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Inter-individual variability in crossover numbers in humans

Observed Recombination Events on the 22 Autosomes, for Male
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Motif influencing hotspot activity

Length | Ranking | Element # of hotspots' | # of coldspots” | Difference’
9 1 CCCCcAcccce 987 656 331
2 CCCAcCcccec 730 432 298
3 CCCCCAcCCcC 810 518 292
- GAAAAAAAA 3257 2974 283
5 AAAAAAAAA 4042 3765 277
8 1 CCTCCCTG 1868 1269 599
2 CCCCACCC 1844 1280 564
3 CCCAcCCCC 1750 1222 528
- CCTCCTCT 1950 1431 519
5 TCCTCCCT 1943 1429 514
7 1 CCTCCCT 4366 3380 986
2 [CCTIcCC | 22| 3% 9
3 CTCCTCC 4130 3216 914
- TCCCCAG 4008 3118 890
5 CCCCACC 3475 2587 888

From Myers et al. 2005
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The Hutterites

Lives and Images of a Communal People

How much of the crossing-over takes place in historical
recombination hotspots?
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The Hutterites
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» Grey et al. (2009) and Parvanov et al. (2009) independently mapped a trans acting
region, which influences recombination activity (>2000 fold) at various hotspots.
» Appears to control the position of recombination hotspots, but has little effect on

the total number of crossovers.
* Interval further refined to PRDM9 in Baudat et al. (2010), Parvanov et al. (2010)

PRDM?9 is a zinc finger H3K4 methyltransferase
— histone H3K4 trimethylation associated with hotspots in mouse and in S. cerevisiae (Borde

et al. 2009)

— expressed in meiotic prophase

— knockouts have defective DSB repair (Hayashi et al. 05)

— is the only known hybrid sterility gene between Mus m. musculus and Mus m. domesticus

(Mihola et al. 2009)

M. m. (C57BL6)
KRAB PR/SE Vi rlzlzlzIzIzE 2 IZIZE
126 85 244 T 364 390 411 5y . . nn n nnnnmnigys
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(NCBIST) 126 85 244 T 364 390 411 589
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Hotspot usage
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PRDM9 motifs are rapidly lost
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PRDM9-binding



The PRDMS9 zinc finger evolves rapidly

Borrowed from Myers et al. 2010
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In PRDM9 knockout mice

In dogs, where PRDM9

pseudogene

In the absence of PRDM9
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Summary

*» In humans, like most sexually reproducing organisms, recombination
events ensure the proper alignment and segregation of homologous
chromosomes

“* Yet at the scale of kilobases, recombination rates are extremely
variable, both across species and even within humans.

¢ This rapid evolution between species, and the inter-individual
variability in hotspot usage is driven by PRDM9

+ PRDMS9 appears to lead to less recombination in promoter like
regions than what would happen otherwise



What happens when PRDM9 is absent?

Ellen Leffler Sonal Singhal
(soon faculty, U. Utah) (now faculty, Cal. State)



PRDM9 Domains
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Singhal, Leffler et al. 2015 Science
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€ Where does recombination occur?
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€ Do hotspots evolve rapidly?

human and chimpanzee

zebrafinch and long-tailed finch
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Singhal, Leffler et al. 2015 Science
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Hotspots are largely shared
between species (>70%)



Independent evidence for hotspots:

peak in GC substitutions

GC-biased gene conversion
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Conservation over large evolutionary distances
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human and chimpanzees
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* Also in yeasts (Lam & Keeney 2015)



Directed by PRDM9

PRDM9
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Summary

*» In species with PRDM?9, recombination is not elevated near

promoters. The binding specificity of PRDM9 and hotspot

locations evolve very rapidly. Despite this rapid evolution,
broad scale rates are conserved.
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*» In species without PRDM9, recombination is elevated near
promoter like features and in particular CpG islands.

Hotspots seem to be conserved over long periods of time.
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