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Abstract

Preimplantation genetic diagnosis (PGD) is becoming a widely-accepted technique during in vitro fertilization (IVF). However, a disadvantage of PGD is the
invasive biopsy methods used to sample embryonic cells or polar bodies. Recent studies have found that genetic material can be detected in blastocoel fluid (BF) and
culture medium. In our study, BF and trophectoderm (TE) cells were simultaneously collected from the same donated human blastula. To generate enough DNA for
analysis, we used multiple displacement amplification (MDA) based whole genome amplification (WGA). MDA-WGA samples were probed with primers designed
to identify spinal muscular atrophy (SMA) and phenylpropionate ketoneuria (PKU), plus the Y chromosome sex-determining region (SRY). This demonstrated that
DNA fragments were present in each of the TE and BF samples (7/7). The positive PCR amplification rates for SMA, PKU, SRY and B-actin in BF were 42.9%
(3/7), 60% (3/5), 42.9% (3/7) and 71.4% (5/7) respectively, but the positive rate of amplification with TE samples was 100% (7/7), 100% (7/7), 71.43% (5/7) and
100% (7/7). After sequencing, identical alleles were found in matched BF and TE samples. In summary, BF-DNA could be detected using MDA-WGA and PCR,

and sequences in PCR positive samples were identical in matched BF-DNA and TE samples.

Introduction

Preimplantation genetic diagnosis (PGD) has become a widely
accepted and routine technique for testing chromosomal integrity
during in vitro fertilization (IVF) procedures, and has been successfully
applied to high-risk couples for more than two decades [1,2]. During the
development of PGD, polar bodies, blastomeres, and trophectoderms
(TE) have been used as biopsy material for analysis. The polar body is
expelled from oocytes during the first meiotic division, and therefore
only contains maternal genetic information. Blastomere biopsies
are typically performed on third day (D3) embryos that contain at
least six cells, and one or two blastomeres are used for subsequent
genetic analysis, including chromosome examination, identifying
chromosomal structural abnormalities, molecular diagnosis of single
gene diseases, and several other tests. The main disadvantage of these D3
biopsies of blastomeres is that any resultant analysis cannot completely
rule out the impact of mosaics, affecting detection accuracy. Generally,
TE biopsies are performed five days (D5) after fertilization, with three
to ten trophoblast cells obtained for further genetic testing. This can
improve the accuracy and validity of PGD [3-5]. Although these three
PGD methods have achieved respectable results with embryos biopsied
at either the zygote, cleavage, or blastocyst stages, zona drilling is
required for each technique. This is accompanied by lesions to the
embryo, the extent of which depends on the technique. However, it is
not clear whether this damage affects the development of the embryo
or fetus.

The blastocyst consists of three principal morphological
components, the inner cell mass (ICM), the trophectoderm (TE), and
the blastocoel fluid (BF). Although investigation of the ICM and TE
have contributed to the understanding of embryogenesis and affected
clinical IVF outcomes, any potential use of the BF has been largely
overlooked. BF-DNA (deoxyribonucleic acid) has been identified
in BFs. Those may be either free DNA or a particulate form, such
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as micro-particles. These are membrane-bound vesicles containing
nuclear molecules that are released by membrane blebbing during cell
death and replication [6,7]. Whichever form of BF-DNA takes, several
studies have demonstrated that it has the potential to be used for PCR
amplification and identifying mutations responsible for genetic diseases
or chromosomal abnormalities. Despite this, the value of BF-DNA as
a source of genetic material is controversial for use in PGS/PGD [8,9].
Compared to the traditional biopsy methods of blastomere and TE cell
sampling, collecting material from the BF requires only that fluid is
drawn out with an ICSI needle. This is less damaging to the embryo
than other techniques. However, preliminary research demonstrates
inconsistent and conflicting results, so further studies are needed to
validate the approach and determine the value of BF-DNA in PGD.

Spinal muscular atrophy (SMA), phenylketonuria(PKU), and
sex linked chromosomal disorders are all common genetic diseases
observed in clinics. Our study focused on the detection and potential
applications of genetic material found in human BF. We used diagnostic
PCRs targeting, SMA, PKU, SRY and f-actin as biomarkers to evaluate
whether these markers can be successfully amplified from human BF
material after multiple displacement amplification (MDA) based whole
gene amplification (WGA). Finally, we compared the consistency of
sequencing from genetic material from the human BF and TE.
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Materials and methods
Ethics statement

This research was approved by the Ethics Committee (201684) at
Southwest Hospital, Chongqing, China. All donors signed informed
consent forms.

Blastocyst culture

Freshly donated D3 embryos were placed in 30 pL droplets of G-2
Plus blastocyst medium (Vitrolife, Sweden) containing washed and
pre-gassed mineral oil (Vitrolife, Sweden). These were cultured to the
blastocyst stage under 6.5% CO,, 5% O,, and balanced N, at 37°C in
Thermo 3131 incubators (Thermo, USA). After continuous culture
for two days, the development and quality of the blastocysts were
evaluated according to the blastocyst scoring system (Baczkowski et al.,
2004). Blastocyst scores above IVBC or IVCB were selected for further
BF collection.

BF collection

BF material was collected at the Reproductive Medical Center of
Southwest Hospital (Chonging, China) after approval of the local Ethics
Committee. All BF aspiration was undertaken in an IVF laboratory
following good laboratory practice guidelines [8], using methods for
blastocyst micro-puncture and aspiration previously described [9]. BF
samples were aspirated from expanded blastocysts using an ICSI pipette
under the following specific steps. Firstly, the ICM was adjusted to the
12 o’clock position using a holding needle, and then the ICSI needle
was inserted through a TE cell junction point at the 3 o’clock position.
BF was drawn out slowly. Retrieved fluid was transferred to PCR tubes
with 4-ul cell lysis buffer (Cell Lysis Solution, 158908, QIAGEN) on
ice and then centrifuged at 1000 x g for 1 min for subsequent WGA
analysis. The volume of BF was calculated according to a formula for
the volume of a sphere: V=4nR*/3, using a diameter of 200-220 pm.
This was found to be the diameter range for an expanded blastocyst in
this study.

TE biopsy

After BF collection, a 20-25 pm breach was opened at the ICSI pipet
position by excising laser pulses. 2-3 hours later, TE cells herniated
through this breach. After incubation, three to five TE cells biopsies
were performed by excision using laser pulses. TE cells were transferred
to PCR tubes with 4-pl cell lysis buffer (Cell Lysis Solution, 158908,
QIAGEN) on ice followed by centrifugation at 1000 x g for 1 min to be
used for subsequent WGA analysis.

Whole genome amplification of BF and TE cells

MDA-WGA of BF samples were performed using the REPLI-g®
Single Cell kit (Qiagen), the detail protocol as follows Firstly, sufficient
Buffer D2 (denaturation buffer) was prepared for the total number of
whole genome amplification reactions; in this case, 3 ul DTT 1M was
added to 33 pl buffer DLB for 12 reactions. Next, 3 ul buffer D2 was
added to the 4 pl cell lysis buffer containing BF or TE on ice, and mixed
carefully by flicking the tube and brief centrifugation. This mixture
was incubated for 10 min at 65°C, and then 3 pl of stop solution
was immediately added, mixed, and stored on ice. A master mix was
prepared (each reaction required 29 pl REPLI-g sc Reaction Buffer, 2
ul REPLI-g scDNA polymerase, and 9 ul H,O sc) and then 40 ul of
master mix was added to 10 pl of each denatured DNA sample, mixed,
and briefly centrifuged. This mixture was incubated at 30°C for 8 h and
then inactivated by incubation at 65°C for 3 min. Resultant reactions
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were checked using 1.5% agarose gel electrophoresis to verify the WGA
products.

Primer design

Specific primers for SMA, PKU, SRY and B-actin amplification
were designed using Primer 5.0 software. Sequence specificity was
confirmed using BLAST analysis software (http://blast.ncbi.nlm.nih.
gov/) against the human genomic plus transcript database. Primers
were synthesized by Bioligo Biotech (Shanghai, China), and the primer
details were shown in Table 1.

Amplification and detection of genes by PCR and sequencing
method

The PCRprotocol used the following conditions: initial denaturation
at 94°C for 5 min and then 35 cycles of denaturation at 94°C for 35 s,
annealing at 55°C for 35 s, and extension at 72°C for 1 min. The final
elongation was taken for 5 min at 72°C. 1.5% agarose electrophoresis
was used for the detection of PCR products, and visualized using UV
(Biorad GelDoc XR, USA).

Specific PCR products were isolated and purified using agarose gel
electrophoresis DNA Recovery Kit (TIANgel Midi Purification Kit),
and sent for sequencing at BGI (Shanghai, China). All sequencing
results were analyzed using DNAstar analysis software to compare
homology between samples and with the NCBI database.

Results

Seven donated blastocyst were used in this study, the volume range
for the BF of approximately 0.001-0.002 pl.

WGA of blastocoel fluid compared TE cell WGA

All samples were amplified using MDA-WGA and then visualized
on a 1.5% agarose gel. This revealed that the pattern of DNA bands after
WGA was similar between BF and TE cells from the same blastocyst,
with most product bands ranging from 100 bp to 1000 bp (Figure 1).

Target amplification from blastocoel fluid using PCR

Seven TE cell samples were amplified using primers specific for
SMA, PKU, SRY and p-actin. Positive bands were observed for each,
except for amplification of the SRY primers in two samples (TE 1 and
2) (Figure 2, TE group). However, of the seven BF samples, three were
positive for SMA (42.9%, 3/7), two for PKU (28.6%, 2/7), three for
SRY amplification (60%, 3/5), and five were positive using primers for
B-actin (71.4%, 5/7).

Sequencing of target genes

Sequencing analysis revealed that the SMA, PKU, SRY and B-actin
regions from the TE group were completely consistent (Table 2). When
comparing the sequencing of BF samples with positive TE samples,
results were identical between sample type (Table 2). There were
identical comparing the positive productions between BF and TE in
the same blastocyst.

Discussion

Preimplantation genetic diagnosis (PGD) was first reported
in England in 1990 and was a considerable advancement in the
reproductive medicine [7,8]. Polar bodies, cleavage balls, and TE cells
have all been used as biopsy materials during the development of PGD.
However, these biopsy methods introduce unavoidable risk to the
embryo and its further development [9]. Blastocoel fluid (BF) biopsies
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Figure 1. WGA products of TE and BF on agarose gel. M: DNA marker No 1-7: WGA products of BF material, No 8-14: WGA products of TE material.
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Figure 2. PCR products of SMA, PKU, SRY, and B-actin in TE and BF groups. M: DNA marker I, No1-7: 1*-7th sample from BF and TE cells, No 8: negative control. When a positive
band was observed in the BF group, a complementary band was also found in the same sample of the TE group.

Table 1. The specific primers for SMA, PKU, SRY and B-actin amplification after the
WGA.

Name Sequence (5°-3%) Length (bp)
SMAF GGCATAGAGCAGCACTAAATGAC 188
SMAR CATTGCATTTGGTTATTACATAAC
PKUF GAACTTTGCTGCCACAATACCTCGGC 166
PKUR CAAGAAAGTTGGGTACTTTATTTTCT
SRY F GATGACTGTACGAAAGCCACACA 252
SRY R AAATGAATAAGGCCTTAG
B-actin F CTCCATCCTGGCCTCGCTGT 286
B-actin R GCTGTCACCTTCACCGTTCC

are much safer and easier to get for the simply drawing with an ICSI
needle.

Studies within other settings have found that it is possible to obtain
BF-DNA, using RT-PCR to analyze several targeted genes (GADPH,
TSPY1, and TBC1D3) A whole-genome microarray was also attempted
on five amplified DNA products obtained from the BF, but found a
karyotype in only two samples [10]. Polisseni et al. reported on the
use of DNA fingerprinting for eight chromosomes from 11 paired BF-
DNA samples separated from whole embryo DNA [11]. This was used
to determine the concordance of polymorphic loci between paired
samples, showing that 100% of the loci successfully amplified using
samples from the whole embryo, but DNA from the BF was of inferior
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quality and unable to provide a complete DNA fingerprinting analysis.
Genomic DNA from the BF can be amplified and characterized
by comprehensive chromosome microarrays. However, the high
discordance between karyotypes obtained from BF-DNA and ICM-TE
suggested that using BF genetic material for preimplantation genetic
testing was not ideal.

On the contrary, Magli et al. (2016) recently demonstrated
a successful attempt to investigate the potential of BF. In their
study, they analyzed BF that had been extracted from differentiated
blastocysts, and compared the ploidy status of BF-DNA to polar
bodies, a single blastomere, or TE cells [12,13]. They identified a total
ploidy concordance of 94.9% between BF-DNA and matched polar
body or blastomere cells. Additionally, they identified a 97.4% ploidy
concordance between BF-DNA and TE cells. Palini et al. (2015) showed
that genomic DNA was present in approximately 90% of blastocoel
fluid samples harvested during vitrification procedures [14].

In our study, we successfully extracted BF and confirmed the
presence of DNA fragments. These were analogous WGA patterns
between the BF and TE from the same blastocyst after amplified by
MDA-WGA. However, the positive results for the detecting biomarkers
was disappointing with low amplification efficiency. Positive PCR for
SMA, PKU, and SRY regions were 42.9% (3/7), 60% (3/5), and 42.9%
(3/7) respectively in BF, but 100% in TE samples except the SRY, it

Volume 2(1): 3-5



Shangguan T (2017) Detection and analysis of DNA material in human blastocoel fluid

Table 2. Alignment results of SMA, PKU, SRY and B-actin among TE, BF and template gene in Genebank database.

sample I-TE 1-BF 2-TE 2-BF 3-TE

gene

SMA + ++ + +
(GI:KUS524731.1)

PKU + ++ + +
(GI:KR711257.1)

SRY + + +

(GI:NM_003140.2)
B-actin + + +

(GI:NG_023870.2)

+: The consistency between TE and template gene
++: The consistency between TE and BF.

is possible that there was no Y chromosome in these samples. It was
shown that BF-DNA is unsuitable for single gene detection. However,
sequencing of PCR products revealed a high similarity between BF and
TE samples. A reason for the low efficiency may be the very low BF
volumes that were extracted (0.001-0.002 pl) or the insufficient for the
WGA technology. The high similarity shown that when the efficiency of
WGA was increased, BF can be used to determine the genetic condition
of the embryo.

Multiple annealing and looping-based amplification cycles
(MALBAC) is a quasilinear whole genome amplification method.
Unlike conventional DNA amplification methods that are non-linear
or exponential (in each cycle, DNA copied can serve as template for
subsequent cycles), MALBAC utilizes special primers that allow
amplicons to have complementary ends and therefore to loop,
preventing DNA from being copied exponentially. This results in
amplification of only the original genomic DNA and therefore reduces
amplification bias [17]. A previous study has shown that MALBAC has
better genome recovery sensitivity and lower allele dropout compared
to MDA [18] and the requirement of DNA is only 0.5 pg. We speculate
that this method may increase the positive rate of amplification
from BF-DNA and more investigation is required. It may be more
suitable than MDA in the micro-amount materials analysis of WGA
amplification.

In conclusion, the BF volume of a blastocyst was ranged from
0.001-0.002 pl and blastocoel fluid harvested during the verification
process possesses amplifiable DNA fragments suitable for WGA and
PCR. The specific PCR results shown high similarity between human
BF and all TE from the samples. Although low amplification efficiency
was found using MDA-WGA, it could be modified with other method,
such as MALBAC. BF should be a potential source for PGD/PGS in
the future.
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