
The Study of MTHFR Gene C677T Polymorphism in Human 
Embryonic Blastomeres by Fluorescence PCR Method

Introduction
Pre-implantation genetic diagnosis (PGD) is a new 
technique for obtaining the genetic information of the 
embryo before transferring it to the uterus. In fact, PGD 
is a novel technology that enables individuals with certain 
genetic diseases to avoid the transmission of undesirable 
genes to their offspring (1). Many people who apply for 
PGD do not suffer from infertility. They ask for PGD 
because this serves to prevent a specific genetic disorder 
from passing to their children or to eradicate it from 
their families (2). In 1990, the first successful clinical 
application of the PGD method in human was reported in 
a study by Handyside et al (3). They used PCR method to 
amplify a specific repeat sequence on the Y chromosome 
for sex selection in the embryos. In addition, in 1992, the 
first live birth of PGD was reported for cystic fibrosis (4). 
Today, after more than 2 decades of the introduction of 
this technique, PGD is widely used and medical need for 
PGD services is significant.

PGD starts with IVF process that involves controlled 
ovarian stimulation, oocyte retrieval, fertilization in 
the laboratory, and embryo biopsy. In this method, the 
specialist removes one or 2 cells from the embryo and 
after genetic analysis, normal embryos are transferred to 

the mother’s uterus (5,6). Today, most of the PGD centers 
perform cleavage stage biopsy on the third day after 
fertilization to obtain genetic material, while the embryo 
has between 6-8 cells. At this stage, the blastomeres are 
totipotent, and it seems that biopsy does not affect their 
metabolism and survival (7). PGD experiments have 
mainly focused on 2 methodologies: fluorescent in situ 
hybridization (FISH) and polymerase chain reaction 
(PCR) (8).

The normal coagulation processes in the mother and the 
placenta are critical for the maintenance of pregnancy and 
are associated with abortion (9). Recurrent miscarriage is 
a multifactorial disease in which genetic factors, especially 
thrombophilic factors, can be considered as one of the 
causes of the disease (10). Polymorphisms in the genes 
encoding enzymes involved in important metabolic 
pathways, such as MTHFR, are considered as one of the 
key factors involved in the formation of thrombophilia. 
It is important to highlight that MTHFR enzyme plays an 
important role in the metabolism of folate, methionine and 
homocysteine (11) and deficiency in folate metabolism 
might have adverse effects on many essential processes and 
even affects implantation and embryogenesis (12,13). The 
MTHFR enzyme converts 5, 10-methylenetetrahydrofolate 
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to 5-methyltetrahydrofolate, which is the predominant 
form of folate in the blood stream. Then, homocysteine 
is converted to methionine by obtaining a methyl group 
and methionine synthase catalyzes the transfer of methyl 
group. The decrease in the activity of the MTHFR enzyme 
leads to the reduction of the substrate for methionine 
synthase, which leads to a stop in the formation of 
methionine with the increase of serum homocysteine 
levels (14).

The gene encoding the MTHFR enzyme is located on 
the distal end of the short arm of chromosome 1 (1p36.22) 
and has 11 exons and 10 introns. The length of the gene is 
about 2037 bp. The protein product of this gene has 656 
amino acids with a molecular weight of 74.7 kDa (15).

In C677T polymorphism, substitution of cytosine with 
thymine in nucleotide 677 at exon 4 of this gene leads 
to the replacement of alanine with valine at codon 222 
of the protein sequence. This point mutation leads to 
the formation of an unstable and thermolabile enzyme, 
and the level of homocysteine is increased due to the 
decreased enzymatic activity of the mutant gene. The 
enzyme activity is reduced 70% and 30% in homozygous 
and heterozygous individuals, respectively, compared to 
normal individuals (16).

The finding revealed that MTHFR is expressed in both 
human oocytes and pre-implantation embryos (17). 
With regard to the fact that MTHFR genotype can be 
easily determined in the embryo, C677T polymorphism 
can be selected as a new and valuable biomarker for 
evaluating the embryo ability and thus, improve In vitro 
fertilisation (IVF)process by selecting the best embryo and 
subsequently creating a viable pregnancy (13). Therefore, 
the study of the polymorphism of this gene in the IVF–
derived embryos before implantation is recommended due 
to the importance of this gene in the embryo development 
and success of the implantation.

In this regard, MTHFR genotyping in pre-implantation 
embryos can increase the rate of implantation and can 
reduce abortion and eventually, reduces the need for 
prenatal diagnosis.

Objectives 
Since folate is important in human fertility processes and 
insufficient absorption of folic acid affects reproductive 
functions and has harmful effects on embryonic 
implantation and preservation of pregnancy, our aim was 

to investigate MTHFR gene C677T polymorphism in pre-
implantation embryos.

Materials and Methods
In this study, 50 embryos (which were unusable for 
fertility treatment) were received from Infertility 
Treatment Center of Academic Jihad of Tabriz. In this 
center, intra-cytoplasmic sperm injection (ICSI) was used 
to reduce possible contamination with surplus sperm after 
oocyte retrieval. The embryo biopsy was performed in 
the morning of the third day after fertilization (cleavage 
stage biopsy). The biopsy was performed in Ca++ and Mg++ 

free medium and zona pellucida was removed using laser 
(OLYMPOS 1X71). Blastomeres were washed three times 
in buffer containing phosphate buffered saline (PBS) 
solution with 0.1% polyvinyl alcohol (PVA). Subsequently, 
each blastomere was transferred into 0.2 mL PCR tube 
containing 5 μL of alkaline lysis buffer (200 mM KOH, 
50 mM DTT [Dithiothreitol]). The microtubes containing 
single cells were incubated at 65°C for 10 minutes and then, 
were cooled at 4°C. Finally, 5 μL of neutralization buffer 
(900 mMTris-HCl pH 8.3, 300 mMKCl and 200 mMHCl) 
was added to each tube. The first round PCR reactions 
were performed using PEP primer in a final volume of 50 
μL (Table 1). In this step, 15-mer oligonucleotide primers 
were used for whole genome amplification (WGA) in 
blastomeres. These primers bind non-specifically to 
different regions of the genome and their sequence was as 
follows: 5’-NNN NNN NNNNNN NNN-3’.

PEP-PCR was set up as follows: Initial denaturation at 
95°C for 5 minutes (1 cycle); denaturation at 92°C for 1 
minutes, annealing at 40°C for 2 min, extension at 55°C 
for 4 minutes (45cycles); final extension at 72°C for 5 
minutes (1 cycle).

After DNA amplification of the blastomere samples 
in the first stage of the PCR reaction, in the next round, 
PCR reactions were performed by fluorescence PCR with 
specific primers for SRY gene (for sex determination) and 
MTHFR (for evaluation of C677T polymorphism) in a 
final volume of 25 μL. The conditions of the PCR reaction 
are shown in Table 2.

Fluorescence PCR with specific primers for SRY gene 
and MTHFR was set up as follows: Initial denaturation at 
95°C for 10 minutes (1 cycle); denaturation at 95°C for 
30 seconds, annealing SRY and MTHFR at 59°C for 30 
seconds, extension at 72◦C for 40 seconds (35 cycles); final 

Table1. First Round PCR Reactions With PEP-Primer

Buffers+Single cell H2O Taq Polymerase (5u/µL) MgCl2(100mM) dNTP(10mM) PEP Primer(10 pmol/µL) Buffer 10x Total Volume

11 µL 24 µL 1 µL 2 µL 2 µL 5 µL 5 µL 50 µL

Table 2. Multiplex Fluorescence PCR

PCR Product H2O Taq Polymerase (5u/µL) MgCl2 (100mM) dNTP (10mM) Primers (10pmol/µl) Buffer 10x Total Volume

3-5 µL 16.95 µL 0.3 µL 0.75 µL 0.5 µL 0.5 µL 2.5 µL 25 µL
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extension at 72◦C for 7 minutes (1 cycle).
The primers used at this stage were attached to 6-FAM 

(6-Carboxyfluorescein) fluorescent dye at the end of 5’ 
strands (Table 3).

The accuracy of PCR was confirmed by agarose 
gel electrophoresis. After amplification of samples by 
multiplex fluorescence PCR, samples were digested 
with Hinfl (Thermo-ER0801) enzyme to determine the 
genotype of blastomeres. After enzymatic digestion, the 
homozygous wild type (CC), heterozygote (CT), mutant 
homozygote (TT) showed 1 band (198 bp), three bands 
(198, 175 and 23bp), 2 bands (175, 23 bp), respectively. 
The band of 23 bp was not visible due to its small size. 
Finally, the exact size of PCR products was determined 
using capillary electrophoresis and the results were 
analyzed using GeneMapper software version 4.0. 
Fluorescent-labeled primers were used to work with this 
kind of electrophoresis. 

Results
In this study, the frequency of MTHFR gene C677T 
polymorphism was investigated in blastomeres. We 
found that only 37 samples among 50 blastomeres 
were successfully amplified. Twenty-three male and 14 
female embryos were observed and 25, 9 and 3 samples 
were diagnosed as CC, CT and TT, respectively. As 
demonstrated in Table 4, the frequencies of C and T 
allele were 80% and 20%, respectively. The samples of the 
capillary electrophoresis results are illustrated in Figures 
1, 2 and 3. 

Indeed, only one distinct peak of 243 bp was observed 
in male embryos, while it was not detected in female 
embryos. Each of the peaks in the figures represents a 
single allele or amplified piece with specified size.

Discussion
The risk of developing a variety of abnormalities in the 
child can be increased with the mother’s age in couples 
with genetic diseases. These couples are often at the risk 

of transmitting these diseases to their children. PGD is a 
screening method for couples who wish to have a healthy 
child and can determine the genotype of embryos before 
implantation to prevent transfer and implantation of 
affected embryos. To date, PGD technique allows these 
couples to have a child with no genetic disease. In recent 
years, the use of PGD technique has been considered in 
various diagnostic fields, and recent studies have shown 
that PGD can even play significant role in the management 
of recurrent miscarriage, especially in women over 35 
years old, and these patients are the best candidates for 
PGD because it helps to improve fertility outcome (18).

 Regarding our literature review, there are not enough 

Table 3. The Sequence and Characteristics of Specific Primers Used for PCR

Name Sequence Melting Temperature PCR Product

SRY-Forward
SRY-Reverse

5′-6-FAM-TTTCGAACTCTGGCACCTT-3'
5′-CATGGGTCGCTTCACTCTA-3′

61°C
60°C

243bp

MTHFR-Forward
MTHFR-Reverse

5′-6-FAM-TGAAGGAGAAGGTGTCTGCGGGA-3′
5′-AGGACGGTGCGGTGAGAGTG-3′

65°C
64°C

198bp

Table 4. MTHFR C677T Genotype and Allele Frequencies in Embryos

Genotype n = 37 %

677CC
677CT
677TT

25
9
3

67.56
24.32
8.10

Allele
C
T

59
15

80
20

Figure 3. Female embryo with mutant genotype (TT).

Figure 1. An example of a Male Embryo With Normal Homozygous 
Genotype (CC).

Figure 2. Male Embryo With Heterozygous Genotype (CT).
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conducted studies on the use of pre-implantation of 
genetic diagnosis method to study the MTHFR gene 
polymorphisms. More recently, there are reports that 
describe the effects of these polymorphisms in patients 
who use the IVF technique and also show the effect of some 
MTHFR variants on the embryo quality (morphological 
evaluation) and the implantation potential of the embryo 
(19,20). The study of the polymorphism of this gene in 
human embryos derived from IVF is recommended before 
implantation due to the importance of the MTHFR gene in 
the embryo development and success of the implantation.

In the study that was done by Galluzzi et al, non-invasive 
methods in PGD were used (21). In this research, after 
DNA extraction from blastocoel fluid samples and embryo 
culture media, MTHFR gene C677T polymorphism 
was investigated in these samples. They explained that 
amplification was successful only in 62.5% and 44.4% of the 
culture media and blastocoel fluid samples, respectively. In 
another study, the effect of embryo MTHFR genotype on 
the implantation was investigated by Enciso et al. (2016) 
(13). The results indicated that there was a significant 
risk of implantation failure in the euploid embryos 
homozygous for the 677T allele and MTHFRc.677C> 
T genotype affects the ability of an embryo to create a 
successful pregnancy. In fact, the data obtained from this 
study showed that homozygosity for the 677T allele could 
account for about 20% of the embryo implantation failure 
and consequently, determining the MTHFR genotype in 
IVF-derived embryos before transfer to the uterus can be 
helpful in ensuring the success of fertility treatments.

Our aim was to investigate MTHFR gene C677T 
polymorphism in IVF-derived pre-implantation embryos. 
We highlight here that Only 37 samples among 50 
blastomeres were successfully amplified (74%), and the 
frequency of the C allele was significantly higher than T 
allele. It is noteworthy that due to inaccessibility to parent 
genotype in this study, the effect of parental genotype on 
the success rate of the implantation was not investigated 
and because these embryos were unusable for fertility 
treatment, it was virtually impossible to evaluate the 
success or failure of implantation.

Conclusions
PGD is a screening technique for couples who wish to have 
a healthy child and can be potentially used to genotype 
embryos before implantation to prevent the transfer 
of affected embryos to the uterus. In the present study, 
MTHFR gene C677T polymorphism was investigated in 
pre-implantation embryos because folate is important in 
human fertility processes and insufficient absorption of 
folic acid affects reproductive functions and has harmful 
effects on embryonic implantation and preservation of 
pregnancy.
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