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High proportion of zygotes with
multiple pronuclei increase the
embryo multinucleation rate
during conventional IVF

Mingzhao Li, Xia Xue & Juanzi Shi**

The incidence of multiple pronuclei (> 3PN) zygotes and blastomere multinucleation was found to be
elevated in the presence of increased estradiol (E,) levels and a greater number of retrieved oocytes.
This implies a potential link between the incidence of multinucleation at the two-cell stage (MN2)

and a higher proportion of > 3PN zygotes. We aimed to investigate the effect of high proportion of

> 3PN zygotes on MN2 incidence during conventional in vitro fertilization (C-IVF) by using time-lapse
monitoring. This study included 1195 patients from January 2020 to December 2022. The patients were
categorized into three groups: Group 1 comprised patients with no > 3PN zygotes (n=422), Group

2 included those with 0-25% >3PN zygotes (n=617), and Group 3 consisted of patients with more
than 25% >3PN zygotes (n=156). The MN2 rate, types of MN2 and clinical outcomes were compared
among the three groups. Our data indicated that the MN2 rate was significantly lower in groups 1 and
2 compared to group 3 (18.33 versus 25.62%; p < 0.001 and 19.45 versus 25.62%; p < 0.001). The MN2
embryos exhibited similar rates of high-quality embryos (42.27 versus 43.50 versus 40.67%; p=0.401)
and available embryos (84.96 versus 84.04 versus 83.21%; p = 0.460) rates among the three groups.
There were no significant differences in the proportion of MN2 with different types among the three
groups (p> 0.05). The embryos displaying binucleated at the two-cell stage in one blastomere (2BI1)
and true multinucleated at the two-cell stage in one blastomere (2MULTI1) showed significantly higher
blastocyst formation rates compared to embryos exhibiting true multinucleated at the two-cell stage
in both blastomeres (2MULTI2) (59.50 versus 45.40%; p < 0.001 and 59.40 versus 45.40%; p < 0.001). In
conclusion, the occurrence of MN2 events might be associated with high proportion of > 3PN zygotes
incidence. The types of MN2 had significant reference value when selecting embryos for transfer during
the cleavage stage.
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The phenomenon of blastomere multinucleation at the two-cell stage (MN2) is a common nuclear abnormality
observed in early human embryos!. The reported incidence of MN2 demonstrates a significant variation, ranging
between 15% and 40%2°. A blastomere exhibiting multiple nuclei has been observed to undergo independent
dissolution of nuclear membranes, resulting in asynchronous nuclear events pivotal for cell division. Studies
have reported that the incidence of MN2 exerts a considerable detrimental influence on embryo development,
blastocyst formation, and successful implantation®.

The incidence of multiple pronuclei (>3PN) is identified as one of the most prevalent chromosomal
abnormalities impacting human gestation®. Prior research suggests a higher proportion of >3PN zygotes
negatively influences embryo development and clinical outcomes in both conventional in vitro fertilization
(C-IVF) and intracytoplasmic sperm injection (ICSI) cycles®’.

Chen et al. demonstrated that the propensity toward > 3PN was related to ovarian stimulation, as indicated
by elevated peak estradiol (E,) levels and substantial oocyte yields®. Furthermore, several studies have indicated
that cycles with multinucleation exhibited increased E, levels and a higher count of retrieved oocytes”'’. In our
previous study, we selected two patients who had a single normal zygote and more than four > 3PN zygotes in
the initial C-IVF cycle. We then observed the incidence of MN2 in the single normal embryo utilizing time-lapse
monitoring (TLM)'!. These findings implied a potential association between the incidence of MN2 and a higher
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proportion of > 3PN zygotes. Consequently, our study aimed to investigate the impact of a high proportion of
> 3PN zygotes on the incidence of MN2.

Materials and methods

This study encompassed 1195 C-IVF patients who underwent TLM from January 2020 to December 2022.
Only elective single blastocyst embryo transfers (eSBETs) were included in this study. The TLM patients were
categorized into three groups: Group 1 comprised patients with no > 3PN zygotes (n=422), Group 2 included
those with 0-25% >3PN zygotes (n=617), and Group 3 consisted of patients with more than 25% >3PN zygotes
(n=156). All female patients were not beyond 38 years old to eliminate possible age-related cycle characteristics.
Additionally, all cycles were the first attempt at down-regulated ovarian stimulation. Patients with severe
endometriosis, those using a gestational carrier, those undergoing in-vitro maturation, those with the presence
of uninterrupted hydrosalpinx or intrauterine adhesions, those with polycystic ovary syndrome, and those with
fertilization failure were excluded from this study.

The ovarian stimulation protocol employed in this study has been previously delineated!?. Briefly, stimulation
protocols were executed utilizing a combination of Gonadotropin-Releasing Hormone (GnRH) agonist/GnRH
antagonist and recombinant Follicle-Stimulating Hormone (FSH). The ovarian response was continually
monitored via serial ultrasound examinations and hormone measurements. Upon the detection of three follicles
exceeding 18 mm, patients were administered 10,000 units of Human Chorionic Gonadotropin (hCG). Oocyte
retrieval was subsequently executed 36 h later through transvaginal ultrasonography-guided aspiration.

Post-retrieval, the oocyte-cumulus complexes were cultured in the medium (IVF; Vitrolife). C-IVF was
performed 39 to 40 h after hCG administration while incubated in fertilization medium (IVF; Vitrolife). Five
hours post-IVF fertilization, zygotes were transferred to a cleavage medium (G-1; Vitrolife). Embryos designated
for blastocyst culture were moved to a blastocyst medium (G-2; Vitrolife) on day 3 and remained until day 6.
All media were overlaid with paraffin oil and incubated in a humidified atmosphere at 37 °C for a preceding
duration of 24 h.

After 64 to 68 h of culture, the cleavage-stage embryos were scored according to homogeneous degree of
blastomeres, the number of blastomeres and embryo fragmentation. The high-quality cleavage-stage embryos
were graded I and II. The available cleavage-stage embryos were graded I, II, and III. The blastocyst-stage
embryos were scored according to the stage of development from 1 to 6, the grade of the inner cell mass and the
trophectoderm". The high-quality blastocyst was graded > 3BB.

For culture with the EmbryoScope (Vitrolife, Sweden), dedicated 16-well plates were prepared with 25 ul
microdrops of culture medium (Vitrolife, Sweden) overlaid by 1.4 ml of mineral oil (Vitrolife) at 37 °C, in 6%
CO,,5% O,,and 89% N,. Retrospective analysis of each embryo’s images was conducted using the EmbryoViewer
external image analysis software (Unisense FertiliTech, Sweden). Images were acquired every 20 min in seven
different focal planes during culture. The specific parameters were recorded according to relevant references!.
The embryos exhibiting abnormal cleavage (division of one cell into three cells) or direct cleavage (duration of the
2-cell stage <5 h) were omitted due to their recognized detrimental effect on implantation'®. The nucleus status
of the blastomeres was evaluated as non-multinuclear at the two-cell stage (2MONO) when each blastomere
contained at most one nucleus. Blastomeres with two nuclei were defined as 2BI. Blastomeres with more than
two nuclei and were defined as 2MULTL

The embryo transfer catheter (Cook Ireland Ltd., Limerick, Ireland) was used for transfer. Prior to the
transfer, any vaginal and cervical secretions were gently removed from the vagina/cervix with small pledgets of
cotton wool, moistened with warm normal saline. Any mucus present in the cervical canal was also removed.
Following the transfer, the catheter was examined for any retained embryos or presence of blood. Post-transfer,
all patients received luteal support via Duphaston (progesterone injection). Clinical pregnancy was confirmed
by the detection of an intrauterine gestational sac and fetal heartbeat via transvaginal ultrasound four weeks
post-embryo transfer.

The comparison of continuous variable outcomes between groups was conducted using the Student’s t-test
for normally distributed data and the non-parametric Mann-Whitney U-test for skewed data. Categorical
variable outcomes, expressed as numbers and percentages, were compared between groups using the chi-square
test or Fisher’s exact test. The statistical analyses were performed utilizing SPSS version 21 (IBM Corp., USA).
A p-value of less than 0.05 was considered to indicate statistical significance. When p <0.05 among the three
groups, a pairwise comparison was performed between the two groups. For this study among the three groups,
the adjusted a level was 0.016667. If the p value of the pairwise comparison was less than 0.016667, the difference
between the two groups was statistically significant.

Results

The study flow chart was presented in Fig. 1. The demographic and baseline characteristics of the study
population were detailed in Table 1. No significant differences were noted in the female age, body mass index
(BMI), duration of infertility, basal FSH level, basal E, level, total gonadotropin (Gn) dose, Gn stimulation
duration, number of retrieved oocytes, and endometrial thickness (p > 0.05).

We observed no significant differences in the clinical pregnancy (70.14 versus 72.12 versus 66.67%; p=0.180),
ectopic pregnancy (0.68 versus 0.45 versus 0.96%; p=0.524) and ongoing pregnancy (64.93 versus 66.77 versus
61.54%; p=0.218) rates among the three groups. Our data revealed a significant difference in birth rates among
the three groups (62.32 versus 65.32 versus 56.41%; p =0.047), though no significant differences emerged upon
further pairwise comparisons (62.32 versus 65.32%; p=0.323 and 62.32 versus 56.41%; p=0.196 and 65.32
versus 56.41%; p=0.039) (Table 2). There were no significant differences observed in the rates of high-quality
embryos (47.76 versus 49.17 versus 46.37%; p=0.213), available embryos (85.78 versus 84.64 versus 84.03%;
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Fig. 1. Study Flow Chart. eSBET: elective single blastocyst-stage embryo transfer; MN2: multinucleation at the
two-cell stage; 2MONO: non-multinucleated at the two-cells stage; 2BI1: binucleated at the two-cell stage in
one blastomere; 2BI2: binucleated at the two-cell stage in both blastomere; 2MULTI1: true multinucleated at
the two-cell stage in one blastomere; 2BI1/2MULTI1: binucleated in one blastomere and true multinucleated
in the other blastomere at the two-cell stage; 2MULTI2: true multinucleated at the two-cell stage in both
blastomeres; Group 1: the patients with no > 3PN zygotes; Group 2: the patients with 0-25% >3PN zygotes;
Group 3: the patients with more than 25% >3PN zygotes. The comparison of clinical outcomes included
clinical pregnancy, ectopic pregnancy, ongoing pregnancy, and live birth rates.

Parameter Group 1 Group 2 Group 3 P

No. transfers (n) 422 617 156 /

Female’s age (y) 30.17+3.50 30.08+3.75 30.36+3.95 0.695
BMI (kg/mz) 21.93+3.51 22.03+3.56 22.24+3.58 0.287
Infertile time (y) 297+1.22 2.99+1.31 3.03+1.35 0.702
Basal FSH (mIU/ml) 6.53+1.32 6.61+1.42 6.72+1.49 0.303
Basal E, (pg/ml) 61.55+21.02 63.29+22.11 62.52+21.83 0.291
Total Gn does (IU) 2203.70+863.78 | 2146.17 +819.64 | 2108.57 +770.99 | 0.282
Gn stimulation time (d) 11.28+2.83 11.24 +£2.66 11.31£2.59 0.751
No. of oocytes retrieved (n) 11.70+2.70 12.93+2.86 12.18+2.77 0.239
Endometrial thickness (mm) | 11.91+2.30 11.97+2.37 12.03+2.41 0.763

Table 1. Main characteristics of the study population. Continuous variables were presented as mean + standard
deviation. Categorical variables were expressed as number and percentage. BMI: body mass index; FSH:
follicle-stimulating hormone; E: estradiol; Gn: gonadotropin.

p=0.382), blastocyst formation (58.35 versus 59.30 versus 57.45%; p =0.362), direct cleavage (DC) (26.29 versus
25.09 versus 23.52%; p =0.069) and reverse cleavage (RC) (5.90 versus 6.00 versus 6.41%; p=0.617) rates among
the three groups. The results indicated that the MN2 rate was significantly lower in groups 1 and 2 compared
to group 3 (18.33 versus 25.62%; p <0.001 and 19.45 versus 25.62%; p <0.001) (Table 3). The MN2 embryos
exhibited similar rates of high-quality embryos (42.27 versus 43.50 versus 40.67%; p=0.401) and available
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Parameter Group 1 Group 2 Group 3 P
No. transfers (n) 422 617 156 /
Clinical pregnancy (%,n) | 70.14 (296/422) | 72.12 (445/617) | 66.67 (104/156) | 0.180
Ectopic pregnancy (%,n) | 0.68 (2/296) 0.45 (2/445) 0.96 (1/104) 0.524
Ongoing pregnancy (%,n) | 64.93 (274/422) | 66.77 (412/617) | 61.54 (96/156) | 0.218
Live birth (%,n) 62.32 (263/422) | 65.32 (403/617) | 56.41 (88/156) | 0.047

Table 2. Clinical outcomes of the population.
Parameter Group 1 Group 2 Group 3 P
No. transfers (n) 422 617 156 /
2PN (%,n) 79.17 (3910/4939)> | 72.54 (5786/7976)¢ | 56.05 (1065/1900)> ¢ | <0.001
> 3PN (%,n) 0 (0/4939)® 12.69 (1012/7976)>< | 32.74 (622)"< <0.001
Cleavage (%,n) 98.36 (3846/3910) 98.45 (5696/5786) 98.22 (1046/1065) 0.584
D3 good quality embryos (%,n) | 47.76 (1837/3846) 49.17 (2801/5696) 46.37 (485/1046) 0.213
D3 available embryos (%,n) 85.78 (3299/3846) 84.64 (4821/5696) 84.03 (879/1046) 0.382
Blastocyst formation (%) 58.35 (1925/3299) 59.30 (2859/4821) 57.45 (505/879) 0.362
DC (%,n) 26.29 (1011/3846) | 25.09 (1429/5696) | 23.52 (246/1046) 0.069
RC (%,n) 5.90 (227/3846) 6.00 (342/5696) 6.41 (67/1046) 0.617
MN2 (%,n) 18.33 (705/3846)* | 19.45 (1108/5696)° | 25.62 (268/1046)>° | 0.012

Table 3. Results of 2PN embryo developmental parameters from TLS. TLS: time-lapse system; 2PN: two
pronuclei; DC: direct cleavage; RC: reverse cleavage; MN2: multinucleation at the two-cell stage; ® vs.

vs. © were significantly different.

Parameter Group 1 Group 2 Group 3 P
No. MN2 embryos (n) 705 1108 268 /

D3 good quality embryos (%,n) | 42.27 (298/705) | 43.50 (482/1108) | 40.67 (109/268) | 0.401
D3 available embryos (%,n) 84.96 (599/705) | 84.04 (927/1108) | 83.21 (223/268) | 0.460
Types of MN2 (%,n)

2BI1 30.2 (213/705) | 28.4 (315/1108) | 26.9 (72/268)

2BI2 2.7 (19/705) 2.7 (30/1108) 3.0 (8/268) 0.305
2MULTI1 31.9 (225/705) | 30.9 (342/1108) | 32.1 (86/268)
2BI1/2MULTI1 5.4 (38/705) 7.0 (77/1108) 4.9 (13/268)

2MULT2 29.8 (210/705) | 31.0(344/1108) | 33.2(89/268)
Blastocyst formation (%,n)

2BI1 61.0 (130/213) | 58.0 (183/315) | 61.1 (44/72)

2BI2 52.6 (10/19) 46.7 (14/30) 50.0 (4/8) 0.500
2MULTI1 58.2 (131/225) | 60.5(207/342) 58.1 (50/86)
2BI1/2MULTI1 57.9 (22/38) 57.1 (44/77) 61.5 (8/13)

2MULTI2 46.7 (98/210) 44.5 (153/344) 46.0 (41/89)

Table 4. Correlation between nucleus status at the two-cell stage and blastocyst development.

a byg,

b ¢

>

embryos (84.96 versus 84.04 versus 83.21%; p =0.460) rates among the three groups (Table 4). The blastomeres’
nucleus status at the two-cell stage was shown in Fig. 2. There were no significant differences in the proportion
of MN2 with different types among the three groups (p>0.05) (Table 4). The type of MN2 mainly displayed
in three forms, namely binucleated at the two-cell stage in one blastomere (2BI1), true multinucleated at the
two-cell stage in one blastomere (2MULTI1) and true multinucleated at the two-cell stage in both blastomeres
(2MULTI2). There were no significant differences in the blastocyst formation rates for embryos with different
type of MN2 among the three groups (p>0.05) (Table 4).

The embryos displaying 2BI1 and 2MULTI1 showed significantly higher blastocyst formation rates compared
to 2MULTI2 embryos (59.50 versus 45.40%; p <0.001 and 59.40 versus 45.40%; p <0.001) (Fig. 3). Transfer
characteristics as well as the distribution of nucleus status at the two-cell stage were shown in Table 5. Elective
single blastocyst embryo transfer was mostly from embryos exhibiting non-multinucleated at the two-cells stage
(2MONO) (Table 5). There were no significant differences in the clinical pregnancy rates for all transfers with
different type of MN2 among the three groups (p>0.05) (Table 6). The blastocysts displaying 2MULTI2 were
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Fig. 2. Nucleus status at the two-cell stage.
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Fig. 3. Blastocyst formation of different types of MN2 embryos.

No. transfers (n) 422 617 156 /

2MONO (%,n) 63.7 (269/422) | 60.3 (372/617) | 59.6 (93/156) | 0.301
2BI1 (%,n) 12.6 (53/422) | 14.3 (88/617) | 13.5(21/156) | 0.582
2BI2 (%,n) 3.08 (13/422) |3.73(23/617) |3.85(6/156) |0.711
2MULTI1 (%,n) 11.6 (49/422) | 12.8 (79/617) 12.2 (19/156) | 0.596
2BI1/2MULTI2 (%,n) | 2.61 (11/422) | 1.62(10/617) 1.92 (3/156) | 0.299
2MULTI2 (%,n) 6.40 (27/422) | 7.3 (45/617) 8.97 (14/156) | 0.317

Table 5. Results of nucleus status at the two-cell stage for all transfers.

correlated with a significantly reduced implantation potential compared to 2MONO and 2BI1 embryos after
blastocyst transfer (54.70 versus 74.10%; p=0.002 and 54.70 versus 74.10%; p=0.002) (Fig. 4).

Discussion

In this research, we focused on patients who used TLM and concluded that the occurrence of MN2 events might
be associated with high proportion of > 3PN zygotes incidence. And the types of MN2 had significant reference
value when selecting embryos for transfer during the cleavage stage. In our center, we primarily conducted
TLM on the embryos of the following groups of individuals. One group consisted of patients with a higher
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Parameter Group 1 Group 2 Group 3 P

Clinical pregnancy (%,n) | 70.14 (296/422) | 72.12 (445/617) | 66.67 (104/156) | 0.353
2MONO (%,n) 73.2(197/269) | 75.5(281/372) | 71.0 (66/93) 0.424
2BI1 (%,n) 73.6 (39/53) 76.1 (67/88) 66.7 (14/21) 0.225
2BI2 (%,n) 69.2 (9/13) 73.9 (17/23) 83.3 (5/6) 0.602
2MULTTI (%,n) 63.3 (31/49) 62.0 (49/79) 57.9 (11/19) 0.717
2BI1/2MULTI2 (%,n) 45.5 (5/11) 60.0 (6/10) 33.3(1/3) 0.699
2MULTI2 (%,n) 55.6 (15/27) 55.6 (25/45) 50.0 (7/14) 0.847

Table 6. Clinical outcomes of all transfers with different nucleus status at the two-cell stage.
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Fig. 4. Implantation ability of different types of MN2 embryos.

number of oocytes retrieved, while the other group included patients with a history of unsuccessful cycles. The
iDAScore could be used in a time-lapse system (EmbryoScope+) equipped with the adequate software (Vitrolife
Technology Hub) which was confirmed to be associated with decreased miscarriage rates and increased
live birth rates!'®. Therefore, we selected patients with a high number of eggs because they typically undergo
blastocyst culture for all day 3 embryos. The reason for selecting multi-cycle patients to use TLS was to identify
the underlying causes of infertility in the context of embryonic development. It could capture the temporal
parameters of various cleavage events and could also observe the information on normal cleavage and abnormal
cleavage patterns, which might be closely associated with the embryo development and clinical outcomes'’. In
addition, the preimplantation genetic testing (PGT) cycles were always performed using TLM. The accuracy of
the results was not affected by the study design and enrolled population.

It was well known that the etiology of > 3PN incidence was complicated which were primarily attributed to
oocyte-derived meiotic failure and polyspermic fertilization. Sachs et al. clearly illustrated that the occurrence of
> 3PN was associated with a heightened response to gonadotropin stimulation, characterized by elevated peak
E, level on the day of hCG administration and a high number of retrieved oocytes®. Physiologically, patients with
arobust response to the drug frequently yielded a higher proportion of immature or overripe oocytes. Immature
oocytes were unable to undergo proper cortical and zona reactions, leading to an elevated rate of polyspermy.
After aging of overripe egg, only part or no cortical granules might be released. It resulted in incomplete or
unsuccessful cortical reaction, thereby increasing the likelihood of polyspermy occurrence.

Multinucleation was a nuclear abnormality resulting from an error in the cytokinesis process!®. Jackson et
al. found multinucleation present in cycles that exhibited a heightened response to treatment, characterized
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by elevated E, levels and a high number of retrieved oocytes®. Figueira et al. demonstrated that most of the
patients experiencing MN2 incidence exhibited a greater quantity of follicles and retrieved oocytes'®. These
observations suggested that multinucleated embryos might result from ovulation induction regimens in which
the ovaries were more sensitive to gonadotrophin therapy, leading to increased oocyte production. Some oocytes
generated in these exuberant cycles seemed to be abnormal, potentially resulting in chromosomal abnormalities,
cytokinesis errors, and multinucleation®'°.

To sum up, elevated peak serum E, level and a higher number of retrieved oocytes might be associated with
the incidence of > 3PN zygotes and MN2 embryos. The way a single embryo was affected might indicate how the
entire cohort was affected, even if the remaining embryos did not exhibit similar characteristics. It also suggested
that a high proportion of > 3PN zygotes could increase the likelihood of MN2 embryos occurrence originating
from surplus 2PN zygotes. Subsequently, our findings revealed a positive correlation between the MN2 rate and
the incidence of > 3PN embryos.

Figueira et al. showed that a high proportion of >3PN zygotes might reflect a globally dysfunctional
oocyte cohort and make negative influence on the embryo potential development®. A retrospective analysis of
cleavage-stage embryos also indicated that the appearance of MN2 was associated with impaired cleavage and
increased fragmentation®. Nevertheless, we observed comparable good-quality and available embryo rates in
groups with high proportion of > 3PN zygotes compared with groups with low or absent > 3PN zygotes in this
investigation. Conflicting conclusions might be due to the capacity for self-correction during initial cleavage
divisions. Balakier et al. demonstrated a significant decrease in the blastomere multinucleation rate during the
transition from the 2- to 4-cell stage?. The potential for self-correction was also proposed in earlier FISH studies,
which revealed that some MN2 embryos might restore normal ploidy during preimplantation development?..

We further investigated the nucleus status at the two-cell stage for all transfers and our findings showed that
elective single blastocyst embryo transfer was predominantly from those embryos with one nucleus in each
blastomere. Our findings indicated that MN2 mainly displayed in three forms: binucleation in one blastomere,
multinucleation in one blastomere and multinucleation in both blastomeres which was consistent with previous
report??. In this study, embryos exhibiting some types of MN2 showed a comparable blastocyst formation rate
to that of normal embryos. Embryos exhibiting binucleated in one blastomere and multinucleated in both
blastomeres showed enhanced development leading to the formation of high-quality blastocysts in comparison
to other types of MN2 embryos. Similar to our research, Talbot et al. also indicated that embryos displaying
binucleated in one blastomere were correlated with enhanced development resulting in the formation of high-
quality blastocysts®2.

The relationship between multinucleation and aneuploidy remains unclear. Studies utilizing preimplantation
genetic screening have indicated similar aneuploidy rates between embryos with multinucleation and those
without multinucleation?. Hence, it has been proposed that the presence of MN2 should not be considered as
a reliable indicator of aneuploidy or for embryo selection. It has been suggested that most MN2 embryos have
the capacity for self-correction during early cleavage divisions and can develop into euploid blastocysts resulting
in healthy babies?. It was also illustrated that blastocysts derived from MN2 embryos exhibited comparable
implantation potential to those from normal embryos?*. Our study also demonstrated that blastocysts displaying
binucleated at the two-cell stage in one or two blastomeres exhibited comparable implantation potential to that
of normal embryos. Therefore, these findings suggest that culture of MN2 embryos to the blastocyst stage for
transfer might be an alternative option.

It is difficult to predict the potential for embryo development into a blastocyst and the potential for
successful implantation in the cleavage-stage embryo transfers. It is worth noting that there are differences in the
implantation rates of blastocysts from different types of MN2. Based on our data, if we need to transfer the MN2
embryos at the cleavage-stage, we strongly recommend the embryos exhibiting binucleated at the two-cell stage
in one blastomere as these embryos demonstrate a higher likelihood of developing into blastocysts. Meanwhiles,
the blastocysts displaying binucleated at the two-cell stage in one blastomere exhibited ideal implantation
potential compared to that from normal embryos. Our results emphasized the importance of differentiating the
subgroups of multinucleated embryos at the two-cell stage. The types of MN2 had significant reference value
when selecting embryos for transfer during the cleavage stage.
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