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The genetic information is coded
the DNA molecules
(4 nucleotides, A, G, C, T)
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\_/ “The process of decomposition

0-10 days

4-10 days

N4

20-50 days 50-365 days

Autolysis and
putrefaction
(bacteria)
processes: release
of putricine and
cadeverine.
Insects
(Sarcophagidae
and Calliphoridae)
spread digestive
enzymes and
bacteria.

Bacteria
Anaerobic
decomposition -
Clostridium sp.
(Fermentation)
releases methane
(CH4) Aerobic
decomposition -
Bacillus sp.
(Respiration)
releases CO2
Increase in To

Most of the soft All soft tissues
tissues are gone  are gone
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s Ancient DNA (aDNA)

p—

» Degraded, demaged fragmented
DNA

» Low amount
> Postmortem base modifications

> Prone to environmental
contamination

aDNA
Modern DNA
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Typical aDNA damages

Single Strand Break

- Modification of purines — 8-hydroxy-deoxyguanosine

‘ \Q/C‘ } Marker of the oxidative damage to DNA
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ypical aDNA issue

DNA binds to inhibitors

» Humin acids can inhibit the PCR reaction (Tsai 1991,
Bourke 1999, Watson 2000, Tebbe 1993)

Control Humic acids Fulvic acids
(Water)

Extracted

Aqueous phase fractions

DNA Sample Containing Humic Acid
Ladder Controls Non-Treated Treated

300 bp
200 bp

Phenol
extraction

4 Product

100 bp

Organic phase
(phenol)

Humic substances pellets



N/ 4

\—/, ) How long can aDNA survey?

Ideal environments!

o’

Types of decay inducing environments:
» Presence of moisture
» High temperatures

» Presence of Micro-Organisms, insect, fungi

» Acidity (-pH)

2014: mitochondrial genome of a hominin that lived more than 400,000 years ago; Exomes
from two Neanderthal individuals (more than 40,000 YBP); nearly complete nuclear genome
from a 45,000-year-old modern human fossil. &

2016: 430,000-year-old DNA of a pre-Neanderthal found in Spain’s Sima de los Huesos.

201 3: full genome of an ancestral horse species (permafrost of North America more than N’
700,000 years ago) - the oldest complete genome sequenced thus far.:
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Human hard Tissues (Bones and Teeth)
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\_Qﬂ{e‘r sources of aDNA

-

Hair

- AN
7
Natural Mummies

Plants, fruits

i

Embalmed bodies
(Salafia’ method: formalin, alcohol, glycerin,
zinc salt — like Lenin and Evita Peron)

« Human DNA
Animal DNA
Vegetal DNA
Insects Bacterial DNA
Fungal DNA
RATLE. Artifacts
Coprolites

\ i



A bit of History...
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1984 Russell G. Higuchi and colleagues carried out

the first complete ancient DNA study

&\ Higuchi R, Bowman B, Freiberger M, Ryder OA, Wilson AC, DNA
sequences from the quagga, an extinct member of the horse family, in

Nature, vol. 312, n° 5991, 1984, pp. 282—4

Family of quaggas (Equus quagga quagga), 150 years
old, at the Naturhistorische Museum in Mainz
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o, - Paabo, S. Molecular cloning of
| Ancient Egyptian mummy DNA,

Nature 314, 644-645 (1985)

The first ancient human sequence
(ca. 2,400 YBP) contained only two
sequencing errors (1989).




1984 K. Mullis
invented the PCR




: \/ 1994, Scott Woodward claimed to have sequenced
\/u ~"  aDNA from an 80 million years old Dinosaur bone

POINAR JR. 1992. Enzymatic amplification and
nucleotide sequencing of portions of the 18s rRNA

gene of the bee Proplebeia dominicana (Apidae:
Hymenoptera) isolated from 25-40 million year old

Dominican amber. Med. Sci. Res. 20:619- 622. / <
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995. S.B. Hedges, S. Paabo and M. Allard

demonstrated that Woodward’s dinosaur DNA was
N’ instead (male) human DNA

u " . — Human

| S—

= - Cretaceou
¢ L ——Bat
L I
o Hl Rhinoceros
Poly professor brews beer with 45-million-

R iy
year-old yeast (January, 18, 2011)

s -— Rodent

—-— Whale
{ .

‘ 3 o Sickiobd

22

Shaoeblll
0 Domestic fowl
G?{— - Cuckoo

s bone



@

Continuing concerns about the rigor of research on ancient DNA
and that "high-profile journals continue to publish studies that do
not meet the necessary controls” prompt a list summarizing “crite-
ria of authenticity” required for work published in this area. The
role of the polio vaccination program carried out in Central Africa
in the late 1950s in the origin of HIV and AIDS (as posited in the
book The River) is hotly debated. And “the myth...that efficient use
of nuclear resources is a proliferation threat” is challenged, and it is
suggested that “electricity produced from existing nuclear by-prod-
ucts would be equivalent to that needed by the United States, at
present use rates, for hundreds of years.” »

Ancient DNA: Do It Right
or Not at All

At the recent Sth International Ancient
DNA Conference in Manchester, UK., re-
ported by Erik Stokstad in his News Focus
article “Divining diet and discase from
DNA™ (28 Jul, p. 530), one presentation
boldly opened with the claim that the field
was now mature and could move ahead
with confidence, This optimism is un-
founded, as demonstrated by the notable
absence of “criteria of authenticity™ from
many presentations at the conference. An-
cient DNA research presents extreme tech-
nical difficultics because of the minute
amounts and degraded nature of surviving
DNA and the exceptional risk of contami-
nation. The need to authenticate results
became obvious in the mid- 1990s when a
series of high-profile studies were shown
to be unrcpeatable (/). For example, DNA
reputed to come from a dinosaur (2) was
actually comtamination by a human mito-
chondrial gene insertion in the nucleus
(numt) (3). Over the ensuing years, crite-
ria have been developed and put into prac-
tice by some practitioners in the field. Re-
grettably, despite the recommendation
that such criteria be routinely applied
(4-6), high-profile journals continue to
publish studics that do not meet the neces-
sary controls (7), and many new re-
scarchers fail to utilize them. To publicize
these standards, we summarize the key
critenia below.

Physically isolated work area. To
avord contamination, it is essential that,
prior to the amplification stage, all an-
cient DNA resecarch is carried out in a
dedicated, isolated environment, A build-
ing in which large amounts of the target
DNA are routinely amplified is obviously
undesirable (§)

Control amplifications, Multiple extrac-
tion and PCR controls must be performed
to detect sporadic or low-copy number con-
tamination, although carrier effects do limit

wwwsciencemag.org  SCIENCE  VOL 289

their efficacy (4. 9). All contaminated re-
sults should be reported, and positive con-
trols should generally be avoided, as they
provide a contamination risk,

Appropriate molecular behavior. PCR
amplification strength should be inversely
related to product size (large S00- to
1000-base pair products are unusual). Re-
producible mitochondrial DNA (mtDNA)
results should be obtainable if single-copy
nuclear or pathogen DNA is detected. De-
viations from these expectations should be
justified; ¢.g., with biochemical data, Se-
quences should make phylogenetic sense.

Human palecfeces, 8000 to 500 years old, from
Hinds Cave, Texas, USA, Is a good source of
DNA for both humans and the food they ate.

Reproducibility. Results should be re-
peatable from the same, and different,
DNA extracts of a specimen. Different,
overlapping primer pairs should be used to
increase the chance of detecting numts
(10) or contamination by a PCR product

Cloning. Direct PCR sequences must
be verified by cloning amplificd products
to determine the ratio of endogenous to
exogenous sequences, damage-induced
errors, and to detect the presence of
numts. Overlapping fragments are desir-
able to confirm that sequence variation is
authentic and not the product of errors in-
troduced when PCR amplification starts
from a small number of damaged tem-
plates (/7).

Independent replication. Intra-laborato-
ry contamination can only be discounted
when separate samples of a specimen are
extracted and sequenced in independent lab-
oratories. This is particularly important with
human remains or novel, unexpected results

Biochemical preservarion. Indirect evi-
dence for DNA survival in a specimen can
be provided by assessing the total amount,
composition, and relative extent of diage-
netic change in amino acids and other
residues (12, 13).

Quanditation.* The copy number of the
DNA target should be assessed using com-
petitive PCR (4. /}). When the number of
starting templates is bow (<1,000), it may
be impossible 10 exclude the possibility of
sporadic contamination, especially for bu-
man DNA studies.

Associated remains.* In studses of hu-
man remains where contamination is espe-
cially problematic, evidence that similar
DNA targets survive in associated faunal
material is critical supporting evidence.
Faunal remains also make good negative
controls for human PCR amplifications.

We recognize that adherence to these cn-
teria as part of routine good practice is both
expensive and time-consuming. However,
failure 10 do so can only bead to an increas-
ing number of dubious claims, which will
bring the entire field into further disrepute,
If ancient DNA research is to progress and
fulfill its potential as a fully-fledged area of
evolutionary research, then it is essential that
Journal editors, reviewers, granting agencics,
and researchers alike subscribe to criteria
such as these for all ancient DNA rescarch.

Alan Cooper
Departments of Zoo!ogy and Biclogicsl Anthro-
pology. University of Oxford, Oxfoed OX2 SUE,
UK. E-mail: alan cooper@zo0.ox.ac.uk
Hendrik N. Poinar
Max Planck Institute for Evolutionary Anthropelo-
£, Inselstrasse 22, D-04103 Leipzig, Cermany
E-mall: poinar@eva.mpg de

*For important discoveries, additienal criteria are
also essential
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5 years later...

» Physically isolated work
area

» Multiple analyses
(Reproducibility)

» Independent replication

» Criteria for authenticity
(signals of decay,

phylogeny, ...)
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. Thé aDNA lab at CEES in Oslo
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\_/* The aDNA lab at CEES in Oslo
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Inside the lab

aDNA worker’s outfit and behaviour:

1. one-way rule, freshly showered and freshly washed
clothes, direct way, never entering building with offices
and other labs prior to aDNA lab

2. cover skin, prevent loss of eyelashes and hair in the lab
to protect aDNA-lab environment from worker’s DNA:

- Caps/medical head wear
- Surgical facemask

- Helmet and visor

- Overdll

- 2-3 pairs of gloves

- Overshoes

3. Keep Clean!
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§ o UV-irradiation

» Produce dimers between two consecutives pyrimidines (especially between

& two thymines)
> Results in inhibition of the PCR-reaction

Formation of thymine dimers

i w
I B
UV-irradiation of all . —
di 3 UV-irradiation of
isposables and working I
area qu\p esl (
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Even water for cleaning

is UV—irreyliq'red! )
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(at least gloves and face mask)
** Don’t wash the samples for aDNA analyses!!!
«* Don'’t use glue or other chemicals!!!

«* Don’t write on the specimens!!l Use bags.

% If possible, isolate two samples of each indi\w

aDNA analyses durlng the excavahon - ' |
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\/ ) (q)PCR (outside the aDNA lab)

Start: M Original Template Strand

- /‘\““‘" . . * During RealTime PCR (or qPCR wird)
g é‘mwmw the number of copies of the target is
; 2 Coples determined thanks to a fluorescence
§/§ % % After Second Cycle: mquer (SYBRR® Green) ! WhiCh E
4 Copies intercaled in the DNA double strains.
ARATRAYA
2L /L AN s

- B

DeterantRRttesseet Y

Quantification
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\_/ Sho’rgun (Metagenomic anc:lysns) Q

(outside the aDNA)
\/

Whole collection of
genomes isolated
from a sample.

Human DNA
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\/« Target enrichment / Capture

(outside the aDNA) /

N’
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FAac

40%
13%
67% '\./
3 0.1%
Before enrichment I After enrichment
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Bioinformatic work /

~ eloading reads (+ quality info).
*Loading reference sequence(s).

*Demultiplexing (sorting the reads into different files according to their indexes).
*Paired end splitting (sorting for reads sequenced in two directions).

*Trimming (adapters) and filtering of reads according to various quality criteria
(for instance length).

*Calculating global statistics on the project.
*Aligning the reads against the reference sequence(s).
*SNPs (or SNVs) calling.

*BLASTing




M:255 M:260 M:265 M:270 M:275 M:280 M:285 M:290
290

SNV (replicated in different fragments)

M:250

M:240 M:245

M:235

Short fragments, post mortem bases Substitutions and loss

@ Position 263 A/G

M:225
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\/v Assembling of aDNA
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tagenomics

(bioinformatics for shot-gun

~ Different packages:

*Metaphlan (Metabit pipelines

*Cracken
*Kaiju

Uffizi abundances (level: Species)

o l

LMPS_LMPS5 -

Species
Acetosacter uncassied
Achromobacer iechaudi
Achromobacer uncassiied
Actinomadura madurae
Actinomyces ohnsorii
Actinomyces massiensis
Actinomyces naesiundi
Actinomycesorts
Actinomyces viscosus
Actinoplanes unclassfied

Advenelia kashmirensis.

¥ ot e

Azoarcus unciassified

Streptococcus sanguinis
Streptomyces chartreusis

Bordetella unclassifed

Tannerels orsythia
Teriglobus unclassied

Thavera unclassied
Thaumarchaeota noname unclassied
Thermus unclassied

Thioakalvibrio unclssified
Thigbacilus deniiicans

Thiomanas unclassited

Treponema lecthinalytcum

Afipia unclassified Brucela ovis i o
™ A I
Rothia aria Streptococcus anginosus
Agromyces unciassified
Aleycliphius undlassified
Amycolatopsis halophila el inciassified
loger
Arcobacter unclassified Cavlobacter vibriodes

Massilia unciassified
Olsenella profusa
Olsenella uli
Granuiiella unciassiied P22l Jassified
Pa Jassified
Parvimonas micra
Morganella morganii
unclassified
e,
iavidus unclassified Proteus mirabilis
Lautropia mirabilis Nitrobacter hamburgensis Proteus unclassified
ified Leit Jassified
Leve
Eimeria tenella

vu ®)

Variovorax unclassified |
Veilonela parvula
Vellonella unclassifed

unclassified
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Maijor issues with bioinformatics

Low coverage

Short reads are difficult to attribute

Incomplete data (scaffolds)

Databanks are not (yet) complete (no reference for any organism)
Misattribution of reads to another species

Scaffold

Individual variability can be lost . A - .
! Contig 1 Contig 2

_—p = = <=

=) Gum [ ]
= <A

»—+ Fragment

+= Read (known sequence)

Roughly known length but not known sequence

= N N . I\ /
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{Almost) complete genomes

Chromsome
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Sources of aDNA in mammalian cells
N

Mitochondrion —
100s to 1000s
per cell

f..O ®» ® @®
Diploid, @ @

somatic cell

' | @
’ \
\ Cytoplasm “._.. ../{
Nuclear genome H mtDNA —

U/ )



Nuclear genomic DNA
vs. mtDNA

No recombination!
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Haplogroups
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Attribution of skeletal elements

Westerhausen, Iron Age (ca. 270 CE).

+*¢* Nine individuals, nine mtDNA haplotypes
*¢* No maternal relationship
% Reconstruction of the individual skeletons

% nDNA confirmed the gender (8 male, 1 female ind.)
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“Therelatives of Benzingerode

Bernburg culture (BEC), 3100 cal BC; mtDNA from 17 out of 21 individuals

(\

Haplotyp Ind. WU ppe
1 1
2. 14,20
3 35
2 18
5 3,27 K
6. 3
7 6, 19 T
8 17,36 H
9. 29
10. 40
11 39 v?
12. 15 W
13 37 X Ind. 3 (orange) and

(brown); sibs or cousins

Ind. 14 (orange) and 20 (yellow);

child /mother or gramma

Ind. 6 (orange) and



mtDNA in Population Genetics:
The Neolithic Transition

(after Zimmermann 20(
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Acculturation

or immigration

Hunter-gatherers Earmers
(Palaeo-Mesolithic 2 (Neolithic period)
periods) ’ 10,000-4,000 YBP
45,000-4,000 YBP e Use of pottery

* Hunting * Agriculture

* Fishing * Animal husbandry

Gathering “Urbanisation™

» Nomadism (tents or Social structures

V V VYV

portable shelters) Technology
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Bramanti et al. (2009)

n )‘ND{ene’ric continuity between Hunter-Gatherers & First Farmers -
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and Farmers in Central Europe
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First evidence for Farming developed First evidence for The Ice henge Nebra sky disc
cereals with the LBK in domesticated horses
in Central Europe Central Europe in the Pontic-Caspian steppe m . 0
\‘ i 6000 cal BC . 5000 cal BC ‘\m 4000 cal BC | 3000 cal BC 2000 cal BC 2000 cal AD
N | Lo ] L PR e Vo oo oo ] Ll J
100 — X
A By B, C D Components

Hunter-gatherer

80 @ (U, u4,Us, UB)

- EarlyMiddie Neolithic
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Late Neolithic/EBA

i I,U2,T1, R)

... Oother
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Todg¥ Europedns are a mixture of not two but three
itfferent ancestral populations (mtDNA). -/

B Earty Neolithic (LBK_EN)
N’ B Western European hunter-gatherer (Loschbour)
@ vamnaya

2400 BEE—— ¢
3200 BCE ——

Admixture proportion inferred in

ancient and modern samples (Haak
et al. 2015). |




\_/; N’tfl,ec:r DNA: Lactase-persistance
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in early Neolithic Europeans (Burger et al. 2007,
J. Burger', M. Kirchner', B. Bramanti', W. Haak', and M. G. Thomas* Malmstrbm et al. 2010

Johannes Gutenberg University, Institute of Anmthvopology, Saarstrasse 21, D-55099 Mainz, Germary; and *Oepartment of Biology, University College

London, Wolfson House, 4 Stephenson Way, London NW1 2HE, United Kingdom Sverrisdottir et al. 20 1 4)

Edited by Walter Bodmer, Cancer Research UK, Oxford, United Kingdom, and approved December 27, 2006 (received for review September 4, 2006)

l Absence of the lactase-persistence-associated allele Itan et al. 2009
<
7

Lactase persistence (LP), the dominant Mendelian trait conferring  would have provided a selective advantage in the absence of a
the ability to digest the milk sugar lactose in adults, has risen o supply of fresh milk, and because of observed correlations
high frequency in central and northern Europeansin the 1ast 20,000  between the frequency of LP and the extent of traditional \_/
years. This traitis likely to have conferred a selective advantage in  reliance on animal milk, the culture-historical hypothesis has
individuals who consume appreciable amounts of unfermented  heen proposed (8-12). Under this model, LP was driven from
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nDNA: Somatic traits

La Brana 1, a 7,000-year-old individual from the Mesolithic
Period, had blue eyes and dark skin. Credit: Spanish National
Research Council
La Brafia 1 has a common ancestor with the settlers of the
Upper Paleolithic site of Mal'ta, located in Lake Baikal
(Siberia)

Olalde et al. 2014

(Wilde et al. 2014)
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MACROSCOPICAL LESIONS

Tuberculosis

Brucellosis
Kay et al. 2014

400 SNPs

— B. melitensis UK31/99

B. melitensis F15/06-7

B. melitensis F5/07-239A

B. melitensis R3/07-2

— B. melitensis Ether

—_—
—| Geridu-1
———1

B. melitensis 16M




THE THREE PLAGUE PANDEMICS
WREN 2003




1894

YERSIN, Alexandre. - La
peste bubonique a Hong-
Kong. In : Annales de I'Institut
Pasteur, 1894,Vol. 8, pp.
662-7

Pasturella pestis

LA PESTE BUBONIQUE A HONG-KONG
Pax e Ir YERSIX

R et U L R T TS —
AVEG LA Pascax 1m

hwhw&midmhc.khhh.blq»
Koog, une épie khmww-mdﬁmmh
population ehineiso do cetlo ville, La maladie séviensit depuin
tedd Joagtemmps, & l'état eodémique, sur les hysts platesus &y
Yunoam et avait fait, de lemps & sutre, quelques appariticas

fost pris de la frontidre de nos pessessions indo-chincises, A
Moog-t28, & Lang-Tehéou et & Pakhot. En mary, cetle seabe, .

elle fit son apparition & Canton e, en quebjues semaines, ocea-
sioana plos de 60,000 dicks daas cette ville. Lo grand mouve-
meat cotmmercial existant estre Canton et Hoog-Koog 'sae
entre Hoag-Kong ot le Toskia d'sutre part, et la diffcultd d'éta-
blir, sur le Kittoral do cos ées, uwe g ine réell
efbeace, it eraindre au geaveenement frangais que Modo-Chine
no f4t eavabie par I'épidémie.

Jo regus du ministéee des Coleaies Vordre 46 me reodre &
Hoog-Kosg, &'y dodier la nature du fiéan, bes conditions dans
lesquelles il se prepage, et de recharcher les mesures T plus

1 pour lempécher &aticiadre nos § Joos t.

Loesque J'arrivai dans cette ville, bo 15 juin, plas do 300 Chi-
nois avaieat Sk succombé, On cosstruisit en toute hide des
Barag provisoires, les bigitsux de la colonie no pouvast
plus suffire & abeiter les malades.

Jo m'installsai avec mon mativiel de libaratsire dans uoe
cabane en paillotte goo jo fis comtruire, ave: 'autorisatica do
gouvermement saglais, duas l'enceite de Mhogital principal.

La maladie, qui sivi presgue 2 dans bes
quastiors chisois do I vilke, préseate tous lex symplimes et bos
liniques do I pete o batess qui & décind
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Distinct Clones of Yersinia pestis Caused the Black Death
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Yersinia pestis DNA from Skeletal Remains from the 6
Century AD Reveals Insights into Justinianic Plague
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