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Abstract

Background: Analysis of cell free fetal (cff) DNA in maternal plasma is used routinely for non invasive prenatal diagnosis
(NIPD) of fetal sex determination, fetal rhesus D status and some single gene disorders. True positive results rely on
detection of the fetal target being analysed. No amplification of the target may be interpreted either as a true negative
result or a false negative result due to the absence or very low levels of cffDNA. The hypermethylated RASSF1A promoter has
been reported as a universal fetal marker to confirm the presence of cffDNA. Using methylation-sensitive restriction
enzymes hypomethylated maternal sequences are digested leaving hypermethylated fetal sequences detectable. Complete
digestion of maternal sequences is required to eliminate false positive results.

Methods: cfDNA was extracted from maternal plasma (n = 90) and digested with methylation-sensitive and insensitive
restriction enzymes. Analysis of RASSF1A, SRY and DYS14 was performed by real-time PCR.

Results: Hypermethylated RASSF1A was amplified for 79 samples (88%) indicating the presence of cffDNA. SRY real time PCR
results and fetal sex at delivery were 100% accurate. Eleven samples (12%) had no detectable hypermethylated RASSF1A and
10 of these (91%) had gestational ages less than 7 weeks 2 days. Six of these samples were male at delivery, five had
inconclusive results for SRY analysis and one sample had no amplifiable SRY.

Conclusion: Use of this assay for the detection of hypermethylated RASSF1A as a universal fetal marker has the potential to
improve the diagnostic reliability of NIPD for fetal sex determination and single gene disorders.
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Introduction

Traditionally prenatal diagnosis of fetal genetic status has

depended on the use of invasive diagnostic tests, either amnio-

centesis or chorionic villus sampling (CVS), which carry a small

but significant risk of miscarriage [1] and cannot be performed

until 11 weeks of gestation. However the identification of cell free

fetal (cff) DNA in maternal plasma [2] has offered an alternative

non invasive source of fetal genetic material for prenatal diagnosis.

cffDNA originates from the apoptotic syncytial trophoblasts of the

placenta [3], can be detected from 5 weeks gestation [4] and is

cleared rapidly from the maternal circulation following delivery

[5].

Analysis of cffDNA in maternal plasma is now in routine clinical

diagnostic use for non invasive prenatal diagnosis (NIPD) where

the target fetal sequence is derived from the father or where the

allele arises de novo. NIPD for fetal sex determination can be

carried out at an early gestational age for pregnancies known to be

at risk of a sex-linked genetic condition [6], where a male fetus

would be at risk of inheriting the condition, or conditions such as

congenital adrenal hyperplasia where early treatment with

dexamethasone can reduce the virilisation of female fetuses [7].

NIPD is used for fetal Rhesus D genotyping in D-negative mothers

[8] and for some single gene disorders such as achondroplasia and

beta-thalassemia [9,10,11].

Currently, clinical applications of NIPD require the detection of

the paternally inherited (or de novo) allele to make a definitive

diagnosis. Absence of detection of the paternal target sequence is

either indicative of a true negative result or could also be due the

lack of amplification of the sequence due to low concentrations of

circulating cffDNA or the complete absence of cffDNA in the
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sample. Amplification of a fetal specific marker that confirms the

presence of cffDNA allows a negative result to be more accurately

interpreted as either a true or false negative result. The use of

several fetal identifiers has been reported including the hyper-

methylated RASSF1A promoter [12], Y chromosome sequences for

male pregnancies and panels of common polymorphic short

tandem repeats, SNPs or indel markers [13,14,15,16].

RASSF1A has been demonstrated to be hypermethylated in the

placenta and hypomethylated in the maternal blood [12,17].

Therefore, using methylation-sensitive restriction enzymes hypo-

methylated maternal sequences can be digested leaving only

hypermethylated fetal sequences available for amplification by real

time PCR. However, to eliminate the possibility of generating false

positive results it is important to ensure the complete digestion of

maternal hypomethylated sequences. Using previously published

protocols we have detected up to 34% incomplete digestion of

hypomethylated RASSF1A in clinical samples. Here we present

a modified and simple real time PCR protocol that is applicable

for the detection of hypermethylated RASSF1A promoter

sequences in all pregnancies and demonstrate its clinical utility

for fetal sex determination using SRY and DYS14 real time PCR

analysis.

Materials and Methods

Patient Samples
Informed consent for venepuncture was obtained from ninety

pregnant women attending routine appointments with a commu-

nity midwife (n = 62), at the early pregnancy unit (n = 4), at

a routine ultrasound scan (n = 16) or for an invasive test procedure

(n = 8) at Salisbury NHS Foundation Trust. The study was

approved by the South West 1 Research Ethics Committee A (ref

09/H0104/59). Gestational age at blood collection was confirmed

by routine ultrasound in all cases.

Blood Collection and DNA Extraction
Maternal blood was collected into two 10 ml EDTA tubes and

centrifuged at 1600 g for 10 minutes and the plasma fraction

transferred to a 2 ml centrifuge tube and re-centrifuged at

20,000 g for 10 minutes. The cell free plasma fraction was stored

at 280uC. Cell free DNA was extracted from 3 ml plasma using

the Circulating Nucleic Acid Kit (Qiagen) following the manu-

facturer’s instructions and resuspended in 70 ml AVE buffer.

Restriction Enzyme Digestion Real Time PCR
Restriction digestion reaction and real time PCR conditions

were optimised on a separate training set of 90 plasma samples

obtained from the SAFE-RAPID sample bank at Great Ormond

Street Children’s Hospital prior to commencing this study [18].

Three 40 ml restriction enzyme digestion reactions were prepared

for each sample: undigested control, methylation sensitive di-

gestion and methylation insensitive digestion. Each reaction

contained 20 ml cfDNA, 16Buffer 4 (New England Biolabs) and

no enzyme (undigested control), 2 U TseI and 4 U BsmI

(methylation insensitive digest) and 2 U BstYI and 2 U BstUI

(methylation sensitive digest). Samples were incubated at 60uC
(undigested and methylation sensitive digest) and 65uC (methyl-

ation insensitive digest) for 2 hours. Additional restriction enzymes

were then added to the reaction and the samples digested further

at 37uC for 2 hours using no enzyme (undigested control), 8 U

EcoRI, 8 U MspI and 4 U HaeIII (methylation insensitive digest)

and 8 U EcoRI, 8 U HhaI and 4 U HpaII (methylation sensitive

digest). All enzymes were supplied by New England Biolabs.

cfDNA from male plasma was digested for each batch of samples

analysed and performed as a digest control for the RASSF1A

methylation insensitive and methylation sensitive digests. These

digests should proceed to completion and therefore no RASSF1A

amplification products should be observed following real time

PCR. Further information regarding the selection of the restriction

enzymes and details of the cleavage sites of the enzymes in the

RASSF1A amplicon are given in Figure S3.

Real Time PCR
5 ml of digested cfDNA was added to a 20 ml real time PCR

containing 300 nM of forward and reverse primers for either

RASSF1A or SRY (Table 1), 1X Power SYBR green PCR master

mix (Life Technologies Corporation) and 0.2 U AmpErase Uracil

N-glycosylase (Life Technologies Corporation). Products were

amplified using a Rotorgene 6000 (Qiagen) with the following

cycling conditions; 50uC for 10 minutes, 95uC for 10 minutes, 50

cycles of 95uC for 15 seconds, 60uC for 60 seconds acquiring on

the Green channel. Samples were then melted from 65uC to 99uC
with a 1uC increment at each step acquiring on the green channel.

The threshold was set at 0.06 for all analyses.

Samples that were negative for SRY or had fewer than 9 positive

replicates were also tested for the multicopy marker DYS14

sequence of the TSPY gene on the Y chromosome [19]. 5 ml of
digested DNA was added to a 20 ml real time PCR containing

300 nM of forward and reverse primers and 200 nM of probe

(Table 1) and 1X TaqMan Universal PCR master mix (Life

Technologies Corporation). Products were amplified using a Ro-

torgene 6000 (Qiagen) with the following cycling conditions; 50uC
for 2 minutes, 95uC for 10 minutes, 50 cycles of 95uC for 15

seconds, 60uC for 60 seconds acquiring on the Green channel.

The threshold was set at 0.06 for all analyses. No template controls

and cfDNA extracted from a male plasma sample were included as

negative and positive controls respectively for the SRY, DYS14 and

RASSF1A assays. cfDNA from male plasma acts as positive control

for the amplification of SRY (all replicates), DYS14 (all replicates)

and RASSF1A (three replicates; undigested sample only). The

cfDNA from male plasma also acts as a digest control for the

RASSF1A methylation insensitive and methylation sensitive digests

as digestion should proceed to completion and no RASSF1A

amplification products should be observed.

Data Analysis
Data analysis parameters were optimised on the training set of

90 plasma samples obtained from Great Ormond Street

Children’s Hospital [18]. The presence of RASSF1A was de-

termined by positive real time PCR amplification plots (Ct value

,45) and a correct melt profile showing a specific peak at 91.2uC

Table 1. Sequences of PCR primers and probes for real time
PCR assays.

Primer Name Sequence 59 to 39 Reference

RASSF1A Forward agcctgagctcattgagctg [12]

RASSF1A Reverse accagctgccgtgtgg

SRY Forward tggcgattaagtcaaattcgc [4]

SRY Reverse ccccctagtaccctgacaatgtatt

DYS14 Forward gggccaatgttgtatccttctc [19]

DYS14 Reverse gcccatcggtcacttacacttc

DYS14 Probe FAM-6-tctagtggagaggtgctc–BHQ1

doi:10.1371/journal.pone.0045073.t001
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(Figure S1). Three replicates for each RASSF1A restriction digest

were analysed. The no digest control (analyses total cfDNA)

required 3 replicates to be positive for analysis to be undertaken.

For the methylation insensitive digest (control for complete

enzyme digestion of RASSF1A target sequence) complete digestion

was assumed to have occurred if no replicates were positive. For

the methylation sensitive digest, $2 out of 3 replicates were

required to be positive to confirm the presence of hypermethylated

fetal DNA. Samples with fewer than 2 positive replicates were not

considered to have sufficient cffDNA present for reliable in-

terpretation of the SRY result. Nine SRY (or DYS14) replicates were

analysed for each patient sample (three from each digest) and the

sample was considered to be male if 6 or more replicates showed

amplification (Ct value ,45) and a correct melt profile showing

a specific peak at 80.5uC (Figure S1). Figure 1 shows the

theoretical results for a male and female fetus, a case with no

cffDNA, and a case with no cfDNA. All samples in this study were

analysed in a blinded fashion.

Results

Sample Cohort Composition and Blood Transit Time
Fetal sex at delivery and pregnancy outcome were recorded for

all samples. There were 37 female, 52 male and one case of female

twins. Maternal ages ranged from 16–43 years (mean= 30 years)

and gestational ages ranged from 5–23.2 weeks (mean= 9.1

weeks). All blood samples were received in the laboratory within

72 hours of collection.

Real Time PCR Analysis for RASSF1A and SRY
All cases showed positive amplification of RASSF1A in the

undigested sample indicating that total cell free DNA had been

extracted successfully in all cases. Hypermethylated RASSF1A, was

amplified in $2 out of 3 replicates for the methylation sensitive

restriction enzyme digest for 79 samples (88%) indicating the

presence of cffDNA. Of these, 45 showed amplification of SRY ($6

out of 9 replicates positive) and were male at delivery and 33 had

no detectable SRY (0 out of 9 replicates positive) and were female

at delivery (including the XX twins). One sample was male at

delivery but only showed amplification of SRY in only 3 out of 9

replicates and therefore this result would have been classified as

inconclusive despite the detection of sufficient cffDNA. Hyper-

methylated RASSF1A was amplified in ,2 replicates in 11 cases

and these would have failed the data analysis parameters for

reporting a clinical result. Of these, 10 samples had gestational

ages less than 7 weeks 2 days which could explain the low level or

absence of cffDNA in the samples [4]. Of the male samples (n = 6),

four had fewer than 3 replicates positive for SRY (i.e. an

inconclusive result) and two samples had 6 replicates positive for

SRY. One male sample showed 0 replicates positive for both

hypermethylated RASSF1A and SRY and therefore could have

been mis-reported as female if the RASSF1A assay had not been

used. All samples showed complete enzyme digestion of RASSF1A

in the methylation insensitive digest reactions (see Figure S1 for

examples).

Real Time PCR Analysis of DYS14 [19]
Samples that had fewer than 9/9 replicates positive for SRY

were also tested for the multicopy marker sequence DYS14 present

in the TSPY gene on the Y chromosome (n= 61; 24 male, 37

female). Eleven female samples showed 0/9 replicates positive for

DYS14 but the remainder (n = 26) showed $1 replicate positive

(range 1–8, mean 2.4) with an average Ct value of 39.2 (SD 1.7).

The male samples (n = 24) had 9/9 DYS14 replicates positive with

an average Ct value of 32.5 (SD 1.8). The male sample that had no

amplification of hypermethylated RASSF1A or SRY showed 9/9

replicates positive for DYS14 however the mean Ct value was 38.2.

Figure 2 shows box plots of the Ct values for RASSF1A, SRY and

DYS14 for male and female pregnancies.

Figure 1. Schematic representation of the possible results obtained using hypermethylated RASSF1A as a universal fetal marker
when determining fetal sex by NIPD for a male fetus, female fetus, a case where no cell free fetal DNA is present and a case where
no total cell free DNA is present. Ticks represent the presence of amplified products from either the SRY assay or the RASSF1A assay. Crosses
represent no amplification of SRY or RASSF1A amplicons.
doi:10.1371/journal.pone.0045073.g001
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Discussion

Detection of hypermethylated RASSF1A promoter sequences

can be used to confirm the presence of cffDNA in diagnostic

samples. The RASSF1A promoter sequence is very GC rich and is

therefore problematic to fully digest and amplify by real time

PCR. We have made several modifications to previously published

protocols [12,20] to enhance the complete digestion of hypo-

methylated RASSF1A sequences, monitor that the digestion of the

target has gone to completion and also improve the efficiency and

interpretation of RASSF1A real time PCR. In preliminary

experiments using published protocols we observed that in-

complete digestion of RASSF1A was common in plasma samples

derived from men and non-pregnant women where RASSF1A

should not be observed following digestion with methylation

sensitive enzymes (Figure S2a) and 25/73 (34%) of the samples

from the initial training set where the Ct values of the BstU1 only

digested DNA [12] were lower than those digested with optimised

digestion protocols (Figure S2b). Using our training set we

undertook significant optimisation of the restriction enzyme

digestion protocol with the addition of enzymes that cut outside

the target amplicon to reduce genome complexity (Figure S3).

This resulted in an improved protocol where the amplicon was

shown to have been fully digested. Also, the low of efficiency of the

hydrolysis probe assay (0.86, standard curve gradient 23.7) made

interpretation of results difficult at high Ct values (low fetal DNA)

as the amplification curves were not easily interpreted as being

positive or negative. Therefore, we altered the real time PCR

protocol to use SYBR Green rather than a hydrolysis probes as

this resulted in improvements in the amplification efficiency to

0.98 (standard curve gradient 23.38). Use of a SYBR Green assay

also enabled improvement in the interpretation of low level

amplification signals by using melt curve analysis at the end of the

real time PCR run. Inclusion of melt curve analysis allowed

unambiguous interpretation of any non-specific amplification

events that can occur when there are only low amounts of

template DNA present. Only amplification events that resulted in

a melt peak at 80.5uC or 91.2uC were scored as positive replicates

for SRY and RASSF1A respectively (Figure S1). Although it may be

desirable to multiplex the fetal target sequence and RASSF1A,

using two differentially labelled hydrolysis probes, having a single

SYBR Green RASSF1A assay means that this can be used in an

economic manner in conjunction with other single gene tests e.g.

rhesus D testing, achondroplasia without the need for extensive re-

optimisation and validation of PCR multiplexes in a diagnostic

setting.

Using the modified protocol we assessed the utility of the assay

for confirmation of cffDNA when undertaking NIPD for fetal sex

determination. Hypermethylated RASSF1A was amplified for 79

samples (88%) indicating the presence of cffDNA. For these

samples the SRY real time PCR results and fetal sex at delivery

were 100% concordant indicating that the test is 96–100%

accurate with a 95% confidence interval [21]. As expected,

insufficient levels of cffDNA (hypermethylated RASSF1A) were

observed in most (n = 10) samples that had a gestational age of 7

weeks or less. This is concordant with a recently published study of

a clinical audit of fetal sex determination that showed that

discordant results could be obtained if testing is performed before

7 weeks [6]. Therefore, it is advisable that an accurate dating scan

is performed prior to testing to ensure that the gestational age is

.7 weeks. However, levels of cffDNA vary in pregnant women

and the use of the RASSF1A assay should be considered for all

samples to ensure that sufficient cffDNA is present to enable

confident interpretation of a test result. For example, in this study

two samples of gestational age ,7 weeks had reportable levels of

hypermethylated DNA and 7 replicates positive for SRY analysis

and were phenotypically male at birth. Conversely a sample of

gestational age 10 weeks 4 days showed unreportable levels of

hypermethylated RASSF1A and an inconclusive number of positive

SRY replicates. Using digital droplet PCR to quantify fetal load

Figure 2. Box plots showing the Ct values for RASSF1A, SRY and DYS14 real time PCR assays for male and female pregnancies. The
mean Ct values were 33.9 (RASSF1A, male fetuses), 34.2 (RASSF1A, female fetuses), 33.0 (SRY, male fetuses), 0 (SRY, female fetuses), 32.5 (DYS14, male
fetuses) and 39.2 (DYS14, female fetuses).
doi:10.1371/journal.pone.0045073.g002
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(RASSF1A) and fetal sex (SRY) it has been shown that the Pearson’s

correlation coefficient between SRY and RASSF1A fetal loads is

97.3 with the RASSF1A fetal loads measured for some samples

being lower than those determined using SRY [17]. It therefore

appears that fetal DNA may not be completely hypermethylated in

all samples. This may account for the cases which have an

inconclusive SRY result but negative RASSF1A result. In all cases

where unreportable levels of hypermethylated RASSF1A are

obtained we recommend that repeat blood samples should be

requested and testing repeated.

Analysis of samples for fetal sex determination using the multi

copy marker DYS14 has been reported as having a higher

sensitivity of detection [19]. However in this study we observed

that 70% of female samples showed at least 1/9 replicates positive

for DYS14 amplification although the Ct values for these samples

(mean 39.2) were significantly higher than those obtained for male

samples (mean Ct 32.5) (Figure 2). This has also been observed in

an audit of reliability of NIPD for fetal sex determination where

the same DYS14 primer and probe set was used [16]. No

amplification of SRY was observed in the same set of female

samples and therefore, if only one Y chromosome target is used for

analysis, we would recommend the use of SRY for fetal sex

determination as there is less risk of reporting a false positive result.

This modified protocol for detection of fetal specific hyper-

methylated RASSF1A is applicable to all pregnancies since is it

polymorphism independent and can be performed at the same

time as the fetal sex determination on the same aliquot of cffDNA.

The SRY and RASSF1A assays have identical reaction conditions

and can be amplified in the same plate and therefore results can be

reported within 48 hours of receipt of the maternal blood sample.

The assay could also be used for NIPD of single gene disorders and

fetal RhD status provided that the restriction enzymes do not cut

within the target amplicon. Use of this assay for the detection of

hypermethylated RASSF1A as a universal fetal marker has the

potential to improve the diagnostic reliability of NIPD for fetal sex

determination and single gene disorders.

Supporting Information

Figure S1 Examples of PCR amplification plots and melting

profiles for the SRY and RASSF1A real time SYBR green PCR

assays.

(PDF)

Figure S2 (a) Amplification plots showing the difference in

efficiency of three methylation sensitive RASSF1A restriction

enzyme digest protocols using cell free DNA extracted from the

plasma of a non-pregnant female. (b) Amplification plots showing

an example of the difference in efficiency of two methylation

sensitive RASSF1A restriction enzyme digest protocols using cell

free DNA extracted from the same plasma sample from a pregnant

female.

(PDF)

Figure S3 Details of restriction enzyme digests.

(PDF)

Author Contributions

Conceived and designed the experiments: HEW LSC JAC. Performed the

experiments: HEW CLD VJH. Analyzed the data: HEW CLD. Wrote the

paper: HEW LSC.

References

1. Mujezinovic F, Alfirevic Z (2007) Procedure-related complications of amnio-
centesis and chorionic villous sampling: a systematic review. Obstet Gynecol

110: 687–694.
2. Lo YM, Corbetta N, Chamberlain PF, Rai V, Sargent IL, et al. (1997) Presence

of fetal DNA in maternal plasma and serum. Lancet 350: 485–487.
3. Alberry M, Maddocks D, Jones M, Abdel Hadi M, Abdel-Fattah S, et al. (2007)

Free fetal DNA in maternal plasma in anembryonic pregnancies: confirmation

that the origin is the trophoblast. Prenat Diagn 27: 415–418.
4. Lo YM, Tein MS, Lau TK, Haines CJ, Leung TN, et al. (1998) Quantitative

analysis of fetal DNA in maternal plasma and serum: implications for
noninvasive prenatal diagnosis. Am J Hum Genet 62: 768–775.

5. Lo YM, Zhang J, Leung TN, Lau TK, Chang AM, et al. (1999) Rapid clearance

of fetal DNA from maternal plasma. Am J Hum Genet 64: 218–224.
6. Hill M, Finning K, Martin P, Hogg J, Meaney C, et al. (2011) Non-invasive

prenatal determination of fetal sex: translating research into clinical practice.
Clin Genet 80: 68–75.

7. Forest M, Morel Y, David M (1998) Prenatal treatment of congenital adrenal
hyperplasia. Trends Endocrinol Metab 9: 284–289.

8. Daniels G, Finning K, Martin P, Massey E (2009) Noninvasive prenatal

diagnosis of fetal blood group phenotypes: current practice and future prospects.
Prenat Diagn 29: 101–107.

9. Chiu RWK, Lau TK, Leung TN, Chow KCK, Chui DHK, et al. (2002)
Prenatal exclusion of beta thalassaemia major by examination of maternal

plasma. Lancet 360: 998–1000.

10. Raymond FL, Whittaker J, Jenkins L, Lench N, Chitty LS (2010) Molecular
prenatal diagnosis: the impact of modern technologies. Prenat Diagn 30: 674–

681.
11. Chitty LS, Griffin DR, Meaney C, Barrett A, Khalil A, et al. (2011) New aids for

the non-invasive prenatal diagnosis of achondroplasia: dysmorphic features,
charts of fetal size and molecular confirmation using cell-free fetal DNA in

maternal plasma. Ultrasound Obstet Gynecol 37: 283–289.

12. Chan KCA, Ding C, Gerovassili A, Yeung SW, Chiu RWK, et al. (2006)
Hypermethylated RASSF1A in maternal plasma: a universal fetal DNA marker

that improves the reliability of noninvasive prenatal diagnosis. Clin Chem 52:

2211–2218.

13. Pertl B, Sekizawa A, Samura O, Orescovic I, Rahaim PT, et al. (2000) Detection

of male and female fetal DNA in maternal plasma by multiplex fluorescent

polymerase chain reaction amplification of short tandem repeats. Hum Genet

106: 45–49.

14. Page-Christiaens GCML, Bossers B, van der Schoot CE, de Haas M (2006) Use

of bi-allelic insertion/deletion polymorphisms as a positive control for fetal

genotyping in maternal blood: first clinical experience. Ann N Y Acad Sci 1075:

123–129.

15. Dhallan R, Guo X, Emche S, Damewood M, Bayliss P, et al. (2007) A non-

invasive test for prenatal diagnosis based on fetal DNA present in maternal

blood: a preliminary study. Lancet 369: 474–481.

16. Scheffer PG, van der Schoot CE, Page-Christiaens GC, Bossers B, van Erp F, et

al. (2010) Reliability of fetal sex determination using maternal plasma. Obstet

Gynecol 115: 117–126.

17. Hindson BJ, Ness KD, Masquelier DA, Belgrader PI, Heredia NJ, et al. (2011) A

high-throughput droplet digital PCR system for absolute quantitation of DNA

copy number. Analytical Chemistry 83: 8604–8610.

18. Chitty LS, van der Schoot CE, Hahn S, Avent ND (2008) SAFE–the Special

Non-invasive Advances in Fetal and Neonatal Evaluation Network: aims and

achievements. Prenat Diagn 28: 83–88.

19. Zimmermann B, El-Sheikhah A, Nicolaides K, Holzgreve W, Hahn S (2005)

Optimized real-time quantitative PCR measurement of male fetal DNA in

maternal plasma. Clin Chem 51: 1598–1604.

20. Tong YK, Jin S, Chiu RW, Ding C, Chan KC, et al. (2010) Noninvasive

prenatal detection of trisomy 21 by an epigenetic-genetic chromosome-dosage

approach. Clin Chem 56: 90–98.

21. Mattocks CJ, Morris MA, Matthijs G, Swinnen E, Corveleyn A, et al. (2010) A

standardized framework for the validation and verification of clinical molecular

genetic tests. Eur J Hum Genet 18: 1276–1288.

Testing for Universal Fetal DNA Marker RASSF1A

PLOS ONE | www.plosone.org 5 September 2012 | Volume 7 | Issue 9 | e45073


