


42. Tegengren, ​ ​H. ​ ​En​ ​utdöd​ ​lappkultur​ ​i​ ​Kemi​ ​lappmark. ​ ​​Acta​ ​Acad. ​ ​Aboensis​​ ​​XIX,​ ​Humaniora,​​ ​(1952). 

43. Vilkuna, ​ ​K. ​ ​Mikä ​ ​oli​ ​lapinkylä ​ ​ja ​ ​sen​ ​funktio.​ ​​Kalevalaseuran​ ​vuosikirja​​ ​(1971). 

44. Ervasti, ​ ​S.​ ​​Kuusamon​ ​historia​. ​ ​​I,​​ ​(1978). 

45. Fu, ​ ​Q. ​ ​​et ​ ​al. ​​ ​The​ ​genetic​ ​history​ ​of​ ​Ice​ ​Age​ ​Europe.​ ​​Nature​​ ​​534,​​ ​200–205​ ​(2016). 

46. Saag,​ ​L.​ ​​et ​ ​al. ​​ ​Extensive​ ​Farming​ ​in​ ​Estonia ​ ​Started​ ​through​ ​a ​ ​Sex-Biased​ ​Migration​ ​from​ ​the​ ​Steppe. ​ ​​Curr. ​ ​Biol. ​​ ​​27, 

2185–2193.e6​ ​(2017). 

47. Murashkin,​ ​A. ​ ​I., ​ ​Kolpakov, ​ ​E. ​ ​M., ​ ​Shumkin, ​ ​V. ​ ​Y., ​ ​Khartanovich, ​ ​V.​ ​I. ​ ​&​ ​Moiseyev, ​ ​V. ​ ​G.​ ​Kola ​ ​Oleneostrovskiy​ ​grave 

field:​ ​a ​ ​unique​ ​burial ​ ​site​ ​in​ ​the​ ​European​ ​Arctic. ​ ​​New​ ​Sites, ​ ​New​ ​Methods;​ ​Iskos​ ​21 ​​ ​(2016). 

48. Carpelan, ​ ​C. ​ ​Inarilaisten​ ​arkeologiset ​ ​vaiheet.​ ​​Inari–Aanaar. ​ ​Inarin​ ​historia​ ​jääkaudesta​ ​nykypäivään​​ ​28–95​ ​(2003). 

49. Carpelan, ​ ​C. ​ ​Older​ ​Early​ ​Metal ​ ​Age​ ​in​ ​Inari. ​ ​in​ ​​Early​ ​in​ ​the​ ​North. ​ ​Iskos​ ​13 ​​ ​​5,​​ ​30–36​ ​(Finnish​ ​Antiquarian​ ​Society​ ​& 

Archaeological ​ ​Society​ ​of​ ​Finland, ​ ​2004). 

50. Šumkin, ​ ​V.​ ​J. ​ ​On​ ​the​ ​ethnogenesis​ ​of​ ​the​ ​Sami:​ ​An​ ​archaeological ​ ​view.​ ​​Acta​ ​Borealia​​ ​​7,​​ ​3–20​ ​(1990). 

51. Honkola, ​ ​T. ​ ​​et ​ ​al. ​​ ​Cultural ​ ​and​ ​climatic​ ​changes​ ​shape​ ​the​ ​evolutionary​ ​history​ ​of​ ​the​ ​Uralic​ ​languages. ​ ​​J. ​ ​Evol. ​ ​Biol. 

26,​​ ​1244–1253​ ​(2013). 

52. Dabney, ​ ​J.​ ​​et ​ ​al. ​​ ​Complete​ ​mitochondrial ​ ​genome​ ​sequence​ ​of​ ​a ​ ​Middle​ ​Pleistocene​ ​cave​ ​bear​ ​reconstructed​ ​from 

ultrashort ​ ​DNA​ ​fragments.​ ​​Proceedings​ ​of ​ ​the​ ​National​ ​Academy​ ​of ​ ​Sciences​​ ​​110,​​ ​15758–15763​ ​(2013). 

53. Meyer, ​ ​M.​ ​&​ ​Kircher, ​ ​M.​ ​Illumina ​ ​sequencing​ ​library​ ​preparation​ ​for​ ​highly​ ​multiplexed​ ​target ​ ​capture​ ​and 

sequencing. ​ ​​Cold​ ​Spring ​ ​Harb. ​ ​Protoc. ​​ ​​2010,​​ ​db.prot5448​ ​(2010). 

54. Rohland, ​ ​N., ​ ​Harney, ​ ​E., ​ ​Mallick, ​ ​S.,​ ​Nordenfelt, ​ ​S. ​ ​&​ ​Reich,​ ​D. ​ ​Partial ​ ​uracil-DNA-glycosylase​ ​treatment ​ ​for​ ​screening 

of​ ​ancient ​ ​DNA. ​ ​​Philos. ​ ​Trans. ​ ​R. ​ ​Soc. ​ ​Lond. ​ ​B​ ​Biol. ​ ​Sci. ​​ ​​370,​​ ​20130624​ ​(2015). 

55. Kircher,​ ​M., ​ ​Sawyer,​ ​S. ​ ​&​ ​Meyer,​ ​M. ​ ​Double​ ​indexing​ ​overcomes​ ​inaccuracies​ ​in​ ​multiplex ​ ​sequencing​ ​on​ ​the​ ​Illumina 

platform. ​ ​​Nucleic​ ​Acids​ ​Res. ​​ ​​40,​​ ​e3​ ​(2012). 

56. Peltzer, ​ ​A.​ ​​et ​ ​al. ​​ ​EAGER:​ ​efficient ​ ​ancient ​ ​genome​ ​reconstruction. ​ ​​Genome​ ​Biol. ​​ ​​17,​​ ​60​ ​(2016). 

57. Behar,​ ​D. ​ ​M.​ ​​et ​ ​al. ​​ ​A​ ​‘Copernican’ ​ ​reassessment ​ ​of​ ​the​ ​human​ ​mitochondrial ​ ​DNA​ ​tree​ ​from​ ​its​ ​root. ​ ​​Am. ​ ​J. ​ ​Hum. ​ ​Genet. 

90,​​ ​675–684​ ​(2012). 

58. Korneliussen, ​ ​T. ​ ​S.,​ ​Albrechtsen, ​ ​A. ​ ​&​ ​Nielsen, ​ ​R.​ ​ANGSD:​ ​Analysis​ ​of​ ​Next ​ ​Generation​ ​Sequencing​ ​Data.​ ​​BMC 

Bioinformatics​​ ​​15,​​ ​356​ ​(2014). 

59. Fu, ​ ​Q. ​ ​​et ​ ​al. ​​ ​A​ ​Revised​ ​Timescale​ ​for​ ​Human​ ​Evolution​ ​Based​ ​on​ ​Ancient ​ ​Mitochondrial ​ ​Genomes. ​ ​​Curr. ​ ​Biol. ​​ ​1–7 

(2013). 

60. Green, ​ ​R.​ ​E. ​ ​​et ​ ​al. ​​ ​A​ ​complete​ ​Neandertal ​ ​mitochondrial ​ ​genome​ ​sequence​ ​determined​ ​by​ ​high-throughput 

sequencing. ​ ​​Cell​​ ​​134,​​ ​416–426​ ​(2008). 

61. David​ ​Poznik,​ ​G.​ ​Identifying​ ​Y-chromosome​ ​haplogroups​ ​in​ ​arbitrarily​ ​large​ ​samples​ ​of​ ​sequenced​ ​or​ ​genotyped 

men. ​ ​​bioRxiv​​ ​088716​ ​(2016). ​ ​doi:​10.1101/088716 

62. Karmin,​ ​M. ​ ​​et ​ ​al. ​​ ​A​ ​recent ​ ​bottleneck ​ ​of​ ​Y ​ ​chromosome​ ​diversity​ ​coincides​ ​with​ ​a ​ ​global ​ ​change​ ​in​ ​culture. ​ ​​Genome 

Res. ​​ ​​25,​​ ​459–466​ ​(2015). 

.CC-BY 4.0 International licenseIt is made available under a 
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint. http://dx.doi.org/10.1101/285437doi: bioRxiv preprint first posted online Mar. 22, 2018; 

http://paperpile.com/b/WNGt8V/ianF
http://paperpile.com/b/WNGt8V/ianF
http://paperpile.com/b/WNGt8V/ianF
http://paperpile.com/b/WNGt8V/QDXs
http://paperpile.com/b/WNGt8V/QDXs
http://paperpile.com/b/WNGt8V/QDXs
http://paperpile.com/b/WNGt8V/QDXs
http://paperpile.com/b/WNGt8V/QDXs
http://paperpile.com/b/WNGt8V/QDXs
http://paperpile.com/b/WNGt8V/LUWy
http://paperpile.com/b/WNGt8V/LUWy
http://paperpile.com/b/WNGt8V/LUWy
http://paperpile.com/b/WNGt8V/LUWy
http://paperpile.com/b/WNGt8V/LUWy
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/rkyg
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/hIor
http://paperpile.com/b/WNGt8V/kUZy
http://paperpile.com/b/WNGt8V/kUZy
http://paperpile.com/b/WNGt8V/kUZy
http://paperpile.com/b/WNGt8V/kUZy
http://paperpile.com/b/WNGt8V/kUZy
http://paperpile.com/b/WNGt8V/kUZy
http://paperpile.com/b/WNGt8V/thQc
http://paperpile.com/b/WNGt8V/thQc
http://paperpile.com/b/WNGt8V/thQc
http://paperpile.com/b/WNGt8V/thQc
http://paperpile.com/b/WNGt8V/thQc
http://paperpile.com/b/WNGt8V/thQc
http://paperpile.com/b/WNGt8V/dMzK
http://paperpile.com/b/WNGt8V/dMzK
http://paperpile.com/b/WNGt8V/dMzK
http://paperpile.com/b/WNGt8V/dMzK
http://paperpile.com/b/WNGt8V/dMzK
http://paperpile.com/b/WNGt8V/dMzK
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/WtHp
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/J8N3
http://paperpile.com/b/WNGt8V/mDK1
http://paperpile.com/b/WNGt8V/mDK1
http://paperpile.com/b/WNGt8V/mDK1
http://paperpile.com/b/WNGt8V/mDK1
http://paperpile.com/b/WNGt8V/mDK1
http://paperpile.com/b/WNGt8V/mDK1
http://paperpile.com/b/WNGt8V/SBgy
http://paperpile.com/b/WNGt8V/SBgy
http://paperpile.com/b/WNGt8V/SBgy
http://paperpile.com/b/WNGt8V/SBgy
http://paperpile.com/b/WNGt8V/SBgy
http://paperpile.com/b/WNGt8V/SBgy
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/Xqlm
http://paperpile.com/b/WNGt8V/cUvx
http://paperpile.com/b/WNGt8V/cUvx
http://paperpile.com/b/WNGt8V/cUvx
http://paperpile.com/b/WNGt8V/cUvx
http://dx.doi.org/10.1101/088716
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://paperpile.com/b/WNGt8V/YH5Q
http://dx.doi.org/10.1101/285437
http://creativecommons.org/licenses/by/4.0/


63. 1000​ ​Genomes​ ​Project ​ ​Consortium​ ​​et ​ ​al. ​​ ​A​ ​global ​ ​reference​ ​for​ ​human​ ​genetic​ ​variation. ​ ​​Nature​​ ​​526,​​ ​68–74​ ​(2015). 

64. Walsh, ​ ​S. ​ ​​et ​ ​al. ​​ ​The​ ​HIrisPlex ​ ​system​ ​for​ ​simultaneous​ ​prediction​ ​of​ ​hair​ ​and​ ​eye​ ​colour​ ​from​ ​DNA. ​ ​​Forensic​ ​Sci. ​ ​Int. 

Genet. ​​ ​​7,​​ ​98–115​ ​(2013). 

 

 

  

.CC-BY 4.0 International licenseIt is made available under a 
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.

The copyright holder for this preprint. http://dx.doi.org/10.1101/285437doi: bioRxiv preprint first posted online Mar. 22, 2018; 

http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/PL3i
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://paperpile.com/b/WNGt8V/nifY
http://dx.doi.org/10.1101/285437
http://creativecommons.org/licenses/by/4.0/


Tables​ ​and​ ​Figures 
 
Table​ ​1.​ ​Sample​ ​Information 

Our ​ ​ID 
Archaol
ogical ​ ​ID 

Site/ 
Location Date 

Populatio
n​ ​Label 

Genetic 
Sex 

#​ ​SNPs 
overlap 

with 
Human 
Origins 

Avg. 
Coverag

e​ ​on 
target 

(1240K) 

Contamination
* 

mtDNA/Y 
haplotyp

es 

BOO001 BOO57.1 

Bolshoy 
Oleni 

Ostrov, 
Murmans
k, ​ ​Russia 

3473±87 
calBP 

Bolshoy F 347,709 1.26 0.001​ ​(0.000-0.007) U4a1 

BOO002 BOO72.1 Bolshoy M 403,994 0.80 0.004 Z1a1a, 
N1c1a1a 

BOO003 BOO72.4 Bolshoy F 300,598 1.11 0.016​ ​(0.010-0.024) T2d1b1 

BOO004 BOO72.7 Bolshoy M 342,582 2.99 0.002 C4b, 
N1c1a1a 

BOO005 BOO72.1
0 

Bolshoy F 347,042 2.90 0.005​ ​(0.001-0.026) U5a1d 

BOO006 BOO72.1
5 

Bolshoy F 390,835 1.10 0.008​ ​(0.004-0.014) D4e4 

CHV001 CHV30 
Chalmny-

Varre, 
Murmans
k, ​ ​Russia 

18-19​th 
cent ​ ​CE 

Chalmny 
Varre F 426,702 1.44 0.001​ ​(0.000-0.003) U5b1b1a3 

CHV002 CHV38 Chalmny 
Varre 

M 215,228 0.47 0.016 V7a1, 
I2a1 

JK1968 2:1:a16 Levänluh
ta, 

Isokyrö, 
Finland 

400-800 
CE 

Levänluhta F 70,368 1.21 0.004​ ​(0.001-0.065) U5a1a1a'
b'n 

JK1970 477 Levänluhta F 67,316 1.28 0.023​ ​(0.005-0.129) U5a1a1 
JK2065 2:1:a3 JK2065 F 36,119 0.44 0.028​ ​(0.012-0.064) K1a4a1b 

Saami001 N/A Finland Modern Modern 
Saami 

M 593,094 9.84 N/A U5b1b1a1
, ​ ​I1a1b3a1 

* Mode A Posteriori estimate of contamination, and 95% posterior interval in brackets, as provided by ContamMix ​59 for                  
female​ ​individuals. ​ ​Estimates​ ​in​ ​males​ ​are​ ​based​ ​on​ ​X ​ ​chromosome​ ​heterozygosity. 
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Figure 1. Location and age of archaeological sites with material used in this             
study​ ​(diamonds), ​ ​and​ ​other​ ​sites​ ​relevant ​ ​to​ ​this ​ ​study​ ​(circles).  
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Figure	2.	a)	PCA	plot	of	113	Modern	Eurasian	populations,	with	individuals	from	
this	 study	 projected	 on	 the	 principal	 components.	 Uralic	 speakers	 are	
highlighted	in	light	purple.	PCA	of	Europe	can	be	found	in	Supplementary	Figure	
3.	 b)	 Plot	 of	 ADMIXTURE	 (K=3)	 results	 containing	West	 Eurasian	 populations	
and	 the	 Nganasan.	 Ancient	 individuals	 from	 this	 study	 are	 represented	 by	
thicker	bars.	
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Figure 3. a) Calculated f​4 (Mbuti, Nganasan; Lithuanian, Test). b) f​4 (Mbuti, Test;             
Yamnaya, Karelia HG). Error bars represent 3 standard errors. Populations are           
coloured based on language family. Ancient individuals with unknown language          
are ​ ​shown​ ​in ​ ​blue. 
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Figure 4. Estimated proportion of Nganasan-like ancestry, using qpAdm. Each          
Test population was explained as a 5-way mixture between Karelian HG, WHG,            
Yamnaya, LBK from the early Neolithic, and Nganasan. A set of seven outgroup             
populations (see Methods / Supplementary Table 4), which are differentially          
related to each of the five source populations, was used for all models. Results              
from only the least complex accepted model were used. The error bars represent             
one standard error around each reported proportion. The results for the           
Levänluhta samples rely only on transversions. CW=Corded Ware. LT=“from         
Lithuania”. 
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Figure 5. a) ALDER-inferred admixture dates (filled circles) for different          
populations, using Nganasan and Lithuanian as sources. Error bars represent          
errors provided by ALDER and include the uncertainty surrounding the dating of            
ancient population samples, calculated using standard propagation. Available        
dates for ancient populations are shown in white diamonds. b) LD decay curve             
for Bolshoy, using Nganasan and EHG as sources. The fitted trendline considers a             
minimum distance of 1cM. A full set of LD decay plots can be found in               
Supplementary​ ​Figure​ ​4. 
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