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The Nematode Caenorhabditis
elegans and Ilts Genome

Jonathan Hodgkin, Ronald H. A. Plasterk, Robert H. Waterston

Over the past two decades, the small soil nematode Caenorhabditis elegans has become
established as a major model system for the study of a great variety of problems in biology
and medicine. One of its most significant advantages is its simplicity, both in anatomy and
in genomic organization. The entire haploid genetic content amounts to 100 million base
pairs of DNA, about 1/30 the size of the human value. As a result, C. elegans has also
provided a pilot system for the construction of physical maps of larger animal and plant
genomes, and subsequently for the complete sequencing of those genomes. By mid-
1995, approximately. one-fifth of the complete DNA sequence of this animal had been
determined. Caenorhabditis elegans provides a test bed not only for the development and
application of mapping and sequencing technologies, but also for the interpretation and
use of complete sequence information. This article reviews the progress so far toward a
realizable goal—the total description of the genome of a simple animal.

Caenorhabdiis elegans has many attractive
features as an experimental system (1). The
life cycle is simple and rapid, with a 3-day
generation time, and populations can be
grown with ease on agar plates or in liquid,
usually by using Escherichia coli as a food
source. These populations normally consist
of only self-fertilizing hermaphrodites, but
cross-fertilization is also possible, with the
male sexual form. The option of reproduc-
tion by either selfing or crossing leads to
very convenient genetics so that mutants
can readily be generated, propagated, and
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analyzed (2). A simple freezing protocol per-
mits stable storage of all strains, which re-
tain viability indefinitely in the frozen state.

The animal, about 1 mm long when fully
grown, is completely transparent at all stag-
es of development. Both development and
anatomy are essentially invariant among
wild-type individuals. At maturity, all adult
hermaphrodites contain 959 somatic nuclei
and fewer than 2000 germ cell nuclei. De-
spite its low cell number, C. elegans has fully
differentiated tissues corresponding to those
of more complicated animals. The transpar-
ency and rapid development allow direct
examination of cell division and differenti-
ation in living animals with Nomarski mi-
croscopy. The small size of the animal also
permits reconstruction of the entire anato-
my at the ultrastructural level with serial
section electron microscopy. However, the




small size does lead to some concomitant
disadvantages, as it largely precludes certain
experimental approaches, such as tissue
transplantation and electrophysiology.

Throughout research on C. elegans there
has been an emphasis on complete descrip-
tion, both as an end in itself and also to
provide the groundwork for experimental
studies. The combination of simplicity, lin-
eage tracing, cell identification, and ultra-
structural reconstruction has led to a num-
ber of landmark accomplishments. A total
description of the invariant cell lineage,
from the single cell of the fertilized egg to
the thousand-odd differentiated cells of the
adult, was completed in 1983 (3). Accom-
panying this was a “parts list,” enumerating
all the identified epithelia, muscles, nerves,
intestinal cells, and other cell types that
make up the entire anatomy of the adult.
All of these parts have been described and
reconstructed from serial electron micro-
graphs (EMs). The EM technique was also
used for the complete description of the
nervous system: The anatomy and connec-
tivity of all 302 adult neurons, as well as the
7600 synaptic junctions they make, were
reported in 1986 (4).

In parallel, experimental approaches to
the C. elegans system have been directed at
comprehensive analysis. Systematic studies
of cell ablation, using a laser microbeam,
have been pursued to test functions and
regulation within the nervous system and
the embryo (3). Large-scale hunts for mu-
tants have been carried out, and this muta-
tional approach has often been directed at
saturating for certain mutant classes, with
the intention of identifying all genes in-
volved in particular developmental or be-
havioral processes. Other screens have been
directed at identifying all essential genes
located in defined genetic intervals. The
number of genes defined by mutations has
expanded from the initial set of 103 report-
ed by Brenner (2) in 1974, to approximately
1400 in 1995. Recombinational mapping of
these genes defined six linkage groups (five
autosomes and an X chromosome), which
are roughly equal in size and correspond to
the six cytologically visible chromosomes.

Early on, measurements of DNA content
and complexity indicated that the genome
of C. elegans is very small, approaching the
apparent limit for a respectably differentiat-
ed metazoan animal. This property has
loomed ever larger in the investigation of C.
elegans, first in the construction of a com-
plete physical map, and now in the project
to determine the complete DNA sequence.

The Physical Map

Systematic assembly of a physical map of
the genome was begun in 1984 (5). The
initial program made use of a rapid “finger-

printing” technique to identify matches be-
tween cloned pieces of DNA in the 10- to
50-kb size range. Several thousand random-
ly chosen cosmid clones were fingerprinted
and assembled in contigs, which are over-
lapped sets of cosmids that extend from 50
to several hundred kilobases in length. A
variety of cosmid vectors and cloning meth-
ods were explored at later stages, in the
hope of maximizing coverage. Ultimately,
more than 17,000 cosmids were analyzed.
This phase of the project, known as the
thousand islands plan, led to coverage of
~80% of the genome, with cosmids assem-
bled into about 700 island contigs. Many of
these could be assigned to precise genetic
map locations as a result of the independent
cloning of specific genes and also by in situ
hybridization.

With time, the cosmid approach began
to yield diminishing returns in terms of
improving coverage and linking up contigs.
The advent of yeast artificial chromosomes
(YACs) provided an ideal solution to this
problem (6). The YAC clones of C. elegans
DNA have been largely reliable, exhibiting
less instability and distinctly less chimerism
than those derived from mammalian ge-
nomes. Systematic hybridization between
YACs and selected cosmids led to the as-
sembly of an almost complete YAC map
and to the assignment of almost all cosmids
to specific YACs. Ordered arrays of YAC
clones on filters, known familiarly as poly-
tene filters, are now generally available.
Hybridization of any clone to these filters
permits its localization to a resolution of
about 100 kb. A set of cosmids correspond-
ing to this location-can then be tested,
yielding a precise genomic position. All
clones generated by the physical mapping
program are freely available on request.

The present state of the physical map
can be assessed at two levels: the YAC map
and the cosmid map. In terms of YACs, the
genome is extremely well covered in that
there remain only seven gaps in the map,
and there is reason to believe that some of
these gaps are small. The X chromosome
map is now complete, apart from telomeric
regions, and consists of a single YAC contig
of 18,000 kb. Complete coverage of one of
the five autosomes has also been achieved.
The reasons for the residual gaps in the
autosomal map are not known at present.

A different picture is seen at the level of
cosmid coverage, which is dense but far
from continuous. On each chromosome
there are 50 to 120 regions that are spanned
by YACs but not by cosmids; in all, there-
are a total of about 520 such gaps. The
average size of each cosmid contig is there-
fore ~200 kb, and the longest stretch cov-
ered by overlapping cosmids is less than
2000 kb. It is clear, both from statistical

arguments and from work with specific re-
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gions, that these gaps represent parts of the
genome that are difficult to clone in pro-
karyotic vectors, although they can readily
be propagated in YACs. In some cases, the
cloning problems can be overcome by using
vectors with smaller inserts, or bacterial
hosts with different recombinational prop-
erties: These may permit isolation of clones
that cannot be obtained as cosmids, and
consequently lead to gap closure (7).

Fortunately, it appears likely that many
of the difficult regions of the genome,
where cosmid coverage is poor, are also
regions containing few genes. For example,
one stretch of over 1100 kb on chromosome
IV is defined only by YAC clones. No
cosmids or known genes are located in this
domain, which may contain only hetero-
chromatin, or the C. elegans equivalent.
These gene-poor regions will not be ig-
nored, but they will be among the last parts
of the genome to be subjected to systematic
sequencing.

Linking Physical and
Genetic Maps

The initial motive for generating such an
extensive physical map was to facilitate the
positional cloning of known genes. The
physical map has indeed been enormously
useful in this regard. Work from many lab-
oratories, using a variety of techniques, has
led to the tight correlation between the
genetic and physical maps of this organism.
Over most of the genome, recombinational
mapping can now be used to assign a gene
to a physical interval of 200 kb or less.

The C. elegans transposable element Tcl,
a 1.6-kb element belonging to the Tcl-mar-
iner class, has played several important roles
in linking the physical and genetic maps (8).
First, transposon tagging of many genes led
to their direct cloning and location on the
physical map. Second, restriction fragment
length polymorphisms (RFLPs) generated by
Tcl have provided numerous useful land-
marks. The standard laboratory strain of C.
elegans (Bristol) has about 30 copies of Tcl,
but there exist other cross-fertile strains with
up to 500 copies, distributed apparently at
random across the entire genome. Many of
these have been cloned, and an increasing
number of these have also been used to
generate sequence-tagged sites, which pro-
vide additional mapping tools for polymerase
chain reaction (PCR)-based mapping strat-
egies (9). In addition to the polymorphisms
generated by Tcl, additional RFLPs between
the Bristol strain and other natural isolates
are readily identified, at a frequency of one
per cosmid or better. These can be used to
provide very tight mapping resolution,
should this be necessary.

Improving the correspondence between
the maps has been significantly aided by the
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development of the C. elegans database
ACeDB, which provides a convenient inter-
active display of genetic and physical maps,
plus underlying genomic and complementa-
ry DNA (cDNA) sequences, and much else
besides, acting as a universal repository for
all information pertaining to this organism
(10). The correlation between the physical
and genetic maps has also produced valuable
information about the general organization
of the genome, such as demonstrations of
long-range variation in gene density and
recombination (11). The variations in gene
density can also be seen in the mapping of
cDNA clones, illustrated in the accompany-
ing wall chart.

Sequencing

The current strategy for sequencing the C.
elegans genome is mainly based on cosmids,
because this is the most cost-effective way
to proceed during this phase of the project
(12). The dense physical map permits an
optimal choice of minimally overlapped
cosmids. Random subclones are generated
from each selected cosmid (a “shotgun”
approach) and sequenced automatically,
giving initial coverage of six- to eightfold
for each 35- to 45-kb cosmid. Sequencing
reads on each subclone generally yield more
than 400 base pairs (bp) of useful data. The
shotgun phase is followed by assembly and
more dedicated finishing with directed
reads, using oligonucleotide primers synthe-
sized for the purpose, in order to fill gaps, to
achieve double-stranded coverage, and to
complete the linking of contigs. Finished
sequence is currently being generated at a
total cost of less than 50 cents per base,
with an accuracy of ~99.99%.

This phase of the project, which will
extend over most of the next 2 years, should
provide most of the coding and regulatory
information in the genome. However, the
cosmid gaps discussed above will present an
increasing problem as the project approach-
es completion. It is probable that further
progress will depend on sequencing sub-
clones prepared directly from YACs. This
involves additional technical problems but
is already feasible. The main difficulty is the
unavoidable contamination of purified
YAC:s by substantial amounts of DNA from
the yeast host, leading to much wasted time
in sequencing and assembling irrelevant
yeast sequences. However, this difficulty
should be eliminated at the end of 1995,
which is the target date for the completion
of the complete sequence of Saccharomyces
cerevisiae (13). It will then become possible
to discard instantly all sequencing reads
that are recognizable as yeast DNA and
focus exclusively on the C. elegans DNA.

The combination of efficient cosmid and
YAC sequencing should yield at least 98%
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of the C. elegans genome by the end of
1998. No radical changes in technology are
needed.

Interpretation of Sequence

A completed sequence is subjected to a
variety of analyses to detect genes and other
features. The most important of these anal-
yses is the GENEFINDER program, which
uses properties such as codon usage and
splice recognition sequences to predict the
coding portions of genes (14). Many C.
elegans introns are small, and splice site
consensuses are usually well conserved, so
the prediction of exons and gene bound-
aries seems to be easier and more successful
than in larger genomes. However, GENE-
FINDER is not infallible, nor can it predict
alternatively spliced transcripts. An essen-
tial source of additional information has
been the sequencing of numerous cDNA
clones, which confirm exon boundaries pre-
dicted by GENEFINDER and also reveal
splice variants. Systematic end-sequencing
of cDNA clones has been pursued on a large
scale (15), so by mid-1995 approximately
3500 genes were represented, corresponding
to about one-quarter of all the transcribed
sequences in the animal. Many of these
expressed sequence tags (ESTs) can be im-
mediately assigned to the parts of the ge-
nome that have been completely se-
quenced. Many others have been assigned
to specific locations on the physical map, by
hybridization to the gridded polytene filters
of YAC clones.

Exploration of the sequence of C. elegans
is an open-ended enterprise at this point,
and investigations have hardly begun.
Many questions that could never have been
answered previously can now be directly
addressed. For example, what is the total
number of genes in this organism? What are
the major gene families? How many genes
contain recognizable similarities?

The question of gene number can al-
ready be answered fairly precisely with both
the predictions from genomic sequence and
the distribution of cDNAs: currently the
best estimate is 13,100 genes. This is a
surprisingly large number, given earlier es-
timates of fewer than 3000 essential genes
(2). It suggests that the majority of genes
are to some extent redundant or else have
subtle functions, perhaps such as those that
are significant in the natural ecology of C.
elegans but not apparent under laboratory
conditions.

It seems that we are ignorant about what-

most of the genome is doing, even in this
relatively simple organism. This ignorance
is underlined by the fact that more than
half of the 3000 genes so far sequenced have
no significant similarity to proteins in cur-
rent databases. We have few clues as to the
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functions of such genes, a situation that is
both challenging and exciting. However,
some improvement in this state of affairs is
likely to occur as more and more sequence
is generated, because genes that currently
appear unique may become identifiable as
diverged members of known gene families.
Information from many organisms can in-
creasingly be used to identify families and
ancient conserved regions (16).

Already much that is intriguing or exot-
ic has emerged from the millions of base
pairs of sequence, such as giant predicted
proteins, genes within introns, and clus-
tered genes of unknown function. Some of
these features are illustrated in the wall
chart: for example, on cosmid F10F2, four
related unidentified genes nestle within the
largest intron of a recognizable enzyme
gene. As shown in Fig. 1, most of cosmid
KO7E12 seems to be used for encoding a
single vast protein that has some similarity
to cell adhesion molecules. The expected
transcript size for KO7E12.1 is 39 kb, corre-
sponding to a predicted protein of 1400 kD.

One notable aspect of the C. elegans
genome is that ~25% of the genes are
organized in polycistronic units of two or
more members (17). One such example,
shown on the wall chart, is cosmid ZK637
which has three adjacent genes that are
known to be cotranscribed. The primary
transcripts from these units are processed
into single-gene transcripts by transplicing
to the short RNA splice leaders SL2 or SL1.
In some cases, the genes within such “oper-
ons” have related functions. In others (like
ZK637) there is no evidence of such a con-
nection, but the constituent genes are pre-
sumably coexpressed.

Exploitation of Sequence:
C. elegans as a Test Tube

There are many ways in which the basic
data provided by the sequencing consor-
tium can be used and extended. Systematic
analyses of the thousands of predicted genes
are already in progress. These investigations
can be divided into expression studies and
functional studies.

Expression patterns for cloned genes can
be determined in a number of ways, as
illustrated in the wall chart. Ideally, com-
plete cellular and developmental profiles for
both transcripts (by in situ hybridization)
and protein products (by immunofluores-
cence) can be obtained. More realistically,
much information can be obtained with
little effort by carrying out in situ hybrid-
ization experiments with many different
cDNA clones, leading to the identification
of transcripts with distinctive abundance or
tissue distribution. A more focused, gene-
by-gene transgenic approach is also feasible
by using the sequence information to con-



struct fusions between promoter regions and
reporter genes such as lacZ or the gene for
green fluorescent protein (GFP). These fu-
sions can then be tested in transgenic ani-
mals, providing data on spatial and tempo-
ral expression for each tested gene (I8).
GFP constructs are especially useful in C.
elegans because the animal is transparent
and the patterns of expression can be ex-
amined directly in living animals (19).
Such expression studies are informative and
often suggestive as to what each gene is
doing, but there is no substitute for more
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direct functional assays. For this, some kind
of genetic approach is essential.

Many biologists working on vertebrate
systems are becoming aware of C. elegans for
the first time because of the identification
of a nematode homolog for the gene they
happen to be studying. Sometimes the ho-
mology will first be detected as partial se-
quence from a cDNA clone, but increasing-
ly there will be complete genomic informa-
tion available. What next? First, it is an
immediate and automatic bonus to be pro-
vided with the entire gene sequence of a C.
elegans homolog for a vertebrate gene. Se-
quence comparisons will pinpoint con-
served and therefore important protein do-
mains, which may not otherwise be obvi-
ous. These conserved regions can then be
used to search for other related genes in a
more systematic way. Other features, such
as intron organization and promoter struc-
ture, may also be informative. Second, it
will be possible to explore the function of
the gene of interest in C. elegans with both
expression studies and functional tests and
by using the power of genetic approaches.

In some cases, mutations may have al-
ready been identified in the nematode ho-
molog, as a result of the extensive hunts for
mutants carried out in the past. As the
correlation of the genetic and physical maps
is refined, it is increasingly feasible to asso-
ciate candidate genes with known mutants.
The range of mutant phenotypes that are
being studied in C. elegans continues to
expand, and the characterization of these
phenotypes has become steadily more so-
phisticated. In particular, there is a very
large available repertoire of mutations af-
fecting neuronal functions and behavior, a
few of which are illustrated in the wall
chart. About 100 genes affecting the oper-
ation of the locomotory nervous system
have been defined by mutation (these are
called unc genes, for “uncoordinated”), as
well as dozens of others affecting sensory
functions (chemotaxis, thermotaxis, olfac-
tion, and mechanoreception), specific be-

Fig. 1. The genomic region including cosmid
KO7E12, illustrated with a modified form of the
standard ACeDB display (70). The scale bar at the
left indicates the number of base pairs; next to this
is the predicted exon organization (in purple) for
three genes (KO7E12.1, RO5H11.1, and F28F5.3),
alltranscribed in the same direction. Further to the
right are shown significant database matches in
different reading frames (three columns), followed
by columns indicating the location of repeated
sequence families (wide yellow bars) and matches
to C. elegans cDNA clones (narrower yellow bars).
The two rightmost columns (blue-green bars)
mark inverted and tandem repeats in the DNA
sequence. The giant protein (1400 kD) predicted
for KO7E12.1 is extensively repetitious and has
some sequence similarity to mammalian cell ad-
hesion molecules, but is otherwise novel.
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haviors (eating, defecation, copulation, and
egg-laying), neuronal plasticity, resistance
to neuroactive drugs, and others, to a total
of about 350 genes at present. As in other
animals, a large part of the genome seems to
be devoted to neurobiology, and behavior
often provides a sensitive assay for subtle
alterations in the normal functions of an
animal.

Even if no mutations currently exist, a
variety of techniques can be used for func-
tional experimentation on an identified
gene. These include overexpression, inter-
ference by antisense methods, and above
all, gene disruption. Both overexpression
and antisense methods entail construction
of transgenic animals, which are generated
by microinjection of cloned DNA (20).
Such DNA does not normally integrate
into the chromosomes but instead forms a
multiple copy extrachromosomal array,
which can be transmitted fairly stably to
offspring. Sometimes the increased copy
number of genes in the array is enough to
cause a phenotypic effect by itself. Alterna-
tively, expression levels can be boosted by
fusing the gene of interest to an inducible
promoter, such as a heat-shock promoter.

A more desirable goal is to disrupt the C.
elegans homolog with procedures that are
becoming steadily more streamlined. Tar-
geted gene replacement is not currently fea-
sible; instead, disruption is usually achieved
by a two-step process of transposon inser-
tion followed by imprecise excision of the
transposon (21). Inserts of Tcl in a gene of
interest can be detected by a PCR method,
screening DNA samples from a frozen mu-
tant bank. Once such an insertion has been
detected, the corresponding population can
be thawed, subdivided, and retested. The
combined process of PCR testing and sib-
selection usually leads rapidly to the isola-
tion of a single worm carrying the desired
Tcl insertion. Sometimes a Tcl insertion is
sufficient to eliminate or greatly reduce
gene function [for example, in the case of
the gene goa-1 which encodes one subunit
of a heterotrimeric guanosine triphosphate—
binding protein (G protein) (22)], but often
the transposon is located in an intron and
has little effect on gene expression. It is
then necessary to isolate a derivative mu-
tant line in which the transposon has im-
precisely excised, by means of a second
round of PCR testing and sib-selection. Im-
precise excision usually deletes several kilo-
bases of flanking DNA and thereby creates
a null mutation. Some examples of success-
ful isolation of Tcl inserts are listed in
Table 1, to illustrate the range of genes to
which this technique has been applied (23).

Once mutation or disruption of the
nematode gene has been achieved, the re-
sulting phenotype can be examined in de-
tail, and a whole panoply of genetic tech-

413



Table 1. Reverse genetics: some C. elegans genome sequence can be assumed. This will able to test the limits of our understanding,
genes interrupted by TcT insertion. alter the choice of experimental strategies.  and perhaps see what questions to ask next.
Many experiments that are presently very

Gene Description laborious to carry out in vivo or in vitro will REFERENCES AND NOTES
apl-1 Amyloid precursor related become simple and easy to perform “in 1. W. B. Wood, Ed., The Nematode Caenorhabditis
cah-1  Adenylate cyclase-associated protein silico” (by computer), by analyzing the many elegans (Cold Spring Harbor Laboratory, Cold
cct-1  Cytoplasmic chaperone family megabases of stored sequence. Spring Harbor, NY, 1988); C. Kenyon, Science 240,
. . 1448 (1988); Special issue on Caenorhabditis* el-
cdc-42 - Cell cycle protein It is reasonable to expect that the com- egans, H. F. Epstein and D. C. Shakes, Eds., Meth-
032'3 8aﬁ1hen|n (E,e" adhesion molecule) plete genome sequence of C. elegans will ods Cell Biol. 48 (1995).
cak-5 ell Cycle Kinase provide, in some sense, the basic formula for 2. S. Brenner, Genetics 77, 91 (1988).
ceh-13 Homeobox (labial) . lticellul imal i 3. J. E. Sulston and H. R. Horvitz, Dev. Biol. 56, 110
cey-1  Y-box (DNA or RNA binding) constructing a multicellular animal, (1977); J. Kimble and D. Hirsh, ibid. 70, 396 (1977);
cpr-6  Cathepsin protease much the same way as the complete se- J. E. Sulston, E. Schierenberg, J. N. Thomson, ibid.
elt-2 GATA transcription factor quence of S. cerevisiae will reveal the basic . ]Og %1(1983)'3 haate. J. N, Th S Bren
fkh-1 Fork-head-related transcription factor ingredients for making and maintaining a " her ﬁhi/éseyTr‘ans? L;;) %if’ London gqfo? ’(19'8636
fip-1 Neuropeptide precursor eukaryotic cell. The phylogenetic position 5. A. Coulson, J. Sulston, S. Brenner, J. Karn, Proc.

ges-2  Intestinal carboxylesterase of C. elegans is convenient in this regard, Natl. Acad. Sci. U.S.A. 83, 7821 (1986).

goa-1 G protein (G,, alpha subunit) . . 6. A. Coulson, R. Waterston, J. Kiff, J. Sulston, Y. Ko-
gpa-2 G protein (G, alpha subunit) because it appears that nematodes diverged hara, Nature 335, 184 (1988); A. Coulson et al.,
gob-1 G protein (G, beta subunit) - at an early point from the rest of the meta- BioEssays 13, 413 (1991).
hih-3  Helix-loop-helix transcription factor zoan radiation. Consequently, they provide 7. J. Hodgkin, Genetics 133, 543 (1993). ‘
nhr-1- Nuclear hormone receptor family a universal out-group for the rest of the 8. P. Anderson, S. W. Emmons, D. G. Moerman, in The
ode-1 Ornithine decarboxylase ) . R . Dynamic Genome, N. Fedoroff and D. Botstein, Eds.
cs-9  Patterned ex ressig)/n site animal kingdom (25). What this means is (Cold Spring Harbor Laboratory Press, Cold Spring
ggp 3 P glycoproteli?l (multiple-airug resistance) that if a gene can be identified both in C. Harbor, NY, 1992).

- - ) - Py ; ; 9. B. D. Wiliams, B. Schrank, C. Huynh, R. Shown-
prk-1_ Pim-1 oncoprotein homolog elig‘";f apdb mn ‘myb other kind of anlllmzﬂ’ keen, R. H. Waterson, Genetics 131, 609 (1992).
sod-2  Superoxide dismutase whether it be vertebrate, insect, or mollusk, 10. R. Durbin and J. Thierry-Mieg, unpublished results;
ssb-1  Single-stranded DNA binding factor then it must also have been present in the available by anonymous FTP from ncbi.nim.nih.gov
tkr-1  Tachykinin receptor family common ancestor of all animals. » iT””'\‘Ae dE';eCtOW :(eDESi;OW/aCAedg con S, Hekirmi

. . . e . Barmes, Y. Kohara, A. Coulson, S. Hekimi,
With time, it should therefore becom_e Genetics 141, 159 (1995).
clear how much of the C. elegans genome is 12, J. Sulston et al., Nature 356, 37 (1992); R. Wilson et
niques can be brought into play. Vertebrate ~ devoted to this basic animal construction A aN/\;e’”d 36&83? (1995%-8 1560 (1995)
i 7, ) . ) . . N. Williams, Science 268, .
homologs and engineered variants of Fhe k.lt gnd how much is qssoc1ated with spe- 10" 5" Green and L. Hiller, unpublished resuts.
gene can be tested for function, permitting  cializations that are unique to the phylum 15, R, waterston et al., Nat. Genet. 1, 114 (1992); Y.
rapid structure-function correlations. Inter- ~ Nematoda, or to C. elegans itself. For exam- Kohara et al., unpublished results.
actions with mutations in other genes can  ple, the compactness of this genome may be 16 - Greenetal, Science 259, 1711 (1993). =
. - o . 17. D. A.R. Zorio, N. N. Cheng, T. Blumenthal, J. Spieth,
be explored by construction of double mu-  correlated with idiosyncratic features such Nature 372, 270 (1994),
tants. Screens for genetic modifiers (sup-  as the operons, which seem to be absent  18. A. S. Lynch, D. Briggs, I. A. Hope, Nat. Genet., in
. . press.
pressors or e;nhancers) can also be carried ﬁom 1a1ge1 genomes. Other molecular or 19. M. Chalfie, Y. Tu, G. Euskirchen, W. W. Ward, D. C.
out. A particular advantage of the C. el-  biological properties may turn out to be Prasher, Science 263, 802 (1994).
egans system is that the animal is a diploid =~ unique to nematodes in general, but absent ~ 20. C. C. Mello, J. M. Kramer, D. Stinchcomb, V. Am-
which normally reproduces by self-fertiliza-  from other animal groups. Such properties bros, EMBO J. 10, 3959 (1991).

. both domi dr . 1 il also b luable to di . b 21. A. M. Rushforth, B. Saari, P. Anderson, Mol. Cell.
Flpn, SO bot ominant and recessive mod- will also be valuable to discern, because Biol. 18, 902 (1993); R. R. Zwaal, A. Broeks, J. van
ifiers can be selected or screened for. Once  nematodes are a large and important group Meurs, J. T. M. Groenen, R. H. A. Plasterk, Proc.
modifiers have been identified, they in turn  of animals in their own right. Many nema- Netl. Acad. Sci. U.S.A. 90, 7431 (1993).

b d d lvzed at th tod . h nsiderable medical or 22. J. E. Mendel et al., Science 267, 1652 (1995).
can be mappe aln analyzed a € se- odae SP¢C16§ ‘a\‘/e co - 0 23. Data for this table are derived partly from unpub-
quence level. In this way, one can expect to  economic significance, as agents of disease lished work in the laboratory of R.H.A.P.

identify other interacting genes and eluci-  and major agricultural pests. 24. \g-gg‘éu_v KMK Ha?,lc*f;-- LGéa”v GS”ES FDleV-,t9v,;32
date whole pathways. The power of this However, it is already clear that a large E) 75%’ - rormield, 1oL Guan, H. 1. Hoitz, 1bia.,
kind of approach has become well known;  part of the genome is doing universal 25 A Sidow and W. K. Thomas, Curr. Biol. 4, 596

for example, in the dissection of ras-depen-  things, so much.of what is learned from C. . &/1\/9931)- « A Goulson. R Durbin. S, J o K
. . . . . . e than . Coulson, K. burpbin, o. Jones, . Ku-
dent signaling (24). elegan§ will glso apply to gll multlcelluvlal wabara, and J. Sulston for valuable comments on
organisms. Finally, there is an appealing the manuscript. Genetic data for C. elegans are co-
Prospects novelty to the prospect of a complete se- ordinated by the Caenorhabditis Genetliccs Centfer,
. ; i which is supported by the NIH National Center for
' ‘ ‘ quence for such a thoroughly studled ani Research Resouross, The C. elegans Mapping and
Much current work in molecular biology is ~ mal. How much of the genome will be Sequencing Consortium is supported by the NIH
constrained by the substantial amount of  comprehensible, by arguments from homol- National Center for Human Genome Research and

the Medical Research Council Human Genome

work needed to clone and sequence a DNA  ogy or functional experimentation, and how 4 .
Mapping Project.

segment. For C. elegans, we will soon entera  much will remain mysterious? Only by ar-
period in which knowledge of the complete  riving at a complete sequence will we be 14 July 1995; accepted 13 September 1995
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