
Cite as: B. Vernot et al., Science 

10.1126/science.abf1667 (2021).  

 
 

First release: 15 April 2021   www.sciencemag.org  (Page numbers not final at time of first release) 1

   

 

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 2 

 

σ

′ ′

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 3 

 

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 4 

 

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 5 

 

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 6 

 

http://www.sciencemag.org/
http://dx.doi.org/10.1038/s41586-018-0455-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135579&dopt=Abstract
http://dx.doi.org/10.1126/science.aam9695
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28450384&dopt=Abstract
http://dx.doi.org/10.1038/nature17405
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26976447&dopt=Abstract
http://dx.doi.org/10.1038/s41586-018-0843-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30700870&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1918047117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31988114&dopt=Abstract
http://dx.doi.org/10.1038/s41586-018-0870-z
http://dx.doi.org/10.1038/s41586-018-0870-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30700871&dopt=Abstract
http://dx.doi.org/10.1038/nature12886
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24352235&dopt=Abstract
http://dx.doi.org/10.1126/science.1224344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22936568&dopt=Abstract
http://dx.doi.org/10.1073/pnas.2004944117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32546518&dopt=Abstract
http://dx.doi.org/10.1016/j.quageo.2018.02.006
http://dx.doi.org/10.1017/qua.2017.46
http://dx.doi.org/10.1002/ajpa.23729
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30351468&dopt=Abstract
http://dx.doi.org/10.1038/s41596-018-0050-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30323185&dopt=Abstract
http://dx.doi.org/10.1038/s41596-020-0338-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32612278&dopt=Abstract
http://dx.doi.org/10.1371/journal.pcbi.1004957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27327495&dopt=Abstract
http://dx.doi.org/10.1371/journal.pcbi.1003537
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24722319&dopt=Abstract
http://dx.doi.org/10.1038/ncomms16046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28675384&dopt=Abstract
http://dx.doi.org/10.1126/sciadv.aaw5873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31249872&dopt=Abstract
http://dx.doi.org/10.1016/j.apradiso.2004.08.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15607452&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1318934111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24469802&dopt=Abstract
http://dx.doi.org/10.1016/j.anthro.2019.06.004
http://dx.doi.org/10.1186/gb-2014-15-3-r46
http://dx.doi.org/10.1186/gb-2014-15-3-r46
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24580807&dopt=Abstract
http://dx.doi.org/10.1038/nature26151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29562232&dopt=Abstract
http://dx.doi.org/10.1126/science.aao1887
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28982794&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1519905112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26630009&dopt=Abstract
http://dx.doi.org/10.1006/jhev.1998.0214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9614635&dopt=Abstract


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 7 

 

‐ ‐

http://www.sciencemag.org/
http://dx.doi.org/10.1126/science.1253958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24948730&dopt=Abstract
http://dx.doi.org/10.1146/annurev-anthro-092611-145754
http://dx.doi.org/10.1073/pnas.1221359110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23341637&dopt=Abstract
http://dx.doi.org/10.1016/j.quaint.2015.03.039
http://dx.doi.org/10.1038/nbt.3519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27043002&dopt=Abstract
https://www.r-project.org/
https://ggplot2.tidyverse.org/
https://cran.r-project.org/package=cowplot
https://cran.r-project.org/package=RColorBrewer
http://dx.doi.org/10.32614/RJ-2013-014
https://zenodo.org/record/4534664
https://zenodo.org/record/4534734
https://zenodo.org/record/4468181
https://zenodo.org/record/4616582
https://dx.doi.org/10.17617/3.5h
http://dx.doi.org/10.1038/362534a0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8464493&dopt=Abstract
http://dx.doi.org/10.1126/science.276.5317.1392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9162001&dopt=Abstract
http://dx.doi.org/10.1006/jhev.1999.0309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10496996&dopt=Abstract
http://dx.doi.org/10.1038/nature06815
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18368116&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1514828112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26324920&dopt=Abstract
http://dx.doi.org/10.3989/tp.2007.v64.i2.113
http://dx.doi.org/10.1016/j.aeae.2012.02.004
http://dx.doi.org/10.1111/j.1502-3885.2012.00262.x
http://dx.doi.org/10.1016/j.quaint.2014.03.032
https://geomorfologia.es/publicaciones-socios/avances-de-la-geomorfolog%C3%ADa-en-espa%C3%B1a-2010-2012
https://geomorfologia.es/publicaciones-socios/avances-de-la-geomorfolog%C3%ADa-en-espa%C3%B1a-2010-2012
http://dx.doi.org/10.5038/1827-806X.43.1.1
http://dx.doi.org/10.1017/S0033822200018348
http://dx.doi.org/10.1017/S0033822200033865
http://dx.doi.org/10.1017/RDC.2020.41
http://dx.doi.org/10.1016/j.epsl.2013.04.006
http://dx.doi.org/10.1103/PhysRevC.4.1889
http://dx.doi.org/10.1073/pnas.0704665104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17715061&dopt=Abstract


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 8 

 

http://www.sciencemag.org/
http://dx.doi.org/10.1093/nar/gkm1095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18084031&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkr771
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22021376&dopt=Abstract
http://dx.doi.org/10.1093/nar/gku699
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25100869&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/btp324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19451168&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkt1114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24259432&dopt=Abstract
http://dx.doi.org/10.1016/S0022-2836(05)80360-2
http://dx.doi.org/10.1016/S0022-2836(05)80360-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2231712&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/18.2.337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11847089&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0014004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21103372&dopt=Abstract
http://dx.doi.org/10.1038/13779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10508508&dopt=Abstract
http://dx.doi.org/10.1016/j.cell.2008.06.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18692465&dopt=Abstract
http://dx.doi.org/10.1016/j.cub.2013.02.044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23523248&dopt=Abstract
http://dx.doi.org/10.1073/pnas.92.2.532
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7530363&dopt=Abstract
http://dx.doi.org/10.1093/molbev/mst010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23329690&dopt=Abstract
http://dx.doi.org/10.1080/01621459.1995.10476572
http://dx.doi.org/10.1093/molbev/mss243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23090976&dopt=Abstract
http://dx.doi.org/10.1093/sysbio/syu018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24627183&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8336541&dopt=Abstract
http://dx.doi.org/10.1111/j.1475-4754.2012.00671.x
http://dx.doi.org/10.1111/j.1475-4754.2012.00671.x
http://dx.doi.org/10.1093/bioinformatics/btx106
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28334086&dopt=Abstract
http://dx.doi.org/10.1093/ve/vex042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29340210&dopt=Abstract
http://dx.doi.org/10.3390/genes9120598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30513700&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkv1189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26553804&dopt=Abstract
http://dx.doi.org/10.1093/bioinformatics/bty507
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29931305&dopt=Abstract
https://doi.org/10.1093/database/bav096
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26896847&dopt=Abstract
http://dx.doi.org/10.1093/nar/27.2.573
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9862982&dopt=Abstract
http://dx.doi.org/10.1093/nar/gkh103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14681465&dopt=Abstract
http://dx.doi.org/10.1101/gr.229102
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12045153&dopt=Abstract
http://dx.doi.org/10.1038/nature17993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27135931&dopt=Abstract
http://dx.doi.org/10.1038/nature14558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26098372&dopt=Abstract
http://dx.doi.org/10.1038/nature11632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23128226&dopt=Abstract
http://www.repeatmasker.org/
http://dx.doi.org/10.1089/cmb.2006.13.1028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16796549&dopt=Abstract
http://dx.doi.org/10.1186/s12915-018-0581-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30359256&dopt=Abstract


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 9 

 

б

 

http://www.sciencemag.org/
http://dx.doi.org/10.1371/journal.pgen.1008302
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31348818&dopt=Abstract
http://dx.doi.org/10.1093/database/baaa062
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32761142&dopt=Abstract
http://dx.doi.org/10.1073/pnas.1903984116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31308224&dopt=Abstract
http://dx.doi.org/10.1038/nature10231
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21753753&dopt=Abstract
http://dx.doi.org/10.1093/molbev/msq342
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21177316&dopt=Abstract
https://doi.org/10.1101/2020.03.13.990523
http://dx.doi.org/10.1371/journal.pgen.1005972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27049965&dopt=Abstract
https://dx.doi.org/10.17617/3.5h
https://science.sciencemag.org/cgi/content/full/science.abf1667/DC1


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 10 

 

 

  

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 11 

 

 

  

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 12 

 

 

  

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 13 

 

 

 

http://www.sciencemag.org/


First release: 15 April 2021  www.sciencemag.org  (Page numbers not final at time of first release) 14 

 

 

http://www.sciencemag.org/

