Phglogenetic trees
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types of trees, terminologg

root: common ancestor of all taxa
rootccl, unrooted trees:

toPo|og5: branching Pattern of atree
branch (interior, exterior): defines the
re|ation5hip between taxa in terms of
descent and anccstrg

branch[ength: rcPrescnts the number
of changes that have occurred in that
branch

node: rcPrcscnts a taxonomic unit;
canbe an existing sPccies or ancestor
clade: a group of two or more taxa
inc]uding common ancestor and all

decendents

b d ¢
Internal Nodes
(hypothetical ancestors)
Branches
A
B Existing
« genes,
populations.
D or species
E
Root
(or ancestral node)
Leaves
(or terminal nodes)

Where to root”?

C

A isno
more
closely
related to B
than it is to
Cand D

B C L

A
B
A

)

D B D B

A
A is closely
related to B
and they are
each equally
distant from
Cand D

>

C
D
A B C D

rooting can implg relationships

Tg pes of trees

Claclogram: on19 shows

relationsl’xips

Phylogram (“additive”): adds

info about amount of change

Phenogram (“ultrametric”):
adds info about time since

clivcrgencc




realizecl V. exl:)ect trees

24 cxpectcd tree is made using inﬁnitclg long sequences
(or expecte& number of substitutions for each
branch)

+ realized tree is made from the actual number of
substitutions

* reconstructed (or inferred) tree is made from the

O!’)SCI"VCC! SCqUCﬂCCS ancl giVCﬂ mCthOCl

tree stats:

* rooted trees:
+ branches=2m-2
+ exterior branches =m
+ interior branches = m-2
+ interior nodes = m-1

* unrooted trees:
« branches = 2m-%
+ exterior branches =m
« interior branches = m-3

+ interior nodes = m-2

number of Possible topologies

+ forrooted trees

* for mtaxa, # trees = [(2m-3) l]/[?_m'2 (m-21]
+ for10 taxa: 4,459,425

+ for unrooted trees
* for mtaxa, # trees = [(2(m-1)-3) l]/[Zm~§ (m-»1]
+ forl0taxa: 2,027,025

> onlg one tree is the TRUE TREE

scorin g trees

+ the true tree is the one that:
+ has the smallest overall distance: “Minimum Evolution”;
thetskg & Nei (199%) Provided a mathematical ProoF when

unbiased estimates of evolutionartj distance is used (e, the

right model), irrespective of m
* canbe cxplained b9 the fewest number of nucleotide

substitutions: “Maximum Parsimony”; works when there are no

backwards, Para”el, or multiPlc subst’s and nis very large
+ hasthe highcst likelihood givcrl the sequence data: “Maximum
Likelihood”; technica”g, it finds the set of branch 1engths that

maximize overall likelihood




scoring trees: exam Ple 1000 MP (1)
Example results 77
A4 Primatc data with 3 trees: P 1,550
1. goocl, from NJ:(Lemur_catta, 1325 || |
((((((Homo_sapiens,Pan),Gori”a),Pongo),Hglobatcs), ’ -
(((Macaca_Fuscata,M._mu]atta),M._{:ascicu]aris),M._sglvanus)),Saimiri_ ML (lnL) 1,00 T o ridenlous Fordom
sciureus),Tarsius_sgrichta) 6,500 )
2. poor, gibbon & chimp are swaPPed: (Lemur_catta,
((((((Homo_sapicns,Hglobatcs),Gori”a),Pongo),Pan), 6,275 5500 ME (S)
(((Macaca_fuscata,M._mulatta) M._fascicularis),M ._sg[vanus)) \Saimiri —
_sciureus) ,Tarsius_sgrichta) 6,050 —————— ] r 4y . r
3. ri&icu]ous:(Hg[obatcs, 2750 o - L L L
((((((Homo_sapicns,Lcmur_catta) Gorilla) ,Pongo) Macaca_fuscata), 7825 ——— B B
(((Pan,M._mulatta),M._]Cascicu]aris),M._sglvanus)),Saimiri_sciureus),Ta 5,600 ,—| ’—‘ 1375 4 W W | B
rsius_sgrichta) ' NJ  Poor Ridiculous Random 0
NJ Poor  Ridiculous Random

Searching ’EFCCSPaCC search commands for PAUP:

exhaustive

+ exhaustive search: evaluate all toPologies and identiﬁj the one (s) that meet the

oPtirnality criterion; virtua”y impossib]e with more than 12-15 sequences; * set Crlterlon:Pa rSlmOﬂHldlSta nCCl
guaran’tce& to find the best tree (s); start with core tree of 3 taxa, each additional lk lh Cl
taxon is added one-at-a-time in the Position that maximizes the oPtima[itg IKENNoo
criterion (then restart with a different core tree)
+ branch & bound search: used for 10-20 taxa; start with an arbitrary initial tree * A”TrCCS5
(o{:tcn NJ) and comPutc a score; then we Proceed with exhaustive scarcl’], quitting ,
any avenue of trees that exceed the initial tree score; this great!y reduces the ® sca rChCS C\/Crg laSt Clam n POSSlblC

numbcr o1c trees cxamined; guarantcccl to ﬁnd t]ﬁc bcst tree(s)
L , tree
+ heuristic search: used when m>20 sequences; no guarantee to find the best tree
(s); start with an initial tree and rearrange it to find similar trees with better scores;

. 1y ,
rearrangcmcnts through branch—swaPPing nearest ncighbor interc['langcs (NND, . O]:)VIOUSIH, lt ” ta ke PAUP a Whlle
subree Pruning & rcgrapcing (SPR), and tree bisection-reconnection (TBR)




search commands for PAUP:

branch~ancl~bou ﬂCl

2 J Bandb;

» faster than exhaustive, Practical for
m<20

search commands for PAUP:

heuristic

2 J Hsearch
28 s‘cart=s‘cepwiselNchurrent
28 swapznonelNNIISPRlTL’)R;

* Fas’cer




