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Supplementary Figure 1 - Location of Driffield Terrace, Norton on Tees and Melton Samples.
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Supplementary Figure 2 - §180 vs 87Sr/86Sr in tooth enamel carbonate from Driffield Terrace with samples selected
for DNA highlighted and compared with other samples from Roman York. Current best estimates for the local
87Sr/86Sr and the British phosphate oxygen isotope (§180p) range are also indicated.
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Supplementary Figure 3 - A biplot showing the distribution of strontium isotope and concentration data for
archaeological human enamel excavated in Britain for: all periods; the Roman Period; and the seven individuals from
Driffield Terrace, York analysed for aDNA. As the data are drawn from multiple sources 1-6 analytical uncertainty is
estimated at +/- 0.002 % (2 SD) for 87Sr/86Sr (i.e. within symbol) and +/- 10 mg/kg for strontium concentration.



16.0

14.0
12.0
A
£ 100 |
© ¢ Driffield Terrace Bone
A Driffield Terrace Dentine
80 1 ) A DNA-Samples Dentine
Pigs © DNA-Samples Bone
60 | +York Mean (n=173)
Herbivores e
4.0 Analytica‘l Error

230 20 220 200 -190 -180 -170 -160  -150
&13C

Supplementary Figure 4 - A biplot showing the distribution of strontium isotope and concentration data for
archaeological human enamel excavated in Britain for: all periods; the Roman Period; and the seven individuals from
Driffield Terrace, York analysed for aDNA. As the data are drawn from multiple sources 1-6 analytical uncertainty is
estimated at +/- 0.002 % (2 SD) for 87Sr/86Sr (i.e. within symbol) and +/- 10 mg/kg for strontium concentration.
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Supplementary Figure 5 - Carbon and nitrogen stable isotope data from Driffield Terrace in comparison with mean
values for fa + T * . Arrows connect isotope
data from dentine (diet in late childhood/adolescence) and bone (adult diet) of the genotyped individuals. Data: 6-8.
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Supplementary Figure 6 - Comparison of aDNA misincorporation patterns at the 5’ end of sequencing reads (C to T)
and 3' end (G to A) between the samples from Roman York, Iron Age and Anglo-Saxon.
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Supplementary Figure 7 - Sex identification based on shotgun sequencing data and comparison of results using reads
with evidence of deamination (PMD score 3, squares) and unfiltered reads (lozenges). Ry - Ratio of the number of
reads aligned to the Y-chromosome divided by the sum of the number reads aligned to the Y- and X-chromosomes.
Gray shaded areas represent threshold for acceptance of assignment, calibrated with modern and ancient genomes.
Error bars correspond to 95% confidence intervals.
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Supplementary Figure 8 - Principal Component Analysis of ancient individuals merged with genotypes from 780
European, West Asian, North African and Middle Eastern individuals using reads with evidence of deamination (PMD

score 3).

Population key: Ad - Adygei; Ar - Armenian; Ba - Basque; Bed - Bedouin; Be - Belorussian; Bu - Bulgarian; Ch -
Chuvash; Cy - Cypriot; Dr - Druze; Ea - EastSicilian; Eg - Egyptian; En - English; Fi - Finnish; Fr - French; Ge -
Georgian; GA - GermanyAustria; Gr - Greek; Hu - Hungarian; Ira - Iranian; Ir - Ireland; Jo - Jordanian; Le - Lezgin;
Li - Lithuanian; Mo - Moroccan; Moz - Mozabite; NIt - Northltalian; Nor - Norwegian; Or - Orcadian; Pa -
Palestinian; Po - Polish; Ro - Romanian; Ru - Russian; Sa - Sardinian; Sau - Saudi; Sc - Scottish; So - SouthItalian; Sp
- Spanish; Sy - Syrian; Tun - Tunisian; Tk - Turkish; Tu - Tuscan; UAE - UAE; We - Welsh; WS - WestSicilian; Ye -
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Supplementary Figure 9 - Principal Component Analysis of a) ancient individuals merged with genotypes from
European populations only. Note that 3DRIF-26 is outside present-day European variation, but in closer proximity to
southern European populations. b) 3DRIF-26 and Middle Eastern populations.
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Supplementary Figure 10 - PCA made using LASER. Includes genotype data from ancient samples and present-day
individuals from the HGDP.
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Supplementary Figure 11 - ADMIXTURE analysis of ancient individuals merged separately with genotype data of
780 European, West Asian, North African and Middle Eastern individuals assuming K=3 and K=4.
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Supplementary Figure 12 - Median proportions of identity-by-state at SNP loci between ancient samples and
modern populations. Numbered squares (1-3) represent the 3 best matching populations.
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Supplementary Figure 13 - Correlogram illustrating pairwise identity-by-state rank correlations
between ancient samples and modern populations. Best fit regression lines are shown on the left-hand
side pannel of the plot.
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Supplementary Figure 14 - Comparison between Anglo-Saxon and Iron Age IBS with present-day populations.
Although IBS profiles appear to be highly correlated, more detailed observation may provide insights into migration
movements into Britain across time. While the Anglo-Saxon sample shows greater similarity with Northern European
(Norwegian, Finnish), English and German/Austrian samples, the Iron Age appears to be more similar with the Welsh.
Despite these differences being very small, the fact that they are concordant across datasets provides further support

to the signals observed.
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Supplementary Figure 15 - Boxplots showing the rank at which a given individual's own population is positioned in terms of
IBS. Figures in brackets represent the specificity of this approach (the proportion of individuals that are correctly assigned to a
certain region) and sensitivity (whether modern samples can be assigned to their region of origin).
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Supplementary Figure 16 - Principal components plot based on the chunkcounts coancestry
matrix produced by fineSSTRUCTURE on a subset of the WTCCC1 data. Structure is apparent
with both Welsh and Scottish samples separating out from a core of English provenance.
FineSTRUCTURE cluster centroid values are denoted by circles and individuals from each
cluster are coloured according to cluster median IBS values when compared to the six Roman
samples. Welsh samples show closest affinity to the ancients.
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Supplementary Figure 17 - Principal components plot based on a) a subset of WTCCCI1
genotype data and b) the chunkcounts coancestry matrix produced by fineSSTRUCTURE.
Individual points are coloured according to geographical region. The advantage of using
haplotype based methods to infer population structure is evident.



Supplementary Tables

Supplementary Table 1 - Age and sex of skeletons from Driffield Terrace.

Male Female Unsexed Total

Age Group n n n n
f - - 1 1

n - - 1 1

i - - 0 0

j - - 2 2
ad - - 3 3
ya 16 0 1 17
yma 27 1 0 28
oma 19 0 0 19
ma 0 0 0 0
a 4 0 7 11
Total 66 1 15 82

f = foetus (<38 weeks in utero); n = neonate (0-1 month); i = infant (1-12 months); j = juvenile (1-12 years); ad = adolescent (13-17 years);
ya = young adult (18-25 years); yma = young middle adult (26-35 years); oma = old middle adult (36-45 years); ma = mature adult (46+
years); a = adult (18+ years)



Supplementary Table 2 - Osteological and palaeopathological data for sampled skeletons.

Sk No Sex | Age Group Osteology

Joint disease (spine & L TMJ); Schmorl’s nodes;
Cribra orbitalia; Bipartite/fractured foot sesamoid
bone; Calculus; DEH; Notch between upper central
incisors

Sacralisation of L6; Fracture of left distal radius
(wrist); Osteochondritis dissecans; L tibia; Fracture T4
3DRIF-16 M OMA spinous process; Joint disease; Maxillary sinusitis;
Fractured lower L canine; Dental calculus; Caries;
DEH; PD

Spondylolysis & spondylolisthesis; cleft arches L5,
S1-5; Fractured transverse processes, L2 & L3; ?
Infection of left ulna; Trauma to L shoulder (probable
3DRIF-26 M? OMA reduced dislocation); Gracile left arm; Un-united
fracture of L scaphoid; Joint disease; Fractured R rib
10; Cribra orbitalia; Lamellar bone on tibiae; AMTL;
calculus; DEH; PD; notch in upper LI1
Supernumerary tooth; Os tibiale externum/ avulsion
fracture (R navicular); ?Avulsion fracture of Right
6DRIF-3 M YA MC3; Cribra orbitalia; Calculus; DEH; Notch in
incisal surface upper RI1 and lower RI1; Peri-mortem
butterfly fracture of R ulna

Cribra orbitalia; Clay shoveller’s fracture of TI;

M1489 (Iron Age) | F YMA

6DRIF-18 M YA Calculus; DEH
Fracture of distal R tibia; Fracture of left fibula & soft
tissue trauma to left tibia; Awvulsion fracture of R
6DRIE-21 M OMA hamate; Lytic area in bodies .1 & L.2; Cribra orbitalia;

Maxillary sinusitis; Os acromiale; Avulsion fracture of
R ulna; Lamellar bone on both tibiae, right ribs 11 &
12; Calculus; Caries; DEH; Abscess; PD

?Penetrating injury to left occipital; ?Stab to neck;
Lamellar bone on L. & R ribs 11 & 12; Caries;
6DRIF-22 M YMA Abscess; Cyst in left femur; Joint disease; Cribra
orbitalia; Maxillary sinusitis; Additional thoracic
vertebra; Ivory osteoma; AMTL; Calculus; PD

Cut to R mandibular ramus; Four cuts to C2-5 &
6DRIF-23 M YA mandible; full decapitation at C5
Calculus; PD

NO3423

(Anglo-Saxon) Norton on Tees Skeleton

Age Group: YA = young adult (18-25 years); YMA = young middle adult (26-35 years); OMA = old middle adult (36-45 years); MA =
mature adult (46+ years)

DEH = dental enamel hypoplasia; PD = periodontal disease; AMTL = ante-mortem tooth loss



Supplementary Table 3 - Carbon, oxygen and strontium isotope data and concentrations for individual 3DRIF-26 and conversions from oxygen
isotope ratios of structural carbonate (§180c) to phosphate (§180p) and drinking water values (6180dw).

Sample . 180C 180p 180p
No. Tooth Tissue 13C(VPDB) (VSMOW) (VSMOW)1 180dw?2 (VSMOW)3 180dw4 Sr 87Sr/86Sr5
measured measured %o calculated %o calculated calculated %o calculated  measured measured %o
%o %o %o %o
Left mandibular
3DRIF-26 enamel -12.6+0.1 31.620.1 229 1.6 21.7 -0.3 177 0.70777

PM2
1 calculated usingsi; 2 calculated usings2, Equation 6; 3 calculated usingio; 4 calculated usingios2, Equation 6.

Supplementary Table 4 - Carbon and nitrogen stable isotope data for sequenced individuals from Driffield Terrace.

Sample No. Element Tissue 13C(VPDB) %o 15N(AIR)%0 %C %N C/N %Coll
3DRIF-16 Rib bone -19.4 10.7 35.7 12.8 3.3 3.5
3DRIF-26 Left mandibular PM2 dentine, root mid-section -19.2 14.3 434 15.7 3.2 16.1
3DRIF-26* rib bone -19.3 11.9 35.5 12.7 3.3 7.3
6DRIF-1 %2 Left maxillary PM?2 dentine, root mid-section -18 11 439 159 3.2 16
6DRIF-3 2 Right ulna (distal) bone -18.4 10.6 334 121 3.2 5.6
6DRIF-18T-1* Left maxillary PM?2 dentine, root at dentino-enamel junction -19.9 14.8 41.3 151 3.2 8.5
6DRIF-18T-2 Left maxillary PM?2 dentine, root mid-section -20.1 14.3 45 159 33 9.4
6DRIF-18T-3 Left maxillary PM?2 dentine, root tip -19.9 14.7 449 16 33 104
6DRIF-18 1 Rib bone -- -- -- -- -- Nil
6DRIF-21* Right maxillary PM2 dentine -18.5 12.1 42.1 154 3.2 16
6DRIF-21 3 Right radius (shaft) bone -19.8 11.9 38 124 36 04
6DRIF-22¢ Left mandibular PM2 dentine -19 12.8 415 153 3.2 143
6DRIF-22 Right clavicle (lateral shaft) bone -19.1 11.8 352 122 34 1.4

1 data published ins;

2 cranium 6DRIF-1 and post-cranial skeleton 6DRIF-3 belong to the same individual;

3 excluded on grounds of poor yield and marginal C/N ratio.


https://paperpile.com/c/0OwtMT/HbrcC
https://paperpile.com/c/0OwtMT/T08ku
https://paperpile.com/c/0OwtMT/FXxLz+fimqp
https://paperpile.com/c/0OwtMT/FXxLz
https://paperpile.com/c/0OwtMT/fimqp

Supplementary Table 5 - Mitochondrial DNA contamination estimates.

Sample Contamination % Contamination % *
3DRIF-16 1.7 1.24
3DRIF-26 1.54 0.88
6DRIF-18 1.27 0.85
6DRIF-21 1.62 1.09
6DRIF-22 2.09 1.43
6DRIF-23 2.3 1.63
6DRIF-3 1.26 1.03

Iron Age (M1489) 2.69 242
Anglo-Saxon (NO3423) 1.88 1.3

*after mapDamage rescaling.

Supplementary Table 6 - X chromosome Contamination estimates for method 1 and method 2
performed as in s6).

Method 1 Method 2
Sample Contar:;matlon SD P-value Contar;matlon SD P-value
(1} 0

3DRIF-16 0.78 031  0.02519 1.33 0.53  0.01004
3DRIF-26 0.79 0.17  3.14E-06 0.77 025  0.00142
6DRIF-18 0.69 0.17  1.57E-06 0.68 0.24  0.003813
6DRIF-21 0.66 0.16  3.22E-05 0.43 022 0.01192
6DRIF-22 0.73 0.17  8.39E-06 0.78 0.25  0.00186

6DRIF-23 0.85 0.27  0.005495 0.62 036  0.1875
6DRIF-3 0.67 0.12  1.82E-10 0.73 0.19  9.70E-08
Anglo-Saxon 0.93 0.19  3.89E-05 1.18 0.29  0.004054

(NO3423)



https://paperpile.com/c/0OwtMT/tBlzM

Supplementary Table 7 - Major and minor alleles at SNP sites and adjacent bases on the X-

chromosome.
Method 1
Sample Base -4 -3 -2 -1 SNP site 1 2 3 4
3DRIF-16 Mil‘fOF base 15 23 21 31 36 23 34 21 21
Major base 6132 6.12E+03 6128 6121 6121 6119 6112 6129 6115
3DRIF-26 Minor base 66 7.50E+01 77 69 119 78 59 87 72
Major base 18501 1.85E+04 18500 18507 18413 18483 18522 18468 18499
6DRIF-18 Minor base 27 2.40E+01 27 30 61 41 31 24 29
Major base 15092 15087 15092 15091 15068 15076 15106 15124 15094
G6DRIF-21 Minor base 35 5.10E+01 30 51 8.00E+01 55 53 48 48
Major base 17463 1.74E+04 17453 17463 17421 17444 17436 17446 17465
6DRIE-22 Minor base 54 40 39 53 80 43 40 40 48
Major base 16213 16199 16222 16222 16211 16262 16266 16263 16232
6DRIF-23 Minor base 17 6 22 22 32 20 17 19 22
Major base 6359 6381 6370 6369 6356 6369 6372 6376 6368
G6DRIF-3 Minor base 107 91 113 123 180 92 92 104 105
Major base 32919 32956 32947 32900 32834 32938 32949 32947 32920
NO3423 Minor base 54 55 48 70 98 71 70 51 66
Major base 15034 15067 15085 15060 15038 15052 15039 15057 15004
Method 2
Sample Base -4 -3 -2 -1 SNP site 1 2 3 4
3DRIE-16 Mir?or base 5 12 11 12 20 10 15 9 7
Major base 2830 2823 2824 2823 2815 2825 2820 2826 2828
3DRIF-26 Mir}or base 31 33 27 27 51 36 24 32 32
Major base 7969 7967 7973 7973 7949 7964 7976 7968 7968
G6DRIF-18 Minor base 13 13 13 7 25 14 12 12 16
Major base 6663 6663 6663 6669 6651 6662 6664 6664 6660
G6DRIF-21 Mir}or base 14 27 12 27 31 18 14 22 14
Major base 7630 7617 7632 7617 7613 7626 7630 7622 7630
G6DRIF-22 Minor base 19 15 19 22 34 15 17 21 18
Major base 7090 7094 7090 7087 7075 7094 7092 7088 7091
6DRIE-23 Miqor base 5 3 6 13 12 10 7 8 9
Major base 2960 2962 2959 2952 2953 2955 2958 2957 2956
GDRIF-3 Minor base 49 28 42 46 79 28 34 33 48
Major base 13495 13516 13502 13498 13465 13516 13510 13511 13496
Anglo-Saxon (NO3423) Mir?or base 23 21 18 28 40 27 27 19 25
Major base 6603 6605 6608 6598 6586 6599 6599 6607 6601

Supplementary Table 8 - Qubit DNA quantification of DNA samples and controls

Sample ug/mL
3DRIF-16 6.27
3DRIF-26 3.66
6DRIF-18 5.59
6DRIF-21 8.56
6DRIF-22 9.44
6DRIF-23 11.3

6DRIF-3 11.1

M1489 19.1

NO3423 29.3

Extraction control -
Library control -
PCR control -




Supplementary Table 9- Mitochondrial DNA haplogroups and mutations identified.

Sample Haplogroup

Average
Coverage

Polymorphisms

75.67

73A 146T 152T 195T 239C 247G 769G 825T 1018G 2706A 2758G 2885T
3548C 3594C 3915A 4104A 4312C4727G 7028C 7146A 7256C 7521G
8468C 8655C 8701A 9380A 9540T 10398A 10664C 10688G 10810T
10873T 10915T 11253C 11719G 11914G 12705C 13105A 13276A
13506C13650C 14766C 16129G 16187C 16189T 16223C 16230A 16278C
16311T 16362C 16482G 16519T

86.95

73A 146T 195T 247G 456T 769G 825T 1018G 2706A 2758G 2885T 3594C
4104A 4312C 5349T 6041T 7028C7146A 7256C 7521G 8468C 8655C
8701A 9540T 10398A 10664C 10688G 10810T 10873T 10915T 11719G
11914G 12705C 13105A 13276A 13506C 13650C 14766C 16129G
16187C16189T 16223C 16230A 16278C 16304C 16311T 16519T

74.2

73A 146T 152T 195T 247G 769G 825T 1018G 2706A 2758G 2885T 3010A
3594C 4104A 4312C 7028C 7146A7256C 7521G 8468C 8655C 8701A
9540T 10398A 10664C 10688G 10810T 10873T 10915T 11719G 11914G
12705C 13105A 13276A 13506C 13650C 14766C 16129G 16187C
16189T16220C 16223C 16230A 16278C 16311T

79.41

146T 152T 185A 195T 228A 247G 295T 462T 489C 769G 825T 1018G
2758G 2885T 3010A 3594C 4104A4216C 4312C 7146A 7256C 7521G
8468C 8655C 8701A 8865A 9540T 9957C 10664C 10688G 10810T
10873T 10915T 11251G 11914G 12612G 12705C 13105A 13276A
13506C13650C 13708A 13934T 14798C 15452A 16069T 16126C 16129G
16187C 16189T 16223C 16230A 16278C 16311T 16390A 16519T

78.61

73A 146T 152T 247G 769G 825T 1018G 2706A 2758G 2885T 3594C
4104A 4312C 7028C 7146A 7256C 7521G8468C 8655C 8701A 9540T
10398A 10664C 10688G 10810T 10873T 10915T 11719G 11914G 12705C
13105A 13276A 13506C 13650C 14766C 16129G 16187C 16189T 16223C
16230A16278C 16569del

58.33

73A 146T 152T 195T 239C 247G 769G 825T 1018G 2706A 2758G 2885T
3594C 3915A 4104A 4312C 4727G7028C 7146A 7256C 7521G 8468C
8655C 8701A 9254G 9380A 9540T 10398A 10589A 10664C 10688G
10810T 10873T 10915T 11719G 11914G 12705C 13105A 13276A
13506C13650C 14766C 16129G 16187C 16189T 16212G 16223C 16230A
16278C 16311T 16362C 16482G 16519T

98.07

152T 195T 242T 247G 295T 462T 489C 769G 825T 1018G 2158C 2758G
2885T 3010A 3594C 4104A 4216C4312C 5460A 7146A 7256C 7521G
8269A 8468C 8557A 8655C 8701A 9540T 10664C 10688G 10810T
10873T 10915T 11251G 11914G 12007A 12612G 12705C 13105A
13276A13506C 13650C 13708A 13879C 15452A 16069T 16126C 16129G
16145A 16172C 16187C 16189T 16222T 16223C 16230A 16261T 16278C
16286T 16311T 16519T

3DRIF-16 H6ala
3DRIF-26 H5
6DRIF-18 H1bs
6DRIF-21 J1c3e2
6DRIF-22 H
6DRIF-23 H6alb2
6DRIF-3 Jiblal
g\(/}rllg%e) U2ele

39.01

146T 195T 217C 247G 340T 508G 769G 825T 1018G 1811G 2526T
2758G 2885T 3594C 3720G 4104A 4312C5390G 5426C 6045T 6152C
7146A 7256C 7521G 8468C 8655C 8701A 9540T 10398A 10664C 10688G
10810T 10873T 10876G 10915T 11467G 11914G 12308G 12372A
12618A12705C 13020C 13105A 13276A 13506C 13650C 13734C 15907G
16051G 16129C 16145A 16187C 16189T 16223C 16230A 16278C 16311T
16362C 16390A 16568_16569del

Anglo-Saxon

(NO3423) Hia

88.44

146T 152T 195T 247G 769G 825T 1018G 2706A 2758G 2885T 3010A
3594C 4104A 4312C 7028C 7146A 7256C7521G 8468C 8655C 8701A
9540T 10398A 10664C 10688G 10810T 10873T 10915T 11719G 11914G
12705C 13105A 13276A 13506C 13650C 14766C 16129G 16162G
16187C 16189T16223C 16230A 16278C 16311T




Supplementary Table 10- Y-chromosome DNA haplogroups and derived alleles identified.

Sample Chromosome  Position Marker  Haplogroup Mutation Ancestral Reads Derived
3DRIF-T16 chrY 8050994 P229 R G->C G 1 C
chrY 18914441 L1278 R1b1 C->T C 1 T
chrY 22739367  M269 R1bla2 T->C T 1 C
chrY 8796078 M405/521 Rlbla2alal C->T C 1 T
3DRIF-26 chrY 8590752 P127 ) C->T C 1 T
chrY 7292720 S34 J A->G T 1 C
chrY 8418927 S35 J G->C G 3 C
chrY 7771358 1228 J2 C->T C 1 T
6DRIF-18 chrY 8050994 P229 R G->C G 1 C
chrY 7570822 P294 R1 G->C G 2 C
chrY 7647357 P242 R1 G->A G 1 A
chrY 18656508  P297 Rlbla G->C G 3 C
chrY 22739367  M269 R1bla2 T->C T 1 C
chry 2842212 L49.1 R1bla2a T->A T 1 A
chrY 8502236 L51 Ri1bla2al G->A G 2 A
chrY 14641193 L52 R1bla2ala C->T C 1 T
chrY 17844018 L11/S127  Rilbla2ala T->C T 1 C
6DRIF-21 chrY 6868118 S9 R T->C G 2 A
chrY 8050994 P229 R G->C G 1 C
chry 7570822 P294 R1 G->C G 1 C
chrY 18914441 L278 R1b1 C->T C 2 T
chrY 22739367 M269 R1bla2 T>C T 1 C
chrY 2842212 L49.1 R1bla2a T->A T 1 A
chrY 8502236 L51 R1bla2al G->A G 1 A
chrY 14641193 L52 Rlbla2ala C->T C 1 T
chrY 17844018 L11/S127  R1lbla2ala T->C T 1 C
chrY 22157311  P312 R1lbla2ala2 C->A C 1 A
chrY 2883986 DF63  Rlbla2ala2c? T->C T 2 C
6DRIF-22 chrY 7570822 P294 R1 G->C G 1 C
chrY 18914441 L1278 R1b1 C->T C 1 T
chrY 18656508  P297 Rlbla G->C G 1 C
chrY 22739367 M269 R1bla2 T->C T 2 C
chry 8502236 L51 Ri1bla2al G->A G 1 A
chrY 17844018 L11/S127 R1bla2ala T->C T 1 C
chrY 22157311 P312 R1bla2ala2 C->A C 1 A
chrY 15333149 S28; U152 R1lbla2ala2b C->T C 1 T
6DRIF-23 chrY 6868118 S9 R T->C G 1 A
chrY 22739367  M269 R1bla2 T->C T 1 C
chry 14641193 L52 R1bla2ala C->T C 2 T
6DRIF-3 chrY 6868118 S9 R T->C G 3 A
chrY 7570822 P294 R1 G->C G 1 C
chrY 18914441 L278 R1b1 C->T C 1 T
chrY 22739367  M269 R1bla2 T->C T 2 C
chrY 2668456  PF6399 R1bla2 C->T C 1 T
chrY 14641193 L52 Rlbla2ala C->T C 1 T
chrY 8796078 M405/S21 Rlbla2alal C->T C 1 T
A(nl\%g)éi;’;;’“ chrY 7173143 L16 UK G->A G 1 A
chrY 3545070 P212 I T->A T 1 A
chrY 6677619 S107 n A->C T 1 G




Supplementary Table 11 - Median identity-by-state between ancient samples and modern

populations.
Population Iron 3DRIF- 3DRIF- 6DRIF- 6DRIF- 6DRIF- 6DRIF- 6DRIF- Anglo-Saxon
Age 16 26 18 21 22 23 3

Adygei 0.672 0.672 0.670 0.672 0.673 0.671 0.671 0.672 0.673
Armenian 0.672 0.672 0.672 0.672 0.672 0.672 0.672 0.671 0.673
Basque 0.676 0.677 0.671 0.676 0.675 0.676 0.676 0.676 0.677
Bedouin 0.667 0.667 0.672 0.667 0.667 0.668 0.666 0.666 0.668
Belorussian 0.675 0.677 0.669 0.676 0.675 0.676 0.675 0.676 0.676
Bulgarian 0.674 0.675 0.671 0.674 0.674 0.674 0.673 0.674 0.676
Chuvash 0.670 0.671 0.664 0.671 0.671 0.670 0.669 0.671 0.672
Cypriot 0.672 0.672 0.673 0.672 0.671 0.673 0.672 0.672 0.672
Druze 0.671 0.670 0.673 0.671 0.670 0.670 0.670 0.670 0.671
EastSicilian 0.673 0.673 0.672 0.673 0.673 0.673 0.672 0.673 0.674
Egyptian 0.664 0.664 0.669 0.664 0.664 0.664 0.663 0.663 0.666
English 0.676 0.676 0.670 0.676 0.676 0.675 0.675 0.676 0.678
Finnish 0.675 0.675 0.666 0.674 0.674 0.674 0.674 0.676 0.678
French 0.675 0.676 0.670 0.676 0.675 0.675 0.675 0.675 0.677
Georgian 0.673 0.671 0.672 0.672 0.672 0.672 0.671 0.672 0.673
GermanyAustria 0.675 0.676 0.669 0.677 0.676 0.676 0.675 0.675 0.677
Greek 0.674 0.675 0.672 0.674 0.673 0.674 0.673 0.673 0.675
Hungarian 0.676 0.675 0.670 0.675 0.675 0.675 0.674 0.675 0.677
Iranian 0.669 0.669 0.670 0.669 0.669 0.668 0.668 0.669 0.670
Ireland 0.677 0.677 0.670 0.677 0.676 0.677 0.677 0.677 0.678
Jordanian 0.667 0.668 0.671 0.668 0.668 0.668 0.667 0.667 0.669
Lezgin 0.673 0.673 0.670 0.672 0.672 0.671 0.671 0.672 0.674
Lithuanian 0.676 0.677 0.669 0.677 0.676 0.676 0.675 0.677 0.677
Moroccan 0.664 0.664 0.667 0.663 0.664 0.663 0.663 0.663 0.664
Mozabite 0.662 0.663 0.666 0.662 0.662 0.663 0.662 0.662 0.663
NorthItalian 0.675 0.676 0.672 0.676 0.674 0.675 0.675 0.676 0.677
Norwegian 0.676 0.676 0.669 0.676 0.676 0.675 0.675 0.676 0.678
Orcadian 0.676 0.677 0.670 0.676 0.676 0.675 0.675 0.676 0.678
Palestinian 0.668 0.668 0.671 0.668 0.668 0.668 0.667 0.668 0.669
Polish 0.675 0.677 0.670 0.676 0.676 0.676 0.675 0.676 0.677
Romanian 0.674 0.674 0.671 0.674 0.674 0.675 0.674 0.674 0.676
Russian 0.674 0.675 0.667 0.674 0.674 0.674 0.673 0.674 0.676
Sardinian 0.675 0.675 0.673 0.675 0.674 0.675 0.674 0.675 0.676
Saudi 0.668 0.668 0.673 0.668 0.668 0.669 0.667 0.667 0.669
Scottish 0.676 0.677 0.670 0.677 0.676 0.676 0.676 0.676 0.678
Southltalian 0.673 0.673 0.673 0.674 0.673 0.673 0.672 0.672 0.674
Spanish 0.675 0.675 0.671 0.674 0.674 0.675 0.673 0.674 0.676
Syrian 0.669 0.669 0.672 0.668 0.669 0.669 0.667 0.669 0.670
Tunisian 0.664 0.665 0.667 0.664 0.664 0.664 0.663 0.664 0.666
Turkish 0.671 0.671 0.670 0.671 0.671 0.671 0.670 0.670 0.671
Tuscan 0.674 0.675 0.672 0.675 0.674 0.675 0.674 0.675 0.675
UAE 0.665 0.666 0.670 0.666 0.665 0.666 0.665 0.666 0.667
Welsh 0.677 0.677 0.669 0.678 0.677 0.678 0.676 0.677 0.678
WestSicilian 0.673 0.673 0.672 0.673 0.673 0.673 0.672 0.673 0.674
Yemeni 0.662 0.662 0.666 0.663 0.662 0.661 0.662 0.662 0.663




Supplementary Table 12 - Pairwise identity-by-state rank correlations between Roman York
samples.

Sample 6DRIF-23 6DRIF-22 6DRIF-21 6DRIF-18 6DRIF-3 3DRIF-26 3DRIF-16

6DRIF-23 1.000 0.990 0.980 0.990 0.980 -0.050 0.990
6DRIF-22 0.990 1.000 0.980 0.990 0.970 -0.020 0.980
6DRIF-21 0.980 0.980 1.000 0.980 0.980 -0.090 0.980
6DRIF-18 0.990 0.990 0.980 1.000 0.970 -0.020 0.980
6DRIF-3 0.980 0.970 0.980 0.970 1.000 -0.080 0.990
3DRIF-26  -0.050 -0.020 -0.090 -0.020 -0.080 1.000 -0.070
3DRIF-16 0.990 0.980 0.980 0.980 0.990 -0.070 1.000

Supplementary Table 13- Mann-Whitney test comparing the Roman population to all others in a
dataset of British, Irish, Dutch and an Iron age and Anglo-Saxon individuals.

Population P-value Significance
Iron Age (M1489) 1.000 N.S.
Wales 0.697 N.S.
Anglo-Saxon (NO3423) 0.286 N.S.
North_West 0.208 N.S.
North 0.194 N.S.
Scotland 0.021 *
West_Midlands 0.013
South_West 0.009 Hox
South_FEast 0.007 ok
East_Anglia 0.003 ok
East_Midlands 0.003 ok
Yorks_Humberside 0.003 *x
Irish 0.000 oo

dutch 0.000 koK




Supplementary Table 14 - Imputed genotypes for each sample ancient at HIrisplex positions.

SNP Ref Alt 3DRIF-163DRIF-266DRIF-186DRIF-216DRIF-226DRIF-23 6DRIF-3 M1489 NO3423

rs11547464 G A GG GG GG GG GG GG GG GG GG
rs885479 G A GG GG GG GG GG GG GG GG
rs1805008 cC T CC CC CC CC CC CC CC CC CC
rs1805005 G T GG GG GC GG GG GG
rs1805006 C A CC CC CC CC CC CC CC CC CC
rs1805007 CcC T CC CC CC CC CC CC CC CC CC
rs1805009 G C GG GG GG GG GG GG GG GG GG
152228479 G A GA GG GG GG GA GG GG GA GG
rs1110400 T C TT TT TT TT TT TT TT TT TT
1528777 C A AA CA AA CA CA AA AA AA
r1s16891982 C G GG GG CG CG GG GG GG
1s12821256 T C TC T TT TT TT TT TC TT
1s4959270 CcC A CC CA CC CC CC AA CC CA CA
rs12203592 C T CC CC CC CT CC CC CC
rs1042602 CcC A CC CC CC CC CC CA CA CC
rs1800407 CcC T CT CC CC CC CC CT CT CC
1s2402130 G A AA GG AA AA AA AA AA GA AA
r1s12913832 A G AA AA GG AG AA AG GG
152378249 G A AA AA AA AA AA GA AA AA AA
1s12896399 G T TT GG GG GT GG GG GG GT TT
rs1393350 G A GG GG GG GG GA
rs683 C A CA CC AA CA CA CC CA CA
Supplementary Table 15 - Phenotype prediction using according to the Hlrisplex webtool.
SampleID Eye blue intermediate brown Hair blond brown red black light dark
phenotype eye eye eye phenotype hair  hair hair hair hair hair
3DRIF-16 Brown  0.005 0.059 0.937 Black/Brown 0273 0478 0.002 0247 053 0.47
3DRIF-26 Brown  0.000 0.014 0.985 Black/Brown 0.046 0.445 0.001 0.509 0.059 0.941
6DRIF-18 Blue 0.858 0.081 0.061 Blonde 0.729 0.233 0.003 0.035 0.953 0.047
6DRIF-21 N/A 0.000 0.000 0.000 Black/Brown 0.048 0.543 0.001 0.408 0.099 0.901
6DRIF-22 Brown 0.019 0.065 0.916 Black/Brown 0.125 0.337 0.001 0.537 0.173 0.827
6DRIF-23 Brown 0.001 0.041 0.958 Black/Brown 0.169 0.532 0.003 0.296 0.347 0.653
6DRIF-3 Brown 0.079 0.153 0.768 Blonde/Brown 0.489 0.447 0.003 0.061 0.858 0.142
Iron Age (M1489) N/A 0.000 0.000 0.000 Blonde/Brown 0.418 0.389 0.005 0.188 0 0
Anglo-Saxon Blue 0963 0027 0010  Blonde 0748 0213 0.004 0035 0959 0.041

(NO3423)




Supplementary Table 16 - Imputed genotypes at the SCL24A5, SLC45A2, TYRP and LCT loci.

SCL24A5
rs1426654

SLC45A2
rs16891982

TYRP1
rs2733831

HERC2

rs12913832

LCT
rs4988235

Sample

Allele 1 Allele 2

Allele 1 Allele 2

Allele 1 Allele 2

Allele
2

Allele 1

Allele 1 Allele 2

Iron Age (M1489)
3DRIF-16
3DRIF-26
6DRIF-18
6DRIF-21
6DRIF-22
6DRIF-23
6DRIF-3

Anglo-Saxon (NO3423)

Supplementary Table 17 - Imputed genotypes at SNPs associated with blood groups.

Sample rs8176719 rs8176746 1rs8176747 blood group
3DRIF-16 -/- G/G C/C O
3DRIF-26 -/- G/G C/C O
6DRIF-18 -/- G/G C/C O
6DRIF-21 -/- G/G C/C O
6DRIF-22 C/C G/G C/C A
6DRIF-23 -/- G/G C/C O
6DRIF-3 -/- G/G C/C O

Iron age (M1489) -/- G/G C/C O
Anglo-Saxon (NO3423) -/C G/T C/G AorB

Supplementary Table 18 — Number of SNPs called in ancient samples.

Sample

Number of SNPs
Hellenthal et al. (2014) WTCCC1/Irish/Dutch

3DRIF-16
3DRIF-26
6DRIF-18
6DRIF-21
6DRIF-22
6DRIF-23
6DRIF-3
Iron Age
Anglo Saxon

248355
336069
328974
342010
338210
243126
399115
211233
324454

136335
182143
179979
186920
184940
132510
218462
113687
177175




Supplementary Note 1

1. Archaeological sites

1.1 Driffield Terrace

York (Eboracum) in the North of England, founded around AD 71, was an important military base and
major urban settlement, which became the northernmost of the Roman provincial capitals in the early
third century AD. Despite its relatively peripheral location, archaeological and historical evidence attests
the city’s extensive connections throughout the Empire through the movement of people and goods *'. As
typical for the Roman period, the cemeteries of York were located outside the settlement area, lining the
roads leading away from the town (Supplementary Fig. 1). Two excavations less than 50m apart
conducted by York Archaeological Trust in 2004 and 2005 in the area of The Mount, an elevation ~500m
southwest of the civilian settlement apparently the location of high-status burials, revealed a previously
undisturbed part of the cemetery . In total, 82 skeletons were recovered from 1-3 and 6 Driffield Terrace
323 The burials followed no specific alignment and there was some intercutting of graves, indicating that
the burials had occurred over a period of time (Supplementary Fig. 1). This conclusion was supported by
dating evidence dividing the burials into several phases from the late 1st/early 2nd to at least the late 3rd,
possibly continuing into the 4th century AD. Overall, 70.8% of those individuals where either
osteological or contextual evidence for decapitation could be observed had been decapitated® (46/65).

Most individuals were adults (75/82, 92.6%), 66 (88.0%) of whom were males **. The majority of the
males were young middle adults (26-35 years), while the remainder were old middle adults (36-45 years)
or young adults (18-25 years; see Supplementary Table 1). One young middle adult female was present
(Skeleton 3DRIF-42). Eight adults were unsexed so males made up 98.5% of the sexed adults (66/67).
Seven individuals were non-adults (8.5%). These included three older adolescents (aged ~16-19 years of
age) who were likely socially equivalent to the young adults. The remaining non-adults comprised a
foetus (~30-32 weeks in utero), a neonate (0-1 month), a young juvenile (1-2 years) and an older juvenile
(6-7 years). Analysis of the disarticulated remains suggested an infant of ~1-3 months may also have
been buried at the site.

Evidence for trauma was prevalent. This included healed cranial trauma (23.3% of 60 individuals, most
frequently affecting the left side of the vault), and dental fractures (32.2% of 59 adults; 3.1% of 1590
teeth). Injuries to the skull are most often interpreted as inter-personal violence, and the typically higher
frequencies of cranial injuries on the left side has usually been inferred to indicate hand-to-hand combat
with a right-handed assailant **. However, accidents can also lead to cranial trauma (ibid.). At Ephesus,
44% of the healed cranial trauma was attributed to blunt force injuries *, but the majority of lesions were
different in character to those at Driffield Terrace.

Ante-mortem fractures were also observed in the limbs and torso: 20 individuals had fractured limb
bones, and 18 had fractured their vertebrae or ribs. The limb bone most frequently fractured was the first
metacarpal (5.3%), followed by the third metacarpal (avulsion fractures, 2.8%), and fibula (2.8%).
Fractures of the base of the first metacarpal occur most frequently in the dominant hand of male
individuals, and are typically sustained through punching a firm surface with a closed fist, so tend to


https://paperpile.com/c/JjqB55/dNJIi
https://paperpile.com/c/JjqB55/xxD5I+mldiv
https://paperpile.com/c/JjqB55/0tSrO
https://paperpile.com/c/JjqB55/0tSrO
https://paperpile.com/c/JjqB55/4I6M8/?locator=108-9
https://paperpile.com/c/JjqB55/U7MGv

occur during fights or sporting activities *"**

. One individual had suffered a fracture to the right scapula
blade that was still healing at the time of death. Scapular blade fractures are usually caused by a direct
blow ** and may be indicative of interpersonal violence ***. One individual had a probable healed blade

injury to the distal third of the right femur.

Peri-mortem sharp and blunt force trauma was also observed. A young adult male had a peri-mortem
butterfly fracture to the midshaft of his right ulna °riginally deseribedby 4l 'wwhich may indicate a parry fracture **.
Another young middle adult male individual had a series of small depressions on both sides of the pelvis,
focused on the iliac crest and anterior superior iliac spines, identified by Tucker *' as carnivore bite marks.
Forty individuals (all adult males) had peri-mortem cuts to the neck, but in one of these the injury was
possibly a stab wound rather than connected to decapitation. The frequency of cuts to the spine was
highest among the young middle adults, followed by old middle adults.

Cribra orbitalia and dental enamel hypoplasia (DEH) indicate episodes of childhood stress, potentially

involving poor diet, infectious disease, and/or parasite loads *.

The prevalence of cribra orbitalia at
Driffield Terrace was higher than average for the Roman period, both in terms of the number of orbits
affected (24.6%) and the number of individuals affected (30.6%). Roberts and Cox * reported the former
to be 16.9% and the latter to be 9.6% on average for Romano-British populations. The proportion of teeth
with DEH at Driffield Terrace (17.9%) was nearly double the Romano-British average *'**, but lower
than the frequency of DEH seen at Mill Mount, York **. However, adult stature at Driffield Terrace was
not reduced. The mean male stature was 170.7cm (based on using the ‘black’ formula for individuals of
African and Mixed ancestry, and the ‘white’ formula for individuals of Caucasian and unknown ancestry),
which is slightly higher than the mean male stature of 169 cm reported for Roman Britain **. The female

individual was slightly taller than average for the Roman period "**™*, at 160.9cm tall.

Periosteal reactions indicative of inflammation or infection ** were frequent, particularly in the lower
limbs. Evidence for respiratory infections was also observed, including maxillary sinusitis, and new bone
formation on the visceral surfaces of the ribs. Frequencies of dental disease and joint disease were low,
no doubt reflecting the young age bias of the population.

A thorough presentation of the palacopathological data pertaining to Driffield Terrace can be found in the
full skeletal report *.

1.2 Melton

A complex series of settlements and burials dating from the Bronze Age to the medieval period were
discovered in 2004-2005 to the east of the village of Melton, East Yorkshire, at the southern edge of the
Yorkshire Wolds 1.5km north of the Humber Estuary *°. Prior to the first millennium BC, burial evidence
comprised a round barrow dating to the third or second millennium BC that lacked an identified central
burial, and cremation burials (one of which was contained in an urn) from the second millennium BC. A
small Iron Age linear cemetery contained inhumation burials dating to the sixth to fifth centuries BC, and
two square barrows dated to the second half of the first millennium BC (ibid.). In the first century BC/
early first century AD, human and animal inhumation burials had been interspersed amongst the
abandoned buildings of a late Iron Age ladder settlement (ibid., p374). These human remains
predominantly consisted of adult females and non-adults. It was one of these individuals M1489), an
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adult female aged 26-35 years buried in a flexed position in a north-south orientation, which was sampled
for this project. This individual was radiocarbon dated to 210 BC to 40 AD, and was considered most
likely to date to the first century BC (ibid.) Later, five seventh century burials had been located nearby at
the junction of two tracks (ibid.).

1.3 Norton on Tees

Two Anglo-Saxon cemeteries were excavated in the village of Norton, Teesside, north east England. They
were located 200m apart and one of these, Norton East Mill, dated to the pagan Anglo-Saxon period
(550-650AD), while the adjacent cemetery, Norton Bishopsmill, dates to 650-910AD and was Christian.
The pagan cemetery contained 120 burials, many of which were furnished with grave goods, while the
Christian burial ground contained the unfurnished burials of 100 skeletons. Analysis of the skeletal

remains has revealed differences in the age and sex distributions as well as the pathology at the two sites
4748

Osteological and palaeopathological data for the skeletons sampled for this project can be found in
Supplementary Table 2.
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Supplementary Note 2

1. Isotope analysis

1.1 Methods

Multi-isotope data for six of the seven individuals has been previously published **. A molar tooth was
submitted for isotope analysis for the remaining skeleton 26 from 3 Driffield Terrace (3DRIF-26) and
collagen extraction for carbon and nitrogen isotope analysis was re-attempted on long bones of
individuals where rib samples had previously failed to yield a viable product (6DRIF-3, 6DRIF-21,
6DRIF-22, see reference . For 6DRIF-18, two sections of tooth root remaining from the original sample
were processed.

1.1.1 Sr and O isotope analysis.

The enamel of 3DRIF-26 was mechanically cleaned with clean tungsten carbide dental burrs to a depth of
c. 100 um and all adhering dentine removed following the procedure detailed in reference *'. Regions of
carious, opaque, cracked or discoloured enamel were avoided. Samples were removed from the tooth and
transferred in sealed containers to the class 100 HEPA-filtered laboratory facility at the NERC Isotope
Geosciences Laboratory, Keyworth, UK and to the Stable Isotope Laboratory, University of Bradford, UK
for strontium and oxygen isotope analysis respectively. Dentine samples for carbon and nitrogen isotopes
were removed from the remaining tooth root.

In the clean laboratory, samples for strontium were cleaned in high purity acetone, washed ultrasonically
in water (Millipore Alpha Q, <1 ppb total heavy metal content) to remove adhering particulates and
leached on a hot plate for two hours following the established laboratory procedure. Samples were
weighed and spiked with an *Sr tracer before being dissolved in Teflon-distilled 16 M HNO,. Strontium
was collected using Dowex© resin ion-exchange columns. Strontium isotope ratio and concentration were
determined by Thermal Ionisation Mass Spectrometry (TIMS) using a Thermo Triton multi-collector
mass spectrometer. The prepared samples were loaded onto a single outgassed Re filament with TaF
following the method of Birck (1986). *’Sr/*Sr ratios were normalised to a value of 0.710250 for the
international standard NBS987. External reproducibility was estimated at £ 0.003 % (20). Laboratory
contamination monitored by within-run laboratory blanks was negligible (~ 100 pg).

For oxygen and carbon isotope determination of structural carbonate powdered enamel samples were
treated with 1.7% NaOClI solution for 30 min to remove organic matter and rinsed with distilled water,
before adding 0.1M acetic acid for 10 min to remove exogenous carbonate following a protocol modified
after Sponheimer (1999). Rinsed and freeze-dried samples were weighed in duplicate and isotopic
compositions were measured using a Finnigan Gasbench II connected directly to a Thermo Delta V
Advantage continuous flow isotope ratio mass spectrometer. Enamel carbonate was reacted with
anhydrous phosphoric acid at 70°C to release CO, gas from which 80,0y and 8°C.,p, were
determined using a CO, reference gas. Data were normalized by means of a linear calibration equation
derived from a plot of accepted versus measured values for two internal standards, Merck Suprapur
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CaCO, and OES (ostrich egg shell), and the NBS19 international standard. Analytical precision was = 0.1
%o (1 SD) for carbon isotope ratios and + 0.2 %o (1 SD) for oxygen isotope ratios determined using an
internal enamel laboratory standard. The normalized carbonate 8'*O values were converted to phosphate
values using equations by Chenery et al. * 1.1
equation 6 from Daux et al. > (see Supplementary Table 3).

and lacumin et al. *® and then to drinking water values using

1.1.2 Carbon and nitrogen isotope analysis of collagen.

Bone and dentine collagen was extracted according to the Longin ** method, modified according to the
recommendations by Collins and Galley *. The surfaces of all bone and tooth samples were abraded with
the aid of a drill. Samples of approximately 200mg (bone) and 30mg (dentine) were demineralized in 0.5
M HCI at ~4°C over several days, then rinsed to neutrality with Milli-Q® ultrapure water. The resulting
‘collagen ghosts’ were gelatinized over 48h in a pH 3 HCI solution at 70°C, after which insoluble
residues were removed with a 50-80um Ezee® filter (Elkay). The solution was freeze-dried over 48h and
the resulting product weighed in order to determine collagen yield. Aliquots of ~1mg were then weighed
in duplicates into ultra-clean tin capsules. 8'°Cyyppg, and 8'°N, i, Were determined on a Sercon 20-20
continuous-flow isotope ratio mass-spectrometer using internal standards which are regularly calibrated
against internationally certified reference materials (IAEA-CH-6, -CH-7, -N-1, -N-2 and USGS-40).
Results were normalized by a two-point calibration of measured versus expected values. Analytical
precision determined by repeat analysis of an internal collagen standard was +0.1%o (1 SD) for both

¢ and Van

carbon and nitrogen isotope ratios. Collagen quality was assessed using criteria by DeNiro
Klinken *’. While all samples yielded sufficient product for analysis, results for 6DRIF-21 (bone sample)

were excluded on grounds of poor preservation. Results are presented in Supplementary Table 4.

1.2 Results

1.2.1 Strontium

Six of the genotyped individuals from Driffield Terrace have strontium isotope compositions consistent
with humans in Britain (Supplementary Fig. 2) and with biospheres hosted by the sedimentary silicate
rocks of north eastern England, in or close to the Vale of York ***¢ **  In contrast, 3DRIF-26 has an
extremely unusual strontium profile for Britain having a low ratio of 0.70777 coupled with a strontium

49 " This ratio is inconsistent

concentration of 177 mg/kg, the highest from any burial at Driffield Terrace
with the majority of rock types in England where only sedimentary marine limestones, and igneous
basalts and mantle rocks such as ophiolites, have been found to host biospheres below 0.7080 **.
However, 0.70777 is extremely low for humans living on marine carbonate terrains in Britain; although
many limestones themselves have *'Sr/*’Sr values as low as 0.7068 ¥, in a temperate, maritime
environment plants growing on them rarely do **%. This is due to a combination of silicate inclusions, i.e.
'dirty' limestones, and the addition of atmospheric strontium in the form of rainwater to the biosphere
strontium pool. These mechanisms raise the strontium isotope ratios of the plants and consequently also
the humans 2. As a result, humans excavated from chalk and limestone regions in Britain typically
cluster at the bottom left in Supplementary Fig. 3, exhibiting *’Sr/*Sr > 0.7078, coupled with strontium
concentrations < 120 mg/kg. For example, the lowest human *’Sr/**Srin Supplementary Fig. 3 is 0.70784
with 38 mg/kg. Similarly, at the Middle Iron Age cemetery of Wetwang located on the Chalk of the
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Yorkshire Wolds, one of the purest marine limestones in Britain, the mean concentration was 54 +/- 16
mg/kg (1 SD, n=234) and the least radiogenic *'Sr/**Sr of 0.70798 was coupled with a concentration of 26
mg/kg .

If origins on limestones in temperate maritime regions of Britain are therefore unlikely places of origin,
this leaves only igneous basalts and ophiolites that can provide strontium ratios below 0.7080 in British
humans. There are restricted outcrops of Precambrian and Palacozoic basalts in Scotland and Wales and
ophiolites in the Lizard peninsular in the extreme southwest of England which could provide the low
value seen in 3DRIF-26. Tertiary dyke swarms such as the Cleveland Dyke, occur across northern Britain.
In Northern England, however, these do not constitute significant sources of agricultural land and it is
therefore not expected that the *’Sr/**Sr of humans in these regions would approach their low values. The
major source of such rocks is the Tertiary Volcanic Province which is primarily found down the western
seaboard of Britain and in the north of Ireland. For example, the individual immediately to the left of
3DRIF-26 in Supplementary Fig. 3 is a Viking period skeleton from the Outer Hebrides in Scotland
which lies within the Tertiary Volcanic Province '.

1.2.2 Oxygen

Five of the seven individuals from Driffield Terrace have phosphate oxygen isotope ratios (5180]3) that fall
within the 2 SD range of archaeological humans from Britain *, as indeed do most of the individuals from
Roman York (Supplementary Fig. 2). This range is wider and probably more robust than the one used in °,
being based on significantly more samples (n=615) than were available previously (n=42, see . It can be
regarded as the current best estimate for the range of BISOp values expected for individuals who grew up
in Britain; however, it is still open to revisions as more samples become available.

Individuals who plot to the right of the estimated British range have higher 'O values that indicate the
ingestion of rainwater falling in warmer, drier climates at lower latitude, that is relatively enriched in '*O
53 However, higher §'*0 values can also result from localised environmental or cultural processes such as
evaporation of drinking water during storage in lakes or man-made containers *, or the consumption of
processed fluids such as milk, beer, wine and boiled foods or beverages *%. Two individuals fall
outside the 2 SD range for Britain: 6DRIF-21 and 3DRIF-26.The §"°0, value for 6DRIF-21 of 19.8%o
was, prior to this study, the most '"*O-enriched value reported from Roman Britain, although oxygen
isotope ratios >19%o have been observed in a small number of samples, particularly those from Southern
and Western Britain ', While some of these may have been migrants, there is a general consensus
now that at least the definition of the upper boundary of the British range is very much in flux, given that
the known mechanisms for the modification of local rainwater into drinking water almost exclusively
involve '"O-enrichment and not depletion ** . The results of the genetic analysis, combined with
6DRIF-21’s enamel lead isotope ratios which are strongly suggestive of childhood exposure to
anthropogenic lead from English mines (but are not necessarily conclusive by themselves since British
lead was widely exported in the Roman period, see ", demonstrate that even 6180p values approaching
20%o are probably not incompatible with a British origin. The §"°O, value of 21.7 %o for 3DRIF-26
(calculated from the measured carbonate value using lacumin et al.'’ is far higher than any value that
would be expected from an inhabitant of Britain, falling well outside the +4 SD range of the complete
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Evans et al. (2012) data-set (n=677). Taken together with the unusual strontium profile, it appears highly
likely that this individual was an immigrant to Britain from a warmer climate.

1.2.3 Carbon and Nitrogen Stable Isotope Results

8"C and "N values of five of the genotyped individuals fall within or marginally outside (6DRIF-3) +2
SD of the mean for Romano-British humans from York (n=173) (Supplementary Fig. 4). These data are
consistent with the local Romano-British diet which was very predominantly based on terrestrial
C,-resources, but probably with small contributions of marine protein to the diet of at least parts of the

population ™®. Two of the individuals (3DRIF-26 and 6DRIF-18) have dentine §'°N values which are
higher than the York mean +3 SD (or further than 1.5 interquartile ranges from the median).
Consequently, neither individual was consuming the typical York diet, at the time when the sampled tooth
roots were forming, between c. 7 and 14 years of age’'. Indeed, the two data-points are equally unusual

when compared with the sizeable human data-set available from all of Roman Britain (mean §'"°C -19.6 +
0.7 and 3"N 10.2 + 1.3%o (1 SD)). Only 8 individuals in the entire data-set (n=858) have §'°N values

>13%0 ™77 Dietary variation between individuals are often the result of social or economic
differentiation; however, with differences as stark as presented here, migration from areas with very
different subsistence regimes or environmental baselines must be considered as an alternative explanation
s¢ &7 This is almost certainly the case for 3DRIF-26 where a shift of 2.4%o between the 3'°N value in late

childhood/adolescence (root dentine) and adulthood (rib) is consistent with dietary change on migration to
York or places with a similar dietary regime (Supplementary Fig. 4). Combined with his extremely high
5'80 value, an origin in an environment where aridity effected significant '"N-enrichment in soils and
plants seems the most likely explanation " *'. 6DRIF-18 has been discussed in detail elsewhere **°. The
results of the genetic analysis which indicate British ancestry, provide an important new dimension to the
interpretation and emphasise that dietary variation within the British Isles in the first centuries AD is not
yet fully explored.

1.3 Discussion - The Geographical Origin of 3DRIF-26

Moving south and east through the Roman Empire, volcanic basalts and lavas and mantle rocks such as
ophiolites which can provide low ¥Sr/*Sr values to soils and plants occur at the surface with increasing
regularity. In southern Europe, volcanic rocks occur in western Italy, Sardinia and central Spain and in
northern Europe there are extensive volcanic terrains in the European Cenozoic Volcanic Province which
encompasses the Central Massif in France, the High Eifel, Westerwald, Vogelsberg, Rhon in Germany,
Lower Silesia in Poland, the Eger Graben in the Czech Republic and down through the inner eastern and
western Carpathians ** . Localised outcrops of volcanic lavas and the ophiolites of the Dinaric-Hellenic
belt are found down through the Balkans and Greece and in Cyprus and Turkey **°. Volcanic lavas and
ophiolites are found extensively throughout Turkey and volcanic rocks in the Near East south of the
Caucasus and across to the Caspian Sea. They continue down through Iran, Syria, Lebanon, Israel and
Jordan and Saudi Arabia and are found further south in Sudan and Ethiopia. To the west around the
southern Mediterranean, there are also significant outcrops in Libya (**%. Recently, * undertook
strontium isotope biosphere mapping in northern Israel around the Sea of Galilee and their mean values
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range from 0.70465 to 0.70687 for basalts and up to 0.7090 for calcareous sandstones. An averaged value
for the region of 0.7075 was proposed by *'.

The high oxygen isotope ratio of 3DRIF-26 equates to a rainwater §'*0 value of -0.3 %o using the
carbonate-to-phosphate conversion equation by lacumin et al. '° (see Supplementary Table 3). Assuming a
typical error of £2.5%o for ** phosphate-to-drinking water Equation 6 " and therefore drinking water
values between -2.8%o and +2.5%o, it appears that a childhood in Europe is unlikely since, here, the mean
annual 5'*0 of modern rainfall rarely exceeds -3 %o **; IAEA/WMO 2015). Although we cannot rule out
the possibility that weather patterns may have changed and higher temperatures and thus higher §'°0 in
precipitation and drinking water existed locally, palaeoclimatic records indicate a broad trend towards a
cooler, drier climate from the mid- 3" century CE, amid a general setting of climatic instability *%.
Turning to the Levant, °' citing amongst others °* study of rainfall in the Upper Jordan Valley, estimated
an upper limit of only -4.5 %o for most of the Levantine coast, with values reducing further, east of the
Levantine coastal plain, suggesting none of these regions would provide a place of origin for 3DRIF-26.
Similarly, *> who conducted a survey of water §'°O data in modern day Israel and Jordan reported values
above -3%o only for individual coastal aquifers in the south, with the majority of values in the region well
below -4%o. Mean annual rainwater §'°O values above -3 %o are found on the edges of the Roman Empire,
such as in parts of the North African coast, specifically in Libya, western Egypt and further east into
Saudi Arabia and Iran *°* . Nevertheless, as previously discussed, §'*O values of the water actually drunk
by people can be increased during evaporation by wind or heat, and heating and other cultural
modifications of drinking water (e.g. brewing). In hot climates, therefore, evaporation of drinking water
sources which are not regularly replenished by rainwater would produce higher §'*0 values in humans
drinking them and this has been documented empirically. For example, from a longitudinal study of
Egyptian mummies dating from ~ 6000 to 1310 BP, *° concluded that increasing aridity over this period
was raising the §'*0 of Nile water from -1.6 to +1.5 %o and by the Greco-Roman Period human phosphate
oxygen isotope ratios ranged between 20.5 to 24.5 %o. Similarly, in a seminal study in Egypt's Nile
Valley, Iacumin et al. (1996) measured 3'*O in both enamel carbonate and phosphate and obtained
virtually the same range for humans of 30.2 to 32.5 %o and 20.6 to 24.5 %o respectively in which
3DRIF-26 comfortably sits. In burials from Nubia, mean enamel phosphate §'*O values of 24.7 %o were
reported * which is considerably higher than 3DRIF-26 but suggests the oxygen isotope ratios of ancient
humans may be higher than modern precipitation maps would predict.

Critically, in arid regions, low rainfall would also bring limestone terrains within the strontium isotope
range of 3DRIF-26 due to the reduced contribution of rainwater strontium to plants. Such limestone rocks
are found across large regions of Libya, Egypt, Sudan and the Levant and, in contrast to many volcanic
basalts, they frequently host fertile agricultural land. The mean value for *’Sr/*Sr in Theban limestones
and Nile sediments is reported to be 0.70777 ***°, a value identical to that of 3DRIF-26. A ¥'Sr/**Sr range
of 0.7075 to 0.7083 was also determined at archaeological sites on the limestone of western Jordan *°.
Similarly, *° studied archaeological humans from Egypt and northern Sudan and although none of the sites
were located in volcanic regions, they estimated the local *’Sr/**Sr range to be 0.7073 to 0.7079. The
mean §'*O for human enamel carbonate here was 31.4 %o with a range of 29.2 to 35.3 %o whilst the mean
value for 8"°C_, was -11.8 %o with a range of -13.4 to -7.2 %o; 3DRIF-26 therefore falls within their
identified 'local range' for strontium, oxygen and carbon isotopes. Carbon and nitrogen stable isotope
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values for 3DRIF-26’s root dentine, in combination with his high §'*0, suggest origins in an area where
aridity had raised the 3"°N of soils and plants but where neither marine resources nor C,-plant-derived
protein made a significant contribution to the human food chain. Supplementary Fig. 5 shows 3DRIF-26
in comparison with mean carbon and nitrogen isotope values (£2 SD) for mostly Roman-period
populations in Europe, North Africa and the Near East. It is apparent that 3DRIF-26’s dietary profile is
not easily consistent with available data for European Mediterranean or Near Eastern populations. This
impression would not change significantly, if earlier or later samples from the same areas were included,
although it is a serious limitation that there are currently few available human data from Near Eastern
desert regions, where bone preservation is usually poor. Nevertheless, exceptionally dry places may
possibly also be ruled out, as comparison with isotope data from the Dakhleh Oasis in Egypt suggests:
here, human 8N values are generally much higher, averaging around 18%. °™*°. The best fit for
3DRIF-26’s carbon and nitrogen isotope data are therefore currently human populations from the Lower
Nile Valley in Egypt ', possibly also from Nubia, although a greater C,-component in diet of most
individuals and relatively low 8'°N in human groups that best fit the time-frame '* makes the latter appear
less likely. While the Lower Egyptian data are not Roman in date but from the 4™ century BCE or earlier,
the isotopic record for diet in this area is remarkably constant over several millennia it may not be
unreasonable to assume that it had not significantly changed by the 3"-4™ century CE (but see °°). The fact
that multiple isotopic proxies (Sr, O, C, N) for 3DRIF-26 appear consistent with the same general area,
Lower Egypt, should not be misunderstood as a secure assignation of origin, however, especially given
that reference values used are not from the Roman period and comparative data from other regions (such
as arid parts of the Levant or Eastern Syria) that would provide a good fit on theoretical grounds, are not
currently available. The similarities should therefore rather be taken as evidence for the kind of
environment in which 3DRIF-26 spent his childhood than as a positive identification of the area of origin.

1.4 Conclusions

Sr-isotope and concentration and oxygen isotope data for 3DRIF-26 is inconsistent with Europe and
consistent with origins on basalt or limestone terrains in a hot, dry region of northern Africa or the
Levant. Dietary (C and N) isotope data are consistent with this and suggest a childhood in an area where
aridity had a significant effect on '°N values but were C4-plants or marine resources made no significant
contribution to the protein intake. Origins for all other individuals in Britain cannot be ruled out but have
potentially important implications for the definition of the British isotope range.

2. Ancient DNA analysis

2.1 Sample preparation

2.1.1 DNA sampling and extractions

Ancient DNA sample processing was done at the Ancient DNA lab, Smurfit Institute, Trinity College
Dublin (Ireland), in clean-room facilities exclusively dedicated for this purpose. We analyzed 7 samples
from Driffield Terrace, 1 Iron Age (M1489) from Melton and 1 Anglo-Saxon (NO3423) from Norton on
Tees. The surface of bone samples was decontaminated by UV light exposure for 10 minutes each side
and cleaned with a drill bit. The densest part of the petrous bone * was excised using a circular saw.
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Extractions of approximately 150 mg of bone powder were done with a silica-column-based method as
previously described ' and modified '°'. Undigested pellets were subsequently re-extracted, purified with
Minelute columns (Qiagen MinElute PCR Purification Kit, Qiagen, Hilden, Germany) and eluted in 50 ul
of dH20. Blank controls were included throughout extractions, library preparation and PCR reactions to
monitor the possibility of contamination (Supplementary Table 8).

2.1.2 Library preparation and amplification

Next-generation sequencing libraries were constructed from extracted DNA using the method described
in ' with modifications **'*). Briefly, we used T4 DNA polymerase buffer (Thermo Scientific) instead
of Tango buffer in the Blunt-End Repair step; replaced Solid Phase Reversible Immobilization (SPRI)
purification with Minelute Purification, and heat inactivated Bst Polymerase by incubating the libraries
for 20 minutes at 80°C instead of an extra purification step. Indexing PCRs (12 to 14 cycles) were done in
a room where only aDNA is amplified, using AccuPrime Pfx Polymerase (Invitrogen) and a different
indexing oligo for each sample. PCR reactions were quantified using Quant-iT dsDNA HS Assay kit
(Invitrogen, Oregon, USA) and with Agilent 2100 Bioanalyzer High Sensitivity DNA kit and pooled
equimolarly.

2.1.3 llumina Sequencing

NGS libraries were sequenced in an Illumina MiSeq (50 cycle kit, single-end reads mode, Institute of
Molecular Medicine (IMM), Trinity College Dublin) for endogenous DNA screening, along with PhiX
control at 1%. Samples with endogenous DNA content above >20% were prioritized for sequencing to
higher coverage. We then amplified the same libraries with 3-4 distinct indexing oligos for each sample in
order to increase index diversity in each lane. PCR products were then pooled and sequenced to
approximately 1X (5.5 lanes) in a Illumina HiSeq 2000 (100 cycle kit, single-end reads mode; Macrogen).

2.2 Next-Generation Sequencing Reads Processing and Filtration

2.2.1 NGS reads processing, alignment and filtration

Next-generation sequencing reads were trimmed with Cutadapt v. 1.3 ', discarding reads shorter than 25
bp, and allowing for a minimum overlap of 1 bp between the read and the adapter (adapter sequence is
‘AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC’). Two bases from each side of reads were
removed with setk (https://github.com/Ih3/seqtk). The Burrows-Wheeler Aligner v.0.7.5a-r405 (BWA) '*
was used to map sequencing reads to the human reference genome (UCSC hg19), filtering by base quality
15 and disabling seed length as recommended for aDNA data '*. SAMtools v.0.1.19-44428cd ' was
used to exclude PCR duplicates and reads with mapping quality inferior to 30. Genome depth of coverage
was estimated using depth-cover (https://github.com/jalvz/depth-cover). Results are shown in Table 1 in
the main text.


https://paperpile.com/c/JjqB55/yFEto
https://paperpile.com/c/JjqB55/GLpCS
https://paperpile.com/c/JjqB55/c16aX
https://paperpile.com/c/JjqB55/J8eLv+78XmD
https://paperpile.com/c/JjqB55/TjGcU
https://github.com/lh3/seqtk
https://paperpile.com/c/JjqB55/Uy9VD
https://paperpile.com/c/JjqB55/a9TPD
https://paperpile.com/c/JjqB55/plyIo

2.2.2 Preparation of genotype data of present-day populations

2.2.2.1 Hellenthal et al. (2014) genotype data

We made use of a publicly available dataset used to investigate human admixture through historical times
1% Autosomal SNP positions were mapped to b37 (GRCh37) of the human genome and PLINK '* was
used to filter by genotyping rate (SNP genotypes absent in > 10% of individuals were removed) and
minor allele frequency (MAF) of 0.5%. We then selected individuals of European, Middle Eastern, West
Asian and North African ancestry for subsequent analysis, resulting in a dataset comprising of 780
individuals and 468.538 SNPs. To account for the relatively low genome coverage of our ancient samples,
we converted the present-day individuals genotypes to homozygous at random '*°.

2.2.2.2 Irish, British and Dutch genotype data

In order to infer the ancient samples’ affinity with northwestern Europeans, we combined 3 publicly
available genotype datasets: British (n=2277)""", Irish (n=399)'"* and southern Dutch samples from the
North Brabant, Limburg and Zeeland regions (n=399)"'"*. These datasets were independently filtered by
the following criteria: we removed WTCCC-recommended individuals and SNPs, removed A/T and G/C
SNPs, remapped to GRCh37 reference coordinates and forward strand, excluded SNPs in
Hardy-Weinberg disequilibrium or with > 2% missingness, removed individuals with overall
heterozygosity deviating from the cohort median and removed individuals whose recorded sex did not
match sex determined by X-chromosome heterozygosity. Additionally, we excluded individuals from
London (known to be cosmopolitan) and individuals from island populations due to very low sample size.
After filtering and merging, the final dataset is composed of 3075 individuals, with 256712 SNPs in the
intersection.

2.2.3 Variant calling in ancient individuals

Base quality scores at the end of reads were recalibrated with mapDamage v.2.0 '* to exclude potential
deamination residues from subsequent analysis. We used the Genome Analysis Toolkit v.2.5 (GATK) ',
Pileup mode, to identify alleles present in ancient samples at SNP positions genotyped on present-day
human datasets, keeping bases with quality superior to 30. Due to low genomic coverage (~1X), only one
allele was selected at random for each SNP position and converted to homozygous ''°. These base calls
were then converted to PLINK format '”. Number of SNPs called in ancient for each analysis in the main
paper is shown on Supplementary Table 18.

2.3 Sex determination of ancient samples

In order to determine the sex of the ancient samples analysed in the present study, we used a published

software '

which takes into account the ratio of X to Y chromosome reads. All samples from Driffield
Terrace and the Anglo-Saxon individual were determined to be male and the Iron Age samples was

identified as a female (Supplementary Fig. 7).
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2.4 Contamination estimates and verification of authenticity

We followed two approaches for estimating contamination in the 9 ancient samples sequenced in the
present study: 1) mtDNA and 2) X-chromosome contamination in males.

2.4.1 Estimation of Deamination rates

A subset of 1 million reads, untrimmed with segtk, were analysed with mapDamage 2.0 ''* with the
purpose of investigating deamination patterns (Supplementary Fig. 6). The values of cytosine deamination
were determined to be between ~10-16% and are therefore consistent with the presence of authentic
ancient DNA.

2.4.2 Mitochondrial DNA contamination estimates

Next-Generation Sequencing reads were aligned to the revised Cambridge Reference Sequence (rCRS;
NC 012920.1) ', using BWA filtering for base (q > 30) and mapping (q > 30) quality and duplicate
reads were removed. We then used SAMtools '’ to obtain the mtDNA consensus for each ancient sample,
which was then uploaded to HaploFind (https://haplofind.unibo.it; ''*), where mitochondrial haplogroup
defining positions were obtained. Next, we did base calling for each position with SAMtools mpileup. We
applied an identical approach as *, in which contamination can be estimated by calculating the average
proportion of mismatches in relation to the consensus sequence in haplotype defining positions. This
resulted in low mtDNA contamination estimates in the range of 1.82+0.47%. If potential deamination
changes were excluded by processing NGS reads with mapDamage 2.0 '"*, a lower value of mtDNA
contamination 1.32+0.48% was observed (Supplementary Table 5).

2.4.3 Estimation of contamination rates based on the X-chromosome

Since 8 individuals sequenced were determined to be males, we used ANGSD ' to estimate
X-chromosome contamination in these samples based on a previously published method '*°. In male
individuals, which are haploid for the X-chromosome, mismatches at polymorphic sites can be interpreted
as either contamination or sequencing errors. In order to account for the latter, polymorphic sites and also
their adjacent bases are screened for mismatches, because sequencing errors should be observed at
identical frequencies across the genome.

The present analysis was done by using default parameters and by using the provided mapFile
("RES/chrX.unique.gz") and hapFile ("RES/HapMapChrX.gz"). We only considered bases with base
quality > 20 and mapping quality >30. These restricted the analysis to unique regions of the
X-chromosome and to HapMap X-chromosome polymorphisms.

Two methods were applied as in '*° using ANGSD. Briefly, in Method 1, the major and minor base are
detected for each SNP position and adjacent sites, using the later to assess background error rates for each
sample. While Method 1 assumes that errors between reads and sites are independent, Method 2 randomly
samples a single read at each site prior to determining the number of major and minor bases. Contingency
tables for both methods and contamination estimates are shown in Supplementary Table 6-7.


https://paperpile.com/c/JjqB55/eUg18
https://paperpile.com/c/JjqB55/TkMhh
https://paperpile.com/c/JjqB55/plyIo
https://haplofind.unibo.it/
https://paperpile.com/c/JjqB55/YkTlG
https://paperpile.com/c/JjqB55/78XmD
https://paperpile.com/c/JjqB55/eUg18
https://paperpile.com/c/JjqB55/HIxHX
https://paperpile.com/c/JjqB55/7e89K
https://paperpile.com/c/JjqB55/7e89K

2.4.4 PMDtools

We used PMDtools '*' to select reads with evidence of deamination (PMD score 3) and compared sex
determination (Supplementary Fig. 7) and Principal Component Analysis produced based on deaminated
and unfiltered reads (Supplementary Fig. 8). This allowed rejecting the possibility of substantial modern
human contamination affecting our results.

2.5 Principal Component Analysis

2.5.1 Procrustes transformation

For determining the affinity of the ancient samples to present-day populations, we used, at a first instance,
a worldwide dataset '® from which we selected 780 individuals of European, Middle Eastern, West Asian
and North African populations and used PLINK v.1.07 ' and PLINK v.1.9 '** to merge individual aDNA
samples with publicly available genotype data, excluding all problematic SNPs in the ancient samples,
SNPs with Minimum Allele Frequency (MAF) < 0.05 and genotyping rate <0.1. We then used smartpca
12124 t9 perform Principal Component Analysis, excluding SNPs in Linkage Disequilibrium (12 > 0.2).
The R '* package “vegan” (http://cran.r-project.org/web/packages/vegan/) was used to do Procrustes
transformation on the Principal Component coordinates, rotating the PC1 and PC2 obtained for each

individual PCA to the configuration of the reference dataset, as previously described ''° (Fig. 1a).

In addition to using smartpca, we confirmed the ancestry of ancient samples with LASER v.2.01 software
12 which was originally designed to account for population structure using low coverage read data.
Briefly, we called bases using SAMtools mpileup (-q 30 -Q 20) and used the python script
“pileup2seq.py” to convert the pileup format into sequencefile format. We used the Human Genome
Diversity Panel (HDGP) dataset '*’ provided with this software, already lifted to b37
(http://csg.sph.umich.edu/chaolong/LASER/). We ran LASER with default parameters, which implements

Procrustes analysis to project the ancient samples into PCA space (Supplementary Fig. 10).

2.5.2 Projection of Ancient samples

To further resolve genetic affinity of ancient samples to northwestern European populations, we merged
the WTCCC1 1958 British Birth Cohort SNP genotype data ''' with data from Dutch '" and Irish '"?
studies. Calls from ancient samples were merged simultaneously with this dataset and filtered by
genotyping rate and MAF as above. Principal Component Analysis was computed with smartpca by
projecting the ancient individuals onto a PCA constructed with present-day samples. We then perform a
Mann-Whitney to investigate if PC1 coordinates differ significantly between groups.

2.6 — Model-based clustering analysis

2.6.1 ADMIXTURE software
PLINK v.1.9 was used to filter the Hellenthal et al. '*® dataset for LD (12 > 0.1), leaving 67.263 SNPs for
analysis, on which we ran ADMIXTURE v.1.23 '* for clusters (K) ranging from 2 to 10, using time as
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seed. The lowest CV error obtained was for K=3. Individual Admixture plots are shown in
(Supplementary Fig. 11).

2.6.2 NGSadmix software

Genotype Likelihoods (GLs) in BEAGLE format were obtained from aligned reads using ANGSD
v.0.592 ' a method that takes genotype uncertainties into consideration. Regarding the present-day
genotype data, we obtained GLs for SNPs belonging to the 780 individuals using PLINK/SEQ v.0.10
(https://atgu.mgh.harvard.edu/plinkseq/). GLs shared by all ancient and modern samples were then used
by NGSadmix v.32 '* to estimate admixture proportions. Results were plotted with distruct v.1.1 '*° (Fig.
1b).

2.7 Identity-by-state

Merged datasets including each ancient sample and the subset of present-day individuals described above

was used for determining Identity-by-state (IBS) relationships between individuals using PLINK v.1.9 '*
(--distance square ibs). After selecting IBS proportions between all modern samples and each ancient, the

median IBS for each population was calculated and plotted individually in maps (Supplementary Fig. 12).

We then selected all Driffield Terrace individuals, except for 3DRIF-26 (because of the affinity of this

sample with Middle Eastern individuals), and ranked their median IBS score in relation to modern

populations. The ranks obtained were combined by calculating their product and plotted in Fig. 2. We

then calculated Spearman rank correlations between ancient samples based on IBS ranks using the R

package “psych” "*' (Supplementary Table 12) and plotted a correlogram on Supplementary Fig. 13 with

“corrgram” (http://CRAN.R-project.org/package=corrgram). All 6 Roman York samples with
northwestern European affinity (i.e. excluding 3DRIF-26) are very highly correlated in terms of IBS

(r=0.982, p<0.01). In addition, we also tested the IBS approach for sensitivity and specificity
(Supplementary Fig. 15).

2.8 Y-chromosome and mtDNA haplogroup identification

2.8.1 Y-chromosome lineage determination

Y-chromosome lineages of ancient male samples were identified using clean_tree software ** (Table 1).
This software calls genotypes using SAMtools mpileup at informative SNPs and determines whether the
ancient samples present a derived or ancestral allele. The 539 SNPs used for haplogroup determination
were the ones provided by clean_tree which are based on ISOGG 2013 (International Society of Genetic
Geneology; http://www.isogg.org/). In addition, we added M269 which was absent in the SNP list used as
well as important SNPs for downstream subhaplogroup identification (markers S28 and L11). Due to the
low coverage of our samples, 1X was the minimum coverage accepted for polymorphisms to be
considered and therefore caution is necessary when interpreting these results, since it is likely that some
of the alleles identified result of aDNA damage. Derived alleles for each sample are shown in
Supplementary Table 10.
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Together these results show marked differences at the level of Y-chromosome haplogroups between
samples from the different time periods here analysed. It has recently been suggested that R1b lineages
have spread from the East to the West of Europe during the Late Neolithic/Bronze Age '**. In R1b-derived
European Y-chromosomes, L52 lineages are present in more than 90% of Europeans "**'*°) and are
characterized by a frequency gradient towards the West of Europe. There is a resemblance between
R1b-M269 and L52, except that the latter is seen at much lower frequencies in the East of Europe *°. This
trend is also observed at the level of the British Isles, where L52 reaches its highest frequencies in Wales,
Ireland and Scotland *°. All Roman York samples were assigned to L52/L11, either by direct observation
of the derived alleles, or by belonging to sub-lineages that imply membership to this branch. Deeper
phylogenetic resolution was achieved for some of the samples: 3DRIF-16 and 6DRIF-3 are derived for
S21/M405, which can be detected in ~60% of M269+ Y-chromosomes in Central Europe, 6DRIF-21
belongs to DF63, a sub-lineage of S145/L21, more commonly found in the British Isles, in particular
Ireland and Wales '°, and 6DRIF-22 was identified as belonging to haplogroup S28, present in
modern-day Switzerland, Italy and France, but also reaches over 15% in certain English and German
regions 7. Sample 3DRIF-26 is clearly an exception, both in terms of autosomal variation as in the
Y-chromosome lineage it presents (J2), common in the Middle East, Caucasus, Balkans and Italy "** and

b "° The Anglo-Saxon sample
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attributed to neolithic demic migrations "** or to seafaring Phoenicians
(NO3423) was assigned to 11 lineage, characterized by higher frequencies Nordic countries
british context it is more common in East/Central England with a decrease in frequency towards the West

and this distribution has been interpreted as Anglo-Saxon mass migrations into Britain '*!.

and in a

2.8.2 mtDNA haplogroup identification

Next-Generation Sequencing reads were aligned to the revised Cambridge Reference Sequence (rCRS;
NC 012920.1)""7, using BWA filtering for base (q > 30) and mapping (q > 30) quality and duplicate reads
were removed. We then used SAMtools '’ to obtain the mtDNA consensus for each ancient sample,
which was then uploaded to HaploFind (https://haplofind.unibo.it; ''*), where mitochondrial haplogroup
defining positions were obtained (Table 1 and Supplementary Table 9). Additionally, we also uploaded
alignments in the bam format to mtDNA-Server (http://mtdna-server.uibk.ac.at/; beta version), where
heteroplasmy and mtDNA coverage was estimated.

2.9 - ChromoPainter/fineSTRUCTURE analysis

We randomly selected 100 individuals from each region of the WTCCC1 dataset, excluding SNPs with
missing genotypes, which resulted in a total of 431,366 variants and 1,000 samples. We split the data by
chromosome using PLINK and phased genotypes using SHAPEIT v2.r778'** . We ran the ChromoPainter
pipeline, linked mode, '** with default parameters as implemented by fineSTRUCTURE v.2. First, “hap”
files were converted to ChromoPainter format using “impute2chromopainter.pl”, after which we also
created a recombination map with “makeuniformrecfile.pl” (downloaded at
http://www.paintmychromosomes.com/). The first step consists of “mu” and “Ne” estimation, followed
by estimating the “c” parameter '**. We have ran these computational tasks in HPC mode, by using
fineSSTRUCTURE to write the necessary commands to run the analysis and combine the output before
starting the subsequent step. “Chromocombine” was then used to create a genome wide ChromoPainter
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output for all individuals. For the fineSTRUCTURE analysis, the following settings used were: 3,000,000
burn in iterations, 1,000,000 sample iterations for the MCMC and 10,000,000 tree comparisons. We then
used GATK to call genotypes in the ancient samples of the present study and converted these to PLINK
format. Each ancient individual was merged separately with the WTCCC1 dataset, excluding missing
genotypes, followed by estimation of the proportion of IBS between these and the inferred
fineSSTRUCTURE population clusters (Fig.4, Supplementary Figs. 16, 17). Regression analysis on
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median values of IBS was performed using the “visreg” package '** of the R programming language '**.

2.10 - Imputation of phenotypic loci in ancient genomes

The average coverage of genomes is ~1x, therefore we only have access to haploid calls for the majority
of SNPs. In order to investigate loci associated with selective sweeps, we took a similar approach as the
one described in *°, where alleles observed in the 1000 Genomes Project '*® were called with GATK.
Next, we extracted genotype likelihoods and converted these into BEAGLE format. BEAGLE v.3.3.2 '
was used to phase and subsequently impute genotypes at SNP positions described in the Hlrisplex system
8 loci associated with blood groups '**'*°, lactase persistence '*""'*? 133154
Only posterior genotype probabilities greater or equal than 0.85 were kept *° (Supplementary Table 14).
We used the HIrisPlex Eye and Hair Colour DNA  Phenotyping Webtool '*;
http://www.erasmusmc.nl/47743/3604975/Hlris) to predict the ancient samples phenotype as shown in SI
Supplementary Table 15. Although phenotype determination based on imputed genotypes has been
validated in a previous study *, it should be regarded as tentative in the present work due to low genomic

coverage.

and pigmentation phenotypes

2.10.1 Pigmentation

All samples are homozygous for the selected allele of SLC24A5 SNP (rs1426654), except for the
Anglo-Saxon, which is the only heterozygous. For SLC45A2, all samples are homozygous for the
selected allele, except for 6DRIF-21 and 6DRIF-22, which are heterozygous. Regarding TYRP1, the
following samples are homozygous selected allele: the Iron Age sample and 3DRIF-26. All other samples
are heterozygous, except for 6DRIF-18, which is homozygous for the reference allele (Supplementary
Table 16).

2.10.2 Lactase persistence

The selected allele of at the LCT locus rs4988235 was identified by imputation in the heterozygous form
in the Iron Age individual, and homozygous in sample 6DRIF-3. It was absent in all other samples
(Supplementary Table 16).

2.10.3 The Hirisplex system

The majority of the Roman York samples (6 of 7) were determined to have black/brown or blonde/brown
hair and brown eyes, with the only exception being 6DRIF-18, who was predicted to have blonde hair and
blue eyes, phenotype also shared with the Anglo-Saxon. *The SNP loci rs12913832 at the HERC2/OCA2
locus which determines blue eyes in Europeans, has recently been found to be (weakly) negatively
selected and subject of local adaptation '*°. The Anglo-Saxon individual presumably had its origins in
northern regions of Europe, where blue eye colour and blonde hair reach very high frequencies in
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present-day populations, and therefore it is plausible that the phenotype determined for this individual is
accurate. It’s worth noticing that the Iron age (M1489) individual of the present study was also
determined to have blonde/brown hair, as the majority of the Driffield Terrace samples. Curiously, an
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Iron Age individual ™ also had the same characteristic.

2.10.4 Blood group determination

By inferring the genotype at 3 loci involved in blood type (rs8176719 '**'*°, rs8176746 and rs8176747
%) we determined that the majority of Driffield Terrace samples belong to blood group O (6 of 7), with
the only exception being 6DRIF-22, which is likely to be type A (Supplementary Table 17). Interestingly,
the Iron Age sample is also blood type O. The Anglo-Saxon (NO3423) is likely to be type B and possibly
type A.

2.10.5 Frequency maps

6 141,157,158

Interpolated frequency maps of blood group '*° and Y-chromosome frequency data were
produced using version 10.1 of ArcMap software from the ArcGis suite (Environmental Systems

Research Institute) using the default settings of the geospatial analysis plugin.
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