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Abstract

Replication fork staling is a source of potentially tumourigenic genomic
instability. The RecQ family helicase, Rghl, is critical for the prevention of replication
fork collapse and the formation of potentially deleterious recombination intermediates
following fork stalling. Previous work in our lab with Schizosaccharomyces pombe
(fission yeast) has shown that rqgh1%rgh1° diploids are inherently unstable and show rapid
reversion to the haploid state. The current work exploits this characteristic of fission yeast
rgh1° mutants in a screen for genes that normally promote replication associated genomic
instability. The rgh1’rad3® mutant strains employed in this work incorporate the
checkpoint deficiency caused by a lack of Rad3, so as to exacerbate the genomically
unstable nature of this model. The current work describes the lithium acetate
transformation based random mutagenesis by non-homologous integration of the ura4”
selectable marker into the rgh1°ad3° fission yeast strains. This random mutagenesis
generated extensive (24,500 — 50,000) mutant libraries. The quality of the libraries was
assessed by canl mutant assay, confirming an adequately extensive mutagenesis for the
proposed screen. The process to be employed in the screen would involve the crossing of
the mutant libraries, with the hope of generating diploids that will have two mutant copies
of the same gene. Some of these diploids would appear unusually stable, showing a
normal sporulation phenotype. This would indicate the mutation of a gene that normally
promotes genomic instability following replication fork stalling. The practicality of the
proposed screen of a vast number of diploids was assessed and described in detail in the
current work. A technique involving inverse PCR (IPCR) adopted from previous work to
identify mutants of interest, was also investigated. The investigation of this technique,

and the work of others, suggests that transformation using such selectable marker



fragments results in most apparent transformants containing extrachromosomal ura4”
fragments. These fragments are thought to provide the predominant template for IPCR,
rendering the process unsuccessful at identifying the mutation in the current screen.
However, with the mutant libraries generated, and the screen procedure detailed, the stage
is set to conduct the screen once a more appropriate mutation location technique is

identified.
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Chapter 1: Introduction
1.1  Schizosaccharomyces pombe and cell cycle checkpoints:

Schizosaccharomyces pombe (fission yeast) has provided an excellent model for
study of the cell cycle, checkpoint control, and DNA damage and repair mechanisms. It is
a single-celled free living archiascomycete fungus sharing many features with cells of
higher eukaryotes (1). With a 13.8 Mb genome (1) and less than 5000 genes (1), and a
short life cycle, fission yeast provides an easily manipulated laboratory tool for the study
of human disease (1, 2). Understanding of the molecular and biochemical basis of cellular
function tends to progress simultaneously in budding and fission yeast, as it is generally
accepted that if genes are shared between these genetically diverse fungi, then they are
common among all eukaryotes (2, 3). The understanding of the cell cycle and its control
in the face of damaged DNA or threat of genomic instability is no exception to this rule,
with work progressing simultaneously in both yeasts and human cell lines. The focus
organism in the current study isfission yeast, with implication to the understanding of the
molecular basis of human cancer.

The céll cycle is an orderly process undertaken by each cell to reproduce its
genome during the normal growth and development of the organism. The stages of the
cell cycle involve DNA replication (S-phase) and sister chromatid segregation (mitosis),
separated by gap phases where errors in the genome are detected and corrected. The cell
cycle is controlled by positive and negative regulatory biochemica pathways. The cell
cycle checkpoints are considered negative biochemical regulators that involve detection
of DNA damage. Detection is followed by the generation of a signal that is amplified and
transmitted to the cell cycle machinery, resulting in transient arrest of the cell cycle. In

this fashion, the progression of the cell cycle is delayed if the integrity of the genome is



compromised, either as a consequence of normal cellular processes or environmental
factors (3, 4). Cell cycle arrest occurs at several distinct pointsin the cell cycle, indicating
the work of checkpoints. These have traditionally been labeled the G1/S, IntraS, G2/M,
and DNA replication checkpoints, which prevent DNA replication and mitosis in the
presence of damaged or unreplicated DNA (4, 5). The current work involves the
mani pulation of mechanisms underlying the Intra-S and DNA replication checkpoints.
The delay in the cell cycle in response to DNA damage or replication defects
allows for damage repair, and is therefore critical for the maintenance of genomic
stability. Loss of checkpoint function can lead to transmission of damaged or partially
unreplicated DNA to daughter cells, resulting in chromosomal rearrangements,
amplification, and loss (hallmarks of cancer cells) (5). For instance, 25-50% of human
adenocarcinomas have been shown to contain more than nine chromosomal alterations
(6). It has then been proposed that these chromosomal alterations are a reflection of a
much greater number of smaller mutations, like single base substitutions or deletions and
additions of a few nucleotides (7, 8, 9). To account for the large number of mutations in
cancer cells, the “mutator phenotype” hypothesis has been proposed (10, 11, 12). This
theory recognizes the importance of the cell cycle checkpoints, since spontaneous
mutations in such genome-stability genes are considered the basis for neoplastic
transformation. An initial mutation in a genome-stability gene (eg. DNA polymerases,
DNA repair enzymes, DNA damage checkpoint control and chromosome segregation)
either inherited or arising from some mutagenic event, leads to a state of hyper-
mutagenesis, resulting in a cascade of additional random mutations (13, 14). This theory
becomes particularly powerful when combined with a Darwinian approach to selection of

mutations giving a growth advantage (15, 16). It explains the stepwise nature of



carcinogenesis where individual mutations are responsible for each stage in the progress
of a cell from normal somatic cell to malignancy, all starting with the propensity to
generate new mutations caused by a defective genome-stability gene (like those involved
in cell cycle checkpoints). The role of multiple mutations in tumourigenesis has been
most discussed in colorectal cancer, where the high rate of cell division in epithelial cells
may allow for enough random mutations to lead to neoplastic transformation without the
mutator phenotype. However, the low spontaneous rate of mutagenesis of somatic cells
(1.4 X 10 nuclectides/cell/division or 2 X 10" mutations/gene/cell division (14)) and
the very large number of mutations accumulated in tumours (estimated to be as high as
10" or more (17)), means that tumourigenesis in less rapidly dividing tissue would
require the instability generating mutator phenotype (14, 15, 18). In considering the vast
number of mutations that typically accumulate in cancer cells, it is important to note that
only a small number are actually required for the initiation of carcinogenesis. It has been
proposed that as few as 4-7 (or less) genetic hits are enough for carcinogenesis, aslong as
the affected genes include “ gatekeepers’ and “caretakers’ (19, 20).

Several of the checkpoint genes have been associated with human cancers:
HRadl17 is a potential diagnostic tool due to its observed overexpression in lung and
breast cancer (21, 22), mutations of BRCAL in breast and ovarian cancer (23, 24, 25),
BRCA2 in breast cancer (26), CHK2 in Li-Fraumeni Syndrome (predisposition to a
variety of cancers) (27, 28), ATM in ataxia telangiectasia (AT) with effects including
extreme sensitivity to ionizing radiation and cancer predisposition (29, 30, 31, 32), and
most significantly, the “cellular gatekeeper for growth and division”, p53 (33), which has
been associated with over 50% of human cancers (33, 34). Also implicated in cancer, and

working closely with the cell cycle checkpoints are the DNA damage repair pathways:



Xeroderma pigmentosum is seen in nucleotide excision repair (NER) deficient individuals
(35), and hereditary and sporadic forms of colon cancer in DNA mismatch repair (MMR)
individuals (36, 37, 38, 39, 40). To further illustrate the significance of these pathways in
human cancer, it is useful to consider a classification of the kinds of genes that have been
found to contribute to cancer when they are mutated (more than 1% of all genes in the
human genome (41)), noting that cell cycle control and repair pathways constitute a major
part of this list: @) genes encoding growth factors and growth factor receptors; b) genes
participating in signal transduction and otherwise in the cell cycle; c) transcription-
controlling genes and other genes encoding nuclear proteins; d) genes involved in DNA
repair and chromosomal replication, mitotic segregation and telomere maintenance; €)
genes responsible for triggering apoptosis of abnormal cells; and f) genes involved in
interactions of cells with the extra-cellular matrix and blood vessels (42).

1.2  Thecheckpoint proteins:

Traditionally, checkpoints were thought of as specific points in the cell cycle
where DNA integrity was assessed before allowing the cell cycle to continue (43).
However, recent research has suggested that the checkpoints are not restricted to specific
points (such as phase transitions), but rather are found to act throughout the cell cycle
(44). The checkpoints are best regarded as biochemical pathways that continuously
monitor genome integrity, and in response to the state of the DNA, control the cell cycle.
These signa transduction pathways can be thought of as being comprised of sensor,
transducer, mediator/adaptor and effector elements. In response to DNA damage or
blocked DNA replication, a signal is generated, amplified, and relayed to specific target
molecules that arrest the cell cycle until the lesion is repaired (5). It is also important to

recognize that cell cycle arrest is not the only function of these checkpoints (45). These



checkpoints also control the activation of DNA repair and the movement of repair
proteins to damage sites (46, 47, 48, 49), transcriptional programs (3), telomere length
(50) and apoptosis (51).

As previously mentioned, understanding of the checkpoints tends to progress
simultaneously in mammals, budding and fission yeast. The following discussion
therefore focuses on the elements common to all, using the terminology relevant to fission
yeast, unless otherwise stated. Refer to Table 1 to cross-reference homologous proteins
between organisms.

Since the proteins involved in regulating progression through the cell cycle are
also involved in the checkpoint responses, it has been proposed that the DNA damage
checkpoint response is the damage-induced amplification of a biochemical pathway that
is operative under normal growth conditions (44, 52). The checkpoint response thus
begins with detection of damaged DNA, where damage sensor proteins recognize specific
aberrant DNA structures amongst an excess of related structures (undamaged DNA) (44).
Such aberrant structures include single and double strand breakage, damaged bases, UV
radiation induced cyclobutane pyrimidine dimers and (6-4) photoproducts, and most
relevant to the current work, stalled and collapsed DNA replication forks (44, 53, 54).

Due to structural and sequence homology between the damage sensors Rad17 and
the Rad9-Radl-Husl (9-1-1) complex and the DNA replication complexes RFC and
PCNA (55, 56), the known function of these replication proteins has been inferred on the
DNA damage sensors. During replication, the RFC1-5 complex is considered a “ clamp-
loader” which binds to primed DNA and recruits the homotrimeric doughnut-ring-like
PCNA (“clamp”) to form a dliding clamp that tethers DNA polymerases to the DNA

template (57, 58). PCNA then acts to tether replication proteins (59).



Table 1. Selected checkpoint protein analogs in common model organisms.

Protein Function Fission yeast Budding yeast Mammals

Sensors.

RFC1-like Radl7 Rad24 Radl7

PCNA-like Rad9 Ddcl Rad9
Radl Radl
Husl Mec3 Husl

Mediators: Crb2 Rad9 BRCA1
Rad4 Dpbl1l TopBP1
Mrcl Mrcl Claspin

Transducers:

PI3-kinases (PIKK) | Rad3 Mecl ATR
Tell Tell ATM

PIKK binding Rad26 Ddc2 ATRIP

partner

Effector Kinases: Chk1 Chk1 Chk1
Cdsl Rad53 Chk2

Adaptor: Mrcl Mrcl Claspin




Current understanding of Radl7 and 9-1-1 complex function fits this model.
Rad17, which is chromatin-associated throughout the cell cycle (60), recruits the 9-1-1
complex to sites of DNA damage (61). The 9-1-1 complex then acts to tether signaling
and repair molecules to the damage site (62, 63). Rad17 shares homology with all five
subunits of RFC (replication factor C) (64). Interaction between Radl7 and the 9-1-1
complex has been shown in humans and fission yeast (65, 66), and after DNA damage the
9-1-1 complex becomes extraction resistant and chromatin-bound (67), suggesting that
Rad17 (“clamp loader”) loads the 9-1-1 complex (“clamp”) onto sites of DNA damage.

The “sensor kinases’ or transducers include Rad3 (ATR in mammals) and Tell
(ATM in mammals) which are recruited by the 9-1-1 complex and act at the top of the
checkpoint signaling pathways (68, 69). It has been proposed that signaling pathways
responding to DNA damage can be divided into two basic types, stemming from the
recognition of two basic molecular structures: Rad3/ATR in response to single strand
DNA, and Tell/ATM in response to double strand breaks (70). Interacting proteins
include Rad26 which has been shown critical to mitotic arrest and forms a complex with
Rad3. This heterodimer can bind DNA independently of the other checkpoint proteins
(Husl, Radl, Rad9 and Radl7) (71). Rad26 shows Rad3 dependent phosphorylation
following DNA damage and only Rad26 is required for Rad3 kinase activity (71, 72). The
importance of Rad4 in the checkpoint signal initiation has also been demonstrated (62,
73). A complex of Rad9-Rad4 forms following Rad9 C-terminus phosphorylation,
promoting the formation of a Rad3-Rad4 complex which acts as a signa initiator (62).
Rad4 aids in bringing Crb2 and Chkl into proximity of Rad3 in response to DNA
damage, and Mrcl during S-phase (recruiting Cdsl for activation by Rad3) (62).

Substrates for phosphorylation by Rad3 are recruited independently of Rad3, perhaps by



Rad4 as mentioned above, and perhaps by the Rad17-RFC complex (74). Among the
substrates phosphorylated by Rad3 are the adaptor proteins Crb2 (related to the breast and
ovarian cancer associated genes BRCA1 and BRCA2 (75, 76)) and Mrcl which lead to
the activation (by Rad3) of downstream effector kinases Chkl in response to DNA
damage, and Cdsl in response to blocked DNA replication (76). The active effector
kinases then control the cell cycle: Chkl (activated by damage specific structures) and
Cdsl (activated by replication specific structures) (77), phosphorylate Cdc25 which
promotes its binding to 14-3-3 proteins, preventing it from activating Cdc2, thus
preventing mitosis (78).

Rad3 is a protein kinase of 2396 amino acids, and has been found critical for
checkpoint response to DNA damage (79, 80), S-phase arrest (77, 81), and the S-phase
checkpoint (DNA damage signal viathe intra-S checkpoint and aberrant replication forks
via the replication checkpoint) (77, 81). The DNA damage checkpoints have actually
been pin-pointed in the cell cycle by the observation of Rad3 phosphorylation of Chk1 in
response to damage during late S-phase and G2, but not during Gl/early S-phase or
mitosis (82). It is also interesting to note that following DNA damage, Rad3 is only
required to initiate the DNA damage checkpoint response, but following S-phase arrest,
Rad3 is required to initiate and maintain the DNA replication checkpoint response,
further demonstrating its importance in the current screen (82).

1.3  The S-phasecheckpoints:

Of particular relevance to the current work is the way in which cells dea with
aberrant replication forks during S-phase. As described above, the traditional view was
that cells in S-phase activated one of two checkpoint pathways, one to signal DNA

damage through the intra-S checkpoint, and the other in response to aberrant replication



forks through the replication checkpoint (70). However, athough the signal pathway
response to DNA damage and repair differs in certain aspects to the response to stalled
replication forks (the purpose of which is to stabilize stalled forks and resume
replication), the end result is the same: the cell cycle is arrested to prevent mitosis in the
presence of damaged DNA or incomplete replication (70, 76, 83). It has thus been
proposed that the two responses above can be integrated into one pathway, termed the S-
phase checkpoint (70). It has also been suggested that this regulation of DNA replication
by checkpoint controls may be the most important, since replication fork collapse leads to
chromosome rearrangements (genome instability). These rearrangements can lead to
altered gene expression, resulting in cancer if important mechanisms like the cell growth
machinery are altered (as through the activation of oncogenes) (70).

Fidelity in DNA replication is critical to ensure the integrity of the genome passed
to daughter cells. Thus, dealing with perturbations from intrinsic replication errors or
external agents, is a challenging but important role of the replication machinery (76). The
genome is especialy vulnerable to mutation and destabilization during S-phase since
strands are separated, leaving sSDNA exposed to mutagens (84). Replicational stress can
be caused by malfunctioning replication machinery (85), blockage of replication fork
progression by DNA damage (such as UV-induced lesions, adducts and abasic sites) or
lack of dNTPs (84, 86). In dealing with these perturbations, the checkpoint machinery
blocks cell cycle progression, downregulates later origin “firing”, stabilizes stalled
replication forks and facilitates restart of collapsed forks (87). The Rad3-Cdsl pathway is
largely responsible for this checkpoint response, and the stabilization of stalled replication
forks is essential to ensure the continuation of replication without generating genomic

instability (88). The purpose of stabilization is to maintain the replisome enzymes at the



site of DNA incorporation, and to protect the newly synthesized DNA ends, so that
replication can continue when the problem is resolved (89). If replication forks are not
stabilized, replication fork “collapse” results. This is where the replication proteins
become dissociated from the DNA, generally resulting in strand breakage, and
recombination is then required to resume replication (89).

The stabilization of stalled replication forks is the most critical stage in dealing
with replication perturbations. Without being re-stabilized, the superhelical tension in the
DNA ahead of the fork can cause it to regress so that the two nascent strands separate
from their parental strands and pair with each other (a*“reversed fork”)(90). This structure
is equivalent to a Holliday junction and is also known as a “chicken-foot” structure
(Figure 1) (91). If this structure is not resolved by reverse branch migration, through the
work of a RecQ family helicase, fork collapse can result (86). The broken strands of the
collapsed fork are then resolved by potentially mutagenic recombination (86). The
replication checkpoints overlap with the DNA damage checkpoints in this process. If
replication forks are not stabilized by the Rad3 — Cdsl response, then the collapsed fork is
treated as DNA damage, triggering the Rad3 — Chk1 response that ensures cell cycle
arrest prior to mitosis, and damage repair (76, 82, 92, 93).

Cdsl has been found critical for the stabilization of stalled replication forks
through its regulation of Mus81, Rad60, and Rghl. Rghl is a RecQ related DNA helicase
that acts at stalled replication forks to prevent the aberrant “chicken-foot” structure from
forming, thus promoting polymerase association and inhibiting recombination by clearing
structures that would be targets for nuclease cleavage (94). Mus81 forms a complex with

Emel and is such a nuclease that targets these Holliday junction-like structures formed at

10
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Figure 1: Goal of the screen in the context of replication fork stalling and the

associated signal transduction pathways. Figure 1A illustrates the screen target factors
(denoted by “?”) in the context of Rghl and Rad3 function in response to replication fork
stalling and collapse. Figure 1B includes the checkpoint pathways associated with
replication fork stalling and collapse.

13



stalled replication forks (95, 96). Rad60 is then required for recombinational-mediated
repair of the replication-induced strand breaks (97). Thus, by facilitating the activity of
Rghl (98), causing MusB81 dissociation from chromatin by phosphorylation (88), and
inducing the nuclear delocalization of Rad60 (96), Cdsl prevents the generation of
chromosomal rearrangement and potential genomic instability following stalled
replication forks. Studies have shown that mutator phenotypes caused by mutations in
replication genes are significantly exacerbated by mutations in Cdsl (85, 99). rghl” show
defects in chromosome segregation in mitosis following replication arrest induced by HU
(84), and without exogenous insult to DNA (100). Rghl has also been found necessary to
suppress inappropriate recombination by prevention of Holliday junctions (101). Mus81
is an evolutionarily conserved damage tolerance protein with an endonuclease domain
(76), and interacts with Cdsl through its FHA (forkhead-associated) domain (102). The
Cdsl FHA domain also associates with Rad60 in response to replication arrest (96).
Mus81 is thought to be the eukaryotic Holliday junction resolvase, but has also been
shown to process stalled replication forks by cleavage before regression to form Holliday
junctions, especialy in the absence of Sgsl (Rghl) function in budding yeast (103). It has
thus been suggested that the RecQ and Mus81 pathways act independently at stalled
replication forks to affect the same end of restarting replication (86). Double mutants of
rghl and mus8l are nonviable, demonstrating the importance of each pathway to the
resolution of stalled replication forks (104). It has aso been shown in budding yeast, that
the sgsl (rghl) and mus8l double mutant combined with a mutant homologous
recombination gene such as rad52 (rad22 in fission yeast), results in the lethality being
suppressed (95, 105), suggesting that the lethality caused by a lack of both pathways

results from hyper-recombination leading to devastating genomic instability. The
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resulting theory is that Rghl promotes the reversal of fork regression, preventing
unscheduled recombination, whereas Mus81 promotes fork breakage to a polar double
strand break, allowing the fork to restart by a recombinogenic “ break-induced replication”
pathway (89). A visual depiction of the roles of Cdsl, Rghl, Mus81, and Rad60 in the
context of replication fork stalling and collapse, the associated checkpoint pathways, and
the goal of this study, can be seen in Figure 1B.

Thefission yeast protein Rghl is of particular relevance to the current work. Rghl
has been found critical to recovery from S-phase arrest and in the toleration of DNA
damage during S-phase (84, 98). Rghl isa 3 to 5 helicase and member of the RecQ
family of DNA helicases, of which there are at least 16 members. The number of RecQ
family helicases in each organism increases with complexity, from one in single celled
organisms to at least 5 in humans (106). Rghl is homologous to Sgsl in budding yeast,
and BLM in humans (107, 108). The RecQ family in general, has been shown to process
regressed replication forks to allow resumption of replication, with the universally
conserved phenotype of cells lacking RecQ helicases being S-phase-specific hyper
recombination (94). Included in this family are the human disease associated helicases
BLM (Bloom’'s syndrome), WRN (Werner's syndrome), and the Rothmund-Thomson's
syndrome helicase (109, 110). All are associated with predisposition to malignancies with
patients homozygous for mutations in BLM having increased rates of chromosomal
rearrangement, chromosome breakage, sister chromatid exchange and recombination
(1112, 112). This predisposition to malignancy through demonstrated genomic instability
is explained by the implication of the RecQ family helicases in the resetting of regressed

forksto limit nonproductive recombination following fork cleavage (86, 108, 113, 114).
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14  Rationaleand hypothesisfor the genomic instability screen:

Replication fork stalling and the need to stabilize the replication fork to prevent
the generation of genomic instability is a regular occurrence in the cell, and of great
importance to genomic integrity. Armed with the knowledge that Rghl plays a critical
role in this process to prevent deleterious genetic aterations, and that this genomic
instability in fission yeast rghl mutants is expressed in an easily identifiable instability
phenotype, it is proposed that an rgh1® mutant strain would provide an ideal model in a
screen for genes that normally cause replication associated genomic instability. Recalling
the mutator phenotype hypothesis of cancer cells described above, the kind of instability
generating genes potentially identified by this work are the kind of genes that could form
the basis for a mutator phenotype. The work of such genes, in promoting deleterious
chromosomal alterations following replication fork arrest, would normally be undone by
Rghl in re-establishing regressed replication forks. Without Rghl function, it is thought
that the work of these genes results in the observed genomic instability. It is thus
proposed that a screen involving a genome wide random mutagenesis of cells lacking
Rgh1 (rgh1®) could be used to identify genes that normally promote replication associated
genomic instability. Cells containing mutations in such a gene would no longer display
the characteristic rgh1® instability. This proposal is based on the knowledge that
rgh1%rgh1° diploids are normally highly unstable, showing reversion to the diploid state
(preliminary work from our lab). It is also known that rad3’ mutants are defective in the
DNA damage and replication checkpoints, and with blocked DNA synthesis cause
irreversible damage (93). Therefore, adding this mutation to the rgh1® mutation would

result in a global instability phenotype. The mutants would not only be unable to recover
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stalled replication forks to reinitiate replication without genomic rearrangement, but also
lack the ability to trigger the checkpoint and arrest the cell cycle for damage repair.

The goal of the screen is to identify genes that normally promote genomic
instability, so that when mutated, revert the highly unstable rgh1°rad3° strain to stability.
Since a diploid phenotype is the basis for the screen, it is limited to situations where two
null alleles of the same gene are combined in one diploid, or to haploinsufficient or
dominant negative mutants. In order to identify mutants with two null alleles of the same
gene in one diploid, a vast number of potential mutants must be screened. It is aso
noteworthy that this rqgh1%ad3® strain has both a structural (rgh1®) and regulatory (rad3°)
mutation, reducing the likelihood of false-positives from the screen. For instance, a
suppressing mutation that simply slows the cell cycle should not suppress instability. It is
also important that both of the mutations are gene disruptions, so that no intragenic event
could revert the strain to stability. Possible findings of interest in this screen would be
currently unknown genes responsible for the double strand breaks (DSBs) resulting from
the formation of Holliday junctions (“chicken-foot” structure), following fork reversal
during stalled replication. It is thought that repair of these DSBs is required to reestablish
active replication forks, but is aso part of the potentialy deleterious generation of
chromosomal rearrangements (93). Given the study mentioned above (Bastin-Shanower
et al. - 105), where the rghl and mus81 double mutant was combined with a mutant
recombination gene and the lethality of the double mutant was suppressed, it is possible
that a mutation generated in mus81, emel, or a recombination gene like rad60, could
result in the generation of false positives from the screen. Refer to Figure 1 for a
depiction of the goal of the screen in the context of signalling pathways associated with

replication fork stalling and collapse.
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It is proposed that the screen could be conducted by generating libraries of mutant
rgh1° cells (employing a genome-wide random mutagenesis technique), crossing the
haploid libraries to form diploids, which are then screened for a stable phenotype
(displaying normal sporulation). Thisis based on the knowledge that rgh1%rgh1° diploids
are highly unstable, and the proposal that any [?gene] rgh1%/[?gene] °rgh1® diploids, or
for dominant negative mutants: [?gene]°rgh1%rgh1°® diploids, would show normal
stability (where “?” is the unknown gene responsible for the generation of replication
associated genomic instability as depicted in Figure 1). Upon generation of stable diploids
containing the mutation of interest (in the “?” gene), identification of the gene of interest
will be necessary. It is proposed that a technique involving inverse PCR (IPCR), as
previously described (115), should be ideal for this purpose. The current work is thus a
detailed investigation of the conditions required to perform this novel screen, after
generating adequate mutant libraries, followed by attempts at the IPCR procedure
required to identify mutants of interest.

15 Generation of mutant libraries:

Libraries of mutants in both mating types of rad3°rgh1° strains were generated in
numbers such that every gene in the fisson yeast genome could, theoreticaly, be
knocked-out at least once in each library. Initially, an appropriate random mutagenesis
method had to be employed to generate as many mutants in one round of mutagenesis as
was physically manageable. In considering random mutagens, two different techniques
for mutagenesis based on illegitimate recombination had potential for success in the
current screen. One method involves non-homologous plasmid integration of a marked
sequence, followed by rescue of the sequence, along with genomic DNA, back into the

plasmid (116). Although illegitimate, the randomness of this mutagenesis method was not
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directly addressed, so was not used in the current screen. The other relevant method was
developed by Chuaet al. (115) and involves the illegitimate integration of alinear marker
sequence (urad”) into the genome. The genome has the innate ura4® sequence removed
so that homology will not affect the randomness of integration, and to allow for the
selection of successful transformants. Following the isolation of transformants,
identification of the gene sequence directly adjacent to the insert is possible through
inverse PCR (IPCR). This method was proven random and thought ideal for the current
screen, where the identification of an unknown disrupted gene is desired, given their
(115) success in implementing the procedure.

In generating the mutant libraries, it was necessary to know approximately how
many transformants might be adequate to form a library with, at least theoretically, a
mutant form of every gene in the fisson yeast genome. Given the different size of
different genes, and the varying susceptibility of various genes to integrate foreign DNA
fragments, the calculations could only be broad approximations. It was therefore
considered adequate to approximate the number of genes in the fission yeast genome to
5000, with approximately half of the genome being protein-coding (1), meaning that the
chance of hitting any given gene in the random mutagenesis was 1/10,000. Theoretically,
a library of at least 10,000 mutants could be adequate for the screen. Once potentially
adequate libraries were generated, the extent of the mutagenesis could be assayed by
checking for the presence of canl mutants. The canl gene encodes an arginine permease
involved in the uptake of arginine and its analog canavanine. Canavanine is toxic to
normal cells since it is incorporated in place of arginine, forming dysfunctional proteins.
Cells with dysfunctional Canl do not take in canavanine and survive. Similar to the

selection of cells carrying a functional nutrient metabolism gene from an auxotrophic
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strain, this provides a simple laboratory technique for mutant selection by growth media
manipulation.
1.6  Characterization of screen parameters:

This aspect of the exploratory work involved determination of the growth and
crossing conditions that would generate the maximum number of diploids. Refer to
Figure 2 for avisual depiction of the fission yeast life cycle. In this work, mutant haploids
are crossed to form diploids which are examined for normal sporulation behaviour (easily
visualized under a microscope). The strains of haploids used in the mutant libraries each
had a different adenine auxotroph genotype, so that when the alleles are combined in the
diploid, by intragenic complementation at ade6, they are no longer auxotrophic (refer to
Table 2 for genotypes of strains used in this work). This allows for the easy selection of
diploids, and an assessment of diploid stability (in addition to microscopic examination)
involving the isolation of spores by glusulase treatment.

1.7  Optimization of mutation location analysis:

Thisfinal stage of the work involved attempts at successful implementation of the
integrant localization technique employed by Chua et al. (115). This technique involved
the isolation of genomic DNA from cells identified as transformants by auxotrophic
marker selection (urad”), digestion of the DNA by an enzyme that cuts frequently (less
than every 4000 bp on average), but not within the marker/insert sequence, then
circularization of the fragments for IPCR, and sequencing of the IPCR product for
comparison with the fission yeast genome sequence to identify the insert location
(potentially the gene of interest in the screen). Refer to Figure 3 for a pictoria depiction

of this process.
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Figure 2: Fission yeast life cycle. Fission yeast normally propagate through the cell cycle
in the haploid state (indicated in the lower portion of the diagram). Upon nutrient
deprivation, they will conjugate or fuse to form diploids and propagate through this cell
cycle (upper portion of the diagram), and then sporulate to from haploids again.
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Table 2: List of fission yeast strains used in thiswork. All were from the pre-exising
laboratory collection.

Strain Genotype Mating type
Sp2 Wt h-
Sp3 wt h*
Sp30 ade6-210 leul-32 ura4-D18 h-
Sp31 ade6-210 leul-32 urad-D18 h
Sp372 ade6-216 leul-32 ura4-D18 h-
Sp661 ade6-210 ura4-D18 rghl::KMX h-
Sp686 ade6-210 leul-32 ura4-D18 rad3::leul’ rghl::KMX h*
Sp693 ade6-216 leul-32 rghl:: KMX h*
Sp705 ade6-216 leul-32 ura4-D18 rad3::leul’ rghl::KMX h-
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Figure 3: The process from Chua et al. (115) used to locate the insert in the mutant of
interest, and thus, identify the disrupted gene targeted by the screen.

The process begins with the isolation of genomic DNA from haploid cells derived from
the normally sporulating mutant. Genomic DNA is depicted in the top diagram by
horizontal arrows, with the integrated sequence (ura4™) shown in the middle. Genomic
DNA is digested (indicated by letters with vertical arrows cutting into the horizontal
genome). The next stage involves the ligation of the digested genomic DNA fragments.
The stage of inverse PCR (IPCR) requires these fragments to be circularized, and utilizes
primers that begin PCR at the ends of the ura4” insert sequence, which replicate in a
direction moving away from the ura4” insert. The IPCR reaction was run once with the
inner nested primers, and then again (using a sample of the first IPCR reaction) using a
second set of primers to amplify the desired product. The double set of primers are
indicated by horizontal arrows above and below the ura4” integrant. The IPCR product is
alinear DNA fragment with the ends of the ura4”™ insert sequence at its ends. Theinterior
of the fragment is now the genome sequence that once surrounded the randomly
integrated ura4” fragment. This can be sequenced, alowing for the identification of the
disrupted gene.
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Chapter 2: Materialsand Methods
2.1  Fission yeast strainsand growth conditions:

Fission yeast strains used in these studies contained various nutrient deficiency,
DNA damage, and replication checkpoint gene mutations and are listed and described in
Table 2. Starter cultures for most procedures consisted of supplemented yeast extract
medium (YEYS) in either liquid or plate form. Incubations were generally at 30 °C, with
constant agitation of liquid media. Subsequent growth conditions consist of S. pombe
minimal medium (PM) with nutrient and sel ective supplements as required, or sporulation
medium (SPA) when crossing was desired.

YES consisted of 5 g/L yeast extract (Fisher Biotech, Nepean, ON), 30 g/L
dextrose (Becton Dickinson, Oakville, ON) and 150 mg/L adenine (A), leucine (L), and
uracil (U) (Bioshop Canada Inc., Burlington, Canada). PM consisted of 3 g/L phthalic
acid (ICN Biomedicals Inc., Aurora, OH), 1.8 g/L NaxHPO, (Bioshop), 20 g/L dextrose,
and 5 g/L NH4Cl (Bioshop), 20 ml/L of 50x PM Salts (0.26 M MgCl, (Fisher), 4.99 mM
CaCl; (Fisher), 0.67 M KCL (Sigma, Oakville, ON), 14.1 mM Na,SO, (Fisher)), 1 mL/L
of 1000x PM vitamins (4.2 mM panthothenic acid (ICN), 81.2 mM nicotinic acid
(Sigma), 55.5 mM inositol (ICN), 40.8 uM biotin (Bioshop)), and 100 pL of 10000x PM
minerals (80.9 mM boric acid (ICN), 23.7 mM MnSO, (ICN), 13.9 mM ZnSO, (Fisher),
7.4 mM FeCl, (Fisher), 2.47 mM molybdic acid (ICN), 6.02 mM KI (Bioshop), 1.6 mM
CuSOy (Fisher), 47.6 mM citric acid (Fisher)) were added, as well as 150 mg/L adenine,
leucine and/or uracil as required for nutrient supplementation. For PM (canavanine)
medium, 75 pg/mL canavanine sulfate (Calbiochem, San Diego, CA) was added to the
PM media ingredients just listed. SPA consisted of 10 g/L dextrose, 1 g/L KH,POy, 1

mL/L of 1000x PM vitamins, and 45 mg/L adenine, leucine and uracil.
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Other adterations to basic media recipes were made as required for specific
purposes and are mentioned elsewhere. These include the low dextrose (5 g/L) PMALU
mediain which strains were grown prior to lithium acetate transformation, and the PMAL
canavanine medium on which strains were grown to select for canl” mutants.

2.2  Bacterial strain and growth conditions:

The EC 489 strain (One Shot TOP10 Competent Cells (F mcrA A(mrr-hsdRM S
merBC) £80lacZAM 15 AlacX 74 recAl araD139 A(ara-leu) 7697 galU galK rpsL (Str7)
endA1 nupG) - Invitrogen Canada Inc., Burlington, ON) of Escherichia coli contained the
urad’ -carrying plasmid vector (pCR-BluntlI-TOPO plasmid vector - Invitrogen Canada
Inc., Burlington, ON). This strain was used to clone the ura4” fragment required for
insertional mutagenesis of fission yeast strains. The bacterial strain was propagated in
Luria-Bertani (LB) media, consisting of 10 g/L tryptone/peptone (Becton Dickenson), 10
g/L NaCl (Fisher), and 5 g/L yeast extract, supplemented with 50 pg/mL kanamycin
sulfate (Bioshop) to select for only cells carrying the TOPO vector. The same ingredients
were used to make LB plates, with the addition of 20 g/L agar. Plates were incubated at
37°C and liquid cultures were incubated at 37°C with constant agitation.

2.3  Transformation of fission yeast strains (insertional mutagenesis):

2.3.1 ura4’ propagation:

The ura4” genewas in the DNA fragment used for random insertional mutagenesis of the
fission yeast strains. The ura4® gene was propagated using the pCR-Bluntll-TOPO
plasmid vector in E. coli. The E. coli strain (EC489) was grown in 250 mL LB (50 pg/mL
kanamycin sulfate) media overnight at 37°C and the plasmid DNA was harvested using
the QIAprep Spin Miniprep kit (Qiagen Inc., Mississauga, ON) for the generation of the

Sp705 and Sp686 (rad3’rghl® fission yeast) mutant libraries and the cesium chloride —

26



ethidium bromide gradients method (117) for the generation of the Sp30 libraries. The
cesium chloride method of DNA preparation involved the inoculation and overnight
growth at 37°C of EC489 in 500 mL of LB (50 pg/mL kanamycin sulfate) media. The
cell culture was then split in two and harvested by centrifugation at 6000 rpm (8 cm
radius) for 15 min. Each pellet was resuspended in 6 mL of lysis buffer (50 mM glucose,
25 mM Tris-Cl pH 8.0, 10 mM EDTA pH 8.0) and placed in ice for 10 min before 12 mL
of 0.2N NaOH/1%SDS was added and mixed by inversion. This mixture was then iced
for a further 30 min before the addition of 9 mL 3M NaOAc pH 5.2 and mixed by
inversion, then iced again for 30 min. The mixture was centrifuged at 10,000 rpm (8 cm
radius) for 30 min and the supernatant was strained into another tube before adding an
equal volume of isopropanol to the supernatant, mixed by inversion and incubated at
room temperature for 1 h, then centrifuged at 3500 rpm (8 cm radius) for 30 min. The
supernatant was then discarded and the pellets were dried slightly by inversion for 5—10
min. The pellet was then resuspended in 11 mL distilled water and 0.3 mL 10 mg/mL
ethidium bromide was added before mixing and weighing. An equal weight of CsCl
powder was then added and mixed before the liquid was put into Quick-Sea tubes
(Beckman Coulter Canada Inc., Mississauga, ON) and centrifuged at 60,000 rpm (5 cm
radius) for at least 16 h at 20°C. The Quick-Seal tube was then punctured using a 20G
needle on a 3 mL syringe and the lower band was withdrawn. The ethidium bromide was
removed by successive extractions with water saturated isoamyl alcohol (50:50) until the
upper organic phase was colourless, and an equal volume of water was added. An equal
volume of isopropanol was added to this final volume before it was mixed by shaking,
and the resultant mixture was left to settle. Water (0.2 mL) was added and mixed until

only one phase was apparent after settling. The solution was then divided into

27



microcentrifuge tubes and centrifuged at 13,000 rpm (8 cm radius) for 10 min. The
supernatant was removed and the pellet was resuspended in 200 uL water before being
left at room temperature for 1 h. The tubes were then combined into half the number and
1/10 volume of 3M NaOAc pH 5.2 was added, followed by 2.5 volumes of absolute
ethanol and mixed by inversion. The mixture was centrifuged at 13,000 rpm (8 cm radius)
for 10 min and washed twice in 70% ethanol. The pellet was dried by vacuum desiccation
for 5 min and resuspended in 30 pL distilled water or TE. The purity and concentration of
this DNA solution was then determined by spectrophotometry.

To remove the ura4® gene fragment from the plasmid vector, a restriction digest
with the Hindlll restriction enzyme (New England Biolabs Inc., Ipswich, MA)
(recognition sites on either side of the ura4” gene) was run for 2 h at 37°C with 1 unit of
enzyme per 1 ug of DNA. The reaction was then heat inactivated at 65°C for 20 min.
2.3.2 Transformation procedure:

The following conditions were those initially attempted in accordance with
previously published work (115, 118), but variations were made to increase transformant
yield, and are mentioned later: In preparation for the insertional mutagens's, fission yeast
strains were first grown to saturation (30 - 60 x 10" cellsmL) in YES media, and then to
mid-log phase (0.5 — 1 x 10" cellsmL) in 100 mL of PMALU (0.5 x glucose) media at
30°C. The mid-log cell culture was then pelleted by centrifugation at 3000 rpm (8 cm
radius) for 5 min and washed once with distilled water and once with 0.1 M lithium
acetate pH 4.9. The cells were resuspended in 0.1 M lithium acetate pH 4.9 at 1 x 10°
cellmL in 100 pL aliquots and incubated at 30°C for 1 h. Following this incubation, 1
uL of ura4” DNA in 15 pL TE was added to each aliquot of cells and again incubated for

1 hat 30°C. A 290 pL volume of PEG-3350 was added to each aliquot, and incubated for
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1 h at 30°C. The cells were then heat shocked at 43°C for 15 min and allowed to recover
at room temperature for 10 min before resuspension in 10 mL PMALU media and
incubation at 30°C for 30 min with constant agitation, and at room temperature for 30 —
90 min without agitation. Transformants were then selected by plating onto PMAL (only
those cells having integrated the ura4™ gene survive in uracil deficient media). These
plates were incubated for up to 2 weeks at 30°C to alow coloniesto form.

2.3.3 Transformant/mutant libraries:

Plates containing transformants had colonies counted and mixed together in 20%
glycerol, then stored in multiple microcentrifuge tubes at -80 °C. In determining the
concentration of transformants in the library, and the extent of the mutagenesis, one tube
was thawed and plated onto PMAL and PMAL (canavanine) plates in 10 x serid
dilutions. From the number of colonies grown up on PMAL plates, the concentration of
transformants in the library was determined, and the extent of the mutagenesis was
quantified by the frequency of canl mutants in the library (calculated by dividing the
number of colonies grown up on a PMAL (canavanine) plate by the number of colonies
grown up on aPMAL plate).

2.4  Determination of conditions required for rad3°rqh1° transformant screen:
2.4.1 Screen for viable sporulating rgh1%rgh1° diploids using spontaneous rate of
mutagenesis:

A colony of each of the fission yeast strains Sp661 and Sp693 (Table 2)
propagated on Y ES plates were grown overnight at 30°C in 10 mL YES (to 1 x 10° - 1 x
10" cells/mL), then 50 pL of each strain was mixed and plated on SPA media. The cross
plates were incubated at 30°C for approximately 24 h, then removed and 1/10" of this

cross was plated onto PM media and incubated at 30°C until colonies were clearly visible
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and easily sampled (approximately 1 week). Samples of the resulting colonies were then
examined under 40X magnification and 52 of the largest colonies with visibly sporulating
diploids were sampled and spread again on PM plates, then incubated at 30°C for 1 week.
A colony from each of these plates was again re-plated on PM and grown at 30°C for 3
days. A sample of each was then examined under 40X magnification and the percentage
of sporulating cells was scored. Those showing greater than 50% sporulation were re-
plated on YE and alowed to grow at 30°C until colonies were large enough to sample
easily. A colony from each plate was spread onto PM to induce sporulation again, and
grown for 2-3 days at 30 °C. A colony was then taken and mixed with 10 pL glusulase®
in 1 mL distilled water and left at room temperature overnight (to kill vegetative cells,
leaving only spores). These cells were then pelleted, washed twice with distilled water,
and 10 x serial dilutions were plated on YES and grown at 30°C for 1 week. In order to
determine adenine deficiency mutation type and mating type of each, six colonies were
taken from each new strain (rgh1%rgh1® mutants with normally sporulating diploids) and
spotted (2 pL of each colony in 100 uL water) onto YE or SPA. The adenine deficiency
typeis clearly visible on YE in the varied red coloring of the colonies. the ade6-216 type
results in dark red colonies, whereas the ade6-210 type results in light red colonies. The
mating type was determined by crossing each new strain with Sp2 and Sp3 (Table 2) on
SPA plates and examining cells for the presence of sporulating diploids after 2-3 days
incubation at 30 °C. Once the adenine deficiency and mating type for each new strain was
determined, they were crossed with their complementary rgh1%ad3® parental strains and
wt strains on SPA as described for the previous crosses, then spread onto PMLU and
colony growth compared to that of thewt x wt and wt x rgh1%ad3° strain crosses.

2.4.2 Procedure for optimal diploid yield of rqh1%ad3° cross:
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Strains Sp372 and Sp686 (Table 2) were grown to saturation (30 - 60 x10’
cellsmL) in YES media, and then to mid-log phase (0.5 — 1 x10 cell¥mL) in YES at 30
°C. Volumes varied with the cell number required for each cross. Crosses of 1 x 10° 1 x
10" and 1 x 10° cells of each strain were set up by pelleting the required number of log
phase cells, resuspending in 100 pL SPA media, mixing with the 100 pL suspension of
the other strain to be crossed, and this 200 pL mixture was then plated onto SPA. Five
different crosses of Sp372 x Sp686 and Sp705 x Sp686 for each of the cell quantities
specified above were plated and incubated at 30°C for 12 h, 21 h, 26 h, 36 h, and 46 h,
when at each time point the contents of one plate were removed into 1 mL of water and a
10 x dilution series was made. Each dilution (1/10 — 1/100,000) had 100 uL plated onto
PMLU and plates were incubated at 30°C for 1 — 2 weeks when diploid colonies were
counted.

25 Locatingtheinsert in transfor mants:
The following conditions are those that resulted in an inverse PCR product:
2.5.1 Genomic DNA extraction:

This procedure was based on that used previously (115, 119), and was as follows:
A sample of the transformants from the random mutagenesis library was grown on YES
plates until colonies were visible (or PMAL (canavanine) plates when selecting canl
mutants). Single colonies were selected and grown to saturation (30 — 60 x 10 cells/mL)
in 100 mL YES. The media was divided into two 50 mL tubes and cells were pelleted by
spinning at 3000 rpm (8 cm radius) for 5 min and the following treatment was applied to
each half of the cells: resuspended in 5 mL 50 mM Citrate Phosphate pH 5.6, 40 mM
EDTA, 1.2 M Sorhitol, then 2 mg Zymolyase-20T was added and incubated at 37°C for

at least 60 min until most of cells appeared black under a phase contrast microscope after
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the addition of 1 uL 10% SDSto 10 uL of cells. Cells were then resuspended in 15 mL 5
x TE, 1.5 mL 10% SDS was added and mixed, and the solution was incubated at 65°C for
5 min to turn al cells black under phase contrast microscopy examination. Lysed cells
were incubated on ice for 30 min after the addition of 5 mL 5 M potassium acetate, then
centrifuged at 5000 rpm (8 cm radius) for 15 min. The supernatant was then passed
through gauze, followed by the addition of 20 mL ice cold isopropanol and incubated at —
20°C for 5 min. After centrifuging for 10 min at 1000 rpm (8 cm radius), the pellet was
dried and resuspended in 3 mL 5 x TE with the addition of RNase to afina concentration
of 20 pg/mL and incubated for 1 h at 37°C. Following the addition of 0.1 % SDS, and 20
pg/mL, cells were incubated at 65°C for 1 h. After this incubation, 3 mL
phenol/chloroform (1:1) was added, mixed, centrifuged at 10,000 rpm (8 cm radius) for
10 min, then the upper phase was transferred to another tube followed by the addition of 3
mL 3 M sodium acetate and 7.5 mL ethanol, then mixed and incubated at — 20°C for at
least 4 h. DNA was then pelleted, washed with 5 mL cold 70% ethanol, dried, and
resuspended in TE.

2.5.2 Redtriction Digest:

Isolated genomic DNA was phenol/chloroform purified and precipitated again
with sodium acetate / ethanol if necessary to ensure the DNA was of high purity (assessed
by a spectrophotometer 260/280 ratio of approximately 1.8). The digest was then set up
for 8 h at 37°C with constant agitation in a50 pL reaction of 4 —8 pug DNA with 1 unit/pg
of restriction enzyme Hhal. The reaction was then heat inactivated at 65°C for 20 min,
and phenol/chloroform purified and sodium acetate / ethanol precipitated again.

253 Ligation:
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Ligation/circularization of digested genomic DNA fragments was conducted as
done previously (115) in a 20 L reaction using 3 units T4 DNA Ligase (New England
Biolabs Inc.) with 100 ng DNA and incubated for 16 h at 12 °C. This low DNA
concentration favours intramolecular ligations. The reaction was then heat inactivated at
65°C for 20 min.

254 Inverse PCR:

Following the procedure of Chua et al. (115), the 20 pL ligation reactions were
used directly in 100 pL PCR reactions with 60 pmols of each nested oligo primer (Table
3), 200 mM dNTPs, a final concentration of 2 mM MgSO, (provided in Tag DNA
polymerase buffer), and 2.5 units Tag DNA polymerase (New England Biolabs Inc.). The
PCR reactions were subjected to an initial 5 min heat denaturation step before the
addition of Tag DNA polymerase, followed by 35 cycles of denaturation (95°C for 60
sec), primer annealing (55°C for 30 sec) and extension (70°C for 4 min). A second 100
UL PCR was then set up with a second set of oligo primers (within the new template
sequence) (Table 3) using 2 pL of the previous PCR as template, and other conditions
were as described for the previous reaction.

2.5.5 Gel electrophoresis:

Gel electrophoresis was used primarily to check if DNA was digested and to
examine the Inverse PCR (IPCR) products, but was also used for DNA gel extractions to
isolate IPCR product bands of particular sizes (as explained in the Results section). Gels

were 1% agarose in TAE buffer, with bands visualized using ethidium bromide and UV
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Table 3: Oligo primers used for Inverse PCR (IPCR) (from Chuaet al. - 115). IPCR
involved an initial reaction using nested primers (“first reaction”) and a subsequent
reaction to further amplify the desired product using primers (*“second reaction”) within
the IPCR product of the first reaction.

IPCR Sequences (5' to 3')

Forward Reverse
|:| rst reaction CAAAGTGCAAACATTATCATGAAAAAGAAC | GTGGAGTCTATGGAGCTGGTCGTAATCC
Second reaction CACCATGCCAAAAATTACACAAGATAGAAT | TTTGGTTGGTTATTGAAAAAGTCGATGCCT




light. DNA gel extractions were either conducted using crystal violet or ethidium bromide
and UV light to illuminate DNA bands. In both cases the DNA bands were not visible,
but given previous knowledge of where the desired bands should be relative to marker
bands, their location could be estimated for gel extraction. Gel extractions were
conducted using the QIAquick Gel Extraction Kit (Qiagen).

2.5.6 DNA purification:

DNA was purified frequently during the preparation of DNA for the IPCR
procedure. The QIAquick PCR Purification Kit (Qiagen) was occasionally used to purify
DNA, but generally the phenol/chloroform method was used. This procedure consisted of
adding TE to the DNA to bring the volume up to 400 — 500 uL, adding an equal volume
of phenol/chloroform 1:1, vortexing for 30 - 45 sec and separating layers by
centrifugation at 13,000 rpm (8 cm radius) for 1 min. The top layer containing DNA was
separated into another tube and the bottom layer with white precipitate on top was
discarded. This procedure was repeated. An equal volume of chloroform was then added
to the fraction containing DNA, vortexed for 30 — 45 sec and centrifuged at 13,000 rpm (8
cm radius) for 1 min. The top layer containing DNA was again separated into another
tube and this procedure was repeated. A 2.5 x volume of 95% ethanol / 0.15 M NaOAc
was added to the remaining DNA solution and DNA was precipitated at — 20°C for at
least 1 h. DNA was then pelleted by centrifugation at 13,000 rpm (8 cm radius) for 10 —
15 min, washed once with 70% ethanol, and the pellet was dried before being
resuspended in TE, and the DNA concentration and purity was determined by

spectrophotometry.

35



Chapter 3: Results
3.1  Fission yeast mutant libraries, crossing conditions, and mutation localization:

Libraries of mutants were generated in fission yeast strains by random integration
of aDNA fragment containing the ura4® gene (115, 120). The conditions described in the
Methods section were varied to improve transformant yield. Variations in cell number,
urad” fragment concentration, and incubation times that lead to successful
transformations are described in the following sub-section. The rqgh1°rad3® strains (Sp705
and Sp686 — Table 2) were mutated with the goal of generating a library of mutants that
contained at least one mutant form of every gene in the fission yeast genome. The
purpose of the genome-wide mutagenesis and screen was to knock out and identify genes
that normally promote the generation of replication associated genomic instability.
Specifically, the identification of genes that promote regression of replication forks to
form the unstable “chicken-foot” structure, was desired (Figure 1).

Asacontrol, the Sp30 strain (Table 2) was mutated with the intention of knocking
out and identifying the location of the canl gene. Following the random mutagenesis, the
number of successful transformants was determined by counting the number of colonies
that grew up on PMAL plates (only transformants were not auxotrophic for uracil). The
minimum number of transformants required for the screen was predicted to be 10,000,
since this is the lowest number that might theoretically include a full genome coverage
worth of mutants. This is based on the fact that the fission yeast genome contains
approximately 5000 genes (4,824 protein encoding), with approximately half (57%) of
the genome being protein-coding sequence(1). Since this predicted minimum number of
transformants may not be enough in reality, severa multiples of this one theoretical

genome coverage would be required. Once a transformation resulted in at least 20,000
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transformants, cells were removed from the plates into glycerol solution and frozen in 1
mL aliquots at -80 °C. To type the cell concentration in the frozen libraries, a sample was
thawed and dilutions plated onto minimal selective media (PMAL), and minimal selective
media with canavanine. Following incubation for 10 days at 30 °C, colonies were
counted, and initial cell concentration, and the concentration of canavanine resistant cells,
in the stock was calculated. The rate of mutagenesis was indicated by calculating the
frequency of canl mutants in the libraries, with the logic that one canl mutant per 10,000
transformants would confirm the initial hypothesis of a 50% mutation rate. The properties
of the libraries are summarized in Table 4 and in the subsections below.

The Sp30 library was used to attempt the methodology of Chua et al. (115) in
determining the ura4” insert location. The procedure involved digestion, circularization,
and inverse PCR (the oligo primers within the ura4” fragment), followed by sequencing
of the PCR product to determine the mutation location. This finding of the location of the
canl gene would be of interest, since it is uncertain at present. The procedure was,
however, not successful and the location of canl was not determined.

The planned fate of the Sp686 and Sp705 libraries is more complex since these
were to be crossed for the genomic instability screen. The process began with the crossing
of these libraries to form diploids that were screened for the ability to sporulate normally
(potential mutants of interest). These mutant strains were then back-crossed to the
parental and wild type strains, with the expectation that new mutants of interest would
cross like wild types. The inverse PCR process was then applied to determine the
mutation location, and thus, identify the disrupted gene. As explained in Figure 1, the
mutated gene identified in the screen would normally promote replication associated

genomic instability. A thorough investigation of the conditions required to cross the
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Table 4: Summary of fission yeast strain mutant libraries created.

Library | Transformant | Transformed Cell | canl canl
Strain Number Concentration Concentration Freguency
Sp 705 24,500 colonies | 2.7 x 10°cellsmL | 9.4 x 10° cellymL | 3.47 x 10”
Sp 686 50,000 colonies | 1.22 x 10° cellsmL | 50 cells/mL 4.1x10°
Sp30(1) | 18,000 colonies | 1 x 10° cells/mL 400 cells/mL 4x 107
Sp30(2) | 24,000 colonies | 1.1 x 10° cellsmL | 200 cells/mL 2x10°
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Sp705 and Sp686 libraries are described in the following sub-sections, but were not
implemented in an actual cross since the mutation localization technique did not work.
These results are described in detail below.

3.1.1 Generation and analysis of mutant libraries:

In the generation of the Sp705 (rgh1°rad3®) library, the transformation procedure
was as described in the Methods section with these variations: the cells were initialy
grown to 1.1 x 10" cells/mL, the final incubation was 4 — 5 h with agitation at 30°C and
the cells were plated onto 91 PMAL plates. The transformation resulted in 24,500
colonies after incubating plates for 2 weeks. Since this number of transformants included
multiple theoretical genome coverages, it was considered a potentially adequate library
and stored at - 80 °C. From sampling the library and growing on media, the transformant
concentration was determined to be 2.7 x 10° cells'mL and the number of canl mutants to
be 9.4 x 10° cells/mL of library with a frequency of 3.47 x 10 (number of canl mutant
cells / number of transformant cells) (Table 4). This presence of canl mutants in the
library suggests that the mutation rate is approximately 30% rather than the theoretically
hypothesized rate of 50%. The logic behind this calculation is that one canl mutant per
10,000 transformants would indicate a mutation rate of approximately 50% (considering
that half the genome is protein-coding), and the canl mutant frequency of this library
indicates a ratio of approximately one canl mutant per 30,000 transformants, and thus, a
mutation rate of 30%. This library may therefore be just adequate to use in the screen.

In the generation of the Sp686 (rgh1°rad3®) library, the transformation procedure
was as described in the Methods section except that the cells were plated onto 33 PMAL
plates. The transformation resulted in 100,000 colonies after incubating plates for 2

weeks. This transformation was also considered adequate and two libraries of 50,000
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transformants were stored at - 80 °C. From sampling one of the libraries and growing on
media, the transformant concentration was determined to be 1.2 x 10° cell¥mL and the
number of canl mutants to be 50 cellmL of library with a frequency of 4.1 x 10°
(number of canl mutant cells/ number of transformant cells) (Table 4). This presence of
canl mutants in the library suggests that the mutation rate is approximately 35%
(approximately one canl mutant per 25,000 transformants, rather than the expected one
mutant per 10,000 transformants, or a mutation rate of 50%). This library should therefore
be adequate to use in the screen. With potentially adequate mutant libraries, it was
possible to go on to determine the conditions required for the next stage of the screen (as
described in the following sub-sections).

Two Sp30 strain mutant libraries were also generated. The first transformation
procedure was as described in the Methods section except that 200 mL of cells were
initially grown to 0.2 x 10’ cellsmL, 10 pg of ura4* DNA was added to each 100 pL
aliquot of cells, and cells were plated onto 45 PMAL plates. The transformation resulted
in 18,000 colonies after incubating plates for 2 weeks. The library was stored at — 80 °C.
On sampling one of the libraries and growing on media, the transformant concentration
was determined to be 1 x 10° cellymL and the number of canl mutants to be 400
cells/mL of library with a frequency of 4 x 10 (number of canl mutant cells/ number of
transformant cells) (Table 4). The second transformation procedure was aso as described
in the Methods section except that 500 mL of cells were initially grown to 1.1 x 10’
cellmL, and cells were plated onto 43 PMAL plates. The transformation resulted in
24,000 colonies after incubating plates for 2 weeks. The library was stored at — 80 °C. On
sampling one of the libraries and growing on media, the transformant concentration was

determined to be 1.1 x 10° cells/mL and the number of canl mutants to be 200 cells/mL
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of library with a resultant frequency of 2 x 10° (number of can1 mutant cells/ number of
transformant cells) (Table 4). The presence of the canl mutants indicate that the library is
adeqguate to continue with the next stage and determine the location of the mutation, and
thus, the location of the canl gene. However, as already stated, the procedure required to
locate the mutation was not successful in this study.

3.1.2 Characterization of parametersfor the diploid screen:

Following the generation of the rgh1°rad3° libraries, it was necessary to determine
the procedure for the next stage: the screen for diploids with a normally sporulating
phenotype.

Initially, the screen was attempted by crossing two rgh1® mutant strains (Sp661
and Sp693 — Table 2) without the random mutagenesis procedure, to see if stable
sporulating diploids could be generated from a spontaneous rate of mutagenesis. On
crossing Sp661 and Sp693 as described in the Methods section, 1618 colonies resulted on
minimal (PM) media. This media selects for diploids since haploids of this strain are
adenine deficient. Following examination under phase contrast microscopy, 52 of the
largest colonies with clearly sporulating diploids were sampled and re-plated. Samples of
the colonies were again examined under phase contrast microscopy and those with greater
than 50% sporulation were re-plated and treated with glucolase so as to isolate haploid
spores. These new strains were then analysed for adenine deficiency and mating type and
crossed with the relevant rgh1%rad3® and wt strains. This cross was based on the logic that
new mutations of interest would nullify the detrimental effects of the rgh1® mutation, and
behave as wild types in a crossing situation. It was therefore predicted that a cross
between a new mutant of interest and awild type strain would result in more diploids than

a cross with the parental rgh1° strain (and the same yield as awt x wt cross). The number
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of diploid colonies resulting from these crosses (new strains x wt and new strains x
rgh1°rad3’) was the same, and less than awt x wt cross. This led to the conclusion that
these new strains, although derived from sporulating diploids from the original cross, are
not in fact new mutants of interest. A spontaneous rate of mutagenesis is not adequate to
generate enough mutants to quickly screen millions of diploids, and the proposed random
insertional mutagenesis is required (115). Through this crossing of rgh1%ad3® mutant
libraries, it was determined that a similar back-crossing process would be required in the
actual screen for sporulating diploids, to determine whether any sporulating diploids were
actually novel mutants of interest.

Given that a large screen of diploids would be necessary to find the gene of
interest, the next task was to determine the conditions for maximal diploid yield. Maximal
diploid yield was necessary because at least 6.25 x 10° diploids had to be screened in
order to alow for every mutant in each library to be crossed with every mutant from the
other library. This extent of crossing was required so that diploids with disruptions in
both copies of the same gene might be generated (25,000 x 25,000 different mutants
crossed from each Sp686 and Sp705 mutant library).

Investigative crosses were wt x wt, wt x rgh1%ad3® and rgh1°rad3® x rgh1%rad3”.
These were conducted to determine the conditions for optimal diploid yield, and predict
the conditions required to screen a hypothetical 6.25 x 10° diploids from crossing the
rgh1°rad3%rgh1°rad3® mutant libraries. Initially, crosses were attempted in liquid SPA
media (very low nutrient formula to induce crossing), and incubated at 30°C until
harvesting crosses onto PMLU platesat 6 h, 12 h, 18 h, 24 h, 33 h, 36 h, 42 h, and 48 h
time points. The crosses consisted of 1 x 10° 1 x 10”, and 1 x 108 cells each of Sp31 x

Sp372 (wt x wt), Sp31 x Sp705 (Wt x rgh1’rad3®), Sp705 x Sp686 (rgh1’rad3® x
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rgh1%ad3’ ), and Sp372 x Sp686 (Wt x rgh1’rad3’®). PMLU plates were incubated at
30°C for 2 weeks and the resulting growth consisted of a primarily red background cover
(indicative of adenine deficient haploid cells) with few white colonies (diploid). These
diploid colonies were sampled and replated onto PMLU and did form colonies again after
2 weeks incubation at 30°C (confirming diploid genotype). However, due to the low
number of diploids resulting from these crosses, the liquid SPA cross conditions were
considered inadequate for the screen.

The next crosses were attempted on SPA plates with the same (as above) numbers
of cells and time points of harvest onto PMLU. The result was a carpet of cells
(indistinguishable colonies), so it was clear that a dilution series was necessary when
plating the cross mixture onto PMLU. With thisin mind, crosses of Sp372 x Sp686 (wt x
rgh1°rad3®), and Sp705 x Sp686 (rgh1%ad3® x rgh1’rad3®) with 1 x 10°, 1 x 107, and 1 x
10® cells were plated on SPA and harvested onto PMLU in a 10x dilution series at 12 h,
21 h, 26 h, and 36 h time points. The optimal diploid yield (PMLU plate colony count)
from the Sp705 x Sp686 (rgh1’rad3® x rgh1°rad3®) cross was generated by the 1 x 10°
cell cross after 21 h on SPA plates (Figure 4 and Table 5). From these results it was
concluded that for optimal diploid yield in the actual screen, cells should be harvested
onto PMLU plates after 21 h of crossing on SPA plates. Given that diploid harvest after
21 h of crossing led to optimal diploid yield, a comparison of diploid yield from various
crosses harvested at 21 h was made (Figure 5). A cross of 1 x 10° cells from each strain
resulted in the best diploid yield. In order to calculate the actual number of diploids that
could be generated from any particular cross conditions, the Sp372 x Sp686 (wt x
rgh1°rad3®) cross results were considered the best indication of hypothetical diploid yield

from crossing the mutant libraries. It was then determined that atotal of 1.33 x 10’
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Figure 4: Diploid yield from crossing 1 x 108 cells of each strain (wt x rgh1°rad3® and
rah1°rad3® x rgh1°rad3®) for various periods of time.
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each strain (wt x wt, rqh1%ad3° x rgh1°rad3°, and wt x rgh1°rad3®) for 21 h.
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Table5: Summary of diploid yield following various lengths of time crossing fission
yeast strains as indicated.

Cross Timepoint | CellsCrossed | Diploid Yield
1% 10° 4.4 x 10*
12h 1x10° 2 x 10
1x 108 7.3x10°
1x10° 1.3 x 10
1x 10’ 2.8 x 10°
21h 1% 102 1.3 x 1307
1% 10 3x10
wixrgh1°rad3’ 5 x 10° 3.2x 10’
1x10° 8.1 x 10
26 h 1x 10’ 7 x 10*
1x10° 1.6 x 10’
1x10° 7.2 x 10°
36 h 1x 10’ 8 x 10*
1x10° 8.9x 10°
1x10° 6.4 x 10°
12 h 1x 10’ 4.2 x 10°
1x10° 1.7 x 10°
1x10° 9.2 x 10°*
21h 1x 102 6.6 x 1605
1x10 8x 10
rgh1%rad3’xrgh1°rad3’ 6 x 10° 2x10°
1x10° 2.8 x 10
26 h 1x 10’ 6.9 x 10°
1x10° 5.3x 10°
1x10° 6.1 x 10°
36h 1x 10’ 7.7 x 10*
1x10° 1x10°
16 h 1x10° 1.2 x 10°
18 h 1x10° 4.6 x 10°
19 h 5x 10° 2.5 x 10
20 h 1x10° 2.7x10°
witxwt 1x10° 1.1x10°
21h 5x 108 6.2 x 10*
1 x 10° 3.8 x 10*
5 x 10° 3.5 x 10°
24 h 1x10° 1.8 x 10°
5x 10® 3.1 x 10*
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diploids could have been harvested from this cross at 21 h. It would therefore be possible
to screen a hypothetical 6.25 x 108 diploids in the actual screen if 48 crosses of 1 x 10°
cells were made on SPA plates. The total number of cells that can be grown on a PMLU
plate without too much background growth for diploid coloniesto formis 1 x 10°, and the
total number of cells harvested onto PMLU plates after 21 h of a 1 x 10° cell
cross was 6.7 x 10°, meaning that a total of 322 PMLU plates would be required to
harvest diploids in the actual screen (Table 6). It is also noteworthy at this point that the
Sp705 x Sp686 (rgh1’rad3’ x rgh1°rad3®) cross resulted in a diploid yield near equal to
that of the Sp372 x Sp686 (Wt x rgh1°rad3’), thus undermining a fundamental property of
the screen: that rqh1%rgh1° diploids are not stable without some additional phenotype
altering mutation. This result further confirms the need for the additional screen stage of
isolating spores from stable diploids, then crossing these new strains back to parental and
wild type strains to observe crossing behaviour.

The experiments just summarized determined conditions that would work for the
actual screen of 6.25 x 10% hypothetical diploids generated by crossing the mutant
libraries. However, the number of crosses and plates required make it a difficult
procedure, so other conditions to improve diploid yield were investigated. A full range of
cell numbers and time points were attempted with various crosses, and these results
confirmed the above rationale and plan for the screen (Table 5).

Given these results, it was concluded that the actual screen could be conducted by
setting up 48 SPA plates with crosses of 1 x 108 cells from each of the Sp705 and Sp686
mutant libraries, and harvesting onto approximately 322 PMLU plates after 21 h of
crossing. The number of PMLU plates required for diploid selection was determined as

follows: The total number of cells (haploids and diploids) harvested froma21 h 1 x
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Table 6: Conditions required to generate enough diploids to conduct the screen of 6.25 x
10° diploids. “Optimal Timepoint” indicates the hours of crossing found to generate the
optimal diploid yield in investigative rgh1%ad3® x rgh1%ad3’ crosses. “Cell Number
Crossed” is the number of cells of each strain to be crossed that resulted in the optimal
diploid yield. “Diploid Yield of Each Cross’ is the number of diploids generated from a
1x 10° cell cross of wt x rgh1%ad3® harvested at 21 hours. This number was then used to
determine the “ Cross Number Required” to generate 6.25 x 10° diploids to screen, and the

“PM Plate No. Required” to harvest this many diploidsis also indicated.

Optimal Cell Number Diploid Yield | Cross Number | PM Plate No.
Timepoint Crossed of Each Cross | Required Required
21h 1 x 10° 1.33 x 10’ 48 plates 320
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10® cell cross on an SPA plate was 5 x 10° cells. This was then divided by the total
number of cells that can be plated without generating excessive background cover (1 x
10%). The result was then multiplied by the number of SPA plates required for the cross.
3.1.3 Optimization of mutation location analysis:

Following the crossing of the Sp705 and Sp686 mutant libraries, and screening for
viable sporulating diploids, the next stage is to determine the location of the stability-
causing mutation (indicated by “?" in Figure 1A). This procedure was attempted in order
to ensure that it could be immediately implemented following the positive findings of the
screen, and to verify the legitimacy of the mutant libraries.

The mutation localization procedure is based on the methodology of Chua et al.
(115). It involves the isolation of genomic DNA from ura4” transformed cells, digestion
of the DNA, ligation of the digested fragments to form circular pieces of DNA (at low
DNA concentration to ensure that each DNA fragment is individually circularized), and
Inverse PCR (IPCR). IPCR amplification starts from oligo primers within the inserted
urad” sequence, moving away from the insert around the circular fragment. Theresultisa
linear fragment containing the DNA sequence from the origina genomic DNA
surrounding the urad4® insert, which when sequenced, can identify the mutated gene
(Figure 3). The details of the procedure were varied until the successful method was
developed, as described in the Methods section. Variations included: purification
technique (phenol/chloroform extraction or PCR purification kits) and the resulting DNA
purity (indicated by 260/280 ratio from spectrophotometer reading), digestion and
ligation times and temperatures, and other variations mentioned below. Following each of
the digestion and IPCR stages, the product was checked by running 2-5 pL in a 1%

agarose electrophoresis gel. A complete digestion of genomic DNA was indicated by
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distinguishable bands of various sizes among a smear of background DNA. The IPCR
was considered successful if a single distinguishable band of at least 800 bp for the first
IPCR and 550 bp for the second PCR was visible on the gel. These fragment lengths
correspond to the expected (and observed) products of IPCR of just the circularized urad”
fragment, beginning at the nested primers for the first reaction, and at the outer primers
for the second reaction. Examination of ligation products was also attempted by gel
electrophoresis, but due to the small amount of DNA present, ligation products were not
visible.

The insert localization procedure was initially attempted using Sp2 (wt) with the
restriction enzyme EcoRI (New England Biolabs). This restriction enzyme's recognition
site is located at either end of the ura4™ gene, and a specific IPCR product of 5700 bp
would confirm the success of the procedure. The ligation reaction was initially set up as
suggested in the T4 DNA ligase instruction manual: 1 h at room temperature. The IPCR
was first conducted using a relatively complex recipe for the amplification of large DNA
fragments. The IPCR was set up in a 50 pL reaction using 0.5 puL Pfx polymerase
(Invitrogen), “second reaction” oligos primers (Table 3), and other components as
described in the methods section. The result of the initial IPCR (as visualized by gel
electrophoresis) was three faint bands of approximately 1400 bp, 1100 bp, and 650 bp.
Since these bands did not match the expected 5700 bp fragment, and the low DNA
concentration with multiple bands did not lend itself well to sequencing, 2 pL of this
reaction was used as the template for another PCR reaction using the same oligos primers
with an additional 2 or 3 mM MgSO,. The resultant band pattern from the PCR with 3
mM MgSO, was again faint, with one fragment of approximately 10,000 bp, and another

of approximately 4,000 bp. These bands did not match that of the expected fragment.
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Again, due to low concentration and multiple bands, they were not sequenced. The
approximately 4000 bp fragment may however have been one part of the expected
fragment, as the distance from one of the oligos primers to the nearest ECoRI site in the
Sp2 strain sequence was almost 4000 bp long. If thisis the case, it would suggest that the
ligation reaction was not successful. Whatever the cause, this attempt at locating the
insert was not successful, and the procedure was attempted again using Sp2 genomic
DNA, but under different conditions. The procedure was now altered to follow more
closely the model set up by Chua et al. (115). The ligation was for 16 h at 12 °C, and the
IPCR recipe was altered to a 100 pL reaction with 2.5U of Taq polymerase, and the
procedure consisted of a5 min hot start at 95 °C, followed by 35 cycles of 95°C/ 1 min;
55°C / 30 sec; 70°C / 4 min. The restriction digest was attempted using the enzyme
HindlIl, again giving a defined expected product, but of smaller size so as to increase the
chance of it being amplified (Hindlll sites are at either end of the ura4™ gene). The only
band to result from this IPCR was approximately 150 bp. This was too small to be the
expected product and could not be sequenced.

A different source of genomic DNA was sought and a sample was taken from the
aready generated Sp705 mutant library and plated onto PMAL media. Four of the
resultant colonies were sampled, genomic DNA was isolated, digested, ligated, and the
IPCR reaction was set up using the same primer. This time, the restriction enzyme was
Hhal as used by Chua et al. (115) because of its frequent recognition sites in the S. pombe
genome. The product was again too small (approx. 150 bp) to be of interest. A second
PCR was set up with 2 pL of the previous IPCR product as template, and run with the
same oligo primers. The result was a smear of DNA on the electrophoresis gel. The next

attempt was as above with samples of the Sp705 library again, but nested primers (“first
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reaction” — Table 3) were now used for the first IPCR, which resulted in a smear of DNA
on the electrophoresis gel. The second PCR was set up with the “second reaction” (Table
3) oligo primers and the result was similar multiple band patterns for each of the different
DNA samples. This outcome was considered inadequate due to the multiple band pattern
which could not be sequenced. Given that this unsuccessful outcome may be a result of
the IPCR not working, it was reattempted with the addition of 2 mM MgSO, in the
second PCR, and the repetition of the digest, ligation, and IPCR using tissue culture water
(the pH of the distilled water used previously may have been affecting the process). These
mani pul ations made no difference, with either no DNA or multiple bands appearing again
on the electrophoresis gel after the IPCR reactions. During this process, it was also
considered that the fact that restriction digests were conducted for 12-16 h initially, may
have led to degradation of DNA. A 4 h digest was then attempted. This digest was
however inadequate (as observed in undigested DNA on an electrophoresis gel). A
restriction digest incubation of 8 h did result in a successful digestion of DNA and was
considered optimal for these procedures.

With the lack of success using Sp2 and samples from the Sp705 mutant library, a
sample of the first Sp30 mutant library was plated onto PMAL (canavanine) media. The
selection of these specific transformants (canl mutants) meant that the success of this
procedure would not only determine the protocol to apply in the screen, but would
determine the location of the canl gene. In detail, the DNA was isolated and treated as
described in the M ethods section, using tissue culture water instead of the previously used
Millipore double distilled water. The result of the first IPCR was a band of approximately
800 bp common to all samples, and the result of the second PCR was a band of

approximately 550 bp (Figure 6). Since there were no other background bands present,
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the result of the second PCR was sequenced. The result was a sequence that consisted of
the two portions of the ura4” sequence between the outer primers and the HindlI|
recognition sites, joined at the Hindl Il sites, as would be expected if the ura4® fragment
was ligated to itself to form a circular fragment that then underwent IPCR successfully.
The difference in the size of the fragments seen after the first IPCR and the second PCR
is accounted for in the difference in sequence between the two primers used (the nested
primers used in the first reaction would result in a difference of approximately 250 bp
over the product of the primers used in the second reaction). So although the ligation and
IPCR procedure was successful, and the digests were confirmed by examination on an
electrophoresis gel, the sequence surrounding the ura4” integrant was not determined. In
regards to the goal of applying this insert localization technique to our mutant libraries,
success was seen in the single ura4” based IPCR product that was indeed isolated from
the mutant cells, and the details of this successful procedure are described in the Methods
section. The procedure could not however be considered successful in terms of the goal of
determining the ura4” insert location, due to the nature of fission yeast transformation
products.

As will be explained in the discussion, it was thought that unintegrated ura4”
fragments were providing the prominent template for IPCR. In an attempt to avoid this
problem, DNA larger than the prominent 800 bp product of the initial IPCR was isolated
by gel extraction, and served as the template for a second PCR amplification. In detail,
more genomic DNA was required and the process was started again by sampling the
Sp705 library onto PMAL (canavanine) plates. Six colonies were sampled and labeled A-

F. Genomic DNA was isolated, digested, ligated, and the IPCR reactions were attempted
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Figure 6: Ethidium bromide stained 1% agarose electrophoresis gel of IPCR products.
Lane 1 contains 1Kb ladder (Fermentas GeneRuler), with band sizes indicated to the left
of the image. Lanes 7-10 contain the result of the IPCR reaction of the digested and
ligated DNA isolated from different colonies of canl cells from the Sp30 mutant library,
and lanes 2-5 contain the result of the second PCR reaction using 2 pL of the first IPCR
result as template. The predominant fragment common to all of the first IPCR results is
approximately 800 bp, and the predominant fragment in the second PCR result is
approximately 550 bp, and the 250 bp difference in length between the fragments is
accounted for by the difference in sequence included by the nested (first reaction) primers
and the outer (second reaction) primers. The result of the second PCR was sequenced and
corresponds to that expected of unintegrated ura4” fragments being successfully ligated
and serving as the dominant template for IPCR.



severa times with either 2 or 4 mM MgSO, in the second PCR. All of the samples
resulted in IPCR products that were either too small in size, or had multiple bands, or
bands were the same size as that already sequenced in the Sp30 library analysis (ie.
representing unintegrated urad4” fragments). Sample B was of interest because it had the
aready sequenced band as well as another larger band. This larger band was potentially
of interest as it may represent the desired IPCR product (containing sequence from the
DNA region surrounding a successful urad” insert). DNA gel extractions were then
undertaken in an attempt to isolate DNA larger than the fragment already sequenced (800
bp after the first IPCR and 550 bp after the second PCR). In the first attempt, DNA from
the first IPCR was run on a 1% agarose electrophoresis gel and stained with Crysta
Violet. Since the DNA bands were still not visible, the distance from the well to the
aready sequenced band was estimated from the relative positions of the visible 1 kb
ladder bands, and DNA above this point in each sample was isolated from the gel. From
this DNA, the second PCR was then attempted with 100 ng of template DNA per
reaction. The result was the same as before, with both the smaller already identified
sequences (approximately 550 bp) and the larger band. It was therefore concluded that the
gel extraction was not successful at removing the larger unknown band from the smaller
known bands. The gel extraction was attempted again with Ethidium Bromide staining
and UV illumination with the hope that the DNA bands might be more visible with this
methodology. This was not however the case, and the location of DNA bands were again
estimated using the relative location of the visible ladder bands, and the DNA above this
point was extracted from the gel. The second PCR was run with both 10 ng or 100 ng

DNA as template and with 2 or 4 mM MgSO.. In all of these conditions, the result was a
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smear of DNA on the post-PCR electrophoresis gel. With the impression that the UV
light used in this most recent approach may have degraded the DNA, the Crystal Violet
method was tried again, but with no success. The second PCR was run with various
conditions as above and the result was again a smear of DNA on the electrophoresis gel.
It was therefore concluded that gel extractions may not be an adequate addition to the
IPCR procedure to identify the insert location. It islikely that some other method of insert

localization, apart from PCR, will need to be implemented in this case.
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Chapter 4: Discussion

The purpose of thiswork was to develop and implement a screen for genes, that in
their normal function, can generate replication associated genomic instability in S, pombe
(Figure 1). Work involved the application of previously developed techniques (115) to
generate mutant libraries and locate the mutation site, and investigation of the conditions
required for the screen. Mutant libraries were successfully generated, and a detailed
protocol for the screen was developed. The technique employed to locate the generated
mutations was not however successful. Given the various transformation products found
in the mutant cells, this technigue may not prove useful to the current screen. Due to this
unpredicted challenge, the screen itself was not conducted, but the current work has
developed the resources and protocol for the screen to be conducted upon identification of
an adequate mutation localization technique.

4.1  Mutant Library Evaluation:

As described in previous sections, the lithium acetate transformation procedure
was manipulated to generate as many transformants (mutants) as possible. In order to
predict the adequate library size for this screen, the following logic was considered: the
fission yeast genome has an average gene density of 0.56 with 4824 coding regions (1),
and therefore, approximately 10,000 transformants would be required to have one
theoretical genome coverage of mutants. However, it is thought unlikely that this
theoretical estimate would actually be adequate to result in one mutant form of every
gene. It was then proposed that at least double this estimate might provide an adequate
library, so when libraries of 25,000 transformants in each strain were generated, they
were considered potentially adequate libraries for the screen. A similar approach was

applied in another study (Davidson et al. - 121) using this random mutagenesis technique
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to screen for genes required for segregation of chromosomes in meiosis. In that study,
only 1000 stable transformants were screened to identify 50 genes matching the criteria of
their screen. The success of that study, where only 10% of the fission yeast genome was
mutated (theoretically), confirms that our libraries, which ideally contain mutant forms of
100% of the genes in the fission yeast genome, should be adequate. In further support for
the adequacy of our libraries, another similar study screened just 500 stable transformants
to find 4 mutants of interest (Rodriquez-Gabriel et al. - 122).

Another finding of interest from Davidson et al. (121) was that most of the
smaller colonies resulting from the transformation were not actually stable transformants.
These colonies were found to contain unintegrated urad4”™ fragments that were still
expressed as the ura4” phenotype. Davidson et al. (121) also went on to determine that
about half of the large colonies (2-4 mm in diameter), were unstable transformants. Other
previous work (Chua et al. - 115) found that 85% of transformants were unstable.
Considering this literature in the generation of the current mutant libraries, colonies
resulting from the transformation were categorized as small, medium, or large, where the
large colonies would have approximately matched the categorization of Davidson et al.
(121) (2-4 mm in diameter). Only medium and large colonies were considered in the
count of transformants contributing to the current libraries. Considering these factors, and
assuming that a similar frequency of unstable transformants (due to unintegrated
extrachromosomal ura4” fragments) could be present in the current libraries, it is possible
that only approximately 5000 of the transformants in each library are actually stable and
of use to the screen. This number is not ideal, since at least 10,000 transformants would
be required for one theoretical genome coverage of mutants. The libraries may however

be adequate, given the success that other similar studies have had with just 1000 and 500
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stable transformants (121 and 122, respectively), and the frequency of canl mutants
discussed later. It is also possible to remove unstable transformants by growth on non-
selective media for several generations (121). However, given the difficulty of testing
thousands of transformants, it would be better to just attempt the screen with the current
libraries. Also, given the nature of the screen, where only intrachromosomal ura4®
fragments can cause a mutation that counteracts the rgh1° instability, extrachromosomal
urad” fragments will not affect the response of cells to the screen conditions.

Once these mutant libraries in the rgh1°rad3® strains were generated, some
measure of the extent of mutagenesis was required. A simple assay to evaluate library
guality involves media containing canavanine, where only cells with a dysfunctional canl
gene will grow. The canl gene encodes a plasma membrane arginine permease (123).
Canavanineis structurally related to arginine, so cells mistake it for the amino acid and it
is incorporated to form dysfuntional proteins (124). For this reason, cells with functional
Canl take in canavanine, which replaces arginine, resulting in cell death; whereas cells
with dysfunctional canl do not take in canavanine and function normally. This assay
provides an indication of mutagenesis rate, enabling inference as to the extent of
mutagenesis in the library, based on a comparison of the number of canl mutants to the
number of mutants generally (transformants selected for ura4® phenotype), referred to
below as the canl mutant frequency.

When samples of the Sp686 and Sp705 (rghl’rad3®) mutant libraries were
thawed and plated, colonies did indeed grow on canavanine media, indicative of canl
mutants. The calculation of canl mutant frequency in the libraries (canl mutant cells /
transformed cells in the library) resulted in the data in Table 4. This suggests that

approximately 4/100,000 library cells were canl mutants, which can be extrapolated to
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suggest that the libraries of 25,000 transformants likely include one canl mutant. This
calculation of canl mutant frequency is approximate, considering that it is using the
number of transformed cells in the library, and the number of each transformant type
varies with the size of colonies resulting from the lithium acetate transformation. The
frequency of canl mutantsin the libraries suggests a mutation rate of approximately 30%.
This means that the initial guess that approximately 20,000 transformants might be
adequate for the screen (double the 10,000 transformants required by theoretical
prediction, reflecting a mutation rate of 50%), might be correct. The scope of the
mutagenesis may therefore have been vast enough to provide an adequate basis for the
screen in these libraries.

A consideration that may undermine this conclusion is the idea that the canl
mutation may have arisen by spontaneous mutations during the propagation of cells at
some point in the process, and may not have actually been caused by integration of the
ura4” fragment at the canl site. This issue can be simply resolved by linkage analysis of
the ura4” and canl phenotypes. This approach was attempted by crossing canl
transformants from the library with wild type strains. The ura4” and canl phenotypes of
the spores were analysed considering that if ura4” and canl are linked (and therefore may
occupy the same locus), then the spores will display either both the ura4” and canl
phenotypes, or neither, but not one without the other. Due to technical difficulties with
media quality, no conclusions could be drawn, but it would be relatively easy to re-
attempt this analysis. A similar approach was used by Ayoub et al. (125) to confirm
genetic linkage of urad4” with the gene of interest to their screen which also used the

methodology from Chuaet al. (115).
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4.2  Parametersfor the Diploid Screen:

Considering the desire for mutant libraries containing at least one mutant form of
every gene in the fission yeast genome, and the reasoning that the fission yeast genome
contains approximately 5000 genes with approximately half the genome being protein-
coding, it was thought that the libraries of 25,000 transformants would likely be adequate
for this screen. Then, to screen diploids with two copies of the same mutation, for every
gene in the genome, 6.25 x 10°® (25,000 x 25,000) diploids had to be generated. It was
therefore necessary to determine the crossing conditions that would result in the optimal
diploid yield. Since the basis of the screen was the instability of rgh1%rgh1° diploids,
where at least one of the requisite haploids would theoretically contain a stability-
generating mutation, it was expected that investigative crosses of rgh1°rad3® x wt would
be most informative as to the number of diploids that could hypothetically be generated
under any given cross conditions. Investigative crosses of rgh1%ad3® x wt, rgh1°rad3® x
rgh1°ad3® and wt x wt were all conducted under various conditions to compare yield.
Exact manipulations are described in the Results section. The diploid yield from crossing
various numbers of cells for various periods of time was tabulated (Table 5). The optimal
diploid yield resulted from 26 h of crossing 1 x 10® cells of rgh1%ad3’ x wt. This
rgh1%ad3’ x wt cross was thought to be the best indicator of hypothetical diploid yield
resulting from any given number of cells crossed in the actual screen. It was therefore
concluded that 1 x 10® cells of each library could be crossed on one cross plate for
optima diploid yield. In determining optimal cross incubation time, rgh1%ad3® x
rgh1%ad3® crosses are most important, since these are the strains used in the actual
screen. Figure 4 was generated to compare the diploid yield after various cross incubation

times for the rgh1%ad3° x rgh1°rad3® and rgh1°rad3® x wt crosses. In this Figure, it can
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be seen that optimal diploid yield from the rgh1°rad3® x rgh1%rad3° cross was after 21 h.
The optimal cross incubation time for the actual mutant library cross was thus predicted
to be 21 h. Figure 5 was also generated to compare diploid yield after 21 h of crossing
various cell numbers. Given these findings, the diploid yield from crossing 1 x 10° cells
of rgh1%ad3” x wt for 21 h was considered the best indication of maximal diploid yield
that might be screened in crossing the libraries. Considering that 6.25 x 108 diploids have
to be screened, with a yield of 13.3 x 10° diploids from one cross plate, a total of 48
plates crossing 1 x 10® cells from each library would be required. Then given that a
maximum of 1 x 108 cells (haploid and diploid) can go on one plate without having too
much background growth, it was determined that the contents of the cross plates would
need to be re-plated onto 320 diploid-selecting plates in the actual screen (Table 6).

Since the basis of the screen is the known instability of rqh1%rgh1° diploids, an
unexpected finding of these investigative crosses was the high diploid yield from the
rgh1%ad3’ x rgh1%ad3® crosses (Table 5, Figure 4 and 5). These results suggest that
rgh1%ad3% rgh1%ad3® diploids are not as inherently unstable as expected, and an
additional stage was added to the initial screen plan: Since simply selecting stable
sporulating diploids will not likely be adequate to identify mutants of interest, the screen
must also include the isolation of spores from stable (colonies showing greater than 50%
sporulation after several re-platings) diploids, re-growth of these spores and observation
of colony growth after back-crossing with parental and wild type strains. If these newly
generated strains contain a mutation of interest, the effect of the rqh1® mutation will be
nullified and these strains will behave like wild types in a crossing situation. This
additional screen stage was successfully implemented in an initial rgh1® x rgh1° cross. It

determined that a spontaneous rate of mutagenesis with the rgh1® mutation alone would

62



not be adequate for the screen, and is described in detail in the Results and Methods
sections.

The unexpected high diploid yield from the rgh1’rad3® x rgh1%ad3® crosses
might be explained by the following reasoning: the growth of diploid colonies would at
least be partially dependent on the ability of cells to continue unhindered through the cell
cycle, despite high levels of genomic aberration caused by the rgh1® mutation. It is thus
possible that the rgh1® mutation alone with functional Rad3 would result in decreased cell
growth and sporulation, because Rad3 would arrest the cell cycle in response to the
aberrations caused by a lack of Rghl function. But cells lacking both Rghl and Rad3
would just continue to grow despite the highly compromised genome integrity. This
finding may also suggest that if the screen as planned with rgh1’rad3® mutants is
unsuccessful, it might be worth attempting with just rgh1® mutants.

In summary, the following conclusion was drawn from the investigation of
various cross conditions and the resultant diploid yield: The frozen mutant libraries must
be thawed in Y ES media and incubated at 30°C until 4.9 x 10° (48 multiples of a1 x 10®
cell cross) cells of each strain are at mid-log phase growth. 1 x 10° cells of each strain
then must be crossed on each of 48 SPA plates for 21 h. At this point, the crosses are to
be harvested onto PMLU plates and incubated at 30°C for up to 2 weeks, or until colonies
are clearly distinguishable. Any resultant stable diploids (colonies showing greater than
50% sporulation on PMLU plates after re-plating) should have spores isolated and grown
to form new mutant strains which can be crossed back to parental and wild type strainsto
observe crossing behaviour. It should also be noted that the cell concentration of the
mutant libraries was given in the results section. Thus, in sampling and thawing the

libraries to conduct the screen, it can be ensured that the library sample is of an adequate
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volume to contain at least one cell of each of the 25,000 transformants to be amplified by
growth in rich media.
4.3  Mutation Location Analysis:

In the detailed preparation for the screen, it was necessary to ensure that the
mutation localization procedure taken from Chua et al. (115) could be replicated
successfully. Many conditions and DNA sources were varied until the successful
procedure described in the methods section was developed. The procedure was perfected
in the localization of mutations in a selection of canl transformants from the first Sp30
library. The fragment amplified by IPCR was sequenced and found to be from the ura4”
fragment, which was circularized and then amplified from the outward pointing primers,
through the ends of the original linear fragment and back to the primers on the other side
of the urad sequence. This result could be explained by the finding of Davidson et al.
(121), which determined that many of the apparently transformed cells contained
unintegrated ura4” fragments. These fragments were still expressed as intrachromosomal
DNA. It seems likely that in the current study, many of the transformants contain both
integrated ura4” fragments (causing the canl disruption) as well as unintegrated ura4”
fragments. On extraction of DNA from the canl mutant transformants, the
extrachromosomal ura4” fragments were likely much more abundant and formed smaller
PCR templates than intrachromosomal ura4”. This would be because the latter templates
contained not just the ura4” fragment, but also an area of genomic DNA surrounding the
insert. Given this relative abundance (Chua et al. (115) found multiple copies of
extrachromosomal ura4” in transformants), and smaller size of the unintegrated ura4”

fragments, these would provide the preferred template for IPCR (126). This would



explain why only these fragments were amplified when the procedure was applied to
canl mutants from the Sp30 library.

In considering factors that might have resulted in the inability of this technique to
locate the insert sites in the mutant libraries, completion of each individual stage in the
process was checked. The quality of genomic DNA could be measured via
spectrophotometry for purity and quantity, and by electrophoresis gel to ensure that DNA
was not degraded (intact genomic DNA would appear as a bright band in the well, while
degraded DNA would appear as a smear of multiple bands in the gel lane). The
completion of digestion could be confirmed by the presence of multiple bands on an
electrophoresis gel, and IPCR products were easily visualized on electrophoresis gel. The
only stage that could not be tested readily was the ligation. Due to the small quantity of
DNA present, and the specificity of this mixture as the template for IPCR, it could not be
visualized on an electrophoresis gel. The presence of an IPCR product would suggest that
the ligation must have worked. But, since this product was amplified from
extrachromosomal ura4” fragments, these fragments may have circularized independently
in the cell, prior to the extraction of DNA for this process.

In order to confirm the success of ligation, the conditions used in this work were
compared to those found successful in other studies, using the formulae discussed below.
Previous work recorded the percent circularization of DNA fragments resulting from
various ligation conditions. Collins and Weissman (1984) (127) studied the effect of
DNA fragment concentration on the percent circularization of single fragments. They
found that a plot of ligation concentration (x-axis) against percent circles (y-axis) formed
areverse S-curve, demonstrating the quick decline in the proportion of DNA fragments

circularized as the concentration of DNA increases. Their findings also fit with the model
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proposed by Jacobson and Stockmayer (1950) (as cited in 127) where formulae were
generated to calculate the percentage of DNA fragments that could be expected to
circularize given any DNA fragment length and concentration. These formulae are shown
below, where “j” represents the effective concentration of one end of a DNA fragment in
the neighbourhood of the other end, “kb” represents the length of the fragment, and “i”
represents the DNA concentration:
j=634 ug/ml
(kb)1/2
Then, given “j” and “i”, the expected percentage of circles can be calculated:
% circles = _1_ X 100
i+]

Given these formulae, and the graph described above (127), the desires for optimal
circularization frequency and adequate DNA concentration for IPCR, can be balanced
mathematically. To illustrate with figures from the current study: The DNA is digested
with the restriction enzyme Hhal, which generally cuts every 500-1000 bp in the fission
yeast genome. The following ligation would circularize the desired fragments of
approximately 2200 bp (1700 bp ura4” fragment + 500 bp of DNA surrounding insert).
Considering the formulae stated above, the percent circles resulting from the ligation can
then be calculated, given the DNA concentration of 5 pg/mL required for IPCR. Inserting
these values for fragment length and DNA concentration into the formulae above, results
in an expectation of 89.6% circles from the ligation conditions used in the current work.
Lowering the DNA concentration would increase the percentage of fragments
circularized, but would result in an inadequate amount of template DNA for IPCR. Given

these constraints, 89.6% can be considered adequate for the current work. Thus, the
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ligation was most likely successful, especialy since the ligation conditions are the same

as those successfully employed by Chuaet al. (115).

Despite the fact that the insert localization technique from Chua et al. (115) could
be successfully replicated, it may not work to locate the integrant in the current screen.
This is due to the fact that extrachromosomal ura4” fragments remain in the transformed
cells and serve as the prominent PCR template. It is likely that following the crossing of
the mutant libraries, the resulting stable diploids with successfully integrated urad”, also
contain unintegrated ura4” fragments that inhibit IPCR amplification of the desired
fragment. Thus, this method will not be useful to identify the disrupted gene. A similar
lack of success was seen in an attempt to apply this technique to locate mutation sites
following similar screens (121, 122, 125). The latter found that 2 of the 4 mutant strains
of interest were refractory to IPCR analysis. In trying to resolve their difficulty in
implementing this technique, Davidson et al. (121) engaged in correspondence with many
members of the fission yeast research community. They found that others had similar
difficulties, and that alternative approaches were necessary. The lack of success may
largely be due to the predominance of extrachromosomal ura4” fragments following
electroporation and lithium acetate transformation of fission yeast, as found by Davidson
etal. (121).

In the current investigation, a possible solution to this problem was attempted:
Between | PCR reactions, the PCR product representing unintegrated ura4* fragments was
removed (along with all smaller fragments) by gel extraction, to leave only larger
template fragments. This alowed for any templates containing sequence around

intrachromosomal ura4” integrants to be amplified in the second PCR. Most likely due to
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the small amounts of DNA dealt with in this approach, and the inability to visualize DNA
bands on agel, this gel extraction method was not successful.

Other manipulations of the technique employed in this work may help to negate
the influence of extrachromosomal ura4® as the predominant template for IPCR. It may
also be possible to grow the transformants on nonselective media for several generations
either before freezing into mutant libraries, or after thawing, but before genomic DNA
isolation. The purpose of this would be to undermine the selective benefit of the
extrachromosomal ura4” fragments to the cells, with the hope that these fragments will be
expelled from the cells, or at least become insignificant relative to the number of cells
with only intrachromosomal ura4”. Thus, no longer providing the prominent ura4”
sequence template for IPCR. After growth on non-selective media, successful
transformants can be identified by sensitivity to 5-FOA (115, 120).

Another approach that might be attempted in the future, without physically
removing the undesired extrachromosomal urad4” template, might be to manipulate PCR
conditions so as to selectively amplify only larger template fragments. Dai et al. (126)
extensively studied the PCR-suppression effect and the various PCR conditions that can
be manipulated to selectively amplify larger or smaller fragments. The PCR-suppression
effect involves the suppression of amplification of DNA molecules flanked by inverted
terminal repeats. Thisis caused by the formation of “panhandle-like” structures as aresult
of the terminal repeat sequences annealing to each other. This structure prevents primer
binding to the template, preventing amplification. Shorter DNA fragments are suppressed
more easily than longer ones because they form the “panhandle” structure more easily
(128). It istherefore likely that the shorter DNA template, that we do not want to amplify

in the current work, can be suppressed by the addition of inverted repeats at the end of the
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urad” fragment. Then, following the detailed work of Dai et al. (126), the smaller
undesired template could be selected against. Specifically, Dai et al. (126) concluded that
since shorter templates form the “panhandle’ structure more easily, conditions that
increase the likelihood of inverted terminal repeat self-annealing would suppress the
amplification of shorter template fragments. These conditions include: lower primer
concentration to decrease competition between primer-template annealing and self-
annealing; longer inverted terminal repeats to increase their melting temperature, so that
self-annealing begins earlier than primer-template annealing when the reaction
temperature decreases just prior to annealing, decreasing the chance of primer-template
binding; and alower annealing temperature since the “ panhandle” structure is more stable
than relaxed structures at these temperatures.

Although the most likely explanation for the failure to identify the mutation siteis
the presence of extrachromosomal urad4® fragments, there are other factors that might be
considered. It might be useful to attempt the procedure with more than one restriction
enzyme in future work. The enzyme applied with the most success in the current work,
Hhal, has recognition sites that occur frequently within the fission yeast genome, often
with a site or two within any given 1000 bp stretch of DNA. However, there are
occasionally stretches of a few thousand base pairs without a Hhal restriction site. If the
intrachromosomal urad4” fragment happened to be within one of these longer stretches,
the IPCR might not successfully amplify this area of DNA surrounding the insert if it was
more than 4000 bp long, since the extension time in the IPCR recipe was 4 mins.
Although, as already stated from the IPCR results and the findings of others, the critical

fault in the procedure is the prominence of extrachromosomal ura4” fragments.
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Prior to attempting the actual screen (crossing the mutant libraries) it will be
necessary to either manipulate the current approach for success, or apply some other
mutation localization technique. Possible other approaches include: linkage analysis by
crossing the transformed strains with strains containing different nutrient deficiencies.
This approach was successfully implemented by Davidson et al. (121). In that work, a
mutant transformant of interest (auxotrophic for histidine, but prototrophic for uracil due
to the ura4” transgene) was crossed with another strain of opposite nutrient deficiency
mutations. The spores were then analysed for segregation patterns of the various markers,
finding that the ura4” integration (and therefore, the disrupted gene) was within 0.5 cM of
the his3 locus on Chromosome II. In the same study, another transformant was analysed
using a similar approach, and finding that 24% of the ura4” colonies were mating type h”,
it was concluded that the ura4” transgene was approximately 33 cM from the mating type
locus matl on Chromosome 1. The markers used in the previous study (121) are just two
examples of the many possibilities available for further analysisin the current work.

44  Conclusion:

Libraries of mutants in both mating types of the rgh1°rad3’ mutant strains were
successfully generated. Considering the frequency of canl mutants in the libraries, and
the success that similar screens have seen with far less extensive mutant libraries, the
mutant libraries are likely adequate to employ in the currently planned screen. Ided
libraries for the screen would contain a mutant form of every gene in the fission yeast
genome. Since this ideal would be very difficult to achieve, it is worth attempting the
screen with the current (very extensive) libraries. The goal of the screen is then to cross
the libraries so that diploids can be generated that contain two aleles of the same mutant

gene of interest (Figure 1), overcoming the inherent instability of the rgh1°rad3® mutant
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strains. In order to cross enough mutants to screen such a number of diploids, a large
scale operation is required. The details of this complex screen were investigated and
thoroughly mapped-out in the current work. Investigation of the details of the final stage
in the process, the localization of the mutant of interest identified in the screen, proved
unsuccessful. The technique adopted from Chua et al. (115) may not work in the current
context, due to the presence of extrachromosomal ura4® fragments providing the
predominant template for IPCR. Other manipulations, such as growing transformants on
non-selective media for several generations to remove unstable transformants, and the
manipulation of the IPCR to select for the larger intrachromosomal urad® templates,
should be attempted before completely discarding this approach. Alternative approaches
are aso outlined above and should be proven successful before the actua screen is

attempted in future work.
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