
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



DISTRIBUTIONS ON BICOLOURED 

EVOLUTIONARY TREES 

A thesis p resented in partial fulfi lment of 

the requirements for the degree of 

Doctor of Ph ilosophy 

in Mathematics at 

Massey University 

M ichael Anthony Steel  

February, 1 989 



Massey University Library 

Tresis Copyright Fonn 

Title of thesis: 0\ �\f._\ \30----T \ Q� � 

t: JCR.-\T\1 oN AfZ y 
( 1) (a) I give pennission for my thesis to be made available to 

readers in the Massey University Library under conditions 

detennined by the Librarian. 

(b) �±slr my Uie--.sTsw-�Ifi::ille--ava-ilable-t..o� 

------;rE'4:e�aiE�IOat ffi1 writt--ett-eeBSeffto=W:=t' ==::===::==,...,--

(2) (a) 

(3) (a) 

���-
r 

I agree that my thesis, or a copy, may be sent to 

another institution under conditions detennined by 

the Librarian. 

I agree that my thesis may be copied for Library use. 

(b) ... ----:�:-
0
�-G
r
cG��Het-'�· 51.�.���-��i�s�t�o �h�? ::=::co�p�;�· e::d�f�o�r�I�i:Eb�s:eaf:r ¥:.¥='�'s§!e�� 

w l-\C5 
1/>fq 

Signed 

Date 

The copyright of this thesis belongs to the author. Readers must 

sign their name in the space below to show that they recognise 

this. They are asked to add their pennanent address. 

c(- ��L tte.J klo ( A- f_p 5 
fd�� J..k-4 .IJ7_ 

DATE 

1/J! 21 

MASSEY UNIVERSIT'f 
LI�Eh&-'G 



ABSTRACT 

A central and chal lenging problem in contemporary biology is how to 

accurately  reconstruct evo l utionary trees from DNA sequence data. 

This thesis addresses three themes from th is endeavour -- comparison ,  

consistency and confidence i ntervals -- by analys ing d istributions aris ing 

from phylogenetic trees. 

Toward the fi rst theme,  the d istribution of the symmetric d ifference 

metric o n  pairs of b inary and phylogenetic trees is studied , and a number 

of new resu lts obtained. These theorems, as wel l  as a resu lt on  another 

tree metric answer previous conjectures i n  th is area. Also under the 

theme of comparison ,  we analyse d istributions on bico loured trees aris ing 

from the principle of parsimony. A streaml ined proof is g iven of an 

e legant theorem wh ich al lows an efficient comparison of how m uch better 

a maximum parsimony tree fits g iven data than a randomly-chosen tree.  A 

dual d istri bution ,  where the tree is fixed and the data varies is also 

analysed , answering a recent unso lved prob lem.  

We then consider the theoretical accuracy of  tree-bu i ld ing methods, 

concentrating on the statistical property of consistency. Under a s imple 

stochastic model  on bico loured trees, conditions for the consistency of 

frequently-used methods based on  pars imony and compatib i l ity are 

examined.  l t  is  shown that even i n  "best possible" conditions both 

methods can be inconsistent, though a strong sufficient condition for 

compatib i l ity is g iven .  The analysis is extended for a molecular clock. 

Final ly, p rocedures are described for p lacing confidence i ntervals around 

phylogen ies, and l im itations on the sort of confidence intervals possible 

are g iven . Ways to efficiently implement these procedures are then  

considered -- in particular, approximate methods, appl ications to  sets of 

taxa of s ize fou r, and s impl ifications under a mo lecu lar clock. 



The rate that sequence data must grow as a function of the number of taxa 

for confidence intervals to converge to a s ing le tree is also considered . 

The arg u ments i n  this thesis are primari ly combinatorial and stochastic. 

I n  the hope that the i r  i mpl ications wi l l  also i nterest bio log ists, some 

space has been g iven to  motivating and expla in ing the  b iolog ical relevance 

of the resu lts presented . 
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