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The past month in ancient DN

DNA sleuths solve mystery of the

2,000-year old corpse
(® 19 December 2023 E E

<

©OMOLA HEADLAND INFRASTRUCTU

DNA analysis showed that this young man travelled to Cambridgeshire from the furthest reaches of the Roman Empire
2,000 years ago

19th December 2023



Nobel prize in Medicine 2022

The Nobel Prize in Physiology or
Medicine 2022

Svante Paabo Fa C1-S

Share this

Svante Paabo
The Nobel Prize in Physiology or Medicine 2022

i v 0O

Born: 20 April 1955, Stockholm, Sweden

Affiliation at the time of the award: Max Planck Institute for
Evolutionary Anthropology, Leipzig, Germany, Okinawa
Institute of Science and Technology, Okinawa, Japan

Prize motivation: “for his discoveries concerning the
genomes of extinct hominins and human evolution”

Ill. Niklas ElImehed © Nobel Prize share: 1/1
Prize Outreach
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1984 - the first 2 ancient DNA sequences

NATURE VOL. 312 15 NOVEMBER 1984

DNA sequences from the quagga,
an extinct member of the horse family

Russell Higuchi*, Barbara Bowman®*, Mary Freiberger®,
Oliver A. Rydert & Allan C. Wilson*

* Department of Biochemistry, University of California, Berkeley,
California 94720, USA

t Research Department, San Diego Zoo, San Diego,

California 92103, USA

To determine whether DNA survives and can be recovered from
the remains of extinct creatures, we have examined dried muscle
from a museum specimen of the quagga, a zebra-like species ( Equus
quagga) that became extinct in 1883 (ref. 1). We report that DNA

Unidentified reading frame 1

Quagga CCCAATCCTGCTC GCC GTAGCA TTC CTC ACA CTA GTYT GAA CGA AAA GTC TTA GGC TAC ATA CAA CTT CGT AAA GGA CCC AAC ATC GTA GGC CCC TAT GGC CTA CTA CAA CCC ATT AC

Cytochrome oxidase I

Quagga A GGAGGA TTCGTT CAC TGA TTC CCT CTA TTC TCA GGA TAC ACA CTC AAC CAA ACC TGA GCA AAA ATT CAC TTT ACA ATT ATA TTC GTA GGG GTC AAC ATA ATT TICTTC CCA

Zebra T - A W vT....C ...

Fig. 1 Sequences of the coding strands determined for two pieces of quagga mtDNA. The sequences are arranged in triplets corresponding
to the amino acids that they encode. At 12 positions, the quagga sequences differ from those of mtDNA from a mountain zebra; only for
these positions is the nature of the base specified for the zebra. The two asterisks identify triplets at which the zebra and quagga differ by an
amino acid replacement.



Milestones in aDNA research
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e First extraction method for genome | * Procrustes PCA projection mapping and

genotyping, PALEOMIX

* mtDNA contamination estimates,

contamMix

* Population ancestry
modelling, qpAdm and

* Recalibration and base-calling, freelBIS gpWave

* Analysis of NGS data, ANGSD

* Damage selective

filtering of
contamination, PMD

* Read processing, mapping
and genotyping, EAGER
* Ancient metagenomic

® Nuclear DNA contamination
estimates, DICE

* mtDNA contamination
estimates, Schmutzi

¢ Kinship inference, lcMLkin

profiling, metaBIT

* Tree-based selection

* Ancient epigenetic inference
* epiPALEOMIX
* aDNA read simulator, Gargammel

scans, LSD
e Kinship inference, READ

¢ High-accuracy
phylogenetic assignation
of metagenomic data

* Damage-aware heterozygosity and
ROH estimates, ROHan

» Graph-aware detection of selective
sweeps, GRoSS

* Ancient metagenomic profiling,
HOPS

¢ Paleofaeces host species
identifier, coprolD

* Admixture date estimates,
DATE
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Orlando et al (2021) Nat Rev Methods Primers
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Characteristics and challenges of aDNA data
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Characteristics of ancient DNA
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Ancient DNA workflow

Sample

Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature



Ancient DNA workflow

Sample DNA sequences

Data generation (wet lab)

Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature



Ancient DNA workflow

Sample DNA sequences Analysis results

Data generation (wet lab) Data analysis (dry lab)
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Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature
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Ancient DNA workflow

DNA sequences Analysis results

Data generation (wet lab)

T _——

DNA preservation
Endogenous content
Sample / tissue availability

Data analysis (dry lab)

TR -

Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature



Ancient DNA workflow

Sample DNA sequences Analysis results

Data generation (wet lab) Data analysis (dry lab)
DNA preservation DNA mixtures / contamination
Endogenous content Genome coverage
Sample / tissue availability Error rates

Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature



Ancient DNA workflow

Sample DNA sequences

Data generation (wet lab)

DNA preservation
Endogenous content
Sample / tissue availability

Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature



Wet lab challenges - DNA preservation
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Wet lab challenges - endogenous DNA

B Endogenous DNA

. Other DNA



Wet lab challenges - endogenous DNA

Low endogenous High endogenous

B Endogenous DNA

. Other DNA

Endogenous DNA content varies substantially between samples



Wet lab challenges - endogenous DNA

Low endogenous High endogenous

B Endogenous DNA

. Other DNA

DNA capture enrichment (targeted or whole genome) to increase endogenous DNA



Wet lab challenges - endogenous DNA
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Wet lab challenges - endogenous DNA
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Wet lab challenges - tissue availability
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Ancient DNA workflow

DNA sequences Analysis results

Data analysis (dry lab)
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DNA mixtures / contamination
Genome coverage
Error rates

Stoneking and Krause (2011) Nat Rev Genet; Novembre et al (2008) Nature



Dry lab challenges - DNA mixture

Endogenous
ancient DNA



Dry lab challenges - DNA mixture

Endogenous Modern DNA

ancient DNA contamination



Dry lab challenges - DNA mixture

Endogenous Modern DNA

ancient DNA contamination

Ancient DNA data is metagenomic data



Dry lab challenges - DNA contamination

Monti Lessini (L906-H924)
TCATCTACGCCTTCCACAGCCAGGAGCTCCGCAGGACGCTCAAGGAGGTGCTGACAT
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MCI1R gene fragments amplified from Monti Lessini Neandertal DNA extract

Lalueza-Fox (2007) Science



Dry lab challenges - DNA contamination

Monti Lessini (L906-H924)
TCATCTACGCCTTCCACAGCCAGGAGCTCCGCAGGACGCTCAAGGAGGTGCTGACAT

—-<| Neandertal sequences

Barcelona lab L

NDNONNNDNNDNDNDNDNDNDNDDND
H R P OooJdoo D WN -

Wwowwwowwwwwww
N - O

Monti Lessini (L884-H936)

.................................. g................ Neonder‘l‘ol Sequences

Florence lab B S

L e B B B B s L T s s e L T s s T L s e L I L I T L L e L s L s L L L L B B L I B L L

WNHFOWOMJOULBWNFOWOJOULBDWNREFOWVWLJ D WN F O

MC1R gene fragments amplified from Monti Lessini Neandertal DNA extract

Lalueza-Fox (2007) Science



Dry lab challenges - DNA contamination
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Commonly used laboratory reagents have distinct microbial contamination profiles

Salter et al (2014) BMC Biology



Dry lab challenges - DNA contamination

Percent of contaminated species in RefSeq
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Public genome databases contain many contaminated entries

Steinegger and Salzberg (2020) Genome Biol



How can we authenticate our data?

Y. pseudotuberculosis Y. pestis

ﬂ O ‘S

Commonly found in environment Vector-borne
occasional mild pathogen Severe pandemic pathogen

Chen and Elberg (1977) Infection and Immunity
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Single-end read length distribution
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Avuthentication of ancient DNA
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Avuthentication of ancient DNA
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Endogenous

Contaminant

Avuthentication of ancient DNA
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Quantify fraction of contaminating sequences

Renaud et al (2015) Bioinformatics
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Coverage

Avuthentication of ancient DNA

RESI XX
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Genomic position

Genomic coverage
Mapped reads should be evenly distributed across the reference
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Avuthentication of ancient DNA
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Avuthentication of ancient DNA

—=- Mycobacterium avium subsp. paratuberculosis K-10
Mycobacterium lepromatosis strain Mx1-22A

—— Mycobacterium leprae TN

—+—  Mycobacterium canettii CIPT 140010059

Mycobacterium tuberculosis H37Rv
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Edit distance distribution
Reads should have low divergence to the reference






Principal component analysis
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Genes mirror geography in Europe

Novembre et al (2008) Nature



Usage case: QC

PCA coloured by population, Europe
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The 1000 Genomes Consortium (2012) Nature



Usage case: QC

PCA coloured by technology, Europe
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PCA can reveal batch effects in datasets

The 1000 Genomes Consortium (2012) Nature



PCA of ancient humans in West Eurasians
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Guenther and Jakobbson (2016) Curr Op Genet Dev



PCA of ancient humans in West Eurasians
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PC2 (0.38%)

Drawbacks with PCA projections
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PC2 (0.38%)

PCA of ancient West Eurasians

0.08 1

0.04 1

0.00 4

—0.04 A

Nogai

Chuivash
Iranian_Bandari

Saami Nort] setian
c nian_Mazandarani
Le&d khasian

Turkish B &Hne#aRa Persian

franiankor
Turkish<Aydin
TurkishZlstanbul

TiT
Mogdeyian u%%ﬁK 5aon

Finnish Aéé@/ﬂléhjfgdﬁw

IragizJew

EstaniaRsaisian

Lithuanian

German_sorb :
’ %ﬁﬁmzﬁﬂgﬁw é?B‘ﬁ%%%c%é%eé\éﬁ%%”
; shken W
Frg%’%ﬁm@ggﬁ Tuscg%éggaﬁ%eggpe o Jor@danian

ltalian Maltese i
Palestinian
Spanish. Bal
Spanish CBa ana.

”. Bedouin1
Spanish_Canarias

Besuec Spanieh

Sardinian

Bedouin2

~0.05 0.00 0.05
PC1 (0.87%)

Ancient projected
(pseudohaploid)

PC2 (0.53%)

0.06 1
034 Iranian “Bandari
0.03 chdn N raniah<Bandari
Saami
(E jan_Mazandarani
Nor pigan.Persian
FaRAR Y or
s TurkishBéllieasian
an Turkishz@gdiigian
Finnish Tumﬁhga?‘gt&w
Estonian Aesysia ¢
Lith@elggsipian AR
En
Druze
i b Lebanese Chris&sgouin2
0.00 A Scot . »
?gg%enﬁmg@m@h
el
1
Sardinian
-0.03 1
T T T
—-0.050 —-0.025 0.025

-0.075

PC1 (1.14%)

Ancient included
(diploid imputed)

Allentoft, Sikora et al (2022) bioRxiv




Model-based clustering

Sample Age [Years before present]
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The F-statistic framework

F°)(Py, Py; P3, Py)

F3(Px 3y, P»)
EQ(PI: PQ)

Pl P2 PX P3 P4

Population phylogeny

Peter (2016) Genetics



The F-statistic framework

F> (P1, P>)
E[(p1 —Pz)z]

Fs3 (PX,' P4, Pz)
E(px —p1)(px —p2)

FéB)(Pl‘, Pz, P3, P~l)

F3(Px 1, Pz)
F>(Py, P)

Py Ps Px Ps P F4(P1, P2, P3, Pg)
E(p1 — p2)(p3 — pa)

Population phylogeny

F-statistics can be interpreted as branch lengths between populations

Peter (2016) Genetics



The F-statistic framework

F-statistic Application Test Interpretation
f2(A,B)  Branch length
Admixture f; - test f3<O X is admixed related to A,.B
f,(X:A,B) If X'is outgroup to (A,B), f; proportional to
Outgroup - f3 shared drift between X and divergence of
(A,B)
D(A,B;C,D) D -test D=0 (AB)form a clade with respectto (C,D)
_ _ If O is outgroup to (B,C,D), tests for
DOBLC,D) Symmetry test D=0 symmetry of B with respect to (C,D)
f4 - ratio test a>0  Admixture proportion >0

. If rank of f4 - matrix is m, target
Number of distinct ancestry streams .
populations are carry atleastm + 1

f(AB:C.D betweep sets of outgroup and target streams of ancestry differentially related to
4(AB;C,D) populations gpWave)
the outgroup set

Admixture proportions and fit for a target
population as a mixture of N source
populations

Goodness of fit of f-statistics predicted for
specific graph topology

Phylogeny-free estimation of admixture
proportions (gpAdm)

Admixture graph fitting (gpGraph)

Wide range of applications to test hypotheses about admixture between populations

Peter (2016) Genetics



Admixture graphs

Basal Eurasian

Eastern non-African

Ancient north Eurasian

West Eurasian 544 + 10%

141+ 18%

1 s

Admixture graph fitting suggests three ancestral populations for modern Europeans

Lazaridis et al (2014) Nature



Imputation of ancient DNA
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Ancient human genomes can be accurately imputed using modern reference panels

Lazaridis et al (2014) Nature
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Discovery of ancient plague strains in

population-scale data
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Allentoft™, Sikora™ et al (2015) Nature; Rasmussen et al (2015) Cell



Ancient strains form extinct basal clade
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Evolution of virulence factors

Ancestral Y. pestis ymt (~1000 BC) Plague pandemics

Bronze Age Yersinia pestis genomes lack ymt gene for efficient transmission in fleas

Rasmussen et al (2015) Cell



Rapid plague dispersals during the Stone Age
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Plague and the Neolithic decline
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Discovery of a basal plague lineage in Late Neolithic Sweden
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Plague and the Neolithic decline
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Population genomics of LN Scandinavia
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109 ancient human genomes from megalithic graves in southern Scandinavia

Seersholm et al submitted



Multiple distinct ancestries over time
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A five generation pedigree of Neolithic farmers
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Pedigree of 52 individuals suggests patrilineal and patrilocal social organisation

Seersholm et al submitted



Multiple plague outbreaks across families
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A sneak peak of next week’s Nature issue

Population Genomics of Stone Age Eurasia

Morten E. Allentoft, {2 Martin Sikora, {2 Alba Refoyo-Martinez, () Evan K. Irving-Pease, {2/ Anders Fischer,
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