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Functionalorthologs

Species1 Species2
f1: MKQALAAADDDDAQ... y1: MDDDDALGLLLLA...

f2:MGDXLLMMAALLLL... y2: MHHAAKLLDD AS...

... ...

Objective : Automatic identi�cation of protein functional orthologs
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Sequencecomparison: best-best blast hits

Species1 Species2
f1: MKQDLARIEQFLDALF... y1: MSRLPVLLLLQLLVRGA.. .

f2: MSKLKIAVSDSCPDCF... y2: MELAALCRAGLLLALDA. . .

... ...

C=

2

4
y1 y2

f1 10 50
f2 27 10

3

5 Cij -BLAST similarity scores

Optimal assignment: f1 ! y2; f2 ! y1

Potential di� culties:

y is the best hit for f, but f is not the best hit for y

(y1; f ) and (y2; f ) producevery closeblast scores. Which one
to choose?
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Ambiguousassignmentresolving

Increasethe quality of similarity score, 3D structures

Protein interactions

: : :
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Protein interactionnetworks
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Protein interactionnetwork

Fly interaction network
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Maximize :the number of overlappingedges
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Two typesof globalnetwork alignment

Constrained Alignment: Only proteinshavingclose
sequencestructuresmay be matchedto eachother
InParanoid clusters:

Maximize :J = the number of overlapping edges
Balanced Alignment: Let Sij = BLAST(fi ; yj ), then the
total sequencesimilarity

S =
X

fi is matchedto yj

Sij

Maximize :
(1 � � )J + � S

� controls the trade-o� betweenJ and S.
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Two typesof globalnetwork alignment

Constrained Alignment:
S. Bandyopadhyay, R. Sharan and T. Ideker, 2006: MRF
model, approximate solution
Our contribution: exact solution by the MessagePassing
Algorithm

Balanced Alignment:
S. R. Singh, J. Xu and B. Berger,2008: IsoRankalgorithm
Our contribution: Graph Matching Algorithms
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ConstrainedAlignment: MessagePassing

MP is basedon a forward-backward recursionsimilar to the Viterbi
recursionfor hmm.
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Backward step: �nd optimal assignmentsstarting from the root
cluster
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Balancedalignment: graphmatchingalgorithms

)

Maximize : (1 � � )J + � S

J - number of overlappingedges
S - total similarity score betweenall matchedvertices
� - trade-o�
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Balancedalignment: graphmatchingalgorithms

G; H | graphadjacency matrices
P - matrix encoding the alignmentbetweentwo graphs

Graphmatching:

max
P

(1 � � )J(P) + � S(P)

subjectto

P 2 f 0; 1gN� N ;
X

i

Pij = 1 8i ;
X

j

Pij = 1 8j
(1)

NP-hard !
Approximate algorithms: Grad,Path, Umeyama,.. . ..
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Experiments

Data: PPI networks and InParanoid clusters from
(S. Bandyopadhyay, R.Sharan and T.Ideker, 2006)

Fly (7k nodes,20k edges) Yeast (4k nodes,15kedges)
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Experiments:ConstrainedAlignment

Table: Performanceof the di�e rent methods for constrained alignment
on the benchmark of (Bandyopadhyay,2006)

Algorithm MP GA PATH MRF IsoRank
#cons. interactions 238 238 238 233 228

#HomoloG pairs 41 41 41 36 39
Timing(sec) 1-2 1-2 80 10 1-2
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Experiments:BalancedAlignment

Maximize : (1 � � )J + � S

Number of conservedinteraction J versussequencesimilarit y S.
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Conclusion

Messagepassingalgorithm: exactsolutionfor
the ConstrainedAlignmentproblem

Graphmatchingalgorithms: good performance
in the caseof BalancedAlignment.
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Future work

Synchronizedalignmentof severalnetworks

Geneco-expressionnetworks
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