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ABSTRACT

Germ-line stem cells are unique because they either self-renew through mitosis or, at a certain
frequency, switch to meiosis and produce gametes. The switch from proliferation to meiosis is tightly
regulated, and aberrations in switching result in either too little or too much proliferation. To understand
the genetic basis of this regulation, we characterized loss-of-function mutations and a novel tumorous
allele of Caenorhabditis elegans mett-10, which encodes a conserved putative methyltransferase. We show that
METT-10 is a nuclear protein that acts in the germ line to inhibit the specification of germ-cell
proliferative fate. METT-10 also promotes vulva, somatic gonad, and embryo development and ensures
meiotic development of those germ cells that do differentiate. In addition, phenotypic analysis of a mett-10
null allele reveals that METT-10 enables mitotic cell cycle progression. The finding that METT-10
functions to inhibit germ-cell proliferative fate, despite promoting mitotic cell cycle progression of those
germ cells that do proliferate, separates the specification of proliferative fate from its execution.

FROM early development to later life, tissues are
formed from and maintained by stem cell pop-

ulations. Stem cells have the unique ability to give rise
to both differentiated cell types and self-renewing
daughters and must regulate the choice between the
two. A balance between proliferation and differentia-
tion is critical for normal tissue development and the
avoidance of disease. For example, uncontrolled self-
renewal is a hallmark of cancer (Krivtsov et al. 2006),
while a failure to maintain proliferation is often equally
detrimental (Kauffman et al. 2003).

The Caenorhabditis elegans germ line provides a model
system to study factors regulating this balance. C. elegans
germ cells arise from germ-line precursors set aside early
in life (Sulston et al. 1983). Following initiation of post-
embryonic development, germ-line stem cells either
maintain a proliferative fate and undergo mitotic cell
division or differentiate into gametes, whereby they
enter a meiotic developmental program (Hansen and
Schedl 2006; Kimble and Crittenden 2007). This
decision is spatially regulated within the gonad. Pro-
liferating germ cells reside in the distal end and enter
meiosis more proximally at a region of the germ line
called the ‘‘transition zone,’’ which corresponds to
leptotene/zygotene of meiosis I (Figure 1A). There
is no evidence for asymmetric division within the

proliferative zone, and it is generally thought that
differentiation is a consequence of progressive displace-
ment away from the niche (Morrison and Kimble

2006).
The signal for continued germ-cell proliferation is

provided by activation of Notch signaling in distal germ
cells (Austin and Kimble 1987; Berry et al. 1997). The
ligands LAG-2 and APX-1, members of the conserved
Delta/Serrate family, are expressed by a somatic cell
called the distal tip cell, creating a ‘‘niche’’ (Henderson

et al. 1994; Fitzgerald and Greenwald 1995; Nadarajan

et al. 2009). Ligand binding to GLP-1 (one of two
C. elegans Notch receptors) likely results in GLP-1
cleavage, generating GLP-1(Intra), which translocates
to the nucleus and complexes with factors, such as the
LAG-1 DNA-binding protein, to activate transcription of
target genes that promote the proliferative fate (Mumm

and Kopan 2000). Thus, loss of glp-1 function results in
the premature differentiation and meiotic entry of all
germ cells (Austin and Kimble 1987), while constitu-
tive activation of glp-1 causes germ-line tumors (Berry

et al. 1997).
Although glp-1 signaling is a central component

controlling the specification of germ-cell proliferative
fate, regulation of this decision is not fully understood.
A complete picture of the components that transduce or
inhibit the glp-1 signal, govern the maintenance of
proliferative cells, and ensure their proper differentia-
tion and entry into meiosis will enhance our under-
standing of cell fate decisions, including aberrant cell
fate decisions, leading to human cancers (Weng et al.
2004; Koch and Radtke 2007).
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To further characterize the specification of germ cell
proliferative fate, we characterized a novel tumorous
allele of the mett-10 gene isolated in a forward genetic
screen for factors that disrupt the balance between
germ-cell proliferation and differentiation (Francis

et al. 1995a). We demonstrate that METT-10, a con-
served putative methyltransferase, inhibits germ cell
proliferative fate in C. elegans, possibly through inhibi-
tion of the pro-proliferative functions of the glp-1/Notch
signaling pathway.

MATERIALS AND METHODS

Worm culture and genetics: Standard procedures for
culture and genetic manipulation of C. elegans were followed
(Brenner 1974). To isolate tumorous mutants, N2 Bristol
animals were mutagenized with 50 mm ethyl methanesulfo-
nate, and a dissecting microscope was used to screen an aged
F2 generation for tumorous animals (Francis et al. 1995a). For
temperature-sensitive phenotypes, hermaphrodites laid eggs
overnight at 20� and were removed, plates were shifted to 25�,
and the F1 was scored at 1 day past the L4 stage. All experi-
ments analyzed hermaphrodite germ lines with the exception
of the enhancement of gld-1(q485), in which male germ lines
were analyzed. However, germ-line tumors were observed in
rare, spontaneous smg-2(e2008); mett-10(oz36) males, indicating
that the effect of the oz36 mutation is not entirely sex-specific.
Complementation between mett-10(oz36) and other mett-10
alleles was tested by crossing potential mett-10 alleles to the
hT2[qIs48]gfp balancer, and the resulting gfp(1) males to an
unc-32(e189) mett-10(oz36) strain. Non-green, non-unc hermap-
rodite progeny were picked and shifted to 25�. To examine
interaction between mett-10 and lin-12, we built double
mutants with the lin-12(n379) gain-of-function allele and
mett-10(g38) or mett-10(oz36). No enhancement of the multi-
vulval phenotype of lin-12(n379) was observed, although mett-
10(-) lin-12(n379) animals lacking maternal gene product were
sick, grew slowly, and had few progeny. To remove unlinked
and linked mutations, mett-10 alleles obtained from the
knockout consortium and National Bioresource Project-Japan
were outcrossed to N2 Bristol three times, or unc-32 and dpy-18
were recombined on and off the third chromosome. Strain
constructions were verified by PCR and DNA sequencing.

The following alleles were used in this study:

Chromosome I: smg-2(e2008), gld-1(q485), gld-2(q497)
Chromosome II: gld-3(q730)
Chromosome III: lin-12(n379), glp-1(oz264), glp-1(bn18), glp-

1(q175), unc-32(e189), unc-36(e251), mett-10(oz36) [nucleotide
change: III:10115924 C.T], mett-10(g38) [III:10115898
G.A], mett-10(tm2697), mett-10(ok2204), mett-10(oj32)[III:
10115334 G.A], unc-119(ed3), dpy-18(e364), nDf40

Integrated transgenes: ozIs7[pmett-10:mett-10::gfp; unc-119(1)]
[chromosome I]

Extrachromosomal arrays: ozEx66[pmett-10:mett-10::gfp; unc-
119(1)], ozEx63[pmett-10:mett-10;sur-5::gfp; unc-119(1)].

Mapping of S-adenosyl-methionine-binding residues in
METT-10: Because of relatively low sequence conservation,
mapping of characterized methyltransferase motifs (reviewed
in Malone et al. 1995) onto C. elegans METT-10 was done by
aligning the C. elegans protein to human METT10D, a portion
of which was crystallized complexed with S-adenosyl methio-
nine (SAM) by the Structural Genomics Consortium [Struc-
ture (PDB 2H00), which can be found at http://www.rcsb.org/
pdb/explore.do?structureId=2H00]. This was aided by struc-

ture prediction using Jpred3 (http://www.compbio.dundee.ac.
uk/�www-jpred). Many methyltransferase motifs are defined
by interaction with SAM, so we examined the METT-10-SAM
interaction interface using RSCB ligand Explorer (available
through the above website), which also predicted residues
required for SAM-binding.

Immunohistochemistry and image capture: Germ-line
staining was carried out as previously described (Lee et al.
2007). Antibodies used were the following: monoclonal mouse
anti-GFP (mAb3E6; Invitrogen), rabbit anti-GLD-1 (Jones

et al. 1996), rabbit anti-phosphohistone-3 (Upstate), guinea
pig anti-Ce-lamin (gift from J. Liu, Cornell University), donkey
anti-mouse Alexa 594, goat anti-rabbit Alexa 488, goat anti-
rabbit Alexa 594, and goat anti-guinea pig-Alexa 488 obtained
from Molecular Probes. For 5-ethynyl-29-deoxyuridine (EdU)
labeling and costaining with antibodies, we modified a pro-
tocol from Sarah Crittenden (University of Wisconsin-
Madison, personal communication). To make EdU plates,
MG1693 Escherichia coli (thymidine deficient, E. coli Stock
Center) were grown overnight at 37� and diluted 1/50 in 1%
glucose, 1.25 mg/ml thiamine, 0.5 mm thymidine, 1 mm

MgSO4, and 20 mm EdU in M9 minimal media. This culture
was grown at 37� for 24 hr in the dark, pelleted, and
resuspended in a small volume of M9, and plated on 60-mm
M9 plates. To label and stain proliferative cells, worms were
picked onto EdU plates, washed off in PBS, dissected, and fixed
for ,5 min in 3% paraformaldehyde/0.1 m K2HPO4 (pH 7.2)
at room temperature. Germ lines were taken through the
antibody staining protocol, including DAPI-staining, followed

TABLE 1

The mett-10(oz36) tumorous phenotype is the result of a
poisonous product

Genotypea Temperatureb

%
tumorousc n

mett-10(oz36) 15 72 107
mett-10(oz36) 20 41 66
mett-10(oz36)/1 15 0 64
mett-10(oz36)/1 20 0 70
ozIs7[mett-10::GFP]; oz36 15 0 76
ozIs7[mett-10::GFP]; oz36 20 0 80
mett-10(oz36)/mett-10(ok2204) 15 0 32
mett-10(oz36)/nDf40 15 0 44
smg-2(e2008); mett-10(oz36)/1 20 0 54
smg-2(e2008); mett-10(oz36)/

mett-10(g38)
20 18 40

smg-2(e2008); mett-10(oz36) 20 98 80
smg-2(e2008); glp-1 (bn18)

mett-10(oz36)
15 0 128

smg-2(e2008); glp-1 (bn18)
mett-10(oz36)

20 0 98

a Full genotypes of the mutant combinations are unc-
32(e189) mett-10(oz36)/nDf40 dpy-18(e364), unc-32(e189) mett-10
(oz36)/mett-10(ok2204) dpy-18(e364), smg-2(e2008); unc-36(e251)
mett-10(oz36)/unc-119 (ed3), smg-2(e2008); unc-36(e251) mett-10
(oz36)/unc-32(e189) mett-10(g38). All animals were m1z-; i.e.,
homozygous mutants (z-) from mothers carrying a wild-type
copy of mett-10.

b Animals grown at 15� were scored at 3 days past L4 and
animals grown at 20� were scored at 2 days past L4.

c Tumorous includes late onset and proliferation through-
out the germ line, although some germ cells in various mei-
otic stages may be observed. Phenotype scored by DIC.
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by the Click-IT EdU reaction, performed according to the
manufacturer’s instructions (Molecular Probes).

Fluoresence micrographs were taken on a Zeiss compound
microscope using AxioPlan 2.0 imaging software and a
Hamamatsu camera and processed as described in Arur

et al. (2009). Confocal images were captured on a Perkin-
Elmer Ultraview microscope using 1 mm z-steps. Where stated,
multiple slices were assembled into an extended focus image
using Volocity software.

Construction of transgenes and generation of transgenics:
To create a METT-10::GFP construct, the METT-10 genomic
region from 1.6 kb upstream to 1.9 kb downstream of the
coding region was amplified as two PCR products meeting at
the translational stop with KOD polymerase (Novagen), using
the following primers: 59 region—ATTA-NotI- GCGTCGTA
GCCTGTGTTCAATTCC (F) and ATTA-BamHI-TCGGCA
TATTAAATTTTTCAAATACTGCACTAG (R) and 39 region—
ATTA-BamHI-TAAATAGCATAATTTTATTTATTCAATATTTA
TACC (F) and ATTA-NotI- GGATACTGTATGTACAACTGA
TCTCTGAGC (R). This 5.5-kb region includes parts of ad-
jacent genes. The products were digested with BamHI and NotI
and ligated to NotI-digested pMM016 (Praitis et al. 2001), a
plasmid containing the unc-1191 transformation marker, to
create pMM016(mett-101). GFP(ivs):FLAG was amplified
from pPD115.70 (gift of Andrew Fire) and cloned into
pMM016(mett-101) using the BamHI site. Orientation was
determined by PCR, and the mett-10 region was sequenced.
Microparticle bombardment was used to create low-copy
integrated transgenic lines (Praitis et al. 2001).

Mosaic analysis: To generate arrays for mosaic analysis,
pMM016 [mett-101] was co-injected with pTG96 [sur-5::gfp]
(gift of Min Han) at concentrations of 20 ng/ml and 80 ng/ml,
respectively. These arrays were crossed into smg-2(e2008); mett-
10(oz36) worms. GFP1 animals were cloned individually at the
L4 stage. After 2.5 days, plates were screened for animals with
GFP1 embryos or progeny to determine if the array had
passed through the germ line. Animals were segregated on the
basis of germ-line transmission, germ lines were dissected,
fixed briefly for 10 min in 3% paraformaldehyde to preserve
GFP fluorescence, DAPI stained, and mounted for scoring of
germ-line phenotype and GFP distribution.

RESULTS

A mett-10 allele with a tumorous phenotype: To
identify genes regulating the transition between pro-
liferative and meiotic fates, we carried out a screen for
recessive tumorous mutants exhibiting excessive germ-
cell proliferation (Francis et al. 1995a). We isolated an
allele of mett-10, the worm ortholog of the METT10D
putative methyltransferase of vertebrates (see below,
this section); mett-10(oz36) exhibits a cold-sensitive and
partially penetrant tumorous phenotype (Table 1). The
tumorous phenotype is variable and includes both
regions of ectopic proliferation near the ‘‘loop’’ region
of the germ line normally occupied by cells in meiotic
pachytene, as well as what is typically called the ‘‘late-
onset tumorous’’ phenotype, in which the distal pro-
liferative zone progressively increases in length as the
animals age. These phenotypes indicate an imbalance
of proliferation over differentiation similar to glp-1/
Notch gain-of-function mutations (Berry et al. 1997;
Pepper et al. 2003) and are distinct from tumors that
arise from a return to proliferation from meiotic de-

Figure 1.—mett-10(oz36), a tumorous mutant. (A) A fluo-
rescence micrograph of a dissected, DAPI-stained wild-type
adult C. elegans hermaphrodite germ line, with schematic
above. In the distal region, proliferating germ cells (2) reside
in close contact with the somatic distal tip cell (1). At the tran-
sition zone (3), germ cells enter meiosis and proceed through
meiotic prophase (4) to give rise to sperm in the L4 stage (6)
and to oocytes during adulthood (5). (B and C) Fluorescence
micrographs of distal germ lines labeled for 3 hr with EdU
from (B) wild type and (C) mett-10(oz36) animals. (D and
E) Extended focus projections of distal germ lines from
(D) wild type and (E) mett-10(oz36) animals stained for the
M-phase marker pH 3. Yellow dotted lines indicate the ap-
proximate boundary of the proliferative and transition zones;
white arrowheads indicate distal tip. All images from animals
raised at 15�. Bar, 20 mm.
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velopment (Francis et al. 1995a; Subramaniam and
Seydoux 2003) or that result from disrupting the
function of multiple factors acting downstream of glp-1
to promote meiotic entry (Kadyk and Kimble 1998;
Eckmann et al. 2004; Hansen et al. 2004a).

We confirmed that the suspected ectopic proliferat-
ing cells are cycling with the nucleotide analog, EdU,
which labels replicating DNA in S-phase (Salic and
Mitchison 2008). In wild-type germ lines, a 3-hr EdU
pulse labels most cells in the proliferative zone, but not
in the adjacent meiotic region (Figure 1B). The
suspected ectopic proliferating cells in mett-10(oz36)
mutants label with EdU within a 3-hr period, showing
that they are cycling (Figure 1C). Because EdU labels
cells in both mitotic and meiotic S-phase, we also stained
for additional mitotic and meiotic markers. Ectopic
phospho-histone-3 (pH 3, a metaphase marker) nuclei

were seen in mett-10(oz36) mutants, indicative of ectopic
mitosis (Figure 1, D and E). These cells were negative
for the meiotic marker GLD-1 (Hansen et al. 2004b).
Thus, these data argue that the mett-10(oz36) mutation
causes proliferation of germ cells that should have
entered meiosis. Because C. elegans germ-line stem cells
have not been unequivocally identified, we cannot
definitively attribute the phenotype to overproliferation
of the germ-line stem cells, rather than a potential
transient amplifying population. However, mett-10(oz36)
shares the unique late-onset tumorous phenotype with
glp-1/Notch gain-of-function mutants (Berry et al. 1997),
suggesting that it may affect stem cell fate specification.

We cloned mett-10 by genetic mapping, cosmid rescue,
and sequencing of candidate genes. Several lines of
evidence show that the gene affected by the oz36
mutation is ZK1128.2, the ortholog of the human

Figure 2.—C. elegans METT-10
encodes a putative methyltrans-
ferase. (A) Alignment of the
methyltransferase-10 domain of
C. elegans METT-10 (GenBank ac-
cession no. NP_499247), Homo sa-
piens METT10D (GenBank
accession no. NP_076991), and
Xenopus laevis MGC81116
(GenBank accession no.
NP_001085334). The architec-
ture of the methyltransferase
domain is shown both by identifi-
cation of methyltransferase mo-
tifs (Malone et al. 1995) and by
secondary structure predictions
with a-helices in pink and
b-sheets in green (see materials

and methods). Motifs I, II, III,
IV, V, and X were identified by ex-
amination of the human METT10D
N-terminal crystal structure (PDB
2H00), which did not include the
region predicted to contain mo-
tifs VI and VIII (see materials

and methods). Previous work
suggests that Motifs X, I, and III
are primarily responsible for
binding to SAM, while Motifs
IV, VI, and VIII are primarily re-
sponsible for enzyme catalysis
(Malone et al. 1995). Red arrows
show the location of residues with
significant contacts with SAM in
the crystal structure of human
METT10D, including G110 (large
red arrow) in Motif I which is mu-
tated to arginine in mett-10(oj32).
G110 normally provides direct
contact with the methionine group
of SAM. The overall structure and

ability to bind SAM appears highly conserved between orthologs, with the exception of an insertion of a predicted (indicated by an
asterisk) a–helix between b4 and a5 in C. elegans. Not depicted is the C-terminal half of the METT-10 protein, which may contain
the target recognition domain and is significantly less conserved between orthologs. (B) Domain architecture of METT-10 marked
with protein sequence changes caused by mett-10 alleles. Shading highlights the conserved methyltransferase-10 domain.
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Methyltransferase-10domain-containingprotein(METT10D)
(Figure 2A). First, the mutation responsible for the
tumorous phenotype maps to a genomic region con-
taining ZK1128.2 (data not shown). Second, a transgene
containing the ZK1128.2 coding region rescues the mett-
10(oz36) mutant phenotype (Table 1). Finally, sequenc-
ing of the oz36 allele, as well as other mutations in the
same complementation group (see below), all reveal
molecular lesions within the ZK1128.2 coding region
(Figure 2B).

The N-terminal domain of human METT10D was
crystallized in complex with SAM, the substrate used by
SAM-dependent methyltransferases to catalyze transfer
of a methyl group to various substrates, including pro-
teins, DNA, RNA, small molecules, and lipids (Martin

and McMillan 2002; Wu et al. 2009). Significantly, on
the basis of sequence conservation and secondary struc-
ture prediction, C. elegans METT-10 is predicted to bind
SAM (Figure 2A). Moreover, both human and C. elegans
METT-10 contain a SAM-dependent methyltransferase
fold, including conserved protein motifs responsible for
catalyzing methyl transfer (Figure 2A; Malone et al.
1995). With only two known exceptions, proteins con-
taining the SAM-dependent methyltransferase fold act
as methyltransferases (see discussion). Thus, it is likely
that METT-10 is a methyltransferase, although the
substrate is unknown.

Loss of mett-10 function causes multiple tempera-
ture-sensitive phenotypes: The oz36 mutation creates a
premature stop codon that truncates the protein shortly
after the methyltransferase domain. While mett-10(oz36)

behaves as a complex allele at lower temperatures to
cause a tumorous phenotype, including both loss-of-
function and poisoning properties (see below), it be-
haves as a true loss-of-function allele at 25�, failing to
complement a deficiency (nDf40). At this nonpermis-
sive temperature, mett-10(oz36) animals are sterile (Ste)
or maternal-effect lethal (Mel), with somatic pheno-
types including slow growth (Gro), protruding vulva
(Pvl), and distension of the intestinal lumen (data not
shown; Table 2; Figure 3, B and E).

We found two more mett-10 alleles by testing uncloned
Ste/Pvl mutants mapping to the same genetic region for
complementation of mett-10(oz36) at 25� (Figure 2B).
mett-10(g38) was first identified as let-42 in screens for
maternal-effect-lethal mutations (Cassada et al. 1981).
mett-10(oj32) was isolated in a screen for temperature-
sensitive sterile and uncoordinated mutants and was
named stu-18 (O’Connell et al. 1998). On the basis of
sequence conservation between C. elegans METT-10 and
Human METT10D, the oj32 mutation (G110R) alters a
conserved glycine that binds to S-adenosyl methionine,
the substrate used by SAM-dependent methyltrans-
ferases, and thus should disrupt enzymatic activity
(Figure 2; Malone et al. 1995).

Two mett-10 deletions were obtained from the Japa-
nese National Bioresource Project (tm2697) and the C.
elegans gene knockout consortium (ok2204) (Figure
2B). tm2697 is an internal in-frame deletion C-terminal
to the core methyltransferase domain. The ok2204
deletion removes the entire methyltransferase domain
and is predicted to be a null allele.

TABLE 2

Loss of mett-10 function leads to multiple, temperature-sensitive phenotypes rescued by maternal gene product

Genotype ma Temperatureb % Pvl % Ste % Mel n

mett-10(oz36) No 20 1 4 0 116
mett-10(oz36) No 25 43 100 NA 103
mett-10(oz36) Yes 25 0 3 97 58
mett-10(g38) No 20 2 7 0 59
mett-10(g38) No 25 21 89 11 63
mett-10(g38) Yes 25 0 10 90 21
mett-10(tm2697) No 20 10 19 0 133
mett-10(tm2697) No 25 88 100 NA 142
mett-10(tm2697) Yes 25 0 2 98 60
mett-10(oj32) No 20 0 18 0 71
mett-10(oj32) No 25 11 100 NA 75
mett-10(oj32) Yes 25 0 0 100 53
mett-10(ok2204) No 20 12 8 0 52
mett-10(ok2204) No 25 98 99 NA 82
ozIs7[mett-10::GFP];

mett-10(ok2204)
No 25 5 0 0 38

mett-10(ok2204) Yes 25 0 0 100 45

Pvl, protruding vulva; Ste, Sterile (no embryos present); Mel, maternal-effect lethal (lays dead embryos); NA,
not applicable, by definition, since sterile mutants lay no embryos and thus cannot be Maternal-effect lethal.

a m, endogenous maternal wild-type gene product.
b All animals were scored 1 day past the L4 stage by DIC.
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Like mett-10(oz36), all other mett-10 alleles exhibit
temperature-sensitive Ste/Mel/Pvl phenotypes (Table
2; Figure 3, C and F). Germ-line sterility may stem from
abnormalities in gonad morphology and defects in
germ cell meiotic development. At 25�, 30% of mett-
10(ok2204) germ lines have at least one extra protrusion
in this distal gonad (Figure 4, A and B). Moreover, many
germ lines contain pachytene cells in the proximal-most
region of the germ line, which is normally occupied
by diakinetic oocytes (data not shown). In situations
where proximal mett-10(ok2204) germ cells progress
from pachytene to diplotene, there is often disrup-
tion of normal linear oocyte organization (Figure 4, E
and F).

In addition to abnormalities in meiotic develop-
ment, and unlike mett-10(oz36) germ line tumors, mett-
10(ok2204) germ cells have difficulty in progressing
through mitotic cell cycles. At all temperatures, the
proliferative zone of mett-10(ok2204) germ lines contains
enlarged, diffuse nuclei (Figure 4, B and D). Since this
nuclear morphology is associated with cell cycle arrest

(Gartner et al. 2000; Moser et al. 2009), we tested
whether these cells were cycling by EdU labeling and
staining for phospho-histone-3. We found that the
enlarged nuclei are not pH 3 positive and do not
incorporate EdU during a time sufficient to label
essentially all proliferative zone nuclei in wild-type germ
lines (Figure 4, C and D). These data indicate that the
enlarged nuclei arrest at some point other than M phase
and that METT-10 promotes cell cycle progression.
Alternatively, cell cycle arrest may arise from activation
of a checkpoint. Overall, mett-10 loss-of-function germ
lines are quite small at 25�, suggesting that METT-10
contributes to proliferation per se.

The somatic and germ line mett-10 loss-of-function
defects are rescued by a wild-type mett-10 transgene
(Table 2; data not shown) and, with the exception of
maternal-effect embryonic lethality, they are rescued
maternally (Table 2). Significantly, while all alleles
exhibit the Ste/Mel/Pvl phenotype with variable pene-
trance at 25�, in contrast to mett-10(oz36), none are
tumorous at any temperature tested (Table 3).

Figure 3.—Loss of mett-10 function causes
multiple temperature-sensitive somatic defects.
Vulva of (A) wild type, (B) mett-10(oz36), and
(C) mett-10(ok2204) animals raised at 25�. mett-
10 mutants have the protruding vulva phenotype
(black arrow). (D) A normal posterior region of
intestine in a wild-type animal. White arrow-
headss mark the borders of the intestinal lumen.
(E) mett-10(oz36) and (F) mett-10(ok2204) animals
raised at 25� have distended intestinal lumens
containing visible bacteria. (G and H) Pheno-
types of progeny of smg-2(e2008); mett-10(oz36) an-
imals at 20�. (G) Most embryos arrest during late
embryonic development with visible vacuoles
(black arrows), (H) embryos are often abnormal
in size (see small embryo on left), and (I) the
progeny that do hatch arrest shortly afterward
with visible abnormalities (e.g., white arrow).
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mett-10(oz36) produces a ‘‘poisonous’’ product: Ge-
netic experiments indicate that mett-10(oz36) likely
encodes a product that interferes with processes in
which mett-10(1) participates. If mett-10(oz36) encodes a
poisonous product, the severity of the tumorous phe-
notype should depend on mett-10(oz36) dosage. The
tumorous phenotype is recessive and completely sup-
pressed by a wild-type transgene (Table 1). To increase
mett-10(oz36) dosage, we took advantage of the fact that
the mutation is a premature stop codon and that the
transcript should be degraded by nonsense-mediated
RNA decay (NMD). Disruption of NMD should there-
fore increase production of the truncated ‘‘poisonous
product’’ (Hodgkin et al. 1989; Page et al. 1999).
Indeed, disruption of NMD by the smg-2(e2008) muta-
tion significantly increases penetrance of the mett-
10(oz36) overproliferation phenotype to 98% (Table
1). Furthermore, tumors in smg-2(e2008); mett-10(oz36)
animals are larger than in mett-10(oz36) animals (Figure
5, B and C). Interestingly, even in an NMD-defective
background, mett-10(oz36) is recessive, indicating that
wild-type METT-10 fully suppresses the tumorous phe-

notype (Table 1). Thus the tumorous phenotype of mett-
10(oz36) mutants may be caused by simultaneous re-
duction of METT-10 function and poisoning of another
protein by the truncated METT-10(oz36) product.
Supporting this idea, heteroallelic mett-10(oz36)/mett-
10(g38) mutants exhibit a partially penetrant tumorous
phenotype that is less severe than mett-10(oz36) homo-
zygotes in an NMD-defective background (Table 1).

NMD disruption also enhances maternal-effect em-
bryonic lethality in the mett-10(oz36) mutant, as the few
progeny laid by smg-2(e2008); mett-10(oz36) mothers at
15� or 20� die late in embryogenesis or shortly after
hatching with various abnormalities (Figure 3, G–I).
Thus, METT-10(oz36) expression may also disrupt
embryonic development.

METT-10 inhibits germ cell proliferative fate: A
simple interpretation of the mett-10(oz36) tumorous
phenotype is that wild-type METT-10 inhibits specifica-
tion of germ cell proliferative fate. However, we also
considered the possibility that the METT-10(oz36)
poison indirectly affects proliferative fate specification
and thus tested whether mett-10 loss-of-function alleles

Figure 4.—Germ-line phenotypes of mett-
10(ok2204). (A) A 1-mm confocal slice of the dis-
tal end of a wild-type germ line stained with the
meiotic marker GLD-1. (B) Confocal slices of
representative distal germ lines from mett-
10(ok2204) m-z- animals raised at 25� and stained
with an antibody against GLD-1. Phenotypes
range from small distal regions containing en-
larged nuclei (white arrows) to gross morpholog-
ical abnormalities with multiple gonadal
protrusions (larger yellow arrows). Many of the
protrusions stain with the meiotic marker GLD-
1, suggesting that they are often filled with mei-
otic cells and do not represent duplications of
the distal tip. These gonad abnormalities are
not observed for any mett-10 allele at 15�. (C) A
confocal slice of a wild type germ line labeled
with EdU for 4 hr at 15� and stained with anti-
phosphohistone-3 to mark cells in M-phase. With
4 hr of labeling, essentially all cells within the
proliferative zone are labeled. (D) A mett-
10(ok2204) germ line labeled with EdU for 4 hr
at 15� and stained for phospho-histone-3. Large,
diffuse nuclei are visible in the distal region
(white arrows); these cells do not label with
EdU in this time period and do not appear to
be in M-phase (absent for pH 3). (E) Fluores-
cence micrograph of a wild-type proximal germ
line stained with an antibody against lamin to vi-
sualize oocyte nuclear positions. Wild-type ani-
mals produce a single row of oocytes. (F) The
proximal germ line of a mett-10(ok2204) animal
shifted from 20� to 25� for 2 days as an L4. Disor-
ganization of the oocytes and abnormal chromo-
somal morphology are visible. Bars, 20 mm.
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also affect the proliferative/meiotic fate decision. Be-
cause none of these alleles are tumorous on their own,
we examined their ability to enhance tumor formation
in animals with elevated glp-1/Notch activity. Here we
employed glp-1(oz264) (Kerins 2006), which is close to
wild type at 20�, but shows late-onset and proximal
proliferation tumors at 25�, analogous to previously
described weak glp-1(gf) alleles (Pepper et al. 2003). We
found that mett-10 alleles enhance the glp-1(oz264)
tumorous phenotype at 20� (Table 3), showing that
METT-10 either inhibits germ cell proliferative fate
and/or promotes meiotic entry.

The conclusion that METT-10 normally inhibits germ
cell proliferation and/or promotes meiotic entry is
supported by the finding that mett-10 loss-of-function
alleles partially suppress the premature meiotic entry
phenotype of a temperature-sensitive glp-1 loss-of-func-
tion mutant [glp-1(bn18)] (Kodoyianni et al. 1992; Qiao

et al. 1995). Adult glp-1(bn18) animals raised at 20� and
shifted to 25� for 6 hr have minimal proliferative zones
and an absence of nuclei in M-phase (as shown by a
lack of pH 3-positive nuclei) because removal of glp-1/
Notch signaling induces all germ cells to enter meiosis
(Kodoyianni et al. 1992; Qiao et al. 1995; P. M. Fox and
T. Schedl, unpublished data; Figure 6, E, F, and J).
However, in contrast to glp-1(bn18) mutants, we detected
pH 3-positive nuclei, albeit reduced in number, in glp-
1(bn18) mett-10(g38) double mutants after a 6-hr shift,
despite equivalent numbers of pH 3-positive nuclei in
glp-1(bn18) and glp-1(bn18) mett-10(g38) unshifted con-
trols. (Figure 6, G, H, and J). The reduction in pro-

liferative zone size and number of pH 3-positive nuclei
in glp-1(bn18) mett-10(g38) germ lines upon temperature
shift shows that germ cells are still induced to enter
meiosis upon removal of glp-1 signaling in the presence
of the mett-10 mutation, although with different tempo-
ral dynamics. Indeed, longer shifts of glp-1(bn18) mett-
10(g38) animals result in meiotic entry of all germ cells
(Figure 6I).

Given the central role of glp-1/Notch signaling in the
specification of germ cell proliferative fate, we sought to
determine if METT-10 normally acts downstream of,
upstream of, or in parallel to glp-1 to inhibit germ cell
proliferative fate. Several lines of evidence indicate that
it is unlikely that GLP-1 normally acts to inhibit METT-
10. The first makes use of the fact that METT-10(oz36)
acts as an antimorphic protein, in that increased ex-
pression of the mutant protein drives the overprolif-
eration phenotype toward the mett-10 loss-of-function
direction. Thus, if GLP-1 acts upstream of METT-10, we
would not expect the mett-10(oz36) tumorous phenotype
to depend on glp-1 activity. However, tumor formation in
mett-10(oz36) mutants is exquisitely sensitive to glp-1
signaling, and glp-1(bn18) suppresses the smg-2(e2008);
mett-10(oz36) tumorous phenotype (but not the embry-
onic lethality) at the permissive temperature of 20�
(Table 1, Figure 5, C–E). This argues that METT-10 may
negatively regulate glp-1 signaling to inhibit specifica-
tion of proliferative fate.

The idea that METT-10 acts upstream of or in parallel
to glp-1 signaling to inhibit germ cell proliferation is
further supported by our analysis of genetic interactions

TABLE 3

mett-10 inhibits proliferative fate in the C. elegans germline

Genotypea Temperatureb

%
tumorousc n

glp-1(oz264) 20 1 100
mett-10(ok2204) 15 0 54
mett-10(ok2204) 20 0 68
mett-10(oz36) 15 72 107
mett-10(oz36) 20 41 66
glp-1(oz264) mett-10(oz36) 20 100 72
mett-10(oj32) 15 0 72
mett-10(oj32) 20 0 48
glp-1(oz264) mett-10(oj32) 20 49 96
mett-10(tm2697) 15 0 68
mett-10(tm2697) 20 0 76
glp-1(oz264) mett-10(tm2697) 20 84 112
mett-10(g38) 15 0 78
mett-10(g38) 20 0 56
glp-1(oz264) mett-10(g38) 20 89 47
ozIs7[mett-10::gfp];glp-1(oz264) mett-10(g38) 20 0 56

a All animals were m+ z�; i.e., they came from mothers carrying a wild-type copy of mett-10.
b Animals grown at 15� were scored at 3 days past L4 and animals grown at 20� were scored at 2 days past L4.
c Tumorous includes late onset and proliferation throughout the germ line, although some germ cells in var-

ious meiotic stages may be observed. Phenotype scored by DIC.
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between mett-10 and the gld-1 and gld-2 pathways that
function downstream of glp-1 to redundantly promote
meiotic entry. In animals that lack either gld-1 or gld-2,
germ cells enter meiosis but do not undergo normal
meiotic progression (Francis et al. 1995b; Kadyk and
Kimble 1998). Germ cells that have lost both gld-1 and
gld-2 are defective in meiotic entry, resulting in tumors
that are independent of glp-1 activity (Kadyk and
Kimble 1998; Hansen et al. 2004a). We made double
mutants between mett-10(oz36) and null alleles of gld-1,
gld-2, and gld-3, which act in the gld-2 pathway (Eckmann

et al. 2004). Because gld-1(q485) hermaphrodites have
germ-line tumors caused by a return to mitosis, while
males are unaffected (Francis et al. 1995a), we analyzed
gld-1(q485); mett-10(oz36) males and found that mett-
10(oz36) does not act redundantly with gld-1 to promote
meiotic entry (Table 4). Although gld-2(q497) enhanced
the mett-10(oz36) tumorous phenotype, this was com-
pletely suppressible by a reduction in glp-1 activity

caused by the glp-1 null allele, glp-1(q175), or by the
temperature-sensitive glp-1 hypomorph, glp-1(bn18),
raised at the 20� permissive temperature (Table 4).
Results similar to those for gld-2 were observed for gld-3
(Table 4). Thus, in contrast to gld-1 gld-2 synthetic
tumors, mett-10(oz36) synthetic tumors are dependent
on glp-1(1) activity, supporting a model in which mett-10
acts upstream of or in parallel to glp-1 to inhibit
proliferative fate.

METT-10 is a nuclear protein expressed in many cell
types: To localize METT-10 protein in vivo, we expressed
a GFP-tagged version under control of the endogenous
promoter as an extrachromosomal array and as an
integrated transgene that rescues all mett-10 mutant
phenotypes (Tables 1–3). We found that METT-10::GFP
is a nuclear protein expressed in many of the tissues
where mett-10 disruption causes phenotypic abnormal-
ities, such as intestine, vulva, and cells of the somatic
gonad including the distal tip cell, gonadal sheath cells,

Figure 5.—mett-10(oz36) overproliferation is
glp-1 dependent. Fluoresence micrographs of
germ lines stained with DAPI to visualize DNA
morphology (blue) and for the meiotic marker
GLD-1 (green). (A and A9) In wild-type hermaph-
rodites, GLD-1 levels increase as germ cells enter
meiosis and decrease as they transition from
pachytene to diplotene ( Jones et al. 1996). (B
and B9) Homozygous mett-10(oz36) animals raised
at 15� exhibit a late-onset tumorous phenotype,
as evidenced by an increase in length of the distal
proliferative zone and a spatial delay in GLD-1 ac-
cumulation. (C and C9) Disruption of nonsense-
mediated mRNA decay with a mutation in smg-2
significantly enhances the penetrance (Table 1)
and degree of tumor formation of mett-10(oz36)
at 20�, resulting in germ lines containing prolifer-
ating cells throughout. (D and D9) At the permis-
sive temperature of 20�, glp-1(bn18) hypomorphic
temperature-sensitive mutants have only slight re-
ductions in distal proliferative zone size. (E and
E9) glp-1(bn18) fully suppresses the tumorous phe-
notype of smg-2(e2008); mett-10(oz36) animals at
20�. Yellow dotted lines indicate the approximate
boundary of the proliferative and transition
zones. Bar, 20 mm.
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and spermatheca (Figure 7, A–E). The germ-line
localization of METT-10::GFP is consistent with its role
in inhibition of germ cell proliferative fate: the levels are
lower in the distal proliferative zone and increase as cells
enter meiosis, although some proliferative nuclei are
positive (Figure 8A). METT-10::GFP persists throughout
meiotic prophase as a predominantly nuclear protein
that does not colocalize with DNA (Figure 7, F and G).

The germ-line expression pattern of METT-10 is
altered in both glp-1 loss-of-function and gain-of-func-
tion mutant backgrounds. In line with the finding that
METT-10 levels increase as germ cells enter meiosis,
nuclear METT-10 is uniformly detected in distally
located meiotic nuclei in shifted glp-1(bn18) animals in
which almost all germ cells have entered meiosis (Figure
8B). However, there is also an increase in distal METT-10

levels when the glp-1(ar202) gain-of-function mutant is
shifted to 25� to induce tumors, although groups of
proliferating cells expressing lower levels of METT-10
can be found throughout the germ line (Figure 8C). It is
possible that this reflects an expansion of the normally
smaller proliferative zone population that accumulates
METT-10 and that may require METT-10 for cell cycle
progression. The finding that METT-10 expression does
not inversely correlate with GLP-1 activity is consistent
with the idea that METT-10 functions upstream of or in
parallel to GLP-1 to antagonize its pro-proliferative
functions.

METT-10 acts in the germ line to inhibit germ cell
proliferative fate: Since METT-10 is expressed in both
the germ line and the soma, including cells of the
somatic gonad that can affect germ cell fate (Kimble

Figure 6.—mett-10(g38) sup-
presses the temporal dynamics
of premature meiotic entry in
glp-1(bn18). (A–I) Extended focus
projections of distal germ lines
stained with DAPI to visualize
DNA (blue) and for the M-phase
marker pH 3 (pink). White dot-
ted lines indicate the approxi-
mate boundary between the
proliferative and transition zones
as defined by DNA morphology.
(A–D) Wild-type and mett-10(g38)
animals have similar prolifera-
tive zone size and number of
pH 3-positive nuclei at 20� and ex-
hibit small decreases in the num-
ber of pH 3-positive nuclei after
animals are shifted to 25� for 6
hours. (E and F) After a 6-hr shift
to 25�, no pH 3-positive nuclei
can be found in glp-1(bn18). (G
and H) After a 6-hr shift to 25�,
glp-1(bn18) mett-10(g38) germ
lines still contain pH 3-positive
nuclei and retain a longer prolif-
erative zone than glp-1(bn18)
alone. (I). After an 18-hr shift to
25�, no pH 3-positive nuclei can
be found in glp-1(bn18) mett-
10(g38) germ lines, and nuclear
morphology is consistent with
all cells entering meiosis with
transition zone nuclei located im-
mediately adjacent to the distal
tip (white arrow). ( J) Quantifica-
tion of A–H. Bar, 20 mm.
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and White 1981; McCarter et al. 1997; Killian and
Hubbard 2004; Voutev et al. 2006), we used mosaic
analysis to determine whether METT-10 acts in the soma
or the germ line to inhibit germ cell proliferative fate.
We generated mosaics by taking advantage of the fact
that extrachromosomal arrays are imperfectly trans-
mitted during cell division (Yochem and Herman

2005). To form marked extrachromosomal arrays car-
rying wild-type mett-10, we co-injected a rescuing mett-
10(1) construct with a plasmid carrying the sur-5::GFP
cell-autonomous marker that is expressed in almost all
somatic cell nuclei (Yochem et al. 1998). Even with loss
in the somatic gonad, the presence of the sur-5::GFP;
mett-10(1) array in the germ line (detected by trans-
mission of the array to progeny) fully suppresses the
tumorous phenotype of the smg-2(e2008); mett-10(oz36)
double mutant (Figure 9). Conversely, expression of
mett-10(1) in cells of the somatic gonad did not suppress
the smg-2(e2008); mett-10(oz36) tumorous phenotype in
the event of germ-line loss (Figure 9). We conclude that
METT-10 acts in the germ line to inhibit the specifica-
tion of proliferative fate.

DISCUSSION

Unlike the post-mitotic soma, the adult C. elegans germ
line is dynamic; germ cells proliferate through mitosis
to maintain their population and, at some frequency,
switch to meiosis to produce gametes (Crittenden

et al. 2003; Hansen and Schedl 2006; Kimble and
Crittenden 2007). The temporal and spatial dynamics
of this decision, as well as the conservation of the Notch

pathway that governs germ cell proliferation, makes it an
excellent system for studying the regulation of stem cell
proliferation and fate specification. Here we identify a role
for the highly conserved and previously uncharacterized
METT-10 putative methyltransferase in inhibiting the
choice of proliferative fate in the C. elegans germ line. In
addition to a role in proliferative fate specification, we
find that METT-10 is essential for the normal develop-
ment of the vulva, somatic gonad, and embryo and con-
tributes to progression of germ cells through both mitosis
and meiosis. The role of METT-10 in promoting mitotic
cell cycle progression, while inhibiting the specification of
proliferative fate, delineates a genetic difference between
the developmental decision of proliferative fate specifica-
tion and the process of cell proliferation per se.

METT-10 acts as an inhibitor of germ cell pro-
liferation in C. elegans: Germ-line stem cell proliferation
is promoted by the conserved glp-1/Notch signaling
pathway (Crittenden et al. 2003; Hansen and Schedl

2006; Kimble and Crittenden 2007). One approach to
identifying regulators of germ cell proliferation is to
study mutations that phenocopy the germ cell over-
proliferation phenotype observed in Notch gain-of-
function mutants (Berry et al. 1997; Pepper et al.
2003). mett-10(oz36) causes late-onset tumors, similar to
glp-1 hyperactivation. Interestingly, while we can dem-
onstrate that METT-10 normally plays a role in regulat-
ing germ cell proliferative fate (see below), mett-10(oz36)
is unique in that it is the only mett-10 allele that is
tumorous in an otherwise wild-type background.

Because mett-10(oz36) has, with respect to germ-line
proliferation, a phenotype more severe than the null, it

TABLE 4

Genetic interactions between mett-10 and known meiotic entry genes

Genotype % tumorous n or reference

mett-10(oz36)a 41b 66
gld-1(q485)a 0c Francis et al. (1995a)
gld-1(q485); mett-10(oz36)a 0c 21
gld-2(q497)a 2d Kadyk and Kimble (1998)
gld-2(q497); mett-10(ok2204)a 0 102
gld-2(q497); mett-10(oz36)a 100b 98
gld-2(q497); glp-1(bn18) mett-10(oz36)a 0 97
gld-2(q497); glp-1(q175) mett-10(oz36)a,e 0 44
gld-3(q730) f 0 Eckmann et al. (2004)
gld-3(q730); mett-10(oz36) f 100d 47
gld-3(q730); glp-1(q175) mett-10(oz36)a,e 0 28

Tumorous includes proliferation throughout the germ line, although some germ cells in various meiotic
stages may be observed. All phenotypes scored by DIC at 20�.

a Animals with maternal mett-10 gene product (m+ z�).
b Late-onset tumors in which there is a significant extension of the distal proliferative zone, often filling the

entire germ line.
c Data are from male germ lines, as gld-1(q485) hermaphrodites have proximal proliferation due to a return to

mitosis (Francis et al. 1995a).
d Proximal proliferation.
e Homozygous for unc-32(e189).
f Animals without maternal gene product (m� z�).
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has properties beyond simple loss of METT-10 function
that contribute to the tumorous phenotype. Our results
argue that mett-10(oz36) not only reduces METT-10
function, but also produces a protein that poisons or
interferes with unknown factor(s) to cause germ-line
tumors; thus, the overproliferation observed in mett-
10(oz36) mutants is likely a synergistic phenotype caused
by simultaneous reduction of mett-10 function and the
function of at least one other factor. Our model makes
predictions that will aid in the identification of the
factor(s) targeted by the METT-10(oz36) mutant pro-
tein, including not only that disrupting the function of
the target should enhance overproliferation of mett-10
simple loss-of-function alleles, but also that it may
physically interact with METT-10(oz36).

The fact that it takes a special mett-10 allele to
recapitulate the glp-1/Notch gain-of-function phenotype
highlights the redundancy governing glp-1 signal in-
hibition and germ cell fate specification and suggests
that glp-1 occupies a unique ‘‘constriction point’’ in this
genetic network. This is further supported by the

identification of many negative regulators of Notch
signaling that act at multiple steps in the signal trans-
duction process, as well as by the redundancy between
the downstream pathways controlling meiotic entry
(Sundaram and Greenwald 1993; Hubbard et al.
1997; Crittenden et al. 2003; Hansen and Schedl

2006; Macdonald et al. 2008).
Although the unique mett-10(oz36) allele is needed to

see the effects of mett-10 on the proliferative fate decision
in otherwise wild-type animals, mett-10 loss-of-function
alleles enhance the tumorous phenotype of glp-1 gain-
of-function mutations while suppressing premature
meiotic entry upon reduction of glp-1 signaling. Thus,
METT-10 normally participates in this fate decision.

How does METT-10 inhibit germ cell proliferation?
The accumulation of METT-10 in nuclei as germ cells
enter meiosis suggests that it may act in the nucleus to
switch from proliferative to meiotic fates. One possibil-
ity is that it inhibits the pro-proliferative functions of glp-
1/Notch signaling because the mett-10-associated over-
proliferation phenotypes resemble glp-1 hyperactivation

Figure 7.—METT-10::GFP is a nu-
clear protein expressed in multiple cell
types. (A–C) Imaging of METT-10::GFP
in live animals. (A) METT-10::GFP can
be seen in intestinal nuclei (intestine
delineated by dashed line), (B) in the
developing vulval epithelium (white ar-
rows; seen here at L4 stage), sperma-
theca (yellow dotted lines), and (C)
the adult vulva. (D–G) METT-10::GFP
expression in the somatic gonad and
germ line. METT-10::GFP is expressed
in the nuclei of (D) the distal tip cell
(white arrow), (E) sheath cells, (F) oo-
cytes, and (G and G99) pachytene germ
cells, where localization appears largely
distinct from DNA.
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and require glp-1 activity. Moreover, genetic analysis
suggests that mett-10 does not function in the known
meiotic entry pathways that act downstream of GLP-1.
While these data suggest that METT-10 may negatively
regulate glp-1/Notch signaling, it is still possible that it
acts in parallel to GLP-1. Moreover, we cannot say
whether METT-10 inhibits Notch signaling in general,
as we were unable to detect clear genetic interactions
with alleles of lin-12, the other C. elegans Notch receptor
(materials and methods).

It is likely that METT-10 is a methyltransferase and
that this enzymatic activity is important for inhibiting
proliferative fate. METT-10 contains a well-conserved
SAM-dependent methyltransferase fold, which binds
SAM in the human protein (Wu et al. 2009). The mett-
10(oj32) mutation disrupts a key SAM-binding residue
and the balance between germ cell proliferation and
meiotic entry in a weak glp-1 gain-of-function genetic
background. Nearly all of the many proteins that
contain a SAM-dependent methyltransferase fold are
methyltransferases (Martin and McMillan 2002). The
two notable exceptions are putrescine aminopropyl-
transferase, which binds a decarboxylated form of SAM
(and not SAM itself) to catalyze the transfer of an amino-
propyl group, rather than a methyl group, during
spermidine synthesis (Korolev et al. 2002), and Dnmt2,
which contains a full methyltransferase fold and binds
SAM, but lacks detectable DNA methyltransferase activ-
ity (Dong et al. 2001). Although methyltransferases can
methylate protein, nucleic acid, small molecules, and
lipids, in the absence of close homologs with known
functions and target specificity, the biochemical nature
of their target substrates cannot be easily predicted from
protein or sequence structure (Martin and McMillan

2002). Thus, it is currently difficult to predict METT-10
substrates.

Loss of METT-10 function causes diverse develop-
mental defects: In addition to inhibiting proliferative
fate in the distal germ line, mett-10 has multiple de-
velopmental functions. The phenotypes of mett-10 loss-
of-function mutants, including abnormal vulva and
gonad morphology and multiple defects in germ cell
and embryonic development, testify to the potential
diversity of mett-10 functions and targets. Intriguingly,

Figure 8.—The pattern of METT-10::GFP accumulation in
the distal germ line is altered in glp-1 mutants. Confocal slices
of 1 mm are shown. Proliferating germ cells were labeled with
a 3-hr pulse of EdU (red). METT-10::GFP (green) accumu-
lates in nuclei as cells enter meiosis, although some faint stain-
ing is also observed in some proliferative nuclei. (B) A 6-hr
shift of glp-1(bn18) animals to 25� results in almost all germ
cells entering meiosis and in a concomitant shift in the pat-
tern of METT-10 accumulation. (C) glp-1(ar202gf) animals
shifted for a day to 25� at the L4 stage form germ-line tumors.
METT-10 was observed in proliferating germ cells, although
lower levels tended tobedetected innuclei that are labeled with
EdU (regions encircled by white dotted lines). Bar, 20 mm.
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many defects observed in these mutants, specifically in
vulval morphogenesis and germ cell mitotic progres-
sion, indicate defects in cell division. Multiple screens
for cell division mutants have been based on these
phenotypes, including the one that identified the mett-
10(oj32) allele (O’Connell et al. 1998; Fay and Han

2000). Indeed, we have shown that loss of mett-10
function leads to a cell cycle progression defect in germ
cells, as evidenced by enlarged nuclei that fail to cycle.
The role for mett-10 in enabling cell division, coupled
with its developmental role as an inhibitor of pro-
liferative fate, highlights the importance of distinguish-
ing the specification of developmental cell fates from
the cellular mechanisms that ensure their proper
execution.
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