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Abstract
Background To investigate the embryonic development and clinical pregnancy outcome of reciprocal
translocation carriers and Robertsonian translocation carriers with different sex in preimplantation
genetic testing (PGT).

Methods A retrospective analysis of 1369 cycles of preimplantation genetic testing for structural
rearrangements (PGT-SR) was performed in the Reproductive Medicine Center of the First A�liated
Hospital of Zhengzhou University from 2015 to 2019. All the patients were divided into reciprocal
translocation and Robertsonian translocation according to the type of chromosomal translocation and
divided into female carriers and male carriers according to the sex of the carriers. SPSS21.0 was used for
data statistics and P < 0.05 indicated that the difference was statistically signi�cant.

Results The fertilization rate of female carriers(81.5%) with chromosomal structural abnormalities
(including reciprocal translocation and Robertsonian translocation) was higher than that of male
carriers(80.0%)(P=0.032), and the blastocyst formation rate of female carriers(50.0%) was lower than
that of male carriers(54.8%)(P=0.016) in the same parental age. But there was no statistical difference in
cleavage rate, high quality embryo rate, normal rate of biopsy, clinical pregnancy rate, abortion rate and
live birth rate between female and male carriers. In the reciprocal translocation group, the blastocyst
formation rate of male carriers (54.8%) was higher than that of female carriers (50.0%) (P=0.022) with the
same parental age and there was no difference in pregnancy outcome. In the Robertsonian translocation
group, the fertilization rate of male carriers (75.0%) was lower than that of female carriers (81.8%)
(P=0.005) and the normal rate of biopsy (33.3%) was higher than that of female carriers (25.0%)
(P=0.022) with the same parental age and there was no difference in pregnancy outcome.

Conclusions In reciprocal translocation, male carriers have a higher rate of blastocyst formation rate than
female carriers. In Robertsonianian translocation, male carriers have a higher noamal rate of biopsy than
female carriers. However, there was no signi�cant difference in pregnancy outcome between male carriers
and female carriers with abnormal chromosome structure.  

Background
Reciprocal translocation, the most common chromosomal structural abnormality, is de�ned as the
exchange of two non-homologous chromosomes after break [1][2]. Robertsonian translocation refers to
the formation of two derivative chromosomes after two telomere chromosomes break at or near the
centromere. In meiosis, reciprocal translocation carriers can produce at least 18 different types of
gametes, of which only one is normal and one is balanced; While Robertsonian translocation carriers can
produce 6 different types of gametes, and there are also only one normal and one balanced gametes [3].
Thus, although these two translocation carriers usually have a normal phenotype, the risk of infertility,
miscarriage, and fetal malformations is greatly increased due to the possible formation of unbalanced
gametes during meiosis [4][5].
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The development of in vitro fertilization and advanced preimplantation molecular diagnostics provide
couples at risk of translocation pregnancy with the opportunity to obtain healthy offspring [6]. The main
purpose of preimplantation genetic testing for structural rearrangements (PGT-SR) is to distinguish
embryos with balanced chromosomal translocation (and accompanying microdeletions) from embryos
with truly normal chromosomes [7]. In recent decades, the use of preimplantation genetic testing (PGT) in
assisted reproductive technology (ART) has increased signi�cantly [8]. There are many factors that affect
the reproductive outcome of PGT, including the abnormal chromosomes involved, the break point and the
sex of the carrier, etc [9].

In this study, patients undergoing PGT-SR due to reciprocal translocation and Robertsonian translocation
were grouped according to the sex and translocation type of carriers. The biopsy results, embryo
development and pregnancy outcomes of them were analyzed and compared in order to provide ideas for
in-depth understanding of the occurrence process of embryo chromosomal abnormalities and clinical
evidence for the application of PGT in ART.

Method
Study Population

We collected the in vitro fertilization cycles assisted by PGT-SR in the Reproductive Medicine Center of the
First A�liated Hospital of Zhengzhou University from 2015 to 2019. The inclusion criteria was that only
one of the couple is a translocation carrier (reciprocal translocation or Robertsonian translocation) and
the number of eggs harvested ≥ 3 [10]. Embryo transfer was performed for all cycles with normal biopsy
results. All included couples were divided into two groups according to the type of chromosomal
translocation: the reciprocal translocation group and the Robertsonian translocation group, and they were
also divided into male carriers and female carriers according to the sex of carriers.

Ovulation

All patients were treated with short-acting and long-acting regimens for luteal phase [11], and the speci�c
treatment and medication were selected according to the patients' own conditions. When the diameter of
the dominant follicle reached about 18mm, human chorionic gonadotropin (HCG) was injected. And 36
hours later, ovarian puncture was performed under the guidance of vaginal ultrasound. The speci�c
method adopted the conventional operation technology of our center [12].

Embryo Culture and Biopsy

We used blastocyst trophoblast biopsy for PGT-SR patients. Intracytoplasmic sperm injection was
performed within 4 to 6 h after retrieval and the embryos were cultured to blastocyst stage at 5–6 days.
Blastocysts reached or above the grade of 3BC were selected for biopsy (Blastocysts that did not reach
biopsy grade were discarded after informed consent was signed by the patient). 3 to 5 trophoblast
ectodermal cells were aspirated with biopsy needles combined with laser-assisted cleavage. Whole



Page 4/12

genome DNA of biopsied trophectoderm cell was ampli�ed and SNP microarray chip detection
technology or next-generation sequencing technology were used to detect aneuploidy.

Main Outcome Measures

The outcome measures re�ecting embryo development are: fertilization rate, cleavage rate, high quality
embryo rate, blastocyst formation rate and normal rate of biopsy. The outcome measures re�ecting
pregnancy outcome are: clinical pregnancy rate, abortion rate and live birth rate. In order to exclude the
effect of age on the observed results, we also calculated the average age of the patients in male carriers
and female carriers.

Statistical Analysis

SPSS21.0 was used for data statistics. Measurement data conforming to normal distribution were tested
by two independent samples t test and the results were expressed as Mean ± standard deviation (Mean ± 
SD). And measurement data that did not conform to normal distribution were tested by non-parametric
test and the results were expressed as Median ± interquartile range (Median ± QR). The chi-square test
was used for counting data, and the result of rate was expressed as percentage (%). P < 0.05 indicated
that the difference was statistically signi�cant.

Results
Overall Situation

A total of 1369 PGT-SR cycles were included in this study, including 1006 reciprocal translocation carriers
and 363 Robertsonian translocation carriers. The number of eggs obtained was 23976 and embryos
biopsyed was 7540. There were 681 cycles transplanted, and 688 cycles were cancelled to transplant due
to the absence of normal transferable embryos. There were 472 female carriers and 534 male carriers in
the reciprocal translocation group. And there were 181 female carriers and 182 male carriers in the
Robertsonian translocation group. In the comparison of patients with chromosomal structural
abnormalities (including reciprocal translocation and Robertsonian translocation) of different sex (Table
1), it can be seen that the fertilization rate of female carriers is higher than that of male carriers, while the
blastocyst formation rate is lower than that of male carriers and the difference is statistically signi�cant.
But there was no statistical difference in cleavage rate, high quality embryo rate, normal rate of biopsy,
clinical pregnancy rate, abortion rate and live birth rate between the two groups.
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Table 1

Embryonic development and pregnancy outcome of patients with chromosomal abnormalities
of different sexs

Item Female carrier Male carrier Z/χ2 value P value

No. of egg retrieval cycles 653 716 / /

No. of retrieved oocytes 11331 12645 / /

Average female age (y) 29.0±6.0 29.0±5.0 -0.143 0.886

Average female age (y) 29.0±6.0 29.0±5.8 -1.365 0.172

Fertilization rate (%) 81.5±22.0 80.0±23 -2.139  0.032*

Cleavage rate (%) 100.0±0.0 100.0±0.0 -0.050 0.960

High quality embryo rate (%) 42.1±72.0 50.0±74.0 -1.638 0.101

Blastocyst formation rate (%) 50.0±34.0 54.8±37.0 -2.407  0.016*

No. of embryos biopsy 3556 3984 / /

Normal rate of biopsy (%) 21.4±40.0 25.0±40.0 -1.353 0.176

No. of transplant cycles 312 369 / /

Clinical pregnancy rate (%) 56.4 176/312 57.5 212/369 0.075 0.784

rate of abortion (%) 7.4 23/312 10.0 37/369 1.484 0.223

live birth rate (%) 49.0 153/312 47.4 175/369 0.105 0.746

Notes: positive number/total number in brackets; * represents P 0.05

Comparison of Reciprocal Translocation Group

In the reciprocal translocation group (Table 2), 534 PGD-SR cycles were detected in male carriers group,
including 260 transplanted cycles and 274 cycles that were cancelled to transplant due to the absence of
normal transferable embryos and the mean age of these male carriers was 29.0 ± 5.0 years and ranged
from 22 to 49 years; 472 PGD-SR cycles were detected in female carriers group, including 216
transplanted cycles and 256 cycles that were cancelled to transplant due to the absence of normal
transferable embryos and the mean age of these female carriers was 29.0 ± 6.0 years and ranged from 20
to 44 years. The blastocyst formation rate of male carriers was 54.8%, which was higher than that of
female carriers (50.0%) and the difference was statistically signi�cant. There was no statistical difference
between the two in fertilization rate, cleavage rate, high quality embryo rate, normal rate of biopsy, clinical
pregnancy rate, abortion rate and live birth rate.
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Table 2

Embryonic development and pregnancy outcome of reciprocal translocation carriers
Item Female carrier Male carrier Z/χ2 value P value

No. of egg retrieval cycles 472 534 / /

No. of retrieved oocytes 8150 9537 / /

Average female age (y) 29.0±6.0 28.0±5.0 -0.748 0.454

Average female age (y) 29.0±6.0 29.0±5.0 -1.554 0.120

Fertilization rate (%) 81.4±22.0 81.1±22.0 -0.829 0.407

Cleavage rate (%) 100.0±0.0 100.0±0.0 -0.009 0.993

High quality embryo rate (%) 41.9±71.0 50.0±75.0 -1.161 0.246

Blastocyst formation rate (%) 50.0±33.0 54.8±34.0 -2.285  0.022*

No. of embryos biopsy 2505 3094 / /

Normal rate of biopsy (%) 20.0±33.0 20.0±38.0 -0.363 0.717

No. of transplant cycles 216 260 / /

Clinical pregnancy rate (%) 57.9 125/216 57.3 149/260 0.015 0.902

rate of abortion (%) 8.8 19/216 10.8 28/260 0.516 0.473

live birth rate (%) 49.1 106/216 46.5 121/260 0.286 0.593

Notes: positive number/total number in brackets; * represents P 0.05

Comparison of Robertsonian Translocation Group

In the Robertsonian translocation group (Table 3), 182 PGD-SR cycles were detected in male carriers
group, including 109 transplanted cycles and 73 cycles that were cancelled to transplant due to the
absence of normal transferable embryos and the mean age of these male carriers was 29.0 ± 5.0 years
and ranged from 22 to 48 years; 181 PGD-SR cycles were detected in female carriers group, including 96
transplanted cycles and 85 cycles that were cancelled to transplant due to the absence of normal
transferable embryos and the mean age of these female carriers was 29.0 ± 4.0 years and ranged from 20
to 41 years. The fertilization rate of male carriers was 75.0%, which was lower than that of female carriers
(81.8%) but the normal rate of biopsy (33.3%) was higher than that of female carriers (25.0%). The
differences were both statistically signi�cant. There was no statistical difference between the two in
cleavage rate, high quality embryo rate, blastocyst formation rate, clinical pregnancy rate, abortion rate
and live birth rate.
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Table 3

Embryonic development and pregnancy outcome of Robertsonian translocation carriers
Item Female carrier Male carrier Z/χ2 value P value

No. of egg retrieval cycles 181 182 / /

No. of retrieved oocytes 3181 3108 / /

Average female age (y) 29.0±4.0 29.0±6.0 -1.344 0.179

Average female age (y) 30.0±6.0 29.0±5.0 -0.038 0.970

Fertilization rate (%) 81.8±22.0 75.0±26.0 -2.816  0.005*

Cleavage rate (%) 100.0±0.0 100.0±0.0 -0.068 0.946

High quality embryo rate (%) 42.9±78.0 48.7±70.0 -1.314 0.189

Blastocyst formation rate (%) 50.0±43.0 55.1±42.0 -0.912 0.362

No. of embryos biopsy 1051 935 / /

Normal rate of biopsy (%) 25.0±45.0 33.3±39 -2.291  0.022*

No. of transplant cycles 96 109 / /

Clinical pregnancy rate (%) 53.1 51/96 57.8 63/109 0.452 0.502

rate of abortion (%) 4.2 4/96 8.3 9/109 1.438 0.230

live birth rate (%) 49.0 47/96 49.5 54/109 0.054 0.816

Notes: positive number/total number in brackets; * represents P 0.05

Discussion
The main purpose of this study was to compare the embryo development and pregnancy outcome in
different sex in chromosomal translocation carriers (including reciprocal translocation carriers and
Robertsonian translocation carriers) undergoing PGT-SR. We found by comparison that the fertilization
rate of female carriers was higher than that of male carriers but the blastocyst formation rate was lower
than that of male carriers. This seems to indicate that male genetic material plays an important role in
the process of fertilization, and that the normal development of an embryo may be more dependent on
female genetic material. Embryo chromosomes are derived from both parents. During meiosis, two
translocation chromosomes and two homologous normal chromosomes form tetravalent chromosomes
and separate at anaphase. Normal or balanced gametes are produced by means of alternate separation,
and gametes produced by other patterns of separation have unbalanced karyotypes [13][14]. Studies
have suggested that the difference in carrier sex affects the separation pattern of meiosis of tetravalent
genes [14][15]. There are many factors that affect the separation pattern of meiotic chromosome,
including carrier sex, maternal age, translocation chromosome type and translocation segment length, etc
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[16][17]. Therefore, we divided patients in reciprocal translocation group and Robertsonian translocation
group respectively into male carriers and female carriers, and compared the in�uence of carrier sex on
embryo development and pregnancy outcome in the same type of translocation with no difference in
maternal age. In the reciprocal translocation group, the blastocyst formation rate in female carriers was
lower than that in male carriers, but biopsy results and pregnancy outcome were not statistically different
between the two. Female gametes are more prone to meiosis chromosome errors than male gametes [18].
This was not re�ected in the biopsy results of the reciprocal translocation carriers in this study but in the
blastocyst formation rate, indicating that some embryos that did not develop properly due to
chromosomal abnormalities have been eliminated during embryonic development. In the Robertsonian
translocation group, the fertilization rate of female carriers was higher than that of male carriers but the
normal rate of biopsy was lower than that of male carriers, and the pregnancy outcome was still not
statistically different. This result is comparable to the research of Li Xinyuan et al [19]. According to
Munne, the meiotic segregation pattern of female carriers of Robertsonian translocation is different from
that of male carriers, and the rate of producing unbalanced gametes is higher than that of male carriers
[20], which is consistent with our results. However, most studies have shown that regardless of the sex of
the Robertsonian translocation carrier, alternate separation is the main mode of embryo separation [21]
[22]. In addition, many studies at home and abroad have shown that there is no difference in pregnancy
outcome of PGT-SR between male and female carriers of chromosomal translocation [19][23], and our
research have also come to the same conclusion.

At present, PGT has become a basic and important choice of assisted reproductive technology for
patients with chromosomal translocation. With the continuous development and improvement of
technology, more and more chromosome detection methods are applied in PGT. Fluorescence in situ
hybridization (FISH), previously widely used, can only assess a discrete number of chromosomes, usually
9–12 at a time [24][25]. However, data from the evaluation of 23 pairs of chromosomes of embryonic
DNA have shown that aneuploidy is relatively evenly distributed in all 23 chromosomes [26]. Therefore,
FISH technology is at a signi�cant disadvantage in the identi�cation of aneuploidy. In this study, SNP or
NGS methods were used in all cycles, which are currently more extensive method of diagnosing
embryonic chromosomal abnormalities [27] and all 23 pairs of chromosomes can be comprehensively
screened. It has obvious advantages compared with FISH technology, which can only detect a limited
number of chromosomes [28][29][30]. In addition, compared with previous biopsy at cleavage stage,
blastocyst trophoblast cell biopsy can not only control the damage of biopsy to embryos, but also ensure
the accuracy of sequencing results [31].

A successful clinical pregnancy depends on many factors, such as maternal age, cause of infertility,
infertility duration, endometrial receptivity, etc but only if there is a normally developing transplantable
embryo. Based on a large number of PGT-SR cycles, we did a retrospective analysis and explored the
effects of carriers of different sex on embryonic development and clinical pregnancy outcomes in
reciprocal translocation and Robertsonian translocation, providing ideas for in-depth understanding with
the process of embryonic chromosomal abnormalities. At the same time, it also provides clinical evidence
for the application of PGT assisted fertility treatment. However, our study also had several limitations due
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to its retrospective design and a single medical center, and there is an inevitable bias. In addition, this
research is only a preliminary discussion and the conclusions needed to be interpreted carefully.

Conclusions
In reciprocal translocation, male carriers have a higher rate of blastocyst formation rate than female
carriers. In Robertsonianian translocation, male carriers have a higher noamal rate of biopsy than female
carriers. However, there was no signi�cant difference in pregnancy outcome between male carriers and
female carriers with abnormal chromosome structure.
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