Chap. 4. Distance—Based Method of Phylogenetics

Distance—based method
VS.
Character—based method
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Newick Format

Note: polytomy

(a) (b) (c)
((1,2),(3,4),5) (((1,2),(3,4)),5) ((1,2),3,4,5)

Three trees and their associated tree d:.rrr{pziam.



| Fig. 2.4 A tree and its
shorthand representation
using nested parentheses.

({((A.B),O).(D.E))

Newick format

Tree lengths can be included in the newick format!

> (((A:1,B:1):1,C:2):2,(D:1,E:1):3)



CCCCCCCCCCCOLCeCCCC((((e0338_C._mitrata_20Mitratae_2.Carex:0.00000000,D00
13_C._mitrata.v.ari_20Mitratae_2.Carex:0.00000000)0.0600:0.00000000,00
218_C._kamagariensis_20Mitratae_2.Carex:0.00000000)0.0200:0.0000000
0,E0402_C._nervata_20Mitratae_2.Carex:0.00000000)0.0000:0.00000000,E
0109_C._candolleana_20Mitratae_2.Carex:0.00000000)0.0100:0.00000000
,D0023_C._breviculmis_20Mitratae_2.Carex:0.00000000)0.0500:0.0000000
0,D0003_C._breviculmis.v.fib_20Mitratae_2.Carex:0.00000000)0.4500:0.00
000000,D0660_C._meridiana_20Mitratae_2.Carex:0.00327723)0.4000:0.00
324170,(D0103_C._boottiana_19Rhomboidales_2.Carex:0.00649832,(D00
08_C._laticeps_19Rhomboidales_2.Carex:0.00000000,00259_C._longerost
rata.v.pal_17Depauperate_2.Carex:0.00000000)0.8200:0.00000000)0.8400
:0.00983390)0.1400:0.00000000,E0316_C._macrandrolepsis_24Digitatae_
2.Carex:0.00989884)0.0800:0.00000000,(D0002_C._tristachya_20Mitratae_
2.Carex:0.00000000,D0006_C._tristachya.v.poc_20Mitratae_2.Carex:0.000
00000)0.6100:0.00659354)0.0800:0.00000000,(E0025_C._blepharicarpa.v.
ste_20Mitratae_2.Carex:0.00329766,F0014_C._morii_02Decorae_2.Carex:0
.00327937)0.4100:0.00322314)0.0500:0.00000000, ((H0004_C._follicolata_
07Rostrales.Q_2.Carex:0.00980047,H0006_C._lonchocarpa_07Rostrales_2
.Carex:0.00000000)0.8800:0.01029141,((E0003_C._alterniflora_20Mitratae
_2.Carex:0.00000000,E0491_C._sachalinensis.v.sik_20Mitratae_2.Carex:0.
00000000)0.7400:0.00325538,((((E0128_C._conica_19Rhomboidales_2.Ca
rex:0.00000000,E0318_C._matsumurae_19Rhomboidales_2.Carex:0.00324
965)0.3600:0.00000000,E0541_C._tsushimensis_20Mitratae_2.Carex:0.009
94931)0.2400:0.00000000,D0099_C._genkaiensis_20Mitratae_2.Carex:0.00
432348)0.5600:0.00428059,((D0275_C._sabynensis.v.ros_20Mitratae_2.Ca
rex:0.00000000,00067_C._polyschoena_20Mitratae_2.Carex:0.00000000)0
.0400:0.00000000,((FO017_C._brachyathera_03Aulocystis_2.Carex:0.0032
7189,D00029_C._sabynensis_20Mitratae_2.Carex:0.00000000)0.1100:0.000
00000,(D0188_C._sabynensis_21Mitratae_3.Carex:0.00000000,E0488_C._s
abynensis.v.lei_20Mitratae_2.Carex:0.00000000)0.0500:0.00000000)0.020
0:0.00000000)0.3300:0.00000000)0.3100:0.00000000)0.6800:0.00465827
)0.2700:0.00484328)0.0700:0.00481019,((D1231_C._tenuiformis.v.neo_31
Chlorostachyae_3.Carex:0.00000000,E0606_C._tenuiformis.v.neo_30Chlor
ostachyae_2.Carex:0.00000000)0.9600:0.01073670,(E0579_C._aphanolepi
s.v.mix_15Anomalae_2.Carex:0.00000000,(E0390_C._mollicula_15Anomala
e_2.Carex:0.00000000, ((((FO029_C._doniana_15Anomalae_2.Carex:0.0000
0000,D0055_C._doniana_15Anomalae_2.Carex:0.00000000)0.2800:0.0000
0000,F0020_C._alopecuroides_15Anomalae_2.Carex:0.00000000)0.6900:0
.00295406,00084_C._japonica_15Anomalae_2.Carex:0.00000000)0.3000:0
.00000000,(D0635_C._dimorpholepis_36Praelongae_3.Kreczetoviczia:0.00
325868,(D0149_C._heterolepis_35Forficulae_3.Kreczetoviczia:0.00325522,
(D0057_C._forficula_35Forficulae_3.Kreczetoviczia:0.00000000, ((E0449_C
._phacota.v.gra_36Praelongae_3.Kreczetoviczia:0.00317960,00082_C._ph
acota_36Praelongae_3.Kreczetoviczia:0.00000000)0.8500:0.00644466,(E0
001_C._aequialta_20Mitratae_2.Carex:0.00323932,(E0525_C._suifunensis_
36Praelongae_3.Kreczetoviczia:0.00000000, (((D1093_C._thunbergii_38Pha
cocystis_3.Kreczetoviczia:0.00000000,E0198_C._humbertiana_38Phacocy
stis_3.Kreczetoviczia:0.00000000)0.7900:0.00351438,E0333_C._micrantha
_38Phacocystis_3.Kreczetoviczia:0.00336486)0.6300:0.00351644,(D0081_
C._maximowiczii_36Praelongae_3.Kreczetoviczia:0.00000000,(FO007_C._o
bnupta_37Temnemis_3.Kreczetoviczia:0.00000000,F0008_C._spectabilis_3
2Scitae_2.Carex:0.00000000)0.9300:0.00858545)0.0500:0.00000000)0.00
00:0.00000000)0.0200:0.00000000)0.0300:0.00000000)0.0500:0.0000000
0)0.0000:0.00000000)0.1100:0.00000000)0.3500:0.00448555)0.3500:0.00
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History of Molecular Phylogenetics
1) DNA-DNA hybridization
2) Restirction Fragment Length Polymorphism (RFLP)
(Protein sequencing, Immunological method)
3) DNA sequencing
i) Single gene comparison
ii) Multiple gene comparison

i) Comparative genomics
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2) RFLP (restriction fragment length polymorphism)
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Enzyme  Source Recognition Sequence Cut

EcoRl Escherichia col 5'GAATTC 5'-——G/AATTC——-3'
EcoRll Escherichia coli 5'CCWGG 5'-——/CCWGG—---3'
BamH| Bacillus amyloliquefaciens 5'GGATCC .5|___G/ GATCC———3
Hindlll Haemophilus influenzae 5'AAGCTT 5'-—A/AGCTT——-3'
JTaagl Thermus aquaticus 5'TCGA 5'-—T/CGA-——-3'
Nott Nocardia otitidis 5'GCGGCCGC fl_"ej‘GC/ GGLCGE-
Hinfl Haemophilus influenzae 5'GANTC 5'-——G/ANTC——-3'
Sau3A Staphylococcus aureus 5'GATC 5'-——/GATC——-3'
Pouil* Proteus vulgaris 5'CAGCTG IBI___CAG'/CTG'_—_S
Smal* Serratia marcescens 5'CCCGGG 5 --~CCC/GEG-—-

3
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Restriction Site Analysis

The restriction enzyme BamHI cuts DNA everywhere
it Finds the sequence GG ATT(

Species A
ACTAGGATC CCQATOGATGC LA TC CTCAE 34T L. GCGCTGACGACGTACGATGA A T L0 A
Tl: ’i nvisany]]
Species B
ACTALGATCLCGATOGATGC AT L TCOGGAACOGOGCTGACGACGTACGATGA = 4T A
Species C
ACTAL AT LCGATCRATGC TOGHLAT L GCGCTGACGACGTACGATRALGATCCA
TE t A &
A B C B A s
[=a)
=
L IR 11 ]
] ==
(b)

[£ A http://www.life.uiuc.edu/plantbio/260/rcstsite.jpg]



Characters(Presence/absence)
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(Protein sequencing, Immunological method)

3) DNA sequencing
i) &2 DNA 20l 28t Xi=
i) 42| DNA R2H0ll Q& Xt=
iii) Comparative genomics

e HSEAHTE R8I DNA HIINE 2249 HAE:
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Basic process to reconstruct phylogenetic tree based on

r
e

Sequencing = search = filtering = alignments = phylogenetic

analyses



Phylogenetic Tree

- Node &

- Terminal node & tH&

- Internal node L& &

— Inferred ancestor (&) X4

— Newick format: (((I, 1), (I, 1V)), V)

Multifuracting vs. bifracting

— Scaled tree vs. unscaled tree

<’ =

FIGURE 41 A ]?/_’_}’IU‘LJ’WI!"NL'
tree illustrating the evolutionary
relationships among five species

(I, I1, 111, IV, and V). Filled circles
represent terminal nodes while
open cireles I'M"."c'_\'pmnl' to internal
nodes. Inferved common ancestors
to the species for which sequence
data are available are labeled with
letters (A, B, C, and D). The root
of the tree corvesponds to D,

10
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Fig. 4. One of three most parsimonious trees based on the combination of afpB, rbel, 185 rDNA, and 265 rDNA sequences. Numbers along
branches, dotted lines, and bold lines are as in Fig. 2. Abbreviations for several genera are as follows: Jep., Jepsonia; Boy., Boykinia, Fra., Fragaria;

Ker., Kerria; Lam., Lambertia; Pla., Placospermun.
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Fig. 5. Maximum likelihood tree generated from analysis of four-gene data set.
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Root Time

FIGURE 4.2 (2) Rooted and (b) unrooted trees. Arrows indicate a unique path
leading from the root to species D in the rooted tree. No inferences regarding the
divection in which evolution occurred can be made from the unrooted tree.

Rooted vs. Unrooted Tree

- BE HELS T EHE2 ZEXMS2 HA unrooted tree (tree network) It &t
=0 & = rootE &0t &X3gtol gtsF= H AIGHH rooted treedt & Ch.
Root 2 && 2 outgroup=S XIEE&2=Z M 0|20 Xl=U0l, outgroupO] gt &2
HAS E2FF2 s ZAS IE HY 0|1F= 2L
(K3 HAMH UAHA 2SZAMOZEH HF7 a0 Oy @e| 2XE 2).
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Fig. 2.6 Rooted and unrooted
trees for human (H), chimp
(C), gorilla (G), orang-utan
(0), and gibbon (B). The
rooted tree (top) corresponds
to the unrooted tree below,
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‘ Rooted tree 1 Rooted tree 2

B Q G C H B O G H C

Rooted tree 3 Rooted tree 4 Rooted tree 5
H C G (8] B H C B O G H € G @] B
Rooted tree 6 Rooted tree 7

H C G B O H C G O B

Fig. 2.7 The seven rooted trees that can be derived from an unrooted tree for five
sequences. Fach rooted tree 1-7 corresponds to placing the root on the corresponding
numbered branch of the unrooted tree. (Sequence labels as for Fig. 2.6.)



Question: Draw a ROOTED cladogram based on the following
unrooted tree with the arrowed rooting position.




- nJie S0l Y= M Jts8t Rooted
tree (Ng) 2+ unrooted tree (N;) 2
A

(b)
| I -i\-f — |2ﬁ - 3) :") -_n: _ :|
Ny = (2n - 927 (n - 3}

n=3

— 135 human mtochondrial DNA

LU RE 45 Al e o) vt ond 6 st s s sequences datalil A Jtsst tree®
. ossipie (?) roored an ) voted trees wpe URYAFY
species are considered. e e oy e _+_ E 2 . 1 1 8X 1 0267 ' ' ' ' '

i

, E 4.1 Number of possible rooted and unrooted trees that can describe the possible
ships among fairly small numbers of data sets.

- of Data Sets Number of Rooted Trees Number of Unrooted Trees
2 1 1
3 3 1
4 15 3
5 105 15
10 34,459,425 2,027,025
15 213 458 046,767,875 7,905,853,580,625
20 8,200,794,532,637,891,559,375 221,643,095,475,699,771,875

Find the best tree in HERE \/)



Unrooted Rooted

A B A BC A CB C B A
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c> <D ACBDA DCB ADCBA CDBA CDB
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Species 1 Species 2

F1GURE 4.4 Individuals may actually appear to be
more closely velated to members of a species other than their
own when only one gene is considered. Gene divergence events
(G through G) often occur before as well as after speciation
events (S). The evolutionary history of gene divergence
resulting in the six alleles denoted a through f is shown in
solid lines; speciation (i.e., population xpiiﬂiﬂg) is shown by
broken lines. Individual d would actually appear to be more
closely related to individuals in species 1 if only this locus

were considered even though it is a member of species 2.
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Homologous &=
Orthologous genes: originated from speciation
Paralogous genes: originated from gene duplications

Orthologous Orthologous

A B cC A B C
1 2 3 4 5 6

Gene duplication

Paralogous | ‘

Fig. 2.22 Phylogeny for three species A-C and six genes that stem from a gene duplication
resulting in two paralogous clades ol genes, o and . The o genes 1-3 are orthologous with
each other, as are the f§ genes 4-6; however cach o gene is paralogous with each b gene as
they are separated by a gene duplication event, not a speciation event.



Distance Matrix Method: J} & 2HELSE HIE 24 A

7
¥

Distance based method2 CHEZ 0
UPGMA:
Unweighted—pair—-group method with arithmetic mean (A= H|IJIE A8 OEH)

10 20 30 40 50
A: ReCcTGCACEE CTCAST a3 EEJTT&-:C-: THCCATCTTC  AGATCCTGARL
B: ;1@_ TOCACEE  CTCAGT GIHdTTACCC  TOCCATCTTC AGATCCTGAR
o GTGCTGCACGE  CTCGGOGCA  GCATTTACCC  TCCCATCTTC  AGATCCTATC
D= GTATCACRCGA  CTCAGCGCA  GCATTTGCCC  TOCCGTOTTC  AGATCCTAAR
E: GTATCACATRG  CTCAGCGCA  GCATTTGOCC  TOOCGTCTTC  AGATCTARAR

FIGURE 45 A five-way alignnent of homalo s DINA sequences,

Pairwise Distance Matrix
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TABLE 42 A pairwise distance matrix that summarizes
the number of nonmatching nucleotides between all
possible pairs of sequences shown in Figure 4.5.

Species A B C D
B 9 - 5 ’
= 8 11 - .
D 12 15 10 =
E 15 18 13 m
p—
-JHE &2 AHelE UEH=e XS &8
-0l LI Al XSl HelE 8.
> D2 EJIHE A2 HelE LEE:

- Distance between (DE) and X:
doex = £ (dox +dex)

ex) doea = 3 (doa +der) = £ (12 + 15) = 13.5

T A B L E 4.3 The distance matrix that
results when species D and E of Table 4.2 are

combined and considered as a single group.

Species A B &

B = 3 -

i ’ ,
DE %3] 16.5 11.5

— The smallest number is 8:
(A, C)



T A B L E 44 The distance matrix that

results when species A and C of Table 4.3 are
combined and considered as a single group.

Species B AC
AC 10 -
DE (16)5 12.5
Estimation of Branch Lengths
— Cladogram dyc=x+Yy
) dAB =X +2
y

FIGURE 48 The
simplest tree whose branch
lengths might have some
meaningful information.

Each of the three branches on
this tree can be represented as a
single variable (x,y, and z).

Final Newick format: (((A, C)B, (D, E))

Time

FIGURE 4.7 A scaled tree
showing the branch lengths separating
four of the species depicted in Figure
4.6. Branch lengths are shown next to
each branch. Branches are also drawn to
scale to reflect the amount of differences
between all species. If evolution has
occurred at a constant rate for all of
these lineages, then branch length also

corresponds to divergence time.

|F the molecular clock is present!



Parsimony method: using informative characters
Distance method: using all characters

123456
AITCACCT Uninformative character: 1
BITAACCG Variable character: 2, 3, 4,
CITAATCG Informative character: 4, 5
DITAATARG
EITATTARG

, 2,
5,

6
6

Transformed Distance Method (Farris, 1977)
- UPGMA &H&: BE HS2 AatsEIF 6D

PITS
- TOM 2 2 lineage=2 NaEEE U2 H JHEGHH
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Hl &t
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T AN

00



Arcarican Joumal of Betany 910120 2102-2118. 2004,

PHYLOGENY AND DIVERSIFICATION OF
B-runcTION MADS-BOX GENES IN ANGIOSPERMS:
EVOLUTIONARY AND FUNCTIONAL IMPLICATIONS OF
A 260-MILLION-YEAR-OLD DUPLICATION!

SANGTAE KInv.26 MI-JEONG Y00.2 VICTOR A. AIBERT.?
JAMES S. FARRIS * PAMELA S SOLTIS,” AND DOUGLAS E. SOLTIS*¢

Department of Botany, Unrversity of Flonda, Gameswille, Flonda 32611 UUSA; *The Natwal History Museums and Betameal
rarden, Ungversity of Osle, PO, Box 1172 Blindern MO-0318 Oslo, Norway; “Molekylirsystemmatizka laberatoniet, Naturhistorska
viksmmseat, Bow 50007, SE-104 05 Stockhelm, Sweden; and Flondz Museum of MNatmzl Histery, Unrversity of Flonida, Gainesville,
Flonida 32611 TISA

B-fimetion MADS-box genes play crucal roles m floral development m model angiosperms. We reconstructed the struchoral and
fiunctionzl mphications of B-fmction gene phvlogemy in the earliest extant Aowsrmgz plants bazed on analyses that incleds 25 new
AP? and P sequences representing critical lnsages of the basalmost angiospemms: Amborella, Nuphar (Nymphasaceas), and Hlicium
(Anztrobailevales). The ancestral size of exon 5 m Plhomelogues 1= 42 bp, tvpical of exon 5 m other plant BIADS box genes. Thas
42-bp length 1= found in Pl-homolognes from Amborells and MNymphasaceas, successive sisters fo all other anziospenms. Following
these basalmost branches, a deletion ocomred m exon 5, vielding a length of 30 bp, a condition that umtes all other anmospernms.
Savaral shared amuno acid shings, inclodmz a promment “DEAFR™ motif are present m the AP3- and Pl-homeologues of Amborella.
These may be ancestral motifs that were present before the duplication that yvielded the AP2 and PI lineages and subsequently ware
modified after the divergence of dmborella. Other stuctural featmes were identified meluding 3 motif that unites the previously
descizbed TMS clade and a deletion in 4P3-hemologues that wuites all Maznolzles. Phyvlogenetic analvzas of AP3- and Pl-homologues
vielded gene tees that generally track orgamismal phylogeny as mmfermed by multigene datz sets. With both AP3 and FI amine acid
sequences, Amboralla and Nymphaeaceas are sister to all other angiospermes. Usmgz nonparamsiric rate smoothing (MPES), we estimated
that the duplication that produced the APF and P hneages ocowred approsamately 260 mova (231-280). Tlus places the duplication
after the split between extant symmosperms and angiospermes, but well before the oldest ansosperm fossils. A stnking smmlarity in
the multimer-siznalling C domains of the dmborells protems suggests the potential for the formation of wugquee tansenption-facter
complaxes. The earliest anstospermes may have been biochenucally faxable in their B function and “tnkered” with floral organ idemity.

Eey words:  Amborells; APF; B-class; bazal angiosperms; LADS; PL



in Figure 4.5 that have accumulated along each lineage during
each stage of its evolution, then the pairwise evolutionary dis-
tances are shown in Table 4.5 (an abbreviated version of Table
4.2). In this situation, D can be used as an external reference to
transform the distances that separate the other species using this
equation:

d'jj- = (djj —-dn- d}-D)/Z +d,

where ' is the transformed distance between species 7 and j,
andd}, is the average distance between the outgroup and all in-
groups (in this case: dy = (dyp + dpp + d-p)/3 = 37/3). The term
dp, 1s introduced simply to ensure that all transformed distance

TABLE 45 Pairwise evolutionary distances TABLE 4.6 Transformed distance
for the four species depicted in Figure 4.7, matrix for the three ingroups of Table 4.5
assuming that the tree is additive as it should be. when D is used as an outgroup.
Species A B { Species A B
B 9 - — B 10/3 -
C 8 11 - C 16/3 16/3
D 12 15 10

d’lij: £ i2j 2t transformed distance
do: outgroupdt 2 = ingroup =222 7 H
# in this case: dD=(dao+deo+dco)/3= (12+15+10)/3=37/3

d’AB= (dAB-dAD-dBD)/2 + 37/3 = (9-12-15)/2+37/3= -9+(37/3)=10/3



Neighbor’s Relation Method Z2&l & 2 &

- UPGMAS| ECIE HECZ D E EX=2 201Jt HASEHEE HESE
&d. Neighbor2tll 2t A0l S&E=S = 2H
- Nelghbor (2&l): @& StLe LHEE ol 2ol = SNl E2EES
EBI-
- 442 B2 Bt= = U= 2= A2 B8 = (M HIE0| At XA = et
Eot=Al Lol &,
- 4e EF== ¥otd dAB+dCD dAC+dBD, dAD+dACE Al &totH &t
O Jt&E &2 S A0 18, UHAl= 08 2
- 2= X§s =
- IS =2 SHESE 2= A0 28018
- 20| = &= A6t 0| & otLtel E2 Al
- 0|8 gt=0ol L&
A C
7
dyc +dpgp =dyp+dpgc=a+b+c+d+2e=dg+dop+2e =
ABJI 21, CDJI 22 AR £ (1SS o5 B% RD

dyp + dcp < dyc + dgp

and

d‘&B + dCD < dAD + dBC

FIGURE 4.10 A generic
phylogenetic tree with four
species (A, B, C, and D) and
each branch uniquely labeled (a,
b, ¢, d, and e).



Neighbor Joining (NJ) Method (2 & HZY; Saitou and Nei, 1987)

= &= e 2 2 Z2E0U M LWdADl= E

c
O treell _AAN & X branch Z0|E =l A3 of
Si3 = (1/Q2(N - 2))(Z(dy, + d,;) + (1/2)d;5 + (1/N = 2)( ij)

S12: any pair of species can take positions 1 and 2
N: number of species

K: accepted outgroup

Dij: distance between species
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Maximum Likelihood Approaches (ZIHIIsSEH)

— Make a tree maximizing sum of substitution rate in each site.
_ x|:l j|’o l—DO| A|_52C|l— l:||-l:|—|

— Character based method O|= 0| CIA| &Y



Chap. 5. Character—based
Method of Phylogenetics
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Campbell Biology Chap. 26 — PARSIMONY Method

Species | Species Il Species Il

Three phylogenetic hypotheses:
| | 11

hins arson Ben|

Copyright @ 2008 Pearson Education, Inc., publishing as Pe: Benjamin Cummings.



Fig. 26-15-2

Site
1 2 3 4
Species | C T A T
Species Il C T T C
Species Il A G A C
Ancestral A G T T
sequence

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Fig. 26-15-3

Site
1 2 3 4
Speciesl C T A T 1/C |
Species Il  C T T C 1
Specieslll A G A C i
Ancestral A G T T
sequence
3/A
o/ !
1|
4/C
i
3/A4/C

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Fig. 26-15-4

Site
1 2 3 4
Speciesl C T A T 1/C |
Species Il C T T C 1
Specieslll A G A C i
Ancestral A G T T
sequence
3/A
o/ !
1|
4/C
i
3/A4/C

i
6 events

Copyright @ 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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STRATEGIES FOR FASTER SEARCH
1) Exhaustive search 2:& &t 2 A
Table 2

The number of distinct, unrooted, bifurcating trees as a function
of the number of taxa

Number Number
of taxa of trees
10 2 x 106
22 3% 1023
an 3 % 1074
100 2 % 10182
1,000 2 x 102860
10,000 8 x 1038658
100,000 - 1 x 1(486.663
1,000,000 1 % 10PF828
10,000,000 5 % 168,667,340

S Xﬂ =8t 2 & tree topologysS 0l Lol 25 step == HA&HSHH JHE
2 treeE Foll HCF. E’%E | 10JHGF YIS HQ| EJt=8t H A0 T
01 tHE'J AMAMNMOZ= M=Z20l)| =0,



?2) Branch—and—bound method
DI ONEEZD: | =

12 steps

Exhaustive search ECl= &8 & @ \<\2
MO|KBF {M0] 20 252 0 ci.2

Ltltl 7ste \<< \<<D
Ol Al AF=Z Gl 24810 CH \<<< L @

7 steps

sB157 steps % g steps

Calculation of 20 taxa: =

about 102! trees ﬁ}{/ //

N A

0 steps 10 steps ©2:3 12 steps €24 15 steps

N

F1GURE 5.4 A diagrammatic representation of the branch and bound
approach for maximum pavsimony analysis. Only one tree can describe the relationship
between three sequences (A, B, and C) and it is used as a starting point (tree Al).
Afgyrﬂy sequence (D)ﬁmm the data set can be added to tree 1 in ru'd'y three d‘!ﬁ_flfﬁf
ways to give rise to trees B1, B2, and B3. [ftbe length of one of those trees is greater
than that of the upper bound, then that tree is discarded and no additional branches
are added to it in subsequent steps. An additional {fifth) branch is then added to all
remaining trees and the process is vepeated until a branch has been added for all

12 steps



3) Heuristic search 223 & gt&d

- o9 HEFE 4 = 0|2 ANHELZ B
Ct treeE X2X BSIAIA HE B2 HES
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wudey O dad T I gURCTRLE o Row
tree with a topolagy that ix siemilar
to the oFiginal,



Island B

Island A

(1)

Fig. 6.4 Landscapes and the problem of islands of trees (locally optimal sets of trees). A
hill climbing algorithm that started from tree 1 would succeed in finding trees 3 and 4
(which comprise island a), but would fail to discover that tree iv (island b) was even better,
because to get to that tree it would have to cross a plateau of trees that were worse than
trees 3 and 4. However, a search starting from tree i would succeed in finding the best tree.
If the set of possible trees contains more than one island then heuristic methods may land
on a suboptimal island, and the optimal island will not be discovered. After Maddison
(1991).




& X: 4) Star Decomposition method (&AM E)
Step 1 Step 2 Step 3

[y
W

N/
AN

1 4
2 2
1 2 /
3
2 \ / i 2
3 / \ 1 ? 2
/ 3 5 \
L]
1 )
L]
\ 3 1 5 4
4 \ /
- 5
5 / \ 2 1 2
5 4
4 1
\ / 3 4
/ \ 2
5 3
sure 25 Heuristic tree selection using star decom- eages leading away from the central node. The best tree
sition method. At each step, the optimality criterion found during each step becomes the starting point for

2valuated for each possible joining of a pair of lin- the next step.



