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ABSTRACT

Although nuclear transformation of C. reinhardtii using homologous
markers for mutant rescue is now a routine procedure, attempts to express foreign
genes in this alga have been conspicuously unsuccessful. Several reasons have
been proposed including a biased codon usage in C. reinhardtii nuclear genes,
the methylation of foreign DNA or the incompatibility/absence of untranslated
elements in the introduced DNA such as promoters, polyadenylation signals and
introns.

In this thesis evidence is presented for the expression of a bacterial gene in
C. reinhardtii. A construct in which the phleomycin resistance gene (ble) of
Streptoalloteichus hindustanus is flanked by the 5’ and 3’ untranslated regions
of a C. reinhardtii nuclear gene, was introduced into an arg7 mutant by co-
transformation with the ARG7 marker. Screening of arg+ transformants revealed
that ~3% are resistant to Pm. However, Southern analysis showed that ~90% of
the transformant genomes contain the ble gene. Western analysis of co-
transformants using antibodies against the Sh.ble protein revealed that it is
present in the PmR cells. Crosses between Pm65 (a PmR transformant containing a
single copy of the ble gene) and wild type cells demonstrated that the PmR
phenotype segregates in predicted Mendelian ratios in progeny. Southern
analysis of these progeny has revealed that the ble gene co-segregates  with the
Pmr phenotype.

By modification of the transformation method a protocol has been
developed that allows the direct selection of nuclear transformants at a low level

using the ble construct. Studies into parameters affecting the rate of



transformation were conducted and the results presented.

The sequence of a cDNA clone for the gene RPL41 encoding the
ribosomal protein L41 subunit gene is presented. The potential of using a mutated
version of RPL41 as a selectable marker in nuclear transformation to confer

resistance to the translation inhibitor cycloheximide is considered.
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The force that through the green fuse drives the flower
Drives my green age; that blasts the roots of trees

Is my destroyer.

Dylan Thomas
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INTRODUCTION
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11  Chlamydomonas reinhardtii as a model system

1.1.1 Historical perspective

The unicellular green biflagelate alga Chlamydomonas reinhardtii (figure
1.1) has been used (for many years) as a model system for studying diverse
aspects of biochemistry, cell biology and genetics and has itself been the subject
of investigation for over a century (Trainor & Cain, 1986).

Of the order Volvocales and family Chlamydomonadaceae (Bold and
Wynne, 1985), the genus Chlamydomonas contains several hundred described
species (Ettl, 1976). The genus has a wide distribution (Bishoff, 1959), and species
are not limited to marine and freshwater environments but are also found in soil
(Hilton & Trainor, 1963) and in the atmosphere (Brown et al. 1964). The species
C. reinhardtii was isolated from nature by Reinhardt in 1876 who believed it to
be an example of Chlamydomonas pulvisculus (Reinhardt, 1876). However,
studies by Dangeard in 1888 revealed the isolate to be a separate species and he
renamed it C. reinhardtii in honour of Reinhardt (Dangeard, 1888).

Although the presence of a mating cycle and even the necessity for
starvation to induce a mating reaction was discovered quite early (Klebs, 1869),
the majority of early work with Chlamydomonas was descriptive (e.g. Kater,
1929; Strehlow, 1929), although Pascher (1918) had reported the segregation of
various characteristics in sexual crosses. The use of C. reinhardtii as a genetics
model progressed when Smith and others began isolating zygospores from nature
and germinating these (e.g. Smith, 1946; Lewin, 1949) thus obtaining mating pairs
from a single isolate. The majority of the diverse collection of laboratory strains

available in the different culture collections worldwide (e.g. Harris, 1984) belong
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to a traceable lineage descended from an original mating pair, 137¢ (mt+) and
137¢ (mt-) isolated by Smith in 1945. Genetic analysis using C. reinhardtii
blossomed in the 1950s. The discovery of the non-Mendelian inheritance of
certain antibiotic resistances (Sager, 1954) and the construction of the first
genetic map for the species (Ebersold and Levine, 1959; Ebersold et al., 1962)
raised the status of C. reinhardtii as a genetics model, and on this foundation the

experimental work of subsequent decades has been built.

1.1.2 Advantages of C. reinhardtii as a model system

C. reinhardtii has a number of advantages that make it an ideal choice as a
model system for studying a wide variety of biological phenomena. Firstly the
ease of culture: C. reinhardtii can be maintained on inexpensive and easily
prepared media (Gorman and Levine, 1965; Surzycki, 1971). Stocks can be
maintained on media solidified with agar for up to eight weeks without
restreaking, however these vegetative cells can be rapidly cultured in liquid
medium (mean generation time of approximately eight hours) to produce large
quantities of material for analysis. There are large culture collections available
world wide (e.g. Harris, 1984), containing a broad spectrum of both wild type and
well characterised mutant strains.

C. reinhardtii has a small (1x105 kbp) haploid genome (Weeks, 1992), and
both dominant and recessive mutants can therefore be produced without being
masked by a wild type allele. Under appropriate environmental conditions, C.
reinhardtii undergoes a simple sexual cycle (Sager and Granick, 1954) (figure
1.2). In conditions of nitrogen starvation, vegetative cells undergo
gametogenesis. These haploid gametes can fuse with a gamete of the opposite

mating type to form a diploid zygote. Following meiosis, a tetrad containing four

20
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haploid progeny is produced in which nuclear genes are inherited in Mendelian
ratios (2:2) and organellar genes are inherited uniparentally (chloroplast genes
from mt+ parent and mitochondrial genes from mt- parent) thus allowing classical
genetic analysis from crosses.

Several features of C. reinhardtii make it well suited to studying specific
biological phenomena. For example, the photosynthetic apparatus of C.
reinhardtii closely resembles that of higher plants. The fact that cells are able to
dispense with photosynthesis when grown on a reduced carbon source such as
acetate (Levine, 1968) means that otherwise lethal photosynthetic mutations can
be produced.This allows a genetic study of photosynthetic function. Furthermore,
C. reinhardtii possesses a single, large (ca. 40% of the total cell volume),
chloroplast with a relatively low copy number (80 - 100) of the chloroplast
genome. This has led to the development of an efficient transformation system for
this organelle (Boynton et al., 1988) and the study of chloroplast-encoded
photosynthetic components using reverse genetic techniques.

Another fruitful area of Chlamydomonas research is motility. C.
reinhardtii possess flagella with a classic 9+2 axoneme structure (Ringo, 1967),
that exhibit both flagellar and ciliary motility. The dissection of flagellar motility
using Chlamydomonas has been studied since the generation of motility mutants
in the 1950s (Lewin, 1954) and Chlamydomonas is now one of the main
organisms used for genetic and biochemical analysis of eukaryotic flagellar
assembly and motility (Johnson, 1995).

The possession of an eyespot (Sager and Palade, 1957) means that
Chlamydomonas is also used as a model for many photoresponses (Witman,
1993) and the attractiveness of a single cell system that allows for combined

genetic and biochemical studies has led to Chlamydomonas being used for the
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investigation of a wide range of metabolic pathways including, respiration,

nitrogen assimilation, lipid metabolism and sulphur metabolism (Harris, 1989).

1.2  The need for a transformation system

It became apparent from the early 1980s that a major limiting factor in
using C. reinhardtii as a model system was the absence of a procedure for
introducing modified or novel DNA sequences into the genome of this alga
(Harris, 1989). The ability to introduce and express exogenous DNA is a powerful
tool and is a necessity for many molecular biological techniques. The availability
of transformation systems in other organisms has increased the scope of
investigations that can be undertaken and increased our knowledge of the

molecular basis underlying many biological phenomena.

1.2.1 Transformation of other organisms
Protocols for transforming the bacterium Escherichia coli have been
available since the early 1970s when it was demonstrated that treating cells with

CaCl, promoted uptake of bacteriophage A DNA (Mandel & Higa, 1970) and

plasmid DNA (Cohen et al., 1972). The whole science of genetic manipulation is
based on the concurrent development of techniques to cut and join DNA
" molecules in vitro and this ability to introduce exogenous DNA into bacterial
cells where it is stably maintained. The first cloning experiments using these
techniques were reported over twenty years ago (Jackson et al., 1972; Lobban &
Kaiser, 1973), and E. coli remains the major host organism in which genetic
manipulation is performed. The amplification of specific ‘clonal’ fragments of

DNA in E. coli is desirable for a number of reasons, for example: the amplification
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of a fragment that can subsequently be used as a template for radiolabeling as a
probe or as a template in a sequencing reaction; the amplification of a variety of
different clones in separate hosts representing a ‘library’ of DNA from another
organism, and the expression of exogenous genes and foreign protein production
by linking the gene to E. coli controlling elements. Whilst the construction of
hybrid molecules in vitro and their amplification in E. coli is routine, for certain
investigations it is desirable to introduce the DNA into a different organism. This
may be for the following reasons;

i) The modification of gene activity by the introduction of additional copies
into the genome, or the introduction of antisense constructs.

it) The manipulation of endogenous genes via gene disruption (gene
knockout) or site directed mutagenesis.

i)  The generation of ‘tagged’ mutants as a result of the integration of
transforming DNA into the genome.

iv)  The complementation of mutated genes with the cloned wild-type version
or homologous foreign genes - either by transformation with individual clones or
by ‘shot gun’ transformation using gene libraries.

V) The expression of foreign genes, either to confer a novel phenotype in the
organism or to allow production of recombinant protein.

For the synthesis of foreign proteins, choice of host is particularly
important. Prokaryotic and eukaryotic genes have different structures, both in the
structure and arrangement of non-translated controlling elements and notably the
presence of non-translated elements (introns) which interrupt many eukaryotic
coding sequences and are removed from RNA transcripts prior to translation.
Eukaryotic proteins in addition often undergo post translational modification for

example glycosylation, For these reasons active eukaryotic proteins will often
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need to be expressed in a eukaryotic host that can splice introns and effect post
translational modifications.

As a consequence of these reasons, transformation systems have been
developed in organisms other than E. coli. Other bacteria can be transformed,
notably the gram positive, spore forming, aerobe Bacillus subtilis in which
transformation is understood in some detail (Venema, 1979). Transformation
systems are also available for yeast and other lower eukaryotes. The budding
yeast Sacchromyces cerivisiae was first transformed by fusing yeast spheroplasts
with polyethylene glycol (PEG) in the presence of DNA and CaCl, Leucine
auxotrophs were transformed to prototrophy by the integration of a wild type
copy of the Leu2 gene within a chromosome (Hinnen et al., 1978). Yeast nuclei
have also been transformed by agitating cells in the presence of glass beads and
the transforming DNA (Costanzo & Fox, 1988). A variety of ‘shuttle vectors’
have been developed for use in §. cerivisiae that have the ability to replicate in
E. coli and which can exist extrachromosomally as circular plasmid molecules in
S. cerivisiae; The yeast episomal plasmid (YEp) which is based on the naturally
occurring 2um plasmid (Beggs, 1978), the yeast replicating plasmid (YRp) which
contains a chromosomally derived autonomously replicating sequence (ars)
(Struhl et al., 1979) and the yeast centromere plasmid (YCp) which was
developed from the YRp vectors but contains a centromere and thus stabilises the
plasmid in mitosis and meiosis (Clarke and Carbon, 1980). The culmination of this
work has led to the production of yeast artificial chromosomes (YACs) which are
linear molecules bounded by cloned telomeres (Szostak & Blackburn, 1982). As
these molecules behave as mini-chromosomes very large fragments of DNA

(greater than 40 kb) can be cloned into them.
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The fission yeast Schizosacchromyces pombe can be transformed by a
number of methods including; the spheroplast method (Beach & Nurse, 1981) the
use of lithium acetate (Ito er al., 1983), lithium chloride (Broker, 1987),
electroinjection (Hashimoto et al., 1985) and electroporation (Hood & Stachow,
1990). S. pombe have been used in many molecular genetic studies. Genes have
been cloned by functional complementation whereby genomic or cDNA libraries
are introduced into mutant cells which are then either selected by or screened for
the complementation of the mutant phenotype. Because homologous
recombination occurs readily in S. pombe gene replacement is possible. A gene
fragment containing a selectable marker can be used to transform S. pombe to
create a null mutant (Rothstein, 1991). Alternatively genes that are essential for
viability can be mutated in vitro and then transformed into a host and the wild
type gene replaced by homologous recombination (Shortle et al., 1984). S.
pombe has also been used to clone genes from other eukaryotic organisms, for
example the human homologue of the fission yeast cell control cycle gene cdc2
which was cloned by complementing an S. pombe cdc2- mutant with a human
cDNA library (Lee & Nurse, 1987).

The slime mould Dictyostelium discoideum, which is used as a model
organism for studying cell differentiation (Loomis, 1982), is another example of a
lower eukaryote for which a transformation system has been developed. The first
readily reproducible transformation of D. discoideum involved introducing a
hybrid construct containing 5’ untranslated region (UTR) sequence from an
endogenous gene linked to the bacterial neomycin resistance (NeoR) gene from

the bacterial transposon Tn5, using a CaPO4 precipitation method (Nellen et al.,

1984). Transformation rates were subsequently improved by including on the
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construct 3° UTR sequences from an endogenous D. discoideum gene (Nellen &
Firtel, 1985). Disruption of an endogenous gene by homologous recombination
with transforming DNA has been achieved in D. discoideum (De Lozanne &
Spudich, 1987) and it has also been demonstrated by pulse field gel
electrophoresis that in this system transforming DNA can integrate into
chromosomes at a number of separate sites within a single transformant (Cole &
Williams, 1988). Interestingly, when transformation of D. discoideum is performed
in the presence of a restriction enzyme together with transforming plasmid DNA
that has been linearised by the same enzyme, transformation rates increase 20-
fold. The DNA is found to integrate at sites determined by the added recognition
site of the added enzyme in >70% of transformants. This approach has led to the
cloning of genes by insertional mutagenesis (Kuspa & Loomis, 1992).

Transformation systems are not limited to prokaryotes and lower
eukaryotes. Both higher plants and animals have also been transformed, thus
enabling the manipulation of their genomes and an extension of the scope of
molecular genetic investigations available in these organisms.

The transformation of plants is primarily achieved by the introduction of
foreign DNA carried on the modified Ti plasmids of Agrobacterium tumefaciens.
In nature A. tumefaciens is able to transfer the T-DNA region of the Ti plasmid
into the nuclear genome of cells adjacent to a wound site. These cells are then
transforqu to oncogenic growth (Zaenen et al., 1974). The use of Ti plasmids of
A. tumefaciens has been exploited to introduce foreign DNA to plant cells
(Herrera-Estrella er al., 1983a) and the inclusion of selectable markers on the
construct (Herrera-Estrella er al., 1983b) has led to the direct selection of
transformed plant cells which, under appropriate hormonal regimes, can be

regenerated into whole plants. Transformation with Ti plasmid vectors is limited to
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dicotyledons and a few monocotyledonous species but other methods of
transformation have been developed including; direct gene transfer to protoplasts
(Paszkowski et al., 1984), the fusion of protoplasts to liposomes containing DNA
(Deshayes et al., 1985), microinjection of protoplasts (Crossway et al., 1986),
macroinjection into meristematic inflorescences (De la Pena et al., 1987) and
particle bombardment (Klein et al., 1987), thus allowing the transformation of
monocotyledonous plants (e.g. Gordon-Kamm et al., 1990). This technology has
been used for crop improvement and has led to the production of transgenic
plants that are resistant to plant pathogens (e.g. Gehrlach et al., 1987) or are
resistant to herbicides (e.g. De Block et al., 1987). In addition the introduction of
‘antisense’ constructs (genes in the reverse orientation linked to a promoter such
that an RNA molecule complementary to the wild type gene transcript is
produced) has led to the silencing of specific genes in plants, for example the
antisense inhibition of the polygalacturonase gene in tomatoes to slow the
ripening process (Smith et al., 1988).

Although homologous recombination occurs efficiently in lower
eukaryotes like yeast, other fungi and D. discoideum (Hinnen et al., 1978; De
Lozanne & Spudich, 1987; Miller et al., 1987), the integration of transforming
DNA into the genomes of higher eukaryotes predominantly by random (non-
homologous) recombination. This makes the selection of rare homologous
recombination events dependant upon an efficient selection system (Paszkowski
et al., 1988). This allows gene replacement experiments in higher plants although
a low ratio of homologous to random integration (less than 10-4) means that it is
far from routine. The availability of transformation systems for plants has also
made possible the study of developmental (Forde et al., 1989) and tissue specific

(Edwards et al. 1990) gene expression in plants by the introduction of reporter
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genes such as the bacterial B-glucuronidase (#idA) gene (Jefferson et al., 1986)
linked to the promoter of the gene under investigation.

The transformation of animal cells was first achieved by the introduction of
exogenous DNA to mammalian cells in tissue culture (Szybalski & Szybalski,
1962). DNA is co-precipitated with calcium phosphate and the insoluble granules
are taken up by the cells by phagocytosis. Some of the DNA is stably integrated
into the nuclear genome and expressed (Graham & Van der Eb, 1973).
Modification of the basic protocol has led to increased transformation efficiency
with this method (Chu & Sharp, 1981). Other methods for the transformation of
animal cells in culture include: the fusion of cells with bacterial protoplasts
containing the transforming DNA (Schaffner, 1980); microinjection (Kondoh et
al., 1983); electroporation (Neumann et al., 1982) and lipofection (Felgner et al.,
1987). One of the first selectable markers used was the thymidine kinase (¢k) gene
which was introduced to TK- cell lines. Transformants were selected by growth in
HAT medium (containing hypoxanthine, aminopterine and thymidine) as
aminopterine & hypoxanthine are toxic to k- cells*. The introduction of a second,
unlinked, non-selected DNA species was performed by co-transformation (Wigler
et al., 1979). However this limited transformation to cell lines with a TK-
phenotype. Subsequently many dominant selectable markers have been
developed, for example the bacterial NeoR gene (Berg, 1981). Vectors for the
transformation of mammalian cell culture lines have also been developed
including ones based on the promoters and 3° UTR sequences of simian virus
(pSV2) and Rous sarcoma virus (pRSV) genes. These vectors have been
engineered to contain selectable markers such as the NeoR gene e.g. pSV2-neo

(Southern & Berg 1982) and pRSV-neo (Gorman et al., 1983). In co-
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transformations (e.g. Wigler et al., 1979) the selected DNA, the unselected DNA
and the carrier DNA form large concatameric structures that are integrated at
(usually) a single random site in the genome but are susceptible to deletion at a
high frequency (Perucho et al., 1980). Using the pSV2 or pRSV vectors results in
the integration of mainly single copies, again at random chromosomal locations
(e.g. Southern & Berg, 1982).

In animal cells (like plants) the predominant integration pattern is random
or non-homologous recombination. To select for rare homologous recombination
events one needs a system in which transformants produced in this way can be
distinguished from the more common random integration. The introduction of
genes with selectable phenotypes allows for such a system,; either by the selective
inactivation of an introduced gene or the activation of a mutated introduced gene
that will occur only if integration is by homologous recombination between the
endogenous and introduced copies. Thomas et al. (1986), demonstrated
homologous recombination in animal cells via the recombination and activation of
of a mutated test gene (neo) that would only be activated upon recombination
with another mutated copy within the cell, thus enabling the selective detection
of rare homologous recombination events. This system relies however upon the
gene to be replaced having a selectable phenotype. An alternative system
developed by Mansour et al. (1988) relies on introducing two selectable markers:
‘one a positive marker flanked by homologous sequences, the other a negative
marker located outside the region of homology. In this system transformants are
selected by the positive marker. The inclusion of a negative marker on the
construct allows for the ‘suicide’ selection of all illegitimate recombination
events. This is achieved by including a non-toxic substrate in the medium which

can be metabolised by the negative selection marker to produce a product that is
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toxic to the host cell. Transformants generated by homologous recombination will
result in the introduction of the positive marker but not the negative marker. Such
transformants are therefore resistant to suicide selection. In the system pioneered
by Mansour et al., (1988) the NeoR gene is cloned within an intron of the gene to
be modified and the ¢tk gene from herpes simplex virus (HSV) is also included at a
separate location on the construct. Transformants are selected on the basis of a
NeoR phenotype. Rare homologous recombinants are then selected from this
population by gancyclovirR since HSV-tk+ cells are sensitive to gancyclovir.

The techniques developed for the introduction of exogenous DNA to
cultured mammalian cells has led to the production of whole organisms that carry
foreign DNA, for example transgenic mice. Transgenic mice can be generated in
two ways. DNA can be microinjected directly into the male pronucleus of a
fertilised egg which is subsequently reimplanted into psuedopregnant mice
(Brinster et al., 1981). Pregnancy is allowed to go to full term and transgenic
progeny are identified by isolation of DNA from a short segment of tail and
hybridisation to the transgene labelled as a probe. This method leads to the
production of transgenic mice in which the transgene has generally integrated at
a random chromosomal location. To generate transgenic mice with homologously
integrated transgenes, pluropotent embryonic stem (ES) cells must first be
transformed in tissue culture and homologous recombinants selected as described
above (Mansour et al., 1988). These cells can then be introduced into a
developing embryo at the blastocyst stage and the embryo reintroduced to the
mother as before. Chimeric mice thus generated are then crossed until a mouse
derived entirely from the transgenic ES cells is produced.

The development of transgenic mice (and other animals) have opened up
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many avenues of research in the field of mammalian molecular genetics: the
generation of tagged mutants by insertional mutagenesis (Palmiter & Brinster,
1986); the study of gene regulation (e.g. Grosveld et al., 1991); the production of
models for oncogenesis (Sinn et al., 1987) and as models for inherited human

diseases (Stacey et al., 1988).

1.2.2 The need for a transformation system in C. reinhardtii.

The range of investigations and applications that the transformation of
other organisms has enabled, demonstrates both the importance and the
desirability of a transformation system for C. reinhardtii. The utility of an
organism for research is greatly enhanced by a transformation system and without
it the type of experiments that are described above in section 1.2.1 would be

impossible.
1.3  Early transformation attempts in C. reinhardtii.

The first demonstration of the uptake of exogenous DNA by C.
reinhardtii was reported in 1975 (Lurquin & Behki, 1975). 3H labelled bacterial
DNA was introduced into C. reinhardtii cells by incubating them with the DNA
in the presence of the polycations diethylaminoethyl (DEAE)-dextran, poly-L-
lysine and poly-L-orthinine. No evidence for the integration of detectable
amounts of [3H]DNA was obtained, however radioactivity corresponding to the
integration of [3H]thymine recycled from the degradation of the incoming
[3H]DNA was detected. Using the poly-L-orthinine method (Lurquin & Behki,

1975) and the PEG method developed for the transformation of yeast (Hinnen et
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al., 1978) Rochaix and colleagues presented evidence for the transformation of
the C. reinhardtii strain arg7-cwl5 to arginine prototrophy using the
corresponding yeast gene arg4 (Rochaix & van Dillewijn, 1982; Rochaix et al.,
1984). However, the transformation rate was close to the reversion rate of arg7
and although it was shown that some transformants contained the foreign DNA
sequences, it was not demonstrated that this DNA was responsible for the Arg+
phenotype. Several laboratories have reported the use of bacterial genes to
transform C. reinhardtii to kanamycin resistance (KanR). For example, Hasnain e?
al. (1985) used the pSV2neo construct that contains the aminoglycoside 3’
phosphotransferase gene under the control of the simian virus early promoter
(Southern & Berg, 1982) and Bingham et al. (1989) used the neomycin
phosphotransferase II gene under the control of the octopine synthetase
promoter from a Ti plasmid (ocs- npt II). Transformation was again at a very low
level and of all the putative transformants, only one appeared to be stable. In
addition, whilst bacterial DNA sequences were shown to be present, in neither
case was it demonstrated that it was responsible for the KanR phenotype. The use
of KanR as a selectable marker for the nuclear transformation of C. reinhardtii
has been further questioned since it has been discovered that spontaneous
kanamycin resistance appears at a high frequency due to mutations in
chloroplastic ribosomal DNA (Harris et al., 1989). Neither the use of arg4 or NeoR

as a selectable marker was found to be reproducible by other laboratories.

33



1.4  Nuclear transformation of C. reinhardtii.

1.4.1 The use of endogenous genes to transform mutants of C. reinhardtii

A breakthrough in the nuclear transformation of C. reinhardtii occurred
when cloned endogenous genes and new transformation techniques were used
to rescue mutant strains. A ‘biolistic’ transformation system in which recipient
cells are bombarded with tungsten microprojectiles coated with DNA (Klein et al.,
1987) had previously been used previously to transform the chloroplast genome
of C. reinhardtii (Boynton et al., 1988). The use of this ‘biolistic’ technique led
to the rescue of mutants with wild type copies of the argininosuccinate lyase
gene ARG7 (Debuchy et al., 1989), the nitrate reductase gene NIT1 (Kindle et al.
1989) and the oxygen evolving enhancer protein 1 gene OFEE1 (Mayfield &
Kindle, 1990). Using ARG7 plates containing ~107 arg7 cells were bombarded
with the transforming DNA. After 24 hours recovery, cells were resuspended in
one millilitre of liquid medium and replated on a selective medium (lacking
exogenously added arginine). After a week, transformants appeared at 20-50
colonies/plate. Experiments using supercoiled and linear DNA were found not to
affect the transformation rate. Genetic analysis of DNA from transformants
revealed that integration was not at the ARG7 locus however the possibility of
homologous recombination via the extensive repetitive DNA sequences found in
the ARG7 introns and throughout the genome was not ruled out (Debuchy er al.,
1989). Using the NIT1 gene, which is required for growth when nitrate is the sole
nitrogen source, ~2x108 nitl cells were bombarded and subsequently selected on
medium containing nitrate as the sole nitrogen source. Transformants were

observed at 2-10 colonies/plate and, as with ARG7, the use of linear or
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