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Aim

The aim is to take non-negative data sets, for example microarray
data and to reorder or cluster the data to �nd hidden features using
non-negative matrix factorisation (NMF).

A =
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NMF Algorithms

There are many di�erent algorithms to compute a NMF.

Typically they compute two factors so that

A = WH + error minimises ‖A−WH‖

with all entries of W and H being non-negative.
If A is of size m × n, then W is m × k and H is k × n, where
k � m or n.
In the iterative approach

Wi+1 = Wi

∑
samples

 under/over-estimate
factor for
this sample

×
importance
of sample
in cluster


H is found in an analogous way.
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Feature �nding, Ordering and Clustering

A ≈WH =
k∑

j=1

wjh
T

j ,

for W = [w1, . . . ,wk ], and H = [h1, . . . , hk ]
T. Each rank-one

non-negative matrix wjh
T

j expresses a �feature� of the data.

As shown by Lee and Seung [Nature(1999)]
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Feature �nding, Ordering and Clustering

Therefore, for example in the microarray applications

• the columns of the �rst factor W are referred to as
�eigen-genes�

• the rows of the second factor H are equivalently
�eigen-samples�

Since each column/row expresses one feature we can locate this in
the data by re-ordering the individual vectors to put the largest
value in the bottom right corner.

We can also combine these features into one ordering . . .
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Feature �nding, Ordering and Clustering

Each row in W is assigned to a cluster
corresponding to the largest element in
that row.
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Feature �nding, Ordering and Clustering
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Each row in W is assigned to a cluster
corresponding to the largest element in
that row.

Row 1 is assigned to cluster 1
Row 2 is assigned to cluster 2
Row 3 is assigned to cluster 1

...
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Feature �nding, Ordering and Clustering

cluster one

cluster two

cluster three

A row ordering then comes from
stacking the clusters and sorting
each cluster by size of that
column.
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Feature �nding, Ordering and Clustering

The same is done with H and the columns.
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Feature �nding, Ordering and Clustering

These orderings can then be applied to the original matrix.



Background Results Multiple Data Sets Literature Discussion

Colon Cancer Gene Correlation: k=75
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Colon Cancer Gene Correlation: k=75
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Comparing with known information
Genes suppressed by oncogene HRas

This cluster's �Ras signature� contains many proteins found in the
�extracellular region�. The cluster includes
ADAMTS5, C1S, CADM1, CH25H, COL11A1, COL1A2, COL3A1, COL4A1, COL4A2, COL5A1,

COL5A2, CRISPLD2, DCN, EFEMP1, ELN, IGFBP3, LUM, MXRA5, POSTN, SPOCK1, SULF1
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Comparing with known information
vec5 - probesets associated with cell division and DNA copying

This cluster's �DNA replication and cell-division� set is enriched in
proteins for the �nucleus� and the �mitochondrion�.
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Comparing with known information
vec5 - probesets associated with cell division and DNA copying

This cluster's �DNA replication and cell-division� set is enriched in
proteins for the �nucleus� and the �mitochondrion�.



Background Results Multiple Data Sets Literature Discussion

Comparing with known information
C2 set of genes associate with Notch pathway being active
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Comparing with known information
HRas suppressed, vec5 and C2 genes
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Using Multiple Data Sources

In some situations it may be advantageous to use more than one
data source to improve our results or to look for di�erences and
similarities between data sources.

For this there is Simultaneous NMF to factorise data matrices
A ∈ Rm×n and B ∈ Rp×n so that

A ≈WH and B ≈ SH

with W ∈ Rm×k , S ∈ Rp×k and H ∈ Rk×n. Producing a matching
ordering/clustering of the columns of the two matrices.

[Badea, Proc.Paci�c Symp.BioInf.(2008))]

We have extended this further to take any number of matrices
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Colon Cancer Correlation Matrices: Four data sets k = 12
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Chromosomal Location
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Colon Cancer Correlation Matrices: Four data sets k = 12
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Colon Cancer: Adding extra information, k = 32
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Colon Cancer: Adding extra information, k = 32
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Colon Cancer: Adding extra information, k = 32
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Looking to the literature
Chromosome 1 p34.1-p34.2 � cluster 11
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Looking to the literature
Chromosome 17 q21.2-q23.2 � cluster 9
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Looking to the literature
Chromosome 17 q25 � cluster 12
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Looking to the literature
Chromosome 11 q13 � cluster 5

Both MEN1 and HRASLS3, known
tumour suppressors are included in

the identi�ed cluster
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Discussion

Linking chromosomal information with correlation analysis we �nd
that;

• the chromosomal information changes the gene-expression only
clustering.

• the gene-expression data only links some of the gene
neighbourhoods.

• many of the clusters have been previously described in either
colorectal or another form of cancer.



Background Results Multiple Data Sets Literature Discussion

Ongoing work

The ongoing investigations include

• Looking at the CRC gene-expression directly rather than the
correlation matrices.

• Considering how normalising the data could a�ect the ordering.

• Considering ways of picking an �optimal� number of clusters if
one exists


	Background and Algorithms
	

	Results
	

	An Extension to Multiple Data Sets
	

	Biological Literature
	

	Discussion
	


