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Ekmatdevutikol oto)ol

Tu eivat n Moplakny EmdnuioAdoyia kat mowa/ec ot Stadpopeg pe
TNV KAaoolkn emdnuioAloyia

TL elvail n dpuloyevela 1 puloyevetiko devdpo
OpoAoyia (mx extant, ancestral, branch point, branch length)

Mati Kal mwe dTLaxvou e puloyeveTtiko devdpo

- Algorithms to build phylogenetic trees

Distance-based methods

Parsimony methods

- Minimize the number of changes

Probabilistic methods

- Tree that best explains the data using probabilistic models
loyeveic AotpwéeLg kat EmdnuioAoyikn enttrpnon

- origin, expansion, geographic distribution, evolution
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Ekmatdevutikol oto)ol

Tt elvail n Mopuakn Emibnuiodoyia kat mota/e¢ ot StadbopeC pe TNV
KAOQLOOLKN €TLOnuLoAoyia

T elval n puloyevela n GuloyeveTiko OEVOpO
OpoAoyia (rty extant, ancestral, branch point, branch length

Mot Ko Twe tiaxvou e GUAoyeVETIKO SEvEpo

- Algorithms to build phylogenetic trees

Distance-based methods

Parsimony methods

- Minimize the number of changes

Probabilistic methods

- Tree that best explains the data using probabilistic models
loyeveic Aolpwéelc kat EmidnuioAoyikn entipnon

- origin, expansion, geographic distribution, evolution




EmudnuioAoyia

Epidemiology = the science which deals with what befalls upon

Bridge between biomedical, social and behavioral sciences




Most popular old definitions

The branch of medical science which treats epidemics

The study of the distribution and determinants of disease frequency
in human populations

The study of the distribution and determinants of health-related

states or events in specified populations and the application of this
study to the control of health problems

Epidemiology is the study of "EPIDEMICS" and their prevention




2uyxpovoc OpLoGOC

Study of the of health-related

in specified , including the study
of the influencing such states, and the application
of this knowledge to the public health problem

Emidnuiodoyia e€ivar n MHeEAETN TNG

nov ennpealouv tn TWV
otoV KatL n epapupoyn tTnc otov
TWV UYELOVOMLKWYV TTPOBANHATWV.

(Porta M, Last J, Greenland S. A Dictionary of Epidemiology, 2008)




2Komoli — 2toyot EménuoAoyiac

To investigate nature / extent of
in the community / identify

To study and prognosis of
health-related problems

To identify causes and

To recommend / assist in application of /
evaluate best (preventive and
therapeutic measures)

To provide foundation for
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Mopiakn EmidnuioAoyia

Use and measurement of in epidemiology:

|dentification of disease-related
Study organisms /species
Study of rapidly evolving pathogens

Study of pathogen epidemics and
pathogens evolution




KAaown vs Moplaki
EmudnuioAoyia

Classical Epidemiology . Network/Molecular

Epidemiology




[evetikn EménuioAoyia

Use and measurement of
epidemiology:

|dentification of disease-related
Study molecular phylogeny organisms /species
Study epidemics of rapidly evolving pathogens

Study evolution of pathogen epidemics and
pathogens evolution




Napadsiypata poplaknc emdnuioAoyiog

Tautomolnon YEVETIKWY TAPAYOVIWV TtIoU oXeTilovtal
LLE VOO LaTaL:

v’ HIV/AIDS
Wwplaon
EpuBnuoatwdncg AUKoc
Noooc Alzheimer
Noooc Parkinson

MetaBoAlopoc dopaKwY




2uoxetion CCR5A32 pe avamntuén AIDS

CCR5 chemoreceptor acts as co-receptor for HIV virion entry
into the host cells

10% of Caucasian people in USA has a deletion of 32
nucleotides (CCR5A32)

To 1996 BpebBnke otL o umodoxeac TG xnUelokivng CCR5
nailel to poAo cuvuTtodoyxea yla tn elcaywyn (LoAuvon) twv
KUTTAPWYV O0TOXWV armo tov HIV-1

Bpebnke oOtL to yovidlo mapouvotalst pwa EANewpn 32
voukAgoTidlwv (ccR5A32) pe ocuyxvotnta 10% otov Kaukaolo
nAnOuopuo otic HMNA

Dean et al, Science 1996




Juoxetion CCR5A32 pe avamntuén AIDS

Npayuatonoinon 2 sidouc LEAETWV:

MeAetng emumoAacpou ccR5A32 oe HIV(-) kau HIV(+)

aoBeveic.
Avadpouikny peAEtn (retro prospective) oe opadec (cohort)
acBevwyv e SltadpopeTiko puBbuo e€€AEnc vooou (AIDS)




Emidnuiodoyikn Epeuva
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Number of patients (% of total) with

HIV-1 Statistics
Cohort Risk group antibody Total CKRS genotype
status i+ +/A32 A32/A32 G P
DCG Homosexual Positive 137 118 (86) 19(14) 0 ()
men Negative 212 175 (83) 33 (16) 4 (2)
Total 349 293 52 4 2.0(1.6) 0.38 (0.44)
MAC Homosexual Positive 265 201 (786) 64 (24) 0 @)
men Negative 24 14 (58) 6 (25) 3(17)
Total 289 215 70 3 9.9 (9.6) 0.007 (0.008)
SFCC Homosexual Positive 150 110 (73) 40 (27) 0 O
men Negative 42 34 (81) 5(12) 3 (7
Total 193 145 45 3 9.2(7.9) 0.01 (0.02)
HGDS Hemophiliacs Positive 133 106 (80) 27 (20) 0 O
Negative 104 87 (84) 17 (16) 0 O
Total 237 193 44 0 0.62 (0.1} 0.73 (0.85)
MHCS Hemophiliacs Positive 192 156 (81) 36 (19) 0 (0
Negative 101 158 (82) 26 (14) 7 {4)
Total 383 314 62 7 8.0(8.9) 0.02 (0.01)
ALVE Intravenous Positive 466 457 (98) 9 {2 0 (0)
drug users Negative 39 39 (100) 0 (0) 0 O
Total 505 496 9 0 0.1 {NC) 0.77 (NC}
All conhorts Homosexual Positive 1343 1148 (85) 185 {15) 0 O
menanq Negative 812 508 (83) 87 (14) 17 (3}
hemophiliacs 1414 1955 1656 282 17 350(333) 25X 1078

(5.8 X 10-5)




Juoxetion CCR5A32 pe avamntuén AIDS

O emutoAaopoC Twv +/+ Kal +/ccR5A32 dev Stadépel petalv
HIV(-) kat HIV(+) avBpwniwv

Yrinpxe Opwe onuavtikn dtadopd ywa touc opoluyouc LE
ccR5A32 ntou bev BpeOnke kaveic va €xel poAuvOel pe HIV

O YeVETIKOC OeiKTNG aAUTOC CUVOEETAL HE aUENUEVN QVTOXN
otn HoAuvon pe HIV




2uoxetion CCR5A32 pe avamntuén AIDS

T p=70
n =239

o v e ' I | P | 1 L W T | Py

0 2 4 6 8 10 12 14 16 18 20
Years since seroconversion

(P=0.005)




MeAETN HOPLOKAG PUAOYEVELOLC
OPYOVLOLWV-ELO WV

Molecular Epidemiology

ldentification of genetic disease-related markers
Study molecular organisms /species

Study epidemics of rapidly evolving pathogens

Study evolution of pathogen epidemics and
pathogens evolution
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Metavaoteuon tov AvOpwmnovu

15Kya

45Kya 35-40Kya

50-60Kya a

™y

45Kya

60-100Kya Founder effect

Source of founder effect
Migration path




MeTavAGTEUON TOU GUYXPOVOU
AvBpwrmou

Approximate First
Appearance of Marker
(years ago)
w= 60,000
M168 M69 = 50,000
= 45,000
= 40,000
we 35,000
= 30,000
wes 25,000
s 20,000
s 10,000




Ekmatdevutikol oto)ol

Tt elvat n Mopulakn Emdnpioloyia kot mota/ec ot StadpopeC LE TNV
KAo.oolkn emdnuoAoyia

T eiva n puloyévela | puloyevetiko dEvdpo
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- Algorithms to build phylogenetic trees

Distance-based methods
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- Minimize the number of changes
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- Tree that best explains the data using probabilistic models
loyeveic Aolpwéelc kat EmidnuioAoyikn entipnon

- origin, expansion, geographic distribution, evolution




What is phylogenetics ?

Phylogenetics 1s the study of evolutionary relationships.

Relationships among species:

rodents birds snakes

crocodiles primates

marsupials lizards




What is a tree ?

* Graph theoretically:
— Undirected case: graph without cycles

— Directed case: underlying undirected graph is a tree
e Oftenitis required that in degree (v) <1 forallv




What is phylogenetics ?

Relationships among species:

This is an example of a

crocodiles
birds
lizards
snakes
rodents
primates

marsupials




A detail from Darwin's notebook, drawn in
1837, showing his first sketch of a tree
depicting phylogenetic relationships among
species.
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DuAoyevetika Aevdpa

A tree that describes evolutionary
relationships among entities

Species, genes, strains
This relationship is called “phylogeny”

Phylogenetics:

The task for inferring the phylogenetic tree from
observations in existing organisms




Tree of Life

Bactra stck”

Relationships among species

Tree of life aims to

represents the phylogeny of
all species on earth

spuig pue
sa|dey

https://tree.opentreeoflife.org/about/
synthesis-release/v9.1




Relationships within species

HIV-1 M group subtypes

A

Ivory Coast

India Rwanda

C

Ethiopia
. Africa

Netherlands

Russia G

Romania F

Taiwan
Cameroon Brazil Netherlands




g & g

Millions of years age

g

1000

Relationships among genes
Example Gene Tree: Globins

Primates
Higher
mammals

Mammals

Bony fish

Lampreys
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A tree of gene expression patterns in multiple tissues
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Phylogenetic tree basics |

Leaves represent entities (genes, species, individuals/strains)
being compared

the term taxon (taxa plural) is used to refer to these when they
represent species and broader classifications of organisms

For example if taxa are species, the tree is a species tree
Internal nodes are ancestral units
Phylogenetic trees can be rooted or unrooted

the root represents the common ancestor

In a rooted tree, path from root to a node represents an
evolutionary path

Gives directionality to evolutionary time

An unrooted tree specifies relationships among taxa, but lacks
directionality information




Phylogenetic tree basics Il

Root

Internal node: Ancestral

Branch length

Leaf node: Extant

Unrooted tree Rooted tree

Each tree topology represents a different evolutionary history
For a species tree, internal nodes represent speciation events

Branch length describes the evolutionary divergence between two nodes



2towxeia QuAoyevetikou Asvdpou

H epunveia evoc duloyevetikol devdpou potalel oAU Ue
aUT €vOC yeveaAoylkoU 6Evdpou.

H pila tou 6€vdpou avamaplota Tov Kowo (?7?) mpoyovo Kal
Ol AKPEC TOUC ATTOYyOVOUC TOUC.

Ooco petaklvolpaote amo tTn plla mpog TG AKPES Tou SEvdpou
akoAouBoU e TNV €EEALKTIKN TTOPELA TOU XpOVOU.

2tn duloyevela otav evac mAnBuopoc dtaxwpiletal,
avarnopiotatol we dtakAadwon.




2towxeia QuAoyevetikou Asvdpou

6 == ATTOyOVOI

Eowrepikoi kopBol
(uTroBeTIKOI TTPOYOVOI)

lnpeio
Ala@opotroinonc

KoIvog TTpoyovog

PIZA 5évSpou




2towxeia QuAoyevetikou Asvdpou

6 = ATTOYOVOI

Eowrepikoi kopol
(uTroBeTIKOI TTPOYOVOI)

SEXWPIoTH EEENKTIKN
loTopia 3
s SEXWPIO T ESENIKTIKN
ioTopia 4
smami Koiwvr e§EAKTIKN
ioTopia Twv 3 ka1 4

KoIvog TTpoyovog

PIZA 5évSpou




2towxeia QuAoyevetikou Asvdpou

Akpec (eSwTepikoi KOHBOI)
KAadoi

AVTITTPOCWTTEUOUV

aTro
TOoV idI10 N
DIAPOPETIKOUC
OPYAVIOHOUC

PIZA Sévdpou

EcwrTtepikoi kopBol
(utroBeTIKOI TTRPOYOVOI)




Rooted vs Unrooted Trees

X

D




MuAoyevetika dévdpa pe pila Ka
Xwpig pila

AevOpa xwpicg pila




H évvola tnc kAadomoinong

Evoc «kAadoc» (clade) amoteAet pa «opadormnoinon»
OAQN twv aAAnAouxLwV Mou €XouV TIPoKUPEL o
KOLVO TtpOYyOVoO.

Av PaAildicoupe tn pilo evoc «kAadou», OAEC oL
aAAnAouyiec tou Ba amoxwplotouv amno to 6vopo
QTTOTEAOUV TO OUYKEKPLULEVO KAOOL.

JUVETWC, T LEAN evOC KAAdOoU armoTteAouV Ta HEAN
rnov Ba amoxwplotouv av PaAibloovpe tn pila Tou
(kat” avadoyia pe eva toaumni otaduAl, N eva kKAadl
gvoc duaoLkov OEvOpouL)




Moprakn @uloyéveila — puAoyeVveTIKA SEVOHpQL

* O aplBuoc twv duvatwv devdpwv (xwpic pida) mou
glval SuvaTo va KATAoKELVAoTOUV ATto Evayv oplOuo
aAAnAouxLlwv glvad:

. (2n-95)
2" 3(n=3)!

EvoelkTika avadpepeTal otL ya 5 aAknAovyiec o
aptOuocg N eiva 15, evw yia 10 o aptBuoc N
avéavetal og 2.027.025




Phylogenetic tree counting |

A rooted binary tree with n leaf nodes has
n-1 internal nodes
2n-2 edges/branches

An unrooted binary tree with n leaf nodes has
n-2 internal nodes
2n-3 edges/branches
A root can be added to any of these branches to
give 2n-3 rooted trees for any unrooted tree
E.g. for n=3 there is one unrooted tree and
three rooted trees




Phylogenetic tree counting Il

1 1~/
3 3
1
2 3
7 2
1
An unrooted tree 1 3
2 312
1
3
\ ,
2 13

Possible positions for root Rooted trees



Phylogenetic tree counting llI

* Instead of adding a root we could add a branch for the n+1t

taxon 4
1 1\ .
3 3
3
2 2 2
1
4
L .
2 3
2
1 1
3 3
N ,



Number of Possible Trees

n
given n sequences, there are H (2i-5) possible
unrooted trees i=3

and (2n- 3)1_[ (2i-5) possible rooted trees
i=3

This grows very fast
— For n=10, we have 2 million unrooted trees
— For n=20, we have 2.2*10%0



AplOpoc mbavwv puAoyeveTIKWV SEVOpwWYV

AAAnAouyitg AévSpa xwpig pila Aévopa pe pila
1 3

3 15

15 105

105 945
2,027,025 34,459,425

8.69 x 1036 4.95 x 1038

(2N - 5)V2N-3(N - 3)! (2N - 3)U2N-2(N - 2)!




Interpreting a Phylogeny

Sequence A

\ Sequence B

Sequence C

Sequence D

Sequence E

A, because B diverged
from A more recently
than from any other
sequence.

Physical position 1n tree 1s
Only
free structure matters.




Phylogenetic concepts:
Interpreting a Phylogeny

Sequence A
\ Sequence B
* Physi ition 1in tr
Sequence C , hysical p0§ O cC
1s not meaningful
* Swiveling can only be
Sequence D done at the nodes
 Only tree structure
matters
Sequence E
> Present

Time



Phylogenetic concepts:
Interpreting a Phylogeny

Sequence A

\ Sequence B

Sequence E

Sequence D

Sequence C

Time

> Present

* Physical position in tree
1s not meaningful

* Swiveling can only be
done at the nodes

 Only tree structure
matters



Tree Terminology

Scaled vs. unscaled trees

Oryza
Dendrochalamus
Triticum
Glyceria

] Eragrostis

Ly copersicon EST
Tephrosia
IIE—_Helianthus pseudo
: VitisEST
Gossypium hirsutum 10 changes
Passiflora

Scaled trees: Branch lengths are proportional to the number of nucleotide/
amino acid changes that occurred on that branch (usually a scale is included).

A
TriticumEST
_L HordeumEST
_E SaccharumgST B
ZeaEST
Petunia
Glycine
Lycopersicon c
Cissus o |
Calliandra D
Pisum
Phaseolus lindheimeri
Abutillon pseudo
Calpuria E
4Fseolus sonorensis
Phaseolus trilobatus
F

Unscaled trees: Branch lengths are not proportional to the number of
nucleotide/amino acid changes (usually used to illustrate evolutionary
relationships only).




Tree Types

Evolutionary trees
measure time.

sharks

seahorses

frogs

owls

\ crocodiles

— armadillos

50 million years
Y bats

Phylograms
measure change.

seahorses
MEIS

/

\crocodiles

armadillos

—
5% change




Tree Properties

Ultrametricity Additivity

All tips are an equal distance from Distance between any two tips
the root equals the total branch length
between them.

a=b+c+d+e XY=a+b+c+d+e

In simple scenarios, evolutionary trees are ultrametric and phylograms
are additive.




Tree Terminology

Monophyletic vs. paraphyletic

Saturnite 1

Saturnite 2

Saturnite 3
Martian 1

Martian 3

Human 11

Martian 2 Human 3

Monophyletic groups: All taxa within the group are derived from a single
common ancestor and members form a natural clade.

Paraphyletic groups: The common ancestor is shared by other taxon in the
group and members do not form a natural clade.




