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Abstract. Ulcerative colitis (UC), one of the two clinical subtypes of inflammatory bowel disease is perceived as a potential ‘sleeping
giant’ in the Indian subcontinent. Clinical manifestation is overall believed to be the same across ethnic groups but overwhelming
genetics from large European and fewer non-European studies have revealed shared as well as unique disease susceptibly signatures
between them, pointing to population specific differences at genomic and environmental levels. A systematic recount of the four
major eras in UC genetics spanning earliest linkage analysis, cherry picked candidate gene association studies, unbiased genomewide
association studies, their logical extension in trans-ethnic setting (Immunochip study), lastly whole exome sequencing efforts for
rare variant burden; and lessons learnt thereof in context of genetically distinct Indian population was attempted in this review.
Genetic heterogeneity manifesting at allelic/locus level across these approaches has been the consistent finding through the range
of pan India studies. On the other hand, these salient findings also highlight the limitations of even the best of these genetic leads
for prognostic/clinical application. The imminent need, therefore, for the UC research community to adopt newer approaches/tools
with improved study design to (i) gain better insight into genetic/mechanistic basis of disease; (ii) identify biomarkers of immediate
translational value; and (iii) develop new/alternate therapeutic options is emphasized at the end.
Keywords. ulcerative colitis; inflammatory bowel disease; genetic heterogeneity; Indian population; genomewide association studies.

Introduction
Ulcerative colitis (UC) is a chronic, relapsing inflammatory disease of the gastrointestinal tract. Along with
Crohn’s disease (CD), UC is one of the two major
forms of inflammatory bowel disease (IBD). However,
due to high prevalence of UC among Asians in general and Indians in particular, this review is confined
to genetics of UC, which is well documented to have
a heritable component. UC affects individuals during
their most productive years of life (20–40 years of age)
and shows almost no gender bias (Kedia and Ahuja
2017). The inflammation in UC is mainly confined to
colon and rectum, and its pattern is continuous and
superficial. Based on the location and extent of inflammation involved, UC can be further subcategorized into
proctitis (E1), left sided (E2) and pancolitis (E3) (Dubinsky 2017). These clinical presentations, together with

differential drug response among patients and development of extraintestinal manifestations in some patients
reiterate clinical heterogeneity among patients with UC.
UC has long been thought as a disease of developed
nations. However, recent epidemiological studies suggest
that it is on the rise in developing countries (Ng et al. 2013;
Park et al. 2014; Kaplan 2015), indicating its emergence as
a global disease. Multifactorial (genetic and nongenetic
contributors) origin of UC has been well documented previously in disease aetiology (Loddo and Romano 2015)
and in the preceding decade, UC (among a few others)
has been at the frontline of success stories in complex
trait research with several genetic loci uncovered (Ye and
McGovern 2016). These findings primarily in populations
of Caucasian ancestry have however failed to explain the
total heritable component in UC. More recently, genetic
analysis of UC in non-Europeans have identified several
novel susceptibility genes/loci (Asano et al. 2009; Okada
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et al. 2011; Yang et al. 2013; Juyal et al. 2015), indicating
pronounced genetic heterogeneity in UC due to disparate
genetic architecture and environmental attributes across
populations. An indepth understanding of such differences
in trans-ethnic settings therefore seems to be imminent
to achieve the goals of early disease prediction and prevention, which are extremely important considering the
emerging disease burden, particularly in the developing
countries. This review which aims to highlight the salient
genetic findings from India and other non-European populations is expected to facilitate such an effort.

UC can be labelled as a ‘western disorder’ emerging
as a ‘potential sleeping giant’ in traditional non-IBD
areas
Historically considered a disease of the developed societies
(European ancestry populations), more recent reports,
however, have shown that UC is an emerging disease in
the Indian subcontinent (Sood et al. 2003; Singh et al.
2017) and other Asian countries. This shift may be due
to a combination of factors including but not limited
to increased awareness, availability of better facilities
for diagnosis, rapid urbanization, better socioeconomic
conditions, westernization (changes in dietary patterns
and better hygienic conditions), etc. Notably, it has been
observed that incidence and prevalence of UC vary greatly
among Asian countries with the disease burden highest in
India (Ng et al. 2016; Kedia and Ahuja 2017). Such differences in the incidence across time and geographical regions
suggest role of environmental factors.

Evidence for a genetic aetiology
Aetiology of UC is not well understood but evidence
gathered suggests that it is a complex/multifactorial disease involving one of the four components namely environmental changes, genetic variations, immune disequilibrium
and dysbiosis of luminal microbiota that trigger inflammatory responses and their interactions. It is believed that
variations in these factors account for induction of disease
and influence the disease course and clinical diversity in
different populations. Marked ethnic and geographic differences in incidence and prevalence of UC, concordance
in twins, familial clustering (which was reflected in high sibling risk ratios), and association with genetic syndromes
strengthen the role of genetics in UC (Ek et al. 2014).
Nonetheless, these studies also suggested that significant
nongenetic factors, primarily environmental or luminal,
are required to ‘trigger’ UC in a genetically susceptible
host. Motivated by these early observations that UC has
a heritable component, significant disease gene mapping
efforts have been made over the preceding decades. The
quest for bona fide risk genes spanned over four distinct

phases beginning with linkage mapping using multiple
affected families, followed initially by candidate gene based
association testing using unrelated affected individuals
and healthy controls, and subsequently by genomewide
and Immunochip association analysis; and finally, rare
variant search by next-generation sequencing approach are
briefly described in the following sections.
With the advent of genomewide scans, linkage mapping,
which traces chromosomal regions that cosegregate with
the disease in multiple member pedigrees, became a robust
and extremely successful method in mapping highly penetrant loci affecting Mendelian traits (Altshuler et al. 2008).
Subsequently, this method was increasingly being explored
to map complex disease loci. From 1996, 10 genomewide
linkage scans were performed in IBD which identified nine
susceptibility loci (IBD1–IBD9) but with little replication
across the scans (Mathew and Lewis 2004; Walters and Silverberg 2006). The principal insight learned from the lack
of consistency of genomewide linkage results were that UC
(unlike most single gene disorders) (i) exhibits clinical heterogeneity such as disease severity, location and extent;
(ii) vary in their aetiological mechanisms, which might
involve different biological pathways; and (iii) are driven
by several low-penetrant risk genes. In other words, UC
is a genetically heterogeneous disorder. Soon it was recognized that UC like other complex diseases results from the
collective effects of polygenic variations, with each variant
having a modest effect and present at a high frequency
in human populations, commonly known as ‘common
disease/common variant’ (CDCV) hypothesis (Risch and
Merikangas 1996) and that linkage is not so well powered to detect them demanding new and more powerful
approaches. Discovery of dense common genetic variations such as single-nucleotide polymorphisms (SNPs),
indels, copy number variations (CNVs) throughout the
genome following the human genome project (Sherry et al.
1999; Sachidanandam et al. 2001; McVean et al. 2004;
International HapMap Consortium et al. 2007) offered
a rather powerful and a timely tool to the gene hunters
and facilitated candidate gene based association studies to start with followed by genomewide association
studies (GWASs). In spite of their promise, hypothesis testing candidate–gene association approach yielded limited
insights as most of the initial findings failed to replicate
in subsequent studies. In case of UC, several candidate
genes were tested predominantly in European populations; however, these failed to replicate in subsequent
independent studies with failure rate being higher in nonEuropean populations as compared to Europeans and
quickly evidence of allelic and genetic heterogeneity in
UC was appreciated. The reasons for discordant findings
were mostly (i) sample size; (ii) small number of candidate genes and variants tested; (iii) population specific
allele frequency profiles; and (iv) different linkage disequilibrium (LD) structures. These were partly addressed
by additional SNP discovery projects including The SNP
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Consortium (Thorisson and Stein 2003) and HapMap
project (International HapMap Consortium et al. 2007)
together with the advent of high-throughput microarray
technologies enabling hypothesis free genomewide genotyping which upended the stasis in gene discovery. GWAS
led to the discovery of an overwhelming genetic signature for UC (www.ebi.ac.uk/gwas/). These studies (i)
highlighted known pathways but also identified unappreciated pathways raising novel hypotheses about disease
pathogenesis; (ii) confirmed the participation of microbial
component in the development of UC based on association of immune related genes; (iii) most importantly,
demonstrated varying genetic contributors in different
populations; and (iv) also revealed shared/unique biological mechanisms between UC and CD. GWASs era
turned out to be only an interim respite for UC research
community as the GWAS based discoveries and their
meta-analysis showed only modest/weak effects on disease
susceptibility and the bulk of the heritability could not
be explained. Soon the complex trait researchers resorted
to trans-ethnic GWAS. Apart from the other inherent
advantages of such studies (Li and Keating 2014), identification of additional disease loci to narrow the missing
heritability gap caught the attention. Notably, such a study
in IBD conducted by International Inflammatory Bowel
Disease Consortium (IIBDGC) utilized immune enriched,
custom-designed genotyping array i.e. Immunochip and
genotyped a much large sample set comprising 86,640
European individuals and 9846 individuals of East Asia,
India or Iran descent. An additional 38 IBD risk associated
loci were identified at genomewide significance in either
the association analysis of individual ancestry groups (P <
5×10−8 ) or in the trans-ethnic meta-analysis that included
all ancestries for UC (n = 8), CD (n = 15) or IBD (n = 15)
(Liu et al. 2015). Simultaneously, UC genetics (like other
complex traits) has witnessed a paradigm shift to common disease rare variant (CDRV) where structural and
rare (minor allele frequency < 1%) variants mostly private
are being identified using the next-generation sequencing
approach.
From the above description, it is evident that genetic
dissection of UC was performed with multiple approaches
which evolved over the last two decades. However, most
of these studies as mentioned before were performed primarily on populations of European ancestry. While these
studies have expanded the genetic landscape of UC, they
have been unable to explain the total disease variance
despite large sample sizes. This highlights the importance
of studying genetically divergent populations with unique
genetic architecture and also exposed to unique environmental factors. This is elegantly exemplified by the series
of genetic studies performed, for example in the ethnically
distinct Indian population to identify shared as well as private genetic determinants underlying UC and the major
insights gained thereof. Salient findings from these studies
are summarized in the next section.
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Current state of UC genetics: an Indian scenario
The early work on UC genetics in Indian population was
primarily based on replicating the associations of famous
candidate genes such as IL-1Ra, TNF-alpha, GSTM1/T1,
and NOD2 reported in Caucasian populations. While no
association was observed for IL-1Ra and TNF-alpha with
UC, GSTM1/T1 showed significant association (table 1).
Results of NOD2 association in a north Indian cohort,
on the other hand, were noteworthy. The minor alleles of
all the three famous SNPs: 8, 12 and 13 were monomorphic in healthy individuals as well as UC patients in
the north Indian study cohort. Even more interesting
was the identification of a different variant, i.e. SNP5
which was associated modestly with UC in this cohort
(Juyal et al. 2007). Of note, although SNPs 8, 12 and
13 are individually rare, they have been shown to be
present on SNP5 haplotype in Caucasian populations
(Juyal et al. 2007). Thus, this first Indian report provided
evidence of allelic heterogeneity at NOD2 in the north
Indian UC cohort. Subsequently, several more novel variants have been reported in NOD1 (Verma et al. 2009,
2012). The next candidate which received considerable
attention was MDR1. The three most commonly investigated SNPs in this gene, namely 1236C>T (rs1128503),
2677G>T/A (rs2032582), and 3435C>T (rs1045642) were
modestly associated with UC albeit differences in their
minor allele frequencies (MAF) across north Indians and
HapMap populations (Juyal et al. 2009). Similar to findings in NOD2, a significantly associated nonsynonymous
SNP rs11209026 in yet another strong candidate gene
namely IL23R in the Caucasian GWAS turned out to
be monomorphic in Indian population. Such association
studies with candidate genes carried out in several independent UC cohorts in India are summarized in table 1.
Of note, SNPs 8, 12 and 13 in NOD2 and IL23R SNP
were also monomorphic in other non-European populations. For ease of comparison, these association findings
are also included in table 1. Taken together, these unexpected results from heavy-hitter candidate genes provided
initial clue for appreciable allelic and locus heterogeneity
in UC pathogenesis and highlighted basal differences in
genetic architecture across populations, which may partly
explain nonreplication.
It was around the first documentation of NOD2
association in the Indian population (2007) that the
genetics of complex traits witnessed a technological revolution from hypothesis testing of 1–2 SNPs per gene
based candidate gene association studies to the still popular GWAS approach. A few such studies performed on
large sized UC cohorts almost all of them from Caucasian populations (Fisher et al. 2008; Franke et al.
2008; Silverberg et al. 2009; UK IBD Genetics Consortium et al. 2009; Asano et al. 2009) identified novel
UC susceptibility genes but explained a very small fraction of the genetic contribution to disease susceptibility,

ADRA2A (10)
rs1800544

MDR1 (7)
rs3213619
rs1128503
rs2032582
rs1045642

NOD1 (7)
4644T>A
4773delG
4785G>A
5035T>C
5098T>G

GSTM1 (1) null polymorphism
GSTT1 (22) null polymorphism
NOD2 (16)
rs2066844 (SNP8)
rs2066845 (SNP12)
rs2066847 (SNP13)
rs2066842 (SNP5)

IL-1Ra (2)
86-bp VNTR, intron 2
TNF-alpha (6)
rs1800629

Gene (chr.)

75

270

100

274

102

262

298

95

164

164

92
85

141

Control

82

Case

0.32
0.23

0.16
0.32
Monomorphic
0.37
0.43

0.09

0.12

0.26

0.17

Monomorphic

Minor allele frequency*
Case
Control

0.05

0.002
0.04

0.002

0.008

<0.001
<0.001

Allelic
P value

0.005

Genotypic
P value

Sikander et al. (2010)

Juyal et al. (2009)

Verma et al. (2009)

Juyal et al. (2007)

Mittal et al. (2007)

Mittal et al. (2005)

Reference

Table 1. Summary of candidate gene based association studies performed in Indian UC cohort and their status in Southeast Asians.

Not investigated

Not associated (Osuga et al. 2006;
Cao et al. 2015)

Associated (Cao et al. 2015)

Associated (Sashio et al. 2002;
Kim et al. 2003; Song et al. 2005;
Cao et al. 2006)
Associated (Ye et al. 2011)
Associated (Qian et al. 2017)

Associated (Nohara et al. 2003)

Association status in Southeast
Asian UC cohorts (reference)
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TNF-alpha (6)
rs1799964
rs1800630
rs1799724

IL10
rs1800896
rs3021097

IL4 (5)
Repeat polymorphism, Intron 3

NOD1 (7)
11281T>C
11301T>C
11312T>G
11421A>G
11438A>G
11534C>T
11585C>T

IL23R
rs11209026

NOD2 (16)
rs2066844 (SNP8)
rs2066845 (SNP12)
rs2066847 (SNP13)
rs2066842 (SNP5)
rs2066843
rs1861759

Gene (chr.)

Table 1 (contd)

117

95

411

Case

207

162

442

Control

0.28
0.09
0.13
0.18
0.21

0.18
0.24
0.29
0.35
0.37

Monomorphic

Monomorphic

Minor allele frequency*
Case
Control

0.003
0.001
0.001
0.003

0.021

Allelic
P value

Genotypic
P value

Ahirwar et al. (2012)

Verma et al. (2012)

Mahurkar et al. (2011)

Reference

Not associated (Cao et al. 2006)

Not associated (Kim et al. 2003)

Not associated (Peng et al. 2017);
Monomorphic (Nakagome et al.
2010)

Monomorphic (Guo et al. 2004;
Nakagome et al. 2010)

Association status in Southeast
Asian UC cohorts (reference)
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TLR4 (9)
rs4986790
rs4986791

NOD2 (16)
rs2066844 (SNP8)
rs2066845 (SNP12)
rs2066847 (SNP13)
rs2067085
rs2066842
rs2066843
rs1861759
rs2111235
rs5743266
rs2076753
rs5743291

199

318

201

442

0.14
0.04

Novel

0.12
0.12

Monomorphic

0.11
0.12

0.09
0.09

0.06

0.009
0.006

0.03
0.05

0.01

0.03

Meena et al. (2013)

Pugazhendhi et al. (2013)

Not associated (Cheng et al.
2015)

Monomorphic (Guo et al.
2004; Nakagome et al.
2010)

Not associated (Okayama
et al. 2002; Guo et al. 2005;
Shen et al. 2010; Kim et al.
2012)

0.12

Association status in Southeast
Asian UC cohorts (reference)

TLR4 (9)
rs4986790

Sivaram et al. (2012)

Bardia et al. (2012)

Reference

Associated (Kim et al. 2012)

0.02

0.04

0.01

Genotypic
P value

0.53

0.004

Allelic
P value

CD14 (5)
rs2569190
0.42

Minor allele frequency*
Case
Control

Associated (Fei et al. 2008)

176

213

Control

MIF (22)
rs755622

139

171

XRCC-1 (19)
rs25487

APE-1 (19)
rs3136820

Case

Gene (chr.)

Table 1 (contd)
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IRGM (5)
rs1000113
rs4958847
rs9637876
rs10059011
rs11747270
rs13361189
rs72553867
rs150227858
rs150226250
rs180802994

TNFSF15 (9)
rs10114470
rs3810936
rs6478108
rs4263839
rs6478109
rs7848647
rs7869487

400

330

448

437

0.0691

0.29
0.295

0.27

0.25

hMSH2
rs4987188

213

0.0458

0.346
0.353

0.18

0.21

0.19

Minor allele frequency*
Case
Control

0.29

171

XRCC3 (14)
rs861539

Control

RAD51
rs1801320

Case

Gene (chr.)

Table 1 (contd)

0.0394

0.02
0.01

0.004

0.012

0.041

Allelic
P value

0.016

0.0038

0.01
0.02

0.005#

0.02#

0.03#

Genotypic
P value

Baskaran et al. (2014b)

Baskaran et al. (2014a)

Bardia et al. (2014)

Reference

Not associated (Lu et al. 2013)
Not associated (Moon et al. 2013)

Not associated (Lu et al. 2013; Moon
et al. 2013)

Not associated (Kakuta et al. 2006;
Yang et al. 2011); rs3810936
associated in Japanese (Nakagome
et al. 2010)
Not associated (Kakuta et al. 2006)
Not associated (Kakuta et al. 2006;
Yang et al. 2011)

Association status in Southeast
Asian UC cohorts (reference)
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393

350

Control

0.24
0.41
0.04
0.03

0.08
0.08

0.017
0.11

0.18
0.35

0.044
0.09

Minor allele frequency*
Case
Control

#Significant association observed in different genetic models.
*Minor allele frequency shown only for associated SNPs.

ATG16L1 (2)
rs2241880
rs4663396
rs3792106
rs10210302
rs3792109
rs2241877
rs6737398
rs11682898
rs4663402
rs4663421

TLR6
rs5743810

TLR5 (1)
rs5744168
rs2072493

TLR3 (4)
rs113258886

249

328

TLR1 (4)
rs5743611

TLR2 (4)
rs5743708

Case

Gene (chr.)

Table 1 (contd)

0.001
0.0002

0.01
0.05

0.007
0.021

Allelic
P value

0.003
0.0006

0.04

0.04

Genotypic
P value

Pugazhendhi et al. (2017)

Meena et al. (2015)

Reference

Not associated (Nakagome et al.
2010)

Not associated (Kim et al. 2012)

Not associated (Shen et al. 2010;
Kim et al. 2012; Lu et al. 2013)

Not associated (Kim et al. 2012)

Association status in Southeast
Asian UC cohorts (reference)
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Five SNPs
withstood
Mulple tesng
rs6426833 (RNF186)
rs3024505 (IL10)
rs3763313 (BTNL2)
rs2395185 (HLA-DRA)
rs2066843 (NOD2)
25 SNPs showed p < 0.05
49 SNPs tested for associaon

Four SNPs monomorphic
53 SNPs

Six SNPs not present in the array used i.e.
Illumina Human660W-Quad BeadChip
59 meta-analysis index SNPs (McGovern et al. 2010)

Figure 1. Limited replication of association of Caucasian UC susceptibility loci in a north Indian cohort (described in Juyal et al.
2011).

which resulted in meta-analysis of genomewide association
scans to bolster the statistical power to identify additional
loci (McGovern et al. 2010; Anderson et al. 2011). To get a
sneak peek on allelic/locus heterogeneity in UC but now at
a genomewide level, a total of 59 meta-analysis SNPs from
14 independent loci (attained P < 10−5 ) (McGovern et al.
2010) were genotyped in 648 UC cases and 850 healthy
controls (including the north Indian UC cohort previously analysed in candidate gene studies) which showed
not so unexpected results (Juyal et al. 2011). Of note,
six of the 59 index SNPs were not called in Indian samples and four were monomorphic. Of the remaining 49
SNPs, 25 showed association at P < 0.05 and of these,
only five SNPs namely rs6426833 (RNF186, P = 0.0004),
rs3024505 (IL10, P = 0.001), rs3763313 (BTNL2, P =
0.00002), rs2395185 (HLA − DRA, P = 0.000002) and
rs2066843 (NOD2, P = 0.0002) withstood Bonferroni
corrections (figure 1). The finding reaffirmed (i) only a
partial concordance of Caucasian based meta-analysis
results in the north Indian cohort; (ii) shared and different disease susceptibility across populations; (iii) disparity
in the allele frequency of meta-analysis hits confirming
differences in basal genetic architecture between populations; and (iv) limited utility of available commercial
arrays for non-Caucasian population studies. This paved
the way for novel gene hunt without a priori hypothesis and the first ever UC GWAS was conducted in
the Indian population. A two tier study design comprising discovery (UC cases, 700; controls, 761) and

validation phase (UC cases, 733; controls, 1148), and
using an Illumina Human660W-Quad BeadChip facilitated identification of seven novel disease associated
human leukocyte antigen (HLA)-independent genes/loci
from chromosome 6. These included 3.8-1/HCG26, BAT2,
MSH5, HSPA1L, SLC44A4, CFB and NOTCH4, which
exceeded P < 5 × 10−8 in the combined analysis (table
2). Further, two novel HLA genes, namelyHLA-C and
HLA-DQA2 were also identified in the discovery phase
(Juyal et al. 2015). These GWAS findings yet again lent
credence to genetic heterogeneity; pointed out shared and
unique genetic aetiology across ethnic groups and highlighted the underrepresentation of appropriate markers
in the array for non-European populations. Apart from
the logical reasons i.e. gene–gene interactions and LD
heterogeneity underlying these observations, varying environmental exposure (Mahid et al. 2006; IBD in EPIC
Study Investigators et al. 2009; Kuenzig et al. 2016) across
countries may also be contributors. For instance, epidemiological studies have suggested protective effect of
tobacco smoke in UC and in those with established disease, smoking results in a less severe disease course (Parkes
et al. 2014). It may be noteworthy that the north Indian
GWAS cohort largely comprised nonsmokers (Juyal et al.
2015) as smoking causes social stigma in this part of the
country. Such nongenetic factors may alter the effects of
certain risk genes, resulting in apparent genetic heterogeneity, as evidenced in Indian studies. Thus, assessing
genetic heterogeneity between the different populations in
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combination with varying environmental exposures may
well explain discordant findings across ethnic groups.
Overall, GWASs have made significant contributions to
our understanding of UC biology but most of the genes
identified there showed low/modest effect size leaving
a substantial proportion of heritable component unexplained. CNVs, epigenetic effects, gene–gene interactions
and gene–environment interactions have been considered
to address the remaining unmapped heritability but actual
extent of their contribution remains to be assessed. On
the other hand, screening larger sample sizes to identify
residual common and rare variant associations has been
acknowledged to increase the narrow-sense heritability
(i.e. proportion of trait variance which is due to additive
genetic factors). This led to the creation of the International IBD Genetics Consortium (IIBDGC) (http://www.
ibdgenetics.org/) which brought together several investigators and IBD GWAS datasets from across continents.
This collaborative effort led to the identification of 71
new genetic loci for IBD in cohorts of European descent
(Jostins et al. 2012). These encouraging findings together
with evidence of shared IBD risk loci across diverse populations from previous studies and the notable success
of trans-ethnic association studies in other complex diseases, including type-2 diabetes (Cook and Morris 2016)
and rheumatoid arthritis (Okada et al. 2014) led to the
first trans-ethnic association study of IBD. This effort was
anticipated to identify additional IBD risk loci and compare the canvas of genetic risk of IBD across ancestrally
diverse populations. Another feature of this study was the
use of Immunochip, a custom designed genotyping array.
This contained 196,524 variants across 186 known autoimmunity risk loci (Cortes and Brown 2010), which were
previously described in European populations. Besides,
the array also tagged rare variants which might have been
previously overlooked. The chip was designed to assist in
the replication, fine-mapping and discovery of loci associated with inflammatory and autoimmune diseases (Cortes
and Brown 2010). Briefly, this study utilized genomewide
or Immunochip data of 86,640 European individuals and
Immunochip data from 9846 individuals of East Asian
(Japan, Korea and Hong Kong), north Indian or Iranian
descent and raised the number of known IBD risk loci
to 200. This largest trans-ethnic study highlighted shared
genetic risk across European and non-European cohorts
for most IBD risk loci, although genetic heterogeneity
remained with differences in minor allele frequency and
or effect sizes at several important and known loci such as
TNFSF15/TNFSF8, IL23R, etc. Such differences in effect
size may reflect differences in gene–environment interactions between populations.
Despite this study having been insightful and the
Immunochip had a dense coverage of immune related
genes based on resequencing data (albeit from individuals of European ancestry), lack of association of the top
most Indian GWAS hits, including CFB, SLC44A4, etc.

in the European cohort included in the study encouraged
further investigations. Keeping in view that the shared
risk loci identified in this study were more between Europeans and East Asian cohorts (which had large sample
sets), it was important to revisit the Immunochip datasets
separately for the populations. In such an effort, genotype data already available for three divergent populations,
namely Dutch (1729 cases and 1350 controls), Japanese
(719 cases and 3263 controls) and north Indians (897
cases and 896 controls), were reanalysed with focus on
two biologically relevant India GWAS genes, namely CFB
and SLC44A4. Of the 28 SNPs in CFB present on the
Immunochip, nearly 40% (n = 13) were monomorphic
in north Indians and Japanese. This was not unexpected
considering the Immunochip design, which is based on
Caucasian SNP data. Notably, the reported north Indian
UC GWAS index SNP rs4151657 within CFB (Juyal et al.
2015) showed strong allelic association in the Japanese
(P = 2.02 × 10−8 ), but was nominally associated in the
Dutch cohort (P = 0.002) (Gupta et al. 2016). In addition, another SNP rs537160 was suggestively significant
(P = 4.29 × 10−5 ) in the Dutch cohort, which pointed
to allelic heterogeneity yet again. This was reiterated by
haplotype analysis which revealed a minimal three-marker
haplotype, namely rs17201431 – rs2072634 – rs4151657
shared across north Indians and Japanese (P < 10−8 ),
but a different five-marker haplotype, namely rs4151651–
rs4151652 – rs17201431 – rs512559 – rs537160 significantly
associated (P = 2.07 × 10−6 ) in the Dutch population
after Bonferroni corrections. Similarly, GWAS index SNP
rs2736428 within SLC44A4, on the other hand was also
found to be significantly associated in Japanese (P =
3.37 × 10−9 ) but only nominally associated (P = 0.002)
in the Dutch cohort. Other than this, 11 of the 22 SNPs
within SLC44A4 showed nominal association in all three
ethnic groups, most of which were predicted to have regulatory effects. Thus, reanalysis of the Immunochip data
helped detect comparable strength of association of India
GWAS hits with Japanese UC cohort, missed in their
original GWAS. It is likely that since Japanese GWAS
was performed using Illumina HumanHap550v3 Genotyping BeadChip, these SNPs were not present in the
array or they may have failed quality control. Alternatively, due to the smaller sample size in their GWAS,
this association was not identified (Asano et al. 2009).
It should be worth mentioning here that a recent study
from the Han Chinese population provided further support for the role of SLC44A4 in the pathogenesis of UC
(Wu et al. 2017). Putting together these findings highlighted that genetic susceptibility underlying UC varies
across ethnic groups. Further, although substantial proportions of disease associated genes may be shared across
ethnic groups, population-wise detailed investigation of
such risk genes warrant revisiting genomic data/generation
of new data by resequencing approaches to identify
critical variants relevant to the respective populations.
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Table 2. Novel UC genes identified in genetically distinct north Indians (described in Juyal et al. 2015).

Gene

SNP

Risk allele

ORcomb (95% CI)*

CFB

rs4151657

G

1.54 (1.38–1.73)

BAT2

rs2261033

G

1.34 (1.21–1.48)

SLC44A4

rs2736428

A

1.43 (1.28–1.59)

MSH5

rs707939

A

1.51 (1.32–1.72)

HSPA1L

rs2075800

A

1.41 (1.27–1.56)

HCG26

rs3749946

A

1.97 (1.66–2.33)

NOTCH4

rs549182

A

1.59 (1.37–1.85)

Function
A component of the alternative pathway
of complement activation. The
complement system is an important
part of the innate immune system and
the first-line host defence. The main
effector functions of complement
activation are opsonisation,
chemotaxis, phagocytosis, and
induction of inflammatory mediators
Localized in the vicinity of the genes for
TNF alpha and TNF beta. Involved in
immune response (Choufi et al. 2006).
Candidate gene for a related
inflammatory disorder i.e. rheumatoid
arthritis (Singal et al. 1999)
Transporter that plays an important role
in the absorption of the
microbiota-generated thiamine
pyrophosphate (TPP) in the large.
Further support the hypothesis that the
microbiota-generated TPP is
absorbable and could contribute toward
host thiamine homeostasis, especially
toward cellular nutrition of colonocytes
(Nabokina et al. 2014, 2016)
Plays a role in DNA damage response
and double-strand base repair,
immunoglobulin diversity, and has been
linked to neoplasia (including
colorectal cancer), immune disease, and
reproductive disorders
The HSP70 proteins play multiple roles
in protein quality control of the cell,
including refolding denatured proteins,
preventing aggregation and
intracellular protein transport. Have
shown to modulate inflammatory
response and exert anti-apoptotic
functions, both of which are closely
related to IBD pathogenesis. However,
the distinct role of each HSP70 family
member is not well understood, and
their potential role in IBD has not been
established
HLA complex group 26 (nonprotein
coding); RNA gene
Part of NOTCH signalling family, which
is involved in intestinal epithelium
maintenance as well as in regeneration

Supporting evidence
for Indian GWAS hits
in UC/IBD by other
studies
Ostvik et al. (2014)
and Shaw (2018)

–

Wu et al. (2017)

Kelsen et al. (2015)

Takahashi et al. (2017)

–
Zheng et al. (2011)

*ORcomb refers to the values obtained on combined analysis of discovery and replication cohorts in Juyal et al. (2015).

Finally, Immunochip seems to be less informative in
non-Europeans and therefore, efforts for population specific target arrays are required from the latter populations
for fine mapping.

In summary, it is evident from the preceding sections
that UC is an emerging disease in the Indian subcontinent (Sood et al. 2003; Singh et al. 2017) with likely
differences in genetic predisposition warranting additional
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genetic studies as well as characterizing the respective
environmental background. This in other words,
highlights the imminent need for systematic regional epidemiological surveys across the country particularly in
view of dietary, geographical and socio-cultural differences. One of the nongenetic tractable components among
these is the gut microbiome.

Future perspectives
Besides obtaining insights into the overall genetic
underpinnings and biology of UC, the UC research community is also making efforts to identify genetic markers
which have a potential to stratify patients into prognostic
groups. Such stratification will enable unraveling of specific molecular pathways associated with disease course
and therapeutic response, which may then serve as putative biomarkers and/or novel drug targets. It is true that
patients have so far not been greatly benefitted from genetic
findings. Nevertheless, over the preceding decades, the
realm of UC genetics has made impressive progress and
is continually and exponentially increasing, providing new
and deeper insights into disease mechanism with implications for novel therapeutics, and also for drug repurposing.
Genetic determinants identified (to some extent) have
proved helpful in determining clinical subphenotypes, predicting disease course and development of new treatment
modalities. However, such examples are more in CD as
compared to UC, which can easily be explained based
on a stronger genetic component in CD. Some of these
clinically useful clinico-genetic correlates include: association of HLA with extensive disease and colectomy in
UC (Haritunians et al. 2010); HLA and colonic CD (Silverberg et al. 2003); NOD2 variants, ileal location and
the need for CD-related surgery (Cleynen et al. 2013).
Besides, an associated locus near SMAD7 (Kennedy 2015)
and ITGAL (James et al. 2011) have already been shown
to have important applications in the development of
new treatments. At the same time, as mentioned earlier,
genetic findings have also provided evidence of potentially disparate genetic contributors to UC biology among
ethnically diverse populations owing to genetic distinctness and different environmental disease triggers/modifiers
etc. considering these and in view of limited genetic studies from India on IBD, we believe discovery efforts from
this population must continue so as to identify common
genetic variants of small effect and rare genetic variants
of moderate/large effects and their cumulative contribution will undoubtedly be very insightful and may add
to the heritability component. Given common variants
are mostly shared across ethnically divergent populations, combining pan India IBD cohorts may prove more
useful.
It must be acknowledged that genetic studies either on
UC or any other complex traits have indeed shedlight

into disease pathogenesis; these findings also indicate
in parallel a few major limitations. Genetic markers
alone will most likely never fully predict disease susceptibility, disease course and treatment outcome due to
genetic heterogeneity; incomplete penetrance; modest to
low frequency of the risk variants; unequivocal role of
nongenetic factors in shaping the disease; and almost
unaddressed clinical/phenotypic heterogeneity and therefore, search for other aetiological components is obviously
necessary.
It may be relevant to mention here that nonreplication
has just not been restricted to genetic findings. Laboratory
markers available for IBD have also shown low specificity
as their application remains limited beyond the populations in which they have been developed. For example,
a recent study revealed presence of different serological antibodies between ethnically divergent IBD populations (Prideaux et al. 2012). Therefore, efforts towards
biomarker discovery and novel drug target identification for Indian population are inevitable. Taken together
that UC is both genetically and clinically heterogeneous,
this enforces use of integrative, multidisciplinary OMICS
approaches to obtain a range of bio-markers for effective/practical clinical utility. In addition, comprehensive
clinical data would significantly enhance the momentum
of biomarker discovery. Towards these efforts, analysis of the most tractable environmental component, i.e.
gut microbiome in low-prevalence areas and which are
now experiencing a rapid growth of the disease, would
be an equally if not more important aspect. Therefore,
newer approaches/tools with improved study design to (i)
enhance the understanding of genetic/mechanistic basis of
disease; (ii) identify biomarkers of immediate translational
value; and (iii) develop newer alternate therapeutic options
are envisaged to be the way forward.
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