doi:10.1093/jmcb/mjw031
Published online July 8, 2016

Journal of Molecular Cell Biology (2016), 8(4), 369-370 |

BTG4, a maternal mRNA cleaner
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In most species that undergo sexual repro-
duction, early embryogenesis is dominated
by maternal mRNAs and proteins. To ensure
subsequent development, these macromo-
lecules are degraded and zygotic transcrip-
tion is activated during a highly conserved
maternal-to-zygotic transition (MZT).
Degradation of maternal mRNAs occurs
before or during zygotic genome activation
(ZGA) and is essential for normal embryonic
development (Ramos et al., 2004; Semotok
et al., 2005), but the underlying molecular
mechanisms are poorly understood. Two
recent studies (Liu et al., 2016; Yu et al.,
2016) report that BTG4 (B-cell transloca-
tion gene 4) is required to degrade mater-
nal mRNAs in mice, which significantly
advance our limited understanding of this
important process in mammals.
Mammalian BTG4 belongs to the TOB/
BTG family of proteins. All BTG family
members, except BTG4, interact with
CNOT7 to regulate RNA turnover and with
transcription factors to control transcription
(Winkler, 2010). In both mouse and human,
Btg4 transcripts are highly enriched in the
ovary and testis. Yu et al. (2016) and Liu
et al. (2016) independently report that
mouse embryos lacking BTG4 arrest at the
1-2 cell stage and Btg4 knockout female
mice are infertile. A major consequence of
the absence of BTG4 is a global delay in
maternal mRNA degradation during the
MZT. Both papers document that BTG4
interacts with an RNA de-adenylation
complex, CCR4-NOT, similar to other BTG
family members. Furthermore, they dem-
onstrate that the interaction between the
BTG4 and the CCR4-NOT complex depends
on the BTG domain of BTG4 and two
CCR4-NOT components, CNOT7 and CNOTS.
These interactions suggest that BTG4 fos-
ters mRNA degradation by promoting RNA
de-adenylation. Consistent with this for-
mulation, ablation of Btg4 inhibited short-
ening of the polyA tails of several maternal
mRNAs during oocyte maturation. The two

groups also implicate additional RNA-
binding proteins, including the translation
initiation factor elF4E (Yu et al., 2016) and
the polyA-binding protein PABPC1L (Liu
et al., 2016) in BTG4-dependent mRNA rec-
ognition and degradation. Yu et al. (2016)
document that ZGA is impaired in embryos
derived from Btg4-null female mice, which
suggests that maternal mRNA clearance is
a prerequisite for ZGA (Figure 1).

Both Btg4 mRNA and protein are mater-
nally produced. Yu et al. (2016) and Liu
et al. (2016) report that Btg4 transcripts
accumulate during oocyte growth in GV
(germinal vesicle or nucleus)-intact oocytes,
but are not translated until nuclear
envelope breakdown (GVBD) when fully
grown oocytes undergo meiotic matur-
ation. Pharmacological blocking of oocyte
maturation prevents the translation of
Btg4 transcripts, which depends on three
cytoplasmic polyadenylation elements in
its 3'UTR. Yu et al. (2016) observed that
pERK1/2 had a similar pattern of expres-
sion as the BTG4 protein in both mouse
oocytes and embryos. They document

that inhibiting pERK1/2 activity disrupted
Btg4 mRNA polyadenylation and transla-
tion, suggesting that pERK1/2 functions
upstream to activate BTG4 protein
expression. Thus, accumulation of BTG4
is tightly regulated to ensure the expres-
sion in mature mouse oocytes and early
embryos during the MZT. Together, both
reports highlight a critical role of BTG4 in
mouse maternal mRNA clearance and as
a MZT-licensing factor.

These studies bring up several avenues
for future investigation. First, the molecular
basis for embryonic arrest in the absence
of maternal BTG4 remains unclear. Both
studies propose that delayed maternal
mRNA clearance mediated by the BTG4
and the CCR4-NOT complex underlies the
developmental arrest. Similar phenotypes
are observed when the interactions between
BTG4 and CNOT7 are disrupted. This model
predicts that perturbation of the CCR4-NOT
complex by removal of CNOT7 or CNOT8 will
also result in embryonic arrest at the MZT.
Among the long list of maternal mRNAs
dependent on BTG4 for degradation, the
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Figure 1 BTG4-dependent maternal RNA clearance during oocyte maturation. Oocytes grow
within the ovary and are ovulated into the oviduct where they are fertilized. Asymmetric mei-
otic divisions form polar bodies (PBs) present in the perivitelline space between the zona pellu-
cida and the plasma membrane. During oocyte growth, maternal mRNAs accumulate, but are
largely degraded during and after oocyte maturation. Rapid and efficient clearance of the
majority of maternal mRNAs is required for normal embryonic development. Mouse BTG4 fos-
ters maternal RNA degradation by recruiting the RNA de-adenylation complex CCR4-NOT onto
target mRNAs and the de-adenylated mRNAs are subsequently degraded by RNA exonucleases.
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persistence of a few key players could be
responsible for the early developmental
arrest. Therefore, overexpression of candi-
date maternal transcripts that are normally
degraded could be assayed for their ability
to disrupt development and phenocopy
the Btg4-null mice. Second, the identifica-
tion of interactions between the BTG4 and
the translation initiation factor elF4E sug-
gests that temporal control of maternal
mRNA degradation may be coupled with
translation. This could be tested using
5'UTR-targeted morpholinos to block trans-
lation of maternal mRNA to determine the
effect on their degradation. Third, the
potential role of pERK1/2 in regulating
oocyte maturation deserves further explor-
ation. It would be of interest to determine
whether ectopic expression of pERK1/2 in
GV-intact oocytes leads to premature trans-
lation of Btg4 with concomitant acceler-
ation of de-adenylation and degradation of
maternal mRNAs.

Alternative strategies for the rapid clear-
ance of maternal RNAs have been reported.
In particular, small RNAs have generated
considerable investigative interest for
their role in shaping transcriptomes post-

transcriptionally and in altering proteomic
profiles during developmental transitions
(He and Hannon, 2004). In zebrafish, the
microRNA miR-430 is responsible for the
rapid clearance of the majority of maternal
RNA at the mid-blastula transition (compar-
able to the MZT, Giraldez et al., 2006).
However, no counterpart has been identi-
fied in mice (Svoboda and Flemr, 2010) and
the work by both Yu et al. (2016) and Liu
et al. (2016) highlights the importance of
RNA de-adenylation in the MZT. One of
the key players of this machinery, BTG4,
is specifically expressed in mouse oocytes
and early embryos, which suggests that
mice employ an MZT-specific RNA de-
adenylation system for clearance of mater-
nal mRNAs.
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