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ABSTRACT

Catalase (CAT, EC 1.11.1.6) is main endogenous antioxidant enzyme which assists in regulating the
detrimental effects caused by reactive oxygen species as it converts hydrogen peroxide into water and
oxygen. Many epidemiologic studies found association of CAT-21A/T (rs7943316) gene polymorphism
with many lethal diseases like cancer. Aim of present study was to find allele and genotype frequency of
CAT-21A/T (rs7943316) gene polymorphism in healthy population of Haryana, North India. Genomic
DNA of 255 healthy individuals was isolated from whole blood by spin column kit. Genotypes of Catalase
-21A/T (rs7943316) gene region were analyzed by PCR-based restriction fragment length polymorphism
(RFLP) method. Fisher exact test was used for finding the allele frequency difference between Haryana
and other geographical region population. The observed genotype frequencies of Catalase were compared
with expected frequencies according to Hardy-Weinberg law. In the studied population, the genotype
frequency of CAT (-21A/T) promoter region polymorphism was found to be 17.25, 42.35 and 40.40% for
AA, AT and TT genotypes, respectively. Observed genotypic frequencies were not significantly different
from expected frequencies, indicating that they were in Hardy-Weinberg equilibrium. Such data could be
very useful for future genetic base studies in finding diseases susceptibility in Haryana population.
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INTRODUCTION

Catalase (CAT, EC 1.11.1.6) is major
endogenous antioxidant enzyme with highest
turnover rate. This detoxifying antioxidant
enzyme is present in all aerobic organisms.
Catalase along with some other antioxidant
enzymes like Superoxide dismutase and
Glutathione peroxidase provide first line of
defense against reactive oxygen species.
These enzymes convert reactive oxygen
species (ROS), reactive nitrogen species and
their byproducts into non-toxic one and hence
help in their removal (Nandi et al., 2019).
Catalase enzyme is a homoteramer with four
heme groups and molecular weight 220-230

kDa. CAT gene has 13 exon and 12 intron and
present on chromosome 11p13.31. CAT gene
is polymorphism prone, which can lead to
change in gene expression and decrease
enzymatic activity (Wang et al., 2016). Different
metabolic diseases have been linked to altered
antioxidant enzymes activities. According to
NCBI database 245 single nucleotide
polymorphism (SNPs) were discovered and
described in different regions of CAT gene.
Three polymorphism -21A/T,-262C/T and
-844C/T were discovered in promoter region
of CAT gene. Out of these three SNPs which
were discovered in promoters region
polymorphism -21A/T (rs7943316) which is
present near start site of CAT gene is the most



important one as it affects the binding affinity
of transcriptional factors which ultimately
leads to altered gene activity and reduced
enzymatic activity. Many previous studies
have found close association of -21A/T
polymorphism with many types of diseases like
chronic myeloid leukemia (Kagita et al., 2021),
keratoconus (Davood et al., 2018), type 2
diabetes (Saravani et al., 2015, Sari et al.,
2020), male sterility (Sadia et al., 2021),
cervical cancer (Datkhile  et al., 2020), cataract
(Mahmood et al., 2022) and breast cancer
(Abdulabbas et al., 2022), etc. In most of these
studies, mutant T allele frequency was found
associated with diseases so it could act as
biomarker in finding risk factor for various
diseases in susceptible individuals. Allele and
genotype frequency of CAT-21A/T (rs7943316)
gene polymorphism provide genetic data which
could help in early diagnosis and therapeutic
intervention of many diseases. The present
study was undertaken to determine the allelic
and genotypic frequency distribution of 21A/T
(rs7943316) polymorphism in CAT gene in
Haryana population. This was one of the first
studies of its type to be conducted among the
people of Haryana.

MATERIALS  AND  METHODS

The study population comprised 255 random
healthy unrelated individuals from Haryana
state of North India. Out of 255 individuals, 74
were female and 181 were male. The age of
the individuals ranged from 18-60 years. All
the individuals were of Haryana origin (North
Indian ethnicity). Blood samples were collected
from these individuals with informed written
consent. The present study was approved by
the Institutional Ethical Committee, Maharaja
Agrasen University, Baddi (H. P.) India and all
participating subjects signed a term of consent

after being informed about the objectives of the
study. A standardized questionnaire, including
data on social habits such as life style, age,
marital status, ethnic group, occupational
history, smoking habits and health problems
(family history of cancer and any other related
disease). Those who had any type of exposure
(X-ray and environmental exposure) and
history of cancer and other related disease
were not included in this study.
For DNA isolation approximately 2 ml blood
sample was extracted from each participant
in pre-sterilized K2EDTA coated vaccutainer
tubes (BD Vacutainer). For further processing
blood samples were brought to laboratory in a
well insulated ice bucket.
Genomic DNA was isolated from 200 µl of whole
blood by Spin column kit (Promega, Cannada).
Genotypes of Catalase -21A/T (rs7943316) gene
region were analyzed by PCR-based restriction
fragment length polymorphism (RFLP) method
described by Liu et al. (2015) with minor
modifications. For Catalase -21A/T (rs7943316)
polymorphisms, a reaction mixture (25 µl)
consisted of 1 µl of genomic DNA template
(~100 ng/µl), 0.5 µl of each forward and reverse
primers (25 pmol), 0.5 µl of dNTPs (200 µM), 2.5
µl PCR buffer with 15 mM/l MgCl2 (1x), 0.5 µL
of Taq polymerase (3 U/µl) and 19.5 µL
nuclease free water (Bangalore Genei,
Bangalore, India). The PCR products (10 µL)
were digested with 10U of specific restriction
enzyme and then subjected to electrophoresis
in 3.0% agarose gel stained with ethidium
bromide (0.5 µg/ml). The PCR conditions,
primers sequences, restriction endonuclease
(for RFLP methods) and length of the expected
fragments (amplified and after digestion) to
identify Catalase alleles are given in Table 1.
All PCR amplifications were performed in
Eppendorf Mastercycler Gradient Thermal
Cycler.

Table 1. Primer sequence and reaction condition for genotyping of CAT gene

Gene name Primer sequence (5-3) PCR condition Restriction PCR and RFLP Reference
(Symbol) DBS enzyme and products size

reaction
temperature

Catalase Forward: 95°C 5 min. Hinf  I PCR product 250 bp Liu et al. (2015)
(CAT) AATCAGAAGGCAGTCCTCC 95°C 25 sec. 37oC for AA: 177 bp+73 bp
rs7943316 63oC  30 sec  x 35 15 min AT: 250+177 bp+73 bp

Reverse: 72°C 1 min. TT:  250 bp
TCGGGGAGCACAGAGTGTAC 72°C 7 min.

Bp–Base pair, PCR–Polymerase chain reaction, AA–Homozygous wild, AT–Heterozygous, TT–Homozygous mutant, Restriction enzymes from
New England Bio Labs, UK and DBS–Downstream binding site.
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For statistical analysis, SPSS software package
(version 20.0 for Windows; SPSS Chicago, IL)
was used. Genotype and allele frequencies
which were calculated from observed number
of each particular allele were used to create
study data. By using Fisher exact test, allele
frequency difference between Haryana and
different geographical regions population was
measured. A p-value of < 0.05 was considered
statistically significant. Gender specific
frequency distribution of the examined gene
in population was determined using Pearson
chi square test. Hardy-Weinberg law was used
to compare observed and anticipated genotype
frequencies of Catalase.

RESULTS  AND  DISCUSSION

The present study was carried out on group of
255 unrelated healthy individuals (181 males
and 74 females). The mean age (in years) of
181 males and 74 females was 34.95±11.36 and
35.64±11.60 respective ly. Genotypic
frequencies of Catalase gene polymorphisms
were studied in Haryana state population of
North India and results are shown in Table 2.
CAT 21A/T polymorphism is a single
nucleotide polymorphism in which wild type A
allele is substituted by mutant T allele.
Substitution of mutant allele T results in loss
of restriction site for Hinf I restriction enzyme.
Two allelic forms A and T showed three
genotypes AA, AT and TT (Fig. 1). In the studied
population, 17.25%  individuals had AA

genotype, 42.35% had AT genotype and 40.40%
had TT genotype. Frequency of mutant T allele
was 0.62 which was much more as compared
to wild A allele. Observed genotypic
frequencies in CAT -21A/T polymorphism were
not significantly different from expected
frequencies, indicating that they were in
Hardy-Weinberg equilibrium. The gender
specific frequency distribution of Catalase
polymorphisms is given in Table 3. Significant
difference was found in distribution of Catalase
genotypes among males and females.
Allele and genotype frequency distribution of
CAT -21A/T polymorphism in various Asian
and European countries is shown in Table 4.
In all these studies, frequency of CAT gene

Table 2. Genotypic frequency of Catalase gene polymorphism in studied population

Gene Genotype Observed frequency Expected frequency by Varient allele and
(N/%) HWE frequency

CAT A A 44 (17.25) 37 (14.44) T (0.62)
A T 108 (42.35) 120 (47.12)
T T 103 (40.40) 98 (38.44)

AA–Homozygous wild, AT–Heterozygous, TT–Homozygous mutant, N–Number of individuals, %–Genotype frequency
percentage and HWE–Hardy Weinberg equation.

250bp 

177bp 

73bp 

Fig. 1. 3.5% agarose gel showing PCR-RFLP pattern
of Catalase 21A/T polymorphism. M lane 50bp
ladder, lane 1 and 2 presenting AA genotype
(homozygous wild, 177bp + 73bp), lanes –3, 4
and 5 presenting AT genotype (heterozygous
mutant, 250bp +177bp +73bp) and lanes 6 and
7 presenting TT genotype (homozygous mutant,
250 bp).

Table 3. Gender-wise distribution of Catalase gene polymorphism in studied population

Gene Genotype Gender P value

Male (n=181) Female (n=74)
N (%) N (%)

CAT A A 26 (14.36) 18 (24.33) <0.05
A T 76 (41.99) 32 (43.24)
T T 79 (43.65) 24 (32.43)

AA–Homozygous wild, AT–Heterozygous, TT–Homozygous mutant, N–Number of individuals, %–Genotype frequency
percentage and HWE–Hardy Weinberg equation, Pearson chi square test was used to evaluate the frequency
distribution of Catalase among male and female. Level of significance (P) set at 0.05.
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mutant allele T was higher in patient as
compared to control. Higher T allele frequency
was found associated with reduced enzymatic
activities and diseases pathogenesis. In this
study, frequency of T allele of CAT gene was
0.62 which was higher than Pakistan (0.26;
Sadia et al., 2021), North Sumaetra (0.2; Arslan
et al., 2019), China (0.14; Liu et al., 2015), Iran
(0.42; Yassaee et al., 2018), and Indonesia (0.27;
Owen et al., 2021) population. The Iraq
population had the highest T allele frequency
(0.68; Abdulabbas et al., 2022), whereas China
had lowest T allele frequency (0.143; Liu et al.,
2015). Frequency of T allele in this studied
population was comparable to Iran (0.63; Davood
et al., 2018), India (0.66; Kagita et al., 2021)
and Pakistan (0.57; Nawab et al., 2017)
population. Homozygous mutant (TT genotype)
frequency in our studied population was
40.40%. Highest TT frequency (47.4%) was
observed in Iran population (Davood et al.,
2018), while lowest in North Sumaetra
population (Sari et al., 2020). However some
studies as open angle glaucoma study in
Chinese population (Yassaee et al., 2018),
breast cancer patient study in Iraq (Abdulabbas
et al., 2022), breast cancer patient study in Iran
(Mahjoub and Soodat, 2020) found no
relationship of -21A/T polymorphism in
diseases susceptibility. One study on T2DM
patient in Indonesia population found AA
genotype increased the chance of developing

diabetes (Owen et al., 2021). Mutant allele T
frequency in this studied population was in
collaboration with many other Indian studies.
Data of this study could be used as practical
tool in early analysis and treatment of various
disorders in Haryana population.

CONCLUSION

Till  now no study has examined the
frequencies of high risk alleles of CAT
polymorphic gene in the population of Haryana,
North India. Results of this study will be crucial
for comprehending the distribution of
significant CAT gene in urban and rural areas
of India’s Haryana state. A databank would be
generated for the frequency of high risk alleles
of antioxidant gene in Haryana population. It
would help in identifying the susceptible
individuals having more genetic susceptibility
towards development of mutagenesis, cancer
and other diseases. Moreover, such data would
be helpful in planning pharmacogenetics study
so as to avoid any toxic effect or therapeutic
failure of drug.

ACKNOWLEDGEMENTS

The authors are duly thankful to Maharaja
Agrasen University, Solan (H. P.), India and
Centre for Medical Biotechnology, Maharshi
Dayanand University, Rohtak, Haryana, India
for providing the laboratory facility. The authors
are also grateful to the persons of Haryana who

Table 4. Distribution of CAT 21A/T genotypic frequency and T allele frequency in healthy control among
different countries

Reference Country Sample Genotypic frequency N (%) T allele
size frequency

A A A T T T

Kagita et al. (2021) India 200 26 (13) 83 (41.5) 91 (45.5) 0.66
Datkhile et al. (2020) India 400 197 (49.2) 161 (40.2) 42 (10.5) 0.50
Abdul et al. (2020) Egypt 100 56 (56) 32 (32) 12 (12) 0.56
Davood et al. (2018) Iran 150 31 (20.6) 48 (32) 71 (47.4) 0.63
Yassae et al. (2018) Iran 159 60 (37.7) 64 (40.25) 35 (22) 0.42
Saravani et al. (2015) Iran 120 18 (15) 70 (58.3) 32 (26.7) 0.55
Sadia et al. (2021) Pakistan 50 31 (62) 12 (24) 7 (14) 0.26
Nawab et al. (2017) Pakistan 110 31 (28.18) 32 (29.09) 47 (42.7) 0.57
Liu et al. (2015) China 248 122 (49) 109 (44) 17 (7) 0.14
Gong et al. (2017) China 997 553 (55.4) 390 (39) 54 (5.6) 0.25
Mahmood et al. (2022) Pakistan 250 130 (52) 65 (26) 55 (22) 0.35
Abdulabbas et al. (2022) Iraq 30 0 19 (63.33) 11 (36.67) 0.68
Yahouedehou et al. (2022) Brazil 12 2 (16.67) 7 (58.33) 3 (25) 0.54
Owen et al. (2021) Indonesia 65 40 (61.54) 15 (23.08) 10 (15.38) 0.27
Yahouedehou et al. (2020) Brazil 45 9 (20.45) 25 (54.55) 11 (25) 0.52
Arslan et al. (2019) Turky 100 21 (21) 46 (46) 33 (33) 0.56
Mahjoub and Saadat (2020) Iran 424 52 (12.26) 184 (43.40) 188 (44.34) 0.66
Sari et al. (2020) North Sumaetra 80 50 (62.5) 28 (35) 2 (2.5) 0.2
Present study India 255 44 (17.25) 108 (42.35) 103 (40.40) 0.62

AA–Homozygous wild, AT–Heterozygous, TT–Homozygous mutant, N–Number of individuals and % – Genotype
frequency percentage.
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were involved in the study and provided blood
samples.
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