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made using a PCR-mediated gene-
replacement approach developed by
Achim Wach and Peter Philippsen?2.
In this technique, PCR is used to cre-
ate a specific deletion cassene that
coniains a bacterial kanamycin resist-
ance gene (called kanMX) flanked by
promoter and terminator sequences
derived from the fillamenious fungus,
Ashbya gossypii. This constitutes a
selectable marker that confers gen-
eticin resistance on yeast, but has no
homology to the yeast genome. That
homology is provided by either long
or short tails, which are added to the
selection cassette using PCR. The tails
are designed such that transformation
of the replacement cassette into yeast
will permit the selection cf zeneticin-
resistant transformants in which at
least 80% of a specific open reading
frame (ORF) has been replaced by
kanMX_The accuracy of the deletion
is checked and then a series of basic
phenotypic analyses are carried out
(e.g. for viability, growth rate, the
ability 10 respire, mate and sporulate)
before depositing the deletant in
the EUROFAN stock centre for distri-
bution to the other consortia and
specific functional analysis nodes in
the network. The consoriia (B1-B8 in
Box 1) carry out analyses that can be
applied on a genome-wide scale and
not all of which require the specific
deletant strains. For example, one
consortium (B9, coordinated by
Bernard Dujon, Paris, France) has the
responsibility of developing novel
analytical methods for use by the
other consontia. Among these is an
alternative deletion strategy, known

as ‘mass murder in which several
ORFs are deleted at 2 time in an over-
lapping manner that allows assign-
mentof tospecificgenes.
The nodes (N1-N14 in Box 1) use the
deiction strains, and the phenotypic
information provided by the consor-
tia, to start to assign the functionality
of paricular ORFs to specific areas
of the organism’s biological aciivity.

This structure should permit us to
carry out genetics in the reverse direc-
tion to the one traditionally pursued,
that is, from gene (or DNA sequence)
to biological function, rather than
from heritable phenotype 1o gene. If
we are successful, then we will have
creaicd an informatics and material
resource that will significantly accel-
erate the assignment of functions to
novel genes found in larger genomes.
This will be dons by idemifying
equivalence between yeast gene prod-
ucts and those of higher eukaryotes at
either the structurai (via sequence
comparisons) or functional (via the
complementation of specific deletion
mutations in yeast with cDNA clones
derived from a higher organism)
level. In this way, the functionality of
the genomes of crop plants, furm ani-
mals and humans can be mapped on
to that of yeast, and yeast will become
a major navigational aid in our jour-
neys through these larger, and more
complex, genomes.
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Systematic sequencing of the bakers’
yeast genome has yielded a rich vein
of previously unidentified genes whose
functions must be determined if yeast
geneticists are to approach their ulti-
mate goal: a comprehensive under-
standing of how a simple eukaryotic
cell functions. This will, of course, be
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much more difficult than determining
the sequence, and will require the
efforts of the entire yeast community,
along with help from our colleagues
studying other organisms. Unlike the
sequencing, it i3 a project that will
never really be finished, butitis a goal
that we can now imagine approaching.
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What is the best way to reveal the
functicns of these novel genes? One
possibility is to continue the sys-
tematic approach initiated by the
sequencers. Each gene can be dis-
wpted, and 2 standard set of tests
carried out on the resultant mutants.
The hope is that they will exhibit



phenotypes that might reveal the
function of the missing protein.

There are two related problems
that will limit the success of this ap-
proach. Fisst, most mutants (60-80%)
do not display obvious phenotypes!-5.
The fraction of mutants manifesting a
phenotype will undoubtedly increase
if systematically analyzed, because
more tests will be carried out more
carefully in such a program, but it
seems likely that a significant number
of genes will resist such examination.
Second, and perhaps more problem-
atic, the phenotypes that many mu-
tants exhibit will not cbviously inform
us about the function of the encoded
protein. What does the failure of a
mutant to grow at high temperature
(or on high salt-containing medium)
tell us about the function of the miss-
ing protein? There is no doubt that in
some cases this kind of information
will complement other pieces of evi-
dence and contribute to an under-
standing of protein function, but fora
large number of genes the pheno-
typic information is likely to remain
uninformative. Thus, a purely system-
atic approach to functional analysis is
unlikely 10 bring us close 10 our goal.

An alternative view is that we can
reach our goal by continuing to fol-
low the path we have taken in the
past: individual laboratories uncover-
ing the function of a few proteins in
the course of pursuing their interests
in particular weli-defined biological
problems. While this directed *ad boc’
approach has clearly stood us in good
stead, causing bakers’ yeast to be argu-
ably the best-understood eukaryote,
it too seems unlikely to bring us close
1o our goal in the foreseeable future. I
say this because of the realization that
geneticists and biochemists employ-
ing this approach have discovered less
than half of the genes of bakers’ yeast
(see review by B. Dujon. this issue),
despite intensive investigation with
highly sophisticated tools over the past
several decades. Of course, as analy-
sis becomes more intensive, and as
our tools become even more sophis-
ticated, ad bocanalysis will reveal the
function of more of these genes, but
it seems likely that the function of a
significant fraction of proteins will
remain mysterious for a long time if
we proceed with business as usual.

I am optimistic that we can come
close to our goal of a comprehensive
understanding of how a simple eukary-
otic cell works if we mave in two
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directions. First, we should arrange a
marriage of the systematic and ad boc
approaches. As with most marriages,
it will work best if the strengths of each
partner are complementary. The ex-
pertise and organizational skills of the
scientists involved in the genome se-
quencing project should be employed
to rapidly produce a complete set of
gene disruptants. Knowledge of the
complete DNA sequence of the yeast
genome, along with facile gene disrup-
tiontechniques that have recenily been
developedS, make this goal realistic.

The expertise and enthusiasm of
the entire international yeast commu-
nity should be tapped for the ad boc
analysis of this collection of mutants.
If the complete set of approximately
6000 routants were sent to all yeast lab-
oratories (possibly 1000 worldwide),
with the request that they perform
their favorite test on each mutant, a
wealth of information would be gen-
erated quickly, cheaply and reliably.
If only 10% of tie laboratories com-
plied, we would have about 100 pieces
of information on each gene! This
information would, in many cases,
inform ongoing ad boc analysis, and
would probably direct individual in-
vestigators 10 many genes they might
otherwise have overlooked. In addi-
tion, having a complete set of mutants
in their freezer might stimulate investi-
gators o pursue new approaches to
genetic analysis (cenainly many mu-
tant hunts would be performed differ-
ently than they are now!). At the very
least, the complete set of disruptants
would save individual workers the
effort and expense of disrupting genes
(much like the sequencing project
spared them the task of determining
DNA sequence). It seems certain that
the wide and timely distribution of a
uniform set of yeast mutants will accel-
erate the pace of discovery of protein
function in bakers’ yeast.

There are lines of investigation that,
perhaps, can best be pursued sys-
tematically, such as protein identifi-
cation by two-dimensional gel elec-
trophoresis’-8, determination of the
localization and levels of proteins?,
and mapping of protein-protein inter-
actions?. The timely production of a
complete set of disruptants is likely to
enhance and complement such efforts.

The second direction we should
move in is to take advantage of the
tools provided by other organisms.
Yeasts have long been touted as model
organisms that can inform analysis of
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larger eukaryotes, but the converse is
alsotrue. As sequencing of more com-
plex organisms proceeds, an increas-
ing number of yeast proteins are being
recognized as homologs of proteins
in other eukaryoter. This is good for
scientists working on the higher eu-
karyote, because yeast provides them
with a tractable experimental system
for studying their proteins, but itis also
goad for yeast geneticists, because the
higher eukaryote can provide them
with a rich source of phenotypes and
cytclogy that often gives clues about
the function of the yeast protein!®, This
might provide one solution to the prob-
lem of the relative dearth of pheno-
types exhibited by yeast mutants.
Mammalian geneticists are in-
creasingly taking advantage of what
yeasts have to offer for the analysis of
mammalian proteins; yeast geneticists
need to exploit the mammalian experi-
mental systems more aggressively to
aid their search for yeast protein func-
tion. Already the distinction between
mammalian and yeast geneticists is
blurring, and this is sure to a celerate
as yeast becomes ever more accessible
to mammalian geneticists. The avail-
ability of the yeast genome sequence
has greatly accelerated this cross-
fertilization between researchers!l;
having a uniform set of disruptants
will make yeast even more accessible
to those not familiar with the organ-
ism. This would be a welcome devel-
opment, because we will need the
contributions of our colleagues study-
ing other organisms if we are to reach
our goal of a complete understanding
of how a eukaryotic cell functions.
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