their genetic background and other
biological features [3]. GWAS studies, for better or for worse, have guided in this exciting era of
personalized medicine and personal genetic testing [4].

Various GWAS of infectious diseases has identified a variety of genetic markers that
show sturdy confirmation of association [5]. These studies have also established some previously
reported links from candidate-gene and linkage studies, as well as identifying strong associations
between common infectious disease phenotypes and novel genes and pathways involved [5].
Several Single-Nucleotide Polymorphisms (SNPs) have been revealed via GWAS studies and are
deposited in the public databases (e.g. the National Center for Biotechnology Information
[http://www.ncbi.nlm.nih.gov], Ensembl [http://asia.ensembl.org/index.html], and the MEXT
Integrated Database Project [http://dbcls.rois.ac.jp]) through international SNP discovery
projects such as the Human Genome Project, the International HapMap project, and the 1000
Genomes project [6]. With the development of more advanced technologies for analyzing large-
scale SNP genotyping, GWAS data using thousands of SNPs permit the discovery of candidate
genetic loci for multifactorial diseases [7-9]. The disease-associated SNPs have also been
deposited in public databases, such as the database of Genotypes and Phenotypes
(www.ncbi.nlm.nih.gov/gap) [10]. Moreover, a number of SNPs associated with complex genetic
traits have been very well accounted, such as body mass index [11], height [12] and hair
thickness [13]. In a GWAS, associations of certain variants with a particular trait are detected by

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 2



Introduction

comparing the two groups of participants to detect the examining differences in allele and/or
genotype frequencies of all SNPs, which exist across the entire genome [14-16]. By using an
autonomous set of participants with a superior number of samples, GWAS facilitates the efficient
detection of associated variations which are in strong linkage disequilibrium (LD) [17].
However, it would be tricky to spot the association of SNPs in a SNP-based GWAS with low
minor allele frequency (below 1-5%; known as rare variants) because of inadequate statistical
power due to the low sample number [18]. Till date, GWAS have been reported for various
infectious diseases including HIV [19], malaria [20], tuberculosis [21], leprosy [22],

meningococcal meningitis [23], kawasaki’s disease [24] and viral hepatitis B and C [25-28].

Worldwide, hepatitis infection is intensifying at an alarming pace and demands emergent
attention [29]. Hepatitis is simply an inflammation of the liver tissue [30]. Some people show no
warning sign of the infection whereas others show poor appetite, tiredness, vomiting, yellow
discoloration of the skin and whites of the eye, abdominal pain, and diarrhea [31]. Hepatitis may
be short-term (acute) or long-term (chronic) depending on the duration of the infection, whether
it lasts for less than or more than six months [32]. Acute hepatitis can sometimes cure on its own
and if not, further progress to more severe chronic hepatitis, or on the odd occasions result in
acute liver failure [33]. The most common cause of hepatitis infection worldwide is viruses of
Hepadnaviridae family (humans, apes, and birds serve as natural hosts) [34]. Other causes
include profound alcohol use, certain drugs, toxins, other infections, autoimmune diseases, and
non-alcoholic steatohepatitis (NASH) [35].

According to W.H.O. 2017 report, approximately 257 million people are chronically
infected with hepatitis B around the world [36] and an estimate of 8.8 million people die every
year due to complications caused by hepatitis B virus (HBV) infection (WHO fact sheet, 2017 )
[37]. With the highest prevalence in sub-Saharan Africa and East Asia, around 5-10% of the
adult population is chronically infected. An assessment states that 2-7% of the general
population is chronically infected in the Middle East and the Indian subcontinent [38]. Till date,
India constitutes 17.6% (1324 million) of the world's population (7600 million) and accounts for
10-15% of the worldwide HBV burden [39].
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Introduction

Human HBV is the member of the Hepadnaviridae family whose natural hosts are humans, apes,
and birds. Currently, this virus family is divided into 2 genera: Avihepadna virus (infect birds)
and Orthohepadna virus (infect mammals). The human HBV genome is a 3.2 kb circular and
partially double-stranded DNA (dsDNA) that includes four overlapping open reading frames
(ORFs) encoding the surface; (preS1, preS2, and S), core (C and pre-core), polymerase (P), and
X proteins [40]. Hepatitis B surface antigen (HBsAgQ), a foremost indicator of HBV prevalence is
commonly used for evaluating HBV endemicity around the world. The mode of transmission of
this virus from a person is usually through blood or body fluids. Despite effective vaccinations,
HBV infections are still very common globally as the virus replicates by reverse transcription
using a viral polymerase lacking proof-reading ability which results in the emergence of mutant
viruses that remain undetected by host immunity or viral therapeutic agents. Other mutations
result in a change within the HBV surface antigen, resulting in a loss of detection by some
diagnostic assays [41]. The virus is organized into four overlapping ORFs (C, P, S, and X) that
encode 7 viral proteins [42]. A single core protein, three envelope glycoproteins, and the viral
DNA polymerase are incorporated into mature virus particles. A sixth protein, the so-called HBV
X protein, is a trans-activator of viral replication that is not incorporated into the virion. The
protein, known as the HBe antigen, contains the full amino acid sequence of the core protein, and
is not incorporated into the virus particle, but is secreted in a soluble form by an infected
hepatocyte [43]. Four HBV serotypes have been identified based on peptide differences in the
hepatitis B surface antigen (HBsAg). The common determinant a and two pairs of mutually
exclusive determinants, d/y and w/r, enable the distinction of four major subtypes: adr, adw, ayr,
and ayw [44]. Additional sub-determinants of w (w1-w4) have allowed the definition of six more
serotypes. Currently, the introduction of molecular typing techniques has made this classification
obsolete.

HBYV strains are classified into ten main genomic groups that have distinct geographical
distributions [45-48]. Genotype A is widespread around the world but is most prevalent in
Northern Europe, North America, and South Africa. Genotypes B and C are the most common in
Asia and the Pacific. The genotype D has the broadest distribution around the world, with the

highest prevalence in the Mediterranean area, the Middle East, and India. The genotype E is
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mainly found in (West) Africa. The genotype F and H are most frequent in South and Central
America. The exact epidemiology of genotype G has yet to be determined [49].

From decades, extensive evidence suggests an important role of hepatitis B virus X
protein, a small soluble cytoplasmic protein in the host cells, which modulates gene expression
or intracellular signal pathway through interaction with either transcriptional machinery or
signaling components involved in cell proliferation, apoptosis, and DNA repair [50, 51].
Importantly, it has been shown that hepatitis B virus uses autophagy machinery for its own
survival and proliferation via its X and S protein [52-54]. The clinical presentation of the disease
in patients with chronic hepatitis B infection depends on several host and viral factors. Out of
these, autophagy machinery is one of the chief factors contributing to the progression and
replication of HBV [55]. Autophagy, an evolutionary conserved and regulated catabolic process
is primarily involved in the degradation of cellular components through lysosomal machinery.
This process is indispensable in many cellular events including differentiation, survival,
development, and homeostasis [56]. The autophagy process involves the sequestration of bulk
cytoplasm within a cytosolic double-membrane vesicle termed the autophagosome, which
eventually fuses with the lysosome (or the vacuole in yeast) as portrayed in Figure 1.1 [57].
Fusion results in the discharge of the internal vesicle, now termed an autophagic body, into the
lysosome lumen [58]. Within the lysosome, the engulfed material is degraded and the products
are recycled [59]. Autophagy has been reported in a number of human diseases and conditions,
including cancer, neurodegenerative disorders, certain myopathies, aging, infectious diseases and

defense against pathogens [60].

From a total of 33 autophagy-related genes (ATG) identified till date [61], ATG1/ULK1
(uncoordinated 51-like kinase 1) complex plays a central role in autophagy. It works by
integrating signals from the upstream mechanistic target of rapamycin (mTOR) and 5 AMP-
activated protein kinase (AMPK) and transduces them to the downstream autophagy pathway.
While autophagy occurs at the basal levels under standard conditions, it is often activated in
response to cellular stresses such as endoplasmic reticulum (ER) stress, nutrient starvation,

hypoxia, and pathogen infection. Upon these stress conditions, the cell utilizes autophagy either
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to redistribute its resources to tide over the period of stress or to degrade injurious components

(such as, damaged mitochondria or invading pathogens) via lysosomal degradation [62].
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Figure 1.1 The pathway involved in autophagy (Maier HJ et al. 2012)

Recently, Sir et al. revealed the enhancement of HBV DNA replication by autophagy
[63], they further confirmed the role of autophagy in the production of HBV virions in vivo using
HBV transgenic mice. They also reported that the formation of autophagosome is essential for
HBV DNA synthesis in the cytoplasm [64]. In particular, ULK1, an ortholog of yeast autophagy-
related gene (ATG1), is a critical mammalian kinase regulator of autophagy [65, 66]; as evident
from studies depicting the correlation between autophagy induction and HBV expression [67,
68]. In mammals, ULKZ1 is the principal gene of autophagy pathway, which gets activated first
and further initiates autophagy downstream genes. Till date, the genetic variations in ULK1 have
been studied with a handful of diseases which includes Mycobacterium tuberculosis infection,
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Behcet's disease (BD) and Vogt-Koyanagi-Harada (VKH) syndrome, congenital heart
malformation, and Crohn's disease [69-73]. Despite of strong association studies of autophagy
with Hepatitis B infection available in literature [74], there are no genetic association studies
reported between ULK1 and Hepatitis B. Therefore, assuming the hypothesis that ULK1 controls
the induction of autophagy by forming complex with ATG13, FIP200, and ATG10 and
variations in ULK1 gene can alter its interaction with its partners and could be associated with
Hepatitis B infection. In this study, we analyzed the four predicted damaging non-synonymous
SNPs (nsSNPs) by in-silico analysis and two earlier reported SNPs i.e. rs3923716 (G/T) and
rs12303764 (G/T) in ULK1 known to be associated with Crohn's Disease [73, 75] in a New
Zealand Population for their association with Hepatitis B infection susceptibility. Keeping in
view the research gap, our study mainly focuses on the association of polymorphisms in ULK1
gene and their susceptibility to HBV infection in North Indian Population.

Objectives of the study

Objective 1. To predict the damaging nsSNPs in ULK1 gene through in-silico analysis

Obijective 2. To analyze the effect of damaging nsSNPs on ULK1 stability

Objective 3. To optimize T-ARMS-PCR and PCR-RFLP assays for earlier reported SNPs and
predicted NnsSSNPs

Obijective 4. Genotyping of SNPs and their association with HBV infection risk
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Review of Literature

2. Review of Literature

2.1 Hepatitis B Virus

The Hepatitis B Virus (HBV) is an envelope, hepatotropic and non-cytopathic virus [76]. Despite
safe vaccines available for HBV, it still remains a severe civic health problem particularly in
Asia, Africa, South America and may possibly results in death [77]. HBV infection can give rise
to a variety of clinical symptoms , ranging from asymptomatic carrier state to acute hepatitis,
chronic hepatitis, liver cirrhosis (LC) and hepatocellular carcinoma (HCC). Development of
chronic hepatitis B (CHB) to severe liver disorder, like LC and HCC, is determined by viral
factors, genetic characteristics of the host and environmental factors [78]. The HBV or Dane
particle is an enveloped partially double-stranded circular DNA virus with a diameter of 42nm
(Figure 2.1). The envelope is made up of phospholipids and hepatitis B surface antigen (HBsAQ)
and is 7 nm thick. It contains a 27um inner nucleocapsid core of viral DNA and a tightly bound
19 kilo Dalton hepatitis B core antigen (HBcAQ). The viral core also contains DNA polymerase
and protein kinase activity [79]. The genome of HBV is partially double-stranded relaxed
circular (RC) DNA molecule with a single stranded region of variable length [80]. The antisense
strand is the longer strand designated as L (-) and the sense strand is the shorter strand designated
as S (+). The S (+) strand varies from 50 to 70 % of the L (-) strand, which consists of 3200
bases. The positions of the 5'-end of both the strands are fixed whereas the position of the 3'-end
of the plus strand (short strand) is not fixed. A 224 base pair 5'-cohesive terminus maintains the
circularization of the genome [81]. The minus strand contains four open reading frames (ORFs)
and carries all the protein coding capacity of the virus [82]. Critically, these cover in a
frameshifted way with each other so the short strand is perused one and a half time. The longest
ORF encodes the viral polymerase (pol). The ORF for the envelope gene is completely located
within the Polymerase ORF and the ORF for the core (Pre-C/C) and X gene partially overlap
with Pol ORF. The HBV encodes more than one protein from one ORF by using multiple

internal AUG codons within an ORF, creating additional start sites for protein biosynthesis [80].

2.1.1 Pre-S/S ORF

The gene for the HBV surface antigen consists of a single ORF divided into three coding
regions, preSl, preS2 and S, each starting with an in-frame ATG codon as illustrated in Figure
2.2 [83]. By translation initiation at the first AUG, the large hepatitis surface antigen (LHBS)

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 9



Review of Literature

encompassing PreSl, PreS2 and S is synthesized; by initiation at the second AUG the middle
surface protein (MHBs, encompassing PreS2+ S) and is synthesized by initiation at the third, the
small surface protein (SHBs) is synthesized. The HBsAg contains small (SHBs), medium
(MHBs), and large (LHBs) proteins, all of which are glycosylated, type Il transmembrane
proteins that can form multimers stabilized by disulfide bridges formed by cysteine residues
present in the S domain [84]. All these proteins exist in two forms differing in the extent of

glycosylation. [85].

viral

terminal protein

Figure 2.1 Schematic representation of hepatitis B virus. The nucleocapsid encloses the DNA
and the viral polymerase, which is further bordered by the lipid-containing envelope and viral
surface proteins [86]

»,
] (cUreJ
X

Figure 2.2 The genomic organization of hepatitis B virus.
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2.1.2 Small Surface protein
The SHBs domain is 226 amino acids long and is the most abundant protein of all three HBV -

associated particles. The SHBs is found in a glycosylated and a non-glycosylated form [87].

2.1.3 Middle Surface protein
The MHBs Pre-S2 domain is a minor component of the virion or HBs particle and consists of the

S and a 55-amino-acid N-terminal extension. It is either single or double glycosylated [88].

2.1.4 Large surface protein

The LHBs contains a further N-terminal extension to the M protein of 108 or 119 amino acids
(depending on the subtype/genotype) and is more prevalent than MHBs in virions and filaments
but less prevalent in HBs spheres. The LHBs contains three domains, PreSl, Pre-S2, and S, and

is glycosylated [89].

2.1.5 Pre-C/C ORF

The Pre-CtC ORF encodes the core protein P21, which is the major polypeptide of the
nucleocapsid and expresses the HBcAg [90]. The HBc protein is either 183, 185, or 195 amino
acids long, depending on the genotype of the virus [91]. The ORF C is preceded upstream by a
short, in-phase ORF called the Pre-core region from which the soluble hepatitis B early antigen
(HBeAg) is made. The core protein expressed this way assembles itself into core particles that

display core antigenicity [79].

2.1.6 Hepatitis B precore protein

The core protein ORF is preceded by an in-frame initiation codon positioned 29 codons
upstream. The sequence encompassing these 29 codons has been termed the ‘precore’ sequence
and the protein translated from the upstream initiation codon has been termed as the ‘precore’
protein [80]. Although the precore protein contains the entire sequence of the core protein and
the amino terminal extension of 29 amino acids, it is not a precursor of the core protein [92].
HBeAg is a soluble secretory protein and is regarded as an accessory protein of the virus. The
first 19 amino acids of the precore protein form a secretion signal that allows the translocation of

the precore protein into the lumen of the endoplasmic reticulum (ER). These 19 amino acids are
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cleaved off by a host cell signal peptidase, leaving the precore protein derivative P22. The P22 is
then secreted through the ER and Golgi apparatus and. further modified by C-terminal cleavage
of upto 34 amino acids, resulting in the secretion of a heterogeneous population of proteins of 15
to 18 kDa, serologically defined as HBeAg [93].

2.1.7 Polymerase ORF

The Pol gene is the longest ORF, spanning almost 80% of the genome and overlapping the other
three ORFs. The Pol protein is translated from pregenomic RNA [80]. The 834 to 845 codons
found in the Pol ORF have sequence homology to reverse transcriptases and most parts of the
OREF are essential for viral replication. The 90-kDa product of the Pol ORF is a multifunctional
protein that has at least four domains [94]. The N-terminal domain encodes the terminal protein
that is covalently linked to the S end of the minus strand of virion DNA. This part of Pol ORF is
necessary for priming of minus-strand synthesis [95]. An intervening domain with no specific
recognized function is referred to as the spacer or tether region. The third domain encodes the
RNA and DNA-dependent DNA polymerase, i.e. the reverse transcriptase. The C-terminal
domain encodes ribonuclease (RNase) H that cleaves the RNA in the RNA-DNA hybrids during
reverse transcription [96]. The terminal protein's role in protein priming of reverse transcription
includes the provision of the substrate tyrosine at amino acid 63 of the HBV Pol for the
formation of the covalent bond between the enzyme and the first nucleotide (G) of the minus-
strand DNA [97].

2.1.8 Hepatitis B X ORF

The X ORF encodes a 154 amino acids long polypeptide in length (HBx) with a molecular
weight of 17 kDa [98]. This is the second accessory protein of HBV and is conserved in a similar
form across all the mammalian hepadna viruses. The expression of full-length HBx protein is
dispensable for virus production in vitro but is a critical component of the infectivity process in
vivo [99]. HBx behaves as a transcriptional trans-activator of a number of viral and cellular gene

promoters through direct interaction with transcription factors [100].
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2.2 The life cycle of hepatitis B virus

The HBV virion binds to a receptor on the surface of the hepatocyte [101]. A number of

candidate receptors have Dbeen identified, including the transferrin receptor, the
asialoglycoprotien receptor molecule, and human liver endonexin. The mechanism of HBsAg
binding to a specific receptor to enter cells has not been established yet. Figure 2.3 shows how
the viral nucleocapsids enter the cell and reach the nucleus, where the viral genome is delivered
[102]. In the nucleus, second-strand DNA synthesis is completed and the gaps in both strands are
repaired to yield a supercoiled covalently closed circular DNA (cccDNA) molecule. In the lipid
membrane of the ER, the envelope proteins get inserted and become an integral membrane
protein [103]. Pregenomic RNA (pgRNA) is packaged along with HBV polymerase and a
protein kinase into core particles where it assists as an outline for reverse transcription of
negative-strand DNA [80]. The RNA to DNA conversion takes place inside the core particles.
The new, mature, viral nucleocapsids further follow two different intracellular pathways, one of
which leads to the formation and secretion of new virions, whereas the other leads to

amplification of the viral genome inside the cell nucleus [104].
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Figure 2.3 The life cycle of hepatitis B virus [105]
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In the virion assembly pathway, the nucleocapsids reach the ER, where they associate with the
envelope proteins and bud into the lumen of the ER, from which they are secreted via the Golgi
apparatus out of the cell. In the genome amplification pathway, the nucleocapsids deliver their
genome to amplify the intranuclear pool of cccDNA [104]. The precore polypeptide is
transported into the ER lumen, where its amino- and carboxy-termini are trimmed and the
resultant protein is secreted as precore antigen (HBeAg). The X protein contributes to the
efficiency of HBV replication by interacting with different transcription factors and is capable of
stimulating both cell proliferation and cell death. The HBV polymerase is a multifunctional
enzyme [106]. The products of the P gene are involved in multiple functions of the viral life
cycle, including a priming activity to initiate minus-strand DNA synthesis, a polymerase activity,
which synthesizes DNA by using either RNA or DNA templates, a nuclease activity which
degrades the RNA strand of RNA-DNA hybrids, and the packaging of the RNA pregenome into

nucleocapsids [95].

2.3 Different genotypes of HBV

Atleast ten HBV genotypes (A-J) and several subtypes have been identified for the HBV
genome so far (summarized in Table 2.1). Genotype A is mostly prevalent in sub-northern
Europe, Saharan Africa, Western Africa and India. Genotypes B and C are frequent in Asia.
Genotype C is largely present in East and Southeast Asia. Genotype D is widespread in Africa,
the Mediterranean region, Europe, and India. Genotype E is limited to West Africa. Genotype F
is found in Central and South America. Genotype G has been found in Germany, France, and the
United States. Genotype H is found in Central America [107]. Modes of transmission are
correlated with the geographic distribution of HBV genotype throughout the world. For example,
highly endemic areas have widespread genotypes B and C where vertical transmission is the
main mode of infection, whereas areas where horizontal transmission is the main mode of

infection, the remaining genotypes were found [108].
In a study conducted in Japan, patients with genotype A have higher persistence of HBV

infection as compared to genotype B and genotype C [109]. Delayed HBeAg seroconversion and

longer HBV replication period were observed in HBV genotype C [110]. As compared to

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 14



Review of Literature

genotype B patients, genotype C patients are more prone to advanced fibrosis, cirrhosis, and
even HCC [111]. Higher rates of unprompted HBsAgQ seroclearance was observed in patients
with genotype A and B as compared to patients with genotype C and D [112]. Patients infected
with genotype C have higher HBV viral load as compared genotype B patients [113]. Several
studies have also shown age as the major risk factor for HCC development, younger mean age is
associated with higher HCC development in genotype C patients than in genotype B patients
[114, 115]. Similar results were observed with genotype D when compared to genotype A in

various studies.

Table 2.1 HBV genotypes along with their distribution pattern

Genome HBYV proteins (aa)

Genotype Serotype Geographical Distribution
s P grap (bp) PreS1 Pol Core
A dw2 3221 119 845 185
aaw Africa, E A, A li
(A1-A6) rica, Europe, USA, Australia
B
adw2, ayw1 South East Asia, China, Japan 3215 119 843 183
(B1-B9)
C adwz2,ayr,adrg- ; ;
y q South East Asia, _Chlna, Ko_rea, 3215 119 843 183
(C1-C16) ,adrg+ Japan, Polynesia, Australia
D . .
ayw2,3 and 4 Mediterranean area, MleIe East, 3282 108 832 183
(D1-D7) East Europe, India
E
(ND) adw4 West and Central Africa 3212 118 842 183
F .
adwig- Sout_he America, Central_ 3215 119 843 183
(F1-F4) America, Alsaka, Polynesia
G .
adw? Europe, North America 3248 118 842 195
(ND) (Coinfection with Genotype A)
H adw4 Central Ame.rica, Mexico, South 3215 119 843 183
(ND) United States
I
adw Vietnam. Laos. India 3215 119 843 183
(ND) i) 1
) 3182 108 832 183
(ND) Japan

ND- No sub-genotypes identified so far
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2.3.1 Sub-genotypes

Sub-genotypes are described as a divergence of >4% (but less than 7.5%) in the nucleotide
sequence within the complete genome [116]. In HBV, genotypes from A-D and F upto 40 sub-
genotypes have been reported [117]. The difference of < 4% between sub-genotypes is indicated
to be as clades. According to Pourkarim et. al. (2014), misclassification of HBV genotypes can
be dodged by applying phylogenetic analysis over a full-length genome sequence rather than

partial sequence [116].

2.4 Epidemiology

According to World Health Organization (WHO), the global epidemiology of HBV is best
reviewed among the six regions: Western Pacific, Europe, Eastern Mediterranean, Africa, South-
East Asia and the Americas. Every geographical area can then be designated by its endemicity,
which is defined as the prevalence of HBsAg in the overall population of that specific
geographical area [118]. In addition, the Western Pacific region (defined by the World Health
Organization as 37 countries including China, Japan, South Korea, Philippines, and Vietnam)
reports for nearly 60% of all HBV infections globally [119]. Prior to implementation of the
vaccination program, the Asian-Pacific region was divided into three categories in terms of
HBsAg prevalence [120]. Figure 2.4 portrays the high-prevalence (>8%) regions including
China, Hong Kong, Taiwan, Korea, Mongolia, Philippines, Thailand, and Vietnam. The
intermediate-prevalence (2-8%) regions included central Asia, the Indian subcontinent,
Indonesia, Malaysia, and Singapore. Low-prevalence (<2%) regions included Australia and New
Zealand, although prevalence has increased in recent years due to immigrants from high-

prevalence countries [121].

[] 8%~ High
B 2-7%- Intermediate
B <2%-Low

Figure 2.4 The worldwide geographical prevalence of HBV infection as per World Health
Organization (W.H.O).
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In India, a study conducted on approximately 8575 pregnant women in 1987 had shown a 3.7%
incidence of HBV infection [122], another study of 20,104 pregnant women conducted in 2011
revealed a prevalence of around 1.1%. The precise reasons for the decreased incidence of HBV
infection could be the introduction of the HBV vaccination [123]. However, similar to other
countries the prevalence of hepatitis B is variable all over India with a gradient of commonly
growing prevalence from north to south (Figure 2.5). The lowermost prevalence is 2.3% in a
larger cohort of 20,000 blood donors in northern India [124] while it was maximum reported as
5.7% in a community-centered study in nearly 2000 people from southern India [125].
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Figure 2.5 The geographic incidence of HBV across India; representing the number of reported
outbreaks (N=291) in the country [126].
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2.5 Transmission

Currently, there are four recognized modes of transmission, which include i) prenatal- from
mother to child at birth, ii) horizontal- by contact with an infected person, or exposure to blood
or other infected fluids, iii) sexual contact, and iv) intra-familial- frequent or household contact
with the infected person. There is a considerable variation between areas, countries and
continents and the age at which most transmission takes place. The presence of the virus has
been detected in a variety of body fluids such as saliva, nasopharyngeal, semen and menstrual
blood [127] and the virus has not been detected in feces, probably due to viral inactivation by
enzymes within the intestinal mucosa or bacterial flora [128]. One of the most effective routes,
which allow the virus to enter an unexposed individual, is through the percutaneous introduction
(i.e. needle-stick injuries, etc.) [129]. However, the sexual transmission could range between a
mere 1-3% for a single unprotected sexual encounter or increase to 15%-30% due to a regular
infected partner [130]. Homosexual men are reported to be at 10-20 times greater risk than the
general population [131]. The hepatitis B virus is stable on environmental surfaces for at least a
week and an indirect inoculation could occur via inanimate objects or by contact with mucous
membranes or bruised skin [132]. The infectious HBV can be present in blood without detectable
HBsAg, and the failure to detect the antigen does not exclude the presence of the infectious virus
[133].

2.6 Clinical stages of HBV infection

The course of hepatitis B could be extremely variable with different clinical manifestations
depending on the patient's age at infection, the immune status and the stage at which the disease
is recognized [134]. During the incubation phase of the disease (6 to 24 weeks), the patients feel
unwell with possible nausea, vomiting, diarrhea, anorexia, and headaches. Patients then become
jaundiced, although low-grade fever and loss of appetite may improve. Sometimes neither
jaundice nor obvious symptoms are observed in HBV infection [135]. The asymptomatic cases
are generally identified by detecting biochemical or virus-specific serologic alterations in their
blood. It is quite likely that they become silent carriers of the virus and constitute a reservoir for
further transmission to others [135]. Most adult patients recover completely from their HBV
infection, but others (about 5 to 10%) do not clear the virus and progress to become

asymptomatic carriers or develop chronic hepatitis, possibly resulting in cirrhosis and/or liver

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 18



Review of Literature

cancer. Rarely, some patients develop fulminant hepatitis and die [136]. In general, the
occurrence of clinical disease rises with age [137]. A small number of long-established chronic
carriers apparently terminate their active infection and become HBsAg-negative (about 2% per
year) [138]. The four major clinical types of hepatitis are discussed further wherein Figure 2.6

evidently reveals the transformation among different clinical stages.

0.1%-3%

Liver cancer

10%-17%

Acute 8%-38% Cirrhosis Liver
Infection Transplantation
‘nﬁ N e
2

>90% of infected
children and ~ 5% of

adult progress to

chronic infection

Figure 2.6 The progression and complications in patients with hepatits B infection.

2.6.1 Acute Hepatitis

The clinical course of HBV runs similar to that of Hepatitis A Virus (HAV) but tends to be more
severe, at times associated with the serum-sickness-like syndrome [139]. The mildest attacks are
asymptomatic and are detectable only by an increase in serum transaminase levels. Alternatively,
the patient may be anicteric with gastrointestinal and influenza-like symptoms. These patients
are likely to remain undiagnosed unless a clear history of exposure is available. The severity of
infection varies from the symptomatic and icteric (from which recovery is typical) to fulminant
and fatal viral hepatitis. Icteric attacks in adults are marked by a prodromal period (typically 3-4
days extending up to 2-3 weeks) during which a patient feels sick, suffering from digestive
symptoms such as anorexia and nausea and may, in the later stages, have mild pyrexia. Other

common symptoms are rigors, mild pyrexia, loss of desire to drink alcohol or smoke, malaise,
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and occasionally severe headaches. The prodromal period is followed by the darkening of urine

and lightening of feces, followed by the development of jaundice [140].

2.6.2 Chronic hepatitis B (CHB)

Although most adult patients recover completely from an acute episode of hepatitis B, in a
significant proportion of 5 to 10%, the virus persists in the body and become chronic carriers.
This figure is much higher in children: 70 to 90% of infants infected in their first few years of
life become chronic carriers of HBV [141]. Surprisingly, some of the patients infected
persistently might have no clinical or biochemical evidence of liver disease. Chronic hepatitis B
is a prolonged (>6 months) infection with persistent serum levels of HBsAg and IgG anti-
HBCcAg and the absence of an anti-HBsAg antibody response. HBV DNA and HBeAg are often
detectable at high concentrations but may disappear if viral replication ceases or if mutations
occur; preventing the synthesis of the viral pre-core protein precursor of HBeAg. The associated
inflammatory liver disease is variable in severity. It is always much milder than in acute hepatitis
B, but can last for decades and proceed to cirrhosis, and is associated with a 100-fold increase in
the risk of developing a hepatocellular carcinoma [142].

2.6.3 Fulminant Hepatitis

This is a rare form of the disease, which usually overwhelms the patient within 10 days. This
form develops so quickly that the jaundice is inconspicuous and the disease may be confused
with acute psychosis or meningoencephalitis. The foreboding signs could be repeated vomiting,
fetor hepaticas, confusion, and drowsiness. The ‘flapping' tremor may only be transient, but
rigidity is usual. The serum bilirubin and transaminases are poor prognostic indicators as
transaminase levels may actually decrease as the patient's clinical condition worsens [143].
Prothrombin is the best indicator of prognosis. The frequency of the fulminant course varies

depending upon the type of viral hepatitis and prevalence of hepatitis B carriage [144].

2.6.4 Hepatocellular Carcinoma (HCC)
Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths and sixth
most common cancer worldwide [145]. There is an alarming increase in the incidence and

mortality of rates for HCC, particularly in eastern/south-eastern Asia and in Africa [146]. HCC
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prognosis is strongly correlated with the diagnostic delay. To date, no ideal screening modality

has been developed for HCC.

2.7 Biochemical markers

Laboratory evaluation of hepatitis B usually consists of liver enzyme tests, including levels of
alanine aminotransferase (ALT) and/or aspartate aminotransferase (AST), alkaline phosphatase
(ALP), and gamma-glutamyl transpeptidase (GGT), as well as liver function tests (LFTs) that
include total and direct serum bilirubin, albumin, and measurement of the international
normalized ratio (INR) [147]. Hematologic and coagulation studies also include a platelet count
and a complete blood count (CBC). Ammonia levels may be obtained, but the results often create
diagnostic confusion in clinicians [148]. Serum transaminases, consider to be sensitive and
specific markers of liver disease can be affected by stage of the HBV infection. That’s why there
are limitations of its use as an independent diagnostic marker. Increased levels of serum
transaminase in association with the levels of HBV DNA are evocative of CHB infection. The
prediction of the severity of HBV infection to fibrosis at the end has been correlated with the

combinations of the serum markers present [149, 150].

2.8 Serological markers for HBV
The HBV infection can be easily diagnosed by a variety of serological markers. During the
infection, these markers vary depending on whether the infection is acute or chronic and these

are identified as follows:

2.8.1 Hepatitis B surface antigen (HBsAQ)

HBsAQg can be detected in the serum several weeks before the onset of symptoms, which can last
for months after onset. HBsAg is present in serum during the acute infections and persists in
chronic infections. In fact, in some chronic cases, HBsAg is spontaneously removed after long
persistence. The presence of HBsAg indicates that the person is possibly infectious [151]. It is
useful for the diagnosis of HBV infection and screening of blood. Recently, an MI3 phage,
PHH2, was isolated which had the ability to bind HBsAg. The HBsAg binding phage was used

in an assay referred to as "PHALISA", an abbreviation for Phage-Linked Immune-Sorbent assay.
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This assay was at least 20-100 times more sensitive in the detection of HBV antigen than

conventional enzyme-linked immune-sorbent assay (ELISA) [152].

2.8.2 Anti-HBsAg

This is the specific antibody to hepatitis B surface antigen. Its appearance in 1 to 4 months after
the onset of symptoms indicates clinical recovery and subsequent immunity to HBV. Anti-HBs
can neutralize HBV and provide protection against HBV infection. The anti-HBs replaces
HBsAg as the acute HBV infection is resolving. Anti-HBs generally persists for a lifetime in

over 80% of patients and indicates immunity [153, 154].

2.8.3 Hepatitis B core antigen (HBCAQ)

Hepatitis B core antigen is derived from the protein envelope that encloses the viral DNA, and it
is not detectable in the bloodstream. An immune response is induced when HBcAg peptides are
expressed on the surface of hepatocytes, which is crucial for killing infected cells [155]. The

HBCcAg is an accurate index of active viral replication [156].

2.8.4 Anti-HBCcAg

It is the first antibody to appear on HBV infection and is the specific antibody of core antigen.
The antibodies related to HBcAg belong to IgM and 1gG class. The presence of IgM identifies an
early acute infection [157]. During the acute infection, IgM anti-HBc is present in high titer and
it usually disappears within 6 months [158]. An absence of HBsAg and anti-HBs suggests a
recent infection. 1gG with no IgM type antibodies may be present in chronic as well as the

resolved type of hepatitis and generally remains detectable for a lifetime.

2.8.5 Hepatitis B precore antigen (HBeAQ)

HBeAg appearing during weeks 3 to 6 indicates an acute active disease related with higher viral
replication. Progression to chronic infection is indicated by the presence of this virological
marker beyond 10 weeks. The constant presence of anti-HBe specifies chronic liver disease
[141].
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2.8.6 Anti-HBeAg

This is the specific antibody to HBeAg. For the resolution of infection at acute stage,
seroconversion from e antigen to anti-e antibody acts as a prognostic marker [159]. In the
absence of HBsAg, anti-HBs and core HBV mutants, if anti HBeAg is present along with anti-
HBc in the blood then it is said to be less contagiousness and convalescence recovery. Anti-HBe

appears after anti-HBc and its presence correlates to a decreased infectivity [160].

2.8.7 Hepatitis B x antigen (HBxAQ)

Hepatitis B x antigen is detected in HBeAg positive blood in patients with both acute and chronic
hepatitis [161]. HBxAg is reportedly involved in transcriptional regulation [135]. It has also been
well reported that autophagy is induced by HBV through the HBx protein [162]. The enzymatic
activity of PIBKC3 was also increased, which mediates PI3P formation further enhancing

autophagosome formation [63].

2.8.8 HBV DNA
The HBV DNA is detectable by hybridization assays or Polymerase chain reaction (PCR) one
week after initial infection. The tests are generally performed for monitoring the antiviral

treatment or to detect mutants that escape detection by current methods [163].

These serological markers are vital in determining the characterizing stage of HBV infection
whereas the genome level understanding is also vital in inferring suitable therapeutic
interventions. The genome-wide association studies (GWAS) or whole genome association
studies (WGA) has gained immense attention in recent past as it stipulates the channel for
determining the genetic variants and its association with diseases.

2.9 Genome-Wide Association Studies

Many phenotypes are quantitative in nature, and multifaceted in etiology, with several
environmental and genetic reasons [164]. In recent days, linkage disequilibrium (LD) based
GWAS is utilized in humans to map modern complex diseases [165]. The GWAS is an
investigational design used to identify associations between the genetic variants and traits in

desired populations [166]. The key goal is to better understand the biology of disease, beneath
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the hypothesis that a better understanding will lead to prevention or better treatment. The trail
from GWAS to biology is not so straightforward because an association between a genetic
variant and a trait is not directly informative [167]. GWAS have also been productively put into
practice for better defining the relative role of genes and the environment in disease risk,
supporting in risk prediction (allowing preventative and personalized medicine), and exploring

natural selection and population differences.

A number of steps are critical for an effective GWAS as depicted in Figure 2.7, which
comprises of a well distinct cohort of cases, suitably matched controls, quality control evaluation
of samples and genotyping data. Data analysis should be corrected for multiple hypotheses
testing with a p-value mandatory for statistical significance of associations usually set at less
than 5x108. Since the p-value cut-off is merely ‘statistical’, a number of optional analytical
approaches have been developed including pathway-based approaches and network analyses
whereby the biological role of genes is assessed alongside its statistical association [168].
Regardless of the analytical approach, all GWAS results necessitate replication and should be
validated additionally by the measurement of proteins, gene expression or function [169]. The
replication studies should have adequate sample sizes to detect the effect. Confidence in the
result is increased if the effect is observed from the same SNP or another SNP in high LD with
the candidate SNP and is in the same direction [166].

Now a days, linkage disequilibrium based GWAS is in trend for mapping modern
complex trait in humans [170]. GWAS involves correlating allele frequencies with trait variation
in a population-based sample studies [171]. One of the major advantages of the GWAS approach
is that it is unbiased with respect to genomic structure and previous knowledge of the trait
etiology, in contrast to candidate gene studies, where knowledge of the trait is used to identify
candidate loci contributing to the trait of interest. Therefore, the results obtained from GWAS
holds the promise to disclose the role of causal genes which are not previously suspected in
disease etiology [172].
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Figure 2.7 Overview of the genome-wide association studies.

2.10 Candidate gene approach

Candidate gene studies have been at the first place of genetic association studies i.e. to point out
the risk variants associated with a particular disease. The advantage of candidate gene approach
over GWAS is that it is relatively cheap, quick to perform and are focused on the selection of
genes that have been in some way related to the disease previously and thus come with prior
knowledge about gene function. This approach initiates with the selection of putatuive candidate
gene according to its relevance in the disease being investigated [173]. This is pursued by
considering and selecting polymorphisms which are having a functional consequence, either by
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affecting gene regulation or its protein product [174]. The underlying principle of these studies
is that the SNPs under examination detain information about the causal genetic variability of the
gene under consideration, though the SNPs may not serve as the true disease-causing variants.
Ultimately, the gene variant is confirmed for disease association by scrutinizing its occurrence in
random test subjects (cases) having the disease and the selected healthy control subjects whichdo
not have the disease; and is then assessed for its association with disease prognosis and diagnosis
and its future potential as a biomarker. This makes the knowledge derived from candidate gene
approach precious and clinically pertinent as a prospective disease diagnostic tool and for

personalised medicine initiatives in future treatments of genetic disorders [175].

2.11 Candidate gene approach/GWAS and infectious diseases

Candidate gene approach/GWAS have been used to characterize the genetic architecture of
susceptibility to common infections and of response to vaccination. The largest body of data in
this area comes from candidate gene studies for infection with bacterial, viral, fungal, and

parasitic pathogens.

2.11.1 Malaria

Malaria is transmitted by female Anopheles mosquitoes, which carry parasites of Plasmodium
spp. (P. falciparum, P. vivax, P. ovale, P. malariae, and P. knowlesi) [176]. The initial GWAS in
the case of malaria has been studied in association with hemoglobin subunit beta (HBB) gene
[20]. Later, GWAS proceeded with more genes associated with more severe malaria and was
replicated in ATPase Plasma Membrane Ca2+ Transporting 4 (ATP2B4), 16922, ABO and CD40
Ligand (CD40LG) [177-179]. A recent study of severe malaria with 5291 controls and 5130
cases have identified a novel highly significant SNP (rs184895969) flanked by FRAS1 Related
Extracellular Matrix 3 (FREM3) and genes encoding receptors which code P. falciparum (GYPA,
GYPB, GYPE). A haplotype at this locus showed protection against severe disease (OR = 0.67,
95% Cl, 0.60-0.76, p- 9.5 x 107*1) [180].

2.11.2 HIV and AIDS

Susceptibility to HIV-1 infection and the disease progression are the different phenotypes, which

have been examined via host genetic studies using both candidate-gene and genome-wide
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strategies [181, 182]. Both candidate-gene and genome-wide strategies have inspected a range of
diverse phenotypes, including susceptibility to the HIV-1 acquisition, viral load following
infection, and disease progression. Various robust associations between HIV-1 phenotypes and
polymorphisms have been identified with various genes like the chemokine receptor 5-
chemokine receptor 2 (CCR5-CCR2) locus [183, 184], the human leukocyte antigen (HLA) class
| region [185, 186] and killer immunoglobulin-like receptor (KIR) loci [187]. The first reported
GWAS of this infectious disease in European ancestry identified HLA SNPs (rs2395029 and
rs9264942) that were extremely associated with the viral load during the asymptomatic period of
HIV-1 infection [19].

2.11.3 Meningococcal disease

In 2010, the first GWAS for meningococcal disease (MD) was reported where 475 disease cases
from the UK and 4703 controls were included which identified 79 SNPs with significance [23].
The results were replicated first in 553 Western European cases and 839 matched controls, where
two highly significant SNPs in complement factor H (CFH) were identified in a combined
analysis, further this study was replicated in a second cohort from Spain of 415 cases and 537
controls. Individuals carrying the minor allele were protected against the disease with a relative
risk of ~0.6 as compared to the individuals carrying wild-type allele. An additional study
identified three SNPs, which have genome-wide significance in a mutual analysis in the
neighboring gene CFHR3. All SNPs decline disease susceptibility for carriers of the minor allele.

2.11.4 Kawasaki disease

Several GWAS have been performed on Kawasaki disease (KD), a systemic vasculitis of
unknown etiology. The first GWAS study on KD was completed in Dutch Caucasian population
using a case-control design [24]. The study was replicated further with 2173 cases and 9383
controls using a case-control and family-based plan. The confirmed results included a functional
SNP in FCGR2A, an SNP near MIA and RAB4B, and an SNP in ITPKC gene. The SNP in
FCGR2A association was replicated in a Japanese cohort of 428 cases and 3379 controls, jointly
with two replication studies including 754 cases and 947 controls [188]. The genes recognized in

these GWAS clearly contribute to disease occurrence and propose that KD is activated by
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environmental factors or infectious agents in children whose immune system is genetically

determined to react in a different way when matched up to unaffected children.

2.11.5 GWAS and Hepatitis B Virus

Various GWAS have been reported in association with HBV infection, its progression, and
recovery. A GWAS recognized sturdy associations among variants in HLA-DPA1l and
HLA-DPBL1 in the HLA class Il region and protection against chronic HBV infection in an Asian
population [25]. This study was replicated and further studies have confirmed the findings and
suggest that these variants are associated with the HBV clearance [189-191]. These variants
possibly will also influence HLA mRNA expression levels, and lower expression of HLA-DPA1
and HLA-DPB1 has seen to be related to an increased risk of chronic HBV [192]. Another
GWAS of HLA-DPAL and HLA-DPB1 genes followed by a replication analysis using samples
from HBV carriers and spontaneously HBV-resolved individuals as well as healthy controls in
Japanese and Korean population has demonstrated that these genes were considerably associated
with defensive effects against CHB [193]. Apart from vast studies from Asia, few studies have
also been reported that looked at an association between HLA-DP variants and constant HBV
infection in non-Asian countries [194-196]. A Korean group found two novel variants in the
euchromatic histone-lysine-methyltransferase 2 (EHMT2) gene and transcription factor 19
(TCF19) that were associated with susceptibility to chronic HBV infection [197]. Recently,
sodium-taurocholate cotransporting polypeptide (NTCP), which is encoded by SLC10A1, has
been shown to be a well-built cellular receptor for HBV and hepatitis D virus [198]. Further in-
vitro investigation of SLC10AL variant (rs2296651) resulted in loss of HBV-receptor function
[199]. Recently, ULK1 (autophagy initiating gene) has been intensively studied and found to be
associated with HBV infection, which promotes autophagy in hepatocytes via the activation of
ULK1 [200]. Autophagy promotion is suggested to help the HBV replication and the inhibition
of hepatocyte autophagy might be a new target for HBV infection [55, 64].

2.12 Autophagy
Autophagy (auto-phagin from Greek meaning ‘Self-Eating’) is a cellular catabolic degradation
pathway which gets activated in response to starvation or stress in which cellular proteins,

organelles, and cytoplasm are engulfed, degraded and recycled to maintain cellular metabolism.
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There are three major types of autophagy in eukaryotes: chaperone-mediated autophagy (CMA),
microautophagy and macroautophagy [201].

2.12.1 Chaperone-mediated autophagy (CMA)

It is known to be associated with higher eukaryotes. It involves a direct translocation of cytosolic
proteins across the lysosomal membrane [202]. Proteins containing a pentapeptide motif
(KFERQ or similar sequences) are recognized by Hsc70, which facilitates protein unfolding and
delivery of the protein to the CMA receptor lysosome-associated membrane protein type-2A
(LAMP2A), a lysosomal membrane protein [203]. CMA is dynamic in cells under basal
circumstances but it is excellently triggered in retort to stressors like oxidative stress, hypoxia,
DNA damage and prolonged starvation [204]. The CMA activity is coordinated with other
autophagic pathways and even with the ubiquitin/proteasome system. Thus, cells retort to
obstruction of CMA both in vitro and in vivo by enhancing macroautophagy and the

ubiquitin/proteasome system [205].

2.12.2 Microautophagy

It is characterized mainly in yeast and is the process by which cytoplasmic material become
sequestered through a direct invagination of the vacuole membrane [206]. It is generally thought
that microautophagy accounts for the basal rate of intracellular protein degradation in normal
non-stimulated conditions, though later discoveries in yeast showed that this pathway can also be
induced by various conditions [207]. Microautophagy has the capacity to sequester large
structures such as entire organelles through both selective and non-selective mechanisms [208].
Moreover, certain cargo, e.g. mitochondria can be degraded both by micro- and macroautophagy,
but how this selectivity is regulated is not known [57]. Very recently, a microautophagy-like
process was characterized in eukaryotic cells, involving delivery of cytosolic materials to the
intraluminal vesicles of late endosome/multivesicular bodies (MVBs) in an ESCRT (Endosomal

sorting complex required for transport)-dependent manner [209].
2.12.3 Macroautophagy

Hereafter referred to simply as autophagy, is the best characterized form of autophagy. It was

first identified and characterized in mammalian cells by electron microscopy (EM) studies [210].
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This process (Figure 2.8) involves nucleation of a membrane, named the phagophore or isolation
membrane (IM), which expands to form a double-membrane vesicle called the autophagosome.
The autophagosome either fuses directly with the lysosome or with endocytic vesicles,
generating an amphisome that eventually fuses with the lysosomal compartment resulting in the
formation of an autolysosome where the sequestered material becomes degraded by lysosomal
hydrolases [211].
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Figure 2.8 Schematic representation of autophagy.

2.13 Autophagy Machinery

The discovery of Atg genes initiated an exciting era in research and has provided a growing
understanding of the complex process of autophagy and its role in various physiological and
pathological conditions, including starvation responses, anti-aging, immunity, differentiation,
lipid metabolism, development and protection from cell death [212]. Furthermore, autophagy is
associated with various diseases, including cancer, neuro-degeneration (clearance of intracellular
aggregate-prone proteins) and infectious diseases (removal of pathogens) [213]. However, there
is still much to be learnt about the mechanism underlying autophagy, a process that can be
broken down into several steps; (A) induction, (B) nucleation, (C) expansion and (D) maturation.

Our current understanding of each step will be described in below.

2.13.1 Induction
Autophagy can be induced by several conditions, including nutrient limitation (starvation),
energy depletion and lack of growth factors (insulin/IGF) [214]. It can also be stimulated by

numerous cellular stressors such as heat and oxidative stress. It is still uncertain that how many
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major signaling pathways controlling autophagy directly affect autophagy, while it is clear that
the mammalian target of rapamycin (MTOR) plays a key role in integrating several signals as
demonstrated in Figure 2.9 [215]. Inhibition of MTOR leads to activation of autophagy likely
through the release of mTOR-mediated inhibitory phosphorylation of Atgl orthologues (ULK-
1/2) in mammalian cells [216]. The class | PI3K inhibits autophagy through activation of mTOR,
whereas the activity of class Il PI3K/VVps34 is required for induction of autophagy.
Identification of the inhibitory action of 3-methyladenine (3-MA), provided the first evidence for
a regulatory effect of protein kinases and phosphatases in autophagy and it was later found that
3-MA is a PI3K inhibitor [217].
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Figure 2.9 Regulation of autophagy via signaling pathways, hormones, growth factors and stress
conditions. Here, purple and yellow lines depict events that positively and negatively regulate
autophagy. The green lines portray pathways that are mTOR-independent. (IKKf, an inhibitor of
nuclear factor kB kinase f3; PI3K, phosphatidylinositol-3 kinase; PTEN, phosphatase and tensin
homolog; MAPK, mitogen-activated protein kinase; TSC1/2, tuberosclerosis complexes 1 and 2;
and EF, elongation factor) [218].
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2.13.2 Nucleation

Ever since the discovery of autophagy, the exact source of the autophagosomal membranes has
been under deep discussion [219]. In mammalian cells, autophagy is initiated by the formation
and elongation of the phagophore/isolation membrane (IM) [220]. In yeast, the IM arises from
the pre-autophagosomal structure (PAS), whereas the IM in mammalian cells has been
recommended to arise in different areas of the cytoplasm [221]. In yeast, Atg9 is transported to
the PAS from a compartment to the mitochondria and as Atg9 is required for PAS formation, it is
likely that it mediates transport of the lipids required to create this structure [222]. The sorting
mechanism for the shuttling of Atg9 from mitochondria to the PAS is unknown but seems to
require actin. mAtg9, however, cycles from the trans-Golgi network (TGN) to a peripheral Rab7-
positive endosomal pool and is present on autophagosomes after starvation, in a Unc-51-like
kinase (ULK1) -dependent manner [223]. The yeast ULK1 homologue, Atgl, is also responsible
for the recruitment of other Atg proteins to the PAS. The role of Atgl/ULKs in autophagy
induction has not yet been properly characterized, however, the activity of ULK kinase increases
during starvation, and kinase-dead mutants of ULK exert a dominant negative effect on
autophagosome formation [65].

2.13.3 Expansion

The process of membrane elongation and completion to form the autophagosome requires two
ubiquitin-like proteins Atgl2 and Atg8 and their conjugation systems [224]. The Atgl2-Atg5
conjugate associates with a small coiled-coil membrane-bound protein, Atgl6L (an ortholog of
yeast Atgl6), to form an Atgl2-Atg5-Atgl6L complex [225]. Atgl6L directs the Atgl2-Atg5
complex to the IM, and this complex has been proposed to work in an E3-like mode for the
conjugation of LC3 [226]. The Atgl2-Atg5-Atgl6L complex also determines the sites of LC3
lipidation. Before conjugation to PE, the carboxy-terminal residue of LC3 is cleaved off by the
cysteine protease Atg4, exposing a critical Glycine residue at the C terminus which becomes
covalently conjugated to PE [227]. Soluble LC3 is called LC3-1 whereas the membrane bound,
autophagosome associated form is referred to as LC3-11. LC3 can mediate membrane tethering
and may contribute to autophagosome membrane expansion. LC3 might also assist the final

fusion to close the autophagosome, a poorly understood step [228].
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2.13.4 Maturation

After the final closure of the autophagosome, it matures by fusion with endocytic compartments,
creating amphisomes, and prior to fusion with lysosomes, creating the autolysosome in which the
cargo is degraded [229]. Several factors have been reported to be important for the convergence
of autophagic and endocytic vesicles, such as coat protein complex |1 (COPI) and ESCRT. COPI
is found at early endosomes which function as a sorting station for the endocytic cargo, whereas
ESCRTSs are required for the formation of MVBs and sorting of endocytic cargo targeted for
lysosomal degradation into MVBs [230]. Recently, the endosomal PI3P 5-kinase has been shown
to be involved in maturation, indicating that also endocytic membrane lipids are important for
proper autophagosome maturation [231]. In mammalian cells, the fusion of autophagosomes
with lysosomes is facilitated by microtubules and seems to require dynein, structures which are
not required for fusion of yeast autophagosomes with the vacuole [232].. Interestingly, the Rab7,
PI3P, and LC3 binding protein FYCO1 were found to promote microtubule plus end directed
transport of autophagosomes, thereby connecting transport of autophagosomes to the fusion with

lysosomes [233].

2.14 The autophagy-regulating kinase ULK1

2.14.1 ULK-family kinases - Atgl-homologs in higher organisms

Atgl is a serine/threonine kinase initially recognized in genetic screens for autophagy genes in S.
cerevisiae [234]. The orthologs related to this gene have been found in all higher eukaryotes;
based on the Atgl-relative in C. elegans, Unc-51, they are referred to as Unc-51 like kinases
(ULKs) [235]. In mammalian cells, two clear Atgl-orthologs are present, the kinases ULK1 and
ULK2. Both genes are ubiquitously expressed, although their relative abundance differs among
various tissues [236]. Like Atgl, ULK1/2 are composed of three modular regions, an N-terminal
kinase domain, followed by a serine/ proline rich spacer region, and a C-terminal region [65].
The alignment of Atgl and its mammalian and Drosophila orthologs shows a high degree of
homology for the kinase domain with some conservation at the C-terminus. The ULK1 and
ULK?2 share 55% overall identity on the protein level and 78% identity in their kinase domains,
including residues in the conserved T-loop activation domain [65]. ULK1/2 forms a unique
family in the human genome, together with three more distantly related kinases, ULK3 and

ULK4 [237]. Sequence conservation between these three kinases and ULK1/2 is limited to the
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kinase domain and excludes the regulatory spacer and C terminal regions, which are important
for ULK1/2-function, suggesting that the cellular role of ULK3/4 differs from that of ULK1/2
[238].

2.14.2 Cellular functions of Atgl/ULKs

Atgl was first described in yeast as a critical regulator of autophagy induction, whereas its C.
elegans ortholog, Unc-51 (uncoordinated-51) was originally identified as an axonal guidance
mutant [239] only later, it was also shown to be required for dauer-formation, a specialized
autophagy-related developmental stage entered in response to an unfavorable environment [240].
Both, the role in autophagy and that in neuronal processes are conserved up to mammals, and
ULK1, as well as ULK2, have been shown to function in either context, although ULK1 has
been studied to a greater extent [241]. ULK1 and ULK2 are required for fiber formation in
cerebellar granular neurons and regulate filopodia extension and axon-branching of sensory
neurons by non-clathrin-coated endocytosis [242]. A role in autophagy has been clearly

determined for ULK1, yet, in the case of ULK2, contradictory findings were reported [65].

2.14.3 Regulation and role of Atgl/ULKZ1 in autophagy

With regard to their function during autophagy, yeast Atgl and mammalian ULK1, together with
their complex partners (m) Atgl3 and Atgl7/FIP200 display common features but also major
differences [243]. First, both the proteins are the most upstream component of the autophagy
machinery and to receive inputs from multiple regulatory signaling pathways, i.e. the (m)TOR
and the PKA-pathway, atleast in yeast [244]. In either case, the signal transferred to Atgl/ULK1
is inhibitory. When mTOR or PKA are suppressed, Atgl/ULKZ1 is depressed and further initiates
autophagy. Yet, the mechanism of autophagy induction by Atgl/ULK1 is not well understood.
To date, only two substrates have been described for ULK1, besides from its associated proteins
mAtgl3 and FIP200 namely the focal adhesion protein Paxillin and the class Il PI3-kinase
complex subunit Ambra 1 [245]. However, the mechanism by which Paxillin regulates
autophagy remains to be elucidated, and Ambra 1 is not conserved in yeast, suggesting that
Atgl/ULK1 phosphorylates additional Atg-proteins [245]. It should be noted that the
requirement for Atgl/ULK1 for autophagy induction seems to be general and independent to the

inducing stimulus. Second, Atgl and ULKZ1 regulate the trafficking of (m)Atg9 to the peripheral
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compartments [246]. Yet, the precise mechanism for this has not been elucidated until now.
Third, full activation of Atgl and ULKL requires their binding partners (m)Atgl3 and
Atgl7/FIP200, further increasing kinase activities (although only moderately in mammalian
cells) upon starvation. Furthermore, (m)Atgl3 enhances the interaction of Atgl/ULK1 with
Atgl7/FIP200 [247].

On the other hand, regulatory and functional differences between Atgl and ULK1 have
been reported, indicating that certain findings in one organism are not readily transferable to
others. First, in yeast, hyperphosphorylation of Atgl3 by TOR under nutrient-rich conditions
prevents its binding to Atgl, which occurs only with the nutrient deprivation and
dephosphorylation of Atgl3 [248]. A direct interaction between TOR and the Atgl-complex has
not been demonstrated. Mammalian ULK1 however, is constitutively associated with mAtgl3,
Atg101, and FIP200 [249]. Under the nutrient rich conditions, mTORC1, via raptor, also binds to
ULK1 and directly phosphorylates not only to mAtg13 but also to ULK1 itself. Upon starvation,
mTORC1 dissociates from the ULK1-mAtgl3-Atgl01-FIP200-complex and ULK1
phosphorylates mAtg13 and FIP200 [250]. Second, the kinase activity of yeast Atgl, although
increased with starvation, which is not required for initial recruitment of other Atg-proteins,
including Atg8, to the PAS but only for subsequent membrane extension and dissociation of
these Atg-proteins from the PAS [251]. This suggests that Atgl itself acts as a scaffold. One
exception is Atg2, which localizes to the PAS, in an Atgl-kinase-activity-dependent manner
[252]. In contrast, ULK1-kinase activity is also required for the localization of Atg8-homolog
LC3 to the isolation membranes [253]. Third, in yeast, the interaction of Atgl and Atgl7 seems
to be completely dependent on Atgl3, whereas ULK1 also directly binds to FIP200, although
this association is enhanced by mAtgl3 [254]. Furthermore, studies in yeast also demonstrated
additional regulatory influences on the Atgl-complex that have not yet been examined in
mammalian cells. In particular, Atgland Atgl3 can be phosphorylated by PKA, which prevents
the localization of these proteins to PAS [255]. Moreover, Atgl has been shown to phosphorylate
its own activation loop upon exposure to pro-autophagic stimuli, and this event requires Atgl3
and Atgl17, which is essential for initiation of autophagy [256].
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2.15 Mechanism of HBV-induced autophagy

The HBV has exhibited to induce autophagy in vitro, in the liver of transgenic mice that carry the
entire HBV genome, during natural infection [63, 67]. However, different mechanisms regarding
how HBV induces autophagy have been proposed [257]. It has been reported that the HBV X
protein (HBx), a regulatory protein, could activate the Beclin-1 promoter to induce the
expression of Beclin-1, which can further activate the PI3KC3 complex [162]. This induction of
Beclin-1 by HBx enhanced autophagy when cells were nutrient starved (Figure 2.10) [68]. In a
separate study, Sir et al. did not observe the induction of Beclin-1 by HBV or the HBXx protein.
However, they found that HBx, whether by itself or when it was expressed from the HBV DNA
genome, could bind to and activate PI3KC3 [63]. This activation of PI3KC3 led to the
production of a high level of phosphatidylinositol-3-phosphate (PtdIns(3)P) in cells and an
increased amount of autophagic vacuoles including autophagosomes and autolysosomes [258].
Interestingly, this increase of autophagic vacuoles by HBx did not lead to an increase of the
autophagic protein degradation rate, suggesting that the increased amount of autophagic vacuoles
induced by HBx did not sequester more cellular proteins or organelles for degradation [259]. The
induction of autophagic vacuoles was not only observed in cells that expressed HBx but also in
the cells productively replicating HBV and in the liver of transgenic mice that carried the
complete HBV genome [260]. However, it was not observed in mice carrying the HBV genomic

mutant that was not capable of expressing HBx [261].

The accumulation of unfolded or misfolded proteins in the ER can lead to ER
stress, which can activate IRE1, PERK, and ATF6; resulting in the activation of a cascade of
downstream signaling events collectively called the unfolded protein response (UPR) [262].
HBV is known to use this pathway to induce autophagy without promoting the autophagic
protein degradation. It was found that this induction of ER stress and UPR was mediated by
SHBs, and the effect of SHBs on autophagy was abolished if the expression of any of the three
sensors of the ER stress (i.e., IRE1, PERK and ATR6) was suppressed with siRNAs [263]. The
HBV genomic mutant incapable of expressing SHBs is unable to trigger UPR and induce
autophagy. Although the activation of UPR can persuade autophagy and hepatitis C virus has
been shown to induce autophagy via this mechanism; the finding that HBV could use SHBs to

induce ER stress and autophagy were rather surprising [264]. This is because of the fact that
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previous studies on HBV indicated that HBx, LHBs and the LHBs mutant with a deletion in the

pre-S2 region could induce the ER stress. In contrast, SHBs was not known to induce ER stress

and, instead, a reduction of its expression could actually cause the accumulation of LHBs in the

ER lumen, resulting in the induction of ER stress and hepatocellular injury [265]. Besides the

product of HBV gene, various HBV genotypes may also impact the ability of HBV to induce

autophagy. It was found that HBV genotype C virus was more potent than genotype B virus in

the induction of autophagy [266]. The HBV genotype C is also associated with a more severe

liver disease outcome than genotype B [267]. It is unclear whether the increased virulence of

genotype C HBV is related to its increased ability to induce autophagy.
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Figure 2.10 Autophagy is induced by HBV expression and enhances HBV replication [259]
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2.16 Effect of Autophagy on HBV replication

In addition, autophagy also plays a constructive role in the replication of HBV, as the inhibition
of autophagy led to the reduction of HBV replication in cells (Figure 2.10) [64]. The
suppression of PI3KC3 and Atg7 with the siRNA leads to in the inhibition of HBV DNA
replication with only a small effect on HBV RNA transcription, protein synthesis or the
packaging of the pgRNA into the core particle [268]. Similar results were found where the
activity of PIBKC3 was repressed using its inhibitor 3-methyladenine [63]. This finding was
supported by the studies conducted using HBV transgenic mice, which carried the entire HBV
genome and actively replicated HBV in the liver [269]. How autophagy is involved in HBV
DNA replication is unclear. However, it does have a profound effect on the subcellular
localization of the HBV core protein, as the HBV core protein was localized primarily to the
nuclei of the hepatocytes in wild-type mice but it was diffusely localized to the cytoplasm in the
hepatocytes of mice with liver-specific knockout of Atg5 [64]. Curiously, in the studies
conducted by Li et al., it was shown that the inhibition of autophagy with 3-methyladenine or
with siRNA knockdown of either Beclin-1 or Atg5, had little effect on the HBV RNA and DNA
syntheses, but it inhibited the release of enveloped viral particles. Based on the observation that
SHBs co-localized with the autophagosomes and co-immuno precipitated with LC3, they
suggested that HBV might use autophagosomes as the scaffold for viral envelopment [270]. The
possibility that HBV may use autophagosomes for viral envelopment certainly requires further
investigation, as the report by Sir et al. indicated the co-localization of both HBV core/precore

protein and surface proteins with autophagic vacuoles [63].

2.17 Human genes involved in HBV pathogenesis and significance of their polymorphisms

Different viral, environmental and genetic components are considered to play a major role in
HBV infection. The individual’s genome and ethnic differences show differential severity,
infection, and the outcome of HBV infection [271]. The liver as we know is a rich source of
innate and adaptive immune cells, cytokines, and chemokines. An over abundance of candidate
gene studies has shown that polymorphisms in certain immunity and inflammation-related genes
are significantly associated with HCC risk [272]. Various genes whose polymorphisms play

important role in response to HBV infection are listed as under in Table 2.2.
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Table 2.2 Gene polymorphisms associated with susceptibility to chronic hepatitis B

Gene/Loci Population Sample size p-value Reference
HLA B 44-Cw 1601 Caucasian 563 0.02 [273]
HLA B 44-Cw 0501 Caucasian 563 0.006 [273]

HLA-DRB1 0301 Chinese 190 0.0074 [274]
HLA-DR6 Korean 1272 <0.001 [275]
HLA-DQA1 0501 Chinese 190 0.0157 [274]
HLA-DQA1 0501 Af“(fan 91 0.05 [276]
American
HLA -DQB1 0301 Afrltfan 91 0.01 [276]
American
HLA-DQB1 0301 Chinese 190 0.0075 [274]
HLA B 08 Caucasian 563 0.03 [273]
TNF-alpha-863 Korean 1400 - [277]
TNF-alpha-238 Chinese 355 0.02 [278]
TNF-alpha-238 Chinese 455 0.02 [279]
NKG2D Han Chinese 500 0.04 [280]
Interleukin-16- TT Iran 744 0.02 [281]
Interleukin-16- GG Iran 744 <0.001 [281]
PRKAAL- 424 Han Chinese 276 0.03 [282]
RKAA1-707 Han Chinese 276 0.03 [282]
PRKAA1-822 Han Chinese 276 0.02 [282]
TNF-alpha-308 Iran 240 <0.001 [283]
TNF-alpha-857 Iran 240 0.008 [283]
TNF-alpha-863 Iran 240 0.008 [283]
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2.18 SNPs of ULK1 in diseases

2.18.1 Ankylosing spondylitis (AS)

It is a form of arthritis that mainly affects the spine, and also other joints of the body. It causes
inflammation of the vertebraes which can lead to severe, chronic pain and discomfort. In more
sevare cases this inflammation can lead to ankylosis in which a new bone formation occures in
the spine due to which sections of the spine gets fused in a fixed, immobile position. AS has been
acknowledeged as a a polygenic inheritable disease. A large number of genes, implicated in IBD
and/or CD, have already been associated with AS and they share a common pathway [284].
Since autophagy plays a significant role in several immune-related diseases which have
substantial overlaps in genetic association, a recent case-control study has explored the role of
the ULK1 autophagy gene in the development of AS [285]. The findings of the study suggests
that the rs9652059 variation (C—T) could increase AS susceptibility and the three haplotypes
rs9652059¢-rs4964879°%, rs9652059¢-rs11616018" and rs9652059"-rs11616018" may be

associated with AS susceptibility.

2.18.2 Crohn’s disease

Crohn’s disease (CD) is considered to be caused by the interactions among many genes that
regulate the immune response against environmental factors such as intestinal bacteria [286].
Association of ULK1 gene with CD has been studied in the NewZealand population [75]. The
results suggests a novel association between one haplotype tagging SNP (rs12303764) in the
ULK1 gene and CD. The findings from another study also provide some evidence to suggest
that genetic variation in ULK1 may play a role in interindividual differences in CD susceptibility

and clinical outcome [73].

2.18.3 Latent Mycobacterium tuberculosis infection (LTBI)

Latent tuberculosis infection (LTBI) is characterised by the presence of immune responses to
previously acquired Mycobacterium tuberculosis infection lacking clinical evidence of active
tuberculosis (TB). In 2016, first candidate gene association study of autophagy-related genes
and LTBI was reported. The results found were satisfactory showing ULK1 polymorphisms were
associated with LTBI in Asian individuals, with a reduction of >80% in the LTBI risk for each

copy of the minor allele [287].
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Materials and Methods

3. Materials and Methods

3.1 Understanding ULK1: An In silico analysis

3.1.1 Data Retrieval

In this in-silico analysis, an extensive examination of the ULK1 gene was carried out both at
nucleotide and protein levels. The analyses initiated with the retrieval of human protein/gene
sequence of ULK1 (GenBank Accession Number: AAC32326) from the National Center for
Biotechnology Information (NCBI).

3.1.2 Identification of site-specific residues and phylogenetic analysis for ULK1

Apart from the human protein sequence of ULK1 (GenBank Accession Number: AAC32326),
corresponding protein sequences for other seven species of families Hominidae (Pan troglodytes;
GenBank Accession Number: JAA43195), Bovidae (Bos taurus; GenBank Accession Number:
NP_001192856), Cricetidae (Cricetulus griseus; GenBank Accession Number: EGW02429),
Pteropodidae (Pteropus alecto; GenBank Accession Number: ELK14239), Muridae (Rattus
norvegicus; GenBank accession Number:NP_001101811, Mus musculus; GenBank Accession
Number: NP_033495), Pipidae (Xenopus (Silurana) tropicalis; GenBank Accession Number:

NP_001106388) were also retrieved and further deliberated for their evolutionary conservation.

3.1.3 Evolutionary conserved and variable regions

The genetic variations leading to different phenotypes were analyzed by observing the variable
regions in the multiple sequence alignment (MSA) generated for the ULK1 gene. The latter was
carried out using multiple sequence comparison by log-expectation (MUSCLE) [288] and
multiple alignment using fast Fourier transform (MAFFT) [289]. These programs use log-
expectation scores and fast fourier transform methods respectively for providing better average
accuracy and speed compared to other MSA algorithms. These programs were used with their

default parameters.

3.1.4 Evolutionary relationship associated with ULK1
Highly conserved regions play an imperative role in phylogenetic tree construction. Therefore,
the evolutionary relationship among eight species was elucidated on the basis of sequence

similarities by applying molecular evolutionary genetics analysis 5 (MEGADS) which helps to
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estimate the rates of molecular evolution and deduce ancestral affiliations [290]. The
phylogenetic reconstruction was achieved by means of maximum parsimony (MP), a character-
based method for deducing phylogenetic trees by minimizing the total number of evolutionary
steps required for explanation of a given set of data. The bootstrap analysis was also performed
for the verification of inferred tree by taking 1000 bootstrap replicates to generate the statistically

significant phylogenetic tree.

3.1.5 Identification of regulatory elements and over-represented TFBS

Identification of regulatory elements like enhancers, silencers, and repressors involved in
controlling the expression of ULK1 provides useful insights into how the gene is regulated and
expressed under the influence of these factors. Distant regulatory elements of co-regulated genes
(DIRE) [291] and oPOSSUM 3 [292] were used for detection of the regulatory elements in
ULK1 and over-represented transcription binding sites, respectively. Additionally, JASPAR
database [293] was also explored for similar kind of datasets to identify various classes, families

and sequence logos for transcription factors (TFs) and their binding sites.

3.1.6 Identification of nsSNPs, their phenotypic effects and quantitative statistical analyses
for genetic parameters

The nsSNPs are the nucleotide changes that result in the altered amino acid in the protein
sequence. This altered amino acid may or may not affect the function of the protein. The affected
protein function in case of modifying nsSNPs is due to change in its (1) structure, (2) stability
and (3) by influencing functional binding sites. We have used Sorting Intolerant From Tolerant
(SIFT) and Polymorphism Phenotyping (PolyPhen) tools to identify nsSNPs which are popular
standard tools to predict intolerant or damaging variants. These are based on sequence
homology, conservation, structure and SWISS-PROT annotations. For identification of known
SNPs, we computationally analyzed ULK1 gene initially as experimental methods are
complicated, expensive and time consuming. The nsSNPs were further analyzed for their
phenotypic effect in coding sequences. SIFT algorithm was used for identification of genetic
variations, leading to diverse phenotypes in ULK1 [294]. The prediction is based on the
generated SIFT score and focuses on the phenomenon of protein conservation which states that

protein evolution has a strong correlation with protein function. PolyPhen was also used for
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validating these phenotypic consequences which predicts on the basis of sequence, structural,
evolutionary annotations, and substitutions in the proteins [295]. The profile scores for the two
amino acid positions (native and mutant) were calculated and assessed for evaluating their
phenotypic effects. On the basis of the scores, PolyPhen categorizes the substitutions into three
classes i.e. ‘benign’, ‘possibly damaging’ and ‘probably damaging’. The genotype data from
CEU (CEPH—Utah Residents with Northern and Western European Ancestry) population for
the ULK1 gene was retrieved from The International Hap Map project [296] and was analyzed
for various quantitative genetic parameters: linkage disequilibrium (LD), haplotype and SNPs.
These parameters represent the combination of alleles on neighboring loci on the chromosome
being transmitted together and involvement of alleles in a non-random mode of inheritance in the
population. This analysis was performed using Haploview [297] and the parameters analyzed for
genetic association were D’ and r?. The D’ value provides the measure of LD between the two
blocks and its value closer to zero shows a higher amount of historical recombination between

the two blocks and r? gives the correlation coefficient between the two loci under study.

3.1.6.1 Mutation-based sequence stability analysis

IPTREE-STAB and i-Mutant2.0 tools were used to predict the change in protein stability on
encountering mutations. The IPTREE-STAB is a sequence-based web server that predicts
stability change upon single amino acid substitution [298]. Whereas, i-Mutant2.0 tool is a
support vector machine (SVM)-based tool for the prediction of change in protein stability in
terms of AAG values [299].

3.1.6.2 Mutation-based structure stability analysis

One nsSNP i.e. rs79965940 (N148T) out of the four nsSSNPs was mapped on the partial available
protein structure of ULK1 (PDB ID: 4WNO). As there was no PDB structure available for the
complete sequence of ULK1, we used Robetta (Rosetta Comparative Modeling and Ab Initio
Modeling) web-based server (http://robetta.bakerlab.org) for the prediction of full-chain protein
structure by comparative modelling [300]. The second nsSNP i.e. rs61942435 (A991V), was
mapped onto the structure (ULK1 modelled structure A-ULK1A) obtained from Robetta.
Further, DUET and Eris tools were used for predicting the protein stability change incurred upon
mutations [301, 302].
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3.1.6.3 Prediction of total energy for native and mutant structures

Mutant structures for the mutations N148T in 4WNO and A991V in ULK1A were generated
using PyMOL (Molecular Graphics System, Version 1.8 Schrddinger, LLC). These mutant
structures (N148T in 4WNO and A991V in ULK1A), as well as their native structures (4WNO
and ULK1A), were submitted for carrying out energy minimizations and total energy

computation using CHARMM force field (Discovery Studio 4.1).

3.1.7 Elucidation of putative phosphorylation and palmitoylation sites in ULK1

Most of the processes occurring in a cell are controlled by signaling cascade dependent on
phosphorylation/dephosphorylation. ULK1 is a kinase which itself is controlled by
phosphorylation events and phosphorylates its substrates for modulating their activity [303, 304].
Hence, detection of phosphorylation sites in ULK1 may unravel important functional aspects
regarding its involvement in various disorders [305-307]. The NetPhos algorithm was used for
the prediction of phosphorylation sites at serine (S), threonine (T) and tyrosine () residues in
the ULK1 amino acid sequence [308]. This algorithm utilizes an artificial neural network (ANN)
based method which is trained from PhosphoBase a database of experimentally validated
phosphorylated proteins [309]. Detection of palmitoylation sites is also an important component
of this study. The palmitoylation sites were obtained from CSS-PALM, a tool based on the
clustering and scoring strategy (CSS) algorithm for the prediction of palmitoylation sites [310].

3.1.8 Protein—Protein Interaction studies for ULK1

The complex interaction networks involving ULK1 protein which is often implicated in different
or same pathways have been constructed by Search Tool for Retrieval of Interacting Genes and
proteins (STRING) version 9.05 [311]. The tool predicts the interactions between various
proteins based on a confidence score and validates the connections using databases, text mining
and gene fusion support. The interaction studies were performed in various modes and by
changing parameters to obtain a robust network model for ULK1 and its associated interacting
partners. The different modes include confidence view, evidence view, action mode and the

interactive view to infer the most appropriate interactions among nodes in the network.
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3.2 Genotyping of predicted nsSNPs and selected SNPs of ULK1 in HBV infected patients
and healthy individuals

3.2.1 Study subjects and sample collection

The studied population represents 700 subjects of North Indian region. The median age was 35
+14 years for HBV infected patients, and 37+13 years for control subjects. Out of these total
participants, 500 were HBV infected patients, which were enrolled in the study for the period of
3 years from 2013 to 2016, and 200 healthy controls. HBV Infected blood samples were
collected from Department of Hepatology, Post Graduate Institute of Medical Education and
Research (PGIMER), Chandigarh. Diagnosis of hepatitis B was based on the presence of
Hepatitis B surface antigen (HBsAg), anti-HBs, anti-HBC total, HBeAg, anti HBe, aspartate
aminotransferase (AST), Alanine aminotransferase (ALT) and HBV DNA levels. The basic
demographic data for all the patients were recorded. Patients or their legal representatives gave
their consent for the study. The chronic HBV infection was diagnosed by detection of HBsAg
over a period of 6 months. The blood samples from patients and healthy controls were collected
in sterile, vacutainers (Red cap for serum and Purple cap for DNA isolation) and transferred to

the laboratory under proper cold chain conditions for further processing.

Inclusion and Exclusion criteria:

The inclusion criteria were all patients who were serum HBsAg positive for at least six months
with elevated ALT levels (>1.5 times the upper limit of normal; 65 U/L). All of the patients were
diagnosed after they had been previously followed for at least 12 months. The exclusion criteria
were patients with acute HAV, HBV, HCV, or HDV, patients with evidence for hepatocellular
carcinoma (HCC), or concomitant of HCV, HDV, HIV infection, metastatic or autoimmune liver

disease and drug induced acute hepatitis.
3.2.2 Processing of blood samples

Two ml venous blood was collected from the patients and healthy subjects in Na,EDTA coated

tubes. The blood sample was then stored at -20°C until further use.
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Isolation of genomic DNA from a whole blood sample (Miller et.al., 1988; with minor

modifications):

A 400ul blood sample was pipetted in a 2ml eppendorf. To this, RBC lysis buffer was
added (three times the volume of blood sample) and was kept for incubation on a rocker
at room temperature until RBCs completely lysed.

The solution was centrifuged at 5000 rpm for 2 min to obtain a creamish white WBC
pellet.

The supernatant was discarded and the WBC pellet was thoroughly suspended in 300 ul
TE buffer (pH 8.0) using a vortexing machine.

22ul of 10% SDS solution was added to the suspended pellet solution and the mixture
was incubated at 56°C for 30 min in a dry bath.

Subsequently, 160 pl of 7.5 M ammonium acetate was added to the solution and was
mixed vigorously for about 1 min per sample on a vortexer. The mixture was centrifuged
at 13,000 rpm at RT for 15 mins, thereby resulting in separation of the precipitated
proteins as a pellet.

The clear supernatant was transferred to a fresh sterile micro-centrifuge. To this chilled
absolute ethyl alcohol was added (twice the volume of clear supernatant). The tube was
gently rocked a couple of times to allow the precipitation of genomic DNA.

The genomic DNA precipitate was centrifuged at 13,000 rpm for 10 min to pellet at the
bottom of the tube. The latter were subsequently washed in 150 pl of 70% ethanol and
air-dried at RT for about 10-15 mins.

The dried pellet was dissolved in 60 ul TE buffer (pH 7.3) by incubating at 65°C for 10
mins. The dissolved DNA was finally stored at 20°C until further use.

The DNA quantification was done using Nano Drop plus Spectrophotometer (GE
Healthcare, US). The concentration of DNA was read by measuring the absorbance of a

sample at A° 260 on a spectrophotometer.
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3.3 Liver function tests
The biochemical estimations (Serum glutamic oxaloacetic transaminase and serum glutamate
pyruvate transaminase) in serum were carried out using Erba diagnostic kits (ERBA diagnostics,

Germany).

3.3.1 In vitro determination of AST/GOT (Aspartate Aminotransferase) in human serum
SGOT /ASAT is widely distributed with high concentrations in the heart, liver, skeletal muscle,
kidney and erythrocytes. Damage or disease to any of these tissues such as myocardial infarction,
viral hepatitis, liver necrosis, cirrhosis and muscular dystrophy may result in raised levels of
SGOT / ASAT.

3.3.1.1 Principle
This reagent is based on IFCC recommendations, without pyridoxal phosphate. The series of

reactions involved in the assay system is as follows: LDH

L-Aspartate + 2-oxoglutarate ~_ SCOT/AST Oxaloacetate + L-Glutamate
Oxaloacetate + NADH __MbH | Malate + NAD
Sample pyruvate + NADH _bH o, L-lactate + NAD 1

e SGOT / ASAT present in the sample catalyzes the transfer of the amino group from L-
aspartate to 2-oxoglutarate forming oxaloacetate and L-glutamate.

e Oxaloacetate in the presence of NADH and Malate dehydrogenase (MDH) is reduced to
L-malate. In this reaction, NADH is oxidized to NAD. The reaction is monitored by
measuring the rate of decrease in absorbance at 340 nm due to the oxidation of NADH to
NAD.

e Addition of Lactate dehydrogenase (LDH) to the reagent is necessary to achieve rapid
and complete reduction of endogenous pyruvate so that it does not interfere with the

assay.
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3.3.1.2 Reagent composition
R1

Tris Buffer (pH 7.8)
L-Aspartate

LDH

MDH

R2

CAPSO

2-Oxoglutarate

NADH

3.3.1.3 Assay procedure
Wavelength

Cuvette

Working solution
Sample

Materials and Methods

110 mmol/I

340 mmol/I
> 4000 U/
>750 U/l

20 mmol/I
85 mmol/I
1.05 mmol/I

340 nm, Hg 334 nm, Hg 365 nm
lcm

1.000 ml

0.100 ml

e Mix, incubate 1 min at 37°C and then measure the initial absorbance of calibrator and

sample against reagent blank.

e Measure the absorbance change exactly after 1, 2 and 3 min.

e Calculate 1 minute absorbance change (AA/min).

3.3.1.4 Calculation

o AST/GOT(U/[l) = AAggm/min + AA.y /min « Cpy

Cca = calibrator concentration

e Using factor: AST/GOT = f x AA/min

f = factor

3.3.2 In vitro determination of ALT/GPT (Alanine Aminotransferase) in human serum

The ALT/GPT is present in high concentration in liver and to a lesser extent in kidney, heart,

skeletal muscle, pancreas, spleen and lung. However, increased levels of ALT/GPT are generally

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 49



Materials and Methods

a result of liver disease associated with some degree of hepatic necrosis such as cirrhosis, viral or
toxic hepatitis and obstructive jaundice. Characteristically, ALT/GPT is generally higher than
AST/GPT in acute viral or toxic hepatitis, whereas, for most patients with the chronic hepatic
disease, ALT/GPT levels are generally lower than AST/GPT levels. Elevated ALT/GPT levels
have also been found in extensive trauma and muscle disease, circulatory failure with shock,

hypoxia, myocardial infarction and haemolytic disease.

3.3.2.1 Principle
This ALT/GPT reagent is based on the recommendations of the IFCC without pyridoxal
phosphate. The series of reactions involved in the assay system is as follows:

L-Alanine+ 2-oxoglutarate SCPT/ALT _  Pyruvate + L-Glutamate
Pyruvate + NADH LDH , L-Lactate+ NAD
Sample pyruvate + NADH —LOH L-lactate + NAD

e The amino group is enzymatically transferred by SGPT / ALAT present in the sample
from alanine to the carbon atom of 2-oxoglutarate yielding pyruvate and L-glutamate.

e Pyruvate is reduced to lactate by LDH present in the reagent with the simultaneous
oxidation of NADH to NAD. The reaction is monitored by measuring the rate of decrease
in absorbance at 340 nm due to the oxidation of NADH.

e Endogenous sample pyruvate is rapidly and completely reduced by LDH during initial
incubation period to avoid interference during the assay.

3.3.2.2 Reagent composition

R1

Tris Buffer (pH 7.5) 137.5 mmol/I
L-Alanine 709 mmol/l
LDH (microbial) >2000U/1
R2

CAPSO 20 mmol/I
2-oxoglutarate 85 mmol/I
NADH 1.05 mmol/l
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3.3.2.3 Assay procedure

Wavelength 340 nm, Hg 334 nm, Hg 365 nm
Cuvette l1cm

Working solution 1.000 ml

Sample 0.100 ml

e Mix, incubate 1 min. at 37°C and then measure the initial absorbance of calibrator
and sample against reagent blank.
e Measure the absorbance change exactly after 1, 2 and 3 min.

e (Calculate 1 minute absorbance change (AA/min).

3.3.2.4 Calculation

o ALT/GPT(U/I) = AAym/min + AA g /min* Cy
Ccal = calibrator concentration
e Using factor: ALT/GPT (U/l) = AA/min x f
f = factor

3.4 Isolation of HBV DNA
HBV DNA was isolated from a total of 500 HBV infected samples using QlAamp DNA Blood
Mini Kit (QIAGEN Inc, Valencia, CA).

3.4.1 Procedure
1. Pipet 20 pl QIAGEN Protease (or proteinase K) into the bottom of a 1.5 ml
microcentrifuge tube.
Add 200 ul serum sample to the microcentrifuge tube.
Add 200 pl Buffer AL to the sample. Mix by pulse-vortexing for 15 s
Incubate at 56°C for 10 minutes.

o M N

Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the inside of the
lid.

6. Add 200 pl ethanol (96-100%) to the sample and mix again by pulse-vortexing for 15 s.
After mixing, briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the
inside of the lid.
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7. Carefully apply the mixture from step 6 to the QlAamp Mini spin column without
wetting the rim. Close the cap, and centrifuge at 6000 x g (8000 rpm) for 1 min. Place the
QlAamp Mini spin column in a clean 2 ml collection tube (provided), and discard the
tube containing the filtrate.

8. Carefully open the QIAamp Mini spin column and add 500 pl Buffer AW1 without
wetting the rim. Close the cap and centrifuge at 6000 x g (8000 rpm) for 1 min. Place the
QlAamp Mini spin column in a clean 2 ml collection tube (provided), and discard the
collection tube containing the filtrate.

9. Carefully open the QIAamp Mini spin column and add 500 pl Buffer AW2 without
wetting the rim. Close the cap and centrifuge at full speed (20,000 x g; 14,000 rpm) for 3
min.

10. Place the QlAamp Mini spin column in a new 2 ml collection tube (not provided) and
discard the old collection tube with the filtrate. Centrifuge at full speed for 1 min 11
Place the QlAamp Mini spin column in a clean 1.5 ml microcentrifuge tube (not
provided), and discard the collection tube containing the filtrate. Carefully open the
QIAamp Mini spin column and add 200 pl Buffer AE or distilled water. Incubate at room
temperature (15-25°C) for 1 min, and then centrifuge at 6000 x g (8000 rpm) for 1 min.

3.5 Genotype analysis of SNPs in ULK1 gene

For amplification of the fragment of DNA containing polymorphisms in ULK1 gene, the isolated
DNA was subjected to PCR for the total six selected polymorphisms, rs79965940, rs61942435,
rsb5824543, rs56364352, rs3923716 and rs12303764 using genespecific primers mentioned
below in Table 3.1.

Table 3.1 Information of ULK1 polymorphisms, their genotype analysis platform, and primer
sequences used

Gene of . Genotype  Primer ) , ,
Interest Polymorphism analysis Name Primer Sequence (5’ to 3°)
Fwd TGGTAGATGGACAGGACCCG
ULK1 rs79965940 PCR-RFLP
Rev ATGGTGTGTTTACCTTGGCC
ULK1 rs61942435 PCR-RFLP Fwd GGTCATCTGGTTCCAGGCAGT
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Rev AAGCTGTGCATTGAGCGGA
Fwd AAAGCTAAGGGGCCAACTCC
ULKL1  rs55824543  PCR-RFLP
Rev GTGGAACAGAAGCCAACTGC
Fwd CCCCTCGGTCAGGAAATGTG
ULK1  rs56364352  PCR-RFLP
Rev AGCATGAGTAGGGTTGCAGG
Fwd CTGCGAGTGGCTTGTGAGTCG
ULK1 (3923716  PCR-RFLP
Rev TAGGGTGGCCGAGGCAGGAA
Outer GGTGAATGAGGAAACCAACCAGGGAC
Fwd G
Outer - AAGTGGCTACAGTGCTGACAGATG
ULK1 rs12303764 TARMS- Rev
PCR 'g\:‘vzr CAGGCGTGGCTGGGGCATG
'gg\e/r GGAAGGGCTCCTGCCACCCA

The PCR in a total volume of 25 pl was carried out with various components and was performed
using The Veriti Thermal Cycler (Applied Biosystems, Foster, USA) following the cycling

conditions mentioned in Table 3.2.

Table 3.2 Thermocycling conditions used for genotyping polymorphisms of ULK1 gene

PCR

Conditi Cycles rs79965940 rs61942435 rs55824543 rs56364352 rs3923716 rs12303764
ondition

Initial Denaturation - 95°C/ 5 mins
Denaturation 95°C/30s 95°C/30s 95°C/30s 95°C/30s  95°C/30s  95°C/30s
Annealing % 57°C/45s 58°C/45s 60°C/40s 60°C/45s  58°C/40s  58°C/45s
Extension 72°C/60s 72°C/60s 72°C/60s 72°C/60s  72°C/60s  72°C/60s
Final Extension- 72°C/ 5 mins

3.5.1 PCR- Restriction Fragment Length Polymorphism (PCR-RFLP): Detection
Procedure to identify the allele-specific product

Further, the amplified products were digested with the restriction enzyme in order to detect the

genotype present in a particular individual at a particular position. For the restriction digestion
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analysis of rs79965940, rs61942435, rs55824543, rs56364352 and rs3923716, 10ul aliquots of
the PCR products were digested overnight with 1 unit of Mmel, Hindlll, Nspl, Bbvl and BseRlI
(New England Biolabs, UK Ltd.) restriction enzymes, respectively. The reaction conditions in
RFLP for the nsSNPs are mentioned in Table 3.3.

Table 3.3 The reaction conditions used in RFLP analysis for the nsSNPs of ULK1 gene

Reaction rs79965940  rs61942435 rs55824543  rs56364352  rs3923716
components
Mmel HindlIl Nspl Bbvl BseRl
Enzyme 0.1 0.1 0.1 0.1 0.1
Buffer 15 15 15 15 15
Water 3.4 3.4 3.4 3.4 3.4
PCR product 10 10 10 10 10
Total 15 15 15 15 15

3.5.2 Tetra primer ARMS-PCR based assay for genotyping rs12303764
The ULK1 polymorphism rs12303764 was amplified using primers designed manually and their
specificity was checked by NCBI-BLAST tool.

5 ULK1; 12q24.33; 131,894,651 - 131,923,167 3’
—
( 1 Intron16 [ ]
131914520 (T/G)
131014033 —— ' 131914955

922 bp
486 bp
436 bp

Figure 3.1 Strategy used for designing TARMS-PCR primers for rs12303764

As mentioned above in figure 3.1, the primers were designed in a way that the two allele-specific
amplicons would have different lengths and could easily be separated by standard agarose gel
electrophoresis. Since the control amplicon is always amplified irrespective of other amplicons
corresponding to one of the alleles it provides an internal control for amplification failure. For

the standardization of amplification conditions, gradients of annealing temperature (range 48—

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 54



Materials and Methods

65°C), Tag DNA polymerase (0.5U-5.0 U; Promega, Madison, US) and primers (5-15 pmol)
were run. PCR was performed in 25 pl containing 20 ng of genomic DNA, 0.2 mM of each
dNTP, 5SmM MgCI2, 50mM NaCl, 50mM Tris—HCI (pH 9.0), 10 pg activated calf thymus DNA;
0.1 mg/ml BSA. The PCR cycling conditions were 5 min of initial denaturation at 95°C, 35
cycles of 95°C for 30 s, annealing at (48-65°C) for 40 s, 72°C for 2 min and a final extension at
72°C for 5 min. At high annealing temperature, low primers, and Taq concentration, the number
of specific bands was either less or absent, while at the low annealing temperature, higher
primers and Taqg concentrations, there was an amplification of a number of non-specific bands.
Optimal amplification of specific bands was observed at 58°C of annealing temperature, 2.5U of
Taq DNA polymerase and 10 pmol of each of the four primers. Amplified PCR products were

separated on 3% agarose gel and visualized by ethidium bromide.

3.6 Haplotype analysis

The haplotype analysis was conducted to examine the genetic association of the predicted
nsSNPs of ULK1 with hepatitis B infection. Haplotypes were analysed using SNPSTATS
software (http: //bioinfo.iconlogica.net) [312].

3.7 Statistical analysis

The genotypes and alleles frequencies were estimated by direct counting. The genotype
frequencies were assessed for Hardy—Weinberg equilibrium with X? test. Quantitative variables
were compared using independent Student t- Test. The results were expressed as odds ratio (OR),
95% confidence intervals (95% CI) and p-values. All the statistical analyses were performed
using SPSS v.17.0 for Windows. A p-value of <0.05 was considered to be statistically significant
in the study. Power of the study for each SNP was estimated using OSSE - an Online Sample

Size Estimator and power calculator.
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4. Results
4.1 In silico analysis of ULK1

4.1.1 The conservational and phylogenetic evaluation

The conserved regions in protein sequences generally signify the integrity and stability of
genome, which further affect the basic cellular processes [313]. The conserved positions are
considered to be involved in important functions, active sites of enzymes and binding sites of the
protein receptors [314]. The multiple sequence alignment (MSA) generated from MUSCLE and
MAFFT tools for the ULK1 protein was found to be quite similar and various important
conserved patterns were identified as shown in Figure 4.1 (A and B). These patterns may have an
important association with diseased states and evolutionary relationship among Pantroglodytes,
Xenopus (Silurana) tropicalis, Mus musculus, Rattus norvegicus, Pteropus alecto, Cricetulus
griseus, and Bos taurus. The Figure 4.1A illustrates MSA for the eight sequences where highly
conserved regions are highlighted inside the red blocks whereas Figure 4.1B clearly
demonstrates the mutations or variations in residues among the regions found in the ULK1 gene
of eight species. The maximum conserved blocks were present in the kinase domain followed by
S/T rich region and C-terminal domain (CTD). The dots represent conservation with respect to
human ULK1 sequence, while variable characters are shown as amino acids. As discussed, these
sequence similarities (conserved regions) reflect the evolutionary relationship among the species.

Figure 4.1 A) The multiple sequence alignment of ULK1 in eight species highlighting conserved
regions. B) Mutations or variations in residues among the regions found in the ULK1 of eight
species.
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For the phylogenetic analysis, the ULK1 protein sequence of the eight different species was
selected based on the availability of completely validated protein sequence data. MEGA5 was
used with 1000 bootstrap replicates using maximum parsimony (MP) method and an
evolutionary tree was reconstructed as shown in Figure 4.2. The generated phylogenetic tree

supports a clear understanding of the evolutionary relationship between the different species.

Family Class
1:.3[ Homo sapeens Hominidae
n Pan troglodytes Hominidae
tulus griseus icetidae
Cricetulus gris Cricetidae RPRESEI R
100_~ Rattus nonegicus Muridae
B Mus musculus Muridae

Bos taurus Bovidea
83 : Pteropus alecto

Pteropodidae
Xenopus (Silurana) tropicalis  Pipidae Amphibia

Figure 4.2 Evolutionary relationship among the eight species included in the study. The
phylogenetic tree was reconstructed using MEGAS software by MP method, a character-based
method for deducing phylogenetic trees by minimizing the total number of evolutionary steps.

Here, as shown by the bootstrap values, H. sapiens and P. troglodytes have 100%
evolutionary relationship depicting that the ULK1 gene present in these species is quite identical
and could have originated from the same ancestor. Similarly, R. norvegicus and M. musculus
have 93% similarity and could have the same ancestral origin as C. griseus, showing the
bootstrap value of 100. The X. (Silurana) tropicalis, a species of amphibian family shows a vast
difference in its origin and evolution from others when studied on the basis of the protein
sequence of ULK1. From this data, we could conclude that these sequences tend to be related
closely to a family compared to others.

4.1.2 The transcription factor binding sites in ULK1 gene
The regulatory elements in ULK1 gene were analyzed using DIRE software with the default
value for a random set of genes as 5000. This in silico approach demonstrated a total of four

potential regulatory elements in ULK1 gene; out of which, three are un-translated regions (UTR)
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that correspond to 75% of the total regulatory region in ULK1 and one intron representing 25%
of the total regulatory region as shown in Figure 4.3A. Among the three UTR regions, two are 3’
UTRs and one is 5" UTR. The presence of regulatory elements at 5’ and 3’ indicates that ULK1 is
a complex gene and it could be regulated from both the ends [315].

A B Candidate Transcription Factors... @
10top TFs
otoumence rnpcnance
Butr3 0% W% M 0 01 02 03 04 05
EEE———T OO V2
(75%) [ CACCCBINI
— — Nery
. E—— —
Wintron 1 e il
(25%) ] BARBIE
‘ T [ ARNT
[ ooasaay | WT1
] BACH?
[ oo | STAT

Figure 4.3 The transcription factor binding sites in ULK1 gene. (A) Distant regulatory elements
of co-regulated genes (DIRE) showed that 75% of the total transcription factors were present in

UTR and remaining 25% in the intron region.

Additionally, it is proposed that the neighbouring generic locations might play a critical
role in ULK1 regulation and ultimately in autophagy [315]. A total of 23 TFs in UTR and intron
regions were identified using DIRE and are displayed along with their locus, positions, and score
in Table 4.1. These TFs either bind directly or in the form of complex to the transcriptional
regulatory region of ULK1, which could further control its expression. Among these detected
transcription factors, CHOP, E2F1, NFE2, and STAT have already been studied for their role in
a ULK1 expression where CHOP and E2F1 enhance the autophagy process whereas NFE2 and
STAT suppress the process of autophagy [316, 317]. All these TFs have an equal occurrence rate
of 25% (Table 4.2). Based on the high importance rate (0.48555), nuclear factor (erythroid-
derived) 2 (NFEZ2) is of utmost significance when compared to the rest of the TFs (importance
rate of <0.24984) found in the analysis (Table 4.2). The distribution of TFBS all over the ULK1
gene suggests multiple points of their action and this information could further be utilized to

understand its regulation [318].
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Table 4.1 Regulatory elements, their types and transcription factors which are related to UTR
and intron regions of ULK1 gene

REGULATORY
ELEMENT

TYPE SCORE

LOCUS

GENE

CANDIDATE TFBS

(RELATIVE POSITIONS)

chr12:130946862-
130947195

chr12:130945120-
130945301

chr12:130972084-
130972437

chr12:130973189-
130973466

Intron 2.544

UTRS 1.221

UTR3

2.027

UTR3 2.784

chr12:130905754-
130979065

chr12:130905754-
130979065

chr12:130905754-
130979065

chr12:130905754-
130979065

ULK1

ULK1

ULK1

ULK1

CACCCBINDINGFACTOR(120)

NFE2(129)
BACH2(130)
GLI(207)
WT1(214)
RFX1(307)
PR(324)
GRE(324)
PAX5(4)
NRF1(6)
HIC1(9)
MTF1(37)
ZBRK1(45)
SMADA4(32)
MYOGNF1(122)
STAT(169)
HSF1(205)
BARBIE(233)
ARNT(65)
CHOP(82)
ERR1(151)
MEF3(217)
PPARG(258)

Table 4.2 Top ten transcription factors with their occurrence and importance rates

# TRANSCRIPTION FACTOR OCCURRENCE IMPORTANCE
1 NFE2 25% 0.48555
2 CACCCBINDINGFACTOR 25% 0.24984
3 CHOP 25% 0.24961
4 MEF3 25% 0.24805
5 GLI 25% 0.24727
6 BARBIE 25% 0.24727
7 ARNT 25% 0.23340
8 WT1 25% 0.21587
9 BACH2 25% 0.20391
10 STAT 25% 0.19805
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Results

These multiple hotspots could be utilized to control the regulation of ULKL1 in an efficient way.
Furthermore, to substantiate these results, we used o0POSSUM tool to find the over-represented
TFBS in the promoter region of ULK1. The identified TFs are exhibited in the form of sequence
logos in Figure 4.4 and represented in detail in Tables 4.3. The recognition of TFBS depends on
features that consider the search parameters of JASPAR >8 bits and >75% as the threshold of

position specific scoring matrices.

MIZF SP1 RORA_1
RORA_2 . NR4A2
L ﬁ*T : T‘fT TC e == — IC _ C
MZF1_5-13 NFYA
- GT—'—‘:T" — =/ W ¥ 11 C —— -
E2F1 AP1

=

Myf
AcTCA “ralAdlTienl

positio m position

Figure 4.4 The sequence logos of transcription factors identified in ULK1.

On further grouping based on their class, we observed that major over-represented TFBS (43/58)
in ULK1 were of zinc-coordinating class (Table 4.4), followed by winged helix—turn-helix,
zipper type, alpha helix and Ig-fold. Zinc coordinating class of TFs contains zinc fingers (ZnFs),
a widespread protein domain, and the spacing of these zinc-coordinating residues gives rise to

diverse classes of ZnFs.
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Table 4.3 o0POSSUM showing over-represented transcription factor binding sites, their Z score
and Fisher score. Here Transcription Factors selected have Z score > 1

TARGET TARGET Z- FISHER
TF JASPAR ID CLASS FAMILY
GENE HITS TFBSHITS SCORE SCORE
Zinc- BetaBetaAlpha-
Zfx MAO0146.1 L L 1 5 16.721 0.919
coordinating zinc finger
Tcfep2ll MAQ145.1 Other CP2 1 4 12.964 0.849
Zinc- BetaBetaAlpha-
KIf4 MAQ039.2 L L 1 8 11.997 0.596
coordinating zinc finger
Zinc- BetaBetaAlpha-
MIZF MAO0131.1 . L 1 1 11.047 2.476
coordinating zinc finger
Zinc- BetaBetaAlpha-
Egrl MAO0162.1 L L 1 2 9.729 1.358
coordinating zinc finger
Zinc- BetaBetaAlpha-
SP1 MAO0079.2 L o 1 6 8.687 0.692
coordinating zinc finger
Zinc- Hormone-nuclear
RORA 2 MAQ072.1 L 1 1 8.63 1.936
- coordinating Receptor
Zinc- Hormone-nuclear
NR4A2 MAQ160.1 L 1 5 7.765 0.577
coordinating Receptor
Zinc- Hormone-nuclear
RORA 1 MAO0071.1 L 1 2 6.65 1.054
= coordinating Receptor
Other Alpha- NFY CCAAT-
NFYA MAQ060.1 . L 1 1 5.88 1.44
Helix binding
Zinc- BetaBetaAlpha-
Zfp423 MAQ0116.1 . L 1 1 5.353 1.47
coordinating zinc finger
Zinc- BetaBetaAlpha-
ZEB1 MAQ103.1 . L 1 8 4.153 0.349
coordinating zinc finger
Winged Helix-
Foxa2 MAO0047.2 . Forkhead 1 2 2.758 0.753
Turn-Helix
Zinc- BetaBetaAlpha-
MZF1_5-13 MAO0057.1 L L 1 3 2.147 0.612
- coordinating zinc finger
Winged Helix-
E2F1 MAQ024.1 . E2F 1 1 2.033 1.115
Turn-Helix
Winged Helix-
GABPA MAO0062.2 . Ets 1 1 1.883 0.973
Turn-Helix
AP1 MAO0099.2 Zipper-Type Leucine Zipper 1 4 1.584 0.412
Stat3 MAQ144.1 Ig-fold Stat 1 1 1.386 0.918
Zinc- Hormone-nuclear
Esrrb MAOQ141.1 L 1 1 1.181 0.89
coordinating Receptor
Myf MAO0055.1 Zipper-Type  Helix-Loop-Helix 1 1 1.031 0.891
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Table 4.4 The class-wise classification of the transcription factors detected in ULK1 gene

CLASS NAME TFS TOTAL GENE HITS TFBS HITS

Zfx, KIf4, MIZF, Egrl, SP1,
. L RORA_1, RORA 2,
Zinc-coordinating 12 43
NR4A2, Zfp423, ZEB1,

MZF1_5-13, Esrrb

Other Tcfcp2ll 1 4

Other Alpha-Helix NFYA 1 1
Winged Helix-Turn-Helix Foxa2, E2F1, GABPA 3 4
Zipper-Type AP1, Myf 2 5
Ig-fold Stat3 1 1

The interactions of these classes of TFs with the ULK1 gene could be utilized to
modulate its expression, which in turn could alter autophagy pathway. The latter recently has
been shown to involve in various 324 diseases and its manipulation could be utilized for

therapeutic interventions [319-321].

4.1.3 Post-translational modification sites with their annotations on ULK1 protein domain
structure

Phosphorylation and palmitoylation sites play a crucial role in protein—protein interactions, hence
in the functions of a protein [322, 323]. As mentioned earlier, ULK1 activity is controlled by
phosphorylation events and in addition, it also phosphorylates its substrates for modulating their
activity [304, 306]. Most of the processes occurring in a cell are controlled by signaling cascade
dependent on phosphorylation/de-phosphorylation. Hence, detection of the phosphorylation sites
in ULK1 could be helpful to understand its various functional aspects as well as its involvement
in various diseases like bone cancer, cervical adenocarcinoma, gastric cancer and lung cancer
[305]. For prediction of phosphorylation sites at serine (S), threonine (T), and tyrosine (YY) amino
acids in ULK1, the NetPhos algorithm was used; representing the prediction score > 0.5 as
phosphorylated. The ordered information retrieved from NetPhos includes protein ID,
phosphorylated AA in the sequence, a stretch of 9 AAs with the phosphorylated residue at the
center and the score. A complete list of all the phosphorylation sites identified in ULK1 is shown
in Appendix B.Table 1. Some of the predicted phosphorylation sites have already been verified
experimentally and the corresponding PubMed IDs are represented in Table 4.5.
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Table 4.5 Experimentally verified phosphorylation sites in ULK1

Results

NAME

ULK1_HUMAN
ULK1 HUMAN

ULK1_HUMAN
ULK1 HUMAN
ULK1_HUMAN
ULK1 HUMAN
ULK1_HUMAN
ULK1 HUMAN

ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN

ULK1_HUMAN

ULK1_HUMAN
ULK1_HUMAN

ULK1_HUMAN

ULK1_HUMAN

ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN

ULK1_HUMAN
ULK1_HUMAN
ULK1_HUMAN

POSITION

225
317

403
405
411
460
465
467

469
477
479

495

533
544

556

694

716
719
747
761
775
866
1042

456
636
695

CONTEXT
SEQUENCE

FQASSPQDL
ASPPSLGEM

GRTPSPSPP
TPSPSPPCS
PCSSSPSPS
TPRSSAIRR
AIRRSGSTS
RRSGSTSPL

SGSTSPLGF
FARASPSPP
RASPSPPAH

ARKMSLGG
G

RGGRSPRPG
APEHSPRTS

CRLHSAPNL

GRSFSTSRL

PDPGSTESL

GSTESLQEK
AGGTSSPSP

GSPPSGSTP

TRMFSAGPT
ALKGSASEA
ERRLSALLT

TQFQTPRSS
DFPKTPSSQ
RSFSTSRLT

SCORE PREDICTION

0.993
0.732

0.924
0.987
0.895
0.962
0.984
0.986

0.975
0.989
0.891

0.969

0.994
0.986

0.807

0.987

0.894
0.574
0.551
0.575
0.983
0.886
0.99

0.971
0.671
0.975

*S*
*S*

*S*
*S*
*S*
*S*
*S*
*S*

*S*
*S*
*S*

*S*

*S*
*S*

*S*

*S*

*S*
*S*
*S*
*S*
*S*
*S*
*S*

*T*
*T*
*T*

PREDICTED
KINASE

PKCx

GSK3p
GSK3p
GSK3p, ERK1

AMPK, PKC?8

ERK1
ERK1
CDC2, CDK5

AMPK
AKT
PKA

PKC$

PKCH
CDK5

CDC2
CDK5
AMPK

AKT

CK1
CK1

AMPK
PKA

CDK5

PUBMED
IDS

19807128
22932492

22932492
21383122
22932492
22932492
16964243
19807128

21383122
18691976
21383122
18691976
19807128
22932492

21383122
22932492

21383122
21205641
18669648
18846507
22932492

22932492
22932492
16964243
16964243
21383122
19807128
19807128

18669648
22932492
22932492

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 64



Results

Among these phosphorylation sites, the newly identified phosphorylation sites are
portrayed in Figure 4.5 with their position in the domains of the ULK1 protein. We found a new
phosphorylation site in ULK1 at amino acid position 295 of Y residue in the kinase domain with
the significant score (0.809), which has not been verified experimentally and could further be
studied to unravel its impact on the protein function. This tyrosine phosphorylation site is present

in the kinase domain of the gene and thus may regulate the phosphotransferase activity of the

protein.
15 338 833 1045
Kinase Domain Ser/Thr rich Domain CTD
e 1oso
Phosphorylation Sites
Kinase domain Ser/ Thr rich Domain CTD

8:;T,10;T,17;S,56;S,109;T,

340:S,344:S,347;S,350;S,351;S,374:S,381:S,

834.T,891:S,916:S,

111:S.114:T,180:T,247:T, 397:S.401:T.409:S.413:S.415:5.422:S.424:S, | 973:S
283:S,287:S,295:Y,298:S, 503:T,510:T,520:T, 538:S,539:S, 548:S, 588:S,
300:S,302:S,303:S,304:S, 598:S,605:S,630:S,665:S,746:T, 750:S, 784:S,
305:S.306:S,307:S,308:S, 785:S
310:S.314:S,317:S,330:S

Total : 25 Total: 29 Total : 4

Figure 4.5 The ULK1 domain structure with newly identified phosphorylation sites. The
NetPhos algorithm was used for prediction of phosphorylation sites at S, T and Y residues. A
total of 58 new phosphorylation sites were identified out of which 25 are in the kinase domain,
29 are in Ser/Thr rich domain and only 4 are in the CT domain.

In ULK1, we found 4 palmitoylation sites at positions 426, 927, 1003 and 1049 (Table
4.6) which could further be investigated for their role in trafficking and protein—protein
interactions. These are the putative positions where the palmitic acid may attach to the protein at

cysteine residues for its attachment to the membrane.
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Table 4.6 The putative palmitoylation sites in ULK1

were identified applying CSS-PALM

Results

. Four novel putative palmitoylation sites

Protein Position Peptide

ULK1 426 GPFSSSRCGASVPIP
ULK1 927 QIRAGKLCLSSTVKQ
ULK1 1003 MFQHREGCVPRYHKA
ULK1 1049 SALLTGICA

4.1.4 Linkage disequilibrium analysis reveals significant genetic variants and haplotypes

In order to analyze various genetic parameters (including linkage disequilibrium (LD),
haplotypes and SNPs) for ULK1 gene, the genotype data of CEU (CEPH—Utah Residents with

Northern and Western European Ancestry) was obtained from The International HapMap

Project. The evaluation yields the information about the predisposition to various diseases due to

these genetic variants upon extensive statistical analysis. These parameters act as vital

biomarkers for the functional association with a variety of diseases. In this study, the LD analysis

revealed an important block in the ULK1 gene with five important SNPs having non-random

associations as represented in Figure 4.6. The five critical SNPs out of seven SNPs identified
were 159652059, rs1134574, rs7953348, rs11615995 and rs11616018 with minor allele
frequencies (MAF) of 0.2, 0.085, 0.198, 0.228 341 and 0.207 respectively (Table 4.7).

rER652050

rs1 134574
a1 1615895
rs 11618018

87953348

re12303764

m
=
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Figure 4.6 The linkage disequilibrium plot for ULK1

rs308E051
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Table 4.7 The significant SNPs in ULK1 gene with their allelic information

Results

S.No Name ObsHET PredHET HWpval %Genotype MAF Alleles
1 rs9652059  0.267 0.32 0.331 100 0.2 C:T
2 rs1134574 0.169 0.155 1 98.9 0.085 A:G
3 rs7953348  0.259 0.318 0.2774 96.7 0.198 T:C
4 rs11615995  0.316 0.352 0.6146 94.4 0.228 T:C
5 rs11616018  0.276 0.328 0.3664 96.7 0.207 T:C
6 rs12303764 0.552 0.471 0.3335 96.7 0.379 TG
7 rs3088051 0.424 0.387 0.7676 97.8 0.263 A:G

These SNPs also had r? > 0.8, which further validated the higher correlation between the

loci. Furthermore, we identified one haplotype block in the ULK1 gene where 5 SNPs and 4

haplotypes were recognized with different population frequencies (Figure 4.7). The CATTT

haplotype was prominently found with frequency 0.774 in the studied population.

e e T ]

CATTT .7 74
TACCC .11

TGCCC .0
CATCT .

Figure 4.7 The CATTT haplotype was prominently found with a frequency of 0.774 in the
studied population.

4.1.5 Prediction of nsSNPs that have damaging/deleterious effect

Numerous in silico tools like Sorting Intolerant From Tolerant (SIFT), Polymorphism Phenotype
(PolyPhen2), PredictSNP (CADD, DANN, FATHMM, FunSeq2, and GWAVA) have been used
to predict the nsSNPs and their effects on the ULK1 protein function. The coding nsSNPs may

have a significant impact on the function of a protein and such SNPs could be damaging or

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 67



Results

deleterious [324]. The predicted impact of the change in amino acid may be tolerated or
damaging/deleterious based on the tolerance index and probability scores. Out of 13 nsSNPs
present in ULK1, we identified 4 nsSNPs i.e. rs79965940, rs61942435, rs55824543 and
rs56364352 which could have harmful functional effects on the ULK1 protein (Table 4.8).

4.2 In silico mutational analysis on ULK1 sequence and structure

4.2.1 Change in the protein stability upon mutations at sequence level

Protein stability change was predicted by iPTREE-STAB and I-MUTANT2.0 in terms of Gibbs
free energy change (AAG) values as shown in Table 4.9. The AAG value less than ‘0’ signifies a
decrease in protein stability while AAG value more than 0 signifies an increase in protein
stability (Figure 4.8).

= o i il

579965940 | rs61942435 | rs55824543 | rs56364352
WiPTREE-STAB 0.79 0.9422 -1.0376 -1.1536
MI-MUTANT20 | -0.74 .88 0.21 0.23

ANCE

(NN T A

Figure 4.8 The comparison of protein stability change upon mutations between iPTREE-STAB
and i-MUTANT2.0 in terms of AAG.
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Table 4.8 The non-synonymous single nucleotide polymorphisms in the coding region of ULK1 with putative damaging effects

SNP

rs11546871
rs11609348
rs12827141
rs34936984
rs55815560
rs55824543
rs56364352
rs61731335
rs61731338
rs61942435
rs74749868
rs79965940
rs112712246

Amino
acid
change
P714L
A816T
P478L
G745V
S665L
T503M
S298L
D343N
A362V
A991V
T452S
N148T
L962M

SIFT

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
TOLERATED
TOLERATED
TOLERATED
DAMAGING
TOLERATED
DAMAGING
TOLERATED

PolyPhen-2

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED

CADD

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
TOLERATED
TOLERATED
TOLERATED

DANN

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
DAMAGING
TOLERATED
TOLERATED
DAMAGING
TOLERATED
TOLERATED
TOLERATED

PredictSNP?
FATHMM

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
DAMAGING
TOLERATED
TOLERATED
DAMAGING
TOLERATED
TOLERATED
TOLERATED

FunSeq2

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
DAMAGING
TOLERATED
TOLERATED
DAMAGING
TOLERATED
DAMAGING
TOLERATED

GWAVA

TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
TOLERATED
DAMAGING
TOLERATED
TOLERATED
DAMAGING
TOLERATED
DAMAGING
TOLERATED

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology

69



Results

Table 4.9 Prediction of protein stability change upon mutations in terms of Gibbs free energy
from protein sequence by using iPTREE-STAB and i-MUTANT2.0

IPTREE-STAB IMUTANT2.0

rlleI;I;Ii ﬁfg‘;:?ﬂi‘)ﬂ AAG Value pSrZZ?(I:ItIg n AAG Value psrzaclj?(lzltlitgn
(kcal/mol) (kcal/mol)

rs79965940 N148T -0.79 Decrease -0.74 Decrease

rs61942435 A991V 0.9422 Increase -0.88 Decrease

rs55824543 T503M -1.0376 Decrease -0.21 Decrease

rs56364352 S298L -1.1536 Decrease -0.23 Decrease

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

4.2.2 Change in protein stability upon mutations at structure level

The protein stability change at structure level was predicted for rs79965940 and rs61942435 (as
full protein structure of ULK1 is still not identified) by DUET and ERIS tools in terms of Gibbs
free energy change (AAG) values as shown in Table 4.10. The AAG value less than 0 signifies a
decrease in protein stability while AAG value more than 0 denotes an increase in protein stability
for DUET and for ERIS tool, AAG value less than 0 signifies an increase in protein stability
while AAG value more than 0 signifies a decrease in protein stability. The results by DUET
indicate that both mutations (N148T and A991V) decrease the protein stability; while the results
from ERIS suggest that the mutation N148T decreases the protein stability and the mutation
A991V increases the protein stability (Figure 4.9).

4
2

> 0 i;

< )

< DUET ERIS

M r579965940 0372 2.89

M rs61942435 0.246 -1.16

Figure 4.9 The comparison of protein stability change upon mutations between DUET and ERIS
in terms of AAG.
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Table 4.10 Prediction of protein stability change upon mutations in terms of Gibbs free energy
from protein structure by using DUET and ERIS

ULK1 ULK1  Amino acid DUET Stability ERIS Stability
nsSNP structure substitution AAG Value rediction AAG Value rediction
(kcal/mol) P (kcal/mol) P
rs79965940 4WNO N148T -0.372 Decrease 2.89 Decrease
rs61942435 ULK1A! A991V -0.246 Decrease -1.16 Increase

4.2.3 Total energy of the protein upon mutations

Mutant structures for the mutations N148T in 4WNO and A991V in ULK1A were generated
using PyMOL (Molecular Graphics System, Version 1.8 Schrodinger, LLC) and are represented
in Figure 4.10A and Figure 4.10B. The energy minimization was carried out and total energy
was computed using CHARMM force field (Discovery Studio 4.1) and the results are illustrated
in Table 4.11. The total energy of native and mutant structures was compared and from the
results, it was observed that the mutation N148T increased the total energy of the structure and
hence could be considered as a destabilizing mutation. Whereas, the mutation A991V was found
to decrease the total energy of the structure and therefore it could increase the stability of the

protein.

Table 4.11 Computation of total energy (CHARMmM energy) of the native and mutant structures
for mutations N148T and A991V in structures 4WNO and ULK1A predicted by CHARMmM
force field

Force Potential \\/;ngsr Electrostatic F;?Z:jims
S.No. Structure . energy/CHARMmM energy
field energy (Kcal/mol) energy (Kcal/mole) (Keal/mole X
(Kcal/mole) A%
Native  4WNO CHARMmM -23179.83 -2145.89 -23558.82 157.4
N148T 4WNO CHARMmM -23112.05 -2097.40 -23652.33 112.9
Native ULK1A* CHARMmM -4259.87 -452.66 -4320.24 241

Full chain structure of ULK1 predicted and modeled by Robetta wherein AAG <0: Decrease Stability; AAG >O0:
Increase Stability (For DUET) and AAG <0: Increase Stability; AAG >0: Decrease Stability (For ERIS)
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A991V ULK1A* CHARMM -4268.66 -449.41 -4346.36 24

* Full chain structure of ULK1 predicted and modeled by Robetta.

B

[ Atanine >
o=
%_ 3 .=
<
o
4

Valine

. :I'Vhreomne

g

#

Asparagine /

Figure 4.10 A) Structural representation of nsSNP rs79965940 (N148T) on the PDB structure of ULK1 (4WNO).
(A) Native structure 4WNO with amino acid Asparagine at position 148. (B) Mutant structure N148T 4WNO with
amino acid substitution as Threonine at position 148. (C) Superimposed native (4AWNO) and mutant structures
(N148T 4WNO). B) Structural representation of nsSNP rs61942435 (A991V) on the modeled structure of ULK1
(ULK1A). (A) Native structure ULK1A with amino acid Alanine at position 991 (B) Mutant structure A991V ULK1
with amino acid substitution as Valine at position 991. (C) Superimposed native (ULK1A) and mutant structures
(A991V ULK1A).

4.3 Validation of in silico analysis

4.3.1 Study subjects

The detail of the base-line biochemical and demographic characteristics of the patients
investigated in this study are described in Table 4.12.

4.3.2 Liver function tests (LFT)

Collected serum of 500 patients was used for the analysis of LFT for enzyme Aspartate
Aminotransferase (AST), also known as Serum Glutamic Oxaloacetic Transaminase (SGOT) and
Alanine Aminotransferase (ALT), also known as Serum Glutamic Pyruvic Transaminase (SGPT)
(Figure 4.11). These biochemical values were further used for differentiating patients into

various clinical groups.
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Table 4.12 Base-line biochemical and demographic characteristics of patients

Characteristics Patients Characteristics Control subjects

Age [Mean = SD] 35+14 37+13

Yes (%) 296 (59.2%) 20 (10%)

HBsAg +ve -ve

HIV -ve -ve

AST (Mean * SD) 87.95+72.88 25.6+8.8

Asymptomatic carrier 142 (28.4%) -ve

Chronic Hepatitis 207 (41.4%) -ve

180.0

160.0

140.0
120.0

100.0
80.0  AST (IU\L)(10-40)
60.0 B ALT (IU\L) (7-56)
40.0
“ ol
0.0 -

Asymptomatic Acute Chronic Cirhossis

ALT/AST levels (IU\L)

HBV clinical sub-groups

Figure 4.11 Category-wise liver function test levels in hepatitis B infected patients.
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4.3.3 Quantification and grouping of HBV infected patients

The HBV DNA from 500 patients was isolated and subjected to quantification of viral load by
quantitative RT-PCR. As shown in Figure 4.12, there was a significant increase in HBV DNA
levels with respect to the severity of HBV infection among the patients.

1E+10
4.60E+08
100000000
2.69E+06

1000000

10000 1.64E+03
1.28E+02
100 .
1
Asymptomatic Acute CHB LC

Figure 4.12 The HBV DNA levels in Hepatitis B infected patients.

4.3.4 Genetic correlation of nsSNP in Hepatitis B patients and healthy controls

4.3.4.1 Genotyping nsSNP rs79965940 A/C (N148T)

The dbSNP database was used to retrieve the information of nsSNP rs79965940 A/C and to
design the specific primers for amplification of the polymorphic site. The amplified product were
then digested with the enzyme Mmel at the specific position of the SNP. The primers pair was
checked for their specificity using the primer-BLAST tool which was further checked for their
specificity ~ using  the BLAST  tool and IDT Oligo  Analyzer tool
(https://eu.idtdna.com/calc/analyzer) [325, 326]. Table 4.13 shows the primer sequences,

amplified product size and the expected fragment sizes after RFLP analysis.

4.3.4.1.1 PCR-RFLP

PCR was carried using the specific primers for genotyping the nsSNP rs79965940. For best PCR
results, major parameters of the PCR cycle (annealing temperature, Tag DNA polymerase
concentration, and primer concentration) were optimized as mentioned in the Table 4.14. The
amplified PCR products were analyzed on 1.5% agarose gel with ethidium bromide.
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Table 4.13 The primer sequences and expected banding pattern for nsSSNP rs79965940 A/C

Amplified

ULK1 Primer sequences oroduct Restriction Banding
SNP 5-3 size (bp) enzyme pattern (bp)
CC-822 bp;
179965940 F-TGGTAGATGGACAGGACCCG AA-625 bp,
(A/C) R:ATGGTGTGTTTACCTTGGCC 822 bp Mmel 197 bp;AC-
822 bp,625 bp
and 197 bp
Table 4.14 The standardized PCR parameters for nsSNP rs79965940 A/C (N148T)
ULKZ1 Polymorphism PCR components Gradient range C%ES{E?L
Annealing temperature 48-65 °C 58 °C
r8782/6(;5$ 0 Taq DNA polymerase 0.5U-5.0U 2.5U
Primers 0.05 - 0.4 pmol 0.2umol

The optimized PCR amplification conditions were used to amplify DNA segments from
500 HBV infected samples and 200 healthy control samples in order to genotype the nsSNP
rs79965940. The optimized PCR amplification conditions are shown in Table 4.15. Amplified
PCR products were digested with Mmel with reaction conditions as shown in Table 3.3 in
section material and methods and we observed the homozygous wild type genotype AA (625bp,
197bp), heterozygous genotype AC (822bp, 625bp, and 197bp bands) and homozygous mutant
genotype CC (822 bp) in different HBV infected individuals as well as in healthy control
samples. The representative agarose gel picture is shown in Figure 4.13.

Table 4.15 The optimized PCR conditions for genotyping rs79965940 nsSNP

PCR Step Temperature Duration
Initial Denaturation 95°C 2 minutes
Denaturation 95°C 45seconds
Annealing 58°C 1 minute 35 cycles
Extension 72°C 45 seconds
Final extension 72°C 5 minutes
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Figure 4.13 The representative agarose gel image for genotyping nsSNP rs79965940 in HBV
infected as well as in healthy control samples (UD- undigested; CC-822bp; AA-625bp, 197bp;
AC- 822bp, 625bp and 197bp).

4.3.4.1.2 Genetic correlation of nsSNP rs79965940 in hepatitis B patients

The genotyping data were compiled and compared for calculating the allelic and genotyping
frequencies in HBV infected and healthy control samples. The nsSNP rs79965940 was found to
be associated with HBV infection susceptibility (OR- 1.4; 95% CI-1.08 to 1.81; p-0.01) in allelic

model and homozygous model (OR- 1.85; 95% CI-1.11 to 3.10; p-0.01) (Table 4.16).

Table 4.16 Genotypic and allelic frequencies of ULK1 polymorphism rs79965940 in HBV cases
and healthy control samples (N = total number of samples)

ULK1 nsSNP HBV Control Odds ratio

rs79965940 (A/C) (N=500 ) (N =200) [95% CI] p-value
AA 260 (52 %) 118 (59 %) Ref.
AC 150 (30 %) 60 (30 %) 1.13 (0.78-1.64) 0.50
cc 90 (18 %) 22 (11 %) 1.85 (1.11-3.10) 0.01
AC+CC 240 (48 %) 82 (41 %) 1.32 (0.95-1.85) 0.09
AC+AA 410 (52 %) 178 (89 %) 1.04 (0.79-1.38) 0.75
A 670 (67 %) 296 (74 %) Ref.
c 330 (33 %) 104 (26 %) 1.40 (1.08-1.81) 0.01
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4.3.4.1.3 Genetic correlation of nsSNP rs79965940 in hepatitis B patients with different
clinical groups

The study patients were broadly stratified into four clinical categories (according to Asian
Pacific Association for the Study of the Liver (APASL) guidelines) based on the severity of
HBV infection, which includes asymptomatic, acute, chronic and liver cirrhosis [327]. When
these clinical groups were compared to healthy individuals, regression analysis for ULK1 nsSNP
rs79965940 provided a supportive and remarkable outcome which supports our above mentioned
results. As shown in Table 4.17, nsSNP rs79965940 also showed a significant association with
two clinical categories, i.e. acute patients group (OR 1.5; 95% CI-1.08 to 2.18; p-0.01) and
chronic hepatitis B (CHB) patients group (OR- 1.4; 95% CI-1.03 to 1.90; p-0.02), but no such

association was seen with asymptomatic patients group and liver cirrhosis patients group.

Table 4.17 The allelic frequencies and odds ratio for ULK1 polymorphism rs79965940 in HBV
subgroup and healthy control samples (N = Total number of samples)

‘o Allele frequency
U';*N% < bC"”'C"‘" \ OR (95% Cl) | p-value
ns ubgroup (N) HBV Controls
: A | 194 (68%) | 296 (74%)
Asymptomatic 1.3 (0.94-1.84) 0.1
(142) C | 90(32%) | 104 (26%)
A | 148 (65%) | 296 (74%)
Acute 1.5 (1.08-2.18) 0.01
Hepatitis (114) | C | 80 (35%) | 104 (26%)
rs79965940
(A/C) _ A | 277 (67%) | 296 (74%)
Chronic 1.4 (1.03-1.90) 0.02
Hepatitis (207) | C | 137 (33%) | 104 (26%)
A 51 (69%) 296 (74%)
Liver cirrhosis 1.2 (0.74-2.20) 0.36
(37) C | 23(31%) | 104 (26%) '

A ‘p-value’ <0.05 was considered significant. The significant values are shown in bold.
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Table 4.18 Analysis of the virological and biochemical parameters of HBV infected patients with rs79965940 (A/C) genotype

Results

HBYV infection

Genotypes . Bilirubin
category Viral load (1U/ml) p AST (U/L) p ALT (U/L) p p
(n=no. of (mg/dL)
(N=no. of [MeanzSD] value [MeantSD] value [MeantSD]  value value
samples) [Mean+SD]
samples)
AA (n=77) 129.6+108.4 0.09" 49.2438.5 0.10" 88.5+81.5 0.90" 0.87+0.46 0.81"
. AC (n=40) 96.2+84.4 0.11™ 62.1+44.1  0.0004™  86.5+84.5 0.94™ 0.85+0.40 0.62""
Asymptomatic
(N=142) CC (n=25) 172.6+140.5 0.69% 84+48.4 0.61% 87.2+68.9 0.41% 0.82+0.36 0.45%
- AC+AA(n=117) 118.21+101.6 0.56% 54+41 0.0016%  88.5+81.2 0.94% 0.77+0.56 0.66%
AC+CC (n=65) 125.2+114.6 0.97% 70.5+47 0.907 88.6+81.4 0.827 0.80+0.50 0.957
AA (n=58) 1141.4+1312 0.04" 56.0+35 0.08" 89+86.6 0.87" 0.87+0.46 0.09"
Acut AC (n=32) 1808.5+1788.3 0.01™ 76+73.1 0.64™ 86.3+60.5 0.97™ 0.87+0.44 0.64™
cute
(N=114) CC (n=24) 1948.8+1427.2 0.004* 83.4+35 0.48* 86.8+63.7 0.48* 0.87+0.46 0.10*
- AC+AA(n=90) 1552.5+1501 0.24# 63.4+52.3 0.07# 89+86.4 0.11% 0.87+0.46 0.53#
AC+CC (n=56) 1868.6+1631 0.08t  79.70+59.4 0.77% 86.7+63.5 0.29% 0.87+0.46 0.41F
AA (n=105) 2115240+3521145 0.43" 87.6+73 0.12" 88.6+86.5 0.24" 0.9+0.5 0.21"
Chroni AC (n=67) 2848452+ 8561436 0.02™ 87.4+71.3 0.24™ 87.9+81.0 0.53™ 0.9+0.5 0.80™
ronic
(N=207) CC (n=35) 4102654.2 +6338537.5 0.44% 87+71.3 0.35% 88+81.1 0.21% 0.88+0.46 0.32%
- AC+AA(n=172) 2400851+ 5996641.3 0.13% 87.9+73 0.31% 89.2+86.5 0.76% 0.88+0.46 0.72%
AC+CC (n=102) 3278816+ 7860079.2 0.75% 87.2+71.2 0.25F 87.8481 0.65+ 0.88+0.46 0.77+
AA (n=20) 66475177.4+19098763 0.05" 87.6+71.6 0.24" 88.31+81.3 0.11" 0.87+0.46 0.81"
Cirrhosi AC (n=11) 1108100518+2313018546  0.05™ 88.9+49.9 0.15™ 89.8456.7 0.37" 0.89+0.45 0.87"
irrhosis
(N=37) CC (n=6) 10727784828+25097159870  0.21* 86+73.8 0.22% 85.8+88.1 0.13* 0.86+0.46 0.93*
- AC+AA(n=31) 436084169+1428371570 0.02# 87.4+71.3 0.57# 88+81.1 0.25% 0.87+0.46 0.69%
AC+CC (n=17)  4503283215+14920841461  0.75% 87.8+71.7 0.517 88.5+81.5 0.067 0.87+0.46 0.997

* Student’s t test (AA vs. AC), **(CC vs. AA), * (AC vs. CC), # (AC+AA vs. CC), 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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4.3.4.2 Genotyping nsSNP rs55824543 C/T (T503M)

The dbSNP database was used to retrieve the information of the nsSSNP rs55824543 (C/T) and to
design the specific primers for amplification of the DNA fragment that contain polymorphic site.
The amplified product was then digested with the enzyme Nspl at a specific position of the SNP.
The primer pairs were checked for their specificity using the primer-BLAST tool and were
further checked for their specificity using the BLAST too and IDT Oligo Analyzer tool [325,
326]. The Table 4.19 shows the primer sequences, amplified product size, restriction enzyme
and the expected fragment sizes after RFLP analysis of nsSSNP rs55824543 (C/T).

Table 4.19 The primer sequences and expected banding pattern for nsSSNP rs55824543 (C/T)

ULK1 Primer sequences Apnr]gclj':ﬁd Restriction Banding
SNP 5-3 size (bp) enzyme pattern (bp)
CC-703 bp;
TT- 365 bp
rs55824543 F:AAAGCTAAGGGGCCAACTCC 703 bp Nspl and 338 bp;
(CIT) R:GTGGAACAGAAGCCAACTGC CT-703
bp,365 bp and
338 bp

4.3.4.2.1 PCR-RFLP

The PCR was carried using the specific primers for genotyping the nsSNP rs55824543 (C/T).
For best PCR results, the cycling parameters of the PCR amplification (annealing temperature,
Taq DNA polymerase concentration, and primer concentration) were optimized as mentioned in
the Table 4.20. The amplified PCR products were analyzed on 1.5% agarose gel with ethidium
bromide.

Table 4.20 The optimized components for PCR amplification for genotyping of rs55824543
(CIT)

ULKZ1 Polymorphism PCR components Gradient range tried Op“.”?a'
condition
Annealing temperature 48-65 °C 60 °C
rs55824543
(CIT) Tag DNA polymerase 0.5U-50U 2.5U
Primers 0.05 - 0.4 pmol 0.2umol
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The optimized PCR conditions were used to amplify the DNA segments from 500 HBV infected
samples and 200 healthy control samples in order to genotype the nsSNP rs55824543 (C/T). The
optimized PCR amplification parameters are presented in Table 4.21. Amplified PCR product
was digested with Nspl and all the genotypes were observed i.e. homozygous wild type genotype
CC (703bp), heterozygous genotype CT (703bp, 365bp, and 338bp) and homozygous mutant
genotype TT (365bp and 338bp) in different HBV infected as well as in control samples. The
representative agarose gel image is shown in Figure 4.14.

Table 4.21 The optimized PCR conditions for genotyping nsSNP rs55824543 (C/T)

PCR Step Temperature Duration
Initial Denaturation 95°C 2 minutes
Denaturation 95°C 45seconds
Annealing 60°C 40seconds 35 cycles
Extension 72°C 45 seconds
Final extension 72°C 5 minutes

703

365
338

Figure 4.14 The representative agarose gel picture for genotyping nsSNP rs55824543 (C/T) in
HBV infected as well as healthy control samples (UD- undigested; CC- 703bp; TT- 365bp and
338bp; CT- 703bp, 365bp and 338bp).
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4.3.4.2.2 Genetic correlation of nsSNP rs55824543 (C/T) in hepatitis B patients

The genotyping data were compiled and compared for calculating the allelic and genotyping
frequencies in 500 HBV infected and 200 healthy control samples. The nsSNP rs55824543 (C/T)
was not found to be associated with HBV susceptibility in the allelic model (OR- 0.83; 95% CI-
0.63 to 1.10; p-0.20), as well as in any other genetic model analyzed as illustrated in Table 4.22.

Table 4.22 Genotypic and allelic frequencies of ULK1 polymorphism rs55824543 (C/T) in
HBV cases and healthy control samples (N = total number of samples)

ULK1 nsSNP HBV Control Odds ratio
rs55824543 (C/T) (N=500) (N =200) [95% Cl] pvalue

cc 350 (70%) 130 (65%) Ref.
CT 96 (19.2%) 46 (23%) 0.77(0.51-1.16) 0.21
TT 54 (10.8%) 24 (12%) 0.83 (0.49-1.40) 0.49

CT+TT 150 (30%) 70 (35%) 0.79 (0.56-1.12) 0.19

CT+CC 446 (89.2%) 176 (88%) 0.94 (0.72-122) 0.65

C allele 796 (79.6%) 306 (76.5%) Ref.

T allele 204 (20.4%) 94 (23.5%) 0.83(0.63-1.10) 0.20

4.3.4.2.3 Genetic correlation of nsSNP rs55824543 (C/T) in different HBV infection clinical
groups

Based on the severity of HBV infection, the patients population under study was broadly
stratified into four clinical categories, which includes asymptomatic, acute, chronic and liver
cirrhosis categories. When these clinical groups were compared to healthy individuals,
regression analysis for ULK1 nsSNPs rs55824543 (C/T) did not show any significant association

with any of the clinical categories of HBV infection as depicted in Table 4.23.
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Table 4.23 The allelic frequencies and odds ratio of ULK1 polymorphism rs55824543 (C/T) in
HBV subgroup and healthy control samples (N = total number of samples)

Allele frequency

ULKL1SNP | Clinical Group OR (95% ClI) p|
HBV Controls value
<
. 229 (80%) | 306 (76.5%)
AS)Qsztg’ma“c - 0.78 (0.53- 1.13) 0.19
55 (20%) | 94 (23.5%)
C
Acute Hepatitis 172 (75%) | 306 (76.5%) 1.05 (0.72- 0.76
(114) T 1.54) '
155824543 56 (25%) | 94 (23.5%)
(CIT) C
Chronic 333 (80%) | 306 (76.5%) | g 79 (g 56- 017
Hepatitis (207) T 81 (20%) | 94 (23.5%) 1.10) :
C
Liver cirrhosis 62 (84%) | 306 (76.5%) 0.63 (0.32-
37) T 1.21) 0.07
12 (16%) | 94 (23.5%) '
A ‘p-value’ <0.05 was considered significant. Significant values are shown in bold.
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Table 4.24 Analysis of the virological and biochemical parameters of HBV infected patients with rs55824543 (C/T) genotype

HBYV infection

category Ge?otypes Viral load (1U/ml) p AST (U/L) p ALT (U/L) Bilirubin P

(N=no. of (n=no. of [Mean+SD] value [MeantSD] value [MeantSD] value (mg/dL) value
samples) [MeanzSD]
samples)

CC (n=100) 127.24113.4 0.39" 61.4+50.0 0.44" 49.3+57.7 0.58" 0.57+0.24  0.69"
AT CT (n=29) 107.6+86.1 0.15™ 54.1+20.1 0.48™ 58.1+118.4 0.32"  0.55+0.25 0.58™
(N=142) TT(n=13) 176.3+131.5 0.05* 51.6+24.2 0.72% 33.5+16.9 0.46* 0.53+0.28  0.64*
CC+CT(n=129) 122.3+107.5 0.09%# 59.1+45.3 0.55%  51.6+474.0 0.38%  0.60+0.24  0.32%
CT+TT (n=42) 129.6+105.2 0.27% 53.7+21.4 0.13f+  51.0+98.5 0.561  0.60+£0.30  0.56F
CC (n=73) 1864.7+1608.7 0.007"  50.6+29.7  0.004" 84.8+44.5 0.56" 0.92+0.43  0.21"
Acute CT (n=26) 950.6+£979.4 0.73™ 83.2+81.1 0.01™ 9274887  0.52 0.80+0.40 0.67”
(N=114) TT (n=15) 1711.2+1309.9 0.04* 74.8+54.9 0.72* 76.8+41.6 260.51* 0.87+0.40  0.59*
CC+CT(n=99) 1624.1+1519.1 0.83*# 66.4+49.1 0.54*  86.24¢58.4 <0.55% 0.90+0.41 0.79%
CT+TT (n=41) 1228.0+1156.9 0.15% 79.8472.3 0.29f  86.0+£74.9 0.19f  0.83+0.40  0.59%
CC (n=148) 2759109.8+6360608.6 0.03" 98.0+57.5 0.04" 99.3+56.1 0.12" 1.1+0.51 1.00"
Chronic CT (n=37) 224144.3+6301945.6 0.69™ 131.6+159.7 0.68™ 128.8+199.5 0.14™ 1.1+056  0.15™
(N=207) TT (n=22) 2210874.0+3211929.3 0.17%  103.0£21.8  0.41* 117.24395 0.79* 0.94+0.36  0.23*
CC+CT(n=185) 197513.2+6331894.5 0.14%  104.9+488.7  0.95% 105.2+102.3 <0.57% 1.09+0.54  0.20*
CT+TT (n=59) 2511715.64+5332955.6 0.85f  120.8+127.1  0.35f 124.84158.3 0.78+  1.02+0.40  0.97%
CC (n=29) 2653568178+11499277882 0.67" 170+82.2 0.96" 158+92.6 0.54" 0.95+0.30  0.19"
Cirrhosis CT (n=4) 158143393.3+162019591.0 0.66™  168.3+42.0 053" 129.0+47.1 055"  0.74+0.25 0.20™
(N=37) TT (n=4) 74816866+696008690.5 0.82%  144.3+21.8  0.34* 129.3+31.9  1.00* 0.81+0.50  0.81*
CC+CT(n=33) 2351092447.1+10788453143.8 0.67%  170.7+£78.2  0.51% 155.2+88.8 0.56*  0.92+0.30  0.52*
CT+TT (n=15) 116480130.0+123735763.5 0.75f  156.0£33.2  0.42f 129.5+37.4 0.86f  0.77£0.38  0.15}

*Student’s t test (CC vs. CT), ** (CC vs. TT),#(CT vs. TT), # (CT+CC vs. TT), 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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4.3.4.3 Genotyping of nsSNP rs56364352 C/T (S298L)

The dbSNP database was used to retrieve the information of the nsSSNP rs56364352 C/T and to
design the specific primers for amplification of DNA fragment that containes the polymorphic
site. The amplified product was then digested with the enzyme Bbvl at a specific position of the
SNP. The primer pair was checked for their specificity using the primer-BLAST tool and was
further checked for their specificity using the BLAST tool and IDT Oligo Analyzer tool [325,
326]. The Table 4.25 shows the primer sequences, amplified product size, restriction enzyme
and expected fragment sizes after RFLP analysis.

Table 4.25 The primer sequences and expected banding pattern for nsSSNP rs56364352 C/T

ULK1 Primer sequences Amplified Restriction Banding
nsSNP 5-3 product enzyme pattern (bp)
size (bp)
CC-866 bp;
ss36u35, FICCCCTCGGTCAGGAAATGTG ;E’:(?g é’;’
() R:AGCATGAGTAGGGTTGCAGG 866 bp Bbvl CT- 866
bp,458 bp
and 408 bp

4.3.4.3.1 PCR-RFLP

PCR was carried using the specific primers for genotyping the nsSNP rs56364352 C/T. For best
PCR results, the three major parameters of the PCR cycle (annealing temperature, Tag DNA
polymerase concentration, and primer concentration) were optimized as mentioned in the Table
4.26. Amplified PCR products were analyzed on 1.5% agarose gel stained with ethidium

bromide.

Table 4.26 The optimized conditions for genotyping of rs56364352 C/T

ULK?1 Polymorphisms PCR components Gradient range tried Opt.'mal
conditions
Annealing temperature 48-65 °C 60 °C
rs56364352
(CIT) Taq DNA polymerase 0.5U-5.0U 2.5U
Primers 0.05 - 0.4 pmol 0.2umol
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The DNA segments were amplified using optimized PCR conditions in 500 HBV infected
samples and 200 healthy control samples in order to genotype the nsSNP rs56364352 C/T. The
optimized PCR conditions are shown in Table 4.27. The amplified PCR products were further
incubated overnite and digested with Bbvl for its genotyping analysis. We observed the
homozygous wild type genotype CC (866bp), heterozygous genotype CT (866bp, 458bp, and
408bp bands) and homozygous mutant genotype TT (458bp and 408bp) in different HBV as well
as in control samples. The representative agarose gel picture is shown in Figure 4.15.

Table 4.27 The optimized PCR conditions for genotyping nsSNP rs56364352 C/T

PCR Stage Temperature Duration
Initial Denaturation 95°C 2 minutes
Denaturation 95°C 45seconds
Annealing 60°C 45 minute 35 cycles
Extension 72°C 45 seconds
Final extension 72°C 5 minutes

866

458
408

Figure 4.15 The representative agarose gel picture for genotyping nsSNP rs56364352 C/T in
HBV infected as well as healthy control samples (UD- undigested; CC-866bp; TT- 458bp and
408bp; CT- 866bp,458bp and 408bp).

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 85



Results

4.3.4.3.2 Role of nsSNP rs56364352 C/T in HBV susceptibility
Genotyping data was compiled and compared for calculating the allelic and genotyping

frequencies in 500 HBV and 200 control samples. The nsSNP rs56364352 C/T was found to be
associated with HBV susceptibility in allelic model (OR- 1.68; 95% CI-1.30 to 2.16; p< 0.01).
This nsSNP was also found to be associated in heterozygous model (OR- 1.72; 95% CI-1.10 to
2.47; p-< 0.01), homozygous model (OR- 2.36; 95% CI-1.40 to 3.97; p-< 0.01) and in dominant
model (OR- 1.87; 95% CI-1.34 to 2.61; p-< 0.01) (Table 4.28).

Table 4.28 Genotypic and allelic frequencies of ULK1 polymorphism rs56364352 C/T in HBV
cases and healthy control samples (N = total number of samples)

ULK1 nsSNP HBV Control Odds ratio
rs56364352 (C/T) (N=500) (N =200) [95% CI] p-value

cc 197 (39.4%) 110 (55%) Ref.
cT 210 (42%) 68 (34%) 1.72 (1.10-2.47) <0.01
T 93 (18.6%) 22 (11%) 2.36 (1.40-3.97) <0.01

CT+TT 303 (60.6%) 90 (45%) 1.87 (1.34-2.61) <0.01

CT+CC 407 (81.4%) 178 (89%) 1.27 (0.95-1.71) 0.10

C allele 604 (60.4%) 288 (72%) Ref.

T allele 396 (39.6%) 112 (28%) 1.68 (1.30-2.16) <0.01

4.3.4.3.3 Genetic correlation of nsSNP rs56364352 C/T in different clinical groups of HBV
infection
When the different clinical groups were compared to healthy individuals, regression analysis for

ULKZ1 nsSNP rs56364352 C/T provided outcome supports our above results mentioned in Table
4.28. As shown in Table 4.29, nsSNP rs56364352 C/T also showed a significant association with
two clinical categories, i.e. acute patients group (OR 1.5; 95% CI-1.08 to 2.18; p-0.01) and
chronic hepatitis B patients group (OR- 1.4; 95% CI-1.03 to 1.90; p-0.02), but no such

association was seen with asymptomatic patients group and liver cirrhosis patients group.
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Table 4.29 The allelic frequencies and odds ratio of ULK1 polymorphism rs56364352 C/T in
HBV subgroup and healthy control samples (N = total number of samples)

Allele frequency

ULK1 SNP Clinical Group OR (95% CI) | p-value
HBV Controls
C
: 170 (60%) | 288 (72%)
AS{szt;’ma“c - 1.72 (1.20-2.30)| <0.01
114 (40%) | 112 (28%)
C
Acute Hepatitis 129 (57%) | 288 (72%) | 1 97 (1.40- 001
(114) T . : 2.77) '
56364350 99 (43%) | 112 (28%)
(CIT) C
Chronic 2 28 2 1.70 (1.27- <0.01
Hepatitis (207) T 165 (40%) | 112 (28%) 2.28)
C
Liver cirrhosis 56 (76%) | 288 (72%) | 85 (0.46- 051
(37) T | 1804%) | 112 (28%) 1.46)

A ‘p-value’ <0.05 was considered significant.
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Table 4.30 Analysis of the virological and biochemical parameters of HBV infected patients with rs56364352 C/T genotype

Results

HBYV infection

category Genotypes Viral load (1U/ml) P ASTUL) P ALT(UL) p  Bllirubin P
(n=no of (mg/dL)
(N=no of [MeanzSD] value [MeantSD] value [MeantSD] value value
samples) [Mean£SD]
samples)
CC (n=53) 123.5+98.3 0.79; 61.84+56.1 0.06; 43.6+51.1 0.33; 0.49+0.24 <%%% 1
Asymptomatic CT (n=64) 118.5+105.5 0.18 57.9+37.1 0.62 57.5+£93.1 1.00 0.57+0.25 e
(N=142) TT(n=25) 160.4+143.7 0.13* 55.9+27.4  0.80*  43.6+38.5 0.47%  0.69+0.20 0.03*
CC+CT(n=117) 120.8+101.9 0.10% 59.6+46.4  0.70% 51.2+77 0.63*  0.53+0.25 0.003%
CT+TT (n=89) 130.3+118.2 0.91F 57.3+34.5 0.89¢ 53.6+£81.5 0.82+ 0.60+0.24 6-75T
CC (n=39) 1532.5+1487 0.78" 60.9+38.8  0.61" 75.8+36 0.36"  0.87+0.46 0.98"
Acute CT (n=51) 1450.8+1375.4 0.10™ 64.8+33.4 0.12™ 83.4+50.2 0.08™  0.87+0.37 0.59™
(N=114) TT (n=24) 2197.5£1641.4 0.04% 84.51£82.6 0.14* 103.3#88.3 0.21% 0.93+0.37 0.51%
CC+CT(n=90) 1486.2+1417.2 0.03* 63.1+35.7 0.06% 80.1+44.5 0.07%  0.87+0.41 0.51%
CT+TT (n=75) 1689.8+1496.2 0.42%  71.1+544  0.61f 89.8+64.9 0391  0.89+0.37  0.11%
CC (n=83) 1292038+2232985 0.31" 92.5+30.4  0.06°  95.3+47.3 0.22" 1.0+£0.43 1.00"
Chronic CT (n=83) 1864473+4658982 <0.001™ 118.4+124.8 0.14™ 115.3+x142.1 0.05™ 1.0£0.5 0.03™
(N=207) TT (n=41) 7184121+10444774 <0.001* 102.4+44.1 0.42% 113.1+47.1  0.92* 1.2+0.57 0.04#
CC+CT(n=166) 1578255+3653450 0.51% 105.4+91.2 0.83*%  105.3+106  0.64* 1.0+£0.47 0.20%
CT+TT (n=124) 3623389+750812 0.75f  113.1+£105.1 0.53F 114.6%£119.1 0.55% 1.1+0.53 0.74+
CC (n=22) 3031909247+13163170714  0.09" 171.6454.2 052" 146.74825 0.31" 0.87+0.32 0.11°
Cirrhosis CT (n=12) 916739007+2255720770 0.61™ 166.1+110.4 0.47" 166+99.2 0.53™  0.96+0.38 0.97"
(N=37) TT (n=3) 60815561+9376719 0.71% 140.6+3.7 0.28% 139.66+10.4 0.33% 1.0£0.30 0.21%
CC+CT(n=34) 2285378574+10630659255  0.65* 169.7+77.1  0.87% 153.5+87.8 0.75%  0.90+0.34 0.89%
CT+TT (n=15) 745554318+2030648486 0.15f 161.06£98.5 0.741 160.73+£88.7 0.96% 0.98+0.35 0.77+

* Student’s t test (CC vs. CT), ** (CC vs. TT), *(CT vs. TT), # (CT+CC vs. TT), 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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Results

4.3.4.4 Genotyping nsSNP rs61942435 C/T (A991V)

The dbSNP was used to retrieve the information of the nsSNP rs61942435 C/T and to design
specific primers for amplification of the DNA strand that contain the polymorphic site. The
desired amplified product was then incubated and digested by the restriction enzyme Hindlll at a
specific position of the SNP for genotyping analysis. The primers pair was checked for their
specificity using the primer-BLAST tool and was further checked for their specificity using the
BLAST tool and IDT Oligo Analyzer tool [325, 326]. The Table 4.31 displays the primer
sequences, amplified product size and expected fragment sizes after RFLP analysis.

Table 4.31 The primer sequences and expected banding pattern for nsSSNP rs61942435 C/T

ULK1 Primer sequences Amplified Restriction Banding
nsSNP 5-3 product enzyme pattern (bp)
size (bp)
CC-322 bp;
6100435 F-OGTCATCTGGTTCCAGGCAGT ;Id g?bzf’
(CIT) R:AAGCTGTGCATTGAGCGGA 322 bp Hindlll CT- 322 bp,
223 bp and
99 bp

4.3.4.4.1 PCR-RFLP

PCR was carried using the primers mentioned in Table 4.31 for genotyping the nsSNP
rs61942435 C/T. For best PCR results, the three major parameters of the PCR cycle (annealing
temperature, Tag DNA polymerase concentration, and primer concentration) were optimized to
amplify the product, as mentioned in the Table 4.32. Amplified PCR products were analyzed on
2.5% agarose gel with ethidium bromide.

Table 4.32 The standardized conditions for genotyping of rs61942435 C/T

ULK?1 Polymorphisms PCR components Gradient range used Op“.”.‘a'
condition
Annealing temperature 48-65 °C 58 °C
rs61942435
(CIT) Taq DNA polymerase 0.5U-5.0U 2.5U
Primers 0.05 - 0.4 pmol 0.2umol
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The optimized PCR conditions were used to amplify the DNA segments from 500 HBV infected
samples and 200 healthy control samples in order to genotype the nsSNP rs61942435 C/T. The
optimized PCR amplification parameters are presented in Table 4.33. Amplified PCR product
was digested with Hindlll and all the genotypes were observed ie. the homozygous wild type
genotype CC (322bp), heterozygous genotype CT (322bp, 223bp, and 99bp bands) and
homozygous mutant genotype TT (223bp and 99bp) in different HBV as well as in control
samples. The representative agarose gel picture is shown in Figure 4.16.

Table 4.33 The optimized PCR conditions for genotyping nsSSNP rs61942435 C/T

PCR Steps Temperature Duration
Initial Denaturation 95°C 2 minutes
Denaturation 95°C 45seconds
Annealing 58°C 45seconds 35 cycles
Extension 72°C 45 seconds
Final extension 72°C 5 minutes

Figure 4.16 The representative agarose gel picture for genotyping nsSNP rs61942435 C/T in
HBV infected as well as healthy control samples (UD- undigested; CC-322bp; TT- 223bp and
99bp; CT- 322bp, 223bp and 99bp).
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4.3.4.4.2 Genetic correlation of nsSNP rs61942435 C/T in hepatitis B patients and healthy
controls
The genotyping data thus generated was collected and evaluated for calculating the allelic and

genotypes frequencies in 500 HBV infected and 200 healthy control samples. The nsSNP
rs61942435 C/T was not found to be associated with HBV susceptibility in allelic model or in
any of the other genetic models tested (Table 4.34).

Table 4.34 Genotypic and allelic frequencies of ULK1 polymorphism rs61942435 C/T in HBV
cases and healthy control samples (N = total number of samples)

ULK1 nsSNP HBV Control Odds ratio
rs61942435 (CIT) (N=500) (N =200) [95% ClI] p-value

cC 350 (70%) 130 (65%) Ref. -
CT 96 (19.2%) 46 (23%) 0.77(0.51-1.16) 0.21
TT 54 (10.8%) 24 (12%) 0.83 (0.49-1.40) 0.49

CT+TT 150 (30%) 70 (35%) 0.79 (0.56-1.12) 0.19

CT+CC 446 (89.2%) 176 (88%) 0.94 (0.72-1.22) 0.65

C allele 796 (79.6%) 306 (76.5%) Ref. -

T allele 204 (20.4%) 94 (23.5%) 0.83 (0.63-1.10) 0.20

4.3.4.4.3 Genetic correlation of nsSSNP rs61942435 (C/T) in hepatitis B patients with
different clinical groups

When the stratified clinical groups were compared to healthy individuals, regression analysis for
ULK1 nsSNP rs61942435 did not show any significant association with clinical groups (Table
4.35).
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Table 4.35 Allelic frequencies of ULK1 polymorphism rs61942435 in HBV subgroup and
healthy control samples (N = total number of samples)

Allele frequency p-
ULK1 SNP Clinical Group OR (95% CI)
HBV Controls value

C
Asymptomatic 218(77%) | 306(76.5%)

0.93(0.65-1.33) | 0.70
(142) T | 66(23%) | 94(23.5%)

Acute C | 174(76%) | 306(76.5%)

Hepatitis (114) | T 0.95 (0.65-1.39) | 0.81
epatitis
rs61942435 P 54 (24%) | 94(23.5%)

(€M) Chronic e 317(77%) | 306(76.5%)

. 0.94 (0.68-1.30) 0.72
Hepatitis (207) T 97(23%) | 94(23.5%)

C
Liver cirrhosis 66(89%) | 306(76.5%)

0.37 (0.17-0.80) | 0.01

(37) T | 8a1%) | 94(23.5%)

A ‘p-value’ <0.05 was considered significant. The significant values are shown in bold.
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Table 4.36 Analysis of the virological and biochemical parameters of HBV infected patients with rs61942435 (C/T) genotype

HBV infection Genotypes Bilirubin
category (n= no. of Viral load (1U/ml) p AST (U/L) p ALT (U/L) p (mg/dL) p
(N=no. of [Mean+SD] value  [MeantSD] value [MeantSD] value [MeantSD  value
samples)
samples) ]
CC (n=89) 128.6+112.5 0.38" 59 +42 0.87" 47 £55 0.59" 0.57+0.25 0.37"
. CT (n=40) 147.5£117.5 0.03" 60.3£t50.5 0.72" 54,5103 0.60™ 0.53+0.21 0.68™
Asymptomatic _ # # # #
(N=142) TT(n=13) 61+33 0.01 54.4+33.4 400.69* 55.5+57.4  0.97 0.60+0.23 0.31
CC+CT(n=129) 134.5+113.7 0.02# 59.4+44.6  0.69%  49.2+73.4 0.76"% 0.55%0.25 0.49%
CT+TT (n=53) 126.3+109.2 0.81F 58.3+46.5  0.617 54.7+935 0.78F 0.54+0.24 0.55%
CC (n=65) 1625.5+1413 0.62" 64.4+29.8 0.26" 86.2+44 0.97" 0.88+0.43 8 ff**
Acute CT (n=44) 1768.8+1644.4 0.11™ 75.4+70.4  0.10™  86.6x73.7 0.13™ 0.90+0.40 ()"59#
(N=114) TT (n=5) 605.6+138.4 0.12* 42.2+13.6 0.30% 56.3+21.3 0.36*  1.0+0.35 <0.001*
CC+CT(n=109) 1683.2+1505.2 0.11# 68.8+50.4  0.23*  86.1+57.5 0.24*% 0.88+0.41 s
CT+TT (n=49) 1649.8+1597.2 0.697 71.9+67.4 0.78F 83.8£70.9 0.51f 0.88+£0.36 0.41+
CC (n=117) 2121414.7+3879090.9 0.11" 101.3+87.4  0.92° 101.3497.3 0.45°  1.0+0.43 1.00°
Chronic CT (n=83) 3495844+8329055 <0.001™ 102.4+54.8 0.02™ 111.3+88.1 0.35™ 1.0£0.5 0.30™
(N=207) TT (n=7) 259697.2+3499520.8 0.31*  186.4+201.1 0.004* 141.1+173.1 0.43* 1.2+1.2 0.37*
CC+CT(n=200) 2691802.8+6149647.5 0.30%  101.4+75.2 0.007%  105.3+94  0.33*  1.0+0.46 0.29%
CT+TT (n=90) 425931.7£8049911.2 0.15F 109.1+78.1  0.36F  114.2+96.1 0.15} 1.1+0.6 0.84%
%ﬁ_(Fn;ZE;S;) 2624720867+11504142617  0.56* 173.6£79.2  0.31* 163.7#885 0.22* 0.91+04  <0.001*
Cirrhosis TT (n=0) 221051633+397692951.1 - 143.1450.4 - 122.1455.2 - 0.90+0.30 -
(N=37) CC+CT(n=37) - ) ) ) ) ) - )
2105008600+0196680722 - 167.4+74.2 - 152.4484.2 - 0.90+0.33 -

* Student’s t test (CC vs. CT), ** (CC vs. TT),*(CT vs. TT), # (CT+CC vs. TT), + one-way ANOVA - (b/w all pairs), p value <0.05 was considered significant,
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.
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4.3.4.5 Genotyping of SNP rs12303764 (G/T)

The polymorphic information of nsSNP rs12303764 (G/T) was retrieved from dbSNP. Since, no
restriction enzyme was available for rs12303764 (G/T), specific T-ARMS primers were designed
in a way that the two allele-specific amplicons would have different lengths and easily be
separated by standard agarose gel electrophoresis. The control amplicon is always amplified
irrespective of other amplicons corresponding to one of the alleles; it provides an internal control
for amplification failure. The primer pairs were checked for their specificity using the primer-
BLAST tool [325]. The Table 4.37 shows the primer sequences, amplified product size and the
expected fragment sizes after T-ARMS PCR analysis.

Table 4.37 The primer sequences and expected banding pattern for nsSSNP rs12303764 (G/T)

ULK1 Primer sequences Banding
SNP 5-3 pattern (bp)

Outer Forward: GGTGAATGAGGAAACCAACCAGGGACG TT: 922, 486 bp
rs12303764  Outer Reverse: CCAAGTGGCTACAGTGCTGACAGATG  GG: 922,436 bp
(GIT) Inner Forward (G): CAGGCGTGGCTGGGGCATG GT: 922, 486
Inner Reverse (T): GGAAGGGCTCCTGCCACCCA and 436 bp

4.3.45.1 T-ARMS PCR

For genotyping rs12303764 (G/T) T-ARMS PCR was carried using the specific primers.
Annealing temperature, Tag DNA polymerase concentration, and primer concentration were
adjusted to retrieve ideal results as mentioned in the Table 4.38. Control samples for this
analysis were obtained by sequencing of the amplified DNA fragments corresponding to the
desired genotypes, as mentioned in Figure 4.17 and these were used to optimize PCR reaction
and amplification conditions. The amplified PCR products were analyzed on 3% agarose gel
stained with ethidium bromide. The optimized T-ARMS PCR conditions were used to amplify
DNA fragments in 500 HBV infected samples and 200 healthy control samples as indicated in
Table 4.39. All the three genotypes were observed in HBV infected and healthy control samples.

The representative agarose gel picture is shown in Figure 4.18.
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Table 4.38 The standardized conditions for genotyping of rs12303764 (G/T)

: . imal
ULKZ1 Polymorphisms PCR components Gradient range Optl_rr_1a
condition
Annealing temperature 48-65 °C 58 °C
rs12303764 Tag DNA pol 0.5U-5.0U 2.5U
(GIT) aq polymerase 5 U-5. :
Primers 0.05 - 0.4 pmol 0.2umol

Genotype GG Genotype TT Genotype GT

A

Figure 4.17 Control genotypes obtained by sequencing amplified DNA fragments

Table 4.39 The optimized PCR conditions for genotyping rs12303764 (G/T)

PCR Steps Temperature Duration
Initial Denaturation 95°C 2 minutes
Denaturation 95°C 45seconds
Annealing 58°C 1 minute 35 cycles
Extension 72°C 45 seconds
Final extension 72°C 5 minutes

M TT GG GG GT GT

922

486
436

Figure 4.18. The representative agarose gel picture showing all genotypes of rs12303764.
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4.3.4.5.2 Role of rs12303764 in genetic susuceptibility of HBV infection in north Indian
population

The Table 4.40 shows genotyping data we obtained after analysing all the collected samples
including 500 HBV infected and 200 healthy control samples. GG, GT and TT genotypes were
present in 207, 229 and 64 HBV patients while in case of normal healthy controls the proportion
of the genotypes obtained were 120, 55 and 25. The nsSNP rs12303764 was found to be
associated with HBV protection in allelic model (OR 0.64; 95% CI-0.49 to 0.82; p- <0.05),
(Table 4.40). Whereas, it was found to be associated with HBV infection susceptibility in
heterozygous (OR 2.41; 95% CI-1.66 to 3.49; p- <0.01), dominant (OR 2.12; 95% CI-1.52 to
2.96; p- <0.01) and recessive (OR 1.44; 95% CI- 1.08 to 1.92; p- 0.01) models.

Table 4.40 The genotypic and allelic frequencies of ULK1 polymorphism rs12303764 in HBV
cases and healthy control samples (N = total number of samples)

ULK1 HBV Control Odds ratio
rs12303764 (G/T) (N=500) (N =200) [95% Cl] pvalue

TT 207 (41.2%) 120 (60%) Ref.
GT 229 (45.8%) 55 (27.5%) 2.41(1.66-3.49) <0.01
GG 64 (12.8%) 25 (12.5%) 1.48 (0.88-248) 0.13
GT+GG 293 (58.6%) 80 (40%) 2.12 (1.52-2.96) <0.01
GT+TT 436 (87%) 175 (87.5%) 1.44 (1.08-1.92) 0.01

T 643 (64.3%) 295 (73.7%) Ref.
G 357 (35.7%) 105 (26.3%) 0.64 (0.49-0.82) 0.04

4.3.4.5.3 Genetic correlation of rs12303764 in HBV infected patients at different stages of

infection

When the stratified clinical groups of HBV infected patients were compared to healthy
individuals, regression analysis for ULK1 SNP rs12303764 did not show any significant
association with HBV infection as described in Table 4.41. On analysing data of different

clinical groups, significant protective association of the SNP was observed in acute (OR 0.51;
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95% CI- 0.36 to 0.72; p-0.0002) and chronic (OR- 0.59; 95% CI- 0.44 to 0.79; p-0.0006)

hepatitis B patient groups, whereas no association was seen in asymptomatic and liver cirrhosis

group.

Table 4.41 The allelic frequencies and odds ratio of ULK1 polymorphism rs12303764 in HBV

subgroup and healthy control samples (N = total number of samples)

Allele frequency p-
ULK1 SNP | Clinical Group OR (95% CI)
HBV Control value
G
Asymptomatic 91(32%) | 105(73.7%)
0.79 (0.56-0.10) 0.17
(142) T | 193(68%) | 295(26.3%)
G
Acute Hepatitis 88(39%) | 105(73.7%)
(114) - 0.51 (0.36-0.72) | 0.0002
rs12303764 140(61%) | 295(26.3%)
GIT G
() Chronic Hepatitis 159(38%) | 105(73.7%)
0.59 (0.44-0.79) | 0.0006
(207) T | 255(62%) | 295(26.3%)
G
Liver cirrhosis 19(26%) | 105(73.7%)
0.98 (0.54-1.78) | 0.9579
(37) T | 55(74%) | 295(26.3%)
A ‘p-value’ <0.05 was considered significant. The significant values are shown in bold.
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Table 4.42 Analysis of the virological and biochemical parameters of HBV infected patients with rs12303764 (G/T) genotype

HBYV infection

Genotypes
category (n= ngpof Viral load (1U/ml)
(N=no. of ' [Mean+SD]
samples)
samples)
GG (n=15) 95.1+96.0
P GT(n=61) 101.6+94.5
y(NE)14 ) TT(n=66) 159.3+120.5
- GG+GT(n=76) 100.3+94.5
GT+TT (n=127) 131.6+112.2
GG (n=15) 1252.7+1440.7
GT (n=58) 1566.6+1411.4
Acute
(N=114) TT (n=41) 1874.2+1603.9
- GG+GT(n=73) 1502.1+1413.1
GT+TT (n=99) 1694.0+£1493.9
GG (n=33) 918785.8+1622859.6
. GT (n=93) 3135252.3+£5632472.0
Chronic
(N=207) TT (n=81) 2896802.0£7475771.9
- GG+GT(n=126) 2554749.2+4998090.5
GT+TT (n=174) 3024249.6£6536739.6
GG (n=1) 50000000
. . GT (n=17) 262710466.2+334138521.0
Cirrhosis
(N=37) TT (n=19) 3861538962.0+14182680442.0

GG+GT(n=18) 250893218.1+328016221.8
GT+TT (n=36) 2162092172.0+10335324103.0

p
value

0.82"
0.05"
0.003"
0.001#
0.17+
0.44*
0.19"
0.29"
0.20%
0.45+
0.02*
0.13"
0.81
0.69%
0.45+

*k

0.30*
0.28%
0.75+

AST (U/L)
[Mean£SD]

60.9+24.0
59.9+48.1
57.6+43.2
60.1+44.3
58.7+45.4
59.6%26.7
63.2+37.1
76.8+67.9
62.4+35.1
68.8+52.3
105.0+78.5
111.6+111.7
97.0+35.8
109.9+103.7
104.8+85.1
145
155.3+29.0
179.3+99.8
154.7+28.2
168.0+75.2

p
value

0.93"
0.77"
0.77*
0.74%
0.22+
0.69"
0.34"
0.20*
0.12%
0.77+
0.77"
0.45"
0.26"
0.31%
0.33+

*%

0.34*
0.31%#
0.21%

ALT (U/L)
[Mean£SD]

57.3+40.7
45.1+60.4
52.5+83.9
47.6£57.0
49.0+74.56
71.8+28.5
78.7+40.7
99.0+78.6
77.2+38.4
87.0+59.9
96.3+125.1
113.8+117.5
103.2+45.5
109.2+119.3
108.8+91.3
148
127.0+£52.1
175.3+102.9
128.2+50.8
152.5+85.4

value

0.45"
0.83"
0.58"
0.68%
0.77+
0.52"
0.18"
0.09*
<0.0001%
0.69%
0.48"
0.66"
0.47*
<0.0001%
0.58+

*k

0.09*
0.08%
0.76+

Bilirubin
(mg/dL)
[Mean+SD]

0.70+0.20
0.55+0.25
0.53+0.24
0.58+0.24
0.54+0.24
0.87+0.47
0.90+0.40
0.86+0.38
0.90+0.42
0.88+0.39
1.06+0.40
1.1+0.56
1.05+0.46
1.09+0.52
1.08+0.51
14
0.97+0.33
0.84+0.33
0.99+0.33
0.90+0.33

value

0.03*
0.01"
0.64"
0.21%
0.65+
0.80"
0.81"
0.61*
0.62%
0.33%
0.70"
0.91"
0.52¢
0.57%
0.87+

*k

0.24*
0.17%
0.29%

* Student’s t test (GG vs. GT), **(GG vs. TT), *(GT+TT),*# (GT+GG vs. TT), 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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4.3.4.6 Genotyping SNP rs3923716 (G/T)

Specific primers were designed for the amplification of SNP rs3923716 G/T, further restriction
digestion was performed overnite by using BseRI (New England Biolabs). The primer pair was
checked for their specificity using the primer-BLAST tool and was further checked for their
specificity by IDT OligoAnalyzer tool [325, 326]. The Table 4.43 shows the primer sequences,

amplified product size and expected fragment sizes after RFLP analysis.

Table 4.43 Depiction of the primer sequences, amplified product size, restriction enzyme and
expected fragment sizes of rs3923716 G/T after the RFLP analysis

ULK1 Primer sequences Amplified Restriction Banding

SNP 5-3 product enzyme pattern (bp)
size (bp)
GG- 355 bp
agpa71g F-CTGCGAGTGGCTTGTGAGTCG grf 272?5 tt’)':
(GIT) R:TAGGGTGGCCGAGGCAGGAA 525 bp BseRlI 355 bp and
170 bp

TT- 525 bp

4.3.4.6.1 PCR RFLP
For the amplification of rs3923716 G/T annealing temperature, Tag DNA polymerase
concentration, and primer concentration were optimized as mentioned in the Table 4.44.

Amplified PCR products were analyzed on 1.5% agarose gel stained with ethidium bromide.

Table 4.44 Optimized condition for genotyping rs3923716 G/T

. . Optimal
ULKZ1 Polymorphism PCR components Gradient range -
condition
Annealing temperature 48-65 °C 58 °C
rs3923716
(GIT) Tag DNA polymerase 0.5U-50U 2.5U
Primers 0.05 - 0.4 pmol 0.2umol

ROHIT RANDHAWA Ph.D. Thesis, Jaypee University of Information Technology | 99



Results

The optimized PCR conditions were used to amplify DNA segments from 500 HBV infected
samples and 200 healthy control samples in order to genotype the SNP rs3923716 G/T as shown
in Table 4.45. After restriction digestion with BseRI we observed homozygous wild GG (355
and 170 bp), heterozygous GT (525, 355 and 170 bp) and homozygous mutant TT (525bp)
genotypes in different HBV infected as well as in healthy control samples. The representative

agarose gel picture is shown in Figure 4.19.

Table 4.45 The optimized PCR conditions for genotyping SNP rs3923716 G/T

PCR Step Temperature Duration
Initial Denaturation 95°C 2 minutes
Denaturation 95°C 45seconds
Annealing 58°C 1 minute 35 cycles
Extension 72°C 45 seconds
Final extension 72°C 5 minutes

525
355
170

Figure 4.19 The representative agarose gel picture for genotyping rs3923716 G/T in HBV
samples.
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4.3.4.6.2 Role of rs3923716 G/T in genetic susceptibility of HBV infection

The genotyping data were compiled and compared for calculating the allelic and genotyping
frequencies in 500 HBV infected and 200 healthy control samples. The SNP rs3923716 G/T was
found to be associated with HBV infection susceptibility in the allelic model (OR 1.41; 95% CI-
1.07 to 1.87; p-0.01) and homozygous model (OR 2.09; 95% CI-1.10 to 3.95; p-0.02) (Table
4.46).

Table 4.46 Genotypic and allelic frequencies of ULK1 polymorphism rs3923716 G/T in HBV
cases and healthy control samples (N = total number of samples)

ULK1 SNP HBV Control Odds ratio
rs3923716 (G\T) (N=500) (N =200) [95% CI] pvalue

GG 280 (56%) 127 (63.5%) Ref.
GT 160 (32%) 60 (30%) 1.20 (0.84-1.73) 0.30
TT 60 (12%) 13 (6.5%) 2.09 (1.10-3.95) 0.02

GT+TT 220 (445) 73 (36.5%) 1.36 (0.97-1.91) 0.06

GT+GG 440 (88%) 140 (70%) 0.95 (0.69-1.32) 0.80

G allele 720 (72%) 314 (78.5%) Ref.

T allele 280 (28%) 86 (21.5%) 1.41 (1.07-1.87) 0.01

4.3.4.6.3 Genetic correlation of rs3923716 G/T in hepatitis B patients with different clinical
groups

When the clinical groups of HBV infected patients were compared to healthy individuals,
regression analysis for ULK1 SNP rs3923716 G/T provided a significant outcome (Table 4.46).
As shown in Table 4.47, SNP rs3923716 G/T also showed a significant association with two
clinical categories, i.e. Asymptomatic patients group (OR 1.48; 95% CI-1.04 to 2.10; p-0.02) and
liver cirrhosis group (OR- 1.91; 95% CI-1.08 to 3.37; p-0.02), but no such association was seen
with acute hepatitis (OR 1.27; 95% CI-0.87 to 1.86; p-0.21), while protective association was
observed in chronic hepatitis (OR 0.20; 95% CI-0.11 to 0.34; p-0.0001) group.
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Table 4.47 Allelic frequencies of ULK1 polymorphism rs3923716 G/T in HBV subgroup and
healthy control samples (N = total number of samples)

o Allele frequency p-
SNP Clinical Group OR (95% CI)
HBV Control value

G
Asymptomatic 209(74%) | 314(78.5%)

1.48 (1.04-2.10) | 0.02

(142) T | 75(26%) | 86(21.5%)

G
Acute Hepatitis 165(72%) | 314(78.5%)

1.27 (0.87-1.86) | 0.21

rs3923716 (114) T | 63(28%) | 86(21.5%)

G\T 5
() Chronic Hepatitis 297(72%) | 314(78.5%)

0.20 (0.11-0.34) | 0.0001

(207) T 1 117(28%) | 86(21.5%)

G
Liver cirrhosis 49(66%) | 314(78.5%)

1.91 (1.08-3.37) | 0.02

37) T | 25(34%) | 86(21.5%)

A ‘p-value’ <0.05 was considered significant. The significant values are shown in bold.
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Table 4.48 Analysis of the virological and biochemical parameters of HBV infected patients with rs3923716 G/T genotype

Results

HBYV infection
Genotypes

Bilirubin

category (n=no of Viral load (1U/ml) p AST (U/L) p ALT (U/L) (mg/dL) P
(N=no of [Mean+SD] value [MeantSD] value [MeanzSD] value value
samples) [Mean+SD]
samples)
GG (n=87) 134.7+£113.9 0.88" 56.2+44.8  0.65° 50.6%79.7 0.69° 0.54+0.24 0.21"
. GT(n=35) 131.3+113.1 0.04™ 59.9+285 0.18" 45.1+37.8 0.76™ 0.60+0.25 0.42™
Asymptomatic . " " " "
(N=142) TT(n=20) 91.4+88.9 0.18 69.4+58.7  0.42 55.5+81.7  0.52 0.50+0.27  0.17
GG+GT(n=122) 133.7+113.2 0.11%  57.2440.9 0.24* 49.0£70.2 0.70% 0.56+£0.24 0.31%#
GT+TT (n=55) 116.8+105.8 0.357 63.4+41.7 0.12f 48.7#57.2 0.421f 0.59+0.25 0.46t
GG (n=65) 1774.4+1532.9 0.71° 70.5+55.4 059" 89.2+60.2 0.53° 0.90+0.41 0.81"
Acute GT (n=35) 1658.0+£1529.1 0.05™  64.8+41.7 0.56™ 82.1+40.9 0.38" 0.88+0.41 0.40™
(N=114) TT (n=14) 937.9+£974.9 0.11% 61.5+41.0 0.80* 7294754 0.58* 0.80+0.38 0.53*
GG+GT(n=100) 1733.7£1524.8 0.06%  68.5£50.9 0.59% 86.7+54.1 0.39% 0.89+0.41  0.43*
GT+TT (n=49) 1452.3£1421.8 0.127 63.9+41.1 0471 79.5#52.4 0.48% 0.86£0.40  0.49%
GG (n=114) 3028665.9£6979398.5 043" 106.0£74.8 0.23"° 106.4+88.5 0.34" 1.07+050 0.61"
Chronic GT (n=69) 2394414.3+5014089.7 0.91™ 106.9+108.4 0.27" 111.4+123.6 0.83™ 1.07£0.53 0.20™
(N=207) TT (n=24) 1919036.3+3911720.7 0.18* 93.0+24.6 0.15* 95.9+28.1  0.21% 1.1+0.37 0.92*
GG+GT(n=183) 2789521.8+6303384 0.51% 106.4+88.9 0.41* 108.3+102.8 0.76* 1.07+0.51  0.89#
GT+TT (n=93) 2271736.1+4738320.1 0.95f 103.3494.2 0.50f 107.4+107.4 0.65f 1.08+0.49 0.97%
GG (n=14) 346348077.4+359153341.7  0.39° 170.8469.6 0.90° 142.0+93.5 0.42° 0.78+0.32 0.02"
Cirrhosis GT (n=21) 3472117326.0+13510034516 0.29™  167.7481.6 0.77" 165.6+78.8 0.41™ 1.03+0.31 0.80™
(N=37) TT (n=2) 60990640.5+5946566.5 0.71% 139.0+24  0.18* 85.5#55.8 0.43* 0.63+0.32 0.13*
GG+GT(n=35) 2221809627.0+10479909600 <0.52** 169.0+76.0 0.44* 156.2+84.4 0.08*  0.93+0.33  0.79*
GT+TT (n=23) 3175497614.0+£12918747202 0.85F  165.2+78.4 0.32f 158.6+79.5 0.14} 1.0+0.32 0937

* Student’s t test (GG vs. GT), **(GG vs. TT), *(GT+TT), ™ (GT+GG vs. TT), 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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4.3.5 Haplotype analysis of nsSNPs of ULK1
Moreover, when haplotype analysis was performed in the context of nsSNPs of ULK1, one
high-risk haplotype, i.e, ATCC (OR- 1.74; 95% CI- 1.03 to 2.94; p- 0.039) illustrated the
relationship with the susceptibility/clinical presentation of HBV as represented in Figure
4.19. Also, for the first time, a correlation of haplotype (ULK1-ATCC) with HBV infection

was reported. Importantly, the transition of SNP variation at rs61942435 C—T seems to

Results

influence the association of haplotype ATCC with HBV infection susceptibility.

rs79965940.A.T/[rs61942435.C.T|[rs55824543.C.T|[rs56364352.C.T| Freq | OR (95% CI) |[P-value
1 A C C Cc 0.2629 1.00
2 A C [ T 0.1593[0.75 (0.48 - 1.16) [ 0.2
3 C C C C 0.1224{ 1.16 (0.75 - 1.79) 0.52
4 A T C Cc 0.0894{|1.74 (1.03 - 2.94)|| 0.039
5 A C T C 0.0686|[ 1.42 (0.83-2.43) [ 0.2
6 C C C T 0.059 ([ 0.57 (0.27 - 1.19) 0.14
7 A T C T 0.042|(0.70 (0.30 - 1.65) 0.41
8 C C T c 0.0389/[0.67 (0.31 - 1.46) [ 0.31
9 A C T T 0.0352|| 0.69 (0.31 - 1.57) 0.38
10 C T C T 0.032][0.48 (0.16 - 1.41) [ o0.18
11 A T T C 0.0237|[ 1.46 (0.60 - 3.55) [ 0.41
12 C C T T 0.023|(0.90 (0.35 - 2.28) 0.82
Figure 4.20 The haplotype analysis of four nsSNPs of ULK1.
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5. Discussion

The hepatitis B virus is perhaps a fatal liver infection and can cause both acute and chronic
disease; which eventually proceed to liver cirrhosis (LC) and hepatocellular carcinoma
(HCC). Nearly 257 million people are alive with hepatitis B virus infection and 8,87,000
people die every year due to acute or chronic consequences of hepatitis B (WHO fact sheet,
2017). Human HBV is a model member which belongs to genus Orthohepadnavirus of
Hepadnaviridae family of viruses. This virus infects hepatocytes. The genome of this virus is
the smallest known for mammalian viruses which is about 3020-3320 nucleotides long.
Human HBYV is also capable of infecting chimpanzees, baboons and other great apes as well
as various marsupials [40]. Various viral and environmental factors involved in the
progression of the infection have been studied broadly but the host related factors such as
age, gender, immune status of the individual and genetic variations are still less studies [142].
The host response to this infection is mainly immune mediated i.e. cytotoxic T-lymphocytes
(CTLs) eliminate hepatocytes where viral antigens are processed and displayed in association
with MHC class | molecules, which further results into liver injuries [328]. Despite safe
vaccine available for HBV, it remains a severe civic health problem, particularly in Asia,
Africa, and South America, and may possibly end in death [329]. The development of
chronic hepatitis B (CHB) to severe liver disorder, like LC and HCC, is determined by the
genetic characteristics of the host, in addition to environmental and viral factors [330].

Although HBV vaccines have reduced the number of new HBV infections, but they
do not benefit patients already with chronic HBV infection, who have a high risk of
developing liver cirrhosis and hepatocellular carcinoma [331]. The HBx protein is an
essential viral protein that is required for successful replication and maintenance of viral
infection in mouse models and various cultured cell systems [332]. As stated earlier, HBx can
induce autophagy in liver cell lines by up-regulating BECN1 (Beclin 1) expression [68]. HBx
can trigger autophagy by directly interacting with the class Il phosphatidylinositol 3-kinase
(PtdIns3K) to favour virus replication [63]. Similarly, Hepatitis small surface proteins
(SHBs) have also been found to induce autophagy by triggering endoplasmic reticulum (ER)
stress [162]. Many studies are available that show role of this autophagy in liver pathology
[333-336]. Moreover, genetic factors play important role in many diseases and variants in the

genes of autophagy pathways have been shown to play role in susceptibility of various
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diseases. Till date, no one has targeted autophagy gene ULK1 for its involvement in HBV

infection susceptibility.

The human serine/threonine-protein kinase ULK1, a gene involved in the initiation of
autophagy pathway was identified as the human homolog of C. elegans Unc-51 kinase and of
the S. cerevisiae autophagy-related protein kinase Apglp/Atgl in 1998 [337-339]. Sequence
analysis showed that, at the amino acid level, ULK1 is 57%, 20%, and 27% similar to the
kinase (located in the N-terminus), the proline/serine-rich, and the C-terminal domains of
Atgl, respectively. Compared to the same domains of Unc-51, ULK1 presents 74%, 22%,
and 46% similarity, respectively [338]. Although presenting high homology with Unc-51,
which is expressed exclusively in neurons, ULK1 was found to be ubiquitously expressed in
human adult tissues, suggesting that this evolutionary conserved serine/threonine kinase may
have acquired diverse functions during vertebrate evolution [338]. Since, the ULK1 complex
is an essential regulator of mammalian autophagy and the fact that its function is largely
conserved throughout all eukaryotes underlines its importance. Autophagy has a vital role in
health maintenance [340]. In general, autophagy is a cytoprotective mechanism that prevents
the accumulation of damaged or impaired cellular components that could be detrimental to
the cell if left to persist. Therefore, dysfunctional autophagy has been implicated in numerous
diseases [341].

Genetic polymorphisms have been implicated in the culmination of HBV infection
especially of those host genes, which are directly or indirectly involved in immune response
to this infection [342]. One of the significant host genes is ULK1, involved in autophagy
pathway. So far, SNPs in ULK1 gene has been studied in context with various diseases such
as Crohn’s disease (CD), Behcet syndrome [70], Ulcerative colitis [343], latent tuberculosis
[287], Ilymphatic  metastasis  [344], pulmonary  tuberculosis [287] and
uveomeningoencephalitic syndrome [70]. ULK1 has been intensively studied with HBV
infection, which further promotes autophagy in hepatocytes via the activation of ULKL.
Higher levels of autophagy have been suggested to help the HBV replication. The inhibition
of this process decreases HBV replication and might be a new target for anti-HBV therapy
[200]. In our study, we have analysed nsSNPs as well as SNPs present in regulatory region of
ULK?1 for their role in HBV infection susceptibility in North Indian population.
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5.1 In silico analysis

5.1.1 Phylogenetic analysis reveals ULK1 as evolutionary conserved gene

By using MEGADS for phylogenetic analysis of the ULKL, it was found that Homo sapiens
and P. troglodytes have 100% evolutionary relationship depicting that the ULK1 gene present
in these species is identical and could have originated from the same ancestors. On the other
hand, R. norvegicus and M. musculus have 93% similarity and could have the same ancestral
origin as C. griseus. X. (Silurana) tropicalis, a species of amphibian family shows a vast
difference in its origin and evolution from others, when studied based on protein sequence of
ULK1.

5.1.2 Imperative regulatory elements and transcription factor binding sites distributed
throughout the ULK1 gene

Four potential regulatory elements in ULK1 gene were identified, out of which three are
UTRs (corresponding 75% of the total regulatory region in ULK1 gene) and another is a
single intron region representing 25% of the total regulatory region. In addition, 23
transcription factors in UTR and intron regions were identified; these transcription factors
bind directly or in the form of the complex to the transcriptional regulatory region of ULK1,
which could further control its expression. Between these detected, CHOP1 and E2F1
enhance the autophagy process where as NFE2 and STAT suppress the process of autophagy
The interaction of these classes of transcription factors with the ULK1 gene could alter its

expression, which can further amend the autophagy pathway.

5.1.3 Putative functional sites present in ULK1

Post-translational modification (PTM) of proteins plays crucial role in determining protein
structure, activity and function [345]. These modifications include, but are not limited to,
phosphorylation to regulate catalytic activity and protein-protein interactions, glycosylation
to ensure proper protein folding, ubiquitination to signal degradation, and lipidation to enable
insertion into phospholipid membranes [346]. Execution of autophagy requires proper
functioning of ULK1 complex, and the activity of this complex and autophagy pathway is
highly dependent on the regulatory post-translational modifications specifically
phosphorylation [347]. Hence, detection of phosphorylation sites in ULK1 could be

beneficial to apprehend its various functional aspects. Therefore, we analyzed PTM sites and
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detected 84 vital phosphorylation sites in ULK1 gene. Out of these 84 identified
phosphorylation sites, 26 have already been verified experimentally as mentioned in Table
4.5. From the rest 58 newly identified phosphorylation sites, 25 were present in kinase
domain, 29 were present in Ser/Thr rich domain and 4 were present in CTD domain. We also
identified a single phosphorylation site at amino acid position 295 of Y residue in the kinase
domain with a significant score (0.809), which has not been verified experimentally and can
be studied further to unravel its impact on protein function. Besides the identification of
phosphorylation sites among PTMs, we also detected 4 palmitoylation sites at positions 426,
927, 1003 and 1049. Identification of palmitoylation sites was an important component of
this study, as it supports detection of added palmitic acid; resulting in increasing the
hydrophobicity of proteins and helps in their association to the membranes [304]. The
identification of these sites would help understand the complex processes such as sub-cellular
trafficking between the membrane compartments [348] and protein—protein interactions that
occur due to palmitoylation. Many autophagy related proteins have been studied for the
palmitoylation sites [349]. In mammals, ATG101, an important autophagy related protein,
interacts with ATG13 (ULK1 interacting protein), which is a component of macroautophagy
[349]. ATG101 is localized to the isolation membrane or phagophore, which surrounds the
materials to be degraded in the lysosome. The interaction of ATG101 with the phagophore
may be due to the palmitoylation site present at the third amino acid, i.e. cysteine [349].
Identification of these palmitoylation sites would help us in exploring diverse interactions

with ULK1 and their sub-cellular localizations.

5.1.4 Prediction of nsSNPs destabilize ULK1 protein

Protein structure and function can be altered by a single base change in the coding region of
DNA, which leads to changes in amino acids, present in the protein. These single base
changes are known as nsSNPs which have been the subject of many recent studies and a large
amount of data now exists in public repositories like SWISSPROT [350], dbSNP [351] and
HGVbase [352]. These polymorphisms could show damaging effect towards the protein
structure and function, which can lead to disease development, but not in, all cases. Here we
have identified 4 nsSNPs i.e. rs79965940 (N148T), rs61942435 (A991V), rs55824543
(T503M) and rs56364352 (S298L) which could have harmful functional outcomes on the
ULKZ1 protein. The iPTREE-STAB suggest that the three mutations (N148T, T503M and
S298L) decrease the protein stability while the mutation A991V increases the protein
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stability, whereas i-MUTANT 2.0 suggests that all the four mutations (N148T, A991V,
T503M and S298L) decrease the protein stability. Similarly, DUET and ERIS tools were
used for prediction of protein stability change at structural level. These online servers also
analyze Gibbs free energy change to predict whether the mutation present is stabilizing or
destabilizing the protein. DUET indicates that both mutations (N148T and A991V) decrease
the protein stability while ERIS suggests that the mutation N148T decreases the protein
stability and the mutation A991V increases the protein stability. Also, it was found that
rs79965940 nsSNP (N148T) increased the total energy of the protein structure and hence
could be regarded as a destabilizing mutation. On the other hand, the nsSNP rs61942435
(A991V), decreased the total energy and hence could be regarded as stabilizing mutation.
Overall, the nsSNP rs61942435 was found to increase the protein stability while, the nsSSNPs
rs79965940, rs55824543, and rs56364352 were found to decrease the protein stability both at
sequence and structure level. Therefore, we selected these four nsSNPs along with two other
SNPs (rs3923716 and rs12303764) which were found to be associated with Crohn's disease in
New zealand population, for genotyping in the HBV patient samples for determining their
role in disease susceptibility or progression.

5.2 Genotyping of predicted nsSNPs and non-coding SNPs

The selected nsSNPs rs79965940, rs55824543, rs56364352, rs61942435 and other two non-
coding SNPs rs3923716 and rs12303764 were genotyped in 500 HBV infected patients and
200 healthy control samples to find their role in the susceptibility to HBV infection. The
target region of the selected six polymorphisms was amplified through PCR and the
genotyping was done by RFLP and T-ARMS PCR (as applicable) followed by agarose gel
electrophoresis. The statistical analysis was performed to reveal their association with HBV
infection. Viral and biochemical parameters in various genotypes of these polymorphisms

were also compared to uncover their role in HBV infection.

5.2.1 nsSNPs rs79965940 A/C (N148T), rs56364352 C/T (S298L) and non-coding SNP
rs3923716 G/T increase risk of HBV infection, while rs12303764 (G/T) show protective
role against HBV infection

The nsSNP rs79965940 A/C (N148T) was found to destabilize ULK1 protein both in
sequence as well as in structural level. Furthermore, this nsSNP was observed to be
significantly associated with HBV infection susceptibility and the mutant allele C was found
to be significantly linked with HBV risk (OR- 1.4; 95% CI-1.08 to 1.81; p-0.01). The
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genotype CC was also significantly associated with HBV infection risk (OR- 1.85; 95% CI-
1.11 to 3.10; p-0.01). The mutant allele C was also found to be associated with two clinical
stages of infection, i.e. acute patients group (OR 1.5; 95% CI-1.08 to 2.18; p-0.01) and
chronic hepatitis B patients group (OR- 1.4; 95% CI-1.03 to 1.90; p-0.02), but no such
association was seen with asymptomatic patients group (OR- 1.3; 95% CI- 0.94 to 1.84; p-
0.01) and liver cirrhosis patients group (OR- 1.2; 95% CI-0.74 to 2.20; p-0.36). Furthermore,
viral load in different HBV infection categories was also correlated with the genotypes of
HBV infected patients. Also, there was a significant difference (p- 0.004) observed in the
mean viral load between the mutant genotype CC in acute infection group. Viral load was
also found to be high in all patients with the mutant genotype CC in all the sub-categories of
HBV infected patients. No significant variation was observed in biochemical parameters in
relation to the genotype of patients.

The nsSNP rs56364352 was found to be significantly associated with HBV infection
susceptibility and mutant T allele was found to be significantly linked with the HBV risk
(OR- 1.68; 95% CI-1.30 to 2.16; p-< 0.01). The mutant genotype TT was also found to be
significantly associated with HBV infection risk (OR- 2.36; 95% CI-1.40 to 3.97; p-< 0.01).
Similarly, the heterozygous genotype CT was also found to be associated with HBV risk
(OR- 1.72; 95% CI-1.10 to 2.47; p < 0.01). When analyzed with the sub-clinical categories,
rs56364352 nsSNP showed a significant association with three clinical categories, i.e.
asymptomatic patients group (OR 1.72; 95% CI-1.20 to 2.30; p<0.01), acute patients group
(OR 1.97; 95% CI-1.40 to 2.77; p<0.01) and chronic hepatitis B patients group (OR- 1.70;
95% CI-1.27 to 2.28; p<0.01), but no such association was seen with liver cirrhosis patients
group. Furthermore, viral load in different HBV infection categories was also correlated with
the genotypes of HBV infected patients. Also, there was a significant difference observed in
the mean viral load between the mutant genotype TT in acute infection group (p-0.04) and in
chronic infection group (p<0.001). The viral load was also found to be high in all patients
with the mutant genotype TT in all the sub-categories of HBV infected patients. Significant
results were also observed between the mutant genotype TT and bilirubin level in
asymptomatic (p-0.03) and chronic infection (p-0.04) group. No such significance was

observed in other biochemical parameters in relation to the genotype of patients.

Non-coding SNP, rs3923716 was earlier reported in two studies associated with Crohn's

Disease in New Zealand population [73, 75]. In our study, rs3923716 was found to be
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significantly associated with HBV infection susceptibility and the mutant T allele also
established a significant link with HBV risk (OR- 1.41; 95% CI-1.07 to 1.87; p-0.01). The
mutant genotype TT also depicted no association with HBV infection risk (OR- 2.09; 95%
ClI-1.10 to 3.95; p-0.02). When analyzed with sub-clinical categories, the nsSSNP rs3923716
mutant allele T provided a valuable outcome to our above mentioned results, showing a
significant association with asymptomatic patients (OR- 1.48; 95% CI-1.04 to 2.10; p-0.02)
and with liver cirrhosis patients (OR- 1.91; 95% CI-1.08 to 3.37; p-0.02) group, but no such
association was seen with acute hepatitis patients and chronic hepatitis patients group.
However, the odds ratio seems to increase with the increase of the severity of HBV infection,
indicating a significant role played by this SNP in the progression of the infection. No
significant variation was observed in biochemical parameters in relation to the genotype of
patients.

There are studies which have shown protective role of mutant allele against the disease
progression [353-355]. We have also found that mutant allele of rs12303764 is associated
with HBV protection in allelic model (OR 0.64; 95% CI-0.49 to 0.82; p- <0.05), further
analysing data of different clinical groups, significant protective association of rs12303764
was observed in acute (OR 0.51; 95% CI- 0.36 to 0.72; p-0.0002) and chronic (OR- 0.59;
95% CI- 0.44 to 0.79; p-0.0006) hepatitis B patient groups suggesting that this SNP might be

associated with protection against HBV infection in our population.

5.2.2 No significant association was observed for nsSNP rs61942435 C/T (A991V) and
rs55824543 (C/T) (T503M)

In-silico analysis shows that rs61942435 C/T (A991V), rs55824543 (C/T) (T503M)
destabilizes ULK1 protein but we could not find any association of these polymorphisms
when we compared with total HBV infected patients as well as in different clinical categories
of these patients. For these SNPs we have observed that their OR and 95% CI are close to
value 1, indicating that increasing the number of samples may show their association with

HBYV infection in nearby future studies.
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The process of HBV infection is a multi-stage process, after HBV infection, the
immune response can be induced to eliminate the virus. As a crucial autophagy gene, ULK1,
whose expression can be effected by the polymorphisms in the regulatory regions. Studies
have also demonstrated that increased/decreased autophagy function may promote/suppress
the development of HBV. In this way, variable levels of autophagy can lead to HBV
infection/ progression; causing liver damage in susceptible subjects. The foremost findings
reported here with respect to nsSNPs of ULK1 gene was that, rs79965940 and rs56364352
were independently associated with HBV infection which has revealed the importance of
these polymorphisms with susceptibility to HBV infection. Results revealed a substantial
association of ULK1 rs79965940 with two subclinical HBV groups i.e. acute and CHB risk
groups. Similarly, rs56364352 have also shown noteworthy association with three sub-
clinical HBV groups i.e. acute, asymptomatic and CHB risk group. Eventually, on analysis of
mutant genotypes of rs56364352 and rs79965940, it was clearly observed that there was an
increase in hepatitis B viral load as HBV infection progresses from asymptomatic infection to
LC. Here, we have also investigated the possible connection of ULK1 SNPs rs3923716 and
rs12303764 with HBV infection. The logistic regression analysis illustrated that G allele of
rs3923716 is associated with HBV infection. Further, an extensive analysis on different
clinical groups of HBV infection depicts interesting results showing that G allele of
rs3923716 is associated with asymptomatic infection and liver cirrhosis but not associated
with acute hepatitis and chronic hepatitis. These results suggest that TT genotype and T allele
of rs3923716 is involved in disease progression as this allele is maximally represented among
patients that are either at the first stage of liver disease or at the last stage. Similarly, when
mutant TT was compared with hepatitis B viral load among clinical groups, it was observed
that the viral load increases when HBV infection progresses from asymptomatic to LC
infected patients. In other words, the patients with rs3923716 TT genotype and T allele of
ULK1 gene are more likely to have a progressive status in HBV infection. It is projected that
nsSNPs and their damaging or deleterious impact could be examined in other populations as
well for their possible involvement in various diseases associated with ULK1 and autophagy.
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The major objective in the field of human genomics is to identify mutations that may act as
biomarkers for disease susceptibility. GWAS and immunogenetic studies have already
provided great insights into the pathogenesis of HBV. Recent studies showed that
susceptibility to HBV infection with the potential of destructive liver inflammation is based
on host genetic factors that may predispose to or protect from disease [356-358]. Hence,
autophagy alone may not necessarily participate in HBV infection, but it may provoke
disease in the context of other risk variables, such as host genotype, ageing, and/or
behavioural habits such as alcohol intake. Previous studies have also demonstrated that
increased/decreased autophagy function may promote/suppress the development of HBV
[266]. In this way, variable levels of autophagy can lead to HBV infection/ progression;
causing liver damage in susceptible subjects [359]. Since, autophagy has been thoroughly
known for its role associated to HBV, still genetic variants such as of ULK1 has not been
examined with context to HBV infection. Owing to these facts, the current study investigated
whether nsSNPs rs61942435, rs79965940, rs55824543 and rs56364352 and non-coding
SNPs rs12303764 and rs3923716 in ULK1 gene might be linked with the susceptibility to

HBYV infection or its progression to various stages of HBV infection.

This investigation is the first explorative approach focusing on the relation between
genetic variants of ULK1 and HBV. We predicted four nsSNPs rs61942435, rs79965940,
rsb5824543 and rs56364352 [360]. Further analyzed their impact on protein stability and
genotyped these polymorphisms for understanding their role in HBV infection. The results
from in-silico sequence-based analysis suggest that all the nsSSNPs (rs61942435, rs79965940,
rs55824543 and rs56364352) decreased the protein stability. Furthermore, these nsSSNPs were
mapped on the ULKZ1 protein structures (4AWNO [rs79965940] and ULK1A [rs61942435]) to
predict the protein stability change at the structural level. On the basis of CHARMmM force
field, rs79965940 nsSNP (N148T) was found to increase the total energy of the protein
structure and hence could be regarded as a destabilizing mutation. On the other hand, the
NSSNP rs61942435 (A991V) decreased the total energy and hence could be regarded as
stabilizing mutation. Overall, the nsSNP rs61942435 was found to increase the protein
stability while, the nsSSNPs rs79965940, rs55824543 and rs56364352 were found to decrease

the protein stability both at sequence and structure level. Therefore, we selected these four
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nsSNPs for genotyping in the HBV infected patient samples in order to determine their role

in disease susceptibility or progression.

Using a large, well-characterized north Indian population group, the foremost findings
reported here with respect to nsSNPs of ULK1 gene was that, although all the genotype
variants were detected both in the patients and controls but rs79965940 and rs56364352 were
independently associated with HBV infection whereas nsSNPs rs61942435 and rs55824543
were not associated with HBV infection respectively. The statistically significant association
shown by rs79965940 and rs56364352 has revealed the importance of these polymorphisms
with susceptibility to HBV infection. Further, we assessed if these 4 nsSNPs have any
association with clinical HBV infected groups. Interestingly our results revealed a substantial
association of ULK1 rs79965940 with two subclinical HBV groups i.e. acute and CHB risk
groups. Similarly, rs56364352 have also shown noteworthy association with three sub-
clinical HBV groups i.e. acute, asymptomatic and CHB risk group. Eventually, on analysis of
mutant genotypes of rs56364352 and rs79965940, it was clearly observed that there was an
increase in hepatitis B viral load as HBV infection progresses from asymptomatic infection to
LC.

In our work, we have also investigated the possible connection of ULK1 SNPs
rs3923716 and rs12303764 with HBV infection in North Indian population. Where in the
frequencies of GG genotype (56%) and G allele (72%) of rs3923716 were different in the
HBV patients compared with those in healthy controls. The logistic regression analysis
illustrated that G allele of rs3923716 is associated with HBV infection. Further, an extensive
analysis on different clinical groups of HBV infection depicts interesting results showing that
G allele of rs3923716 is associated with asymptomatic infection and liver cirrhosis but not
associated with acute hepatitis and chronic hepatitis. These results suggest that TT genotype
and T allele of rs3923716 is involved in disease progression as this allele is maximally
represented among patients that are either at the first stage of liver disease or at the last stage.
Similarly, when mutant TT was compared with hepatitis B viral load among clinical groups,
it was observed that the viral load increases when HBV infection progresses from
asymptomatic to LC infected patients. In addition, higher serum ALT, AST levels in HBV
patients were associated with rs79965940. In other words, the patients with rs3923716 TT
genotype and T allele of ULK1 gene are more likely to have a progressive status in HBV

infection.
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This is the first study of its kind, presenting genetic association between polymorphisms of
ULK1 gene with HBV infectious patients. The study focuses on the prediction of nsSNPs of
ULKZ1 gene and their susceptibility to HBV infection in north Indian population. The results
of this study demonstrate that mutant alleles of rs79965940 and rs56364352 destabilize the
ULK1 protein structure. On further comprehensive analysis and assessment (Figure 5.1) , it
is now evident that rs79965940, rs56364352 and rs3923716 are associated with higher risk of
HBV infection developing from initial asymptomatic infection to more severe chronic
infection. It is proposed that nsSNPs and their damaging or deleterious impact could be
examined in other populations as well for their possible involvement in various diseases
associated with ULK1 and autophagy. Moreover, the identification of haplotype ATCC in the
study is statistically associated HBV infection development. In conclusion, we anticipate that
these analyzed SNPs can be used as genetic biomarkers and can act as a bridge between the

research gap on autophagy and HBV relation.
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Figure 5.1 Representation of overall conclusion of the study.
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Appendix

A. Buffers and reagents used in DNA isolation

1. Tris (hydroxymethyl) aminomethane-chloride (Tris-Cl)

Ingredients Amount (g) Final Concentration

Tris base 12.11 1M

pH was set to 8.0 by using 1n HCL. Added autoclaved distilled water to amke up the final
volume to 100mi

2. Ammonium Chloride (NH4CI)

Ingredients Amount (g) Final Concentration

Ammonium Chloride

(NH.CI) 5.35 1M

5.35 grams of NH4ClI dissolved in 80ml of distilled water and final volume was made up to
100ml

3. Di-sodium ethylene diamine tetra acetate (Na2zEDTA)

Ingredients Amount (g) Final Concentration

EDTA 18.61 0.5M

18.61 grams of EDTA was dissolved in 50ml of distilled water and placed over magnetic
stirre. 10M NaOH was added to teh above mixture. Allowed the salt to dissolve completely.
Final volume was made up to 100 ml and pH was set at 8.0.
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4. Red Blood cell (RBC) lysis buffer

Appendix

Ingredients Volume (ml) Final Concentration
Tris (8.0) 10 1M
EDTA 2 0.5M
NH4CI (pH-8.0) 125 1M

Final volume was made 1000ml with distilled water

5. Tris EDTA (TE) buffer (pH-8.0)

Ingredients Volume (ml) Final Concentration
Tris Cl 10 1M
EDTA 2 0.5M

Final volume was made 1000ml with distilled water

6. Tris EDTA (TE) buffer (pH-7.0)

Ingredients Volume (ml) Final Concentration
Tris Cl (pH-7.3) 10 M
EDTA 2 0.5M

Final volume was made 1000ml with distilled water

7. Sodium dodecyl sulphate (SDS) (10%0)

Ingredients

Amount (g)

Final Concentration

SDS

10

10%

Final volume was made 100ml with distilled water
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8. Ammonium acetate (7.5M)

Appendix

Ingredients

Amount (g)

Final Concentration

Ammonium acetate

28.9

7.5M

28.9 grams of the salt was dissolved in 20 ml of distilled water and final volume was made

50ml with distilled water

9. Ethyl alcohol (70%)

Ingredients

Volume (ml)

Final Concentration

Dehydrated ethyl alcohol

70

70%

70 ml of Dehydrated ethyl alcohol was mixed in 30ml of autoclaved distilled water to obtain

finla volume of 100ml

10. Tris-acetic acid-EDTA (TAE) buffer (50X)

Ingredients

Amount (g)

Final Concentration

Tris base

242

50X

Dissolved in 500ml of distilled autoclaved water and 57.1 ml of glacial acetic acid and 100ml
of 0.5M EDTA (pH-8.0) was added. Final volume was made 1000ml.
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11. Agarose gel

Appendix

Ingredients

Amount (g)

Final Concentration

Agarose

1.5gm

3%

Dissolve in 1X TAE buffer, dissolved completely iby heating in microwave oven

12. Ethidium Bromide (EtBr) (10mg/ml)

Ingredients

Amount (mg)

Final Concentration

Ethidium Bromide

50

10mg/ml

Added 5ml of distilled autoclaved water and completely dissolved by heating in microwave

oven
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Appendix

B. Table 1. Complete list of phosphorylation sites in ULK1 gene

NAME POSITION  CONTEXT SCORE PREDICTION PREDICTED PUBMED
SEQUENCE KINASE IDS
ULK1_HUMAN 17 KFEFSRKDL 0.997 *S* - -
ULK1_HUMAN 56 NLAKSQTLL 0.648 *S* - -
ULK1_HUMAN 111 MRTLSEDTI 0.896 *S* - -
ULK1l_HUMAN 225 FQASSPQDL 0.993 *S* - 19807128
ULK1l_HUMAN 283 DASPSVRKS 0.939 *S* - -
ULK1l_HUMAN 287 SVRKSPPVP 0.996 *S* - -
ULK1l_HUMAN 298 SYPSSGSGS 0.717 *S* - -
ULK1_HUMAN 300 PSSGSGSSS 0.819 *S* - -
ULK1_HUMAN 302 SGSGSSSSS 0.951 *S* - -
ULK1_HUMAN 303 GSGSSSSSS 0.92 *S* - -
ULK1_HUMAN 304 SGSSSSSSS 0.967 *S* - -
ULK1l_HUMAN 305 GSSSSSSST 0.977 *S* - -
ULK1l_HUMAN 306 SSSSSSSTS 0.953 *S* - -
ULK1l_HUMAN 307 SSSSSSTSH 0.984 *S* - -
ULK1_HUMAN 308 SSSSSTSHL 0.977 *S* - -
ULK1_HUMAN 310 SSSTSHLAS 0.979 *S* - -
ULK1_HUMAN 314 SHLASPPSL 0.915 *S* - -
ULK1_HUMAN 317 ASPPSLGEM 0.732 *S* PKCx 22932492
ULK1_HUMAN 330 KTLASPADT 0.992 *S* - -
ULK1_HUMAN 340 GFLHSSRDS 0.991 *S* - -
ULK1_HUMAN 344 SSRDSGGSK 0.994 *S* - -
ULK1_HUMAN 347 DSGGSKDSS 0.967 *S* - -
ULK1_HUMAN 350 GSKDSSCDT 0.997 *S* - -
ULK1_HUMAN 351 SKDSSCDTD 0.921 *S* - -
ULK1_HUMAN 374 AEAPSAKPP 0.941 *S* - -
ULK1_HUMAN 381 PPPDSLMCS 0.686 *S* - -
ULK1_HUMAN 397 AGLESHGRT 0.975 *S* - -
ULK1_HUMAN 403 GRTPSPSPP 0.924 *S* GSK3p 22932492
ULK1_HUMAN 405 TPSPSPPCS 0.987 *S* GSK3p 21383122
ULK1_HUMAN 409 SPPCSSSPS 0.678 *S* - -
ULK1_HUMAN 411 PCSSSPSPS 0.895 *S* GSK3, 22932492
ERK1
ULK1_HUMAN 413 SSSPSPSGR 0.947 *S* - -
ULK1_HUMAN 415 SPSPSGRAG 0.993 *S* - -
ULK1_HUMAN 422 AGPFSSSRC 0.756 *S* - -
ULK1_HUMAN 424 PFSSSRCGA 0.53 *S* - -
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ULK1_HUMAN 460 TPRSSAIRR 0.962 *Sx - -
ULK1_HUMAN 465 AIRRSGSTS 0.984  *S* - 16964243
ULK1_HUMAN 467 RRSGSTSPL 0986  *S* AMPK, 19807128
PKC3,
14-3-3
ULK1_HUMAN 469 SGSTSPLGF 0975  *S* ERK1 21383122
ULK1_HUMAN 477 FARASPSPP 0.989  *S* ERK1 18691976
ULK1_HUMAN 479 RASPSPPAH 0.891  *S* CDC2, CDK5 21383122,
18691976,
19807128
ULK1_HUMAN 495 ARKMSLGGG 0969  *S* AMPK 22932492
AKT
PKA
PKC3
PKCu
14-3-3
ULK1_HUMAN 533 RGGRSPRPG 0.994  *S* CDK5 21383122
ULK1_HUMAN 538 PRPGSSAPE 0.787 *S* - -
ULK1_HUMAN 539 RPGSSAPEH 0.943  *S* - -
ULK1_HUMAN 544 APEHSPRTS 0.986  *S* CcDC2 22932492
CDK5
ULK1_HUMAN 548 SPRTSGLGC 0.713  *S* - -
ULK1_HUMAN 556 CRLHSAPNL 0.807 *S* AMPK 21383122,
14-3-3 21205641,
18669648,
18846507.
ULK1_HUMAN 588 PPQASPPQP 0.782 *S* - -
ULK1_HUMAN 598 HGLQSCRNL 0.773  *S* - -
ULK1_HUMAN 605 NLRGSPKLP 0.998  *S* - -
ULK1_HUMAN 630 KAVPSFDFP 0.786  *S* - -
ULK1_HUMAN 665 LPDLSEVGP 0.899  *S* - -
ULK1_HUMAN 694 GRSFSTSRL 0.987 *S* AKT 22932492
14-3-3
ULK1_HUMAN 716 PDPGSTESL 0.894 *Sx CK1 22932492
ULK1_HUMAN 719 GSTESLQEK 0574  *S* CK1 22932492
ULK1_HUMAN 747 AGGTSSPSP 0.551  *S* - 16964243
ULK1_HUMAN 750 TSSPSPVVF 0913  *S* - -
ULK1_HUMAN 761 GSPPSGSTP 0.575  *S* - 16964243
ULK1_HUMAN 775 TRMFSAGPT 0.983 *Sx - 21383122
ULK1_HUMAN 784 GSASSSARH 0.955 *G - -
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ULK1_HUMAN 785 SASSSARHL 0.926 *S* - -
ULK1_HUMAN 866 ALKGSASEA 0.886 *S* - 19807128
ULK1_HUMAN 891 ISLLSREWG 0.951 *S* - -
ULK1_HUMAN 916 SGLQSAIDQ 0.985 *S* - -
ULK1l_HUMAN 973 DRIHSITAE 0.949 *S* - -
ULK1l_HUMAN 1042 ERRLSALLT 0.99 *S* AMPK 19807128
PKA
ULK1_HUMAN 8 GRGGTETVG 0.633 *T* - -
ULK1_HUMAN 10 GGTETVGKF 0.595 *T* - -
ULK1_HUMAN 109 HAMRTLSED 0.791 *T* - -
ULK1_HUMAN 114 LSEDTIRLF 0.966 *T* - -
ULK1_HUMAN 180 MMAATLCGS 0.563 *T* - -
ULK1l_HUMAN 247 IPRETSAPL 0.942 *T* - -
ULK1_HUMAN 401 SHGRTPSPS 0.582 *T* - -
ULK1l_HUMAN 456 TQFQTPRSS 0.971 *T* - 18669648
ULK1_HUMAN 503 GRPYTPSPQ 0.877 *T* - -
ULK1_HUMAN 510 PQVGTIPER 0.584 *T* - -
ULK1_HUMAN 520 GWSGTPSPQ 0.571 *T* - -
ULK1_HUMAN 636 DFPKTPSSQ 0.671 *T* CDK5 22932492
ULK1l_HUMAN 695 RSFSTSRLT 0.975 *T* - -
ULK1l_HUMAN 746 RAGGTSSPS 0.783 *T* - -
ULK1_HUMAN 834 LPEETLMEQ 0.721 *T* - -
ULK1_HUMAN 295 PVPSYPSSG 0.809 *Y* - -
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Consent Form

Project Title: /dentification of Single Nucleotide Polymorphisms in the transcriptional Regulatory region

of autophagy gene, ULK1 and their role in susceptibility to chronic hepatitis B virus infectior.

Name and Complete Address of the Project Implementing Agency.
Department of Biotechnology,

Govt. of India, New Delhi.

Name, Address and Telephone Number of the Principal Investigator
Dr. Harish Changotra,
Assistant Professor, Dept. Of Biotechnology & Bioinformatics

Jaypee University of Information Technology, Waknaghat, Solan

I have been explained the purposes of the research being undertaken, and I have understood them.

I have had the opportunity to ask questions and I am satisfied with the answers provided to me.

I have been informed of the risks of participation and donation.

I have been informed of the steps to be implemented for protecting my privacy and confidentiality and I
am satisfied with them.

I have been informed that certain screening tests may be performed on the blood/tissue samples donated
by me and that I will not be provided with the results of these tests.

I have been informed that no private results pertaining to me that are generated during the course of this
research will be provided to me.

I have been informed that I will not derive any direct benefits resulting from this research.

I am freely donating my sample for the purpose of this research study and I confirm that I have

not been pressurized, directly or indirectly, to donate my sample.

Donor's Name:
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Yes/ No
Yes/ No
Yes/ No

Yes/ No

Yes/ No

Yes/ No

Yes/ No

Date



Patient Information:
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Name:

Mobile:

Address:

State:

Occupation:

Email:

Age:

Sex:

Blood Type:

Current
Symptoms:

Family History:

Alcohol:

Infection Type:

Anti HBe

HBsAg

HBeAg

anti-HCV

Total Bilirubin

HBV DNA level
(viral load)

AST (SGOT) test

ALT (SGPT) test

Medication
Prescribed
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