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Cyclin B3 controls anaphase onset independent of
spindle assembly checkpoint in meiotic oocytes

Teng Zhang1,2, Shu-Tao Qi4, Lin Huang4, Xue-Shan Ma2, Ying-Chun Ouyang2, Yi Hou2, Wei Shen1, Heide Schatten3,
and Qing-Yuan Sun1,2,*
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Cyclin B3 is a relatively new member of the cyclin family whose functions are little known. We found that depletion
of cyclin B3 inhibited metaphase-anaphase transition as indicated by a well-sustained MI spindle and cyclin B1
expression in meiotic oocytes after extended culture. This effect was independent of spindle assembly checkpoint
activity, since both Bub3 and BubR1 signals were not observed at kinetochores in MI-arrested cells. The metaphase I
arrest was not rescued by either Mad2 knockdown or cdc20 overexpression, but it was rescued by securin RNAi. We
conclude that cyclin B3 controls the metaphase-anaphase transition by activating APC/Ccdc20 in meiotic oocytes, a
process that does not rely on SAC activity.

Introduction

The proliferation of all eukaryotic cells depends on the E3 ubi-
qutin ligase activity of the anaphase promoting complex/cyclosome
(APC/C), as without it cells would not enter anaphase and sister
chromatids would not separate. The main co-factors of APC/C are
Cdh1 and Cdc20; they are the direct activators of APC/C, and they
share the same sequence: C-box1 and IR-tail 2,3, both mediating
their binding to APC/C, and WD40 domain helping to recognize
the D-box4 and KEN-box5 in the substrates of APC/C.6 APC/C is
a very large complex of 1.5 MDa and it has over 10 subunits; the
core subunits have cullin and Ring-finger domains, which are the
markers of E3 ubiquitin ligase.7-9 The Apc2’s cullin domain associ-
ates with Apc11’s Ring-finger domain3,10,11 and interacts with E2
ligase.11,12 Without considering the complexity of APC/C, Apc11
itself can perform E3 ligase activity in vitro, indicating that other
subunits may not be essential for E3 function.2,10,12

In both mitosis and meiosis, there are several checkpoints that
control cell cycle progression. One of them, the spindle assembly
checkpoint (SAC) senses the existence of kinetochores not being
attached to spindle microtubules or not being under tension; if
the checkpoint is activated, cells are not able to continue mitosis
or meiosis. Through this mechanism a cell ensures accurate chro-
mosome segregation to maintain genomic stability, thus avoiding
aneuploidy.13-17 The key target of SAC is Cdc20, the activator of
APC/C, and if Cdc20 is inhibited the APC/C will not be able to
perform ubiquitin ligase activity thus cyclin B1 and securin

remain stable, thereby delaying the anaphase onset and mitotic
exit.18,19

SAC proteins recruited onto kinetochores and other multiple
components form a large complex between kinetochores and
microtubules. The components of SAC are conserved from yeast
to humans, indicating that this pathway has been consistent
throughout evolution. Aurora B kinase and Mps1 are at the top
of this pathway and they are thought to regulate each other,20-23

the downstream components Bub1, BubR1, Bub3, Mad1 and
Mad2 form 3 complexes: Bub1-Bub3, BubR1-Bub3 and Mad1-
Mad2.24 They are recruited to kinetochores in a KMN-depen-
dent manner,25-27 and when the kinetochore is unattached, the
checkpoint is activated.

The function of SAC that inhibits APC/C is mainly related to
the activity of the mitotic checkpoint complex (MCC), consist-
ing of BubR1-Bub3, Cdc20 and Mad2.24 When Cdc20 forms
the MCC, Mad2 and BubR1 change Cdc20 binding to APC/C,
and Cdc20 loses its function as an activator. Cdc20 is the activa-
tor of APC/C in anaphase when it is released from the complex.
On the other hand, knockdown of Mad2 causes precocious chro-
mosome separation and cells divide ahead of schedule.28

Cyclin B3 is a newly discovered cyclin, and its functions are
little known. One study reports that its activity regulates lepto-
tene and zygotene events such as recombination and synapsis in
meiotic cells,29 while another report shows that its accurate
expression is required for mitotic anaphase onset in C. elegans.30

Cyclin B3-depleted C. elegans embryos have defects in mitotic
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entry and their SAC proteins and dynein accumulate on chromo-
somes. But aside from these few findings our understanding of
cyclin B3s function to date is very limited.

To reveal the functions of cyclin B3 in meiotic cells, we con-
ducted a series of experiments in mouse oocytes. When cyclin B3
was knocked down, oocytes did not undergo anaphase onset dur-
ing first meiosis. Unlike in C. elegans, cyclin B3-depleted mouse
oocytes showed SAC inactivation, while cyclin B1 remained un-
degraded; so we conclude that cyclin B3 affects APC/C activity.

Results

Cylin B3 depletion does not affect GVBD, but arrests
oocytes at the MI stage in the presence of normal spindle and
chromosome alignment

To clarify the expression of cyclin B3, we collected oocytes at
the germinal vesicle (GV), germinal vesicle break down
(GVBD), metaphase I (MI), anaphase I, and metaphase II stages.

Because a working antibody is not available, we used real-time
PCR (RT-PCR) to measure cyclin B3 mRNA expression. We
found that in mouse oocytes cyclin B3 expression increased about
3 to fold4- in metaphase compared with the GV stage (Fig. 1A),
indicating that cyclin B3 may have functions after GVBD.

SiRNAs (50 mM) were injected into GV oocytes to investi-
gate the effects of cyclin B3 depletion. To verify the knockdown
efficiency, we mixed 3 siRNAs for injection, and 65.3 § 1.7% of
cyclin B3 mRNA was depleted (p < 0.05) (Fig. 1B). RNAi
oocytes went through the GVBD stages, but they hardly could
complete first meiosis, and the polar body extrusion (PBE) rate
was only 5.8 § 3.08 % (Fig. 1C). In contrast, control oocytes
injected with ddH2O displayed high rates of GVBD and PBE,
and the difference was significant (p < 0.05). This phenotype
shows that cyclin B3 is a critical regulator of oocyte maturation.

Immunofluorescence staining showed that the spindles of
RNAi-injected oocytes were still arrested at metaphase I
(Fig. 1D) at 14 hour of culture, which is the time when normal
oocytes had extruded their first polar body. Both chromosomes
and microtubules were the same as in MI oocytes, and this phe-

notype remained until
24 hour of culture. Overall,
our results show that cyclin
B3 depletion does not
destroy spindle structure, but
blocks oocytes in metaphase.

Cyclin B3 knockdown
causes metaphase-anaphase
transition failure in a
SAC-independent pathway

As cyclin B3 knockdown
blocked oocytes in metaphase
I, we wondered if cyclin B3 is
essential for inactivation of
SAC function. In mouse
oocytes, SAC contains Bub1,
BubR1, Bub3 and Mad2,
and they assemble on kineto-
chores as dot signals when
analyzed with immunofluo-
rescence microscopy. To ana-
lyze SAC in clear detail we
applied chromosome spread
staining and Bub3 antibody
staining. At 6 hour of cul-
ture, both cyclin B3 RNAi
oocytes and control oocytes
were observed in typical pro-
metaphase and Bub3 was
located on kinetochores
(Fig. 2A). Unexpectedly,
both groups lost Bub3 signal
on kinetochores at 9 hour of
culture, indicating that SAC
was inactivated in cyclin B3

Figure 1. Cyclin B3 regulates meiotic anaphase onset. (A) Oocytes in 4 different maturation stages were collected
and used for RT-PCR, each sample contained 100 oocytes. The polyline showed cyclin B3 mRNA changing ten-
dency. (B) Oocytes were injected with mixed cyclin B3 siRNAs (50 mM), incubated in M2 medium containing Milri-
none for 24 h, then oocytes were washed with Milrinone-free M2 medium to resume meiosis. Knockdown
efficiency was measured through RT-PCR. (C) In cyclin B3-depleted oocytes, polar body extrusion rate was
observed after 14h of maturation; the RNAi group contained 236 oocytes and the control group contained 241
oocytes. (D) Cyclin B3 RNAi oocytes cultured for 14h were fixed and used for confocal imaging to show the spin-
dles and chromosomes. Bar D 20 mM.
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RNAi oocytes (Fig. 2A).
To confirm the phenotype
we incubated the oocytes
with BubR1 antibody, and
obtained the same result
(Fig. 2B). Through these
experiments we conclude
that cyclin B3 regulates
metaphase-anaphase transi-
tion through a SAC-inde-
pendent pathway.

Knockdown of Mad2
does not rescue meiotic
defects caused by RNAi
cyclin B3 depletion

Because we found that
SAC inactivation was not
affected by cyclin B3 deple-
tion, the mechanism(s)
underlying metaphase arrest
might be related to later
events. Next to the SAC
checkpoint, it is the APC/C
that controls the meta-
phase-anaphase progression for which the prerequisites are degra-
dation of cyclin B1 and securin, and inactivation of MPF.
Western blotting showed
that both cyclin B1 expres-
sion and p-CDK1 in control
oocytes had already been
degraded while in cyclin B3
RNAi oocytes they remained
un-degraded (Fig. 3A) at
9.5 hour of culture, provid-
ing direct evidence for the
correlation between APC/C
activation and cyclin B3
function.

In general, APC/C is acti-
vated by the regulatory sub-
unit Cdc20 and inhibited by
Emi2. Cdc20 forms MCC
with SAC components like
Mad2 and inhibits APC/C
in normal cells; we therefore
wondered if cyclin B3 might
promote MCC degradation.
So we knocked down Mad2
and released Cdc20 from
MCC, considering that it
might activate APC/C. We
mixed cyclin B3 and Mad2
siRNAs (50 mM) and
injected the mixture into
GV oocytes. After more than

14 hours of culture we analyzed the maturation rates. The oocyte
maturation rate in the co-RNAi group (6.9 § 4.2%) showed no

Figure 2. SAC activity in cyclin B3 RNAi ooctyes. (A) Cyclin B3 RNAi oocytes and control oocytes were used for chro-
mosome spread staining at 6h and 9h of culture. Bub3 (green fluorescence) was used as marker of SAC; the red
crosses are metaphase chromosomes stained by PI. (B) BubR1 (green fluorescence) staining was used to confirm the
phenotype.

Figure 3. (A) Cyclin B3 RNAi oocytes and normal oocytes at 9h of culture were collected and used for WB. Cyclin B1
and p-CDK1 first antibodies were incubated to show the MPF activity and b-actin was the reference protein. (B)
Cyclin B3 and Mad2 siRNAs were mixed and injected into GV oocytes at a concentration of 50 mM, and oocytes
were incubated in M2 medium containing Milrinone for 24 h, then they were washed in Milrinone-free M2 medium
to resume meiosis. After 14 h the PBE was analyzed. The RNAi group contained 217 oocytes and the control group
contained 194 oocytes. (C) Cylin B3 RNAi oocytes were collected at different times of culture, 12 h, 14 h and 20 h,
then used for confocal imaging; a-tubulin was incubated with antibody displaying green fluorescence and DNA
was detected with PtdIns staining. Bar D 20 mM
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difference to that of the cyclin B3 knockdown group (8.5 §
1.0%), but was significantly lower than that of the control group
(82.5 § 2.7%) (Fig. 3B). Though oocytes did not recover to
progress through maturation, knockdown of Mad2 caused apo-
ptosis as indicated by chromatin condensation (Fig. 3C). These
results further confirm that cyclin B3 activates APC/C down-
stream of the SAC checkpoint system.

Cdc20 overexpression cannot rescue cyclin B3 knockdown
phenotype but securin RNAi can rescue the phenotype

Our experiments revealed the function of cyclin B3 in the
meiotic cell cycle and we tried to explain the mechanism, but we
could only tell that cyclin B3 did not interact with SAC to con-
trol the activation of APC/C. If we could activate APC/C directly
and rescue the phenotype of metaphase I arrest, we would be able

to narrow down and detail
the scope of the investiga-
tion, so we applied Cdc20
overexpression in cyclin B3
RNAi oocytes. Because
cyclin B3 siRNA requires an
incubation time for about
24 hours, but mRNA usu-
ally only requires 2–4 hours
to take effect, we tested if the
cdc20-myc mRNA injection
time would make a differ-
ence. We showed that a reac-
tion for 24 hours showed
the same effect as a reaction
for 4 hours, so we mixed
cyclin B3 siRNA and cdc20-
myc mRNA for injection
and blocked oocytes at pro-
phase for 24 hour, and we
then released the inhibition.
Unexpectedly, Cdc20 over-
expression could not increase
the oocyte maturation rate,
and there was no difference
between cyclin B3 knock-
down oocytes (4.4 § 1.2%)
and cyclin B3 knockdown
plus Cdc20 overexpression
oocytes (3.6§ 2.7%)
(Fig. 4A). IF staining was
used to show the expression
and location of Cdc20-myc
protein (Fig. 4B). We found
that Cdc20-myc (green fluo-
rescence) was expressed sig-
nificantly, and it was mainly
located on the spindle. To
test APC/C activity we per-
formed another western
blotting experiment and ana-

lyzed the cyclin B1 level at 9 hour of culture. We could observe
an obvious signal of Cdc20-myc in Cdc20 overexpression plus
cyclin B3 RNAi oocytes and cyclin B1 was not degraded, while it
was degraded in the control group (Fig. 4C). The results indicate
that in cyclin B3 knockdown oocytes, APC/C could not be acti-
vated only by Cdc20 overexpression.

To further clarify the mechanisms for the metaphase I arrest in
cyclin B3 depleted oocytes, we set out to rescue the phenotype by
artificially depleting the substrates of APC/C. As the substrates of
APC/C were mainly cyclin B1 and securin, and cyclin B1 was
essential for GVBD, we only knocked down securin. SiRNAs
were mixed to a concentration of 50 mM, and after injection the
oocytes were blocked for 24 hours at the GV stage. After release
and culture for 12 hours we calculated the PBE rate of each
group, and obtained an interesting result: 62.8 § 6.8% of the

Figure 4. The rescue of cyclin B3 RNAi phenotype. (A) GV oocytes were injected with cyclin B3 siRNA (50 mM) either
alone or with cdc20 mRNA (5 mg/ml), incubated in M2 medium containing Milrinone for 24 h, then oocytes were
washed in Milrinone-free M2 medium to resume meiosis. PBE rates were analyzed at 14 h of culture. The cyclin B3
group contained 224 oocytes, the mixed group contained 189 oocytes and the control group contained 207
oocytes. (B) Oocytes injected with cdc20 mRNA were incubated with FITC-myc antibody; IF was used to show
Cdc20 expression and location. (C) Cyclin B3 siRNA plus cdc20 mRNA injected oocytes and control oocytes were
collected at 9 h of culture and protein gel blotting was performed. Cyclin B1 showed the MPF activity, myc anti-
body showed expression of injected cdc20 mRNA and b-actin was stained as reference protein. (D) Cyclin B3 siRNA
and securin siRNA were mixed to a concentration of 50 mM and injected into GV oocytes; cyclin B3 alone injected
oocytes and normal oocytes were used as control. Oocytes were incubated in M2 medium containing Milrinone for
24 h, then they were washed in Milrinone-free M2 medium to resume meiosis. PBE rates were analyzed at 14 h of
culture. The cyclin B3 group contained 211 oocytes, the mixed group contained 208 oocytes and the control group
contained 227 oocytes. Bar D 20 mM.
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oocytes in which both cyclin B3 and securin were knocked down
completed maturation (Fig. 4D), thus the phenotype caused by
cyclin B3 depletion was rescued. These results confirmed that in
cyclin B3 knockdown oocytes, the metaphase I arrest was caused
by APC/C inactivation, and that cyclin B3 was an activator of
APC/C, but the detailed mechanisms of its function still remain
to be clarified.

Discussion

It is generally accepted that the anaphase onset is strictly con-
trolled by SAC both in mitosis and meiosis. When chromosomes
are not properly attached to kinetochores the checkpoint system
is activated, which inhibits APC/C from degrading cyclin B1 and
securin, thus delaying metaphase-to-anaphase transition. Once
SAC is satisfied Cdc20 is released from MCC and APC/C is acti-
vated to ubiquinate cyclin B1 and securin for degradation, and
thus separase is activated to cleave cohesin, followed by anaphase
initiation. Here, we found a new molecular mechanism control-
ling the metaphase-to-anaphase transition in meiosis: cyclin B3 is
also a strict controlling component of the anaphase onset, a pro-
cess that is independent of SAC. Depletion of cyclin B3 results in
oocyte arrest at metaphase I and this arrest is not controlled by
SAC but by directAPC/C inactivation.

Studies of cyclin B3 have been scarse and sometimes results
are inconsistent and confusing. Through our study we show that
cyclin B3 has multiple functions because it is the activator of
APC/C and APC/C plays roles in both prophase and anaphase.
The expression pattern of cyclin B3 in oocytes exhibited a typical
feature of a protein being activated in metaphase or anaphase,
and cyclin B3 RNAi caused a phenotype of metaphase I arrest.
Metaphase arrest is typically caused by unattached chromosomes,
which activates SAC to delay the anaphase onset; this at first
prompted us to hypothesize that cyclin B3 might be the inhibitor
of SAC, either related to its transport or to its disassembly (inacti-
vation). However, further experiments showed that this was not
the case because neither SAC transport nor disassembly had been
affected by cyclin B3 depletion. SAC disappeared from kineto-
chores at the correct time after reaching metaphase I, and Mad2
RNAi could not rescue the phenotype of metaphase I arrest. So
we doubt the idea that cyclin B3 interacts with SAC protein and
dynein, as reported in a previous study.30

Here we propose that cyclin B3 activates APC/C directly after
metaphase, then Cdc20 can combine with APC/C, forming the
functional APC/Ccdc20 to promote cell cycle progression. APC/C
is composed of 12 subunits in humans, and its structure is so
complicated that we know little about it except for its 3D image.
There are many phosphorylation sites on these subunits that
either positively or negatively control the complex. We think that
cyclin B3 may take part in some of the phosphorylation reac-
tions. Apc2 and Apc 11 together are the catalytic domain3,31 and
they can perform functions like E3 ligase in vitro, but in
vivo their activity is obviously controlled by multiple mecha-
nisms, the classical Cdh1/Cdc20 activation mode and our pro-
posed cyclin B3 control mode. Like other cyclins, cyclin B3 must

have its partner. Molecules that interact with cyclins are mainly
CDKs; the typical Cdks are Cdk1 and Cdk2. Cdk1 is known to
combine with cyclin B1 to form MPF, while Cdk2 interacts with
cyclin A. Cyclin B3 has both cyclin A and B domains so it is pos-
sible for both CDKs to be its partner. Because MPF is not inacti-
vated in our research, it indicates that cyclin B3 acts earlier than
Cdk1 releases from MPF. When we knocked down securin the
oocytes completed maturation. There are reports in buddying
yeast that Cdk1 phosphorylates securin and protects it from
being degraded by APC/C.32-34 However, in human cells Cdk1
is less important in the metaphase-anaphase transition, and the
main mechanism is that securin and cyclin B1 inhibit separase
activity to protect cohesion so that chromosomes are not able to
separate.34,35 Considering others’ findings and our results we
conclude that securin is the main molecule that protects
cohesion.

In summary, our study provides evidence showing that cyclin
B3 is a critical regulator of APC/C activity and anaphase onset in
oocyte meiosis, and its effect is independent of SAC activity.

Materials and methods

Ethics statement
Mouse handling was conducted following policies promul-

gated by the Ethics Committee of the Institute of Zoology, Chi-
nese Academy of Sciences. ICR mice were housed in the animal
core facility which holds a license from the experimental animal
committee of the city of Beijing.

Mouse oocyte collection and in vitro maturation
We isolated GV stage oocytes from minced ovaries from 8 to

10 week-old ICR female mice. Oocytes were cultured in M2
medium for at least 12 hours. The culture was conducted in an
incubator under environmental conditions of 5% CO2, 37

�C,
and saturated humidity.

RNA interference
The GV oocytes were microinjected with 5-10 pl of siRNA in

M2 medium containing 2.5 uM Milrinone, cyclin B3-1 siRNA
GCAGCAGGCUAUUACUAAAtt, cyclin B3-2 siRNA
GGCCCUCUAUAUGAGGAAUtt, cyclin B3-3 siRNA GAU-
CAGUGUUUGAAGAUGUtt, Mad2l1 siRNA GGACUCAC-
CUUGCUUACAAtt, securin siRNA GAUGAUGCCUACCC
AGAAAtt, control siRNA UUCUCCGAACGUGUCACGUtt,
the concentration of siRNAs was 50 mM. Injected oocytes were
incubated in M2 medium containing Milrinone for 24h, then
oocytes were washed in Milrinone-free M2 medium and allowed
to resume meiosis and further maturation.

Real-time PCR
Total RNA was extracted from 100 oocytes using RNeasy

micro purification kit (Qiagen). Single-strand cDNA generated
with the cDNA synthesis kit (Takara), using polyT primers. The
cDNAs were used as templates to amplify cyclin B3 and Ppia
using the following primers cyclin B3: 50-
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GAAGCAACCCATACAAAGAAGCC-30 (forward) and 50-
TTGTCTGGCAGTACAGATGGC-30 (reverse). Real-time
PCR was performed using SYBR Premix (Kangwei) in Roche
Light Cycler 480. Analysis of relative gene expression was mea-
sured by real-time quantitative PCR and the 2(¡Delta DeltaC
(T)) method.

Plasmid construction and Cdc20-myc overexpression
We used oocyte total RNA to conduct reverse transcription

and generate cDNA as above, cdc20 DNA was amplified using
nest PCR. The outer primers were 50-TGTGTTCGGGA-
GAGCTGAGTACG-30 (forward) and 50-GGAAGATAC-
GAACTTTATTAGA-30 (reverse), the primers with restriction
enzyme site were 50-CGAATTCGCGCTTGGTCGCCTTTC
GC-30 (forward with EcoRI site) and 50-CCGGCGCG
CCGGAAGATACGAACTTTATTAGA-30 (reverse with AscI
site). The 1592bp fragment was then recombined into EcoR1
and Asc1 cutted pCS2C-myc plasmid, transfected into Trans10
competent cells (TransGene). Plasmids were extracted from bac-
teria using TIANprep Mini Plasmid Kit (TIANGEN) and linear-
ized by SalI then purified by Gel and PCR Clean-Up System
(Promega). We used Sp6 MmessagemMACHINE kit (Qiagen)
to produce capped mRNA and we used RNeasy cleanup kit (Qia-
gen) to purify it. mRNA was dissolved in nuclease-free water to a
concentration of 5.0 mg/ml before injection into oocytes.
Injected oocytes were incubated in M2 medium containing Mil-
rinone for 2h (changes in different conditions), then oocytes
were washed in Milrinone-free M2 medium and allowed to
resume meiosis and maturation.

Immunofluorescence (IF) labeling
Oocytes were first fixed in 4% paraformaldehyde at room

temperature for 30 min, and then permeabilized in PBS contain-
ing 0.5% Triton X-100 for 20 min. Next, oocytes were blocked
in PBS with 1% BSA for 1h, and then incubated with first anti-
body at 4�C overnight. After washing 3 times, they were incu-
bated with second antibody at room temperature for 1 h. DNA
was stained with PI. The samples were then mounted on slides.
The antibodies used included FITC-a-tubulin (F2618, Sigma),
FITC-myc (R953–25, Invitrogen) and Bub 3(sc-28258, Santa
Cruz). The oocytes were observed under a laser-scanning confo-
cal microscope (Zeiss LSM 710, Germany). At least 40 oocytes
were examined in each treatment, and each treatment was
repeated 3 times.

Western blotting analysis
First we gathered at least 150 oocytes and boiled for 5 min

with loading buffer; then the proteins were separated by 10%
SDS-PAGE and electrically transferred to polyvinylidene fluoride
membranes. Following this the membranes were blocked in 5%
BSA dissolved in TBST for 2 h at room temperature, then incu-
bated with first antibodies overnight at 4�C. After washing
3 times in TBST, 10 min each time, the membranes were

incubated for 1 h at 37�C with secondary antibodies. Finally the
membranes were imaged using the enhanced chemiluminescence
detection system.

Chromosome spread staining
The chromosome spread was performed as described previ-

ously (Hodges and Hunt, 2002). Briefly, the oocytes were
exposed to acid Tyrode’s solution (Sigma) to remove the zona
pellucida; the whole process was monitored under the micro-
scope to avoid over-digestion. After a brief recovery in M2
medium, the oocytes were transferred onto glass slides and fixed
in a solution of 1% paraformaldehyde in distilled H2O (pH 9.2)
containing 0.15% Triton X-100 and 3 mM dithiothreitol. The
slides were allowed to dry slowly in a humidified chamber for sev-
eral hours, and then blocked with 1% BSA in PBS for 1h at room
temperature or overnight at 4�C and incubated with primary
antibodies of anti-Bub3 or anti-BubR1 (1:50), overnight at 4�C.
After brief washes with washing buffer, the slides were then incu-
bated with corresponding secondary antibodies for 2h at room
temperature. DNA on the slides was stained with PtdIns for
10 min and slides were mounted for immunofluorescence
microscopy observation.

Data analysis
All experiments were repeated at least 3 times. Statistical anal-

ysis was performed using Student’s T test and shown as mean
§ SEM.
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Note

While we were preparing this manuscript, a paper was pub-
lished to show that cyclin B3 is a mitotic cyclin that promotes
the metaphase-anaphase transition (Yuan K, O’Farrell PH.
Cyclin B3 is a mitotic cyclin that promotes the metaphase-ana-
phase transition. Curr Biol 2015; 25(6):811–6). Our conclusion
in meiosis is similar to that in mitosis.
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