BIOLOGIA
DELLO
SCHELETRO UMANO
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O DOMANDE PER L'ANTROPOLOGOw

v

1. e un osso umano?

2.ée un reperto recente?

3. sono presenti piu persone?
4. di quale origine etnica?

5. di che sesso?

6.di che eta ?

/. di quale statura?

on quali caratteristiche?
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 Determinazione della
"~ statura in laboratorio

La misura della statura puo
essere determinata dallo
scheletro sommando tutte
le lunghezze delle ossa che
concorrono a determinarla
e stimando lo spessore
delle cartilagini.

Individuo 386C, Necropoli di
Spina (VI-lll sec.). Foto: A.

=y Vecchi ~

J ~ \



Dalla misura delle ossa, a seconda del sesso, eta e della
popolazione, si puo det. la statura usando delle formule .
Anche in questo caso si ottiene un intervallo, piu che un

singolo valore.
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TROTTER,

Si utilizzano
le lungh. mx
(meglio fare
una media da
diverse ossa)

A 4

- 3.48 Uln

Equations Used to Estimate Stature, in Centimeters, with Standard Error, from
the Long Bones of Various Groups of Individuals between 18 and 30 Years of Age?

White Males

3.08 Hum + 70.45
3.78 Rad + 79.01
3.70Uln + 74.05
2.38 Fem + 61.41
2.68 Fib + 71.78

White Females

3.36 Hum + 57.97
4,74 Rad + 54.93
427Uln +57.76
2.47 Fem + 54.10
2.93 Fib + 59.61

East Asian Males
2.68 Hum + 83.19
3.54 Rad + 82

+ 77.45
2.15 Fem + 72.57
2.40Fib + 80.56

+4.05
+4.32
+4.32
+3.27
+3.29

+4.45
+4.24
+4.30
+3.72
+3.57

+4.25
+4.60
+4.66
+3.80
+3.24

Black Males

3.26 Hum + 62.10
3.42 Rad + 81.56
3.26Uln + 79.29
2.11 Fem + 70.35
2.19 Fib <+ 85.65

Black Females

3.08 Hum + 64.67
2.75 Rad + 94.51
3.31Uln + 75.38
2.28 Fem + 59.76

249 Fib + 70.90

Mexican Males

2.92 Hum + 73.94
3.55Rad +80.71
3.56Uln + 74.56
2.44 Fem + 58.67
2.50 Fib + 75.44

+4.43
+4.30
+4.42
+3.94
+4.08

+4.725
+5.05
+4 .83
+3.41
+3.80

+4.24
+4 .04
+4.05
+2.99
+3.52

“To estimate stature of older individuals, subtract 0.06 (age in years, 30} cm; to estimate cadaver stature,

add 2.5 ¢m. From Trotter (1970, The tibia is not included; see text for rationale.

Es.: Qualera la statura di un individuo M caucasoide, se il suo femore era lungo 45.0 cm?
238 X450 + 61.41 = 168.51 £ 3.27 cm

v o/

1652 - 171.8 cm
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\fp"{ del/ INVECCHIAMENTO SULLA STATURA
o

tter e Gleser consigliavano
semplicemente di ridurre il valore di
_statura stimato di 0.06 mm per ogni
anno di eta sup.ai 30 anni
(in base a studi trasversali)

(studi longitudinali) —

AMOUNT IN MILLIMETERS THAT SHOULD BE SUBTRACTED FROM
TROTTER AND GLESER STATURE ESTIMATIONS TO COMPENSATE
FOR AGING IN SUBJECTS OVER AGE 45

Age Mules Females
H0 4.3 ‘ 0.4
55 7.4 2.8
60 11.5 7.0
63 16.4 12.4
70 22.2 20.2
73 28.6 28.8
80 35.0 8.0
8h 43.2 440

N— (



) \/ Tavole di Manouvrier (1892) -

Fibula Tibia Femore Statura Omero Radio Ulna
mm mim mm cm mm mm mm
MASCHI =/
M 318 319 392 153,0 295 213 227
323 324 398 155,2 298 216 231
328 330 404 157,1 302 219 235
333 335 410 159,0 306 222 239
338 340 416 160,5 309 225 243
344 346 422 162,5 313 229 246
349 351 428 163,4 316 232 249
353 357 434 164,4 320 236 253
358 362 440 165,4 324 239 257
363 368 446 166.6 328 243 260
368 373 453 167,7 332 246 263
373 378 460 168,6 336 249 266
378 383 467 169,7 340 252 270
383 389 475 171,6 344 255 273
388 394 482 173,0 348 258 276
393 400 490 175,4 352 261 280
398 405 497 176,7 356 264 283
403 410 504 178,5 360 267 287
408 415 512 181,2 364 270 290
413 420 599 183,0 368 273 293
e \ . . . ‘/
Piu usate in Eu. Sottostimano stat. M, sovrastimano stat. F.
Manca intervallo. N

Es.: Qual’era la statura di un individuoy caucasoide, se il suo femore era qugo 45.0 cm? )
" J) & A\
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/. \/J MANOUVRIER, 1892

Fibula Tibia Femore Statura Omero Radio Ulna
mm mim mm cm mm mm mm iy
/E? 288 289 368 142,0 266 195 206
293 294 373 144.,0 270 197 209
298 299 378 145,5 273 199 212
303 304 383 147,0 276 201 215
307 309 388 148,8 279 203 217
311 314 393 149,7 282 205 219
316 319 398 151,3 285 207 222
320 324 403 152,8 289 209 225
325 329 408 154,3 292 211 228
330 334 415 155,6 297 214 231
336 340 422 156,8 302 218 235
341 346 429 158,2 307 222 239
346 351 436 159,5 313 226 243
351 358 443 161,2 318 230 247
356 364 450 163,0 324 234 251
361 370 457 168,0 329 238 254
366 376 464 167,0 334 242 258
371 382 471 169,2 339 246 261
376 388 478 171,5 344 250 264

Si basa sui dati che il Rollet (1888) aveva

Femore: lunah. Fisiol rilevato su 100 cadaveri dell'ospedale di
Tibia: Iun. 4 f-g + .(senzc.z ) Lione, per ognuno dei quali era stata __«
0 P misurata la statura e la lunghezza delle

Per omero, radio, ulna: lungh.mx.

o kssylungh»e de?h arti. ’ 9 { /
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~  Calcolo statura in individui giovani

statura (mm.)

1800,00
1700,00

1500,00

1400,00 -1
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1100,00

900,00

1000,00 |11

800,00 |
700,00

600,00

500,00 |+t
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/-~  Calcolo lunghezza del feto

Metodo Balthazard e Derivieux (1921)

S = 5,6 x lunghezza della diafisi femorale + 8 cm.

S = 6,5 x lunghezza della diafisi omerale + 8 cm.
S = 6,5 x lunghezza della diafisi della tibia + 8 cm.

Metodo Olivier e Pineau (1958)

S = 7,92 x lunghezza della diafisi omerale — 0,32 + 1,8 cm.

S = 8,73 x lunghezza della diafisi dell’'ulna — 1,07 £ 1,59 cm.

S = 6,29 x lunghezza della diafisi del femore +4,42 + 1,82 cm.
S = 7,85 x lunghezza della diafisi della fibula + 2,78 * 1,55 cm.
S = 7,39 x lunghezza della diafisi della tibia + 3,55 + 1,8 cm

S= lunghezza corpo



LUNGH.
FETALE

17,65
19,81
21,88
23,80
25,64
27,40
29,08
30,69
32,23
33,72
35,15
36,52

Oppure:

Esempio: se la lungh. Calcolata (S) e 24 cm

Mese lunare = 27 giorni 7vorg§3 minuti

ETA’ IN MESI LUNGH.

LUNARI

4
4
4

N SN & & & Ut i i W

Ya
Y
Ya

Ya
Y
Ya

Ya
Y
Ya

FETALE
37,85
39,13
40,37

ETA’ IN MESI
LUNARI

v
v
% Stima

3

41,58

42,74
43,84
44,97
46,03
47,07
48,08
49,06
50,02

dell'Eta

- del

j feto da
S

v

vz

34

10 NASCITA
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ETA' = 5,6 x lunghezza fetale.

Eta = 5.6 x 24=134.4 gg

S

4.98 mesi lunari

/ S~
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necropoli di epoca romana
Tb 110
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46-52 cm
Con il metodo di Olivier e Pinequ

9.2 mesi lunari
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Ancient DNA (aDNA)
Analyses

of Human remains:

36 years of evolution of a
scientific discipline

Barbara Bramanti
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Human hard Tissues (Bones and Teeth)

-
A,
Healthy
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Petrous part of temporal bone?Pcrs petrosq; PW et al. 2015) e /
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« DNA umano

« DNA animale
« DNA vegetale
« DNA batterico
« DNA fungino

Artefatti

T,

T L R e
Coproliti

: >
: : Chewing-gum %
Piante, frutti :
v (di 5000 anni fa)
-
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" “Ancient DNA (aDNA)

S

» Degraded, demaged fragmented
DNA

» Low amount
> Postmortem base modifications

> Prone to environmental
contamination

aDNA
Modern DNA



Allignment of fragmented DNA

Comparison with other (modern & ancient) genomes

overlapping
sequenced
fragments

reassembled
genome
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Variability
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_ How long can aDNA survey?

Ideal environments!

e’

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..
Yha o/ )
N ). “ A\



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

P HO1s€_Co1l

Mountain_Zebra _col

|
Eu.nqqa col
)

Plains_Zebwra_col

0.02
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
v ~"  aDNA from an 80 million years old Dinosaur bone

CANO,R. J., H. N. POINAR,D. W. ROUBIK,and G. O. i-,_' .

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

Poly professor brews beer with 45-million-
year-old yeast (January, 18t, 2011)
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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 A

At the recent Sth International Ancient
DNA Conference in Manchester, UK., re-
ported by Erik Stokstad in his News Focus
article “Divining diet and disecase 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 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
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 (5)

Control amplifications. Multiple extrac-
tion and PCR controls must be performed
1o 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 gencrally 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 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 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 (/2, 13).

Quantitation.* The copy number of the
DNA target should be assessed using com-
petitive PCR (4, //). 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 cn-
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 arca of
evolutionary research, then it is essential that
Jjournal editors, reviewers, granting agencies,
and researchers alike subscribe to criteria
such as these for all ancient DNA rescarch.

Alan Cooper
Departments of Zoology and Biological Anthro-
pology, University of Oxford, Oxford OX2 6UE,
UK. E-mail: alan cooper@zo0.0x.a¢.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 essentlal
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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 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

- Overall
- 2-3 pairs of gloves
-  Overshoes

3. Keep Clean!
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: Q UV-irradiation

—/4
» Produce dimers between two consecutives pyrimidines (especially between
k. two thymines)
» Results in inhibition of the PCR-reaction
Formation of thymine dimers
4. E
ri - > T‘Ii
=
UV-irradiation of all — :
UV-irradiation of Even water for cleaning

disposables and working

e _samples | is UV-irradiated! )
) o A\






, e \7-(dvices for Samplin
N/ -

Lo

** Wear protective clothes by handling even in the repository
(at least gloves and face mask)

«* Don’t wash the samples for aDNA analyses!!!
«* Don’t use glue or other chemicalsl!!!
** Don’t write on the specimensl!!l Use bags.

* If possible, isolate two samples of each individual for
aDNA analyses during the excavation pr— -

ith 1 accredited aDNR'éxpert for aw ,_
. _ =5 « ————y



Infroduc’rlon

in the
aDNA-Lab

Work-flow

loging & UV

Sandblasting

Preparation of
PCRs and
libraries for

sequencin
q & Qu
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Shotgun Sequencing (Metagenomic analysis)
(outside the aDNA)

428 520 easy (54% of casefer) x
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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

C
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Sources of aDNA in mammalian cells
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Mitochondrion —
100s to 1000s
per cell

Diploid,
somatic cell
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Haplotyp (hapioid genotype)

Frequencies
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Nuclear genomic DNA
vs. mtDNA

No recombination!
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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.)

<

= u &’ ) vu\



\_/Vldenﬁ‘fjication and Family reconstruction

S’

The Romanov

Maternal lineage

%

1O

(Gill et al. 1996)




“The'telatives of Benzingerode

J Bernburg culture (BEC), 3100 cal BC; mtDNA from 17 out of 21 individuals \/
Haplotyp Ind. | Haplogruppe |
1Y 1 U
2. 14,20
3. 35
4. 18
5. 3,27 K
6. 33
7. 6, 19 &
8. 17,36 H
9. 29
10. 40
11. 39 V2
12. 15 W Ind. 3 (orange) and
13. 37 X b 'b .
Ind. 14 (orange) an (yellow); (brown);zsibsomeeusis

child /mother or gramma

In greenind. 17; ind 36

.y /2
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Haplogroups
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Time
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HYLOGENETIC TREES and PEOPLING OF THE WORLD at different TIMES\J

10238

5046

14470

3516 * ==
LO 12121 A 663
9140
13789 T
1 |.1 8404 | N

o}

s —_—
- 8271-9 deletion

F

3970

2885
L

12705

15607

4833
5178

By Toomas Kivisild - Toomas Kivisild. Maternal ancestry and population

history from whole mitochondrial genomes. Investigative
Genetics20156:3DOI: 10.1186/5s13323-015-0022-2 N
http:/ /investigativegenetics.biomedcentral.com/articles/10.1186/s133

23-015-0022-2, CC BY 2.0,
o https: commons7.=wikimediq.org/w/index.phwu‘rid=50349268 )
\ \
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Population Genetics
The Neolithic Transition was due to migrations?

A 9000 - 8500
B I 8500 - 7500
c I 7500 - 6900
D I 7000 - 6500
EL T 6500 - 6000
F 775 6000 - 5500
G [ 6000 - 5500
H[ | 5500 - 5000
J I 5500 - 5200
K| 5300 - 5000
L ,~ 5 5800 - 5200
M © | 660076250

(after Zimmermann 20(




Acculturation

or immigration

Hunter-gatherers Farmers
(Palaeo-Mesolithic 2 (Neolithic period)
periods) ° 10,000-4,000 YBP
45,000-4,000 YBP * Use of pottery
BN * Agriculture
S Eicking * Animal husbandry

* Gathering “Urbanisation”

» Nomadism (tents or Social structures

YV V V

portable shelters) Technology



\‘/ Bramanti et al. Science (2009)

e

, 1‘)‘N’o/gene’ric continuity between Hunter-Gatherers (U4 & U5) & First.__
Farmers (other haplogroups)

& (A)
- ,- ; 2 H-G vs F-F
Vo Icemorgins sooec S o 63
ll' < T
6 Ice margin 18,000 BC 12 g <~
L »om . S o 0.04
....... i e 88ap o § -
......... =) - 0.03 F
c
s £ F
§ & t
N 0.02
19 § o
20 o T
s - 0.01
©
Z o
- 0.00

1000 23000 45000 67000 89000

N, at onset of LBK 7,500 BP

® HG vs Mod

2) No direct genetic continuity

© F-F vs Mod

between Hunter-Gatherers,
First Farmers and

modern Europeans

N, at colonization of Europe 45,000 BP
N, at colonization of Europe 45,000 BP

10 1110 2210 3310 4410

10 1110 2210 3310 4410

1000 23000 45000 67000 89000 1000 23000 45000 67000 89000

e \ Ne a’onset of LBK 7,500 BP N, at onset of LBK 7,500 BP /

. J - A
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H-G and Farmers in Central Europe

First evidence for Farming developed First evidence for The lceman  Stonehenge Nebra sky disc
cereals with the LBK in domesticated horses
in Central Europe Central Europe in the Pontic-Caspian steppe m @
\‘ ’ 6000 cal BC u 5000 cal BC H‘ ) 4000 cal BC . 3000 cal BC 2000 cal BC 2000 cal AD
100 — 1T
A B B, C D Components

Hunter-gatherer
80 &% (U, U4, Us, Us)

Early/Middle Neolithic

= (N1a, T2, K, J, HV, V, W, X)
=5 Late Neolithic/EBA
60 — I I, U2, T1, R)
... other
% (H, U3, other)
40 — |
20 ) i
4 I -~
Middle Neolithic Late Neolithic ~ Early Bronze Age [/
- 400-8100 | 2800-2200 2200-1550
| 13950-3400 |3100-26?0 2;0&2200' 5
HGC LBK RSC SCG BAC SMC BEC CWC BBC UC CE

Brandt et al. 2013 o u &‘\)) Q( /)
v A\
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Today E‘u/ropeans are a mixture of at least three

different ancestral populations (mtDNA).

@ Early Neolithic (LBK_EN)
B Western European hunter-gatherer (Loschbour)
| Yamnaya

2400
3200 BCE

Admixture proportion inferred in

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

—/

Norwegian
Lithuanian
Estonan
lcolandic
Scottish
Czech
Belarusian
Hungarian
Ukrainian
English
Orcadian
French_South
Croatian
French
Spanish_North
Bulgarian

Tuscan
Basgue
Bergamo
Spanish
Groox
Albanian
Sardinan

Halberstadt LBA

Unetice EBA

s HungaryGamba_BA
Ball_Beaker LN
Alberstedt LN
Benzigerode LN

Corded _Ware LN

8 HungaryGamba _CA
—p ICOman

|-y

Spain_MN
Csperstedt MN
Saalberge MN

Spain_EN

Stuttgart
aryGamba_EN

LBKT_EN

Starcevo_EN

)
o/ ()




-

\_,DJerin;ﬁon of individual origins (nhDNA)

=/

~ Human Population Assignment with SNP
= Assayed 500,000 SNP genotypes for 3,192 Europeans

= Used Principal Components Analysis to ordinate samples in

space

= High correspondence betweeen sample ordination and

geographic origin of samples

= Novembre et al. 2008 Nature 456:98

= Individuals assigned
to populations o
origin with high
accuracy

1.0
Prediction acouracy 0-87]
01200-2500km 0.6
0 8001200 km
B8 400-800 km 0.4 1
B (0-400 km
024
U—p‘,,:u WEUESW TOPELoS
i R s
14 = 5 = = "~ " " c '—&—WE’
< Egﬁgﬁégg §:§§§&.;?:§58;
EPOEESS5T ¥ PE7EEER PR
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Iy z 25%8
23 33°%

/



- e

Genetic disorders & particularities (nDNA)
~  Lactase-persistance

10w o* $0'E N'E H'E
. &N
9
8
S8 &N
7
B
' SO
5
== 4
[ 45°N 45N
1 3
| 2
&N 40'N
N
o AS°E 90'E 135°E &0
Absence of the lactase-persistence-associated allele Itan et al. 2009
in early Neolithic Europeans (Burger et al. 2007,
J. Burger'™, M. Kirchner', B. Bramanti', W. Haak', and M. G. Thomas* Malmstrém et al 201 U/
*. *Johannes Gutenberg University, Institute of Anthropology, Saarstrasse 21, D-55099 Mainz, Germany; and *Department of Biology, University College . .
. London, Wolfson House, 4 Stephenson Way, London NW1 2HE, United Kingdom S d tt t | 20 1 4)
" Edited by Walter Bodmer, Cancer Research UK, Oxford, United Kingdom, and approved December 27, 2006 (received for review September 4, 2006) Ve rrls O Ir e a -
- Lactase persistence (LP), the dominant Mendelian trait conferring  would have provided a selective advantage in the absence of a v

the ability to digest the milk sugar lactose in adults, has risen to  supply of fresh milk, and because of observed correlations
high frequency in central and northern Europeansin the last 20,000  between the frequency of LP and the extent of traditional
years. This trait is likely to have conferred a selective advantage in  reliance on animal milk, the culture-historical hypothesis has
individuals who consume appreciable amounts of unfermented  been proposed (8-12), Under this model, LP was driven from

uu Nt
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—Determination of sex (nDNA) @

~ XX (Female) XY (Male)

Metodo di Skoglund o096 00 A

HG00099 (F) 4 ©

HG00100 (F) -{ © :
(ei' GI. 20] 3): HG00101 (M) r o
. HG00102 (F) -4 ©

»even relatively sparse shotgun sequencing (about HG00103 (M) 1
] HG00104 (F) —
100,000 human sequences) can be used to reliably Sardinian (M) o
od cf h I . I b od . h Karitiana (M) —
identify chromosomal sex simply by considering the VirEa

San (M) —
Papuan (M) —

©)]

ratio of sequences aligning to the X and Y

|

chromosomes*. French (M)
Han (M)

Australian — : @)
Otzi — : o
. Saqgaq | @]
* Also in subadults AS2 - o
AjV70 @]
Ire8
Gok4
La Brana 1 : O
La Brana 2 — : O
Mezmaiskaya1 - © O :
*  Most accurate El Sidron 1253
Feldhofer 1
Vindija 33.26
Vindija 33.25
Vindija 33.16 —|
Denisova phalanx —

|

I
©
(@]

* Also on fragmented bones (no skull, no pelvis)

|

;

N

I I I | T I | I |

' \ / 0.00 0.04 0.08 0.12
Ry
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Ing i\\lid{gl Age Estimation (Forensic Anthh/

~CpG sites hypermethylated with age are
plotted in green shades, whereas red tonés
correspond to hypémethylated positions.*

— EPIGENETICS e i

studies gene-regulation (often silencing) : o
due to Methylation of the CpGs % Sy ﬁg@#‘*ﬁ?& gv. ; :
In mammals, 70% - 80% of all CpGs {7 R i
are methylated. ’
5 1 GG fECHAR® ; :
- : i
3') GpC G 3' % ] § -
i i :
; i i’
NH NH : ITGA28 - PDE4C
- CH3 | 2

he
o

NN methyltransferase

L o

N
H

Messylstion beta v
2 24 )

O

Mertytamanbecs ealus
oz o ae 08

B
N’J%o
H

e 2
o qEomuibeh 1 Baaz? o arem

oo

N ) Freire;A‘I’aeas et al. 20}17
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Genomic Height (nhDNA) -/
Q . ¢ o
T4 e 0 e
b o Bronze Age
8 and after '
) N o®
3 © ¢ 2 ®
£ %- i .
= ©
%’ o N :AﬁA o | | ®
£ A A A A
S A *a
& - -
0 O' A | ian
2 @ o A
g Ll') @ A A A A y
z l l T l T l ]
-12000 -10000 -8000 -6000 -4000 -2000 0
Approximate Date BC
Martiniano et al. 2017: ,Average genomic height for each of the
Western Eurasian samples in the imputed dataset, plotted N

against its approxuma’re date, highlighting ’rempor'al trends in

genetic height."
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e, ~  Somatic traits (hnhDNA)

Research Council

(Siberia)

SLC24A5

| Hunter-gatherers |

La Brana 1, a 7,000-year-old individual from the Mesolithic
Period, had blue eyes and dark skin. Credit: Spanish National

La Brafia 1 has a common ancestor with the settlers of the
Upper Paleolithic site of Mal'ta, located in Lake Baikal

Olalde et al. 2014
(Wilde et al. 2014)

Kirsanow et al. unpublished

Contents lists available at ScienceDirect

Forensic Science International: Genetics

journal homepage: www. elsevier.com/locate/fsigan

Research paper

The HIrisPlex-S system for eye, hair and skin colour prediction from DNA:

Introduction and forensic developmental validation

Lakshmi Chaitanya®, Krystal Breslin”, Sofia Zufiga', Laura Wirken®, Ewelina Pospiech",
Magdalena Kukla-Bartoszek', Titia Sijen’, Peter de Knijff’, Fan Liu™*", Wojciech Branicki*",
Manfred Kayser™"', Susan Walsh™ "'

“ Dep of Genetic 1d Erusmus MC ry Medical Centre

" Department of Blology, Indiana University Purdue University Indianapolis (IUPUL), IN, USA

© Diviston Biological Traces, Netherlands Forensic Institute, The Hague, The Netherlands

* Forensic Laberatory for DNA Rescarch, Department of Human Genetics, Leiden University Medical Center, Leiden. The Netherlands
lopelska Centre of i Krakiw, Poland

¥ Focudty of Blechemisery, Buphysics and Blotechnology of the Jagiellontan Undversity, Krakdw, Peland

* Key Labovatory of Genomsc and Precésion Medicine, Beljing Institute of Genomics, Chinese Academy of Sciemces, Beljing, China

" University of Chinese Academy of Sciences, Beifing China

* Central Forensic Laboratery of the Police, Warsaw, Poland

The Netherland:
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Jensen et al. 2019

Lola‘s portrait, “reconstructed” by a
5,700 years old chewing-gum (chewed
birch pitch) — no human bones!

* Entire genome
* Oral microbiome
* Meal (hazelnuts and mallard duck but no

milk) ~ \ ./

(Hlustration by Tom Bjérklund)
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Distinct Clones of Yersinia pestis Caused the Black Death

hani ch', Raffaell 2, Michel Signoli**, Rajerison®, Michael Schultz®,
Sad\a Kacki™®, Maco Vermunt®, Darlene A, Weston'®""'?, Derek Hurst'*, Mark Achtman'®, Elisabeth
Carniel'®, Barbara Bramanti'*

1inzuts for Antvopoiogy. Johannes Gutenbesg University. Meinz Germany. 2 Lzboratory of Crminol st Scences Department of Anasomy, Phamacology 2ad Leal
Medicine, Univensity of Tirin, Tusn Haly. 3 Unié d'anshiooclogie Binadtie e, Focudts de Medecine, Linivenity of Mecitereenean-CNRS-EFS. Merssite, Frarce. 4 Centrre
dtudes PrenERore, ANMIGUIS, Moy 3ge, UM 120 CNRS. 250 UnNersiy of Nics, Valbomne, Francs, 8 Cemer for FRague, (N5t6.R Pasteur de Magagaecar, Ward Meakh

Madagucar, of Anatomy and Emberolocy Medical Faculy, Gaor Augurt Unwerity, Gontingan, Germarry,
Tl Vilencuve dhca | Center, Vil dAsca Fance. 8Laboratoie o b des Popbomons du Paszé, Univereité Bordeous 1, Talence,
Franca, 9 Dop: of Menumiens and » ity of Bacgen o Zeom, Buigen op Zoco The Nsthielincs, 10 B §o's ANy opolgica, Deparment of
Anstomy and Emonology, Lekn Univerity Mackcal Centar, Loksen, The Notnerands, 11 Ohasion of Aschacclogical Scances, University of Bradford. Bradford, West
Yorbohire, Unted Kogdom, 12 Depertment of Human Evoltion, Max Planck Insttute for Evolutionery Amthvocology. Leinzia Gemmerry, 13 Worcestenshire Histosic
Envioamecs and Archaeclagy Sendce Woicesseshire Cauny Councd, Wortestor, Linltod Gogdom 14 Ersnnmaental Fesearch mstivate, Unessity Coflege Cort, Cod,
Irelanch, 18 Vercnia Revarch Ui, institut Faster, #ars, bance

Abstract

From AD 1347 ta AD 1353, the Black Death killed tens of millions of people In Europe, leaving misery and devastation In his

e, with ravaging the until the 18™ century. The etioloqy of this disease has remained
highly controversial, ranging from claims based an genetics and the historical descriptions of symptoms thot 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 southen Europe. Here we identified DRA and protein signatures specific for
Y. pests in human skeletons fram mass graves In northern, central and southern Europe that were associated
archeeologically with the Black Death and subsequent resurgences. We confam thet ¥. pextis caused the Black Death and
later epidemics on the entire European continent over the course of fow centuries. Furthermore, on the basis of 17 single
nuckeotide polymerphizms plus the absence of a defetion in gloD gene, our aDNA results identified two previously unknown
but relat=d clades of ¥ 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 1o modem
Isolates of V. pestis bicvars Orlentalls and Madievalls. Our results clanify the etiology of the Black Death and prowide a
paradigm for a detailed historical reconstruction of the infection routes followed by this disease.

Citations Haen:ch 5, Bisnucai R Signoli M. Raierison M. Schuftz M. et 8. (20100 Gistinet Gares of Yersina sestis Caused the Black Death PLoS Pathog 61101
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Yersinia pestis DNA from Skeletal Remains from the 6
Century AD Reveals Insights into Justinianic Plague

Michaela Harbeck'", Lisa Seifert?, Stephanie Hinsch®”, David M. Wagner®, Dawn Birdsell®, Katy L. Parise®,
Ingrid Wiechmann®, Gisela Grupe'?, Astrid Thomas’, Paul Keim®, Lothar Zoller’, Barbara Bramanti*®*,
Julia M. Riehm’, Holger C. Scholz™

1 Seate Colecrion fur Attsapology and Palsrcanatory. Musch, Germsaty, 2 Depetment Biology L Anttropology and Musman Genetlos, Ludwip Madmiian Lewversity of
Munich, Martineriod, Gosmainy. $ Insticuts fur Aathopabagy, lahanis Guasbag Lnkersty, Mains, Geamarry, @Cerers for Ecnlogical and Evnlaionsey Shack [CEES],
Denanmant of Boscknces, Uniorsty of Cela, Gila, Manway, § Coatar for MicreDial Genatics and Ganomics, Northem Aracea Unwarsity, Fagetatr, A/Gona, Unftod Sttes
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Abstract

Yersinia pestss, the etiologic nqem of the disease plague, has been implicated in three historical pandemics. These include
the third pandemic of the 18" 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 V. pestis coused these two more recent pandemics. However, a highly spirited debate still continues as
1o whether Y. pestls caused the stled Justinianic Plague of the 6"-8" centurles AD. 8y analyzing anclent DNA in two
indepandent ancient DNA | the presence of Y. pestis DNA in human skaletal
remaing from an Early Medieval cemnery. In addition, we narrowed the phylogenatic pasition of the responsible strain
dowm to major branch 0 on the ¥ peatis phylogeny, spacificaly between noces NO3 and NOS. Our findings confam that ¥,
pestls was responsible fer the Justinianic Plague, which should end the controversy reqarding the etiology of this pandemic.
The first genotype of a 1. pestis strain thot caused the Lote Antique plague provides important infarmation about the histary
of the plague bacillus and suagests that the first pandemic ako cedginated in Asia, similar to the other two plague
pandemics.
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Jistinian’s plagne (AD 341-342) spread fiom Egypr 10 areas
srvounding the Mediterranean L. ln 1347, on epidemie known
as the Black Death pread from the Caspian Sea 1 aloost all
Ewropean countrew, causssr the death of ane third of the
Furpean population over the aest Gw pears [2]. This secand
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Based on studies on modern straims, microbiologiste have
subdivided 17 pestis into three biovars: Anigua, M alis, and
Onentalis. These biavass can be distinguisbed depending on their
abiliies 10 ferment ghycerol and redoce varae [10], The
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tation that resalis moa stop codon i the sapd gene [11], while
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1o propree it each plague pandemic was caused by i difforent
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REPEATED INTRODUCTIONS OF PLAGUE FROM OUTSIDE EUROPE

Yersinia pestis
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