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feb’01 - human genome



genetic / physical map



physical mapping

Select a subset of cosmid clones of minimum 
total length that covers the YAC DNA.

C: Full DNA
108 bp

Cut C and clone 
into overlapping
YAC clones.106 bp

Fragment 
assembling

Physical 
mapping

Physical 
mapping

Cut the DNA in each YAC clone and 
clone into overlapping cosmid clones.

104 bp

Duplicate the cosmid and then cut the copies randomly. 
Select and sequence short fragments and then reassemble 
them into a deduced cosmid string.

102 bp



using a map of the genome
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hybridization mapping

y x z w

Probes

Clones



unique probe mapping

clones 1,2,…,6
probes A,B,…,G

matrix representation

E B F C A G D

3

2
4

6
1 5

pr
ob

e

clone

�������������������
	 	��������	

 	�����������	
� 	�����	��������	��	
� 	�����	
 	�����	��������	
� 	��������	



reordering of probes

E B F C A G D
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clones contain
consecutive probes
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interval graphs

matrix representation
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PQ-trees

1 3 1 3

QP

representation for permutations

22

{ 123, 132, 213, 231, 312, 321 } { 123, 321 }



PQ-trees

P permutation Q linear order

T1 Tk

Q
(k≥3)

T1 Tk

P
(k≥2)

datastructure to represent all possibilities

PQ trees
represent possible reorderings
(permutations of probes)



example

D  A  C  B  E

D AC BE
D CA BE
D AC EB
D CA EB

EB CA D
EB AC D
BE CA D
BE AC D

clones       { A, C, D }     { A, B, C, E }

D A C B E
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PQ-trees

1 3 1 3

reorder mirror

QP

equivalent representations

22

3 2 3 1

QP

21

{ 123, 132, 213, 231, 312, 321 } { 123, 321 }



PQ-tree algorithm

reduce(T,S)
T PQ tree ~ set of permutations
S new clone ~ set of (consecutive) probes

add requirement S to tree T
‘keep S together’

• colour leaves in S
• apply transformations

to get consecutive leaves
• apply replacement rules

to add new restriction to tree

P all leaves in S

Q segment in S



example

����������� �����������

�

�����������

�

���������������������� �����������

‘root’
S = {A,C,E}

no coloured nodes 
outside this subtree
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replacement rules



replacement rules (2,3)
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replacement rules (4,5)
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challenges

• find the right model (simplification)

� noise, errors, 
too much / not enough data

� heuristics &  AI approach
� is it data mining?

• interdisciplinary


