ATHENS
SCIENCE
FESTIVAL

Ap. Xpnotog MNatmmt{adkng,omMD,BS,MS,PhD

Etrikoupog Kabnyntnc BioAoyiac-NeupoyeveTikKng

A’ MNaidiatpikn KAIVIKN, latpiki 2XoAn
EBviké KatrodioTpiako lNMavemioTrhpio ABnvwy o
Y

Noookopeio MNMaidwv “Ayia 2opia”, ABrva

A1euBuvTnc

Kévtpo “KepaloyeveTikny”, ABRva




ATHENS
SCIENCE

4
[
‘\
s
[

® [oia gival n 6€on Tou avBpwTtrou oTnV loTopia Tou ZUPTTIAVTOG;

Ta ixvn Tou DNA ewrtiouv 1o TrTapeA06V ISR

#asf

® [loia ATAV TO ONUAVTIKOTEPA BriMaTa TG avOpwtTOTNTAC

TTPOG TNV KATEUBUVON TG KAaTAVONOoNS TG pUONG TNG;

® Ti 101QIiTEPEC 1I0IOTNTEG €XEI TO “MOPIO TNG {wnG” DNA,;

® Ti cival ol yeveTikoi OeikTeg TOU DNA;

® [loia cival N oxéon Tou oUyXPOVoU avBpwITTou JE

AAAa ouyyeviKa €idn (TrX pe Toug NedvTepTal);
® [1w¢ oI JETAKIVIOEIC TWV aVOpWTTWY £TTNPEACAV

TNV YEVETIKA TWV TTANBUCUWV;

® [1wg peAeTOUVTAI Ol APXAiEG ETTIONUIEG;

® [loiol yuBoi katappitrTovral atd TNV JEAETN Tou DNA;
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The Cosmic Calendar

The 13.8 billion year history of the universeXcaled'down to a'single year, where

the Big-Camg-is
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Dawn: Apes and
Monkeys Split

8 PM: Humans and
Chimpanzees Split

A human life only lasts for the blink of an eye on the Cosmic Calendar: 100 years * 365 * 24 * 60 * 60 /13,800,000,000 = 0.23 Cosmic Seconds
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ﬁ lotopikd BApota Kataevédnong the ®oong
OaAfc (624-546 1rX)

* PiIAocoia

ITTrokpdaTng (460-377 1rX)
* laTpikn
. | AnpokpiTog (1r460-11370 1TX)
11| * Atopiky Puoikni

Ap1oTOTEANG (384-322 rX) | "I
* Zwohoyia, Biohoyik HOIKA |La " e
Etrikoupog (341-270 1rX)
* Xnueia, I'eveTikn, ECEAICN
AokAnTtiadng o BiBuvog (124-40 1X)
* Mopiakn larpikn

Yapijakis C. Hippocrates the father of clinical medicine, Asclepiades the father
of molecular medicine. /n Vivo 23: 507-514, 2009.

Yapijakis C. Ancestral Concepts of Human Genetics and Molecular Medicine in
Epicurean Philosophy. In: History of Human Genetics, Petermann, Harper (Eds),
Springer 2017




lotopikad BApota Katavononq NG (Duonq

Avayévvnon (1600-1700)

* ['aAiIAaiog, 'kaooavTi, Aok, NeUTwv

Ala@wTtiopo6g (1700-1800)
* AaMetpi, NTIvtepd, AaBouadié

Apxéc ETioTAung (1800-1900)
* NTaATov, NaoTtép, Mevtel, AapRivog

EvnAikiwon Emotiung (1900-2000)
* KBavtikl duoikr, Aour) DNA (Moudtoov-Kpik)
* ['eveTikiy AvBpwTrou, Mopiakn laTpiki ,
* [Mpoéypauua AvBpwTrivou MNovidiwuaTtog (“yvwer cauTtév”) §
2Ivoaiuep, MNMputavng University of California Santa Cruz (1985)

UCSC put the human
genome sequence on CD in

October 2000, with varying
results..

Sinsheimer R. The Santa Cruz Workshop, May 1985. Genomics. 5:954-956, 1989.
Harper PS. A Short History of Medical Genetics. Oxford University Press, 2008.




DNA - To popio TG (wnG

1. MeTa@peEpel TTANPOPOPIES

120 130
CGAT AAAT CT GG TCTTATT TCC

2. ATTOKTA TTOVOUOIOTUTTIOUG OTTOYOVOUG

Thymine (Yellow) =T Guanine (Green) = G
Adenine (Blug) = A  Cytosine (Red) = C




® 1 uéplo DNA mepleAlypévo
oe 1 xpwpoowpa

*[evetikoc Kwdwkac (G,A,T,C)
* AvaAuon aAAnAouyioc DNA

Pars of complementary bases form
hyidrogen bonds that Pokd tha e
sfrands of the CNA doubés helix togsther

Each phosphate group links the 3'
carmon of one sugar 1o the §' carnon of
1he naxt sugar along the backbons.

TA pairs have two
Fycdragen bonds.

The sirands both rn n & 5403 ke
direcfion—thay are antperallel

| |

1 COTGOGCAN GUITIAAN CTAGGOGACA GARKIGRAC COCTRTROCh CTRCTUCCC

1 TCTO000C00 COMAMEN TITIONA0 TO0ATEI0C QCCRGAGAR GLENGAGEG
131 MCAGATRCY GRACOON GTTTTIONCA GOTRACTCOS CCCMARAMAG AMCTOCACCT
161 CHOABOGAR CTTATTIACY ANGCATTOCh GEAKTATEGT MIGTAMAAAD GCCTATIGER
240 MCCARAGAOA GHCCRACATY TTTIOAMATY TIAMGACAS SCTOTAACAR ADCATAETTA
101 GOACCAATAR CTCTTANTTS GTTMOARGRA CTTTCTICS MAGTTOCALC CIATRATICT
361 GAACTTOCKS AMGARTCTYR ACATAALAAD RACIATTACS AACCRAACCT ATTTRRARCT
131 CERCALAGE MACCATCTTA TRATCAGCT GETICARTTC CARTANTATY CAMBATCNA
{40 OOOCTOACTC TOCOGCTOTR CCARTCTCCT GTAMAMGAAT SAGATRAATT CRAMITAGAC
441 TIRGAAGCA ATOTRCECN TAGTAGACAT AMMGICTIS GCATNRTORA MACTAAMTS
01 GRICARGCAG TGATETTTC COGRACACTT CTAKKITCTY OTCTTAGTAA AATRCTGTT
661 OTICTACRAR GTACACATGT MACKCTACHR AGAGKTAAGT CAATGGTAN NGAITTI
120 TPICATACAE CRARATTIOT GAAGOTCOD CAGACACCAN AACKTATTIL TAARATICTA
TH] GGG TOOATCCNER TATOICTTEG TCAMTICTT THGETAAARY MOLOCT?
B0 AGTTCTACTG TGCTCATAGY (ATRAATCAN GRAGCATCT ARMCTGTATT ‘TCCTCATGAT
S10 ACTACTOCTA ATUIGARRAG CTATTTTICE AXTENTGAEG AMAGTCTGAR CARARATGAT
361 RGATTTATOS CTICIONGAC MGRCAGTOAR MACACAARTC AMMGAGAMGC TOCAMGICAT
1001 CmPIRSA ARNCKICADA EANTTCATTT ARAGTARATA GCTOCANGA CEACATI
1061 AAGTCANTOE CAKTOTCC® MAMATOA GTATAACARR CATIGTAG TACCTCTOM
11¢) GAAGATBATT TTTCATTATG TITTICTAM MYTAGAACAR AKARTCTACA AAMNATAMGA
1201 ACTAGCRASh CTAGGMARA AAPTETCCAT GUADCARNCS CISNTANTG TERARMAICT
1363 AAMAACCIUE TERAAGAREA ATACTCATTY GTATCTCMAR TGGRACCAMA TARTACTAAT
1321 CCATTAGATY CAAATATAGC MCUTCAGKAD COCTTICAGR GPOGMAGIGA CARAMREICE
1300 AAGGANETTG TACCOTCTTT GROCTOTAAR TOOTCTCNAC TAACCCTITC NGICTARAT
1441 GGAGCCCAG TOGAGRARRR ACCCCTATIG CATATTICTE CANCIGACCA AMATATTICH
1501 SANNRAZAC TATTAGACAC MAGKMCAMR. AGKRAGRANG ATTTICTTAC TICRARGART
1561 TCTETGOCAS CONTTICTAG COTACCAAMR TCASAGAAG, CATTAAATGA GGAMACAGTS

I' “
|'| I | |

| ||

120 130
GAT AAATCT GOTCTTATT TEC



DNA

(
requlatory
elements

Intron sequences
removed dunng
splicing

Initial translation
product
(amino acid chain)

.

Promoter
Potential /

Transcription
slart sile

Transcription

Intron  Exon  stop site
Fa LY

&~

l Transcription

Initial transcription product

Spllclng

Finished transcription product
_~containing only exons

I
¢ Translation

¢’ Postiranslational modification

Finished protein

Mopiakn BioAoyia

Chromo- G Exon 1 Exon2 Exon 3 Exon 4 Fxon 5 Exon b
somal 3H { = .35/
DM Trangcription
Primary RNA .,
i [ ]
transcript ) ] 4 g b
Altemative splcing
mRNAsY( \‘
(s [
12 45 6 13 5 6 13 4 56

Translaﬂon Transla fion lTransla ion

Protein 1 a Protein 2“ Protein 3@

THE CELL 5o, Figure 5.5

® NovidLo pe KwOLKOTIOLOVOEC TTEPLOXEC (e€oviIal)
* Metaypadn mRNA - ATtokoTtr vTpoviwv
* Metadpaon oe MNpwteivn (AOMH=AEITOYPTIA)

02003 ASM Press an Sausr Associates I,

nucleoside

S S, A N

human telomere  Jaycine rich
protein repeat protein

bovine rhodcpsin mouse cadherin

a/f superhelix
(ribonuclease inhibitor)

Bja-barrel form (TIM) S-propeller fom

(lectin)

solenoid form
(transferase)
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AvaAuon DNA

Polymerase Chain Reaction: PCR
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[eveTIKNA

AvaAuon Apxaiou DNA
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human
DNA
extraction

e
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—_— == miDNA
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PCR products that include
mtDNA diagnostic positions
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"Adapters |

Identify and analyse shotgun
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MILLIONS OF YEARS AGO

H. §api&ns

Later
Homo

H. erectus
(WT-15000, WT-3733 & ER-42700)

H. habilis

(ER-1813)
\_ H. rudolfensis
Lo b= == (ERum)

Homo sp.
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f
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Graecopithecus

‘IAIoV

NMNipyog BaoiAhiocong

Human evolution

Where remains have been discovered

Red Sea Basil

The paleogeography of the Mediterranean durin|

Messinian (7.2—5.3 million years ago). _,

Fuss et al. PLOS 2017

Now
*
0.2 1
Homo Homo
sapiens  erectus

Homo
habilis

Europe

Graecopithecus freybergi
remains found in Azmaka,
Bulgaria and Pyrgos, Greece

Australopithecus

+

5.6
Ardipithecus

8 million

years ago

Last common
ancestor of apes
and humans

*e

7 1.2
Sahelanthropus Graecopithecus
tchadensis freybergi




Slatkin, Racimo
PNAS 2016
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Homo sapiens

Pestera cu Dase
(Romania) ‘

~
Skhul and Qafzeh

| Oued Djebbanai
(Algeria)
Shell beads >35k

(Israel)
s AORS ...
o = - Shell beads ~110k =
w e R Homo alte
AN | e
5§38,
“Lagar Velho boy’

(Portugal) e _ Ak L
Tianyuan
(China)
- 40k

e
Taforalt
(Morocco)

: SOUTHERN
‘. ROUTE

{

(Ethiopia)

150K BAB ELMAND

Omo Kibish
(Ethiopia)

Singa
(Sudan)

programme "Environmental Factors in the Chronology of Human
Evolution & Dispersal” (EFCHED).

During the [ast ice age, from abaut 80,000 to 11,000 years
aqo, sea levels dropped as the ice sheets grew, exposing large
swathes of land now submerged under water and connecting
regions now separated by the sea. By reconstructing ancient
shorelines, the EFCHED team found that the Bab el-Mandeb
strait, now around 30 kilometres wide and one of the waorld's
busiest shipping lanes, was then a nariow, shallow channel.

Two roules jump out as prime candidates for the human exodus
out of Africa. A northern route would have taken our ancestors
from their base in eastern sub-Saharan Africa across the Sahara
deserl, then through Sinai and into the Levant. An allernative
southern route may have charted a path from Djibouti or Eritrea
in the Horn of Africa across the Bab el-Mandeb strait and into
Yemen and around the Arabian peninsula. The plausibility of
these twa routes as gateways out of Africa has been studied as
part of the UK’s Natural Environment Research Council's
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Slatkin, Racimo
PNAS 2016
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wally's Beath

(Us)

ATLANTIC CROSSING

Cactus Hill

small blades

20-17k

South-east of Puebla
(Mexico) I

t footprints
k (contested)

—»—— Routes of migration

Flow of genes around globe

The northern route appears easier, espedially given the team's finding
that the Suez basin was dry during the last ice age. But crossing the
Sahara deserl is no small matter. EFCHED scientist Simon Armitage of
the Rayal Holloway University of London has found some clues as to

how this might have been passible. During the past 150,000 years,
North Africa has experienced abrupt switches between dry, arid
conditions and a humid climate. During the longer wetter periods
huge lakes existed in both Chad and Libya, which would have

~155k == Alternative /contested routes N ./f‘O(\
o8 IEETE /natomically modern humans ': ‘!“\\ \’“\“
Fa Hien Cave and 10,000 years ago i . \
Batadomba Lena Cave . ¢ \\ i ‘.‘ /
(Sri Lanka) - E i 4
NG !
Bones and artifacts 4 O y i ' IZ
Blombos Caves \ 'lr H = ; /
- 0 /
| | ) U e - floresiensis__ ¢
r (South Africa) Lake Mungo 3
75:65k { (Australia) \
2 pieces of engraved ochre ~7 \ e 'ﬁ 0k j -
shell beads ~75k : ultural artifacts ~ “ ad '
| el -
A B Y
. . :
I": : % i Monte Verde
Early humans may have taken this southern route out of Africa. f (chile)

provided a "humid corridor” across the Sahara.

Armitage has discovered that these lakes were present around
10,000 years ago, when there is abundant evidence for human
occupation of the Sahara, as well as around 115,000 years ago,
when our ancestors first made forays into Israel. It is unknown
whether another humid corridor appeared between about 65,000
and 50,000 years ago, the most likely time frame for the human
exodus. Moreover, accumulating evidence is pointing to the
southern route as the most likely jumping-off point.

Flake tools and
stone points

~15k




eveTikn MNMolkKIAopop@ia
* Paopa yovoTuTiwyv

* [TAoucia KAnpovopuia

=i

T

._:j'.-'
o
=
8

[ e
U ==
| =

-

-

23

NIH TGAC



B on ATITAGATCGCGATAGAG

99.9% id1o DNA

0% Siagopers | GATTTAGATCTCGATAGAG

MeTaAAayég

Wilt Chamberlain,
NMoAupopoiocpoi DNA dldonNuog
(MovokAeoTidiakoi SNPs

h ) MTTOAOKETUTTOANIOTAC
90% YeVETIKWYV TTAPAAAQYWYV)

(216 cm; 125 kIAQ)

Alag@opég pe NedavrepTal
* 99.5% idio DNA

* 0.8-1.6% yovidia otoug H.s. Willie Shoemaker,

Ala@opég pe XIuTraTdn Siionuog
* 99% id10 DNA

* 200 yovidia (KNZ)

TCOKEU ITTTTOOPOMIWV
(149 cm; 45 kIAG)

loTopia
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VVHERE THE
HOMININS ROAMED

As modern humans spread out of Africa, they interbred
with Neanderthals and Denisovans. Traces of DNA from
those archaic humans remains in our genomes, though
some populations tend to have higher concentrations of
our extinct ancestors’ DNA than others.

» .
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Homo sapiens

Cheddar man
Somerset,
SW England

8,000 y

10% of
modern
Britons
are related
to him

Brace et al.

M Indi
BioRxiv 2018 odern Indian
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MaTia

Mp1v 8000 £1n
Bopeia Eupwtrn

Eiberg et al.
Human Genetics
2008

. 75-90%

50-75%

Geneticists compared mitochondrial DNA from blue-eyed individuals in countries as diverse as Jordan,
Denmark, and Turkey, concluding that people with blue eyes have a single commaon ancestor that lived
by the Black sea around 8,000 years ago, spreading out with agriculture.

Blue-eyed natwes of Afghanistan

=) -

Blue-eyed natives of lran

-

_l



Homo sapiens

Marpik KAnpovopuikoTnTa
(Y chr. DNA)

MnTpikl KAnpovouIKeTnTa
(mt DNA)




HUMAN CHROMOSDMES

46
XPWHOCUWHATO

(23 deuyn)
44 qUTOCWUATA
+ 2 @UAOU X, Y

XY aVOPaG
XX YUVaike




MiToxovopiako

(apIo YUVAIKOG

mitochondrion:
DMNA comes

from mother

from both
parents

offspring cell




Homo sapiens

Paternal Y chromosome inheritance

kya
80 Upper Pleistocene
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Current Biology
Figure 2. Phylogenetic tree of human Y -chromosome haplogroups observed in Europe.

Soares et al.
Current Biology 2010




Homo sapiens Soares et al.

Current Biology 2010
Maternal mitochondrial inheritance

e ad Upper Pleistocene
60 ‘

M Europe
504 R B Southwest Asia

M Europe and Asia

[ North Africa
40-
30

Holocene
Currant Biology

Figure 1. Phylogenetic tree of human mitochondrial DNA haplogroups commonly observed in Europeans, southwest Asians and North Africans.
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2THN EYPQITH AYO METAKINHZEQN

MIMAE
Avopeg

i
.1 L] -
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MNuvaikeg i o :
’ Pontic Steppe
~4 500 yBF

Goldberg et al.
PNAS 2017 #q@
X

Mathieson et al. . . Maolithic
Nature 2018 : ; e €

~7,500 yBP



NMAPAIQI'H ®AIrHTOY AyponKn KTr|v0Tpo<p|Kn

* Totmikn €€EAICN WE ETTIPPOEG ATTO Meor] AvaTo)\r]

* Tautoxpovn TTEPITTOU £CNUEPWON (WWV Kal PUTWV Munro and Stiner
° I_If:lpGIJG'”O'IJég Current AnthrOpOIOQy 2015

* 2T00EPOI AYyPOTIKOI OIKIOMOI

* 7000 1rX: BOdI, TTPORATO, X0ipog, aitapl, kp1Bap! - Apyiooca MayouAa
(@eocoalia)

* 6000 X: kKatoika — Z1THAaIo Ppdx 61 (ApyoAida, MNeAotTrdévvnNoog)

* 2NUAVTIKEG EVOEICEIC OTI N aypoKAAANIEPYEIQ KAl KTNVOTPO®ia gixav kabiepwoei
oTnv EAAGda 10 6000-5500 11X, otnv NoTia/KevTpikr)y/AvaTtoAikr) EupwTrn 10
5000 1X, otnv Bépeia/AuTtikr) EupwTtn 10 5300-4000 11X

* H xpron aAetpiou ¢ekivnoe 1o 3600 kai kaBiepwOnke €wg 2600 X
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0N-0.728

*Achilli et al. 2007
*Milanesi et al. 2007
*Pardo-Seco et al. 2014
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Y atrAdTuTrog Tou TZEYKIG Xav

* ~10% TwvVv avdpwyv oTtnVv TTEPIOXT TS MoyyoAIKNAC e€ATTAWONG
* ~0.5% TV avopwv TrayKoopiwg, TTEPITTIOU 16 EKATOUMUPIa CAPEPA

L g
/ g The genetic legacy
¥ Genghis Khan?
e B 9@)
The age of
haplogroup C o
is about 1,000

years and it
seemed to have

originated in
Mongolia. ’

Itis thnught haplogroup C represents putative male-line
descendants of Genghis Khan (circa 1162-1227)
{Jobling and Tyler-Smith 2003)

Zerjal et al. arensveome

The genetic legacy of the Mongols
Am J Hum Genet 2003
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MYOOI NMOY KATAPPIINTEI H ANAAYZH DNA

* MUBo¢ dnuioupyiag avBpwTrou atrd Xwua

MuUBo¢ dnuioupyiag avdpa TTpwTa (MUBOC avwTeEPATNTAG)
MuUBo¢ utTapénc Addau kal Evag

MuUBo¢ UtTapgnc Kabapdaiuwyv QUAWYV

MUB0OC avwTeEPOTNTAG KATTOIWV QUAWV

MuUBo¢ avwtepdtnTag Aplag UAAC

MuUBo¢ patciouou

O partoiopdéc Twv Nadiotwv (“kaBapdotnta Aplac QUAACT,
“@UAETIKN €Cuyiavon aT1rd TOUG “UTTAVBPWTTOUG”) TTPOEPXETA
atré Tov JUBo Tou MNMAGTWVA TTEPiT AVOPWTTWYV TWV OTTOIWYV N
ouoTaon TrEPIEXElI XPUO O, dpyupo, XOAKO Kal oidnpo, Kal
TTePI TNG BeIkNG TTpoPNnTEiag OTI N TTOAIC Ba KaTaoTpaPEi OTav
KuBepvnOei ammd avlpwTttoug XAAKIVOU Kal a1dnpou YEVOUG
(MAaTwv  ToAireia 3.415a-c

Bannes J. Hitlers Kampf und Platons Staat, 1933
Gabler A. Platon und der Fuhrer, 1934)

Apewvov emaitv 1) amaidevtov eivat. O pev yap xpnuatwyv, o 6e avlpwmouov deitar» (A.A, 1170)

“KaAvtepda va £lval KAWTolo¢ {nNTavog rapa ataidevutog. Alot o

(NTLAVOC YPELACETAL TPAYUATA, EVEO O ataidevtog avlpwmouo”
(Apilotitmog, ABnvaikn Anuokpatia 4007mX)




Stephen Hawking

January 8, 1942-March 14, 2018

We are just an
advanced breed of
monkeys on a
minor planet of a
very average
star. But we can
understand the
Universe. That
makes us something
very special.
—STEPHEN World

Science
Festival

Méuvnoo 0TI BvnTog WV T
@uoel Kai Aapwv xpovov
wpPICHEVOV AvERNG TOIC TTEPI
PUOEWC dIOAOYIOUOIC £TTi THV
aTreipiav Kai Tov ailva Kai
KOTEIDEC TO T €ovTaA TA T
£000uEVA TTPO T €0VTAl.
(Emk. Mpoag. 10)

*ﬂavaylec')Trou)\og T. epicuros.gr

Stephen Hawking (1942-2018)
«EipyaoTe, ammAwg, Eva
eCENYUEVO €iDOC pATOUdWYV
o€ £vav acnuavTto mAavntn
EVOC TTOAU HETPIOU AOTEPA.
AANG pTTOpOUUE
va avTiAngBouue To ZUuuTTav.
AUTO Jag kavel 101aiTepa
OnNMAVTIKOUGY.

Etrikoupog o ABnvaiog(341-270 1X)
“‘Na Bupdoar 611 av kai eical BvnTog
ouppwva he TN Puon Kal EXeIC AABEl

MIa TTEPIOPITHEVN DIAPKEIa (WNG,
avEBNKEC PE TOUG DIaAOYIOUOUG TTEPI

NG Puong 1600 oTNV artelpia TG, 60co

KAl oTNV AlwVIOTNTA TNG, KAl €i0EC

KaBapd Ta TwpIvda, Ta JEAAOUMEVA Kal

»” %

Ta TTAPEABOVTA”.



EVvXXpLETW YLK THV TLpo6oXN 6!

15 Februry 2001
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