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obtained, ranging from about 6 Mb to about 1.5 Mb. To analyze the other phenotype informative
markers (diet, immunity and diseases), 2 Mb around each variant was selected and the overlapping
regions were merged, for a total of 47 regions (45 regions in 17 autosomes and 2 regions on the X
chromosome). The local imputation pipeline tested and described in (Hui et al., submitted) was used.
Briefly, first the variants were called using ATLAS v0.9.0'"> (task=call and method=MLE commands)
at biallelic SNPs with a minor allele frequency (MAF) ! 0.1% in a reference panel composed of more
than 2,000 high coverage Estonian genomes (EGC) (Pankratov et al., in review; cohort 77). The variants
were called separately for each sample and merged in one VCF file per chromosomal region. The
merged VCFs were used as input for the first step of our imputation pipeline (genotype likelihood
update; -gl command on Beagle 4.1!'%), using the EGC panel as reference. Then, the variants with a
genotype probability (GP) less than 0.99 were discarded and the missing genotype was imputed with
the -gt command of Beagle 5.0!'7 using the large HRC as reference panel!', with the exception of
variants rs333 and rs2430561, imputed using the 1000 Genomes as reference panel'!'’. Finally, a second
GP filter was applied to keep variants with GP > 0.85. Then, the 115 phenotype informative SNPs were
extracted, recoded and organized in tables, using VCFtools!?, PLINK 1.9

(http://pngu.mgh.harvard.edu/purcell/plink/)'? and R!'*°. The HIrisPlex-S variants were uploaded on

the HlrisPlex webtool (https://hirisplex.erasmusmc.nl/) to perform the pigmentation prediction, after
tabulating them according to the manual of the tool. Two markers of the HIrisPlex-S set, namely the
r$312262906 indel and the rare (MAF=0 in the HRC) rs201326893 SNP, were not analyzed because of

the difficulties in the imputation of such variants.

The 28 samples analyzed here were compared with 34 ancient samples from surrounding geographical
regions from literature, gathering them in 8 groups according to their region and/or culture: a) 3 Western
Russian Stone Age hunter-gatherers (present study); b) 5 Latvian Mesolithic hunter-gatherers?’; ¢) 7
Estonian and Latvian Corded Ware Culture farmers (present study, 27?); d) 24 Fatyanovo Culture
individuals (present study); e) 10 Estonian Bronze Age individuals®’; f) 6 Estonian Iron Age
individuals®3; g) 3 Ingrian Iron Age individuals*; h) 4 Estonian Middle Age individuals*. For each
variant, an ANOVA test was performed between the 8 groups, applying a Bonferroni’s correction by
the number of tested variants to set the significance threshold. For the significant variant, a Tukey test

was performed to identify the significant pairs of groups.
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Figure 1. Map of the geographical locations of the individuals of this study. Numbers in brackets
behind site names indicate the number of individuals included from this site (if more than one). Arrow

indicates the proposed direction of migration of the predecessors of the Fatyanovo Culture people.
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Figure 2. Principal component and ADMIXTURE analyses’ results. A principal component

analysis results of modern West Eurasians with ancient individuals projected onto the first two

components (PC1 and PC2), B ADMIXTURE analysis results for a selection of ancient population

averages at K9 with ancient individuals projected onto the modern genetic structure. EF — early farmers;

HG — hunter-gatherers; LNBA — Late Neolithic/Bronze Age; IA — Iron Age; MA — Middle Ages.
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Figure 3. Outgroup f3 statistics' results of comparisons with ancient populations. Outgroup f3
statistics' values of form f3(Yorubas; study population, ancient) plotted against each other for two study
populations (blue and red axis): A Western Russian hunter-gatherers (WeRuHG) and Eastern hunter-
gatherers (EHG), B WeRuHG and Fatyanovo, C Yamnaya Samara (YamSam) and Fatyanovo, D
Central Corded Ware Culture (CeCWC) and Fatyanovo. EF — early farmers; EMBA — Early/Middle
Bronze Age; MLBA — Middle/Late Bronze Age; IMA — Iron/Middle Ages; HG — hunter-gatherers;
LNBA — Late Neolithic/Bronze Age; IA — Iron Age; MA — Middle Ages.


https://doi.org/10.1101/2020.07.02.184507
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.02.184507; this version posted July 3, 2020. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

120%
110%
100%
90%
80%
70%
60 %
50%
40%
30%
20%
10%
0%
-10%
-20%

qpAdm CP
Fatyanovo

T
12%

T
1%

gqgpAdm CP |qpAdm CP
Central CWC Baltic CWC
mYamnaya pglLevantN

b

120%
110%
100%
90%
80%
70%
60 %
50%
40%
30%
20%
10%
0%
-10%
-20%

23%
19% 1% | 9%
1% | 1% | 14%
gqpAdm CP |qpAdm CP |[qpAdm CP
Fatyanovo Central CWC Baltic CWC

BWHG @Yamnaya OLevantN

Figure 4. qpAdm and ChromoPainter/NNLS results. A models with Yamnaya and Levant Neolithic

(Levant N) as sources, B models with Western hunter-gatherers (WHG), Yamnaya and Levant N as

sources. CP — ChromoPainer/NNLS; CWC — Corded Ware Culture.
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Tables

Table 1. Archaeological information, genetic sex, mtDNA and Y chromosome haplogroups and

average genomic coverage of the individuals of this study. Date (cal BC) — calibrated using OxCal

v4.2.4'21 and IntCall3 atmospheric curve'??; Morph. — morphological; Gen. — genetic; MT hg —

mitochondrial DNA haplogroup; Y hg — Y chromosome haplogroup; Av. Cov. — average genomic

coverage.

Individual
BERO0O1
KARO001

PES001
BOLO001
BOL002
BOLO003
GOL001
HALOO1
HANO002
HANO00O4
IVAQOO1
MILOO1
MILOO02
NAUO001
NAU002
NIK002
NIKO003
NIK004
NIKO05
NIKOO07
NIKOO8AB
TIMOO6
TIMOO8

VODO001
VORO003
VORO004
VORO005
SOP002

Site
Berendeyevo
Karavaikha 1

Peschanitsa
Bolshnevo 3
Bolshnevo 3
Bolshnevo 3
Goluzinovo
Khaldeevo
Khanevo
Khanevo
Ivanovogorsky
Miloslavka
Miloslavka
Naumovskoye
Naumovskoye
Nikultsino
Nikultsino
Nikultsino
Nikultsino
Nikultsino
Nikultsino
Timofeyevka
Timofeyevka
Volosovo-
Danilovsky
Voronkovo
Voronkovo
Voronkovo
Sope

Location
Yaroslavl, RUS

Vologda, RUS
Arkhangelsk,
RUS

Tver, RUS
Tver, RUS
Tver, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Moscow, RUS
Moscow, RUS
Moscow, RUS
Ivanovo, RUS
Ivanovo, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Ivanovo, RUS
Ivanovo, RUS

Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Yaroslavl, RUS
Ida-Viru, EST

Group
WeRuHG
WeRuHG

WeRuHG

Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo

Fatyanovo
Fatyanovo
Fatyanovo
Fatyanovo
EstCWC

Date (cal BC)

4447-4259
6457-6258

10785-10626

2829-2460
2468-2211
2571-2345
2575-2349
2832-2473
2859-2495
28352471
2864-2496
2624-2474
2287-2047
2836-2573
2836-2469
2865-2500
2522-2298
2876-2620
2881-2581
2862-2466
2834-2472
2833-2470
2832-2473

2570-2299
2573-2466
2878-2627
2840-2343
2864-2495

Morph.
sex
Male
Female?

Male
Male
Female
Male
Male
Male
Male
Male
Female
Female
Female
Male
Male
Male
Male
Male
Female
Female
Male
Female
Male

Female
Male
Female
Male
Female

Gen.

sex
XY
XX

XY
XY
XX
XY
XY
XY
XY
XY
XX
XX
XX
XY
XY
XY
XY
XX
XX
XX
XY
XX
XY

XX
XY
XX
XY
XX

MT hg
K1
T2a1

U4a1
H1b
J1c1
H41a
T2b
N1a1
USa1
H6a1
U4a1
Usb2

T2a1
Usb2
USa1
H15a1
T2a1
J1c1
USa1
H5b
W6
K1c1

J1c1
H6a1
W6
K2a5
R1b1

Y hg
Q1

R1a5
R1a

R1a2
R1a

R1a2
R1a2
R1a2

R1a2
R1a2
R1a
R1a

R1a

R1a

R1a

R1a

Av.
Cov.
0.10
0.16

4.03
0.09
0.09
0.91
0.09
1.09
1.04
1.02
1.04
0.14
0.09
1.28
0.93
0.10
0.10
0.15
0.10
0.10
1.09
0.09
0.10

0.19
0.10
1.12
0.09
0.10
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Table 2. Phenotype prediction results. Phenotype proportions per period.

Proportion in period

Estonian
and
Latvian
Western Corded
Russian Latvian Ware Estonian Ingrian  Estonian
hunter- hunter- Culture Bronze Estonian Iron Middle
Phenotype gatherers  gatherers farmers Fatyanovo Age Iron Age Age Age
Blue eyes 0.00 0.80 0.29 0.25 0.70 1.00 1.00 1.00
Brown eyes 1.00 0.20 0.71 0.75 0.30 0.00 0.00 0.00
EL?Pd + Dark blond 0.00 0.20 0.14 0.21 0.10 0.83 1.00 0.75
Red hair 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25
E;?r""”/ Dark brown 0.00 0.20 0.14 0.21 0.40 0.00 0.00 0.00
E:‘i';k brown + Black 1.00 0.60 0.71 0.58 0.50 0.17 0.00 0.00
\S’fl;y Pale + Pale 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00
Mixed/Unpredictable
Pale-Intermediate 0.00 0.00 0.00 0.08 0.10 0.00 0.67 0.50
skin
Intermediate skin 0.33 0.60 0.71 0.67 0.80 0.83 0.33 0.25
Mixed/Unpredictable
Intermediate-Dark + 0.67 0.40 0.43 0.25 0.00 0.17 0.00 0.25
Dark + Black skin
Lactase persistence 0.00 0.00 0.07 0.11 0.45 0.42 0.67 0.75
Desaturation of
omega-3 and 0.17 0.20 0.50 0.52 0.75 0.67 1.00 0.88

omega-6 fatty acids
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