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ABSTRACT

We describe a technique that facilitates the isolation of yeast genes that are difficult to clone. This
technique utilizes a plasmid vector that rescues lambda clones as yeast centromere plasmids. The
source of these lambda clones is a set of clones whose location in the yeast genome has been
determined by L. Riles et al. in 1993. The Esherichia coli-yeast shuttle plasmid carries URA3, ARS4
and CEN6, and contains DNA fragments from the lambda vector that flank the cloned yeast insert.
When yeast is cotransformed with linearized plasmid and lambda clone DNA, Ura™ transformants are
obtained by a recombination event between the lambda clone and the plasmid vector that generates
an autonomously replicating plasmid containing the cloned yeast DNA sequences. Genes whose
genetic map positions are known can easily be identified and recovered in this plasmid by testing only
those lambda clones that map to the relevant region of the yeast genome for their ability to complement
the mutant phenotype. This technique facilitates the isolation of yeast genes that resist cloning either
because (1) they are underrepresented in yeast genomic libraries amplified in E. coli, (2) they provide
phenotypes that are too marginal to allow selection of the gene by genetic complementation or (3)
they provide phenotypes that are laborious to score. We demonstrate the utility of this technique by
isolating three genes, GAL83, SSN2 and MAK7, each of which presents one of these problems for

cloning.

IN yeast, cloning a gene by complementation of a
recessive mutation is usually a relatively simple
matter. However, a number of factors can limit the
ability to clone a particular gene. First, libraries am-
plified in Esherichia coli can be depleted of some genes.
For example, RAD4 is lethal to bacteria (SIEDE and
ECKARDT-SCHUPP 1986); KAR2 confers a significant
growth disadvantage upon the host (ROSE, MIsrRA and
VoGEL 1989). Such problems are exacerbated with
successive amplifications of a library. In addition, since
many circulating libraries were constructed using par-
tially digested, size selected yeast genomic DNA, the
availability of restriction sites greatly influences the
probability of cloning any stretch of DNA.

A second factor that can contribute to difficulty in
cloning a gene is the phenotype caused by the muta-
tion used in screening of the library, As yeast genetics
becomes increasingly sophisticated, the phenotypes of
mutations can be increasingly subtle. In some cases
the phenotype of the mutant is too subtle to allow
rare complementing clones to be identified. In other
cases, the phenotypes of the mutant can only be scored
after laborious manipulations, which severely reduces
the number of transformants that can be screened for
the complementing gene. All these factors have made
some yeast genes difficult to isolate by conventional
methods.

In this paper, we describe how we have solved these
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problems by adapting the method of Ma et al. (1987)
for the purpose of cloning yeast genes. The method
is based on the observation that a double-strand break
in a plasmid can be repaired by cotransforming with
a linear fragment containing DNA sequences that
flank the double strand break (ORR-WEAVER, SzOs-
TAK and ROTHSTEIN 1981; KUNES, BOTSTEIN and Fox
1985). Yeast DNA sequences are rescued from
lambda clones by cotransforming yeast with the
lambda clone and linearized plasmid that contains
phage lambda sequences that flank the cloned yeast
DNA. The cloned yeast sequences are thus trans-
ferred to a yeast centromere plasmid; the resulting
colonies can then be screened for complementation.
This method takes advantage of the restriction map
of the yeast genome compiled by RILES et al. (1993),
which provides lambda clones that cover 98% of the
yeast genome. If the genetic map position of a partic-
ular gene is known, the lambda phage carrying it can
be identified by testing for complementation of a
mutation of only those lambda clones that span the
region or, in the worst case, the entire chromosome.
We have successfully applied this method to clone
three genes: GAL83 (MAaTsuMoTO, TOH-E and OsH-
IMA 1981; MATSUMOTO, YOSHIMATSU and OSHIMA
1983), a gene apparently not present in any of four
genomic plasmid libraries screened; SSN2 (CARLSON
et al. 1984), which provides a phenotype too subtle to






