Current Genomics, 2012, 13, 463-470 463

Preimplantation Genetic Diagnosis for Aneuploidy and Translocations
Using Array Comparative Genomic Hybridization

Santiago Munné*
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Abstract: At least 50% of human embryos are abnormal, and that increases to 80% in women 40 years or older. These
abnormalities result in low implantation rates in embryos transferred during in vitro fertilization procedures, from 30% in
women <35 years to 6% in women 40 years or older. Thus selecting normal embryos for transfer should improve preg-
nancy results. The genetic analysis of embryos is called Preimplantation Genetic Diagnosis (PGD) and for chromosome
analysis it was first performed using FISH with up to 12 probes analyzed simultaneously on single cells. However, subop-
timal utilization of the technique and the complexity of fixing single cells produced conflicting results. PGD has been in-
vigorated by the introduction of microarray testing which allows for the analysis of all 24 chromosome types in one test,
without the need of cell fixation, and with staggering redundancy, making the test much more robust and reliable. Recent
data published and presented at scientific meetings has been suggestive of increased implantation rates and pregnancy
rates following microarray testing, improvements in outcome that have been predicted for quite some time. By using
markers that cover most of the genome, not only aneuploidy can be detected in single cells but also translocations. Our
validation results indicate that array CGH has a 6Mb resolution in single cells, and thus the majority of translocations can
be analyzed since this is also the limit of karyotyping. Even for translocations with smaller exchanged fragments, pro-
vided that three out of the four fragments are above 6Mb, the translocation can be detected.
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INTRODUCTION

After fertilization in vitro human embryos are usually
cultured for three days (cleavage stage) to 5 or 6 days (blas-
tocyst stage). More than 50% of cleavage-stage embryos
produced in vitro are chromosomally abnormal, increasing to
up to 80% in women over 42 years of age [1-4]. Although
some abnormal embryos arrest between day 3 and 5 [5],
most do not, and even at the blastocyst stage more than 40%
of embryos are abnormal increasing with advanced maternal
age [6-8]. This is not limited to embryos resulting from su-
per-ovulation cycles but also observed in natural stimulation
cycles [9]. However, little is known of the frequency of
chromosome abnormalities in vivo.

Most numerical chromosome abnormalities detected in
cleavage and blastocyst embryos are not compatible with
implantation or birth [10], which negatively affects the suc-
cess of assisted reproductive treatments. The detrimental
effect of aneuploidy is illustrated by the high prevalence of
chromosome abnormalities detected in spontaneous abor-
tions [11, 12], exceeding 70% in some studies of samples not
cultured and analyzed by CGH or arrays [13-16].

Therefore the working hypothesis for Preimplantation
Genetic Diagnosis (PGD) is that by selecting chromosomally
normal embryos that have higher changes to survive to term,
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the success rate of assisted reproduction techniques can im-
prove [17]. The use of PGD for this purpose is also known as
Preimplantation Genetic Screening (PGS).

Shortcomings of Pre-Array Technologies

PGS strategies first consisted of using fluorescence in
situ hybridization (FISH) analysis with 5-10 probes of one or
two cells biopsied from day-3 embryos (containing 4-10
cells) [17-21], trophectoderm cells biopsied from blastocyst
stage embryos [22] or polar bodies biopsied from oocytes or
zygotes [23-25]. These FISH methods were unable to pro-
vide a full chromosome complement count but the 12 probe
assay was able to detect more than 80% of chromosomally
abnormal embryos detected by array technology [26].

Initial studies utilizing the above approach reported an
improvement in implantation rates, fewer spontaneous abor-
tions and/or an increase in ongoing pregnancies [20, 27-38]
but were not clinically randomized. In contrast, clinical ran-
domized studies performed outside the initial centers that
had developed the above protocols did not detect significant
improvements or even showed a detrimental effect of PGS
[39-42]. Several reasons for these conflicting results have
been proposed but the most obvious one is technical differ-
ences between the two groups of studies.

Biological factors that could explain such differences are
the occurrence of mosaicism and the potential self-correction
of aneuploid embryos. Regarding mosaicism, many studies
[1, 3, 4, 17, 43-48] have shown high rates of mosaicism in
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cleavage-stage embryos and thus any analysis based upon a
single cell could be unreliable. That was more so in earlier
studies using a few chromosome probes, but later studies
using at least 8 probes showed that the majority of mosaic
embryos display chromosome abnormalities in every cell. In
such cases, the biopsied cell may not be chromosomally
identical to the remaining cells of the embryo, but the clini-
cal diagnosis of ‘abnormal’ will be valid. Large follow up
studies of preimplantation embryos diagnosed using FISH
estimate only a 5-7% error caused by mosaicism [20, 48]
when embryos are reanalyzed in all their cells by FISH with
8 or more probes. When embryos are analyzed by array CGH
the error rate measured by analyzing the remained cells of
the embryo is merely 2%, and thus mosaicism is unlikely to
be the primary cause of poor outcomes following PGS [49].
Instead, further analysis of aCGH embryos show that almost
100% of them have all their cells abnormal, but that could
not be detected with a few probes in the initial FISH studies.

A second biological factor could be the self-correction of
embryos. This hypothesis is based on several misconcep-
tions. First is that placental confined mosaicism is caused by
aneuploid embryos self-correcting into normal fetus and ab-
normal placenta. However, some studies now suggest that is
the placenta that becomes abnormal [50]. Second, the culture
of inner cell masses from embryos classified as abnormal by
PGS to produce stem cells and consisting in culturing these
cells through many passages, eventually results in the en-
richment of normal cells [51, 52]. However, human embryos
are replaced whole to the uterus and do not grow in mono-
layer, plus they do not go through so many passages before
differentiating into tissues. In addition, according to Verlin-
sky et al. [53] abnormal embryos that self correct in mono-
layer had often started as normal zygotes that became ab-
normal postmeiotically (normal polar bodies, abnormal day 3
biopsy), and thus were already mosaics, than those that
started as abnormal zygotes (abnormal polar bodies, abnor-
mal day 3 biopsy).

An example of how little self-correction there is, is to
compare the frequency of trisomy 15 at cleavage-stage em-
bryos (1.87%) [10] with that of uniparental disomy (UDP) 15.
If a trisomy-15 self-corrects by losing at random one chromo-
some 15, one-third of resulting embryos will have UPD. How-
ever, UPD-15 occurs in only 0.001% of newborns (OMIM,
www.nchi.nlm.nih.gov/omim), a mere 0.56% correction.

One of the most probable causes of inter-center differences
in PGD results is variation in the biopsy and genetic test used
[58]. For example, one of the studies showing no improve-
ment in IVF outcome following PGD biopsied two cells from
each cleavage-stage embryo [39]. However, the same group
later reported that two-cell biopsy, but not single-cell biopsy,
is detrimental to embryo development [59].

Another study conducted by Mastenbroek et al. [41] re-
ported an astonishingly high rate of diagnostic failure (20%),
resulting in many embryos being transferred without a diagno-
sis. The implantation rate of these undiagnosed embryos was
59% lower than the control. In this case, the only difference
between the control and test groups was that the test group
was biopsied on day 3 of development, suggesting that em-
bryo viability was drastically reduced by the biopsy proce-
dures used in the clinics involved.
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Preliminary evidence is now indicating that day 3 biopsy,
even if well performed, could diminish implantation rates
compared to controls [59, 60]. That may or may not be com-
pensated in excess by PGD selection methods depending if
they are performed correctly or not. Blastocyst biopsy seems
now to be much less detrimental than day 3 biopsy [6, 61].

In addition of biopsy methods and skills, the “error rate”
of the diagnosis technique is the second most important fac-
tor. The steps after biopsy involved fixation, FISH with a
variety of different protocols and number of probes, and cell
analysis. The overall accuracy of these steps is summarized
in a single number, which is the error rate of a PGD labora-
tory. This error rate is obtained by analyzing all the cells of
non-replaced embryos and determining if the original diag-
nosis was confirmed. Unfortunately error rates among differ-
ent PGD laboratories range from 2-7% [20, 47, 49] to 40-
50% [62, 63], with error rates around 50% in fact decrease
implantation rates [58].

When performed using optimal methods, FISH can detect
91% of the chromosome abnormalities detectable by array
CGH [21, 26], and in some laboratories did improve ART
outcome. Regardless, the field of PGD is transitioning to-
wards either polar body biopsy from oocytes or zygotes [64-
66] or to trophectoderm biopsy from blastocyst stage em-
bryos [6, 61].

Additionally, FISH is rapidly being replaced by compre-
hensive methods of DNA analysis, which detect close to
100% of numerical chromosomal abnormalities. These tech-
niques are extremely redundant (each chromosome tested
multiple times at different loci), automated, less subjective,
and in some preliminary studies less prone to errors
(2%)[49].

Comprehensive DNA Analysis Techniques: Technical
Differences

Comparative Genome hybridization (CGH) was first ap-
plied to day-3 embryo biopsies [67-71]. However, CGH is
time consuming requiring the cryopreservation of embryos
while testing is ongoing. When it was first applied embryo
freezing had a low survival rate and embryo freezing and
thawing neutralized any beneficial effects of PGD. CGH was
abandoned for these reasons and not applied again until the
development of vitrification [72].

In conjunction with vitrification, CGH has been clinically
applied to polar bodies [64, 65, 73, 74] and blastocyst biop-
sies [6, 74].

Three other techniques, microarray CGH (aCGH) [75-78,
49], single nucleotide polymorphism (SNP) microarrays [79-
81] and gPCR [89] are being used for PGD of single cells
from PBs or day-3 biopsies yielding results in 24 hours. The
rapid turnaround time for these methods eliminates the need
to freeze embryos if the biopsy is done at those stages, and if
the biopsy is done on day-5 and analyzed by aCGH or qPCR,
the embryos can still be replaced on day-6 if the sample does
not need to be flown in.

CGH, aCGH and SNP-microarrays rely on whole ge-
nome amplification (WGA) to amplify DNA from one or
more cells from an embryo. According to our experience
current WGA methods such as multiple displacement ampli-
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fication (MDA), GenomePlex and PicoPlex allow for better
overall coverage of the genome compared with earlier WGA
methods (e.g. degenerate oligonucleotide primed PCR) that
were more inclined to preferentially amplify some parts of
the genome while leaving others unamplified or under ampli-
fied.

The aCGH chip most commonly used (24sure,
Bluegnome, Cambridge, UK) for the purpose of PGD util-
izes about 4000 bacterial artificial chromosome (BAC)
probes, 150,000 bp in length, covering all chromosome
bands, covering ~25% of the genome sequence, and giving a
resolution of about 4 MB or better than karyotyping. aCGH
has a similar or higher accuracy rate as metaphase CGH, and
should producing similar high implantation rates to those
obtained with the older technique [6].

aCGH provides a quantitative analysis based on compar-
ing the relative amount of test DNA (e.g. a blastomere) to
the amount of known control DNA from a chromosomally
normal individual. DNA from these two sources are differen-
tially labeled and hybridized to probes on the microarray.
The diagnosis is very accurate because multiple copies of
each probe are placed on the microarray and each chromo-
some is tested at many distinct loci.

Chromosome imbalances such as aneuploidies, unbal-
anced translocations, deletions and duplications are easily
detected, but a limitation of aCGH is that diploidy cannot be
distinguished from changes involving loss or gain of an en-
tire set of chromosomes such haploidy or polyploidy. This is
however a small limitation since 7.7% (n= 91,073) of 2PN
embryos tested were polyploid or haploid but the majority of
them had additional abnormalities detectable by aCGH and
only 1.8% of all embryos were homogeneously polyploid or
haploid. Furthermore, of those, the majority arrested by day
4, leaving only 0.2% of developing embryos uniformly poly-
ploid or haploid that could produce a misdiagnosis [49, 82].

Single nucleotide polymorphisms are areas of the ge-
nome where a single nucleotide in the DNA sequence varies
within the population. Most SNPs are biallelic, existing in
one of two forms, and are found scattered throughout the
genome. By determining the genotype of multiple SNPs
along the length of each chromosome a haplotype (a con-
tiguous series of polymorphisms on the same chromosome)
can be assembled. This ultimately allows the inheritance of
individual chromosomes or pieces of chromosomes to be
tracked from parents to embryos. Current SNP microarrays
simultaneously assay hundreds of thousands of SNPs and use
software to distinguish how many copies of each chromo-
some there are in the sample [79-81].

The small size of the SNP array probes, can lead to poor
hybridization efficiencies and low signal intensities for indi-
vidual SNPs. This factor, coupled with the failure of WGA
methods to amplify the entirety of the genome, can lead to
many SNPs yielding no result. Also, allele drop out (ADO)
and/or preferential amplification (PA) of one SNP allele ver-
sus another can lead to a great deal of ‘noise’ in the system.
Three methods for cleaning up SNP-microarrays data have
been developed: Qualitative methods, looking only at the
inheritance of specific SNPs and requiring comparison with
parental DNA samples; quantitative approaches, assessing
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only the intensity of SNP calls; and a combination of quanti-
tative and qualitative methods.

Qualitative approaches require the assessment of parental
DNA to deduct the four parental haplotypes for each chro-
mosome. Embryo testing is then focused on detecting the
individual parental haplotypes, revealing how many chromo-
somes were inherited from each parent [79]. This approach
has the disadvantage that mitotic abnormalities, in which
only two haplotypes are present in a trisomy will not be de-
tected. 30% of human embryos contain mitotic abnormalities
or mosaicism [20]. The argument that this is actually an ad-
vantage because mosaics can lead to misdiagnosis is incor-
rect since through aCGH only 1.8% of embryos are misdiag-
nosed due to mosaicism [49]. This is because most mosaics,
once all chromosomes are analyzed contain only abnormal
cells and thus any single cell will allow a diagnosis of ab-
normal to be made.

A quantitative approach compares the intensity of each
SNP against the other SNPs and for aneuploidy screening it
may not require parental testing. This approach is currently
the least developed.

A qualitative/quantitative approach has also been applied
clinically, and probably can obviate the issues mentioned
above for purely qualitative or quantitative approaches [80,
81]. All SNP analysis approaches have the limitation that it
cannot detect postmeiotic tetraploidies since only two haplo-
types are present.

SNP-based microarrays offer some minor advantages
over aCGH. One is that qualitative analysis SNP-based mi-
croarrays permits the detection of the parental origin of
chromosome abnormalities. This is of little relevance to
cases of advanced maternal age where at least 90% of the
aneuploidies will be maternal in origin. Paternal origin ane-
uploidies are most likely mitotic error where the abnormal
chromosome was randomly recruited as the extra chromo-
some. These errors offer no predictive value for other em-
bryos in the cohort or for future cycles.

For PGD of translocations SNP microarrays can differen-
tiate between normal and balanced (carrier) embryos. How-
ever, because the rate of abnormalities in translocation cases
is generally very high (>80%) [83], the majority of PGD
cycles do not have a surplus of embryos that will allow
choosing between normal and balanced embryos to be re-
placed.

Although SNP arrays can produce a fingerprint of the
embryo to determine which embryo implanted if more than
two were replaced and only one implanted. However, finger-
printing can also be performed after aCGH by utilizing a
small aliquot of the DNA produced by WGA to perform
conventional DNA fingerprinting.

Finally, another potential advantage of qualitative SNP
arrays is that it can also detect uniparental disomy (UDP),
but this is a very rare event (e.g. uniparental disomy 15 oc-
curs in 0.001% of newborns (OMIM)) and most embryos
with UDP are chaotic mosaics with other abnormalities.

A disadvantage of a qualitative or combination approach
to SNP array analysis is the need to assess parental DNA
ahead of the PGD cycle. This complicates patient manage-
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ment, adds to the cost of the test, and complicates ad hoc
decisions regarding to perform PGD or not. Since approxi-
mately 20% of IVF cycles with planned PGD are cancelled
on day three due to low embryo numbers, these couples
would have spent money on pre-cycle parental testing that
was at the end unnecessary. A summary of the differences
between techniques can be found in (Table 1).

Validation of Microarray Methods

Due to the intrinsic and often unforeseen problems with a
new technology, a new method should be validated against a
more established one [84]. Assessing a new approach against
itself may preclude the detection of technique related flaws.
Thus, some inadequate validation methods are the analysis of
cell lines with defined chromosome abnormalities which can-
not mimic chaotic mosaicism [81]; analysis of eggs or em-
bryos by one technique with analysis of polar bodies or the
remainder of the embryo by the same technique which will
preclude identifying abnormalities not detectable by that tech-
nique [66]; replacing undiagnosed embryos blindly and fol-
lowing pregnancies and clinical losses to determine the fate of
each tested embryo does not account for the status of non-
implanted embryos; or using the SNP calls in one chromo-
some as internal controls for other SNPs in that same chromo-
some [81]. In addition, the use of analysis tools that are quali-
tative in nature will miss the presence of two chromosomes of
the same grandparental origin caused by mosaicism.

An optimal method for validating a new technique is to
reanalyze those embryos that were not transferred to the pa-
tient, either because they underwent arrest or because they
were diagnosed chromosomally abnormal, and the reanalysis
of such embryos should be done with another well established
technique to discern shortcomings of the new method under
evaluation. The only problem with this approach is the scar-
city of non-replaced normal embryos.
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SNP-microarrays have undergone a variety of validation
experiments [80, 81, 84, 85] but no studies so far have con-
firmed the original diagnosis by reanalyzing the remaining
embryonic cells with a different technique.

Microarray-CGH for PGD has been validated by analysis
of single cells from known cell lines (Dagan Wells, personal
communication) and by analyzing oocytes and their respec-
tive polar bodies both by aCGH [66]. The best validation
study consisted of the single blastomere analysis by aCGH
followed by reanalysis in all or most of their remaining cells
by FISH using 12 probes plus probes for any chromosomes
found abnormal according to aCGH. Only 1.8% of embryos
were found to be incorrectly diagnosed [49].

gPCR has just been validated using a non-selection study
[96], in which embryos were biopsied either on day 3 or at
blastocyst stage, the biopsy analyzed by gPCR, but the em-
bryos replaced before knowing PGD results. They measured
the failure rate of embryos predicted aneuploid by gPCR
(negative predictive value) and the success rate of embryos
predicted euploid by gPCR (positive predictive value). Em-
bryos that implanted and reached term or miscarried were
fingerprinted to be compared wit the originally biopsied em-
bryos. Overall, they found that 96% of euploid embryos
failed to sustain implantation and that 41% of euploid em-
bryos had ongoing implantation. Stratifying per type of bi-
opsy, day-3 biopsied embryos had a 29.2% positive predic-
tive value compared to 48.2% (P<0.001) of biopsied blasto-
cysts, while day-3 biopsied embryos had a negative predic-
tive value of 98.1% vs. a 93.5% for biopsied blastocysts.

Microarray Methods: Clinical Results

Although the trend is away from day-3 biopsy, many clin-
ics are not yet proficient at blastocyst culture and vitrification,
which adds extra cost, and a majority of patients prefer to
have a fresh cycle. Thus, day-3 biopsy combined with com-
prehensive chromosome analysis remains the test of choice

Table 1.  Differences between Whole Chromosome Techniques
aCGH SNPs qPCR Frequency
Detection
69,XXX wi/o other abnormalities No Yes Yes 0.2% *
69,XXX with other abnormalities Yes Yes Yes 7.8% *
Tetraploid w/o other abnormalities Yes No No n/a
UPD w/o other abnormalities No Yes Unk >0.01% **
Meiotic and mitotic duplications w/o recombination Yes No Unk 3%
Duplications, Deletions Yes Yes No 5%
Unbalanced Translocations All Some No Unk
Other characteristics
Parental DNA prior to the test Unnecessary Required Required
Allow for day 5 biopsy and AM day 6 transfer Yes No Yes

* ref [82]
** www.ncbi.nlm.nih.gov/omim.
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for these clinics. Others are pushing day 5 biopsy combined
with vitrification, specially if using SNP arrays since the
technique is not compatible with day 6 replacement. Labs
using aCGH or gPCR in the US are increasing the use of day
5 biopsy with replacement on the same cycle, either late day
5 or early day 6. In contrast, in European clinics the tendency
is to go back to polar bodies. The clinical results for these
different approaches are starting to reported.

CGH is the method with the greatest quantity of clinical
data available [6, 64, 65, 74]. Sher et al. [64] detected a 74%
ongoing pregnancy rate per transfer in women with an average
age of 37.5 years after CGH on PBs, however, per cycle
started the ongoing pregnancy rate was similar to controls.
Schoolcraft et al. [6] detected a significant increase in implan-
tation rates, from 46.5% to 72.2% (p<0.001) following blasto-
cyst biopsy, vitrification and embryo selection using CGH.
This technique has been mostly discontinued now because is
very labor intensive and not automated.

Day 3 biopsy is being performed either with aCGH or SNP
arrays. Our most recent data [90] showed that only 78% of
PGD cycles had normal embryos for transfer, but if there were
normal embryos the ongoing pregnancy rate per transfer was
significantly higher than controls (54% vs. 31%, p<0.001).
These results are encouraging, but not as impressive as the
day-5 (blastocyst) biopsy results.

Day 5 biopsy has recently shown to be less detrimental than
day 3 biopsy in a study that compared biopsied but not analyzed
embryos. A group of patients received a day 3 biopsied embryos
and a non-biopsied embryo, and another group received a blas-
tocyst biopsied embryos and a non-biopsied embryo. The im-
planting embryos were identified by fingerprinting the biopsied
cells. It was observed that while blastocyst biopsy did not affect
implantation rates, day 3 biopsy reduced in a 42% the implanta-
tion potential of the biopsied embryos. Thus, even a perfect
PGD diagnosis could barely improve results since it needs to
compensate for this loss of implantation [91].

The use of SNP arrays with blastocyst biopsy and re-
placement in a thaw cycle produced a significant improve-
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ment in pregnancy results [92]. It has been argued that there
may be additional advantages associated with transfer in a
non-stimulated cycle because of better uterine receptivity
[87, 88]. However in an ongoing randomized clinical trial
using 24-chromosome analysis by gPCR, higher pregnancy
rates were obtained when biopsy was performed on day five
and replaced in the same cycle than in controls [91]. Thus it
seems that the only difference between day 5 biopsy results
and day 3 biopsy results is the detrimental effect of the day-3
biopsy.

Array CGH results also replicate those of SNP and gPCR
techniques. (Table 2) shows some unpublished results from
our center showing a significantly higher implantation and
ongoing pregnancy rate obtained from day 5 biopsies (either
replaced on a thawed cycle or day 6) than day 3 biopsies.

aCGH is able to differentiate between single chromatid
and whole chromosome errors in polar bodies, and a recent
study has shown that the majority of meiosis-1 aneuploidy
errors are caused by chromatids and not whole chromosome
errors, with more missing chromosomes or chromatids errors
than extra errors [87].

A recent blinded randomized clinical trial comparing
blastocyst biopsy and array CGH to a control group, both
replaced at day 6, showed significantly better ongoing preg-
nancy rate (69%) in the PGD group than the control group
(42%, p=0.009) [93].

Microarrays for PGD of Translocations

Recently, aCGH has also been validated for transloca-
tions following the same approach used by Gutierrez-Mateo
et al. [49] of reanalyzing PGD by aCGH diagnosed embryos
with FISH. The error rate was 0% when the translocated
fragments were 6Mb or larger. aCGH cannot detect at the
single cell level translocated fragments below 6Mb, but pro-
vided that three of the four translocated fragments are larger
than 6Mb, then the cell can be correctly diagnosed as unbal-
anced or normal/ balanced. Retrospectively looking at over

Table2.  Results Using Array CGH or SNP Arrays with Either Day 3 or Blastocyst Biopsy
Technique aCGH aCGH SNP Array
Day of Biopsy Day 3* Day 5* Day 5**
Fertility Clinics: 121 23 1
Cycles of PGD: 1089 433 130
Average Maternal Age: 37.0 37.0 37.8
# Embryos Biopsied: 8.3 6.4 5.9
% Euploid Embryos: 31% 49% 47%
*Implantation Rate/Embryo Replaced 39% 61% (52-83%) 65%
*Pregnancies/Cycle 39% 50% (26-73%) 70%
*Pregnancies/Transfer 54% 67% (53-94%) 87%

In brackets is the range per clinic
* (90, 95, and unpublished Reprogenetics results) ** (94)
* p<0.001
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1000 PGD cycles for translocations showed that none of

them h

ad more than one translocated fragment smaller than

6Mb, and thus all translocations can be properly diagnosed
by aCGH [88]. The only limitation of aCGH for transloca-
tions is that as mentioned above, it cannot differentiate nor-
mal from balanced embryos.
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ABBREVIATIONS

aCGH = Array Comparative Genome Hybridization
ADO = Allele Drop Out

ART = Assisted Reproductive Technologies

BAC = Bacterial Artificial Chromosome

CGH = Comparative Genome Hybridization

FISH = Fluorescence In Situ Hybridization

MDA = Multiple Displacement Amplification

PA = Preferential Amplification

PB = Polar Body

OMIM = Online Mendelina Inheritance in Man
PCR = Polymerase Chain Reaction

PGD = Preimplantation Genetic Diagnosis

PGS = Preimplantation Genetic Screening

gPCR = Quantitative PCR

SNP = Single Nucleotide Polymorphism

UPD = Uniparental Disomy

WGA = Whole Genome Amplification
REFERENCES

[1] Munné S, Alikani M, Tomkin G, Grifo J, Cohen J. Embryo mor-

[2]

(3]

[4]

[5]

(6]

(71

phology, developmental rates and maternal age are correlated with
chromosome abnormalities. Fertil Steril 1995, 64,382-391.

Magli MC, Gianaroli L, Ferrareti AP, Lappi M, Ruberti A, Farfalli
V. Embryo morphology and development are dependent on the
chromosome complement. Fertil Steril 2007, 87,534-541.
Bielanska M, Tan SL, Ao A. Chromosomal mosaicism throughout
human Preimplantation development in vitro, incidence, type, and
relevance to embryo outcome. Human Reprod 2002, 17,413-419.
Munné S, Serena C, Colls P, Garrisi J, Zheng X, Cekleniak N,
Lenzi M, Hughes P2, Fischer J, Garrisi M, Tomkin G, Cohen J.
Maternal age, morphology, development and chromosome abnor-
malities in over 6000 cleavage-stage embryos. Reprod Biomed On-
line 2007, 14,628-634.

Sandalinas M, Sadowy S, Alikani M, Calderon G, Cohen J, Munné
S. Developmental ability of chromosomally abnormal human em-
bryos to develop to the blastocyst stage. Human Reprod 2001, 16,
1954-1958.

Schoolcraft WB, Fragouli E, Stevens J, Munné S, Katz-Jaffe MG,
Wells D. Clinical application of comprehensive chromosomal
screening at the blastocyst stage. Fertil Steril. 2010, 94, 1700-1706.
Fragouli E, Alfarawati S, Katz-Jaffe M, Stevens J, Colls P, Goodall
N, Tormasi S, Gutierrez-Mateo C, Prates R, Schoolcraft WB,

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Santiago Munné

Munné M, Wells D. Comprehensive chromosome screening of po-
lar bodies and blastocysts from couples experiencing repeated im-
plantation failure. Fertil Steril 2010, 94,875-87.

Fragouli E, Alfarawati S, Daphnis DD, Goodall NN, Mania A,
Griffiths T, Gordon A, Wells D. Cyto-genetic analysis of human
blastocysts with the use of FISH, CGH and aCGH, scientific data
and tech-nical evaluation. Human Reprod 2011, 26,480-90.

Labarta E, Bosch E, Alama P, Rubio C, Remohi J, Pellicer A Ovar-
ian stimulation does not increase embryo aneuploidy rates in young
normo-ovulatory women. Human Reprod 2010, 25 (suppl 1), i61-
i63 (O-160).

Munné S, Bahge M, Sandalinas M, Escudero T, Méarquez C, Velilla
E, Colls P, Oter M, Alikani M, Cohen J. Differences in chromo-
some susceptibility to aneuploidy and survival to first trimester.
Reprod Biomed Online 2004, 8, 81-90.

Hassold T, Chen N, Funkhouser J, Jooss T, Manuel B, Matsuura J,
Matsuyama A, Wilson C, Yamane JA, Jacobs PA. A cytogenetic
study of 1000 spontaneous abortuses. Ann Hum Genet Lond 1980,
44,151-178.

Carp H, Toder V, Aviram A, Daniely M, Mashiach S, Barkai G.
Karyotype of the abortuse in recurrent miscarriages. Fertil Steril
2001, 75, 678-682.

Daniely M, Aviram-Goldring A, Barkai G, Goldman B. Detection
of chromosomal aberrations in fetuses arising from recurrent spon-
taneous abortions by compariative genome hybridization. Human
Reprod 1998, 13,805-809.

Fritz B, Hallermann C, Olert J, Fucs B, Bruns M, Aslan M,
Schmidt S, Coerdt W, Muntefering H, Rehder H.Cytogenetic
analyses of culture failures by comparative genome hybridization.
Re-evaluation of chromosome aberration rates in early spontaneous
abortions. Eur J Hum Genet 2001, 9,539-547.

Benkhalifa M, Kasakyan S, Clement P, et al. Array comparative
genomic hybridization profiling of first-trimester spontaneous abor-
tions that fail to grow in vitro. Prenatal Diagn 2005, 25, 894-900.
Menten B, Swerts K, Delle Chiaie B, Janssens S, Buysse K,
Philippé J, Speleman F. Array comparative genomic hybridization
and flow cytometry analysis of spontaneous abortions and mors in
utero samples. BMC Med Genet 2009, 10, 89-94.

Munné S, Lee A, Rosenwaks Z, Grifo J, Cohen J. diagnosis of
major chromosome aneuploidies in human preimplantation em-
bryos. Human Reprod. 1993, 8, 2185-2191.

Munné S, Magli C, Bahge M, Fung J, Legator M, Morrison L, Cohen
J, Gianaroli L. Preimplantation diagnosis of the aneuploidies most
commonly found in spontaneous abortions and live births, XY, 13,
14, 15, 16, 18, 21, 22. Prenatal Diagn 1998, 18, 1459-1466.

Magli MC, Sandalinas M, Escudero T, Morrison L, Ferrareti AP,
Gianaroli L, Munné S. Double locus analysis of chromosome 21
for preimplantation genetic diagnosis of aneuploidy. Prenatal Di-
agn 2001, 21, 1080-1085.

Colls P, Escudero T, Zheng X, Lenzi M, Cinnioglu C, Cohen J,
Munné S. Increased efficiency of preimplantation genetic diagnosis
for infertility through reanalysis of dubious signals. Fertil Steril
2007, 88, 53-61.

Colls P, Goodall N, Zheng X, Munné S.Increased efficiency of
preimplantation genetic diagnosis for aneuploidy by testing 12
chromosomes. Reprod Biomed Online 2009, 19, 532-538.

Jansen RPS, Bowman MC, De Boer KA, Leigh DA, Lieberman
DB, McArthur SJ. What next for preimplantation genetic screening
(PGD)? Experience with blastocyst biopsy and testing for ane-
uploidy. Human Reprod. 2008, 23, 1476-1478.

Verlinsky Y, Cieslak J, Frieidine M, lvakhnenko V, Wolf G,
Kovalinskaya L, White M, Lifchez A, Kaplan B, Moise J, Valle J,
Ginsberg N, Strom C, Kuliev A. Pregnancies following pre-
conception diagnosis of common aneuploidies by fluorescence in-
situ hybridization. Human Reprod. 1995, 10, 1923-1927.

Verlinsky Y, Tur-Kaspa I, Cieslak J, Bernal A, Morris R, Kaplan
B, Kuliev A. Taranissi et al. Preimplantation testing for chromo-
somal disorders improves reproductive outcome of poor prognosis
patients. Reprod Biomed On-line 2005, 11, 219-225.

Kuliev A, cieslak J, llkevitch Y, Verlinsky Y. Chromosomal ab-
normalities in a series of 6733 human oocytes in preimplantation
diagnosis for age-related aneuploidies. Reprod Biomed Online
2002, 6, 54-59.

Munné S, Fragouli E, Colls P, Katz M, Schoocraft W, Wells D.
Improved detection of aneuploid blastocysts using a new 12-
chromosome FISH test. Reprod Biomed Online 2010, 20, 92— 97.



Preimplantation Genetic Diagnosis for Aneuploidy and Translocations

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Munné S, Magli C, Cohen J, Morton P, Sadowy S, Gianaroli L,
Tucker M, Marquez C, Sable D, Ferraretti AP, Massey JB, Scott
R.Positive outcome after preimplantation diagnosis of aneuploidy
in human embryos. Human Reprod. 1999, 14, 2191-2199.

Gianaroli L, Magli C, Ferraretti AP, Munné S. Preimplantation
diagnosis for aneuploidies in patients undergoing in-vitro fertiliza-
tion with a poor prognosis, identification of the categories for
which it should be proposed. Fertil Steril, 1999, 72, 837-844.
Munné S, Sandalinas M, Escudero T, Velilla E, Walmsley R,
Sadowy S, Cohen J, Sable D. Improved implantation after preim-
plantation genetic diagnosis of aneuploidy. Reprod Biomed Online,
2003, 7,91-97.

Munné S, Chen S, Fischer J, Colls P, Zheng X, Stevens J, Escudero
T, Oter M, Schoolcraft W, Simpson JL, Cohen J. Preimplantation ge-
netic diagnosis reduces pregnancy loss in women 35 and older with a
history of recurrent miscarriages. Fertil Steril 2005, 84, 331-335.
Munné S, Fischer J, Warner A, Chen S, Zouves C, Cohen J, Refer-
ring centers PGD group. Preimplantation genetic diagnosis signifi-
cantly reduces pregnancy loss in infertile couples, a multi-center
study. Fertil Steril 2006, 85, 326-332.

Verlinsky Y, Tur-Kaspa I, Cieslak J, Bernal A, Morris R, Taranissi
M, Kaplan B, Kuliev A. Preimplantation testing for chromosomal
disorders improves reproductive outcome of poor prognosis pa-
tients. Reprod Biomed Online 2005, 11, 219-225.

Gianaroli L, Magli MC, Ferraretti AP. The in vivo and in vitro
efficiency and efficacy of PGD for aneuploidy. Molec Cell Endo-
crinol 2001, 183, S13-S18.

Gianaroli L, Magli MC, Ferraretti AP, Tabanelli C, Trombetta C,
Boudjema E. The role of preimplantation diagnosis for aneuploidy.
Reprod Biomed Online 2001, 4, 31-36.

Gianaroli L, Magli C, Ferraretti AP, Tabanelli C, Trengia V, Far-
falli V, Cavallini G. The beneficial effects of PGD for aneuploidy
support extensive clinical application. Reprod Biomed Online 2004,
10, 633-640.

Garrisi GJ, Colls P, Ferry KM, Zheng X, Garrisi MG, Munné
S.Effect of infertility, maternal age and number of previous miscar-
riages on the outcome of preimplantation genetic diagnosis for
idiopathic recurrent pregnancy loss. Fertil Steril 2009, 92, 288-295.
Rubio C, Buendia P, Rodrigo L, Mercader A, Mateu E, Peinado V,
Delgado A, Milan M, Mir P, Simén C, Remohi J, Pellicer A. Prog-
nostic factors for Preimplantation Genetic Screening in Repeated
Pregnancy Loss. Reprod Biomed Online 2009, 18, 687-693.

Milan M, Cobo AC, Rodrigo L, Mateu E, Mercader A, Buendia P,
Peinado V, Delgado A, Mir P, Simon C, Remohi J, Pellicer A, Ru-
bio C. Redefining advanced maternal age as an indication for pre-
implantation genetic screening. Reprod Biomed Online 2010, 21,
649-657.

Staessen C, Platteau P, Van Assche E, Michiels A, Tournaye H,
Camus M, Devroey P, Liebaers I, Van Steirteghem A Comparison
of blastocyst transfer with or without preimplantation genetic diag-
nosis for aneuploidy screening in cou- ples with advanced maternal
age: a prospective randomized con- trolled trial. Human Reprod.
2004, 19, 2849-2858.

Platteau P, Staessen C, Michiels A, Van Steirteghem A, Liebaers I,
Devroey P. Preimplantation genetic diagnosis for aneuploidy
screening in patients with unexplained recurrent miscarriages. Fer-
til Steril 2005, 83, 393-397.

Mastenbroek S, Twisk M, Van Echten-arends J, Sikkema-Raddatz
B, Korevaar JC, Verhoeve HR, Vogel NEA, Arts EGIM, De Vries-
JWA, Bossuyt PM, Buys CHCM, Heineman MJ, Repping S, Van
der Veen F. Preimplantation Genetic Screening in Women of Ad-
vanced Maternal Age. New England J Med. 2007, 357, 9-17.
Hardarson T, Hanson C, Lundin K, Hillensjo T, Nilsson L, Stevic
J, Reismer E, Borg K, Wikland M and Bergh C.Preimplantation
genetic screening in women of advanced maternal age caused a de-
crease in clinical pregnancy rate: a randomized controlled trial.
Human Reprod, 2008, 23, 2806-2812.

Munné S, Sandalinas M, Escudero T, Marquez C, Cohen J.
Chromosome mosaicism in cleavage stage human embryos: evi-
dence of a maternal age effect. Reprod Biomed Online 2002, 4,
223-232.

Delhanty JDA, Griffin DK, Handyside AH, Harper J, Atkinson
GHG, Pieters MHEC, Winston RML. Detection of aneuploidy and
chromosomal mosaicism in human embryos during preimplantation
sex determination by fluorescent in situ hybridization (FISH). Hum
Molec Genet 1993, 2, 1183-1185.

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Current Genomics, 2012, Vol. 13, No. 6 469

Delhanty JDA, Harper JC, Ao A, Handyside AH, Winston RML.
Multicolour FISH detects frequent chromosomal mosaicism and
chaaotic division in normal preimplantation embryos from fertile pa-
tients. Human Genetics. 1997, 99, 755-760.

Coonen E, Harper JC, Ramaekers FCS, Delhanty JDA, Hopman
AHN, Geraedts JPM, Handyside AH. Presence of chromosomal
mosaicism in abnormal preimplantation embryos detected by fluo-
rescence in situ hybridization. Hum Genet 1994, 94, 609-615.
Magli MC, Gianaroli L, Ferrareti AP, Lappi M, Ruberti A, Farfalli
V.Embryo morphology and development are dependent on the
chromosome complement. Fertil Steril, 2007, 87, 534-541.

Munné S, Sandalinas M, Escudero T, Marquez C, Cohen J. Chro-
mosome mosaicism in cleavage stage human embryos: evidence of
a maternal age effect. Reprod Biomed Online, 2002, 4, 223-232.
Gutiérrez-Mateo C, Colls P, Sanchez-Garcia J, Escudero T, Prates
R, Wells D, Munné S.Validation of microarray comparative ge-
nomic hybridization for comprehensive chromosome analysis of
embryos. Fertil Steril 2011, 95, 953-958.

Weier, J.F., Weier, H.U.G., Jung, CJ., Gormley, M., Zhou, Y.,
Chu, L.W., Genbacev, O., Wright, A.A., Fisher, S.J., Human cytot-
rophoblasts acquire aneuploidies as they differentiate to an invasive
phenotype. Dev. Biol. 2005, 279, 420-432.

Munné S, Velilla E, Colls P, Garcia-Bermudez M, Vemuri MC,
Steuerwald N, Garrisi J, Cohen J. Self correction of chromosomally
abnormal embryos in culture and implications for stem cell produc-
tion. Fertil Steril, 2005, 84, 331-335.

Lavon N, Narwani K, Golan-Lev T, Buehler N, Hill D, Benvenisty
N. Derivation of euploid embryonic stem cells from aenuploid em-
bryos. Stem Cells, 2008, 26, 1874-1882.

Verlinsky Y, Strelchenko N, Kukharenko V, Zech NH, Shkumatov
A, Zlatopolsky Z, Kuliev A. Impact of meiotic and mitotic non-
disjunction on generation of human embryonic stem cell lines. Re-
prod Biomed Online 2009, 18, 120-126.

Munné S, Wells D, Cohen J. Technology requirements for preim-
plantation genetic diagnosis to improve art outcome. Fertil Steril,
2010, 94, 408-430.

De Vos A., Staessen C, De Rycke M., Verpoest W., Haentjens P,
Devroey P, Liebaers I, Van de Velde H. Impact of cleavage-stage
embryo biopsy in view of PGD on human blastocyst implantation:
a prospective cohort of single embryo transfers. Human Reprod
2009, 12, 2988-2996.

Cohen J, Wells D, Munné S. Removal of two cells from cleavage stage
embryos is likely to reduce the efficacy of chromosomal tests employed
to enhance implantation rates. Fertil Steril, 2007, 87, 496-503.

Scott RT, Tao X, Taylor D, Ferry KM, Treff NR. A prospective
randomized controlled trial demonstrating significantly increased
clinical pregnancy rates following 24 chromosome aneuploidy
screening: biopsy and analysis on day 5 with fresh transfer. Fertil
Steril, 2010, 94, Suppl. S2 (O-65).

Baart E, Van Opstal D, Los FJ, Fauser BCJM, Martini E. Fluores-
cence in-situ hybridization analysis of two blastomeres from day-3
frozen-thawed embryos followed by analysis of the remaining em-
bryo on day-5. Human Reprod. 2004, 19, 685-693.

Coulam CB, Jeyendram RS, Fiddler M, Pergament E. Discordance
among blastomeres renders preimplantation genetic diagnosis for
aneuploidy ineffective. J. Assist. Reprod. Genet. 2007, 24, 37-41.
Sher G, Keskintepe L, Keskintepe M, Ginsburg M, Maassarani G,
Yakut T, Baltaci V, Kotze D, Unsal E. Oocyte karyotyping by
comparative genome hybridization provides a highly reliable
method for selecting “competent” embryos, markedly improving in
vitro fertilization outcome: a multiphase study. Fertil Steril 2007,
87, 1033-1040.

Fragouli E, Escalona A, Gutierrez-Mateo C, Tormasi S, Alfarawati
S, Sepulveda S, Noriega L, Garcia J, Wells D, Munné S. Compara-
tive genomic hybridization of oocytes and first polar bodies from
young donors. Reprod Biomed Online, 2009, 18, 228-237.

Geraedts J, Montag M, Magli MC, Repping S, Handyside A, Staes-
sen C, Harper J, Schmutzler A, Collins J, Goossens V, Van der Ven
H, Vesela K, Gianaroli L. Polar body array CGH can be achieved
within 12 hours with an acceptable level of accuracy for prediction
of the status of the corresponding oocyte. Human Reprod, 2011,
26:3173-3180.

Wells D, Sherlock JK, Handyside AH, Delhanty DA. Detailed
chromosomal and molecular genetic analysis of single cells by
whole genome amplification and comparative genome hybridiza-
tion. Nucleic Acid Res 1999, 27, 1214-1218.



470 Current Genomics, 2012, Vol. 13, No. 6

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

[78]

[79]

Voullaire L, Wilton L, Slater H, Williamson R. Detection of ane-
uploidy in single cells using comparative genome hybridization.
Prenatal Diagn 1999, 19, 846-851.

Wells, D., Delhanty, J.D.A. Comprehensive chromosomal analysis
of human preimplantation embryos using whole genome amplifica-
tion and single cell comparative genomic hybridization. Mol Hu-
man Reprod. 2000, 6, 1055-1062.

Wilton L, Williamson R, McBain J, Edgar D, Voullaire L. Birth of a
healthy infant after preimplantation confirmation of euploidy by com-
parative genomic hybridization. N Engl J Med 2001, 345, 1537-41.
Wells D, Escudero T, Levy B, Hirschhorn K, Delhanty JDA,
Munné S. First clinical application of comparative genome hybridi-
zation (CGH) and polar body testing for Preimplantation genetic
diagnosis (PGD) of aneuploidy. Fertil Steril 2002, 78, 543-549.
Kuwayama M. Highly efficient vitrification for cryopreservation of
human oocytes and embryos: the Cryotop method. Theriogenology
2007, 67, 73-80.

Fragouli E5, Escalona A, Gutierrez-Mateo C, Tormasi S, Al-
farawati S, Sepulveda S, Noriega L4, Garcia J, Wells D, Munné S.
Comparative genomic hybridization of oocytes and first polar bod-
ies from young donors. Reprod Biomed Online, 2009, 18, 228-237.
Fragouli E, Alfarawati S, Katz-Jaffe M, Stevens J, Colls P, Goodall
N, Tormasi S, Gutierrez-Mateo C, Prates R, Schoolcraft WB,
Munné M, Wells D. Comprehensive chromosome screening of po-
lar bodies and blastocysts from couples experiencing repeated im-
plantation failure. Fertil Steril 2010, 94, 875-87.

Hu DG, Webb G, Hussey N. Aneuploidy detection in single cells
using DNA array-based comparative genomic hybridization. Mol
Human Reprod 2004, 10, 283-289.

Le Caignec C, Spits C, Sermon K, De Rycke M, Thienpont B,
Debrock S, Staessen C, Moreau Y, Fryns JP, Van Steirteghem A,
Liebaers I, Vermeesch JR. Single-cell chromosomal imbalances de-
tection by array CGH. Nucleic Acids Res 2006, 34, e68.

Hellani A, Abu-Amero K, Azouri J, EI-Akoum S. Successful pregnan-
cies after application of array-comparative genomic hybridization in
PGS-aneuploidy screening. Reprod Biomed Online 2008, 17, 841-847.
Fishel S, Gordon A, Lynch C, Dowell K, Ndukwe G, Kelada E,
Thornton S, Jenner L, Cater E, Brown A, Garcia-Bernardo J. Live
birth after polar body array comparative genomic hybridization
prediction of embryo ploidy—the future of IVF? Fertil Steril.
2009, 93, 2774-2800.

Handyside AH, Harton GL, Mariani B, Thornhill AR, Affara NA,
Shaw MA, Griffin DK. Karyomapping, a universal method for ge-
nome wide analysis of genetic disease based on mapping cross-
overs between parental haplotypes. J Med Genet 2009, 47, 651-8.
Treff N., SuJ, Tao X, Miller K, Levy B., Scott RT. A novel single-
cell DNA fingerprinting method successfully distinguishes sibling
human embryos. Fertil Steril 2010, 94, 477-484.

Johnson DS, Gemelos G, Baner J, Ryan A, Cinnioglu C, Banjevic
M, Ross R, Alper M, Barrett B, Frederick J, Potter D, Behr B,
Rabinowitz M. Preclinical validation of a microarray method for
full molecular karyotyping of blastomeres in a 24-h protocol. Hu-
man Reprod, 2010, 25, 1066-1075.

Bisignano A, Wells D, Harton G, Munné S. Preimplantation Ge-
netic Diagnosis and Aneuploidy Screening for 24 chromosomes:
advantages and disadvantages of competing platforms. Reprod
Biomed Online, 2011, 23, 677-85.

Munné S, Sandalinas M, Escudero T, Fung J, Gianaroli L, Cohen J.
Outcome of preimplantation genetic diagnosis of translocations.
Fertil Steril, 2000, 73, 1209-1218.

[80]

[81]

(82]

(83]

[84]

[85]

(86]

[87]

(88]

[89]

[90]

[91]

[92]

[93]

Santiago Munné

Scott, R, and Treff, N. Assessing the reproductive competence of
individual embryos: a proposal for the validation of new “‘-omics”’
technologies. Fertil Steril 2010, 94, 791-94.

Treff NR, Su J, Kasabwala N, Tao X, Miller KA, Scott RT Jr.
Robust embryo identification using first polar body single nucleo-
tide polymorphism microarray-based DNA fingerprinting. Fertil
Steril, 2009, 93, 2453-2455.

Schlenker T, Stevens J, Rawlins M, McCormick S, Katz-Jaffe MG,
Schoolcraft WB. Clinical success with vitrification following tro-
phectoderm biopsy for comprehensive chromosomal screening.
Fertil Steril 2009, 92, Suppl, S-71.

Cohen J, DeVane G, Elsner CW, Kort HI, Massey JB, Norbury S.
Cryopreserved zygotes and embryos and endocrinological factors
in the replacement cycle. Fertil Steril 1988, 50, 61 - 67.

Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C,
Thomas S. High ongoing pregnancy rates after deferred transfer
through bipronuclear oocyte cryopreservation and post-thaw ex-
tended culture. Fertil Steril 2009, 92, 1594-1599.

Scott RT, Tao X, Taylor D, Ferry KM, Treff NR. A prospective
randomized controlled trial demonstrating significantly increased
clinical pregnancy rates following 24 chromosome aneuploidy
screening: biopsy and analysis on day 5 with fresh transfer. Fertil
Steril. 2010, 94, S2 (O-05).

Munné S, Danzer H, Grifo J, Marut E, Ophsal M, Glassner M,
Werlin L, Surrey M. Preimplantation Genetic Diagnosis using array
CGH significantly increases ongoing pregnancy rates per transfer.
Fertil Steril. 2010, 94 (Suppl), S81.

Gabriel AS, Thornhill AR, Ottolini CS, Gordon A, Brown PC,
Taylor J, Bennett K, Handyside A, Griffin DK. Array comparative
genomic hybridization on first polar bodies suggests that non-
disjunction is not the predominant mechanism leading to ane-
uploidy in humans. J. Med. Genet. 2011, 48, 4333-437.

Colls P, Escudero T, Fischer J, Cekleniak N, Ben-Ozer S, Meyer B,
Damien M, Grifo J, Hershlag A, Munné S. Validation of array
comparative genome hybridization for diagnosis of translocations
in preimplantation human embryos. Reprod Biomed online, 2012,
24:621-9.

Treff NR, Ferry KM, Zhao T, Su S, Forman EJ, Scott RT. Cleavage
stage embryo biopsy significantly impairs embryonic reproductive
potential while blastocyst biopsy does not: a novel paired analysis
of cotransferred biopsied and non-biopsied sibling embryos. Fertil
Steril, 2011, 95, Suppl 1, O-4.

Implantation and miscarriage rates following arrayCGH analysis at
the cleavage and blastocyst stages. Harton G, Surrey M, Grifo J,
Kaplan B, Munne S, Fertil Steril, 2011, 95, Suppl 1, O-6.

Scott RT Jr., Ferry K, Su J, Tao X, Scott K, Treff NRT. Compre-
hensive chromosome screening is highly predictive of the repro-
ductive potential of human embryos: a prospective, blinded, nonse-
lection study. Fertil Steril, 2012, 97: 870-875.

Schoolcraft WB, Treff NR, Stevens JM, Ferry K, Katz-Jaffe M,
Scott, RT. Live birth outcome with trophectoderm biopsy, blasto-
cyst vitrification, and single-nucleotide polymorphism microarray—
based comprehensive chromosome screening in infertile patients.
Fertil Steril, 2011, 96:638-40.

Yang Z, Liu J, Collins GS, Salem SA, Liu X, Lyle SS, Peck AC,
Sills ES, Salem RD (2012) selection of single blastocysts for fresh
transfer via standard morphology assessment alone and with array
CGH for good prognosis IVF patients: results from a randomized
pilot study. Mol Cytogenet. 5(1): 24.



