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MEBodOI PuloyEveonc

« MEéEBodol TTou BaoidovTtal 0 ATTOOTACEIC
— UPGMA
— KovTivotepng yeitoviag (Neighbor joining)
— Fitch-Margoliash
— EAax10tnG €CEAIENG

 MéEBodol TTou Bacilovral o€ XAPOKTHPES
— Méyiotn @eidwAdTnTa (Maximum Parsimony)
— Méyiotn mBavoeaveia (Maximum Likelihood)
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MEBOOOI ATTOOTACEWYV

Apxik& uttoAhoyiovTal Ol ATToOTACEIC avAueoa o€ OAa Ta mlava Ceuyn
QKOAOUBIWV.

Anuioupyeital £vag TTivakag aTTooTACEWV.

Me Baon Tov TTivaka autd, dnuioupyouvTal 0Evopa e HeBOdOUC TToU
Baaoifovrail:

— 2Tnv opadotroinon. H opadoTtroinon ¢ekivael atrd TIC TTI0 KOVTIVEG
OKOAOUBIEC KAl OTAdIOKA EVOWMATWVEI OAO KAl TTIO
QTTOMOKPUCUEVEC:

« UPGMA
» Neighbor joining

— 21NV BeAniototroinon. O aAyopiBuog ouykpivel TIC TTIBAVEC

TOTTOAOYIEG KAl ETTIAEYEI AUTH) TTOU Ol ATTOOTACEIS TTAVW OTO OEVOPO

Taipialouv KAAUTEPA UE TIC ATTOOTACEIC OTOV APXIKO TTivaKa
QATTOOTACEWV:

 Fitch-Margoliash
« EAGxioTn €CEAIEN
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YTToAOYIOMOC TNC ATTOOTAONC
LMETOCU OUO OKOAOUBIWYV

« [laparnpoupevn ammréoTaon: amo TNV OToiXIoN, MTTOPOUNE va dOUUE O€
TToIEC BEo€IC Oev TaIPIACOUV O XAPAKTAPEG.

 H 1mmapartnpoupevn atrooTaon OEV CUMTTITITEI JE TNV TTPAYMATIKNA
(€CEAIKTIKN)) ATTOOTACH, AOYW TTOAAQTTAWY AVTIKATAOTACEWY TNV idIa
Béon. Oco ueyaAuTepn N amréaTACT, TOCO TTI0 TTOAAEG AVTIKATAOTAOEIG
ouvéBnoav oTnv idia B€on.

(a) Single substitution (b) Multiple substitution (¢) Coincidental substitution
1 change, | difference 2 (h anges, 1 difference 2 changes, 1 difference
(d) Parallel substitution (e) Convergent substitution  (f) Back substitution
2 changes, no difference 3 changes, no difference 2 changes, no difference
\ (7 n A
(C (A\ A)
A C A N ¢ C
\A
Fig.5.9

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'.
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YTToAOYIOMOC TNC ATTOOTAONC
LMETOCU OUO OKOAOUBIWYV
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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).



®duloyéveon

A10pBwaon TNC atTéoTAONG METACU 2
OKOAOUBIWV
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Fig. 5.12

The need to correct observed sequence differences.
The extent of observed differences between two
sequences is not linear with time (as we would expect
if the rate of molecular evolution is approximately
constant) but curvilinear due to multiple hits. The
goal of distance correction methods is to recover
the amount of evolutionary change that the
multiple hits have overprinted and to 'correct'
the distances for unobserved hits. In effect,
the methods seek to 'straighten out' the
line representing observed differences.
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MovTéEAa avTIKOTAOTOONG

e 2TATIOTIKA MOVTEAQ TTOU AauBAvouv uttownv TIC TTOANATTAEC
QVTIKATOOTACEIC (Yia TNV idla B€on) kKal dlopBwvouv TNV
TTapPATNPOUMEVN ATTOOTACT), METATPETTOVTAG TNV OE ECEAIKTIKN.

* Av namdéoTaon €ival TTOAU JEYAAN, TOTE €XEI ETTEADEI KOPEOUOC

Kal dgv gival duvaTtov va yivel owoTn d1opBwon.
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MovTEAO avTIKATAOTAONG
Jukes - Cantor

Eival To atrAouoTtepo povtéEAo yia akoAouBiec DNA.
KABE VOUKAeOTIOIO gpavileTal Je TNV idla ouxvoTtnTa

EXEl TNV idla TBavoTnNTa va YeTaAAaXOEi o€ Eva atTd Ta
UTTOAOITTA 3 VOUKAEOTIOIO

dag = —(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:

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

[Ti0 e€eMypEVO PHOVTENO.
KABe VOUKAEOTIOIO ep@avileTal Je TNV idla ouyxvotnTa

@ewpei OTI Ol HETATITWOEIC £XOUV AAAN TTIBavoTNTa Vva cupBouv, atrd OT

Ol METAOTPOYEG.
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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
accurmnulate more slowly and show no
evidence of saturation.
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MovTEAO avTIKATAOTAONG
Kimura

dis = —(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)-1/41In(1 —2 x 0.1) =0.40



MovTeAa avTikataoTaoncg yia DNA

Jukes-Cantor (JC)
Equal base frequencies mp=rc=xg=ny
All substitutions a=f
equally likely
Allow for transition/ Allow base frequencies
transversion bias to vary
Kimura 2 parameter (K2P) Felsenstein (F81)

Equal base frequencies rp = x¢c = g = 7 [ | Unequal base frequencies np # e # ng # ©r

Transversions and
transitions have different a=f All substitutions equally likely «=p

substitution rates
|

Allow basel lAllow for transition/

frequencies to vary transversion bias

Hasegawa et al. (HKY8S5)
Unequal base frequencies mp # me # xg # Ry

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 # re » g # 1ty

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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A10pBwOoN TWV TTAPATNPOUNEVWV
ATTOOTACEWV VIO TTPWTEIVEC

2.3 Estimation of distance between two protein sequences * 47

0.8
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p
— = = Dayhoff
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—— JTT
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— mtMam
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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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A10pBwOoN TWV TTAPATNPOUNEVWV
ATTOOTACEWV VIO TTPWTEIVEC

« AI6pBwaon JeE TTiVAKES AVTIKATAOTAONG:
- PAM
— JTT (Jones-Taylor-Thornton)

« AI6pBwoaon e avrioToixeg peBddouc Jukes-Cantor 4 Kimura,
TTPOCOPHOCHEVEC VIO TTPWTEIVEC.

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

d= —In(1 — p—0.2p%) (Eg. 10.5)

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

Bagiletal otnv uttoBeon 0TI OAEG 01 aKOAOUBIEC eCeAicovTal PE Eva OTABEPD
PUBMO Kal OTI OAEG atTEXouV TO id10 aTTO TNV pPiCa (KoIvo TTPOYoVvo).

To TEAEUTAIO TACOV TTOU EVOWMATWVETAI ATTOTEAEI KaI TNV €¢woudda. OuoIaoTIKA,
onuioupyeital dEvdpo [e pida.

ATTO0EXETAI TNV UTTAPEN VOGS HOPIOKOU POAOYIOU PE OTABEPN TaXUTNTA.

2TNV TTPAYUATIKOTNTA, QUTO OEV IOXUEL.

2Apepa, To UPGMA xpnOIPOTTOIEITAI TTEPICCOTEPO YIA TV OUAdOTTOINCN
OedoUEVWV ATTO NIKPOOUCOTOIXIEC Kal OXI VIO QUAOYEVEDT.

Eival évacg ypriyopog aAyopIiBuog KaTaOKEUNG OEVOPWV.
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UPGMA

A B C
B | 040
C |035]045

D | 0.60 070 0.55

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 zll taxa are equidistant from the node, the
branch length for A to the node is AC/2 = 0.35/2 = 0.175.

0.175
E .‘\
C

0.175

2. Beczuse A and C are joined into & cluster, they are treated as one
new composite taxon, which is used to create a reduced matrix. The dis-
tance of A-C cluster to every other taxa is one half of a2 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

0.4 + 045
B |84+045

= 0.425

p |235406 492|070
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UPGMA

A-C B

= 0.428

0.4+ 045
p |24+045

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 a three-taxon cluster. The branch length for the B is one hzlf
of B to the A-C cluster.

04252=0212



UPGMA

4, When B and A-C are grouped and treated as & 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

D |0.7+06+0.55
D7+ 062 058

o

=0.617

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

0.175

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.
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A B C A B C
B 0.42 B | 040
C |035]042 C 035|045
D | 0.62]062]0.62 D | 0.60 070 | 0.55
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MEBOOOC ouvdeaNC yeIToviag
neighbor joining

Eivail Tapopoia péBodoc ue o UPGMA.
QoT1600, Oev Bewpei 0TI OAeC o1 akoAouBieg eceAioovTal PE TOV
id10 puBUO.
To dEvOpO TTOU TTapAyETAl €ival AppICo KAl TTPETTEI EUEIC va
ETMIAECOUME TTOU €ival n pila.

4[[

Fugu

-> Ciona

e I
Ancpheles

r— C. elegans
L—c briggsae

—
0.1
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MEBODOI BeEATIOTOTTOINONCG

« O1 uéBodol Tou Baciovrtal oe opadoTToIiNoN TTAPAYOUV £va
OEVOpPO.

e Agv yvwpilouue TTOOO KAAUTEPO €ival auTO TO DEVOPO ATTO AAAa
EVOAAAQKTIKGA OEVOPQ.

« O1 uéBodol BeAtioToTToiNONG EAEYXOUV Ta dIApopa TTIBava
dEvOpa Kal Bpiokouv auTo TTou Talplalel KOAUTEPA OTOV APXIKO
TTiVOKO OTTOOTACEWV.



®duloyéveon

[1ooca mBava 0Evopa;

 To ouUvoAo TwV TTIBAVWYV dIAPOPETIKWY OEVOPWY YIa Eva apIBuod
taxa augdvel ekBeTIKA

Ng = 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)
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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.



[1oca mBava 0EvopQ;
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Fitch-Margoliash

Aigpeuvad yia To KGBe TIBavo dEVOPO TTOIEC €ival Ol ATTOOTACEIC JE BAOEl
QUTO KOl OTNV OUVEXEIQ ETTIAEYEI TO OEVOPO TTOU N UTTOAOYIOMEVEG TOU

QATTOOTACEIS ATTOKAIVOUV TO AIlyOTEPO dUVATO ATTO TOV APXIKO TTivaKA
ATTOOTACEWV.

db,d)=2+12410+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.

®duloyéveon



®duloyéveon

EAGxI0TN €CEAICN

[Mapopolo pe 1o Fitch-Margoliash.
Aigpeuva 1a mBava 0Evopa.

EmAEyel TO OEVOPO TTOU TO CUVOAIKO KOG TwWV BpaxIovwy Tou
gival To eEAdxIoTO duvaTO, YIa TA UTTAPXOVTa DEdOUEVA
QTTOOTACEWV.

H péBodog autn cival Aiyo KaAuTtepn atrd tTnv Fitch-Margoliash.
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YTTEP KOl KATA UEBOOWV
BacIOpEVWY OE ATTOOTACEIC

O1 yéEBodoI BeATioTOTTOINONC divOuVv KOAUTEPQ ATTOTEAEOUATA
atrod TIC uEBOGOOUC opadoTroinong, aAAd €ival TTIo apyéc.

Av Ta dedouéva gival TTOAAG, TOTE TTPOTIMATAI pIa HEBODOC
oMadoTroinong.

O1 yéEBodoI atrooTacewyv dIoPBWVOUV TIC TTAPATNPOUMEVES
arrooTacelc. Otav ol akoAouBieg gival ATTOUAKPUOPEVES, QUTA N
d10pBwaON £XEI HEYAAEC ETTITITWOEIC KAl TIPETTEI VA YiVETAI.

Me TIC HEBODOUG aTTOOTACEWYV XAVETAI TTANPOPOpIa Kal OtV gival
OUVATOV VA AVOKATOOKEUQOTEI WA TTPOYOVIKN akoAouBia.
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MEBoDoI TTou BaaidovTal 0€ XAPAKTNPEC

MeEyiotn @eidwAoTnTa (Maximum Parsimony)
Meyiotn mlavogavela (Maximum Likelihood)

BagilovTtal 0TOUG XOPAKTAPES TWV AKOAOUBIWYV Kal OXI OTIG
ATTOOTAOCEIG JETACU TWV OKOAOUBIWV.

Eival duvaTtr) N avakaTaoKEUr TWV TTPOYOVIKWY aKOAOUBIwV.
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MeyioTn @eIdwAOTNTA
(Maximum Parsimony)

Aigpeuva 1a mBava dEvOpa Kal TTIAEYEl TO/TA OEVOPO/a TTOU £ENYEI TA
oedopeva pe Ta Aiyotepa duvatd €CEAIKTIKA BApaATa / avTIKOTAOTACEIC.

ETITRETTEl TNV AVAKATAOKEUN TTPOYOVIKWY OKOAOUBIWV.

Bagiletal o1o ¢upa@i Tou Okap (130¢ aiwvag), G1Tou n o ouvToun/
atrAl €€Rynon €ival JAAAOV Kal n TTPAYMATIKH.

Aev Aappavel utréwnv 10 YEYOVOGS OTI TTEPICCOTEPES ATTO MIA
QVTIKATAOTACEIC ouvéEBnoav oTnyv idla BEon.

EtTopévwg, yia KovTIVEG aKOAoUBieC AsiIToupyei KaAd, yia
QATTOMOKPUOUEVEG aKOAOUBIEG, TTOUu aucaveTal N TOavOTNTA TTOAAATTAWY
QVTIKATAOTACEWYV OTnV idla 6€an, gival TTpoBAnNuUaTiki HEB60DOGC.
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MeyioTn @eIdwAOTNTA
(Maximum Parsimony)

« Agv xpnoigoTtrolei OAeC TIC BETEIC pia TTOAAQTTANC oToiXIoNG, GANQ JOVOo
EKEIVEC TTOU £XOUV QPKETN TTANPOPOPIA YIa VA ETTITPATTIEI O dlaXwWPICTUOS/
OMadOTTOINCN TWV AKOAOUBIWV.

o TEtolEC BEOEIC TTPETTEI VA £XOUV TOUAGXIOTOV 2 €10WV dIAPOPETIKOUG
XOAPAKTNPEG Kal 0 KABE £vag atrd auToug va UTTapXEl TOUAAXIOTOV O€ 2

aKOAOUDIEG.
sites

taxaN. |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 AATTAGTCT
and 8 (grey boxes) are informative sites. Other sites I G 6 T CGTAG
are noninformative sites, which are either constant 11 A AT GCGGCT
or having characters occurring only once. Y A G T AAGTC A
Vv A C TTUGCGTC G
Vi A C A TG G C A
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MeyioTn @eIdwAOTNTA
(Maximum Parsimony)

[la TV KGO 1Bavr) TotroAoyia dEvOpou, uttoAoyileTal TTOOA OUVOAIKA
ECEAIKTIKA BriuaTa / avTIKATAOTACEIC XpelalovTal (OTO OUVOAO TwV BEoEWV
TTOU XpPnoluoTTolouvTal).

EAEyeTal TO OEVOPO PE TA AIlYOTEPQ ECEAIKTIKA BAMATA.

2UXVA, UTTAPXOUV TTEPICCOTEPEC ATTO MIA BEATIOTEG AUCEIG/OEVDPQ, YiaTi OEV
YVWEICOUME TTOIO0I TAV TTPAYUATIKA Ol XOPOAKTIPES OTIC TTPOYOVIKES
akoAoubBiec. TOTe dnuioupyeital Eva dEvOpPo ouvaiveong atrd Ta Cioou
BEATIOTO BEVOPQ.

Step 1
GAT A
minimum
number of
mutations
3
G T A T A T & T A T A 1Y

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.



AvalnTwVvTag TO KAAUTEPO
OEVOPO

Ortav o apIBudc Twyv taxa gival HIKpOg, TOTE JTTOPOUV Va
utToAoyioToUV OAa Ta duvartd dévdpa (brute force).

Orav 10< taxa <20, 1o1e epappdleTal To branch and bound.
Otav taxa > 20, epappdlovTtal EUPETIKEC PEBODOL.

1022

1020 L g .

1018 rooted & 4

16
10'6 | "y
101 L
12 i
10°° + ;¢ unrooted
1010 L

108 |

Number of tree topologies

108 |
104 L

102

1 =1 L | 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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AvalnTwVvTag TO KAAUTEPO
0EVOPO

!

e

A
D
A
D

e

E c \ E. C
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A . : B D/ r:; i B

Figure 11.4: Schematic of exhaustive tree construction in the MP procedure. The tree starts with three taxa with one topology.

I\
J
added at a time in an progressive manner, during which the total branch lengths of all possible topologies are calculated.

One taxon is then
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AvalnTwVvTag TO KAAUTEPO
OEVOPO

Branch and bound.

Anuioupyeital To 0Evdpo pe UPGMA 1y neighbor joining.

YT1roAoyifovTal Ta €CEAIKTIKA BAMATA YIa auTO TO OEVOPO.

O apiBuoéc autds atroTeAei TNV ‘opo@ry’. ‘Eva dévdpo uéyioTng
PEIdWASTNTAC Ba TTPETTEI va £XEI TOV iDI0 apIONO BnUATWY 1) Kal
MIKPOTEPO.

KaBwcg xTideTal oTadlakd 10 OEVOPO PEIdDWASTNTAC, AV OE KATTOIO OTADIO
KATTOIEC ETTIAOYEC KATAANYOUV O€ BriMaTa TTOU CETTEPVOUV TNV OpoPn,
TOTE ATTOPPITITETAI TO CUYKEKPIPMUEVO JOVOTTATI



vadnTwVTac TO KAAUTEPO
OEVOPO
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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 given topology
xceeds the upper bound, the tree search in that direction stops, thereby reducing the total computing
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AvalnTwVvTag TO KAAUTEPO
« EupeTikEC nEBODOI: 6£V6p0

— Anpioupyeital Eva d€vopo e neighbor joining kai uttoAoyidovTal
TA €CEANIKTIKA BriMATA VIO TO OUYKEKPIMUEVO DEVOPO.

— AokiyalovTal TPOTTOTTOINOEIC TTAVW OTO OEVOPO auTo. Av Bpebei
EVA TPOTTOTTOINMEVO OEVOPO HUE MIKPOTEPO APIOUO ECEAIKTIKWV
BnUATwy, TOTE ETTIAEYETAI QUTO KaAI O TPOTTOTTOINCEIC YivovTal
TTAVW TOU, €wWC OToU PBpebei Eva akdua kaAuTepo dévdpo. H
dladikaoia ouveyieTal €W OTOU va PNV BpioKeTal KAAUTEPO
dEVOpPO.

» EupeTIkKEC nEBODOI gival YPAYOPES, OPNWCE deV divouv TTAVTOTE TNV
KAAUTEPN AuON.
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vadnTwVTac TO KAAUTEPO
EVOPO

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

B

G
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MeyioTn @eIdwAOTNTA
(Maximum Parsimony)

Aev dlopBwvel yia TTOANATTAEG AVTIKATAOTACEIS TTAVW OTNYV idIa
Béon, dpa gival TTpoNUATIKA OTAV HEAETAUE ATTONAKPUOUEVEC
OKOAOUBIEC.

Aev xpnoipoTtroligi OAeG TIC BECEIC pIag TTOANATTANG OTOIXIONG.

H AUon etTnpeddetal atrd Tov aAyopiBpo avalnrtnong Tou
KaAUTEPOU OEVOPOU.

Eival eTTIppeTTAC 0TNV €ACN METACU PMaKPIVWYV Bpaxiovwy (long
branch attraction).



'EACN METAEU paAKPIVWYV BpaXIovwyv

(long branch attraction).

« Tda&&a 1ToUu eCeAicovTal PE YPYOPOUC pUBUOUC Kal ETTOMEVWC £XOUV
MOKPEIG Bpaxioveg, EAKOVTAI HETAEU TOUG.

H -

True tree
Figure 11.7: The LBA artifact showing taxa A and D are artifactually clustered during phylogenetic
construction.

O O m »

>
>

long branch attraction

=
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MeEyioTn Bavopavela

BaaoileTal o€ XQpAKTNPEGC.

XpnoluoTrolei OAeg TIC BEOEIC pia TTOAAATTAAG OToIXIONG.
XpNOIYOTTOIEl TNIBAVOTNTES KAl HOVTEAQ AVTIKATAOTAONG.
YT1roAoyiovTal o1 XapaKTPEG 0€ KABE TTpoyovikry akoAoubia.

YT1roAoyicel yia 1o KABe T0avo €CEAIKTIKO JOVOTTATI (TTPOYOVIKEG
akoAoubBie¢ kal 0€vopo) TNV MBavoTNTa TOU, YE BAon Ta
TTAPOATNPOUHEVA ONUEPIVA DEDOMEVA KAl EVO OUYKEKPIPMEVO HOVTEAO
eCENCNG (MOVTEAO QVTIKATAOTOONG).

O1 mBavoTtnTeg petarpémrovTal o€ log-likelinood scores.

A£vOpo ue To peyaAuTepo log-likelihood score eTTIAEyeTal.
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MeyioTn mBavopavela

Y = A, T, v !
Z=A T, G,
= A, T, G, (
= A, T, G, f
. = A, T, G, ¢

Figure 11.8: Schematic representation of the ML approach to build phylogenetic trees for four taxa,
[, Il, 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) x Pr(Y —» T) * Pr(Y — Q)
InLy =InPr(Z— X)+InPr(Z— Y) +InPrX - A) + InPr(X — C)
+InPr(Y - T) +1InPr(Y — Q)
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AcloAoynon Tou 0EvOpouU

» Bootstrap:
— Tuxaia deiyparoAnyia BEoewv TNG TTOANATTANG OTOIXIONG.
— Mia 6€on uTTOpPEl Va ETTIAEYEI TTEPICCOTEPEC ATTO MIA POPEC 1 KAI KAWia.
— Anuioupyia piag véag aAAaypEVNG TTOANQTTANG OTOIXIONG
— H diadikacia eravahapBaverar 100-1000 gopéc.
— T[a kKaBe véa TTOANATTAR OTOIXIOoN, UTTOAOYI(ETAI TO DEVOPO.
— Ta véa dEvOpa ouyxwveuovTal o€ £va vEo 0EVOPO (consensus tree).
— Boostrap -> ouyxvotnTta peaviong evog kOuBou.
— Bootstrap 70% -> 95% eummoToouvn.

— Av n peBodoAoyia dnuioupyiag Tou dEvOpou gival AABOC, YTTopEi va TTAPOUE
UWNAEC TIMEG bootstrap yia To AdBog dEvdpo.
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bootstrap
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Figure 11.10: Schematc representation of 3 bootstrap analysis showing the original a'gnment and
mocified replicates in which certain sites are randomly replaced with other existing sites,. The resulting
altered replicates are used to buiding trees for statistical analysis at each node
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Jacknife

To Jacknife gival Trapouolo pe 1o bootstrap.

EmAEyovTal Tuxaia (dixw¢ avTiKaTaoTaon) ol MICEC OTAAEC TNG
TTOAAQTTANG OTOIXIONG.

[MpéBAnua: Ta véa dEvopa dnuioupyouvTal atrd AiyoTepa
dedopéva.
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Tests TTou eAEyxoUV av eva O0EVOPO
€ival KAAUTEPO ATTO £va AAAO

* 2UYKpivovTal 2 0évOpa O0TO OUVOAO TOUG, NE OTATIOTIKEC HEBODOOUC TT.X.
Paired t-test | x2.

 To bootstrap rj To Jacknife eA€yxel TNV ACIOTTIOTIO TOU KABE ETTIMEPOUS
KAGOou.

* [1akaBe pEB0dO KATAOKEUNG OEVOPWY XPNOIKOTTOIEITAI KAI TO
QVTIOTOIXO TEOT.
o [1a hEyIoTn QEIdWAOTNTA:
— Kishino-Hasegawa test. 2 dévdopa, N TAnpo@opiakéc B€ocic. [Na kaBe BEon,
utToAoyileTal TO HAKOG BpaxIiovwy Tou KaBéva atrd Ta 2 6évopa. AuTO yiveTal

Kal yia TI N B€o¢ig. O1 TINEG XpnolpoTTolouvTal o€ paired t-test, yia va @avei
av n d1apopd PETALU Twy 2 OEVOPWV Eival OTATIOTIKA ONUAVTIKH.

« Ta péyiotn mBavopaveia:
— Shimodaira-Hasegawa test. Apxika utroAoyiCovral Ta log-likelihood scores

yia 1a 2 6évopa. O1 Babuoi eAeuBepiag e€apTwvTal aTTd TO HOVTEAO £CENIENC
TTOU XPNOIYOTIOIEITAl. XPNOIUOTTOIEITAl TO X2.



