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Preimplantation genetic testing for aneuploidy
(PGT-A) allows to select embryos with the best potential
to further development and to increase the IVF efficien-
cy. Chromosomal abnormalities are the most common
genetic cause of infertility (Guo et al., 2016). The most
frequent structural chromosome rearrangements in the
general population and patients with infertility are auto-
somal reciprocal translocations (De Sutter et al., 2012).
Chromosomal imbalance is the main cause of unsuc-
cessful outcomes of embryo transfer: the implantation
failures and miscarriages (Montag et al., 1997; Margali-
oth et al., 2006). Researchers have noted the increased
chromosomal structural abnormalities frequency in pa-
tients with repeated implantation failures (Raziel et al.,
2002; Coughlan et al., 2013).

Preimplantation testing of 23 chromosome pairs by
methods based on comparative genomic hybridization,
SNP analysis, or next generation sequencing (NGS) al-
low to reveal aneuploidy as well as segmental gains or
losses within the resolution of the method. The compre-
hensive chromosome screening using methods capable

To describe some cases of preimplantation ge-
netic testing (PGT) for chromosomal abnormalities; this can
allow one to correct the parental karyotype.

PGT for chromosomal abnormalities in embryos
obtained by in vitro fertilization (IVF) was performed by mi-
croarray comparative genomic hybridization (aCGH) and by
next generation sequencing (NGS).

In all four cases, a nonrandom character of em-
bryo chromosomal imbalance was observed. The chromosom-
al abnormalities revealed in embryos allowed one to suspect
the occurrence of different chromosomal rearrangements in
parental karyotypes, namely, reciprocal translocations (cas-
es i, ii and iv) and the complex chromosomal rearrangement
(case iii). The subsequent patient karyotype analysis allowed
us to identify the insertion in one case and reciprocal translo-
cations in three other cases. At the moment of embryo testing,
two couples had no information about their own karyotypes
(cases i and ii), whereas in case iv, it was known that female
patient had a normal female karyotype, but PGT results al-
lowed to identify maternal reciprocal translocation. In case iii,
it was known that the female patient had a reciprocal translo-
cation, nevertheless, the PGT results served as a basis for an
additional testing which revealed the complex chromosomal
rearrangement.

The results of preimplantation genetic testing
for aneuploidy can serve as a basis for parental karyotype
analysis and its correction.

case report, preimplantation genetic testing,
karyotype, pregnancy, aneuploidy.

of detecting segmental rearrangements allow to reveal
random chromosomal imbalance in embryos at the pre-
implantational stage of development and also to detect
the segregation of parental chromosome rearrange-
ment in embryos. As a rule the balanced chromosome
rearrangements carriers have no specific phenotypic
features; however they have an increased unbalanced
gametes formation risk. Thus, if one partner in the cou-
ple has a chromosome rearrangement there is an in-
creased chromosomal abnormalities risk in embryos. In
the case when one partner is a carrier of translocation,
there is an increased risk of forming gametes having
duplications and deletions of chromosome regions cor-
responding to the translocated regions.

The PGT results of chromosomal changes in em-
bryos should correspond to parental karyotypes. Oc-
casionally, the PGT findings in embryos make the pa-
tient karyotype questionable. We report four cases of
chromosomal abnormalities revealed in embryos which
allowed us to suspect different chromosomal rearrange-
ments in parental karyotypes.



The couple was directed to IVF-PGT due to
the advanced maternal age and repeated implantation
failures. One IVF cycle was performed and five embryos
were biopsied for comprehensive chromosomal screen-
ing using aCGH (24sure, lllumina). There was no infor-
mation about the karyotype of the patient.

The PGT-A indication for the couple was
the maternal age. One IVF cycle was performed and
four embryos were biopsied for PGT by NGS (Veriseq,
[llumina).

The couple was directed to IVF-PGT due
to the maternal balanced reciprocal translocation.
The same result of maternal karyotype analysis per-
formed in two independent laboratories was obtained:
46,XX,1(4;13)(p14;934). Two IVF cycles were performed
and nine embryos were biopsied for PGT by aCGH
(24sure+, lllumina).

Due to infertility a standard peripheral
blood lymphocyte culture cytogenetic study was per-
formed for both partners and the obtained results were
46,XX and 46,XY,inv(10)(p11.2922). The PGT indication
for the couple was paternal pericentric inversion of
chromosome 10. Two IVF cycles were performed and
four embryos were biopsied for PGT by NGS (Veriseq,
[llumina).

PGT-A of embryos obtained by in vitro fertiliza-
tion (IVF) were performed by microarray comparative
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genomic hybridization (aCGH) using microarrays with
different resolution (24sure+/24sure, Illumina) (cases i
and iii) and by NGS (VeriSeq, Illumina) (case ii and iv).
The choice of microarray resolution was determined by
the indication for preimplantation testing. The troph-
ectoderm biopsy was performed at 5-6 day of embryo
development. The parental karyotype detection was
performed by fluorescence in situ hybridization (FISH)
performed by standard cytogenetic study of peripheral
blood lymphocyte culture (case i). The informed con-
sent was obtained from all individuals included in the
study.

The couple was directed to IVF-PGT due to
the advanced maternal age and repeated implantation
failures. One IVF cycle was performed and five embryos
were biopsied for comprehensive chromosomal screen-
ing using aCGH (24sure, lllumina). There was no in-
formation about the karyotype of the patient. The PGT
results for chromosomal abnormalities are shown in
Fig. 1 and Supplemental table 1. In the case of samples
T8 and T11, fertilization was achieved using the donor
sperm and random aneuploidies were detected in these
two samples. In the remaining three samples, segmental
rearrangements were detected as duplications and de-
letions of chromosomes 11 and 22 regions. These PGT
results allowed to suspect that one partner in the couple
appeared to be the reciprocal translocation carrier. A
standard cytogenetic study of peripheral blood lympho-
cyte culture of both partners was performed. The couple
karyotypes were identified as 46,XX and 46,XY,t(11;22)

Chromosomes 11 and 22 profiles for trophectoderm biopsy sample T1 (case i).
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Case ii. The PGT results for chromosomes 10 and

12 of trophectoderm biopsy sample T2 and the FISH analysis
using maternal cultured lymphocytes: (A), chromosomes 10
and 12 profiles for trophectoderm biopsy sample T2; (B),
subtelomeric probes for g-arm (red) of chromosome 10
and p-arm (green) of chromosome 12 of maternal cultured
lymphocytes (the FISH analysis).

(923.3;q13). Thus, the paternal reciprocal translocation
between chromosomes 11 and 22 was detected.

The PGT-A indication for the couple was
the maternal age. One IVF cycle was performed and
four embryos were biopsied for PGT by NGS. The pre-
implantation testing results for chromosomal abnor-
malities are shown in Fig. 2A and Supplemental table
2. All four samples contained the repeated segmental
arrangements as chromosomes 10 and 12 distal re-
gions deletions/duplications. A nonrandom pattern of
segmental losses and gains allowed one to suspect that

one partner in the couple appeared to be the recipro-
cal translocation carrier. The patients’ karyotypes were
normal: a standard cytogenetic study of peripheral
blood lymphocyte culture was performed for both part-
ners and the results obtained were 46,XX and 46,XY.
FISH analysis was recommended to the couple. The re-
ciprocal translocation between chromosomes 10 and 12
was detected by maternal cultured lymphocytes FISH
analysis (Fig.2B).

The couple was directed to IVF-PGT due
to the maternal balanced reciprocal translocation.
The same result of maternal karyotype analysis per-
formed in two independent laboratories was obtained:
46,XX,t(4;13)(p14;934). Two IVF cycles were per-
formed and nine embryos were biopsied for PGT by
aCGH (24sure+, lllumina). The PGT results are shown
in Supplemental table 3. Seven samples out of nine
were abnormal while all abnormal samples contained
segmental deletions or duplications of the chromosome
4 interstitial region. An analysis of chromosomal pro-
files in embryos has revealed chromosome 4 segmental
rearrangements with the malsegregation pattern which
is not typical for translocation since the quantitative im-
balance was observed in the chromosome 4 interstitial
region but not in the telomeric region (Fig. 3). In addi-
tion, a small number of normal embryos were observed
in both IVF cycles. These findings allowed to question
the karyotype structure accuracy. The FISH analysis
was performed using maternal cultured lymphocytes
which confirmed the fact that the female patient had
complex chromosomal rearrangement: the chromo-
some 4 p-arm part interchromosomal insertion into
chromosome 13 g-arm and the chromosome 4 pericen-
tric inversion (Fig. 4).

Due to infertility a standard peripheral
blood lymphocyte culture cytogenetic study was per-
formed for both partners and the obtained results were
46,XX and 46,XY,inv(10)(p11.2922). The PGT indication
for the couple was paternal pericentric inversion of
chromosome 10. Two IVF cycles were performed and
four embryos were biopsied for PGT by NGS. All four
samples were abnormal and three of four samples con-
tained the repeated segmental arrangements as chro-
mosomes 2 and 12 distal regions deletions/duplications.
Chromosome 2 segmental abnormalities were as small
as 3,3 Mb and didn’t conclude in clinical results (Sup-
plemental table 4). A nonrandom pattern of segmental
losses and gains allowed to suspect that one partner in
the couple appeared to be the reciprocal translocation
carrier. FISH analysis was recommended to the couple.
The maternal cultured lymphocytes reciprocal translo-
cation between chromosomes 2 and 12 was detected by
FISH analysis (Fig.5).

The presented cases differ by PGT indications, initial
information about parental karyotypes, and methods



of embryo analysis; however, they were combined by
a key role of the embryo genetic testing performed. In
all these cases, the use of PGT-A not only allowed to
obtain information about the embryos possessing the
highest potential for further development but also de-
termined the necessity of patient karyotype study. The
embryos that turned out to be unusable for the em-
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bryo transfer due to the chromosomal imbalance pro-
vided valuable information about the possible parental
chromosomal rearrangement and its segregation. The
nonrandom character of chromosomal abnormalities in
the embryo samples studied by PGT should be noticed
since it can be the indication for a patient karyotype
analysis. In addition to the mere fact of chromosomal

L2 Gl 1.3 () g

Chromosome 4 profile for samples T1 and T2 from the IVF cycle N1 (case iii).

Results of the FISH analysis using maternal cultured lymphocytes (case iii). A, subtelomeric probes for p-arm
(green) of chromosome 4 and g-arm (red) of chromosome 13. B, arm-specific probes for g-arm (red) and p-arm (green) of
chromosome 4.
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Case iv. The PGT results for chromosomes 2 and
12 of trophectoderm biopsy sample and the FISH analysis
using maternal cultured lymphocytes: A, chromosomes 2 and
12 profiles for trophectoderm biopsy sample; B, subtelomeric
probes for g-arm (red) and p-arm (green) chromosome 2 on
maternal cultured lymphocytes.
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B CTaTbe MPUBELEHO OMNucaHWe HECKONbKUX Kau-

HUYECKNX CrnyyaeB, KOrja pesynbTaTbl MpeuMnnaHTaLuoH-

Horo reHetuyeckoro tectuposaHua (M) Ha xpomocomHble

aHoManuu No3BOMNIN 3arnof03pUTb POANTENBCKYIO XPOMOCO-

MHYIO NepecTpoiiky AN YTOYHUTb OCOBEHHOCTU KapuoTuna
poauTena.

MI'T Ha XpPOMOCOMHbIE aHOManNM MPOBOAMAOCH

imbalance nonrandom character in the studied embryo
samples, it is important to notice the suggested segre-
gation patterns of the parental chromosomal rearrange-
ments. In the case iii, before performing the IVF cycle
and PGT, it was known that the female partner has the
structural chromosomal rearrangement. Nevertheless,
the segregation pattern revealed by PGT was untypical
for reciprocal translocation, which allowed to establish
the correct karyotype and to define the genetic risks, as
well as to explain the unexpectedly high portion of ab-
normal embryos for the couple whose age was less than
35 years since insertions bear the highest reproductive
risk compared with translocations.

PGT is not only the precise method for aneuploidy
testing but also has a potential to improve karyotype
diagnostics for the couple. Some patients enter the IVF
programs having no information about their karyotypes.
However, even in the case when parental karyotypes
were known and no pathology was revealed, we can not
exclude the occurrence of submicroscopic structural re-
arrangements. NGS and aCGH methods that are used
for PGT to detect chromosomal abnormalities have the
resolving power that allows to reveal the quantitative
chromosomal abnormalities from the parental chromo-
somal rearrangements which are too small to be detect-
ed by the standard cytogenetic analysis. It is extremely
important to take into account the embryo chromosom-
al rearrangements pattern obtained by PGT. In some
cases, the PGT results can serve as a basis for karyo-
typing patients (Sundheimer et al., 2018). Otherwise,
the karyotype revision may be recommended (Frumkin
et al., 2017). In the case, when the cytogenetic diagno-
sis for the couple is already established, the embryo
chromosomal profiles should correspond to the paren-
tal karyotypes. The PGT findings can help to identify the
carriers of chromosomal rearrangements among the
IVF patients. Thus, the correct information about the
patient karyotype can allow us to identify offspring ge-
netic risks and to explain the couple's infertility cause.

Ha obpasuax buoncum TpohakToAEpPMbI IMOPUOHOB, NONYYEH-
HbIX METOLLOM 3KCTpaKopropanbHoro onnogotsopenuns (IKO).
MI'T 6bIN0 BbINONHEHO C NCMONb30BAHWEM CPaBHUTENbLHOIA re-
HOMHOI1 rnbpuamsaumm Ha ymnax (aCGH) u cekBeHnpoBaHus
Hoeoro rnokonenua (NGS). YTouHeHne kapuoTunos poauteneii
NPOBOAMNOCH C MOMOLLbIO CTaHAAPTHOIO LMTOreHETUHECKOro
uccneposanusa, FISH-aHanusa

Bo Bcex yetbipex cnyyasax nposegeHva MMI'T
npu aHanuse XPOMOCOMHbIX npodouneii obpasuoB Tpoak-
ToAepMbl Habntoganca HecnyyaiiHblii naTTepH XPOMOCOMHO-
ro paucbanaHca. XpOMOCOMHbl€ aHOManuW, BblABNEHHbIE B
aMOpU1OHax, NO3BONUNN MPEANONOMUTL Hanuyme pasiuyHbIX
XPOMOCOMHbIX NepecTpoek B KapuoTunax poguTeneii, a MeH-
HO PeLMMNpPOKHbIX TPaHCOKaLLWiA (cnyyaw i, ii W iv) 1 cnoxHoi
XPOMOCOMHOI nepecTpoiiku (cnyyaii iii). Mocnepyrowuii aHa-
N3 Kap1OTWMNOB MaLMEHTOB MO3BOAWA BbIABUTL UHCEPLUIO B
O[IHOM Clly4yae W PeLMnpoKHble TPaHCNOKaLMK B TpeX Apyrix.
Ha MomeHT TecTupoBaHua sM6pUOHOB ABe Napbl He UMENU WH-
chopmaLum o cBoux KapuoTunax (cnyyaw i u ii), B To Bpema Kak
B Cly4yae iv 6bIno W3BECTHO, YTO Y NaLMEHTKU HOPMabHbIN



MEHCKMII KapuoTtun, oaHako pesynbtatbl [T no3sonunu BbI-
ABUTb MAaTEPUHCKYIO PELMMNPOKHYIO TpaHcnokaumto. B cnyyae
iii 6bI10 M3BECTHO, YTO Y MALMEHTKN PELMNPOKHAA TpaHCo-
Kaumua, opgHako pesynbtatbl PGT nocnysunu ocHoBoid ans
YTOYHEHUA ee KapuoTuna, B pesynbrate yero bbina BbiABneHa
CNOKHaA XPOMOCOMHas MepecTpoiika.

Pesynbtatbl npevmnnaHTaLMoOHHOIO reHe-
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