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Background: Preimplantation genetic diagnosis (PGD) currently relies on biopsy of one 
or few embryo cells. Our aim was to evaluate the embryo extracellular matrices (spent 
medium and blastocoele fluid) as source of DNA for embryo genotyping. Results/
methodology: We first evaluated the amplifiability and the amount of genomic DNA 
in spent embryo culture media from day 3 (n = 32) and day 5/6 (n = 54). Secondly, we 
evaluated the possibility to genotype the MTHFR polymorphism C677T from media 
at day 5/6 (n = 8) and blastocoele fluids (n = 9) by direct sequencing. The C677T 
polymorphism detection rate was 62.5 and 44.4% in medium and fluid, respectively. 
Conclusion: A noninvasive approach for embryo genotyping was possible, but still 
with limitations due to low detection rate and possible allele dropout.

PGD currently relies on biopsy of embryo cells, which could imply some risk of embryo 
damage. Since embryo DNA was retrieved both in blastocoele cavity and culture 
medium, we evaluated if this extracellular DNA could be useful to obtain medical-
related genetic information from the embryo. First, we used multicopy genes to verify 
amplifiability and amount of DNA in medium, then we amplified and sequenced 
one gene fragment containing a polymorphism of medical importance in a subset 
of samples. The polymorphism detection rate was not yet high enough to warrant 
clinical application but we demonstrated that this approach was possible.
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The preimplantation genetic diagnosis 
(PGD) of a multitude of hereditary genetic 
disorders currently relies on invasive biopsy 
procedures  [1]. However, cleavage stage 
biopsy (day 3) in particular has been asso-
ciated with a small but significant risk of 
embryo’s damage [2–4].

In this context, it would be intriguing to 
investigate genetic content of embryo matri-
ces obtained with noninvasive or low-inva-
sive procedures. Recently, it has been shown 
that genomic DNA (gDNA) can be detected 
in the blastocoele of the human embryo, and 
that this DNA could be suitable for PCR, 
whole-genome amplification (WGA) and 
array Comparative Genomic Hybridization 
(aCGH)  [5]. Successively, the possibility to 
perform preimplantation genetic screening 

(PGS) on gDNA from blastocoele fluid was 
also investigated [6]. Moreover, in the veteri-
nary field, the gDNA was also detected in 
blastocoele fluid from equine embryos  [7]. 
Genomic and mitochondrial DNA (mtDNA) 
was also detected in the secretome of human 
cleavage-stage embryos in day 3 culture 
medium  [8]. In particular, mtDNA in spent 
day 3 medium has been evaluated as marker 
of blastocyst potential and implantation out-
come [9]. However, no studies have been per-
formed to evaluate the potential of these non-
invasive matrices as a source of DNA suitable 
for genotyping.

In this work, we first evaluated the 
presence, amplifiability and the amount 
of gDNA in spent culture media from 
embryos at different developmental stages 
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(cleavage stage [day 3], and blastocyst stage [day 
5/6]) by performing quantitative PCR on two multi-
copy genes (TBC1D3 and TSPY1 located on chromo-
some 17 and Y, respectively). Multicopy genes were 
chosen to increase chances of amplification; more-
over, the target gene on Y chromosome was chosen 
to further evaluate the reliability of PCR results in 
pregnancies or by comparison with expected male/
female ratio. Then, as a proof of concept about the 
possibility to detect a point mutation in gDNA from 
blastocoele fluid or day 5/6 spent culture media sam-
ples, we attempted to genotype the MTHFR C677T 
(rs1801133) polymorphism [10] in samples from blas-
tocysts derived from IVF patients known to carry the 
677T mutation.

Methods
Embryo culture & sample collection
Human fertilized oocytes obtained from patients car-
rying the MTHFR 677T allele were individually cul-
tured until day 3 in 10 μl of G-1 PLUS medium (Vit-
rolife), and from day 3 to days 5/6, in 10 μl of G-2 
PLUS medium (Vitrolife). Medium droplets were over-
laid with paraffin oil (ovoil, vitrolife) and incubated at 
37°C in a humidified atmosphere of 6% CO

2
 and 5% 

O
2
. Spent embryo culture media were collected in PCR 

tubes after embryo removal. Appropriate precautions 
were taken to prevent contamination (i.e., sterile, PCR-
grade tips and tubes) and sample manipulation was 
performed under a sterile hood by laboratory person-
nel wearing gloves and coat. Moreover, medium drop-
lets incubated without embryos were also processed for 
PCR negative controls. A total of 86 samples (32 spent 
media from day 3 and 54 from day 5/6) were used in the 
present study. Blastocoele fluids were collected before 
vitrification on day 5 or 6, from nine supernumerary 
embryos as previously described  [5,11]. Trophectoderm 
biopsy was performed by removing three to five cells 
that had herniated through the zona pellucida from five 
embryos. The procedure was carried out in G-Gamete 
medium (Vitrolife). The retrieved cells were transferred 
to a PCR tube containing 5 μl of Tris-EDTA pH 8. 
Before trophectoderm biopsy and blastocoele fluid col-
lection, the embryos were transferred to fresh medium, 
to avoid accidental gDNA release in the medium during 
these procedures. All samples were immediately frozen 
and stored at -80°C until processing.

Detection & quantification of gDNA in embryo 
culture media
gDNA amplifiability was directly evaluated in 86 spent 
embryo culture media by quantitative PCR on the mul-
ticopy gene TBC1D3 as described previously  [5], with 
slight modifications. In particular, TBC1D3 primer 

concentration was reduced to 100 nM and 2 μl of 
medium was added directly to 25 μl reaction mixture 
as source of DNA template. A nontemplate control was 
included in each PCR run. Moreover, negative controls 
consisting of empty culture droplets were also tested 
for TBC1D3 amplification to exclude contamination. 
gDNA quantification was performed using a standard 
curve constructed with human gDNA from 5000 to 5 
pg per reaction. Two μl of G-1 PLUS medium or G-2 
PLUS medium were also added to each reaction tube 
to take into account the inhibitory effects of medium 
at day 3 or day 5/6, respectively. TSPY1 amplification 
was performed as described [5] to assess the presence of 
the Y chromosome.

Whole-genome amplification
The gDNA was amplified from 2.5 μl of culture media, 
2.5 μl of biopsy samples and 4 μl of blastocoele fluid 
samples using PicoPLEX WGA kit (Rubicon Genom-
ics, MI, USA) according to manufacturer’s procedure. 
Positive and negative (no template) controls were also 
run to confirm DNA amplification and check for 
accidental contamination, respectively. The amplified 
gDNA (referred to hereafter as WGA DNA) was used 
as template in downstream PCR reactions without 
further purifications.

Detection of MTHFR C677T polymorphism
A 109 bp-fragment of MTHFR gene containing the 
C677T (rs1801133) polymorphism was amplified from 
2 μl of WGA DNA diluted 1:10 using primers MTHFR 
C677T_F (5́ -CGAAGCAGGGAGCTTTGAGG-3´) 
and MTHFR C677T_R (5́ -GCGGAAGAATGT-
GTCAGCCT-3´). The PCR was performed in a final 
volume of 50 μl, using 100 nM of each primer and 
1  unit of Hot-Rescue DNA Polymerase (Diatheva 
srl), with the following conditions: 94°C for 10 min, 
40 cycles at 94°C for 15 s, 56°C for 15 s and 72°C for 
10 s. The PCR products were separated on 2% aga-
rose gel, extracted using QIAquick Gel Extraction Kit 
(Qiagen), and directly sequenced. Sequencing was per-
formed in both directions with the BigDye Terminator 
Cycle Sequencing Kit and run in the ABI PRISM 310 
Genetic Analyzer (Applied Biosystems).

Statistical analysis
Statistical analysis was performed with GraphPad Prism 
5 software (GraphPad Software, CA, USA).

Results
Evaluation of gDNA in embryo culture media
The gDNA in spent medium samples was detected 
and quantified by real-time PCR using the multicopy 
gene TBC1D3 as target. Amplifiable DNA was found 
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in 93.7% and 94.4% of spent media on day 3 and day 
5/6, respectively (Table 1).

The gDNA content in the media was estimated 
using a standard curve constructed with purified 
human gDNA ranging from 5000 to 5 pg per reaction 
(each reaction tube was run in triplicate). To evalu-
ate the potential inhibitory effects of medium compo-
nents on PCR reactions, in addition to the standard 
curve generated with template DNA only (curve A), 
other curves were generated by adding 2 μl/tube of 
medium G-1 PLUS (curve B) and G-2 PLUS (curve 
C). The presence of media significantly delayed the Ct 
values in curves B and C, while the reaction efficien-
cies remained similar among all curves (99–103%) 
(Figure 1). Therefore, standard curves B and C were 
used to estimate DNA amount in medium at day 3 
and 5/6, respectively. Based on these curves, we esti-
mated that 80 ± 70 pg (range 3–257 pg; median 58 pg) 
and 99 ± 113 pg (range 2.1–633 pg; median 67 pg) of 
gDNA were present in the medium on day 3 and day 
5/6, respectively. The calculated DNA amounts did 
not differ significantly between the two culture media 
(Mann–Whitney test; p > 0.05).

The same samples were also tested for the ampli-
fication of TSPY1 gene (located on Y chromosome). 
In spent media at day 3, the TSPY1 gene was ampli-
fied in only 2 samples out of 32 (6.7%), while in spent 
media at day 5/6, it was amplified in 21 samples out of 
54 (41.2%), evidencing that the gene TSPY1 appears 
poorly amplifiable before day 5/6. Notably, sex deter-
mination in five medium samples at day 5/6 was 
confirmed on corresponding pregnancies.

Moreover, analysis of different media from the 
same embryos (n = 16) confirmed that TSPY1 ampli-
fication can be performed more reliably at day 5/6 
(33% male) respect to day 3 (6.2% male) (Table 2). 
The amplification results from medium at day 5/6 
was also confirmed in two embryos (B1 and B4) from 
trophectoderm biopsied cells.

Detection of MTHFR C677T polymorphism from 
embryo media & from blastocoele fluid
The MTHFR amplification performed in a subset of 
samples not subjected to WGA was not successful (not 
shown). Therefore, the MTHFR C677T polymor-

phism was investigated in WGA DNA from embryo 
culture media and blastocoele fluid, in the attempt to 
show the possibility to detect point mutations from 
noninvasive matrices. In light of the results stated 
above, medium at day 5/6 was selected as more rep-
resentative of the embryo genome, and it was used 
as source of DNA to genotype the MTHFR C677T 
polymorphism. To this end, WGA was performed 
to increase chances to amplify single copy gene. 
The MTHFR fragment amplification was attempted 
in eight WGA samples, then the PCR product was 
purified and sequenced in both directions to moni-
tor C677T polymorphism. The amplification and 
genotyping was successful in five out of eight medium 
samples (62.5%) (Table 3). Trophectoderm biopsies 
were available for embyos 1IB, 3IB, 4IB. In embryo 
3IB the genotyping result was confirmed on the cor-
responding trophectoderm biopsy; in another case 
(embryo 1IB) the biopsy showed an heterozygous 
genotype (C/T) while in medium sample only one 
allele (C) was amplified, accounting for a possible 
allele dropout. Finally, in embryo 4IB, the MTHFR 
amplification from medium was not successful.

WGA was also performed on blastocoele fluid from 
nine embryos. PCR was then performed to amplify 
a MTHFR fragment, and the C677T polymorphism 
was genotyped as described above. The amplifica-
tion was successful in four out of nine fluid samples 
(44.4%); in one case (embryo 3IB) the trophectoderm 
biopsy was available and the genotype was confirmed 
(Table 4).

Discussion
PGD is used during an assisted reproduction treat-
ment to select genetically normal embryos in case 
of couples with high risk of transmitting diseases. 
The method used at present relies on the blastomere 
or trophectoderm biopsy at different development 
stage [2], which can be associated with a small but sig-
nificant risk of embryo’s damage [3,4]. In this work, we 
investigated the presence and amplifiability of gDNA 
in spent media at day 3 and day 5/6, and its suitabil-
ity for genotyping along with DNA present in embryo 
blastocoele fluid, in the attempt to test noninvasive or 
low-invasive matrices as a source of embryo DNA.

Table 1. Detection and quantification of genomic DNA in spent medium samples at day 3 and day 5/6 through 
TBC1D3 amplification.

Samples  Samples (n) TBC1D3 positive (%) Ct (mean ± SD) Total gDNA content (pg; mean ± SD)

Spent medium day 3 32 30 (93.7) 31.47 ± 1.67 80 ± 70

Spent medium  
day 5/6

54 51 (94.4) 30.11 ± 1.78 99 ± 113

Ct: Threshold cycle; gDNA: Genomic DNA; SD: Standard deviation.
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In our culture conditions, we found amplifiable 
gDNA in 93.7% and 94.4% of spent media on day 3 
and day 5/6, respectively (Table 1). We also attempted 
to estimate the quantity of DNA in these samples, 
despite the variability due to the use of a multicopy 
gene such as TBC1D3. The gDNA amount calculated 
using TBC1D3 was not significantly different between 
the two culture media. The median values were also 
similar (58 and 67 pg) and 6–7-times higher as com-
pared with DNA amount estimated in blastocoele 
fluid samples using a similar approach  [5]. This fact, 
although the inhibitory effect of the medium on PCR 
(see Figure 1), could account for the higher detection 
rate of TBC1D3 amplification in medium samples as 
compared with blastocoele fluid samples reported pre-
viously. The gDNA was detected from medium at day 3 
in 93.7% of samples analyzed against 63% reported by 
Stigliani et al. [8]. This was probably because of low cul-
ture medium volume used in this work, the use of mul-
ticopy gene as PCR target and lack of DNA purifica-
tion procedure. Moreover, new information have been 
provided on spent medium at day 5/6, which appeared 
to be more representative of the entire genome, at least 
for sex determination. In fact, it is noteworthy that the 
TSPY1 target was scarcely amplified in day 3 medium 
samples, as shown by experiments on different media of 
the same embryos (Table 2), evidencing that gDNA in 
medium at day 5/6 appears to be more reliable for sex 
determination. In fact, TSPY1 results in seven samples 

of medium at day 5/6 was confirmed during pregnan-
cies or in trophectoderm embryo biopsies. Since the 
amount of gDNA in day 3 and day 5/6 media was not 
significantly different, further investigations are needed 
to explain this fact.

In light of these results, we investigated the DNA 
in spent medium at day 5/6, along with DNA present 
in embryo blastocoele fluid, in the attempt to test the 
suitability for genotyping potential of DNA from these 
noninvasive matrices. The genotyping of the well-
known MTHFR C677T polymorphism was chosen 
essentially for the frequency of 677T allele in the Ital-
ian population which was reported to be over 50% in 
central Italy [12,13], and the availability of IVF patients 
carrying the 677T allele in homozygosis or heterozy-
gosis, since this mutation has been associated to unex-
plained recurrent pregnancy loss  [14]. WGA followed 
by PCR with MTHFR specific primers and direct 
sequencing was performed in eight medium and nine 
blastocoele fluid samples. The C677T polymorphism 
detection rate was 62.5 and 44.4% in medium and 
blastocoele fluid, respectively. When both noninvasive 
samples and biopsy results were available, we found a 
complete results agreement in one case (embryo 3IB) 
and a possible case of allele dropout (ADO) in the 
medium sample of another case (embryo 1IB). ADO, 
the most prevalent source of genotyping error, is the 
result of the preferential amplification by chance of one 
of the two alleles present in a diploid cell. This phe-

Figure 1. Representative standard curves constructed with 1:10 scalar dilutions (5000 to 5 pg per reaction tube) 
of purified human genomic DNA. Curve (A) (Y = -3.24X + 31.32; R2 = 0.996) was constructed with human gDNA 
only; curve (B) (Y = -3.27X + 34.69; R2 = 0.995) and curve (C) (Y = -3.34X + 33.59; R2 = 0.998) were constructed 
with the addition of 2 μl of medium G-1 PLUS and G-2 PLUS, respectively. 
Ct: Threshold cycle; gDNA: Genomic DNA.
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nomenon is common in cases where the template DNA 
is at very low concentrations. Moreover, the WGA 
step itself could introduce a further variability due to 
possible preferential amplification of some genomic 
region  [15]. The estimation of the incidence of allele 
dropout was not possible at this stage due to the lack 
of adequate reference samples (e.g., the entire embryo) 
and low sample number. The polymorphism detection 
rate was low in medium samples and even lower in blas-
tocoele fluid samples, therefore the effective utility of 

noninvasive matrices for PGD purposes will need to 
be further investigated in a higher number of samples 
and/or using methods able to detect not uniformly 
amplified heterozygous loci or methods with lower 
detection limits, such as pyrosequencing/next genera-
tion sequencing  [16] or digital PCR  [17], respectively. 
Notably, the development of a noninvasive medium-
based PGD test for α-thalassemias-SEA was recently 
published by Wu et al. [18], corroborating the potential 
for noninvasive approaches.

Table 2. TBC1D3 and/or TSPY1 amplification from different matrices of the same embryos.

Embryo ID   Medium day 3  Medium day 5/6  Trophectoderm biopsy 

TBC1D3  TSPY1  TBC1D3  TSPY1  TSPY1 

1_1 + – + – NA

2_1 + – + – NA

3_1 + – + + NA

4_1 + – + – NA

5_1 + – + – NA

6_1 + – + + NA

1_2 – – + + NA

2_2 – – + – NA

3_2 + – + – NA

4_2 + – + – NA

5_2 + – + – NA

6_2 + – – – NA

7_2 + – + – NA

B1 + + + + +

B4 + – + + +

B8 + – + – NA

‘+’ and ‘–’ represent positive and negative results, respectively.
NA: Not available. 

Table 3. MTHFR C677T genotyping results from medium samples.

Embryo ID Sample amplified by WGA MTHFR amplification C677T genotype

1IB Day 5/6 medium + C

  Trophectoderm biopsy + C/T

2IB Day 5/6 medium + C

3IB Day 5/6 medium + C/T

  Trophectoderm biopsy + C/T

4IB Day 5/6 medium – NA

  Trophectoderm biopsy + T

3 Day 5/6 medium – NA

5 Day 5/6 medium – NA

6 Day 5/6 medium + C

7 Day 5/6 medium + C/T

NA: Not available; WGA: Whole-genome amplification.
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Conclusion 
In conclusion, the obtained results highlighted the 
possibility to easily amplify multicopy genes from cell-
free gDNA present in medium at day 5/6 and the pos-
sibility, although with limitations, to perform embryo 
genotyping on a single-copy gene from noninvasive or 
low-invasive samples such as culture medium at day 
5/6 or blastocoele fluid.

Future perspective
Despite the fact that a multicopy gene was amplified 
in 94.4% of day 5/6 spent medium samples, still the 
detection rate of the MTHFR polymorphism C677T 
was too low to account for the use of the extracellular 
DNA in PGD applications [19]. However, future stud-
ies with higher number of samples, the use of molecu-
lar methods with lower detection limits (e.g., digital 
PCR) or the evaluation of different target sequences 
coupled with linked markers may provide improvement 
in detection rates, making the extracellular matrices 
acceptable for PGD applications, therefore avoiding 

invasive procedures on the embryo. This perspective 
could be realistic as evidenced by a recently published 
work focusing on α-thalassemia [18]. Moreover, nonin-
vasive PGD and/or embryo sexing should also be use-
ful in the breeding and dairy industry, allowing fast 
selection of the preferred animal embryos.
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Table 4. MTHFR C677T genotyping results from blastocoele fluid samples.

Embryo ID Sample amplified by WGA MTHFR amplification C677T genotype

1 Blastocoele fluid – NA

2 Blastocoele fluid + C/T

1IB Blastocoele fluid – NA

  Trophectoderm biopsy + C/T

2IB Blastocoele fluid – NA

3IB Blastocoele fluid + C/T

  Trophectoderm biopsy + C/T

3 Blastocoele fluid + C/T

5 Blastocoele fluid + T

6 Blastocoele fluid – NA

7 Blastocoele fluid – NA

NA: Not available; WGA: Whole-genome amplification.

Executive summary

•	 Preimplantation genetic diagnosis currently relies on biopsy of one or few embryo cells.
•	 Genomic DNA has been reported in the blastocoele fluid and in day 3 embryo culture media.
•	 Using multicopy genes as target and optimizing embryo culture conditions, we amplified target sequences by 

qPCR in more than 90% of medium samples at day 3 and day 5/6, and we estimated the genomic DNA amount 
in these samples.

•	 Medium samples at day 5/6 resulted more informative, as shown by amplification of target sequence on Y 
chromosome.

•	 The possibility to genotype the MTHFR polymorphism C677T from media at day 5/6 (n = 8) and blastocoele 
fluid samples (n = 9) was evaluated by whole-genome amplification, PCR with MTHFR-specific primers and 
direct sequencing of the products.

•	 The C677T polymorphism detection rate was 62.5 and 44.4% in medium and fluid, respectively.
•	 A possible noninvasive approach for embryo genotyping was evidenced, but still with limitations due to low 

number of samples, low detection rate and possible allele dropout.



www.future-science.com 10.4155/FSO.15.62 www.future-science.comfuture science groupfuture science group

Extracellular embryo genomic DNA & its potential for genotyping applications    Short Communication

no other relevant affiliations or financial involvement with any 

organization or entity with a financial interest in or financial 

conflict with the subject matter or materials discussed in the 

manuscript apart from those disclosed.

No writing assistance was utilized in the production of this 

manuscript.

Ethical conduct of research
Approval of the study was obtained from the local ethical 

committee (CEAV, ref. 2945/2011/I.5/126; clinical trial no. 

NCT02359747). The authors state that they have obtained 

appropriate institutional review board approval or have 

followed the principles outlined in the Declaration of Hel-

sinki for all human or animal experimental investigations. 

In addition, for investigations involving human subjects, in-

formed consent has been obtained from the participants 

involved.

Open Access
This work is licensed under the Creative Commons At-

tribution 4.0 License. To view a copy of this license, visit  

http://creativecommons.org/licenses/by/4.0/

References
Papers of special note have been highlighted as:  
• of interest

1	 Fragouli E, Alfarawati S, Daphnis DD et al. Cytogenetic 
analysis of human blastocysts with the use of FISH, CGH 
and aCGH: scientific data and technical evaluation. Hum. 
Reprod. 26(2), 480–490 (2011).

2	 Kirkegaard K, Hindkjaer JJ, Ingerslev HJ. Human 
embryonic development after blastomere removal: a time-
lapse analysis. Hum. Reprod. 27(1), 97–105 (2012).

3	 Munne S, Gianaroli L, Tur-Kaspa I et al. Substandard 
application of preimplantation genetic screening may 
interfere with its clinical success. Fertil. Steril. 88(4), 
781–784 (2007).

4	 Scott RT Jr, Upham KM, Forman EJ, Zhao T, Treff 
NR. Cleavage-stage biopsy significantly impairs human 
embryonic implantation potential while blastocyst biopsy 
does not: a randomized and paired clinical trial. Fertil. 
Steril. 100(3), 624–630 (2013).

5	 Palini S, Galluzzi L, De Stefani S et al. Genomic DNA in 
human blastocoele fluid. Reprod. Biomed. Online 26(6), 
603–610 (2013).

•	 First finding of genomic DNA (gDNA) in blastocoele fluid.

6	 Gianaroli L, Magli MC, Pomante A et al. Blastocentesis: a 
source of DNA for preimplantation genetic testing. Results 
from a pilot study. Fertil. Steril. 102(6), 1692–1699 (2014).

•	 Preliminary application of gDNA from blastocoele fluid for 
preimplantation genetic screening purposes.

7	 Herrera C, Morikawa MI, Castex CB et al. Blastocele 
fluid from in vitro- and in vivo-produced equine embryos 
contains nuclear DNA. Theriogenology 83(3), 415–420 
(2015).

8	 Stigliani S, Anserini P, Venturini PL, Scaruffi P. 
Mitochondrial DNA content in embryo culture medium is 
significantly associated with human embryo fragmentation. 
Hum. Reprod. 28(10), 2652–2660 (2013).

•	 Detection of gDNA and mitochondrial DNA in the 
secretome of embryos at day 3.

9	 Stigliani S, Persico L, Lagazio C, Anserini P, Venturini 
PL, Scaruffi P. Mitochondrial DNA in day 3 embryo 
culture medium is a novel, non-invasive biomarker of 
blastocyst potential and implantation outcome. Mol. Hum. 
Reprod. 20(12), 1238–1246 (2014).

10	 Ueland PM, Hustad S, Schneede J, Refsum H, Vollset SE. 
Biological and clinical implications of the MTHFR C677T 
polymorphism. Trends Pharmacol. Sci. 22(4), 195–201 
(2001).

11	 D’Alessandro A, Federica G, Palini S, Bulletti C, Zolla L. 
A mass spectrometry-based targeted metabolomics strategy 
of human blastocoele fluid: a promising tool in fertility 
research. Mol. Biosyst. 8(4), 953–958 (2012).

12	 Abbate R, Sardi I, Pepe G et al. The high prevalence of 
thermolabile 5–10 methylenetetrahydrofolate reductase 
(MTHFR) in Italians is not associated to an increased risk 
for coronary artery disease (CAD). Thromb. Haemost. 79(4), 
727–730 (1998).

13	 Zappacosta B, Romano L, Persichilli S et al. 
Genotype prevalence and allele frequencies of 
5,10-methylenetetrahydrofolate reductase (MTHFR) 
C677T and A1298C polymorphisms in Italian newborns. 
Labmedicine 40(12), 732–736 (2009).

14	 Cao YL, Xu JH, Zhang ZF et al. Association study between 
methylenetetrahydrofolate reductase polymorphisms and 
unexplained recurrent pregnancy loss: a meta-analysis. 
Gene 514(2), 105–111 (2013).

15	 Zheng YM, Wang N, Li L, Jin F. Whole genome 
amplification in preimplantation genetic diagnosis. 
J. Zhejiang. Univ. Sci. B 12(1), 1–11 (2011).

16	 Ihle MA, Fassunke J, Konig K et al. Comparison of high 
resolution melting analysis, pyrosequencing, next generation 
sequencing and immunohistochemistry to conventional 
Sanger sequencing for the detection of p.V600E and non-p.
V600E BRAF mutations. BMC Cancer 14, 13 (2014).

17	 Hindson BJ, Ness KD, Masquelier DA et al. High-
throughput droplet digital PCR system for absolute 
quantitation of DNA copy number. Anal. Chem. 83(22), 
8604–8610 (2011).

18	 Wu H, Ding C, Shen X et al. Medium-based noninvasive 
preimplantation genetic diagnosis for human alpha-
thalassemias-SEA. Medicine (Baltimore) 94(12), e669 (2015).

•	 Describes the use of culture medium as a source of DNA 
for preimplantation genetic diagnosis.

19	 Harton G, Braude P, Lashwood A et al. ESHRE PGD 
consortium best practice guidelines for organization of a 
PGD centre for PGD/preimplantation genetic screening. 
Hum. Reprod. 26(1), 14–24 (2011).


