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R
esults

Extraction M
ethod

●
All soil sam

ples w
ere handled inside an 

ancient D
N

A lab: m
asks, hairnets, double 

gloves and hazm
at suits w

ere w
orn to avoid 

contam
inating the sam

ples
●

1-3 g of sedim
ent w

as added to 3m
L of 0.5M

 
sodium

 phosphate buffer pH
 7.0

●
170 μg of Proteinase K w

as added to the 
sam

ples
●

Tw
o different hom

ogonizing tools w
ere used: 

○
Vortex 2x20 seconds at full speed

○
FastPrep-24 2x20 seconds at 4.0 m

/s
●

Sam
ples w

ere purified once w
ith ultraPure 

25:24:1 Phenol:C
hloroform

:Isoam
ylalcohol 

●
Sam

ples w
ere cleaned and concentrated w

ith 
a Q

iagen M
inElute kit 

●
C

ontentration w
as determ

ined via a Q
ubit 

dsD
N

A H
igh Sensitivity Assay Kit and 0.8%

 
Agarose G

el
●

Sam
ples w

ere 
shotgun
sequenced at
BYU

on an 
Illum

ina
H

iSeq
2500.

Figure 1.Aerial view
 of the Viking H

all. N
ote the “ship” shape of the outer 

w
alls. W

e took a total of 18 sam
ples, 3 of w

hich w
e analyzed in this project. 

Both outside the house (the control area) and longfire locations have a control 
sam

ple taken a few
 inches above the floor and an experim

ental sam
ple taken 

at the floor level. The paving slab location only has an experim
ental sam

ple 
w

ithout a control, since there w
as no soil on top of it (Figure 2 C

).

O
utside 

H
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Figure 2.C
ollection of sam

ples. In figure a & b, the control is taken from
 the top hole w

hile 
the sam

ple is at the bottom
. ~2 inches of the outerm

ost dirt layer w
as rem

oved, and 2-3 
inches of dirt from

 behind the exposed layer w
as taken as the sam

ple. A) Students clean 
sam

pling tools w
ith bleach in the outside the house location. B) The dark color of the floor 

layer indicates a longfire. This area is believed to be close to the
entrance of the hall. C

) 
Sam

ple being collected from
 under a floor paving slab. The slab uncovered very dark soil, 

and a deeper paving slab of an older building could be felt under the current soil layer. 

Figure 3.Students w
orking inside the ancient D

N
A lab.

Table 1.pH
, N

itrogen (N
), Phosphorus (P) and Potassium

 (K) values of soil sam
ples. 

These values are consistent w
ith Brow

n Andisols seen in this part of Iceland
4.

Soil C
haracteristics

Extraction R
esults

Sam
ple

C
oncentration (μg/μl)

L2S -FP
13.6

L2S -V
3.08

L2C
 -FP

44.6
L2C

 -V
34.8

O
H

1S -FP
28.8

O
H

1S -V
26.0

O
H

1C
 -FP

68.0
O

H
1C

 -V
61.4

PS2S –
FP

1.63
PS2S -V

5.46
N

egative –
FP

0.202
N

egative –
V

0.116
A

verage Yield -FP
26.1

A
verage Yield -V

23.9

Table 2.D
N

A concentration in soil sam
ples that w

ere extracted w
ith the 

phosphate m
ethod. “FP” indicates Fastprep and “V” indicates vortex.

Figure 4.2 uL of extracted D
N

A w
as run on a 0.8%

 agarose gel for 1 
hour.  “V” indicates Vortex, “FP” indicates FastPrep-24.

A
B

C

A
nalysis of D

N
A

 D
am

age
●

After sequencing, adapters w
ere rem

oved, R
1 and R

2 reads joined, and basic quality score 
filtering w

as perform
ed. Low

 com
plexity reads, as defined by the entropy of the bases, w

ere 
filtered out, along w

ith PC
R

 duplicates. 
●

Alignm
ent w

as perform
ed using N

C
BI’s m

itochondrial D
N

A TaxId
databases, w

ith settings that 
returned the tw

o best alignm
ents w

hile accom
m

odating dam
age found at the ends of the strands. 

●
Aligned reads w

ere extracted from
 the sequence alignm

ent m
aps and analyzed w

ith PM
D

 Tools
5

(post-m
ortem

 dam
age) (Figures 5 and 6). Betw

een 3-9%
 of the reads from

 the subset of each of 
our sam

ple spots rem
ain after applying a PM

D
 filter of >5 (Table 3).

●
This analysis places the

age
ofourD

N
A

betw
een

m
easurem

ents of about “...∼
15–20%

 of 
sequences from

 N
eandertals [sic] and N

eolithic Scandinavians but only ∼
0.01–0.02%

 from
 any 

present day individual and 0.27%
 from

 the 100-y-old rem
ains of the Australian individual ...5”

Species

Longfire
2

O
utside H

ouse 1
N

egative 
C

ontrol
C

ontrol
Sam

ple
C

ontrol
Sam

ple
R

ead 
C

ount
PM

D
 >5

%
R

ead 
C

ount
PM

D
 >5

%
R

ead 
C

ount
PM

D
 >5

%
R

ead 
C

ount
PM

D
 >5

%
R

ead 
C

ount
PM

D
 >5

Entire Sam
ple 91,296

3,148
3

112,318
4,437

4
78,044

3,451
4

53,008
2,249

4
15,893

1,005
C

ranberry
306

23
8

305
29

10
216

17
8

169
16

9
20

1
W

ild soybean
1,788

103
6

2,017
126

6
1,275

106
8

1,000
65

7
102

6
H

enbane
37

1
3

57
2

4
36

1
3

31
0

0
5

0
Sorghum

99
6

6
144

6
4

161
10

6
31

1
3

2
0

W
ild rice

433
45

10
559

71
13

414
51

12
273

49
18

11
3

H
um

an
2

0
8

0
7

0
2

0
14

0
Sheep

1
0

0
0

1
0

0
0

0
0

Atlantic salm
on

0
0

0
0

1
0

0
0

0
0

Sam
ple N

am
e

A
cronym

pH
N

P
K

Longfire
2 Sam

ple
L2S

6
D

epleted
D

eficient
D

epleted
Longfire

2 C
ontrol

L2C
6.5

D
epleted

Adequate
D

epleted
O

utside H
ouse 1 

Sam
ple

O
H

1S
6

D
epleted

D
eficient

D
epleted

O
utside H

ouse 1 
C

ontrol
O

H
1C

5.5
D

epleted
D

eficient
D

epleted

Paving Slab 2 
Sam

ple
PS2S

6
D

epleted
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D
epleted
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W

e need to test D
N

A extracted from
 soils that are 

from
 the top of the soil horizon at Stoð, to see if the 

dam
age observed in our sam

ples is truly indicative 
of age, or if the properties of the Icelandic soil itself 
(Table 1,volcanic Brow

n Andisol 4) dam
age D

N
A. 

Figure 6. D
N

A dam
age estim

ation in all reads of the species of interest (see Table 
3) in the Longhouse Sam

ple and C
ontrol –

FP and the O
utside the H

ouse Sam
ple 

and C
ontrol –

FP (inset). C
om

pare w
ith Figure 5. The dam

age estim
ates put our 

D
N

A sam
ples at approxim

ately 1200 years of age. Figure 5. PM
D

S distribution in 
ancient and present day hum

an 
sequences. (A) A present day 
hum

an. (B) H
undred-year-old 

rem
ains of an Australian individual. 

(C
) Five thousand-year-old rem

ains 
of a Scandinavian individual. (D

) A 
Pleistocene N

eandertal. N
ote that 

the x
axes in C

and D
are 

truncated, and PM
D

 scores reach 
∼

26. Figure taken from
 Skoglund et 

al. 5

Assum
ing that w

e are looking for approxim
ately 

1200 year old fragm
ents, our results align w

ith the 
observation that the overall rate of accum

ulated 
PM

D
 is roughly proportional to the age of the 

endogenous m
itochondrial D

N
A

5.

Table 3. Sum
m

ary of the PM
D

 analysis of our sam
ples. W

e selected specific species that settlers w
ould have cultivated or consum

ed thatare not necessarially 
native to Iceland. PM

D
 = post-m

ortem
 dam

age. 

Introduction
Ancient D

N
A extraction from

 soil or from
 other 

environm
ental elem

ents is a relatively new
 field and, 

w
hen sequenced, has proven to be a pow

erful tool to 
study archaeological sites w

here little or no solid 
rem

ains are found
1,2,3. In Stöðvarfjörður, Iceland, tw

o 
Viking halls that date to the 9

thand 10
thcenturies are 

being excavated and studied. These halls m
ay be the 

oldest settlem
ent yet discovered in Iceland. N

o bone 
rem

ains have yet been found. This situation presents 
an exciting opportunity to exam

ine aD
N

A
taken from

 
soil to learn about Icelandic settlers, their livestock, 
their diets and genealogy. To our know

ledge, this is the 
first attem

pt at extracting aD
N

A
from

 Icelandic soils. 


