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Abstract
We describe the identification and characterization of Trim43a, Trim43b, and Trim43c genes, whose
expression are restricted to preimplantation stages and peak at the 8-cell to morula stage. We
identified a 5 kb DNA fragment that covers upstream region of Trim43a as a putative promoter,
which can drive the expression of mStrawberry fluorescent protein in a manner similar to endogenous
Trim43 genes. Trim43 genes will be useful stage-specific markers for the study of preimplantation
embryos.
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1. Results and Discussion
1.1. Rational for the study and selection of candidate genes

Mouse preimplantation embryogenesis is marked by three waves of gene expression: massive
degradation of maternal RNAs, zygotic genome activation (ZGA) at the 2 cell stage, and mid-
preimplantation gene activation (MGA) (Hamatani et al., 2004). Global expression profiles of
mouse preimplantation embryos by microarrays have been reported recently (Hamatani et al.,
2004; Wang et al., 2004; Wang et al., 2005; Zeng et al., 2004), providing a great opportunity
to search for genes that show specific expression patterns during preimplantation development.
We previously identified Zscan4 as a ZGA gene that is expressed uniquely in the 2-cell embryos
(Falco et al., 2007). Here, we sought MGA genes, which should be expressed uniquely in the
later stages of preimplantation development.

To identify genes whose expression peaks at the 8-cell or morula stage, we first used both EST
frequency (Quackenbush et al., 2001; Sharov et al., 2003) and DNA microarray data (Hamatani
et al., 2004; Zeng et al., 2004). We found 108 candidate genes and then narrowed them down
to 6 candidate genes (Gpbp1l1, Zfyve27, Ranbp10, Zfp791, Zfp821, and EG547109) by
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discarding genes encoding enzymes and other well-known genes. We used qRT-PCR analysis
to confirm that a gene model named EG547109 showed peak expression at the 8-cell stage (see
the section 1.3) and decided to analyze this gene further.

1.2. Analysis of genome sequences
We detected three closely related genes corresponding to EG547109 by public database
analysis (UCSC database, July 2007). These three gene models were annotated as EG547109,
EG666731, and EG666747, which were mapped within 510 kb region on Chromosome 9
(Supplemental Fig. S1A). Based on the genome sequences, we predicted three cDNAs and
open reading frames (Fig. 1A). Domain prediction analysis (htpp://smart.embl.de/) of the
protein encoded by EG547109 revealed that this gene belongs to the TRIM/RBCC proteins,
which are defined by the presence of the tripartite motif composed of a RING domain, one or
two B-box motifs and a coiled-coil region. It is known that these proteins self–associate,
resulting in the formation of large protein complexes that are involved in a broad range of
biological processes (Meroni and Diez-Roux, 2005; Reymond et al., 2001; Sardiello et al.,
2008; Torok and Etkin, 2001).

After consulting with the International Committee on Standardized Genetic Nomenclature for
Mice, we named the mouse EG547109 Trim43a, EG666731 Trim43b, and EG666747
Trim43c, primarily based on the following sequence similarity searches. To search for the
human ortholog of EG547109, we carried out a BLASTP (Altschul et al., 1990) analysis of
the mouse protein against all the human proteins. Top two hits were humanTRIM43 and a
protein similar to human TRIM17; both proteins shared 41% identities and were mapped to
Chromosome 2. The third hit was human TRIM11 that shared 36% identities and was mapped
to Chromosome 11. When the human TRIM43 protein was searched against all the mouse
proteins, EG666747 (TRIM43C), EG547109 (TRIM43A), and EG666731 (TRIM43B) were
among the top hits, sharing 42% (TRIM43C) and 41% (TRIM43A and TRIM43B) identities
with the human TRIM43 protein. The domain sequences of mouse TRIM43A protein showed
a high conservation in RING (48.7%), Bbox (54.7%), and SPRY (50%) of the human TRIM43
protein.

Although it was clear from the sequence alignments to mouse genome (Supplemental Fig. S1A)
that Trim43a, Trim43b, and Trim43c are different genes, their transcript sequences and
predicted amino acid sequences were very similar (Supplemental Fig. S2, S3). At the nucleotide
level, transcripts show 97% identity between each other. At the protein level, identities are
95% (TRIM43A vs TRIM43B), 92% (TRIM43A vs TRIM43C), and 94% (TRIM43B vs
TRIM43C). Southern blot analysis confirmed that Trim43a, Trim43b, and Trim43c are indeed
present in the mouse genome (Fig. 1B, C).

1.3. Expression patterns of Trim43 genes
EST frequency analysis detected the expression of Trim43 genes only in preimplantation
embryos (Supplemental Fig. S1B, C). Analysis of Trim43 genes by RT-PCR also did not detect
their expression in major organs (Fig. 2A). We then carried out qRT-PCR analysis of
preimplantation embryos and found that Trim43 transcripts were detected at a low level by the
late 2-cell stage, but showed the highest level of transcripts in the 8-cell and morula stages
(Fig. 2B). Because Zscan4 — another preimplantation embryo-specific gene that we reported
recently (Falco et al., 2007) is also expressed in mouse embryonic stem (ES) cells, we examined
the expression of Trim43 genes in ES cells, but no expression was found. (Fig. 2C).

The presence of three similar copies of Trim43 on the mouse genome prompted us to examine
which copies are indeed expressed in mouse preimplantation embryos. To this end, we PCR-
amplified and sequenced the CDS of Trim43 from cDNA mixtures of embryos from the morula

Stanghellini et al. Page 2

Gene Expr Patterns. Author manuscript; available in PMC 2010 December 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



stage. We were able to distinguish each copy of Trim43 by examining the sequence
chromatograph, when it showed multiple nucleotide peaks at the same nucleotide position. Fig.
2D shows an example of such analyses, which indicate that all three copies were expressed in
morula. For example, transcripts of Trim43a was present, because a peak of “C” (2 n.t. position
in the chromatograph) was detected. Similarly, Trim43b was present, because peaks of GAGT
(62 - 65 n.t.) were detected (Fig. 2D). The presence of a small peak “A” (53 n.t.) indicates the
presence of Trim43c transcripts, but the level of expression was low, which is also consistent
with a lack of a peak “T” (39 n.t.). Because primers used to amplify a region of Trim43 cDNAs
100% matched to all three copies, it is most likely that abundance of each transcript in PCR
products represents the abundance of each transcripts in cDNA mixture. We, therefore,
estimated the abundance of transcripts for each gene in the morula cDNA mixture using peak
height information of each nucleotide at multiple locations: Trim43b seems to be the most
highly expressed, followed by Trim43a, while Trim43c shows the lowest expression level.

1.4. Attempts to suppress Trim43 transcript level in preimplantation development
As a first step to characterize the function of Trim43, we explored a possibility to knockdown
all three copies (Trim43a, Trim43b, Trim43c) using siRNA technology and injected a mixture
of four oligonucleotide siRNAs (obtained from Dharmacon) into 1-cell mouse embryos.
However, we could not obtain a down-regulation of Trim43 expression, even after trying
different concentration of siRNAs (5, 10, and 20 μM). Considering the late expression timing
during preimplantation stages, we also injected the mixture of siRNAs into both blastomeres
of 2-cell embryos but failed to suppress the Trim43 expression. It is possible that siRNA
mixtures were diluted as the embryo cleaves and the level of siRNA mixtures were too low to
affect the expression of Trim43, which reaches very high expression levels by the morula stage.

1.5. Analysis of Trim43 promoter activity in preimplantation embryos
To investigate whether the defined DNA region of Trim43 promoter can drive the expression
of a marker gene in the same manner as the endogenous Trim43, we PCR-amplified a 5 kb
DNA fragment that covers a region from ATG codon to 5 kb upstream of the ATG codon of
Trim43a gene (containing the first and second exons) and fused it to a green fluorescent protein
(GFP) variant - Emerald (green) or mStrawberry (red) (Shaner et al., 2005) and 3′UTR of
Trim43 gene containing the polyA signal (Supplemental Fig S4). These DNA fragments were
named pTrim43a(ATG)-Emerald-3′UTR and pTrim43a(ATG)-mStrawberry-3′UTR,
respectively. The promoter sequences of Trim43a, Trim43b and Trim43c share 98% similarity.
A total 6.1 kb of this expression unit was purified and microinjected into a male pronucleus or
both pronuclei of 1-cell embryos. A fluorescent signal was detected by the late 2-cell stage but
dramatically increased in the later stages with the highest signal intensity at the morula stage
(Fig. 3). The results confirm the specific expression pattern of Trim43 obtained by qRT-PCR
(Fig. 2B), microarray, and EST frequency analysis (Supplemental Fig. S1). A low level of
fluorescent signal was still present even at the blastocyst stage, but it disappeared after hatching.
Essentially the same results were obtained with two additional constructs we tested: pTrim43a
(ATG)-Emerald-tkPolyA [5 kb upstream region from ATG – Emerald - HSV tk polyA] and
pTrim43a(1stExon)-Emerald-3′UTR [5 kb upstream region from the first exon – Emerald - 3′-
UTR of Trim43] (data not shown). In contrast, no fluorescent signal was detected when a 500
bp DNA fragment that covers a region between ATG and 500 bp upstream from ATG (named
pTrim43a(500 bp)-Emerald-3′UTR) was used as a promoter (Fig. 3B).

Interestingly, in most cases we observed a fluorescent signal in only one of the two blastomeres
at the late 2-cell stage. These embryos subsequently developed into the morula and blastocyst,
where fluorescent signals were observed in only about 50% of blastomeres (Fig. 4A). At this
stage, the fluorescence was present in both the inner cell mass (ICM) and the trophectoderm
(TE). This unexpected marking of one of the 2-cell blastomeres and seemingly unbiased
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distribution of fluorescence at the blastocyst stage may thus support that notion that both
blastomeres at the 2-cell stage give rise to both ICM and TE (Hiiragi et al., 2006).

The asymmetric distribution of weak fluorescent signals at the 2-cell stage was not observed
in our earlier study using a Zscan4 promoter construct (Falco et al., 2007). To test whether the
asymmetric expression of the Trim43 promoter is a reflection of that of endogenous Trim43
gene, we carried out qRT-PCR analyses of single blastomeres in 4-cell and 8-cell embryos.
We used four embryos for both stages, isolated individual blastomeres from each embryo, and
tested Trim43, Pou5f1 (control), and H2afz (control) for each blastomere. The control genes
(H2afz and Pou5f1) showed similar transcript levels among blastomeres (Fig. 4B). However,
Trim43 showed more variability in transcript levels among blastomeres in both 4-cell embryos
and 8-cell embryos (Fig. 4B). At the 4-cell stage, one or two blastomeres showed much lower
level of Trim43 than other blastomeres. At the 8-cell stage, in three of four embryos, two
blastomeres showed much lower level of Trim43 than other blastomeres (Fig. 4B). However,
due to the observed embryo-to-embryo variation of transcript levels, the results are not
conclusive at this point.

To further test whether the asymmetric expression is specific to Trim43 promoter, we co-
injected Trim43 promoter-Strawberry construct and Zscan4 promoter-Emerald construct into
1-cell embryos. The majority of embryos showed Emerald expression in both blastomeres, but
an asymmetric expression signal was observed only for Strawberry (Fig. 4C). This supports
the notion that the variegation is specifically related to Trim43 promoter. According to the
earlier report (Saveliev et al., 2003), the presence of repeats in a transgene leads to
chromosomal position independent variegation. We then carefully inspected Trim43 promoter
sequence and found a block of repetitive sequences. We suspected that this asymmetric
expression was indeed caused by the variegated expression phenomenon (Frazar et al., 2003).
To test this possibility, we added a chicken beta-globin 5′ HS4 insulator element at the 5′-end
of the expression unit (see Experimental procedures for further details). A total 8672 bp DNA
fragment was injected into the pronuclei of mouse 1-cell embryo. We observed that the
asymmetric expressions were attenuated with the addition of the insulator sequences, although
some asymmetry remained (Fig. 4D, E).

In this paper, we have reported a cloning and characterization of novel genes that show specific
expression in mouse preimplantation embryos. Identification of promoter sequences that can
drive the expression of marker genes (e.g., GFP) in a stage-specific manner will provide a
useful tool for the molecular analysis of preimplantation embryo development.

2. Experimental procedures
2.1. Collection of eggs and preimplantation embryos

B6D2F1 mice aged 4–5 weeks were superovulated by injections of 5 IU pregnant mare serum
gonadotropin (PMS, Sigma, St. Louis, MO), followed 46–47 hr later by 5 IU human chorionic
gonadotropin (hCG, Sigma). Unfertilized eggs and embryos were harvested as previously
described (Falco et al., 2006). Briefly, after removing cumulus cells by incubation in M2
medium (Specialty Media, NJ) with 300 μg/ml hyaluronidase (Sigma), unfertilized eggs and
1-cell embryos were thoroughly washed, selected for good morphology, and collected. The
fertilized eggs (1-cell embryos) were further cultured in KSOM medium (Specialty Media, NJ)
at 37 °C in an atmosphere of 5% CO2. Embryos were harvested at 23, 43, 55, 66, 80 and 102
hours post hCG respectively for 1-cell, late 2-cell, 4-cell, 8-cell, morula, and blastocyst. Good-
looking embryos were transferred in PBT 1× (Phosphate Buffered Saline (PBS) + Tween20
0.1%) solution into three subsets of pooled (10) embryos and stored in liquid nitrogen.
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2.2. RNA isolation and cDNA preparation
A freeze/thaw step has been done to facilitate mechanical rupture of pooled eggs/embryos
(collected in PBT 1×) that were used to obtain RNA as a template for cDNA preparation. The
Ovation System RNA Amplification (Nugen Technologies, San Carlos, CA, USA) was used
in order to prepare amplified cDNA for gene expression analysis.

2.3. qPCR primer design, Quantitative Real-time PCR, and PCR on mouse preimplantation
embryos

PCR primer pairs were designed by Vector NTI software (Invitrogen, Carlsbad, CA, USA) and
were tested using ovary cDNA with SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA, USA) as described in (Falco et al., 2006). Primer pairs used for qPCR are
reported in Supplemental Fig. S4. The cDNAs obtained from oocytes and embryos with the
Ovation kit were diluted to 1:25 in a total of 1000 μl and 2 μl were used as a template.
Quantitative Real-Time PCR was performed as previously described, and data were normalized
by Chuk with the ΔΔCt method (Falco et al., 2006; Livak and Schmittgen, 2001). To understand
which copy of Trim43 genes are expressed during preimplantation development, cDNA was
synthesized from a set of 10 pooled embryos at 8-cell stage using primers amplifying the entire
CDS. The cDNAs obtained were sequenced using a 3100ABI Automatic Sequencer and four-
color fluorescent dye chemistry.

2.4. Southern blot
A probe, containing exon 6, was designed and amplified from mouse DNA extracted from ES
cells. The primers used are reported in Supplemental Fig. S4. Reactions were set up in a 50
μl final volume using Titanium taq PCR Kit (Clontech) and using 200 ng of DNA as a template.
Thermal cycling was initiated with a denaturation step for 3 min at 95°, followed by 30 cycles
at 95° for 30 sec, 60° for 30 sec, 70° for 1 min with a final extension of 10 min at 70°.

The PCR product was purified using GFX PCR DNA and Gel band purification kit (GE
Healthcare) following the instructions of the kit. Fifteen μg of genomic DNA, extracted from
mouse ES cells, was digested to completion with EcoRI, HindIII, PvuII restriction enzymes,
fractionated on a 0.8% (w/v) agarose gel, transferred and immobilized to nitrocellulose
membranes in 20× SSC (SSC = 3M sodium chloride/0.3M-sodium citrate pH 7.0) and cross-
linked to the membrane by baking blots at 80°C for 30 minutes. Blots were hybridized under
standard conditions with random-primed 32P-labeled DNA probes. Membranes were
subjected to 3× washes of 30 min each: 1-SSC 2× /0.1% (w/v) SDS at room temperature, 2-
SSC 0.5× /0.1% (w/v) SDS at 42°C, 3- SSC 0.1× /0.1% (w/v) SDS concentrations at room
temperature and autoradiographed finally for 48 hours at -80°C.

2.5. RT-PCR on ES cells
RNA was extracted by ES cells with the Trizol method, and cDNA was synthesized using
SuperScript III Reverse Transcriptase (Invitrogen).

2.6. RT-PCR on mouse organs, 4-cell embryos, and 8-cell embryos
Total RNAs were extracted from tissues using the Trizol; a pool of 10 embryos at 4-cell and
8-cell stages were collected as already described above, and cDNA was synthesized using
SuperScript III Reverse Transcriptase (Invitrogen). For tissues, 50 ng of total RNAs were used.
A nested-PCR was used to amplify Trim43 in tissues and embryos at the 4-cell and 8-cell
stages. A high fidelity Taq polymerase (Platinum, Invitrogen) was used with the following
thermal cycling conditions: an initial denaturation step of 95°C for 5 min followed by 20 cycles
at 95°C 15 sec, 55°C 1.30 min and 72°C 7 min (1st PCR). A 2nd PCR was performed using
5μl of product from the 1st PCR as a template. The amplification conditions used are the
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following: an initial denaturation step of 95°C for 5 min followed by 35 cycles at 95°C 15 sec,
55°C 1 min, 72°C 1 min and 72°C 7 min. PCR product was visualized under a shortwave length
UV on a Gel Logic 1500 Imaging System (Kodak).

2.7 Promoter study
To construct DNA fragments pTrim43a(ATG)-Emerald-3′UTR and a pTrim43a(ATG)-
mStrawberry-3′UTR, a 4,996 bp DNA fragment that covers a region between the ATG codon
(located in the 2nd exon) and 5 kb upstream of the ATG codon of Trim43a gene was PCR
amplified from RP23-46B12-BAC DNA using primers flanked by the MluI (upstream)
restriction enzyme recognition sequence (Supplemental Fig. S4, S5). CDSs of green
fluorescent protein (GFP) variants - Emerald and mStrawberry (a gift from Dr. Roger Tsien)
- were amplified from vectors pcDNA 6.2/EmGFP and pRSET-B, respectively. The 3′UTR of
Trim43, containing the polyA signal, was amplified from BAC RP23-46B12. The three
fragments were ligated together by a modified protocol of the asymmetric PCR technique
(Sparwasser et al., 2004). Briefly, the amplified DNA fragments were fused together by the
use of single 50 nt, HPLC purified overlapping primers named Trim43 promoter/emerald (or
strawberry) and emerald (or strawberry)/3UTR reported in Supplemental Fig. S4. A ratio of
100:1 between the external and the overlapping primers (named 1A-3B and 4A-4B respectively
in Supplemental Fig. S5) was used in a PCR reaction with the 3 PCR amplified fragments as
templates. A high fidelity Taq polymerase (Platinum, Invitrogen) was used with the following
thermal cycling conditions: an initial denaturation step of 94° for 2.5 min followed by 5 cycles
at 94°C 30 sec, 65°C 45 sec, 68°C 8 min and 30 cycles at 94°C 30 sec 60°C 45 sec, 68°C 8
min. The PCR product was run on 1% agarose gel and a band corresponding to the correct size
(6145 bp) was purified using GFX PCR DNA and Gel band purification kit (GE Healthcare)
following the instructions of the kit. The fragments corresponding to five kb upstream of ATG
and upstream of the first exon were also cloned into pcDNA 6.2/EmGFP by TOPO cloning
reaction, resulting in pTrim43a(ATG)-Emerald-tkPolyA [5 kb upstream region from ATG –
Emerald - HSV tk polyA] and pTrim43a(1stExon)-Emerald-3′UTR [5 kb upstream region from
the first exon – Emerald - 3′-UTR of Trim43] plasmids. Plasmids were subsequently cut with
MluI and SmaI restriction enzymes, thus obtaining fragments containing Trim43 putative
promoter, emerald CDS, and TK poly A signal. The digested fragments were run on 1% agarose
gel and purified using GFX PCR DNA and Gel band purification kit (GE Healthcare) kit. The
purified probes were microinjected into the male and into both pronuclei of 1-cell stage
embryos.

For a construct with an insulator sequence, a 2.4 kb tandem insulator from chicken beta-globin
was excised from pJC13-1 (a gift from Dr. Gary Felsenfeld) and cloned into a PTRE2 vector.
The asymmetric PCR product containing Trim43 promoter, mStrawberry, and 3′UTR was re-
amplified using external primers containing MluI and SalI restriction enzyme site and cloned
into the aforementioned PTRE2 vector carrying the insulator. The vector was named pTrim43a
(ATG)-mStrawberry-3′UTR-Insulator. We then digested the modified vector with AatII
restriction enzyme (whose site is located just upstream of the insulator) and with SalI, thus
obtaining a probe of 8672 bp that was subsequently injected into pronuclei of mouse 1-cell
embryo.

2.8 Single blastomere quantitative RT-PCR
Mouse 4-cell and 8-cell embryos were incubated for 2-3 min in the acid Tyrode's solution
(Sigma Aldrich, Inc. St. Louis, MO) to remove zona pellucida. Individual blastomeres were
then disaggregated by gentle pipetting with a thin mouth pipette, collected in single tubes
containing 1 μl of PBT 1×, and stored in liquid nitrogen. cDNA from each single blastomere
was synthesized using SuperScript III Reverse Transcriptase (Invitrogen), and a first round of
PCR was performed to prepare the template for a quantitative Real-Time PCR reaction. A high
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fidelity Taq polymerase (Platinum, Invitrogen) was used with the following thermal cycling
conditions: an initial denaturation step of 95°C for 5 min followed by 18 cycles at 95°C 15 sec,
65°C 1.5 min and 72°C 7 min. Quantitative Real-Time PCR was performed as previously
described (Falco et al., 2006; Livak and Schmittgen, 2001) and H2afz and Pou5f1 (see
Supplemental Fig. S4 for oligos sequence) were used as controls. Trim43 expression was
analyzed on 16 and 32 blastomeres derived from four 4-cell and 8-cell embryos.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Exon-Intron structures of three Trim43 genes. Black boxes represent the protein-coding
region of cDNAs. New gene symbols we proposed are shown in bold italics with the current
gene symbols, mRNA sizes (nucleotides), and protein sizes (amino acids). (B, C) Southern
blot analysis of C57BL/6J genomic DNAs digested with EcoRI, HindIII, or PvuII restriction
enzymes. Sizes of all DNA fragments hybridized with a Trim43 probe matched with those of
predicted DNA fragments. A fragment with * is not shown in this figure, but was also detected
in another Southern Blot (data not shown).
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Figure 2.
(A) Analysis of Trim43 expression in mouse tissues by RT-PCR. Chuk was used as a control.
(B) Expression profile of Trim43 during preimplantation development by qRT-PCR analysis.
Three sets of 10 pooled embryos were collected from each stage (UNF, MetaII oocyte; 1-cell
embryo; 2-cell embryo; 4-cell embryo; 8-cell embryo; and blastocyst) and used for qRT-PCR
analysis. Expression levels of Trim43 were normalized by those of control Chuk, and then the
averaged expression at each stage was represented as a fold change compared to the expression
level in oocytes. (C) Analysis of Trim43 expression in ES cells. Zscan4, used as a positive
control together with Beta-actin, shows a clear band, whereas no band is detected with Trim43
primers. (D) Electropherograms of Trim43 cDNA sequences amplified from embryos at the
morula stage.
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Figure 3.
(A) Representative images of embryos cultured after microinjecting a DNA fragment pTrim43a
(ATG)-mStrawberry-3′UTR into the pronucleus of 1-cell embryos. Fluorescent signals were
detected by the late 2 cell stage but dramatically increased at the later stage with the highest
peak at the 8-cell ∼ morula stage. See Supplemental Table S1 for the detail. (B) Representative
images of embryos cultured after microinjecting a DNA fragment pTrim43a(500 bp)-
Emerald-3′UTR into the pronucleus of 1-cell embryos. No fluorescent signal was detected
through preimplantation stages.
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Figure 4.
(A) Representative images of embryos cultured after microinjecting a plasmid vector pTrim43a
(ATG)-Emerald-tkPolyA into the pronucleus of 1-cell embryos. Emerald fluorescence is
shown as red color in this case. Numbers of blastomeres of Emerald positive (+) vs Emerald
negative (-) are also shown. See Supplemental Table S2 for the detail. (B) Analysis of Trim43
expression of single 4-cell and 8-cell embryo blastomeres by qRT-PCR. Control genes - H2afz
and Pou5f1 - show similar ct values among the blastomeres of both 4-cell and 8-cell stage
embryos. In contrast, Trim43 shows lower level of expression (ct values around 35 cycles) in
3/16 blastomeres of 4-cell stage embryos and in 6/32 blastomeres of 8-cell stage embryos. (C)
Representative images of embryos cultured after co-microinjecting a pTrim43a(ATG)-
mStrawberry-3′UTR and a Zscan4 promoter-Emerald construct (reported in Falco et al.,
2007) into 1-cell embryos. An asymmetric signal was only observed for Trim43, starting at the
2 cell stage. See Supplemental Table S3 for the detail. (D) Representative images of embryos
cultured after injecting a pTrim43a(ATG)-mStrwaberry-3′UTR into 1-cell embryos. See
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Supplemental Table S4 for the detail. (E) Representative images of embryos cultured after
injecting a pTrim43a(ATG)-mStrwaberry-3′UTR-Insulator into 1-cell embryos. See
Supplemental Tables S4 and S5 for the detail.
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