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* H eKkTigynon TNG £CEAIKTIKNG 10TOPIAC YOVIOIWV/TTPWTEIVWV )
OPYQVIOHUWV.

* H amreikévion auTr¢ TG I0TOPIAG YIVETAI UE QUAOYPAMUaTa/
KAadoypdauuara

A B C€C D E
A B C D E
Y L]
|

C E

A B D

\</

Cladogram

Phylogram

Figure 10.4: Phylogenetic trees drawn as cladograms (top) and phylograms (bottom). The branch
lengths are unscaled in the cladograms and scaled in the phylograms. The trees can be drawn as angled
form (left) or squared form (right).
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Aiyn €€ENICN: opoAoyia

OpoAoya yovidia: KOIVOG £CEAIKTIKOG TTPOYOVOG.

OpbBd6Aoya yovidia: TrpoEpxovTal atrod eidoyéveorn. OuolaoTika, Eva
yovidio a (ueTaAAaypEVO) o€ OUO DIaYOoPETIKOUC OpyavIOUOUC.
2UXVQ €xouv TnV idla AsiToupyia

[MapdAoya yovidia: TTPoEPXOVTAl ATTO YOVIOIOKO OITTAACIaoUO.
Avrikouv oTnV idla OIKOYEVEIQ

—evoAoya yovidia: atro opilOvTia HETAPOPA
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Aiyn €¢ENIEN: opgoAoyia (11)

___ju. |___J. L J.

H. sapiens R. norvegicus M. musculus

[ . Divergence
Bl e Duplication

1 common ancestor



Niyn €€Nign: OpBoAoya,
TTapAAoya Kal ECENIKTIKN
aTTéoTAON

Species 2
200 2P

Species 1
Tl 1B

Species 3
300 3B

<«—Duplication

FIGURE 27.33. Sequence similarity does not always accurately
represent relatedness. In this hypothetical tree, the evolution of
three species is indicated by thick /ight blue bars and the evo-
lution of specific genes is indicated by tin red and blue lines
within the bars. An early gene duplication gave rise to the o
and B genes; thus all of the o genes are paralogs of the 3 genes.
Over time, the o and B genes diverged such that their functions
now differ (indicated by red and blue). The multiple forms of
the o genes arose through speciation events, and thus all are
orthologs of each other (and likewise for all the B genes). If
species 3 had a slower rate of evolution than the other two, then
the o and B paralogs within species 3 will be more similar to
each other (as measured by summing the branch lengths con-
necting them) than either is to their orthologs in other species.
(Redrawn from Eisen J.A. Genome Res. 8: 163-167, Table 4, ©
1998 CSHLP.)

Evolution © 2008 Cold Spring Harbor Laboratory Press
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Vertebrate limbs are
homologous.

Cat Bat

2002 Brooks Cole Publishing - a
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OuoTTAaoia

Wings

Insect

https://pediaa.com/difference-between-homology-and-homoplasy/



HOMOLOGY
VERSUS

HOMOPLASY

Homology refers to a
similarity between two or
more species that emerged
from a common ancestor

Homoplasy refers to a shared
character between two or
more species that did not arise
from a common ancestor

Arises from a common
ancestor

Does not arise from a
common ancestor

Results from divergent
evolution

Results from convergent
evolution

Qduloyéveon

Basic structure is similar Basic structures are different

Homologous characters Homoplasious characters

perform different functions perform similar functions

Homologous characters Homoplasious characters

share a high degree of

do not share a genetic
genetic similarity similarity

Occurs as a result of the Occurs as a result of an

evolutionary relationship adaptation to the
environmental conditions

Can be used to describe the Cannot be used to describe

evolutionary relationship of

the evolutionary relationship

different species between species

Vertebrate limbs are an Wings of birds, bats, and
example insects are an example

Visit www.pediaa.com

https://pediaa.com/difference-between-homology-and-homoplasy/
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OuoTtrAagia akoAouBiwv

A

Sequence T GACGAG
Sequence 2 GCCGAC

B
Sequence 1 Sequence 2
GACGAG GCCGAC
G— Aat C— Aat
position 5 position 5
GACGGG GCCGCC
G— Cat
G— Aat position 5
position 2 G—» € at
position 6
GGCGGG GCCGGG } Ancestral sequences

FIGURE 27.20. Homoplasy in sequences. Homoplasy refers to the presence of identical character
states that did not arise through shared descent but rather by some other process, such as conver-
gent evolution. This can occur with any character, including molecular sequences. For example,
consider these two aligned DNA sequences (A), which both have an A at position 5. If the ances-
tor of Sequence 1 was GACGGG and the ancestor of Sequence 2 was GCCGCC (B), then the shared
As at position 5 are not a reflection of common ancestry and are instead an example of homoplasy.

Evolution © 2008 Cold Spring Harbor Laboratory Press
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OuoTtrAagia akoAouBiwv

Agv gival oTravio dUO PAIVOTUTTIKOI XAPOAKTIPEC va Polalouv Aoyw
oudoTTAaCiag/ouykAivouoag eCEAIENG.

["eviKa €ival TTOAU DUOKOAO OUO HOpPIaKES akoAouBieg va poidlouv
AOYW opoTTAaciag (ecaipean ol TTEPIOXEC XAMNANG
TTOAUTTAOKOTNTAG).

[0 Toug TTaPATTAvVW OUO AOGYOUG TTPOTIMOUUE TNV PUAOYEVEDN UE
MOPIaKEC OKOAOUBIEC yIa va dOUE TNV €CENICN TWV OPYAVIOUWV.
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2.TA0I0 PUAOYEVETIKNC avaAuaonc

« EmAoyry akoAouBiwv:
— EmAoyn poplakwyv dEIKTWY
— Evromoudcg oudAoywyv akoAoubiwv
 [l.x. Blast, HMMs
* [loAANaTTA OTOIXION
— AlopBwoelc oTnV OToIXIoN
*  YTTOAOYIONOG QUAOYEVETIKOU DEVOPOU
— EmAoyr €ceAIKTIKOU povTEAOU
— EmAoyn pebddou dnuioupyiag Tou dEVOpPoU
— AgloAdyion/aglotTioTia Tou dEvOpou



2. TOIXEIO EVOC PUAOYEVETIKOU

OEVOpPOU

dUMAa (leafs)
— Taxon
— Operational taxonomic units (OTUs)

Bpayxioveg (branches)
Koupor (nodes)

KAGdolI (clades)
— MoVvOoQ@UAETIKA group

Pila (root)

®duloyéveon

Branch
" (edge)

Root

) (leaf)

Internal node
_ (hypothetical
. ancestor)

Terminal
node
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2. TOIXEIO EVOC PUAOYEVETIKOU
OEVOpPOU

» ToTtroAoyia Tou dEvopou
— Aixotépion (dichotomy)

— [loAutouion (polytomy)
« Radiation
* Unresolved phylogeny

Figure 10.2: A phylogenetic tree showing an example of
bifurcation and multifurcation. Multifurcation is normally a \
result of insufficient evidence to fully resolve the tree or a  dichotomv
result of an evolutionary process known as radiation. )

*
" polytomy



®duloyéveon

AEVOpa Ue/XwpIc pila

«  Xwpic piCa
— Agv yvwpilouue TOV KOIVO TTPOYOVO.
— ArTreikoviCovtal JOVO 01 OXETIKEG BETEIC Twy taxa.
— Agv @QaiveTal N €CENIKTIKA TTOPEIQ.
Mg piCa
— ['vwpiCoupe TOV KOIVO TTPOYOVO.
— Qaiveral n eEENIKTIKA TTOPEIQ.
— XpnoIyoTTolouVTal:
« Outgroup

» Midpoint rooting approach (utToB£T€l TNV UTTAPEN HOPIAKOU
POAOYIOU - OTABEPOU pUBPOU CEAIENG VIO OAEC TIC OKOAOUBIEC).

A: :C A
B D

root

Unrooted Rooted

Figure 10.3: An illustration of rooted versus unrooted trees. A phylogenetic tree without definition of
a root is unrooted (/eft). The tree with a root is rooted (right).
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AEVOpa Ue/xwpic pia

Rooted tree

Time

Unrooted tree
C G 0

N2
VR

Fig. 2.6
Rooted and unrooted trees for human (H), chimp (C),
gorilla (G), orang-utan (O), and gibbon (B). The rooted
tree (top) corresponds to the unrooted tree below.

H




AEVOpa Ue/XwpIc pila

Rooted tree 1 Rooted tree 2
B O G C H B O G H C
Rooted tree 3 Rooted tree 4 Rooted tree 5
H € 6 O B H C€ B o G H € G O B8
Rooted tree 6 Rooted tree 7
H C G B O b C G O B
Fig. 2.7

The seven rooted trees that can be derived from an unrooted tree for five
sequences. Each rooted tree 17 corresponds to placing the root on the
corresponding numbered branch of the unrooted tree.
(Sequence labels as for Fig. 2.6.)
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KAQOOYpauua/@UAOYpauua

A B C D E
Cladogram
C E
A\</ | |
Phylogram
Figure 10.4: Phylogenetic trees drawn as cladograms (top) and phylograms (bottom). The branch

lengths are unscaled in the cladograms and scaled in the phylograms. The trees can be drawn as angled
form (left) or squared form (right).
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Newick format

®duloyéveon

« Aévdpa atroBnkevovrtal o popPnry Newick 4 Nexus (TTapaAAayn Tou

Newick).
— A
- B
(A,B);
— A
_ ‘~—— B
C
((A,B),C); 1 li A
— 5 L B
A ((A:1,B:1):1,C:2); ¢
B
C
D
(((A,B),Q),D);
A
B
T C
D
((A,B),(C,D));

« Moo civai 1o dévdpo:  (((C,B),D),(A,E));

A
1__ 3

1
((A:1,B:1):1,C:1);
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Newick format

(((C,B),D),(A,E));
Eival 1o id10 d€vOpo;

;




Newick format

[1010 €ival To 0EVOPO;
(((A:1,B:2):1,C:2):1,D:4),
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Newick format

(((A:1,B:2):1,C:2):1,D:4),
distanceAC=1+1+2
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Duloyéveon yovidiwv/
TTPWTEIVWYV
duloyéveon yovidiwV 1 TIPWTEIVWIV.

— Agixvel TNV CEAIKTIKI TTOPEIA UIAC OIKOYEVEIAS YOVIDiWV.

— KdabBe kOuPo¢ (node) o1o dEVOPO gival Evag yovIOIaKOC
OITTAACIOCHOC 1 €100YEVEDN.

— To k&Be yovidlo/TTpwTEivn UTTOPEI VA £XEI DIOPOPETIKI
eCeNIKTIKA TTOPEIa (T1.X. OpIlovTIa NETAPOPA) I PUBUO
eCENICNC ATTO T UTTOAOITTA YOVidIia EvOC opyaviouou.

— Apa, n €€eNIKTIKA TTOPEIa EVOC NOVO YOVIOIOU/TTPWTEIVNG

EVOEXETAI VO MNV QVTAVAKAQ TNV €CEAIKTIKI TTOPEIa EVOC
opyaviopou



Duloyéveon opyaviouwyv

Agcixvel TNV €CENIKTIKN TTOPEIA YIAC OUAdAC OPYAVIOUWV.

O1 kool (nodes) oTo 0EVOPO atreikovi(ouv yeyovoTa
e1doyEveONG.

H ouAoyéveon utropei va yivel atro:
— MIa O€IPA QAIVOTUTTIKWYV XAPAKTAPWV

— 'Eva yovidio popiako deiktn (11.X. 16S rRNA)
— Mia ogipa yovidiwv

— A6 TNV TASIYN@ia Twv yovIdiwV TOU KABE yEVWUATOG

®duloyéveon



Duloyéveon opyaviouwyv

« EmA&youpe/Bpiokoupe To opBOAOYO yovidio-OEiKTn OTOUG
OPYQAVIOUOUG TTOU MEAETAME KOl aKOAOUBEI UAoyEvEDN

e M. musculus

- R. norvegicus
H. sapiens
I | | I I I | I I I I
100 80 60 40 20 0 MYA (Timetree)

_’— B M. musculus
——— [ R. norvegicus

[ H. sapiens
cladogram
—— [ M. musculus
] L [ R. norvegicus
B H. sapiens
phylogram

To TTOVTIiKI KaI 0 apoupaiog gixav AiyoTepo XpoOvo va e¢eAiXBoUV EEXwPIOTA, a1t OTI 0 AvBpwTTOg 0€ OXEON
ME TO TTOVTIKI ) o€ oX€on PE Tov apoupaio. O1 HETAAAAEEIC TTOU CUCOWPEUTNKAV o€ KABe opBOAoyn
akoAouBia TTPETTEI va gival avAAOYES TOU XPOVOU ATTOKAIONG TWV OPYAVIOUWV.

Av uttoBéooupe 6T 0 pUBPOG peTAANaENG ival 1/1.000.000 xpdvia, TTOoEC HETOAAAEEIC £XOUV CUCOWPEUOEI
o€ KGBe akoAoubia, oe oxéon PE TOV KOIVO TTPOYOVO;
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Moplakol OEIKTEC VIO
(PUAOYEVEDN OPYAVIOUWYV

DNA 1 TTpwrTeivn, avaloya pe TNV €CEAIKTIKA atrdoTac TwWV
OPYQVIOHWV.
['1a TTOAU ‘KOvTIVOUG' OpyaviouoUG:

— [epioxéc Tou DNA TTOU £€€AicOVTAI Ypriyopa.

— [.x. Na aropa evog N TepIcoOTEPWY TTANBUO WYV Tou idlou gidoug,
xpnoigoTtroleital mtDNA 1Tou dev KWOIKOTTOIET TTIPWTEIVEC.
['la YETPIA ATTOKAIVOVTEG OpPYQAVIOUOUG:
— rRNA i Tpwr€ivec.
Mt-rRNA 10-100 MY
« Nuc-rRNA 100-800 MY

[Na BaBid attokAgivovTeEC opyaviououc:
— BaBid cuvtnpnuuéveS TTPWTEIVEC.
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AlAPOPETIKA YOoVIdIa YIa DIA@POPETIKA EPWTAUATA

I\I_Ioplaké XPOVOMETPO

Mopiakn KAepUudpa

8l
0 60—
oo . -
z £
g g
§ 0 § O
2 £
a a
10 20
.
0 | ] | | 1 | | 0 | | | 1 )
0 100 200 300 400 500 600 700 0 200 400 600 300 1,000
Time (Myr) Time (Myr)
(¢} Cetaceans {d) Major animal groups
|~ Porpolaes Coelenterates (2)
- Chordates (4)
Echinoderms (4)
Insects
— Dolphins <g/\-’ i
Odontoceti Millipede
Chelicerate
J Crustaceans (3}
Oligochaete annelid
| Szrlm Polychaete annalid
4 Bl —— Pogonophore
7] Baleen o e Brachiopod
I~ wihales Mysticeti —— Chiton
1 Besked e Nudibranch mollusk
—{:_” whales QT I Odontocet] _{: Bivatve mollusks (2)
Other Sipunculid
mammals

BaOutepn pifa: 35 mya (pe mtRNA)

600 mya (pe TTupnVviké rRNA)
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Duloyéveon opyaviouwyv

672 Review TRENDS in Ecology and Evolution Vol.20 No.12 December 2005
Plantae Streptophytes Discicristates Excavates
Heterolobosea
Land plants Kinetoplastids
Green Algae Charophytes . .
Chi h Diplonemids
X orophytes Euglenids
Trebouxiophytes Core jakobids
Ulvophytes Trimastix
Prasinophytes Oxymonads
Mesostigma Trichomonads
e Hypermastigotes
Red Algae Flonfilophytes Carpediemonas
Ba!'ng.nophytes Retortamonads
Cyanidiophytes Diplomonads
Glaucophytes Malawimonads
Cercomonads
Euglyphids
Cercozoa
Apicomplexa Phaeodarea
Colpodella Heteromitids
Dinoflagellates Thaumatomonads
Oxyhrris Chlorarachniophytes
Alveolates Perkinsus Phytomyxids
Ciliates Haplosporidia
Foraminifera
Ig:’”;?"e'_':' Polycystines
g Acantharia Rhizarla
Diatoms
Ra-phidiophytes Ascomycetes
Eustigmatophytes il Basidiomycetes
Chrysophytes Zygomycetes
Phaeophytes Microsporidia
Bolidophytes Chytrids
Blastocystis Nucleariids
Actinophryids Animals
Stramenopiles Labyrinthulids )
Thraustrochytrids Choanofiagellates OpISthOKOﬂlS
Oomycetes = pors
. Ichthyosporea
Opalinids
Bicosoecids Dictyostelids
Myxogastrids
Haptophytes
Protostelids
Cryptomonads Lobosea
Archamoebae
Chromalveolates Amoebozoa ‘Unlkonts’
TRENDS in Ecology & Evoltion
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© 1999 Addison Wesley Longman, Inc.



Duloyéveon oTTOVOUAWTWYV

E4E Ray finned Rodents ! Dinosaurs

Sharks fish Amphibians Primates  &rabbits Crocodiles & hirds

Pre-orhital
fenestra

Amnictic egy
Four limbs

Bony skeleton

Vertebrae
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Tagivouion opyaviouwy

Life

g =

* lepapyikni katnyopiotroinon/ Domain |
ouOadOTIOINGN OPYAVICUWV.
 Linnaeus (1707-1778) opadotroinoe Kingdom |
OPYQVIOPOUG PE BAan KoIvoug .
XOPOKTIPEC. Phylum |
* Apyotepa, n TACIVOMION Class |
TTPOOAPPOOTNKE OTNV ECENIKTIKNA

Bewpia Tou AapRivou, WOTE va Oorder |
OMadOTTOIOUVTAIl Ol OPYAVICUOI JE ’
Bdon TNV KoIvr) Toug TTPoéAEUOT). Family |
Genus |
S w

Species
< ‘
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NCBI taxonomy

Taxonomy
Browser

Nucleotide Protein Genome Structure PMC Taxonomy

BioCollections

Search for as | complete name v | 2 lock | Go || Clear |
| Display ||3 | levels using filter: | none v|
Homo sapiens Entrez records
X N . . . Database name Subtree links Direct links
Taxonomy ID: 9606 (for references in articles please use NCBIL:txid9606) Nucleotide 28545975 28,544,573
current name -
Homo sapiens Linnacus, 1758 Protein 1970019 1969.460
Structure 65,719 65,715
Genbank common name: human Ge = T N
NCBI BLAST name: primates enome = =
Rank: species Popset 25,639 25,638
Genetic code: Translation table 1 (Standard) SNP 6.839 400
Mitochondrial genetic code: Translation table 2 (Vertebrate Mitochondrial) Conserved Domains 5 3
Lineage( full ) GEO Datasets 3.852, 38
cellular organisms; Eukaryota; Opisthokonta; Metazoa; Eumetazoa; Bilateria; Deuterostomia; Chordata; Craniata; Vertebrata; Gnathostomata; Teleostomi; Euteleostomi; Sarcopterygii; Dipnotetrapodomorpha; PubMed Central 59.963 59 882
Tetrapoda; Amniota; Mammalia; Theria; Eutheria; Boreoeutheria; Euarchontoglires; Primates; Haplorrhini; Simiiformes; Catarrhini; Hominoidea; Hominidae; Homininae; Homo S 359 883 3; 310
ene 227,089 227,014
SRA Experiments 4,889,983 4 888 879
GEO Profiles 61958910| 61958910
Identical Protein Groups 1,895,122 1,895,029
BioSample 9,192 551 9.192 289
Assembly 1279 1279
dbVar 8,129,185 8,127,852
Genetic Testing Registry 73,886 73,886
PubChem BioAssay 761,628 761,621
Taxonomy 3 1
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Timetree

Get Divergence Time

http://www.timetree.org/ S Specify 2 Taxon Names @

(= TIMETREE | Teoni

&=  THE TIMESCALE of LIFE

Taxon 2:

Search

Timetree of Life

TimeTree is a public knowledge-base for information on the evolutionary timescale of

life. Data from thousands of published studies are assembled into a searchable tree of Get an Evo lution ary TI mell ne
life scaled to time.

TIMELINE Specify a Taxon Name ®

Timepanels showing events in geological time and astronomical history are provided

for comparison with timelines and timetrees. Results can be exported in different

formats for additional analyses and publication. Taxon:

Search

Build a Timetree

TIMETREE

Specify a Group of Taxa @

Group:

Search

or

Load a List of Species ®

Upload: | Browse... | No file selected.

Upload



Climate Change

@ Solar Luminosity
@ co. Levels
[ o0, Levels

Display

Geo Timescale

Solar Luminosity
CO, Levels

0, Levels

(<]

Export Results

Select Image Format

IJPG v

To Image File

Qduloyéveon

Timetree

http://www.timetree.org/

Specify 2 Taxon Names Resolve Ambiguity
Taxon 1: I cat l Taxon 1: [ cat (Felis catus) vl
Taxon 2: ’ dog l Taxon 2: [ dog (Canis lupus familiaris) v]

=

(!) Priabonian - 36
: -38 domestic cat
o Bartonian
® -40 @ Felis catus
- 41
; s
-43 @ Versus
Lutetian
! Eocene -45 @
t -47 ;
® o - 49 8 Canis lupus familiaris &
3
0) § -50 @
RO = .
§ B Yoresian  -52 @ Median Time:
] 55 MYA
S - 54
S CI: (52.9 - 57.3 MYA)
e - 56
. et - 58 Adjusted Time:
-59
! Selandian ' SSMYA
- 61
[ ] citation &
Danian %
@ =6 ‘ (Median and adjusted times
-7 @ were derived from 42 studies)
MAA 69
©) -70
Campanian
wwoooNNNNO NT M D m > =
SAEEEINGER S I
oo g 7
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Timetree Evolutionary Timeline for "Homo sapiens”
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imetree of order mammalia

http://www.timetree.org/

Didelphimorphia
Paucituberculata
Notoryctemorphia
4 Peramelemorphia
s Dasyuromorphia
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Timetree

TIMETREE is a public fork ledge on the ti and ev ionary history of life. OF LIFE
TI M E T RE E Search the database below or go to the TIMETREE OF LIFE for other resources BOOK
S P Tegr

B YR T Il . ABOUT . SEARCH L BOOK L uRESOURCES L NEWS L ,FAQS L . CONTACT . Ko

CAUTION: These results are sensitive to both the classification (taxonomic names) and the “guide tree” used. For both, TimeTree uses NCBls Taxonomy
Browser, which will yleld a reliable result in most cases. However, NCBI may not use the classification you believe to be correct, or that was used by a
study being queried, in which case the time estimates presented here may be unusable. Other options will be available in the future. Until then, check the
individual study results at the bottom of the page for proper taxonomy before using summary information. If in doubt, consult The Timetree of Life or original
literature.

Summary Information

Query Taxa: Rattus/Mus musculus
Result Comparison Rattus/Mus

Study Weighted Average (#genes) Simple Average
All (43) 36.8 Mya 26.1 Mya
Nuclear (25) 38.0 Mya 27.2 Mya
Mitochondrial (13) 35.8 Mya 26.7 Mya
Mixed (5) 19.4 Mya 19.0 Mya

Molecular Time Estimates

{values for estimates of standard error/deviation or confidence interval can be seen by clicking on individual times)
*Note: If you would like to suggest a publication for inclusion please send us a PubMed 1D or PDF file.

Gene type Timings  Publication Year Source Publication Title Pubmed
Mitochondrial 2 2007 Phylogenetic analyses of complete mi ... Horner et al.
Time # Genes Taxon A Taxon B DataType Source
151 12 Rattus Mus Amino table 3
159 12 Rattus Mus Nucleotide table 3
Mixed 1 2007 Multiple molecular evidences foral ... Huchon et al.
Time # Genes Taxon A Taxon B DataType Source
164 6 Rattus Mus Nucleotide figure s1
Mixed 1 2007 Using genomic data to unravel the ro ... Murphy et al.
Time # Genes Taxon A Taxon B DataType Source
159 19 Rattus Mus Nucleotide | Supp Table 2

Nuclear 1 2007 Calibration choice, rate smoothing, ... Hugall etal.
Time # Genes Taxon A Taxon B DataType Source
270 1 Rattus Mus Nucleotide table 3
Nuclear 1 2006 The pattern and timing of diversific ... Jansa etal.

Time # Genes Taxon A Taxon B DataType Source
187 1 Rattus Mus Nucleotide Table 5

Mitochondrial 1 2006 A mitogenomic timescale for birds de ... Pereira et al.
Time # Genes Taxon A Taxon B DataType Source
53.6 37 Rattus Mus Nucleotide table 1
Nuclear 1 2006 Housekeeping genes for phylogenetic ... Kullberg et al.
Time # Genes Taxon A Taxon B DataType Source
43.0 8 Rattus norvegicus Mus musculus Amino table 5

Mixed 1 2006 Molecular phylogeny of the Cricetina ... Neumann et al.

Time
129

# Genes Taxon A Taxon B DataType Source
3 Rattus Mus Nucleotide Table 3
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loTOTOTTOI/BA YIa BIOTTOIKIAOTNTA

http://www.timetree.org/resources.php

Blodiversity Sites

AmphibiaWeb An online system to search and retrieve information
relating to amphibian biology and conservation.

Animal An online database of animal natural history,

Diversity distribution, classification, and conservation biology.

AntWeb An advanced biodiversity information system at
species level dedicated to ants.

Arkive A unique collection of thousands of videos, images

Catalogue of
Life

and fact-files illustrating the world's species.

An informal partnership dedicated to creating an
index of the world's organisms.

Encyclopedia Information about all known species, including their

of Life taxonomy, geographic distribution, collections,
genetics, evolutionary history, morphology,
behavior, ecological relationships, etc..

FishBase A global information system about fishes.

Global A source for information on biological specimen and

Biodiversity observational data with access to more than 135

Information million data records from around the world.

Facility

IUCN Redlist A comprehensive inventory of the global
conservation status of plant and animal species.

Micro*scope Descriptive information and images about all kinds
of microbes.

Taxonomy The names of all organisms that are represented in

Browser the genetic databases with at least one nucleotide or

protein sequence, arranged hierarchically.



Moplaka poAdyia
50 A

25|

NUCLEOTIDE SUBSTITUTIONS
\

0 25 50 75 100 125
MILLIONS OF YEARS AGO

Inferred pairwise nucleotide substitutions among 17 mammal species from seven gene
products, as estimated from protein studies, plotted against date of divergence, as
estimated from the fossil record. The line is drawn from the origin through the oldest
comparison (the marsupial / placental divergence at 125 MYBP). The strong linear
relationship suggests that molecular differences between pairs of species are
proportional to the time of their separation, rather than the degree of organismal
difference. Therefore, measures of genetic divergence can be used to date the time of
divergence for species pairs for which no fossil data are available: genes function as
Molecular Clocks. (from A. C. Wilson 1976).
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Moplaka poAdyia

YT1T006€ToUV £va oTaBEPO PUBUO HETAANACEWY VIO UIA ECEAIKTIKI) YPOMUN.
XpovoAoynuéva atroAIBwpaTa ETTITPETTOUV TNV

‘CuyooTaBuion’ (calibration) Tou popiakou poAoyiou.

PuBpuog e€EAICNC dlagEpel HETACU YoVIOIWVY

2 TNV TTPAYHATIKOTATA, O PUBUOG £CEAIENG UTTOPET VO METABAAAETAI
(emPBpaduvon i emTAYXUVON) KATa TN dIApPKEIa £CENIENG EvOG KAGDOU

Fossil
20 MYA

Y 0.1
0.35 ®——— I Species A

‘- [ Species B
B Species C

phylogram

l Estimation of timetree

Species A

Species_B

Species C

100 80 60 40 20 0 MYA

Timetree
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ATTOAIBWMATA TTOU XPNOIJOTTOIOUVTAI YId
(uyooTaOuION TOU JOPIOKOU poAoyIoU
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ATTOAIBwpATa TTOU XPNOIYOTTOIOUVTAI VIO
{uyooTaOuIoON TOU JOPIOKOU PpOAoyIoU
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Fig. 3 Summary of paleontological constraints (in myr) on metazoan phylogeny. A. Vertebrates. B. Invertebrates. The dates are
minimum constraints, and soft maximum constraints are given in the text, and at http://www.fossilrecord.net/.



®duloyéveon

[TpofAnuaTa pe 1A
ATTOAIBwHaATA

e XpovoAoynuéva atTOAIBWHATA UTTOTIMOUV TOV XPOVO EUPAVIONG
MIOG ECEAIKTIKNG YPAMMNG:

— Ortav ouvéRn n atroAiBwon, o KoIvog TTpdyovoc frav Adn TTapdv yia
KATTOIO XPOVIKO dlacTnua.

— O KOIVOG TTPOYOVOC XPEIAOTNKE KATTOIO XPOVO ATIO TNV OTIYHA TNG
EMPAVIONG TOU PEXPI VA CATTAWOEI YEWYPAPIKA KAl va BPIOKETAI O€
a@Bbovia, woTe £va TUXAio YEYovOg va odnyrnoel oTnv atroAiBwaon
KATTOIWV ATOMWV.

— Ta amroAiBwuarta atroTeEAOUV TO KATWTATO XPOVIKO OpPI0 EUPAVIONG
MIOG ECEAIKTIKAG YPAMMNG
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XpovoAoynuéeva atroAIBwuaTa UTTOTIMOUV TOV
XPOVO EUPAVIONG MIOC ECEAIKTIKNG YPAMMNG

20 MYA

-

0.35 ?— I Species_A
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l Estimation of timetree
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To TpoPAnua TNC KaupBplac
TTEPIOOOU

ATTO Ta ATTOAIBWPATA CUMTTEPAIVOUUE OTI Ol TTEPICCOTEPEC KAl
KUPIOTEPEG ECENIKTIKEG YPANMES TWV METACWWY EPPAVIOTNKAV
CAPVIKA, o€ JIa ouvtopn TTEPiodo TTpIv ~550 eK. Xpovia, HETALU
NG TTPO-KANPPIac Kal KAuPplag trepiodou (KauBpia £kpnen).
MEAETEC UE POPIAKA POAGYIQ OEIXVOUV OTI QUTEC Ol ECENIKTIKEG

YPOUMEG EJ@avIiOTNKAV TTOAAEG EKATOVTADEG EKATOMUPIA XPOVIA
TIo TTPIV!



To TpoPAnua NG KauPBpiag
TTEPIOOOU

» http://www.sciencedirect.com/science/article/pii/
S0960982213009160

ATTO Ta atroAiBwpaTa oUPTTEPAiVOUNE OTI T TTEPICOOTEPA EGEAIKTIKA QUAQ
(KAGOe€IG) TTOU CUVAVTAUE ONUEPT ENPAVIOTNKAY PECA O€ £V EGAIPETIKA
OUVTOHO XPOVIKO BidoTnua (~542 - 521 ekatopuplia Xpovia TpIv), oTnv
vewAoyikr TTepiodou Tou KaupBpiou. To eCEAIKTIKO auTd YEYOVOC OVOUAOTNKE
«ékpnen Tou Kauppioux» (Cambrian Explosion).

AUTN N @AIVOPEVIKA TaXUTATN EUPAVION TOOWYV TTOAAWV Kal OIAPOPETIKWYV
QUAWYV atTroTeAEl Eva TTapAadoco oTnv £CEAIKTIKA Bewpia, TTou BaacileTal oTnv
10€a TwV OTAdIAKWY aAAaywV d1& TNS UOIKAG €TIAOYAGS (O AapBivog
TTPOPRANUATIOTNKE - XPNOIMOTIOIEITAI KAI WG ETTIXEIPNMA ATTO TOUG TTOAEUIOUG
NG €GEAIGNG).

PUAOYEVETIKEC aVAAUCEIC OTTO YEVETIKA KAl HOPPOAOYIKA OEDOPEVA PE TNV
MEBODO TOU XaAOPOU poPIaKOU poAoyiou dEixvouv OTI TNV TTEPIODO EKEIVN O
PUBPOGG €CEAICNG NTAV 4-5 POPEC TAXUTEPOC ATTO AAAEC TTEPIOOOUC.
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ATTOAIBWPOTA KAl JOPICKN
XPOVOAQYION
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Fig. 3 Relationship between molecular time estimates (x-axis), based on data from The Timetree of Life (78) and fossil time estimates
(y-axis) (55). Open circles = fossil minimum times; closed diamonds = fossil soft maximum times; dashed line = 1:1 relationship;
Ma = million years ago.
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To TpoPAnua TNC KaupBplac
TTEPIOOOU

Eival duvatdv afioTikoi TTapdyovTeg va etTnpEéacav 1n dladikaaoia
atroAibwonc.

To otuyovo augndnke dpapaTtikd Kal TTANCIaoE oTa GnNUEPIVA TOU
etTitreda TNV 1TePiodo Tou KauRpiou (580-542 MYA).

MeyaAUTEPN CUYKEVTPWAON OCUYOVOU ETTETPEWE TOUG OPYAVIOUOUG Va
aucrjoouv To PEYEBOC TOUC.

MeyaAuTepo PHEYEBOC XpeEIAoTNKE DOPEG TTOU VA OUYKPOATOUV TO BAPOC.
AUTEG 01 VEEC DONEC UTTOPEI va ATAV TTIO EUKOAO va diatnpnbouv wg
arroAIBwuara.

[MOavov, n poppoAoyia Twv OpyavIoUWY OTNV TTPO-KAURBPIa TTEPIOdO vVa
MNV ETTETPETTE TNV ATTOAIBWON TOUC.
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Duloyéveon yovidiwv

Bpiokoupe TIC ouOAOYEC akOAOUBIEC OTOUG OPYAVIOUOUC TTOU HOG EVOIAPEPOUV KAl AKOAOUBEI
QUAoyEveDN, YIa va KATOAGBoUUE TTOTE cUVERNOAV Ol YoVIOIOKOi dITTAACIACOI, Kal TToId
ouOAoya gival TTo KOVTIVA JETALU TOUG.

MpétTel va yvwpiCouue TIG ECENIKTIKEG OXEOTEIGC TWV OPYAVIOUWY

Duplication -> Divergence

BEE Em —— W) M. musculus

@
-. — H[] R. norvegicus
B H. sapiens

100 80 60 40 20 0  MYA (Timetree)

—(: - M. musculus
B R. norvegicus

—— [ M. musculus

——— [ R. norvegicus
B H. sapiens

cladogram

B M. musculus

B R. norvegicus

[ M. musculus

[ R. norvegicus

[ H. sapiens
phylogram
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Duloyéveon yovidiwv

ATTWAEIQ avTiypagou

Duplication -> Divergence — B[] M. musculus
-- ° — H[] R norvegicus

1 H. sapiens

100 80 60 40 20 0  MYA (Timetree)

B M. musculus

—': B R norvegicus
B H. sapiens

— [ M. musculus

[ R. norvegicus
cladogram

—— [ M. musculus

l——— [l R. norvegicus

I H. sapiens
— [ M. musculus

—— [ R. norvegicus
phylogram
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Duloyéveon yovidiwyv

AciypatoAnyia opOdAoywv atrd TTI0 ATTOUAKPUCHEVOUS OPYAVIONOUG, MEXPI
Va EVTOTTIOTEI O XPOVOC TTOU OUVERN O JITTAaCIAoUOC. ATTOAIBwaTa
BonBouv oTnVv XpovoAdyion

Duplication -> Divergence — B[] M. musculus
e — — H[] R norvegicus
= X -

H. sapiens
(| Species A

[ | | | | [ | | | | |

100 80 60 40 20 0 MYA (Timetree)
—: - M. musculus
Bl R. norvegicus
I H.sapiens

—— ] M. musculus
———— [] R. norvegicus

I Species A

cladogram

—— Bl M. musculus

| S— B R. norvegicus
I H. sapiens

—— [ M. musculus
| I [ R. norvegicus

I Species A

phylogram
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AEvOpa ouvaiveaonc

Mia pEBODOC uTTOPEI VO 0dNYNOEl O€ TTEPICCOTEPA ATTO £va
ecioou KaAG dEvopa.

H, amd 1a idia dedouéva, dnuioupyouvTal OEVOPQ UE
OIAPOPETIKES HEBBDOUC.

To 0EvOpo ouvaiveong deiX Vel TT0I0i KOOI gival KOIVOi JETACU
TWV dIAPOPWYV DEVOPWV.

['la KOPBOUG TTou BEV TTAPATNPEITAI CUNPWVIA, Ep@avidovTal wg
TTOAUTOUNMEVOIL.

MEBodo1 dnuioupyiag 0EVOPOU ouvaiveonc:

— amoAuTn ouvaiveon (strict consensus) (100%)

— MéBodoc¢ TAsiowneiac (majority rule) (>50%)
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AEvOpa ouvaiveaonc

* To TTapadeiyua TNS QUAOYEVETIKNG OXEONG avOpwTTOU-XIUTTATN-
YopiAa

Tree 1 Tree 2

Consensus
H C G O 8B

N

Fig.2.26
Two different trees for humans (H), chimps (C),
gorillas (G), orang-utans (O) and gibbons (B),
and their consensus tree.




A
strictly 50% majority A
consensual B consensual B
tree c tree C
D D
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[1oca mBava 0EvopQ;

* To ouvoAo Twv TBavwyV dIaPOPETIKWY dEVOPWY YIa Eva apiOuo
taxa augavel ekBeTIKA

N = (2n—3)!/2"2%(n— 2)! (Eq. 10.1)

Inthisformula, (2n — 3)! isa mathematical expression of factorial, which is the product
of positive integers from 1 to 2n — 3. For example, 5! =1 x 2 x 3 x 4 x 5= 120.
For unrooted trees, the number of unrooted tree topologies (Ny) is:

Ny = (2n—5)!/2"3(n— 3)! (Eq. 10.2)

1022

10%0 .

1018 rooted ‘
16 e

1016 | ey

1014 L .1 v9‘
. ¢
10°° 1 s unrooted

1010 | ‘,0'

108 |

Number of tree topologies

106 L g &
10* | o #

10% o

1 gt | | ] 1

Number of taxa
Figure 10.8: Total number of rooted (o) and unrooted (#) tree topologies as a function of the number
of taxa. The values in the y-axis are plotted in the log scale.
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3 taxa
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Unrooted

Rooted

A B Cc A Cc B B C A

®duloyéveon



®duloyéveon

MEBodOI PuloyEveonc

* MEBodol TTou Bacidovral o€ ATTOOTACEIC
— UPGMA
— KovrivoTepng yeitoviag (Neighbor joining)
— Fitch-Margoliash
— EAax10TNG €CEAIENG

 MegBodol TTou Bacilovral o€ XAPOAKTPES
— Méyiotn @eidwAotnTa (Maximum Parsimony)
— Méyiotn mBavopadveia (Maximum Likelihood)
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MEBoOOI ATTOOTACEWYV

ApXIKa uttoAoyidovTal o1 aTTo0TACEIS avapeoa o€ OAa 1a mmbava {euyn
QKOAOUBIWV.

Anuioupyeital Evag TTivaKaG aTToOTACEWV.

Me Bdon Tov TTivaka auTd, dnuioupyouvTal dEvopa pe neBddouc TTou
Bagilovrtaui:

— 2TnVv opadotroinon. H opadotroinon EeKIVAEI ATTO TIC TTIO0 KOVTIVEC
aKOAOUBieC Kal OTABIOKA EVOWMATWVEI OAO Kal TTIO
QTTONOKPUOUEVEC:

- UPGMA
* Neighbor joining

— 21NV BeATioTotmoinon. O aAyopIBuOC CUYKPIVE TIC TTIBAVEC
TOTTOAOYIEC KOl ETTIAEYEI QUTI) TTOU Ol ATTOOTACEIC TTAVW OTO OEVOPO
TaIpIalouv KAAUTEPQ E TIG ATTOOTACEIC OTOV APXIKO TTiVAKQ
QATTOOTACEWV:

» Fitch-Margoliash
« EAAxI0TN €€EAIEN



YTTOAOVYIOUOC TNC ATTOOTAONC
LMETOCU OUO OKOAOUBIWY

MapaTtnpoupevn atTtéoTaon: ATTO TNV OTOIXION, MTTOPOUME va doUUE O€

TToIEG B€0eIg Oev TAIPIAJOUV Ol XAPAKTPEG.

H tTTaparnpouuevn amméoTacn 0EV CUUTTITITEI ME TNV TTIPAYMOTIKNA
(eCEAIKTIKN) aTTOOTACN, AOYW TTOAAQTTAWY AVTIKATAOTACEWY OTNV idIa
Béon. Oco peyaAuTepn N amrdoTacr), TOOO TTI0 TTOAAEC AVTIKATAOTACEIC

ouvéBnoav oTnyv idla B€on,.

(a) Single substitution

1 change, | difference

) 1/" \'
(a )
4
A

(d) Parallel substitution

2 changes, no difference

(c ( E).
A C A C
g

(b) Multiple substitution

2 changes, 1 difference
™~
T
C
A

(e) Convergent substitution

3 changes, no difference

(v',
ACAT

A

(¢) Coincidental substitution

2 changes, 1 difference

R

(1) Back substitution

2 changes, no difference

Qg

Six kinds of nucleotide substitution. In each case the ancestral nucleotide was
A. In all except the case of a single substitution, the number of substitutions that
actually occurred is greater than would be counted if we just compared the two

descendant sequences. In the lower three cases the nucleotides are identical in

both descendant sequences, but this similarity has not been directly inherited
from the ancestral sequence. Such similarity is termed 'homoplasious'.

Fig. 5.9
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YTTOAOVYIOUOC TNC ATTO0TAONC
LMETOCU OUO OKOAOUBIWY

120

100 : ‘

40

Base pair differences
g

20

0 5 10 15 20 25
Time since divergence (Myr)

Fig. 5.11
Number of nucleotide substitutions between pairs
of bovid mammal mitochondrial sequences (684
basepairs from the COII gene) against estimated
time of divergence. Notice that the observed
number of substitutions is not linear with time
but curvilinear. Data from Janecek et al. (1996).
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A10pBwaon TNC atTO0TACNC METACU 2
OKOAOUBIWV

:'Evolutionary distance

:WVPercent difference

Distance measure

Time

FIGURE 27.18. Distance corrections. If evolution occurs at a constant rate, then the percent differ-
ence between two OTUs should increase linearly with time (blue dashed /ine). However, this only
applies if there are an infinite number of traits and states being compared. This does not occur with
real data. For example, with DNA sequence data, there are only four possible states at any one
character. This means that as two DNA sequences diverge, there is a limit to their maximum diver-
gence. In addition, if multiple mutations occur at one site, the difference between the two DNA se-
quences will be less than the “evolutionary distance” between the organisms. The percent differ-
ence versus time will look something like the red solid /ine in this graph. For this reason, distance
correction methods have been developed that allow the conversion of the solid line to the dashed
/ine so that one can estimate the evolutionary distance from measures of percent difference.

Evolution © 2008 Cold Spring Harbor Laboratory Press
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MovTEAQ avTIKATAOTAONC

e 2TATIOTIKA JOVTEAQ TTOU AauBAvouv uttownv TIC TTOANATTAEG
QVTIKATAOTACEIC (Yia TNV idla B€on) Kal dlopBwvouv Tnv
TTaPATNPOUMPEVN ATTOOTACT), METATPETTOVTAG TNV OE ECENIKTIKN.

* Av namrdéoTtaon €ival TTOAU JEYAAN, TOTE €XEI ETTEADEI KOPEOHOGS

Kal Ogv gival duvaTov va yivel cwoTn di1opbwon.

120

100 (
. /

60
401 /.
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Base pair differences
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Time since divergence (Myr)
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MovTEAO avTIKOTAOTOONG
Jukes - Cantor

Eival To atrAouaoTtepo povTtéAo yia akoAouBiec DNA.
KGBe VOUKAEOTIDIO gpgavileTal pe TNV idla guxvoTnTa

Exel TNV id1a mlavoTnTa va uetaAAaxBei o€ Eva atrd Ta
UTTOAOITT 3 VOUKAEOTIOIO

dis = —(3/4) In[1 — (4/3) pas] (Eq. 10.3)

where dag is the evolutionary distance between sequences A and B and p ag is the
observed sequence distance measured by the proportion of substitutions over the
entire length of the alignment.

For example, if an alignment of sequences A and B is twenty nucleotides long and
six pairs are found to be different, the sequences differ by 30%, or have an observed
distance 0.3. To correct for multiple substitutions using the Jukes-Cantor model, the
corrected evolutionary distance based on Equation 10.3 is:

dap = —3/4In[1 — (4/3 x 0.3)] = 0.38
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MovTEAO avTIKOTAOTOONG
Kimura

Mo eCeAlypévo povTEAO.
KGO voukAeoTidIO eugavileTal pe Tnv idla ouyxvoTnTa

@ewpei OTI OI JETATTTWOEIC £XOUV AAAN TTBavoTNTa VA cUpBouyv, atro Ol

Ol METAOTPOPEG.

100 Transitions
% C) =3
Q 80
c 70
-
3 60
3 50
.é 40
2 30
K. 2 Transvers-i)ns
10 'L_——_‘/
0 —
0 S 10 15 20 25
Time since divergence (Myr)

Fig. 5.13
The number of transitions and transversions
between the same bovid mammal sequences
used in Fig. 5.11. Transitions accumulate
much more rapidly than transversions and
become saturated, whereas transversions
accumnulate more slowly and show no
evidence of saturation.
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MovTEAO avTIKOTAOTOONG
Kimura

dys = —(1/2) In(1 - 2p; — py) — (1/4) In(1 — 2py,) (Eq. 10.4)

An example of using the Kimura model can be illustrated by the comparison of
sequences A and B that differ by 30%. If 20% of changes are a result of transitions
and 10% of changes are a result of transversions, the evolutionary distance can be
calculated using Equation 10.4:

dpg=-1/2In(1-2x02-0.1)-1/4In(1 -2 x 0.1) =0.40



Qduloyéveon

MovTeAa avTikataoTaoncg yia DNA

Jukes-Cantor (JO)
Equal base frequencies mp=re=mg=ny
All substitutions a=p
equally likely
Allow for transition/ Allow base frequencies
transversion bias to vary
Kimura 2 parameter (K2P) Felsenstein (F81)

Equal base frequencies rp = x¢ = ng = nr| | Unequal base frequencies np # m¢ # tg # Ky
Transversions and

transitions have different a=f All substitutions equally likely «=p
substitution rates

| J

Allow base Allow for transition/
frequencies to vary transversion bias

Hasegawa et al. (HKY85)
Unequal base frequencies mp # me # xg # Ty

Transversions and transitions arp
have different substitution rates

Allow all six pairs of substitutions
to have different rates

General reversible (REV)
Unequal base frequencies mp # me » ng # ny

All six pairs of substitutions
have different rates

Fig. 5.14
Interrelationships among five models for estimating the number of nucleotide
substitutions among a pair of DNA sequences. The JC, K2P, F81 and HKY85
models can all be generated by constrainingvarious parameters of the REV model.
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Al10pBwaon TWv TTAPATNPOUPEVWYV
ATTOOTACEWV VIO TTPWTEIVEC

2.3 Estimation of distance between two protein sequences * 47

0.8 1

0.6
Poisson

p
— = = Dayhoff
0.4 A
- JTT
024/ WAG
mtMam
0 | L3 1] T
0 1 2 3

Fig. 2.2 The expected proportion of different sites (p) between two sequences separated by

time or distance d under different models. The models are, from top to bottom, Poisson, WAG

(Whelan and Goldman 2001), JTT (Jones et al. 1992), DAYHOFF (Dayhoff et al. 1978), and

MTMAM (Yang et al. 1998). Note that the results for WAG, JTT, and DAYHOFF are almost
identical.
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Al10pBwaon TWv TTAPATNPOUPEVWYV
ATTOOTACEWV VIO TTPWTEIVEC

* AI6pBwaon PE TTIVOKEC AVTIKAOTAOTAONG:
- PAM
— JTT (Jones-Taylor-Thornton)

* AiI6pBwon pe avrioToixeg peboddoucg Jukes-Cantor rj Kimura,
TTPOCOPHOCHEVEC VIO TTPWTEIVEC.

distances. For example, the Kimura model for correcting multiple substitutions in
protein distances is:

d= —In(l1 — p—0.2p?%) (Eq. 10.5)

whereas p is the observed pairwise distance between two sequences.
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UPGMA

Bagoicetal otnv uttdBeon 0TI OAEC 01 aKOAoUBieC eCeAicovTal pe Eva oTaBePO
PUBUO Kal 0TI OAeg atréxouv To id10 atTd TNV pida (Koivo TTpoOyovo).

To TeAeuTaio TACOV TTOU EVOWMOATWVETAI ATTOTEAET KAl TV €Ewopada. OuolaoTIKA,
dnuioupyeiTal dEvdpo pe pila.

ATTOOEXETAI TNV UTTAPEN EVOC HOoPIaKoU poAoyiou he oTaBepr) TaxuTnTa.

2TNV TTPAYMATIKOTNTA, QUTO OEV I0XUEL.

2Nuepa, To UPGMA xpnoigoTrolEiTal TTEPICCOTEPO YIA TV ONadOoTToIinoN
OedOUEVWV ATTO PIKPOOUCOTOIXIEG KAl OX1 VIO PUAOYEVEDN.

Eival évag ypriyopog aAyopiOpog KaTtaokKeung OEVOpwWV.
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UPGMA

A B C
B 0.40
C 0351045

D | 060070 0.

n
™’

1. Using a distance matrix involving four taxa, A, B, C, and D, the
UPGMA method first joins two closest taxa together which are A and

C (0.35 in grey). Because all taxza are equidistant from the node, the
branch length for A to the node is AC/2 = 0.35/2 = 0.175.

0175

[,

0.175

2. Becsuse A and C are joined into a cluster, they are treated as one
new composite taxon, which is used to create & reduced matrix. The dis-
tance of A-C cluster to every other taxa is one half of a taxon to A
and C, respectively. That means that the distance of B to A-C is (AB +
BC)/2; and that of D to A-C is (AD + CD)/2.

A-C B

B 0.4+ 045

- ">
> = 0.4

0.55 + 0.6
b |[——=

0.575] 0.70
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UPGMA

A-C B

= 0,425

B |04+048
Y

p [235406 4292|070

3. In the newly reduced-distance matrix, the smallest distance is

between B and A-C (in grey), which allows the grouping of B and A-C
to create & three-taxon cluster. The branch length for the B is one half

of B to the A-C cluster.
0.175
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UPGMA

4, When B and A-C are grouped and treated as a single taxon, this allows
the matrix to reduce further into only two taxa, D and B-A-C. The dis-

tance of D to the composite taxon is the average of D to every single
component which is (BD + AD + CD)/3.

B-A-C

=0.617

D |07 +0.6+0.55
L

]

5. D is the last branch tc add to the tree, whose branch length is one
half of D to B-A-C.

0.175

A

C

D
0.61772 = 0,300

6. Because distance trees allow branches to be additive, the resulting
distances between taxa from the tree path can be used to create a
distance matrix. Obviously, the estimated distances do not match the
actual evolutionary distances shown, which illustrates the failure of
UPGMA to precisely reflect the experimental observation.

A B C A B C
B 042 B 0.40
C 035|042 C 0.35] 045
D 0.62] 0.62 | 0.62 D | 0.60] 070 0.55
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MEBOOOC ouvdeOoNC VEITOVIOC
neighbor joining

Eivai rapouoia péBodog pe to UPGMA.
QoT1o00, dev Bewpei OTI OAEC oI akoAouBieg e€eAicovTal e ToV
idl0 puBuo.
To dEvOpO TTOU TTapAyeTal €ival Appl1fo Kal TTPETTEI EUEIC va
ETMAECOUME TTOU €ival n pila.

4[[

Fugu

-> Ciona

e I
Anopheles

r— C. elegans
L C. briggsae

0.1
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MEBoOOI BeATIOTOTTOINONCG

« O1 u€EBodol Tou Bagiovral o€ opadoTroinon TTapayouyv £va
OEVOpPO.

« Agv yvwpiloupue TTOOO KOAUTEPO €ival auTo TO dEVOPO aTTO AAAQ
EVOAAQKTIKA OEVOPQ.

* O1 uEBodoI BeATioTOoTTOINONG EAEYXOUV TA DIAPOPA TTIBAVA
OEvOpa Kal Bpiokouv auTtd TTou Talplalel KOAUTEPO OTOV APXIKO
TTIVOKO OTTOOTACEWV.
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[1oca mBava 0EvopQ;

* To ouvoAo Twv TBavwyV dIaPOPETIKWY dEVOPWY YIa Eva apiOuo
taxa augavel ekBeTIKA

N = (2n—3)!/2"2%(n— 2)! (Eq. 10.1)

Inthisformula, (2n — 3)! isa mathematical expression of factorial, which is the product
of positive integers from 1 to 2n — 3. For example, 5! =1 x 2 x 3 x 4 x 5= 120.
For unrooted trees, the number of unrooted tree topologies (Ny) is:

Ny = (2n—5)!/2"3(n— 3)! (Eq. 10.2)

1022

10%0 .

1018 rooted ‘
16 e

1016 | ey

1014 L .1 v9‘
. ¢
10°° 1 s unrooted

1010 | ‘,0'

108 |

Number of tree topologies

106 L g &
10* | o #

10% o

1 gt | | ] 1

Number of taxa
Figure 10.8: Total number of rooted (o) and unrooted (#) tree topologies as a function of the number
of taxa. The values in the y-axis are plotted in the log scale.



[1ooca mBava 0Evopa;

3 taxa

4 taxa

Unrooted

Rooted

A B Cc A Cc B B C A
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Fitch-Margoliash

Algpeuva yia To KABe Bavo dEVOPO TTOIEC gival O ATTOOTACEIC E BACEI
QUTO KAl OTNV OUVEXEIQ ETTIAEYEI TO OEVOPO TTOU N UTTOAOYIOMEVEG TOU

ATTOOTACEIC ATTOKAIVOUV TO AlyOTEPO dUVATO ATTO TOV APXIKO TTiVAKA
ATTOOTACEWV.

db,d)=2+12+410+5+3=32

Fig.5.21
The evolutionary distance between b and d is
the sum of the edge lengths along the path in
the tree between the two sequences.
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EAGxIOTN €€EAICN

[Mapopolo pe 10 Fitch-Margoliash.
Aigpeuva Ta TOava dEvopa.

EAEyel TO OEVOPO TTOU TO GUVOAIKO UAKOC TWV Bpaxiovwy TOu
gival To EAGXIOTO dUVATO, VIO TA UTTAPXOVTO OEdOoUEVA
ATTOOTACEWV.

H péBodocg autn cival Aiyo KaAuTtepn atrd Tnv Fitch-Margoliash.
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YTTEP KOl KATA HEBOOWV
BaCIOMEVWY OE ATTOOTACEIC

O1 yEBOoDOI BeATioTOTTOINONG divOuV KAAUTEPQ ATTOTEAEOUATA
atro TIC HEBOGOOUC opadoTroinong, aAAd €ivai TTio apyEg.

Av Ta 0edopéva gival TTOAAA, TOTE TTPOTIMATAI JIa HEBODOC
oMadoTToinong.

O1 yéBodol atrooTacewv d10POWVOUV TIC TTAPATNPOUMEVES
arrooTacelc. Otav ol akoAouBieg gival ATTOUAKPUOHEVES, QUTA N
O10pBwaON £XEl HEYAAEC ETTITITWOEIC KAl TTPETTEI VA YiVETAI.

Me TIC uEBODOOUC ATTOOTACEWYV XAVETAI TTANPOQOpPIa Kal dev gival
OuUVATOV VO AVOKATOOKEUQOTEI UIA TTPOYOVIKI akoAoubia.
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MEBoOOI TTou BacidovTal O€ XOPAKTNPEC

MeEyioTn eeidwAoTnTa (Maximum Parsimony)
MeEyiotn mlavoaveia (Maximum Likelihood)

BaoilovTal 0TOUG XOPAKTAPEC TWV AKOAOUBIWYV Kal OXI OTIC
QTTOOTACEIC METACU TWV AKOAOUBIWV.

Eival duvaTtrh n avakaTtaoKeur TwV TTPOYOVIKWY aKOAOUBIWV.
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MeyioTn @eIdwAOTNTA
(Maximum Parsimony)

Algpeuva Ta TOava 0Evopa Kal TTIAEYEl TO/Ta OEVOPO/a TTOU £ENYEi TA
Oedouéva e Ta AyoTepa duvaTd €CEANIKTIKA BriuaTta / AvTIKOTAOTACEIG.

ETITPETTEl TNV AVAKATAOKEUN TTPOYOVIKWY OKOAOUBIWV.

Baaoiletal oto ¢upag! Tou Okap (1306 aiwvag), OTTou N 1o ouvTtoun/
atTAr} €¢nynon €ivar uGAAov Kal n TTpay aTIKr.

Aev AapBavel utrownv 10 YEYOVOGS OTI TTEPICCOTEPEG ATTO MIa
QVTIKATAOTACEIC ouvéRBnoav oTnyv idia 6€an.

ETTopévVwg, yia KOVTIVEC akoAouBieg AsiToupyei KaAd, yia
QATTOMOKPUOMEVEC aKOAOUBIEC, TTOU aucaveTal N TTIBavOTNTA TTOAAATTAWY
AVTIKATAOTACEWYV oTnV idla B€an, gival TrpoAnUaATIK nEBODOGC.
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MevioTn QeIdWAOTNTA
(Maximum Parsimony)

» Aev xpnoigoTtroigi OAeC TIC BETEIC pIa TTOAAQTTANC OTOoiXIoNG, GAAO POVO
EKEIVEG TTOU £XOUV QPKETI TTANPOPOPIA YIa VA ETTITPATTEI O dIAXWPICHOC/
OMadOTTOINON TWV AKOAOUBIWV.

« TETOIEC BEOEIC TTPETTEI VA £XOUV TOUAAXIOTOV 2 €10WV DIAPOPETIKOUG
XOAPOKTAPEG KAl 0 KABE €vag atrd auToug va UTTApXEl TOUAQXIOTOV O€ 2

aKOAOUBiEG.
sites

taxa 1 2 3 4 5 6 7 8

Figure 11.1: Example of identification of informative
sites that are used in parsimony analysis. Sites 2, 5, I AATTAGCT
and 8 (grey boxes) are informative sites. Other sites I G 6 TCGTA AG
are noninformative sites, which are either constant 11 A AT GCGTCT
or having characters occurring only once. v A G T AU AU GT CA
Vv A CTTUGCGTCG
Vi A CATGGC A
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MeyioTn @eIdwAOTNTA
(Maximum Parsimony)

[a Tnv KGBe mBavr TotToAoyia dEvdpou, uttoAoyileTal TTOOO OUVOAIKA
ECENIKTIKA BrjpaTta / avTIKATaoTAoEIG XpeldlovTtal (0TO OUVOAO TwV BETEWVY
TTOU XPNOIKJOTTOIoUVTAl).

EmAéyeTal TO OEVOPO e Ta AIyOTEPQ ECEAIKTIKA BripaTa.

2UXVQA, UTTAPXOUV TTEPICCOTEPEC ATTO HIa BEATIOTEG AUOEIG/OEVDPQ, YIATI OEV
YVWwEICOUME TTOIOI ATAV TTPAYMATIKA Ol XOPOKTPES OTIC TTPOYOVIKES
akoAouBiec. ToTe dnuioupyeital Eva dEvOPo ouvaiveong atrd Ta ¢ioou
BEATIOTO BEVOPQ.

Step 1
GAT A
minimum
number of
mutations
3
G T A T A T GG T A T A TY

Figure 11.2: Using parsimony to infer ancestral characters at internal nodes involves a two-step pro-
cedure. The first step involves going from the leaves to the root and counting all possible ancestral
characters at the internal nodes. The second step goes from the root to the leaves and assigns ancestral
characters that involve minimum number of mutations. In this example, the total number of mutations
is three if T is at the root, whereas other possible character states increase that number.
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AvalnNTwVTAaC TO KOAUTEPO
OEVOPO

 Ortav o apiBuodc Twyv taxa gival yIkpOg, TOTE UTTOPOUV VA
uTTOAOYIOTOUV OAa Ta duvaTtd dEvdpa (brute force).

« Orav 10< taxa <20, 101 e@apuoleral To branch and bound.
 Ortav taxa > 20, epappdlovTtal EUPETIKEC UEBODOL.

1022 —

1020 L g .

1078 | rooted 4
10"6 L
10™ L
102 L - ‘ ‘unrooted

1010 L

108 L

Number of tree topologies

10% |
10* L

102 |

1 i | 1 1 ] 1
4 8 12 16 20

Number of taxa
Figure 10.8: Total number of rooted (o) and unrooted (#) tree topologies as a function of the number
of taxa. The values in the y-axis are plotted in the log scale.
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£VOPO
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Figure 11.4: Schematic of exhaustive tree construction in the MP procedure. The tree starts with three taxa with one topology. One taxon is then
added at a time in an progressive manner, during which the total branch lengths of all possible topologies are calculated.
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AvalnNTwVTAaC TO KOAUTEPO
OEVOPO

Branch and bound.

Anuioupyeital To 0évopo pe UPGMA 1 neighbor joining.

YT1roAoyiovTal Ta €CEAIKTIKG BApATA YIa auTd TO dEVOPO.

O ap1Bu6C autdg atroTeAei TV ‘opo@ry’. 'Eva 0EVOPO PEYIOTNG
QEIdWAOTNTAC Ba TTPETTEI va £XEI TOV D10 apIBPO BNUATWY 1) Kal
MIKPOTEPO.

KaBwcg xTileTal oTadiakd To 0EVOPO QEIdWAOTNTAC, av 0€ KATTOI0 OTAdIO
KATTOIEC ETTIAOYEC KATAAYOUV O€ BAMATA TTOU CETTEPVOUV TNV 0pO®PI),
TOTE ATTOPPITITETAI TO CUYKEKPIMUEVO OVOTTATI
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valnNTWVTAC TO KOAUTEPO
EVOPO

U

A { exceeded
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B/ D
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Figure 11.5: Schematic illustration of the branch-and-bound algorithm. Tree building starts with a step-
wise addition of taxa of all possible topologies. Whenever the total branch length for a gi topology
exceeds the upper bound, the tree search in that direction stops, thereby reducing the total computing
time.
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AvalnNTwVTAaC TO KOAUTEPO
» EupeTIKEG NEBODOI: 6£V6p0

— Anuioupyeital Eva d€vopo ue neighbor joining kai utroAoyilovTal
TA €CEAIKTIKA BriMATA VIO TO CUYKEKPIUMEVO DEVOPO.

— AokiyalovTtal TPOTTOTTOINCEIC TTAVW OTO OEVOPO auTO. Av BpeBei
EVA TPOTTOTTOINUEVO OEVOPO HE MIKPOTEPO APIOPO ECEAIKTIKWV
BNUATWYV, TOTE ETTIAEYETAI AUTO KAl Ol TPOTTOTTOINCEIG YivovTal
TTAVW Tou, £WC OToU BpeBei Eva akopa KaAuTepo dévopo. H
dladikaoia ouveyieTal €W OTOU va PNV BpioKeTal KAAUTEPO
dEVOPO.

» EupeTikEéC nEBODOI gival YpYOpES, OPWCG dev divouv TTAVTOTE TNV
KaAUTEPN AUON.
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AvalnNTwVTAaC TO KOAUTEPO
EVOPO

Figure 11.6: Schematic representation of a typica
oranch swapping process in which a branch is cut and
moved to another part of the tree, generating a new
topology.

G
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MevioTn QeIdWAOTNTA
(Maximum Parsimony)

Aev dlopBwvel yia TTOAAATTAEC AVTIKATAOTACEIC TTAVW OTNV idIa
BEon, dpa cival TTpoBNUATIKA OTAV HEAETAUE ATTONAKPUOUEVES
OKOAOUBIEC.

Aev xpnoluoTrolei OAEG TIGC BE0EIC pIag TTOANATTANG OTOIXIONG.

H AUon etrnpeddetal atrod Tov aAyopiBuo avadlrtnong Tou
KOAUTEPOU DEVOPOU.

Eival eppeTtAc oTnV €AEN METACU HaKPIVWYV Bpaxiovwy (long
branch attraction).



‘EACN METOCU PAKPIVWDV
Bpaxiovwyv

(long branch attraction).

Taca 1Tou e¢eAicovTal pe
YPryopoug puBuouc Kal
ETTOMEVWG E€XOUV PNAKPEIC
Bpaxioveg, EAKovTal JETALU
TOUG.

®duloyéveon

A Real tree
1
2
3
4
5
B Inferred tree 3
2
1
4

5

FIGURE 27.19. A simulated example of long-branch attraction. (A4) The real tree of the relation-
ships among five taxa, with two taxa (2 and 3) having long evolutionary branches. (8) An inferred
tree of the taxa in which 2 and 3 are artificially grouped together because of the phenomenon of
long-branch attraction.

Evolution © 2008 Cold Spring Harbor Laboratory Press
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MeyioTn TriBavogaveia

BaaoileTal o€ xapaKTAPEG.

XpnoigoTtrolgi OAeC TIC BETEIC MIa TTOAAQTTANG OTOIXIONG.
XpnolyoTrolei TBavoTnTEC KAl HOVTEAQ AVTIKATAOTAONG.
YT1roAoyifovTal o1 XapaKTAPEG 0€ KABE TTPOoYyoVvIK akoAoubia.

YT1roAoyicel yia 1o KA0e Bavo €CEAIKTIKO JOVOTTATI (TTPOYOVIKES
akoAouBieg kal 0€vopo) Tnv mMOavoTnTa Tou, YE BAon Ta
TTAPOATNPOUMEVA CNUEPIVA OEQOUEVA KA EVO OUYKEKPIMMEVO JOVTENO
eCENIENC (MOVTENO avTIKATAOTAONG).

O1 mBavoTtnTeg petarpétrovral o€ log-likelihood scores.

AEvOpo e To peyaAuTepo log-likelihood score eTTIAEyETAL.
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MeyioTn TriBavogaveia

=A, T, G, C
Y = :., T, ,
Z=A 9T, ’

= ’ I' ’

= . I' .
Z A, T, '

Figure 11.8: Schematic representation of the ML approach to build phylogenetic trees for four taxa,
[, I, lll, and IV. The ancestral character states at the internal nodes and root node are assigned X, Y,
and Z, respectively. The example only shows some of the topologies derived from one of the sites in
the original alignment. The method actually uses all the sites in probability calculation for all possible
trees with all combinations of possible ancestral sequences at internal nodes according to a predefined
substitution model.

Ly =Pr(Z—> X)*Pr(Z - Y) « Pr(X - A) * Pr(X - C) * Pr(Y - T) * Pr(Y - G)
InLy =InPr(Z— X) +InPr(Z — Y) +InPrX - A) + InPr(X — C)
+InPr(Y - T) +InPr(Y —» G)
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AcloAoynon Tou 0EvOpOoU

« Bootstrap:
— Tuxaia deiypatoAnyia B€oewv NG TTOAATTAAC OTOIXIONC.
— Mia B€on utTOpEi Va ETTIAEYET TTEPICCOTEPES ATTO MIA POPEC N KAI KAia.
— Anuioupyia piag véag aAAayuévng TTOAATTARG OToiXIoNG
— H diadikacia eravalaupaverar 100-1000 @opéc.
— [a k&Be véa TTOAAATTAR oToiXIoN, uTToAOYileTal TO OEVOPO.
— Ta véa dEvdpa ouyxwveuovTal o€ Eva vEo 0EvOPO (consensus tree).
— Boostrap -> ouxvétnta gpeaviong evog KoupBou.
— Bootstrap 70% -> 95% eutmiotoouvn.

— Av n pebBodoAoyia dnuioupyiag Tou dEvOpoU gival AABOG, JTTOPET VA TTAPOUNE
UWnNAEC TIEC bootstrap yia To AdBog dEvdpo.
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Jacknife

To Jacknife gival TTapouolo e 10 bootstrap.

EmA&yovtal Tuxaia (dixw¢ avTiKaTaoTaon) ol MICEG OTAAEG TNG
TTOAAQTTANG OTOIXIONG.

[MpbBAnua: Ta véa dEvopa dnuioupyouvTtal atrd AlyoTepa
oedouEva.
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Tests TTou eAEyXOUV AV Eva OEVOPO
gival KAAUTEPO ATTO £va GAAO

* 2UYKpivovTal 2 dEvOpa OTO OUVOAS TOUC, ME OTATIOTIKEG HEBODOOUC TT.X.
Paired t-test | x2.

 To bootstrap rj To Jacknife eAéyxel TNV ACIOTTIOTI TOU KABE ETTINEPOUC
KAGdou.

* [0 KGOe pEBOOO KATAOKEUNG DEVOPWY XPNOIMUOTTOIEITAI KAI TO
QVTIOTOIXO TEOT.
o [1a yéyiotn @eidwAoTnTa:
— Kishino-Hasegawa test. 2 6évdpa, N TAnpopoplaké BEocelc. MNa kGBe BEon,
uttoAoyileTal To NKog Bpaxidvwy Tou kaBéva atrd Ta 2 dévopa. AuTo yiveral

kail yia Tic N B€oeic. O1 TINEC XpnoldoTrolouvTal o€ paired t-test, yia va gavei
av n d1a@opd METAEU TwV 2 BEVOPWV Eival OTATIOTIKA ONUAVTIKI.

« [1a yéyiotn mlavoeaveia:
— Shimodaira-Hasegawa test. Apxik& utroAoyiCovtal Ta log-likelihood scores

yia Ta 2 d€vdpa. O1 Babuoi eAeuBepiac eCapTwvTal atrd T0 HOVTEAO €CEAIENG
TTOU XPNOIYOTTOIEITAl. XPNOIUOTIOIEITAI TO X2.
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‘EAgYyX0G €CEAIKTIKWYV UTTOOECEWYV

Ao 1TOU TTPONRABE 0 166 HIV;

Tree for viruses (HIV/SIV) Primate hosts
SIVepz Chimpanzee
HIV-1/0 Human
SIVcpz Chimpanzee n proap ‘pavio"r rl K£
HIV-1/N Human - y
| g i o MUCTNPIWOWGS OTIC APXES
SIVagmTAN Tantalus monkey Tng 5£KG£TiG§ TOU 1 980 ]
SIVagmGRlI Grivet monkey
_| SIVagmVER Vervet monkey
SIVsyk Sykes' monkey
HIV-2/8 Human
_|: HIV-2/A Human
SIVsm Sooty mangabey 4 4
—_ = O 1UtrOog HIV-1 €10\ABE

£IV|hoest L'Hoest monkey O'TOU; ave p(b1TOU§, iO'wg
SIVsun Sun-tailed monke - ”
SIVeol Colobus monkey y Trap I OOOTapag qTro l’l Ia

}—{ 0.1 substitutions/site (pOPég, qTré TOV XIIJTI-GTCI:I .

O Tutrog HIV-2 €101AB¢
OTOUG aVOPWITOUG, ATTd TOUG
sooty mangabees




‘EAEYXOG £CEAIKTIKWYV UTTOBECEWYV

A6 1TTOU TTPONABE 0 166 HIV;
*HIV-1 €10ABe oToug avBpwTtroug atrd Tov XihTrardn mepitrou 10 1908.

*HIV-2 €101ABe oTouC avBpwTtToug atrd Ta sooty mangabees Trepitrou
10 1933.

‘[Nlapépeive o€ XaunAd emritreda otov avlpwTTivo TTANBUCUO PEXP! TO
1950.

*H aoTikoTtroinon iowg va euBuveTal yia TNV €CATTAWCT TOU.

*O SIV d¢v gival T6o0 £TTIKIiVOUVOC YIa TIC aiuoudec 6co o HIV yia
TOUG avBpwTToUuC.

*ApXIKQ TTioTEUAV OTI 0 SIV UTTPXE OTIC MATMOUDEG Yia TTOAAG Xpovia
KAl €101 UTTAPXE XPOVOG VA TTPOCAPHOCTEI TO AvOOOTIoINTIKG CUCTNUA.

*DuloyeveTIKEC avaAuoelg €deicav 0TI 0 SIV €101ABe oToug XINTTAT(AOEC
10 1492 ka1 ota sooty mangabees 10 1808!

*Apa, dev IO0XUEI N TTAPATTAVW Bewpia yiaTi o1 yaiuoudeg dev
ApPPWOTAIVOUV TOOO £VTOVA.



H Bewpia Tou gyBoAiou TS TTOAIOpUEAITIOOC - OPV/
AIDS theory

H Oecwpia auty umootApice omi 10 SIV Tépace oOTOUG avOPWTTOUG KAl
METOAAGXOBNKke oe HIV katd tnv O01adikacia KATAOKEUNG eUPBOAiwV
TTOMIOMUENITIOOC O€ €va KEVTPO TIAPACKEUNG €EMPOAIWY OTNV TTEPIOXN TOU

Stanleyville (yvwoT16 mmAéov w¢ Kisangani) ato Kovyko (Democratic Republic of
Congo). H Bewpia utrootnpilel o1 katd TNV O1adIKaCia KATAOKEUNG TOU
gMBOAIoOU xpnoiuoTroIenke BIOAOYIKO UAIKO ATt XIMTTATCNOESG (MOAUCUEVOUG UE
SIV) Tn¢ TTEPIOXNG.

O Worobey kal o1 ouvepydteg Tou palewav BIOAOYIKO UAIKO (MOAUCUEVWYV ME
SIV xiummar¢Adwyv) amdé tnv Teploxny NS Kisangani Kal ékavav QUAOYEVETIKN
avaAuon, xpnolgotroiwvtag Kal akoAouBie¢ SIV ammd daAAoug TTANBucopoUg
XIMTTaT{NOWYV Kal atrdé akoAouBisg HIV.

Av ioxue n Bewpia Tou guPoAiou, TOTE Ba E£TpeTTe 01 akoAouBieg SIV amd Tnv
TTeploxn) Tou Kisangani va eival ol 1o KovTivec SIV akoAouBie¢ o€ auTég Tou
HIV.

http://www.nature.com/nature/journal/v428/n6985/pdf/428820a.pdf



http://www.nature.com/nature/journal/v428/n6985/pdf/428820a.pdf

Ta @UAOYEVETIKA BEVTPA OUWG OEV TO UTTOOTNPICOUV AUTO TO CEVAPIO.
EmitrAéov, Ta popiaka poAoyia uttooTtnpifouv o1 o HIV TTépace oToug

avOpwTroug trepitrou 30 Xpovia vwpitepa atrd Ot uttooTnpilel N
Bewpia Tou guPoAiou TS TTOAIOPUEAITIONC.

c 100 HIV1ELI

HIV1LAI M
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SIVcpzGAB1

100 HIV1YBF106 N
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HIVIMVP5180 o
HIVIANT70

SIVcpzANT
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SIVcpzTAN3

=== 0.1 substitutions/site * g|VcpzTAN2
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Science. 1882 May 22,256(5060):1165-71.

Molecular epidemiology of HIV transmission in a dental practice.

Ou CY, Ciesielski CA, Myers G, Bandea CI, Luo CC, Korber BT, Mullins JI, Schochetman G, Berkelman RL, Economou AN, et al.
Division of HIVIAIDS, Centers for Disease Control, Atlanta, GA 30333.

Abstract

Human immunodeficiency virus type 1 (HIV-1) transmission from infected patients to health-care workers has been well documented, but
transmission from an infected health-care worker to a patient has not been reported. After identification of an acquired immunodeficiency syndrome
(AIDS) patient who had no known risk factors for HIV infection but who had undergone an invasive procedure performed by a dentist with AIDS, six
other patients of this dentist were found to be HIV-infected. Molecular biologic studies were conducted to complement the epidemiologic
investigation. Portions of the HIV proviral envelope gene from each of the seven patients, the dentist, and 35 HIV-infected persons from the local
geographic area were amplified by polymerase chain reaction and sequenced. Three separate comparative genetic analyses--genetic distance
measurements, phylogenetic tree analysis, and amino acid signature pattern analysis--showed that the viruses from the dentist and five dental
patients were closely related. These data, together with the epidemiologic investigation, indicated that these patients became infected with HIV while
receiving care from a dentist with AIDS.

http://www.ncbi.nlm.nih.gov/pubmed/1589796

« ETTd aoBeveic evog odovriatpou tTou £TTacke atro AIDS mrpooARBnkav
emmiong atmro AIDS.

« Tov Katnyopnoav OTI TOUG METEDWOE TOV I10.

« ‘Eyive @uloyéveaon akoAouBiwv atrd Tov odovTiaTrpo, Toug aoBeveic Kal
atrd aAAoug 35 aoBeveic AIDS atrd Tnv TOTTIKNA KoIvwvida.
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Fig. 1. Phylogenetic tree analy-
sis comparing HIV-1 env V3 re-
gion coding sequences from
the dentist, the dental patients A
through G, and select local con-
trols LC2, LC3, LC9, and LC35.
The two most divergent clone
sequences from each person
(designated x and y for each
person), with the exception of
LC9 and LC35, for whom only
direct PCR sequencing prod-
ucts were available, have been
included. The LC sequences in-
cluded were those found by

pairwise distance measurement (Table 1) and signature pattern analysis (Table 2) to be the closest
control sequences to the dental group sequences, which are enclosed by a box in (A). An LC
consensus sequence has also been included, and the tree was rooted upon the African sample ELI.
The PAUP parsimony algorithm was used to analyze 279 aligned sites (25), of which 146 sites were
varied. When the dentist’s viral sequences were withdrawn from the analysis, or required to cluster
with the LC consensus sequence (25), the dental clade remained otherwise unaffected, as shown
in (B). Vertical distances are for clarity only; the lengths of the horizontal branches are proportional
to the single base changes and can be read as percentage differences with the scale bar.



J Virol. 1894 Sep;68(9):5918-24.
Analysis of a rape case by direct sequencing of the human immunodeficiency virus type 1 pol and
gag genes.

Albert J, Wahlberg J, Leitner T, Escanilla D, Uhlén M.
Department of Clinical Virology, Swedish Institute for Infectious Disease Control, Karolinska Institute, Stockholm.

Abstract

Transmission of human immunodeficiency virus type 1 (HIV-1) from a male accused of rape and deliberate transmission of HIV-1 was investigated
by sequencing of the HIV-1 pol and gag genes from virus obtained from the male and from the female victim. Parts of the reverse transcriptase and
p17gag genes were amplified and directly sequenced from uncultured peripheral blood mononuclear cells. The sequences were compared with
sequences from 21 unrelated HIV-1-infected controls from the same geographic area (Stockholm, Sweden). Bootstrap analysis of phylogenetic trees
demonstrated that the sequences from the female were significantly more closely related to the sequences from the male than to sequences from
the controls. Furthermore, we found that the male and female shared two distinct genetic variants of HIV-1. In p17gag the major variant had an
unusual, out-of-frame deletion of 3 nucleotides which the minor variant lacked. These results indicated that the male had transmitted more than one
infectious unit to the female. From this study we concluded that it was highly likely that the HIV-1 strains carried by the male and female were
closely epidemiologically linked.

PMID: 7520096 [PubMed - indexed for MEDLINE] PMCID: PMC236997 Free PMC Article

http://www.ncbi.nlm.nih.gov/pubmed/7520096

* Ouua Blacpou katnyopnoe Tov BlacTr o1 TS pETEdWOoe AIDS.

« Xpnoigotroinénkav akoAouBieg, atrdé 1o Buua, Tov BiacTh Kal ato 21
aoBeveic AIDS TnG TOTTIKAG KOIVWVIAG.

* H @uloyéveon €0¢ice OTI oI akoAouBiec Tou BiaoTh Kal Tou BUPATOC TAV
Ol TTIO KOVTIVEG.
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FIG. 5. (A) Phylogenetic tree analysis comparing HIV-1 reverse
transcriptase nucleotide sequences obtained by direct sequencing of
PBMC from the male, the female, 10 unrelated intravenous-drug
abusers (IV), and 11 unrelated homosexual men (HS). The sequence
of the African HIV-1 isolate ELI (HIVELI) was used as an outgroup
to root the tree. The analysis was performed with DNA sequences
corresponding to amino acids 8 to 222. Some controls had received
AZT treatment; therefore, the nucleotides corresponding to amino
acids 41, 67, 70, 215, and 219, which confer AZT resistance (16, 26),
were excluded from the analysis. The tree was generated with the
DNAML program from the PHYLIP package, version 3.4 (6). Se-
lected bootstrap values are given. (B) Phylogenetic tree analysis

HIVELI



‘EAgYyX0G €CEAIKTIKWYV UTTOOECEWYV

A6 TToU TTpoABE 0 166 HIV-1 subtype M; MNpoéAeuon otnv Kevrpiki AQpPIKI).

OTav TTPWTOEVTOTTIOTNKE, APKETOI A00EVEIG OTNV AMEPIKE ATAV TTPOC@PATOI
AITIVOi HETAVAOTEG.

Kartroiol iocxupifovrayv OT1 Ty atmrd Tnv AJePIKN oTnVv AiTH oTa péca Twv 70s,
AOYyw oeggoTOoUupIOHOU.

AT1é TnV AITR 0TV ANEPIKA 1} TO AVTIOETO;

O Worobey xpnoipotroinoe akoAouBieg HIV atmréd cuvrtnpnuéva deiypara
Aimivwy aocBevwyv (1983)

- ll - - - ,’
“USA first” model Haiti first” model
probability = 0.01% probability = 99.8%
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{ B Africa L B Africa
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ancestor | ancestor
in Africa USA  inAfrica T ] B Haiti
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Virus migrates from _: .fs from Afric aqt(: :hiri
Africa to USA? ~r Bl Haiti vl — USA
2 f _.: ~1966 T
Virus migrates from Virus migrates from Haiti to USA
USA to Haiti? ~1969 then rapidly disperses

worldwide



‘EAeyX0G £EEAIKTIKWYV UTTOOECEWYV

H tropeia Tou HIV

Haiti —

HT593 1992
H7 1983
2 H3'1982
} US4 1990
1.0 3 BRO20 1992
0.7 KR5086 1995
060 HT651 1991
Tou HT652 1991
HT599 1992
HT594 1992
o 70 . HT596 1992
H2 1982 WMJ2 1985

H5 1982

Pandemic clade

USA, Canada, Argentina,
Colombia, Brazil, Ecuador,
Netherlands, France, UK,
10 & Germany, Estonia, Gabon,
South Africa, South Korea,
Japan, Thailand, Australia

1981-2001

0.1 substitutions per site

Gilbert M T P et al. PNAS 2007;104:18566-18570
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*Metd tov celopd oty At (Iavovaprog 2010), Eéonace emdnuio yorépac (OxtmPplog
2010).
*To Baktrpro Vibrio cholerae ehevBepdvel pio ToEivn mov TPokaAEl EVTOVES O1APPOTES
KOl 0pUOATOOoT), £m¢ Ko OAvato, VIO OALYOV OpOV, 0V OEV AVTILETOTIOTEL!
*H petddoon yivetor 0tov Ta KOTPOva EVOC LOAVGUEVOD aTOLOV £pBOVV GE ETOPT LUE
OGO VEPO 1 TPOOT).
*Ta dtopa TOL OEV TAPAYOLV OPKETO YOOTPIKO VYPO GTO GTOUAYL TOVC, 1] TOL ATOUO LE
oudoa aipatog O glvou o evdAmTO.
*To Vibrio cholerae vrtdpyetl oe vodTIva TEPIPAALOVTA OV TV VPNALO Kol €AV O1
ocvvOnkeg elvan evvoikéc, umopet va Eeomdioet emonuio.
*H yoAépa etvar dradedouévn oty Acio.
*To TpdTo KpovouaTo TOPATNPNONKAY GE KEVIPIKES TEPLOYES TOV VNGOV, GTIV KOIAAO,
Artibonite, pia efooudda petd v Elevon Nemadé{mv KuavOKpovmv, KOVIQ 6TO
GTPATOTEDO TOVC.
* AVppoto oo 10 oTPATONESO KATEAN YOV GE YEITOVIKO TOTAUO.
*O1 xdrotkol katnyopnoav tov OHE 011
*01 KvavoKpavol Tov Npbav va fonbrcovv gvbivvovtal Yo to EEomacua g
emonuiog.
*011 0 OHE mpoondfnce va amokpOYEL TO YEYOVOS Kol va. Unv avoaAdPet Tig evbiveg
TOV

HECTOOAV TAPAYEC.
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* AAANAOVYIOT TOV YOVIOIMUATOC:
*2 KMVIKOV GTEAEYDOV A0 TNV TOPLVN €mONUia oty Ait.
] KMvikO oTéleyoc amd TNV emonuia tov 1991 ot Notwo Apegpikn).
*2 otéAheyn mov amopovodnkay otn Notwo Acia to 2002 ko 2008.

*Entiong ypnowomomOnkay ot pePIKES aAAnAovyiec amd 23 dAAa oTeEAEYN ava TNV
veNALo (Ta TeEAgvTaia 98 ypovia).

1588 cuvinpnuéeva opBoAoya yovidla ypnoporomOnkay and 1o kébe otéAleyod,
Y10, VoL YIVEL TO PUAOYEVETIKO OEVOPO.
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ORIGIN OF CHOLERA OUTBREAK STRAIN IN HAITI

CIRS 101 Bangladesh 2002
M4 (MDC126 Bangladesh 2008)
M]J-1236 Bangladesh 1994

B33 Mozambique 2004

MO10 India 1992

RC9 Kenya 1985
N16961 Bangladesh 1971

', C6 (C6706 Peru 19912

BX330286 Australia 1986
NCTC 8457 Saudi Arabia 1910
MAK757 Celebes Islands 1937
b 2740-80 United States 1980

0395 India 1965
_:vsz Sudan 1968

1587 Peru 1994

62-339 Bangladesh 2002
TMA?21 Brazil 1982

AM19226 Bangladesh 2001

MZO-2 Bangladesh 2001
MZO-3 Bangladesh 2001

12129(1) Australia 1985

TM11079-80 Brazil 1980

V51 United States 1987

V0426 UK Unknown

RC385 Chesapeake Bay 1998

Figure 2 (facing page). Reconstructing Phylogenetic
Relationships among V. cholerae Strains.

Panel A shows the phylogenetic relationships among
pandemic V. cholerae strains on the basis of single-
nucleotide variations identified among all strains for
which a set of 1588 orthologous genes has been com-
pletely sequenced.® The magnified inset represents
strains in the seventh pandemic, including H1, H2,
M4, C6, and N5. Panel B shows the phylogenetic rel-
ationships among a broad set of seventh-pandemic
V. cholerae strains.*® The phylogenetic tree is rooted
with three pre—seventh-pandemic strains.




