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Abstract

Objective To determine the effect of different translocation characteristics on fertilization rate and blastocyst
development in chromosomal translocation patients.

Methods This retrospective cohort study was conducted at the Third Affiliated Hospital of Zhengzhou University
From January 2017 to December 2022.All couples were diagnosed as reciprocal translocation or Robertsonian
translocation by karyotype of peripheral blood lymphocytes test. After adjusting for confounding factors, the effect
of chromosomal rearrangement characteristics, such as carrier sex, translocation type, chromosome length and break
sites, on fertilization rate and embryo development were analysed separately using multiple linear regression.

Results In cases of Robertsonian translocation (RobT), the carrier sex plays an independent role in fertilization rate,
and the male carriers was lower than that of female carriers (76.16% vs.86.26%, P=0.009). In reciprocal translocation
(RecT), the carrier sex, chromosome types and break sites had no influence on fertilization rate, blastocyst formation
rate (P> 0.05). However, patients with human longer chromosomal (chromosomes 1-5) translocation have a lower
available blastocyst formation rate (Group AB vs. Group CD: 41.49%vs.46.01%, P=0.027). For male carriers, the
translocation types was an independent factor affecting the fertilization rate, and the RobT was the negative one
(B=-0.075,P=00.009). In female carriers, we did not observe this difference (P=0.227).

Conclusions In patients with chromosomal translocation, the fertilization rate may be influenced by carrier sex and
translocation type, chromosomes 1-5 translocation may adversely affect the formation of available blastocysts. Break
sites have no role in fertilization and blastocyst development.
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Introduction

Chromosomal balanced translocation(BT) encompass
reciprocal translocation (RecT) and Robertsonian trans-
location (RobT), with a prevalence of 0.2% and 0.1% in
the population, respectively [1, 2]. Those patients usually
behave normally, but they are prone to abnormal gamete
production, leading to fertility problems [3, 4]. Preim-
plantation genetic testing for structural rearrangements
(PGT-SR) by second-generation sequencing (NGS) may
improve the pregnancy outcomes in patients [5].This
technique is extensively employed in clinical settings [6].
Research has indicated that individuals carrying chro-
mosomal translocations exhibit a reduced rate of blas-
tocyst formation and delayed blastocyst development.
Various translocation characteristics, including carrier
sex, translocation types and chromosome length, may
exert distinct detrimental effects on the process of blas-
tocyst development, as evidenced by relevant literature
[7-9]. Scholars generally believe that the carrier sex and
translocation type have significant effects on chromo-
some ploidy of blastocysts [10—12]. There is no inevitable
relationship between breakpoint positions and blastocyst
outcomes [9]. Some researchers suggested that male car-
riers may be a risk factor for fertilization rate [13], this
may be related to differences in the mechanism of gam-
ete meiosis and the probability of errors between male
and female gametes [14]. So far, the impact of carrier sex
on fertilization rates remains a subject of considerable
debate [13, 15, 16].

Previous research has established that patients with
chromosomal polymorphisms exhibit a notably lower
fertilization rate compared to those with healthy chro-
mosomes [17]. Furthermore, it has been observed that
the negative impact on fertilization rate is more pro-
nounced when the carrier is male rather than female [18,
19]. Based on previous research, we know that there is a
significant correlation between carrier sex, translocation
type and blastocyst outcome [20]. However, the exist-
ing body of research on the influence of different trans-
location characteristics on fertilization and blastocyst
development remains insufficient [13, 16]. PGT-SR may
improve pregnancy outcome in these patients, but this
would be futile in the absence of a fertilized oocyte and
an available blastocyst.

To address the inadequacies of the current studies,
we comprehensively analysed the potential association
of translocation characteristics (such as chromosome
length, breakpoint, translocation type and carrier sex)
with fertilization rate, blastocyst formation rate and
available blastocyst rate. And to reduce the potential
bias of duplicate data, we only included the first PGT-
SR cycle of each couple. The categorization of our study
sample was informed by previous literature [9, 15, 21].
Specifically, the population was divided into two groups
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according to whether the acrocentric chromosomes were
translocated [15]; they are divided into three groups
based on the breakpoint (pp/pq/qq) [9]. The division of
chromosome length is based on the International System
for Human Cytogenetic Nomenclature(ISCN 2020), which
divides 46 human chromosomes into longer(group A/B),
medium(group C/D), and shorter chromosomes(group
E/E/G) [22].

Materials and methods

Study population

This study is a retrospective cohort analysis that exam-
ines the clinical data of 414 patients who underwent pre-
implantation genetic testing for chromosomal structural
rearrangements (PGT-SR) at the Reproductive Medicine
Center of the Third Affiliated Hospital of Zhengzhou
University from January 1, 2017 to December 31, 2022.
All participating couples underwent confirmation of
their genetic makeup through peripheral blood lympho-
cyte karyotyping, revealing that one partner from each
couple possessed a balanced chromosomal translocation.
The study excluded couples with complex chromosome
rearrangements or couples in which both partners had
chromosomal abnormalities. And we only included data
from each patient’s initial PGT-SR cycle. The study was
approved by the Ethics Committee of the Third Affiliated
Hospital of Zhengzhou University, which also waived for
informed consent. The approval number was 2022-414-
01, and the date approval occurred was 28 November
2022.

Grouping

As described in the ISCN (2020) [22], the human chro-
mosomes are divided into seven groups (denoted A-QG)
according to the chromosome length and position of
the centromere. Groups A and B consist of large human
chromosomes. Groups C and D consist of medium-size
chromosomes. Groups E, F and G are human small chro-
mosomes. The subgroups of this study are as follows, in
the RecT, group AB means that at least one of the trans-
located chromosomes belongs to the large chromosomes
of the karyotype (AA+AB+AC+AD+AE+AG+BB+B
C+BD+BE+BF+BG); group CD means that one of the
chromosomes belongs to the medium-size chromosomes
(CC+CD+CE+CF+CG+DD+DE+DF); group EFG
means that one of the chromosomes belongs to the small
chromosomes(EF+EG+FG). Due to the peculiarity of
the RobT, they were divided into DD (both translocated
chromosomes are belong to medium chromosomes),
DG (one belongs to the medium chromosomes and the
other belongs to the small chromosomes) and GG (both
chromosomes are belong to the small chromosomes)
groups. According to the chromosome break sites, the
cohort was divided into 3 groups, as follows: pq (one
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breakpoint was located on the long arm of the chromo-
some, while the other was located on the short arm), pp
(both breakpoints were located on the short arm), qq
(both breakpoints were located on the long arm). In our
data, translocation without the acrocentric chromosome
(Acr-ch) is called non Acr-ch group; otherwise, they are
called Acr-ch group. The above groupings are based on
the ISCN(2020) and previous literature [22, 23].

Semen collection and handling

The individual practices sexual abstinence for a period
of 3-7 days in order to obtain semen by masturbation.
The volume, vitality, and concentration of the semen are
then recorded according to the guidelines of the WHO
Manual for Human Sperm Testing. In the case of patients
undergoing percutaneous epididymal sperm aspiration
(PESA) or testicular sperm aspiration (TESA), the pro-
cedure involves the administration of lidocaine anes-
thesia, followed by the collection of epididymal fluid or
testicular tissue by surgical puncture. The tissue is then
completely disrupted using a 1 ml syringe needle to max-
imize the release of sperm into the culture medium. The
collected semen or tissue suspension was washed by cen-
trifugation, and the treated semen was examined under a
microscope and centrifuged for later use.

Ovulation-inducing, insemination and embryo culture

All patients underwent ultrasound scan and a serum sex
hormone evaluation on the third day of the menstrual
cycle to assess ovarian reserve function. Ovarian stimula-
tion protocols include gonadotropin-releasing hormone
(GnRH) antagonist, GnRH agonist, or progestin-primed
ovarian stimulation (PPOS) [24]. The growth of follicles
was monitored during ovulation, and when at least two
follicles had reached 18 mm in diameter or the domi-
nant follicle was 216 mm in diameter, human chori-
onic gonadotropin or GnRHa was injected as a trigger.
Oocytes were retrieved under vaginal ultrasound guid-
ance after a period of 36 h. The oocyte corona cumulus
complex (OCCC) was observed through microscopic
examination, and the number of oocytes retrieved was
documented. The OCCC was subsequently cultivated for
a duration of 2 h, during which the granulosa cells were
eliminated. Following this, mature oocytes (MII) were
subjected to fertilization via intracytoplasmic sperm
injection (ICSI). Embryos were cultured from pronu-
clear stage to cleavage stage in G1™ Plus (Vitrolife) after
fertilization and then from cleavage stage to blastocyst
stage in G-2™ Plus (Vitrolife) [25]. Embryo quality was
evaluated based on previous literature [26], and day 3
embryos with a score of grade III or higher were des-
ignated as D3 available embryos in our institution. In
accordance with the Vienna Consensus [27], the avail-
able D3 embryos rate=no. of D3 available embryos/no.
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of normally fertilized oocytes. The D5/D6/D7 blastocysts
were observed and evaluated based on Gardner’s scoring
system [28]. At our institution, blastocysts with a score
higher than 3BC were defined as available blastocysts,
and selected for biopsy.

The fertilization rate=number of 2PN and 2BN/
number of MII oocytes X 100%. Blastocyst formation
rate=number of blastocysts/number of blastocysts cul-
tured x 100%. Available blastocyst formation rate=avail-
able blastocyst/ number of blastocysts cultured x 100%.

Statistical analysis

The statistical analysis was performed with SPSS 25.0.
Graphs were generated using GraphPad Prism 8. The data
are described as the meanz*standard deviation, median
(interquartile range) [M(Q1, Q3)], or percentage (%). The
t-test was used to compare the numeric variables, and
the chi-square test was used to compare the categorical
variables. Variables that were significant in the univariate
analysis were included in the multivariate analysis. After
excluding confounding factors, the effect of chromosome
structural rearrangement characteristics on fertilization
rate, blastocyst formation rate and available blastocyst
formation rate was analysed separately using multiple
linear regression. And we included both female and male
age variables in the multivariate analysis. Variables that
are significant sessed for covariance before inclusion in
the multiple regression equation. The variance inflation
factor for each variable was less than 5; thus, the variables
were considered to have no covariance. P value<0.05 was
considered statistically significant.

Results

A total of 414 PGT cycles were included in this study,
including 299 cycles of RecT (female carrier: 135 cycles;
male carrier: 164 cycles) and 115 cycles of RobT (female
carrier: 56 cycles; male carrier: 59 cycles). Basic infor-
mation for all study populations is presented in Table 1.
Information on fertilization and blastocyst development
for different translocation characteristics is shown in
Fig. 1.

Main outcomes of the RecT patients

The average fertilization rate was 83.04% in the RecT.
And for the AB, CD and EFG groups were 83.65%,
82.21% and 82.21%, the qq, pq and pp groups were
82.05%, 83.22% and 86.20%, respectively. The blastocyst
formation rates of the AB, CD and EFG groups were
57.31%, 60.92% and 50.04% respectively, the available
blastocyst rates were 41.49%, 46.01% and 43.05%. The
blastocyst formation rates of the qq, pq and pp groups
were 57.20%, 60.56% and 56.24%, the available blastocyst
rates were 42.07%, 45.28% and 40.83%, respectively. The
blastocyst formation rates of the male and female groups
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Table 1 Basic information description of patients [z +s, M(Q1, Q3), %]
Item Reciprocal translocation Robertsonian P
translocation value
No. of cycles 299 115
Female age (years) 30.09+4.61 30.08+3.75 0.986
Male age (years) 30.93+5.10 30.83+3.74 0.830
Female BMI (kg/mz) 2385+3.16 23944320 0.812
Gn dose/1000 (U) 2.79+091 2.79+0.88 0.894
Gn days 11.0£2.1 11.0+2.1 0.874
AMH(pmol/L) 30.09+20.63 28.78+18.07 0.550
Basal FSH (U/L) 6.45(5.40, 7.45) 6.52(5.55,7.94) 0.303
Types of infertility primary 38.13%(114/299) 40.879%(47/115) 0.608
secondary 61.87%(185/299) 59.13%(68/115)
Ovarian stimulation GnRH agonist 42.47%(127/299) 42.61%(49/115) 0.665
Antagonists 47.83%(143/299) 50.43%(58/115)
PPOS 9.70%(29/299) 6.96%(8/115)
Semen volume 1.94+0.27 1.90£0.32 0.296
Semen motility 37.58+12.98 33.07+£1445 0.002
Fertilization rate (2PN) 0.83+0.17 0.81+0.19 0.356
D3 available embryos rate 0.83+0.18 0.81+022 0.308
Blastocyst formation rate 0.58+0.25 062+0.23 0.200
Available blastocyst formation rate 043+0.23 049+0.22 0.010
Different characteristics of Translation
Break site Pq 129(43.1%) 0 NE
qq 135(45.2%) 100%
pp 35(11.7%) 0
Carrier sex Male 164(54.8%) 59(51.3%) 0517
Female 135(45.2%) 56(48.7%)
Chromosome length AB group 173(57.9%) NE
CD group 118(39.5%) 0
EFG group 8(2.7%) 0
DD group 0 84(73.0%)
DG group 0 29(25.2%)
GG group 0 2(1.7%)
Chromosome types Acr-ch 100(33.4%) 100% NE
Non Acr-ch 199(66.6%) 0

Notes: BMI represents body mass index; AMH represents anti-Miillerian hormone; FSH represents follicle-stimulating hormone; Gn represents gonadotropins; pq
represents a break site in chromosome long arm, another in chromosome short arm; pp represents 2 break sites are in chromosome short arms; qq represents 2
break sites are in chromosome long arms; Acr-ch represents Acrocentric chromosome

were 57.62% and 59.64%, respectively, and the available
blastocyst rates were 41.82% and 45.12%. The significant
variables (P<0.05) in the univariate analysis results were
included in the multivariate analysis. Currently, it is gen-
erally accepted that age has an unavoidable impact on
the outcome, so we included both male and female age in
the multivariate analysis. The effects of carrier sex, chro-
mosome length, breakpoints and chromosome type on
fertilization rate, blastocyst formation rate and available
blastocyst rate were analyzed separately using multiple
linear regression. The results showed that the carrier sex,
breakpoints and chromosome type did not affect fertil-
ization and blastocyst development (P>0.05) (Table 2).
The available blastocyst rate of the AB group (chromo-
somes 1-5) was significantly lower (B=-0.060, P=0.027).

The results of univariate linear regression analysis are
shown in Supplemental Table 1.

Main outcomes of the RobT patients

The average fertilization rate was 81.21% in the
RobT (female RobT 86.26%, male RobT 76.16%). The DD,
DG and GG groups were 80.55%, 84.15% and 67.11%
respectively. The blastocyst formation rates of the DD,
DG and GG groups were 62.97%, 62.60% and 15.63%,
respectively, the available blastocyst rates were 49.74%,
52.48% and 12.50%. Multivariable analysis was used to
explore the effects of carrier sex and chromosome length
on fertilization rate, blastocyst formation rate and avail-
able blastocyst rate respectively. Due to the small sam-
ple size of the GG group (only 2 cycles), they were not
included. The results showed that carrier sex was an



Wu et al. BMC Medical Genomics

A: fertilization rate;

0.8

0.6

A

(a) Effect of two types of translocation on fertilization and

B

(2023) 16:273

B: D3 available embryo rat¢  C: blastocyst formation rate

= Reciprocal translocation

*
D Robertsonian translocation

0.8

0.6

C

blastocyst development

83.65%

81.26% - qq
82 osy22 s
o = pq .
0.8 0.8
= pp
60.56%
3 0.6+
0.6 57.20% 56049
45.28%
42.07% 0.4+
I;] 40.83%
0.4~ T T T
A B C D

(d) Effect of breakpoints of reciprocal translocation on

fertilization and blastocyst development

D: available blastocyst rate

. Male
) Female
86. 26% 83.35%
16% 78. 76%
65. 66%
58.23%
51.79%
47.67%

A

B C D

(b) Effect of carrier sex of Robertsonian translocation on

fer and blastocyst de

87.70%

84.67%
8221% gy00% [

82.21%

60.90%
*
57.319
i
S004% 46.019%
T
C

H‘H 49"/D43.05%

D

A B

(e) Effect of chromosome size of reciprocal translocation

on fertilization and blastocyst development

83.03%
83. 04%

Page 5 of 10

. Male

3 Female
84.27%

A C D

(c) Effect of carrier sex of reciprocal translocation on

0.6

fertilization and blastocyst development

= Acr-ch group
83.59%
= Non-Acr-ch group

A

(f) Effect of chromosome types of reciprocal translocation on

fertilization and blastocyst development

Fig. 1 Effect of translocation characteristics on fertilization and blastocyst development. (a) *t-test is used to obtain the p value, P<0.05. (b)(e) *multivari-
ate regression is used to obtain the p value, P<0.05. (d) pg represents one break site in chromosome long arm, another in the short arm;pp represents 2
break sites are in the chromosome short arms; qq represents 2 break sites are in the chromosome long arms. (e) group AB means that at least one of the
translocated chromosomes belongs to the large chromosomes; group CD means that one of the chromosomes belongs to the medium-size chromo-
somes; group EFG means that one of the chromosomes belongs to the small chromosomes. (f) Acr-ch represents Acrocentric chromosome

Table 2 Multivariate linear regression analysis of the impact of translocation characteristics on fertilization and blastocyst
development in RecT patients

Item fertilization rate ? blastocyst formation rate ° available blastocyst rate ©
B(95.0%Cl) P B(95.0%Cl) P B(95.0%Cl) P
Carrier sex Male 0.005(-0.035,0.045) 0.807 -0.015(-0.072,0.043) 0614 -0.025(-0.076,0.027) 0.349
Female 0 0 0
Chromosome type  Acr-ch 0.033(-0.009,0.075) 0.128 0.020(-0.041,0.081) 0.522 0.044(-0.010,0.099) 0.106
Non Acr-ch 0 0 0
Chromosome Group AB 0.006(-0.035,0.048) 0.767 -0.045(-0.104,0.015) 0.140 -0.060(-0.112,-0.007) 0.027
length Group EFG <0.001(-0.125,0.125 0.997 -0.111(-0.291,0.068) 0.223 -0.029(-0.189,0.130) 0.720
Group CD 0 0 0
Break sites pp group 0.026(-0.040,0.092) 0.443 -0.011(-0.105,0.084) 0.825 -0.024(-0.109,0.061) 0.579
pg group 0.006(-0.036,0.049) 0.767 0.027(-0.034,0.088) 0.387 0.025(-0.029,0.080) 0.359
qQg group 0 0 0

Notes: Acr-ch represents Acrocentric chromosome; pq represents a break site in chromosome long arm, another in chromosome short arm;pp represents 2 break
sites are in chromosome short arms; qq represents 2 break sites are in chromosome long arms;

"a”: adjusting for confounding factors: female age, male age, Gn dose, Days of Gn;

“b": adjusting for confounding factors: female age, male age, Gn dose, basal FSH;

"c”: adjusting for confounding factors: female age, male age, Gn dose, Days of Gn, basal FSH
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Table 3 Multivariate linear regression analysis of the impact of translocation characteristics on fertilization and blastocyst

development in RobT patients

Item fertilization rate ? blastocyst formation rate ® available blastocyst rate €
B(95.0%Cl) P B(95.0%Cl) P B(95.0%Cl) P
Carrier sex Male -0.093(-0.162,-0.024) 0.009 0.068(-0.017,0.153) 0.115 0.042(-0.040,0.124) 0313
Female 0 0 0
Chromosome DD Group -0.039(-0.121,0.042) 0.343 0.005(-0.092,0.101) 0.925 -0.034(-0.127,0.059) 0469
length DG Group 0 0 0

Notes: DD group represents: both translocated chromosomes are belong to medium chromosomes; DG group represents: one belongs to the medium chromosomes

and the other belongs to the small chromosomes
"a”: adjusting for confounding factors: female age, male age, Gn dose, AMH;
“b": adjusting for confounding factors: female age, male age, Gn dose, basal FSH;

un,
C

: adjusting for confounding factors: female age, male age, Gn dose, Days of Gn, basal FSH

Table 4 Multivariate analysis of the effects of translocation types on fertilization and blastocyst development

Item fertilization rate ® blastocyst formation rate ® available blastocyst rate ©
B(95%Cl) P B(95%Cl) P B(95%Cl) P

Male carriers

Types RobT -0.075(-0.131,-0.019) 0.009 0.072(-0.003,0.148) 0.061 0.087(0.019, 0.155) 0.012
RecT 0 0 0

Female carriers

Types RobT 0.032(-0.020,0.083) 0.227 -0.015(-0.092,0.061) 0.692 0.024(-0.047,0.096) 0.501
RecT 0 0 0

Notes: RecT represents reciprocal translocation; RobT represents Robertsonian translocation;

“a" adjusting for confounding factors: female age, male age, Gn dose, days of Gn, basal LH, AMH;

“b”, “c": adjusting for confounding factors: female age, male age, Gn dose, basal FSH

independent influencing factor, and the fertilization rate
was significantly lower in male carriers than in female
carriers (B =-0.091, P=0.009) (Table 3). The results of
univariate linear regression analysis are shown in Supple-
mental Table 2.

Main outcomes of the different translocation types

The cohort was divided into two groups based on the
carrier sex, the results of multivariable analysis showed
that in male carriers, the type of translocation signifi-
cantly affects fertilization rate (B =-0.075, P=0.009) and
available blastocyst rate (B=0.087, P=0.012). In female
carriers, the type of translocation had no effect on the
fertilization rate (P=0.227) (Table 4). The results of uni-
variate analysis are shown in Supplemental Tables 3, 4.

Discussion

This study, for the first time, systemically compared the
effects of the characteristics of patients with chromo-
somal structural rearrangements on fertilization and
blastocyst development. Adjusting for potential con-
founders using multivariate linear regression analysis.
Our data showed that translocation types and carrier
sex may potentially exert an influence on fertilization
rate, while break sites and chromosome types do not play
a significant role. Longer chromosome translocations
(chromosomes 1-5) may be a risk factor for obtaining

available blastocysts. And translocation types may have
an impact on the formation of available blastocysts.

Effect of translocation types on fertilization and blastocyst
development

Our data shows that, in the male group, the fertiliza-
tion rate of the RobT was lower than that of the RecT
(B =-0.069, P=0.027). This finding is consistent with
the observations of Findikli et al. who also reported a
lower fertilization rate for the RobT compared to the
RecT (58.8% vs. 64.5%) [29]. We speculate that this may
be because acrocentric chromosomes (Acr-ch, RobT’s
chromosomes) are unstable during meiosis and mitosis,
resulting in abnormal distribution of genetic material in
the gametes. This hypothesis is supported by previous
research findings. By analyzing the segregation patterns
of the two translocation types, Zhang et al. suggested that
the involvement of Acr-ch hinders spermatogenesis [30,
31]. Silvia Garagna et al. linked Robertsonian chromo-
somes to subfertility in mice, positing that the presence
of Robertsonian chromosomes leads to impaired sper-
matogenesis [32]. Using transmission electron micros-
copy analysis of spermatozoa from 45, XY, der (14; 22)
patients (the RobT), Baccio et al. found that the sperm
had abnormal ultrastructural defects associated with
immaturity [33]. Additionally, the gametes of these two
translocation types form distinct unique chromosome
structures during meiosis (RecT forms tetravalents, while
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RobT forms trivalents) [31, 34]. The diminished rate of
fertilization observed in RobT patients may be attributed
to the inherent instability of the trivalent structure, which
consequently increases the likelihood of generating
unbalanced gametes. On the other hand, the unbalanced
sperm of patients with RobT exhibit increased suscepti-
bility to exogenous fragmentation factors, which have the
potential to disrupt the genetic material of the sperm [35,
36], and impede the regular insemination process.

As we know, blastocyst culture is the process of further
screening of embryos. The analysis of our data reveals
that there is no significant difference in the fertilization
rate and D3 availability embryo rate between the two
types of translocation. However, it is noteworthy that
the available blastocyst rate of the RecT is lower com-
pared to the RobT. Additionally, the trend in blastocyst
formation rate follows a similar pattern, although sta-
tistical significance is not observed, as illustrated in
Fig. 1(a). Therefore, we speculate that the screening of
embryos primarily occurs during the blastocyst forma-
tion stage, which is consistent with the results observed
with time-lapse imaging and embryo genetic testing [37,
38]. Mateu-Brull et al. conducted a comparative analysis
of embryo biopsy outcomes on day 3 and day 5/6, reveal-
ing a higher proportion of normal embryos at the blas-
tocyst stage compared to the cleavage stage [23]. Our
suggestion is consistent with the prevailing opinion that
the blastocyst outcome of the RecT is inferior to that of
the RobT [20, 29]. This phenomenon could potentially be
attributed to the diminished developmental capacity of
embryos and the increased likelihood of chromosomally
abnormal embryos in patients with RecT [23].

Effect of carrier sex on fertilization and blastocyst
development

We know that female and male gametes develop differ-
ently, as female germ cells develop to metaphase I before
birth and arrest at this stage [39], while male sperm
develop continuously from puberty [40]. Spermatogonia
undergo repeated mitoses before the onset of meiosis,
which increases the chance of chromosome segregation
errors. And the men with chromosomal structural abnor-
malities have significantly higher rates of sperm DNA
fragmentation [35], which affects the fertilization rate
[41]. The physical observation we normally use cannot
accurately identify these sperm [42], so ICSI insemination
is likely to lead to the selection of sperm with abnormal
karyotypes, which can result in lower fertilization rates.
Notably, DNA breaks are only associated with structural
chromosomal abnormalities [43].According to Academi-
cian Chen Zijiang, the cause of failed fertilization is not
simply the result of the sperm not entering the follicle;
rather, it may be the result of various causes of oocyte
plasma inactivation or abnormal sperm chromosome
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depolymerization. For example, male PLCZ1 gene muta-
tion leads to oocyte activation disorder [44]. A previous
study suggested that chromosomal polymorphisms nega-
tively affect the fertilization rate [17],and male carriers
have significantly lower fertilization rates [18]. Zhanhui
et al. concluded that male carrier is thought to be a risk
factor [19].

Our data showed that, in the RobT, male carrier was
identified as a negative factor influencing the fertilization
rate. A previous study [45] indicated that the male car-
riers had a lower fertilization rate than female (58% vs.
67.9%), but the difference was not statistically significant,
possibly due to the small sample size (only 66 cycles).
Data from a recent study showed that [16], in cases of
RobT, the fertilization rate of male carriers was signifi-
cantly lower than that of females (61.04% vs. 65.70%,
P<0.001), but this phenomenon was not present in the
RecT, which supports the results of our study. Some
researchers had a different view, Findikli et al. concluded
that the fertilization rate of male RecT patients was lower
than that of female (the sample size was only 24 cycles)
[29]. Li et al. believed that female RecT patients had
a lower fertilization rate than males (78.8% vs. 83.8%,
P<0.05), [13] but the difference was not observed in
the RobT (79.4% vs. 85.1%, P>0.05). The observations
of these two studies [13, 29] were contradictory, which
may be due to differences between research centers
and the influence of potential confounders. Stahl, A et
al. indicated that in oocytes, the Acr-ch are distributed
across multiple regions, while in spermatogonia, they
are localized in a single region [46]. This distributional
behavior may explain the differences between male and
female RobT. As we know, checkpoint mechanisms exist
in human cells. When the chromosomes are abnormal,
this mechanism is triggered, leading to meiotic arrest
and reducing the production of abnormal gametes. How-
ever, this checkpoint mechanism is not fully effective in
eliminating all abnormal cells [47]. Interestingly, RobT
mouse models have shown that this checkpoint mecha-
nism has low stringency in male mice rather than female
[48]. However, there is insufficient evidence to determine
whether this phenomenon exists in humans, although
differences in the mechanisms of gamete meiosis and
the probability of errors between males and females have
been noted [14]. Up to now, few studies have been able to
comprehensively dissect the mechanisms underlying this
phenomenon, therefore, further expansion of the data
and more rigorous basic research are needed to verify
this conclusion in the future. Consistent with previous
studies, we did not observe this sex effect in the RecT
[15].

This study suggests that there is no significant differ-
ence in the blastocyst formation rate and available blas-
tocyst rate between male and female carriers. We believe
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that the sex differences caused by the above mechanisms
have little or no effect on blastocyst development after
fertilization. Currently, the effect of carrier sex on blasto-
cyst development is controversial [8, 49]. It may be due to
the bias of population characteristics and sample size in
different research centers, which leads to the differences
of these research results. In the future, multi-center and
large sample size studies are needed.

Effects of chromosome size and breakpoint on fertilization
and blastocyst development

In recent years, the impact of chromosome length and
breakpoints on normal embryos has gradually attracted
scholars’ attention [9, 23], but there is a dearth of reli-
able evidence in this area. To address the inadequacies
of the current studies, we have conducted a preliminary
investigation. It is worth noting that our data suggest
that human longer chromosomal translocation (Chro-
mosomes 1-5) is a risk factor for obtaining available
blastocysts. It may be related to the poor developmen-
tal potential of human longer chromosomal transloca-
tion embryos. Previous research supports our conclusion
that the longer the translocated chromosome, the more
difficult it is to form a blastocyst [50]. A review of the
previous literature indicated that human long chromo-
somes (chromosomes 1-5) exhibit a higher susceptibility
to chromosome segregation errors compared to shorter
chromosomes, potentially due to their elevated abun-
dance of adhesion proteins [51]. Furthermore, it has been
proposed that the majority of abnormal chromosomes
found in aneuploid embryos are human long chromo-
somes (chromosomes 1, 2, 4, and 9) [52]. In contrast to
previous study, only the initial cycle of each couple was
included in this study to avoid the confounding effect
of repeated measurement data from multiple cycles of a
couple [24].

The limitation of this study is that these results come
from our limited sample size, and in the future, we will
conduct a multicenter study with a large sample size.
And it is unsuitable to apply these findings to couples
with complex chromosome rearrangements as they were
excluded from the study.

In conclusion, translocation types and carrier sex may
potentially exert an influence on fertilization rate. And
human longer chromosome translocation (chromosomes
1-5) may be a risk factor for obtaining available blasto-
cysts. And translocation types may have an impact on the
formation of available blastocysts. The break sites play no
role in fertilization and blastocyst development. Our lim-
ited data can provide some references for researchers and
accurate genetic counseling.
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