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Abstract

Early development of many species depends on the temporal and spatial control of maternal gene
products. This review discusses the control of maternal mRNAs that encode regulators of C. elegans
embryogenesis. In the C. elegans embryo, maternal mRNA regulation is crucial to the patterning of early cell
fates. Trandational control of key mMRNAS spatially organizes cell signaling pathways, localizes transcription
factor activities, and controls germ cell precursor development. From the few mRNASs studied thus far, some
themes are beginning to emerge. Control of maternal mMRNA translation begins in the hermaphrodite germ
line. Distinct regulatory systems keep mRNAs silent during different stages of oogenesis, and lead to precise
temporal and spatial patterns of trandation in the embryo. In the embryo, cell polarity factors control the
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Translational control of maternal RNASs

localization of trandlational regulators. Each maternal mRNA contains multiple elements in its 3
untranslated region (3' UTR) that specify the timing and localization of trandation. A relatively small
number of RNA-binding proteinslikely control many mRNAsthrough these 3' UTR elements. Therefore, the
combination of RNA elements and the regulatory complexes recruited to them specify unique patterns of
trandation for different mRNAs. The mechanisms of trandlational control are only beginning to be explored,
but arelikely to regulate diver se developmental and cellular eventsin metazoans.

1. Introduction

Early development of C. elegans embryos requires the localization of maternal gene products to specific cells
at specific times. Three general mechanisms have been described for localizing maternal regulators in the embryo;
directed movement or local trapping of maternal proteins, localized stabilization of maternal proteins, and localized
trangdlation and stability of maternal mMRNAs (see Asymmetric cell division and axis formation in the embryo). This
chapter reviews the trandational regulation of maternal mMRNAS that encode key regulators of early embryonic cell
fates. We discuss how a few well-studied mRNAs are controlled, and how their control is connected to germ cell
development and early embryonic polarity. We define "trandational control” loosely, as control of protein
accumulation by elements within the mRNA, even though the translation process itself may not be the primary
target of regulation. In eukaryotes, trandational control factors regulate a diverse array of developmental and
cellular processes, thus studies of C. elegans materna mRNAs will likely illustrate genera mechanisms and
principles (Kuersten and Goodwin, 2003; Wilkie et a., 2003).

2. Control of maternal mRNA translation begins in the hermaphrodite germ line

Most maternal mMRNAs destined for the embryo are transcribed by germ cell nuclei in mitosis or early stages
of meiosis. These germ nuclei not only make maternal mRNAs but must also proceed through meiosis and
oogenesis (see Introduction to the germ line). Perhaps it is not surprising then that the trandation of many maternal
MRNASs is repressed during female gamete development (Table 1). This tight regulation is likely necessary to
prevent interference with oocyte development and is essential to allow specific patterns of protein accumulation to
arise in the embryo. We limit our discussion to mRNASs that function in the embryo. For discussion of the regulation
of other classes of germline RNAS, see Kuersten and Goodwin (2003).

2.1. Control of pal-1 mRNA and its regulators during oogenesis

PAL-1 is the C. elegans caudal homolog and patterns posterior embryonic development (Edgar et al., 2001;
Hunter and Kenyon, 1996). Trandlation of maternal pal-1 mRNA is repressed in the germ line and early embryo
until the four-cell stage when PAL-1 protein accumulates rapidly in the two posterior cells (Hunter and Kenyon,
1996). In the germ line, the KH domain proteins GLD-1 and MEX-3 repress PAL-1 trandation (Mootz et a., 2004).
GLD-1 has been implicated in the regulation of many maternal mRNASs while pal-1 remains the only known target
of MEX-3 (see RNA-bhinding proteins). These two proteins are reciprocally localized in the germ line; GLD-1 is
restricted to early stage meiotic germ cells of the distal germ line, and MEX-3 is restricted to differentiating oocytes
of the proximal germ line (Draper et a., 1996; Jones et al., 1996). Therefore, repression of pal-1 must be transferred
from general gld-1 control to more specific mex-3 control during oogenesis.

GLD-1 and MEX-3 function via the pal-1 3' UTR to repress trandation (Hunter and Kenyon, 1996; Mootz et
al., 2004). Two broad regions of the 3' UTR effect repression in the distal germ line and one of these contains an
element referred to as the germline repression element (GRE). The GRE efficiently represses trand ation in the distal
germ line and this repression requires GLD-1, which also directly or indirectly binds to the GRE (Mootz et al.,
2004). Interestingly, RNAI depletion of gld-1 does not result in strong PAL-1 expression in the distal germ line, but
does cause high distal expression of MEX-3. Double RNAI of gld-1 and mex-3 results in strong accumulation of
PAL-1 throughout the gonad. Therefore, GLD-1 patterns germline repression of PAL-1 by both repressing pal-1
MRNA and the pal-1 regulator MEX-3. Additional elements also contribute to pal-1 repression in the germ line
(Mootz et al., 2004).

pal-1 and mex-3 mMRNASs co-sediment with polysomes in sucrose gradients even when PAL-1 and MEX-3
proteins are undetectable (Mootz et a., 2004). This result suggests that GLD-1 represses these mRNAs after
initiation of trandation. GLD-1 may inhibit translation elongation or termination, or may promote degradation of
nascent polypeptides on these MRNASs before they are released. Consistent with the idea of stalled trandlation is the
apparent partial trandation of a GFP::Histone fusion protein during GRE-mediated repression. In the distal germ
line, where gfp::his-11::GRE mRNA is repressed, mature GFP is detected at low levels in the cytoplasm (Mootz et
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al., 2004). In the proximal germ line, where gfp::his-11::GRE mRNA is active, the fusion protein is abundant and
nuclear. Because GFP folds dowly and HIS-11 efficiently localizes to nuclei, these observations indicate that
trandation and release of these fusion proteins are considerably slowed in the dista germ line. In addition,
GL D-1-dependent repression protects mRNA with premature stop codons from nonsense-mediated decay, consistent
with suppression prior to the completion of translation termination (Lee and Schedl, 2004). MicroRNA-mediated
repression of heterochronic mMRNASs may occur by a similar post-initiation mechanism in larvae (Olsen and Ambros,
1999; Seggerson et a., 2002). Indeed, we find that components of the microRNA pathway are required for
repression of GRE-regulated reporters and that the pal-1 GRE contains conserved potential microRNA binding
domains (Mootz Ph.D Thesis, 2002; J. Brooks and C.P. Hunter, in preparation; C.P.H. unpublished). The rapidity of
early embryonic development provides a raison d'ére for post-initiation repression, which bypasses the often
rate-limiting step of trandation initiation.

2.2. Control of Notch translation during oogenesis

The mRNA encoding the Notch membrane receptor, GLP-1, is aso tightly regulated during oogenesis. Like
pal-1, glp-1 mRNA translation is repressed in both the distal and proximal germ line by sequences in its 3 UTR
(Evans et al., 1994; Marin and Evans, 2003). At least two separate RNA elements contribute to glp-1 repression
during oogenesis. One element, also called the GRE, represses translation during early gamete development, but
contributes only weakly to repression during later stages of oogenesis (Marin and Evans, 2003). A second distinct
element is required for repression in oocytes of the proximal germ line (Evans et a., 1994). Once again, the key
regulator for distal germ line repression is the KH domain protein GLD-1. GLD-1 isrequired for glp-1 repression in
early meiotic prophase, binds directly to glp-1 RNA, and both GLD-1 binding and repression are specifically
dependent on five nucleotides of the glp-1 GRE RNA sequence (Marin and Evans, 2003). The glp-1 GRE is
probably directly contacted by GLD-1, since these 5 nucleotides were independently predicted to reside in a
"relaxed consensus' GLD-1 binding site (Ryder et a., 2004). The pal-1 GRE aso contains potential relaxed
consensus GLD-1 sites that are similar but not identical to the glp-1 GRE. During late oogenesis, glp-1 mRNA
repression requires the pumilio-like RNA-binding proteins PUF-5, PUF-6, PUF-7, and PUF-10, athough it is not
known if these proteins act directly or indirectly (A. Lublin and T. Evans, unpublished). Interestingly, PUF-5
expression is restricted to the proximal germ line, and this restriction may be mediated by GLD-1, which binds to
and possibly represses puf-5 and puf-6/7/10 mRNAs in the distal germ line (Lee and Schedl, 2001). Therefore, like
pal-1, the trandational repression of glp-1 mRNA during oogenesis requires two distinct regulatory systems that are
spatially and temporally segregated in the germ line. For glp-1, these two systems may function through distinct 3
UTR elements. Neither GLD-1 nor PUF-5 are expressed in the most proximal oocyte or in the one-cell zygote
(Jones et al., 1996; A. Lublin and T. Evans, unpublished). Yet, glp-1 mRNA istightly repressed through these stages
suggesting that a third regulatory system functions after oocyte maturation and fertilization to keep glp-1 silent until
the two-cell stage (Evanset al., 1994).

2.3. Control of other maternal mRNAs in the germ line

Severa other maternal MRNAs encoding key embryonic regulators are known or are likely to be repressed
during oogenesis (Table 1). Although the control mechanism is not known for most of these genes, at least nos-2
repression requires 3' UTR elements (K. Subramaniam and G. Seydoux, personal comm.). In addition, GLD-1 is
necessary for distal repression of several materna mRNAs (e.g., mex-3, spn-4, oma-1, and oma-2), and others are
predicted to contain GLD-1 binding sites (Lee and Schedl, 2004; Mootz et a., 2004; Ryder et al., 2004). Therefore,
it seems likely that most of these maternal RNAs are subject to trandlational repression, and GLD-1 probably
regulates many of them in early oogenesis.
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Table 1. Summary of maternal mRNA control in the germ line and embryo

MRNA Trandation in the distal germ line® Translatlggrlnq 'Itihn%prommal Trandation in the early embryo
Activity® Regulators® Activity® Regulators® | Activity® Regulators®
PUF-5 2 5
’ . . GLD-1%, POS-1°,
gip-1 | Repressed GLD-12 Repressed’? PUF-6, | Locdizedin SPN-4°,
PUF-7, anterior MEX-5/MEX-6°
PUF-10" - )

7 8 7 7 | Localizedin | MEX-3, SPN-4°,
pal-1 Repressed GLD-1 Repressed MEX-3 posterior MEX-5/MEX-6°
apx-1 | Repressed'® GLD-1122 Repressed™” 7 Loogl2|12()€z>d n POS11
nos-2 7 7 Repressed? 7 Lopcglg?g n PIE-11
piel | Repressed® GLD-1122 Active!® % Activejpal »

i o edl? 53,18 17 ” Localizedin »
gld-1 Active NOS-3, GLD-2 Repressed 7 posterior!’ 7
- 19 18 ald ” Localized in »
mex-3 | Repressed GLD-1 Active 7 anterior 7
. 5,8 48 . 58 ” Localized in I
spn-4 | Repressed GLD-1 Active 7 posxerior’.>5'8 7
pos-1 | Repressed™ 7 Repressed™® 7 Ac(::télvlg%al ! 7
mex-5 6 48 -6 > Localized in o
mex.6 | Repressed GLD-1 Active 7 anterior® 7
- 20 » ive20 ” Localized in .
skn-1 Repressed 7 Active 7 po oterior 20 77
- 21 » vedl ” Activeinall »
pop-1 | Repressed 7 Active? 7 ol 7
gnm]:_'zl Repressed? GLD-1% Active? 7 Repressed?? 7

&Translation in the Distal Germ line" refers only to the meiotic region of the distal arm. However, gld-1 and maybe other mRNAs are further
controlled within the mitotic region near the distal tip; gld-1 is repressed in mitotic germ cells by the PUF proteins FBF-1 and FBF-2 (Crittenden
etal., 2002).

PRegulation of translation by RNA elements has only been shown for afew mRNAs. Some maternal proteins could be regulated after translation,
particularly in the embryo (see text).

“Regulators may act directly or indirectly; direct interactions with RNAs have been shown in only afew cases.

?-Some suggestive support but dataisincomplete to varying extents. ?? — Regulators or activity is unknown.

References: 'Crittenden et al. (1994), Marin and Evans (2003), *Evans et al. (1994), *Lublin and Evans (in prep.), *Ogura et al. (2003),
bschubert et al. (2000, "Hunter and Kenyon (1996), Mootz et al. (2004), *Huang et al. (2002), *°Mickey et al. (1996), Hsubramaniam and
Seydoux (1999), 2Ryder et al. (2004), “*Tabaraet al. (1999), **Tenenhaus et al. (2001), >Tenenhaus et al. (1998), °Reese et al. (2000), *Jones
et al. (1996), Hansen et al. (2004), °Draper et al. (1996), 2°Bowerman et al. (1993), 2'Lin et a. (1995), ZDetwiler et a. (2001), ZLee and
Schedl (2004)
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3. Control of maternal mMRNAs in the embryo

Maternal RNAs that have been silenced in the germ line are trandated in specific spatial and temporal patterns
in the early embryo (Figure 1; Table 1). Because early cell cycles are rapid and polarity cues are established in the
first one or two cycles, maternal MRNA controls must be precise and efficient. Several putative RNA binding
proteins that are required for maternal RNA translation patterns have been identified. However, many of these
proteins regulate multiple processes, including those that establish or maintain embryonic polarity. Thus,
identification of their direct RNA targets, their protein partners, and their mechanisms of control will be necessary to
disentangle the complex networks that control early embryogenesis.

AB

°-

EMS

Figure 1. Cell fate regulators are localized to specific blastomeres of the 4-cell embryo. APX-1/Delta is localized to the posterior blastomere P2
(yellow), where it concentrates in the contact zone between P2 and ABp (green; Mickey et a., 1996). GLP-1/Notch (blue) is localized to anterior
blastomeres (ABa and ABp). APX-1 interacts with GLP-1 (green) to induce ABp’s fate (arrow; Mango et a., 1994; Mello et a., 1994). The transcription
factor PAL-1 islocalized to posterior nuclei (red) and ultimately to the C and D blastomeres, where it controls muscle and epidermal specification (Hunter
and Kenyon, 1996; Baugh, 2005).

3.1. Translational control of the Notch signaling pathway in the early embryo

In the early C. elegans embryo, Notch signaling between posterior and anterior blastomeres regulates the
specification of anterior cell lineages (Figure 1; Mango et a., 1994; Mello et a., 1994; Priess et a., 1987).
Expression of the Notch receptor GLP-1 begins at the 2-cell stage, but is restricted to anterior cells (Evans et a.,
1994). In contrast, the Notch ligand APX-1 is localized to a single posterior blastomere at the 2- and 4-cell stages
(Mickey et al., 1996). The localization of these membrane proteins is critical to spatialy constrain Notch signaling
to specific anterior cells at specific times, which controls patterning of anterior fates (Mango et al., 1994; Mello et
al., 1994; Shelton and Bowerman, 1996). Their reciprocal expression patterns may be regulated by common
components.

GLP-1 localization is achieved by trandational control through a small region of the glp-1 3' UTR (Evans et
al., 1994; Marin and Evans, 2003). The same GRE element that represses distal germ line translation also represses
trandlation in posterior blastomeres of the embryo (Marin and Evans, 2003). Indeed, GLD-1, expressed anew in the
embryo, mediates at least part of this repression but it does not act aone (Jones et al., 1996; Marin and Evans,
2003). The posteriorly localized CCCH finger protein POS-1 is also necessary for posterior repression of glp-1, and
interacts with aregion of the glp-1 3' UTR containing the GRE (Oguraet a., 2003). In vitro, POS-1 binds directly to
GLD-1, and together these proteins form a complex with glp-1 RNA (V. Marin and T. Evans, unpublished). Thus,
POS-1 may function as an embryo-specific co-repressor with GLD-1. These and other in vitro experiments suggest
that GLD-1 is the key determinant of RNA-binding specificity for some GLD-1 targets (Jan et al., 1999; Lee and
Schedl, 2001; Marin and Evans, 2003; Ryder et al., 2004). Perhaps, in these cases, POS-1 and other GLD-1
co-factors modify RNA binding specificity or modulate general translation factors that are recruited to the mRNA.

POS-1 is also required to activate APX-1 expression in the posterior (Tabara et a., 1999). It is not known if
POS-1 acts directly on apx-1 mRNA, or whether GLD-1 aso functions in this process. This finding suggests the
spatial organization of Notch signaling in the embryo may be coordinated by a common translational control system.
How POS-1 can directly or indirectly mediate both repression and activation in the same cell isamystery.
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How is glp-1 trandation localized in the embryo? Although both GLD-1 and POS-1 are progressively
localized to posterior blastomeres, the answer is not so simple as posterior restriction of repressors (Jones et a.,
1996; Tabara et a., 1999). Trangdlation of glp-1 mMRNA must be activated in the anterior. Within the glp-1 3' UTR
lies an element called the GDE that is directly adjacent to the GRE and promotes translation by inhibiting repression
(Marin and Evans, 2003). This suggests that a de-repression factor binds the GDE to inhibit GLD-1/POS-1 function.
A candidate for this de-repression factor is the RRM RNA-binding protein SPN-4 (Ogura et a., 2003). Genetic
experiments show that SPN-4 promotes GLP-1 expression by inhibiting POS-1 function. SPN-4 binds directly to
POS-1 in vitro and can bind the glp-1 3' UTR, however it seems to prefer sequences outside of the GRE/GDE
region. Other candidate derepression factors are the anterior-localized redundant proteins MEX-5 and MEX-6,
which are required for glp-1 activation in anterior cells (Schubert et al., 2000). Regardless of regulator composition,
these studies suggest that localization of Notch translation involves localization of repressors to posterior cells and
inhibition of residual repressor activity in anterior cells (Figure 2).

Figure 2. Model for localized trandlation of Notch/GL P-1. In the posterior, GLD-1 and POS-1 accumulate and repress glp-1 mRNA (wavy blueline). In
the anterior, GLD-1 and POS-1 expression is repressed; POS-1 is degraded by a process requiring MEX-5/6 (Reese et a., 2000; Schubert et al., 2000). In
addition, aderepressor directly inhibits residual GLD-1/POS-1 complexes in the anterior to promote translation. The derepressor factor is unknown (?), but
the RNA binding proteins SPN-4 and MEX-5/6 are candidate components.

3.2. Control of pal-1 in the embryo

The activity of the homeodomain protein PAL-1 is targeted to the somatic descendants of the posterior
blastomere P2 where it initiates a transcription-regulatory network that specifies the C and D blastomere lineages
(Hunter and Kenyon, 1996; Baugh et al., 2005). PAL-1 translation is repressed in oocytes and early embryos until
the four-cell stage when PAL-1 accumulates in the two posterior cells (Figure 1). A key factor that regulates this
pattern of expression is the KH-domain protein MEX-3, which acts through the pal-1 3' UTR to repress PAL-1
expression and whose localization in oocytes and early embryos is reciprocal to that of PAL-1. Mutations in the par
genes, which explicitly disrupt embryonic polarity (see Asymmetric cell division and axis formation in the embryo),
reveal complexitiesin MEX-3 control of pal-1 (Huang et a., 2002; Hunter and Kenyon, 1996). Embryos mutant for
par-1 or par-4 maintain uniform MEX-3 levels in anterior and posterior blastomeres and fail to express PAL-1.
Because par-1; mex-3 and par-4; mex-3 double mutant embryos express PAL-1 in oocytes and all early embryonic
blastomeres, mislocalized MEX-3 is active in par-1 and par-4 single mutants. In contrast, embryos mutant for par-3
similarly cause uniform MEX-3 localization, but PAL-1 is expressed in some blastomeres beginning at the 4-cell
stage. Therefore, the mere presence of MEX-3 isinsufficient to maintain repression.

MEX-5/MEX-6 and SPN-4 were identified as MEX-3 binding proteins that are also required for repression of
PAL-1 (Huang et a., 2002). MEX-5 and MEX-6 are homologous CCCH Zn-finger proteins required for embryonic
polarity (Cuenca et a., 2003; Page et al., 2001; Schubert et al., 2000). RNAi of mex-5/6 causes loss of MEX-3 from
anterior as well as posterior blastomeres and PAL-1 is derepressed in al four blastomeres (Huang et al., 2002;
Schubert et al., 2000; Figure 3). SPN-4 isan RRM protein required for avariety of posterior-specific events (Gomes
et a., 2001; Huang et al., 2002; Ogura et al., 2003). SPN-4 also controls the localization of MEX-3 (Huang et al.,
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2002). Therefore, both MEX-5/MEX-6 and SPN-4 regulate pal-1 trandation indirectly by controlling MEX-3
expression. These factors probably control MEX-3 stability since separate MEX-3 domains, when fused to GFP, can
confer mex-5/mex-6 and spn-4-dependent stability and instability on GFP (N. Huang and C. Hunter in preparation).
Analysis of MEX-3 and PAL-1 localization in various double RNAi embryos is consistent with multiple parallel
processes acting on MEX-3 localization, which in turn affects PAL-1 accumulation (Figure 3; Huang et a., 2002).

par-1 par-4 par-3 spn-4(RNAi)
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Figure 3. Summary of MEX-3 and PAL-1 localization data in wild-type, mutant, and RNAi depleted embryos. These data show that MEX-3
localization and MEX-3 activity can be modulated independently, thus parallel pathways regulate the pattern of PAL-1 accumulation. Adapted from Huang
et al. (2002).

3.3. Regulation of maternal mRNAs and germ cell specification in the embryo

During early embryogenesis, the germ cell precursors are generated by a series of asymmetric cell divisions
(see Specification of the germ line). The control of maternal mMRNAs is likely to be essential to germ cell
specification, since genera transcription is silenced in germ cell precursors and several putative RNA-binding
proteins are localized to them (see Specification of the germ ling). Among these factors include our old friends
GLD-1, POS-1, and MEX-3, severa other CCCH finger proteins including MEX-1, OMA-1, and PIE-1, the RNA
helicase GLH proteins, and the RGG protein PGL-1 (see Specification of the germ ling). PIE-1, MEX-1, MEX-3,
and POS-1 are essential for regulating germ cell fate, and the GLH proteins and PGL-1 control aspects of germ cell
development (see Specification of the germ line). One maternal mRNA that is controlled in the germ cell precursors
is nos-2, a worm homolog of fly nanos (Subramaniam and Seydoux, 1999). NOS-2 is expressed only after the
penultimate primordial germ cell (PGC) is produced, and at least part of this specificity depends on nos-2 3' UTR
elements (K. Subramaniam and G. Seydoux, personal comm.). PIE-1 is necessary for nos-2 activation, independent
of its role in transcriptional silencing, and thus could act as a trandational activator (Tenenhaus et al., 2001).
Furthermore, NOS-1 and NOS-2 proteins are needed for germ cell migration and proliferation, and Nanos proteins
themselves are implicated in mRNA regulation (Macdonald, 2001; Subramaniam and Seydoux, 1999). Indeed,
several PUF proteins may function as partners with NOS-2 and/or NOS-1 to regulate as yet unidentified mRNAS
(Subramaniam and Seydoux, 1999). Therefore, early germ cell specification and control in the embryo may involve
cascades of RNA regulation.

4. Conclusions and perspectives

From the limited studies on maternal RNA regulation that have been done to date, some common themes are
beginning to emerge:

First, regulation of materna mRNA tranglation begins in the germ line, where spatial organization of
oogenesis mirrors spatial patterning of maternal RNA control. This early trandationa repression may be as
important to meiosis and oogenesis as it is to alowing spatial and temporal patterns of embryonic expression to
emerge after fertilization. For each maternal RNA, distinct factors assemble onto RNA elements in different
spatiotemporal domains of the gonad, apparently to manage message specific expression patternsin the embryo.
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Second, regulated maternal MRNASs generally contain multiple elements within their 3' UTRs. Some elements
are redundant while others have unique functions. These elements act combinatorially to create specific patterns of
trand ation.

Third, a relatively small collection of regulators may control many different mMRNASs (see Table 1; see also
RNA-binding proteins). GLD-1 mediates trandational repression of many mRNAs in the distal germ line while
apparently more specific factors control trandation in late stage oocytes and early embryos. However, even these
"specific" factors probably have multiple mRNA targets. Remarkably, some regulators can simultaneously promote
or repress tranglation of different mMRNAS, even within the same cell. These conflicting functions could be indirect
(e.g., activation could be due to repression of repressor expression). Alternatively, some regulatory factors may exist
in distinct complexes that have different activities. To achieve a specific pattern of trandation, each mMRNA may
recruit a specific combination of complexes to its RNA elements, which then results in trandlation in a specific cell
and at a specific stage.

The mechanisms of trandlational control are poorly understood. Polysome analysis of pal-1 suggests a
post-initiation repression mechanism, which might be poised for rapid derepression in the embryo (Mootz et a.,
2004). This mechanism may be similar to microRNA-mediated regulation in worms, and may be common to other
organisms as well (Clark et al., 2000; Olsen and Ambros, 1999; Seggerson et al., 2002). In addition, various
observations suggest that control of translation initiation and polyA tail regulation does occur for some C. elegans
MRNASs (Ahringer and Kimble, 1991; Ahringer et al., 1992; Goodwin et a., 1993; Wang et al., 2002). Beyond this
little is known.

Many questions remain to be answered. For example, how can RNAs like pal-1 and glp-1 be trandationally
repressed by GLD-1 in the germ line but trandlated in opposing patterns in the embryo? What is the composition of
tranglational control complexes? Do they contain small RNAS? How do these complexes recognize their targets and
how do they communicate with the translation machinery and other general factors? How are translational control
activities spatially and temporally regulated in the embryo? These questions will provide the fuel for exciting
research in the future.
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