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oogenesis (BEANAN and STROME 1992) ; our results are 
consistent with a role for glp-4 in oogenesis. Mutations 
in two new genes, ego-1 and ego-3, also disrupt  the  pro- 
cess  of oogenesis. In addition, ego-1 mutants have mod- 
erately reduced  germline  proliferation and ego-3 mu- 
tants have a complex germline  proliferation  phenotype. 
ego-4 and ego-5 mutants  appear  to be Me1 because they 
never produce viable progeny,  although  their oocytes 
typically appear  more or less normal. Based on these 
pleiotropic  phenotypes, all  seven genes  appear to func- 
tion in multiple aspects of development, as does glp-1 
itself. 

Weak mutations in lag1 enhance  a weak  Glp-1 pheno- 
type in the germliie: We recovered weak alleles of lag- 
1, a  gene  identified  in other studies as a  candidate mem- 
ber of the g@-1 mediated pathway in several  tissues 
(LAMBIE and KIMBLE 1991; S. CHRISTENSON and J. KIM- 

BLE, personal  communication). This result indicates 
that  our screening  method identifies g l p l  pathway com- 
ponents. Recent data from Drosophila as  well  as C. eleg- 
ans has shed  light on  the role of lag-1 in the signaling 
process. In Drosophila, the Suppressor of Hairless [ Su(H)] 
gene  product physically interacts with the cytoplasmic 
portion of Notch protein (FORTINI and ARTAVANIS-TSA- 
KONAS 1994); upon signal binding to Notch, Su(H) 
moves into  the nucleus where it presumably regulates 
gene expression (FORTINI and ARTAVANIS-TSAKONAS 
1994). The lag-1 and Su(H) genes are  related  in se- 
quence (S. CHRISTENSON and J. KIMBLE, personal com- 
munication);  therefore, lug-1 is likely to be  the C. elegans 
equivalent of Su(H) and may be a transcriptional regula- 
tor. In keeping with these molecular data, L. WILSON 
BERRY and T. SCHEDL have  shown that previously  iso- 
lated lag-1 alleles suppress glpl(gf)  activity in the germ- 
line  (personal  communication). Similarly, we found 
that lag-l(ornl3) suppresses glp-l(@ (E. MAINE, unpub- 
lished data). 

Mutations in lag-1 enhance  both embryonic and 
germline  phenotypes of g lp l  and therefore must affect 
a process that is common to these functions. Because 
most progeny die as embryos rather  than as L1 larvae, 
lag-1 enhances  an early embryonic glp-1 function. En- 
hancement of the glp-1 maternal effect depends  on  the 
maternal genotype with respect to lag-1. That is, lag- 
1(-/-);glp-1(-/-) animals from lag-1(-/+);g@1(-/ 
-) mothers  are viable but  cannot  produce viable  off- 
spring. Consistent with these results, we found  a mater- 
nal effect lethality associated with the lag-l(oml3) allele; 
a paternally supplied Zag-1 (+) gene can partially rescue 
this lethality, suggesting that zygotic expression of lug- 
I(+) can in part  compensate  for  the  absent  maternal 
expression. This maternal effect is not characteristic of 
previously reported lug-I alleles (LAMBIE and KIMBLE 
1991). It is unlikely to be caused by a linked mutation 
in another  gene as  we have been unsuccessful at separat- 
ing it from other aspects of the lag-1 phenotype  (en- 
hancement of g lp l  and larval lethality). 

gZp-4 may  play multiple  roles in germline  develop- 
ment: Based on  the analysis  of a single conditional al- 
lele, glp-4 was previously described as essential for  the 
progression of germ cells through mitosis and  for 00- 

genesis (BEANAN and STROME 1992). The  three glp 
4(Ego) alleles described here cause oogenesis defects 
but have little effect on  germline proliferation unless 
placed in  a g l p l  mutant  background.  In  the absence of 
a deficiency for  the  gene, it is difficult to say which of 
these glp-4 defects result from  a loss  of function.  It is 
possible that glp-4 activity is regulated by the  DTGto- 
germline signaling pathway and promotes  germline mi- 
tosis. 

Because  it is associated with each of the  four existing 
mutant alleles, we believe that  an oogenesis defect may 
result from a loss  of g@-4 gene activity. Therefore, glp- 
4 activity  may promote oogenesis. Oogenesis is abnor- 
mal in  at least two ways in glp-4 mutants. First, oocytes 
are small and irregularly sized; although sometimes fer- 
tilized, they are incapable of supporting  normal devel- 
opment.  Second, some oocytes in older animals do  not 
maintain the usual meiotic arrest  at diakinesis and in- 
stead appear  to  become  endomitotic. Because  oocyte 
arrest may be accomplished via a cell-signaling system, 
it is possible that glp-4 function is critical for  the activity 
of two signaling pathways. 

ego-1, ego-3, ego4 and ego-5 may  play multiple  roles in 
gennline  development: Mutations in the newly identi- 
fied ego genes are associated with  various germline and 
somatic defects. Subsets of ego genes with similar mutant 
phenotypes may be involved in common processes. For 
example, ego-4 and ego-5 mutants have moderately re- 
duced germlines and  are Mel. In contrast, ego-1 and ego- 
3 mutants  are  Oog,  producing oocytes that  are usually 
quite small.  However, ego-1 and ego-3 mutants have 
unique  and perhaps opposite germline defects. Loss of 
ego-? gene  function may cause a  premature  onset of 
meiosis, whereas loss  of ego-I gene  function causes a 
delay in  the  onset of meiosis. Thus, ego-1 and ego-3 may 
be unrelated in function to each other  or to ego-4 and 
ego-5. 

How do e e l  and ego-3 mutations  decrease  activity 
of the glpl  pathway? An ego gene might encode  a com- 
ponent of the glp-1 signaling pathway or regulate the 
expression of one of those components in either  the 
DTC or germline. To investigate whether ego-1 and ego- 
3 act upstream or downstream of &I-1, we tested 
whether ego-1 or ego-3 mutations could suppress a gain 
of glp-1 gene  function. (We did not test ego-4 and ego-5 
because we do  not know whether these mutations cause 
a loss or gain of gene  function.) ego-1 appears to act 
downstream of glp-1 because it partially suppresses the 
germline overproliferation associated  with glp-1 (ozl l Z @  
(see RESULTS). The situation with ego-3 is more complex. 
However, ego-3 is epistatic to glpl(@ in L3/L4 larvae, 
suggesting that it acts downstream at this time. If LAG 
1 is immediately downstream of GLP-1 in the signaling 
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pathway, then  both ego-1 and ego-? might act down- 
stream of  lag-1. Regardless  of their relative positions in 
the pathway, we would expect ego-1 and ego-? mutations 
to enhance  a weak  lag-1 phenotype in the  germline. In 
fact, preliminary results indicate  that this is the case for 
e g o 3  the germlines of egoG'(om40); lag-1  (oml?) double 
mutants have a  moderate to severe Glpl  phenotype (E. 
MAINE, unpublished data). 

ego-?: In ego-3 mutants, all germ cells  take on an ab- 
normal  nuclear morphology during L3 stage. These 
cells may enter meiosis prematurely (a phenotype con- 
sistent with a role for ego-? in the mitotic/meiotic 
choice) or may arrest  in mitosis. In the  latter case, arrest 
may occur because the  germline is depleted of an ego- 
?(+) maternal  product. Proliferation may not be able to 
resume until a sufficient amount of the zygotic,  partially 
defective ego-?(om40) product is synthesized to support 
continued mitosis.  Because the  arrest  phenotype seems 
to be associated with a loss  of gene  function, wild-type 
ego-? activity might  promote  germline mitosis.  Consis- 
tent with this hypothesis, enhancement of &-I also 
seems to be caused by a loss of ego-? gene  function.  A 
combined decrease in both  the glpl and ego-? mitosis- 
promoting activities might be sufficient to cause the 
inappropriate entry of  all germ cells into meiosis. If so, 
then  the  later  germline  phenotype, which may result 
in part from a gain of function, may be extraneous to 
enhancement. Previously described examples of muta- 
tions with both loss and gain of function  character in- 
clude certain alleles of the C. elegans genes gld-I (germ 
line defective) (FRANCIS et al. 1995) and tra-1 
(transformer) (SCHEDI. et al. 1989).  Future analysis  of 
ego3 at  the molecular level  will help resolve these issues. 

Proliferation in the proximal germline of ego-? mu- 
tants may result from either  an  aberrant cell-signaling 
system or signal independence (which in  turn  might 
result from the inability of proximal germ cells to un- 
dergo meiosis). As has been shown  previously, the prox- 
imal germline is capable of responding to a proliferative 
signal from the AC (SEYDOUX et al. 1989). However, we 
have  shown that an AC  is not necessary for proximal 
proliferation in egP3germlines. This result suggests that 
proximal proliferation occurs independent of an exter- 
nal signal as no  other cell in the proximal gonad is 
known to be capable of signaling germline prolifera- 
tion. However, we cannot rule out that one  or  more 
somatic gonadal cell (besides the AC) produces  a prolif- 
erative signal in ego-?mutants. As an alternative explana- 
tion, ectopic proliferation may arise because cells can 
undergo mitosis independent of an external signal. 
This phenomenon could occur  in  at least two  ways. 
For example, if the early ego-? phenotype results from 
mitotic arrest  (perhaps reflecting a  need for zygotic 
EGO-3 activity), then proximal mitosis may be signal- 
independent proliferation that likewise can occur in 
the absence of sufficient EGO-3  activity.  Alternatively, 
if the early ego-3 phenotype reflects a meiotic arrest, 

then proximal mitosis might be the type  of signal inde- 
pendent proliferation that follows unsuccessful meiosis 
in C. eleguns  gld-1 mutants  (FRANCIS et ul. 1995). As has 
been shown in yeast and in C. elegans, entry into meiosis 
is not irreversible (HONIGBERG et al. 1992; HONIGBERG 
and ESPOSITO 1994; FRANCIS et al. 1995). However,  this 
explanation seems unlikely because ego-? appears only 
to promote meiosis rather  than to be essential for it. 
Meiosis is eventually executed in old ego-? animals, and 
a decrease in glp-1  activity  allows ego-? germ cells to 
complete meiosis during larval development. Clearly, 
the ego-3 null phenotype must be examined to decide 
these points. 

ego-I: In ego-1 mutants, meiosis appears to be delayed 
slightly and  the  germline is moderately reduced. En- 
hancement of  glp-1  may be caused by whatever mecha- 
nism causes the  reduced  germline; if so, then a com- 
mon  function may regulate the  rate of proliferation 
and  the timing of meiosis onset. The meiosis  delay  also 
may be caused by the  reduced size  of the  germline itself. 
As suggested by KIMBLE and WHITE (1981),  perhaps  the 
germline has to reach a certain size before proximal 
nuclei are  free of the distal tip cell signal. 
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