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Dicer is a key player in oocyte maturation
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Abstract
Objective Apply Dicer siRNA to study functions of Dicer
and miRNA during oogenesis.
Materials and Methods Mouse oocytes were injected with
Dicer siRNA and negative control siRNA and then matured
in vitro. After IVM, oocytes were examined for maturation
rates, spindle and chromosomal organization, and various
gene expressions.
Results Dicer siRNA significantly reduced maturation
rates, increased abnormal spindle and chromosomal
organization, and reduced the transcripts of Dicer miR-
NAs, spindle formation proteins (plk1 and AURKA) and
spindle check points (Bub1, Bublb). Depletion of bulb16
markedly prohibited the first polar body extrusion and
increased the incidence of misaligned chromosomes and
abnormal meiotic spindle assembly.
Conclusion Dicer siRNA triggered a cascade reduction
for gene expressions starting from Dicer to miRNAs than
to spindle assembly proteins and checkpoints which led
to abnormal spindle and chromosomal organization.
Thus, Dicer and miRNA appeared to play an important
role during oogenesis and were essential for meiotic
completion.
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Introduction

Gene expression occurs through the transcription of the
gene to mRNA and the subsequent translation of mRNA
into proteins. This process is usually positively regulated
during the transcriptional and translational steps. However,
the discovery of hundreds of small non-coding micro-
RNA (miRNAs) in various organisms has shown that
gene expression can also be negatively regulated at the
post-transcriptional level [1–4]. Dorsha and Dicer are two
types of ribonuclease-IIIs (RNAase-IIIs) that process
miRNA gene primary transcripts (pri-miRNAs) into mature
miRNA (21–25 bp) and thus regulate the biogenesis
of miRNA [5–7]. miRNA regulates gene expression by
assembling and base-pairing with its target mRNA, forming
an effector-complex (called the RNA-induced silencing
complex RISC) to induce post-transcriptional gene silenc-
ing (PTGS) either by translational repression or by cleavage
of the target mRNAs [8–10]. Worms, plants, and flies use a
similar biological process called RNA interference (RNAi)
as a defense mechanism to protect the genome against virus
infection and transposons [11–14]. In mammalian tissues,
RNAi was first found in mouse oocytes and early embryos
[15]. Like miRNA, RNAi also requires Dicer for the
generation of small interference RNA (siRNA) and RISC
effector to induce PTGS [16, 17]. Both RNAi and miRNA
work in response to their exogenous triggers (namely
double stranded RNAs or dsRNAs) [18].

RNAi has been utilized as a new tool for screening the
loss-of-function of specific genes in an increasing number
of mammalian species such as human [19], mouse [20]
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bovine [21] and porcine [22]. Recently, the microinjection
of dsRNAs or siRNAs to knockdown specific transcripts in
mouse oocytes or early embryos has been extensively
adopted in the studies of some crucial genes which include
spindle assembly checkpoints [23], transcription factors
[24] and cell cycle regulators [25]. Therefore, RNAi
efficiently induced by siRNA introduction is an excellent
method for exploring the role of maternal transcripts
recruited either during oocyte maturation or embryo
development [26].

Early embryo development is controlled by the spatial and
temporal expression of genes from either maternal or
embryonic origin or from both genomes. During oogenesis,
the oocyte accumulates mRNAs and proteins not only for
their growth, but also for their maturation, fertilization and
further embryonic development [27]. Maternal mRNAs and
proteins are essential for early embryonic development
before activation of embryonic genome [28]. In general,
embryonic genome activation takes place at the 2-cell stage
in mouse embryos and at the 8-cell stage in bovine embryos.
After activation of embryonic genome, embryonic transcrip-
tion initiates. Dicer, which controls miRNA genesis, is
capable of negatively regulating both the maternal and
embryonic gene expression through the inactivation of
maternal and embryonic mRNA. Much evidences have
supported the theory that Dicer may be an important player
in oogenesis and embryogenesis. Indeed, evidence of the
important role of Dicer can be observed in the case of Dicer-
deficiency, which can either arrest embryonic development
or lead to embryonic death [29, 30]. Furthermore, it has been
observed that mutations in homologous dicer gene in various
model organisms may lead to developmental abnormalities:
a diverse range of developmental defects in C. elegans [31],
abnormal embryogenesis in A. thealiana [32], developmental
arrest in zebrafish [33] and depletion of stem cells in mice
[34]. Transcriptions of Dicer and microRNA have also been
detected and profiled in non-fertilized oocytes, zygotes, and
various stages of embryos [35–37]. Dicer mRNA is one of
highly abundant transcripts in mouse oocytes where the
relative amount of Dicer mRNA is the highest when
compared with other cell types [38]. Finally, Dicer’s
importance in oogenesis was confirmed through conditional
knockout experiments in which oocytes of mice lacking
Dicer were found to arrest at meiosis I with multiple
disorganized spindles and severe defect of chromosome
congression [35, 39]. Even though we have confirmed that
Dicer is essential for oogenesis, the molecular mechanism
that led to the observed defects in oocytes of mice lacking
Dicer remains a mystery. In this paper, RNAi to suppress
Dicer1 transcripts was utilized to investigate whether
miRNA and spindle assembly proteins and checkpoints
implicated in meiosis dysfunction in Dicer-knockdown
oocytes.

Materials and methods

Isolation of mouse cumulus free oocytes (CFOs)
and cumulus-oocyte complexes (COCs)

B6D2 F1 female mice (8–12 week old) were stimulated by a
single i.p. injection of 5 IU pregnant mare serum gonadotropin
(PMSG, Sigma St. Louis, MO). Immature GV oocytes,
enclosed by cumulus cells (COCs), were collected by
puncturing the ovarian follicles at 46–48 h post injection. In
general, approximately 20–25 COCs were produced by each
mouse. COCs isolated from ovaries of super-ovulated mice
were incubated in M2 medium (Sigma) supplemented with
0.25 mM 3-isobutyl-1-methylxanthine (IBMX, Sigma) to
inhibit germinal vesicle breakdown (GVBD). Attached
cumulus cells were removed from the collected COCs by
repeated gentle pipetting through a narrow bore glass pipette
to obtain cumulus-free-oocytes (CFOs) for study.

Microinjection of siRNA

In this study, injection of siRNA was used to knockdown a
specific gene in order to study the function of the gene.
Negative control siRNA, siRNAs of Dicer, Bub1 and
Bub1b pre-designed to knockdown its expression in mouse
(Ambion, Inc., Houston, TX) were diluted with buffer to a
final concentration of 50 μM, and stored at −20°C.
Approximately 10 pl of the diluted siRNA solution was
injected into the germinal vesicle (GV) of COCs and CFOs
using the Eppendorf FemtoJet system. Injection of siRNA
was performed using previously described methods by Jaff
et al. [40]. Briefly, COCs were compressed slightly between
two cover slides to visualize their GVs and the diluted
siRNAwere then injected into the GVof COCs utilizing the
Eppendorf FemtoJet system. Oocytes without injection
were used as controls while oocytes injected with negative
control siRNA were used as negative controls. After
injection, oocytes were pre-incubated in M2 medium
(Sigma) supplemented with IBMX at 37°C in a humidified
atmosphere of 5% CO2 and 95% air for 4 h.

In vitro maturation

IVM medium contained α-MEM (Invitrogen, Carlsbad,
CA) supplemented with 3 mg/mL of bovine serum albumin
(BSA, Fraction V, Sigma), 0.23 mM sodium pyruvate,
antibiotic and antimycotic solution, 10 ng/mL of mouse
epithelial growth factor of culture-grade (EGF, Invitrogen),
and 1.5 IU/mL of human chorionic gonadotropin (Sigma).
Following injection and pre-incubation, oocytes were
removed from M2 medium containing IBMX to IVM
medium and cultured at 37°C in a humidified atmosphere
of 5% CO2 and 95% air. At the end of IVM, oocytes were
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assessed for their maturation stage using a Nikon inverted
microscope with a magnification of ×200.

Oocyte maturation rates

Following transfer to IVM medium, mouse GV oocytes
underwent GV breakdown (GVBD) and extrusion of first
polar body, representing the completion of meiosis I.
Oocyte maturation rates were calculated by evaluating the
proportion of oocytes at the MII stage 18 h after IVM.

Effect of Dicer siRNA on oocyte maturation

The effect of Dicer siRNAwas tested with CFOs and COCs
at the GV stage. Experiments involving CFOs were
repeated 8 times, utilizing 116–141 CFOs extracted from
five to seven mice. Similarly, experiments involving COCs
were repeated 7 times, utilizing 109–125 oocytes extracted
from five mice each time. For each experiment, the
obtained CFOs and COCs were randomly divided into
non-injected oocytes as controls, Dicer siRNAs and
negative control siRNAs groups. siRNAs were injected
into CFOs and COCs as previously described. After
injection, oocytes were allowed to mature in-vitro. A
portion of MII oocytes (265 oocytes from CFOs and 255
oocytes from COCs) were used to investigate spindle
integrity by immunofluorescence staining and the other
portion of MII oocytes (180 oocytes from CFOs and 112
oocytes from COCs) were used to detect gene expressions
by real-time RT-PCR.

Immunofluorescence staining

The zona pellucida of the oocytes was removed with Acid
Tyrode’s solution (Chemicon, Billerica, MA). Oocytes were
fixed with 4% paraformaldehyde in PBS for 15 min at room
temperature, permeabilized with 0.5% Triton X-100 in PBS
for 15 min, washed three times in 0.1% Tween in PBS
(T-PBS), and then blocked with 3% BSA in T-PBS for
1 h at 37°C. Blocked oocytes were incubated overnight
at 4°C in the 1:800 diluted anti-α-tubulin monoclonal
antibodies (sigma). Oocytes were then washed twice in
T-PBS and incubated for 1 h at room temperature in the
1:1,000 diluted rabbit anti-mouse IgG antibody conjugated
with fluorescein isothiocyanate (FITC)(Molecular probe).
After rinsing with T-PBS, oocytes were mounted in
Vectashield with DAPI (Vector laboratories, Burlington
CA) and analyzed using the Zeiss microscope (Carl Zeiss).

Real-time RT-PCR

Following IVM, sixty MII oocytes were used to detect the
expressions of Dicer and two miRNAs (let 7d and

miR-30c), spindle formation proteins (plk1 and ARUKA),
and spindle checkpoint (Bub1, Bub1b, Zw10 and Mad2l1)
genes by real time RT-PCR using predesigned primers
(Applied Biosystem). Individual oocytes were transferred to
5 μl Tri-reagent (Molecular Research) in Eppendorf tubes and
subjected to total RNA isolation according to the manufac-
ture’s guidelines. For analysis of Dicer1 and GAPDH
expression, RT reaction was carried out using oligo (dT)18
in a 25 μl volume with SuperScript III RT (Invitrogen) and
real-time PCR was performed using TaqMan gene expres-
sion assay kit (Assay ID Mm00521733_g1, Applied
Biosystem). Analyses of let-7d and mir-30c were performed
using TaqMan® MicroRNA Reverse Transcription Kit and
TaqMan gene expression assay kit (Assay ID: 001178 and
000419, Applied Biosystem). Relative quantification of gene
expression was analyzed using the 2�ΔΔCt method. In all
experiments, GAPDH mRNA was employed as an internal
standard.

Ooplasmic replacement

The reversibility of siRNA by ooplasmic replacement was
also investigated. Experiments were repeated three times.
Each time, seven to eight mice were used and 126–167
CFOs were obtained. Oocytes were randomly divided into
Dicer siRNA, negative control siRNA and non-injected
control groups. All three groups (with or without microin-
jection) underwent in-vitro maturation in IVM medium for
4 h. As oocytes maturing neared the MI stage, one third of
their ooplasm was replaced with that of non-injected MI
oocytes. Meanwhile, a group of CFOs injected with
negative controls but without ooplasmic replacement were
used as controls.

For ooplasmic replacement, the studied oocytes were
washed and cultured in the α-MEM medium Supplemented
with 5% fetal bovine serum for 3 h. As oocytes matured to
the GVBD stage, they were then cultured in M2 medium
supplemented with 7.5 mg/ml cytochalasin B (Sigma) for
15 min at 30°C. A small slit was made on the zona
pellucida with a sharp needle. Through the slit, one third of
ooplasm were gently aspirated from the oocytes using
micromanipulation (Narishige micromanipulation system),
and then the same amount of ooplasm from non-injected
GVBD oocytes were transferred into the perivitelline space
of recipient oocytes. Couplets of recipient and donor
ooplasts were briefly washed by fusion medium (300 mM
mannitol, 0.1 mM MgSO4, 0.1 mg/ml Polyvinyl Alcohol,
and 3 mg/ml Bovine Serum Albumin), and then transferred
into a fusion chamber with two wires 0.5 mm apart and
loaded with fusion medium. After applying two electric
pulses (1.4 KV/cm, 26 μs each), ooplasmic replaced
oocytes were incubated in M2 containing 20% FCS for
recovery.
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After ooplasmic replacement, oocytes were again incu-
bated in IVM medium for final maturation. At the end of
IVM, all oocytes were examined for maturation rate and for
gene expressions by real-time RT-PCR.

Results

1. Oocyte maturation rates were significantly reduced by
Dicer siRNA injection

In all studied groups, the majority of oocytes
matured beyond the GV stage after microinjection and
in vitro maturation. However, a small portion of the
oocytes either remained in GV stage or became
degenerated (Fig. 1). In non-injected and negative
control groups, a large portion of matured oocytes
advanced to the MII stage, while in the Dicer siRNA
group, more than half of the matured oocytes arrested at
MI stage (Fig. 1). Oocyte maturation rates were judged
by the percentages of oocyte at the MII stage. There
were no significant differences between oocyte matu-
ration rates of the negative control and the non-injected
control (75.7% vs. 75.4% for CFOs, p=0.8; and 75.1%
vs. 84.9% for COCs, p=0.2) (Fig. 1). However,
injection of Dicer siRNA significantly reduced oocyte
maturation rates in CFOs (34.4% vs. 75.7%, p<0.005)
as well as in COCs (27.7% vs. 75.1%, p<0.005)
(Fig. 1). Thus, injection of Dicer siRNA appears to
inhibit meiotic maturation by arresting oocytes at the
MI stage and circumventing the completion of meiosis
I. In addition, we also found that injection of siRNAs
could induce extrusion of irregular polar bodies such as
double polar bodies or enlarged polar bodies in nearly
3% siRNA injected oocytes. These oocytes also

exhibited abnormal patterns of chromosomal segregation
(Data not shown).

2. Abnormal spindle organization and chromosome
alignment rates were increased by Dicer siRNA

Anti-tubulin antibody immunostaining revealed
that Dicer siRNA injection significantly increased
abnormal spindle organization and abnormal chro-
mosome alignment. When compared with their
negative control, Dicer siRNA injection significantly
increased abnormal spindle organization, abnormal
chromosome alignment, or both abnormal spindle
organization and abnormal chromosome alignment in
both CFOs (21.9% vs. 0.9%, 8.9% vs. 3.9%, and
3.2% vs. 0%, respectively) (Fig. 2) and COCs (17.7%
vs. 0%, 5.6% vs. 2.4%, and 3.5% vs. 0%, respectively)
(Fig. 2). Overall, Dicer siRNA significantly increased
the total abnormal spindle and chromosome organiza-
tion rates in CFO (27.6% vs. 4.8%, p<0.0001) and in
COCs (19.9% vs. 2.4%, p<0.0001) (Fig. 2). Figure 3
illustrates phenotypes of some normal and abnormal
spindle and chromosome organizations. This data
imply that incompletion of meiotic maturation may
be due to spindle disorganization and chromosome
misalignment.

3. Dicer siRNA significantly reduced the transcripts of
Dicer and miRNAs in oocytes

Transcripts of Dicer and the two studied miRNAs
(i.e., let 7d and miR30c) in oocytes were detected
quantitatively by real time RT-PCR. Dicer siRNA
significantly reduced the transcripts of Dicer, let 7d
and miR-30c to 23%, 43%, and 32% in CFOs, respec-
tively. Similarly, in COCs, Dicer siRNA significantly
reduced the transcripts of Dicer, let 7d and miR-30c to
21%, 47%, and 55%, respectively (Fig. 4a). Thus, Dicer
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Fig. 1 MII formation rates. After
microinjection and IVM, the
distribution of GV, MI, MII and
degenerated oocytes in non-
injected control, Dicer siRNA and
negative control of CFOs (right
panel) and COCs (left panel)
were recorded for comparison.
Data are presented as means+S.
D. of eight repeats of CFOs and
seven repeats of COCs. Data
were analyzed by Pearson’s
Chi-square test. P<0.05 was
statistically significant. Data were
analyzed by Pearson’s Chi square
paired test. P<0.05 was consid-
ered statistically significant.
* indicate significant difference
from its negative controls
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Fig. 2 Abnormal spindle organization rates after Dicer siRNA
injection. After microinjection and IVM, oocytes were examined for
their spindle integrity by immunofluorescence staining as described in
text. The rates of abnormal spindle organization (shown as spindle),
chromosomal misalignment (shown as chromosome), abnormal
spindle organization and chromosomal alignment (shown as both),
and total abnormal oocytes (shown as total) in CFOs (right panel) or

in COCs (left panel) were illustrated. Data are presented as means+S.D.
of eight repeats of CFOs and seven repeats of COCs. Data were
analyzed by Pearson’s Chi-square test. P<0.05 was statistically
significant. Data were analyzed by Pearson’s Chi square test. P<0.05
was considered statistically significant. * indicates significant difference
from its negative controls, p<0.005. ** indicates significant difference
from its negative controls, p<0.0001
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Fig. 3 Dicer siRNA causes a
various types of spindle and
chromosome disorganizations.
Oocytes in negative control and
Dicer siRNA groups were fixed
with 4% parafirnaldehyde and
stained with alphe tubulin
immunofluroscence staining
(green) and DNA was counter-
stained with DAPI (red).
Representative images are
shown. Bar, 25 um. a normal
spindle and chromosomal
organization. Oocytes exhibited
single barrel-shaped MI spindles
with chromosomes congregated
at the metaphase plate. b
abnormal spindle organization.
Oocytes exhibited irregularly
dispersed spindle microtubules.
c chromosomal misaligned.
Oocytes exhibited chromosomes
scattering away from the
metaphase plate. d abnormal
spindle organization plus chro-
mosomal misalignment. Oocytes
were with irregularly dispersed
spindle microtubules and with
chromosomes scattered away
from metaphase plate
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siRNA can also effectively knockdown expression of
miRNAs in mouse oocytes.

4. Dicer siRNA simultaneously reduced the transcriptions
of genes related to spindle formation proteins and
spindle checkpoint regulation

Along with reduction of Dicer and miRNA expression,
Dicer siRNA simultaneously altered the expressions of
Bub1, Bub1b, and Mad2l1 (spindle checkpoints) to 46%,
74%, and 149%, respectively (Fig. 4b) and reduced the
expressions of Plk1 and AURKA (spindle formation
proteins) to72% and 86% respectively.

5. Depletion of Bub1b by RNAi causes MI arrest,
misaligned chromosomes and abnormal meiotic spindle
assembly in oocytes

To further investigate the roles of Bub1 and Bub1b
on the regulation of oocyte meiosis, both siRNA of
Bub1 and Bub1b and negative control siRNA were
microinjected to CFOs. RNAi efficiency was examined
by real-time RT-PCR. As compared to its negative
controls, siRNA injection significantly reduced Bub1
and Bub1b expression to 14% and 6% in the MI stage
oocytes and 22% and 9% in the MII staged oocytes,
respectively (data not shown). With no doubt, the
expression of Bub1 and Bub1b were successfully
knockdown by RNAi as well. We further found that
70% of Bub1bdepleted and 19% of Bub1depleted
oocytes were arrested at the MI stage. Improper homol-
ogous chromosome segregation and lagging chromo-

somes were observed in 27% of Bub1b-depleted oocytes.
The above experiments were conducted in triplicates.

6. The effect of Dicer siRNA can be reversed by
ooplasmic replacement

The reversibility of Dicer siRNA effects was tested
by ooplasma replacement as described in Materials and
Methods. After ooplasma replacement, most of Dicer1
siRNA injected oocytes could escape from MI arrest,
followed by first polar bodies extrusion, and finally
reached to the MII stage. Their oocyte maturation rates
shown by percentages of oocyte at the MII stage were
not significantly different among Dicer siRNA, nega-
tive control, and non-injected control (65.3%. 74.2%
and 70.0%, p=0.333) (Fig. 5a). The relative oocyte
Dicer mRNA levels after ooplasma replacement
increased from 23% to 53% of their negative controls
(Fig. 5b). Meanwhile, the amplicons of RT-PCR had
further been identified as 347 bp Dicer mRNA by gel
electrophoresis using beta actin as an internal control
(Fig. 5c). Our data showed that, ooplasmic replace-
ment can neutralize the effect of Dicer siRNA
injection.

Discussion

The new emerging technique of using RNAi for post-
transcriptional gene silencing has been found to be a useful
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statistically significant. * indicates significant difference from its
negative control, p<0.005
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tool to elucidate the function of specific genes [41]. In past
decades, genomic DNAs have been sequenced and the
transcripts of their gene expressions had been profiled. Yet,
the functions of these genes remained unknown. The advent
of RNAi technology appears to be a tool to link gene
sequence and gene function together. This technology
requires the introduction of long dsRNA, siRNA or short
hairpin RNA (shRNA) into oocytes, embryos or cells by
transfection, electroporation, or microinjection [38, 42–45].
In this study, we used microinjection to introduce Dicer
siRNA into mouse GV oocytes to deplete endogenous
transcripts. Our data showed that the injection of Dicer
siRNA: a) significantly reduced oocyte maturation rate
(Fig. 1), b) increased spindle disorganization and chromo-
some misalignment rates (Figs. 2 and 3), and c) reduced the
expression of Dicer, let 7d and miR-30c , spindle formation
proteins and spindle check point genes (Fig. 4a and b). This
data indicated that injection of Dicer siRNA could
effectively knockdown the expression of Dicer with
consequences of reducing meiotic maturation, possibly
due to disorganization of spindle and chromosome
misalignment. These results were in line with that
obtained from knockout mouse experiment in which
oocytes lacking Dicer from knockout mice were reported
to be arrested in meiosis I with multiple disorganized
spindles and severe chromosome congression defects
[35, 39].

As expected, our experiments clearly demonstrated that
the expression of Dicer was immediately and effectively

reduced after Dicer siRNA injection (Fig. 4a). Since Dicer
is responsible for generating miRNAs, injection of Dicer
siRNA was expected to knockdown the expression of
miRNAs as well [35, 39, 46]. In congruity with this
prediction, the two studied miRNAs (i.e., let-7d and miR-
30c) were significantly co-suppressed with Dicer after
injection (Fig. 4a). Along with the reduction of Dicer and
miRNAs expression, oocytes injectedwith Dicer siRNAswere
unable to complete meiosis I. We observed that most oocytes
arrested at the MI stage with significantly low percentages of
oocytes advancing to the MII stage (Fig. 1a, b). Thus, the
presence of Dicer appeared to be required for the completion
of meiosis I. Our immunostaining further revealed that many
Dicer siRNA injected oocytes contained defects in meiotic
spindle organization and chromosome alignment (Fig. 2a, b).
This indicated that Dicer and miRNAs are essential for
meiotic spindle integrity which is necessary for normal
meiotic maturation.

Oocytes with high Dicer and miRNAs activity (i.e.,
negative control group) were associated with high MII
formation rates and low spindle disorganization and
chromosome misalignment rates (Figs. 1a, b, 3a, b, and 5a).
On the other hand, low activity of Dicer and miRNAs (i.e.,
Dicer siRNA group) were associated with low MII formation
rates and high spindle disorganization and chromosome
misalignment rates (Figs. 1a, b, 3a, b, and 5a). Thus, Dicer
and miRNAs activities were positively correlated with
spindle organization and completion of meiosis. Data also
implied that high expressions of Dicer and miRNAs insured
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normal oocyte maturation and could be a marker for oocyte
quality.

Dicer may function through its downstream miRNAs to
maintain integrity of spindle and chromosome organization.
As mentioned above, miRNAs were able to negatively
control gene expression post-transcriptionally [1–4]. Thus,
miRNAs in oocytes could control maternal mRNAs storage,
translation, and degradation. In fact, miRNAs were reported
to directly or indirectly control more than one third of the
maternal genes expressed in oocytes [35]. A large portion of
maternal transcripts were up-regulated in Dicer knockout
oocytes. Previous expression analysis has identified a set of
maternal mRNAs that was especially degraded during
meiotic maturation [47]. Of interest to note, there was a
strong correlation between these degraded mRNAs and those
up-regulated transcripts upon the knockdown of Dicer [39].
Many of these up-regulated genes, such as kifl6b (kinesin
family member 16B), kif4 (kinesin family member 2C), Kif4
(Kinesis family 4), Morel (microtubule-associated protein
1), Mtap2 (microtubule-associated protein 2), Mtap7
(microtubule-associated protein 7) and Tubb5 (tubulin
beta 5), were microtubule-associated genes and had
putative binding sites to let-7d and miR-30c [39]. In
other words, some microtubule related genes might be
potential target genes of let-7d and miR-30c. Therefore,
reduction of let-7d and miR-30c expression in Dicer
siRNA oocytes would ultimately reduce the transcription
and translation of these microtubule-associated genes.
Microtubule-associated proteins (constitutional proteins
for spindle formation and kinesins) can generate forces
that move chromosomes during meiosis. Abnormality in
the regulation of these gene expressions might contribute
to abnormal spindle formation, kinetochore assembly, and
chromosome segregation.

Indeed, our data demonstrated that Dicer siRNA acted
directly to interrupt the transcripts of some spindle proteins
such as plk1 and AURKA( Fig. 4b) and altered the
transcripts of some spindle assembly checkpoint (SAC)
such as Bub1, Bub1b, Mad2l1 (Fig. 4b), which led to an
abnormal spindle formation and assembly, and delay in
spindle checkpoint. Delaying spindle checkpoint would
prolong metaphase I arrest and result in arresting a good
portion of oocytes at MI stage (Fig. 1a, b), allowing only a
small portion proceeded to the MII stage (Fig. 1a, b). To
characterize the role of Bub1 and Bub1b in oocyte
maturation, we employed RNAi gene silencing approach
to deplete endogenous transcripts in the GV stage of
oocytes. Interestingly, RNAi not only dramatically knock-
down transcripts of Bub1 and Bub1b, but also arrested
majority of the depleted oocytes at the MI stage with high
incidence of abnormal spindle organization and chromo-
somal misalignment (see section 5 of Results). This may
imply that Bub1 and Bub1b might work directly on

organization of SAC. Many studies have shown that Bub1
and Bub1b like other major checkpoint proteins (Bub3,
Mad1-3 and Maps1), act as the controllers of prophase I
arrest in response to the status of the spindle assembly
[48, 49]. In most cases, SACs-depleted oocytes could
abolish the spindle checkpoint arrest in response to spindle
damage [48]. However, recent findings revealed that
Bub1b may work to control an important anaphase-
trigger, anaphase-promoting complex (APC) [49]. APC is
a complex of several proteins (APCCdc 20 or APCCdh1),
which is activated during meiosis to initiate chromatid
separation and entrance into anaphase. The APCCdc20

protein complex has two main downstream targets, securin
and cyclinB1. APCCdc20 and APCCdh1 target securin for
destruction, enabling the consequent degradation of
cohesin and sister chromatid separation. Using the
morpholino based gene-silencing method, other labs have
proven that only 6% of Bub1b-depleted oocytes could
extrude first polar bodies [49]. Their study also indicated
that after Bub1b depletion, Cdh1 was significantly
decreased by 50% to 70% throughout prometaphase I,
eventually resulting in a notably raised level of securin
as high as twice the control value in Bub1b-depleted
oocytes. This is suggestive that meiotic defects in
Bub1b-depleted oocytes are due to reduced activity of
the anaphase-promoting complex by diminishing levels
of coactivator Cdh1.

Our data may reveal the molecular mechanisms of Dicer
siRNA effects. Injection of Dicer siRNA may trigger a
cascade reduction of gene expressions, starting from Dicer
to miRNAs then to SAC proteins and checkpoints. The
reduction of SAC proteins and checkpoints were key
factors responsible for abnormal spindle organization and
chromosomal alignments. Incomplete meiotic maturation
caused by Dicer siRNA could be prevented through
ooplasmic replacement (Fig. 5a), strongly indicating there
was a crucial ooplasmic factor responsible in neutralizing
the silencing effect of Dicer siRNA. Ultimately, we have
identified this factor as 347 bp Dicer mRNA (Fig. 5b).
Ooplasmic replacement did increase Dicer transcripts in
recipient oocytes. This further confirmed that increasing the
expressions of Dicer would improve oocyte quality and
regulating Dicer expression may be a new strategy to
improve oocyte quality.

In conclusion, we have detected Dicer transcripts in
mouse oocytes and have demonstrated that Dicer siRNA
effectively reduced Dicer and miRNAs expression. Accom-
panying this reduction, the injected oocytes significantly
reduced their maturation rates and increased their spindle
disorganization rates. Thus, Dicer and miRNA were
essential for spindle organization and meiotic maturation.
Dicer may prevent miRNAs from regulating the expression
of microtubule related genes. Dicer may also act indirectly
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to reduce or alter the transcripts of spindle proteins and
checkpoints. Dicer and miRNAs appeared to play important
roles during oogenesis and can serve as potential markers of
oocyte quality. Controlling the expression of Dicer and
miRNAs may become a novel strategy in controlling the
quality of oocytes.
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