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The CDK-PLK1 axis targets the DNA damage
checkpoint sensor protein RAD9 to promote cell
proliferation and tolerance to genotoxic stress.
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Our lab studies
chromosome dynamics
during meiosis, the essential
pair of cell divisions that
create haploid cells (e.g.,
sperm and eggs) from
diploid precursors. Errors in
meiosis are responsible for
many human reproductive
problems, from infertility
to birth defects. Using the
nematode worm Caenorhabditis elegans as a model
system, we aim to reveal the mechanisms underlying
pairing and synapsis of homologous chromosomes,
control of genetic recombination, and accurate
chromosome segregation.

Although cells normally protect their genomes
from DNA damages at all costs, during meiotic
prophase many double-strand breaks (DSBs) are
intentionally created by the endonuclease SPO-11
to ensure that some can be repaired as crossovers.
This is because crossovers are absolutely required to
connect homologous chromosomes together, enabling
them to be segregated in opposite directions, at
meiosis | division. Since crossovers provide the only
physical linkage connecting and orienting homologous
chromosomes prior to the meiosis | division, failure to
establish crossovers leads to random, missegregation
of chromosomes. The DNA repair mechanisms
operating during meiosis are similar to those in mitosis,
with some important differences. Repair outcomes are
biased toward crossovers instead of noncrossovers,
and homologous chromosomes, rather than sister
chromatids, are preferentially used as repair templates.
Interestingly, recent work has shown that correct meiotic
outcomes depend on how DNA breaks are made: the
endonuclease SPO11 or y-rays are competent to make
crossovers, while other types of DNA damage, such as
damage from incomplete replication, are not. Meiosis

has thus taken the ancient, conserved DNA repair

pathways common to all organisms and adapted them
to carry out the particular steps needed to ensure
creation of haploid cells.

We have recently identified protein phosphatase 4
(PP4) as an infertility gene and have shown that PP4 is
required for DSB generation and crossover formation
in C. elegans. Previous studies in other organisms
have shown that PP4 antagonizes the DNA damage
kinases ATM and ATR, and functions to dismantle
the DNA damage checkpoint by dephosphorylating
repair proteins such as r H2AX, RPA, and 53BP1 in
somatic cells. Our work suggests that the antagonizing
relationship between PP4 phosphatase and ATR kinase
is required to generate the “not too many but not too
few” DSBs necessary to ensure a crossover for each
pair of chromosomes in meiotic prophase. The balance
of phosphatase and kinase activities must be finely
tuned by feedback systems since creating too many
DSBs could result in unrepaired DNA breaks, whereas
too few DSBs could lead to lack of crossovers. We
would like to understand the molecular mechanisms of

this intricate regulation that creates and repairs DSBs
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Laser light source, control, and processing unit for the
OMX 3D-SIM superresolution microscope.



Widefield deconvolution microscopes with high-precision
motorized XYZ stages and home-built adaptation to
create limited-area high-intensity laser light for DNA
damage or FRAP studies.

via homologous recombination in meiotic prophase. We
aim to work closely with members of the RBC studying
DNA damage and repair, and use the similarities and
differences in these processes between meiotic and
somatic cells to increase our understanding in both
systems.

Another branch of our work is dedicated to
understanding how functional domains are established
to separate chromosomes in two steps during the first
and second meiotic divisions. Meiotic chromosome
segregation requires the removal of chromosome
cohesion in two discrete steps, so that chromatids can
stay connected between the first and second division.
To retain cohesion between these steps, all organisms
define an "early removal" zone and a "late removal"
zone along each chromosome. While many organisms
use their centromeres as “late removal” zones, C.
elegans (which lacks discrete centromeres) instead
uses the single crossover on each chromosome as the
dividing point between the early and late removal zones.
Remarkably, these two regions are always regulated
to be dissimilar in size, and the smaller of the two
regions becomes designated as the "early removal"
zone, leaving the larger region as the "late removal"
zone. The mechanisms that ensure unequal zone size,
and designate functions in response to zone size, are
not understood. Recently, we have found that a key
upstream element in this process is the phosphorylation
of a chromosome structural protein, SYP-1. SYP-1 is

a member of the synaptonemal complex, a polymer

that holds paired chromosomes together. We showed
that phosphorylation of SYP-1 creates a binding
motif for the Polo-like kinase PLK-2, and PLK-2 and
phosphorylated SYP-1 mutually promote their own
restriction to the shorter "early removal" zone. When
we mutated SYP-1 to a non-phosphorylatable form,
we found that the two zones were no longer formed
properly and chromosome segregation was impaired.
Thus, we have found a key step in an informational
cascade that propagates a single molecular-
scale event (repair of a double-strand break as a
crossover) into a chromosome-wide differentiation of
function in an asymmetric manner dependent on the
crossover position. Our ongoing research is focused
on elucidating the molecular mechanisms of this
functional differentiation, as well as other aspects of
phosphoregulation in meiotic prophase.

Our research techniques include genetics, high-
resolution microscopy and quantitative image analysis,
biochemistry and molecular biology. In particular, we
use super-resolution 3D-SIM microscopy to probe the
structure of chromosomes below the optical diffraction
limit of 250mn. We use quantitative image analysis
to turn our raw microscopy images into the basis of
biological understanding. We often create our own

image analysis algorithms to automate quantitation and

to ask questions not possible with commercial software.
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C. elegans nematode worms, our model system. Their
transparent body and abundant germline cells make
them an ideal system to study meiosis.
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sensor protein RAD9 to promote cell proliferation and

tolerance to genotoxic stress.
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| am a student from Vancouver, Canada and am excited to join the Harada Lab (Laboratory of Cancer Cell Biology).
Holding a strong interest in drug and disease research, | graduated from the University of British Columbia (UBC) with
a Bachelor’s degree in Biochemistry and Chemistry. Much of my previous laboratory experience involved investigating
various aspects of cancer: with the Morin Lab at Canada’s Michael Smith Genome Sciences Centre, | conducted
research on the mechanisms of CDK12, a protein implicated in cancer pathology. With the Roberge Lab at UBC, |
investigated the potential of using drug-induced premature stop codon readthrough to treat cancer cells with p53
nonsense mutations. | will spend my first term at Kyoto University in an intensive Japanese language program, and will
be entering the Master’s program at the Graduate School of Biostudies in October 2018.
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