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. Background & Objectives: This study explored the immunogenetic perspective underpinning
Article Type: s . . .. .
o i the susceptibility and progression of ulcerative colitis (UC), a form of inflammatory bowel
Original Article disease (IBD) characterized by chronic auto-inflammatory processes in the gut. This
multifactorial disorder occurs in genetically predisposed individuals experiencing dysbiosis,
Article history: wherein genetic factors contribute to intestinal imbalance and modulate immune pathways.
Received Recent discoveries of novel genetic loci and polymorphisms have highlighted racial diversity
15 Sep 2024 in IBD susceptibility. Our research addresses a gap in the literature by examining the
. . . association between specific genetic loci and UC susceptibility in a defined ethnic group,
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aiming to identify and evaluate candidate genetic polymorphisms as part of an immunogenetic
28 Oct 2024 assessment to elucidate the mechanisms underlying UC susceptibility and progression.
Accepted Materials & Methods: In this case-control study, we evaluated 794 reference sequences
11 Jan 2025 (rs) from global, national, and regional ethnic databases, which were utilized for genotyping
Published online 150 control subjects via blood samples. We selected and investigated five genetic variants—
20 Jan 2025 1s3764147 (LACCI or Cl130rf31), 1s763780 (ILI7F), 1s3749171 (GPR35), rs1260326 (GCKR),
and rs4077515 (CARD9)—using Amplification-refractory mutation system polymerase chain
reaction (ARMs PCR) followed by Sanger sequencing for confirmation in 50 UC patients.
Results: Analysis of the candidate genetic polymorphisms revealed that the LACCI, IL17F,
and GPR35 variants were significantly associated with UC, with the primary outcome
focusing on this association and the secondary outcome examining the allelic frequencies
of the five variants in both groups.
Conclusion: Ultimately, our findings demonstrate that the GPR35 (G protein-coupled receptor
35) 13749171, ILI7F (Interleukin 17F) rs763780, and LACCI (laccase domain containing 1)
rs3764147 variants contribute to UC susceptibility as a polygenic trait in the studied ethnic group.
. This underscores the potential importance of genetic architecture across different ethnicities,
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) ) offering valuable biological insights into IBD pathogenesis and guiding future research.
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represents an auto-inflammatory disorder of the
immune system. It typically arises in genetically
predisposed individuals due to an inadequate
immune response to microbial antigens derived
from commensal organisms. IBD is classified
as either Ulcerative Colitis (UC) or Crohn’s
Disease (CD), both of which primarily affect
the gastrointestinal (GI) tract and are largely
attributed to gut dysbiosis (1-4). The burden
of IBD is considerable, with prevalence rates
exceeding 0.3 percent in North America, Oceania,
and most European countries. Similarly, rapidly
industrializing nations in Africa, Asia, and South
America are experiencing a rising incidence of
IBD (5). Although IBD predominantly manifests
in the GI tract, its systemic nature means it can
impact virtually every organ, engaging not only
gastroenterologists but also researchers from
diverse fields. Moreover, IBD exemplifies the
rapid evolution of biomedical knowledge and its
profound impact on clinical practice and patients’
quality of life (6). IBD, a chronic, relapsing, and
debilitating condition, provokes inflammation
in the GI tract via pro-inflammatory cytokines
such as tumor necrosis factor-alpha (TNF-a),
interleukin (IL)-1 beta, and IL-6 and presents
with symptoms including abdominal pain,
diarrhea, GI bleeding, and unintended weight
loss. While UC primarily affects the colon and
rectum, CD may involve any segment of the
digestive system, making it a serious health
concern that necessitates prompt medical
intervention, continuous management, lifelong
medication, and frequent hospitalizations due to
the disease or its complications (6—8).

A fundamental principle in immunology is
that chronic inflammation in otherwise healthy
tissues can cause significant tissue damage
and lead to autoimmune diseases. Therefore,
it is imperative to regulate inflammatory
responses to prevent long-term adverse effects
(6). Although the precise immunopathogenesis
of IBD remains unclear, genetic susceptibility
combined with environmental risk factors plays
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a crucial role in triggering this multifactorial
disorder. Moreover, genetic predisposition
influences the immune response to infections
associated with IBD (1, 9-12).

Numerous studies have investigated the
impact of genetic factors on IBD development,
suggesting that these factors significantly disrupt
the balance of intestinal bacterial populations
associated with the disease. Nevertheless, further
research is needed to clarify the specific effects
of genetic determinants on the principal immune
pathways involved in IBD. Genetic variations may
produce similar disease phenotypes, and most
polymorphisms contributing to host susceptibility
to IBD can be broadly categorized into those
affecting immune-microbe interactions, mucosal
barrier function, immunoregulation, heightened
immune responses, bacterial clearance, and
chronic tissue damage (9, 13, 14).

The discovery of new genetic locations
(loci) related to IBD underscores the notable
consideration of variations and heterogeneity
between racial populations (6, 15, 16). The
identification of novel genetic loci associated with
IBD underscores the considerable variability and
heterogeneity observed among different racial
populations (6, 15, 16). Previous studies have
identified the specific genetic loci associated with
both CD and UC, as well as a general genetic
locus for IBD. These discoveries have provided
new insights into the underlying mechanisms of
these diseases, including the role of autophagy.

Moreover, some of these genetic loci are also
implicated in other inflammatory conditions.
Extensive research has led to the identification of
new genetic loci, many of which are concurrently
associated with both CD and UC. Furthermore,
certain genetic loci appear to have been subjected
to evolutionary selective pressures, favoring
either a single allele (directional selection) or
the maintenance of both alleles (balancing
selection) (11, 17-20). Additionally, numerous
genetic loci associated with IBD are implicated
in other immune-mediated disorders, such as
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ankylosing spondylitis and psoriasis. There is
also a significant overlap between the genetic
loci predisposing individuals to IBD and those
linked to mycobacterial infections.

Gene co-expression network analysis has
revealed shared pathways between the host
response to Mycobacteria and the genetic factors
that predispose individuals to IBD (11, 21). In
this context, the term “variant” refers to a stable
alteration in the genetic sequence, distinct from
a mutation. Such variants lack documented
evidence linking them to clinical symptoms, and
their pathogenicity has not been confirmed in
reputable databases (22, 23). Redefining cytokine
networks unveils the cellular heterogeneity of
the immune system, emphasizing the myriad
cell types that communicate via cytokines.
Genes associated with IBD play a prominent
role in these networks, illuminating how genetic
susceptibilities impact inflammatory processes
and intestinal homeostasis. Key cytokines
involved include IL10RA, 1L-23, IL23R, IL-
22, IL-1B, IL12B, IL23A, 1L-6, IL6ST, IL17,
IL17F, 1L-33, and IL-36 (24). Although these
identified genes are intriguing, they currently
lack definitive evidence to establish causality. In
this study, we aim to elucidate the role of genetic
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polymorphisms in the UC subtype of IBD.
Specifically, we investigated the potential
role of particular genetic variants in the
immunopathogenesis of UC among the Azeri-
[ranian population. The primary objective of this
study was to identify and highlight the genes and
genetic variants associated with UC in patients
relative to non-UC controls. Secondary objectives
included assessing the frequency and associations
of these genetic variants in individuals with UC
compared to controls, as well as conducting a
comparative analysis of allele frequencies against
existing genetic study databases. Given that
polygenic diseases are not caused by a single
mutation, our study involved an extensive genetic
evaluation. A comprehensive assessment of
gene architecture and common mutations in UC
will contribute to a deeper understanding of its
pathogenesis. Such insights may pave the way for
future preventive strategies against this disease.

Materials and Methods

This study was conducted as a retrospective
case-control investigation and is reported
in accordance with the STROBE guidelines
(“Strengthening the Reporting of Observational
Studies in Epidemiology”) (Supplementary Table 1,

Table 1. Frequency of Mutated Alleles. The frequencies of the mutated alleles for the selected gene variants were
analyzed separately in the controls and cases of this study, the Azeri-Iranian population database, the Iranian
population (as reported by www.iranome.com), and three established global genetic datasets (1000 Genomes,

gnomAD, and ExAC). Each column represents the mutant allele frequency in each group.

Fre Fre Freq Freq Freq
Gene (rs) | Control Case Total Aze;]l Irano(rlne World World World
1000 Genomes | gnomAD ExAC

rs3764147

raccr 0% B
rSI7L61377]§0 0.036 0.12 0.057 0.055
rsé;f}?;l 0056 025 0105 0085
e’ 0526 051 052 053

0.296 0.306 0.267 0.270
0.056 0.093 0.065 0.067
0.101 0.151 0.190 0.175
0.587 0.707 0.673 0.643
0.282 0.367 0.381 0.402

LACCI: Laccase domain containing 1, /L-17F: Interleukin 17F, GPR35: G protein-coupled receptor 35, GCKR:
Glucokinase Regulatory Protein, CARDY: Caspase Recruitment Domain Family Member 9.
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at the end of the article) (25). In this case-control
study, after comprehensively examining the
794 reference sequences (rs) from various valid
global, national, and regional ethnic databases
and assessing the sequencing outcomes from
genotyping control subjects, five variants were
selected for laboratory investigation using
the Amplification-refractory mutation system
polymerase chain reaction (ARMs PCR) method
with confirmation by Sanger sequencing in
case individuals from the northwest region of
Iran, representing the Azeri-Iranian population.
Accordingly, candidate genetic variants
implicated in IBD susceptibility were evaluated.
Data Collecting

A specific panel of genes was selected for
examination based on an extensive literature
review and established databases. Subsequently,
the most influential genes were subjected to
mutation analysis in the laboratory. The selection
criterion for IBD-associated genes was determined
by the volume of articles and documents related to
each gene, as retrieved from the GAAD (Database
Association Autoimmune Disease Gene) website
(26) along with additional databases such as
Varsome.com (27), Ensembl.org (28), Omim.org
(29), SNPedia.com (30), and DisGeNET.org (31).

This study aimed to evaluate the impact of gene
polymorphisms implicated in IBD, ascertain the
contribution of specific variants to the disease, and
examine the influence of these polymorphisms
on disease susceptibility. A total of 794 rs from
reputable databases were reviewed in the 150 control
participants to investigate gene polymorphisms
and the presence of homozygous or heterozygous
variants. Among 169 missense polymorphisms, 19
rs exhibited a decreased frequency in the control
group compared to global, national, and regional
ethnic population studies, and these 19 rs have been
reported to influence IBD. Additionally, five rs that
were found to have a predisposing relationship
with IBD, as reported in articles from PubMed
and ScienceDirect, were selected for molecular-
genomic analysis. The genes studied are involved
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in chronic inflammatory processes and affect the
body’s immune system pathways.
Sampling Method

This study utilized biosamples, specifically
patient blood, collected in accordance with ethical
guidelines. Blood sampling was performed only
after obtaining approval from the Institutional
Review Board (IRB) and the Ethical Committee
of Ardabil University of Medical Sciences (IRB
no.: IR_RARUMS.REC.1400.027). Furthermore,
informed consent was obtained from all
participants prior to blood collection (32). For
genetic variant analysis, blood samples were
collected from clinical participants, including 150
non-healthy, non-IBD/non-UC control patients and
50 IBD cases from the Middle East, and northwest
Iran. The inclusion of non-healthy individuals
as controls offers a distinct advantage, as it
minimizes the potential overestimation of odds
ratios—a common bias in case-control studies.

We collected samples over a two-year period,
from November 2020 to October 2022. Because
genetic markers remain constant over time, we
employed a prevalent case selection strategy, as
incident cases would not add value. A consecutive,
clinic-based sampling approach was used to select
150 non-IBD and non-UC controls and 50 IBD (UC)
cases, in line with the study’s primary objective
and empirical strategy (33—35). The non-IBD and
non-UC controls were obtained from one of two
provincial referral genetic laboratories. Inclusion
criteria for cases required a diagnosis of IBD or
UC by a gastroenterology specialist following
widely accepted clinical standards. Controls were
excluded if they had chronic diarrhea lasting six
weeks, and both cases and controls were excluded
if they had any autoinflammatory or autoimmune
diseases that could confound our study. According
to the gastroenterology specialist, a pathological
examination was unnecessary because IBD and
UC invariably present with symptoms and do not
remain asymptomatic. Thus, individuals who
exhibited no specific disease symptoms and had
no treatment history were conclusively classified
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as non-IBD. A standardized method was employed
to ensure precise measurement of outcomes for
both cases and controls, with all procedures
conducted by a single individual in the molecular
and clinical examination sections. Demographic
covariates—including age and gender—were
evenly distributed between the case and control
groups, which consisted of white Caucasian-
Persian individuals from the Ardabil region in
northwest Iran. Given the influence of sample
size on p-values, we refrained from testing for
statistically significant differences in demographic
characteristics. The average ages for the control,
case, and overall groups were 21.3248, 34.3+11, and
24.99+11 years, respectively. Regarding gender,
59.3% of controls and 62% of cases were female,
with the remainder being male. Control subjects
underwent genetic testing for a single nucleotide
variant (SN'V) associated with conditions such as
deafness, which is not related to IBD, including
ulcerative colitis. This testing, typically used in
reproductive-age or pediatric genetic screening,
was deemed appropriate for these subjects. Given
that the independent variables under study are
genetic and do not change over time, the lack of
age matching between cases and controls is not
considered a study limitation, as genetic traits are
inherent across all ages.
Gene Expression Analysis

In our study, we examined 794 deleterious
and associational genetic variants reported in
the literature, evaluating both mutation and
allele frequencies. Variants associated with
IBD were identified from previous studies and
curated databases. For the control group, genetic
analysis was performed using whole exome
sequencing (WES) (36) to detect differences
in variant frequencies relative to global and
local populations. Subsequently, five specific
reference Single Nucleotide Polymorphisms
(SNPs) (rs) were selected, and the frequencies
of the mutated alleles for genetic variants in
five distinct genes were compared among the
control population, the Azeri population of Iran,
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the overall Iranian population (as provided by
Iranome), and the global population using data
from three studies: the 1000 Genomes Project
(http:/browser.1000genomes.org/index.html)
(37), The Genome Aggregation Database
(gnomAD) (https:/registry.opendata.aws/broad-
gnomad) (38), and The Exome Aggregation
Consortium (ExAC) (http://exac.broadinstitute.
org) (39). Details of these comparisons are
summarized in Table 1.

Regarding the case subjects, following DNA
extraction from whole blood samples using the
sedimentation method, a one-step Master Mix
was employed to perform the amplification-
refractory mutation system polymerase chain
reaction (ARMs PCR) assay using custom-
designed primers, reagents, and precisely
controlled time and temperature parameters. For
each sample, the ARMs-PCR reaction was set
up in a 10microliter volume for assessing /LI7F,
GCKR, CARDY, and GPR35 gene variants—
comprising 5 ul of master mix, 0.5 pl of primers,
3 ul of sterile double-distilled water, and 1.5 pl
of template—and in a 15microliter volume for
evaluating the LACCI gene variant—comprising
7.5 pl of master mix, 2.5 pl of primers, 2 pl of
sterile double-distilled water, and 3 pl of template.
The ARMs PCR technique targets mutations
such as single nucleotide polymorphisms (SNPs)
by amplifying template DNA exclusively in the
presence of the target allele. Prior to processing
the case samples, a gradient PCR was conducted
to determine the optimal annealing temperature
for the target gene variants. The thermocycler
was programmed with a temperature range
of 59—-68°C, with 60°C in 30 cycles identified
as optimal for all five variants. Subsequently,
separate PCR programs were run for each
gene at the specific annealing temperatures
corresponding to each primer pair. The ARMs
PCR protocol comprised distinct phases: primary
denaturation at 95°C for 5 minutes, secondary
denaturation at 94°C for 1 minute, extension at
72°C for 60 seconds, and a final extension at 72°C
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Table 2. This table presents the OR results for the gene variants. ORs for LACCI, IL17F, and GPR35 are statistically
significant, as their CIs do not include 1, whereas the ORs for GCKR and CARD9 are non-significant because
their CIs include 1. Additionally, Pearson Chi-Square tests demonstrated significant differences between cases and
controls. *Abbreviations: 95% CI (95% confidence interval); OR (Odds Ratio); UL (Upper Limit); LL (Lower Limit).
Significant via Bonferroni correction.

Gene
(rs)

rs3764147

e 2.27551
r8171,613771§0 3.582645
rsé?l?;zl 5.54902
rsgglt)&% 0.9354172
rséj%f 1.462185

for 7 minutes. Quadruple (tetra) primers were
used in the reactions, and gel electrophoresis
typically revealed three bands for heterozygous
samples and two bands for homozygous samples,
indicating the presence of wild-type or mutant
alleles based on band size. The triad (triple)
primer method (Supplementary Table 2, at the
end of the article) involved two separate reactions
specific for wild-type and mutant allele primers,
with the location of the bands indicating the
corresponding alleles. Each sample underwent
individual ARMs PCR reactions for the five
selected gene variants, including a negative
control. PCR products were loaded onto a 1.5%
agarose gel to assess instrument performance,
followed by electrophoresis on an acrylamide gel
for polymorphism analysis (40). The ARMs PCR
method was validated by Sanger sequencing (41),
with 2—6% of the tetra primer strategy reactions
confirming the presence of heterozygous,
homozygous wild-type, and mutant samples.
Statistical Analysis

We evaluated the appropriateness of the

95% CI (UL to LL)

[1.419005 to 3.648999] 0.0005
[1.52787 to 8.400808] 0.0019°
[2.849014 to 10.80782] 0.0000"
[0.5947428 to 1.471233] 0.7726
[0.8816064 to 2.425101] 0.1398

case-control ratio, which comprised 50 case
individuals and 150 control individuals (a 1:3
ratio), with an overall non-participation rate of
4-5%. Furthermore, we assessed not only the
frequency of the mutated allele but also the
number of individuals carrying the mutation in a
heterozygous state (i.e., inheriting one wild-type
and one mutated allele) versus a homozygous
mutant state (i.e., inheriting two mutated alleles).
The mutated allele frequency was calculated
using the following formula:

Statistical analyses were performed to
compare allele frequencies and genotypes
between control and case subjects. Quantitative
data were analyzed using the Pearson Chi-
Square test, with significance set at P<0.01
after applying the Bonferroni correction.
Additionally, we employed Stata software to
evaluate post-hoc power and to calculate odds
ratios (OR) as measures of effect size. Post-hoc
power calculations were conducted (42). Using
the Woolf option in STATA 17, we computed
the OR to assess the impact of genetic variants

(Homozygote Mutant Number x2)+ Heterozygote Number

Allele Frequency of Case =

Case Number x2

(Homozygote Mutant Number x2)+ Heterozygote Number

Allele Frequency of Control =

82

Control Number x2
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on specific outcomes. Instead of the default
method, we applied the CCI command with the
Woolf option, as our sample size exceeded 30,
which would otherwise have resulted in wider
confidence intervals (CI). For our study—with
50 cases and 150 controls (each individual
possessing two alleles per gene)—this approach
was deemed more appropriate (43). Furthermore,
it was unnecessary to report the frequency in each
group as a CI since comparative interpretation
was sufficiently provided by the OR index (44).

Results
Gene Variants Selection

We meticulously analyzed 794 reference
sequences (rs) from reputable databases to
identify gene variants, selecting only those
with complete information. Our comprehensive
analysis revealed 169 gene polymorphisms
exhibiting amino acid substitutions (missense
variants). Based on a literature review and the
observation of lower frequencies in our 150
control participants relative to global, national,
and regional populations (as shown in Table 1),
we identified 19 gene polymorphisms associated
with IBD (see Supplementary Table 3 at the
end of the article). It is important to note that
our control group comprised only healthy
individuals concerning IBD, whereas the global,
national, and regional datasets included both
healthy and affected individuals. These 19 gene
variants are believed to significantly influence
IBD susceptibility. Furthermore, we selected
five variants for molecular-genomic analysis in
50 case individuals, as previous studies have
indicated a predisposing relationship between
these variants and IBD. Notably, these genes
have been reported to play key roles in IBD and
to modulate immune system pathways.
Gene Variants Analysis

Our analysis focused on specific gene variants
previously linked to IBD in global databases and
studies. The frequencies of these variants in the
study groups were determined using the ARMs
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PCR method and subsequently confirmed by
Sanger-based sequencing. Comparing the variant
frequencies in our study subjects with data
from global, national, and regional databases
facilitated the evaluation of their potential
roles in IBD. Following DNA extraction, we
examined mutations in the target genes in case
participants, and ARMs PCR analysis was
performed based on the band patterns observed
on gel electrophoresis (Figures 1-5).

According to the statistical analysis,
significant relationships with IBD were observed
for all gene variants except for the last two rs.
Tables 1 and 2 provide a detailed account of
the statistical analysis. In this study, both the
frequency of exposure (i.e., frequency of mutated
alleles) and the appropriate effect size (reported
as OR with its CI) were presented. Given that
the prevalence of all gene variants is below
1%, we performed post hoc power calculations
using STATA software rather than calculating
the sample size a priori. Woolf’s approximation
was used to compute the CI for the OR.

Our findings revealed that the LACCI gene
variant SNP poses a significant risk as a potential
determinant factor, with a calculated power of
approximately 60% (post hoc power calculation).
In national, regional, and global population
studies—including data from 1000 Genomes,
gnomAD, and ExAC—the frequency of this
gene variant was reported as 0.320, 0.296, 0.306,
0.267, and 0.270, respectively. In our study, the
frequency among case and control subjects was
0.44 and 0.256, respectively, indicating a higher
frequency in cases and a lower frequency in
controls compared to the database populations.
These results suggest that this gene variant
may contribute to increased risk or a lack of
protection. Additionally, we identified ILI7F,
GPR35, CARDY, and GCKR as secondary
objectives in this study. With a study power of
approximately 42%, all gene variants, except
for CARD9 and GCKR, exhibited significant
differences between the case and control groups.
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(A) (B) 1 2 3 4 5 6 17

Tetra Primer of rs3764147 (LACC1:NM_153218.2:¢.760A>G)

1s37641471F: GACTCATCATTCCAATGGCA
178bp allele A

1s37641470R: AGTATACTTACCAGCGTGAGCA
408b
1537641470F: AAACTCTGCTTTTCTTTGCATAAAC e

153764147IR: TTTCTTCCCATAATCCGGAC 269bp allele G

(2)

Figure 1. (A) A schematic illustrating the characteristics of the tetra primers for the LACCI gene variant. C (Primer
= OR + OF) yields 408 bp; M (Primer = OF + IR) produces 269 bp; Wt (Primer = IF + OR) generates 178 bp. (B) An
electrophoresis procedure was performed using agarose powder, 10X TAE buffer, DNA Safe Stain, and a 100 bp DNA
ladder (ranging from 100 to 3000 bp). For the wells/columns, Homo M (269 bp) was observed in the 2nd and 3rd columns;
Het in the 1st, 4th, and 5th columns; Homo Wt (178 bp) in the 6th column; and the ladder in the 7th (final) column. (C)
Sanger sequencing was applied to confirm 6% of the tetra primer variant samples and visualization by Chromas software.
(C.1) In one heterozygous sample, electrophoresis revealed three peaks, with the third peak representing both the A
wild-type and mutant G alleles. (C.2) In another sample, electrophoresis of a wild-type homozygous specimen, confirmed
by Sanger sequencing, displayed a second peak corresponding to the A wild-type allele. (C.3) In a homozygous mutant
sample, electrophoresis and subsequent Sanger sequencing confirmed the presence of a second peak indicative of the G
mutant allele. Abbreviations: Outer Reverse (OR); Outer Forward (OF); Inner Reverse (IR); Inner Forward/Common (C);
Mutant (M); Wild Type (Wt); Heterozygous (Het); Tris-acetate-EDTA (TAE). Well 7: 100 Base Pair (bp) DNA marker.
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(A) (B) 1 2 3

Tetra Primer of rs763780 (IL17F: NM_052872.3:¢.482A>Q)

rs763780IF: GTCACCCCTGTCATCCGCCA } 163bp allele A

1s7637800R: GTTTCCATCCGTGCAGGTCT
324b
1s7637800F: AGTGTAGGAACTTGGGCTGC g

15763780IR: TATGCACCTCTTACTGCATAC 201bp allele 6

©
(@)
150 160 170 w
(S B T | 5 . - = - - u . ] o L ] L I B | ] LI | LI n | L I B | | ] ‘
AT c cacc 6 HB6 T6CArAG?TAAGA AGG GT G CRTHA ATC |
‘
r |
(2)
150 160 170
I = = - - - [ ] | | n [ B | ] | B | | ] " | | " | ] B [ I B B N | | B | | |
bk cexccie We e cxie T Av'a 6 K6 6 16 €6 AT K T.¢ €A €

Figure 2. (A) A schematic outlining the characteristics of the tetra primers for /L/7F gene variants. C (Primer =
OR + OF) results in 324 bp; M (Primer = OF + IR) yields 201 bp; Wt (Primer = IF + OR) produces 163 bp. (B)
Electrophoresis was carried out using agarose powder (Cat. No.: EP5052), 10X TAE buffer, DNA Safe Stain (Cat. No.:
EP5083), and a 100 bp DNA ladder (100-3000 bp; Cat. No.: SL7041). For this gel, Homo M (201 bp) was absent in
our case subjects; Het appeared in the 3rd well/column; Homo Wt (163 bp) was in the 1st well/column; and the ladder
was positioned in the 2nd well/column. (C) Sanger sequencing confirmed heterozygosity in 4% of the samples, with
both C.1 (8th peak) and C.2 (6th peak) aligning with the ARMs PCR results. The visualization was done by Chromas
software. Abbreviations: Outer Reverse (OR), Outer Forward (OF), Inner Reverse (IR), Inner Forward/Common (C),
Mutant (M), Wild Type (Wt), Heterozygous (Het), Tris-acetate-EDTA (TAE), well 2: Base Pair (bp) DNA marker.
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Figure 3. (A) A diagram depicting the key characteristics of the tetra primers for GCKR gene variants. Common
(Primer = OR + OF) yields 521 bp; M (Primer = OF + IR) produces 215 bp; Wt (Primer = IF + OR) generates 345
bp. (B) Gel electrophoresis was performed using agarose powder, 10X TAE buffer, DNA Safe Stain, and a 100 bp
DNA ladder (100-3000 bp). For Homo M (215 bp), the bands were observed in the 3, 4", 8% and 13" wells/columns
in the top row, and the 1%, 2", 6*, and 10" wells/columns in the bottom row; Het was detected in the 2", 7%, 9', and
11" wells/columns in the top row, and the 3%, 4%, 8" 9% 11" and 13" wells/columns in the bottom row; Homo Wt
(345 bp) appeared in the 1%, 6™, and 10" wells/columns in the top row and the 7 well/column in the bottom row; the
ladder was in the 5" and 12 columns. (C) In alignment with ARMs PCR, Sanger sequencing of 2% of the samples
revealed heterozygosity, as evidenced by the 8" peak through Chromas software visualization. Abbreviations: Outer
Reverse (OR), Outer Forward (OF), Inner Reverse (IR), Inner Forward/Common (C), Mutant (M), Wild Type (Wt),
Heterozygous (Het), Tris-acetate-EDTA (TAE), wells 5 and 12: Base Pair (bp) DNA marker.
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The relationship between five gene variants
and IBD was analyzed using a multiple-testing
approach. To ensure robust conclusions, the
P-value threshold was adjusted using the
Bonferroni Correction Method for both primary
and secondary objectives, thereby controlling for
type I error and establishing a new significance
threshold. Following this correction, significant
differences in gene variant frequencies between
cases and controls were observed for LACCI
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(P=0.000), ILiI7F (P=0.001), and GPR35
(P=0.000), while no significant differences
were noted for GCKR (P=0.375) and CARDY
(P=0.382). The primary variable—genetic
variants—served as the basis for the power
calculation. Among these, the primary variant of
interest, LACCI, demonstrated a power of 60%,
which, although somewhat favorable compared
to the optimal power level of 80% (33-35),
indicates that the study was underpowered.
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Figure 4. This figure displays agarose gel electrophoresis, conducted with 10X TAE buffer, for the CARD9 gene
variant alongside a 100 bp DNA ladder (100-3000 bp). The primers for Wt and M produced a 217 bp band. In panels
(A), (B), and (C), the 3%, 1%, and 3" columns, respectively, represent the ladder. In summary, panels (A), (B), and (C)
correspond to heterozygous, mutant, and wild-type profiles, respectively. Each image depicts different samples, with
each sample loaded into two wells: the first well contained the ARMs PCR reaction with the mutant primer, and the
second contained the reaction with the wild-type primer. Comparing the two wells enables the determination of the

allele status for the gene variant. In panel (A), both wells display a 217 bp band, indicative of a heterozygous genotype;

in panel (B), only the well with the mutant reaction shows the band; and in panel (C), only the well with the wild-type

reaction shows the band. Column 4 in panel (B) represents the negative control, prepared with sterile double-distilled

water. Abbreviations: Mutant (M), Wild Type (Wt), Heterozygous (Het), Tris-acetate-EDTA (TAE), wells 3A, 1B, 3C:
Base Pair (bp) DNA marker.

Given that more than 95% of cases and controls
participated (with only four cases and ten
controls not participating), sensitivity analysis
was not performed, as the low non-participation
rate (less than 4-5%) was not deemed influential.
Furthermore, we observed that the frequency of
the TT wild-type genotype of IL17F (rs763780) in
UC patients was lower than in the control group
(76% vs. 93.33%). Analysis of ILI7F (rs763780)
polymorphisms revealed differences between
the control population and IBD patients: the TT
homozygous wild-type was 93.33% versus 76%,
the TC heterozygous was 6% versus 24%, and the
CC homozygous mutant was 0.66% versus 0%.

Discussion
Inthiscase-controlstudy,afteracomprehensive

genomic evaluation, we employed ARMs PCR—

validated by Sanger sequencing for case samples

and WES for controls—to genotype the selected
SNPs and statistically compare allele and
genotype frequencies between the groups. As the
primary outcome, our research focused on five
genetic variants—namely, LACCI (rs3764147),
ILI7F (rs763780), GPR35 (rs3749171), GCKR
(rs1260326), and CARD9 (rs4077515)—in IBD
patients compared to non-healthy, non-IBD
controls, thereby assessing susceptibility to IBD.
The secondary objectives involved comparing
allele frequencies between the two groups, as
well as against data from global, national, and
regional ethnic studies obtained from genetic
databases. A comprehensive genetic evaluation
was conducted, acknowledging that a single
genetic mutation does not solely cause IBD. This
broader molecular understanding of the disease
holds promise for developing more targeted
therapeutic strategies.
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Figure 5. This figure presents agarose gel electrophoresis results for the GPR35 gene variant, using 10X TAE buffer
and a 100 bp DNA ladder (100-3000 bp). The primers for Wt and M yielded a 390 bp band, with the 5th column
representing the ladder. In columns 1 and 2, a single sample’s reaction products were loaded: the first column (mutant
primer) showed a 390 bp band, while the second column (wild primer) did not, indicating the presence of the mutant
allele. In columns 3 and 4, another sample exhibited a 390 bp band only in the second column (wild primer), with the
first column (mutant primer) lacking a band, thereby indicating the presence of the wild-type allele. Abbreviations:
Mutant (M), Wild Type (Wt), Heterozygous (Het), Tris-acetate-EDTA (TAE), well 5: Base Pair (bp) DNA marker.

Our findings revealed that individuals
carrying the mutated LACCI allele had 2.3
times higher odds of developing IBD compared
to those with the wild-type allele. Similarly,
mutated /LI7F alleles were associated with 3.6
times higher odds, and mutations in GPR35
conferred 5.5 times higher odds. For CARDY, the
odds were 50% higher in mutated individuals,
whereas GCKR mutations correlated with
a 7% lower risk. According to Olivier et al.’s
categorization, with a 25% prevalence of
IBD in our study, LACCI (OR=2.27) and
IL17F (OR=3.6) exhibited medium-strength
associations, CARD9Y (OR=1.5) demonstrated a
small association, and GPR35 (OR=5.5) showed
a substantial association; in contrast, GCKR’s
OR of 0.9 indicated a trivial inverse relationship.
Given that 1/1.31 approximates 0.76, the range
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from 0.76 to 1.30 is considered trivial (45). The
association between LACCI (rs3764147) on
chromosome 13 and Crohn’s Disease aligns
with previous research, while associations
between UC and both GPR35 (rs3749171) and
CARDY (rs10781499) on chromosomes 2 and
9, respectively, were also noted. Although our
results confirmed significant associations with
LACCI and GPR35, CARD9 exhibited only a
negligible effect (11).

Many loci implicated in IBD remain poorly
understood, with many of their functions still
unclear; for instance, C/3orf31 on chromosome
13ql4—which harbors the LACCI gene—
plays a role in modulating immune responses
(46). LACCI1 influences innate immunity by
modulating NOD?2 signaling and enhancing
pattern recognition receptor (PRR) activity,
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although the risk variant appears to diminish
PRR function. PRR functions include generating
mitochondrial reactive oxygen species (ROS),
bacterial clearance, signal transduction, and
cytokine release. LACCI genetic variants have
been linked to reduced PRR-induced responses
and are associated with several immune-
mediated diseases, such as an increased risk
of Crohn’s Disease (19, 47). The LACCI
[1e254Val polymorphism is associated with
Crohn’s Disease and leprosy (19, 48), as well
as with both Crohn’s Disease and ankylosing
spondylitis (AS) (19, 20). Additionally, a rare
loss-of-function variant in LACCI (Cys284Arg)
has been associated with early-onset Crohn’s
Disease and juvenile arthritis, exhibiting
reduced ROS production (48). Furthermore,
studies have demonstrated a link between this
genetic variant, Crohn’s Disease development,
and leprosy caused by Mycobacterium leprae
infection (48, 49). These findings suggest a
shared immunopathogenesis for IBD and other
inflammatory-immunological diseases, implying
that common deleterious genetic polymorphisms
may underlie these conditions (20). Research
indicates that different populations may exhibit
distinct genetic risk profiles for complex diseases
like IBD (49). In our study, the missense variant
1s3764147 of LACCI was significantly associated
with IBD (OR=2.27, 95% CI: 1.42-3.65), and
a positive incremental effect was observed,
particularly in UC. This finding is consistent with
previous studies reporting similar associations
in various populations, including Europeans
with Crohn’s Disease (OR=1.19, 95% CI: 1.08—
1.31) (20,48), Northeast Europeans with UC
(OR=2.44) (49), and Caucasians from Canada
and the USA (OR=1.23 for Crohn’s Disease)
(46). LACCI encodes a protein involved in
fatty acid metabolism and inflammation, with
altered expression observed in IBD patients
(48). A specific SNP in LACCI is linked to a
key regulator of immunometabolic function,
although the functional impact of the rs3764147
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variant and its interaction with environmental
factors remains to be elucidated.

Conversely, our findings revealed a significant
association between the /L17F 7488T/C variant
and the odds of UC (OR=3.6, 95% CI: 1.53-8.40).
This result is consistent with previous studies
reporting similar associations in Japanese (UC,
OR=1.85, 95% CI: 1.06-3.22) (50) and Chinese
populations (CD, OR=1.18, 95% CI: 1.41-3.04),
as well as with clinical parameters of both UC
and CD (51), although it contrasts with findings
in Caucasian populations—such as those from
Germany (52) and Portugal (CD, 53)—and in
Chinese Asians, where this polymorphism
appears to confer only weak protection against
UC (54). Moreover, a meta-analysis has
demonstrated strong links between rs763780
and other inflammatory illnesses, but not with
IBD (55). These discrepancies may be attributed
to differences in race, geography, and sample
size (51). Our study also uncovered significant
differences in genotypic frequencies between UC
patients and controls, a finding that aligns with
some reports (51) yet diverges from others (54),
likely reflecting the diverse ethnic composition
of Iran. Specifically, we observed a decrease in
the wild-type allele and a corresponding increase
in the heterozygous allele among UC patients.
Given that IL17F, secreted by T helper 17 (Th17)
cells, plays a critical role in mucosal immunity,
granulopoiesis, neutrophil mobilization, and
host defense against pathogens (51, 56-58),
the rs763780 variant—which results in a non-
synonymous Hisl61 Arg substitution—may alter
its function, receptor binding, secretion, and
overall susceptibility to inflammatory disease
(51, 59, 60), although its effects appear to vary
across populations. For instance, the frequency
of rs763780 is notably lower in European and
American populations (59).

The GPR35 13749171 variant was
significantly associated with UC, exhibiting an
OR of 5.55 (95% CI: 2.85-10.81), a finding that
corroborates previous research (17,18). GPR35
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encodes a G protein-coupled receptor expressed
in intestinal epithelial and immune cells, where it
participates in inflammation, immune regulation,
and barrier function (17, 61). Acting as a receptor
for kynurenic acid within the tryptophan
metabolic pathway, GPR35 may prolong
inflammatory conditions, as elevated kynurenic
acid levels have been observed in IBD patients
(17, 61-63). The rs3749171 variant induces a
missense mutation that replaces threonine
with methionine, potentially impacting GPR35
signaling. Genome-wide association studies
(GWAS) have identified this variant as a risk
locus, particularly in immune-mediated diseases
such as primary sclerosing cholangitis (PSC)
and UC, thereby suggesting shared pathogenic
mechanisms (17). Furthermore, research on
chronic inflammatory diseases—including AS,
CD, psoriasis, PSC, and UC—has highlighted
rs3749171 as a significant susceptibility locus
in European populations, indicating a genetic
distinction between PSC and classical IBD
phenotypes (18).

In contrast, we were unable to replicate the
previously reported positive association of the
GCKR 151260326 missense variant with IBD
risk; both the chi-square test and the OR of 0.9
were non-significant. This finding contrasts with
arecent cohort study that reported an association
between the altered allele C of rs1260326 and
reduced intestinal inflammation in allogeneic
hematopoietic cell transplantation recipients
with gut graft-versus-host disease (GVHD), a
condition sharing certain features with IBD.
Given that GCKR encodes a glucokinase
regulator involved in glucose metabolism and
inflammation—and that its expression is altered
in IBD—the precise role of this gene in IBD
pathogenesis warrants further investigation (64).

Previous research has indicated that CARD9
rs4077515 is associated with CD and exhibits
a positive additive effect (+/1CD) (21, 65,
66); however, our study found no significant
association between the CARDY rs4077515
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variant and UC (OR=1.5, 95% CI: 0.88-2.42),
possibly due to low statistical power and
differences in patient populations. This result
diverges from earlier studies that suggest a
protective effect of the CARDY rs4077515 allele
C against inflammatory autoimmune disorders
(67), which may be explained by our exclusive
focus on UC patients and the variant’s potential
to reduce CARDY expression. Since CARDY
encodes aproinflammatory protein involved in the
immune response to infections via cytoplasmic
pattern recognition receptors such as NOD2—
and mediates antigen presentation through
dendritic cell maturation (66, 67)—alterations
in CARD?Y expression have been documented
in IBD patients (65—67). The rs4077515 variant
(Ser12Asn) may influence CARDY expression, its
aberrant activation, degradation, and subsequent
immune interactions (67). Furthermore, previous
studies have reported associations between
CARD9 and NOD2 with CD, underscoring
the importance of the bacterial cell wall
peptidoglycan response pathway (66). GWAS
have also highlighted CARD9 as a significant
susceptibility locus for CD via ILISRAP (21,
65) and for UC in European populations (68),
particularly among the Dutch (17, 65), with
familial interactions influencing immune-related
diseases (17). Additional research is necessary
to elucidate the functional impact of the CARD9Y
variant on protein activity and its interactions
with the microbiota.

The absence of an association between
GCKR and CARDY variants and IBD in the
Azeri-Iranian population suggests that these
specific genes may not contribute significantly
to pathogenesis in this demographic, or that
their effects are obscured by other genetic or
environmental factors. It is conceivable that
these variants play distinct roles in different
populations or disease phenotypes, thereby
warranting further investigation in larger, more
diverse cohorts.

Inexaminingthelinksbetweengenetic variants
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and the risk of developing IBD, it is essential to
consider potential sources of heterogeneity—
including participants’ ethnicity, lifestyle,
family history, demographic characteristics,
environmental exposures, and the intrinsic
variability of IBD. Addressing these factors
requires the use of prospective cohort studies
or modern case-control methodologies, such as
case-cohort and nested case-control designs,
with sufficient statistical power to elucidate the
true relationship. Thus, the interpretation of our
findings should be approached with caution, and
comprehensive prospective multicenter studies
are imperative to validate the predictive effects
of genetic polymorphisms on IBD risk.

Research has demonstrated that employing
diverse ancestral populations in GWAS
effectively identifies novel risk polymorphisms
for IBD (70). Although genetic variants can
significantly impact gene function, they may be
too rare to detect using standard GWAS methods
in IBD patients; advanced sequencing techniques
may enhance their detection (71). Studies of IBD
across varied ancestries—including European,
East Asian, Indian, and Iranian populations—
reveal shared genetic risks and highlight
differences in allele frequencies and effect
sizes that contribute to genetic heterogeneity.
Such ancestry linkage studies are fundamental
for mapping loci associated with complex
diseases like IBD and for understanding their
genetic architecture (16, 46, 67, 69). Moreover,
integrating SNP analysis with pathway-based
approaches is crucial for evaluating genetic risk
(66). 1t 1s well recognized that immune-related
diseases share many genetic susceptibility
loci—a phenomenon known as pleiotropy
(18,20, 72)—which indicates potential therapeutic
overlaps among these conditions (17).

To advance future research endeavors,
it 1s imperative to replicate and conduct
comparative analyses of findings across diverse
ethnic groups and regions. This strategy will
facilitate the identification of genetic diversity
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and population-specific factors that contribute
to IBD susceptibility and heterogeneity, bolster
the generalizability and validity of genetic
associations, and uncover potential gene-
environment interactions that modulate IBD risk
(1). Furthermore, exploring these findings within
various IBD subtypes and phenotypes—such as
Crohn’s Disease, Ulcerative Colitis, ileocolonic
involvement, structuring behavior, and
extraintestinal manifestations—holds promise
for elucidating the complexity of the disease
and for identifying gene-gene interactions
that influence clinical outcomes (37, 73). Such
research may also illuminate the evolutionary and
historical origins of IBD and its genetic variants.
Understanding the functional mechanisms and
environmental interactions of these genetic
variants in cell culture, animal models, and
human tissues will provide critical insights into
the molecular pathways and immunological
processes underlying IBD development and
progression. Ultimately, this line of inquiry may
yield novel therapeutic targets and strategies for
preventing and treating the disease. Moreover,
integrating these findings with data from
transcriptomics, proteomics, metabolomics,
epigenomics, and microbiomics may reveal the
multi-level and multi-scale interactions that
shape the pathophysiology and phenotype of
IBD. Finally, translating these discoveries into
clinical practice and public health policy holds
the potential to alleviate the burden and cost of
IBD, thereby enhancing the quality of life for
patients and their families (1, 11, 18, 50, 53, 55,
71,72, 74-77).

We acknowledge several limitations in this
study. First, the use of a consecutive clinic-
based catchment area as a non-random sample
introduces inherent biases, as clinic-based
secondary sources are methodologically less
robust and offer poorer generalizability than
random sampling. Additionally, consecutive
case and control sampling may induce selection
bias. Second, a post hoc power calculation
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was employed in lieu of an a priori sample
size estimation due to the fixed sample size
from the Unicenter study and the resulting
low-power status. Despite nearly two years
of patient recruitment, the low frequency of
mutated alleles in each gene variant contributed
to the study’s low power. While many genetic
and immunogenetic studies are characterized
by low power, this issue is not unique to our
research, underscoring the need for larger sample
sizes in future investigations to enable a more
comprehensive analysis; secondary or tertiary
systematic reviews are also recommended
to enhance certainty. Third, the absence of
socioeconomic status as a demographic variable
represents another limitation. Fourth, although
environmental factors also contribute to disease
pathogenesis, our study’s exclusive focus on
genetics may be viewed as a further constraint.
Fifth, individual matching was not performed;
instead, group matching was applied to control
for confounders (35, 78, 79), with only age and
gender reported for both groups. Sixth, despite
employing consistent measurement methods for
both cases and controls, the molecular assays
differed—WES was utilized for controls,
whereas cases were analyzed using ARMs PCR,
with only 10% of case samples confirmed via
Sanger sequencing. Although WES is considered
the gold standard, its high cost necessitated a
more economical approach for cases. Seventh,
ARMs PCR is limited by its non-automated
nature, lower precision and sensitivity, reliance
on size-based discrimination prone to human
error, and the absence of standardized protocols
for research. Eighth, the overestimation bias
associated with the OR was apparent, as our data
indicated overestimation exceeding 10%. Given
that the outcome prevalence was approximately
25% (50/200), the OR does not approximate
the relative risk (RR); in cohort studies, the
point estimate for LACCI might be around 1.9
rather than 2.3, suggesting that such designs
would yield more conclusive causal evidence.
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Ninth, further subgroup analyses—stratified
by age, gender, and variant allelic groups—are
warranted for future studies.

Nonetheless, we believe that this study has
provided valuable insights into genetic variation
in IBD within specific ethnic groups, thereby
paving the way for a deeper understanding of
the complex genetic relationships underlying
IBD pathogenesis. It is important to note that the
retrospective case-control design was chosen for
its exploratory rather than confirmatory nature.
Considering the inherent stability of genetic
variables over time, the use of a prevalent case
selection pattern was appropriate, as incident
cases would not have added further value,
and thus this design should not be viewed as a
weakness. Moreover, sampling was conducted
at a specialized medical clinic, and all
measurements—including genetic and clinical
assessments—were performed by a single
individual using specialist medical records to
minimize information bias. The tools employed,
including Unicenter, were highly reliable,
calibrated, and administered by experts, thereby
ensuring the validity of the study.

Moreover, our results must be interpreted
with caution and validated in larger, more
diverse cohorts and applied studies. Because
genetic studies conducted in cohort settings
do not inherently establish causality, future
research should examine the relationship
between genetic variants and diseases such
as IBD within the framework of cohort and
prospective studies. The value of cohort and
prospective studies in this context can be
summarized in two key points: First, their
larger sample sizes reduce random error and
yield narrower confidence intervals for effect
size estimates, thereby enhancing statistical
strength and evidentiary value. Second, they
provide more valid and accurate measurements
of not only genetic exposures, but also outcome
variables and confounders, due to higher validity
and reliability in measurement. For example,
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cohort outcomes are based on incident (new)
cases, whereas cross-sectional and case-control
studies combine both old and new cases, which
can diminish their value. Furthermore, cohorts
typically yield more accurate measurements of
confounding variables (79—81). Although the
identified genes are of considerable interest,
conclusive evidence establishing causality
remains lacking. Therefore, it is advisable to
conduct further research—particularly well-
defined cohort studies, nested case-control
designs, or case-cohort studies with large sample
sizes using reliable and accurate genotyping
methods—while adjusting for potentially
confounding demographic factors, epigenetics,
and lifestyle factors such as smoking (1, 49,
66, 69, 73, 74, 82). Additionally, systematic
reviews, meta-analyses, and umbrella reviews
are necessary to enhance statistical power for
detecting relatively small associations between
genetic factors and complex diseases when
pooling data from individual studies, thereby
clarifying the precise contribution of gene
network relationships in IBD and achieving
conclusive evidence of causality. Secondary
and tertiary review studies also represent the
strongest evidence for the direct association of
genetic variants with overall IBD susceptibility
across different ethnicities. Future investigations
should focus on the interaction between genetic
variants and environmental factors, which will
further elucidate the functional mechanisms
underlying IBD pathogenesis.

Conclusion

This study presents an experimental
evaluation of genetic variants in relation to
overall susceptibility and risk of UC as a form
of IBD. In summary, our investigation assessed
the effects of the LACCI rs3764147, ILI7F
rs763780, and GPR35 rs3749171 variants on
UC susceptibility in a specific Iranian ethnic
group, while suggesting a lack of association
for the GCKR rs1260326 and CARDY rs4077515
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variants. Our findings provide new insights into
the underlying genetic factors contributing to
UC susceptibility. A comprehensive evaluation
of the genetic basis of IBD will enhance
our understanding of its pathogenesis as a
polygenic trait, potentially paving the way for
advancements in the prevention, prognosis,
and treatment of this increasingly prevalent
condition.
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Supplementary of Table 1. STROBE (“The Strengthening the Reporting of Observational Studies in Epidemiology”)
checklist in our observational case-control studies. *Information separately for cases and controls. Abbreviation: NA,

Not Applicable; &, and.

Title and 1
abstract
Background/
rationale
Objectives 3

Study design 4

Setting 5
Participants 6
Variables 7

Data sources/
measurement

*

Bias 9

Study size 10

Quantitative
. 11
variables
Statistical 12
methods
Participants 13*

98

(@) Indicate the study’s design with a commonly used term in the title
or the abstract
(b) Provide in the abstract an informative and balanced summary of
what was done and what was found
Introduction
Explain the scientific background and rationale for the investigation
being reported
State-specific objectives, including any prespecified hypotheses
Methods
Present key elements of study design early in the paper
Describe the setting, locations, and relevant dates, including periods
of recruitment, exposure, follow-up, and data collection

(a) Give the eligibility criteria and the sources and methods of case

ascertainment and control selection. Give the rationale for the choice
of cases and controls
(b) For matched studies, give matching criteria and the number of
controls per case
Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
For each variable of interest, give sources of data and details of
methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group

Describe any efforts to address potential sources of bias

Explain how the study size was arrived at

Explain how quantitative variables were handled in the analyses. If
applicable, describe which groupings were chosen and why
(@) Describe all statistical methods, including those used to control
for confounding
(b) Describe any methods used to examine subgroups and
interactions

(c) Explain how missing data were addressed

(d) If applicable, explain how matching of cases and controls was
addressed
(e) Describe any sensitivity analyses
Results
(a) Report numbers of individuals at each stage of study—eg numbers
potentially eligible, examined for eligibility, confirmed eligible,
included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram

1- 24 to 33

2&3-68to098
3-99 to 109

3- 111 to 119
3 &4-121to 153

4 &5 -151 to 178
6- 212 to 214

NA

5-180 to 191

3&4—121to 137

and
5-180 to 210
4-149 to 151
5- 172 to 178
6 — 212 to 214 & 220
to 222
5-180 to 210
6 - 212 to 230
5-170 to 172
6- 213
9- 299 to 300
NA
NA
6- 234 to 244
NA
NA
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Supplementary Table 2. The details regarding the characteristics of the primers for five selected gene variants.
Optimal primers have been specifically designed to check the variants of these five selected genes. BLAST approved
the design of the primers, and then they were ordered from TAG Copenhagen (www.tagc.com). The details include
the number per variant, sequence order, and primer specifications. Various symbols are used to represent different
parameters: * (optical absorption at a wavelength of 260 nm), ** (molecular weight calculated based on the
oligonucleotide sequence), + (amount of oligonucleotide-based on nanomoles), ¢ (amount of buffer or water required in
microliters to make a 100 uM dilution of oligonucleotide),+(oligonucleotide melting temperature), £ (oligonucleotide
sequence), and € (number of oligonucleotide bases). All primers were prepared with a concentration of 100 uM,
with the degree of synthesis in optical absorption being four times with a molar volume of 0.01 umol, and desalted
purification for all primers. Abbreviation: Outer reverse, OR; Outer forward, OF; Inner Reverse, IR; Inner Forward,
Common, C; Mutant, M; Wild type, Wt.

Water/
W#** | Nmol TM+ | GC
1000l /mol C° | (%)
I-. (nl/pg) o)

LACCI1-
£s37641471F 6061 5.6  256/155 9.7 GACTCATCATTCCAATGGCA
LACCI- AGTATACTTACCAGCGT-
2 £37641470R 5.2 6743 207 207/139 53.0 45.5 GAGCA 22
LACCI1- AAACTCTGCTTTTCTTTG-
3 £s37641470F 5.5 7566 20.5 205/155 511 32 CATAAAC 25
LACCI-
4 3764147IR 47 6003 232 232/139 497 45 TTTCTTCCCATAATCCGGAC 20
5 WSy 8.1 5974 422 422/252 579 65 GTCACCCCTGTCATCCGCCA 20
rs7637801F
IL17F-
6 £7637800R 8.6 6075 434  434/264 533 55 GTTTCCATCCGTGCAGGTCT 20
IL17F-
7 £57637800F 8.1 6213 36.2 362/225 53.8 55 AGTGTAGGAACTTGGGCTGC 20
8 LLIT71e 8.1 6316 374  374/236  50.5 429 TATGCACCTCTTACTGCATAC 21
rs763780IR
9 (GLetsh 49 6087 228 228/139 559 60 ATGAGCATCAGCCTGGCCAC 20
rs3749171wt
10 G 4.0 6102 18.3  183/112 53.8 55 ATGAGCATCAGCCTGGCCAT 20
rs3749171m
GPR35-
11 4.8 6138 19.9 199/122 538 55 CAGGAAGCAGACCACGAACA 20
1s3749171c
CARD9- GAACGATGACGAGTGCT-
12 s4077515M 8.1 6528 319 319/208 524 476 GAAA 21
CARDO9- GAACGATGACGAGTGCT-
13 s4077515Wit 8.8 6544 351 351/230 544 524 GAAG 21
CARD9-
14 7.9 6226 375 375/233 538 55 ACTCTGTGGTTGGGTTTGGG 20
rs4077515C
15 CleIdie 4.2 6093 19.9 199/122 538 55 ACCGTGGGTCAGACCTTACT 20
rs12603261F : : ’
GCKR-
16 £s12603260R 43 6053 20.8 208/126 53.8 55 TGGTAACCCATGACCTTGCC 20
GCKR-
17 £s12603260F 52 6222 22.6  226/140 538 55 AGGGACGGGGTGAATATCCT 20
GCKR-
18 £s12603261R 4.5 6109 21.5 215/131 559 60 GCATGGCTGGACTCTCATCG 20
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Supplementary Table 3. The gene variant information was utilized to filter and select gene variants for investigation
in patient samples. The gene variant chosen was previously linked to IBD disease in research and was associated with
amino acid changes. Out of 19 gene variants, 5 were ultimately selected for testing in the patient samples.
World World
1000 Gnome AD
Genomes

Our Study
(Control)
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