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Summary 

In the wild-type C. elegans germ line there are both 
mitotic and meiotic germ cells. Mutations in g/p-l 
cause germ cells that would normally divide mitoti- 
tally to enter meiosis. This mutant phenotype mimics 
the effect of killing the distal tip cell, a somatic cell 
that interacts with the germ line to regulate the mitotic/ 
meiotic decision. In addition, wild-type g/p-l product 
is required maternally for embryogenesis. Tempera- 
ture-shift experiments indicate that the temporal re- 
quirement for g/p-l activity in the germ line is the same 
as that for distal tip cell regulation. Mosaic analyses 
suggest that g/p-f is produced in the germ line. We 
propose that g/p-l acts as part of the receiving mecha- 
nism in the interaction between the distal tip cell and 
germ line. 

Introduction 

Interactions between cells are critical to the control of 
growth and differentiation of multicellular organisms. 
Such interactions were first observed in classic experi- 
ments with sea urchin and frog embryos (e.g., Driesch, 
1891; Spemann and Mangold, 1924). More recently, cell 
interactions that regulate development have been de- 
scribed in the nematode Caenorhabditis elegans. In par- 
ticular, signals from one cell to another can influence cell 
lineage (Sulston and White, 1980; Kimble, 1981; Sulston 
et al., 1983), proliferation of the germ line (Kimble and 
White, 1981), formation of the vulva (Kimble, 1981; Stern- 
berg and Horvitz, 1986), and development of the pharynx 
(Priess and Thomson, 1987). 

As a model for analysis of regulatory cell interactions 
during development, we have chosen to focus on the inter- 
action in C. elegans that controls germ-line proliferation. 
A somatic cell, the distal tip cell, controls the decision be- 
tween mitosis and meiosis in the germ line (Kimble and 
White, 1981). The distal tip cell influences germ cells that 
are not in direct cellular contact with it and therefore acts 
over a distance (Kimble and White, 1981). In both her- 
maphrodites and males, only the germ cells closest to the 

distal tip cells continue to divide mitotically throughout de- 
velopment. If the distal tip cell is removed by laser ablation 
at any time during development, all germ cells in the mi- 
totic cell cycle enter meiosis and form gametes. Thus, the 
interaction between the distal tip cell and the germ line is 
necessary for proliferation of the germ line during larval 
development and maintenance of a germ-line stem cell 
population during adulthood. 

Molecular models of signal transmission have emerged 
from biochemical studies of neurotransmitters, hormones, 
and growth factors in higher animals. Essentially, one cell 
produces the signal; another cell produces the receptor 
and transduction machinery (e.g., G proteins and effector 
proteins such as adenylate cyclase) necessary to respond 
to that signal. However, the identification and in vivo ma- 
nipulation of molecules that mediate specific regulatory 
interactions between cells during development are still 
technically difficult in higher animals. To identify the sig- 
naling and receiving components of a cell interaction that 
controls development, we have sought mutants defective 
in the distal tip cell-germ line interaction. 

In this paper, we describe a genetic and developmental 
characterization of one gene, g/p-l (germ line proliferation 
defective). We suggest that g/p-l functions as part of the 
receiving mechanism in the interaction between the distal 
tip cell and germ line. Although mutations of g/p-l were 
first detected by their effect on germ-line growth, further 
analysis revealed a requirement for maternally produced 
g/p-l during early embryogenesis. Our observations, to- 
gether with those reported in the accompanying paper, 
Priess et al. (1987), indicate that g/p-7 is also involved in 
induction of the anterior pharynx. Thus, g/p-7 is essential 
to at least two cell interactions that are distinct both in time 
and in the cells affected. 

Results 

Development of the C. elegans Germ Line 
Development of the wild-type C. elegans gonad is di- 
agrammed in Figure 1. In both hermaphrodites and males, 
a gonadal primordium is present at hatching. Two cells in 
this primordium, Zl and 24, give rise to the somatic struc- 
tures of the gonad (e.g., uterus and vas deferens); the two 
other cells, 22 and 23, generate the germ line. As the go- 
nad develops, it forms a double reflexed tube in her- 
maphrodites and a single reflexed tube in males. In L3, 
some germ cells enter meiosis, while others continue to 
divide mitotically. Germ cells farthest from the distal tip 
cells enter meiosis first and become gametes, while germ 
cells near the distal tip cells remain mitotically active even 
in the adult. The term germ cells is used to refer to de- 
scendants of 22 and 23. Although the germ-line tissue is 
syncytial, each germ-line nucleus occupies its own mem- 
brane-bound alcove of cytoplasm located at the edge of 
a common anuclear cytoplasm (Hirsh et al., 1976). Each 
germ-line nucleus and its cytoplasm is called a germ cell 
in this paper. 



Cell 
590 

L3 
leth 

L4 

A 

Figure 1. Gonadogenesis in Wild-Type Hermaphrodites and Males 

Each diagram depicts a developing gonad during consecutive stages 
of postembryonic development. Anterior is to the left; dorsal is up. Ll, 
L2. L3, and L4 are first. second, third, and fourth larval stages, respec- 
tively; A indicates adult. Lethargus (leth) is the period just prior lo molt- 
ing at the end of each larval stage. Somatic gonadal tissue is striped; 
distal tip cells are marked by an asterisk; germ nuclei in the mitotic cell 
cycle, by open circles; germ nuclei in meiotic prophase, by filled cir- 
cles; sperm, by stippling; oocyte nuclei, by squares. For more detail 
see Hirsh et al. (1976), Klass et al. (1976), Kimble and Hirsh (1979), and 
Kimble and White (1961). 

Table 1. Total Number of Germ Cells Produced by g/p-l 
Homozygotes 

Number of Germ Cells 

Genotypea Q ir 

+b *1500 -600 
q46c 5-7 4-8 
q15ff 5-7 4-6 
q172c 5-8 5-8 
q175c 4-8 4-7 
q224C(25~C) 6-8 6-8 
q237y25T) 7-25 7-16 
q35c 47-198 15-22 
q5ffd 6-21 6-17 
q50bd *800 ~600 

a Both control and g/p-7 animals (except for q50) are homozygous for 
uric-32(e189). glpl(q50) is linked to the translocation chromosome eT1 
(see Experimental Procedures). 
b Number of germ cells is total number of 22 and 23 descendants prior 
to meiotic divisions at a time that is 24 hr after L4. Since mitotic cells 
are still present, this number will increase as the animal ages. (n = 2) 
c Number of germ cells is total number of 22 and 23 descendants prior 
to meiotic divisions. No more germ cells are ever made. (n = 10) 
d Two alternative phenotypes are seen in glp7(q50) homozygotes (see 
text). For this table, only g/p-l(q50) hermaphrodites in which both 
ovotestes had the same phenotype were scored. 

g/p-l Is Required for Germ-Line Proliferation 
We have identified eight recessive mutations that define 
the gene g/p-l. These mutations fail to complement each 
other, and they map to the same location on LGIII. None 
is suppressible by the amber suppressor sup-7 (Water- 
ston, 1981; see Experimental Procedures). 

The g/p-7 mutations each affect proliferation of the germ 
line in essentially the same way: germ cells that would 
normally continue to divide mitotically instead enter meio- 
sis and differentiate into gametes (Table 1; Figure 2). 
Animals homozygous for any of four nonconditional g/p-7 
alleles (q46, 9758, q772, or 9775) or a temperature sensi- 
tive (fs) g/p-7 allele (9224) at the restrictive temperature 
have the same, fully penetrant germ-line phenotype. In 
both hermaphrodites and males, only 4-8 descendants of 
22 and 23 are produced (Table 1). These germ cells all en- 
ter meiosis and differentiate into sperm (Figure 2). An- 
other g/p-7(ts) allele, 9237, has a nearly identical pheno- 
type but produces a few more germ cells (Table 1). In 
animals homozygous for any of these six alleles, the so- 
matic gonad is morphologically normal. In particular, the 
distal tip cells are present and appear normal. The g/p-7 
hermaphrodite ovotestis is U-shaped as normal; in her- 
maphrodites, this shape is regulated by the distal tip cell 
(Kimble and White, 1981), indicating that at least one func- 
tion of the distal tip cell is unaffected in g/p-7 hermaphro- 
dites. 

Two other g/p-l alleles, q50 and q35, have phenotypes 
with distinctive features. Most animals homozygous for 
g/p-l(q50) make only a small number of germ cells that 
differentiate into sperm, but 16% of g/p-7(q50) hermaphro- 
dites and males produce a normal germ line (Table 1). In 
g/p-l(q50) hermaphrodites, the germ-line phenotype is de- 
termined separately for each ovotestis: in some animals 
one ovotestis has only a few germ cells, while the other 
has a normal germ line. g/p-7(q35), in addition to Its reces- 

sive effect on germ-line proliferation, has a semidominant 
Muv (multivulva, Horvitz and Sulston, 1980) phenotype: in 
both hermaphrodites and males, small protrusions of the 
ventral hypodermis are observed. This somatic pheno- 
type, which is not seen in any of the other g/p-l alleles, is 
typical of dominant mutations in /in-72 (Greenwald et al., 
1983), a gene that maps 0.02% from g/p-7 (see Figure 7). 
However, the g/p-l(q35) and /h-72(d) Muv phenotypes are 
distinct, and g/p-7/h-72(d) animals have a normal germ 
line and are self-fertile (see Experimental Procedures). 

The eight g/p-7 mutations described here are all likely 
to be the result of a lowered amount or activity of the g/p-l 
gene. The effect of g/p-7 mutations on the germ line is 
recessive in all cases, and g/p-7 mutants arise at a fre- 
quency of 3 x 1O-4 after ethyl methanesulfonate muta- 
genesis This frequency is similar to that of loss-of-function 

mutations in other C. elegans genes (Brenner, 1974). The 
null, or complete loss-of-function, phenotype of g/p-l is 
probably that of the most severe g/p-l alleles (946, q758, 
q772, 9775, q224ts250). 

Entry into Meiosis Occurs Prematurely in 
glp-1 Homozygotes 
Direct observation of gonadogenesis in hermaphrodites 
homozygous for a strong allele of g/p-l shows that the only 
detectable defect is early entry of all germ cells into meio- 
sis. In g/p-l(q46) hermaphrodites, the gonadal primordium 
and cell lineage of Zl and 24 are normal during Ll and 
L2, but 22 and 23 divide only once during Ll. By mid-L2, 
germ-line mitoses have ceased; by mid-L3, all germ cells 
have become primary spermatocytes. No cell death has 
been observed. 

The unusually early appearance of primary spermato- 
cytes in g/p-7(q46) hermaphrodites indicates that germ 
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cells enter meiosis earlier in g/p-l mutants than in normal 
wild-type animals. Therefore, we compared the first sign 
of entry into meiosis in g/p-l(+) and g/p-7&46) animals. 
Larvae at different stages of development were stained 
with diamidinophenolindole (DAPI), and the first appear- 
ance of chromosomes typical of the pachytene stage of 
meiotic prophase was used to detect entry into meiosis 
(Figure 3). As had been previously observed (Kimble and 
White, 1981) we found that in g/p-l(+) hermaphrodites 
and males, pachytene nuclei are not seen until late L3 
lethargus and mid-L3, respectively (Table 2; Figure 3). 
However, in g/p-7&46) hermaphrodites and males, pachy- 
tene nuclei were seen in late L2 (Table 2; Figure 3). The 
first mature sperm were observed about one larval stage 
after the first appearance of pachytene nuclei in both g/p- 

Figure 2. Germ Line in Wild-Type and g/p-l L4 
Larvae 

(A) Wild-type (N2) hermaphrodite. There are 
many germ cells with no sign of gametogene- 
sis. (B) uric-32 glpl(q172) hermaphrodite. All 
germ ceils have completed meiosis and 
formed sperm. Hermaphrodite distal tip cells 
(dtc) and developing vulva are indicated in both 
(A) and (6). Residual bodies (rb) are a normal 
by-product of spermatogenesis and consist of 
excess cytoplasm that is sloughed off by the 
developing sperm (Ward et al., 1981). (C)Wild- 
type (N2) male. Some germ cells have com- 
pleted spermatogenesis; many germ cells are 
present. (D) glpl(q172) male. All germ cells 
have completed meiosis and formed sperm. 
Bar, 20 pm. 

I(+) and g/p-l(q46) animals (Table 2). Thus, both entry 
into meiosis and spermatogenesis occur earlier in g/p-l 
than in wild-type animals. 

After the Ll Stage, g/p-l Function Is Required 
Continuously during Germ-Line Development 
Temperature-shift experiments were done with g/p-l(&) 
mutants to determine when g/p-l is required for normal 
germ-line development. When raised continuously at the 
permissive temperature, these mutants have a wild-type 
germ line; when grown at the restrictive temperature, they 
are Glp. For the purposes of this paper, Glp denotes the 
mutant phenotype of g/p-7. In these experiments, staged 
animals were shifted from permissive to restrictive tem- 
perature, or vice versa, at different times of development 
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Figure 3. Premature Entry into Meiosis of Germ Cells in g/p-l Homozygotes 

Each picture includes a single ovotestis in which the distal end is to the left. A small arrow indicates the distal tip cell. Animals in (C) and (D) are 
stained with DAPI. (A and C) uric-32 g/p-l(+) L3 hermaphrodites; (6 and D) uric-32 g/p-7&46) L3 hermaphrodites. In the g/p-l(+) ovotestes, there 
are numerous germ cells and mitotically dividing nuclei can be seen (metaphase plates are indicated by large arrows in (C). In each g/p-l(q46) ovotes- 
tis, only three germ cells are present (arrowheads in [B] and [D]). All three germ cell nuclei in (D) are in the pachytene stage of meiotic prophase. 
Bar, 10 pm. 

Table 2. Developmental Timing of Germ-Line Maturation 

First Appearance of Pachytene Nuclei= 

Genotypeb Sex 

Animals with Pachytene Nuclei/Total AnimalsC 
First Appearance of 

mL2 IL2 L2 Leth eL3 mL3 IL3 L3 Leth eL4 Pachytene Nuclei 

+ 

946 015 
015 

2/3 
4/5 

51.5 
414 

014 
313 

212 
015 51.5 
4/4 4/4 

5/5 L3 leth 
Mid-L3 
Late L2 
Late L2 

First Appearance of Spermd 

Animals with Sperm/Total AnimalsC 
First Appearance 

Genotypeb Sex eL3 mL3 IL3 L3 Leth eL4 mL4 IL4 L4 Leth Adult of Sperm 

+ T 014 216 717 L4 leth 
v 016 7/7 515 Mid-L4 

946 T o/7 115 214 3/4 717 Mid-L3 
0 017 o/5 215 315 717 Late L3 

a Presence of germ cells in the pachytene stage of meiotic prophase was scored in animals stained with DAPI. 
b Both control and g/p-i animals are homozygous for uric-32(e789). 
c Each larval stage was divided into early (e), middle (m), late (I), and lethargus (leth). 
d Presence of sperm was scored using Nomarski optics. 

and later scored for the presence of continued germ-line 
proliferation. Data are shown for g/p-7&237); similar 
results were obtained with g/p-l(q224). 

Experiments in which animals were shifted up from per- 
missive to restrictive temperature indicate that g/p-7 func- 
tion is required continuously for germ-line mitoses. When 
g/p-l(q237) hermaphrodites were shifted from 15OC to 
25OC at any time after hatching, adults possessed no 

germ cells in mitosis (Figure 4A). (L4s and adults shifted 
were scored 24 hr later.) All germ cells had entered meio- 
sis and differentiated as sperm or oocytes, depending on 
when the temperature shift occurred (Figure 48). The 
number of germ cells produced also depended on the 
stage of develo’pment at which the animals were shifted 
(Figure 4B). Hermaphrodites shifted up during Ll made 
the same number of germ cells as animals raised continu- 
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Figure 4. Effect of Temperature Shifts on Germ-Line Proliferation in 
glpl(ts) Hermaphrodites 

The abscissa represents developmental time in hours at 25%. The rate 
of development at 25% is twice as fast as that at 15% (data not shown; 
Hirsh and Vanderslice, 1976). Incubation times at 15% have been nor- 
malized to 25% hours by halving the actual time. (A) Effect of tempera- 
ture shifts on germ-line mitoses in g/p-i&231) hermaphrodites. Staged 
animals were shifted from 15% (permissive temperature) to 25OC (re- 
strictive temperature), or from 25% to 15%. Shifts up, open circles, n 
= 10 for each time point; shifts down, filled circles, n > 20 for each 

time point. (B) Total number of germ cells produced by g/p-i&231) her- 
maphrodites shifted from 15% to 25OC at consecutively later times dur- 
ing development, n = 5 for all time points. Shifts in which germ cells 
differentiate as sperm, open squares; shifts in which germ cells pro- 
duce both sperm and oocytes, open triangles. 

ously at 25%, while animals shifted up at mid-L2 or later 
produced progressively more germ cells. 

Experiments in which animals were shifted down from 
restrictive to permissive temperature indicate that the glp- 
7 function is not required during the first mitotic divisions 
of the hermaphrodite germ line. When glpl(q237) her- 
maphrodites were shifted from 25% to 15% during Ll 
and examined as adults, their germ lines were phenotypi- 
tally normal: some germ cells had remained in mitosis, 
and proliferation of the germ line was normal (Figure 4A). 
However, animals shifted down at mid-L2 or later had no 

Figure 5. Wildlrype and g/p-l Embryos 

(A) Embryo from N2 hermaphrodite. (B) Embryo from g/p-l(q224) her- 
maphrodite. Both embryos were incubated for approximately 7 hr past 
the 2 cell stage at 25%. The wild-type embryo has formed a small 
worm inside the eggshell. The g/p-l&224) embryo at restrictive tem- 
perature consists of many cells, but a worm is not formed. Bar, 10 Wm. 

mitotic germ cells as adults: all germ cells had entered 
meiosis and formed gametes. 

Maternal Wild-Type g/p-l Gene Product Is 
Required for Embryogenesis 
Embryos produced by g/p-l hermaphrodites arrest during 
embryogenesis (Figure 5). The mutant embryos contain 
several hundred cells and show signs of differentiation: 
some cells have gut granules, other cells resemble neu- 
rons, and the presence of muscle cells is indicated by con- 
tractions. A compact group of cells with morphological 
signs of pharyngeal differentiation is seen within the em- 
bryo. In addition, morphogenesis is defective, and a 
recognizable worm is not made. This phenotype is seen 
with little variation in g/p-7(q35), g/p-7(q50), g/p-l(q224ts), 
and g/p-l(q237ts) embryos. In the case of g/p-7(ts) mu- 
tants, embryos develop normally at permissive tempera- 
ture, but when hermaphrodites are shifted up to restrictive 
temperature late in larval development or as adults, em- 
bryos arrest as described. Since g/p-l(q224ts) at restric- 
tive temperature appears to have a null phenotype for 
germ-line proliferation, it is likely that the embryonic 
phenotype we describe here is the null phenotype. 

Maternal effect tests indicate that the embryonic lethal- 
ity associated with mutations in g/p-l is due to a lack of 
maternally contributed g/p-l(+) gene product. When glp- 
l(q237) hermaphrodites, shifted from 15% to 25% as L4 
larvae, laid eggs, 011072 hatched. Similarly, when glp- 
7(q237) hermaphrodites were shifted from 15% to 25% as 
adults and crossed to wild-type males, 0/113g/p-7(q237)/ + 
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eggs produced by the mating hatched. For this cross, the 
hermaphrodite’s self-sperm had been previously ex- 
hausted so that all eggs produced had to be g/p-l/+ from 
the mating (see Experimental Procedures). Therefore, 
g/p-l(+) contributed by the father is not sufficient for nor- 
mal embryogenesis. In contrast, 404/414 eggs laid by self- 
fertilized g/p-7(q237)/ + hermaphrodites hatched; 21% of 
the live progeny were g/p-l(q237)/g/p-7(q237). Similar 
results have been seen for g/p-7(q35), g/p-l(qSO), and 
g/p-7(q224). 

Temperature-shift experiments indicate that g/p-l(+) 
activity is required early in embryogenesis (Figure 6). 
When embryos from self-fertilized g/p-l(q237) hermaphro- 
dites were shifted from restrictive (25%) to permissive 
(15%) temperature at the 2 ceil or 4 cell stage, they 
hatched and developed to adulthood. However, embryos 
shifted down later did not hatch. When g/p-l(q237) em- 
bryos were shifted from 15% to 25°C at the 2 cell stage, 
they did not hatch, whereas most embryos shifted up at 
about the 28 cell stage developed normally. These experi- 
ments suggest that g/p-7 has an early function, between 
the 4 cell and 28 cell stages of embryogenesis, that is re- 
quired for normal embryogenesis. 

An intriguing result was obtained when g/p-l(q237) em- 
bryos were shifted from 15% to 25% at the 8 cell stage. 
Most of these embryos hatched, but they were deformed 
and arrested as Ll larvae. In 12/12 of these larvae, the an- 
terior bulb of the pharynx was missing. An analogous ef- 
fect (i.e., absence of cells that normally make up the an- 
terior pharynx) has been seen in blastomere-removal 
experiments that suggest cell interactions during early 
embryogenesis (Priess and Thomson, 1987; see accom- 
panying paper, Priess et al., 1987, for a more detailed dis- 
cussion of this phenotype). 

Meiosis and Gametogenesis Do Not Require g/p-l 
Although g/p-l is required for mitotic proliferation of the 
germ line, it is not required for either meiosis or gameto- 
genesis. By morphological criteria (Nomarski image and 
DAPI-stained chromosomes), both meiosis and gameto- 
genesis are essentially normal in g/p-7 mutants. (The only 
abnormality observed is that, in animals homozygous for 
certain alleles of g/p-7, some sperm have a vacuolated ap- 
pearance.) Furthermore, g/p-7 sperm are functional, as 
demonstrated in the following test. Individual g/p-l(q35) 
males were mated to uric-32; fern-7 females, which contain 
only oocytes and cannot self-fertilize. Of 19 such matings, 
4 resulted in some offspring (l-5 progeny per male). All 
eggs hatched and developed normally. g/p-l(q237) males 
raised at 25% can also mate and give rise to cross- 
progeny (data not shown). 

The embryonic lethality associated with mutations in 
g/p-7 is not due to a defect in oogenesis. As described 
above, the embryonic period of temperature sensitivity for 
g/p-7 begins after fertilization. In g/p-l(q237) L4 her- 
maphrodites shifted from 15% to 25%, all oogenesis oc- 
curs at the restrictive temperature. Yet, when embryos 
produced by such animals are shifted back to 15% at the 
2 cell stage, the embryos develop normally. Thus, g/p-l(&) 

Figure 6. The g/p7 Embryomc Period of Temperature Sensitivrty 

The abscissa represents developmental time in hours at 25%; incuba- 
tron times at 15OC have been normalized to 25OC (see legend to Figure 
4). Staged g/p-l(q237) embryos were shifted up from 15OC (permrssive 
temperature) to 25°C (restrictive temperature), or down from 25OC to 
15°C. Shifts up, open circles; shifts down, filled circles; n > 10 for all 
time points. 

hermaphrodites can produce functional oocytes at the re- 
strictive temperature. 

g/p-l Acts in the Germ Line for Continued 
Germ-Line Mitoses 
The g/p-7 germ-line phenotype, arrest in germ-line mi- 
toses followed by entry into meiosis, is strikingly similar to 
the effect of killing the somatic distal tip cell. This sug- 
gests that g/p-l may function in the interaction between 
distal tip cell and germ line. If so, then g/p-7 might encode 
part of the signaling mechanism that emanates from the 
distal tip cell or part of the receiving mechanism that 
transduces the signal to effect germ-line growth. To distin- 
guish between these possibilities, we examined genetic 
mosaic animals. In C. elegans, genetic mosaic animals 
can be generated by use of a mitotically unstable free 
duplication (Herman, 1984). Briefly, loss of a free duplica- 
tion from a precursor cell during development will uncover 
a homozygous mutation under that duplication. If wild- 
type gene product must be produced in the descendant 
cells of the precursor for normal development, then loss 
of the duplication will result in a mutant phenotype. 

The free duplication, qDp3, carries wild-type alleles of 
g/p-l, uric-36 and ncl-7 (Figure 7). The strain we used for 
analysis of g/p-l mosaics was ncl-7 uric-36 g/p-l(q46); 
qDp3. With this strain, absence of qDp3 from a given ceil 
could be detected by scoring for the uric-36 and/or ncl-7 
mutant phenotypes. The ancestries of embryonic precur- 
sor cells, somatic gonad, and germ line are shown in Fig- 
ure 9A. The uric-36(+) product is required for normal 
movement in cells descended from AB (Kenyon, 1986). 
The n&l(+) product is required for maintenance of a 
normal-sized nucleolus in most somatic cells. If a cell 
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Figure 7. Map Position of g/p7 

g/p-l maps 0.02% to the right of lin-72 on chro- 
mosome III. The free duplication, qDp3, covers 
all of the genes shown in the expanded section 
of the map. 

Table 3. Genetic Mosaics with Loss of qDp3 in the Somatic Gonad 

Presence (+) or Absence (-) of qDp3 
Germ-Line 

Animal 21 24 P4 (Germ Line) Phenotype 

1 + + Wild type 
2 + + Wild type 
3 - + + Wild type 

Figure 8. Nuclei Scored for the Ncl Phenotype in Genetic Mosaic 
Animals 

Only the positions of nuclei scored are indicated; all other nuclei are 
omitted. Anterior is to the left; dorsal is up. X.a is the anterior daughter 
of cell X; X.p, the posterior daughter of cell X. Cell positions were 
learned from Sulston et al. (1983), from Kimble and Hirsh (1979) and 
from instruction from J. St&ton. (A) Distal tip cells (asterisks) and 
sheath cells (triangles) of the hermaphrodite ovotestes. In the anterior 
ovotestis, sheath cells and distal tip cell derive from 21; in the posterior 
ovotestis they derive from 24. (6) Muscle cells (open circles) in the an- 
terior half of the right (above) and left (below) dorsal quadrants of body 
wall muscle. The embryonic derivation of each cell or group of cells 
is indicated. 

does not carry ncl-l(+), its nucleolus is grossly enlarged 
(E. Hedgecock, M. Salvato, and N. Thomson, personal 
communication). The effect of ncl-7 is cell-autonomous 
and is easily scored using Nomarski optics (E. Hedge- 
cock, M. Salvato, and N. Thomson, personal communica- 
tion). Nuclei that we routinely scored for the Ncl pheno- 
type are shown in Figure 8. 

To identify the cell(s) that must produce g/p-l product for 
normal germ-line mitoses, we examined two types of 
genetic mosaics. The first type had lost qDp3 from the SO- 

matic gonad. To find such mosaics, non-Uric L3 larvae 
were screened for animals in which cells of the somatic 
gonad, and specifically the distal tip cells, were Ncl (Fig- 
ure 8A). These animals must have carried qDp3 in AB, be- 
cause they move normally, but they must have lost qDp3 
from the somatic gonad, because these cells were Ncl. Of 
517 animals screened, 3 mosaics of this type were found 
(Table 3). In all 3 animals, germ-line development was 
wild-type in both ovotestes. Although the Ncl phenotype 
cannot be scored directly in the germ line, the presence 

of qDp3 in the germ line can be assessed by progeny test- 
ing. All 3 animals produced progeny that carried qDp3, 
confirming the presence of qDp3 in the germ line of these 
mosaics. These results show that when g/p-7( +) is absent 
from the distal tip cell, but present in the germ line, germ- 
line development is normal. We conclude that g/p-l is not 
required in the distal tip cells for normal germ-line devel- 
opment. 

The second type of genetic mosaic had a duplication 
loss that resulted in a Glp germ-line phenotype. We 
screened for non-Uric Glp animals. Such animals must 
have qDp3 in AB, because they move normally, but they 
must have lost qDp3 elsewhere to cause the Glp pheno- 
type. Once such mosaics were identified, individual cells 
(Figure 8) were scored for the Ncl phenotype to learn 
where qDp3 had been lost. The 20 non-Uric Glp mosaics 
identified fall into six classes (Figure 9B). In class I (3 
animals), all descendants of MS, C, and D were Ncl, sug- 
gesting that qDp3 had been lost from P,. In class II (7 
animals), only descendants of D were Ncl, indicating a 
loss of qDp3 from either D or Ps. In class III (5 animals), 
no sign of somatic duplication loss was detected. Since 
g/p-l(+) was present in the distal tip cells of animals in 
classes II and III, g/p-l(+) in this signaling cell is not suffi- 
cient for normal germ-line proliferation. In classes IV (3 
animals) and V (1 animal), at least two duplication losses 
had occurred. In class IV, losses were from MS or EMS 
and from D or Ps; in class V, losses were from MS or EMS 
and C. In class VI (1 animal), only a single somatic duplica- 
tion loss was observed, at MS or EMS. 

From the genetic mosaics examined, it is clear that g/p- 
I(+) in the distal tip cell is neither necessary nor sufficient 
for normal germ-line development. Where then is g/p-l(+) 
produced? The pattern of duplication losses observed in 
the non-Uric Glp mosaic animals strongly suggests that 
g/p-l(+) is required in the germ line. Although the pres- 
ence of qDp3 cannot be assayed in a Glp germ line, there 
is evidence in most of these mosaics for a duplication loss 
in the embryonic precursor cells leading to the germ line. 
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Figure 9. Embryonic Loss of 9Dp3 in Non-Uric Glp Animals 

Each diagram shows the early divisions in the embryonic lineage of 
C. elegans. (A) Embryonic origin of the somatic gonad and germ line. 
PO, P1, Pp. Pa, and P4 are embryonic precursor ceils leading to the 
germ line; AB, MS, E, C, and D are embryonic precursors of the soma 
(S&ton et al., 1983). (B) Interpretation of mosaics found as non-Uric 
Glp animals. Presence (+) or absence (-) of 9Dp3 in the embryonic 
precursors MS, C, and D is indicated. The embryonic precursor E gives 
rise only to intestinal cells in which the Ncl phenotype cannot be relia- 
bly scored. All animals had a Glp germ line: therefore the presence or 
absence of 9Dp3 in the germ line could not be assessed in P4. 

Of the 15 animals that showed somatic loss of qDp3, all 
but two (classes V and VI) had lost 9Dp3 from D. As the 
D lineage gives rise only to 20 body wall muscle cells, and 
since D and P4 are sisters, it is probable that in these 
animals the duplication was absent from Ps, and there- 
fore from P.,. The Glp germ-line phenotype observed in 
the two other somatic mosaics (classes V and VI) and the 
5 animals in which no somatic duplication loss was ob- 
served (class Ill) may have been the result of an un- 
detected duplication loss from the germ-line precursor 
cell, Pq. This possibility is made more likely by the high 
rate of multiple duplication losses observed (classes IV 
and V). Frequent multiple losses have also been observed 
for another free duplication (E. Hedgecock, M. Salvato, 
and N. Thomson, personal communication). We, there- 
fore, propose that the g/p-l gene product required for nor- 
mal germ-line development is produced in the germ line. 

Discussion 

g/p-l Functions in Regulation of 
the MitoticlMeiotic Decision 
Normally, in C. elegans, some germ cells divide mitoti- 

tally throughout development, while others enter meiosis 
and form gametes. The phenotype of putative null alleles 
of g/p-l is a switch of all germ cells from mitosis to meiosis. 
This effect is seen in both sexes and effectively stops 
germ-line proliferation. Since the processes of mitosis, 
meiosis, and gametogenesis can all occur normally in g/p- 
7 mutants, it is likely that the wild-type g/p-7 gene product 
acts to regulate the decision between mitosis and meiosis. 

g/p-l May Be Involved in Regulation of the Germ 
Line by the Distal Tip Cell 
In C. elegans, the germ-line decision between mitosis and 
meiosis is controlled by a somatic regulatory cell, the dis- 
tal tip cell (Kimble and White, 1981). The effect of g/p-7 mu- 
tations on the germ line is essentially the same as that of 
ablating the distal tip cell early in development. In both 
cases, a small number of germ-line divisions occur, fol- 
lowed by entry of all germ cells into meiosis. A possible 
explanation of the g/p-7 mutant phenotype might therefore 
have been that development of the distal tip cells is defec- 
tive. However, no alteration of the distal tip cells is seen 
in g/p-l mutants. 

Two striking similarities between the distal tip cell and 
g/p-l controls suggest that g/p-7 functions in the interac- 
tion between distal tip cell and germ line. First, both distal 
tip cell-germ line interaction and g/p-7 activity are re- 
quired continuously for germ-line mitoses. Ablation of the 
distal tip cells at any time during larval development or 
adulthood results in the entry of all mitotic germ cells into 
meiosis (Kimble and White, 1981). Similarly, a shift from 
permissive to restrictive temperature of g/p-7th) animals at 
any time during larval development or adulthood results 
in the entry of all mitotic germ cells into meiosis. Second, 
both the effect of distal tip cell ablation and the phenotype 
of g/p-l mutants can be limited to one ovotestis. In her- 
maphrodites, one distal tip cell is present at the end of 
each ovotestis; ablation of one distal tip cell affects germ- 
line proliferation only in the corresponding ovotestis. 
Animals homozygous for the variable allele, g/p-7(950), 
can be Glp in either one or both ovotestes. Therefore, the 
action of g/p-l, like control by the distal tip cell, can be 
ovotestis-specific. 

One difference between the g/p-l phenotype and the ef- 
fect of distal tip cell ablation has been observed. In g/p-7 
mutants, meiosis starts prematurely (at the end of L2), 
while after early ablation of the distal tip cell, it starts at 
the normal time (at the end of L3). The earlier entry into 

meiosis in g/p-l mutants may simply reflect a difference 
between the effects of physical and genetic manipulations. 
For example, a g/p-l homozygous animal produces only 
defective g/p-l product, whereas in an ablation experi- 
ment, the animal’s germ line has been exposed to a wild- 
type distal tip cell or its ancestor. Furthermore, even after 
laser ablation, debris of the distal tip cell persists for some 
hours and may retain some function. Alternatively, g/p-7 
may influence the mitotic/meiotic decision independently 
of the distal tip cell during Ll and L2. Subsequently, g/p-7 
may act with the distal tip cell signal to define a set of germ 
cells that continue to proliferate throughout development. 
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A Maternal Contribution of Wild-Type g/p-7 
Is Necessary for Embryogenesis 
In addition to its function in germ-line proliferation, a 
maternal contribution of g/p-l is necessary for normal em- 
bryogenesis. The embryonic temperature-sensitive peri- 
od is after fertilization, between the 4 cell and 28 cell 
stages. This suggests that the g/p-l gene product is pack- 
aged into oocytes and utilized early in embryogenesis. 
The postfertilization temperature-sensitive period implies 
either that the effect of temperature on the g/p-l(rs) prod- 
uct is reversible or that the g/p-l&J product is present in 
a form that is not temperature-sensitive prior to fertil- 
ization. 

The apparent null phenotype of embryos derived from 
g/p-l/Q/p-l mutant mothers is complex. The embryo con- 
tains several differentiated tissue types, but little morpho- 
genesis occurs. The embryonic phenotype of g/p-I differs 
from its germ-line phenotype in that proliferation is not 
severely affected and differentiation is apparently not pre- 
mature. This difference in phenotype implies that the 
function of the g/p-7 product is not specifically, or solely, 
to control proliferation and differentiation. 

The embryonic phenotype of g/p-l has been indepen- 
dently analyzed by Priess et al. (1987). Among the alleles 
used in their study, a novel embryonic defect was found. 
Mutant embryos accomplished some morphogenesis, but 
the resulting worm lacked the anterior half of the pharynx. 
With the alleles used in our study, this embryonic defect 
was observed only when g/p-l(ts) embryos were shifted 
from the permissive to the restrictive temperature in the 
middle of the embryonic temperature-sensitive period. It 
is possible that this defect was not detected in the other 
g/p-7 embryos that we examined because of their severely 
defective morphogenesis. 

Blastomere-removal experiments have shown that inter- 
action between blastomeres during early embryogenesis 
is necessary for formation of the muscle cells that make 
up the anterior pharynx (Priess and Thomson, 1987). The 
similarity between the effect of blastomere removal and 
g/p-7 mutations on development of the anterior pharynx 
suggests that g/p-7 is involved in the cell interaction re- 
quired for formation of the anterior pharynx. 

The g/p7 Product Functions as Part of the 
Receiving Mechanism in the Distal Tip 
Cell-Germ Line Interaction 
The glp-7 gene product appears to be required for at least 
two distinct cell interactions. What might its role be in 
these interactions? Does g/p-7 encode a component of the 
signaling mechanism or the receiving mechanism? Our 
analysis of genetic mosaics indicates that the g/p-7 activity 
necessary for germ-line mitoses is produced by the germ 
line. This implies that g/p-7 encodes a component of the 
receiving machinery for the distal tip cell-germ line inter- 
action. The mosaic analysis also shows that g/p-l activity 
in the distal tip cell is neither necessary nor sufficient for 
germ-line development. Thus, g/p-l does not encode the 
distal tip cell signal. 

The function of g/p-l in mediating cell interaction is not 

known. Two simple possibilities are consistent with its role 
at the receiving end of the interaction. One is that g/p-l en- 
codes the receptor for the distal tip cell signal; another is 
that it encodes an element that transduces the signal from 
the receptor to proteins that act downstream to control the 
decision between mitosis and meiosis. The g/p-I product 
that functions in the distal tip cell-germ line interaction 
might be identical to that in the embryo, or it might be an 
alternative product of the same gene. In either case, it 
seems likely that the function of g/p-l will prove to be intrin- 
sic to the receiving mechanism of two or more interactions 
that regulate specific developmental events. 

Experimental Procedures 

General Procedures and Strains 
Routine maintenance was as described by Erenner (1974). All strains 
were raised at 20°C unless otherwise indicated. Observation of living 
animals was done using Nomarski differential interference contrast mi- 
croscopy. Cell lineage analysis relied on the method of Sulston and 
Horvitz (1977); for the lineage reported here, two animals were exam- 
ined continuously and many animals were examined at various times 
during development. DAPI staining of whole worms was performed as 
described by Ellis and Horvitz (1988), except that phenoxypropanol 
was not used. DAPI-stained worms were viewed using fluorescence 
microscopy. Presence of gut granules in embryos was scored using 
fluorescence optics (Laufer et al., 1980). Males analyzed were gener- 
ated by use of him-5 mutant strains; him-5 causes a high incidence of 
males (Hodgkin et al., 1979). For many experiments, double mutants 
with g/p-l and uric-32(el89) were constructed. The tight linkage be- 
tween g/p-l and uric-32 allowed g/p-l homozygotes to be picked at a 
time when the Glp phenotype was not evident. Germ-line develop- 
ment is essentially wild-type in uric-32(el89), although the total number 
of germ cells produced is somewhat less than in N2. The pheno- 
type of g/p-l animals is the same in the presence and absence of 
uric-32@189). 

The wild-type parent of all strains used was C. elegans var. Bristol, 
strain N2 (Brenner, 1974). The following mutations were used in this 
study: LGIII, dpy-l(el), dpy-17(el64), ncl-l(el865), uric-36(e251), dpy- 
19(el259), utw32(el89), /in-12(n676), /in-12(n676n909), h72(nl37), 
/in-12(fll37n720), fin-12(nl37e2032), uric-69(e587), and dpy-lS(e364); 
LGIV, fern-l(bcl7); LGV, him-5(el490); LGX, sup-7(sf5). Most of these 
mutations are described by Swanson et al. (1984); /in-l2 mutations are 
described by Greenwald et al. (1983) and Greenwald (1985). In addi- 
tion, we used the translocation eTl(///;Vj. which suppresses recombina- 
tion in the right half of LGIII, including the region around g/p-l (Rosen- 
bluth and Baillie, 1981), and mnDp37, a free duplication that includes 
most of LG/// (R. Herman and C. Kari, personal communication). 

Isolation of g/p-l Alleles 
All g/p-l alleles were obtained after mutagenesis with ethyl methane- 
sulfonate (Brenner, 1974). L4 hermaphrodites (N2, dpy-19/eTl, or dpy- 
lQ/unc-32) were mutagenized. and Fl progeny were placed individu- 
ally onto agar-filled petri dishes. If one-fourth of the F2 progeny were 
sterile, the sterile worms were examined with Nomarski optics. All 
mutations mapping to the central region of LG/// were tested for com- 
plementation with a g/p-l allele. From 9527 Fl clones, 6 g/p1 alleles 
were isolated. All mutations that had a Glp phenotype (limited germ- 
line proliferation followed by entry of all germ cells into meiosis and for- 
mation of gametes) were found to be alleles of g/p-l. 

Two additional g/p-l alleles were isolated on the basis of their failure 
to complement g/p-l(q46). In the first noncomplementation screen, mu- 
tagenized dpy-19 hermaphrodites and males were crossed at 15%. In- 
dividual Fl dpyl9 males were mated with uric-32 g/p-l(q46); mnDp37 
hermaphrodites. If sterile cross-progeny were observed, fertile siblings 
were used to isolate the new dpy-IQ-linked allele of g/PI. From 113 mat- 
ings, one allele, qf58, was found. In the second noncomplementation 
screen, dpy-19 hermaphrodites were mutagenized and allowed to self- 
fertilize. Individual Fl hermaphrodites were then mated with g/p- 
l(q46)/unc-32; him-5 males. When sterile cross-progeny were ob- 
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served, fertile srblrngs were used to recover the new dpy-79.lmked al- 
lele of g/p-l From 524 matrngs, one allele, q772, was found. 

Mapping, Complementation, and Amber Suppression Tests 
The first allele of g/p-l Isolated, 935. was tested for linkage to markers 
on all linkage groups and was found to be strongly linked to uric-32 on 
LGIII. All subsequent alleles have also mapped to this region. One al- 
lele, q50, could not be mapped. because it arose on the translocation 
chromosome eT7. Nonetheless, its location on eT7 is consistent with its 
identificahon as an allele of g/p-l. 

A 4.factor cross was performed to establish the posrtion of g/p-l(q46) 
relatrve to the closest known genes in the region: dpy-79, uric-32, and 
/in-72. The strain dpy-79 g/p-7(q46)/unc-32 lin-72(n676n909) was grown 
at 23OC and screened for Dpy non-Glp recombrnants. The progeny of 
the recombinant ammals were tested for the presence of uric-32 and 
/in-72 mutations. Altogether, 78/9287 Dpys were recombinant: 43/78 
had recombined between dpy-79 and uric-32. 29/78 had recombined 
between uric-32 and bn72(n676n909), and 6778 had recombined be- 
tween /in-72(n676n909) and g/p-l(q46) Using these data and a 2-factor 
recombrnation frequency of 0.1% for the uric-32 to bn-72 Interval (C. 
Ferguson, personal commumcation), the drstance between /in-72 and 
g/p-l was calculated as 0.02%. 

Putative g/p-l alleles were tested for complementatron wrth g/p- 
l(q46). Heterozygotes of genotype g/p-7(q46)/g/p-7(x) were constructed 
and scored using Nomarskr optics for a Glp germ-line phenotype. In 
addition, g/p-7(q50), g/p-l(q237), and g/p-l(q224) were tested for com- 
plementatron of their maternal effect lethal phenotype wrth g/p-7(q35). 
Heterozygotes were constructed and allowed to self-fertrlize. The per- 
centage of eggs that hatched was scored. g/p-7(q35)/g/p-7(q231) and 
g/p-7(q35)/g/p-l(q224) hermaphrodites were rarsed at 15°C and shifted 
to 25°C as L4 larvae 

Complementation tests were done between alleles of g/p-l and /in- 
72 g/p-7(q35), g/p-7(q46), and g/p-l(q50) were each tested wrth both /in- 
12(r) and h-72(d) alleles. g/p-7/h-72(r) animals were scored for either 
the Glp or the Lrn-12(r) phenotype; in all cases, nerther phenotype was 
observed. g/p-7/h-72(d) animals were scored for the Glp phenotype, 
and rn all cases, germ-lrne development was wild-type. One of the 
bn-72(r) mutattons used, n737e2032, carries an insertion of Tc7 Into 
hn-72 (Greenwald. 1985), smce h-72 is transcribed from left to right on 
the map and smce g/p-7 maps to the right of /in-72, this allele mrght be 
expected to be polar to g/p-l if the two genes had been part of a com- 
plex locus 

Each g/p-l allele was tested for suppressron of the Glp phenotype 
by the presence of sup-7, an amber-suppressrng mutant tRNA (Water- 
ston, 1981. Bolten et al 1984). uric-32 g/p-l dpy-78/dpy-78. sup-7 her- 
maphrodites were constructed, and Uric progeny were examined with 
Nomarskr ophcs for suppression of the Glp phenotype at 25% and 
15% 

Counts of Total Descendants of 22 and 23 
For most g/p-l homozygotes, the total number of germ cells was 
counted in mrd-L3 larvae usrng Normarskr optrcs. At this stage, all germ 
cells had entered meiosis and become primary spermatocytes but had 
not undergone any merotrc drvisrons. Because oogenesrs as well as 
spermatogenesrs occurs rn some g/p-7(q35) hermaphrodites, It was not 
possrble to determine whether all germ cells had entered meiosis 
usrng Nomarski optrcs. These anrmals were stained wrth DAPI, and the 
total number of germ cells was counted at a time when the most distal 
germ-line nuclei were In pachytene. For control ammals and g/p-l(q50) 
homozygotes wrth a normal germ Irne, all germ cells except sperm 
were counted using Nomarskr optrcs. These animals were then stained 
wrth DAPI rn order to count the sperm Since 4 sperm are made for 
each premerotic descendant of 22 and 23. only one-fourth of the num- 
ber of sperm was added to the total germ cell count. The number of 
eggs lard by each anrmal was also counted and scored as one oocyte 
plus one sperm. 

Determination of Developmental Age at Which 
Pachytene Figures Are First Seen 
Animals were stained wrth DAPI to examine the chromosomal mor- 
phology of germ cell nuclei. The appearance of pachytene nuclei was 
used as an unambrguous sign of entry Into merosis. Before ftxation. 
ammals were observed with Nomarsk! optics to determine therr stage 

of development. The larval stage was determined by examrnrng the de- 
velopment of somatrc gonad and vulva in hermaphrodites and devel- 
opment of somatic gonad and tail in males as described by Kimble and 
Hirsh (1979). Sulston and Horvitz (1977). and Sulston et al. (1983). The 
timing of these developmental events relatrve to the larval molts was 
establrshed to be the same in g/p-l homozygotes as in N2. 

Temperature-Shift Experiments (Germ-Line Development) 
For shift-up experiments, egg-laying uric-32 g/p-l(q237) hermaphro- 
dites grown at 15% were placed on freshly seeded plates. Larvae were 
picked within 1 hr of hatching (t = 0) and shifted from 15% to 25% 
at 12 hr Intervals during development. Animals shifted between 0 and 
48 hr were examined as adults using Nomarskr optics to determine 
whether all germ cells had formed gametes. Animals shifted at 60 hr 
or later were Incubated at 25°C for 24 hr and stained with DAPI to deter- 
mine whether all germ cells had entered meiosis. The total number of 
descendants of 22 and 23 prior to merotic drvrsrons was determrned 
as described above 

For shift-down experiments, egg-layrng uric-32 g/p-l(q237)/dpy-79 
hermaphrodites were placed on freshly seeded plates at 25°C. Larvae 
were picked within 1 hr of hatching (t = 0) and shifted from 25’% to 
15°C at 6 hr Intervals durrng development. The germ-lrne phenotype 
of the uric-32 g/p-l(q237) homozygotes was scored at the adult stage 
usmg Nomarskr optics. 

Characterization of the Maternal Effect Lethal Phenotype 
In general, embryonic lethality was scored by counting the total num- 
ber of eggs laid and then counting the number that hatched. To exam- 
ine the viability of cross-progeny from g/p-l(q237) and g/p-l(q224) her- 
maphrodrtes, hermaphrodites were purged of their own sperm by 
allowrng them to lay eggs at 15% for several days and were then mated 
with N2 males at 25°C. 

For determinatron of the embryonic temperature-sensitive penod of 
g/p-7, 2 cell embryos were dissected from uric-32 g/p-l(q237) her- 
maphrodrtes erther grown at 15% or raised to 25% as L4s and main- 
tarned there for 20 hr Dissections were done at the appropriate tem- 
perature. All shifts were done by transferring embryos to petri plates 
that had been preincubated at the appropriate temperature. Embryos 
were scored for hatching; any embryos that hatched were scored for 
further development and, as adults, for production of a normal germ 
line. 

Generation and Characterization of qDp3 
qDp3 was generated by v-ray mutagenesis of mnDp37 mnDp37 IS a 
free duplication that covers most of chromosome Ill, including dpy-7 
and dpy-78 (Figure 7: R. Herman and C. Karl, personal communica- 
bon) To decrease the size of mnDp37, L4 dpy-19 g/p-l(q46) uric-69; 
mnDp37 hermaphrodites were irradiated wrth 7200 roentgens at a 
dose rate of 1 29 x lo3 roentgens/min. Fl progeny were screened for 
non-Dpy non-Glp Uric ammals. One candidate contarned qDp7. a 
duplrcatron that covers dpy-79 and g/p-7 but not uric-69 or dpy-78. L4 
dpy-77 ncl-7 g/p-7(q46): qDp7 hermaphrodrtes were rrradrated as de- 
scrrbed above. Fl progeny were screened for Dpy non-Glp animals 
One candldate contained qDp3, a duplrcahon that covers ncl-7 and 
g/p-7 but not dpy-7 and dpy-7Z When animals containing qDp3 or 
mnDp37 were stained wrth DAPI. an extrachromosomal fragment was 
observed rn both cases, but the qDp3-associated fragment was smaller 
than the mnDp3%associated fragment 

Analysis of Genetic Mosaics 
Antmals with duplrcatron losses rn the somatic gonad were found by 
screenrng non-Uric L3 hermaphrodrtes from the strain ncC7 uric-36 glp- 
7. qDp3 usrng Nomarski optics. Animals rn which one or both distal trp 

cells had a Ncl phenotype were allowed to develop Into adults and 
were then scored for the Ncl phenotype of other cells rn the somattc 
gonad (Frgure t3A) as well as their germ-line phenotype The presence 
or absence of qDp3 in the germ lrne of these mosaic ammals was de- 
termined by allowrng them to lay eggs and looking for non-Uric. non- 
Glp progeny 

Mosarc anrmals wrth a Glp germ-lrne phenotype were scored for the 
Ncl phenotype of cells descended from MS, C. and D using Nomarski 
optrcs (Figure 8) The presence of the duplrcation in AB was confrrmed 
by scoring the Ncl phenotype of neurons derived from AB A Ncl 
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phenotype in all the scored cells that were descended from a particular 
embryonic precursor was taken as evidence that the original precursor 
cell did not contain the duplication. A non-NC1 phenotype in some or 
all of the cells descended from a particular embryonic precursor was 
taken as evidence that the precursor cell had contained qDp3. 

Five non-Uric Glp animals found in our study were non-Ncl in all 
cells scored (class Ill). These animals may result from an unscorable 
duplication loss (e.g., loss of 9Dp3 in P4) or loss of g/p-l(+) from 9Dp3 
due to gene conversion, spontaneous mutation, or recombination with 
chromosome Ill. Because these animals have a Glp germ-line pheno- 
type, it is not possible to test for the presence of qDp3 in their germ 
lines, Therefore these two possibilities cannot be distinguished. 
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