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ARTICLE INFO ABSTRACT

Down syndrome or trisomy 21, the most common genetics cause for mental retardation, occurs
mainly due to error during meiosis. Despite of plethora of studies the exact understanding of meiotic
nondisjunction is still unclear. Some studies have suggested the role of faulty folate metabolism
leads to risk of Down syndrome. Methylenetetrahydrofolate reductase (MTHFR), in human encoded
by MTHFR gene, plays an important role in folate metabolism. Present study analyzed the
occurrence of individual and combined MTHFR C677T and A1298C polymorphism in 32 Down
syndrome, 100 other intellectually disabled (ID) and 100 healthy children from Gujarat. The
genotypic analysis for MTHFR C677T and A1298C was carried out using PCR-RFLP analysis. The
677T allele frequency was observed higher in Down syndrome and intellectually disabled children
as compared to control. Whereas, 1298C allele frequency was higher in intellectually disabled and
lower in Down syndrome children as compared to control. The double heterozygote for C677T and
A1298C observed more frequent in Down syndrome and intellectually disabled children as
compared to control children.

INTRODUCTION
Down syndrome (DS) is the most common genetic cause of
intellectual disability (ID) in human and occurs due to either
complete or partial copy of an additional chromosome 21
which is resulted from the error during meiosis (Antonarakis et
al., 1992). In spite of substantial efforts, the mechanism
causing meiotic nondisjunction and role of maternal age on
trisomy 21 are poorly recognized. Study by James et al., (1999)
mentioned that chromosomal instability and abnormal
segregation may be resulted from genomic DNA
hypomethylation. In contrast, the defective folate metabolism
and affected gene-nutrient interaction in one-carbon
metabolism may leads to abnormal DNA methylation, nucleic
acid synthesis and DNA repair (Kim, 1999, 2000; Fenech,
2001).

The 5, 10 methylenetetrahydrofolate reductase (MTHFR), a
key enzyme involved in folic acid metabolism (Wagner, 1995),
plays catalytic role in conversion of 5, 10-
methylenetetrahydrofolate to 5-methyltetrahydrofolate. 5-
methyltetrahydrofolate is a main circulating form of folic acid
and act as a substrate for the methionine synthase to regenerate
methionine from the homocysteine (Hcy), in S-Adenosyl

methionine (SAM) cycle. Methionine in SAM cycle,
subsequently produce SAM, which is a universal methyl donor
in humans and requires for methylation of DNA (Schwahn and
Rozen, 2001; Shane et al., 1989). Thus, MTHFR plays a
central role in the provision of methyl groups to the body.
MTHFR also plays role in the production of nucleotides
required for DNA synthesis by means of thymidylate synthase
(Wagner, 1995).

The two most common and extensively studied MTHFR gene
polymorphisms are C677T (A222V) and A1298C (E429A) and
reported to decrease 50% to 60% catalytic activity of MTHFR
(Frosset et al., 1995). Substitution of cytosine to thiamin at 677
position leads to change in amino acid alanine to valine at
222nd codon which affect the catalytic domain of MTHFR and
reduce the catalytic activity of enzyme. Homozygosity of
valine at 222 amino acid position produces thermolabile form
of enzyme and found to influence the occurrence of
hyperhomocysteinemia, mainly during insufficient folate intake
(Jacques et al., 1996; Christensen et al., 1997). Individuals with
the variant MTHFR TT genotype have ~30% of the in
vitro enzyme activity than in those with the CC wild-
type. Heterozygotes (CT) show ~65% of normal enzyme
activity (Frosset et al., 1995). In case of A1298C, adenine is

Available Online at http://www.recentscientific.com
International Journal of

Recent Scientific

ResearchInternational Journal of Recent Scientific Research
Vol. 7, Issue, 12, pp. 14908-14913, December, 2016

Copyright © Mansi Desai and J. B. Chauhan., 2016, this is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the
original work is properly cited.

Article History:

Received 15th September, 2016
Received in revised form 25th

October, 2016
Accepted 23rd November, 2016
Published online 28th December, 2016

Key Words:

MTHFR gene polymorphism, MTHFR
C677T, MTHFR A1298C, Single nucleotide
polymorphism, Down syndrome,
Intellectual disability



Mansi Desai and J. B. Chauhan., Analysis of MTHFR c677t and a1298c Polymorphism in Down Syndrome
Other and Intellectually Disabled Children

14909 | P a g e

substituted by cytosine at 1298 nucleotide leading to the
replacement of glutamate to alanine at 429th codon, which
found to affect regulatory domain of MTHFR (Weisberg et al.,
1998). Several studies reported that, though homozygosity for
alanine at 429 amino acid position leads to the lower enzymatic
activity, it does not found to increase plasma Hcy levels, with
the exception when it occurs together with occurrence
homozygosity of valine at 222 (Schwahn and Rozen, 2001; van
der Put et al., 1998; Weisberg et al., 2001). The combined
heterozygous genotype for C677T and A1298C is found to be
associated with increased plasma Hcy levels and reduced
plasma folate levels (van der Put et al., 1998; Weisberg et al.,
1998).

Many studies have been conducted on maternal risk of MTHFR
gene polymorphisms in occurrence of DS but very few studies
conducted to check the prevalence of variation in DS and ID
children. Hence, the present study was focused on the analysis
of prevalence of individual and combined MTHFR C677T and
A1298C genotype in DS and ID children of Gujarati
population.

METHODOLOGY
Samples

Genotyping was done for C677T (A222V) and A1298C
(E429A) SNPs of MTHFR gene using PCR-RFLP. Present
study was ethically approved by S. G. Patel Ayurveda Hospital
and Maternity Homes, New Vallabh Vidyanagar, Anand,
Gujarat, India. Total 232 blood samples of the children from
different area of Gujarat were collected using the trained
technicians. The consent forms were signed by the parents of
the volunteers before the sample collection. From 232 (142
males and 90 females) children, 32 (20 males and 12 females)
were of Down syndrome (with characteristic facial features),
100 (67 males and 33 females) were of other intellectual
disability (IQ less than 70) and 100 (55 males and 45 females)
were control (normal healthy). The samples of DS and ID
children were collected from the special schools for the
mentally retarded children.

Molecular analysis

DNA from the blood samples was isolated using standard
phenol-chloroform method. PCR was carried out for A222V
using the primer sequence: Forward- TGA AGG AGA AGG
TGT CTG CGG GA; Reverse- AGG ACG GTG CGG TGA
GAG TG. Similarly, primer sequence Forward - CTT TGG
GGA GCT GAA GGA CTA CTA C; Reverse - CAC TTT
GTG ACC ATT CCG GTT TG were used for E429A (Matsuo
et al., 2001). PCR reaction mixture for A222V and E429A
were prepared using 1X master mix (Takaea Bio Inc.), 0.4 pM
of each primer (Sigma-Aldrich) and 100 ng of DNA. Total
volume 25µL was adjusted using nuclease free sterile distilled
water. The PCR was carried out using the following thermal
cycler parameters: Initial denaturation for 4 minutes at 94˚C
and final extension at 72˚C for 7 minutes. Denaturation was
carried out at 94˚C for 30 seconds, annealing at 67˚C (A222V)
and 62˚C (E429A) for 40 seconds followed by extension for 55
seconds at 72˚C for 35 cycles. The PCR products of both
A222V and E429A were digested by Hinf I and Mbo II
restriction enzymes (New England Biolabs, UK) respectively

(Table 1). The digestion was carried out using master mix
containing 1X buffer, 10 µL of respective PCR products and 1
µL of the respective restriction enzyme. The mixture was kept
the water bath at 37˚C for 2 hours for the incubation. The
digested PCR products were analyzed on 3.5% agarose gel
prepared in 1X TBE buffer.

Statistical Analysis

The gene and genotype frequency for single and two alleles for
males and females of all three groups were calculated
manually. The odd ratio was calculated to show any association
of MTHFR polymorphism with DS and ID.

RESULTS
The size of the PCR product for both the allele of C677T was
198 bp and of A1298C was 163 bp. The wild type allele with C
at 677th position doesn’t have site for the restriction enzyme
Hinf I. While the substitution of cytosine to thiamin at 677th

position, leads to T (mutant) allele, created the site for Hinf I
restriction enzyme. The PCR product with CC genotype
produced only single band of 198 bp after the digestion with
Hinf I. However, the mutant genotype (TT) showed two bands
of 175 and 23 bp (Fig 1).

Table 1 Details of PCR primers and RFLP pattern

Variant Primer Sequence
PCR

product
size

Restriction
enzyme

Pattern of genotype
with size in bp

C677T
(A222V)

F: 5’ tga agg aga agg
tgt ctg cgg ga 3’

198 bp Hinf I

CC : 198

R: 3’ agg acg gtg cgg
tga gag tg 5’ CT : 198+175+23

TT : 175+23

A1298C
(E429A)

F: 5’ ctt tgg gga gct gaa
gga cta cta c 3’

163 bp Mbo II

AA : 56+30+30+28+19

R: 3’ cac ttt gtg acc att
ccg gtt tg 5’

AG
:84+56+30+30+28+19

GG : 84+30+30+19
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Fig 1 Diagrammatic representation of PCR-RFLP pattern of MTHFR
C677T and A1298C.
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Fig 2 MTHFR C677T polymorphism: A- PCR bands on 1.5% agarose gel
and B- RFLP bands on 3.5% agarose gel. In A lane 1-6 are PCR products

of 198 bp and lane 7 is 50 to 1500bp DNA ladder. In B lane 1 is 50 to
1500bp DNA ladder, lane 2 & 5 are homozygous mutant with TT

genotype, lane 3 & 6 are heterozygous with CT genotype and lane 4 & 7
are homozygous normal with CC genotype.
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The heterozygous individuals (CT) produced 3 bands of 198,
175 and 23 bp after the digestion of PCR products with Hinf I.
The banding pattern of the Hinf I digested PCR products is
shown in Fig 2. The summary of genotyping of MTHFR C677T
is shown in Table 2. Out of 100 control sample, 44 males and
31 females found with CC genotype, 9 males and 13 females
with CT genotype and 2 males and 1 female with TT genotype.
From 100 ID children, 48 males and 22 females found with CC
genotype, 16 males and 11 females with CT genotype and 3
males and none of the females with TT genotype. Out of 32 DS
samples, 13 males and 8 females found with CC genotype, 7
males and 4 females with CT genotype. While, none of the DS
sample were found with TT genotype.

Adenine at 1298th position in A (wild type) allele has a site for
the restriction enzyme Mbo II. While the substitution of
adenine to cytosine at 1298th position, leads to C (mutant)
allele, abolish the site of Mbo II restriction enzyme. The PCR
product with genotype (AA) produced five bands of 56, 30, 30,
28 and 19 bp after the digestion with Mbo II. However, the
mutant genotype (CC) showed four bands of 84, 30, 30 and 19
bp. The heterozygous individuals (AC) produced 6 bands of 84,
56, 30, 30, 28 and 19 bp after the digestion of PCR products
with Mbo II (Fig 1). The banding pattern of the Mbo II digested
PCR products are shown in Fig 3.

The summary of genotyping of MTHFR A1298C is shown in
Table 2. Out of 100 control sample, 17 males and 13 females
found with AA genotype, 32 males and 29 females with AC
genotype and 6 males and 3 females with CC genotype. From
100 ID children, 21 males and 7 females found with AA
genotype, 39 males and 23 females with AC genotype and 7
males and 3 females with CC genotype. Out of 32 DS samples,
8 males and 4 females found with AA genotype, 10 males and
8 females with AC genotype. Only 2 males and none of the
females with DS were found with CC genotype. Combined
genotype frequency of MTHFR polymorphisms in males and
females of all three groups are shown in Table 3.

The association of MTHFR polymorphism with DS or ID is
shown in Table 4.

DISCUSSION
Down syndrome (DS), the most common genetic cause of
intellectual disability, mainly occurs due to non-disjunction of
chromosome 21. Although high prevalence and social impact
of DS, understanding of etiology and pathogenesis is still
incomplete. A known risk factor for DS syndrome is maternal
age of more than 35 years. However, DS children are also born
to young age mothers (EL-Gharib et al., 2012). Hence, it is a
major challenge to identify possible risk factors for DS (Rai et
al., 2006).

Some clinical studies have suggested that individuals with DS
have unusual one-carbon metabolism (Pogribna et al., 2001;
James et al., 1999) and folate is directly related metabo-
nutritional factor for this metabolism. A clinical study by
Hobbs et al., (2000) has more directly concerned folate
deficiency as a risk factor for human aneuploidy. Moreover,
results of EL-Gharib et al., (2012) depicted that Hcy
concentration is significantly higher in mothers of infants with
DS having the homozygous normal CC genotype than their

Table 2 Allelic and genotypic distribution of MTHFR polymorphisms in patients and control

Variant Allele/
Genotype

Frequency in DS
(n=32)

Frequency in ID
(n=100)

Frequency in Control
(n=100)

Male Female Total Male Female Total Male Female Total

C677T

C 0.825 0.833 0.828 0.835 0.833 0.835 0.881 0.833 0.860
T 0.175 0.166 0.171 0.164 0.166 0.165 0.118 0.166 0.410

CC 0.650 0.666 0.656 0.716 0.666 0.700 0.800 0.688 0.750
CT 0.350 0.333 0.343 0.238 0.333 0.270 0.163 0.288 0.220
TT 0.000 0.000 0.000 0.044 0.000 0.030 0.036 0.022 0.030

A1298C

A 0.650 0.666 0.656 0.604 0.560 0.590 0.600 0.611 0.615
C 0.350 0.333 0.343 0.395 0.439 0.410 0.400 0.388 0.395

AA 0.400 0.333 0.375 0.313 0.212 0.280 0.309 0.288 0.300
AC 0.500 0.666 0.562 0.582 0.696 0.620 0.581 0.644 0.610
CC 0.100 0.000 0.062 0.104 0.090 0.100 0.109 0.066 0.090

Fig 3 MTHFR A1298C polymorphism: C- PCR bands on 1.5% agarose gel
and D- RFLP bands on 3.5% agarose gel. In C lane 1 is 50 to 1500bp DNA

ladder, lane 2-6 are PCR products of 163 bp. In D lane 1 is 50 to 1500bp
DNA ladder, lane 2 is homozygous normal with AA genotype, lane 3 & 5
are heterozygous with AC genotype, lane 4 is homozygous mutant with

CC genotype and lane 6 is PCR product of MTHFR A1298C.

Table 3 Combined genotypic analysis of MTHFR polymorphisms in patients and control

MTHFR Polymorphism Frequency in DS
(n=32)

Frequency in ID
(n=100)

Frequency in Control
(n=100)

C677T A1298C Male Female Total Male Female Total Male Female Total
CC AA 0.250 0.166 0.218 0.179 0.090 0.150 0.181 0.133 0.160
CC AC 0.300 0.500 0.375 0.432 0.484 0.450 0.509 0.488 0.500
CC CC 0.100 0.000 0.062 0.104 0.090 0.100 0.109 0.066 0.090
CT AA 0.150 0.166 0.156 0.104 0.121 0.110 0.109 0.155 0.130
CT AC 0.200 0.166 0.187 0.134 0.212 0.160 0.054 0.133 0.090
CT CC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TT AA 0.000 0.000 0.000 0.029 0.000 0.020 0.018 0.000 0.010
TT AC 0.000 0.000 0.000 0.014 0.000 0.010 0.018 0.022 0.020
TT CC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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control counterparts with identical heterozygous CT genotype.
Contradictory to those, Scala et al., (2006) didn’t analyze any
significant difference between blood Hcy levels of DS and
control mother, indicating direct impact of certain genotypes as
a risk factor for DS.

Several studies reported the association of MTHFR C677T and
A1298C polymorphism and risk of having Down syndrome
children (James et al., 1999; Al-Gazali et al., 2001; Scala et al.,
2006). The results of Patterson (2008) showed 2.5 fold
increases in maternal risk of Down syndrome due to MTHFR
C677T polymorphism. Similarly, results of Saxena (2011)
revealed heterozygous (CT) condition at 677th position in
MTHFR is an independent risk factor for intellectual disability.
Contradictory to that, several studies did not found any
association between MTHFR C677T polymorphism and risk of
DS (Elsayed et al., 2014; Pandey et al., 2013)

Studies by EL-Gharib et al., (2012) suggested that abnormal
folic acid metabolism coupled with MTHFR gene
polymorphisms may leads to significant decrease in methionine
and increase in Hcy levels which in turn seems to be involved
in increasing the risk of DS. However, Scala et al., (2006)
suggested that the impact of genotype might be influenced by
blood folate and Hcy levels. In addition, Shashi et al., (2001)
suggested low folate intake with MTHFR C677T
polymorphism as a maternal risk factor for human aneuploidy.
Plethora of studies has been carried out to understand the
impact of deranged folate metabolism in the risk of having DS
children. However, because of conflicting emergence of
outcomes in different populations, the problem still remains
unsolved (Rai et al., 2006; Kohli et al., 2008; Cyril et al., 2009;
Coppede et al., 2009; Mohanty et al., 2012; Pandey et al.,
2013; Elsayed et al., 2014). Variation in the data from different
geographical regions may be due to different nutritional habits
as well as genetic background of different population.

There are many studies on the maternal MTHFR C677T and
A1298C polymorphism and risk of having DS children, but
there are only few studies on distribution of genotype in DS
individuals (Bozovic et al., 2011; Rai et al., 2014).
Accordingly, the present study explores the genetic risk
profiles for DS and ID and reports the analysis of two
polymorphic variants of MTHFR gene involved in Hcy/folate
metabolism, the allele-allele interactions among
polymorphisms and their association with DS & ID. In our
study, the frequency of heterozygous individuals for MTHFR
C677T is grater in DS and ID as compared to control.
Similarly, 677T allele frequency is higher in DS and ID
children as compared to control children. 1298C allele
frequency is higher in ID children and lower in DS children as
compared to control children.

The two distinct polymorphisms in CIS position in the same
gene may functionally interact to reduce the enzyme activity
which can results in the stronger impact on the observed
phenotype (Scala et al., 2006). The data reported in the present
study are consistent with the above hypothesis and revealed an
association between DS/ID and double heterozygote.

CONCLUSION
MTHFR C677T polymorphism can be a risk for Down
syndrome and intellectual disability, while MTHFR A1298C
might be a risk factor for intellectual disability but not for the
Down syndrome in Gujarati population. Double heterozygotes
for MTHFR C677T and A1298C is more frequent in Down
syndrome and intellectually disabled children as compared to
control

Acknowledgements

We are very thankful to Charutar Vidyamandal and SICART,
Vallabh Vidyanagar for providing platform for conducting the
research work. Authors are also very thankful to Director
ARIBAS for providing constant support and guidance
throughout the research work. We are also very thankful to
department of science and technology (DST) for providing the
fellowship. The parents of the volunteers are also
acknowledged for providing necessary consent for collecting
the samples to carry out the study.

Ethics

The present study is ethically approved by S. G. Patel
Ayurvedic Hospital and Maternity Home, New Vallabh
Vidyanagar, Anand, Gujarat, India-388121

References
1. Al-Gazali, L.I., Padmanabhan, R., Melnyk, S., Yi, P.,

Pogribny, I.P., Pogribna, M., Bakir, M., Hamid, Z.A.,
Adulrazzaq, Y., Dawodu, A. and James, S.J. (2001):
Abnormal folate metabolism and genetic polymorphism
of the folate pathway in a child with Down syndrome
and neural tube defect. Am J Med Genet., 103:128-132.

2. Antonarakis, S.E., Petersen, M.B., McInnis, M.G.,
Adelsberger, P.A., et al. (1992): The meiotic stage of
nondisjunction in trisomy 21: determination by using
DNA polymorphisms. Am J Hum Genet., 50:544–550.

3. Bozovic, I.B., Vranekovic, J., Cizmarevic, N.S.,
Mahulja-Stamenkovic, V., Prpic, I. and Brajenovic-
Milic, B. (2011): MTHFR C677T and A1298C
polymorphisms as a risk factor for congenital heart
defects in Down syndrome. Pediatr. Int., 53:546–550.

4. Christensen, B., Frosst, P., Lussier-Cacan, S. et al.
(1997): Correlation of a common mutation in the
methylenetetrahydrofolate reductase gene with plasma

Table 4 Association of MTHFR C677T and A1298C polymorphism in DS & ID

Polymorphism Allele Control DS OR
(95% CI)

P Value ID OR
(95% CI)

P Value

MTHFR
C677T

T 28 11
1.27

(0.59-2.73)
0.53

33
1.21

(0.70-2.09)
0.48C 172 53 167

Total 200 64 200

MTHFR
A1298C

C 79 22
0.80

(0.44-1.44)
0.46

82
1.06

(0.71-1.58)
0.75A 121 42 118

Total 200 64 200



International Journal of Recent Scientific Research Vol. 7, Issue, 12, pp. 14908-14913, December, 2016

14912 | P a g e

homocysteine in patients with premature coronary artery
disease. Arterioscler Thromb Vasc Biol., 17:569–573.

5. Coppede, F., Migheli, F., Bargagna, S., Siciliano, G.,
Antonucci, I., Stuppia, L., Palka, G. and Migliore, L.
(2009): Association of maternal polymorphisms in folate
metabolizing genes with chromosome damage and risk
of Down syndrome offspring. Neurosci Lett., 449:15-19.

6. Cyril, C., Rai, P., Chandra, N., Gopinath, P. M. and
Satyamoorthy, K. (2009): MTHFR gene variants C677T,
A1298C and association with Down syndrome: a case
control study from South India. Ind. J. Hum. Genet.,
15:60–64.

7. El-Gharib, M.N., Mahfouz, A.E. and Hammoudah, S.A.
(2012): Maternal MTHFR gene polymorphisms and risk
of Down syndrome offspring. Int. J. Med. Biomed. Res.,
1:199–205.

8. Elsayed, G.M., Elsayed, S.M. and Ezz-Elarab, S.S.
(2014): Maternal MTHFR C677T genotype and septal
defects in offsprings with Down syndrome: a pilot study.
Egyptian J. Med. Hum. Genet., 15:39–44.

9. Fenech, M. (2001): The role of folic acid and vitamin
B12 in genomic stability of human cells. Mutat. Res.,
475:56–67.

10. Frosst, P., Blom, H.J., Milos, R., Goyette, P., Sheppard,
C.A., Matthews, R.G., Boers, G.J., den Heijer, M.,
Kluijtmans, L.A., van den Heuvel, L.P. and Rozen, R.A.
(1995): candidate genetic risk factor for vascular
disease: a common mutation in
methylenetetrahydrofolate reductase. Nat.
Genet., 10:111-113.

11. Hobbs, C.A., Sherman, S.L., Yi, P., Hopkins, S.E. et al.
(2000): Polymorphisms in genes involved in folate
metabolism as maternal risk factors for Down syndrome.
Am J Hum Genet., 67:623–630.

12. Jacques, P.F., Bostom, A.G., Williams, R.R., Ellison,
R.C., Eckfeldt, J.H., Rosenberg, I.H., Selhub, J. and
Rozen, R. (1996): Relation between folate status, a
common mutation in methylenetetrahydrofolate
reductase, and plasma homocysteine concentrations.
Circulation, 93:7-9.

13. James, S.J., Pogribna, M., Pogribny, I.P., Melnyk, S.,
Hine, R.J., Gibson, J.B., Yi, P., Tafoya, D.L., Swenson,
D.H., Wilson, V.L. and Gaylor, D.W. (1999): Abnormal
folate metabolism and mutation in the
methylenetetrahydrofolate reductase (MTHFR) gene
may be maternal risk factors for Down syndrome. Am J
Clin Nutr., 70:495–501.

14. Kim, Y.I. (1999): Folate and cancer prevention: a new
medical application of folate beyond
hyperhomocysteinemia and neural tube defects. Nutr
Rev., 57:314-321.

15. Kim, Y.I. (2000): Methylenetetrahydrofolate reductase
polymorphisms, folate, and cancer risk: a paradigm of
gene-nutrient interactions in carcinogenesis. Nutr Rev.,
58: 205-209.

16. Kohli, U., Arora, S., Kabra, M., Ramakrishnan, L.,
Gulati, S. and Pandey, R.M. (2008): Prevalence of
MTHFR C677T polymorphism in north Indian mothers
having babies with trisomy 21 Down syndrome. Downs
syndr Res pract., 12:133-137.

17. Matsuo, K., Suzuki, R., Hamajima, N., Ogura, M.,
Kagami, Y., Taji, H., Kondoh, E., Maeda, S., Asakura,
S., Kaba, S., Nakamura, S., Seto, M., Morishima, Y. and
Tajima, K. (2001): Association between polymorphisms
of folate- and methionine-metabolizing enzymes and
susceptibility to malignant lymphoma, BLOOD,
97(10):3205-3209.

18. Mohanty, P.K., Kapoor, S., Dubey, A.P., Pandey, S.,
Shah, R., Nayak, H.K. and Polipalli, S.K. (2012):
Evaluation of C677T polymorphism of the
methylenetetrahydrofolate reductase gene and its
association with levels of serum homocystein folate and
vitamin B12 as maternal risk factors for Down
syndrome. Ind. J. Hum. Genet., 18:285–289.

19. Pandey, S.K., Mohanty, P.K., Polipalli, S.K. and
Kapoor, S. (2013): Genetic polymorphisms of MTHFR
(C677T and A1298C) and homocystein metabolism as a
risk factor for Down’s syndrome patients in north Indian
mothers. Int. J. Pharma. Biosci., 4:249–256.

20. Patterson, D. (2008): Folate metabolism and the risk of
Down syndrome. Downs Syndr Res Pract., 12:93–97.

21. Pogribna, M., Melnyk, S., Pogribny, I., Chango, A., Yi,
P. and James, S.J. (2001): Homocysteine metabolism in
children with Down syndrome: in vitro modulation. Am
J Hum Genet., 69:88–95.

22. Rai, A.K., Singh, S., Kumar, S.M.A., Pandey, L.K. and
Raman, R. (2006): MTHFR C677T and A1298C
polymorphisms are risk factors for Down’s syndrome in
Indian mothers. J Hum Genet., 51:278-283.

23. Rai, V., Yadav, U., Kumar, P. and Yadav, S.K. (2014):
Methylenetetrahydrofolate reductase polymorphism is
not risk factor for Down syndrome in North India.
Indian J Hum Genet., 20:142-7.

24. Saxena, A.K. (2011): MTHFR C677T gene mutation
associated with severe risk for mental retardation in
children. Inter. J. Genet., 3(2):47-49.

25. Scala, I., Granese, B., Sellitto, M., Salome, S.,
Sammartino, A., Pepe, A. Mastroiacovo, P., Sebastio,
G. and Andria, G. (2006): Analysis of seven maternal
polymorphisms of genes involved in homocystein/folate
metabolism and risk of Down syndrome offspring.
Genet. Med., 8:409–416.

26. Schwahn, B. and Rozen, R. (2001): Polymorphisms in
the methylenetetrahydrofolate reductase gene: clinical
consequences. Am J Pharmacogenomics, 1:189-201.

27. Shane, B. (1989): Folylpolyglutamate synthesis and role
in the regulation of one-carbon metabolism. Vitam
Horm., 45:263-335.

28. Shashi, V., Rickheim, A. and Pattenati, M..J. (2001):
Maternal homozygosity for the common MTHFR
mutation as a potential risk factor for offspring with
limb defects. Am J Med Genet., 100:25-29.

29. van der Put, N.M., Gabreels, F., Stevens, E.M. et al.
(1998): A second common mutation in the
methylenetetrahydrofolate reductase gene: an additional
risk factor for neural-tube defects. Am J Hum Genet.,
62:1044–1051.

30. Wagner, C. (1995): Biochemical role of folate in cellular
metabolism. Bailey, L.B. eds. Folate in Health and
Disease., :23-42, Marcel Dekker New York, NY.



Mansi Desai and J. B. Chauhan., Analysis of MTHFR c677t and a1298c Polymorphism in Down Syndrome
Other and Intellectually Disabled Children

14913 | P a g e

31. Weisberg, I., Tran, P., Christensen, B., Sibani, S. and
Rozen R. A. (1998): Second genetic polymorphism in
methylenetetrahydrofolate reductase (MTHFR)
associated with decreased enzyme activity. Mol Genet
Metab., 64:169-172.

32. Weisberg, I.S., Jacques, P.F., Selhub, J., et al. (2001):
The 1298A3C polymorphism in
methylenetetrahydrofolate reductase (MTHFR): in vitro
expression and association with homocysteine.
Atherosclerosis, 156:409-415.

*******
How to cite this article:

Mansi Desai and J. B. Chauhan.2016, Analysis of MTHFR c677t and a1298c Polymorphism in Down syndrome other and
Intellectually Disabled Children. Int J Recent Sci Res. 7(12), pp. 14908-14913.


