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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
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be complemented easily in a plate assay; and MAK7
(WICKNER and LIEBOWITZ 1976), a gene whose phe-
notypic effects are laboriously scored.

MATERIALS AND METHODS

Strains and media: E. coli strain DH5a (Bethesda Re-
search Laboratories) was the host for all plasmids. Yeast
strains used in complementation tests for identifying the
various genes were: YM3033 (MATa, ura3-52, his3-200,
ade2-101, lys2-801, gal80A538 gal83-2000, LEU2::GALI-
lacZ); MCY447 (MATa, ura3~52, ade2-101, his4-539, snfl-
28, ssn2-4) obtained from M. CARLsON; 2778 (MATa,
mak7-1, ura3, met5 L-A-HN, M-o, rho°) obtained from R.
WICKNER. Yeast strain 1074 (MATa, leul, karl-1, L-A-HN,
M,;) was used to cytoduce killer RNA, and 5X47 (MATa/
MATa, hisl/+, trpl/+, ura3/+ M-o0) is the killer-sensitive
tester strain.

LB medium containing 100 ug/ml ampicillin was used to
grow all bacterial strains harboring plasmids. Standard SD
medium and supplements for yeast are described in ROSE,
WINSTON and HIETER (1990). Amino acids and nucleotide
base supplements were omitted where appropriate. 2-deoxy-
D-galactose (2dGal) was added to 0.25%; 4.7 MB plates used
to score the killer phenotype were described by WICKNER
and LiEBowITzZ (1976). Plates containing 5-flouro-orotic
acid were described by BOEKE, LACROUTE and FINK (1984).

Plasmid construction: The CEN-ARS plasmid pPBM2240
used to recover lambda clone inserts is based on pRS316
(S1korsK1 and HIETER 1989). The lambda DNA fragment
flanking the yeast DNA insert on the right was an 858-bp
BamH]I-Xbal fragment generated by PCR using as template
the lambda cloning vector MG3 (derived from the lambda
cloning vector 147.1 (LOERAN and BRAMMER 1980)). The
PCR was primed with the following oligonucleotides: 5’-
GCTCTAGAGATCTGCCAGATTACGCTCCTG-3’ and
5.CGGGATCCCTGGAAGAAATACTCATAAGCC-3".
The PCR product was digested with BamH1 and Xbal, gel
purified and subcloned into the BamHI1-Xbal site of pRS316.
The lambda DNA fragment flanking the yeast DNA insert
on the left wasa 1.5-kb Kpnl fragment from MG3 extending
from nucleotide 17053-18556 (DANIELS et al. 1983). This
fragment was subcloned in both orientations into the plas-
mid containing the BamHI-Xbal fragment. The orientations
were verified by DNA sequencing. The plasmid containing
the two lambda fragments in the same relative orientation
as they occur in lambda was designated pBM2240. The
plasmid with the Kpnl fragment in the opposite orientation
was designated pBM2241. Plasmid pBM2384, a high-copy
plasmid used to recover lambda clone inserts, was con-
structed by subcloning the Kpnl fragment and the BamHI-
Xbal fragment of lambda from pBM2240 into the 2-um-
based vector pRS426.

DNA manipulations: Lambda clone DNA was prepared
from a 5-ml liquid lysate using Lambdasorb (Promega),
according to the manufacturers suggested protocol for lig-
uid lysates (Promega technical bulletin 32). Lysates were
prepared by pulling an agar plug with the large bore end of
a Pasteur pipet and eluting in 20 mM Tris-Cl, pH 8 + 20
mM MgCl, at 4° overnight. 100 ul of the phage eluate were
combined with 100 ul 10 mm CaCl, + 10 mm MgCly and
100 ul of a saturated culture of E. coli strain C600 and
incubated for 30 min at 37°. Five ml of prewarmed NZC
broth (per liter: 10 g NZ amine, 5 g NaCl, 5 g yeast extract,
1 g casamino acids, 2 g MgSO,-7H,0) was added and
incubated with vigorous aeration until the culture lysed (8-
10 hr). Cell debris was spun down and the supernatant was

treated with 0.5 pl 10 mg/ml DNase + 2.5 pyl 10 mg/ml
RNase for 30 min at 37° prior to adding adsorbent. Recom-
binant plasmids were recovered in E. coli from yeast lysed
with glass beads (HOFFMAN and WINsSTON 1987).

Yeast transformation and phenotype scoring: Yeast
transformations were performed by the spheroplast method
(BURGERs and PERcIVAL 1987). In a typical experiment to
rescue lambda clones, 100-200 ng of pBM2240 digested
with EcoRI and Xhol and 1-2 pg of lambda clone DNA were
used to transform yeast to Ura®. After digestion with EcoRI
and Xhol, the vector DNA was phenol extracted, ethanol
precipitated and resuspended in TE pH 8 at 100 ng/ul prior
to transformation. Transformants were scored for the pres-
ence of the HIS3 or GAL83 genes by replica plating to SD-
Ura-His or SD-Ura+ 0.25% 2dGal, respectively. The
clumpy growth of ssn2 mutants was scored after growth of
transformants in liquid SD-Ura media. The phenotype of
mak7 mutants was scored as described by WICKNER and
Lemsowrrz (1976). To score for mak7 complementing activ-
ity, Ura* transformants from each transformation plate were
picked to SD-Ura. These isolates were grown overnight at
30° and mated with the killer and mitochondrial donor,
1074, to cytoduce killer plasmid. After 6 hr at 30° the
mating mixture was streaked for single colonies onto SD-
Ura-Leu to select for the inheritanced of the plasmid (Ura™)
and against the nucleus from the killer” strain (Leu™). Suc-
cessful cytoduction was scored by the ability to grow on YP
+ glycerol. Rho™ haploids were then printed to a lawn of
the killer sensitive strain 5X47. Halos indicating mainte-
nance of the killer plasmid on 4.7 MB plates were scored
after 2 days at 20°. Five independent transformants were
used to score the phenotype.

Enzyme assays: Beta-galactosidase (lacZ) expression from
the GALI-lacZ fusion, pRY 181 integrated at the LEUZ2 locus
was assayed as described previously (YOCUM et al. 1984;
FLIcK and JOoHNSTON 1990). Yeast were grown in SD-Ura
medium containing either 2% glucose or 2% galactose.
Enzyme activity for the recombinant p5083 is the average
of four independent recombinants. Invertase was assayed as
described previously (GOLDSTEIN and LAMPEN 1975; NEI-
GEBORN and CARLSON 1984). Repressed cultures were
grown to mid-log phase in 2% glucose, and cells were
derepressed for 3 hr in SD-Ura+ 0.05% glucose. The results
reported are the average of two assays.

RESULTS

Recovery of the HIS3 gene using pBM2240: To
establish that the yeast DNA in lambda clones can be
recovered in a yeast plasmid, a lambda phage that was
previously shown to contain the HIS3" gene was used.
A his3 mutant (YM3033) was cotransformed with
DNA from the HIS 3*-containing lambda clone (5380)
and either with either of two different plasmid vectors
containing homology to the arms of the lambda clon-
ing vector flanking the inserted yeast DNA sequences.
Plasmid pBM2240 (Figure 1) contains the lambda arm
DNA fragments in the same relative orientation as
they exist in the lambda clone; pBM2241 contains the
lambda left arm fragment in the opposite orientation.
Only pBM2240 is predicted to yield a closed circular
plasmid through a double recombination event be-
tween the vector and the lambda clone.

Both pBM2240 and pBM2241 are capable of au-






