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Phylogenetic analysis and clustering
a very short introduction

ApIOTOTEANC MaTttayewpyiov, Ty, MBIC AMNO, apapage@mbg.duth.gr



mailto:apapage@mbg.duth.gr

duloyeveon




PUAOYEVETIKI

* H avadrjtnon opoloTATWY avaueoa o€ aAAnAovxie¢ DNA Kal n atoixion
TTOAAQTIAWVY OKOAOUBIWV 0dNyoLV OTnV €pWTNON:
— T oxetidovtal EEEAIKTIKA OUTEC Ol IKOAOUBIEC;

- Tw¢ oxetidovtal EEEAIKTIKA Ol OPYAVIOUOI OTTO TOUC OTIOIOVC TIPOEPXOVTAI
OIUTEC Ol OKOAOUDBIEC;

e MUAOYEVETIKN: N MEAETN TWV OXECEWV AVAUECO OE TIPOYOVOUC Kal
OTIOYOVOUC

— H Katdtaén twv opyavioPwV cOP@WVA PE TNV EEEAIKTIKNA TOUC IoTopIO

* MUAOYEVETIKN LTTO0EON: £V EEEAIKTIKO TEVAPIO OXETIKA UE TIC OXETEIC
TIPOYOVWV KOl OTIOYOVWV

e MUAOYEVETIKO OEVTPO: IO YPAPIKI] ATIEIKOVION HIAC QUAOYEVETIKNC
LTIOBEONC



PUAOYEVETIKI LTTOBEON

e OAol o1 {wVvTavoi OpyavIoPOoi TIPOEPXOVTAL OTIO EVOV KOIVO
T(POYOVO KOl CUVOEOVTAIl PMETAEL TOUC PUE OXETEIC KATAYWYNG

* Ol (PUAOYEVETIKEC LTTOBETEIC £€NYOUV TN GNUEPIVH TIOIKIAOHOP®Ia
TWV HOPPWV {WN¢

* JHMEPO Ol PUAOYEVETIKEC LTTIOOETEIC TIPOKVTITOUV OTIO TN
oUyKplon aAAnAouxiwv DNA, RNA Kal TIPpWTEIVLV
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A population at a
moment in time

E A species is made up

of many populations

that persist through e

time L
Parents produce o
offspring A
A population persists . & )
through many F A species diverges
generations ) - / ’ into new species

PHYLOGENY

G The phylogeny of |
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Zimmer/Emlen, Evolution: Making Sense of Life, 3e, © 2020
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PUAOYEVETIKOI XOPOKTIPEC

e XOpPOKTNPIOTIKA TIOU

- E— XPNOIUOTIOIoLVTAL VIO TNV
Cladogram Example: KOTAOKELT PUAOYEVETIKWV
OEVTPWV
e ff e "
Sharks Ra\_,rtéﬂned Amphibians Primates gc:ggg:‘i Crocodiles Birds - |6C(V1Kd T[GpéXO UV
TIANPOPOPIEC OXETIKA UE
Eags wih shet TNV EEEAIKTIKN 10TOPIO TWV
Amniotic egy taxa
*  MIKpPN TIOIKIAOTNTA YECQ OTIC

Bony skeleton

EVOTNTEC TIOVL €EETALOLE

e MeyaAn TIOIKIAOTNTO AVAUECO
OTIC EVOTNTEC TTOU EEETA(OVLE



Barcoding genes

 DNA barcode technology

Species DNA Barcode

— molecular recognition
a R

technology - N

— short and standard DNA
fragments for species
identification

- Barcoding genes

- MIKpPR TIOIKIAOHOP QIO
MECO OTO €i00C

rn.org.nz | The University of Waikato Te Whare Wananga o Waikato

- MeydAn diagoportoinon
QVOPECO OTA €idN



[Mapaywyoc Kal TIPOYOVIKOC XOPOKTIPOC

* Napdaywyoc (derived): xapaKTrPac TToU OEV UTIIPXE OTOV KOIVO
TIPOYOVO (ATIOHOoP@IN)

* MpoyoviKo¢ (ancestral): XapaKTrpog TToL KANPOVOUNBNKE aTto
KOIVO TIPOYOVO (TTAnCIopop@ia)

* Mia Trapaywyn Kataotaon XapaKTipo TIou €ival Kovr o€ pid
opada taxa AEYETal cUVATIOHOP@Ia (Synapomorphy)

* ATIOOEIEN OTI Ta taxa €EEAIXTNKOV OTIO TOV idI0 KOIVO TIPOYOVO

* To oUVOAO TWV taxa TIov £XOUV TIPOEABEL ATIO TOV idI0 KOIVO
TIPOYOVO OTIOTEAOUV HIO MOVO@PUAETIKH OGO I EVaV KAGOO
(monophyletic group, clade)



(A) | Ancestral features include (B)
short ribs, small cranium
and multiple bones in the
lower jaw (not visible).

‘ Derived features

— include large cranial size
and single jaw bone

Derived features include
loss of teeth in lower jaw and
reduction of 5 to 4 fingers

| Ancestral features include |
5 fingers on the hand.

Evolution 4th Edition, Futuyma & Kirkpatrick,
Sinauer Associates 2017




OPOAOYOI XOPOKTNPEC

* OI CLUVOTIOPOPPOI XOPOKTIPEC AEyovTal KOl OMGAoyoOl

— Eival kowvoi o€ dVo (1] TIEPIoCOTEPN) taxa AOYyw KANPovounong
aTIO KOIVO TIPOYOVO

- Eival 1dlaitepa Xproigol yia TNV KATAoKELH] (PUAOYEVETIKWV
OEVTPWV YI0Ti 0pilOUV HOVOPULAETIKEC OUAEC

e OpoAoya yovidla

— [ovidla TTov LTTIAPXOULV C€ VO I TIEPICCOTEPOLE OPPAVIOHUOUG
AOYW KANPOVOUNOoNC aTto KoIvo TIpOyovo

— EI10IKA TIEPITITWOT OPOAOYWV XOPAKTHPWVY



OuOAOYOI XOPOKTAPEC

___—Humerus

) _—Ulna
Radlusal

__—Carpals
sgpts _— Metacarpals
fa g %,,,. Phalanges
1813 ({ N
2 9
3 4 -
Early tetrapod

Pterosaur (extinct)

Adapted for swimming

Adapted for running

Bird

Adapted for grasping
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Zimmer/Emlen, Evolution: Making Sense of Life, 3e,
© 2020 W. H. Freeman and Company

Salelgaliap

O1 ouOAOYOI XOPAKTIPEC
Mo Bonbouv va
OPICOVPE PYOVOPUAETIKEC
OpAadEC.

H ta&ivounon twv taxa
OTIOKTA EEEAIKTIKI)
TEKUNPiwon Kal onuooio




Paraphyly

'Reptiles’
. l : S | /
Birds Crocodiles Lizards Turtles

=

Ciconia ciconia l Polyphyly
'Vu Itu res

Aquila cysaetos

ﬁ _\—___—__—___‘—

I New Worid] Storks and Birds I Old World |
vultures their relatives of prey vultures

Gypaetus barbatug




KOoTtaoTAoEIC XOPAKTPWV

Apomorphy PIeSIomorphy

Autapomorphy
Synapomorphy Homoplasy

X/

Page & Holmes 1998




OpoAoyia vs. OpoTtAaoia

* OI1 guvaTIOpOPPOI XOPAKTNPEC (I o1 aAAnAovXie¢ Tovu DNA) '
AEyovTal Kal opéAoyol

— Eival kowvoi o€ d00 taxa AOyw KANPovounong armo Kowvo Tipoyovo

- Eival 1dlaitepa XpNolIol yia TNV KATAOKELH (PUAOYEVETIKWV
OEVTPWV YIATI 0pilOLV POVOPUAETIKEC OPADEC (KAGDOUC)

e Ol OJOTIAACIEC DVOKOAEVDOULV TNV KATOOKELH (PUAOYEVETIKWV
OEVTPWV YIATI 0dNyoULV € AABOC OUAAOTIOINTEIC

— Eival opolol XapaKTripeC IOV OUWC EEEAIXTNKAV XWPIOTA




Waxvovtag yio cuvaTtiOpop@oug XopakTiPEeC: Ol KOTITIKOI YOM@iol LTTAPXOUV TOCO0 OTo Lynx rufus 600
KOl 0TOV AUKO ToU MEe&IkoU (Canis lupus baileyi) kal opidouv Tov KAASO TwV capKO@Aywv BNAACTIKWY

) o
g =

Canis lupus baileyi

Carnassial Carnassial

Left: Argonaut / Shutterstock.com; right: Matt Cooper / Shutterstock.com
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FIGURE 2.7 Similarity versus relationship.

(A) Chimpanzees and monkeys are more

closely related to each other than to ro-

dents, and they are also more similar. , , , , ,
(B} Do|ph'|r15 are c|05e|y related to h]p- H O“OIOTHTG 68\) 6“)\(&)\}8[ TTavVTa KOlVf] KCXTCXVOOVI’]
popotamuses and other mammals, even

though they superficially look more like

sharks. (C) Crocodiles and birds share a

more recent common ancestor than either

does with lizards, but birds look very differ- : ” : :
' Y Evolution 4th Edition, Futuyma & Kirkpatrick,
ent because they have undergone more ) )
. ‘ Sinauer Associates 2017
evolutionary changes than crocodiles.




(a) Mutations can create synapomorphies

DNA sequences in descendants:

ATTGCTATTC ATTGCTTTTC ATTGCTTTTC

L

DNA sequence changes to: ATTGCTITTTC

ey

Ancestral DNA sequence: ATTGCTATTC
Copyright © 2004 Pearson Prentice Hall, Inc.



(b) Reversals ("back-mutations") can remove synapomorphies

DNA sequences in descendants:

ATTGCTATTC ATTGCTTTTC ATTGCTTTTC ATTGCTTTTC ATTGCTATTC

Reversal to A at 7th
position occurs here

L.
Ancestral DNA sequence: ATTGCTATTC
Copyright © 2004 Pearson Prentice Hall, Inc.



KAQOOYPOUUO VS. (PUAOYEVETIKO OEVTPO

« KAadoypappa: deixVel TIC

ECENIKTIKEC OXEOEIC AVAUEDOQ O€

taxa

Chimpanzee

Human Chicken

Dinosaur

QPuloyeveTIKO OEVTPO: KAVEI TO
id10 pe TOoug KAADOUG TOU va gival
avAAoyYol JE ToV XpOVOo

Drosophil%»
F

. ]
i
Lancelet/%

Zebrafish “——

Frog @
¢ f

¥

g
Chicken&‘{',—
sl

Human ﬁ

~8%

Mouse '—‘"“3



Alapadovtag eva dEVTPO

C B A c E A

Unique ancestor of A \/ _ _
Common ancestor of A and B . —— Unique history of B
Y

' = LUnique history of A
| i - -~ Shared history of A and B




KOTaoKeLT (PUAOYEVETIKOU OEVTPOU

* MEoW ATIOOTACEWV (YEVETIKWV)

— [eVETIKN aTIO0TACT: 0 OPIBUOC TWV PETOAAAEEWVY TIOL XWPI(OLV
OLO aAvaidec DNA

— TTI0 YeVIKA, 0 apIOPOC TwV EEEAIKTIKWV CUPBAVIWY AVAUEDH O€
d00 taxa

* MEOW XOPOKTIPWV

— Avadrjtnon Tou KATaAANAOL OAYOPIBHOU Yid TOV UTTOAOYIOUO TNC
TIOAVOTNTAC EVa X OEVTPO VO OWOEl VO CUYKEKPIUEVO
OTIOTEAEC O OAANAOLXIWV (TTOV €EETACOVE) KAl OTN CUVEXEIX
ETUAEYOLUE ATIO VO GUVOAO TUBOVWV OEVTPWVY OUTO PE TN
LEYIOTN TUBAVOTNTO



AEVTPO HEOW ATIOOTATEWV
« UPGMA

— OpadoTtoinarn taxa Ye TV TIo YIKPY aTTO0Taon KAl UTTOAOYIOUOC
OTIOOTACEWV TNC KABE opadag Pe T LTIOAOITIO taxa W 0 YECOC OPOC TWV
o0 taxa

- EmavaAnygn g d10dIKaciog YEIWVOVTAC SI0OTACEIC TOU TIIVOKO ATIOOTACEWVY

— H 1m0 di10dedopevn PEBODOC, XWPIC OPWC LTTOAOYICUO TIPOYUATIKWVY
€EEAIKTIKWV TIANPOPOPIWV

* Neighbor Joining Method (NJ)

—  ZEKIVA HE Eva adIOPOPPWTO OEVTPO, EVWVOVTAC TO TIIO KOVTIVO OTIO OAQ TA
duvatd (suydpla Twv taxa. ‘Evag KAASOC EVWVEL TNV OUAdA PE TA LTTOAOITIA
taxa pHEXPL VO OAOKANPWOEL TO dEVTPO

— Aivel KoAUTEPa aTtoteAEopata atto 1o UPGMA, aAAd €Xel TipoBANuaTa o€
MEYOAUTEPEC OTIOOTACEIC



Unweighted Pair-Group Method with Arithmetic mean
(UPGMA)

Correct tree UPGMA




Neighbor Joining Method
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AEVTPO PHECW XOPOKTNPWV
e  MEeyIoTn QEIdWAOTNTA (Maximum parsimony)

— 1 1O aTtAn €€rynon €ival Kal n Tto meavn

— To 1110 OWOTO SEVTPO Eival OUTO TIOU TIEPIAAMPBAVEL T AlyOTEPQ
BAuaTa atto ToV KOO TIPOYOVO

e Meyiotn mBavogavela (maximum likelihood)

- 'Omwc Kal n MP vttoAoyidel pia Tign yia oAa ta iéava devtpa Kal
KOTOANYElI O€ AUTO TTIOL Eival TTIO TIIBAVO

- H ruBavogavela uTtoAoyideTal yio KaBe ouvdLOOUO taxa, WOTE TO
€EEAIKTIKO HOVTEAO TIOL 0ONYEI 0€ AUTO TO ATIOTEAECHO VA Eival TO
TTIO TUBAVO, dNAAdN va e€nYei KOAUTEPO TO OEOOUEVA TIOL EXOVUE

— H p€bodog autA €ival n TIo apyr TNV EKTEAECT AAAG CLVABWC
Byddel Ta 1o EYKLPO QEVTPA UE TNV TTIO XPNOIUN EEEAIKTIKI)
TIANPogopia



Maximum parsimony
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Maximum likelihood

* OeWPOLUE EVA EEEAIKTIKO HOVTEAO METOANAEEWV

* ZEKIVOUUE VO TIPOOBETOVE taxa oTo OEVTIPO Kal EEETA(OVUE TNV
TUOAVOPAVEID TNC KABE EVOANOKTIKNC TOTIOAOYIOC TOL KOOE
OEVTPOL O€ KABE Bua

* JUVEXICOLUE OTO ETTOPEVO PriMa PE TO OEVTPO TIOL EXEL TNV
LEYIOTN TIIBOVO@AVELX

- H tuBavo@avela gival Kpivetal pe Baon tnv Tubavotnta Kabe

LMEPOULC MIOC TOTIOAOYIOC VO 0dNYEi TEAIKA oTa OEOOUEVA TIOU
EXOUME

* AlodIKOOIO TIOU ATIAITEI XPOVO KOl TTOPOULC

— Aivel Ta TTI0 A&IOTIOTA PUAOYEVETIKA OEVTPO



Maximum Parsmony vs Maxlmum Likelihood

> WWW.DIFFERENCEBETWEEN.COM

i N
£ Maximum parsimony is Maximum likelihood is
the technique of the technigue of
DEFINITION drawing a phylogenetic drawing a phylogenetic
tree with the minimal tree with the maximum
number of character likelihood between

state changes genetic data

CHARACTERS
CONSIDERED Low in number High in number

BRANCHES Branches are long ipgﬁgf:ﬂ;g?

RELIABILITY Less reliability High reliability




EpyaAgia LTTOAOYIOHOU Kal KATaoKeLng ML
OEVIPWV

* |Qtree
- http://www.igtree.org/
* RaxML

- https://raxml-ng.vital-it.ch/#/




Pila kal e€wopuada

e Q¢ pila (root) BewpPOLUE TOV KOIVO TIPOYOVO TwV taxa evoC OEVTPOU
- ZuvnBwc dev yvwpilovpe tn pida Kal aTtAWC TNV TOTIOBETOVE OTO
LUECO TV taxa PE TNV HEYOAUTEPN OTIOKAION
* Agv gival TTAVTO 0WOTO OLTO
 H e&wopdda (outgroup) sival eva taxon 1ou yvwpilovue OTI BpioKeTaAl
TTIOAD PMOKPULA EEENIKTIKO OTTO TO LTTOAOITIA taxa Tou OEVTPOU
- H e&wopdda pttopei va xpnolporoinBei yia va Bpebei n pida o€ eva
JEVTPO
» Kdartoleg @opEC N e€wopada dev €ival TOOO POKPIVE KOl ONUIOVPYEI AOAPEIEC

* To id10 Kal av n e€wopdda gival TOo0 POKPIVI WOTE VO OPAdOTIOIoVVTAI
AOXETO €idN
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Mouse

AEVTPO XwpIC pida

Squir_Monk

BarbMacag

CrabEMac

Rhesus_Mac

Ipn_Macag

Human

Gibbon Gorilla

I Orang _



Mouse

1 Squir_Monk
) 1—Jpn_Macaq
1 1l  L—Rhesus Mac
1 | CrabEMac
1 BarbMacaqg
Gibbon
Orang

1 Gorilla

1 Chimp
Human




Bootstrap pebodol

* 'EAeyX0C O&IOTUOTIOG EVOC
(PUAOYEVETIKOU OEVTPOU

e ETavaAnTITIKEC
OEIYPATOANYIEC ATIO TO
OEAOMEVA KOl EAEYXOC
ETIOVAANYNC OLUYKEKPIUEVWV
KOUPBwV

e O 1110 a&I0TTIIOTOl KOOI €ival
OUTOI TTOVL gpavidovtal OTIC
TIEPIOCOTEPEC TIEPITITWOEIC




Bootstrapping

the ideal world

Sample 1

Sample 2 Estimate
All the data in of the
e woild Sample 3 > s

phylogeny

Sample n

Build replicates by resampling from unlimited data

Mabesngl inglilaa ol
|
liiher T Chriin




o 5S-1GS rDNA in wind-pollinated trees (Fagus L.) encapsulates 55 million years of reticulate evolution and hybrid
Original B origins of modern species

,.""‘érenata B3 “Crenata BO

k ?Ca:énata B1 7
2
e

I-Lineage

European O

000 ™,
)

| ~"O-Lineage
!. ok CLASS
"Specific" "Ambiguous"
=" Original A © Japonica O Cross-Asia
Crenata B2 (© Japonica )
@ Cranats O European
Genetic distance = 0.01 e "y @ Iranian Orientalis Reduced Iength
European A [} O Greek Orientalis @ Greek B1 (177 bp)
crenatah et ® Greek A1 (166 bp)
O Sylvatica O Japonica O (203-204 bp)

The Plant Journal, Volume: 109, Issue: 4, Pages: 909-926, First published: 22 November 2021, DOI: (10.1111/tpj.15601)



KaTtaokeur OeVipwy

8NCB] Home PubMed GenBank BLAST

NCBI's Tree Viewer

Sample Links:

by Daniel Huson and David Bryant

with contributions from Markus Franz, Miglel Jette’,
Tobias Kloepper and Michael Schrider

:_txt.asn file shown as Circular Tree
This link provides a look at tree_txt.asn file shown as Circular Tree.

e_txt.asn file shown as Slanied Cladogram
This link provides a look at tree_txt.asn file shown as Slanted Cladogram.

carbohydrate_kinase_FGGY_midpoint.asn file shown as Reclangle Cladegram sorted by distance
This link provides a look at carbohydrate_kinase_FGGY_midpoint.asn file shown as Rectangle Cladogram sorted by distance.

1 genometree167.asn shown as Circular Tree
WWW . 5 p I It St rEE - D rg This link provides a look at genometree167.asn file shown as Circular Tree showing usage of node parameters

recA nj nw.asn file shown as Rectangle Cladogram
This link provides a look at recA_nj_nw.asn file shown as Rectangle Cladogram with custom label and changed font

sample_tree asn file shown as Radial Tree
This link provides a look at sample_tree.asn file shown as Radial Tree.

kmer_9219_tree.asn file shown as Rectangle C|
This link provides a look at kmer_9219_tree.asn file shown as Rectangle Cladogram.

kmer.asn file shown as Rectangle Cladogram with vertical only zoom
This link provides a look at kmer.asn file shown as Rectangle Cladogram

primates.asn file from fip site shown as Radial Tree
This link provides a look at primates.asn file from fip site shown as Radial Tree.

NewickTree.nwk in Newick format file from fip site shown as Rectangle Cladogram
This link provides a look at NewickTree.nwk in Newick format file from ftp site shown as Rectangle Cladogram.

To see your own tree, | Upload | your data

ETE

. — e I bed Tree Vi
& Pythan Environmant for Tree &“Iil'ﬂr-il-“i.ln ‘ou can also embed Tree Viewer on your own page.

http://etetoolkit.org/treeview/ ki

Demo of TV and Sequence VIewsr on same page

Contact | Copyright | Disclaimer |
Nationa
8600 Rockville Pike, R

acy | Accessibility

ationa ry of Medicine

ter for

https://www.nchi.nlm.nih.gov/projects/treeview/




