








Extended Data Fig. 7 | Enhancing SPO11 dimerization stimulates DNA 
cleavage activity. a, EMSA of binding to the 32P-labeled oligonucleotide shown 
in Fig. 4f. A representative gel is shown at left, quantification at right (mean ± 
s.d. of n = 3 experiments). The apparent Kd (mean ± s.e.) can be viewed as an 
estimate of the affinity of binding for the first monomer complex. The cartoons 
are for illustration; we do not know the exact conformation(s) of doubly-bound 
complexes. b, No cleavage of the oligonucleotide (0.5 nM) by SPO11-Y138F 
complexes (10 nM). Performed once. c, Weak cleavage supported by Mg2+. 
Reactions contained 0.5 nM oligonucleotide, 10 nM wild-type SPO11 complexes, 
and 5 mM MgCl2. Denaturing PAGE gel and quantification are provided 
(performed once). d, Nicking-only activity from mixture of Y138F and E224A 
mutant SPO11 complexes. Reactions contained 0.5 nM oligonucleotide, 5 nM of 
each mutant protein complex, and 5 mM MnCl2. A representative gel is shown 
above, quantification is below (mean ± s.d. of n = 3 experiments). e, SPO11 

covalently bound to nicked DNA. Reactions as in panel d were electrophoresed 
with or without prior digestion with proteinase K. Performed once. f, SEC profiles 
of FKBP-SPO11 or FRB-SPO11 complexes with TOP6BL. Coomassie-stained SDS- 
PAGE gels (above) and UV profiles (below) are shown for chromatography of 
anti-Flag affinity-purified material. Pooled fractions are indicated in red. This 
purification was conducted once. g, Mass photometry of purified FKBP-SPO11 
and FRB-SPO11 complexes with TOP6BL. The blanks lacked protein; protein 
concentration in the lower graphs was 15 nM total (7.5 nM each fusion protein). 
Rapamycin was 5 µM when included. Particle counts (gray bars), gaussian fits 
(red lines), fitted mean ± s.d., and percentages of total particles are shown. 
Calculated masses are 123.0 kDa (FKBP) and 122.5 kDa (FRB) for monomeric 
and 245.5 kDa for dimeric complexes. Asterisks, background material also 
present in the blanks.
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Extended Data Fig. 8 | A low propensity for dimerization makes SPO11 
dependent on accessory factors for activity in vivo. a, Assembly of the 
DSB-forming machinery integrated with higher order chromosome structure. 
The cartoon on the left illustrates the organization of a meiotic chromosome as 
a linear axial element from which chromatin emanates in loops, with light and 
dark blue lines representing aligned sister chromatids7. In yeast, Rec114, Mei4, 
and Mer2 proteins assemble cooperatively with DNA and are thought to form 
axis-associated biomolecular condensates42. The mouse orthologs REC114, 
MEI4, and IHO1 (along with MEI1, which is not found in yeast) likely do so as  
well (RMMI)64,65. The cartoon at right illustrates the hypothesis that these 
condensates recruit and co-orient clusters of SPO11 core complexes, which can 
then form dimers to capture and ultimately break a segment of DNA from a 
nearby chromatin loop66. Figure adapted from ref. 24 under a CC BY license.  
b–d, SPO11 conformations in monomer and dimer models. Panel b presents an 
overview of the AlphaFold3 prediction of the M. musculus SPO11 dimer structure 
with each SPO11 chain colored as Fig. 3a. The E-motif (residues 219–235) from 
the orange chain is indicated; this segment from the Toprim domain contains 
the conserved E224 predicted to bind magnesium. Panels c and d compare the 
conformations of individual SPO11 chains from AlphaFold3 models of monomers 
(left, top 5 ranked models) or dimers (middle, top 5 ranked models) for mouse (c) 
or S. cerevisiae (d). As shown in the superimposed images at right, the monomer 

and dimer models are similar for the mouse protein but are distinct for yeast, 
with different relative conformations of the WH domain relative to the Toprim 
domain. (The dark red dimer model (d, middle) predicts an incorrect DNA 
position, so it is excluded from the monomer-dimer comparison (d, right)).  
e, Comparison of predicted positions of the Toprim domain relative to the WH 
domain for SPO11 homologs from various species. To evaluate the evolutionary 
conservation of the distinct monomer conformation in panel c, SPO11 monomer 
structures predicted by AlphaFold3 were compared for M. musculus (Mm, hot 
pink), Homo sapiens (Hs, light blue), Arabidopsis thaliana (At, Spo11-1, purple), 
S. cerevisiae (Sc, brown), Schizosaccharomyces pombe (Sp, tan), and Sulfolobus 
shibatae (Ss, Top6A, green). We simplified the display of the WH vs. Toprim 
domains by aligning on the WH domain (only partial secondary structures of 
WH used for alignment are shown for simplicity), then showing just the E-motif 
positions as an indication of the relative position of the Toprim domain. For 
reference, segments from the mouse SPO11 dimer model are shown in gray. 
Notably, the monomer structures from S. cerevisiae and S. pombe exhibit distinct 
E-motif positions from the other homologs. It is not clear why AlphaFold3 makes 
different predictions for the yeast protein monomers, but we speculate that it 
reflects an inherent tendency of the yeast proteins to adopt a conformation that 
may be less compatible with dimerization.












