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Completion of the Human Genome Project (2003) and
publication of the HapMap Project results (2009) initiated s _
the development of a wide range of technologies and Yo o
applications including genomics, (NGS, nanopore, single [l g Gl >\
molecule), transcriptomics (microarrays, molecular
signature assays), proteomics (Mass spec), metabolomics [EEEa e
(GC-MS, NMR), eDNA profiling, genetic breeding, precision B=—"1
med|cme personal genomics etc.

Obama, announcing his “Precision Medicine
Initiative” Jan 30, 2015:

One study found that every dollar we spent to
map the human genome has already returned
5140 to our economy
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GWAS & SNP maps

As of July 2017

3,055 publications
44,619 variant-trait
associations

Total GWAS publications
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DNA sequencing revolution
Low cost, huge output, broadly accessible and versatile
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t the time of the announcement of the first drafts of the NGB e Loy B SNSRI el e S I e S e PR o e T e S T S A o SRR R i N e U I'l
human genome in 2000, there were 8 billion base pairs of 290 . . ! ) The : rted in 2000, : : e e
sequence in the three main databases for ‘finished’ sequence:
GenBank, run by the US National Center for Biotechnology

Information; the DNA Databank of Japan; and the European Molecu-

lar Biology Laboratory (EMBL) Nucleotide Sequence Database. The

databases share their data regularly as part of the International Nucle- : : : ; : ; : :

otide Sequence Database Collaboration (INSDC). In the subsequent " 250 o R R £, (XY 2 S SRRl S o R A B S e AR A e e e L B ] G BRI N S e Ao b 0
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first post-genome decade, they have added another 270 billion bases 454 PYROSEQUENCING: : lames Watson®, a womanwith @ @
to the collection of finished sequence, doubling the size of the database Released in 2005, 444 sequencing s | actte myelaid lekemias,
roughly every 18 months. But this number is dwarfed by the amount of cansidered the first ‘next-generation” : 2 Yoruba male from Nigeria’ w w
raw sequence that has been created and stored by researchers around Cogp technique. A machine could sequence and the first Asian genome® o o
3 = 3 Permillioy hundreds of millions of base pairsin a . .
the world in the Trace archive and Sequence Read Archive (SRA). [tlion base pairs of sequence Clog scale) single run. : :
See Editorial, page 649, and human genome special :
at www.nature.com/humangenome 200 - 2 i e S s R D SIAR ARG [ e e, e Rosssseasiiaeiban A R SRR Rt TEr e b

AUTOMATED SANGER SEQUENCING:

DNA SEQUENCES BY TAXONOMY e e 1 Com Venter
2 m'd" U i;‘ﬁe Jpac J"zf { : diploid genome* @

International Nucleotide S Database Collaborati a base pairs in a single run. . $1 ooo

The main repositories of ‘finished' sequence span a wide range of 2 y ’ s r A

organisms, representing the many priorities of scientists worldwide. o x ; 3 . - ; ¢ ¥
oo 110 1o AR R G S S e RIS e S b " " SEQUENCING BY SYNTHESIS: PR GO el e SRR D) RSt

& g ; ! : Other companies such as Solexa (now : : : .
c {tiumina) modified the next-generation, '
P, oé“\;&"" 2 e e Tk $100
i/ %, \\qo}\‘a = and can produce billions of base pairs
% = :
<3 in a single run.
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i luman Genome Project;

Fung databases ) already rcad sequence trom short, single
crerid e completed! . DNA molecules. Others, such as Pacific
q\vUSes'h;é\a“ ’ Binsciences, Oxford Nanopore and lon
and Il. Torrent say they can read fram longer
molecules as they pass through a pore. |
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[ ] H O W M A NY 1. Venter, ). C et al. Science 291,1304-1351(2001). 9. Ahn, S=M. et ol. Geriome Res. 19,1622-1625 15.Pleasance, E. D, et al. Nature 463, 151-196 (2010).
2 21 ional Human G S i (2009). 16.Pleasance, E. D, et al. Noture 463, 184-190 (2010).
= ? Consertium Nature 409, 860-221(2001), 10.Kim. J.-1, et al. Nature 460, 1011-1015 (2009). 17. Clark, M. J, et al. PLoS Genet. 6, €1000832 (2010).
ShanSiitmag Hiinan HUMAN GENOMES? 3, Intermational Human i 1. Pushiarev, D. Nefl, N, F. & Quake, 5. R. Noture 18.Resmussen, M etal. Nature 463, 757-762 (2010).
The graphic shaws all published, fully dhoe Consortium Nature 433, 931-945 (2004), Biotechnol. 27, B47-850 (2009). 19.Schuster, S, C, et al. Nature 463, 543-347 (2010).
2= ORI o Ly 8 4, Levy, S.etal. PLoS Biol. 5,254 (2007). 12.Mardis, E. R, etal. N. Eng’. J. Med. 10, 1058-1066 20.Lupski, J. R. etal. N. Engl. J. Med. doi:10,1056,
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throughput sequencers built in sequencers. Dominated by human same person and the list does not include unpublished 7. Bentley, D.R.etal. Nature 456, 53-59 (2008). 14.McKeman, K. J. et al. Genome Res. 19, 1527-1541 science,1186802 (2010).
the late 1990s, the trace archive sequence, including multiple completed genomes, 8. Wang, J. etal. Nature 456, 60-65 (2008). (2009).
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Trends in Human Genome Sequencing Costs ‘&%

Cost per genome vs Platform output
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Whole Exome Sequencing Workflow o
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Geno-gram: D
Reported Pathogenic Variants after manual annotation/curation

Initial 21 reported pathogenic variants 1 pathogenic + 3 conflicting
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[ ] CIT (151799816) O A/G (rs5930) @ CIT (151052373) @ G/A(s351771) @ G/G (r51801249)
@ G/A (s1126809) @ O (1s688) O CIT (rs1800937) O GIA (rs41115) @ G/G (r51529927) @ C/T(rs1799816) @ G/A (rs121908147)
@ T/C (1s76763715) O TIT (rs2746462) @ G/G (1s540012) @ NG (rs1137617) @ G/C (1513135766) @ G/A (rs1126809)

@ G/A(15121908147) @ T/C (rs1799950) O TIC (152229992) @ TG (1s76763715)
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Human Genetic Morphometry o

Human Diversity

e 3.000.000 polymorthisms (SNP)
e 2/3 transitionsfrom Cto T

e Occur in both coding and not coding Q
regions ,

e Evolutionarily stable

 Show different frequencies

* Are useful for genome mapping

* Are inherited grouped in haplotypes

* Show different penetration in
phenotype.




Genomic determinants of facial characteristics

A Practical Guide to the HirisPlex System: Simultaneous
Prediction of Eye and Hair Golor from DNA

Susan

Walsh and Manfred Kayser

Number DNA
val
N29insA
1511547464
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rs1805008
rs1805005
6 rs1805006
7 rs1805007
8 1805009
9 Y1520CH
10 rs2228479
11 rs1110400
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16 1512203592
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18 rs1800407
19 rs2402130
20 rs12913832
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0.071132
-0.3842
0.223931
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Genomic determinants of facial characteristics

@PLOS | GENETICS

OPEN a ACCESS Freely available online

A Genome-Wide Association Study Identifies Five Loci
Influencing Facial Morphology in Europeans

Fan Liu', Fedde van der Lijn"?*, Claudia Schurmann®, Gu Zhu®, M. Mallar Chakravarty®’, Pirro G. Hysi®,
Andreas Wollstein', Oscar Lao', Marleen de Bruijne®®, M. Arfan Ikram®®, Aad van der Lugt®,
Fernando Rivadeneira®'?, André G. Uitterlinden®'?, Albert Hofman®, Wiro J. Niessen®*'",

s 2 ahon'?, P ? : : . ; e
ka Pausd | Table 2. SNPs associated with facial shape features from discovery GWAS and their replications.
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Chromosomal SNPs in Ancestry Panel
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Chromosomal location of identity SNPs in the HID-lon AmpliSeq™ Ancestry Panel.
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MtDNA & Chr-Y DNA

as species and ancestry identification markers

mtDNA in most species is maternally inherited, Chr-Y is a marker of patrilinear ancestry with Short Tandem
matching individuals with “recent” ancestry in ‘== Repeats (STRs) and Single Nucleotide Polymorphisms (SNPs)
haplogroups different in various populations. Y markers defining also haplogroups.

Deduced human migration map based on mtDNA & Chr -Y

Y-DNA Human Migration (Haplogroups)

mt-DNA Human Migration Thousands of Years Ago

Thousands of Years Ago - A 60 — | 25 —_—0 35
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Ancestry tests Wi
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Population Name Geographic Location Sample Size Likelihood Population Name Geographic Location Sample Size Likelihood

Greeks Europe 104 1.65E-13 Russians Europe 96 7.02E-14
Adygei Europe 108 1.45E-13 Russians Europe 68 1.15E-14
Druze Asia 212 1.22E-13 Komi-Zyrian Asia 94 8.45E-15
Jews, Ashkenazi E urcllpe 166 7.76E-14 Hungarian Europe 184 6.83E-15
Pashtun Asia 184 5.04E-14 Crealks Europe 104 3.07E-15

Chuvash Europe 84 6.38E-15
Sardinian Europe 68 3.75E-15 Danes Europe 102 3.02E-15
Samaritans Europe a2 3.00E-15 Finns Europe 72 2.87E-15
italians Europe 172 2.48E-15 Irish Europe 232 2.55E-15

Jews, Sephardic Europe 54 1.21E-15 ltalians Europe 172 1.92E-15
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Ancient DNA Damages SR

2500
)\ [ Single-stranded method
CI) — 4 /" NH; M Double-stranded method
2000
I
NH
O0=P—0 P Z
| O - E
O N7 £ 150 -
)\C | ) o
19}
O R o7 . i
_ 2 | 4 H i
0=P—0 o |- 2 w0 "l
/ . CHgz <t
HN |
i
= A |
| o N NH,
O=P—0 -
/ I - O - ==N 0- : . T
O N A ) 0 60 80 100 160 180 200
- / \ Vi read length (nt)
Principal site of CI) " N N Figure 2. Typical size distributions of ds from single-stranded and double-stranded libraries. Overlapping hist f the distribution of
A igure 2. Typical size distributions of raw reads from single-stranded and double-stranded libraries. Overlapping histograms of the distribution o
damage (depurination) O=P—0 0 e insert sizes for lon Torrent libraries prepared from sample Mam2 with either single-stranded (red) or double-stranded (blue) libraries show typical
== Sjte of oxidative / | 5 characteristics of insert size incorporation observed for each method. Adapter sequence has been trimmed by the lon Torrent Software Suite, which also
damage O removes inserts 4 bp or less for the double-stranded library. The 34 bp sequences flanking the insert for the single-strand procedure (see Supplementary
Material) and PCR duplicates for both libraries have been removed. The total number of reads has been normalized between the two libraries.
<= Gite of hydrolytic 0 H
damage ‘

Hofreiter et al Nat Rev Genet. 2001 2:353

Bennett et al BioTechniques 2014 56:289
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Ancient DNA sequencing challenges S




The IMBB Ancient DNA Laboratory @i

REGION OF CRETE LAB ARRANGEMENT LAB SPECIFICATIONS

Undressing R - o {z%0 - . :
o B = % Sl Gl » Building distant from all DNA analysis (DNA free).
Dressing Room .
7 57 * Insulated rooms with positive pressure gradient
“Sfockroani Entry . o

” SR « HEPA filter ventilation

Biobank i
2 » Central vacuum cleaning
Reacfion Sefup &
o * Furniture & clothing made from non-biological materials
"qu\pﬁng . . .
" Room Exclusive equipment

! ‘v e
e “ N
\S“ D N '
. .

» Bleach-peroxide & UV light decontamination
‘ * Preparaon Room”.

* Controlled & restricted access

Emergency Exis » Keeping detailed protocol of interventions

» Following standard and certified procedures

DNA exiracfion = Wﬁ"g B » Use forensics grade consumables
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aDNA NGS Workflow U

ACTGTTCGCAA
- CCATGGCCATT
TATGTCGGAAC

(A) DNA damage | |(E) Mapping
X

X A ] ¢
< 3

Position in read

Damage rate

(8) mtDNA contamination (F) Read distribution
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aDNA sequencing analysis o
of archeological remains from Amvrakia

AMVRAKIA Sample type Average Read Total No of

WEST NECROPOLIS Length Reads

CCLXXII,
East Support Wall

15/11/12 65,7 24.254.094 437.598 1,92 Male

Cuspid 27

CXXII,
West Support Wall
11/10/12

57,6 46.713.285 984.268 2,23 Female
Molar 16

CXXV,
West Support Wall

24/10/12 56,5 24.262.723 9.108.559 39,28 Female

Petrous Bone R




BioArhaeology n_

Multidisciplinary & o
FIEI d Of Archeogenetics
aDNA Modelling

Analytical Technologies

Biodiversity
&
Population Genetics

PaleoAnthropology
&
Human Evolution

Data Science

Computational services

Anthropometry
&
Forensics Science
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Ancient DNA and Palaeogenetics explosion

Latueza-Fox et al.,
17 gncient nuclear gene
MCIR (Neanderthal)

Rasmussen ei al,

1* ancient uman nuclear genome
Green ef ul,

1™ Neanderthal draft nuclear genome

EMLOTAHOVIKN
( i
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Orianda et al.,
1" Middle Pleistocene draft genome

Fu et al,
1" chromosome capiure
Curpenter ol al,
1* whole renome enrichment capture

Higuchi et al., Padbo et al., Stone et al., Schultes et al., Krause et al., Burbano et al., Meyer et al,
1% aldN A study 1% aldMA study 1¥ alIMA sex 1¥ ancient Y-chromoesome | 1% nuclear genotyping 1* ancicnt human exome capture 1* Middle Pleistocene hominin
using PCR determination genobyping FOXP2 (Meanderthal) mitochondrial genome .
(1984 1985 1988 1991 1996 1997 1999 T Ny F 2007 2008 2010 2012 2013 2014 )
Paiba Huagelberg and Clegg., | Krings et al, Crilhert ef al, Mever et al., Pedersen et al, =
1% aDM A smdy 1 aDMA study 1" aD™N A study 1" ancient human 1* high quality archaic 1* ancient human

on Meanderthal

on human remains oh bones

Gireen ef al,

1 Meanderthal
mitochondrial genome

mitochondmal genome

heminin nuclear genome EplEenmne

Paleogenetics publications
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Tangible Cultural Heritage Assets o




Research Plans o
« Studies for elucidating origins, migrations, environment and relations of
ancient populations: Focus on the Corinthian Colonization
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Perspectives 1@3555%#
» Establish a state-of-the-art Archeogenetics facility within the framework of the
National and European Research Infrastructures of Cultural Heritage

 Develop advanced analytical methods, handling protocols and interpretation
services, addressing the needs of the Archeological community and unravelling
the huge wealth of Greece in archeological findings

 Promote multidisciplinary approaches in Archeogenetics, Bioarcheology and
Paleontology research, expand towards Archeoproteomics and provide access
to an advanced, competence center facility

* Bridge the gap between humanities and biotechnologies and work towards the
integration of highly heterogeneous and distributed Archeological research data
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Figure 11 Forward process i the WFM

-Coalescence-

Wright-Fisher Model
forN =6

Figure 2: Pruned forward proocss in the WFM.  Figure 3: Relativos of allles presont in the final generation

MRCA = Most Recent Common Ancestor



People of the World from 1000 AD to the Present Day

Estimated population (in thousands)
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