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A. Personal Statement
	I have the expertise, leadership, and training required for the proposed research. I have a strong background in yeast molecular genetics. My graduate training (with Leonard Guarente) examined transcriptional regulation in the budding yeast Saccharomyces cerevisiae, and my postdoctoral work (with Paul Nurse) investigated the cell cycle, particularly the G1/S transition, in the fission yeast Schizosaccharomyces pombe. Since starting my own group in 1993, I have continued using S. pombe, with grants from NIH, NSF, the American Cancer Society, and the Leukemia & Lymphoma Society. These projects have been productive, with over 85 publications, and demonstrate my ability to manage a research plan, staff, and budget. 
My work has evolved from genetic analysis of DNA replication control to a broader consideration of the mechanisms that maintain genome integrity in response to replication stress. In addition to my substantial experience in classic yeast genetics and molecular biology, an important recent component is my lab’s expertise in microscopy, especially live cell imaging and single cell analysis. This is facilitated by a Deltavision-core deconvolution microscope system with solid state illumination, which is in my lab. Recent acquisition of an OMX 3D-SIM super-resolution microscope as a core instrument at USC promises to give us unique new insights into the biology of chromosome stability. Our success with imaging can be seen in multiple journal covers associated with our publications (6,7,10,12,15).
The present application builds logically on my prior work, bringing together the common theme of understanding how the response to replication stress is linked to genome stability. This is a significant question in human health, because the response to replication stress and DNA damage is a crucial barrier against malignant transformation in human cells, as well as other diseases. All the genes we study in S. pombe have human orthologues linked to malignancy, so the mechanistic insights we gain are directly relevant to human biology.. 
	I am an advocate for the use of fission yeast as a model system for chromosome biology, and have contributed to many of the published protocols and methods in use with this organism. Importantly, I have a deep commitment to the education and mentoring of young investigators at all levels by encouraging research skills along with intellectual curiosity. I have been particularly active in supporting women in science (recognized by several awards). I am active in the mentoring of undergraduate researchers, and have sent my former students to PhD programs at elite research universities including MIT, UCSF, and UCSD. I designed and currently direct a research-oriented Progressive Masters degree in Molecular Genetics and Biochemistry, and participate at multiple levels in our PhD program in Molecular Biology. Previous students and postdocs have gone on to productive positions in academe and industry. 

B. Positions and Honors
Positions, Employment
1989-1993	Postdoctoral fellow, Imperial Cancer Research Fund/Oxford University. Advisor: P. Nurse
1993-2004	Assistant/Associate Professor, Molecular Cell Biology Laboratory, The Salk Institute for Biological Studies, La Jolla, CA. 
1994-2004	Adjunct Assistant/Adjunct Associate Professor, Division of Biology, UC San Diego CA
2004-2006	Associate Professor, Molecular & Computational Biology, University of Southern California, and member, USC/Norris Comprehensive Cancer Center, Los Angeles CA
2006-present	Professor, Molecular & Computational Biology, University of Southern California, and member, USC/Norris Comprehensive Cancer Center, Los Angeles CA

Professional Memberships: 
Genetics Society of America, American Society for Microbiology, American Society for Biochemistry & Molecular Biology, American Society for Cell Biology, Association of Women in Science

Service (selected)
1996	ad hoc member, NIH Molecular Cytology (CTY) Study Section
1996-2001	Member, ACS Cell Cycle and Growth Control (CCG) Study Section
2001-present	Member, International Fission Yeast Gene Naming Committee
2003-2012 	Member, Women in Cell Biology committee, American Society for Cell Biology 
2004	ad hoc member, NIH special emphasis panel on DNA repair,
2004-2008	member , Career Development Review panel, Leukemia & Lymphoma Society
2009-2012	member, Executive Council for Extramural Grants, American Cancer Society
2009	chair, NIH special emphasis panel ZRG1 CB-D (02) ; AED 
2009	member, NIH special emphasis panel ZRG1 CB-J (40) P; AED
2009	member, NIH mail reviewer, ZRG1-CB-N 58 (Challenge Grants)
2009	member, NIH special emphasis panel ZRG1 CB-Q (40) Q; AED
2010-2014	member, NIH Cellular Signaling and Regulatory Systems (CSRS) panel
2011	member, NIH special emphasis panel ZRG1 CB-P (40) P; AED
2011-present	Senior Editor, G3: Genes, Genomes, Genetics, Genetics Society of America

Honors (selected)
1995 		Visiting Professor, Institute of Molecular Biology, University of Copenhagen, Denmark
1996 		American Society for Cell Biology WICB Junior Career Recognition Award
1997-2002 	Leukemia & Lymphoma Society Scholar Award
2002		Stohlman Scholar , Leukemia & Lymphoma Society
2004		elected Fellow, American Association for the Advancement of Science
2006		Mellon Mentoring Award, USC
2007		elected Fellow, Association for Women in Science
2008-2011	Fellow , USC Center for Excellence in Research
2011		Roche Diagnostics Alice M Evans Award, American Society for Microbiology
2013		elected Fellow, California Academy of Sciences
2014		elected Fellow, American Academy of Microbiology



C. Contributions to Science: mechanisms of genome stability
1, The MCM helicase is a proximal effector of genome stability 
The MCM complex is the primary replicative helicase in eukaryotes and archaea. The core complex in eukaryotes comprises 6 related subunits, Mcm2-7. MCMs license replication origins for activation, and then convert to an active role in the replisome to unwind DNA. Recently, mutations of Mcm4 in mice were linked to mammary and blood cancers; these showed broken chromosomes and micronuclei, indicating a profound effect on genome stability. Dysregulation of MCM expression is also a marker in many human cancers. 
For 20 years, we have used yeast molecular genetics to examine the contributions of MCMs to genome stability. We cloned several of the MCM subunits in fission yeast and performed in vivo structure-function analysis to identify protein interactions. As in higher eukaryotes, S. pombe MCMs are found constitutively in the nucleus. We developed a model showing that a subset of MCM proteins provides nuclear targeting information to the rest of the complex, and that formation of the complex is necessary to retain the MCMs in the nucleus. This provides a mechanism to maintain proper stoichiometry of the complex (1); similar results were found in mouse. We also observed that reduced dosage of MCM leads to genome instability (2), which is consistent with models from metazoans suggesting that MCM licensing of dormant origins provides a backup for use during replication stress. We showed that the canonical mcm-ts mutations cause DNA breaks and activation of the damage checkpoint that arrests the cell cycle; moreover, Mcm4 is itself a target of the replication checkpoint kinase Cds1, and MCMs in both human cells and fission yeast associate with recombination proteins required for replication fork restart during replication stress (3). We also identified a new MCM subunit, MCM-BP (Mcb1; 4).  Our recent work is examining new alleles of mcm4+ with novel phenotypes that generate stress. 
1. Pasion, S.G. and Forsburg, S.L. (1999) Nuclear localization of fission yeast Mcm2/Cdc19p requires MCM complex formation. Mol Biol. Cell 10: 4043-4057. PMC25742
2. Liang, D.T., Hodson, J.A. and Forsburg, S.L. (1999) Reduced dosage of a single fission yeast MCM protein causes genetic instability and S phase delay. J. Cell Sci. 112:559-567
3. Bailis, J.M., Luche, D.D. Hunter, T., and Forsburg, S.L. (2008) MCM proteins interact with checkpoint and recombination proteins to promote S phase genome stability Mol. Cell. Biol. 28:1724-38. PMC2258774
4. Ding, L. and Forsburg., S.L. (2011). Schizosaccharomyces pombe MCM binding protein (MCM-BP) antagonizes MCM helicase. J. Biol.Chem 286:32918-30 PMC3190919 

2 Mechanisms of replication stress response
The proper response to replication stress is now known to be a primary barrier to malignancy. A core component of the stress response is the Cds1 checkpoint kinase, which is activated by insults including nucleotide starvation (induced by treatment with hydroxyurea). Cds1 has numerous targets that facilitate cell cycle arrest, protection of the replication fork, repair, and re-initiation. Not surprisingly, the human orthologue (Chk-2) is linked to cancer. 
	We have investigated the links between replication stress and Cds1 activity. We showed that the Hsk1/DDK kinase, which is essential for replication initiation, is a substrate of Cds1, and further, that Cds1 is required to prevent abnormal divisions when Hsk1 is compromised (5). Most recently, we obtained an exciting result showing that cds1∆ mutants do not undergo replication arrest and immediate fork collapse when treated with HU (as previously thought), but continue to synthesize DNA until finally reaching a replication fork “collapse point.” This is accompanied by massive accumulation of single stranded DNA (6). We also showed that treatment with the nucleoside analogues BrdU and EdU affects fission yeast similarly to mammalian cells, causing a disruption in nucleotide pools, increased rates of mutation, and chronic DNA damage (7). These studies have established new metrics for fork collapse and refined methods for analysis. 
5. Snaith, H. A., G. W. Brown and S. L. Forsburg (2000). Schizosaccharomyces pombe Hsk1p is a potential cds1p target required for genome integrity. Mol Cell Biol 20(21): 7922-7932. PMC86403
6. Sabatinos, S. A., M. D. Green and S. L. Forsburg (2012). Continued DNA synthesis in replication checkpoint mutants leads to fork collapse. Mol Cell Biol 32(24): 4986-4997. PMC3510540 (cover)
7. Sabatinos, S. A., T. L. Mastro, M. D. Green and S. L. Forsburg (2013). A mammalian-like DNA damage response of fission yeast to nucleoside analogs. Genetics 193(1): 143-157. PMC3527242 (cover)





3. The pericentromere is a model fragile site 
Because the centromere is essential for the normal segregation of chromosomes, mutations affecting centromere function contribute to numerical chromosome instability (nCIN) and aneuploidy. However, recent studies suggest that the centromere, which contains repetitive sequence elements, is also vulnerable to chromosome rearrangements, fragmentation, and DNA damage, creating structural instability (sCIN). One example is the fusion of acrocentric chromosomes to form Roberstonian translocations. Epigenetic modifications and heterochromatin formation in the pericentromere repeats help counter this instability. Importantly, how cellular mechanisms work together to prevent sCIN in the centromere is largely unexplored.
		We first linked centromere function to DNA replication when we identified an interaction between the Hsk1/DDK kinase and the conserved heterochromatin protein Swi6/HP1, and showed that this is required for proper centromere cohesion (8). Subsequently, we determined that Swi6 also interacts with the replication initiation protein Cdc18Cdc6 to influence replication timing in the pericentromeric heterochromatin domain (9). Our recent analysis suggests that the Chp1 chromodomain protein binding to methylated histone causes late replication in the absence of Swi6 (10). In an exciting new study, we found that loss of replication fork stability coupled with defects in heterochromatin formation results in substantial rearrangements at the centromere (11). As part of this investigation, we isolated a strain in which one of the metacentric chromosomes in S. pombe is split into two acrocentric chromosomes (11).  Recently, we have shown that these new chromosomes can be encouraged to fuse to restore a full-length metacentric chromosome, thus forming a model for Roberstonian translocation.These studies continue.
8. Bailis, J. M., P. Bernard, R. Antonelli, R. Allshire and S. L. Forsburg (2003). Hsk1/Dfp1 is required for heterochromatin-mediated cohesion at centromeres. Nat. Cell Biol.(5): 1111-1116. (cover)
9. Li, P. C., L. Chretien, J. Cote, T. J. Kelly and S. L. Forsburg (2011). S. pombe replication protein Cdc18 (Cdc6) interacts with Swi6 (HP1) heterochromatin protein: region specific effects and replication timing in the centromere. Cell Cycle 10(2): 323-336. PMC3025051
10. Li, P. C., M. D. Green and S. L. Forsburg (2013). Mutations disrupting histone methylation have different effects on replication timing in S. pombe centromere PLOS ONE 8(5): e61464 PMC3641051
11. Li, P. C., R. C. Petreaca, A. Jensen, J. P. Yuan, M. D. Green and S. L. Forsburg (2013). Replication fork stability is essential for the maintenance of centromere integrity in the absence of heterochromatin. Cell Rep 3(3): 638-645. PMC3652564 (cover)

4. DNA damage and genome stability in meiosis
Meiosis is a specialized process of division that reduces a diploid genome into four haploid, recombined gametes. Defects in meiosis contribute to miscarriage, birth defects, and genome rearrangements. For many years, we have been applying our experience in cell cycle genetics to ask how the pathways that maintain genome stability in the vegetative cell cycle are adapted to meiosis. Early on, we saw that mcm mutations do not arrest meiotic progression under conditions that cause cell cycle arrest (12). We later showed that this is because damage checkpoint is missing in premeiotic S phase (13); thus, the damage that provokes cell cycle arrest in mcm mutants in the vegetative cycle (2,3) is ignored in meiosis, allowing nuclear divisions to occur. Our recent studies have found that the Crb2 and Chk1 proteins are not expressed until late in meiosis, essentially eliminating the damage checkpoint during premeiotic S phase.
	The Hsk1/DDK kinase phosphorylates MCMs and other targets during S phase. We identified an allele of Dfp1, the regulatory subunit of DDK, that is competent for DNA replication initiation but defective in the response to alkylation damage due to failure to maintain chromatin association. Intriguingly, these cells also are defective in a wide range of meiotic functions including transcription and chromosome cohesion, suggesting that DDK coordinates multiple activities (14). Other alkylation-sensitive mutants from the same screen also show meiotic defects, identifying the nucleotide excision repair protein Rad16 (XPF) as an important component for managing crossover resolution in meiosis (15). Studies continue to characterize the consequences of fork destabilization during meiotic progression.
12. Forsburg, S.L. and Hodson, J.A. (2000) Mitotic replication initiation proteins are not required for S. pombe pre-meiotic S phase. Nat. Genet. 25:263-268 
13. Pankratz, D.G., and Forsburg, S.L. (2005) Meiotic S-phase damage activates recombination without checkpoint arrest . Mol. Biol. Cell16:1651-1660. PMC1073649
14. Le, A.H., Mastro, T.L. and Forsburg, S.L. (2013). The C-terminus of S. pombe DDK subunit Dfp1 is required for meiosis-specific transcription and cohesin cleavage. Biol Open 2:728-38. PMC 3711041 (cover)
15. Mastro, T. L. and S. L. Forsburg (2014). Increased meiotic crossovers and reduced genome stability in absence of Schizosaccharomyces pombe Rad16 (XPF). Genetics 198(4): 1457-1472. PMC4256765


5.  Chromatin modifications and genome stability
[bookmark: _GoBack]Histone modifications were first characterized for their role in transcription.  In fission yeast, the role of epigenetic modifiers in centromere function was established early on (see #3).  More recently, epigenetic modifications have been identified as contributors to genome stability and replication in multiple systems.
We have focused our attention on the conserved MYST family histone acetyltransferases, of which fission yeast has two members.  In mammals, the HBO1 enzyme interacts with the MCM proteins, and we showed that both Mst1 (Sc Esa1, Hs KAT5/TIP60) and Mst2 (Sc Sas2/Hs Kat8) are histone acetyltransferases able to interact with MCM (16).  mst1+ is an essential gene with pleiotropic effects on chromosome segregation and DNA damage response, with substantial genetic and physical interaction with centromere components (16, 17).  It is one of the chromodomain containing proteins in S. pombe, suggesting it interacts with methylated histone H3K9.  In contrast, mst2+ is not essential for viability, but is required for response to replication stress and overlaps with the Gcn5 histone acetylatransferase in the damage response (16,18).

16.  Gómez, E.B, Espinosa, J., and Forsburg, S.L. (2005) S. pombe mst2+ encodes a MYST-family histone acetyltransferase that negatively regulates telomere silencing. Mol. Cell Biol. 25:8887-903.. PMC1265769
17  Gómez,, E.G., Nugent, R.L., Laría, S., and Forsburg, S.L. (2008) S. pombe histone acetyltransferase Mst1 (KAT5) is an essential protein required for damage response and chromosome segregation Genetics 179(2):757-71. PMC2429872
18.  Nugent, R.L., Johnsson, A., Fleharty, B., Gogol, M., Xue-Franzén, Y., Seidel, C., Wright, A.P., Forsburg, S.L. (2010) Expression profiling of S. pombe acetyltransferase mutants identifies redundant pathways of gene regulation . BMC Genomics. 2010 Jan 22;11:59. PMC2823694


Link to complete publications in MyBibliography:
http://www.ncbi.nlm.nih.gov/sites/myncbi/susan.forsburg.1/bibliography/40370120/public/?sort=date&direction=ascending

D.	Research Support
Active
	NIH/NIGMS 
R01 GM81418-04
 
	Forsburg, P.I.
	7/1/2011 – 6/30/2016

	Title: Checkpoints and Double Strand Breaks in S pombe Meiosis
The goal of this project is to investigate how meiosis modifies the roles of conserved checkpoint kinases and damage response. Currently in a no-cost extension.



	NIH/NIGMS 
3R01GM081418-05S1 
	Forsburg, P.I.
	8/1/2011 – 7/31/2016

	Title: Checkpoints and Double Strand Breaks in S pombe Meiosis (Supplement)
The goal of this project is to use deep-sequencing to examine checkpoint protein distribution during meiosis. Currently in a no-cost extension.



	NIH/NIGMS 
R01 GM111040-01
	Forsburg, P.I.
	5/1/2014 – 3/31/2018

	Title: Structural instability and DNA rearrangements in the centromere
The goal of this project is to investigate the centromere as a model fragile site, and site of recombination. 



 Completed
	NIH/NIGMS 
5 R01 GM059321-12
	Forsburg, P.I.
	8/1/1999-2/28/2014

	Title: Genetic Analysis of MCM Protein Function in S. pombe
The goal of this project was to investigate how the MCM helicase and associated proteins contribute to genome stability.   



	NSF 
MCB 0743448 
	Forsburg, P.I.
	7/1/2008- 6/30/2012

	Title: Regulation of Chromosome Segregation by Replication Proteins
The goal of this project was to investigate how replication proteins contribute to centromere function




