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Abstract
Purpose Tubulin beta eight class VIII (TUBB8) is essential for oogenesis, fertilization, and pre-implantation embryo develop-
ment in human. Although TUBB8mutations were recently discovered in meiosis-arrested oocytes of infertile females, there is no
effective therapy for this gene mutation caused infertility. Our study aims to further reveal the infertility-causing gene mutations
in the patient’s family and to explore whether the infertility could be rescued by optimizing the conditions of embryo culture and
finally achieve the purpose of making the patient pregnant.
Methods Whole-exome sequence analysis and Sanger sequencing were performed on patients’ family members to screen and
identify candidate mutant genes. Construction of plasmids, in vitro transcription, microinjection of disease-causing gene cRNA,
and immunofluorescence staining were used to recapitulate the infertility phenotype observed in patients and to understand the
pathogenic principles. Simultaneously, overexpression of mutant and wild-type cRNA of the candidate gene in mouse oocytes at
either germinal vesicle (GV) or metaphase II (MII) stage was performed in the rescue experiment.
Results We first identified a novel heritable TUBB8 mutation (c.1041C>A: p.N347K) in the coding region which specifically
affects the first mitosis and causes the developmental arrest of early embryos in a three-generation family. We further demon-
strated that TUBB8mutation could lead to abnormal spindle assemble. And moreover, additional expression of wild-type TUBB8
cRNA in the mouse oocytes in which the mutant TUBB8 were expressed can successfully rescue the developmental defects of
resulting embryo and produce full-term offspring.
Conclusions Our study not only defines a novel mutation of TUBB8 causing the early cleavage arrest of embryos, but also
provides an important basis for treating such female infertility in the future.
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Introduction

Successful reproduction requires proper oocyte matura-
tion for subsequent fertilization and early embryo devel-
opment [1, 2]. Oocyte maturation requires two meiotic
divisions. During meiosis, bipolar meiotic spindles form
and homologous chromosomes align at the metaphase I
plate via microtubule-organizing centers (MTOCs) [3–5].
Following spindle assembly and during the extrusion of
the first polar body, oocytes extrude half of their genetic
material and then proceed directly to metaphase II (MII);
oocytes then arrest at MII until fertilization [6, 7]. In
humans, spindle assembly and chromosome separation
are especially error-prone and lead to numerous aneu-
ploid events and even oocyte maturation arrest [8, 9].
In mice, some studies have identified genes that cause
the meiosis spindle dysfunction and oocyte maturation
arrest phenotype; however, the genetic etiology of human
oocyte aneuploid is still largely unknown.

Tubulin plays an important role in spindle assembly
and chromosome separation. The tubulin gene has many
mutations in humans and mammals that affect tubule
dynamics and spindle function. TUBB8, which is a spe-
cial β-tubulin isotype, plays an important role in human
oocytes [10]. At present, TUBB8 has only been found in
primates [10, 11]. Many studies have reported that dif-
ferent mutations and structural deletions in TUBB8 are
associated with broad-spectrum failures in oocyte matu-
ration, fertilization, or early embryonic development,
most of which appear to be barriers to oocyte maturation
[10–17]. According to previous reports, mutations in
TUBB8 account for approximately 30% of the individ-
uals with MI oocyte arrest [11, 15, 18, 19]. These obser-
vations suggest that different mutations might lead to
different structural abnormalities and might alter
TUBB8 interactions with kinesin or TUBB8 binding to
other microtubule-associated proteins [14, 20]. Although
multiple TUBB8 mutations were found in infertile pa-
tients, efficient treatment has not been reported.

In our study, we identified a novel TUBB8 mutation
(c.1041C>A: p.N347K) in three generations of a family
that specifically affects mitosis and causes arrest during
early embryonic development. Animal experiments show
that mutant TUBB8 mainly affects the mitotic ability of
embryos after fertilization. We also carried out a rescue
experiment by injecting wild-type TUBB8 cRNA into
mouse oocytes in which the mutant TUBB8 was
expressed, and we acquired the mouse offspring. These
results not only define a novel mutation of TUBB8 that
causes arrest at the early cleavage stage after fertilization
but also provide a basis for the treatment of patients with
infertility caused by a TUBB8 mutation.

Methods

Human subject

All oocytes were collected from a patient who was re-
ferred from the reproductive medicine center of Shanghai
First Maternity and Infant Hospital affiliated with Tongji
University. Thirty-nine oocytes were obtained from the
patient throughout five IVF/ICSI cycles. All human sub-
ject procedures were approved by the Shanghai First
Maternity and Infant Hospital Institutional Medical
Review Board. The study was approved by the
Reproductive Study Ethics Committee of Shanghai First
Maternity and Infant Hospital affiliated with Tongji
University.

Mice

All specific pathogen-free (SPF) mice were housed in the
animal facility of Tongji University. The animal study proce-
dures were consistent with the Laboratory Animal Care
Guidelines. B6D2F1 (C57BL/6 × DBA2) female mice that
were 7–8 weeks of age were used as oocyte donors. Nine- to
15-week-old ICR female mice were used as recipients for
embryo transplantation.

Exome sequencing and variant screening

WES sequencing and analysis protocol refers to the pre-
vious study [21]. All genomic DNA was extracted from
peripheral blood from the patient and the patient’s family
members using a TIANamp Genomic DNA Kit (Tiangen,
Beijing, China). The whole exomes of the patient (Fig. 1c
III-17), the patient’s parents (Fig. 1c II-3, II-4), and one
unaffected aunt (Fig. 1c, II-9) were sequenced using
Agilent SureSelect Whole Exome sequencing and
Illumina sequencing technology. The variants were con-
sidered based on the following principles: the gene is
expressed in oocytes and the variant frequency is less than
0.001 (http: / /gnomad.broadinst i tute.org/) ; in the
meanwhile, the mutation of the gene was not detected in
the patient’s mother and fertile aunt (Supplementary
Table 2).

Sanger sequencing

Exon 4 of the TUBB8 gene contained a candidate mutation
that was examined in patients and immediate family members
by Sanger sequencing. The primer sequences used for screen-
ing are shown in Supplementary Table 1. PCR amplification
was performed using Q5High-Fidelity Polymerase (5×, NEB,
MA, USA). The PCR products were sequenced for the initial
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screening by GENEWIZ Biological Technology Limited
Corporation. More than five individual clones containing the
suspected mutated exons in a pLB vector were sequenced to
confirm the mutation.

Expression constructs of mutant and wild-type TUBB8
with fluorescent protein

To investigate whether the identified TUBB8 mutation
(c.1041C>A: p.N347K) affected spindle formation, the hu-
man wild-type and mutant TUBB8 cDNA were cloned into
the eukaryotic expression vector pcDNA3.1, which contains
yellow fluorescent protein (YFP). The fluorescent tag was
fused to the C-terminus of the wild-type or mutant TUBB8;
the amplification and point-mutation primer sequences are
shown in Supplementary Table 1.

Oocyte culture and microinjection

GV oocytes were isolated from female mice 48 h after PMSG
injection, and then, the oocytes were incubated in MEM
(Millipore, Billerica, MA) supplemented with IBMX (3-
isobutyl-1-methylxanthine) at 37 °C before microinjection.
Wild-type and mutant TUBB8 cRNAs were synthesized with
anmMESSAGET7Ultra Kit (Ambion, Thermo Fisher, USA)
according to the manufacturer’s instructions. The storage con-
centration of each cRNAwas 1000 ng/μL. Oocytes or zygotes
were microinjected with approximately 10 pL of cRNA using
a Piezo-driven micromanipulator (Eppendorf). Surviving oo-
cytes or zygotes were cultured (37 °C/5% CO2). The zygotes
were cultured in CZB containing 0.05 μg/mL demecolcine
(DC) 28–32 h post-hCG injection. Zygotes arrested in mitosis
were collected and washed three times with drops of CZB and
then transferred into CZB containing 2.5 μM MG-132

Fig. 1 Identification of TUBB8 mutation in the family of the infertile
patient. a Pedigree of the family. Squares indicate male family members,
circles indicate female family members, solid symbols indicate affected
members, open symbols indicate unaffected family members, and equal
signs denote no offspring. b Clinical characteristics of oocytes retrieved
from the infertile patient (III-17). The oocytes retrieved from the patient

at 24 h, and most of the embryos were arrested following IVF after 72 h. c
Sanger sequence analysis in the coding region of TUBB8 in family
members is implicated with a heterozygous missense mutation (c.1041
C>A: p.N347K) (II-4, II-7, II-11, II-13, III-17). d The missense mutation
in TUBB8 causes an amino acid substitution of the encoded protein, and
that amino acid is conserved across multiple species
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(Sigma) for 25min.Manipulations were performed in a cham-
ber containing oil-covered HCZB supplemented with 5 μg/
mL cytochalasin B (CB) (Sigma) and 2 μM MG-132.
Spindles were arrested at metaphase.

In vitro fertilization of wild-type and mutant mouse
oocytes

Female BDF1 mice were super-ovulated by injecting 5 IU of
pregnant mare serum gonadotropin (PMSG), which was
followed by injection of 5 IU of human chorionic gonadotro-
pin (hCG) (San-Sheng, China) after 48 h. The cumulus oocyte
complexes were released from the oviducts at 14 h. Sperm
were obtained from the caudal epididymis of 10-week-old
BDF1 male mice. Briefly, cauda was cut several times with
clippers and transferred into HTF medium in 5% CO2. Sperm
were passively released into the culture medium through slits
in the base of the cauda. Sperm were capacitated for 0.5 h
before IVF. The oocytes treated with TUBB8 cRNA or un-
treated were placed in the sperm suspension for 4–6 h and then
cultured in CZB medium.

Immunofluorescent staining

About 30–50GVoocytes or zygotes per group were collected,
and about 10–20 embryos per group at the middle stage with
spindle formation used for staining each time. Briefly, oocytes
or zygotes were fixed with 4% paraformaldehyde and then
permeabilized with 0.2% Triton X-100 for 15 min at room
temperature. The primary antibody used for spindle identifi-
cation was α-tubulin (1:500, Sigma), and the secondary anti-
body was AlexaFluor 594 (1:500, Sigma). The chromosomes
were stained with DAPI (1:500, Merck). We set the line
scanned between two poles of spindle as the diameter. For
the measurement, we observed the shape of the spindle
under laser confocal fluorescence microscopy, and we used
the microinjection needle to adjust the position of oocytes or
zygotes so that the two centroids of the spindle were on the
same plate, and then, the diameter of the spindle could be
considered to be at the longest cross section. All stained
samples were imaged using an LSM880 Confocal Laser
Scanning Microscope (Zeiss, Germany). Three-time repeated
experiments were performed.

Image analysis

Measurement and analysis of spindle lengths were processed
by ZEN imaging software (blue edition). The spindle length at
the largest section was chosen and the maximum diameter was
measured. The spindle length ratio of mutant group/wild-type
group was used for analysis.

Statistical analysis

The data were shown as mean ± the standard error of the mean
or n (%) unless otherwise stated. Single comparisons were
performed with Student’s t test or one-way analysis of vari-
ance (ANOVA) for treatment effect. Differences were consid-
ered statistically significant at P < 0.05.

Results

Clinical description

The infertile patient (Fig. 1a III-17) received a diagnosis of
primary infertility at 38 years of age after 10 years of cohab-
itation with her partner. Infertility-related examinations re-
vealed abnormal development of embryos. The patient had
five aunts; three of them were sterile (Fig. 1a II-7, II-11, II-
13), and the other two were fertile (Fig. 1a II-9, II-15). The
patient underwent two failed IVF attempts in another hospital.
At our hospital, 39 oocyte cumulus complexes (COCs) were
obtained from the patient from five IVF/ICSI cycles; 37 of the
eggs matured on the first day, and 20 oocytes were fertilized
normally. However, only 15 zygotes cleaved, and all of them
arrested at an early embryonic stage (Fig. 1b).

Mutation of TUBB8

Whole-exome sequence analysis of the four family members
(Fig. 1a II-3, II-4, II-9, III-17) implicated a heterozygous mis-
sense mutation (c.1041C>A: p.N347K) in the coding region
of TUBB8 (Supplementary Table 2). Sanger sequencing fur-
ther confirmed that the patient (Fig. 1c III-17) carried a het-
erozygous missense mutation (c.1041C>A: p.N347K) in the
coding region of TUBB8 in exon 4. This mutation was trans-
mitted from her father. The father (Fig. 1c II-4) and her aunts
who were infertile (Fig. 1c II-7, II-11, II-13) showed a hetero-
zygous mutation in TUBB8 that was in full accord with the
patient. The patient’s mother (Fig. 1c II-3) and fertile aunts
(Fig. 1c II-9, II-15) carried a normal TUBB8 gene. The anal-
ysis of the reading frame of the gene suggests that the mis-
sense mutation in TUBB8 causes an amino acid substitution of
the encoded protein, in which the 347th aspartic acid was
replaced by lysine, resulting in an abnormal tubulin structure
(Fig. 1d). According to the analysis of the conserved domains
of the NCBI database, the 347th aspartic acid of the TUBB8
protein is highly conserved in six primate species (Fig. 1d).

The mutation of TUBB8 affects mitosis during early
embryonic development

It is worth noting that the patient had a high proportion of PB1
oocytes and a high proportion of normal fertilization, which is
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different from previous reports of mutations in TUBB8. We
first examined the effect of the mutant TUBB8 on fertilization
and cleavage. The wild-type and mutant TUBB8 cRNA were
transcribed in vitro and microinjected into the mouse MII
oocytes. After in vitro fertilization, we observed that the MII
oocytes injected with wild-type TUBB8 cRNA underwent
normal fertilization and entered mitotic metaphase.
However, the development of zygotes injected with the mu-
tant TUBB8 was obviously decreased. We found that a low
concentration (200 μg/mL) of mutant TUBB8 cRNA resulted
in most embryos being blocked in the 4–8 cell stage. In addi-
tion, almost of oocytes injected with a high concentration
(400 μg/mL) of mutant TUBB8 cRNA were arrested at the
first mitotic metaphase (Fig. 2a). Next, we studied the effects
of the mutant TUBB8 on oocyte meiosis. We microinjected
wild-type andmutated TUBB8 cRNA intomouse GV oocytes.
The oocytes microinjected with wild-type TUBB8 cRNA
showed normal maturation approximately 16 h after in vitro
maturation. The GV oocytes that were microinjected with a
low concentration (200μg/mL) of mutant TUBB8 cRNAs had
little effect on the extrusion of the first polar body.
Nevertheless, the development rate of oocytes microinjected
with a high concentration (400 μg/mL) mutant TUBB8
cRNAs was relatively decreased (Fig. 2b). This suggests that
compared with mitosis, the mutant TUBB8 cRNAs has little
effect on oocyte maturation.

TUBB8 mutation leads to spindle malformation

To establish the causal relationship between the mutation in
TUBB8 and the disruption of meiosis and mitosis, we assessed
the ability of the TUBB8 mutation to interfere with spindle
microtubule dynamics. We set the spindle length ratio (abbre-
viated as S) which was the ratio of spindle length of oocyte/
zygote injected with mutant TUBB8 cRNA to oocytes/zygotes
injected with wild-type TUBB8 cRNA to assess the effects of
mutant TUBB8 on spindle assembly. As observed, most of the
mouse GV oocytes microinjected with wild-type TUBB8
cRNA developed to MII stage and had normal bipolar spin-
dles (Fig. 3a). In contrast, 36% of the oocytes microinjected
with a low concentration (200 μg/mL) of mutant TUBB8
cRNA could form bipolar spindles with lengths similar to
normal spindle lengths (S = 0.8476 ± 0.03036, n = 33), where-
as only 27% of the high concentration mutant treatment group
could form spindles, and the spindles were shorter than nor-
mal spindles (S = 0.7006 ± 0.05276, n = 28) (Fig. 3a–c).
Interestingly, zygotes expressing mutant TUBB8 resulted in
severely impaired spindle assembly, regardless of whether the
concentration was low (200 μg/mL) (S = 0.1793 ± 0.0521,
n = 27) or high (400 μg/mL) (S = 0.04977 ± 0.02314, n = 32)
TUBB8 cRNA injection, almost all the fertilized zygotes failed
to form a normal bipolar spindle (Fig. 3d–f). This suggests
that the mutant TUBB8 cRNA had more serious negative

Fig. 2 The mutant TUBB8
affects early embryonic
development. a Few MII oocytes
which injection with mutant
TUBB8 cRNA could develop to
zygotes. b The maturation rate of
GV oocytes microinjected with
wild-type or mutant TUBB8
cRNA. The data are represented
as the mean ± SEM. *p < 0.05,
**P < 0.01, ***p < 0.001
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effects on the fertilized eggs, which could not form bipolar
spindles, and the chromosomes were disorganized. Thus,
these results suggest that the meiosis spindle assembly has
stronger fault tolerance than mitosis. This model provides a
unique perspective for studying the mechanism of spindle
assembly and chromosome separation in meiosis and mitosis.

Rescue experiment in mouse oocytes

Recently, almost 30 various mutations of the TUBB8 gene
were identified as responsible for arrest in oocyte maturation,
fertilization, or early embryonic development [13]. Previous

studies mainly focused on the missense types of mutations,
but there is no effective potential treatment of the disease. To
investigate whether the mutant oocytes can be successfully
rescued by additional expression of wild-type TUBB8
cRNA, we co-injected mutant TUBB8 cRNA (200 or
400 μg/mL) with 400 μg/mL of wild-type TUBB8 cRNA into
mouse MII oocytes followed by IVF. The similar expression
levels of the mutant and wild-type TUBB8 cRNA are con-
firmed by fluorescence intensity (Supplementary Fig. 1). We
first investigated the length ratio and formation rate of spin-
dles of oocytes and zygotes which co-injected mutant and
wild-type TUBB8 cRNA. We found that 70% of the oocytes

Fig. 3 The mutant TUBB8 leads to spindle malformation. a
Representative images of spindles from GV oocytes treated in different
concentration mutant TUBB8 cRNA. b Bipolar spindle rates of oocytes
from WT, mut-TUBB8–200 ng group, and mut-TUBB8-400 ng group
(WT= 79.2 ± 0.9, mut-TUBB8-200 ng = 35 ± 5, mut-TUBB8-400 ng =
26.5 ± 1.5, n = 3). c Spindle length ratio of each group, the value of WT
was set at an arbitrary value = 1 (mut-TUBB8-200 ng, S = 0.8476 ±
0.03036, n = 33, mut-TUBB8-400 ng, S = 0.7006 ± 0.05276, n = 28, ex-
periments repeated for 3 times). dRepresentative images of spindles from

zygotes treated in different concentration mutant TUBB8 cRNA. e
Bipolar spindle rates of oocytes from WT, mut-TUBB8-200 ng group,
and mut-TUBB8-400 ng group (WT = 76.5 ± 1.2, mut-TUBB8-200 ng =
14.5 ± 1.5, mut-TUBB8-400 ng = 11 ± 1, n = 3). f Spindle length ratio of
each group, the value of WT was set at an arbitrary value = 1 (WT, S = 1
± 0.03162, n = 13, mut-TUBB8-200 ng, S = 0.1793 ± 0.0521, n = 27,
mut-TUBB8-400 ng, S = 0.04977 ± 0.02314, n = 32, experiments repeat-
ed for 3 times). The data are represented as the mean ± SEM. **P < 0.01,
***p < 0.001, ****P < 0.0001. Scale bar = 5 μm
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co-injected with a low concentration (200 μg/mL) of the mu-
tant and wild-type TUBB8 cRNA (400 μg/mL) could form
bipolar spindles with lengths similar to normal spindle lengths
(S = 0.9462 ± 0.03152, n = 21), and 62.5% of the high concen-
tration mutant group (400 μg/mL) could form spindles with
relatively increased length (S = 0.7712 ± 0.0333, n = 21)
(Fig. 4a–c). To our surprise, 60% of the zygotes co-injected
with a low concentration (200 μg/mL) mutant and 400 μg/mL
wild-type TUBB8 cRNA could form bipolar spindles that
were half of the length of normal spindles (S = 0.4822 ±
0.07717, n = 29). Spindle length in the high concentration
(400 μg/mL) mutant and wild-type TUBB8 cRNA group
approached 20% of normal spindles (S = 0.2019 ± 0.06314,
n = 32) (Fig. 4d–f). This finding suggests that supplementa-
tion with exogenous wild-type TUBB8 could effectively im-
prove spindle assembly abnormalities caused by mutant
TUBB8. We further investigated whether additional expres-
sion of wild-type TUBB8 cRNA could improve embryo de-
velopment in vitro and in vivo. The results showed that
supplementing wild-type TUBB8 into the oocytes that were
injected with the low or high concentration of mutant TUBB8

could significantly improve the blastocyst rate (Fig. 5a, b).
More importantly, those embryos ultimately produced full-
term offspring after transplantation into recipients (Fig.
5c, d). These results suggest that the dose-dependent effects
of mutant TUBB8 that caused early embryo developmental
arrest could be rescued by additional expression of wild-type
TUBB8 cRNA.

Discussion

In this study, we revealed a novel heterozygous mutation
(c.1041C>A: p.N347K) in TUBB8 that is responsible for mi-
tosis division defects and causes early embryonic develop-
ment arrest. This mutation specifically interferes with mitotic
spindle assembly and chromosome arrangement, which does
not block oocyte maturation and fertilization but does cause
early embryonic development arrest. Finally, we found that
the introduction of wild-type TUBB8 cRNA into mutant
TUBB8-expressing oocytes can successfully rescue the

Fig. 4 Overexpression of wild-type TUBB8 cRNA improves impaired
spindle assembly. a–c Immunostaining, bipolar spindle formation rates,
and spindle length in mouse oocytes at 14 h after germinal vesicle break-
down (GVBD). GV oocytes were injected with mutant or co-injected
with mutant and wild-type TUBB8 cRNA. d–f Immunostaining, bipolar

spindle formation rates, and spindle length of mouse zygotes at 14 h after
fertilization; analysis followed injection with mutant or co-injection with
mutant and wild-type TUBB8 cRNA. The data are represented as the
mean ± SEM, *p < 0.05, **P < 0.01. Scale bar = 5 μm
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developmental defects of the resulting embryo and produce
full-term offspring.

Previous studies confirm that a high proportion of defects
in oocyte maturation in infertile women are caused by mutants
of TUBB8 [10]. The present study reported almost 30 different
mutations in TUBB8, most of which were heterozygous muta-
tions. Pathogenic missense TUBB8 mutations influence micro-
tubule dynamics and impair oocyte meiotic spindle assembly
via dominant-negative effects [19]. In our study, the p.N347K
mutation in TUBB8 specifically interferes with mitosis and
leads to early embryonic development arrest which is different
from the phenotype previously reported. This indicates that the
high genetic variability and phenotypic diversity of TUBB8. In
the clinic, many patients exhibit atypical oocyte maturation,
which is characterized by having only a few oocytes arrested
at MI. The rest of the oocytes were morphologically recogniz-
able as MII oocytes and could be fertilized and even cleaved,
but these embryos later become developmentally arrested. This
could be one of the underlying factors for the high proportion of

TUBB8 mutations in infertile women. Given that fathers car-
rying the TUBB8 mutation were fertile, it is possible that the
prevalence of fertile men with heterozygous TUBB8mutations
could be underestimated. Thus, TUBB8 mutation screening
might not only be a genetic diagnostic marker for patients with
oocyte maturation arrest but might also have clinical implica-
tions for patients with embryos repeatedly blocked in the early
stage of cleavage [22].

Oocyte maturation and subsequent mitosis are critical pe-
riods for the normal development of an embryo. Aneuploidy
resulting from abnormal spindle assembly is an important
cause of early embryonic arrest. In our study, we identified a
new mutation in TUBB8 that does not affect oocyte matura-
tion and fertilization but does influence mitosis of the fertil-
ized egg. Oocyte-injected mutant TUBB8 showed that mitosis
was more susceptible to the influence of spindle assembly
than meiosis. The latest research found that two bipolar spin-
dles form in the zygote and then independently assemble the
maternal and paternal genomes in mice and humans. This

Fig. 5 Rescue experiments in mouse oocytes. a, b The development of
MII oocytes supplemented with a low concentration (200 μg/mL) or a
high concentration (400 μg/mL) of mutant TUBB8 and wild-type TUBB8
could develop into blastocysts in vitro. c, d Following injection of the

wild-type cRNA, treated embryos were transplanted into recipients that
ultimately delivered healthy pups. The data are represented as the mean ±
SEM, *p < 0.05, **P < 0.01
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spindle assemblymechanism provides a potential rationale for
zygote spindles being sensitive to microtubule gene mutation
and reveals differences between the mechanisms of mitosis
and meiosis during oocyte and zygotic transformation. This
TUBB8 mutation may provide a unique perspective on the
differences between meiotic and mitotic spindle assembly in
the maternal-to-zygotic transition in mammals.

Although multiple TUBB8 mutations were found in infer-
tile women, there are currently no effective treatments avail-
able. Previous studies have reported that in recessive genetic
diseases such as WEE2 mutations, injection of WEE2 cRNA
into oocytes can result in normal blastocysts, but whether
these embryos have the ability to develop into individuals is
unknown [23]. We found that in vivo experiments where oo-
cytes expressed mutant TUBB8, co-injection with wild-type
TUBB8 cRNA could improve spindle assembly. More impor-
tantly, those embryos can support preimplantation develop-
ment and produce live offspring. It is worth noting that al-
though the regulatory mechanisms in oocytes and embryo
division are similar, centrioles do not involve in mouse zy-
gotes and mouse early embryo cleavage mode is different
from that of human. Further studies in terms of safety and
efficacy still need to be performed, but our present results
suggest an efficient clinical method for these affected individ-
uals with mutations in TUBB8.
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