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Objective: To validate a next-generation sequencing (NGS)–based method for 24-chromosome aneuploidy screening and to
investigate its applicability to preimplantation genetic screening (PGS).
Design: Retrospective blinded study.
Setting: Reference laboratory.
Patient(s): Karyotypically defined chromosomally abnormal single cells and whole-genome amplification (WGA) products, previously
analyzed by array comparative genomic hybridization (array-CGH), selected from 68 clinical PGS cycles with embryos biopsied at
cleavage stage.
Intervention(s): None.
Main Outcome Measure(s): Consistency of NGS-based diagnosis of aneuploidy compared with either conventional karyotyping of
single cells or array-CGH diagnoses of single blastomeres.
Result(s): Eighteen single cells and 190 WGA products from single blastomeres, were blindly evaluated with the NGS-based protocol.
In total, 4,992 chromosomes were assessed, 402 of which carried a copy number imbalance. NGS specificity for aneuploidy call
(consistency of chromosome copy number assignment) was 99.98% (95% confidence interval [CI] 99.88%–100%) with a sensitivity
of 100% (95% CI 99.08%–100%). NGS specificity for aneuploid embryo call (24-chromosome diagnosis consistency) was 100%
(95% CI 94.59%–100%) with a sensitivity of 100% (95% CI 97.39%–100%).
Conclusion(s): This is the first study reporting extensive preclinical validation and accuracy assessment of NGS-based comprehensive
aneuploidy screening on single cells. Given the high level of consistency with an established methodology, such as array-CGH, NGS has
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hromosomal aneuploidy is plantation genetic diagnosis for aneu- somal constitution of embryos before
C recognized to be a significant
contributing factor in implanta-

tion failure and spontaneous miscar-
riage (1) and is likely to be responsible
for the majority of IVF failure. Preim-
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ploidy screening of embryos derived
from subfertile patients undergoing
IVF, also termed preimplantation ge-
netic screening (PGS), enables the
assessment of the numeric chromo-
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transfer. PGS offers IVF couples an
additional selection tool, over simple
morphologic and developmental char-
acteristics (2), for choosing the most
competent embryo(s) for transfer (3). It
aims to enhance embryo selection,
identifying and selecting for transfer
chromosomally normal (euploid) em-
bryos to increase the implantation and
ongoing pregnancy rate for IVF pa-
tients, reduce the time to pregnancy,
lower the incidence for miscarriage,
and reduce the risk of an aneuploidy
condition at term (4).
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Most of the initial studies of PGS, involving biopsies of
single blastomeres from cleavage-stage embryos and the use
of thefluorescence in situ hybridization (FISH) technique, pro-
vided disappointing clinical results. In fact, a large number of
prospective randomized clinical trials (RCTs) have consistently
failed to show any improvement in delivery rates with the use
of FISH-based PGS (5), although one recent RCT has reported a
significant increase in live birth rates in patients with
advanced maternal age (6). One of the possible reasons for
this poor clinical performance has been attributed to the well
known limitations of the FISH technique, which screens for
a minority of chromosomes, those most commonly observed
in pregnancy loss and aneuploid deliveries, which are not
necessarily the most relevant for early embryos. This may
have led to the transfer of reproductively incompetent em-
bryos with aneuploidy for chromosomes that were not
analyzed. Thus, the reduced diagnostic accuracy of the FISH
technology could have compromised any potential benefit of
screening (7, 8). Therefore, the focus has now shifted to new
technologies that allow for comprehensive screening of
chromosomes or full karyotyping to provide a more accurate
assessment of the reproductive potential of embryos.

A variety of methodologies for 24-chromosome analysis
have been developed and are currently available for clinical
use, including array comparative genomic hybridization
(array-CGH) (9, 10), metaphase comparative genomic
hybridization (11–13), single-nucleotide polymorphismmicro-
arrays (14, 15), andquantitativepolymerase chain reaction (16).

Array-CGH was the first technology to be widely avail-
able for 24-chromosome copy number analysis (17) and is
now used extensively around the world. This method uses mi-
croarray technology to deliver comprehensive aneuploidy
screening through its ability to detect imbalances in any of
the 24 chromosomes rather than the limited chromosome
assessment achievable by FISH (9, 10, 17).

The first data from the clinical application of comprehen-
sive chromosome screening techniques showed that aneu-
ploidies may occur in preimplantation embryos in any of
the 24 chromosomes, indicating that comprehensive aneu-
ploidy screening is necessary to determine whether an embryo
is chromosomally normal (9, 10, 14). Initial studies have also
documented significantly improved consistency (9, 10, 14, 15,
18) and predictive value for aneuploidy diagnosis (19, 20), as
well as high pregnancy outcomes following transfer of
screened embryos (10, 13, 21–24).

The rapid development of next-generation sequencing
(NGS) technologies has generated an increasing interest in
determining whether NGS could be reliably applied for PGS
purposes and if the technique may offer any improvements
for the detection of chromosomal aneuploidy in preimplanta-
tion embryos compared with current comprehensive aneu-
ploidy screening technologies. NGS may ultimately provide a
number of advantages, including reduced costs and enhanced
precision as well as parallel and customizable analysis of
multiple embryos in a single sequencing run.

For chromosome copy number analysis by NGS, the prin-
ciple involves fragmenting the amplified embryonic DNA
into small fragments (100–200 base-pairs). Hundreds of thou-
sands of these fragments are sequenced in parallel until a suf-
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ficient sequencing depth (i.e., the number of sequence reads
covering a given position in the genome) is acquired. The
sequence data from chromosomes across the genome are first
compared with the reference genome and then counted with
the use of specialist software. Because the number of sequences
from a specific chromosome should be proportional to the copy
number, trisomy or monosomy will result in greater or lower
numbers of reads, respectively (25, 26). With the use of this
approach with single blastomeres or trophectoderm samples
from blastocyst biopsies, both whole chromosome aneuploidy
and segmental chromosome imbalanceswouldbedetected (27).

However, new comprehensive technologies need thor-
ough validation determining the preclinical accuracy against
a different and more established method before they might be
considered within the standard of care in reproductive medi-
cine. The present study investigated the accuracy of an NGS
methodology for comprehensive chromosome screening as a
preclinical step toward its application in the diagnosis of
chromosomal aneuploidy on embryos at cleavage stage or
blastocyst stages of development.
MATERIALS AND METHODS
Experimental Design

This study was organized into two steps of analysis. The first
step involved a blind evaluation of karyotypically defined
chromosomally abnormal single cells derived from cultured
amniotic fluids or products of conception (POCs). The second
step involved a retrospective blinded assessment of
whole-genome amplification (WGA) products, selected from
68 consecutive clinical PGS cycles performed on single blas-
tomeres biopsied from cleavage-stage embryos in the period
of May–December 2010. The indications for PGS included:
advanced maternal age (n ¼ 48; mean age 40.7 � 2.1 years,
range 38–45); repeated implantation failure (n ¼ 16; mean
age 33.6 � 2.7 years, range 29–37); and recurrent miscar-
riages (n ¼ 4; mean age 28.8 � 5.5 years, range 25–37).

Consistency of NGS-based 24-chromosome copy number
assignments was evaluated with both previously established
cytogenetic karyotypes (single cells) and array-CGH–based di-
agnoses (WGA products) at the level of individual chromo-
some copy numbers for the entire 24 chromosomes of each
sample tested and for the overall diagnosis of aneuploidy or
euploidy. Discordant samples were subsequently reevaluated
by a third methodology, quantitative fluorescent polymerase
chain reaction (QF-PCR), following the protocol described
elsewhere (28). When QF-PCR confirmed one of the initial
methods, the remaining discordant method was considered
to have delivered an erroneous result.
Single-cell Lysis and Whole-genome Amplification

Karyotypically defined single cells and blastomeres were first
lysed and genomic DNA amplified with the use of the Sure-
plex DNA Amplification System (Bluegnome), according to
the manufacturer's protocol. One nanogram of genomic
DNA and one reagent-negative control (amplification
mixture only) were also subjected to WGA.
VOL. 101 NO. 5 / MAY 2014
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Array-CGH Analysis

WGA products were processed according to the Bluegnome
24sure V3 protocol (available at www.cytochip.com). These
products were fluorescently labeled and competitively hy-
bridized to 24sure V3 arrays (Bluegnome) with a matched
control sample in an array-CGH experiment format, as
described elsewhere (10).

Library preparation. Whole-genome amplification products
were purified with the use of the Zymo DNA Clean and
Concentrator (Zymo Research) and quantified with the use
of the Qubit dsDNA HS Assay Kit (Life Technologies).

Libraries were prepared with the use of the Nextera XT
DNA Sample Preparation (Illumina). DNA ‘‘barcoding’’ (29)
was performed to simultaneously analyze embryos from
different patients, with the use of the Nextera XT 96 Index
Kit (Illumina). The quality of a subset of 32 libraries was as-
sessed with the use of the Agilent High-Sensitivity DNA Kit
FIGURE 1

Graphic representation of copy number changes observed in various aneupl
preimplantation genetic screening cycles with embryo biopsy at cleavage
generation sequencing (NGS)–based 24-chromosome aneuploidy screenin
panel. Each NGS graph in the right panel indicates the copy number assig
on the x-axis. Gains (copy number state >2) and losses (copy numbe
respectively, the copy number state of 2. (A) Embryo showing monosom
showing trisomy 2, 7, 9, 10, 19, 21, 22; monosomy 5, 13, X.
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(Agilent Technologies) and by sequencing with the Miseq
Reagent Kit v2 (Illumina).

Sequencing and sequence analysis. Paired-end dual index
2 � 36 bp sequencing was performed following the Illumina
workflow on a Hiseq 2000 (Illumina) with the use of the Tru-
seq PE Cluster Kit v3-cBot-HS (Illumina) and the cBot
instrument (Illumina). Up to 96 barcoded samples were run
on a single lane. The pooled DNA library were bound to
the complementary adapter oligos on the surface of the
flow cell (provided within the PE cluster kit). Afterward,
the Truseq SBS kit v3-HS (Illumina), which contains the
ready-to-load reagents, was used for sequencing on the
Hiseq 2000.

Reads were aligned to the human genome hg19 using
iSAAC (30) within the Hiseq analysis software. Bash script-
ing, BEDtools (31), and SAMtools (32) were used to remove
unmapped reads, duplicate reads, reads with low mapping
oid whole-genome amplification (WGA) products selected from clinical
stage. Left: results from array-CGH analysis; right: results from next-
g analysis derived from the same WGA product as shown in the left
nments (0, 1, 2, 3, or 4) on the y-axis and the chromosome number
r state <2) are seen as horizontal green bars above and below,
y 9. (B) Embryo showing monosomy 7, 18; trisomy 16. (C) Embryo
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TABLE 1

Characteristics of samples investigated.

n (%)

Type of samples analyzed
Karyotypically defined single cells 18
WGA products from single blastomeres 190

No. of samples analyzed 208
Euploid 67 (32.2)
Aneuploid 141 (67.8)

No. of chromosomes assessed 4,992
Euploid 4,590 (91.9)
Aneuploid 402 (8.1)

Trisomies 191 (47.5)
Monosomies 193 (48.0)
Segmental imbalances 18 (4.5)

Note: WGA ¼ whole-genome amplification.

Fiorentino. Validation of NGS for PGS. Fertil Steril 2014.
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scores, and reads with an edit distance greater than one, re-
sulting in an average of 3.2 million (M) (median 2.9 M,
standard deviation 1.5 M) filtered read positions per sample.
The following bioinformatics analysis was accomplished
with the alpha version of Bluefuse Multi for NGS (Blue-
gnome). Each chromosome was divided into intervals,
each covering �1 Mb of sequence. Filtered reads from
each sample were then mapped into the corresponding
chromosome interval or bin. The count data in each bin
was normalized with the use of GC content and in silico
reference data to remove bias. The normalized bin counts
were smoothed with a 13-bin sliding median and reex-
pressed as copy numbers by assuming that the median
autosomal read count corresponds to copy number 2.
Copy number status for each chromosome was finally
determined with the use of a combination of a gaussian
probability function (PDF; with copy number states 0–4
and a standard deviation of 0.33) and thresholding. The
copy number state with the highest probability for a chro-
mosome was used unless the distance to the next most
probable copy number was >0.011. In that case, the median
value of the most likely copy number states of all bins of a
chromosome was used, set to a gain when >2.5 and to a
loss when <1.5 (all values are listed in Supplemental
Table 1, available online at www.fertstert.org). The proba-
bility distance as well as thresholds and calling strategy
were established in previous experiments using cell lines
and applied blindly to all samples.

Miseq sequencing was performed with the use of dual in-
dex single-end 36 bp reads. Alignment was performed using
Bwa (33) within the Miseq Reporter software. Filtering and
analysis was performed as described for the Hiseq data.
Classification of Results

Chromosomal aneuploidies were detected as copy number
imbalances. The analysis pipeline expected a default copy
number of 2 for autosomes; the sample sex and sex chromo-
some copy numbers were determined by an initial calling
algorithm. Embryos were diagnosed as ‘‘aneuploid’’ if the
median chromosomal copy number measures deviated
1378
from the default copy number. Gains (copy number state
>2) and losses (copy number state <2) are seen as horizon-
tal green bars above and below, respectively, the copy num-
ber state of 2 in Figure 1. The method also allows a specific
copy number (0, 1, 2, 3, or 4) to be directly assigned. Em-
bryos were diagnosed as ‘‘euploid’’ if the generated plot
showed no gain or loss.

Concordance analysis. Copy number calls automatically
generated by the NGS pipeline and Bluefuse Multi (Blue-
gnome) were assessed manually and compared for sample
ploidy status, sample karyotype, and chromosome ploidy sta-
tus. Concordance of the NGS results regarding the array
results was calculated with the use of the classifications true
positive (TP; gain or loss detected), true negative (TN;
euploidy status confirmed), false negative (FN; gain or loss
missed), and false positive (FP; additional gain or loss called).
Evaluation of Sensitivity and Specificity of
Aneuploidy Screening by NGS

To assess the reliability of NGS for aneuploidy detection, the
sensitivity, specificity, and positive and negative predictive
values of the test were calculated as follow:
Specificity: no. of truenegatives/(no. of truenegativesþno.
of false positives)

Sensitivity: no. of true positives/(no. of true positivesþ no.
of false negatives)

Positive predictive value: no. of true positives/(no. of true
positives þ no. of false positives)

Negative predictive value: no. of true negatives/(no. of
false negatives þ no. of true negatives)
Sensitivity defines the probability that the aneuploidy
call will be positive when aneuploidy is present (true positive
rate). Specificity defines the probability that the aneuploidy
call will be negative when aneuploidy is not present (true
negative rate). The positive predictive value defines the prob-
ability that an embryo is aneuploid when the test detects
aneuploidy. The negative predictive value defines the proba-
bility that an embryo is euploid when the test do not detect
aneuploidy.
Miseq/Hiseq NGS Data Concordance

To assess NGS data concordance between Hiseq and Miseq
sequencing machines, 32 samples previously sequenced on
a Hiseq were also analyzed on the Miseq platform. Concor-
dance was assessed as described above.
Ethical Approval

The material used in this study was obtained with patient
consent and Institutional Review Board approval from the
Genoma center.

RESULTS
A total of 18 karyotypically defined chromosomally abnormal
single cells and 190 WGA products from biopsied single-cell
VOL. 101 NO. 5 / MAY 2014
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embryos with consistent array-CGH diagnosis from 68
consecutive PGS cycles, were blindly assessed with the
NGS-based 24-chromosome aneuploidy screening protocol.
Successful results were obtained by NGS in 208/208 samples
(100%) included in the experiment. The results were compared
for consistency with those obtained by previously established
cytogenetic karyotypes and array-CGH. Sixty-seven WGA
samples, diagnosed as euploid by array-CGH, were selected
from embryos whose transfer resulted in viable pregnancies
followed by the birth of chromosomally normal children. In
141 samples, one or more aneuploidies were detected, ac-
counting for a total of 402 different aneuploid chromosomes,
18 of which were segmental aneusomies (Table 1). The details
of karyotype predictions are included in Supplemental Table 2
(available online at www.fertstert.org).

Examples of NGS results are shown in Figures 1 and 2.
A single sample produced discordant results, consisting

in a false positive call by NGS for trisomy 18 (Supplemental
Fig. 1, available online at www.fertstert.org). All of the re-
maining chromosomes for all of the remaining samples
FIGURE 2

Examples of partial aneusomy detection by next-generation sequencing com
partial chromosomal imbalances. (A) Embryo showing a 14-Mb segmental d
20-Mb segmental gain of chromosome 13q. (C) Embryo showing a 17-Mb
Fiorentino. Validation of NGS for PGS. Fertil Steril 2014.
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were consistent between NGS and array-CGH, including
segmental aneusomies, which were reliably identified with
a segmental imbalance as small as 14 Mb in size (Fig. 2).
There were no false negative diagnoses for aneuploid
chromosomes or embryos, nor inaccurate predictions of
sex.

The discordant sample was reevaluated by QF-PCR, which
confirmed the array-CGH diagnosis and thus the false positive
call by NGS.

NGS specificity for aneuploidy call (consistency of chro-
mosome copy number assignment) was 99.98% (95% CI
99.88%–100%) with a sensitivity of 100% (95% CI 99.08%–

100%). NGS specificity for aneuploid embryo call (24-
chromosome diagnosis consistency) was 100% (95% CI
94.59%–100%) with a sensitivity of 100% (95% CI 97.39%–

100%). Both positive and negative predictive values of the
NGS-based 24-chromosome aneuploidy screening protocol
were 100% (Table 2).

Concordance between Hiseq and Miseq sequencing was
evaluated with 32 samples sequenced in parallel. The obtained
pared with array comparative genomic hybridization. Arrows indicate
uplication on the short arm of chromosome 17. (B) Embryo showing a
segmental duplication on the short arm of chromosome 7.
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TABLE 2

Next-generation sequencing performance.

Concordance analysis n or % (95% CI)

Chromosome calling comparison
Euploid chromosomes

(true negatives)
4,590

Aneuploid chromosomes
(true positives)

402

Missed chromosome calls
(false negatives)

0

Extra chromosome calls (false
positives)

1

Aneuploidy call performance
Sensitivity 100% (99.08%–100%)
Specificity 99.98% (99.88%–100%)

Whole-sample aneuploidy/euploidy status comparison
Euploid embryo

(true negatives)
67

Aneuploid embryo
(true positives)

141

Missed aneuploid embryo
calls (false negatives)

0

Extra aneuploid embryo calls
(false positives)

0

Aneuploid embryo call performance
Sensitivity 100% (97.39%–100%)
Specificity 100% (94.59%–100%)
Positive predictive value 100% (97.39%–100%)
Negative predictive value 100% (94.59%–100%)

Fiorentino. Validation of NGS for PGS. Fertil Steril 2014.
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data demonstrated an exact overlapping of the results, indi-
cating that the NGS-based method for 24-chromosome
screening may be used with both instruments (Supplemental
Fig. 2, available online at www.fertstert.org). The copy number
assessment method described here is therefore independent
from platform and alignment software.
DISCUSSION
Next-generation sequencing is an emerging technology that
provides high throughput with parallel analysis of multiple
embryos and high-resolution data for chromosomal analysis,
but it has yet to be validated for PGS application.

Clinical validation of new technologies to be applied for
embryo diagnostics, such as comprehensive aneuploidy
screening, is particularly challenging when dealing with
single-cell analysis. A key issue is to determine the predictive
value of the technique. In fact, it is critical to know whether
the test produces false positive chromosomally abnormal di-
agnoses in embryos that are actually normal and have normal
reproductive potential, and vice versa.

We performed a large preclinical validation study to
determine the accuracy of an NGS-based 24-aneuploidy
screening protocol. NGS ability to accurately identify aneu-
ploidy was assessed by testing, in a blinded manner, multiple
single cells in which the expected karyotype had been
previously defined by a well established independent
methodology.

In this study, the technical accuracy of the NGS approach
was measured in two phases. The first phase involved the use
of single cells of known abnormal genetic complements, with
1380
results demonstrating 100% consistency of the NGS-based
comprehensive aneuploidy screening. The second phase of
the study involved the assessment of WGA products selected
from previously performed clinical PGS cycles with biopsy of
single blastomeres from cleavage-stage embryos. The results
achieved clearly demonstrated the ability of the NGS-based
method to predict chromosome copy number for the direct
diagnosis of aneuploidy. In fact, NGS analysis of the above
samples resulted in a 99.98% chromosome copy number
assignment consistency with the highly validated method of
aneuploidy screening, array-CGH. Importantly, all embryos
diagnosed as euploid by array-CGH were confirmed as
euploid with NGS and all embryos diagnosed as aneuploid
by array-CGH were confirmed as aneuploid by NGS (100%
24-chromosomes diagnosis consistency).

Although this study was designed to validate the perfor-
mance of NGS in the detection of whole-chromosome aneu-
ploidies, the NGS protocol presented here has also shown
accurate detection of segmental changes (as small as 14 Mb
in size), indicating that diagnosis of partial aneuploidies is
well within the ability of this technology. It is therefore
reasonable to assume that patients with balanced transloca-
tions will also benefit from the NGS-based approach, with
the added advantage of allowing comprehensive chromosome
screening in addition to detection of the unbalanced deriva-
tives. However, further studies with the use of cell lines or
products from parents carrying known translocation break-
points are required to assess accuracy and resolution limits
of the approach for this purpose.

There are numerous advantages to using NGS for 24-
chromosome aneuploidy screening. The parallel nature of
NGS data provides a unique opportunity to evaluate multiple
samples for multiple different indications on the same
sequencing chip, with the use of DNA barcoding methodolo-
gies (29). This feature of NGS is very useful because of its
potential to substantially increase throughput by analyzing
DNA sequences of embryos from different patients simulta-
neously. In fact, with the use of an NGS instrument at high
capacity (e.g., Hiseq), it is possible to evaluate sequence infor-
mation for up to 96 samples in a single run.

In addition, NGS technique has the advantage not only of
screening for aneuploidies, but it may also allow for simulta-
neous evaluation of single-gene disorders (34), translocations
(27), and abnormalities of the mitochondrial genome from the
same biopsy without the need for multiple unique technologic
platforms. The additional sequence data obtained with the use
of the NGS approach may also provide unprecedented
amounts of genetic information from human embryos which
could be useful for diagnostic and research purposes, with the
potential to revolutionize preimplantation diagnosis. A
further advantage, compared with array-CGH, is that cohy-
bridization of a control sample is not necessary. NGSmethods
may ultimately lead to reduced costs per patient, allowing IVF
couples a wider use of PGS for choosing the most competent
embryo(s) for transfer. However, these predictions need to be
validated by further studies with specific design objectives.

Although there are many advantages regarding the use of
the NGS technology, the limitations must also be considered.
Similarly to other technologies currently used for PGS, NGS
VOL. 101 NO. 5 / MAY 2014
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can not directly detect balanced chromosomal rearrange-
ments, because there is no imbalance in the total DNA con-
tent. Moreover, although NGS has the potential to detect
haploidy and some polyploidies with the use of allele ratios,
the sequence coverage of the protocol is insufficient to enable
allele detection, which requires higher read depths. It is also
important to note the cost of NGS instruments. Potential
cost benefits may not be achieved if there are insufficient
samples available to fully utilize the available sequencing ca-
pacity in every run.

This is the first study reporting extensive preclinical vali-
dation and accuracy assessment of NGS-based comprehen-
sive chromosome screening of single cells. Given the high
degree of concordance between NGS and array-CGH, NGS-
based aneuploidy screening appears to be a robust methodol-
ogy ready to find a place in routine clinical application.
Subsequent efforts need to be directed toward performing
prospective studies investigating embryos from clinical PGS
cycles with the use of the NGS-based aneuploidy screening
method. The results of these trials will be critical when consid-
ering this new technology in a clinical setting. A prospective
study involving a parallel evaluation of embryos at blastocyst
stage with both NGS and array-CGH is currently being con-
ducted by our lab and will help to outline the potential for
routine clinical use of NGS-based preimplantation embryo
assessment.

In conclusion, evidence of accuracy indicates that NGS
provides a reliable high-throughput methodology for 24-
chromosome aneuploidy screening. This approach has the po-
tential to represent a useful strategy in reproductive medicine.

Acknowledgments: The authors thank Andrea Nuccitelli
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SUPPLEMENTAL FIGURE 1

Sample with discordant result showing a false positive call by next-generation sequencing for trisomy 18 (arrow) in addition to true positive calls of
loss of chromosomes 13, 15, and 16. (A) Profile from array-CGH analysis. (B) Profile fromNGS-based 24-chromosome aneuploidy screening analysis
derived from the same WGA product.
Fiorentino. Validation of NGS for PGS. Fertil Steril 2014.
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SUPPLEMENTAL FIGURE 2

Example of 24-chromosome aneuploidy screening result with complex karyotype obtained from whole-genome amplification products sequenced
on (A) a Hiseq and (B) a Miseq instrument, showing concordance between the platforms.
Fiorentino. Validation of NGS for PGS. Fertil Steril 2014.
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