Exploring, comparing
and eva!uating trees, Pt.l

MEP: 9 Nov 2004

Distance based methods

» Calculate Pairwise distances according to
some metric that corrects for multiple
substitutions and various types of biases

+ Find a tree:

+ construct a tree using NJ or other method
» search tree space and select the tree

according to LS or ME criteria

Distance: objections

+ If distance calculations are poor (biased), the resulting tree
and Paramctcr estimates may be ac[vcrselg affected

* For construction methods, it’s hard to know if there are
more than one oPtimal trees - and what near|9 oPtimal trees
look like

* Summarizing sequences into a distance matrix loses
information - e.g., we cannot trace the evolution of sPcciﬁc
sites

+ Branch lcngths may not be interpretablc -eg, what is 0.5
substitutions? What does it mean when the distance branch

length is smaller than the number of observed sub’s

Parsimong methods

* fora given tree, count the number of

substitutions observed

« Find the tree (s) with the fewest number

of observed substitutions

* Make no explicit assumptions about the

evolutionaxy process for the data set




Parsimong: objections

+ The modelis imPlicit - change Is rare, all
changes are equa”g Probable

+ |tis not consistent: in certain
circumstances (long branches) it will find
the wrong tree even when more data are

added

« Branch length estimates are unreliable

Likelihood methods

+ Fora gjven tree, we calculate the likelihood of
a model give the observed data

« Find the tree(s) with the highest likelihood
value

* Incorporates a sPeciﬁc model of evolution

» Permits robust statistical tests of

evolutionarg hgpotheses

Likelihood: objections

Takes too long to search all of tree space; as a rcsult, goo& trees
are often undiscovered

Requires amodel to find the best tree: to find a goocJ moclel, we
need a tree...

We can search tree & model space for the combination that
maximizes likelihood, but this is far too computational intensive
More than one likelihood value can exist for a given tree (when
different comPutational aPProaches are used) -isa given tree
rea”y maximal?

When a tree is selected as ML, what do we know about the “nearlg

ML” trees? (For MP, we know theg are slightlg longer.)

Bagesian methods

* fora given tree + Parametcr set, calculate the
Probabilitg of observing the sequence data

+ Search tree + Parametcr space for the combination
that maximizes the Probabilitg

* A Prior distribution for the model parameters is
required

+ Instead of selccting the tree & model Paramc’cer
values based on ML, the one with the largest area

under the curve is selected




Bagesian: objections

+ Felsenstein: “A Bayesian is defined, not !:)9
using a Prior, but bg being wi”ing touse a
controversial Prior.”

» the author and reader of a paper may
have different ideas about what the Prior
should be - leading to different results:
the likelihoodist lets the reader supplg

their own Prior

Bagesian: objed:ions, cont.

- Usinga flat (“uninFormati\/e”) Prior may not
rea”9 be flat:

* usinga JC model, the Probabilitg of change
(P—distance) can range from 0-3/4 - we can
make this ﬂat w/ respect to Frec]uencg

o the distribution of branch lengths resulting
from these distance is not flat!

- (Thc likelihood value calculated for the same 2

Parametcrs Is the same.)

Bayesian: objectionsj cont.

* Wecan’t Put a ﬂat Prior ond (t]'le branclﬂ lcngtlﬂ)
because it is unbounded: ranges fromOto® (tl"ne

dcnsi‘cy would be 0.0 cvcrgwhcre)

* To account for t]'iis, we can truncate the d valuc, but

doing so affects the estimate (ancl Prior) of p:

* the higher the truncation value, the more p is

affected

* very hig]’x truncations will eliminate the true value

from the Bagesian 95% credible interval

Criteria used to compare tree

reconstructed bg digerent me’chods:

Computational sPeed

Consistencg as an estimator

29
29
» Statistical tests of the trees reconstructed
2 Probabilit9 of obtaining the true tree

Y

Reliabili’cg of branch leng‘ch estimates

Tests need to be done head~to~head...




Coml:)utational sPeed:

* UPGMA and NJ are fast even to m=500

as an aPProximation of the ME tree

* Tree scarch me’chods are SIOW when a”

trees are examined

Consistent estimation

« A consistent estimator is one that gives

the correct tree as n aPProaches o

* MP is sometimes inconsistent; others are
consistent when unbiased estimators

(models) are used

* In Practice, onlg hundreds or thousands

of sites are used - all methods may fail

Statistical tests

« [we'll talk about this on Thursdag.]

Reliabilitg of branch length estimates

« [we'll talk about this on Thursdag.]




Probability of obtaining the true toPology

- Requires lmowledge of the true tree,
which is rarelg available, but it can also
be done for simulated data and in
theoretical studies

» These Provicle us with knowleclge about
when reconstruction models fail and

Provide an estimate of PT for various

methods and conditions

Four ways to compare trees

created by different methods
2 Analgtica;,jtheore‘cical studies: establish
mathematical conditions under which a
given aPProach will fail (c‘g.: UPGMA
when there is no molecular clock; MP

W]"ICFI some bl"aﬂCI"] lCﬂgtl’]S are especia“g

long)

o Form=+,P__ for NO>MPME>LS

Four ways to compare...

+ Simulation: from a starting sequence, we can evolve a set
of sequences computationa”g, using a gjven model

+ We know the cclge taxa to be comparecl and also the
ancestors at each node

* Wecan cxplore the effects of a wide varicty of Paramctcrs
on the Pencormance of various methods of reconstruction

+ The chosen model may be a bit artificial - models for
reconstructions are assumed to be mere shadows of
actual evolutionarg processes. In Fact, the model chosen
may bias results towards methods using that model

imPlicitlg

Simulation: 4 taxa

Tree B ?




P__x100

T
Tree A Tree B

Y NJ: | MP: | MP: vL | NJ: | MP: | MP: ML
n P kzP uw | w P kzP uw | w

100 | 44 | 72 | 47 | 6+ | 76 | 98 | 74 | 88 | 96 | &+

200 | 4 8l 52 | 80 | 84 [ 100 | 82 97 99 76

500 | 45 88 59 80 92 | 100 | 86 98 | 100 | 82

500 %5 | 95 | 62| 89 | 97 | 100 | 94 | 100 | 100 | 90

800 | 29 | 96 | & | 9+ | 98 | 100 | 96 | 100 | 100 | 94

1000 %5 99 66 98 | 100 [ 100 | 99 | 100 | 100 | 96

Simulation: 6+ taxa

'S PT becomes verg small ICOF ang m@t]’!OCl UI"IICSS a large

number of nucleotides are used.

- TgPically, ML=NJ>MP, although differences are qui’ce
small when biologica“g reasonable models trees are
considered; most variation found when rates vary
clrastica”g among, lineages

+ Values of nis the most imPor’cant factor - when it’s
sma“J reliable trees are hard to find

- Strangelg, the best method found varies depending on
the bias of the person conducting the study

Four ways to coml:)are...

+ Known Phglogenies: abilitg to reconstruct a “real”
tree of known origin, such as froma bacteriophagc
T7 mutated in the lab

+ We have the actual ancestors, so we can evaluate
how well a given method finds the tree and infers the
ancestral sequence

2 J Genera”g, creates on19 trees w/ little evolution - all
methods work well...

- Also, note the lack of rePIication...

Four ways to compare...

+ Congruence: compare estimates of Phglogeng based on
different characters. If the data sets are indepcndent, the
chance of obtaining the same or similar tree bg chance is
sma”, since the number of trees is hugc

+ Assumes the same evolutionarg history, of course

+ Can be use to validate a method of inference: a method
that consistentlg finds the same tree using different data
sets is Premcerrecl over a method that finds different trees

+ Can be used to validate a new source of data: come trees

from that source with trees from other sources




true tree & congruence example

2

when 13 mtDNA genes are usecl, every method finds the
known Plﬁglogeng of vertebrate species (Nei I:igurc 9.4)
Some genes a]one alwags found the true (or nearlg true)
toPologg irrcspcctivc of method

Some genes alone alwags found an incorrect tree,
regarc“ess of the method used

SOPhiS’cicath methods (ML w/ comlblcx model) were no
better than simplcr methods (NJ w/ P)

The addition of a couple more taxa made all methods with
all (or ang) genes find the wrong tree - unless a gamma

Parameter is used...




