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Phylogeny and Reconstructing Phylogenetic
Trees

T Torteats T Gomtmate

These few pages describe the problem of reconstructing phylogenetic trees with the help of a Java applet.
wrots the applet to discover more about the java language and the AP interface. I've been iferested in
phylogenetc trees for some time and thought they would make a good subject -- Dave Joyee
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icrosoft Internet Explorer.

Graphical Graphs
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So, what is a tree?

A tree is a connected undirected graph with no simple circuits

A tree is a connected graph with n-1 edges

A tree is a graph such that there is a unique simple path
between any pair of vertices

All of the above say the same thing!
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Where else might we see trees?

Table of contents of a book (chapters, sections, subsections, .
Organisational charts (boss is at the top)

Decision procedures (Hayne's manual for repairing a car)

The local sewage system

As a data structure (for storing information)

As an ephemeral structure, as in combinatorial search (backtracking)
Your family tree.
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An unrooted tree

Kinds of nodes/vertices in a tree

+ the root (this tree doesn't have one)
- leaf nodes (there are 6 here)
« interior nodes (there are 5 here)




A Rooted tree

A rooted tree has one vertex designated as the root and every
other edge is directed away from the root

The above tree is a binary tree
We put the root at the top by convention
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The parent of H is B

The sibling of G is J

The ancestors of I are E, K, and A

C is a child of K

The descendants of B are F, H, and D
A is the root, and has no ancestors
The leaf nodes have no children
Again, the tree is a binary tree

The height of a binary tree

-The height of a leaf node is O
*The height of an empty tree isQ
*The height of anode x is 1+ max(height(left(x)) height(right(x)))

Note: I've assumed that we have functions left, right, isNode, and isLeaf

Traversals
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If you've got some structure one of the 15t things you want to
be able to do is to traverse it!

We have 3 traversals
1. preorder

2. inorder

3. postorder

Again, we'll stick to rooted binary trees

Traversals o
® ®
preorder(x) o 0
@

if isNode(x)
then print(x),

preorder(left(x)),

preorder(right(x)) o @ @ o
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postorder(x)
inorder(x) if isNode(x)
if isNode(x) then print(x),
then inorder(left(x)), postorder(left(x)),
print(x), postorder(right(x))
inorder(right(x))
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A walk round the tree

« if we “print” on 15 visit we get preorder

« if we "print” on 2" visit we get inorder

- if we "print” on last visit we get postorder




Determine the tree from its traversals

1. Preorder: TICBEHDAFG
2. Inorder: EBHCIFADG
3. Postorder: EHBCFAGDI

+ (a) I is the root (from 1)
- (b) E, B, H, and C are to the left of I (from (a) and 2)
+ (c)F. A, D, and G are to the right of I (from (a) 2)
+ (d) Cis the first left node of I (from (c) and 1)
- (e) D is the first right node of I (from (c) and 1)
* (f) possibly we have
- B to the left of C,
« E to the left of B,
* H to the right of B .. as this satisfies 1 and 2
- (9) F and A are left of D, and 6 is right of D (from 2)
* (h) F must be left of A (from 1)
= (j) the tree is now fully defined

Determine the tree from its traversals

1. Preorder: ICBEHDAFG
2. Inorder: EBHCIFADG
3. Postorder: EHBCFAGDL

How would you represent a tree in a computer?
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Might have a btree data structure with attributes

a

+ the actual information in a hode
* left

* the btree to the left, or nil
* right

- the btree to the right, or nil
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Might use a 2d array
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Might use a 1d array , giving parent of a node
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An expression

©*8)+((9+7)*5)

What would a preorder, inorder and postorder traversal of this tree looklike?
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of printable characters
(8, (8,C,B),D) s

The tree ends with a semicolon. The bottommost node in this tree is an interior node, nota tip. Interior nodes are represented by a pair of matched parentheses
separated by commas. I the above free, the immediate
descendants are B, and D, The pair of parentheses,

descendants, A, C, and E. Tn our example these happen to be tps, but in general they could also be inerior nodes and the result would be futher nestngs of
parentheses, to any level

Tips are represeated by their names. A name can be ary strng of printable characters except blarks, colons, semcolons, parentheses, and square brackets
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Standard format for trees

+ Cayley Notation
+ Newick Notation
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Arthur Cayley

Born: 16 Aug 1521 in Richmond, Surrey, England
Died: 26 Jan 1895 in Cambridge, Cambridgeshire, England
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Show birthplace locafion

Brevious (Chronlogically) Next Biographies Index
Previous (Alphabeticaly) Next Main index

Version for printing

Authwur Cayley's father Henry Casley, although from a family who had lived for many generations in Yorkshire, England, lived in St Petersburg, Russia. Tt was in St

Petersburg that Arthur spent the fst eight years of his chidhood before bis parents retumed to England and setled near London. Arthur showed great skil in

numerical calculations at school and, after he moved to King's College Schoolin 1835, his aptinide for advanced mathematics became apparent. His mathematics
Athur be d area rather than follow his father's wishes to enter the family business as merchants,
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(((((((PLE:1 PPA:1)9:1 PON:2 PUN:2)8:1 (
NNE:2 PTI:2)8:1)7:5,

(((LCA:2 LRU:2)8:3 PMA:D)6:2 PTE:7 (AT
U:5,PCO:5)6:2,

(LSE:5,(CCA:3 PAU:3)7:2)6:2)5:1)4:1 FC
A:9)3:1,LPA:10)2:10,CCR:20)1:

Trees are beautiful recursive structures
There are many tree-based data structures
There are many algorithms for trees

There is a lot to learn about trees

There is a lot of research going on about trees
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[getTree (p:pore, Niliode) : Node
> et e o= getelp)
in (while (¢ 1= 2OF)

S (o= () (N = newliede(-1,N),c i= gete(s))

10 + tnveger!(c) - 48,c i= geve(p)],

N := N.parent))
else if (ishlphalc)] (nevNode (integer! (c]

[getTree (tnanesstring) : Node
ber 1= -1,
lec £ 1= fopen(tnawe,"z"],
N i- gecTree (z,neufode(-1))
in (felose (6),M)

’
77 get the tree [in phylip formac) inco a tree N
7

[isInc (cichar) ¢ Boolean

-> 48 <= integer!(c) & integer!(c) <= 57)
[isAlpha(cichar) 5 hoolean

> 65 <= integer!(c) < integer!(c) <= 50]

For g, press i

- 4, t= gere(n)




