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\/ "The process of decomposition

0-10 days

4-10 days

\ 4

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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\/ ) Ancient DNA (aDNA)

S’

» Degraded, demaged fragmented
DNA

» Low amount
> Postmortem base modifications

> Prone to environmental
contamination

aDNA
Modern DNA
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Typical aDNA damages

Oxidative lesions ;
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_ Single Strand Break

Double Strand Break /
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Modification of purines — 8-hydroxy-deoxyguanosine
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

fractions
DNA Sample Containing Humic Acid
Ladder Controls Non-Treated Treated

300 bo -
Phenol 300 bp
‘extractlon 200 bo 4 Product
= 100 bp
0o—|
Organic phase =1
(phenol) s — Ethanol

. precipitation

Humic substances pellets
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_ How long can aDNA survey?

Ideal environments!

N’

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. L
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..
o\ 4 9 )
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Human hard Tissues (Bones and Teeth)

»

ral bone?Pdrs petrosq; W et al. 2015) bt /
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Petrous part of tempo



\C/)ﬂ{e“r sources of aDNA
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Plants, fruits

: : : % k.
s ety
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3 S/ (
Embalmed bodies Natural Mummies

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

« Human DNA
« Animal DNA
« Vegetal DNA
« Bacterial DNA

Insects

« Fungal DNA
4 &
oo, Artifacts
Coprolites = Sediments
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A bit of History...
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1984 Russell G. Higuchi and colleagues carried out

the first complete ancient DNA study
L 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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0, = 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).
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1984 K. Mullis
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\/ 1994. Scott Woodward claimed to have sequenced \/

- ~’  aDNA from an 80 million years old Dinosaur bone

CANQO,R. J., H. N. POINAR,D. W. ROUBIK,and G. 0.
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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1995. S.B. Hedges, S. Paabo and M. Allard

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

” " - — Human
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Poly professor brews beer with 45-million- | T —— Rodent
year-old yeast (January, 18, 2011) { \ Cow
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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 5th International Ancient
DNA Conference in Manchester, UK., re-
ported by Erik Stokstad in his News Focus
article “Divining diet and disease 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 difficulties 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 unrepeatable (/). For example, DNA
reputed to come from a dinosaur (2) was
actually contamination 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 studies that do not meet the neces-
sary controls (7), and many new re-
searchers fail to utilize them. To publicize
these standards, we summarize the key
criteria below.

Physically isolated work area. To
avoid contamination, it is essential that,
prior to the amplification stage, all an-
cient DNA research 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

www.sciencemag.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 500- 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; e.g., with biochemical data. Se-
quences should make phylogenetic sense.

Human paleofeces, 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 amplified 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 (11).

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 preservation. 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).

Quantitation.* The copy number of the
DNA target should be assessed using com-
petitive PCR (4, 17). When the number of
starting templates is low (<1,000), it may
be impossible to exclude the possibility of
sporadic contamination, especially for hu-
man DNA studies.

Associated remains.* In studies 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 cri-
teria as part of routine good practice is both
expensive and time-consuming. However,
failure to do so can only lead 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 agencies,

and researchers alike subscribe to criteria
such as these for all ancient DNA research.
Alan Cooper

Departments of Zoology and Biological Anthro-
pology, University of Oxford, Oxford OX2 6UE,
UK. E-mail: alan.cooper@zo0.ox.ac.uk

Hendrik N. Poinar
Max Planck Institute for Evolutionary Anthropolo-
gy, Inselstrasse 22, D-04103 Leipzig, Germany.
E-mail: poinar@eva.mpg.de

*For important discoveries, additional 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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The aDNA Laboratory
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- Thé aDNA lab at CEES in Oslo
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\/v The aDNA lab at CEES in Oslo
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Wear
protective
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Shower

and fresh Leave your clothes in the lockers.
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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!




o/ 4

° Q UV-irradiation

"’
» Produce dimers between two consecutives pyrimidines (especially between
L two thymines)
» Results in inhibition of the PCR-reaction
Formation of thymine dimers
i B 1
i g
=
UV-irradiation of all . — )
UV-irradiation of Even water for cleaning

disposables and working

S Vsczquples ’ | is UV—irreyli\q'red! )
). '






(at least gloves and face mask)

** Don’t wash the samples for aDNA analyses!!!

L)

L)

L)

* Don't use glue or other chemicals!!!

4

*%* Don’t write on the specimens!ll Use bags.

4

»* If possible, isolate two samples of each indi\w
uDNA analyses durlng the excavahon - " y
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\—/« (q)PCR (outside the aDNA lab) (|

\ § itg:[;y M Original Template Strand . . .
R B st * During RealTime PCR (or gPCR wird)
R the number of copies of the target is
ézcc’pies determined thanks to a fluorescence
% % . marker (SYBRR® Green) , which is
. gpkes intercaled in the DNA double strains.
/

After Third Cycle:
8 Copies n /,.-o e - i e
i " ¢ ‘
After Fourth Cycle: . / /
16 Copies § Sl < f/ !
g \

Flo

FODI1 FODI2a MONS1 MONS2 MONS3 MONS4 -

Quantification

— J.
\ ) 7 \
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Shotgun (Metagenomic analysis)

(outside the aDNA)

-

-’

Whole collection of
genomes isolated
from a sample.

Pars petrosa

reads (05% of classfied) 15,248,490 reads (95% of cassiied)

Human DNA
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~ Target enrichment / Capture

(outside the aDNA)

40%
13%
67%
0.1%

Before enrichment I After enrichment

° Y O
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Bioinformatic work /

*Loading 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
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-~ Assembling of aDNA

Short fragments, post mortem bases Substitutions and loss

@ Position 263 A/G

SNV (replicated in different fragments)
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Maijor issues with bioinformatics
y \—

** 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

. ) ~ \ /
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analysis from
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Sources of aDNA in mammalian cells
N’

Mitochondrion —
100s to 1000s
per cell

Diploid,
somatic cell

Nuclear genome H mtDNA —

~ \(“)) uu\ )



Nuclear genomic DNA
vs. mtDNA

No recombination!

N

Paternal Side

Maternal Side

/

Great E “ .
Grandfather 3 Great
g Grandmother
Grandfather /
' Grandmother
:
7
7
§
5
/ O
Other Y Mitochondrial
Chromosomes Chromosome Daughter DNA
LN / S
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Maternal lineage

Y

29

4

Identification: The Romanov ~
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Attribution of skeletal elements

v/ 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.)

o

C
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mtDNA in Population Genetics:
The Neolithic Transition

(after Zimmermann 20(
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Ancient DNA from the
First European Farmers in
7500-Year-Old Neolithic Sites

Wolfgang Haak,'* Peter Forster,? Barbara Bramantl !

Shuichi Matsumura.

Guido Brandt,” Marc Tanzer,’

Richard Villems,? Colin Renfrew,? Detlef Gronenborn,*
Kurt Werner Alt," Joachim Burger’

The ancestry of modern Europeans is a subject of debate among geneticists,
archaeologists, and anthropologists. A crucial question is the extent to which
Europeans are descended from the first European farmers in the Neolithic Age
7500 years ago or from Paleolithic hunter-gatherers who were present in Europe
since 40,000 years ago. Here we present an analysis of ancient DNA from early
European farmers. We successfully extracted and sequenced intact stretches of
maternally inherited mitochondrial DNA (mtDNA) from 24 out of 57 Neolithic
skeletons from various locations in Germany, Austria, and Hungary. We found
that 25% of the Neolithic farmers had one characteristic mtDNA type and that
this type formerly was widespread among Neolithic farmers in Central Europe.
Europeans today have a 150-times lower frequency (0.2%) of this mtDNA type,
revealing that these first Neolithic farmers did not have a strong genetic influ-
ence on modern European female lineages. Our finding lends weight to a pro-
posed Paleolithic ancestry for modern Europeans.

Agriculture originated in the Fertile Crescent of
the Near East about 12,000 years ago, from
where it spread via Anatolia all over Europe (7).
1t has been widely suggested that the global ex-
pansion of farming included not only the
dispersal of cultures but also of genes and lan-
guages (2). Archacological cultures such as the
Linear pottery culture (Linearbandkeramik or
LBK) and Alfoldi Vonaldiszes Kerdmia (AVK)
mark the onset of farming in temperate re-
gions of Europe 7500 years ago (3). These
carly farming cultures originated in Hungary
and Slovakia, and the LBK then spread rapidly
as far as the Paris Basin and the Ukraine (4, 5).
The remarkable speed of the LBK expansion
within a period of about 500 years, and the gen-
eral uniformity of this archacological unit across

a territory of nearly a million square kilome-
ters (Fig. 1), might indicate that the spread
was fueled to a considerable degree by a migra-
tion of people (6-5). On the other hand, a num-
ber of archacological studies suggest that local
European hunter-gatherers had shifted to farming
without a lange-scale uptake of genes from the
first farmers (9-17). Genetic studies carried out
on modem Europeans have led to-conflicting
results, with estimates of Neolithic input into the
present population ranging from 20 to 100%
(12-20). A theoretical simulation study by Currat
and Excoffier (21) has recently suggested a mi-
nor contribution, clearly less than 50%, and pos-
sibly much less. Conclusive ancient DNA studies
on skeletons of the first European farmers have
so far not been published to our knowledge.

To resolve the question regarding the extent
of the Neolithic female contribution to the
present European population, we collected 57
Neolithic skeletons from 16 sites of the LBK/
AVK culture from Germany, Austria, and Hun-
gary. These include well-known archacolog-

al sites such as Flombomn, Schwetzingen,
Eilsleben, Asparn-Schletz, and several new ex-
cavations; for example, from Halberstadt and
Derenburg Meerenstieg 11, All human remains
were dated to the LBK or AVK period (7500 to
7000 years ago) on the basis of asso

finds. We extracted DNA from b
from the morphologically well-pres
uals, and we amplified nucleotide |
1599716409 [see supporting of
22)] of the mitochondrial genoi
overlapping primer pairs. In additic
number of coding-region mtDM
phisms, which are diagnostic for n
in the mIDNA tree (22).

From a total of 57 LBK/AVI
analyzed, 24 individuals (42%) re
ducibly successful amplification
primer pairs from at least two
extractions usually sampled from
of the skeleton. Eighteen of tl
belonged to typical westen Eurz
branches; there were seven H or
five T sequences, four K. sequen:
quence, and one U3 sequence (tak
18 sequences are common and 1
modem Europeans, Near Eastern
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Response to Comment on “Ancient
DNA from the First European Farmers
in 7500-Year-0ld Neolithic Sites”

Joachim Burger,™* Detlef Gronenborn, Peter Forster,” Shuichi Matsumura,*

Barbara Bramanti,' Wolfgang Haak’

The discovery of mitochondrial type N1a in Central European Nelithic skeletons at a high frequency
enabled us o answer the question of whether the modern population is materally descended from the
early farmers instead of addressing the traditional question of the origin of early European farmers.

ur study (/) described the discovery of
Oum ‘mitochondrial type Nla in 6 out of
24 Central European Neolithic skele-
tons, which was unexpected because today this
type is found at 150-times lower frequency in
Europe. We offered two possible explana-
for our observations. First, female Early
Neolithic farmers could have been replaced
by immigrant women after the early Neolithic
(post-early-Neolithic_replacement theory). Sec-
ond, the female early Neolithic fammers could
have been genetically diluted by resident native
hunter-gatherers (Paleolithic survival  theory).
Both interpretations are compatible with our ge-
nefic data. Because there is so far o archaco-
ogical evidence for a major post-carly-Neolithic
population replacement, we suggested that the
Paleolihic survival theory is more likely.

In their comment, Ammerman et al. (2) raise
concems about our study and call for further
ancient DNA studies. First, the authors may
have misread the central question asked in our
study. We tackled the question of the fte of the
early Euro s [as represented by the
Neolithic skeletons of the Linear pottery culture
(LBK)], that is, whether modem central Euro-
peans are descended from them or not. In con-
trast, Ammerman ef l, imply that our study
deals with questions on the origin of the carly
European famers, such as whether the female
linages in the farmer skeletons were immigrants
from southeastern Europe or whether
ocal Mesolithic women who intermarried with
incoming males. Iespective of this misunder-

ing. the origin of the famers. remains an
m\pnmm question, and the plight of the early
farmers” descendans oulined in our study, along
with the intriguing ancient DNA data, may one
day contribute t0 a better understanding of farm-
ing origins.

st fx Antoplogi, Johannes Gutenberg Unverstst
e S 21 D509 Nt Grary “Romisch-
Gemuniahes emmsc Ptz 2, D-55116
o, Crmany WDors g Acoiogs Re
search, Unversty of Cambridoe, Downing Street, Cambridge
B2 3ER, UK.
“To whom correspondence should be addressed. Exmail
Iburger@unt mainz.de

We believe it is worthwhile to clarify the
points that Ammerman and colleagues usefully
raise. Regarding the point that we should have

Aceramic Neolihic

IVIIVIE N

analyzed far more than 24 samples, we point
out that our main conclusions (/) were based on
statstically significant results. Furthermore, we
carcfully examined the sample locations and
‘mitochondrial DNA types to exclude the pos-
sibility of biased sampling. Ammerman ef al.
(2) are comect that one of our 24 skeletons,
a, isnot a FN
farmer, as far
castern Hungary is concemed, We included this
skeleton in our analysis because it is culturally
and cronsogically closly eled 1o e sl
focus, the mmers in the LBK arca of
ue‘g.bonng Central Europe (Fig. 1). The other
23 skeletons represent the first full farming pop-
ulaton n their local LK regons; i e
ticularly the case for the Flombom
among the first LBK colonies west of xlu Rhine
and s also the type-site for the “Flombom™

Earest LBK
7000 - 6500 cal BC 5650 5400 cal BC
‘
T S50 Siooeaiee ] aton La ot
5600 - 5300 cal BC
Groek and Bakkan Nealtic
6100- 5400 00l B LatorLBK and AVK
5400- 4900 00 BC
Westem Medteranaan Neolitic
6000- 5000 ca BC ©  Archasologialste

Fig. 1. The spread of farming across Europe. The colors indicate time scales for the spread of the early
Neolithic in Europe. All 24 samples of our ancient DNA study belong to the same LBKIAVK (tinear
pottery and Alfdld linear pottery culture) chronostratum, representing the first farmers in much of

central Europe.
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Genetic Discontinuity Between Local
Hunter-Gatherers and Central Europe’s

First Farmers

B. Brama

ti,'* M. G. Thomas,? W. Haak,t M. Unterlaender,® P. Jores,*t K. Tambets,”

1. Antanaitis-Jacobs,* M. N. Haidle,” R. Jankauskas,* C.-]. Kind,® F. Lueth,” T. Terberger,®

1. Hiller,’§ S. Matsumura,’®**|[P. Forster,'

1. Burger*

After the domestication of animals and crops in the Near East some 11,000 years ago, farming
had reached much of central Europe by 7500 years before the present. The extent to which these early
European farmers were immigrants or descendants of resident hunter-gatherers who had adopted
farming has been widely debated. We compared new mitochondrial DNA (mtDNA) sequences from late
European hunter-gatherer skeletons with those from early farmers and from moder Europeans. We
find large genetic differences between all three groups that cannot be explained by population
continuity alone. Most (82%) of the ancient hunter-gatherers share mtDNA types

that are relatively rare in central Europeans today. Together, these analyses provide persuasive evidence
that the first farmers were not the descendants of local hunter-gatherers but immigrated into central

Europe at the onset of the Neolithic.

urope has witnessed several changes in
archaeological cultures since anatomically
modem humans displaced the Neandertal
population 30,000 to 40,000 years ago (1, 2).
Palacolithic hunter-gatherers survived the Last
Glacial Maximum (LGM) about 25000 years
ago in southe and easter refugia (3) and re-
settled central Europe after the refreat of the ice
sheets. With the end of the Ice Age at ~9600 B.C.
their Mesolithic descendants or successors had
recolonized large parts of the deglaciated north-
ern latitudes (4, 5). From around 6400 B.CE.,
the hunter-gatherer way of life gave way to
farming cultures in a transition known as the Ne-

Fig. 1. mDNA types 1 -

of hunter-gatherers and .

olithic Revolution (6). The extent to which this
important cultural transition was mediated by the
amival of new peoples, and the degree of Meso-
lithic and early Neolithic ancestry in Europeans
today, have been debated for more than a century
(7-10). To address these questions directly, we
obained mitochondril DNA (miDNA) pes fom
22 central and northem European post-LGM
hunter-gatherer skeletal remains (Fig. 1) and com-
pared 20 of these (those for which full sequence
information was available) to homologous mIDNA
‘sequences from 25 carly farmers (17, 12) and 484
modem Europeans from the same geographic re-
gion (13). Our ancient sample spans a period from

from prehistoric samples ¢ VY‘.

REPORTS I

circa (ca.) 13400 to 2300 B.CE. and includes
bones from Hohler Fels in the Ach valley (Late
Upper Paleolithic) and Hohlenstein-Stadel in the
Lone valley (Mesolithic). Extensive precautions
were taken to ensure sequence authenticity (14),
including extracting independent samples from
different skelctal locations of the same indi-
viduals and examining remains only from high
latitudes or cave sites with good biomolecular
preservation.
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farmers. The greenshad- "+ |
ing represents the fist [ 8
farming areas [dark
green: early LBK, 5650 ..onert
10 5400 calibrated years  +
B.C.E. (calBQ); light =
green: LBK, 5400 to i A
4900 calBc] in central ot Y
Europe, based on archae- |-
ological finds, whereas
squares represent suc-
cessfully analyzed Late
Palacolithic, Mesolithic,
and Ceramist hunter-
gatherers dating from Wy T 7"
13,400 to 2300 A
The term “Neolithic” is .~
sometimes applied to the
Eastern European Ceram-
i cuture because of ther use of pottery, but this does not imply a farming  The stes are as follows: 1, Ostorf; 2, Bad Diirrenberg; 3, Falkensteiner Hohle; 4,
economy (21). Previously analyzed (11, 12) LBK farming sites are marked with Hohler Fels; 5, Hohlenstein-Stadel; 6, Donkalnis; 7, Spiginas; 8, Dudka; 9,
circles for comparison. The area of each square or circle is proportional to the  Kretuonas; 10, Drestwo; 11, Chekalino; 12, Lebyazhinka; 13, Unseburg; 14,
number of individuals successfully investigated. In red are labeled archacolog-  Untenwiederstedt; 15, Derenburg/Meerenstieg; 16, Elsleben; 17, Halberstadt;
icalsites with one or more UA/US individuals; in yellow,sites with other mtDNA m Seenausen, 19, Flomborn; zu Valhlngen an der Enz; 21, Schwetzingen;
types, highlighting ifcity of U types i the p i gathy 3, Ecsegfal
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Early Neolithic genomes from the eastern Fertile Crescent

) Broushaki et al. 2016 < /

o

Modern-day peoples with affinity to WC1. Modern groups with an increasingly higher (respectively lower) inferred
proportion of haplotype sharing with the Iranian Neolithic Wezmeh Cave (WC1, 7455 to 7082 cal BCE, blue triangle)

compared to the Anatolian Neolithic Barcin genome (Bar8; 6212 to 6030 cal BCE, red triangle) are depicted with an
increasingly stronger blue or red color, respectively.



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)

nDNA: Lactase-persistance
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Brucellosis
Kay et al. 2014
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YERSIN' AIeandre. i Lc' LA PESTE BUBONIQUE A HONG-KONG
peste bubonique & Hong- v S

Anclen préparateui & Vinstitut Posteur, midecin do 2 classe des Colonios,

u 1 v AVEG LA PLANCHE XII
Kong. In : Annales de l'Institut
PGSTeUr, ] 894,Vo|. 8, pp. Au commencement du mois de mai domier,éclamil,él:[ong.

Kong, une épidémie de peste bubonique trés meurtriere pour la
population chinoise de cette ville. La maladie sévissait depuis

6 6 2 _7 trés longtemps, 4 Pétat endémique, sur les hauts plateaux du
Yunnam et avait fait, de-temps a autre, quelques apparitions
tout prés de la frontitre de nos possessions indo-chinoises, 4
Mong-1z6, & Lang-Tchéou et & Pakhoi. En mars, cette année,
elle fit son apparition & Canton et, en quelques semaines, occa-
sionna plus de 60,000 déces dans celte ville. Le grand mouve-
ment commercial existant entre Canton et Hong-Kong d'une part,
entre Hong-Kong et le Tonkin d’autre part, et la difficulté d’éta-
blir, sur le littoral de ces contrées, une quarantaine réellement
efficace, fit craindre au gouvernement francais que I'Indo-Chine
ne fit envahie par Pépidémie.

Je recus du ministére des Colonies Uordre dé me rendre &
Hong-Kong, dy étudier la nature du fléau, les conditions dans
lesquelles il se propage, et de rechercher les mesures les plus
efficaces pour I'empécher d’atleindre nos possessions *.

Lorsque jarrivai dans cette ville, le 13 juin, plus de 300 Chi-
nois avaient déja succombé. On construisait en toute hate des
baraquements provisoires, les hépitaux dela colonie ne pouvant
plus suffire & abriter les malades.

Je minstallai avee mon matériel de laboratoire dans une
cabane en paillotte que je fis construire, avec Iautorisation du
gouvernement anglais, dans I'enceinte de 'hopital principal.

I f e La maladie, qui sévissai presque Tusi dans les
Pasfurel a pes 1S quartiers chinois de la ville, présente tous les symptomes et les
caracteres cliniques de Pancienne peste @ bubons qui a décimé

1. Voir Acad. des seiences, n* du 30 juillet 4384, une note do M. Yersin sur
le méme sujet.
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Distinct Clones of Yersinia pestis Caused the Black Death

p H h', Raffaella i ison®, Michael Schultz®,
Sacha Kacki”*®, Marco Vermunt®, Darlene A Weston'*"""'2, Derek Hurst'?, Mark Achtman', Elisabeth
Carniel'®, Barbara Bramanti'*
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Abstract

From AD 1347 to AD 1353, the Black Death killed tens of millions of people in Europe, leaving misery and devastation in its
wake, with successive epidemics ravaging the continent until the 18" century. The etiology of this disease has remained
highly controversial, ranging from claims based on genetics and the historical descriptions of symptoms that it was caused
by Yersinia pestis to conclusions that it must have been caused by other pathogens. It has also been disputed whether
plague had the same etiology in northern and southern Europe. Here we identified DNA and protein signatures specific for
Y. pestis in human skeletons from mass graves in northem, central and southern Europe that were associated
archaeologically with the Black Death and subsequent resurgences. We confirm that Y. pestis caused the Black Death and
later epidemics on the entire European continent over the course of four centuries. Furthermore, on the basis of 17 single
nucleotide polymorphisms plus the absence of a deletion in glpD gene, our aDNA results identified two previously unknown
but related clades of Y. pestis associated with distinct medieval mass graves. These findings suggest that plague was
imported to Europe on two or more occasions, each following a distinct route. These two clades are ancestral to modern
isolates of V. pestis biovars Orientalis and Medievalis. Our results clarify the etiology of the Black Death and provide a
paradigm for a detailed historical reconstruction of the infection routes followed by this disease.
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Introduction sequences specific for 2. pestis in the teeth of central European
plaguc victims from the first and sccond pandemics [5
Of the numerous cpidemics in human history, three pandemics ~ Moreover, the 1. pestis FI protein capsule antigen has been
are generally accepted as having been caused by plague.  detected in ancient plague skeletons from Germany and France by
Justinian’s plague (AD 541-542) spread from Egypt to arcas  immunochromatography [8.9].
surrounding the Mediterrancan [1). In 1347, an epidemic known Based on studies on modern strains, microbiologists have

as the Black Death spread from the Caspian Sea to almost all  subdivided 1° pestis into three biovars: Antiqua, Medicvalis, and
European countrics, causing the death of onc third of the  Orientalis. These biovars can be distinguished depending on their
European population over the next few years [2]. This second  abilities to ferment glycerol and reduce nitrate [10]. The
pandemic persisted in Europe until 1750, causing successive and  Medicvalis biovar is unable to reduce nitrates duc to a G to T
progressively declining epidemic waves. A third plague pandemic  mutation that results in a stop codon in the napd gene [11], while
began in the Yunnan region of China in the mid-19 century, and the Orientalis biovar cannot ferment glycerol because of a 93 bp
spread globally via shipping from Hong Kong in 1894. During this  deletion in the gfpD) gene [11,12]. Conversely, the Antiqua
last pandemic, the ctiological cause of plague was identificd as  is capable of performing both rcactions [10]. An apparent
Yersinia pestis, a Gramenegative bacterium [3,4]. Most microbiol-  historical association of the routes of the three pandemics with
ogists and epidemiologists believe that 1. petis was also the the modern geographical sources of the three biovars led Devignat
ctiological agent of the first two pandemics. This belief is  to propose that cach plague pandemic was caused by a different
supported by ancient DNA (aDNA) analyses which identified  biovar [10]. There is no doubt that the ongoing third pandemic

ovar
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Yersinia pestis DNA from Skeletal Remains from the 6
Century AD Reveals Insights into Justinianic Plague
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Abstract

Yersinia pestis, the etiologic agent of the disease plague, has been implicated in three historical pandemics. These include
the third pandemic of the 19" and 20™ centuries, during which plague was spread around the world, and the second
pandemic of the 14""-17" centuries, which included the infamous epidemic known as the Black Death. Previous studies
have confirmed that Y. pestis caused these two more recent pandemics. However, a highly spirited debate still continues as
to whether Y. pestis caused the so{alled Justinianic Plague of the 6™"-8"™ centuries AD. By analyzing ancient DNA in two
independent ancient DNA lat we the presence of Y. pestis DNA in human skeletal
remains from an Early Medieval cemetery. In addition, we narrowed the phylogenetic position of the responsible strain
down to major branch 0 on the Y. pestis phylogeny, specifically between nodes N03 and NOS. Our findings confirm that Y.
pestis was responsible for the Justinianic Plague, which should end the controversy regarding the etiology of this pandemic.
The first genotype of a Y. pestis strain that caused the Late Antique plague provides important information about the history
of the plague bacillus and suggests that the first pandemic also originated in Asia, similar to the other two plague
pandemics.

ci eck M, Seifert L, Hinsch S, Wagner DM, Birdsel D, et al, (2013) Yersinia pestis DNA from Skeletal Remains from the 6 Century AD Reveals Insights
into Jostianic Plague. PLoS Pathog 9(5): e1003349. doi:10.1371/journal ppat. 1003349

Editor: Nora J. Besansky, University of Notre Dame, United States of America
Received December 19, 2012; Accepted March 24, 2013; Published May 2, 2013

Copyright: © 2013 Harbeck et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by a PhD scholarship from the Bavarian graduate scholarship program, the US Department of Homeland Security (2010-T-
108-000015; HSHQDC-10-C-00139), and the Deutsche Forschungsgemeinschaft (DFG Br 2965/1-2). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.
* E-mail: i hen.de (MH): holger (HCS); i de (88)

Introduction

In 541 AD, eight centuries before the ck Death, a deadly
infectious disease hit the Byzantine Empire, reaching Constanti-
nople in 542 and North Al pain, and the French-
German border by winter 543 [1]. The so called “Plague of

contemporancous emperor, led 10
rope similar to that of the Black Death. It
persisted in the territory of the Roman Empire until the middle of
the 8% century and likely contributed to its decline, shaping the
end of antiquity [1]. Based on historical records, this discase has
been diagnosed as bubonic plague although discrepancics between

mass mortality in F

historical sources and the progression of 1. pestis infections have led
some authors to suppose that the Plague of Justinian was caused by
a different pathogen (as discussed in [2]). This vivacious discussion
was recently reinforced by an ancient DNA study of the second

pandemic that also questioned whether 2. pestis was truly the
causative agent of the first pandemic [3,4].

Western scientists have traditionally subdivided 1. pestis strains
into three biovars: Antiqua, Medievalis, and Ori

alis; depending
on their abilities to ferment glycerol and reduce nitrate [5]
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However, this system ignores many other 1 et biovars that have
been designated and described by other scientists [see 6,7,8]
Biovars, which are based upon phenotypic properties, do not always
correspond directly to specific molecular groups because the same
phenotype can result from different mutations [9]. As a result, it has
been suggested that groupings within 2. pestis, or assig
unknown strains to specific populations should be ba

molecular signatures and not phenotypes [9]. Fortunat

recent construction of highly-accurate rooted global phyle

trees for I petis [10,11] reproduced in Figure 1) have facilitated the

assignment of isolates to distinet populations. The most recent

global phylogeny is based upon single nucleotide polymorphisms
SNPs) identi

icd from the genomes of 133 global strains [11]. All
clones that caused the third pandemic belong 1o populations
assigned to the molecular group 1LORI [10,11]; the basal node for
this group is N14 (Figure 1),

v SNPs in DNA
samples obtained from victims of the sccond pandemic (14"
century AD), facilitating the phylogenctic placement of these
samples in the most recent global phylogeny [11]. These samples
1d N10 (Figure 1) close

Two recent studies [3,12] have queried key

are along the branch between nodes NO7
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