Distance methods for tree

construction & evaluation

MEP: 5 Oct 2004

tree types (from last week)

> Phenogram: brar\ching cliagram that links entities ]39
estimates of overall similaritg (usuallg based on cluster

analysis}

] claclogram: clepicts historical branching relationships
among entities; branch lengths are arbitrarg ~ onlg

orderis signiﬁcant

- Phglogram: depicts historical branching rclationships
among entities; branches are Propor’cional to the

amount of inferred character c]’xangc

Problems with distance methods
for Phglogenetics

« lost information: when nucleotide sites
are converted into a distance matrix, we
can’t trace the evolution of individual

sites of classes of sites on the tree

+ branch lengths are concep’cua”g difficult
to interpret: if atree has a lcngth of 351.5
substitutions, what’s “half of a subst?”

UPGMA

+ PAUP command: “begin paup; upgma; end;”

> “unweigl'uted Pair~grouP method using arithmetic
averages” ~ Sneath & Sokal (197%)

* createsa Phenogram: rePresents Phenc’cic
similaritg fora group of species

+ when rates of gene substitution is constant, itis

Fair[g gooc[ at maldng reconstructing a Phglogeng
. easilg, logica”g rooted, but not always in the

correct spot..'




given a distance matrix:
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where di' is the distance from taxon i to taxonj,
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comPutcdrusingan aPProPriate distance correction

and dlz is the smallest distance in the matrix

given a distance matrix:
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where du' is the distance from clade (142) to taxonj,

and duﬁ is the smallest distance in the matrix

Tree:

given a distance matrix:

Taxon v=(1424%) 4
Tree:
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where dv' is the distance from clade (1+2+3) to taxonj,

and dv<i— is the smallest distance in the matrix

v +5 4

given a distance matrix:

+ the last taxon is added and the root is

Placed
+ branch Iength are equal within a clade,
such that duk = (&]k + dzk)/l, where kis

another taxon (3, 4, or 5)

o for any2 clusters (A & B), dAB =3 d[,,/

(rs), for all values of IJ where r & s are the
numbers of taxa in clusters A & B,

respectively, and di' is the distance btween

taxon i in cluster A and taxon)’ in cluster B

Tree:
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neighborjoining (NJ) NLJ-

+ PAUP: “begin paup; nj; end;” . .
grpaip: T - basnca”g, we take shortcuts to find a tree that

+ designed to be an efficient approximation of the
= PP minimizes the sum of all branch Ieng’chs) S= Zbi’

minimum evolution and maximum likelihood methods
of ﬁnding the tree with the least amount of evolution where bi is the length of branchi

chan c
) & ) ) * we begin with a star tree and at each steP find
> nelghbors: taxa connected bg a smgle node in an - o
the nexghbors that, whenjomec], causes the
unrooted tree

- begins with a star tree (no neighbors) - notice largest reductionin S

similaritg to exhaustive search, which starts with a * we are finished when all taxa arejomed na smgle

core tree and successivelg adds taxa: unrooted tree

> branch lCI’] l"l {:rom a new I'lOClC Ato ﬂCWI
o forthestartree, 5 =5 L., the sum of all branch o gt Y
© I Jomed taxa s

. bAi = [1/17_(m~7.)]/[(m~?_)dﬂ + Ri - RJ,]

lengths to the central node (X)
+ forthe tree inwhich1and 2 arcjoine& as neigl'lbors:
o 5, =[QT-R-R) /2(m-2)1+ [A]Z/z], where T is Zdﬂ’ o bAj =[1/2(m-2)] /[Cm"z)dij - Ri + Rj 1

R is3d.. (fori=m),andR_ is3d_. (fori=m)
] I 2 Z « distance from A to any other taxon k:

=, +d; -d.)/2
ik Jk hi

+ theS.canbe computecl for any tree replacing 1,2 with ij' d
J * Ak




Nei’s advice on selectinga distance measure for
NJ V. U PG MA Phglogeng reconstruction (ModelTest aPProach is
” .
enerally superion):
Taxon| A b = P 2 " g] when%c < 0.0ﬁ,)use JCor p even if there is Ts/Tv bias or
4_
A o L IZ variation in r among sites
o 5 2. when0.05<d<1.0and:
b v © * nissmall, use P
NJ e
C 21 2 0 . * nislarge, use JC
5 b * nis largc and there is Ts/Tv bias (R>5), use K2P
B 27 18 I © 6 * nisv. largc and there is much variation among sites, use
2.8%3 C
5 b HKY+T
198% A 5. whend>1.0, eliminate fast evolving portions of gene or
UPGMA simplg avoid...

4. for closelg related species, consider using dS (of

Minimum evolution:
Protein-coding genes); for clistantlg related species,

consider using d[\] or amino acid sequences + when an unbiased distance estimator is used, the value of 5
is smallest for the true tree irrcspcctivc of the number of

5. if two distances give similar va!ues, use the simpler sequences used (m)

one bccause it has a sma”er variance * whenmis rclativelg small, the the ME tree is gcnera”g

identical or close to the NJ tree - one strategy to find the
ME tree is to start with the NJ tree and do some local

Note: these guiclelines are for Picking distances for rearrangements (a heuristic ME search)
tree reconstruction ~ 1Cor cstimating branclq Iengl:lqs - alternativclg, we can look at every tree and compare Pairs of
or evolutionarg times, alwags use unbiased trees, testmgthe thot]ﬁc&s D:SB—SA; for a statistical test,

estimators we need to know the exPectecI error




Least~5q uares (LS) fit

+ LS measures the sum of the difference between:
> Pairwisc distances
+ tree distances for Pairs (sum of branch
lcngths between a Pair of sequenccs)
+ this difference indicates the clualitg of a given
toPologg
+ the topologies are examined and the one (s) with

the best 1S scores are chosen




