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“Ancient DNA molecules”
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3720 . old
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Chromatium vinosum DSMZ 180"

Chromatiam okenii DSMZ:169"
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Analysis of Subfossil Molecular Remains of Purple Sulfur
Bacteria in a Lake Sediment

MARCO J. L. COOLEN axp JORG OVERMANN® e |

Applied Enviro. Microbio.
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2003

Sample age (ky B.P.) Taxonomic identifications
New Zealand Siberia Region STquence
ength
(MtDNA) (b0)
C(i\ée 15222 10.4 19 20to 30 Taxa with highest sequence similarity simil::}:])} (%)
1 2 cyt b 98 Mammuthus primigenius (mammoth)+ 98t0 99
7 cyt b 229 Mammuthus primigenius (mammoth)+ 99 to 100
8 4 1 16S 921093 Mammuthus primigenius (mammoth)+ 97 to 100
12 16S 90 Equus caballus (horse) 98 to 100
4 16S 881090 Lemus lemus (lemming) 97%
2 16S 95 Lepus europaeus (hare) 96
2 1 1 Control region 124t0 125  Bison spp. (bison) Tt 98 to 100*
1 16S 93 Ovibos moschatus (musk ox) 100
1 Control region 129 Ovibos moschatus (musk ox) 821
1 Control region 124 Rangifer tarandus (reindeer) 98
15 Control region . 20210203 Megalapteryx didinus (Optand moa) 1 g71to 1007
2 : potral re = 20 Darhunrnic alanhantnnig (Heavy_ 99*
10 96 to 100*
11 97 to 100
2 98 (29)
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2003

Sample age (ky B.P.)

Taxonomic identifications

New Zealand

Siberia

Sequence
length

(L ~\

Cave Bone |
0.6 1to3 (%)
0
0
,; ‘o
b)
!L'J.l.lu';.“i‘-}:ii" ari 'u Er_Ladrdridgus [ICITTUTE JO
15 Control region 202t0 203  Megalapteryx didinus (Upland moa)f 97 to 100*
2 Control region 204 Pachyornis elephantopus (Heavy- 99*
footed moa)t
10 Control region 202t0 203  Euryapteryx curtus (Coastal moa)t 96 to 100*
11 125 22810230  Megalapteryx didinus (Upland moa)f 97 to 100
2 12S 234 Cyanoramphus novaezeelandiae (New 98 (29)
Zealand Parakeet)
> =30 =10 =14 2 =130 2 =4

Science 300, 791

Diverse Plant and Animal Genetic
Records from Holocene and

Pleistocene Sediments Pl

Eske Willerslev,’* Anders ). Hansen,""}L jonas Binladen," Tina B. J“'I'"’Ill AR Tune
Brand,’ M. Thomas P. Gilbert,? Beth Shapiro,? Michael Bunce,?
Carsten Wlif,3 David A. Gilichinsky,* Alan Cooper?
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2003

Table 1.
ID Families, no. different Bootstrap % Next closest match Putative
0 1 Family/order
128 1 Megatheridea NID 94 Mylodontidea (5) Megatheridae
2 NID Cathartidae 47 Phoenicopteridae (3) Cathartidae
3 NID Procyonidae 87 Procyonidae (4) Procyonidea
Mephitinae (4)
4 Sciuridae NID 97 Sciuridae (4) Sciuridae
5 Hominidae Hominidae NA Hominidae Hominidae
16S A Megatheridea NID NA Megatheridae Megatheridea
B NID NID NA Cathartidae (8) Cathartidae

Molecular caving

Michael Hofreiter!, Jim I. Mead?,
Paul Martin3 and Hendrik N.
Poinarl4

Current Biology 13(18), R694
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Ancient DNA Chronology within Sediment Deposits: Are Paleobiological
Reconstructions Possible and Is DNA Leaching a Factor?

James Haile,* Richard Holdaway,t Karen Oliver,* Michael Bunce,i M. Thomas P. Gilbert,§
Rasmus Nielsen,§ Kasper Munch,§ Simon Y. W. Ho,* Beth Shapiro,* and Eske Willerslev*§
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Order Marker  Clones  Support (%) Family Marker Clones  Support (%) Genus Marker  Clones  Support (%)

2007 <o

Rosales rbcl 3 90-99
Malpighiales rbcl 2 99-100 Salicaceae rbcl 2 99-100
trnL 5 99-100 trnL 4 100
Saxifragales rbcl 3 9294 Saxifragaceae rbcl 2 92 Saxifraga rbcL 2 91
Dye 3 sample
Coniferales rbcl 44 97-100 Pinaceae* rbcl 20 100 Picea rbcL 20 99-100
trnL 27 100 trnL 25 100 Pinust trnL 17 90-99
Taxaceaef rbcl 23 91-98
trnL 2 100
Poales§ rbclL 67 99-100 Poaceae$ rbcl 67 99-100
trnL 17 97-100 trnL 13 100
Asterales rbcl 18 90-100 Asteraceae rbcl 2 91
trnL 27 100 trnL 27 100
Fabales rbclL 10 99-100 Fabaceae rbcl 10 99-100
trnL 3 99 trnL 3 99
Fagales rbcl 10 95-99 Betulaceae rbcl 8 93-97 Alnus rbcL 7 91-95
trnL 12 100 trnL 11 98—-100 trnL 9 98-100
Lepidoptera Col 12 97-99
A . Kap Kebenhavne B
03 i Samples (m.b.s) . CO
e <+——GRIP:103.4- 1073
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—_ T m n AAR
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I:I . —o:mow|  Deep Ice Cores Reveal a Forested
O . v S -
s |l —rese Southern Greenland f
5 G";f’:;g <~ Dye 3:2036.1-20378 Sy
D +~—GRIP:3027 Eske Willerslev,** Enrico Cappellini,> Wouter Boomsma,’> Rasmus Nielsen,*
0 300 miles ’ A —GRiP:30283 Martin B. Hebsgaard,* Tina B. Brand,* Michael Hofreiter,” Michael Bunce,%” J||| I|l
300 km Hendrik N. Poinar,” Dorthe Dahl-Jensen,® Sigfus Johnsen,® Jargen Peder Steffensen,® St

Ole Bennike,’ ]ean-Luc Schwenninger,m Roger Nathan,1° Simon Armitage,11
Cees-Jan de Hoog,*? Vasily Alfimov,"> Marcus Chnstl, Juerg Beer,* Raimund Muscheler,*

Science 317, 111 e A S o o o o el
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Ancient DNA reveals late survival of mammoth
and horse in interior Alaska

James Haile?, Duane G. Froese®, Ross D. E. MacPheeS, Richard G. Robertsd, Lee J. Arnold®", Alberto V. Reyes®,
Morten Rasmussen?, Rasmus Nielsen¢, Barry W. Brookf, Simon Robinson®, Martina Demurod, M. Thomas P. Gilbert?,
Kasper Munche, Jeremy J. Austin9, Alan Cooper9, lan Barnes”, Per Moller!, and Eske Willersleva-2

PNAS 106(52), 22352
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Long livestock farming history and human
landscape shaping revealed by lake sediment DNA

Charline Giguet-Covex1'2'*, Johan Pansu'*, Fabien Arnaud?, Pierre-Jéréme Rey2, Christophe Griggoz,
Ludovic Gielly!, Isabelle Domaizon3, Eric Coissac!, Fernand David?, Philippe Choler'>,
Jérome Poulenard? & Pierre Taberlet!
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Fifty thousand years of Arctic vegetation
and megafaunal diet

Eske Willerslev'*, John Davison®*, Mari Moora®*, Martin Zobel**, Eric Coissac>*, Mary E. Edwards*#, Eline D. Lorenzen
Mette Vestergard'*, Galina Gussarova®”’* , James Hailel8* , Joseph Craine’, Ludovic Gielly®, Sanne Boessenkoolé’r Laura S. Eppf“r,
Peter B. Pearmanw, Rachid Cheddadi", Dol Murray'?, s Amimee Bréthen”’, Nigel Yoccozls, Heather Binney®, Corinne Cruaud'4,
Patrick Wincker'¥, Tomasz Goslar'>'®, Inger Greve Alsos'’, Eva Bellemain®f, Anne Krag Brysting'®, Reidar Elven®,

Jorn Henrik Senstebg®, Julian Murton'®, Andrei Sher?’;, Morten Rasmussen', Regin Renn*!, Tobias Mourier', Alan Cooper®,
Jeremy Austin®?, Per Moller®®, Duane Froese®*, Grant Zazula?®, Francois Pompanon®, Delphine Rioux®, Vincent Niderkorn?®,
Alexei Tikhonov?, Grigoriy Savvinov?®, Richard G. Roberts®’, Ross D. E. MacPhee®’, M. Thomas P. Gilbert', Kurt H. Kjeer', j |l l

15*

Ludovic Orlando’, Christian Brochmann®* & Pierre Taberlet®* "ll

-

Nature 506, 47
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MOLECULAR ECOLOGY
FROM THE COVER WILEY

Minimizing polymerase biases in metabarcoding

Ruth V. Nichols! | Christopher Vollmers? | Lee A. Newsom® | Yue Wang4 |
Peter D. Heintzman® | McKenna Leighton? | Richard E. Green Beth Shapiro?
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2018 Mol. Ecol. Resour. 18(5), 927
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Sedimentary DNA from a submerged
site reveals wheat in the British
Isles 8000 years ago

Oliver Smith,' Garry Momber,” Richard Bates,” Paul Garwood,* Simon Fitch,”

Science 347, 998. ik Pallen,®” Vincent 7> Robin laby"* |
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Contesting the presence of wheat in the
British Isles 8,000 years ago by assessing Pz
ancient DNA authenticity from low- L7 &

coverage data

Clemens L WeiB8", Michael Dannemann?, Kay Priifer?, Hernan A Burbano'*

741N VaaryQ ™YEE 74N kU4AN RSl

TECHNICAL COMMENT

ARCHAEOLOGY

Comment on “Sedimentary DNA from
a submerged site reveals wheat in
the British Isles 8000 years ago”

o
)

K. D. Bennett"?

eLife 4, e10005. Oliver Smith," Garry Momber,” Richard Bates,” Paul Garwood,* Simon Fitch,” \

Science 349, 247b. wark Pallen,®” Vincent %}3 fgyénotibeAPeaby 4




Timing and causes of mid-Holocene mammoth
extinction on St. Paul Island, Alaska

Russell W. Graham®', Soumaya Belmecheri®®, Kyungcheol Choy®, Brendan J. CuIIeton_d, Lauren J. Davies®,
Duane Froese®, Peter D. Heintzman®, Carrie Hritz% Joshua D. Kapp', Lee A. Newsom™, Ruth RawcliffeS,
Emilie Saulnier-Talbot¢, Beth Shapiro®, Yue Wang*, John W. Williams*!, and Matthew J. Wooller®™

PNAS 113(33), 9310 % @PalaeoPete
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Timing and causes of mid-Holocene mammoth
extinction on St. Paul Island, Alaska

Russell W. Graham®', Soumaya Belmecheri®®, Kyungcheol Choy*, Brendan J. CuIIeton_d, Lauren J. Davies®,
Duane Froese®, Peter D. Heintzman', Carrie Hritz9, Joshua D. Kapp', Lee A. Newsom™, Ruth Rawcliffe®,
Emilie Saulnier-Talbot¢, Beth Shapiro®, Yue Wang*, John W. Williams*!, and Matthew J. Wooller®™

PNAS 113(33), 9310 % @PalaeoPete
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Timing and causes of mid-Holocene mammoth
extinction on St. Paul Island, Alaska

Russell W. Graham®', Soumaya Belmecheri®®, Kyungcheol Choy®, Brendan J. CuIIeton_d, Lauren J. Davies®,
Duane Froese®, Peter D. Heintzman', Carrie Hritz9, Joshua D. Kapp', Lee A. Newsom™, Ruth Rawcliffe®,
Emilie Saulnier-Talbot¢, Beth Shapiro®, Yue Wang*, John W. Williams*!, and Matthew J. Wooller®™

PNAS 113(33), 9310 %' @PalaeoPete
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Mikkel W. Pedersen', Anthony Ruter!, Charles Schweger?, Harvey Friebe?, Richard A. Staff?, Kristian K. Kjeldsen!*,
Marie L. Z. Mendoza!, Alwynne B. Beaudoin®, Cynthia Zutter®, Nicolaj K. Larsen"7, Ben A. Potter®, Rasmus Nielsen"*1,
Rebecca A. Rainville!, Ludovic Orlando!, David J. Meltzer"'?, Kurt H. Kjeer' & Eske Willerslev!!34

2016 Nature 537, 45
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DNA evidence of bowhead whale xploitation
by Greenlandic Paleo-Inuit 4,000 years ago

Frederik Valeur Seersholm®2T, Mikkel Winther Pedersen!, Martin Jensen Sge'3, Hussein Shokry1,

Sarah Siu Tze Mak!, Anthony Ruter! Maanasa Raghavan1'4'7, William Fitzhugh5, Kurt H. Kjaer1, Eske Willerslev'#,

Morten Meldgaard"®, Christian M.O. Kapel® & Anders Johannes Hansen'

Nat. Comm. ncomms13389
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Hybridisation capture allows DNA
damage analysis of ancient marine
eukaryotes

SCI | Rep. 14 :
3220

L. Armbrecht'™, G. Hallegraeff?, C. J. S. Bolch?, C. Woodward* & A. Cooper®

Mol. Ecol.
Resour. 21, 801

Optimizing extraction and targeted capture of ancient environmental
DNA for reconstructing past environments using the PalaecoChip

Arctic-1.0 bait-set

Hybridization capture of larch (Larix Mill.) chloroplast genomes
from sedimentary ancient DNA reveals past changes of
Siberian forest

Luise Schulte?© | Nadine Bernhardt' © | Kathleen Stoof-Leichsenring! © |
Heike H. Zimmermann! © | Luidmila A. Pestryakova®® | LauraS.Epp'® |
Ulrike Herzschuh®?*

2020 Quat. Res.

Tyler J. Murchie®?* | Melanie Kuch®P, Ana T. Duggan®P, Marissa L. Ledger®, Kévin Roche®¢, Jennifer Klunk®f,
Emil Karpinski®f, Dirk Hackenberger®g, Tara Sadoway®", Ross MacPhee!, Duane Froesel, Hendrik Poinar®b-&* 99, 305

%" @PalaeoPete




Plant taxon

o

%, %5 - % + % % Biodimate Pollen-inferred
AL % R LI . z i
B o, e, %, ’s’;,,:"'a,é ", Yy oaef%oe,;%%:"r% S subzone . ngy 3;771(;()12
e - 0.0
L6 [
Jeem - 9 ‘ \sn ® % :
'_‘\ NGRIP .m o & > C/, 3 @ e ® L 775 ib
% Greenland o 46 s ; o @ . © '
¥ aisp2 || g ® ® ¢ :
- [ q+ac _g ] ( v i
/o S-p < S [}
el @ isotope @ o : ’ &
{;"-‘") @ chironomid 2 g ’ E L d i 8 O
- €] BEK :
L i 1% e, oy f
3 R Arctic ° = - ‘ ® t 8 i ’
y 4| e @0k P 199 257120
Y. 3 A @ 10-50% subzone
- . @0 | D
N " 00 : 200
@ E}%‘?.?{.‘ Pollen N :
1000 km DNA :
100°W 80°W 60°W 40°W ]
- 20 . ' 220
- L
B = 2 |
r— '
2 2 S \ L :
L Eho @ é @ a o O »‘ 240
= g oY p 4 1
s el & © . jl !
2 @ X C H |
= 1 ). B © © :
’ 5 AP S W 60 @ = | p— 1 260
.A { P el ,' 5 Yo ‘."\’.. , -: ¥ ~ ; s ' ‘/ { | : 3
) o —~ :
~130,000 y Id :
; ears o 556 o
4 6 8 10 12
L} n n L} n
Ancient plant DNA reveals High Arctic greening during
B

£

the Last Interglacial

Sarah E. Crump®?' , Bianca Fréchette® , Matthew Power®, Sam Cutler®, Gregory de Wet*¢, Martha K. Raynolds® ,

Jonathan H. Raberg® , Jason P. Briner?, Elizabeth K. Thomas?® , Julio Sepulveda® , Beth Shapiro®", Michael Bunce®",
and Gifford H. Miller®

PNAS 118, e2019069118

% @PalaeoPete



2021

Nesser\_/a_,tnet (26.33, 93) ‘

SR »‘,"(-&,_

Sierravannet (40 08, 108)

_“‘i-.. !

| Eaétorja'vri South (21, 89)

D
A : . /s %IQ
. 12ka
@ 90- » R T
o . : ° o0 .. Langfiordvannet (46.82, 154) / 11 s Sandf]orddalen (27 44,97)
S ° e % ®_ o ° H
5 60 . s o’ 30 T
[3) 7 ° °® ° o ®
'g . ®e® 0 . 0 : 00:. f‘ A"o % ”‘?yﬁh “ ;
LY LY W L e.008 © _ Jos 2% »
§ 307 o°e 3 o3 "":u.‘ ..:é. al :;b. (X4 ‘ . ;
@ Q:‘ ‘.:’"' .‘: ° : ° . °ge :..0 o.o... oo 0. Nordeatnet(SZ.S, 1,-
L 14 ° ) °
04 :
12 10 8 6 4 2 0

Thousand calibrated years before present

s R R

Gauptjern (44.09, 163)

Kuutsjarvi (38.83, 138)

T

e VR

Horntjernet (20.61, 114)

ECOLOGY

Sedimentary ancient DNA shows terrestrial plant
richness continuously increased over the Holocene
in northern Fennoscandia

Dilli P. Rijal""***, Peter D. Heintzman'*', Youri Lammers', Nigel G. Yoccoz?,
Kelsey E. Lorberau?, Iva Pitelkova', Tomasz Goslar**, Francisco J. A. Murguzur?,
J. Sakari Salonen®, Karin F. Helmens®’, Jostein Bakke®, Mary E. Edwards"*1°,
Torbjorn Alm', Kari Anne Brathen?, Antony G. Brown'?, Inger G. Alsos’**

Sci. Adv. 7, eabf9557

T 1 @PatacoPete R




2021 Norway Sweden
13-16
24
25-26
18-21
22-23
Romerike
()SIC)glil
12
"

0__10km A Jef”

B, o
o o
~Lake 3
Ljegottiern ~
3 2 . LIO18 o ¥
867 * N
1m 910
-
’, v
% =
S o 5
Sen ¢ & o -
- & B :
Excavation 00 - Contour Farmsteads
arca Iije A. Bronze Age farm : ]
Lake Raknehaugen B-fron Age farm =8000 -
area ‘burialmound  C. Possible lron Age farm
D Ljegodt
Lake catchment €. Haig

area limit

Anthropogenic and environmental drivers of vegetation change in J it

7188
Inc/Coh

400 800
Ti (cps)

southeastern Norway during the Holocene

Quat. Sci. Rev. 107175

E.W.N. Stgren ¢, F. Iv

o O O O

<
& present
& absent

°

$

@}
02 041

QO L
£ PO

)

x 10%

50 100
# percm?®

AT.M. ter Schure **, M. Bajard ™ ¢, K. Loftsgarden ¢, H.I. Hoeg , E. Ballo ™ ¢, J. Bakke ©,

@FK 575%‘3?331’ ing °, K. Kriiger ¢, S. Boessenkool **

02 04 -1

Summed, Tem
probabg !

0

1

OO S B U W TS U WL O S WSS GS G SR ED S S A e HE S A D R 00 W B EE S U ey G A EE FETEE 4G |

R

perature
i

500

1000

1500
2000
2500
3000
3500
4000
4500
5000
5500
6000
6500
7000
7500
8000
8500
9000
9500

10000



2021

) 500 2 : MIS-2 [ MIS-1 - ; S AL
Last Glacial Maximum | BLASTn reads MEGAN assigned within Animalia: 46,083
A I Animalia ‘family’ nodes with reads assigned: 20
‘m‘ , i | Major decline in
= / | ﬁ megafaunal
= ! sedaDNA
° 400t I
o I
g Oldest Dryas Pleistocene : Holocene
e Cricetidae / |
L -] 300t I
Q -~
N A |
- g7 Bolling-Allerod Youmgen,
g d . Dryas I
5 200t '
c |
-] Sciuridae 1
Q — /A I
! Al A
o \
S 100F \ ! Cervidae
n \ ~
s Mustelidae . Leporidae
Phasianidae Cricetidae
) Elephantidae quidae i \ e
0 — $
PHP Sample 1 15 i4 25 24 9 23 8 7 5 6 4 22 f i1 3 2 21 20 19
cal yr BP MaX 0 22424 20,955 20,320 17,810 16,862 15,651 15958 14,897 14,245 13596 13,393 13,250 12,989 10,181 9,869 9485 8919 5992 5929 3,899
(20 range) mjn ~ 20,568 20,554 19,070 15469 14,720 15339 13,988 14,595 13975 13401 13,277 13,119 12,758 9909 8,604 8950 8637 5744 4590 3,727
Uper  Bear Upper  Lucky SedaDNA sa.mples_ and calgnda_\r ages Ehset AT oah 28
Intra-site order by height; Inter-site order by median calibrated age

Collapse of the mammoth-steppe in central Yukon
as revealed by ancient environmental DNA

Tyler J. Murchie = 2% Alistair J. Monteath3#, Matthew E. Mahony3, George S. Long™ °, Scott Cocker = 3,
Tara Sadoway"®, Emil Karpinski = >, Grant Zazula’8, Ross D. E. MacPhee®, Duane Froese = 3 &
Hendrik N. Poinar =~ 121011122

Nat. Comms. 12, 7120. ’@PalaeoPete




A) Late P|e|stocene Holocene

® ... i i;{-«& Y MR
2021 @ AL ) TE

o%e™ © e e el
Ovibos

®
®
k-
®
o

Rangifer

e
9

e
3
L3
4
&
T

Alces

F p P @
M ¢80y ° @ ® o
Cervus

X & oo *‘@:‘- ’5 & ‘.}gw 00' .‘YQI! im

3%

m ¥ e Wy o ® %@E‘}o *W..ﬁ&ﬂ‘-ﬁﬂ\”

Mammuthus

B) ¢ / T ‘fmﬁﬁ‘ " —

Homo sapiens
C) Permafrost ¢!
. 1 =
) cores S uo 0

-3

D) = R [E R R O S P S T S R I
~36 a il
GISP2 =7 Last Glacial Maximum 1Y
7 Oldest Dryas 1yag Early Holocene

38

50 (%o) :0 JJ\ M,\/\M/J“A\/"

42 lder Drya
43 i . " N 1 o | A
30,000 2 15 000 21 20 000 78 7 15,000 ¢ 7 72 710,000 ° B 4 5000
A) Falacontological remains B) Alieged archaeological site YD P SedaDNA taxon ID
median cal yr BP median cal yr BP hybomés is. median cal yr BP ___ Reads assigned.
® Alaska & Eastern Beringia (Alaska/Yukon) Years before prese“t E) €) ¢uo & L 7 §\ bubble size
@ A Northwest Coast (Alaska/BC) Sa \ / log-scaled to
& Yuken . é8c Oush N ead count

A lce-free corddor (NWT/BO/Alberta/Saskatchewan)

Collapse of the mammoth-steppe in central Yukon
as revealed by ancient environmental DNA

Tyler J. Murchie = 2% Alistair J. Monteath3#, Matthew E. Mahony3, George S. Long:™ ", Scott Cocker i 3,
Tara Sadoway1'6, Emil Karpinski 15 Grant Zazula’:8, Ross D. E. MacPhee®, Duane Froese i 3% &

Hendrik N. Poinar = 121011128

Nat. Comms. 12, 7120. ’@PalaeoPete




Late Glacial
180° w

o‘.‘- ‘b?@m !
.
\120°E 120°W Pl ity “A"

N X I ’ ¥~
60° W " 60° E 60°W . .- APEET 60° E
o Clade R
0°
Sample type Mc
eDNA 1DE
Early Holocene CA) Fossil ! Late Holocene
180° W ossl ‘ 180° W
TGG"N | K e 60NN
a8 - . y
SR ) Wrangel lsland
120°W o ® % 120°E 120°W % 120°E 120°W ® .
£2 3 - > 57 £ - :
£ AL 80Nt , S BN
£ L y P [
I ' . : P 3 ;
® = N \ Bt ”
60°W NP  60°E  60°W “60°E  B60°W ~ 60° E
4 ' ¢ ; :
1 I
1 1 1
0° 0° 0°
Late Quaternary dynamics of Arctic biota oo . ourllES
<> o
L] ® L] <> 40
from ancient environmental genomics ekl ks g
3895,
Yucheng Wang"?*°, Mikkel Winther Pedersen>*, Inger Greve Alsos®*®, 34-36 o 35
Bianca De Sanctis'*, Fernando Racimo? Ana Prohaska’, Eric Coissac®®, %
Hannah Lois Owens®, Marie Kristine Foreid Merkel®, Antonio Fernandez-Guerra?, 2
Alexandra Rouillard®’, Youri Lammers®, Adriana Alberti®®, France Denoeud®, o5 ol
Daniel Money', Anthony H. Ruter?, Hugh McColl?, Nicolaj Krog Larsen?, 13
Anna A. Cherezova'®", Mary E. Edwards'*®, Grigory B. Fedorov'®", James Haile?, 14-24 ’1 -
Ludovic Orlando™, Lasse Vinner?, Thorfinn Sand Korneliussen®', David W. Beilman'®, & 10 '
Anders A. Bjork”, Jialu Cao?, Christoph Dockter, Julie Esdale™, Galina Gusarova®?°, 68 . 8.9 &7
Kristian K. Kjeldsen?, Jan Mangerud®?, Jeffrey T. Rasic?, Birgitte Skadhauge'®, ol -
John Inge Svendsen?*?*, Alexei Tikhonov?®, Patrick Wincker®, Yingchun Xing?, 65 69-72 f
Yubin Zhang?, Duane G. Froese?®, Carsten Rahbek®”?, David Bravo Nogues®, 64. ) .3 & 56
Philip B. Holden®, Neil R. Edwards®’, Richard Durbin®, David J. Meltzer>®, Kurt H. Kjaer?, ¢ ’67 L 2
66 s : b

Per Moller™ & Eske Willersley'23334=

Nature 600, 86-92.

iR 2

4 North Atlantic € Northeast Siberia

4 @PalaeoPete * s v




2021

Sample type
(Inner circle)

il cDNA
I Fossil

Region
(Middle circle)
North Atlantic
Northwest and central Siberia
Northeast Siberia
North America
Unknown

Age interval
(Outer circle)

~
Pre—LGM
LGM

Late Glacial
Early Holocene
Mid-Holocene
I Late Holocene
Unknown

Late Quaternary dynamics of Arcticbiota o g

. . . 55<>\/ 50, 1)_52. . o
from ancient environmental geENomics 7.8 AP Sss | e
61 49 53 38 37 \
Yucheng Wang"?*°, Mikkel Winther Pedersen>*, Inger Greve Alsos®*®, 7 34-36 o a3
Bianca De Sanctis'*, Fernando Racimo? Ana Prohaska’, Eric Coissac®®, ; : f s
Hannah Lois Owens®, Marie Kristine Fareid Merkel®, Antonio Fernandez-Guerra®, 2
Alexandra Rouillard?’, Youri Lammers®, Adriana Alberti®®, France Denoeud®, - 26-31 |
Daniel Money', Anthony H. Ruter?, Hugh McColl?, Nicolaj Krog Larsen?, ; i '_
Anna A. Cherezova'®", Mary E. Edwards'*®, Grigory B. Fedorov'®", James Haile?, ! 14-24 )
Ludovic Orlando™, Lasse Vinner?, Thorfinn Sand Korneliussen?'®, David W. Beilman'®, & 107 jidsie
Anders A. Bjork”, Jialu Cao?, Christoph Dockter, Julie Esdale™, Galina Gusarova®?°, 6875 74 8, 9’ / *
Kristian K. Kjeldsen?, Jan Mangerud®?®, Jeffrey T. Rasic?*, Birgitte Skadhauge™, ; ’ e
John Inge Svendsen??*, Alexei Tikhonov?®, Patrick Wincker®, Yingchun Xing?, 65 69-72 ik i : 4
Yubin Zhang?, Duane G. Froese?®, Carsten Rahbek®”?, David Bravo Nogues®, 64. ; 5 ¢ & s@6
Philip B. Holden®, Neil R. Edwards®°, Richard Durbin®, David J. Meltzer>*, Kurt H. Kjzer?, . 6’ ’67 ®

Per Moller®? & Eske Willerslev'2334* e S
R 2

- @ North Atlantic <€ Northeast Siberia
Na ture 600! 86 92 " y @Palaeopete @ Northwest and central Siberia <> North America




100 99

2 O 2 1 ChIoropIast Andeya_LGM_A High frequency variants Mitochondria

Andoya_LGM_B High frequency variants
100 97

Andoya_LGM_A Low frequency variants
100] Y4100 100 83

Andoya_LGM_B Low frequency variants
100 Nannochloropsis limnetica CCMP505 100
loropsis granulata CCMP529 —
100 100
—— Nannochloropsis oculata CCMP525 —— e
100 — Nannochloropsis oceanica IMET1 — 100
100 100

Nannochloropsis oceanica CCMP531—
Nannochloropsis gaditana CCMP526 —
100 iy

Nannochloropsis gaditana CCMP527 ————
100 100

Nannochloropsis salina CCMP1776

100
Nannochloropsis salina CCMP537

reconstructed ancient

Nannochloropsis limnetica reconstructed ancient

Nannochloropsis limnetica

chloroplast genome

mitochondrial genome
117,734 bp

38,534 bp

30000

Environmental palaeogenomic reconstruction of an
lce Age algal population

Youri Lammers - '™ Peter D. Heintzman 12 g Inger Greve Alsos 12

Commes. Biol. 4, 220

%" @PalaeoPete




= i e M sr - NC_005129.2_Elephiss_axirmius_0
Asian elephant — e = | Krestovka_PO37_Russia-Steria_16500007
. I e Adyeha P33, Russis-Siberiaz 1340000
KX176755_SP1349_Russia-Bolshaya-Kolopatkaya-rives_infnite
s £1)153450_M20,. Russia-Sberian-islands-Boishoy-L yakhovsk | y-isi” infinide

MG3)4282_Oimyakon_Russia-Yakutia_44235
- KX027533_5ID04-11, Russia-Yakutia-Siberia_14235]

Mammuthus spp. 1_Russia- Sberianislands Bolshoy. Lyakhovek_|_y-is!, infinte
A _Russia-Yakutia-Boishaya-Chukaochya-River_infine
- - == |KX176761_10717_Russia-Boishoy-Lyakhovsk_{_y-is{_46171

ochya_PO43_Russia-Siberia_B70000
KX027561_E1D18_NorthAmerica-Oid-Crow :-CRH-B4-Yukon_undaied;
ted

0 100

(PHP-1, 13, 15)

KX027531_SEPBE_NorhAmenca-Dawson-Aréd-Y ukon_nfinis

KX176768_5P1145_Russia-Ust-Kanskaya-Cave-Altal_undated
'KX176785_AsaxKnim_Ukraina-Emine-Bair-Khosar-Krim-Peninsula_Undated
| Germany (5)
Belgium; Chma

Ukraine. Russia (29)

“SVED74_ NorthAmerica-San-Antons-Creek CA 23640

_( ompH;p—&apDE-Slb wmhdﬂdeonummﬂzon‘I

Russia (eastem Siberia) (1

MG334271_E470_Russia- 'Nmngo« -island_41760
EU153458_M3_Russia-Magadan_49485
EU153454_M26, Rus»wsqmu 25919

- KX027539
P

QPHP- '(:ompuap-lupDE-ssb eurm-d-vcf BCFeonuncu: 30000
* 1 KX176759_SP1422_Russia-Bolshoy-Lyakhovskiy-isl-Siberia_undated|
=

Fragment length Permafrost sites
distribution @ Bear Creek
14,847 reads 0 Upper

(PHP-1,13, 15) ' Goldbottom

KX176801_.10659_Russia-Boishoy-Lyakhovsk_i_y-is!_36002;
KJ(O?T&G’ _SEPO1_Russia-Taimyr-Peninsula mhr»h\
- Polland, Russia (viestern) (5)
KX176750_10643_Rusitia-Wrangel-lskand 30142
|KX176752_10719_Russia-Yakutia-Lena-Delta-Region_34683
~' KX176766_SP744_Russia Kochegur-near-Shestakova_undated
KX176765_5P741_Rissia-Shestakova_undated
KX176792_8P2415_Russu-Secrets-Cove-M-Ural_undadid
MG334272_L158. Ruwi Pioneyveem-ReerClukotka - 14460
KX027523,_SEPE5_NorthAmerica-Upper-Ikpikpuk-R-North-Slope 38357
KX176803_11028_Russi-Boisheiy-Lyakiiovsk_t_y-lsl_41558]
38084

i + 197 mitochondrial genomes Clade

« Tips denote GenBank accession, 1/DE.
identifier, location, age

* Best fit model: HKY+F+1+G4

+ 1000 bootstrap support

m

- KX176753 _SP1021. _Russa-Byhovsky-Pemnsuia_’ 33822,

| KX176797-10244_Russ@-Bykovsky-Peninsuta_: 34813

NC007596_DO188529_ Russia-Yakutia 14074

EU153445_! M|3 RUSSI-L 6 RAVET_ 40793

EU153446_M15_Russia-Ayon-Isiand-Chukotka_17028
Russia (easten Sberia) (8]

KX027490_1.200s_Ppinar_ Russia-Taimyr-Peninsiia 31655

EU153455 MJRuuu Taimyr-Peninsula_ 24853

| KX176786-5P2386./Russia-Mata_undated

MG334285_P011_Russia-Taimyr-Peninsula,

KX176790_SP24 11 Russia-Secrots-Cave-M-Ural_undotad

EU153447_M18_Russia-Gydan-Peninsula_20681

' MH158738_Zug - Switzertand.unknown-fegion_undated

| MFS79946_JK27862 [Switzeriand-Kesslerioch 16992 |

*| Wranged Isiand (19)

KX027504_E1DIOVEPE4_NorthAmenca-Bindioss.

KXO’?n?j\’EPJ7 “NorthAmerica Wanas. Crask WA
KXON'M SSEP4S NorthAmarica-San-Antonio-Creek:
Gombus—'lsmnzhudm
KXO?!M BVEP1679,
1 KX027530, SVEPOS_ NormmmNW pﬂe—CouﬁtylL 12692
| KX027521EID1). NortnArmenca-Upper txpikak-R-North-Siopa_infte

KX027431 “SEPG3_NoahAmerics.Cleary. Créok-AX_infeite
PHP-13_ CompMup-Ha -YK.currated-vcf.BCFconsensus_20787
o] JF9‘2200 EID02: NorthAs - River Basn 444167

' KX027568LE1D10. Nonw-«unmw-c:nx -Yukon_267 50
—KX027587 CiDOS NORAmEnca-Finning-Yukon_ 33424
] Massachusats:

o
| KX0275070€1026_NofnAmanca.

NCO156260 JF9121997 NOrhAMEnNca-Hmtingtoo. R-siimru:m 13131
KX0275033SER19. NohAmanica-South-Fork-fip Nomha R NE 16829
. KX0275055SEP52. NorthAmesica- Near-Braokings“SO.

5 KX027511GSEPI0_NorthAmenca Crappes-HOlE-NE .
KX0275502SVEP 1478 ENGAhAMEnca: REC- Wilkow-F 31ria-R
KX027525ESVEPS6S 1 NarthAmerica-La-Scna-NE 222182
Nebraska®Oregon"Colado® flinois “Menesota (1911




MAIN - southeast EAST - southeast
2021 w R

222

Article

Pleistocene sediment DNA reveals hominin
and faunal turnovers at Denisova Cave

https://doi.org/10.1038/s41586-021-03675-0  Elena l. Zavala'™, Zenobia Jacobs**™, Benjamin Vernot', Michael V. Shunkov*,

Received: 2 February 2021 Maxim B. Kozlikin*, Anatoly P. Derevianko*, Elena Essel', Cesare de Fillipo', Sarah Nagel',
i, Julia Richter', Frédéric Romagné', Anna Schmidt', Bo Li*?, Kieran O’Gorman?,

Accepted: 27 May 2021 Viviane Slon'*®’, Janet Kelso', Svante Paabo', Richard G. Roberts**™ & Matthias Meyer'™

Published online: 23 June 2021

Nature

595, 399 ’@PalaeoPete

EAST - northwest

Ancientmammalian
fragments per

mg sediment 0 250 5000 750 1000 1250

~300,000
years old



°
7}
e
[}
2 £
1z 3
£ 0 >E
Dc =
o o o E
S0 0w
ho = E
< m
Q
S 3
o o
e g
- Q
(] ©
T I
5 ©
e ¢
(7] o
5 §
2 £
o
e 2
] ©
&) O
~
g &
o )
E o
>
e ®
(63) O

2021

Cave hyaena, Haplogroup D

Bears

Total number of samples
0 2550 751000 25 50 75100 0 25 50 751000 25 50 75100 0 25 50 75 1000 25 SO 75100

Hyaenas

Total number of samples

Elephants
Total number of samples

Main

East

Main

East

Main East

504

100 4

2004

2504 "

300

]

o QPaiaeorete

0 25 50 751000 25 50 75100 O 25 50 75 1000 25 50 75 100 O 25 50 75 1000 25 50 754100
Percent of samples

Percent of samples

Percent of samples

Nature

595, 399



A 2 O 2 1 B Chagyrskaya Estatuas

——— | Modemhumans 5 g 6c 6c/5 6d 7 .2 12 13 13-4 1.4

Goyet Q56-1
IGoyet Q305-7
Goyet Q374a-1
Spy 94a
Vindija 33.17

Vindija 33.19

Vindija 33.16
Goyet Q57-3
Goyet Q57-2
Goyet Q57-1
Feldhofer 1
Vindija 33.25
Goyet Q305-4
Feldhofer 2
Mezmaiskaya 2
El Sidron 1253
Okladnikov 2 I l
Chagyrskaya 8

| .
Chagyrskaya Subunit6c | [ B EENE EUNNENN DUNESNRNRER N BN R

Les Cottes Z4-1514
Denisova 11 # 4 ] ! i | |
Denisova M14.3

Estatuas pit Il Layer 2 -l 4 i . 1 '
Estatuas pit I L ay{ew'f -l l [ .

1 ] | | a
—Scladina |-4A [ | [ |
Altai "
Denisova 15

Denisova 4

[ LlDenisovas
Denisova 8
Denisova 2
Sima de los Huesos

750000 -500000 -250000 0

Probability library
contains closely
related mtDNA

<90%
>=90%
>=95%

B -

ST | S |
Estatuas pit | Layer 4 - -' L B W

GE-I-BaCa

Sediment libraries - grouped by layer and sample (ordered by depth in stratigraphy)

Unearthing Neanderthal population history using
nuclear and mitochondrial DNA from cave sediments

Benjamin Vernot', Elena I. Zavala', Asier Gomez-Olivencia®>*, Zenobia Jacobs®®, Viviane Slon*’,
Fabrizio Mafessoni®, Frédéric Romagné’, Alice Pearson®, Martin Petr, Nohemi Sala*®,

Adrian Pablos*®, Arantza Aranburu®3, José Maria Bermiidez de Castro®, Eudald Carbonell'>,

Bo Li®%, Maciej T. Krajcarz'?, Andrey I. Krivoshapkin'*>*#, Kseniya A. Kolobova'®, Maxim B. Kozlikin'®,
Michael V. Shunkov'®, Anatoly P. Derevianko'®, Bence Viola', Steffi Grote', Elena Essel’,

David Lopez Herraez', Sarah Nagel®, Birgit Nickel, Julia Richter', Anna Schmidt', Benjamin Peter’,
Janet Kelso?, Richard G. Roberts®®, Juan-Luis Arsuaga®®, Matthias Meyer*

Science 372, 6542
% @PalaeoPete

|-B43ee

GE

Gl



2021
A

Galeria de las Estatuas sediments

pitll -Layer 2 pit| -Layer 2 pit| -Layer 3 pitl -Layer 4 Skeletal
160+
manpnl (1p!
& 120 ‘ ‘
| ' 1
U a |
E L '| 1 | | 1 | | |
£ 100 hhif® h b bl ] n
: RiEl
c il J
°
5 80
=]
Q c
& -
E & 3 g
] < < < ]
— =] o ] ) o =3 = P @ =) = ~
v — w
s £33 |5 3 % |4 2 8 2 |8 . 3 3 % i
o — — — o - - o - - - LR o - -— - °
40- 5] b b b 5 S o H g ¥ 5 @ n A F § = &
£ Q O (©) E o O £ (©] o o O E (G] ) ©) = @ e
- i I Il 1 I o T
mtDNA type:
/
s B 30k 65 6ok
520k m i I | I‘ I 7 04 5 a0k
¢ 2 10k l — [ I I g 20k
cco) B mow w = B0 B omf AN Hws BN wfi™ _
Sub-samples (ordered by depth in stratigraphy)
PALEOGENOMICS

Unearthing Neanderthal population history using
nuclear and mitochondrial DNA from cave sediments

Benjamin Vernot', Elena I. Zavala', Asier Gomez-Olivencia®>*, Zenobia Jacobs®®, Viviane Slon*’,
Fabrizio Mafessoni®, Frédéric Romagné’, Alice Pearson®, Martin Petr, Nohemi Sala*®,
Adrian Pablos*®, Arantza Aranburu®3, José Maria Bermiidez de Castro®, Eudald Carbonell'>,

Bo Li®%, Maciej T. Krajcarz'?, Andrey I. Krivoshapkin'*>*#, Kseniya A. Kolobova'®, Maxim B. Kozlikin'®,

Michael V. Shunkov'®, Anatoly P. Derevianko®®, Bence Viola'®, Steffi Grote', Elena Essel",

David Lopez Herraez', Sarah Nagel®, Birgit Nickel, Julia Richter', Anna Schmidt', Benjamin Peter’,
Janet Kelso?, Richard G. Roberts®®, Juan-Luis Arsuaga®®, Matthias Meyer*

Science 372, 6542

% @PalaeoPete

160

80

mmmmm Skeletal

Skeletal

W Estatuas sediments

~135 ka )
Scladina

Possible Neanderthal

radiations
Altai

~105 ka )
GE | pit | Layer 4

- GEpit | Layer 3
‘GE pit | Layer 2

GE pit Il Layer 2
Chagyrskaya 8

Mezmaiskaya 1

Vindija




2021

Giant panda

"""""" Extended branch to
optimize reading

—— True branch length
Uniquely supporting SNPs

—— Uniquely conflicting SNPs

(> Shared supporting (+) and
conflicting (-) SNPs

-4

YG24.1

YG546.562 }Giant short-faced bear
YG76.4

= Arctotherium sp.

= -_i Andean bear (Chaparri)
Andean bear (Mischief)
Andean bear
3

-1 {Andean bear (Nobody)

Sloth bear

= 5 <
T{Polarbear

American black bear

Asiatic black bear

Cave bear

*1 """ Brown bear

?Brown bear (ABC island)

141

38%

20

39

Environmental genomics of Late Pleistocene

black bears and giant short-faced bears

141

19

62%

69%

31%

39

Mikkel Winther Pedersen,’:'%:2° Bianca De Sanctis,**°° Nedda F. Saremi,* Martin Sikora,’ Emily E. Puckett,®
Zhenquan Gu,® Katherine L. Moon,” Joshua D. Kapp,” Lasse Vinner,' Zaruhi Vardanyan,' Ciprian F. Ardelean,®-°
Joaquin Arroyo-Cabrales,'® James A. Cahill,'' Peter D. Heintzman,'? Grant Zazula,'*® Ross D.E. MacPhee,'*'°
Beth Shapiro,”-'-?! Richard Durbin,*'7-?1 and Eske Willerslev'-2-'7,18,21,22,

Current Biology 31, 2021.04.027

%" @PalaeoPete

10

19

47

42

Kenai




O Other canids  North American wolves Dogs Eurasian wolves

Banteng Gayal Aurochs Cattle Bisons:

Genome-scale sequencing and analysis
of human, wolf, and bison DNA
from 25,000-year-old sediment

Bisori; Poland i
European Amerncan L

Pere Gelabert,’-'1:1%* Susanna Sawyer,":'" Anders Bergstrom,'":* Ashot Margaryan,® Thomas C. Collin,* freon Godeasis - Bson
Tengiz Meshveliani,® Anna Belfer-Cohen,° David Lordkipanidze,® Nino Jakeli,® Zinovi Matskevich,” Guy Bar-Oz,®

Daniel M. Fernandes,-° Olivia Cheronet,’ Kadir T. Ozdogan,’ Victoria Oberreiter,’ Robin N.M. Feeney,*

Mareike C. Stahlschmidt,’® Pontus Skoglund,*'** and Ron Pinhasi’-'%"

Current Biology 31, 2021.06.023 ’@pa/aeoPete




2.0e+09

1.5e+09

1.0e+09

/ mg of sediment

5.0e+08

Molecules in library

0.0e+00

PNAS 119, e2113666118.

@
®

==

13//"/’“\ N\ 24 ¥ @ sovidae
l" LN | v @ canidae
X y % @ cervidae
Dt a () Cricetidae
‘M @ Elephantidae
" @ Equidae
¥ @ Felidae
Hominidae
“®™ () Hyaenidae
“®#® ) Rhinocerotidae
A" @ Ursidae

15 22
®[:
(2

16 21

12

11 14 23
e e

10

9

mtDNA fragments

500

1000

Q
@9

1.0 o ®

1500

0.8 S

® 2000
o o

0.6 %

0.4 ‘F
°

=5

Number of ancient taxa
F=Y

| 2500 |

regular

Library preparation efficiency

micro

regular micro regular micro

Microstratigraphic preservation of ancient faunal
and hominin DNA in Pleistocene cave sediments

Diyendo Massilani®' ~, Mike W. Morley™' ~, Susan M. Mentzer“?, Vera Aldeias® ', Benjamin Vernot®

Christopher Millerf, Mareike Stahlschmidt?, Maxim B. Kozlikin" "~ , Michael V. Shunkov" ~, Anatoly P. Derevianko" -,
Nicholas J. Conard“d, Sarah Wurz" , Christopher S. Henshilwood®' , Javi Vasquez , Elena Essel® , Sarah Nagel®,
Julia Richter?, Birgit Nickel?, Richard G. Roberts*! , Svante Paabo™"' , Viviane Slon®™"° , Paul Goldberg®* , and
Matthias Meyer®'

%" @PalaeoPete




m
O

$ & 2500 . 2
Qo . =
T c . <= 2
E = 2000 5=
B g c
S o 21 4e-6
< £ 1500 — < Z &
<5 —
[
& © 1000 R s E .
=] * _g, s 2e-6 H —_—
E3 500 2z
o 8’ * %k o E
. a T .
é ® 0 > g 0 ———
@ @ © «@ ; O
s & & & & & & &
s & R @
B O &
D . E
% % %* %
* % ¢k K *okk * %
.
15
g 6 c s
’ 3 = S
Library preparation efficiency: (0)<20% < () <40% < () <60% <@ <80% <@ pm::"h::::i:m g .,d—_) * ..é -
) ' : ry calcite EE 4 gg 10
v gs (]
°Coprolite - ‘; . o 3‘:3
: 5% 5 2% 05
@ Coprolite or Bone L © [
o+ 8
© Bone E 5
gMatnx 0 . 0
Inorganic @ ) 3 )
N Nz N N
oM & & c?(\
R &
O &

Microstratigraphic preservation of ancient faunal
and hominin DNA in Pleistocene cave sediments

Diyendo Massilani®' ~, Mike W. Morley™' ~, Susan M. Mentzer“?, Vera Aldeias® ', Benjamin Vernot®

Christopher Millerf, Mareike Stahlschmidt?, Maxim B. Kozlikin" "~ , Michael V. Shunkov" ~, Anatoly P. Derevianko" -,
Nicholas J. Conard“d, Sarah Wurz" , Christopher S. Henshilwood®' , Javi Vasquez , Elena Essel® , Sarah Nagel®,
Julia Richter?, Birgit Nickel?, Richard G. Roberts*! , Svante Paabo™"' , Viviane Slon®™"° , Paul Goldberg®* , and
Matthias Meyer®'

PNAS 119, e2113666118.

%" @PalaeoPete Il




Ongoing issues
IN sedaDNA

% @PalaeoPete



Taphonomy

Source processes Transfer processes Deposit and preservation processes
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loinformatic refinements
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Data integration
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Summary

Ancient DNA from sediment can be used to
reconstruct past environments over hundreds of
thousands of years.

Unknowns remain but progress is rapidly being
made.

Huge potential for environmental palaeogenomics
applications.

Many palaeoecological, environmental, and
evolutionary questions still to explore!
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