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Objective: To investigate the blastocoelic fluid (BF) for the presence of DNA that could be amplified and analyzed; the extent to which
its chromosomal status corresponds to that found in trophectoderm (TE) cells, polar bodies (PBs), or blastomeres; and the identification
of segmental abnormalities.
Design: Longitudinal cohort study.
Setting: In vitro fertilization unit.
Patient(s): Fifty-one couples undergoing preimplantation genetic screening or preimplantation genetic diagnosis for translocations by
array-comparative genomic hybridization on PBs (n ¼ 21) or blastomeres (n ¼ 30).
Intervention(s): BFs and TE cells were retrieved from 116 blastocysts, whose chromosome status had already been established by PB or
blastomere assessment. Separate chromosome analysis was performed in 70 BFs.
Main Outcome Measure(s): Presence of DNA in BFs, evaluation of the chromosome condition, and comparison with the diagnosis
made in TE cells and at earlier stage biopsies.
Result(s): DNA detection was 82%, with a net improvement after refinement of the procedure. In 97.1% of BFs, the ploidy condition
corresponded to that found in TE cells, with one false positive and one false negative. The rate of concordance per single chromosome
was 98.4%. Ploidy and chromosome concordance with PBs were 94% and 97.9%, respectively; with blastomeres, the concordances were
95% and 97.7%, respectively. Segmental abnormalities, which were detected in PBs or blastomeres of 16 blastocysts, were also iden-
tified in the corresponding BFs.
Conclusion(s): BF represents to a good extent the blastocyst ploidy condition and chromosome
status when compared with TE cells. If the proportion of clinically useful BFs is improved, blas-
tocentesis could become the preferred source of DNA for chromosomal testing. (Fertil Steril�

2016;105:676–83. �2016 by American Society for Reproductive Medicine.)
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A
fter compaction, the embryo

starts to form a cavity in a pro-

cess whereby cells differentiate

into inner-cell mass (ICM) and trophec-

toderm (TE) and separate andmigrate to

distinct locations. In a normally devel-

oping embryo, TE cells give rise to the

extraembryonic tissues that make up

the placenta and the amnion, while

ICM, made of undifferentiated embry-

onic stem cells, becomes the embryo

proper (1). After polarization of

TE cells and the formation of a belt-

line seal made by tight junctions, the

accumulation of blastocoelic fluid (BF)

transported by TE cells begins (2, 3).

As far as cavitation progresses, the

accumulation of the fluid and the

continuous cell mitoses produce

enlargement of the blastocyst and

thinning of the zona pellucida (ZP). At

this point, hatching of the blastocyst

occurs through a natural breach in the

ZP, making the embryo ready to

implant.

The BF represents the natural me-

dium supporting the development of
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the ICM and gives rise to the yolk sac (1, 4). Since both the

differentiation process and the process of self-renewal are

guided by proteins (5), the identification of metabolites and

proteins in BFs is not surprising (6, 7). A recent study

identified 286 proteins in the BF including heat shock

proteins, ZP proteins, vitamin D–binding protein, retinol-

binding protein, and proteins regulating ciliary assembly

and function (7). In addition, eight previously uncharacter-

ized proteins were found, which have not yet been assigned

a function. In all, the distribution of these proteins according

to their biological function was quite similar to that found in

the cells forming the corresponding blastocyst. These findings

suggest the derivation of BF proteins from the blastocyst cells

through transcellular transport and/or through the release of

components from ICM and TE cells (8). It is now believed that

the BF plays a critical role in supporting cellular processes

during embryo development other than merely providing a

compartment for cell migration (9).

Beside proteins, DNA has also been found in BFs, whose

origin is still under investigation (10–12). It could be free

DNA or in particulate forms like microparticles, which are

membrane-bound vesicles containing nuclear molecules

released by membrane blebbing during cell death and replica-

tion (13). Whatever the form is, this DNA can be submitted to

amplification and analyzed to identify mutations responsible

for genetic diseases or chromosomal abnormalities in preim-

plantation genetic screening (PGS) or preimplantation genetic

diagnosis (PGD) programs (11, 12).

We already presented our preliminary data in a report

where DNA was found and analyzed for aneuploidy in

39 out of 51 tested BFs accounting for an efficiency of

76.5% (12).

In this study, we extended our experience with the aims of

[1] verifying the presence of DNA in BFs, [2] estimating

whether its chromosomal status corresponded to the ploidy

condition predicted by polar bodies (PB) or blastomeres and

TE cells, and [3] investigating whether segmental abnormal-

ities could also be detected in BFs.

MATERIALS AND METHODS
Plan of the Study

This study included 51 couples (maternal age 38.1� 3.2 years)

undergoing 24-chromosome array-comparative genomic

hybridization (-CGH) in PBs (21 patients) or blastomeres

(30 patients) in a PGS/PGD for a translocation program. Indi-

cations for PGS were advanced maternal age (n ¼ 26)

or repeated IVF failures (n ¼ 13); PGD for translocation

(n ¼ 12) included both Robertsonian (n ¼ 1) and reciprocal

(n ¼ 11) translocations.

To address the first aim of this study, 116 blastocysts

from these couples were investigated for the presence of

DNA in the BF. To address the second aim, 70 of the ampli-

fied BFs underwent 24-chromosome analysis, and the results

obtained were compared with those from the corresponding

PBs or blastomeres and TE cells. This analysis was done only

on those samples that also had chromosomal results avail-

able from PBs or blastomeres and TE cells. Finally, to

address the third aim of the study, 16 BFs were analyzed

for their chromosomal condition including segmental anom-

alies, and the results obtained were correlated with those

from the other stages.

The study included blastocysts with a chromosome status

already defined by PB or blastomere analysis generated by

patients, who signed a consent form allowing further chro-

mosomal analysis on their supernumerary blastocysts. These

blastocysts were of two types: [1] Euploid, eventually destined

to cryopreservation. The BF was aspirated and the collapsed

blastocyst was immediately vitrified; and [2] aneuploid and

therefore nontransferrable. After BF aspiration, TE cells

were biopsied from the reexpanded blastocysts for separate

chromosomal analysis. Owing to a national regulation that

does not allow embryo donation for research, whole embryos

(WE) were only tested when they turned out to be nonviable

after extended culture (14). The study was approved by our

Institutional Review Board (IRB no. 20110503).

Biopsy Procedures

Biopsy of PBs, blastomeres, TE cells, and BF was performed

as described elsewhere in Hepes-buffered medium supple-

mented with protein (5 mg protein/mL) under oil (LifeGlobal

Media) (12).

Briefly, PB1 and PB2 were sequentially biopsied after me-

chanical opening of the ZP. PB1 was removed immediately

before intracytoplasmic sperm injection (ICSI), and PB2 was

removed 6–9 hours later. Blastomere biopsy was performed

at approximately 62–64 hours after ICSI in regularly devel-

oping embryos at the 6- to 8-cell stage (14). The ZP was

opened bymaking a small hole using a laser (Saturn; Research

Instruments) through which a nucleated blastomere was

aspirated.

TE biopsy was performed by excising via laser pulses

3–5 cells, which had herniated through the breach previously

opened in the ZP at the time of PB or blastomere biopsy.

Each biopsy was transferred to 0.2 mL polymerase chain

reaction (PCR) tubes with 1 mL phosphate buffered saline kept

on ice, spun, and stored at �80�C until further processing for

chromosomal analysis (15).

BFs were aspirated from expanded blastocysts using an

ICSI pipette paying great attention to avoid the aspiration

of any cell. The retrieved fluids were transferred into empty

PCR tubes kept on ice, which were spun and stored at

�80�C. A volume of approximately 0.01 mL BF was retrieved

from each blastocyst.

In case of nonviable blastocysts, the WE was transferred

to a PCR tube with 1 mL buffer kept on ice and processed as

indicated above.

Whole Genomic Amplification (WGA) and Array-
CGH

WGA was performed in a class II Laminar flow cabinet using

a PCR library–basedmethod (SurePlex, Illumina). DNA ampli-

fication was determined by loading 5 mL of the final reaction

onto a 1.5% agarose gel and was defined as ‘‘strong,’’ ‘‘weak,’’

or ‘‘failed’’ according to the band shape and intensity. An

aliquot of the amplified DNA was used for 24-chromosome
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copy number analysis by a-CGH (24Sure Microarray,

Illumina) with dedicated software (Bluefuse Multi v4.0, Illu-

mina) following the manufacturer's instructions. The

euploid/aneuploid status of the corresponding oocyte or

embryo was predicted (16). Visualization and reporting of

aneuploidy was on a per-chromosome basis. In case of

embryos generated by reciprocal translocation carriers, a spe-

cific kit was used (24Sureþ PGD Microarray, Illumina). All

analyses of BFs and TE cells were performed by operators

blinded to the previous results.

Assessment of the Chromosome Status

The chromosome status was assessed in 70 BFs and corre-

sponding PBs or blastomeres and TE cells.

To evaluate the results from the different stages, the first

indicator was the ploidy condition that defined the correspon-

dence among the different stages of each embryo in terms of

euploidy or aneuploidy. The ploidy condition was defined as

concordant when all stages indicated the same ploidy condi-

tion and as discordant in the opposite situation. This indicator

has clinical relevance, since the ploidy condition is the crite-

rion guiding embryo selection in a PGS/PGD for translocation

program.

The second criterion was the chromosome concordance, a

term defining the proportion of correspondence of all studied

chromosomes among the different stages of each embryo.

Full concordance indicated that all single chromosomes

corresponded in the different stages. Partial concordance

included cases where only some aneuploid chromosomes cor-

responded in the different stages. Finally, null concordance

referred to cases where none of the chromosomes called in

any of the biopsies found correspondence in the others.

This indicator has a biological relevance, as it provides infor-

mation on the distribution of chromosome abnormalities,

including segmental anomalies, throughout the different

stages of development.

RESULTS

The BF was aspirated from 116 blastocysts. After WGA, there

was DNA amplification in 95 samples (82%), of which 85 had

strong amplification and 10 had weak amplification.

To investigate possible criteria able to predict the pres-

ence of DNA in the BF, results throughout time, blastocyst

morphology, and day of biopsy were analyzed.

When results were stratified throughout time, a learning

curve was evident, with a net improvement in the amplifica-

tion rate of the most recently collected samples (Fig. 1A).

From the combined analysis of blastocyst morphology and

day of biopsy (expressed as hours postinsemination) there

was a tendency indicating that expanded blastocysts on

day 5 had the highest chances of having DNA in the BF

(Fig. 1B).

Of the 95 samples with positive amplification, 87 were

processed for a-CGH, including 82 with strong amplification

and five with weak amplification. Informative results were

obtained in 82 samples (94%), 80 from DNA with strong

amplification (80/82, 98%) and two from DNA with weak

amplification (2/5, 40%).

In the following sections, we present the results from 70

amplified BFs for which data were also available for PBs or

blastomeres and TE cells.

Concordance between the Chromosome
Condition in BF and That Predicted by PBs,
Blastomere, and TE Biopsy

For 70 blastocysts, chromosome data were available for the

BF and corresponding biopsies (PB or blastomere and TE).

The results obtained were compared with those obtained in

PBs (n ¼ 34) or blastomeres (n ¼ 36), as well as with those

from TE cells (Supplemental Table 1 and Supplemental

Table 2).

According to PB or blastomere results, 11 embryos were

diagnosed as euploid and 59 as aneuploid. The BF showed a

ploidy concordance of 94.3% (66/70), with no false positives

(all 11 euploid embryos were also euploid for the BF) and four

false negatives (of the 59 aneuploid embryos, four were

euploid for the BF). Sensitivity and specificity were 0.93

and 1, respectively; accuracy was 0.94, with a positive test

predictive value of 1 and a negative test predictive value

of 0.73.

The results from TE analysis reported 14 euploid and 55

aneuploid (one TE result was noninformative). The BF demon-

strated a ploidy concordance of 97.1% (67/69) with one false

positive (one of 14 TE euploid embryos classified as aneuploid

by BF) and one false negative (one of 55 TE aneuploid em-

bryos classified as euploid by BF). Sensitivity and specificity

were 0.98 and 0.93, respectively; accuracy was 0.97, with a

positive test predictive value of 0.98 and a negative test pre-

dictive value of 0.93.

Table 1 reports in detail the cases with ploidy discordance.

In four sets (5.7%, 4/70), results from the BF were discordant

with those obtained from the chromosome analysis done at

previous stages. Two of these cases had been predicted to be

aneuploid by PB biopsy, but in agreement with BF results,

both TE cells and WE were euploid. The two cases predicted

to be aneuploid by blastomere biopsy were also euploid ac-

cording to the corresponding BFs. In one of these sets, no

result was obtained by TE cells, while the WE confirmed the

aneuploidy predicted by the blastomere. In the other set,

both TE cells and WE presented a condition of aneuploidy

involving the same chromosome as in the blastomere, but

with an opposite type of aneuploidy.

When comparing the results from BF and TE cells, two

ploidy discordances were found (Table 1). In one of these

(already listed above, as the BF was also discordant with the

prediction made by blastomere analysis), the BF was discor-

dant with TE cells and WE. In the second discordant case,

TE cells were euploid, conversely to the chromosome status

detected in all other biopsies, indicating that a diagnosis

made on the basis of TE cells would have produced a false-

negative result.

Regarding chromosome concordance, BFs had a chromo-

some concordance of 97.9% with PBs, 97.7% with blasto-

meres, and 98.4% with TE cells, with full concordance being

the prevailing condition in 73.5%, 81%, and 81% of embryos,

respectively.
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The results of concordance are detailed in Supplemental

Table 3 and summarized in Supplemental Figure 1.

Segmental Abnormalities

In 16 of the analyzed blastocysts, the presence of segmental

abnormalities was detected either in PBs (n ¼ 3) or in blasto-

meres (n ¼ 13; Fig. 2). Nine of these embryos were generated

by carriers of a reciprocal translocation, and the remaining

seven by patients with a normal karyotype.

The nine embryos from translocation carriers had been

diagnosed by blastomere as unbalanced for the chromosomes

involved in the translocation (Supplemental Table 2). In all

cases, the segmental abnormality was also evident in the cor-

responding BF, showing total concordance in seven cases (an

example is shown in Fig. 2A) and partial concordance in the

remaining two, where an additional abnormality appeared in

BFs. When looking at the results from TE cells and WEs, one

TE was diagnosed as euploid, being ploidy discordant with the

results obtained from the other biopsies (Table 1; Fig. 3).

Therefore, in this case a diagnosis based on the result from

TE cells would have been a false negative.

In the seven embryos generated by patients with a normal

karyotype, three segmental abnormalities were predicted by

PBs (Fig. 2B) and four by blastomeres (Supplemental

Table 2). They were all confirmed by BF, TE cells, andWEs, re-

sulting in five sets with full concordance. In the remaining

two sets, the concordance was partial.

FIGURE 1

Presence of DNA in 116 BFs detected byWGA. (A) The percentage of BFs resulting in positive amplification increased significantly throughout time,
indicating a learning curve. (B) Blastocyst morphology and hours postinsemination were related to DNA amplification. Expanded day 5 blastocysts
showed the highest chances of having DNA in the BF.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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DISCUSSION

Blastocyst culture is now widely used in ART as a method for

efficient selection of viable embryos. Additional advantage is

represented by the possibility to perform TE biopsy for both

PGS and PGD of single-gene disorders and translocations.

This approach seems to preserve embryo viability and to

TABLE 1

Cases with ploidy discordance between BF and the analysis done at previous stages and between BF and TE cells.

ID PB1 PB2 Blastomere
Prediction of the blastocyst

chromosome status BF TE cells WE

33 Loss 6
Loss 22

Gain 22 Gain 6 Euploid Euploid Euploid

50 Loss 18
Loss 19

Gain 18
Loss 15

Gain 19
Gain 15

Euploid Euploid Euploid

45 Gain 9 Gain 9 Euploid Loss 9 Loss 9
54 Loss 2 Loss 2 Euploid No Result Loss 2
60 Gain 10p11.23->10q26.3

Gain 20
Loss 16

Gain 10p11.23->10q26.3
Gain 20
Loss 16

Gain 10
Gain 20
Loss 16

Euploid Gain 10
Gain 20
Loss 16

Note: In the first four sets, BFs were discordant with the results predicted by PBs (PB1 and PB2), but theywere concordant with corresponding TE cells andwith theWE. BFs were discordant also in the
following two cases compared with the prediction made by blastomere analysis. In one of these cases, theWE had the same profile as the blastomere, while in the second both TE andWE gave the
same result that involved the same chromosome predicted to be aneuploid by the blastomere, but with an opposite type of aneuploidy. In the last case, no. 60, the ploidy discordance involved
TE cells that were euploid conversely to the chromosome status detected in all other biopsies. The term ‘‘Gain’’ indicates hyperhaploidy; the term ‘‘Loss’’ indicates hypohaploidy.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.

FIGURE 2

Detection of segmental abnormalities. (A) Embryo generated from a carrier of the translocation 46XX,t(3;8)(p25;q12) with an unbalanced
rearrangement for chromosome 8 and aneuploidy for chromosome 15 (-15) evidenced by the result in the blastomere. The same condition was
detected in BF, TE, and the WE. The analyses of both blastomere and BF were performed by 24Sureþ, while 24Sure was used for TE cells and
WE. (B) Detection of segmental abnormality in a couple with a normal karyotype. The PBs predicted an embryo with a condition unbalanced
for chromosome 4 and aneuploid for chromosome 16. This condition was also detected in BF, TE, and WE.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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provide the most reliable results for PGS associated with an

improved clinical outcome (17–20).

A major advantage of blastocyst biopsy is that multiple

cells can be retrieved from each embryo without touching

the embryonic mass. Therefore, the invasiveness of the proce-

dure, if not null, is certainly reduced compared with blasto-

mere biopsy, with the additional benefit of a lower degree

of mosaicism (21, 22). Blastocentesis, that is, the aspiration

of the fluid contained in the blastocoelic cavity, could

represent a biopsy procedure with an even lower effect on

blastocyst integrity.

The first relevant finding of our study is the presence of

DNA in almost 100% of the samples analyzed in the last

year (first aim of our study). Looking at the detection of

DNA from the 116 BFs investigated, it is evident that we expe-

rienced a learning curve that led to a substantial improvement

of our performance (Fig. 1). To identify the reasons for this

progress, several factors were evaluated, including the blasto-

cyst stage in relation to the time of development. Blastocysts

with an expanded cavity on day 5 were those showing the

highest probability of having successful DNA amplification

from BF. This is not surprising, especially if we consider

that in most cases in which failed amplification occurred,

DNA seemed not to be absent, but highly fragmented, as sug-

gested by the smear in the agarose gel when it was electro-

phoresed for 15 minutes (12). We can postulate that the BF

from these blastocysts contained small fragments of DNA

derived from dead cells generated by apoptosis, a process

known to occur even in good-quality blastocysts (23). It is

also possible that the quantity of DNA was so small that suc-

cessful amplification could not occur. With this in mind, we

are working on the possibility that a different protocol of

amplification could improve the overall performance. As an

additional point, the step of tubing is certainly critical, and

we believe that the direct transfer of the retrieved BF from

the ICSI pipette into cold PCR tubes followed by immediate

short spinning is the approach providing the highest DNA

recovery.

Once it was established that it was possible to recover

DNA from the BF at an acceptable proportion, the next

step was to verify its reliability in assessing the blastocyst

chromosome status (second aim of our study). Therefore,

we selected two types of reference samples: [1] the results

from the biopsies done at previous stages, either PBs or blas-

tomeres, coming from our PGS or PGD for translocation

programs; and [2] the results from TE samples as this type

of biopsy now represents the most common strategy used

for PGD and PGS. In some cases we also analyzed the WE

FIGURE 3

Detection of segmental abnormality in a carrier of the translocation 46XX,t(5;10)(q13;p12). The embryo, as evidenced by the result from the
blastomere, had the unbalanced rearrangement for chromosome 10 (þ10p11.23-10q26.3) associated with aneuploidy for chromosomes 20
and 16 (þ20; �16). The same condition was detected in BF and the WE, although here the whole chromosome 10 was in gain, while TE cells
turned out to be euploid.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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(ICM and TE cells together), being well aware that some

forms of mitotic anomalies could be reciprocal and conse-

quently lead to a condition of apparent euploidy for the

involved chromosomes.

A high degree of ploidy concordance was found when

comparing the results from either PBs or blastomeres with

those derived from BFs, supporting the good prediction power

that biopsies done at initial stages have on the developing

blastocysts. This is in contrast with other reports indicating

the poor predictive value of biopsies done at early stages

(24, 25). We want to underline that in our study all embryos

had a regular development and that no severe male factor

cases were included, which could have increased the

incidence of postzygotic abnormalities, either contributed by

the sperm or by early cleavage divisions (26, 27). Following

this strategy, the meiotic abnormalities (provided that both

PBs are assessed) and the abnormalities originating at initial

mitoses are likely to be found at early stages (28, 29).

Nevertheless, the general tendency today is to perform TE

biopsy for PGS and PGD purposes, and for this reason we took

results from TE cells as the main reference to evaluate the re-

sults of the corresponding BFs. As represented in

Supplemental Table 3, the ploidy concordance was 97.1%

(67/69), with a concordance per chromosome of 98.4%. In

the vast majority of cases, BFs and TFs were either fully

concordant (81%, 56/69) or partially concordant (16%, 11/

69), indicating that BF is a good reflection of the TE chromo-

some condition. The observed partial chromosome concor-

dance could be a consequence of the preferential allocation

of aneuploid cells to the BF or to the TE compartment. Both

mechanisms have been proposed to occur in the framework

of aneuploidy rescue after both meiotic and mitotic errors,

which can lead to mosaicism (30, 31). The biological

significance and clinical implications of mosaicism

confined to BF has not been yet elucidated, but for

blastocysts with mosaicism the resulting implantation rate

has been reported to be substantially lower compared with

the transfer of uniformly euploid blastocysts (32). We know

from our experience that mosaicism sometimes can be

already predicted when using a-CGH, but it is much more

evident with next generation sequencing (NGS). Therefore,

we can expect further improvement in the characterization

of DNA extracted from BFs by performing NGS, and this is

part of our immediate future plans.

Finally, two BFs showed ploidy discordance with TE cells

(Table 1). In the first of these cases, a euploid BF was associ-

ated with two opposite aneuploid conditions for the same

chromosome in the blastomere when compared with

TE cells and WE. This could be due to a mitotic error that

occurred at very early stages, resulting in aneuploidy for

chromosome 9 with one trisomic and one monosomic cell

line, the last one prevailing over the other.

In the second discordant case, an embryo from a translo-

cation carrier with a rearrangement involving chromosome

10, the blastocyst was diagnosed as euploid (or balanced)

based on TE cells, but the corresponding BF showed the

same abnormality detected in the blastomere and in the WE

(Fig. 3). Because it is a translocation case involving chromo-

somes 5 and 10, most abnormalities affecting chromosome 10

would be expected to have a meiotic origin and therefore to be

present in all embryonic cells. Nevertheless, the resulting

euploidy in TE cells suggests the presence of euploid/aneu-

ploid mosaicism presumably at a very low ratio. We cannot

exclude the possibility, although not very likely, that the

chromosome 10 abnormality seen in this case was unrelated

to the translocation but was the consequence of a mitotic

error. These findings suggest that we cannot expect any bi-

opsy, including TE cells, to fully represent the totality of the

embryo, although when used in PGS programs, TE cell biopsy

leads to extremely positive outcomes (17–20). Based on these

results, we can anticipate blastocentesis to provide a similar

clinical benefit, possibly even superior owing to its modest

invasiveness.

It was of special interest to find that segmental abnormal-

ities can be detected in BFs (third aim of our study), not only

those associated with translocation carriers but also those

that originated de novo (Fig. 2). The number of sets that we

could analyze was relatively small (n¼ 16), but we had ploidy

concordance in all cases when comparing the results from PBs

or blastomeres with those obtained from BFs. More important,

all BFs showed the segmental abnormality predicted by the

analysis done at previous stages. The reproducibility of

segmental abnormalities throughout the different stages of

preimplantation embryos as detected in multiple independent

tests is an indirect demonstration of the existence of these

anomalies as real events occurring during cell divisions.

Other investigators have reported on the chromosome

analysis of DNA retrieved from BF. While the amplification

rate seems not to be far from the results that we reported

initially (12), the prediction value was much lower compared

with ours. Several reasons can explain these diversities. First

of all, we have studied embryos showing a regular develop-

ment (14), while other investigators mostly used discarded

embryos donated for research (33, 34). It is possible that not

enough attention has been paid to embryo morphology and

development, but although the association between

blastocyst formation and aneuploidy is known to be weak,

some studies reported a higher incidence of multiple

aneuploidies in blastocysts with poor morphology (35–37).

Hence, it is difficult to expect high concordance results

throughout the different stages of development from the

analysis of poor-quality embryos. In addition, we would

avoid systematically taking the WE as the only reference

because, as already mentioned, the occurrence of mosaicism

consequent to mitotic nondisjunction could be undetected

by this approach (31, 34).

In conclusion, the results reported in the present study

reinforce the potential use of BF as a source of DNA for

PGS or PGD for translocations, although the reason for the

detected discordances has not been yet demonstrated to be

related to the biology of preimplantation embryos. It is worth

noting that BF aspiration, being less invasive than alternative

methods for the sampling of embryo DNA, has potential cost

advantages. Highly experienced staff, trained in embryo bi-

opsy, are probably not essential, and costly laser equipment

is not needed. Needless to say, the proportion of samples pro-

ducing DNA suitable for a-CGH analysis needs to be

optimized.
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Currently, additional research is ongoing with the aim to

characterize the proteome content of the BF (7, 38).

Optimization of the techniques able to analyze the BF

molecules of embryonic origin could open up a novel

methodology to assess embryo viability.

REFERENCES

1. Sadler TW. Langman's medical embryology. 12th ed. London: Lippincott

Williams & Wilkins; 2011:1–384.

2. Barcroft LC, Offenberg H, Thomsen P, Watson AJ. Aquaporin proteins in

murine trophectoderm mediate transepithelial water movements during

cavitation. Dev Biol 2003;256:342–54.

3. Watson AJ, Natale DR, Barcroft LC. Molecular regulation of blastocyst for-

mation. Anim Reprod Sci 2004;82:583–92.

4. Dardik A, Doherty AS, Schultz RM. Protein secretion by the mouse blasto-

cyst: stimulatory effect on secretion into the blastocoel by transforming

growth factor-alpha. Mol Reprod Dev 1993;34:396–401.

5. Van HD, Heck AJ, Krijgsveld J, Mummery CL. Proteomics and human embry-

onic stem cells. Stem Cell Res 2008;1:169–82.

6. D'Alessandro A, Federica G, Palini S, Bulletti C, Zolla L. Amass spectrometry–

based targeted metabolomics strategy of human blastocoele fluid: a prom-

ising tool in fertility research. Mol Biosyst 2012;8:953–8.

7. Jensen PL, Beck HC, Petersen J, Hreinsson J, W�anggren K, Laursen SB, et al.

Proteomic analysis of human blastocoel fluid and blastocyst cells. Stem Cells

Dev 2013;22:1126–35.

8. Dardik A, Schultz RM. Protein secretion by the mouse blastocyst: differences

in the polypeptide composition secreted into the blastocoel and medium.

Biol Reprod 1991;45:328–33.

9. Jensen PL, Grøndahl ML, Beck HC, Petersen J, Stroebech L, Christensen ST,

et al. Proteomic analysis of bovine blastocoel fluid and blastocyst cells. Syst

Biol Reprod Med 2014;60:127–35.

10. Poli M, Ori A, Turner K, Child T,Wells D. Defining the biochemical content of

the human blastocoel using mass spectrometry: a novel tool for identifying

biomarkers of embryo competence. Fertil Steril 2012;98:S110.

11. Palini S, Galluzzi L, De Stefani S, Bianchi M, Wells D, Magnani M, et al.

Genomic DNA in human blastocoele fluid. Reprod Biomed Online 2013;

26:603–10.

12. Gianaroli L, Magli MC, Pomante A, Crivello AM, Cafueri G, Valerio M, et al.

Blastocentesis: a source of DNA for preimplantation genetic testing. Results

from a pilot study. Fertil Steril 2014;102:1692–9.

13. Alpha Scientists in Reproductive Medicine and ESHRE Special Interest Group

of Embryology. The Istanbul consensus workshop on embryo assessment:

proceedings of an expert meeting. Hum Reprod 2011;26:1270–83.

14. Ullal AJ, Marion TN, Pisetsky DS. The role of antigen specificity in the binding

of murine monoclonal anti-DNA antibodies to microparticles from apoptotic

cells. Clin Immunol 2014;154:178–87.

15. Magli MC, Montag M, Koester M, Muzii L, Geraedts J, Collins J, et al. Polar

body array CGH for prediction of the status of the corresponding oocyte.

Part II. Technical aspects. Hum Rep 2011;26:3181–5.

16. Geraedts J, MontagM,Magli MC, Repping S, Handyside A, Staessen C, et al.

Polar body array-CGH for prediction of the status of the corresponding

oocyte. Part I. Clinical results. Hum Reprod 2011;26:3173–80.

17. Yang Z, Liu J, Collins GS, Salem SA, Liu X, Lyle SS, et al. Selection of single

blastocysts for fresh transfer via standard morphology assessment alone

and with array CGH for good prognosis IVF patients: results from a random-

ized pilot study. Mol Cytogenet 2012;5:2.

18. Forman EJ, Upham KM, ChengM, Zhao T, Hong KH, Treff NR, et al. Compre-

hensive chromosome screening alters traditional morphology-based embryo

selection: a prospective study of 100 consecutive cycles of planned fresh

euploid blastocyst transfer. Fertil Steril 2013;100:718–24.

19. Schoolcraft WB, Katz-Jaffe MG. Comprehensive chromosome screening of

trophectoderm with vitrification facilitates elective single-embryo transfer

for infertile women with advanced maternal age. Fertil Steril 2013;100:

615–9.

20. Scott RT Jr, Upham KM, Forman EJ, Hong KH, Scott KL, Taylor D, et al.

Blastocyst biopsy with comprehensive chromosome screening and fresh

embryo transfer significantly increases in vitro fertilization implantation

and delivery rates: a randomized controlled trial. Fertil Steril 2013;100:

697–703.

21. Liu J, Wang W, Sun X, Liu L, Jin H, Li M, et al. DNA microarray reveals that

high proportions of human blastocysts from women of advanced maternal

age are aneuploid and mosaic. Biol Reprod 2012;87:148.

22. Novik V, Moulton EB, Sisson ME, Shrestha SL, Tran KD, Stern HJ, et al. The

accuracy of chromosomal microarray testing for identification of embryonic

mosaicism in human blastocysts. Mol Cytogenet 2014;7:18.

23. Hardy K, Stark J, Winston RML. Maintenance of the inner cell mass in human

blastocysts from fragmented embryos. Biol Reprod 2003;68:1165–9.

24. Capalbo A, Bono S, Spizzichino L, Biricik A, Baldi M, Colamaria S, et al.

Sequential comprehensive chromosome analysis on polar bodies, blasto-

meres and trophoblast: insights into femalemeiotic errors and chromosomal

segregation in the preimplantation window of embryo development. Hum

Reprod 2013;28:509–18.

25. Salvaggio CN, Forman EJ, Garnsey HM, Treff NR, Scott RT Jr. Polar body

based aneuploidy screening is poorly predictive of embryo ploidy and repro-

ductive potential. J Assist Reprod Genet 2014;31:1221–6.

26. Gianaroli L, Magli MC, Cavallini G, Crippa A, Nadalini M, Bernardini L, et al.

Frequency of aneuploidy in sperm from patients with extremely severe male

factor infertility. Hum Reprod 2005;20:2140–52.

27. Magli MC, Gianaroli L, Ferraretti AP, Gordts S, Fredericks V, Crippa A.

Paternal contribution to aneuploidy in preimplantation embryos. Reprod

Biomed Online 2009;18:536–42.

28. Christopikou D, Tsorva E, Economou K, Shelley P, Davies S,

Mastrominas M, et al. Polar body analysis by array comparative genomic

hybridization accurately predicts aneuploidies of maternal meiotic origin

in cleavage stage embryos of women of advanced maternal age. Hum Re-

prod 2013;28:1426–34.

29. Mir P, Rodrigo L, Mercader A, Buendía P, Mateu E, Milan-Sanchez M, et al.

False positive rate of an arrayCGH platform for single-cell preimplantation

genetic screening and subsequent clinical application on day-3. J Assist Re-

prod Genet 2013;30:143–9.

30. Taylor TH, Gitlin SA, Patrick JL, Crain JL, Wilson JM, Griffin DK. The origin,

mechanisms, incidence and clinical consequences of chromosomal mosai-

cism in humans. Hum Reprod Update 2014;20:571–81.

31. Tobler KJ, Zhao Y, Ross T, Benner AT, Xu X, Du L, et al. Blastocoel fluid (bf)

harbors embryonic DNA that may result from the marginalization of aneu-

ploid cells during embryogenesis. Fertil Steril 2014;102:e205.

32. Fragouli E, Alfarawati S, Spath K, Tarozzi N, Borini A, Wells D. An investiga-

tion into the developmental potential of mosaic embryos. Hum Reprod

2015;30:i2.

33. Perloe M, Welch C, Morton P, Venier W, Wells D, Palini S. Validation of

blastocoele fluid aspiration for preimplantation genetic screening using

array comparative genomic hybridization (aCGH). Fertil Steril 2013;100:

S208.

34. Tobler KJ, Zhao Y, Ross R, Benner AT, Xu X, Du L, et al. Blastocoel fluid from

differentiated blastocysts harbors embryonic genomic material capable of a

whole-genome deoxyribonucleic acid amplification and comprehensive

chromosome microarray analysis. Fertil Steril 2015.

35. Alfarawati S, Fragouli E, Colls P, Stevens J, Guti�errez-Mateo C,

Schoolcraft WB, et al. The relationship between blastocyst morphology,

chromosomal abnormality, and embryo gender. Fertil Steril 2011;95:520–4.

36. Kroener L, Ambartsumyan G, Briton-Jones C, Dumesic D, Surrey M,

Munn�e S, et al. The effect of timing of embryonic progression on chromo-

somal abnormality. Fertil Steril 2012;4:876–80.

37. Capalbo A, Rienzi L, Cimadomo D,Maggiulli R, Elliott T, Wright G, et al. Cor-

relation between standard blastocyst morphology, euploidy and implanta-

tion: an observational study in two centers involving 956 screened

blastocysts. Hum Reprod 2014;29:1173–81.

38. Poli M, Ori A, Child T, Jaroudi S, Spath K, Beck M, et al. Association between

blastocoel proteins abundance and embryo chromosomal status in humans.

Hum Reprod 2015;30:i92.

VOL. 105 NO. 3 / MARCH 2016 683

Fertility and Sterility®

http://refhub.elsevier.com/S0015-0282(15)02094-4/sref1
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref1
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref2
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref2
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref2
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref3
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref3
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref4
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref4
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref4
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref5
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref5
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref6
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref6
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref6
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref7
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref7
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref7
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref7
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref8
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref8
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref8
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref9
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref9
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref9
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref9
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref10
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref10
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref10
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref11
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref11
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref11
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref12
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref12
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref12
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref13
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref13
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref13
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref14
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref14
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref14
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref15
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref15
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref15
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref16
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref16
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref16
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref17
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref17
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref17
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref17
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref18
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref18
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref18
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref18
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref19
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref19
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref19
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref19
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref20
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref20
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref20
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref20
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref20
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref21
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref21
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref21
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref22
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref22
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref22
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref23
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref23
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref24
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref24
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref24
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref24
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref24
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref25
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref25
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref25
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref26
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref26
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref26
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref27
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref27
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref27
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref28
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref28
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref28
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref28
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref28
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref29
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref29
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref29
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref29
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref29
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref30
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref30
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref30
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref31
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref31
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref31
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref32
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref32
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref32
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref33
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref33
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref33
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref33
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref34
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref34
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref34
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref34
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref35
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref35
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref35
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref35
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref36
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref36
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref36
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref36
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref37
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref37
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref37
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref37
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref38
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref38
http://refhub.elsevier.com/S0015-0282(15)02094-4/sref38


SUPPLEMENTAL FIGURE 1

Results of ploidy and chromosome concordance. No differences were found when comparing the results from BFs with those predicted by PBs,
blastomeres, and TE cells.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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SUPPLEMENTAL TABLE 1

List of abnormalities detected by BF in 54 embryos from patients with a normal karyotype.

ID PB1 PB2 Blastomere
Prediction of the
blastocyst status BF TE

1 Gain 15
Loss 16

Loss 12 Gain 12,16
Loss 15

Gain 12,16
Loss 15

Gain 12,16
Loss 15

2 Gain 15 Loss 2 Gain 2
Loss 15

Gain 2 Gain 2

3 Euploid Gain 22 Loss 22 Loss 17,22 Loss 17,22
4 Gain 8 Gain 15,22 Loss 8,15,22 Loss 8,15,22 Loss 8,15,22
5 Gain 9

Loss 1
Gain 1,16,22
Loss 9

Loss 16,22 Gain 16
Loss 15

Gain 16,22

6 Loss 14 Loss 14 Loss 14 Loss 14
7 Gain 5,10,17,21

Loss 1,6,14,15
Gain 5,10,17,21
Loss 1,6,14,15

Gain 8,13,21
Loss 5,17,18,X

Gain 21

8 Euploid Euploid Euploid Euploid
9 Euploid Gain 16 Loss 16 Loss 9,16 Loss 9,16
10 Loss 19 Euploid Gain 19 Gain 19 Gain 19
11 Gain 4,5,6,7,9,11,

12,15,19,20,X
Loss 1,2,3,8,10,

13,14,16,18

Gain 1,2,3,8,10,
13,14,16,18

Loss 4, 5,6,7,9,11,
12,15,19,20,X

Euploid Euploid Euploid

12 Gain 4,19 Gain 5
Loss 4

Loss 5,19 Gain 2,8
Loss 5,13,14

Gain 2,8,17,
Loss 5,10,13,19

13 Euploid Euploid Euploid Euploid Euploid
14 Euploid Euploid Euploid Euploid
15 Euploid Euploid Euploid Euploid
16 Loss 16 Loss 16 Loss 16 Loss 16
17 Euploid Loss 21 Gain 21 Gain 21 Gain 21

Loss 1
18 Euploid Gain 15 Loss 15 Loss 1,15 Loss 15
19 Euploid Gain 19,21

Loss 18,22
Gain 18,22
Loss 19,21

Gain 18,22
Loss 19,21

Gain 18,22
Loss 19,21

20 Euploid Loss 15 Gain 15 Gain 15 Gain 15
21 Loss 9,19 Gain 19

Loss 18
Gain 9,18 Gain 9,18 Gain 9,18

22 Gain 20
Loss 21

Euploid Gain 16
Loss 20

Gain 16
Loss 20

Gain 16
Loss 20

23 Gain 15 Loss 15 Euploid Euploid Euploid
24 Euploid Euploid Euploid Euploid Euploid
25 Loss 22 Loss 14 Gain 14,22 Gain 14,22 Gain 14,22
26 Gain 16

Loss 13
Loss 16 Gain 13 Gain 13 Gain 13

27 Loss 15a Gain 15a Loss 15 Loss 15 Loss 15
28 Euploid Gain 13 Loss 13 Loss 13 Loss 13
29 Loss 8,16 Loss 8,16 Loss 8,16 Loss 8,16
30 Gain 2,7, 21,

Loss 10
Gain 2,7,21
Loss 10

Gain 2,7,21
Loss 10

Gain 2,7,21
Loss 10,11,16

31 Gain 8,16 Gain 8,16 Gain 8,16 Gain 8,16
32 Gain 21

Loss 13
Gain 22 Gain 13

Loss 21,22
Gain 13
Loss 21,22

Gain 13
Loss 21,22

33 Loss 6,22 Gain 22 Loss 6 Euploid Euploid
34 Gain 15,21 Gain 22 Loss 15,21,22 Loss 15,21,22 Gain 10

Loss 15,21,22
35 Loss 9 Euploid Gain 9 Gain 9 Gain 9
36 Gain 18

Loss 16
Gain 16,18
Loss 22

Gain 22 Gain 22 Gain 22

37 Gain 13 Loss 13 Euploid Euploid Euploid
38 Gain 21

Loss 18
Gain 18
Loss 8

Gain 8
Loss 21

Gain 8
Loss 21

Gain 8
Loss 21

39 Loss 14,20 Loss 14,20 Loss 20 Loss 14,20
40 Loss 15 Gain 15

Loss 17
Gain 17 Gain 17 Gain 17

41 Loss 16 Loss 16 Loss 16 Loss 16
42 Loss 22 Loss 22 Loss 22 Loss 22
43 Gain 22 Gain 22 Gain 22 Gain 22
44 Loss 22 Loss 22 Loss 22 Loss 22
45 Gain 9 Gain 9 Euploid Loss 9
46 Gain 8,22 Gain 8,22 Gain 8,22 Gain 8,22
47 Euploid Euploid Euploid Euploid
48 Loss 11 Loss 11 Loss 11 Loss 11

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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SUPPLEMENTAL TABLE 1

Continued.

ID PB1 PB2 Blastomere
Prediction of the
blastocyst status BF TE

49 Euploid Euploid Euploid Euploid
50 Loss 18,19 Gain 18

Loss 15
Gain 15,19 Euploid Euploid

51 Loss 21 Loss 21 Loss 21 Loss 21
52 Euploid Euploid Euploid Euploid
53 Loss 21 Loss 21 Loss 21 Loss 21
54a Loss 2 Loss 2 Euploid No Result

Note: Embryos with segmental abnormalities are excluded from this table and listed in Supplemental Table 2. Results of the analyses from other stages are also listed: PBs (PB1 and PB2), blastomeres,
and TE cells. The term ‘‘Gain’’ indicates hyperhaploidy; the term ‘‘Loss’’ indicates hypohaploidy. The four cases involving BF ploidy discordance are ID nos. 33, 45, 50, 54.
a The condition of hypohaploidy for chromosome 2 was confirmed by the analysis of the WE.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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SUPPLEMENTAL TABLE 2

List of segmental abnormalities detected by BF in nine embryos from translocation carriers and seven embryos from patients with a normal karyotype.

ID Karyotype PB1 PB2 Blastomere BF TE WE

57 46XX,t(3;8) (p25;q12) Loss 3p26.3->3p26.3
Loss 8p23.3->8q12.1
Loss 15

Loss 3p26.3->3p26.3
Loss 8p23.3->8q12.3
Loss 15

Loss 3p26.3->3p25.3
Loss 8p23.3->8q12.1

Loss 15

Loss 3p26.3->3p25.3
Loss 8p23.3->8q12.1
Loss 15

58 46XX,t(3;8) (p25;q12) Gain 8q12.1->8q24.3
Loss 3p26.3->3p26.3

Gain 8q12.1->8q24.3
Loss 3p26.3->3p26.3

Gain 8q12.1->8q24.3
Loss 3p26.3->3p26.3

Gain 8q12.1->8q24.3
Loss 3p26.3->3p26.3

60 46XX,t(5;10) (q13;p12) Gain 10p11.23->10q26.3
Gain 20
Loss 16

Gain 10
Gain 20
Loss 16

Euploid Gain 10
Gain 20
Loss 16

61 46XX,t(5;10) (q13;p12) Loss 5q14.3->5q35.3 Gain 7q11.23->7q36.3
Loss 5q14.3->5q35.3

Loss 5q14.3->5q35.3 Loss 5q14.3->5q35.3

68 46XY,t(4;18) (q31.1;p11.3) Gain 18p11.32->18p11.31
Loss 4q31.1->4q35.2

Gain 18p11.32->18p11.31
Loss 4q31.1->4q35.2

Gain 18p11.32>18p11.31
Loss 4q31.1->4q35.2

Gain 18p11.32->18p11.31
Loss 4q31.1->4q35.2

64 46XY,t(4;18) (q31.1;p11.3) Gain 4q31.1->4q35.2 Gain 4q31.1->4q35.2 Gain 4q31.1->4q35.2 Gain 4q31.1->4q35.2
69 46XY,t(16;20) (p13.3;q13.1) Gain 20q13.12->20q13.33

Gain 22
Gain 20q13.13->20q13.33
Loss 19

Gain 20q13.12->20q13.33
Loss 18

Gain 20q13.13->20q13.33
Loss 19

70 46XY,t(1;4) (p13;q13) Gain 1p36->1p31.3
Loss 4q24->4q35.2
Loss 11

Gain 1p36->1p31.3
Loss 4q24->4q35.2
Loss 11q14.1->11q25

Gain 1p36->1p31.3
Loss 4q24->4q35.2
Loss 11q14.1->11q25

–

67 46XX,t(9;10) (p24;q11.2) Gain 18
Gain 20
Loss 10q11.21->10q26.3

Gain 18
Gain 20
Loss 10q11.21->10q26.3

Gain 18
Gain 20
Loss 10q11.21->10q26.3

–

55 Normal Gain 9q21.1->9q34.3
Loss 9p24.3->9q13
Loss 15

Loss 9 Gain 9p24.3->9q13
Gain 15

Gain 9p24.3->9q13
Gain 15

Gain 9p24.3->9q13
Gain 15

56 Normal Gain 4q28.1->4q35.2 Gain 16
Loss 4q26->4q35.2

Loss 4q13.1->4q35.2
Loss 16

Loss 4q22.1->4q35.2
Loss 16

Loss 4q22.3->4q35.2
Loss 16

59 Normal Gain 7q11.23->7q36.3
Loss 4
Loss 7p22.3->7q11.22

Loss 7 Gain 4
Gain 7p22.3->7q11.23

Gain 4
Gain 7p22.3->7q11.23

Gain 4
Gain 7p22.3->7q11.23

62 Normal Gain 11p15.5->11q13.4
Gain 21
Loss 22

Gain 11p15.5->11q13.2
Gain 11q13.3->11q25
Gain 21
Loss 22

Gain 11
Gain 21
Loss 22

Gain 11p15.5->11q13.2
Gain 21
Loss 22

63 Normal Gain 2p22.3->2q37.3
Loss 2p25.3->2p22.3
Loss 9

Loss 2p25.3->2p22.3
Loss 9

Gain 22
Loss 2p25.3->2p22.3

Gain 2
Gain 14
Gain 17
Loss 9

65 Normal Gain 3p26.3->3p11.1
Loss 3p11.1->3q29
Loss 22

Gain 16p13.3->16p12.1
Gain 19
Loss 3p26.3->3p11.1
Loss 22

Gain 3p26.3->3p11.1
Loss 3p11.1->3q29
Loss 22

Gain 11
Gain 16
Loss 3p26.3->3p11.1
Loss 22

66 Normal Gain 13
Loss 9p24.3->9p21.2

Gain 13
Loss 9p24.3->9p21.2

Gain 13
Loss 9p24.3->9p21.2

Gain 13
Loss 9p24.3->9p21.2

Note: Results of the analyses from other stages are also listed: PBs (PB1 and PB2), blastomeres, TE cells, WE. The term ‘‘Gain’’ indicates hyperhaploidy; the term ‘‘Loss’’ indicates hypohaploidy. The case involving ploidy discordance between BF and the other biopsies is ID
no. 60.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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SUPPLEMENTAL TABLE 3

Chromosome concordance between 70 BFs and corresponding oocytes or embryos at the cleavage stage and blastocysts.

Variable

Concordance

TotalFull Partial Null

BFs vs. PBs
No. of embryos (%) 25 (73.5) 7 (20.5) 2 (6) 34
No. of chromosomes (%) 575/575 (100) 148/161 (91.9) 43/46 (93.5) 766/782 (97.9)

BFs vs. blastomeres
No. of embryos (%) 29 (81) 5 (14) 2 (5) 36
No. of chromosomes (%) 696/696 (100) 102/120 (85.0) 46/48 (95.8) 844/864 (97.7)

BFs vs. TE cells
No. of embryos (%) 56 (81) 11 (16) 2 (3) 69a

No. of chromosomes (%) 1,344/1,344 (100) 242/264 (91.7) 44/48 (91.7) 1,630/1,656 (98.4)

Note: Oocytes were tested on PBs, cleavage-stage embryos on one blastomere, and blastocysts on TE cells. Concordance was expressed per embryo and per single chromosome.
a One TE sample did not provide informative results and was excluded from this calculation.

Magli. Blastocentesis: a source of DNA for PGT. Fertil Steril 2016.
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