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Abstract

Introduction
Here we describe a morpholino-based gene knockdown microinjection protocol to interrogate gene
function at the maternal-embryonic transition. We use morpholinos, which are chemically synthesized
probes that speci�cally modulate gene expression, to study early mouse embryogenesis. This gene
knockdown method works irrespective of the maternal or embryonic origin of gene expression and is
independent of the endogenous RNA interference machinery. This protocol details the methods we use to
introduce a morpholino into a fertilized one-cell mouse embryo and to validate the success of knockdown
of the gene of interest. The rapid action of morpholinos is especially well suited to study gene function
during the maternal-embryonic transition in ways that are not easily addressed even by conditional
knockout mouse models. Application of this method signi�cantly improves access to the gene regulatory
network that controls reprogramming in the early mouse embryo.

Reagents
M2 media \(Chemicon cat#MR-015P-5F) Human Tubal Fluid \(HTF) culture media \(CooperSurgical ART-
1020) Serum protein supplement \(CooperSurgical ART-3010) Embryo tested mineral oil \(Sigma
cat#M8410-1L) Biomix compressed gas \(5% O2, 5% CO2 and 90% N2) Pregnant mare serum
gonadotropin \(PMSG) \(Sigma cat#G4877) Human chorionic gonadotropin \(Sigma cat#C1063-1VL)
Hyaluronidase stock solution \(Sigma cat#H4272) Dulbecco’s PBS \(Gibco cat#14190-144) Distilled
Water \(Gibco cat#10977-15) PVP \(Sigma cat#P-0930) \(polyvinylpyrrolidone, mouse embryo tested)
Acid Tyrode’s solution \(Sigma cat#T1788) Vacuum grease \(Dow corning, high vaccum grease)
REAGENT SETUP **Gonadotropins** Dilute hormones with sterilized PBS to 10X concentrations \(e.g.
Add 2500 μL to 2500 IU) and store stock solutions at –80 °C for up to 6 months. When ready to use,
dilute to 1X with PBS. **Media \(made aseptically)** Make M2 according to Chemicon instructions and
�lter sterilize. Warm the working solution at 37 °C on a slide warmer and store the remaining media at 4
°C for one week. Aliquot HTF into 9 mL batches and store at 4 °C for up to one month. To make complete
culture media add 1 mL of fresh serum protein supplement \(SS) to the HTF aliquot and store for up to
one week. **Embryo plates for culture and rinsing \(prepare before harvesting embryos)** In a tissue
culture hood, make 20 μL drops of HTF/10% SS in a 75 mm petri dish and overlay them with mineral oil.
Equilibrate the dish by placing it in a glass desiccator and �ll the container with humidi�ed Biomix gas \
(**Figure 2**). Place in incubator. Before harvesting embryos, prepare embryo plates for rinsing using the
same techniques as those for culture plates except that HTF/10% SS drops are 50 μL. **Morpholinos**
Dilute morpholinos to 1.0 mM with water and store at -20 °C. When ready to use, dilute to 0.6 mM with
sterile water and heat in a thermocycler at 65 °C for 15 minutes. This solution is ready for use. Check
concentration according to manufacturer’s instructions.

Equipment
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2-well chamber slides \(Labtek) Microcapillary tubes \(Warner Instruments Inc. cat#64-0800) Microcaps \
(Drummond cat#1-000-0800) Aspirator tube assembly \(Sigma cat#A5177) 35 mm petri dishes \(Falcon
cat#35-1007) Anti-vibration platform \(Vistek VIP 3000-Y-004) Inverted microscope with stage warmer \
(Olympus, IX70) Micromanipulators \(Nikon/Narashige: Model MM188) CellTram vario \(Eppendorf)
Pipette puller \(Sutter Instrument P97) Microforge \(De Fonbrune) Microinjector \(Narashige IM300)
Thermocycler \(Eppendorf Mastercycler Gradient) Glass desiccators \(Pyrex, cat#08-631B) Dissecting
scope \(e.g. Leica, S6E) Slide warmer \(Kivex, Biotc HK-40CBS) 37 °C incubator \(Heraeus, hera cell)
Tissue culture hood \(the BAKER company, SterilGARD Hood)

Procedure
**Experimental design \(Figures 2 and 3)** Choice of mouse strain. Embryos from the hybrid strain \
(C57/B6xDBA/2)F1 overcome the 2-cell block and develop into blastocysts in _in vitro_ culture. This
strain consistently produces at least 10-20 robust embryos per female. Mice should be 25-30 days old
when superovulated to generate the most malleable embryos for injection. Also, pronuclei and polar
bodies in these embryos are easy to identify, thus simplifying cytoplasmic injections. Morpholinos.
Morpholino sequence was designed according to manufacturer’s instructions. Morpholinos targeting
Oct4 and controls are listed in **Table 2**. Controls. Uninjected embryos serve as environmental
condition negative controls for the MO-injected embryos. In addition, embryos injected with Human
Globin MO \(HG-MO) serve as negative controls to demonstrate that developmental hindrance is not an
artifact of microinjection. In each experiment, uninjected embryos and embryos injected with HG-MO were
tested in parallel with Oct4-MO-mediated knockdown. HG-MO was designed to speci�cally target a
mutant human globin gene promoter, which would not be present in the mouse genome \(Gene-Tools,
Inc.). We had tested this HG-MO when establishing our methods and found that its presence did not
affect blastocyst developmental rates. Of note, genes that were previously validated to be differentially-
expressed between uninjected and Oct4-MO-injected embryos were also con�rmed to show no differential
expression between uninjected and HG-MO-injected embryos 21. Injection station. Use of a Hoffman
microscope with phase-contrast objectives and 40x magni�cation facilitates both the visual
differentiation between an embryo and an oocyte, and the identi�cation of pronuclei so they can be
avoided during delivery of the MO into the cytoplasm. An anti-vibration platform \(Visitek) placed directly
under the microscope minimizes the possibility of trauma caused by a large puncture wound from a
trembling needle. Tears from an unsteady needle can cause major damage to the embryo and may be the
reason for the developmental arrest in some samples. Two micromanipulators attached to the
microscope, one for holding and the other for injecting the embryo, move the glass pipettes in 3 different
planes and are driven electrically and manually. Electrical control ensures fast coarse movement \
(bringing the needle/holding pipette into the microinjection drop), while the manual manipulator is used
for the �ner movements necessary to move and microinject embryos. Negative suction is controlled on
the holding side by an Eppendorf Oil Tram, which creates negative/positive suction on the holding
pipette. These glass holding pipettes were created with a pipette puller \(Sutter Instrument P97)
according to optimized conditions \(**Table 1**) and �nished on a microforge \(De Fonbrune). The
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injection pipettes were also created on the Sutter’s P97 with program for injection pipettes/needle \
(**Table 1**). **Preparation and harvesting of preimplantation embryos \(Figures 2, 3)** 1 Superovulate
10 B6D2F1 females by intraperitoneal injection of 10 IU PMSG at 4-5 pm. Forty-eight hours later, inject the
mice again with 10 IU hCG and mate each female with one male of the same strain 22. All procedures
involving animals were performed under our active, Institutional Animal Care and Use Committee \
(IACUC) protocol #8315 entitled “Developmental Regulation of the Mammalian Embryo”, which was
approved by the Administrative Panel on Laboratory Animal Care \(APLAC) at Stanford University.
TROUBLESHOOTING 2 Sacri�ce the mice 17 h post-hCG injection by cervical dislocation, collect their
oviducts, and place them in a 1.5 ml Eppendorf tube �lled with M2 media. CRITICAL STEP We
recommend that the adjacent uterine and ovarian tissue be dissected and removed en masse so that the
embryos aren’t lost by damage to the oviduct 22. TROUBLESHOOTING 3 Under stereomicroscopic
visualization, transfer all the oviducts into an organ dish �lled with 1 ml warm M2 media. Using a
Dumont #3 forceps, tease apart the ampullas and free the clusters of embryo-cumulus cells into the
media. CRITICAL STEP If the ampullas are not easily located, then remove the zygotes by gently tearing
apart the oviduct until embryos can be seen leaving through the open tears. Remove the oviduct and any
residual tissue from the dish once the embryos are released. 4 Add 10 μl hyaluronidase stock solution to
the organ dish and wait 5 minutes. As soon as embryos are freed from their clusters, remove them from
the dish. Use a transfer pipette to place them into fresh wash droplets \(~50 μL) of M2 in a 50 mm Petri
dish. 5 Clean the embryos by pipetting them into several wash droplets. When all the follicular cumulus
cells and debris have been thoroughly removed, place the embryos into a 35 mm petri dish �lled with M2
and placed on a 37 °C warming plate. **Preparation of morpholinos \(done concurrently with embryo
harvest)** 6 Resuspend the morpholino in sterile PCR grade water in certi�ed DNase/RNase-free
Eppendorf tubes. It is then heated in a thermocycler for 15 min at 65 °C to dissolve any precipitates that
may clog the needle. TROUBLESHOOTING 7 During the 15-minute incubation period, pull fresh needles.
When the MO is ready, load two needles and use immediately for microinjecting. **Intracytoplasmic
morpholino microinjection** 8 Place a chamber slide devoid of its chambers on the inverted microscope
heating stage \(set at 37 °C). Using a P1000 pipetteman, make a large dome shaped microinjection
droplet \(M2) on the chamber slide. 9 Using the micromanipulator coarse controls, lower the holding
pipette and microinjection needle into the droplet. Orient the holding and microinjection pipettes on the
left and right sides so that they are opposite one another in the �eld of view. 10 Turn on the microinjector
air pressure. Once the injection needle is completely prepared, set the air pressure to 0.5-1.3 PSI so the
MO is continuously �owing through the needle at a rate that will not lyse the embryo once it has been
injected. 11 Transfer 40 embryos from the petri dish of M2 with a pipette into the microinjection droplet
on the microscope stage. Reserve at least 15 of these embryos for the uninjected control group and
sequester them from the batch of embryos meant for injection \(**Figure 2**). 12 Proceed to inject 20-25
embryos in rapid succession. Hold each embryo so that the polar bodies are located either at the 6 or 12
o’clock position. Focus on the pronuclei by using the �ne z-axis control. When injecting the embryo, avoid
touching the pronuclei with the tip of the needle \(**Figure 4**). At the end of an injection session, expect
to see that up to 1/3 of injected embryos might not have survived injection. Carefully identify these
defective embryos, and do not include them with injected or control embryos whose in vitro development
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will be observed. 13 Transfer the surviving injected embryos into a 50 μL drop of equilibrated culture
medium \(e.g., HTF/SS) overlaid with mineral oil in a 75 mm dish \(the rinsing drops described in the
Reagent Setup section). Wash these embryos in two more drops to remove residual M2 and transfer them
to a culture dish. Culture 10 embryos per 20 μL drop of medium. Repeat this process with the uninjected
embryos. 14 Place the culture dish in a glass dessicator and gas the chamber with Biomix for 1 minute.
Put the dessicator into a 37 °C incubator and let the embryos recuperate for 2 hours before collecting
them at the 1-cell stage, if that 1-cell stage embryos are required for downstream molecular analysis.
CRITICAL STEP If not collecting cells at the 1-cell stage, do not open the incubator until the next day for
observation and collection at the 2-cell stage. **RNA sample preparation for Affymetrix Gene Chip
Analysis** 15 Wash 20 embryos by transferring them through 3 drops of PBS/PVP. Deposit them into a
0.5 mL DNase/RNase-free tube and add 10 μL extraction buffer \(XB from Picopure Total RNA Isolation
Kit, Molecular Devices Corp.). Repeat for each set of embryos. Place embryos in a thermocycler and heat
at 42 °C for 30 minutes. After heating, immediately store tubes at -80 °C for up to one month. 16 Proceed
with extraction and isolation of total RNA after enough sets of pooled embryos have been collected \(as
instructed by the Picopure kit protocol). Each pool of 20 embryos should yield 10 μL of total RNA. 17 Use
5 μL of total RNA for two rounds of ampli�cation \(WT-Ovation Pico system, Nugen) per set of pooled
embryos to yield 5-8 μg ssDNA. Process samples further with the FL-Ovation cDNA Biotin Module \
(Nugen). **Single Embryo RT-PCR** 18 Transfer 5 embryos to a 50 μL drop of acid Tyrode’s solution to
partially dissolve the zona pellucida. Wash these embryos by transferring them through 3 drops of
PBS/PVP. Place each embryo in a 0.2 mL PCR strip tube and add 6.6 μL Sample RT-PreAmp Master Mix.
Cap the tubes, vortex, quick spin, and place at -20 °C. Repeat with embryos for each condition. 19 Perform
pre-ampli�cation according to the protocol for direct mRNA gene quanti�cation from individual cells
using the Cells Direct Kit \(Invitrogen), Taqman™ Gene Assays \(Applied Biosystems) and perform semi-
quantitative RT-qPCR to assay gene expression on the BioMark™ Dynamic Array \(Fluidigm Corporation).

Critical Steps
Ensure the microinjection needle is working properly. Check the needle under the inverted microscope for
air bubbles and debris along the capillary taper that will block solution �ow. To eliminate these bubbles,
apply pressure on the needle \(~30 PSI). Debris in the needle can also prevent successful MO injection.
Clogs can be removed by gingerly breaking the tip of the needle against the holding pipette while
simultaneously increasing the positive pressure. A beveled tip is preferred, however, it is more important
that the resulting tip be as small as possible.

Troubleshooting
TROUBLESHOOTING Step 1 Problem: Low number of embryos PMSG loses its potency after being
diluted in saline and stored in small aliquots at -20 °C for more than one month. Use this hormone within
30 days of dilution or store it at -80 °C. When injecting mice with hormones, use a 26 G \(or smaller)
needle and direct the needle towards the thigh in the lower abdominal region. A small needle helps ensure
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the solution won’t leak outside the puncture wound when it’s withdrawn. Embryo numbers and their ability
to develop _in vitro_ varies among different strains. We chose the strain B6D2F1 because its embryos
have been shown to overcome the in vitro 2-cell block and consistently progress to the morula and
blastocyst stages 23. Despite the robustness of this breed a few issues still exist. In general, female mice
older than 40 days will undoubtedly produce fewer eggs and male mice older than 9 months mate less
e�ciently. In addition, mice that have been shipped are hormonally stressed. We recommend waiting at
least a week before administering the superovulating hormones so the mice can acclimate to their new
environment. We use ten 30 day old females per experiment. Step 2 Problem: Embryo quality is poor
Embryo development is compromised _ex vivo_. We have successfully used two different kinds of media
to harvest and culture the embryos outside their normal environment. We use 37 °C M2 media \
(Chemicon) to harvest 2PN embryos from oviducts of 0.5 PC females and for microinjection. The day
before harvesting embryos, prepare the media from powder, �lter sterilize and store at 4 °C. M2 can be
stored at 4 °C for a maximum of 1 week. Embryos are injected in a large drop of M2 media that is
replaced either every half an hour or when a new morpholino is being injected. The media drop needs to
be replenished when its “dome shape” is lost due to evaporation. Embryos tend to exhibit dimpling and
shrinkage when left in a microinjection drop for more than 30 minutes because the M2 salt concentration
increases due to evaporation. Our embryo culture medium of choice is Human Tubal Fluid \(HTF) \
(Coopers Surgical) supplemented with 10% serum protein supplement \(SS) \(CooperSurgical). This
medium is commonly used in fertility labs utilizing Assisted Reproductive Technology \(ART). The HTF
can be aliquoted into 9 mL lots and refrigerated for up to one month. However, new Protein Serum
Supplement \(SS) must be used if the bottle had been opened 7 days ago \(product number). We make
20 μL culture drops and 50 μL wash drops of HTF/SS and overlay them with oil in two separate 75 mm
petri dishes \(Falcon). These dishes are then placed into glass desiccators and gassed with a Biomix of
90% N2, 5% O2, and 5% CO2 to recreate the physiologic conditions of the mouse reproductive system \
(Ciray). The desiccators are then placed into a humidi�ed incubator set at 37 °C with 5% CO2. Step 6
Problem: Blockage in microinjection needles To ensure a smooth microinjection session, equipment and
reagents \(especially if in contact with the MO) should be free of dust, debris and precipitates.
Morpholino stock solutions were diluted in DNase/RNase-free water to working solutions ranging from
0.25 to 0.75 mM in total volumes of 10 μL. Filtering the MO is possible though it may alter the overall
concentration of the solution. For our Gene Chip and QPCR experiments, MO concentrations of 0.60 mM \
(Oct4) and 0.75 mM \(Ccna2) were ideal.

Anticipated Results
Understanding early mammalian embryo development is necessary for advancing translational research
in many areas of medicine because genes that are highly expressed in the preimplantation embryo \
(hereafter, early embryo) are enriched for genes with known roles in reprogramming, development,
pluripotency, differentiation, and carcinogenesis. Knockdown of a speci�c gene is crucial for studying its
downstream targets, the signaling pathways in which it is involved and, most importantly, the
physiological effects of its actions. Morpholinos \(MOs) are oligonucleotides that sterically hinder
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attachment of the 40S ribosomal subunit, thus blocking translation of transcripts and targeting mRNA for
rapid knockdown 1. The morpholino strategy has been widely used in model organisms, including
zebra�sh and _Drosophila_, to study developmental processes 2-5. For example, MOs were used in
zebra�sh embryos to knockdown Pou2 \(mammalian Oct4), thus causing interference with the
production of maternal proteins that resulted in the abrogation of maternal gene functions 4. Although
MOs have been used to study gene function in mouse oocytes or embryos, this method had not been
widely used for the mouse model, presumably due to a lack of standard protocol 6, 7. Further, it was
previously not known whether MO-mediated gene knockdown would reveal new and speci�c �ndings at
the molecular or mechanistic level, especially since certain protocols resulted in �ndings that merely
con�rmed phenotypes that had been reported based on knockout mouse models, rather than revealing
novel �ndings 8-10. The morpholino microinjection protocol we describe here has been successfully
established in our laboratory to study early mouse embryogenesis. Conventional experimental strategies
have been limited in achieving comprehensive understanding of the gene regulatory network that controls
development and reprogramming, because of several challenges. Maternal transcripts may well be
instructing transcriptional regulation in the embryo during these developmental stages when embryonic
genome activation and massive maternal transcript degradation occur simultaneously. For instance,
homologous recombination and transgenesis gene-targeting strategies, though powerful tools to answer
many questions in mammalian biology, cannot fully probe the early embryo transition for genes whose
maternal and embryonic transcripts transiently coexist. First, use of the conventional knockout strategy to
address the function of embryonic genes during the �rst cleavage state \(while the maternal transcript is
still present), may result in a partial “rescue” by persistent maternal transcripts \(**Figure 1a, b**).
Second, embryo phenotypes that resulted from conditional targeting of the maternal allele, such as the
maternal Dicer knockout, or gene-targeting of oocyte speci�c genes, such as Mater, Zar1, or Npm2 may
actually be caused by molecular defects that occurred during oocyte development or maturation 11-15 \
(**Figure 1c, d**). Furthermore, conditional gene-targeting of maternal genes may also be rescued by
zygotic gene expression, which makes it more di�cult to explore the function of the gene product \
(**Figure 1d**). Finally, more complex strategies that cross females carrying oocyte-speci�c cre-excision
of �oxed alleles to males that are heterozygous for deletion of the same gene, may create embryos that
lack both maternal and embryonic transcripts of the gene of interest, but it may be di�cult to determine
the relative contributions of aberrant oocyte molecular pro�le and speci�c gene de�ciency in the embryo
to the �nal embryo developmental phenotype \(**Figure 1e**). In summary, although these gene-targeting
strategies are powerful in specifying the role of maternal versus embryonic alleles, they cannot address
the precise roles of gene products for which both maternal and embryonic transcripts may be present at
the maternal-embryonic transition. MO-mediated gene knockdown that should result in decreased or
completely abrogated protein production can be validated by immuno�uorescence, and if possible,
immunoblot; critical gene function can be con�rmed by using a second MO, which targets a different 25
nt sequence in the 5’UTR or start site 1. A decrease in the phenotype severity with decreasing MO
concentration would support that the phenotype is due to gene-speci�c, rather than non-speci�c or “off-
target” effects of the MO. Partial or complete rescue of phenotype by co-injection of MO and in vitro
synthesized mRNA to overexpress the gene of interest further con�rms speci�city of gene knockdown as
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does the lack of effect of certain mismatch control MOs. The versatility of this method allows the
function of multiple genes to be studied over a short time using F1 hybrid wild type mice, without the
�nancial and labor burden of maintaining numerous transgenic mouse colonies and its associated time
delays \(**Figure 3**). The power of this strategy is further enhanced by combining MO-mediated gene
knockdown with global gene expression pro�ling by microarray \(Mouse Genome high density
oligonucleotide array, Affymetrix) experiments and validation of gene expression changes at the level of
the single-embryo by large-scale RT-qPCR \(Biomark Dynamic Array, Fluidigm). This protocol can be
combined with other strategies to provide additional versatility and diversity of application. For example,
MO can be co-injected with a labeled dextran to mark and trace injected cells; co-injection with antibodies,
short interfering RNAs, or peptides is potentially feasible after optimization to identify concentration
thresholds that are tolerated by the early embryo. The function of embryonic genes for which there are no
detectable maternal transcripts, can also be tested using a MO that speci�cally interferes with the
splicing of the gene of interest 16. Non-speci�c or “off-target” effects are minimal if expected results are
obtained at all of the validation steps. Gene-speci�c and non-speci�c effects on gene expression can be
further distinguished by comparing global gene expression pro�les of embryos resulting from gene
knockdown by different MOs targeting the same gene. Alternatively, effects that are due merely to the
introduction of MO, micromanipulation \(including injection), and MO-targeting can be addressed by
comparing global gene expression pro�les of embryo samples in which different genes have been
knocked down by distinct MOs. The main disadvantage of the microinjection approach is the challenge
of the technique itself; it is not trivial to adapt or execute and requires �nely honed technical expertise. We
used this protocol to study genes that direct the reprogramming of early embryos. One such gene is Oct4,
also known as Pou5f1, which is a key regulator of pluripotency in embryonic stem cells \(ESCs) 17-19.
Maternal Oct4 transcripts are present at robust levels at the 1-cell stage, after which their rapid
degradation coincides with gradual activation of embryonic Oct4 at the 2-cell stage 20. The inner cell
mass of Oct4-/- embryos failed to expand, which led to _in vivo_ developmental arrest at the blastocyst
stage, and _in vitro_ failure to establish embryonic stem cell lines 10. Further, loss of embryonic
transcripts by siRNA-mediated Oct4 knockdown in the embryo resulted in the development of blastocyst-
like structures 8, 9. While embryonic Oct4 alleles are deleted in the knockout mouse model, maternal Oct4
transcripts may remain present during the early cleavage stages, albeit in rapidly decreasing amounts.
Neither the knockout model or siRNA treatment targeted both maternal and embryonic transcripts in a
developmentally normal 1-cell stage embryo 8-10, so the role of Oct4 during the maternal-embryonic
transition remained unexplored. We used the morpholino microinjection approach to knock down Oct4
starting at the 1-cell stage. We found that Oct4 is required prior to blastocyst development, as up to
86.8±8.3% of Oct4-knockdown embryos arrested by the multicell stage \(de�ned as having more than 4
cells and not compacted), compared to mismatch injected controls, which progress to the blastocyst
stage at 89.5%±10.5, respectively 21. We further showed that Oct4 is required for the correct expression
of large sets of genes that have established functions in transcriptional and post-transcriptional gene
regulation as early as the 2-cell stage 21. Our experimental strategy – the combination of MO-mediated
gene knockdown, followed by global gene expression pro�ling of pooled samples and validation at the
single-embryo level – can be applied to dissect the gene regulatory network that controls early mouse
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embryo development. Therefore, this strategy should make mammalian embryo development more
accessible to scientists and accelerate the pace of discovery that will have a direct impact on broad areas
including embryo development, reproductive medicine, stem cell and regenerative medicine, and cancer
research.
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Figures

Figure 1

Table 1. Program used on the Sutter pipette puller P97.
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Figure 2

Table 2. Antisense morpholino oligonucleotides target gene-speci�c sequence in the 5’UTR or start site.
(Mismatched nucleotides are underlined.)

Figure 3



Page 12/14

Figure 1. Conventional gene-targeting compared with translational block that is mediated by morpholino
knockdown strategy. (a) In wild type (+/+) embryos maternal transcripts are present before embryonic
genome activation (EGA), and both maternal and embryonic transcripts are present during the maternal-
embryonic transition. (b) In homozygous null mutant (-/-) embryos generated from a heterozygous
female (+/-) for the null mutation, persistent maternal transcripts and/or proteins may rescue or delay the
phenotype onset. (c) In contrast, homozygous null mutant embryos generated from a homozygous
mutant female or a female with oocyte-speci�c gene deletion, the observed defects may re�ect oocyte
defects, rather than speci�c gene requirements in the early embryo. Therefore, these strategies do not
address the precise roles of speci�c genes at the cusp of EGA or during EGA, when both maternal and
early embryonic transcripts may be present simultaneously. (d, e) Oocytes are generated from females
carrying loxP-�anked alleles (�oxed maternal allele) for the gene of interest (GOI). Floxed alleles are
excised by conditional expression of cre recombinase (transgene driven by the oocyte-speci�c, mouse
Zona pellucida promoter Zp3-cre 24, 25, not shown). Despite seemingly normal morphology, the gene
expression pro�le of oocytes from conditional deletion mutants may be aberrant, such that the cause of
any embryonic developmental defect may not be directly attributable to a critical role for the GOI during
early embryo development. (f) Cytoplasmic microinjection of antisense morpholino oligonucleotides
(MOs) into wild type embryos just at or before EGA results in speci�c translational block of both maternal
and embryonic gene transcripts.

Figure 4

Figure 2. A time line for the morpholino knockdown experiment. Step 1 to 14 of the protocol for one
microinjection experiment is described with respect to a practical time line.
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Figure 5

Figure 3. Microinjection set up for morpholino injection into mouse embryos. Step 1) Forty-eight hours
after superovulation of the B6D2F1 females, mate with one male of the same strain. Steps 2-4) Harvest
embryos from the mice, free from their clusters, and wash several times with M2 media. Step 5) Transfer
embryos into a 35 mm Petri dish on a 37 °C warming plate. Steps 6-10) Prepare MOs and the
microinjector and pull fresh needles for injection. Step 11) Transfer all embryos for the three MO injection
pools into the M2 media injection drop. Step 12) Microinject the embryos with the MOs. (Detailed steps
are shown in *Fig 2*). Step 13) Separately wash all three pools of embryos in drops of HTF with 10% SS
three times and place into culture drops. Step 14) Transfer the culture dish into a dessicator and place it
into a humidi�ed 37 °C incubator until embryos are ready to be harvested for use in assays.
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Figure 6

Figure 4. Microinjection of a 2PN embryo. (a) Hold the embryo in place with suction from the holding
needle (right). The injection needle loaded with the morpholino solution (left) needs to be in line with the
holding needle on the opposite side of the embryo. (b) Push the injection needle against the embryo on
the outside zona and target the cytoplasmic region for injection with the morpholino in an area away
from the 2PN. (c) Once the needle penetrates the zona and cell membrane, inject the morpholino solution
into the cytoplasm of the one-cell embryo. Then slowly withdraw the injection needle from the embryo.


