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Abstract 
 
 In humans, 80% of recombination occurs in only 10-20% of the genome1 within regions 

that have been termed “hotspots.” The regulation of genome-wide recombination restriction was 

unknown until recently, when Prdm9 was identified as a central mediator of hotspot recombination. 

While researchers have made statistical predictions about how much meiotic recombination can be 

explained by Prdm9, this question has never been biologically explored. Additionally, the 

mechanism by which PRDM9 recruits double-stranded break (DSB) repair machinery is unknown. 

PRDM9 is a histone 3 (H3) lysine 4 (K4) trimethyltransferase (TMT). It is composed of a KRAB 

domain, normally found in transcriptional repressors, a PR/SET domain, consistent with a protein 

interacting domain and transcriptional activator, and a hyper-variable DNA-binding zinc finger (ZF) 

domain. Therefore, Prdm9 may play multiple functional roles, including; (i) inducing hotspot 

recombination, (ii) trimethylating H3K4 sites, and (iii) regulating transcription. I hypothesize that 

Prdm9 directly binds a DSB repair initiator, trimethylates H3K4 sites, and then the initiator localizes 

the DSB repair machinery. One promising candidate for this initiator is MORC2B; Prdm9 regulates 

the expression of Morc2b, and Morc2b has a domain commonly found in DNA mismatch repair 

genes and topoisomerases. I propose that PRDM9, a central mediator of recombination, 

initiates DSB formation at the majority of hotspots by complexing with MORC2B and/or 

other proteins to recruit DSB repair machinery. In order to address these questions, I aim to: 

1. Biologically determine how much hotspot recombination is explained by Prdm9 in mice, 2. 

Determine the protein-protein interactions of PRDM9 in an unbiased way, and 3. Characterize the 

role of MORC2B in recruiting the DSB repair machinery. 



Specific Aims 
 
Aim 1: Characterize genome-wide PRDM9 binding patterns in mouse testes. 

Despite its implicated role in genome-wide recombination control, PRDM9 has been 

biologically shown to bind fewer than ten hotspots to date. The frequency of PRDM9 binding is 

important because it provides an upper bound on the level of control Prdm9 has over hotspot 

recombination. Intersecting PRDM9 and DSB repair machinery binding sites would provide a more 

accurate estimate of the amount of recombination induced by PRDM9. Interestingly, allelic 

differences in Prdm9 in humans lead to different binding specificities2, which likely lead to different 

binding patterns genome-wide. Inbred strains of mice, Mus musculus domesticus C57BL/6 (B6) 

and Mus musculus castaneus (CAST), also have different Prdm9 alleles with different binding 

motifs. In order to determine where PRDM9 binds to induce recombination in an unbiased way, I 

will perform chromatin immunoprecipitation followed by high throughput sequencing (ChIP-seq) in 

spermatocytes from B6 and CAST using α-PRDM9 and α-DMC1 antibodies. DMC1 is a member of 

the DSB repair machinery that enables homologous chromosome pairing. From the sequence data 

and recombination maps, I will determine how many PRDM9 and DMC1 binding peaks overlap 

and what fraction of hotspots PRDM9 binds. Additionally, I will determine the overlap and 

differences in binding between the CAST and B6 alleles of PRDM9 and search for genomic 

properties such as alternative motifs within these regions. 

Aim 2: Determine the protein-protein interactions of PRMD9 in an unbiased way.  

 Previous researchers have suggested that PRDM9 might directly bind a DSB repair initiator, 

trimethylate H3K4 sites, and then the PRDM9 binding partner initiates DSB repair machinery 4. In 

support of this hypothesis, Prdm9-/- mice are sterile because DSBs are not successfully repaired3. 

The mechanism by which PRDM9 recruits DSB repair machinery is not understood, and 

understanding this process may provide insight into other interactors that are required for hotspot 

recombination. I will identify the protein interactions of PRDM9 that may be involved in this process 

via mass spectrometry. These candidates can be explored in future studies using the methodology 

in Aim 3 to determine their role in localizing DSB repair machinery. 

Aim 3: Characterize the role of MORC2B in DSB repair. 

A promising candidate for involvement in DSB repair initiation is Morc2b. It is known that 

Prdm9 regulates the expression of this gene, which has a GHKL ATPase domain that is conserved 

among DNA mismatch repair genes. I will determine the role of Morc2b in DSB repair by 

generating a Morc2b-/- mouse. First, wild-type localization of MORC2B will be characterized via 



immunofluorescence. Then, I will determine the localization of the DSB repair machinery in the 

absence of MORC2B. 

Background and Rationale 
 

Meiotic recombination is a process required for reproduction in mammals and many other 

organisms. During this process, chromosomes pair and swap DNA with their homologous 

partners. In humans and many other species, the position of recombination is not evenly 

distributed across the genome. Instead, it more often occurs in small windows called “hotspots” 

that are 1 – 2 kb in size and spaced on average every 50 – 100 kb1. When hotspots within 

genomic repeats are mislocalized, diseases such as Charcot Marie Tooth Disease Type 1A and 

hereditary neuropathy can occur5. Unexpectedly, the locations of hotspots vary largely across 

mammals and even within species, resulting in remarkable recombination diversity. For example, 

within humans, there are 2,454 and 7,328 African- and European-enriched hotspots6, respectively, 

which is a much larger hotspot divergence than expected given that there are only a total of 

25,000 – 50,000 hotspots in the human genome1. The cause of this phenomenon was unknown 

until recently. 

Determining the genomic properties unique to hotspots has proved a significant challenge. 

Using a linkage disequilibrium-based recombination map, Myers et al matched hotspot regions 

with regions that are the same size and SNP density but showed no evidence for being a hotspot. 

Comparing these regions, they found a 13 base pair (bp) degenerate motif that is present in at 

least 40% of hotspots genome-wide5. Other groups suggested that hotspot usage is determined 

by different motifs in diverse groups, and therefore that more than 40% of hotpot variation can be 

explained by consensus sequences in humans2,6. Additionally, while the 13 bp motif is associated 

with hotspots, it is neither required nor sufficient to induce recombination.  

The presence of a motif in a large portion of hotspots suggests a potential mechanism for 

hotspot recombination: a protein recognizes the sequence of this motif to trigger recombination. 

Consistent with this mechanism, differences in mice at a locus containing only one protein-coding 

gene, Prdm9, were correlated with differences in hotspot usage7,8. Based on its unusual zinc finger 

(ZF) domain and its role in hotspot recombination, another group reasoned that PRDM9 could 

likely bind the degenerate motif found in humans. In order to test this hypothesis, they found an 

allele of Prdm9 (ZI) in an isolated population of European-ancestry individuals called the Hutterites, 

which is predicted to bind a different degenerate motif than the more common motif predicted by 

the European allele (ZA); a Southwestern blot showed that differences in the Prdm9ZA and Prdm9ZI 



alleles directly corresponded with their binding specificity2. Additionally, mutating DNA binding 

regions of the ZFs of Prdm9 in mice causes altered hotspot usage9. Therefore, Prdm9 is able to 

recognize and bind hotspot motifs via its ZF domains to induce recombination. Despite Prdm9’s 

implicated role in genome-wide binding, its binding activity has yet to be biologically characterized 

in an unbiased way. I  hypothesize that PRDM9 binds preferent ia l ly to degenerate 

moti fs with in hotspots compared to coldspots. 

An unresolved question is how Prdm9 induces recombination. Studies in mice have shown 

that Prdm9 trimethylates histone 3 (H3) at lysine 4 (K4), which is consistent with a transcription-

activating modification3. Additionally, Prdm9-/- mice are sterile and show chromosomal 

abnormalities during prophase I. Specifically, homologous chromosome pairing is impaired and a 

member of the DSB repair machinery, DMC1, fails to localize to DSBs3. These results indicate that 

PRDM9 plays a role in recruiting the DSB repair machinery, though the mechanism by which this 

occurs is still unknown. 

One potential mechanism by which PRDM9 may function is by directly binding a protein 

that recruits the DSB repair machinery, and the presence of a protein interacting (PR) domain, 

supports this possibility. There is some molecular evidence for interactions between Prdm9 and 

only one other gene, Morc2b. Interaction is supported by evidence of direct correlation in 

expression: in Prdm9-/- mice, Morc2b showed little expression, but its expression was restored 

upon rescue by Prdm9-containing bacterial artificial chromosomes (BACs)10. Expression reduction 

in Prdm9-/- mice is not believed to be due to arrests in meiosis Morc2b was expressed at wild-type 

levels in Dmc1-/- mice, which arrest at the pachytene stage due to failure to resolve DSBs3. 

Additionally, Morc2b is only expressed in testes from pre-meiotic replication to the early pachytene 

stage, which coincides with Prdm9 expression and crossover formation. Finally, Morc2b contains a 

GHKL ATPase motif, which is well conserved in DNA mismatch repair genes and topoisomerases3. 

Based on this evidence, I  hypothesize that Prdm9  b inds Morc2b  and other proteins, 

which tr igger DSB repair.  

Mus musculus is a good model organism to use to characterize Prdm9 for several reasons. 

Inbred strains enable a homogenous genetic background, in contrast to humans, better enabling 

detection of variation in Prdm9 alleles and also the presence/absence of hotspot motifs. 

Additionally, millions of sperm are produced daily in mice11, and prophase I spermatocytes are 

enriched in prepubertal (9 – 20 days post partum) mice9. Recombination maps for two strains, M. 

m. domesticus C57BL/6 (B6) and Mus musculus castaneus (CAST), are available12,13. These strains 



have a Prdm9b and Prdm9wm7 allele, respectively, which are predicted to bind different regions of 

the genome2. Finally, the structure of Prdm9 is conserved between mice and humans—both 

mouse and human Prdm9 have a KRAB domain, a PR/SET domain, and hypervariable ZF 

domains, unlike invertebrate model organisms14. I therefore propose to use Mus musculus to 

address my aims. 

Research Design and Methods 
 

PRDM9 is conservatively2,6 predicted to bind to at least 40% of hotspots genome-wide in 

humans5, but the exact mechanism and locations of binding are currently uncharacterized. The 

fraction of the genome that PRDM9 binds gives an upper limit on its level of control over hotspot 

recombination. A more accurate estimate of its control over recombination induction can be found 

by overlapping PRDM9 binding sites with sites where DSB repair occurs. After PRDM9 binds to 

hotspots, recombination is induced, though this mechanism is unknown. Others have suggested 

that a component of the DSB repair machinery and PRDM9 or a PRDM9-containing complex may 

directly associate in order to localize the machinery to potential DSB sites4. One candidate for 

involvement in this process is MORC2B; Prdm9 regulates its expression and has a protein 

interacting domain. In order to test these hypotheses, I will characterize PRDM9 binding genome-

wide in aim 1, and I will characterize the involvement of MORC2B in DSB repair recruitment and 

determine whether other PRDM9 interactions may be involved in this process in aim 2. I 

hypothesize that PRDM9, a central mediator of recombination, initiates DSB formation at 

the majority of hotspots by complexing with MORC2B and/or other proteins to recruit 

DSB repair machinery. 

AIM 1: Characterize genome-wide PRDM9 binding patterns in mouse testes (Figure 1). 

Rationale: While PRDM9 is known to be a major regulator of hotspot recombination in most 

mammals14-17, its genome-wide binding specificity and frequency are unknown. Statistical methods 

have predicted that it binds 40% of hotspots in humans5, but others have suggested that this 

prediction is an underestimate2,6. The biological frequency of PRDM9 binding is important because 

it provides an upper bound on the level of control Prdm9 has over hotspot recombination, but it 

has never been explored genome-wide. I will address this point by determining where PRDM9b and 

PRDM9wm7, which are predicted to bind different motifs, bind genome-wide. Additionally, I will 

overlap PRDM9 binding peaks with known hotspots in order to determine the fraction of hotspots 

that are bound by the proteins coded by both alleles. Furthermore, I will overlap binding of PRDM9 

with binding of DMC1, a component of the DSB repair machinery, to determine how often PRDM9 



binding leads to recombination. 

Figure 1 – Aim 1 methodology. Chromatin image reproduced from a ChIP-seq review18. 



Experiment: First, using the statistical methodology previously applied to hotspots in humans5, I 

will predict the fraction of hotspots that PRDM9 will bind to in B6 and CAST. In order to apply this 

method, I need to know the predicted binding motifs and the locations of hotspots in both strains. 

Fortunately, the former has already been established, and the latter can be ascertained from 

recombination maps for both strains12,19. I expect that PRDM9 will bind to at least the statistical 

prediction. 

 1. I will determine genome-wide PRDM9 binding via chromatin-immunoprecipitation 

followed by high throughput sequencing (ChIP-seq) (Figure 1.1). Before I can perform ChIP, 

however, I will test my antibodies to ensure reliable results. I will check that the commercially 

available mouse α-PRDM9 and α-DMC1 are specific and have a low background via Western blot 

using spermatocytes from B6 and CAST. Additionally, I will test the ability of both antibodies to 

enrich for chromatin-specific proteins by co-immunoprecipitating (co-IP) with α-histone 3. If 

prospective antibodies pass these test, I will dissect testes from pre-pubertal (15 days post 

partum) mice to enrich for spermatocytes in prophase I.  

2. I will then perform ChIP to obtain DNA bound by PRDM9 and DMC1 in B6 and CAST. In 

order to ensure that the ChIP worked, I will PCR amplify the Ptpn14 hotspot and the Hlx1 hotspot 

in both strains, which I expect to see in the B6 strain only and the CAST strains only, respectively 

(Figure 1.2). I will repeat ChIP two more times in order to obtain biological replicates. As a negative 

control for the sequencing, I will also perform ChIP using an IgG control, which will inform the 

nonspecific antibody binding. I will then prepare multiplexed Illumina sequencing libraries for three 

replicates of PRDM9 and DMC1 ChIP and an IgG control in B6 and CAST spermatocytes. I will 

sequence these libraries using two lanes of a flow cell with an Illumina HiSeq 2000, which will yield 

approximately 15 million reads per sample. 

3. I will map the sequences to the mm9 mouse reference genome using Eland, a read 

aligner designed by Illumina. I will identify and correct for sequencing biases, such as variable base 

composition, poor quality toward the ends of reads, and lane biases (Figure 1.3). Next, I will 

normalize the number of reads between all samples. Then, I will use a standard peak caller, Model-

based Approach to ChIP-seq (MACS)20, to determine and rank binding peaks. I will select ten 

peaks that are bound in B6 by PRDM9 and DMC1 but not in CAST and vice versa for validation by 

ChIP-qPCR. Finally, I will examine the overlap in binding peaks between B6 and CAST to 

determine Prdm9 allele specificity and binding site affinity (Figure 1.4). 



Expectation: Previous research has suggested that the statistical prediction of PRDM9 hotspot 

binding in humans is conservative because the genetic diversity is not captured by a single motif2,6. 

In inbred strains of mice, however, the majority of genetic diversity has been removed. I therefore 

predict that the statistical predictions will be more accurate in mice. Additionally, because of the 

reduced genetic diversity in B6 and CAST mice, I expect that PRDM9 will bind to a larger 

percentage of hotspots than in humans. When comparing the number of hotspots bound by 

PRDM9 in B6 and CAST, I expect PRDM9wm7 to bind to more hotspots because its predicted motif 

is shorter and slightly more degenerate. Conversely, I expect to that fewer hotspots are used but 

more recombination per hotspot occurs in B6 mice. I predict that I will find genomic patterns such 

as an alternative motif in regions where PRDM9 binding overlaps between B6 and CAST and with 

DMC1. However, because of the marked differences in PRDM9 motifs between B6 and CAST, I 

expect there to be little overlap in binding. If I find that PRDM9 binds to a majority of the genome 

where hotspots do not exist, I will hypothesize that PRDM9 binding is either nonspecific or another 

molecular checkpoint is required before recombination can be initiated. I do not expect this to be 

the case, however, based on the large percentage of the variation in hotspot usage that can be 

explained by PRDM9. 

 

Potential Problems and Alternative Approach: The quality of ChIP-seq data is only as good as 

the quality of the antibody used. While I expect to get good results from ChIP-seq using the α-

PRDM9 antibody, an alternative approach to determine where PRDM9 binds DNA to open 

chromatin should ChIP-seq fail is via DNase hypersensitivity mapping. Using this approach, I would 

compare open chromatin in Prdm9-/- spermatocytes to genetically matched B6 spermatocytes. An 

advantage to this approach is that PRDM9 is more likely to be actively inducing recombination 

when it opens chromatin. A downside to this approach is that I will not know whether the DSB 

repair machinery also binds this location. However, I can circumvent this problem by overlapping 

cut sites with ChIP-seq data using α-DMC1 or by relying on existing recombination maps to 

determine where recombination is likely to occur. While the Prdm9-/- mice exist in a B6 

background, it does not currently exist in a CAST background. Therefore, another issue is that I 

would not be able to compare the effect of allelic differences of Prdm9 without generating this 

knockout mouse. 



AIM 2: Discover novel protein-protein interactions with PRMD9 in DSB formation. 

Rationale: During the normal process of recombination, DSBs are initiated, and the DSB repair 

machinery resolves DNA breaks. PRDM9 is required for the DSB repair machinery to properly 

localize, but the mechanism by which PRDM9 functions and whether PRDM9 directly binds the 

DSB machinery is unknown. Further, it is observed that Prdm9-/- mice do not properly localize the 

DSB repair machinery to DSBs, causing sterility3. Therefore, understanding how DSB repair 

machinery is recruited to sites where PRDM9 binds may inform the process of recombination and 

the downstream implications of aberrant recombination.  

PRDM9 has a protein interacting domain, localizes to the sites where the DSB machinery is 

necessary, and normally induces DSB repair. Therefore, I hypothesize that PRDM9 directly 

interacts with members of the DSB repair machinery. Further, others have suggested that a 

component of the DSB repair machinery may directly associate with PRDM9 or a PRDM9-

containing complex in order to localize to potential DSB sites4. I propose to perform mass 

spectrometry in order to identify these partners in an unbiased way. 

 

Experiment: First, I will lyse spermatocytes and gently immunoprecipitate PRDM9 in order to 

leave complexes intact. I will separate the proteins pulled down in the IP by SDS-PAGE, along with 

the antibody and whole cell lysate as controls. I expect to see enrichment for PRDM9 in the IP, 

along with multiple bands from other members of the complex. From the IP, I will perform a 

Western blot for PRDM9 and RNA Pol II, a nonspecific nuclear protein. If I am able to enrich for 

PRDM9 and not RNA Pol II, I will cut out the bands from the gel and perform tandem mass 

spectrometry (LC-MS/MS). As a negative control, I will IP the whole cell lysate using a commercially 

available IgG antibody.  

Spectral alignment of the mass spectrometry results against all known mouse proteins will 

suggest putative binding partners of PRDM9. Based on its known function, I expect to find 

chromatin remodeling proteins, homologous pairing and DSB repair proteins, and MORC2B. In 

order to validate these binding partners, I will perform a co-IP of PRDM9 and the binding partners 

identified by mass spectrometry. If an antibody is not available, I will make one or alternatively 

determine whether the proteins interact using a yeast two-hybrid system. Additionally, I will check if 

they are expressed during prophase I via RT-PCR. One method of following up candidates 

identified by mass spectrometry is in vitro. However, spermatocyte culture is currently limited, in 

vitro and in vivo spermatocytes have not been compared, and transitioning between stages of 



meiosis requires pharmacological induction. Therefore, I propose to carefully rank candidates and 

follow up their role via the process outlined in Aim 3. 

 

Expectation: As a positive control for the mass spectrometry, I expect that I will identify PRDM9 

among the generated spectra. Additionally, if MORC2B and PRDM9 directly interact, I expect to 

verify this result via mass spectrometry. In addition to MORC2B, I expect to find proteins involved 

in chromatin remodeling, homologous chromosome pairing, and DSB repair machinery.  

 

Potential Problems and Alternative Approach: While the direct interaction of PRDM9 with the 

DSB repair machinery or a protein that recruits it is an appealing mechanism4, one alternative is 

that after PRDM9 trimethylates H3K4 sites, a protein binds to the activating mark, and recruits 

DSB repair machinery. In this alternative mechanism, PRDM9 binding partners would not recruit 

the DSB repair machinery, but histone 3 binding partners would. In order to identify H3 binding 

partners, I could IP complexes using α-H3 followed by tandem mass spectrometry, using the 

approach outlined above. An alternative approach to mass spectrometry would be to take a 

candidate-based approach of potential binding partners and performing yeast two-hybrid screens 

for interaction. Proteins identified in this way could then be verified via co-IP.  

 

Aim 3: Characterize the normal function and localization of MORC2B in spermatocytes.  

 

Rationale: Understanding how PRDM9 recruits the DSB repair machinery will provide insight into 

the mechanism of hotspot recombination. A promising candidate for direct binding to Prdm9 is 

MORC2B. Its expression is dependent on the expression of Prdm9 and it contains a GHKL 

ATPase domain, which is highly conserved among DNA mismatch repair genes and 

topoisomerases10. Based on this evidence, I hypothesize that PRDM9 directly binds to MORC2B, 

which recruits the DSB repair machinery. 

 

Experiment: PRDM9 regulates the expression of MORC2B, which may be involved in DNA 

mismatch repair. I hypothesize that MORC2B is required for spermatogenesis and will test its 

normal role by creating a Morc2b-/- mouse. I will insert LoxP sites and the Green Fluorescent 

Protein (GFP) coding sequence around Morc2b in mouse embryonic stem (ES) cells, inject 

transformed ES cells into the inner cell mass of an embryo, and implant the blastocyst into the 



uterus of a foster mother. I will cross chimeric mice with B6 mice and select for GFP progeny, then 

cross these mice with a Cre-expressing mouse. I will select for Floxed mice via PCR assay to 

determine whether they lack Morc2b.  

Next, I will characterize wild-type MORC2B localization in spermatocytes from B6 mice. 

Because MORC2B has not been well studied, no antibodies are currently available. Therefore, I will 

first make a polyclonal α-MORC2B antibody. I will validate the antibody using the techniques I 

described previously in spermatocytes from B6 mice. After I have ensured that α-MORC2B binds 

specifically, I will use immunofluorescence (IF) to visualize MORC2B, SCP3, DMC1, and PRDM9 

localization in B6 mice and use confocal microscopy in order to determine co-localization in three 

dimensions. SCP3 is a synaptonemal complex protein that will enable me to determine where 

chromosomes are located within spermatocytes during prophase I. I expect that MORC2B will co-

localize with PRDM9 to chromosomes based on its potential role in DNA mismatch repair and its 

regulation by PRDM9. Additionally, I expect MORC2B to co-localize with DMC1, indicating a 

potential interaction with the DSB repair machinery. I will confirm direct interactions from co-

localization evidence by performing a co-IP.  

Finally, I will determine the effect of the absence of MORC2B on DSB repair machinery and 

PRDM9 localization. In Morc2b-/- spermatocytes, I will use IF to visualize PRDM9, SCP3, and 

DMC1 localization. I expect that MORC2B acts downstream of PRDM9, and therefore that PRDM9 

localization will be normal. If MORC2B is involved in localizing the DSB repair machinery, I expect 

to see similar defects as in Prdm9-/- spermatocytes. Specifically, I expect to see mislocalization of 

DMC1 and chromosomes that are branched. 

 

Expectation: I predict that Morc2b-/- mice will be sterile because without MORC2B, I do not think 

the DSB repair machinery will be recruited to DSBs. Additionally, I expect that MORC2B will co-

localize with PRDM9 to chromosomes. Furthermore, I expect to see a similar phenotype in 

Morc2b-/- compared to Prdm9-/- mice—chromosomes will not resolve properly. If this is the case, I 

will use IF to stain spermatocytes from Morc2b-/- mice with α-γH2AX where I expect it to be 

improperly retained, meaning that DSBs occur but do not resolve. If there are no meiosis defects in 

Morc2b-/- mice, this will indicate that Morc2b is not required to localize the DSB repair machinery. 

 

Potential Problems and Alternative Approach: MORC2B is only expressed in the testes, and I 

therefore do not expect it to be critical for viability. However, if I cannot generate Morc2b-/- mice, I 



will create a conditional knockout by crossing the LoxP-flanked Morc2b mouse with a mouse that 

inducibly expresses Cre. Specifically, I will use mice that express Cre under the control of the 

estrogen receptor promoter so that I can generate Floxed mice by injecting tamoxifen at any stage.  

If making a mouse proves too challenging, I can culture spermatocytes and perform the IF 

assays in Morc2b+/+ and Morc2b-/- in vitro. A method has recently been developed for the short-

term culture of spermatocytes21. The similarity of these cells to spermatocytes in vivo has not yet 

been characterized, however, and cultured spermatocytes require pharmacological induction to 

trigger prophase-to-division phase transition. Nonetheless, this alternative does not require a 

transgenic mouse and may still progah.vide insight into the role of Morc2b. 

 

Conclusion  
 

This analysis will help biologically determine the percentage of the variance in hotspot 

recombination that is explained by Prdm9. Furthermore, it will follow up on previous studies that 

suggest that MORC2B is involved in meiosis. Additionally, because the mechanism by which 

Prdm9 recruits recombination is currently unknown, this project will determine the binding partners 

that may influence downstream steps of recombination.  
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