© 2008 Nature Publishing Group http://www.nature.com/naturemethods

news and views

Classical genetics goes high-tech
David S Fay

A combination of automated screening and next-generation
sequencing makes it possible to identify Caenorhabditis elegans
mutants at unprecedented speed and scale.
Even the most ardent practitioners of classical genetics in metazoan organisms such
as worms and flies will admit, in moments
of weakness, that their fields have a welldeserved bad rap for harboring experimental
bottlenecks. This is particularly true of the
monumental efforts often involved in isolating mutants and uncovering their molecular
identities. In this issue of Nature Methods,
two papers from Hobert and colleagues outline technologically driven efficient alternatives to these rate-limiting steps in C. elegans
forward genetics1,2 (Fig. 1). Notably, these
methods should in many cases be applicable
to genetic approaches in other organisms.
Certain attributes of C. elegans, including
its invariant cell lineage and optical transparency, have made it uniquely amenable
to genetic screens that detect alterations in
cell fate. Often such screens are carried out
with the aid of a tissue- or cell type–specific
gfp reporter that can be visualized in living
animals. For example, mutants can be identified that display fewer GFP-positive cells as
compared with the wild type, thereby indicating a failure to execute a normal program
of cellular differentiation. Typically, such
screens require mutagenized worms to be
clonally picked to media plates over several
generations and also entail labor-intensive
visual inspection using a stereomicroscope.
Doitsidou et al.1 describe an approach
that bypasses both the picking and visual
monitoring steps through the judicious use
of a worm flow cytometer3. Specifically, they
designed an automated screen to isolate
mutations that show reduced fluorescence
of a gfp reporter that is normally expressed

in eight dopaminergic neurons4,5. To control for worm-to-worm variability in fluorescence intensities, which can result from
developmental-stage and stochastic effects,
they introduced a broadly expressed but
nonoverlapping rfp reporter as well. In this
way, they identified candidate mutations of
interest based on GFP-to-RFP ratios that fell
below the range observed in the parental,
nonmutagenized population. This use of the
rfp reporter should also eliminate classes of
mutations that lead to a generalized reduction in transgene expression.
As part of their analysis, the authors
compared the outcomes of the automated
sorting screen to those obtained from a conventional manual screen carried out in parallel. Whereas the manual screen identified
10 mutants over a period of several months,
the sorting screen identified 22 mutants over
just several days. What is more, the sorting
strategy led to the successful isolation of
mutants that lacked expression of the gfp
reporter in just one or two of the eight dopaminergic neurons, attesting to the sensitivity of the approach.
One intrinsic limitation to the sorting
approach, as noted by the authors, is its
inability to isolate mutations that cause
worms to be inviable or sterile. In addition,
mutations that lead to more qualitative
changes, such as alterations in cell position, shape or organization, would likely
be missed. Moreover, screens of this nature
provide, at best, an indirect measurement of
cellular function; a cell may correctly express
a differentiation marker but lack normal
function. Nevertheless, the estimated seven-
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or-greater-fold improvement in the overall
efficiency of mutant isolation constitutes a
considerable advantage to manual methods
in cases in which viable and quantifiable
phenotypes are anticipated. Furthermore,
the sorting approach could likely be adapted
to other types of studies such as screens for
mutants that are defective in their response
to specific environmental stresses, through
the use of stress-activated gfp reporters.
Not merely content to isolate their
mutants at relative light speed, the Hobert
group, in a second paper, outlines a scheme
for identifying molecular lesions in just a
fraction of the time required using traditional methods2. Historically, molecular
identification has been the single most protracted step in metazoan forward genetics.
The current process in C. elegans typically
entails an extensive analysis of recombinants, using genetic and polymorphismbased markers, and can take anywhere from
months to years to complete. Definitive
proof that one has identified the relevant
gene requires, among other things, the
detection of a molecular lesion within the
implicated locus.
To identify the relevant gene altered in
C. elegans lsy-12 mutants, Sarin et al.2 cut
directly to the chase by using a rapid wholegenome resequencing approach. lsy-12
mutants are defective at producing an asymmetric pair of left and right ASE chemosensory neurons6. After preliminary mapping that narrowed the genomic region
encompassing lsy-12 to a 4-Mb interval
containing 1,142 genes (5% of all genes in
the worm), they sequenced DNA from the
mutant strain using paired-end Illumina
technology7. A 1-week run using a single
machine produced 4.35 gigabasses of
sequence, which was then mapped to the
published genomic sequence, resulting in
an average coverage of ~28×. They then
compared sequences from the mutant strain
to the wild-type reference genome and analyzed 80 candidate variations that fell within
the mapped region.
Traditional Sanger sequencing carried out
in parallel revealed that 16 of the 80 candidates were the result of errors in the Illumina
sequencing; these could most probably have
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Figure 1 | New technologies for classical genetics in C. elegans. Traditional forward genetics in C. elegans
(top) includes time- and labor-intensive steps in the isolation and identification of mutants. With the
application of automated sorting and next-generation sequencing (bottom), screening time can be
substantially reduced.

been eliminated a priori based on the quality
of the reads in the initial dataset. Notably,
more than half of the confirmed variants
were present in the starting strain and could
therefore not be responsible for the mutant
phenotype. Because most known mutations in C. elegans lead to sequence changes
in the corresponding peptide products5,8,
Sarin et al.2 focused on the four nonsilent
exonic variants that were unique to the lsy12 mutant background. Functional analysis
of the corresponding four genes by RNA
interference, along with sequencing of these
genes in additional lsy-12 alleles, identified
a single uncharacterized locus, R07B5.9, as
lsy-12.
How generally applicable will wholegenome sequencing be for identifying causal
mutations in C. elegans and in other species?
One practical issue for many investigators,

at least in the short term, will revolve around
the substantial financial cost of the undertaking, which incurs if in-house sequencers are unavailable. This issue is also related
to the question of how much sequencing
coverage is minimally necessary to consistently identify mutations of interest. Sarin
et al.2 address this point through a statistical
analy-sis showing that for an average 4-Mb
interval, as little as 0.8 gigabasses of sequence
(eightfold coverage) is likely to be required.
As with the automated sorting screen,
whole-genome sequencing analysis may
be more difficult to execute if homozygous
mutant strains are inviable. In addition, as
pointed out by the authors, the follow-up
analysis is greatly aided by the availability of multiple alleles, each representing
an independent mutation at the locus.
Furthermore, some preliminary mapping
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of the locus is clearly advantageous and
possibly even necessary for this approach
to be effective. Those issues aside, direct
genome sequencing offers obvious advantages for the identification of mutants with
subtle or weakly penetrant phenotypes or
where complex genetic backgrounds are
necessary to observe phenotypic effects.
Moreover, mutants that have been recalcitrant to molecular identification by standard approaches may now be identified.
Finally, as this approach can drastically
reduce or even eliminate laborious mapping steps, it promises to shorten the time
required to identify mutations in C. elegans
by an order (or more) of magnitude.
Of course, C. elegans is not the only
genetic system that will benefit from highthroughput sequencing methods. Flies,
frogs, fish and mice, as well as any other
creature that boasts an assembled genome,
will also be amenable to this approach. In
fact, it could be argued that given the historic and inherent advantages of C. elegans
for use in classical genetics, other systems
stand to gain relatively more from this
advance. This could substantially level the
playing field and may usher in a golden era
of genetics in a diverse array of species.
At the very least, by minimizing the
time required to identify C. elegans mutations, whole-genome sequencing should
render the pain associated with relegating
months or years of labor to a paltry few
sentences in a published paper a thing of
the past.
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