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Directed by PRDM9 When targeting functional elements

Apes, mice, others…? Birds, yeasts,…?
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How general is this?

RefSeq 
(225 species)

Whole Genome 
Assemblies 
(30 species)

Transcriptomes from 
testis tissue (26 

species)

227 PRDM9 
orthologs
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Partial orthologs 
are constrained 
(i.e., dN/dS < 1 in 
the SET domain)



The ZF evolves rapidly if & only if the gene is intact
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p < 10-6, controlling for the phylogeny



Role in recombination of partial ortholog?
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Two mechanisms for directing recombination in vertebrates 

Directed by the complete PRDM9

primates, rodents, snakes (?) 
Also turtles, some fish?

birds, some fish 
amphibians, monotremes?

Without a complete PRDM9
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Figure 3. Fine-Scale Maps of Denisovan and Neanderthal Introgression
(A) Non-overlapping 100 kb windows that have non-zero inferred archaic ancestry in each of six populations (blue, Denisova; red, Neanderthal). In the innermost

rings, we plot deserts (windows >10 Mb). See also Tables S4 and S5.

(B) Correlation of confidently inferred archaic ancestry (Neanderthal ancestry in six non-African populations and Denisovan ancestry in Oceanians) across

populations in non-overlapping windows of size 100 kb, 1 Mb, and 10 Mb.

(C) We plot the median of the proportion of Denisovan and Neanderthal ancestry within quintiles of a B statistic measuring intensity of linked selection (low B

indicates the regions most affected by linked selection). See also Tables S6 and S7.

Current Biology 26, 1241–1247, May 9, 2016 1245

Borrowed from Sankararaman et al. 2016

Europeans have
~2% Neanderthal 

ancestry



Long-term Ne small Long-term Ne larger

Harris & Nielsen 2016; Juric et al. 2016
Figure from Simon Aeschbacher

Dobzhansky-Muller incompatibilities

PRDM9 is an example of a 
DMI in some mice crosses
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X. birchmanni
(~400 meters)

Hybridization between swordtail species

X. malinche
(~1200 meters)

0.5% sequence divergence
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Three independent hybrid populations in Mexico



A fine-scale genetic map for X. birchmanni

Borrowed from Hellenthal & Stephens 2006
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Ancestries of the three hybrid populations

~1X genome coverage for 690 hybrids 
from the three hybrid populations

par2

par1
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X. malinche

X. birchmanni
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Fig. S1. Positive correlation between recombination rate and Neanderthal ancestry in the human 
genome with windows when filtering windows of unusually high Neanderthal ancestry (top 1%), 
which may represent regions that have undergone adaptive introgression. Violin plots show full 
ancestry distribution in gray with raw data superimposed in gray points (note that the y-axis is 
truncated); red points and whiskers show the mean ancestry with two standard errors of the mean 
determined by bootstrapping windows. 

 
Figure 2 – Average minor parent ancestry versus local recombination rate in humans and 
swordtails 

 
 
Figure 2. Minor parent ancestry is significantly decreased in regions of lowest region in 
human and swordtail genomes. (A) Neanderthal ancestry is rarest in regions of the human 
genome with the lowest recombination rates. Removing windows of particularly high 
Neanderthal ancestry, which may have experienced adaptive introgression, strengthens this 
relationship (Fig. S1). (B-D) Minor parent ancestry is likewise rarest in regions of the swordtail 
genome with the lowest rates. Violin plots show full ancestry distribution in gray with raw data 
superimposed in gray points (note that the y-axis is truncated); red points and whiskers show the 
mean ancestry with two standard errors of the mean determined by bootstrapping windows.   
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at a 50 kb scale, r=0.15, p=10-7 in pop. 1; r =0.10, p=8x10-4 in pop. 2; r = 0.10, p=10-4 in pop. 3; r = 0.08, p=10-8 in humans  
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patterns observed in apes (Schwartz et al., 2014; Figure 1—figure supplement 5). Assessing the

role of PRDM9 in directing recombination in these species is a natural next step in understanding

the evolution of recombination mechanisms.
It further appears that the intact PRDM9 has often been duplicated, with more than one copy

associated with recombination rate variation in cattle (Sandor et al., 2012; Ma et al., 2015). Based

on the RAxML tree of the SET domain, we count 55 independent cases of duplications. How com-

monly more than one copy of PRDM9 retains a role in directing recombination remains to be

investigated.
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Figure 5. Patterns of recombination near TSSs and CGIs in species with and without complete PRDM9 orthologs. For each species, recombination rates

estimated from patterns of LD (or in swordtail fish, from admixture switches) were binned in 10 kb windows along the genome; curves were fit using

gaussian loess smoothing. The fold change in recombination rates shown on the y-axis is relative to recombination rates at the last point shown.

Species shown in the top row have complete PRDM9 orthologs (mouse, human, gorilla and sheep), whereas species in the bottom row have no PRDM9

ortholog (dog, zebra finch, long-tailed finch), or a partial PRDM9 ortholog (swordtail fish).

DOI: 10.7554/eLife.24133.020

The following figure supplement is available for figure 5:

Figure supplement 1. Dependence of patterns of recombination near TSSs and CGIs in dog and human on the type of genetic map.

DOI: 10.7554/eLife.24133.021
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One-tailed p < 0.005 in all three populations
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Summary

v Vertebrates seem to employ at least two strategires to direct 
recombination to the genome: through PRDM9 binding or by using
promoter-like features

v The use of PRDM9 to direct recombination is associated with rapid
evolution of the zinc finger and of recombination hotspots. In contrast, 
using promoter like features is associated with the conservation of 
hotspots.

v Recombination is an important predictor of where introgression
occurs between hybridizing species. Therefore introgression patterns 
may differ between species that do and do not use PRDM9.


