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SUMMARY

The oxidative DNA damage accumulation and defect of its repair through “base
excision repair (BER)” mechanism is crucial for the sporadic AD’s etiology and
pathogenesis. Uracil DNA glycosylase (UDG) incises uracil lesion from DNA
involved in the first step of both nuclear and mitochondrial BER. The biochemical,
cellular, molecular and behavioral studies are done with the post-mortem brain
tissues of sporadic Alzheimer patients, Alzheimer mouse models and cell lines
revealed the strong relation between BER deficiency due to the decrease in the
expression levels and activities of UDG, and sporadic AD pathogenesis. In addition,
UNG gene silencing makes neurons susceptible to amyloid ABPP toxicity. Therefore,
in this study, UNG gene was selected as potential genetic factor for sporadic AD.
Thus, UNG gene covering promoter, exon and intron regions in sporadic Alzheimer
patients and healthy controls were sequenced using lon-PGM NGS technology and
the significant UNG gene variants were confirmed with Sanger sequencing. This
study revealed two new genetic risk factors for sporadic AD (p<0.05). Furthermore,
this study also demonstrated that the decrease in the expression, protein and activity
levels of UDG in sporadic AD is not due to UNG gene variant(s).

Key Words: Base excision repair, Genetic variant, Next generation sequencing,

Sporadic Alzheimer disease, Uracil DNA glycosylase.



OZET

Sporadik Alzheimer Hastaliginda UNG Genetik Varyantlarinin Arastirilmasi

Oksidatif DNA hasarinin birikmesi ve bu hasar1 onaran baz eksizyon tamir (BER)
mekanizmasindaki bozukluk sporadik Alzheimer hastaliginin (AH) etiyolojisi ve
patogenezinde rol oynamaktadir. Urasil DNA glikozilaz (UDG) urasil DNA
lezyonunu keser ve niikleer ve mitokondriyal BER yolaginin ilk basamaginda yer
alir. Sporadik Alzheimer hastalarinin post-mortem beyin dokularinda, Alzheimer fare
modellerinde ve hiicre hatlarinda yapilan biyokimyasal, molekiiler, hiicresel ve
davranig ¢alismalari, sporadik AH’nin patogenezi ile UDG'nin ekspresyon ve
aktivitesindeki azalmanin neden oldugu BER hasar1 arasindaki giiclii iligskiyi ortaya
cikarmigtir.  UNG geninin sessizlestirilmesi sinir hiicrelerini amiloid APPP
toksisitesine duyarli kilmaktadir. Bu nedenle, bu ¢alismada, UNG geni sporadik AH
icin genetik risk faktorii adayr olarak secilmistir. Sporadik Alzheimer hasta ve
saglikli kontrol gruplarinda UNG geni (promoter, ekzon ve intron bdlgeleri) Ion-
PGM NGS teknolojisi kullanilarak dizilendi ve 6nemli UNG gen varyantlar1 Sanger
sekanslama ile dogrulandi. Bu ¢alisma, sporadik AH i¢in iki yeni genetik risk faktori
oldugunu ortaya g¢ikarmistir (p <0.05). Ayrica, bu ¢alisma ayni zamanda, sporadik
AH'de UDG'nin ekspresyon, protein ve aktivite diizeylerindeki azalmanin, UNG gen

varyant (lar) indan kaynaklanmadigini da gostermistir.

Anahtar Sozciikler: Baz eksizyon tamiri, Genetik varyant, Sporadik Alzheimer

hastaligi, Urasil DNA Glikozilaz, Yeni nesil dizileme.



1. BACKGROUND OF THE STUDY

Aging and environmental factors are crucial in the sporadic AD’s etiology (1).
Since it has been shown that early diagnosis slow the progression of sporadic AD
and reduce its symptoms, screening studies for the identification of genetic risk
factors for sporadic AD has increased. Nerve cells are under constant attack of
oxidative damage, because of their high energy requirements. The oxidative DNA
damage accumulation and the defect in BER mechanism for repairing oxidative
DNA damage especially in nerve cells are crucial for the etiology and pathogenesis
of various neurodegenerative diseases, including sporadic AD (2,3). Thus, in recent
years, BER genes have become the focus of research to determine genetic risk
factors for sporadic AD, but BER gene/gene variant(s) related to sporadic AD has

not been determined yet.

UDG is a monofunctional DNA glycosylase involved in the first step of both
nuclear and mitochondrial BER. UNG encodes both nuclear and mitochondrial UDG
isoforms formed by alternative splicing (4,5). The lack of UDG protein due to UNG
gene silencing in rat hippocampal neurons caused neuronal death by inducing
neuronal apoptosis, suggesting that this protein plays a crucial role in the neuronal
development (6). It has been shown that folic acid deficiency and high homocysteine
levels (7), which increase the risk of Alzheimer's disease, enhance DNA damage in
nerve cells, in particular uracil misincorporation of DNA and hypomethylation of
DNA, and thus make neurons susceptible to amyloid ABPP toxicity (8). The studies
in Alzheimer's mouse models and cell lines have shown that the damage to the BER
pathway due to the decrease in uracil incision activity of the UDG protein also
contributes to the increase in neuronal hippocampal neurodegeneration and neuronal
APBPP toxicity (6,8). The studies in post-mortem brain tissues of sporadic
Alzheimer’s patients have shown that UDG expression levels are significantly
reduced and also the recognition of uracil lesion and incision activities of UDG
decreases (9). In these studies, the activity and protein levels of UDG were low both
in inferior parietal lobule (“the most affected region™) and in the cerebellum (less

affected region). The presence of BER lesions due to deficiency in UDG activity in



post-mortem brain tissue of patients diagnosed with mild cognitive impairment,
which is considered to be a transition period between normal aging and dementia,
indicates that defects in BER mechanism can also be observed in the early onset of
sporadic AD. This suggests that BER pathogenesis is not only for the
neuropathological areas, it is also general character of Alzheimer brain regions (9—
13).

Therefore, in this thesis study, UNG gene is selected as a genetic risk factor
candidate for the sporadic AD. It is also investigated whether the significant decrease
in the protein level, expression and activity of UDG in sporadic AD patients is due to
genetic variant(s) in UNG gene. Thus, UNG gene (promoter, exon and intron
regions) in sporadic AD patients and healthy controls were sequenced using lon-
PGM NGS technology and the significant UNG gene variants were confirmed with

Sanger sequencing.



2. INTRODUCTION

2.1.Alzheimer Disease

AD is a complex progressive neurodegenerative disorder. The main cause of
AD is the accumulation of incorrectly folded amyloid proteins for example amyloid
beta (AP) in the extracellular area and hyperphosphorylated tau proteins in the
cytoplasmic area of the brain. The amyloid precursor protein (APP) is produced in
the brain during the normal physiological conditions and cleaved by proteases to
generate functional amyloid proteins. The wrong cleavage and misfolding of the
amyloid proteins (AP40 and AP42) cause a neurotoxic effect in the brain. Plaque
formation of AP disconnects the nerve cells transmission. The degradation of
hyperphosphorylated tau is inhibited by Af. Thus, the tau proteins accumulate in the
cytoplasm of nerve cells and cause a neuronal damage. Early signs of AD are
observed in the frontal and temporal lobes of the brain. Brain deformities diffuse to
other brain regions such as the hippocampus. As the disease progresses, more and

more areas of the brain become damaged (Figure 2.1) (1).

AD Damage
on Brain Structure

AD Damage
on Cellular Level

Neurofibrillary tangles

Figure 2.1: The schema for AD progression in the patient’s brain. Nerve cells’ dis-
functionality is caused by AP plaques and hyperphosphorylated tau proteins.
Different stages of the disorder are affected to different brain regions (1).

“Familial AD” and “sporadic AD” are major AD types. The familial AD is a
Mendelian hereditary genetic disorder. Early onset familial AD (age at onset < 65



years) is a rare form of AD, and accounts for approximately 5% of all cases of AD
(1). Three genes cause familial AD: “APP, presenilin-1 (PSEN-1), and 2 (PSEN-2)”
(14). The sporadic AD is the most common type of the disease that found in ~95% of
total AD population. Aging is the most common risk factor for late onset sporadic
AD and most cases begin usually above the age of 65 years (15). Both sporadic AD
and familial AD have same pathology (16). There are different hypothesis for the
mechanisms of AD such as cholinergic hypothesis, amyloid cascade (ACH)
hypothesis, presenilin hypothesis and APP matrix approach. The cholinergic
hypothesis is the first hypothesis for explaining the AD mechanism. In this
hypothesis, defective mechanism of acetylcholine production leads to AP
aggregation in the “central nervous system (CNS)”. According to this hypothesis,
commercial drugs for example L-dopamine (donepezil) are designed and started to
use for the treatment of AD (17). ACH hypothesis is based on the production of
mutant forms of APP and its deposition in the CNS. According to this hypothesis,
due to increase in AP40-42 levels and the failure of AP clearance, AP plaques
accumulate in the brain of AD patients (16). The AP accumulation causes neuronal
and synaptic dysfunction, nerve cells loss and dementia in AD patient. ACH is the
most dominant disease progression model. APP has been expressed at high levels in
the CNS of AD patients. Turnover mechanism of APP proteins disrupted and
incorrect protein production is induced by secretases and presenilins. This
circumstances lead to the phosphorylation of tau protein and production of tangle
formation (18,19). Presenilin hypothesis is related to familial AD. Because of
mutations in PSEN gene, PSEN protein function decreases. The alteration in
signaling pathways cause gliosis, tau hyperphosphorylation and neurodegeneration in
the brain. “APP matrix approach” is based on the dynamic complexity of APP
proteolytic system. Full length APP is cleaved by the cellular matrix proteins. Any
mutation in the APP gene causes major regulatory changes in the protein cleavage
and then dementia progression started. The failure of this system deregulates the
cholesterol homeostasis, immune signaling and synaptic plasticity (16). In addition to
described hypothesis there are tau and tangle hypothesis. This hypothesis provide an
information about relationship between microtubule stabilization and tau

hyperphosphorylation, the wnt signaling pathway pathology that inhibits the



“glycogen synthase kinase-3” and cause tau polymerization (18), and the multiple
variations (20) have been described for understanding of AD mechanism.

There are different cognitive impairment tests for the diagnosis of AD: A.
Investigation of AP42 protein accumulation in the brain by “positron electron
transmission analysis (PET scanning)”, and protein analysis in the cerebrospinal fluid
(CSF). B. Investigation of hyperphosphorylated tau protein accumulation performed
by PET scanning and protein analysis in the CSF. C. Investigation of nerve cells
damage performed by labeled-PET scanning, “magnetic resonance imaging (MRI)”,
and protein analysis in the CSF (21). In addition to these tests, psychological tests are
performed for diagnosis of the familial and sporadic AD. The commonly used
psychological test is the Folstein test (also known as the “mini mental state test,
MMSE”) and it has variable questions that change with the cultural differences. It is
an important disorder classification criterion for estimation of the patients’
physiological conditions. This test separates the patients into five groups: “healthy,
suspicious-AD or MCI, mild-AD, moderate-AD, and severe-AD” (22).

2.2. DNA Repair Pathways

The genome is damaged by “endogenous and exogenous agents” and thus
generates genomic instability. DNA damaging agents generate ‘“reactive-oxygen
species (ROS) such as hydroxyl radicals, superoxide radicals or hydrogen peroxide”
(Figure 2.2) (23,24). Cells have specialized “DNA repair pathways” to protect the
genome from the harmful effects of DNA damaging agents. Five major DNA repair
pathways: “base excision repair (BER), nucleotide excision repair (BER), mismatch
repair (MMR), homologous recombination (HR) and non-homologous end joining
(NHEJ)”. DNA damage can be generated by environmental agents, for example
radiation, diet or accumulation of metal ions (25) or endogenous agents that are
byproducts of normal metabolism, for example, mitochondrial electron transport
chain. If DNA damages are not corrected in the genome, it can cause genomic
instability. There are several different DNA repair-deficient syndromes that can be
caused by mutations of DNA repair genes. For example, xeroderma pigmentosum is

caused by mutations of NER genes (26,27).
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Figure 2.2: Types of DNA damages (23-26).

MMR pathway has been discovered in the E. coli. MMR pathway repairs mis-
incorporated bases, DNA loop formations, insertions and deletions during DNA
replication (28-30). Deficiency in MMR pathway causes cancers and
neurodegenerative disorders (27,28). UV is one of the most important DNA
damaging agent and cause cyclobutane pyrimidine dimers and photoproducts
coming from UV, repaired by NER pathway. NER pathway was discovered in
prokaryotes as a first repair system with Uvr proteins and this mechanism exists in
nearly all types of living organisms (29,30). Dysfunctional NER pathway is
associated with several types of disorders such as skin cancer, Xeroderma
pigmentosum (Global genome NER) and Cockayne syndrome (Transcription
Couple NER) (30-32).



2.2.1. Base excision repair pathway

The oxidized bases and single strand breaks are repaired by BER. It is started by
DNA glycosylases that incise “the N-glycosidic bond between base and sugar”. DNA
glycosylases are either monofunctional which has only glycosylase activity or
bifunctional which has both glycosylase and AP-lyase activities (33). After the
damaged base is removed by DNA glycosylases, AP endonuclease 1 (APE1) enzyme
act on an abasic site (34). Then BER proceeds with either “short-patch or long-patch
BER”. In “short-patch BER”, DNA polymerase 3 (POLpB) protein incorporates one
nucleotide, and in “long-patch BER” POLP or other polymerases adds 2-9
nucleotides. Then DNA ligases seal the nick to complete the repair (Figure 2.3) (35—
38).

2.3. DNA Repair Pathways and AD

ROS accumulate into the cells with time and cause a damage on DNA, proteins,
and lipids. Age-related neurodegenerative disorders are associated with decrement in
nerve cells count, interactions between those cells and their functions. Also, the
volume of the human brain have been decrease with age (after their 50 years old)
(39). Many studies showed the decreased DNA repair capacity in the elderlies. The
accumulated damages in the elderly’s genome have been associated with age-related
disorders. Inefficient DNA repair causes accumulation of DNA damages especially

in the un-dividing cells (like the central nervous system cells) (40).

The human brain has different types of mechanical protective mechanisms like
blood brain barrier (BBB) and cranium. These systems protect the CNS from internal
and mechanical damaging factors. CNS consists of generally un-divided cells, and
body management is maintained by this system. Because of this, CNS cells
continuously perform oxidative respiration, and the by-products arise parallel to
respiration rate. Because of this, undivided cells need to have exact repair

mechanisms for protection of the respiration by-products (41).
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Figure 2.3: Summary of the BER pathways. The damaged base is removed with base-specific glycosylase. Two types of glycosylases are presented in the mechanism:
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In the younger ages, metabolism by-products generate slowly, and the capacity
of repair mechanisms have work high capacities. On the other hand, in the older
ages, generations of metabolism by-products are generate high and so the DNA
repair mechanism gets slower. Because of this, the corrupted genomic material
increase in the organism (42). Also, gene expressions and protein productions of the
repairing genes have also been decrease in the elderlies (43). The relationship
between different types of age-related disorders and corrupted DNA regions has been
investigated in the post mortem tissues (like brain). Especially, oxidized DNA bases
have been increase in the MCI- and sporadic AD patients. Furthermore, changed
gene expression levels are observed in the “DNA repair genes” that elderlies’ and
young’s brain (44,45). Sporadic-AD has been associated with different types of
genomic adducts that caused from ROS. Those adducts have been associated with
different types of oxidized bases, SSBs, or DSBs in the nDNA or mtDNA. DNA-
repair pathways are attendant to repairing of genomic damages, but developed
damages leads to the accumulation of unrepaired genomic adducts in the genes of
repairing pathway. So, unrepaired genomic adducts cause the production of proteins
that can be over-, or fewer- secretion, nonfunctional, or pathologic. This effect is also
observed in mitochondria (2).

Cellular energy production is most important function of mitochondria. Glucose
interacts with oxygen, and generated energy from this interaction transferred to new
phosphate bonds. Finally, adenosine triphosphate molecules have been relased from
the mitochondrial system. Different types of oxidative respiration products (ROS
products) have been generated and released to the mitochondrial area, and those
molecules can cause genomic or proteomic defects. Also, the mtDNA doesn’t have
any lipid-bilayer protection, and naked DNA is utterly opened for oxidative damages.
Because of this, mtDNA needs to have continuous repair in order to provide of

mitochondria’s and cell’s integrity (11).

2.3.1.BER and Alzheimer disease

The AD studies demonstrated that the increased oxidation level in the brain of

AD patients are correlated with the increased oxidized bases (46-48). Due to high
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energy needs of nerve cells, oxidative respiration by-products are continuously
generated inside the neuronal system (49). Also, generated DNA damage can affect
cell division mechanism. Chromosomal labeling studies have been showed that the
nerve cells have aneuploidic genomes in the sporadic AD patient’s postmortem brain
tissues (50,51). ROS can generate altered bases (oxidized or alkylated or methylated)
or broken DNA strands (52,53). Lovell and colleagues have been completed serial of
study for the understanding the ROS harming effects in the MCI and late-onset AD
patient’s brain. This study showed the effect of ROS damages to nDNA and mtDNA
in the nerve cells, and these damages have been accumulate by the time in disease
progression. Also, un-repaired phospholipid damages have been observed in the
different regions on the postmortem brain (10,54-56). Genome methylation is
another important trigger mechanism for the disease progression. Studies have been
presented changes on the global methylation of DNA on the patient’s genome, but
any specific methylation change had not been observed in the DNA-repair pathways
genes’ (57,58). The uracil bases that generated from ROS attacks recognized by the
glycosylases, and those adducts are removed by UDG enzyme from the DNA (41).

Respiration system's by-products oxidize DNA in the nuclear and mitochondrial
genome. The researches that performed on the postmortem brain tissues showed the
accumulation of oxidized bases in sporadic AD patients' brain. ROS can damage
every base in the genome, and every oxidized base recognizes by the specific DNA
glycosylases. Recognition of the oxidized base is initiated from the BER pathway,
and the damaged base is removed from the DNA strand with the specific enzyme.
DNA backbone is opened by APE1 and space formed is repaired by polymerases
(POLB in nuclear and POLy in mitochondrial BER pathway). DNA nicks are ligated
by the enzymes (LI1G1-3) (59).

Oxidative respiration products generate different types of base adducts; “8-
hydroxyl-guanine, fapy guanine, 8-dihydroxyadenine, fapy adenine, and 5-hydroxyl
cytosine”. The genomic material isolated from sporadic AD patients brains’ and
CNS’s cells have been analyzed by chromatography, spectrometry and combined

methods. Also, immunohistochemical analysis has been processed. All of the
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findings indicated the increased of oxidized bases in the nervous system cells’
genome (60,61).

Bradley-Whitman and colleagues have been completed a study for the
investigation of oxidized bases in different brain regions of AD patients. The
preclinical AD, sporadic AD, MCI, and age-matched control patients brain samples
included in the study for analyzing the oxidized base rate in the mitochondrial and
nuclear genomes. Results have been indicated that “the most adduct accumulative
regions for 8-hydroxylguanine are superior and middle temporal gyri (for preclinical
AD and late onset AD patients), inferior parietal lobule (for preclinical AD and MCI
patients) and cerebellum (for preclinical AD, late onset AD patients and diseased
controls) in the brain when compared to aged matched controls and investigated
patients’ brains”. In addition of these results, 8-hydroxyadenine accumulates in the
similar pattern in patients’ brain. In spite of this, mitochondrial and nuclear genomes

do not carry correlated patterns for oxidation of DNA bases (54).

BER pathway proteins are also functional in the neuronal development. The
POLP enzyme is essential for the neuronal system development. This importance is
proved firstly with in-vivo studies. The embryonic cells carried heterozygote silenced
POLp gene does not repair their genome with BER pathway and their genomes'
became too sensitive for alkylation (62). Besides, a mouse model is generated to
investigate the importance of POLP enzyme that combined to commonly used AD
model mouse by Sykora and colleagues. So, another type of AD mouse model (POLfS
deficient) generated for understanding the importance of BER pathway in the AD
(especially sporadic AD). Generated model’s genome is the carrier of high rates of
DNA adducts accumulative and high predisposition for the cell death. Also, there is
a new mice model that is more similar to human patients and its commonly used AD
models’ (59). Also, “MCI and sporadic AD patients” brains analyzed for
understanding of the BER pathway’s proteins level in the disease progression. UDG,
OGG-1 and POLP protein levels are decreased in the disease's progression. So, this
study concluded that repair capacity is down-regulated in “sporadic AD and MCI
patients” (9). DNA repair mechanisms have essential functions for neuronal

signalling and production of neurotransmitters (like glutamate). Also, mitochondrial
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genome damage has been induced to the production of toxic amyloid proteins’. In
addition to this; mitochondrial DNA damage has been decreased with AP production.
Also, genomic damages cause to mitophagy in the nerve cells. Mitophagy and
degenerated neurotransmitter production have been observed in the DNA-repair
mistakes (2).

Sporadic AD is a complex disorder. Because of this, occurred variations in the
genome could generate unpredictable results. So, observed information (genomic and
proteomic) should be analyzed together for generating of valid information about
sporadic AD. “BER pathway’s genes have been analyzed by Coppede and colleagues
with the sporadic AD patient’s blood samples by using methylation microarray”.
Results indicates that there is no significant hypo- and hyper-methylated promoter
sequences in the sporadic AD samples for BER pathway’s genes in compared to
control samples (57). Single nucleotide variations can generate changes in the gene
expressions or structure of the proteins. Findings indicate that three types of
variations; un-risked variants, risk variants, and protective variants in the sporadic
AD patients (Table 2.1). “Also, it has been found there is a correlation between AD
progression and depression disorder”. Depression disorder also frequently is shown
in the elderlies. Also, strongly correlated variations have identified in the depression
with the same genomic variations (63-65). Furthermore, some of the nucleotide
variations have been specified to disorder. For example, in the cancer cells, functions
of cellular control and repair mechanisms have degenerated, and several nucleotide
variations have been associated with cancer. For example, XRCC-1 gene is carried to
the rs25489 polymorphism in the different types of cancers, but this variation has not

been shown in the sporadic AD patients' genomes’ (66,67).

Defects in the BER pathway genes have potential role for progression of
sporadic AD. Because of this, different types of studies have been continuing in
order to understand the relationship between DNA-repair mechanisms and sporadic
AD.
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Table 2.1: The genomic alterations have been associated to sporadic AD and
depression carrier patients (“Human genome, hgl9, SNP144 is used for the

assessment, UCSC-Genome Browser”). fincreased risk variant, |protective variant

(14,15).

SNP Gene  |Variation Function of | Effects to sporadic- References
number SNP AD progression
rs4796030 LIG-3 A/C 3-UTR No risk (63)
Missense
rs1052133 | OGG-1 CIG mutation 1 (63)
Cys>Ser
rs1760944 | APEX-1 TIG 5-UTR 1 (63)
rs4462560 | NEIL-1 CIG 3-nearGene 1 (63)
rs174538 FEN-1 G/A 5-nearGene 1 (63)
rs1052536 LIG-3 CIT 3-UTR 1 (63)
rs20579 LIG-1 CIT 5-UTR 1 (63)
Missense
rs3219489 | MUTYH G/IC mutation 1 (63,65)
GIn>His
Missense
rs1799782 | XRCC-1 AlG mutation i (63,65)
Arg>Trp
Missense
rs1130409 APEX T/G mutation ! (63)
Glu>Asp
Missense
rs1136410 | PARP-1 T/IC mutation ! (63,65)
Val>Ala
Missense
rs25487 XRCC-1 CIT mutation ! (63,65)
GIn>Arg

Obtained information was classified and collected for maintaining analysis. For
example, BER studies were classified as their study types: experimental
observations, relations of neighbourhoods and text mining. This classified data can
be compared to other data such as sporadic AD studies. This comparison
demonstrates the relationship between two or more different pathways. This analysis

was processed by STRING-database. Genetic network had been generated with
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STRING-database for understanding the relationship between BER pathway and

sporadic AD (version 10.5) (Figure 2.4).
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Figure 2.4: The association of BER-pathway and sporadic AD pathway related genes
has been explained using with STRING-db (10.5). p-value=1.0e-16. The sporadic
AD associated genes: grey, BER-pathway genes: blue and red.

2.3.1.1. Uracil-DNA Glycosylase

The oxidative deamination of cytosine to uracil generates transitions mutations
(G:C>A:T) during the cell division (19). Uracil base is removed from DNA by UDG
enzyme. UNG gene has been conserved in the evolutionary process. UDG
superfamily enzymes was found in the E. coli and other organisms (Figure 2.5) (69—
71). UNG1 and UNG2 genes have a GC rich and TATA fewer promoters like a
housekeeping gene. Methylation regions (CpG islands) appear in the downstream of
the genes (4). Mitochondrial and genomic UNGs have been synthesized from the
same genomic region by the alternative splicing mechanism, and they are different in
The UNG2 gene is translated to 313

amino acids from six exons. The UNGL1 gene is translated to 304 amino acids from 7

the N-terminal amino acid sequences (72).

exons (Figure 2.6). UNG gene's pseudogenes are also found in the different
chromosomes (73). Uracil removal enzymes are found in different types of

organisms, and these enzymes have been classified into six families according to
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their sequences. Uracil removal enzymes have been found in archaea, bacterium,
eukaryote and some virus types. All determined types of uracil removal enzymes
have their own specific N- and C-terminal amino acid sequences, activation units and
highly conserved Leu residues. All types of UDG enzymes have been used for
determination and removing of uracil bases in the DNA (68,74). The UDG enzymes
that determined in the H. sapiens and E. coli have been clustered into same family
(family-1 of UDG).

f< Ray-finned fishes: 10 homologs

Rodents and Rabbits: 7 homalogs

l< Placental mammals: 16 homologs

+ UNG, Chimpanzee
UNG, Human
TEI UNG, Orangutan

B = UNG, Gibbon
T UNG, Macaque
sl Simians: 2 homologs

ENSCIAGDO000010134, Marmoset

Placental mammals: 5 homalogs
— UNG, Lesser hedgehog tenrec
Marsupials: 3 homologs

7 UNG, Platypus

l'< Birds and turtles: 9 homaologs

————1 | ung, Xenapus

1 UNG, Coelacanth
Z ungb, Zebrafish
l——— Ciona sea squirts: 3 homelogs

ung-1, Caenarhabditis elegans

il

Il UNG1, Saccharomyces cerevisiae

Figure 2.5: The UNG genes in the different organisms. The darker regions express
more similar genomic sequences (>66%), the greenish regions are similar (66-33%),
and the lighter regions are less similar (<33%) in the genomic sequences (hg19 is

used for the comparison of the similarity).
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Figure 2.6: The exonic and intronic structures of UNG1 and UNG2 genes.

The clustering of the enzymes is provided by the sequences of the catalytic
domains of the proteins. The sequences of N-terminal regions providing the
localizations of the proteins are different in the different organisms. SMUG-1 is
another uracil removal enzyme that presented in the H. sapiens. SMUG-1 is also
monofunctional DNA glycosylase and a member family-3 of UNGs. The SMUG-1
enzyme acts like UDG enzyme and used for the backup mechanism of uracil
removing activity in BER (75,76).

UNG1 and UNG2 have highly similar sequences, and both of them carry 269
same amino acids in their catalytic domains, but their N-terminal regions have
different sequences for the subcellular localizations (UNG1 have 35 amino acids, and

UNG2 have 44 amino acids) (5,77). UDG enzymes recognize the uracil adducts by
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its own catalytically active domain, and this domain is hydrolyzed by N- glycosidic
bond between damaged bases and sugar moieties. This process produces abasic
strands in DNA (Figure 2.7) (68). N-terminal sequences of the enzymes are
important as catalytically active domains of the protein for the functionality of the
UDG enzymes (78).

Figure 2.7: 3D Structure of UDG protein’s. A. The single chain protein is folded
with kinetically. B. The interaction between UDG and DNA base starts with this
reaction (79,80).

In recent studies, UNG gene lacked organisms have been generated by molecular
biological techniques in the UNG defected mice. Studies have been shown that back-
up systems have been activated in order to maintain the uracil removal mechanism.
So, insufficient or deficient production of UDG enzyme has not been caused to the
failure of the organisms but, the accumulation of uracil bases was observed in the
organisms’ genome (81). Also, uracil removal mechanism components are attendant
to the maintaining of immune system in the B lymphocytes. Investigations had been
demonstrated that the triggering mechanism of immunologic disorders in the
mammalians (76,82,83).
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UDG enzymes have important roles for AD. For example, increased levels of
folic acid and homocysteine cause neuronal DNA damage. This stress, also, leads to
down-regulation of UDG protein’s activity with increased uracil-incision activity
(7,8). This effects have been investigated in the mouse models and cellular systems.
The results have been indicated that increased effect of hippocampal
neurodegeneration and toxic AP accumulation in the brain (6,8). This situation
generates BER pathway damage in the organisms that observed in MCI patients’ post
mortem brain tissues. Decreased levels of UDG activities in either unaffected or
effected brain regions have also decreased levels of BER activities. This result have
been evaluated as non-pathologic brain regions also affected deformities of BER
pathway (9-13). Besides, deficiency of this gene is observed at Down syndrome and
immunologic damages. The mutations in UNG gene are collected and their functions
are analyzed. Also, specific gene and specific disorder’s interactions are analyzed,
and obtained information is stored as database. On the other hand, no information
had been found about the protein translated mutation that describes the relationship
between sporadic AD and UNG1 or UNG2 variations (Table 2.2) (71,82,84-87).
Chromosomal abnormalities that include the UNG gene have been demonstrated as
clinical significant genomic changes. Also, pathological variations found on the
UNGs are responsible for immune deficiency syndromes. On the other hand, partially
duplication of UNG gene (nsv2773546) act likely benign. This gene duplication is
affected by co-regulated genes’ activities of UNGs (more than ten genes) (40). Also,
experimental studies have been demonstrated that the methylation level changes in
the UNG gene’s promoter regions. If these methylation/de-methylation circles
complete successfully, organisms’ permanency continues, but another way, life of

organism’s ends (88).
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Table 2.2: The functional consequences of UNG common variants. “SNP: Single-nucleotide polymorphism, CNV: Copy-number
variations” (40,64,77,89-91).

L T
Chrom(_)somal SN(P \Variation Slgnlflca_mc_e 0 Pathology Variations Effected Genes Diseases References
locations number the variation Type
chr12:109,535,412| rs886048904 CIT Upstrzaerﬁeof the Uncertained SNP UNG-1, UNG-2 Immunodeficiency disorder (64)
chr12:109,541,367| rs104894380 CIT Missense Pathogenic SNP UNG-1, UNG-2 Immunodeficiency disorder (64,77)
chr12:109,190,922 ) Duplication Likely . Affected on >10 i
100,989,416 | MSV2773546 (798494 base) benign CNV (gain) genes. (40)
L Dwarfism, morphological
chrl2:173,787 - Duplication Affected on >1000 abnormalities on
Py nsv2770609 - (133604115 Pathogenic CNV (gain) . (40)
133,777,902 genes. cardiovascular systems and
base)
ears, Polydactyl
. nsv1363932 Duplication Morphological abnormalities
chlréé 7177;’ ggg h 7 - (133604115 Pathogenic CNV (gain) Affectegn%r; >1000 on face and heart, syndactyl, (40)
v nsv2770609 base) genes. growth retardations
chr12:103,044,333 ) Deletion Likely Affected on >75 Growth retardations,
—111,639,805 nsv2778199 (8595472 base) pathogenic CNV (loss) genes. morphological abnormalities (40)
. Duplication Abnormalities on
1§gr8152118§5 - (133851895 Pathogenic CNV (gain) Affectegnc;r; >1000 cardiovascular systems and (89,90)
e base) g ' face, cleft palate
chr12:91,438,095 ) Duplication . . Affected on >1360 Different types of seizures,
- 109571015 nsv492238 (18132920 base) Pathogenic CNV (gain) genes. Dwarfism, hypothyroidism (40)
. — Sacral dimple, Abnormalities
chlrég 72;33? ggg | nsv917029 - (1\,,5,)1%'(');??:5&3) Pathogenic CNV (gain) Affecteedng: >150 on cardiovascular systems, (40)
v g ' hands feet and head
chr12:105,628,455 nsvb577404 Deletion . Affected on >90 .
-112,632,490 nsv529400 ) (7004035 base) Pathogenic CNV (loss) genes. Speaking delays (91)



https://www.ncbi.nlm.nih.gov/dbvar/variants/nsv2770609
https://www.ncbi.nlm.nih.gov/dbvar/variants/nsv2778199
https://www.ncbi.nlm.nih.gov/dbvar/variants/nsv492238
https://www.ncbi.nlm.nih.gov/dbvar/variants/nsv917029

3. MATERIALS and METHODS

The methodological research steps used in this thesis study are summarized in

figure 3.1, and explained in detail in following sections.

B
B0 Sample Collection
\ T

Sample Preparation ;ﬂ;

‘*;B Statistical Analysis

/

Performed Sanger Sequencing

/ \ Determination of Epistasis Relations

o0

Analysis of the Results

Figure 3.1: Methodological research steps.
3.1.Selection of Case and Control Participants

Patients and controls were assembled from “Clinics of Neurological Disorders at
Medeniyet University’s Education and Research Hospital, Istanbul”. In this study,
221 sporadic AD patients (mean age 79.7+7.71) and 120 controls (mean age
75.247.21) were used. Standard psychological and physiologic examinations were

performed for all the participants, and accompanying disorders were determined
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(22). Cancer patients and other neurological disorder’s carriers were excluded from
the study. Written informed consents were obtained from all participants prior to
participation in this study. The study was approved by the “Ethical Committee of
Acibadem Mehmet Ali Aydinlar University and Acibadem Health Institutions
Medical Research” (ATADEK 2014-700).

3.2. Isolation of DNA

Blood samples were collected in the “BD Vacutainer Blood Collection Tubes”
that contained “EDTA (Becton, Dickinson and Company, USA)”. DNA isolation
from blood samples was performed using “DNA Mini-Blood kit (Qiagen, Germany)”
according to manufacturer’s procedure.

DNA samples were quantified using “NanoDrop 2000c Spectrophotometer” and
“Qubit 2.0 Fluorometer (Thermo Fisher Scientific, USA)”. For “Qubit 2.0
Fluorometer (Thermo Fisher Scientific, USA)” quantification the working solution
was prepared by mixing “199 puL Qubit® dsDNA BR reactive” and “1 pl Qubit®
dsDNA BR buffer”. Ten microliters of “standard 1” and “standard 2” were mixed
with “190 pl working solution”, incubated for two minutes at room temperature and
standard curve was generated with quantification of standards. Two microliters of
DNA samples were mixed with “198 ul working solution”. Mixtures were incubated
for two minutes at room temperature and quantified. “The ratio of 260/280 (1.8-2.0
nm) and 260/230 (2-2.2 nm)” of DNA samples were used. DNA samples were stored
at-20 C.

3.3.“lon Personal Genome Machine (lon-PGM) System” for targeted UNG
Gene Sequencing

3.3.1.Designing of the sequencing primers

UNG gene primer (“GRCh37-hg19 human reference genome”) was designed

using “lon Ampliseq Designer software (https://www.ampliseq.com)” (Figure 3.2).

The designed primer covers 94.76 % of UNG gene region (promoter, exon and
intron) and contains 54 amplicons which are divided into two primer pools. The
amplicons are between 125-375 bp and the average amplicon length is 268 (+67.3)
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bp (Table 3.1). The genomic regions of the designed primer are shown on the map of

UNG gene structure (Figure 3.2).

Table 3.1: Information about targeted-NGS primers’.

Percentage
._ | Beginning of | End of the | Length of i . of the
Gene Genome M_Ia_tterelal the sequenced| sequenced [the TargetAr;plig:]ed Ar:opul:ff N covered
yp gene gene region g genomic
region
UNG | hg19 Ggm‘\'c 109534879 | 109548796| 13919 bp | 13190 bp | 54 94.76 %
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3.3.2.Library preparation

The steps for the library preparations are summarized in Figure 3.3.

In-slico Primer Design

Nuclease-free water for
@a dilute DNA

Concentration DNA targets
measurement amplified with
designed primers

' FuPa 4 )3 i
o—» R ,
i?';LSL Reagent ; .
Partially digested of the primer
sequences

o 2F
5;;

Barcode ligation Purification of non-

barcoded library

Z

Equalized the
libraries with Qubit®
dsDNA HS Assay Kit

and combined for
template PCR

Figure 3.3: The preparation of the libraries.

25



3.3.2.1.Multiplex-PCR

PCR reactions for each DNA sample were prepared according to Table 3.2 in the
96-well plate and reaction was started with each primer pool (Table. 3.1). Table 3.3
demonstrates the multiplex PCR conditions that were performed using “Verity
Thermal Cycler (Applied Biosystems, USA)”.

Table 3.2: Final concentrations of the “multiplex PCR reactions”.

Components Final Conc.
“lon-Ampli Seq Hi-Fi Mix” 1x
“lon-Ampli Seq Primers” 1x
DNA 20 ng

Table 3.3: The multiplex PCR thermal-cycle conditions.

Stages Steps Temperature’s | Duration
Incubation | “Enzyme activation” 99°C 2 min.
“Denaturation” 99°C 15 sec.
22 X Annealing gnd 60°C 4 min.
extension
- 10°C Hold

3.3.2.2.Partial digestion of the PCR products

The PCR products were digested and phosphorylated with “2 pl FuPa enzyme”
according to the thermal cycler conditions in Table 3.4.

Table 3.4: Incubation conditions of “Fu-Pa Reagent”.

Temperatures Duration
50°C 10 min.
55°C 10 min.
60°C 20 min.

10°C Incubation Up to 1 hours
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3.3.2.3.Ligation of barcodes and adaptors

The “lon Xpress barcode”s were diluted in 1:4 ratios using 2 pL “lon Xpress
barcodes”, 2 ul “lon P1 Adapters” and 4 uL nuclease free H2O. Two microliters of
diluted barcodes, “4 ul Switch Solution” and “2 ul DNA ligase” were added into
digested PCR products. Then, the barcode ligations were performed according to the

thermal cycler conditions in Table 3.5.

Table 3.5: Barcode ligation conditions.

Temperatures Times
22°C 30 min.
72°C 10 min.
10°C Up to 1 hours

3.3.2.5. Purification of the barcoded library

“Agencourt AMPure XP Reagent (Beckman Coulter, USA)” was brought to
room temperature and mixed thoroughly with vortex. After ligation step 45 pul
“AMPure XP Reagent (Beckman Coulter, USA)” was added to each library and
mixed thoroughly. The mixture was incubated for 5 minutes at room temperature and
for 2 minutes on “DynaMag-96 Magnet”. The supernatants were discarded, and the
beads were washed with “freshly prepared 150 pl ethanol” for 2 times. Ethanol was

removed, and beads were air dried for 5 minutes at room temperature.
3.3.2.6. Library equalizing

Purified libraries were amplified with “50 pl Platinum PCR SuperMix High-
Fidelity” and “2 pl Library Amplification Primer Mix” according to thermal cycler
conditions at Table 3.6. Amplified libraries were purified with a two-round
purification step. First “25 ul Agencourt AMPure XP Reagent (Beckman Coulter,
USA)” was added on amplified libraries and the mixture was incubated for 5 minutes
at room temperature and for 5 minutes on “DynaMag-96 Magnet”. Second
purification round was performed with “60 ul Agencourt AMPure XP Reagent
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(Beckman Coulter, USA)”. The incubation steps were same with first round of
purification. Beads were washed as told in method 3.3.2.5.

Table 3.6: “The thermal-cycle conditions of library amplification’s”.

Stages Temperatures Times
Incubation 98°C 2 min.
Ex 98°C 15 min.
64°C 1 min.

Incubation 10°C Hold

Fifty microliter low TE was used for resuspension of bead pellets. Resuspended
pellets were placed on “DynaMag-96 Magnet” and concentration of libraries was
quantified with “Qubit 2.0 Fluorometer”. Working solutions and standards were
prepared as told in method 3.2. Five microliters from libraries were mixed with <195
ul working solutions”. Dilution factors were calculated according to quantification
results and libraries were equalized to 100 pM. Ten microliters from equalized

libraries were mixed.

3.3.3.“lon Sphere™ Particles (ISPs)” positive template preparation

Emulsion PCR based template preparation steps were summarized in Figure 3.4.

: Low-TE for dilute library

A\ 4

;l ;l ; U | Stock library preparation and dilution

" | Emulsion PCR with Ion OneTouch™ OT2 instrument
! and performed recovery reaction

Figure 3.4: The preparation of enrichment.
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3.3.3.1. Initializing the “lon One Touch 2 (OT2) Instrument”

The instrument was turned on and the lid opened. One hundred and fifty
microliters “lon OneTouch™ Breaking Solution” containing recovery tubes were
placed into their centrifuge slot. “Recovery router” was placed in center slot of
centrifuge (Figure 3.5). Amplification plate was inserted into the heat block as
summarized in figure 3.6. One of the reagent tubes was half-filled with oil and the
other reagent tube was quarter-filled with recovery solution. The recovery tubes were

inserted into their ports (Figure 3.7).

Ion OneTouch™ Recovery Tube

Ion OneTouch™ Recovery Router

Ion OneTouch™ Recovery Tube

Figure 3.5: “lon One-Touch Instrument”s centrifuge router schema (“figure was
illustrated from lon-PGM Hi-Q OT2 Kit’s protocol™).

8> -

Amplification Plate placed to
OneTouch™ Instrument

Disposible tube placed to specific arcas Disposible injector inserted to injector hub

Figure 3.6: Placed the “amplification plate” to “lon One-Touch Instrument” (“figure

was illustrated from lon-PGM Hi-Q OT2 Kit’s protocol”).
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Ton OneTouch™ Reaction Filter Leds
Clamp handle to access the : creen
Amplification Plate

Pinch valve to hold disposible tubing

Ton OneTouch™DL Injector Hub
Centrifuge to spin the
Recovery Tubes and Recovery Ruoter

oW

Ton OneTouch™ Recovery Solution

Ton OneTouch™ Oil

Waste

0il Waste Tray

Figure 3.7: “lon One-Touch Instrument”s schema (“figure was illustrated from lon-
PGM Hi-Q OT2 Kit’s protocol”).

3.3.3.2.Preparation and installation of amplification solution

“lon-PGM™ HiQ™ Reagent Mix” and “lon-PGM™ HiQ™ |SPs” were allowed
to come room temperature before using. Two microliter of mixed library from
method 3.3.2.11 was added into 23 ul of nuclease free water. Amplification solution
components (Table 3.7) were added into 800 pl containing “lon-PGM™ HiQ™
Reagent Mix tube”.

Table 3.7: Amplification solution components.

Reagents Volumes
Nuclease free H2O 25 ul

“lon-PGM™ HiQ™ Enzyme” 50 ul
Diluted Library 25 ul

“lon-PGM™ HiQ™ |SPs” 100 pl

Complete amplification solution was vortexed for 5 seconds and centrifuged for
2 seconds. After centrifugation complete amplification solution was loaded into “lon
One-Touch Reaction Filter” from sample port (Figure 3.8). “1.7 ml lon One-Touch
Oil” was slowly added into “One-Touch Reaction Filter”. Loaded “lon One-Touch
Reaction Filter” was inserted to “OT2 instrument” and “PGM: lon PGM HiQ OT2
Kit 400” program was started.
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A. B.
Sample port

Ton OneTouch™ Reaction Filter

7 Ion OneTouch™ Reaction Tube
LShoﬂ tube from sample port into

Ton OneTouch™ Reaction Tube

Figure 3.8: “lon One-Touch Reaction Filter’s schematic description. A. Filter’s
schema. B. Insertion of the filter’s to the instrument’s port (“figure was illustrated

from lon-PGM Hi-Q OT2 Kit’s protocol”).

3.3.3.3. Recovering of “Template-Positive lon-PGM Hi-Q ISPs”

At the end of the amplification, final centrifugation was performed. After
centrifugation, all but 100 pl of recovery solution was removed from recovery tubes
without disturbing the “ISPs pellets”. “ISPs pellets” were resuspended in the
remaining recovery solution and 500 pl “lon-OneTouch Wash Solution” was added
to each recovery tube. ISPs were dispersed by pipetting and transferred in a new 1.5
ml tube. ISPs were centrifuged for 2.5’ at 15,500xg. All but 100 pl wash solution

was removed without disturbing the pellet.
3.3.3.4 “Ion Sphere™ Particles (ISPs)” positive template enrichment

“Melt-off solution” was prepared with “280 pl Tween Solution and 40 ul 1mM
NaOH”. “Dynabeads MyOne Streptavidin C1 Beads” was vortexed for 30 seconds
then centrifuged for 2 seconds. “13 ul Dynabeads MyOne Streptavidin C1 Beads”
was transferred to a new 1.5 ml tube and incubated on “DynaMag™ magnet” for 2
minutes at room temperature. Supernatant was discarded, and beads were
resuspended with “130 ul MyOne™ Beads Wash Solution”. Recovered “Template-
Positive lon-PGM Hi-Q ISPs” from method 3.3.3.3, 130 pl resuspended “Dynabeads
MyOne Streptavidin C1 Beads”, 300 ul “lon OneTouch Wash Solution” and 300 ul

melt-off solution was loaded into “8-well strip” as shown in figure 3.9.
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Template positive ISPs Wash Solution Melt-Off Solution

Dynabeads MyOne Empty
Streptavidin C1 Beads

Sample Tube

Figure 3.9: 8-well strip filling for the enrichment of “template positive lon PGM HiQ
ISPs™.

New tip was placed to tip arm. Loaded 8-well strip was placed on “lon
OneTouch™ ES” and 10 ul “Neutralization Solution” containing 0.2 ml tube was
placed into tip loader hole. Start/stop button was pressed for initializing the

enrichment.
3.3.4.Cleaning and initializing the “lon-PGM System”
3.3.4.1.Creation of a planned run

Torrent Suite server was used for creating a new run plan.
3.3.4.2. Preparation of gas cylinders leak test

Main tank’s shutoff valve was opened. The pressure was adjusted to 30 psi and
valve was closed. The monitor was observed for 5 minutes for avoiding any pressure

change.

3.3.4.3. Chlorite and 18-MQ H2O cleaning

Cleaning chip was placed to chip socket. Cleaning bottles were rinsed with 18-
MQ H;0 for two times. “lon Cleaning Tablet” was dissolved in the 1 L of 18-MQ
H>O and 1 ml 1 M NaOH was added into solution. The solution was filtered with
0.22 pm filter. Chloride cleaning option was selected from cleaning menu on device.
Chloride cleaning bottle was filled with 250 ml solution, filled bottle was placed to
W1 position and cleaning bottles were placed to W2 and W3 positions (Figure 3.10).
After chloride cleaning is completed, solution bottle was removed from W1 position

and the sipper was washed. 250 mL 18 MQ containing water bottle was placed to
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W1 position and water cleaning was started from device. When the cleaning was
completed all bottles and washing sippers were removed from the device.

Touchscreen

Chip clamp

Grounding plate

Power button
Waste Botile

[ { Wash 2 Bottle (W2 position)

~

: J Wash 3 Bottle (W3 position)

i
I

NE

— = Wash 1 Bottle (W1 position)

Ton Chip™ Minifuge Reagent bottle Sipper tube

Barcode Scanner  Collection tray Reagent Bottle

Figure 3.10: Schematic description of “lon-PGM devices’”. A. “lon-Chip” mini
centrifuge. B. “lon-PGM device” (“figure was illustrated from lon-PGM Hi-Q OT2

Kit’s protocol™).
3.3.4.4. Initialization of the system

New sippers were placed to washing positions. “Wash 2 bottle” was rinsed with
200 ml 18-MQ H>O for 3 times. Two litre of 18-MQ H>O, entire bottle of “lon-PGM
HiQ Sequencing-W2 solution” and 70 pul 100 mM NaOH was added to the bottle.
The bottle was inverted 5 times for mixing. Three hundred and fifty microliters 100
mM NaOH was added to “Wash 1 bottle”. Wash 3 bottle was filled with 50 ml Hi-Q
Sequencing-W3 Solution. Initialize option was selected from device, the barcode of

“lon-PGM HiQ Sequencing-W?2 solution” was scanned and initializing was started.

Device automatically adjusts it’s pH between 7.49 and 7.6. When the adjustment
finalized old sippers at ANTP positions were discarded, and new sippers were placed.
New reagent tubes were labelled as “dGTP, dCTP, dATP, and dTTP”. Twenty
microliter “dNTP stock solutions” was added to labelled tubes. Tubes were placed to
their own positions and tightened. Touchscreen orders were followed for completing

the initialization.

3.3.4.5. Chip loading
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“Semiconductor lon 318™ Chip” was used for sequencing. “Control lon
Sphere™ Particles (ISPs)” was vortexed and centrifuged briefly. “5 ul Control ISPs”
was added into enriched “ISPs positive template”. The solution was mixed
thoroughly and centrifuged for 2 minutes at 15,500xg. All but 15 ul of supernatant
was discarded. Pellet was resuspended with “12 ul Sequencing Primer” and
incubated in a thermal cycler at 95°C for 2 minutes and at 37°C for 2 minutes. After
incubation “3 pl Ion PGM™ Hi- Q™ Sequencing Polymerase” was added into tube

and incubated at room temperature for 5 minutes.

During polymerase incubation chip check was initialized with cleaning chip, and
new chip was placed to chip socket when prompted. The barcode of new chip was

scanned. After chip check was finalized all liquid inside the chip was discarded.

Chip was placed in the bucket of “lon Chip™ Minifuge”. ISPs were loaded into
chip and chip was centrifuged for 30 seconds chip tab pointing inside and for
seconds chip tab pointing outside. The ISPs was pipetted up and down one time and
removed from the chip. Chip was turned upside-down and centrifuged for 5 seconds.
All the remaining liquid was discarded from the chip.

Chip was placed into chip socket and sequencing was started with pre-planned
run (92).

3.4.Analyzing of the NGS Results

Bioinformatics analysis of the results was performed with “lon-Reporter

Software” and “CLC Genomics Workbench”.

3.4.1. Analyzing of the results: “lon Reporter Software”

Raw data from targeted gene sequencing was processed by “Torrent Suite
Software”s automated plugins. For bam files, FASTQ files were aligned to
“GRCh37-hg19 human genome reference”. BAM files were processed by “variant
caller plugin”, and VCF files were created. BAM and VCF files were transferred to
“lon Reporter Software”. VCF files were analyzed according to their location,

zygosity, position, type, and accession number of the variations.
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3.4.2. Analyzing of the results: “CLC Genomics Workbench”

VCF files from “lon Reporter Software” were used in “CLC Genomics
Workbench (9.0.1., Qiagen, USA)”. “Fisher-Exact Test” was performed for
comparative analyses of case-control groups. For analyzing all variants in case-
control groups, p value was set to 0.9 as maximum threshold and “Bonferroni
Correction” was applied. Results were sorted according to their p-values for
determining significantly important variations. In addition, variants showing low

frequency in sporadic AD group were excluded.

3.5. Selection of the significantly important variations

Significantly important variations were selected according to their p values,
location and their relation with other variations. Significantly important variations

were selected for confirmation with Sanger sequencing.

3.6. Significantly Important Variations Confirmation using Sanger

Sequencing

3.6.1. Primer design

Primers were designed using “Primer-Blast (NCBI) designing tool”. Designed

primers are shown in Table 3.8.
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Table 3.8: Sanger primers that covered selected variations.

Primer’s Covered Genomic
ID Locations Sequences of primers
Forward 5’-GCG CCT CTG ACT CGG TAA AC-3°
chr12:109,535,699 -
u2-v2 109,536,033 Reverse 5’-CGT GGT CTT TTC GCG GCA-3’
Forward 5’-ATC CCT GGC CTC TAC CAC-3’
chr12:109,540,012 -
U3 109,540,432 Reverse 5-GGA TTT AAC AGC ACT CTG GA-3’
Forward 5’-TCC CGC GGT GTC AGA TGT T-3°
chr12:109,537,347 -
U4 109,537,699 Reverse | 5>-ACC AGG TTT CAT TGG TCT TGA ACT C-3’
Forward | 5°>-GGC ACA AAA TGG AAA GTA AAT GGC-3°
chr12:109,545,726 -
us 109,546,164 Reverse 5’-TCC CAG CCA AGA GAC CCT G-3°
Forward 5’-GTA CAACTG GTC CCT GGC TTA-3’
chr12:109,546,035 -
U5.1 109,546,370 Reverse 5’-CCA CCT CCT AGGCTC AAGTTAC-3’
" chr12:109,546 660 — Forward 5-CTC TTG GTC CCATGC AGT T-3°
109,547,130 MReverse 5°-TGC AAA GAG CAC CAC CCT C-3’
Forward 5>-TTGTTATTCCTT GGG TGT TGG-3’
chr12:109,548,405-
u7 109,548,703 Reverse 5’-GGT GCA GAC CCA ATA AAG-3’
Forward 5’-GTG GCC CAA GCA AGG TAA-3’
chr12:109,540,719 -
us 109,541,202 Reverse 5’-AGG CAA ATC AGC CCAATACC-3
Forward 5’-CTG GGT ATT GGG CTG ATT TGC-3’
chr12:109,541,181 -
u10 109,541,640 Reverse 5>-CCAGTTGCTTTGTCCTC-3°

3.6.2.“Polymerase Chain Reaction (PCR)” and purification of PCR

products

PCR products were amplified using 50-100 ng DNA, “GeneAmp dNTP Blend
(Thermo Fisher, USA)” and “Taq DNA Polymerase (Invitrogen, USA)”. PCR

components and conditions were shown in Table 3.9.
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Table 3.9: The amplification conditions for the target sequences. A. PCR ingredients
for “Sanger sequencing” samples. B. Thermal-cycle conditions.

A
PCR Ingredients The Final Concentrations
Nuclease free H,O to 25 ul
“PCR-Buffer” 1x
« " 1 mM (U1, U2, U5, U6, U8, U9, U10 primers)
MgClz (50 mM) 1.5 mM (U3, U4 primers)
“Primers (forward and reverse)” 0.5 mM
“Tag-DNA Polymerase” 2 Unit
Total vol. of the reaction 25 ul
B
Step Temperatures’ Times for the reaction
“Initial-denaturation” 94°C 5 min.
“Denaturation” 94°C 45 sec.
58.5°C (for U1, U2, U4, U6)
“Annealing” 60°C (for U3, U4, U5, U8, 30 sec.
35x U9, U10)
30 sec. (U1, U2 primers)
“Extension” 72°C 60 sec. (U3, U4, U5, UG,
U8, U9, U10 primers)
“Final-extension” 72°C 10 min
Hold at 4oC 0

PCR products were separated on “1.5% agarose gel for 1.5 h at 100 V. EtBr
was added in gel and obtained bands were visualized by “ChemiDoc XRS+ Imaging
System (Bio-Rad)”.

Two microliters of “EX0SAP-IT™ (Applied Biosystems, USA)” was mixed with
5 ul PCR products for purification. The mixture was incubated at “37° C for 15 min
and at 80° C for 15 min”.

3.6.3.Cycle sequencing
“Big-Dye Terminator v3.1 Cycle-Sequencing (Thermo Fisher Scientific, USA)”
kit was used for de novo sequencing. Sequencing reaction was prepared using “2 ul

Terminator 3.1 Ready Reaction Mix, 2 ul BigDye™ Terminator v3.1 5X Sequencing
Buffer, 2 ul forward or reverse primer 1.5 ul PCR product and 2.5 pl deionized
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water”. Sequencing was performed according to the thermal cycler conditions in
Table 3.10.

Table 3.10: The thermal-cycle conditions for “Big-Dye reaction”.

Step Tempe,rature Times f_or the
s reactions
“Initial Denaturation” 96°C 1 min.
“Denaturation” 96°C 10 sec.
25X “Annealing” 50°C 5 sec.
“Extension” 60°C 4 min.
Hold at +4°C To one week

3.6.4.Cleaning of the residual labels

“Big-Dye XTerminator Purification Kit (Thermo Fisher Scientific, USA)” was
used for purification of cycle sequencing products. The products were mixed with
“45 pl SAM Soluition and 10 pl XTerminator solution”. Mixture was “vortexed for
30 min at 2000 rpm and centrifuged for 5 min at 1000xg”. Supernatant was
transferred to a new 0.2 ml PCR tube.

3.6.5.Sanger sequencing

Sanger sequencing was performed with “ABI-PRISM 310 Genetic Analyzer and
AppliedBiosystems 3500Dx Genetic Analyzer (Thermo Fisher, USA)” (Figure 3.10).

3.7. Analysis of the Sanger results

Abi files from sequences were analyzed using “Finch TV (1.4., Geospinoza) and

Chromas Pro (2.4.1., Technelysium)” analyzing tools.
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Figure 3.11: The instruments of Sanger sequencing. Interior and exterior parts are
described in the illustrations. A. “ABIPRISM 310 is one capillary system for
performing of Sanger sequencing. B. “Applied Biosystems-3500Dx” is eight

capillary system for performing of Sanger sequencing.
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4. RESULTS

4.1.Sample Selection

In this thesis study, 221 sporadic AD patients (mean age 79.9+7.71) and 120
controls (mean age 75.2+7.21) were used. Average ages of sporadic AD patients and
control groups are similar (Figure 4.1). Standard psychological and physiologic
examinations were performed for all the participants, and accompanying disorders
were determined (22). Cancer patients and other neurological disorder’s carriers were
excluded from the study. MMSI scoring of sporadic AD patients indicating the

severity of the disease are shown in Table 4.1.

Table 4.1: The clinic characteristics of the participants.

. Participants

Characteristics of the group Cases Controls
The total count of the participants 221 120
Gender
Females (percentage and count) 58.6% (129) | 52,9 % (62)
Males (percentage and count) 41.4% (93) | 47,1 % (58)
Average of the age (standard deviation) 79.7 (£7.71) | 75.2 (+7.21)
Grades of the disorders’ (with MMSI scoring)
Severe sporadic AD 0 )
(percentage and count) 34.7% (77)
Moderate sporadic AD 43.2% (96) i
(percentage and count)
Mild sporadic AD 0
(percentage and count) 22.1% (49)

4.2.Analysis of targeted UNG gene sequencing results

In this thesis study, UNG gene was sequenced in 198 sporadic AD patient and 50
control samples using “lon-PGM system”. “lon-Reporter tool (Thermo Fisher
Scientific, USA)” and “CLC Genomics Workbench 9.0.1 (Qiagen, USA)” were used

for analysis.

40



4.2.1. Quality of NGS data

The results of “lon-PGM system” were trimmed with the qualified standards of
the system and aligned to “GRCh37 (2009, February)”. The good quality of the
alignment (99% aligned bases) is shown in Figure 4.1. The VCF files with GRCh37
annotations in “lon Reporter™ Software” were used in “CLC Genomics
Workbench”. In addition, the integrity of the sequenced amplicons was analyzed
with IGV tool.

1.07 G 0.3X
Total Alignment Bases Average Coverage
Depth of Reference

5,385,249 99%
Aligned Bases
1%

Unaligned

Reads

0

100 200 300 400 500 600
Position in Read

Count %

Total Reads 5,385,249 -
Aligned Reads 5,374,608 99.83%
Unaligned Reads 10,551  0.2%

Figure 4.1: Aligned all bases and the depth of the average coverage.

To assess the quality of the libraries sequenced, the basic quality statistics for
lon Torrent datasets were determined using “CLC genomics workbench software”.
For example, quality distribution shows that more than 95% reads have average
“PHRED quality scores (Q score)” is >20 (Figure 4.2) with no ambiguous bases and
GC content is around 50 (Figure 4.3). Q scores measure “the base calling accuracy”
that is the probability of incorrect base call. If Q score is 20, the probability of an
incorrect base calls 1 in 100 times and if Q score is 30 it is 1 in 1000 times. Q scores

are >20 accepted as a good quality reading in NGS.
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Figure 4.2: “PHRED quality score distribution”. The distribution of average
“PHRED quality score” is plotted on X-axes and percentage of sequences on Y-axes

for “lon Torrent data”.
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Figure 4.3: A. Nucleotide contributions. B. GC-content
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4.2.2, Data analysis with “Fisher Exact Test” in “CLC Genomics
Workbench”

A comparative analysis of sporadic AD patient-control groups was performed by
applying the Fisher exact test at the “CLC Genomics Workbench” using the vcf files
generated by “lon Suit software”. The “Fisher Exact Test” was used to identify
variants that are significantly more common in the sporadic AD patient samples than
in the control samples. In order to be able to examine all variants in the patient and
control groups, a maximum threshold of p value (p=0.9) was used and only variants
below p value of 0.9 was reported. In addition, “Bonferroni correction” was applied
to the analysis. To determine statistically significant variants between the variants of
the patient and control groups, the Fisher exact test results were ordered according to
p value (Table 4.2). All 26 variants in Table 4.2 were selected for the “Sanger

sequencing confirmation”.
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Table 4.2. Comparative analysis of genetic variants of sporadic AD patient and control groups by “Fisher's exact test” and ranked by p

value.
UNG gene .
' Intron/ - P value Fishen AD Control
chrorrllgsome Type dbSNP (rs) Ref Allele Genotype exon Zygosity exact test Count Count MAF
109,540,276 SNP rs79744525 G A G/A Intronic | Heterozygous 0.0147 18/198 0/50 -
109,537,423" TTA/TTA . | Homozygous 6/198 0/50
109,537 424 INDEL rs1610925 T TTA TTTA Intronic Heterozygous 0.0201 61/198 9/50 0.2450
109,541,043 SNP - A G AIG Intronic | Heterozygous 0.0239 16/198 0/50 -
109,548,571" i 3-UTR i
100,548 572 INDEL G GT G/GT (exon 7) Heterozygous 0.0261 23/198 1/50
109,537,562 | SNP | rsg0001089 | T G T/G Intronic | 1S1ErOY90US | ¢ gug5 | 41/198 | 5/50 i
G/G Homozygous 1/198 0/50
SNP AT 0.0626 7/198 0/50
109,545,819 . - A TAAAAAA/ Intronic | Heterozygous -
Deletion - TAAAAA 0.7984 4/198 0/50
G/G . | Homozygous 4/198 0/50
109,546,886 SNP rs2268406 T G T/G Intronic Heterozygous 0.0491 57/198 9/50 0.142971
AIG .| Heterozygous 54/198 9/50
109,535,809 SNP rs1018782 A G GG Intronic Homozygous 0.0948 27198 0/50 0.20627
109,541,051.. _ ; -
100,541,052 MNV AC GT AC/GT Intronic | Heterozygous 0.1269 9/198 0/50
C/ICT 8/198 0/50
109,541,435 CTTTTTTTTC .
A109 541,436 INDEL | rs144108564 C CT CTTTTTTTT Intronic | Heterozygous 0.1269 1/198 0/50 0.0648
TCT
109,545,820 INDEL - AT TA TITTA Intronic | Heterozygous 0.1288 15/198 1/50 -
109,541,007 SNP - C T CIT Intronic | Heterozygous 0.1603 8/198 0/50 -
109,541,462 |\ \pp| : T TITA Intronic | Heterozygous |  0.1603 | 8/198 0/50 i
109,541,463 '
GAC/GCC . 2/198 2/50
109,541,009 SNP - A Cc AC Intronic | Heterozygous 0.1719 41198 3/50 -




1%

Continuous

; MAF
Location Type rs number Ref Allele Genotype el Zygosity FREIDE AR AID Camel Homo
/exon exact test | Count Count sapiens
109,541,004 SNP - G A G/A Heterozygous 0.2023 7/198 0/50 -
109,545,951 SNP rs2430678 A G A/G Intronic | Heterozygous 0.2023 7/198 0/50 0.045927
109,546,114 SNP rs2515913 C T CIT Heterozygous 0.2023 7/198 0/50 0.040136
109,535,857 SNP 1018783 T A A/A | jc [1omozygous 0.2081 4/198 0750 0.194688
39, rs Ntronic | oterozygous : 45198 | 9/50 :
109,541,008 MNV - A C GA/AC Intronic | Heterozygous 0.6514 7/198 0/50 -

“SNP: Single nucleotide polymorphism, MNV: Minor nucleotide variant, MAF: Minor allele frequency. INDEL.: Insertion or deletion”




4.3. Confirming NGS results with Sanger sequencing

All NGS technologies provide base-call, insertions and deletions etc. errors in
the sequenced reads and thus NGS data is error-prone. Therefore, Sanger sequencing
confirmation is necessary for NGS variants. In this study, Sanger sequencing
confirmation showed that 12 UNG gene variants identified from “lon-PGM

sequencing” experiments are false positive (Table 4.3 and Figures 4.4 - 4.10.), and 6

UNG variants are positive (Table 4.4 and Figures 4.12 - 4.22).

Table 4.3: The false positive results.

Primer’s Location, Fisher
ID chromosome | rs number Genotype Intron/ exon | exact test MAF
12 p-value
U3 109,540,276 | rs79744525 G/A Intronic 0.0147 -
AT . . 0.0626
109,545,819 - AT/TA intronic 0.7984 -

Us T/ITTA
109,545,820 - AT/ATTA intronic 0.1288 -
109,548,571 3'- UTR (exon

u7 109,548 572 - GIGT 617) 0.0261 -
109,541,004 - G/A intronic 0.2023 -
109,541,007 - CIT intronic 0.1603 -

GA/AC . .

Us 109,541,008 - GAC/GCC intronic 0.6514 -
109,541,009 - A/C intronic 0.1719 -
109,541,043 - A/G intronic 0.0239 -
109,541,051 - . .

109,541,052 - AC/GT intronic 0.1269 -
109,541,435 C/ICT . .

Ut 109,541,436 rs144108564 CITCT intronic 0.1269 0.0976
109,541,462 . .

109,541,463 - T/ITA intronic 0.1603 -
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Figure 4.4: UNG gene, rs79744525, G/A variant confirmation by Sanger sequencing A. Agarose gel electrophoresis of 420 bp PCR products of UNG gene using U3
primer. Lane 1, “molecular size marker”; lane 6, 420 bp PCR product of A189 (sporadic AD patient number) B. A screenshot from the “IGV browser” showing G/A
variation in reads for the sample A189 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatograms” of G/A variant showing false

positive result; middle panel, Sanger sequencing using the forward U3 primer; lower panel, Sanger sequencing using the reverse U3 primer.
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Figure 4.5: UNG gene, chromosome 12:109,545,819 and 109,545,820. AT/TA variant confirmation
by Sanger sequencing A. “Agarose gel electrophoresis” of 438 bp PCR products of UNG gene using
U5 primer. Lane 1, “molecular size marker”; lane 2 and 3, 420 bp PCR product of A54 and A72
(sporadic AD patient number) B. A screenshot from the “IGV browser” showing AT/TA variation in
reads for the sample A54 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing
chromatograms” of AT/TA variant showing false positive result; lower panel “Sanger sequencing”
using the forward U5 primer. C. A screenshot from the IGV browser showing AT/TA variation in
reads for the sample A72 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing
chromatograms” of AT/TA variant showing false positive result; lower panel, “Sanger sequencing”

using the forward U5 primer.
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Figure 4.6: UNG gene, chromosome 12:109,545,819 and 12:109,545,820. AT/TA variant confirmation by “Sanger sequencing” A. “Agarose gel electrophoresis” of
438 bp PCR products of UNG gene using U5 primer. Lane 1, “molecular size marker”; lane 2 and lane 3, 420 bp PCR product of A190 (sporadic AD patient number)
B. A screenshot from the IGV browser showing AT/TA variation in reads for the sample A190 from “lon-PGM sequencing experiment” (top panel). “Sanger

sequencing chromatograms” of AT/TA variant showing false positive result; lower panel, “Sanger sequencing” using the forward U5 primer.
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Figure 4.7: UNG gene, chromosome 12:109,548,5717109,548,572. Insertions’ confirmation by
“Sanger sequencing” A. “Agarose gel electrophoresis” of 298 bp PCR products of UNG gene using
U7 primer. Lane 1, “molecular size marker”; lane 2 and lane 5, 420 bp PCR product of A133 and
A201 (sporadic AD patient number) B. A screenshot from the “IGV browser” showing insertion in
reads for the sample A133 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing
chromatograms” of insertion showing false positive result; lower panel, “Sanger sequencing” using
the forward U7 primer. C. A screenshot from the “IGV browser” showing insertion in reads for the
sample A201 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing
chromatograms” of insertion showing false positive result; lower panel, “Sanger sequencing” using
the forward U7 primer. I: Insertion.
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Figure 4.8: UNG gene, chromosome 12:109,541,004; 109,541,007; 109,541,009; 109,541,008. Variations’ confirmation by “Sanger sequencing” A. “Agarose gel
electrophoresis” of 480 bp PCR products of UNG gene using U8 primer. Lane 1, “molecular size marker”; lane 3 and lane 5, 480 bp PCR product of A88 and A108
(sporadic AD patient number) B. “Sanger sequencing chromatograms” of variations showing false positive result; top panel: A88, lower panel: A108. I, “Sanger

sequencing” using the forward U8 primer. I, chromosome 12:109,541,004 G > A. Il, chromosome 12:109,541,007 C > T. 111, chromosome 12:109,541,008 GA > AC.
IV, chromosome 12: 109,541,009 A > C.
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Figure 4.9: UNG gene, chromosome 12:109,541,043 and 109,541,051..109,541,052. Variations’ confirmation by “Sanger sequencing” A. “Agarose gel
electrophoresis” of 480 bp PCR products of UNG gene using U8 primer. Lane 1, “molecular size marker”; lane 3 and lane 5, 480 bp PCR product of A88 and A108
(sporadic AD patient number) B. “Sanger sequencing chromatograms” of variations showing false positive result; top panel: A88, bottom panel: A108. I, “Sanger
sequencing” using the forward U8 primer. 12:109,541,043 A > G. Il, chromosome 12:109,541,051..109,541,052 AC / GT.
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Figure 4.10: UNG gene, chromosome 12:109,541,435"109,541,436 and chromosome
12:109,541,4627109,541,463, insertions confirmation by “Sanger sequencing” A. “Agarose gel
electrophoresis” of 460 bp PCR products of UNG gene using U10 primer. Lane 1, “molecular size
marker”; lane 3 and lane 4, 460 bp PCR product of A154 and A197 (sporadic AD patient number) B.

A screenshot from the “IGV browser” showing variations in reads for the sample A154 from lon-

PGM sequencing experiment (top panel). “Sanger sequencing chromatograms” of insertion variants

showing false positive result; lower panel, “Sanger sequencing” using the forward U10 primer. C. A

screenshot from the “IGV browser” showing variations in reads for the sample A197 from “lon-PGM

sequencing experiment” (top panel). “Sanger sequencing chromatograms” of insertion variants

showing false positive result; lower panel, “Sanger sequencing” using the forward U10 primer.
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Table 4.4: The positive results.

Primer’s Location, rs number Genotype Intron/ | Fisher exact MAE
1D chromosomel2 exon test p-value
U2-V2 109,535,809 rs1018782 AlG Intron?c 0.0948 0.20627
109,535,857 rs1018783 T/IA Intronic 0.2081 0.194688
U4 109,537,423 rs1610925 T/ITTA Intronic 0.0201 0.232
U5 109,545,951 rs2430678 AlG Intronic 0.2023 0.045927
Us.1 109,546,114 rs2515913 CIT Intronic 0.2023 0.040136
U6 109,546,886 rs2268406 TIG Intronic 0.0491 0.142971
z
2 &Q 2 as
SE 2 £33
co = D oo
il = IS,
28 Z £ 8 =

S

UNG

109,535.349-109.535.616|

109.536,237-109.536,443
109.536.994-109.537,089

-

109.539.707-109.539.80:

109.540,644-109.540.73,

109.547.634-109,548.797

109,541.238-109.541.416

Figure 4.11: The UNG gene schema showing the verified variants.
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Figure 4.12: UNG gene, rs 1018782, G/A variant confirmation by “Sanger sequencing” A. “Agarose
gel electrophoresis” of 235 bp PCR products of UNG gene using U2-V2 primer. Lane 1, “molecular
size marker”; lane 2 and lane 3, 235 bp PCR product of A11 and A39 (sporadic AD patient number)
B. A screenshot from the “IGV browser” showing G/A variation in reads for the sample A1l from
“lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatograms” of G/A variant
showing positive result; middle panel, “Sanger sequencing” using the forward U2-V2 primer; lower
panel, “Sanger sequencing” using the forward U2-V2 primer. C. A screenshot from the “IGV
browser” showing G/A variation in reads for the sample A39 from “lon-PGM sequencing experiment”
(top panel). Sanger sequencing chromatograms of G/A variant showing positive result; lower panel,

“Sanger sequencing” using the forward U2-V2 primer.
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Figure 4.13: UNG gene, rs 1018783, T/A variant confirmation by “Sanger sequencing” A. “Agarose
gel electrophoresis” of 235 bp PCR products of UNG gene using U2-V2 primer. Lane 1, “molecular
size marker”; lane 2 and lane 3, 235 bp PCR product of A11 and A39 (sporadic AD patient number)
B. A screenshot from the “IGV browser” showing G/A variation in reads for the sample A1l from
“lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatograms” of T/A variant
showing positive result; middle panel, “Sanger sequencing” using the forward U2-V2 primer; lower
panel, “Sanger sequencing” using the forward U2-V2 primer. C. A screenshot from the “IGV
browser” showing T/A variation in reads for the sample A39 from “lon-PGM sequencing experiment”
(top panel). “Sanger sequencing chromatograms™ of T/A variant showing positive result; middle
panel, “Sanger sequencing” using the forward U2-V2 primer; lower panel, “Sanger sequencing” using

the forward U2-V2 primer.
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UNG, rs 1018782, chromosome 12:109,535,809 and rs 1018783, chromosome 12:109,535.857

Figure 4.14: UNG gene, rs 1018783, G/A variant and rs 1018783, T/A variant confirmation by “Sanger sequencing” A. “Agarose gel electrophoresis” of 235 bp PCR
products of UNG gene using U2-V2 primer. Lane 1, “molecular size marker”; lane 2, 3, 4, and 5, 235 bp PCR product of A52, A114, A128 and A133 (sporadic AD
patient number) B. A screenshot from the “IGV browser” showing G/A and T/A variation in reads for the sample A52 from “lon-PGM sequencing experiment” (top
panel). “Sanger sequencing chromatograms” of variants showing positive result; lower panel, “Sanger sequencing” using the forward U2-V2 primer. C. “Sanger
sequencing chromatogram” of variants showing positive result for A114, Sanger sequencing using the forward U2-V2 primer. D. “Sanger sequencing chromatograms”
of variants showing positive result for A128; “Sanger sequencing” using the forward U2-V2 primer. E.” Sanger sequencing chromatograms” of variants showing
positive result for A133; “Sanger sequencing” using the forward U2-V2 primer. I: rs 1018782, G/A, I1: rs1018783, T/A.
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Figure 4.15: UNG gene, rs 1610925, TA insertion confirmation by “Sanger sequencing” A. “Agarose
gel electrophoresis” of 351 bp PCR products of UNG gene using U4 primer. Lane 1, “molecular size
marker”; lane 3 and 4, 351 bp PCR product of A17 and A36 (sporadic AD patient number) B. A
screenshot from the “IGV browser” showing TA insertion in reads for the sample A17 from “lon-
PGM sequencing experiment” (top panel). “Sanger sequencing chromatograms” of TA insertion
showing positive result; lower panel, “Sanger sequencing” using the forward U4 primer. C. A
screenshot from the “IGV browser” showing TA insertion in reads for the sample A36 from “lon-
PGM sequencing experiment” (top panel). “Sanger sequencing chromatograms” of TA insertion

variant showing positive result; lower panel, “Sanger sequencing” using the forward U4 primer.
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UNG. rs 1610925 chromosome 12:109.537 423

Figure 4.16: UNG gene, rs1610925, TA insertion confirmation by “Sanger sequencing” A. “Agarose gel electrophoresis” of 351 bp PCR products of UNG gene using
U4 primer. Lane 1, “molecular size marker”; lane 4 and 5, 351 bp PCR product of A39 and A52 (sporadic AD patient number) B. A screenshot from the “IGV
browser” showing TA insertion in reads for the sample A39 from “lon-PGM sequencing experiment” (top panel). Sanger sequencing chromatograms of TA insertion
showing positive result; lower panel, “Sanger sequencing” using the forward U4 primer. C. A screenshot from the IGV browser showing TA insertion variation in
reads for the sample A52 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatogram” of TA insertion variant showing positive result;

lower panel, Sanger sequencing using the forward U4 primer.
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Figure 4.17: UNG gene, rs1610925, TA insertion confirmation by “Sanger sequencing” A. “Agarose gel electrophoresis” of 351 bp PCR products of UNG gene using
U4 primer. Lane 1, “molecular size marker”; lane 4 and 5, 351 bp PCR product of A58, A128 and A189 (sporadic AD patient number) B. A screenshot from the “IGV
browser” showing TA insertion in reads for the sample A58 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatograms” of TA insertion
showing positive result; lower panel, “Sanger sequencing” using the forward U4 primer. C. “Sanger sequencing chromatogram” of TA insertion variant showing
positive result for sample A128; “Sanger sequencing” using the forward U4 primer. D. “Sanger sequencing chromatogram” of TA insertion variant showing positive
result for sample A189; “Sanger sequencing” using the forward U4 primer.
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Figure 4.18: UNG gene, rs 2430678, A/G variation confirmation by “Sanger sequencing” A. “Agarose
gel electrophoresis” of 337 bp PCR products of UNG gene using U5 primer. Lane 1, “molecular size
marker”; lane 2, 337 bp PCR product of A72 (sporadic AD patient number) B. A screenshot from the
“IGV browser” showing G/A variation in reads for the sample A72 from “lon-PGM sequencing
experiment” (top panel). “Sanger sequencing chromatogram” of A/G variation showing positive

result; lower panel, “Sanger sequencing” using the forward U5 primer.
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Figure 4.19: UNG gene, rs2515913, C/ T variation confirmation by “Sanger sequencing” A. “Agarose
gel electrophoresis” of 337 bp PCR products of UNG gene using U5.1 primer. Lane 1, “molecular size
marker”; lane 2, 337 bp PCR product of A36 (sporadic AD patient number) B. A screenshot from the
IGV browser showing C / T variation in reads for the sample A36 from “lon-PGM sequencing
experiment” (top panel). “Sanger sequencing chromatogram” of C / T variation showing positive
result; lower panel, “Sanger sequencing” using the forward U5.1 primer.
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UNG, rs 2268406, chromosome 12:109,546.886

Figure 4.20: UNG gene, rs 2268406, T > G variation confirmation by “Sanger sequencing” A.

“Agarose gel electrophoresis” of 471 bp PCR products of UNG gene using U6 primer. Lane 1,
“molecular size marker”; lane 2 and 3, 471 bp PCR product of A17 and A201 (sporadic AD patient

number) B. A screenshot from the “IGV browser showing” T > G variation in reads for the sample

AL7 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatogram” of

T>G variation showing positive result; lower panel, “Sanger sequencing” using the forward U6

primer. C. A screenshot from the “IGV browser” showing T > G variation in reads for the sample

A201 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatogram” of

T>G variation showing positive result; lower panel, “Sanger sequencing” using the forward U6

primer.
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UNG, rs 2268406, chromosome 12:109.546.886

Figure 4.21: UNG gene, rs2268406, T>G variation confirmation by “Sanger sequencing” A. “Agarose gel electrophoresis” of 471 bp PCR products of UNG gene using
U6 primer. Lane 1, “molecular size marker”; lane 3 and 4, 471 bp PCR product of A39 and A52 (sporadic AD patient number) B. A screenshot from the “IGV
browser” showing T>G variation in reads for the sample A39 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatogram” of T>G
variation showing positive result; lower panel, Sanger sequencing using the reverse U6 primer. C. A screenshot from the IGV browser showing T > G variation in
reads for the sample A52 from “lon-PGM sequencing experiment” (top panel). “Sanger sequencing chromatogram” of T > G variation showing positive result; lower

panel, “Sanger sequencing” using the reverse U6 primer.
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In this study, “Hardy—Weinberg Equilibrium (HWE)” was used for the
calculation of significance of the variants. Observed and expected allele frequencies
were determined with this equilibrium for patients and controls (Table 4.5). Pearson
x> and p values were calculated (93). The Odds ratio was calculated with the
confidence intervals (Cl) of 95% confidence and a p value <0.05 was considered
statistically significant (94,95) (Table 4.5). Fisher exact test p value is two-way.

4.4.Epistatic Relations

In this study, observed variations compared for epistatic relations. The binary
and multiple epistatic relations are presented in Table 4.6 and Table 4.7.

4.5. Common Significant Variants Independent from Sporadic AD Outcome

Independent from sporadic AD outcome, there are common UNG variants were
identified in all 248 samples (Table 4.8 and Figure 23). For example, rs246078 were
determined in 97.6% of all the samples (94.78%-G/G homozygous and 2.82% A/G
heterozygous SNP). Rs2541886 were determined in 70.97% of all the samples
(28.63%-T/T homozygous and 42.34% G/T heterozygous SNP).
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Table 4.5. Allele and genotype frequency distribution of 6 UNG variants in Sporadic AD patients and healthy controls.

Allele frequency Genotype frequency
UNG Allele | Case Control P value OR (95 % CI) Genotype Case Control | P value Pearzso
variant ny
A | 375 206 0.474 |1 051 (0.640-1.726) |  AJA 158 87 | 0841 | 004
rs1018782 (i)
G 67 34 AlG 59 32
GIG 4 1
T | 380 206 0.715 1 4 895 (0.541-1.479) T 165 87 | 0663 | 0.19
1018783 (0.699)
rs A 62 34 TIA 50 32
A/A 6 1
0.020
T 323 01 2.330 (1.069-5.079) TIT 131 1 0030 | 4.712
rs1610925 (0.039)
TTA | 73 9 TTTA 61 9
TTATTA 6 0
A 389 100 (0.350) - A/A 101 50 - -
rs2430678 | G 7 0 AIG 7 0
GG 0 0
C 389 100 (0.350) : C/C 191 50 ; :
(2515913 | T 7 0 CIT 7 0
TIT 0 0
0.049
T 331 91 2.028 (0.928- 4.434) TIT 137 1 0072 | 3.232
2268406 (0.080)
rs G 65 9 T/G 57 9
G/G 4 0




Table 4.6: Binary epistasis relations.

Variation 1 Variation 2 Epistasis relation
Rsmumber | Cortor | RS™M5r | Gonvor | contol | patients 6) | controls 66
rs2268406 61/9 55/9 27.7% 18%
rs1610925 67/9 rs1018782 56/9 50/9 25.3% 18%
rs1018783 56/9 43/9 21.7% 18%
rs1018782 56/9 52/9 26.3% 18%
rs2268406 61/9
rs1018783 56/9 45/9 22% 18%
rs1018782 63/33 rs1018783 56/33 52/33 29% 28%

68




69

Table 4.7: Multiple epistasis relations.

Variation 1 Variation 2 Variation 3 Variation 4 Variation 5 Epistasis relation
Rs number AD/ Rs AD/ Rs AD/ Rs number AD/ Rs number AD/ AD/ All affected | All affected
Control | number Control number Control Control Control| Control | patients (%) |controls (%)
rs1018782 | 56/9 | rs1018783 56/9 rs1610925 67/9 rs2268406 61/9 - - 49/9 22.7% 18%
rs1018782 | 56/9 | rs1018783 56/9 rs1610925 67/9 rs2268406 61/9 rs80001089 | 42/5 35/5 17.6% 10%
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Table 4.8. Common significant variants independent from sporadic AD outcome.

Percentage
e Intron/ Control Total AL
chromosome Type dbSNP (rs) | Ref | Allele | Genotype Zygosity AD count variants in MAF
exon Count | samples
12 the sample
group
AIG . .| Heterozygous 4/198 3/50 7/248 2.82
109,543,714 SNP rs246078 A G G/G intronic Homozygous 193/198 22/50 235248 94.76 0,004792
GIT . .| Heterozygous 82/198 23/50 | 105/248 42.34 0.247604
109,537,564 | SNP | 152541886 | G | T T | MM THomozygous | 56/198 | 15/50 | 71/248 |  28.63
AIG . .| Heterozygous 90/198 19/50 109/248 43.95
109,547,060 SNP rs246079 A G G/G intronic Homozygous 29/198 6/50 35248 1411 0.383586
T/IC . .| Heterozygous 53/198 14/50 67/248 27.02
109,542,392 SNP rs3219243 T C cic intronic Homozygous 47198 2750 6/248 > 42 0.228235
A/C . .| Heterozygous 52/198 14/50 66/248 26.61
109,536,559 SNP rs3219211 A C e intronic Homozygous 47198 2750 6/248 > 42 0.226637
GIGT Heterozygous |  37/198 9/50 | 43/248 17.34
oL | Insertion | 153210235 | - T | GT/GT | intronic | Homozygous | 2/198 | 2550 | 4248 161 i
GT/GTT Heterozygous 2/198 0/50 2/248 0.8
T/C . . Heterozygous 29/198 9/50 38/248 15.32 0.059505
el T e - cic Intronic - omozygous | 1/198 0/50 1/248 0.4 0.059505
109,548,571" . 3-UTR 9.67
109,548 572 Insertion G GT G/IGT (exon 7) Heterozygous 23/198 1/50 24/248 -




L6L'$PS 601 FE9"LES 60 L6L'8PS601-HE9'LES 601
6L09¥Csd
8LO9Y TSI
eveolcess
91t 1#$°601-8€T" 146601 91t 1$S°601-8€T 14601
L8669STSI
TELOS 60 1-FH9°0FS 601 S TELOPS 601-HP9°0PS 601
cETOITEST : ’
PO8'65"60 1-L0L 6560 08'6£°601-L0L'6ES601
9881 1STsd
680°LES 601-166'9€S°601 680°LES"601-166'9€€"601
[1Z61CEST

EPF9EST601-LETIES601
EPP9LS 601-€T6'SEST601

019 CES7601-6+E°SES601

IDNN CONN

Figure 4.23. The location of common variants on UNG gene structure.
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5. DISCUSSION and CONCLUSION

Aging and environmental factors play a role in the etiology of sporadic AD.
Since it has been shown that early diagnosis slow the progression of sporadic AD
and reduce its symptoms, screening studies for the identification of genetic risk
factors for sporadic AD has increased. So far, APOE variants are known to be a
genetic risk factor for sporadic AD however, since these variants do not show very
strong association with sporadic AD, they have not been used widely in the diagnosis
of the disease. The oxidative DNA damage accumulation and the defect in BER
mechanism for repairing oxidative DNA damage especially in nerve cells plays an
important role in the etiology and pathogenesis of various neurodegenerative
diseases, including sporadic AD. Thus, in recent years, BER genes have become the
focus of research to determine genetic risk factors for sporadic AD, but BER
gene/gene variant(s) related to sporadic AD has not been determined yet. The
biochemical, cellular, molecular and behavioral studies are done with the post-
mortem brain tissues of sporadic Alzheimer patients, Alzheimer mouse models and
cell lines, a specific BER gene knockout mice models and cell lines revealed the
strong relation between BER deficiency and sporadic AD pathogenesis (6-9).

UDG is a monofunctional DNA glycosylase involved in the first step of both the
nuclear and mitochondrial BER pathway. UNG gene encodes both nuclear and
mitochondrial isoform of UDG formed by alternative splicing (4,5). The lack of
UDG protein due to UNG gene silencing in rat hippocampal neurons caused neuronal
death by inducing neuronal apoptosis, suggesting that this protein plays a crucial role
in the neuronal development (6). It has been shown that folic acid deficiency and
high homocysteine levels (7), which increase the risk of AD, enhance DNA damage
in nerve cells, in particular uracil misincorporation and hypomethylation of DNA,
and thus make neurons susceptible to amyloid ABPP toxicity (8). The studies in
Alzheimer's mouse models and cell lines have shown that the damage to the BER
pathway due to the decrease in uracil incision activity of the UDG protein also
contributes to the increase in neuronal hippocampal neurodegeneration and neuronal

APBPP toxicity (6,8). The studies in post-mortem brain tissues of sporadic
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Alzheimer’s patients have shown that UDG expression levels are significantly
reduced and also the recognition of uracil lesion and incision activities of UDG
decreases (9). In these studies, UDG protein levels and uracil incision activities were
found to be low both in inferior parietal lobule (the most affected region) and in the
cerebellum (less affected region). The presence of BER lesions due to deficiency in
UDG activity in post-mortem brain tissue of patients diagnosed with mild cognitive
impairment, which is considered to be a transition period between normal aging and
dementia, indicates that defects in BER mechanism can also be observed in the early
onset of sporadic AD. This suggests that BER pathogenesis is not limited to
neuropathological brain regions, but also it is general character of Alzheimer brain

regions (9-13).

Therefore, in this thesis study, UNG gene is selected as a genetic risk factor
candidate for the sporadic AD. It is also investigated whether the significant decrease
in the protein level, expression and activity of UDG in sporadic AD patients is due to
genetic variant(s) in UNG gene. Thus, UNG gene (promoter, exon and intron
regions) in sporadic AD patients and healthy controls were sequenced using lon-
PGM NGS technology and the significant UNG gene variants were confirmed with
Sanger sequencing. Twenty four UNG gene variants identified from lon-PGM
sequencing experiments were selected according to their Fisher exact test p values
for Sanger sequencing confirmation. Of the 24 variants, 12 UNG gene variants were
found to be false positive (Table 4.2) and 6 variants were found to be positive (Table
4.3). Thus, the accuracy of NGS variants especially INDELs must be confirmed with
Sanger sequencing. The confirmed variants of UNG gene are rs1018782, rs1018783,
rs1610925, rs2430678, rs2515913 and rs2268406 (Table 4.4). Rs1018782 and
rs1018783 are located at the upstream (promoter) of UNG1 gene; rs1610925 are
located at the second intron of UNGL1 and third intron of UNG2 genes; rs2430678,
rs2515913 and rs2268406 are located at the fifth intron of UNG1 and sixth intron of
UNG2 genes (Figure 4.11). The results of this study demonstrated that there is a
significant association between UNG/rs1610925 and sporadic AD risk (odds ratio:
2.330; 95% CI1=1.069-5.079; p=0.020). In addition, according to the allele and
genotype frequencies, rs2268406 can also be considered as a significant difference

when the sporadic AD patients are compared with healthy control groups (odds ratio:
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2.028; 95% CI=0.928-4.434; p=0.049). Increasing the number of healthy control
groups in the study will make this SNPs situation clearer. On the other hand, there is
no significant association between rs1018782, rs1018783, rs2430678, and rs2515913
and the sporadic AD patients (p>0.05) (Table 4.5).

Among six UNG variants, only rs1018783 is studied before, and rs1018783 is
linked to the lung cancer risk among non-Hispanic white smokers (96). This is the
first study demonstrating the association between rs1610925 (T/TTA insertion at
chrl2: 109,537,423"109,537,424) and rs2268406 (T/G SNP at chr12:109,546,886)
and sporadic AD risk. Because AD is a complex disease, the epistasis relationship
among six UNG variants were analyzed, but did not find any significant epistasic

effects related with sporadic AD.

The effects on these two UNG variants on UDG function are not known yet.
Moreover, no other reported genetic variants in the intronic region of UNG gene
(dsSNP database) where rs1610925 and rs2268406 located were studied for their
effect in UDG function. In this study, any genetic variant identified in coding regions
of UNG gene was not significant. Thus, this study also demonstrated that the
decrease in the expression, protein and activity levels of UDG protein in AD is not a
consequence of genetic variants in UNG gene. That should be due to the other

regulatory mechanisms that affect the UDG protein.

The UNG gene covering promoter, exon and intron regions was sequenced with
NGS technology in the Turkish population for the first time with this study.
Independent from sporadic AD outcome, there are common UNG variants were
identified in all 248 samples (Table 4.8). For example, rs246078 were determined in
97.6% of all the samples (94.78%-G/G homozygous and 2.82% A/G heterozygous
SNP). There is no report representing the function of this SNP. Another example is
rs2541886 were determined in 70.97% of all the samples (28.63%-T/T homozygous
and 42.34% G/T heterozygous SNP). It was reported that rs2541886 significantly
correlate with virus diversity (p=0.003) (97). UNG is one of the immune responses
gene that interacts with human immunodeficiency virus type 1 (HIV-1) infection
products and help to degradation of nascent HIV-1 DNA (97). The presence of HIV-
1 associated rs2541886 UNG variant in the sample population of this study indicates
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the presence of HIV-1 in this geographic region. Rs246079 is another example to
common variation identified 58.06% of the samples. It is demonstrated that rs246079
is a risk factor for rheumatoid arthritis, lung cancer and prostate cancer (98,99). Yin
et al showed that rs246079 is related to decreased risk of esophageal cancer in

Chinese population (100).

In conclusion, this study revealed UNG/rs1610925 as a new genetic risk factor
for sporadic AD. There is a strong association between UNG/rs1610925 and sporadic
AD risk. In addition, UNG/rs2268406 can also be considered as the sporadic AD risk
factor. Furthermore, this study also demonstrated that the decrease in the level of
UDG protein amount and gene expression, and UDG activity in AD is not due to a
UNG gene variant. Thus, the results in this thesis besides revealing new genetic risk
factor for sporadic AD it will contribute to understand the molecular mechanism of
the BER in sporadic AD as well as in neurodegeneration.
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