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• Coupled data: data that consist of different data blocks, 
which all contain information about the same entities
– E.g.

• Data blocks = GC/MS and LC/MS
• Variables = E. coli metabolites
• Objects = condition
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• Finding mechanisms that underly the coupled data

• RESEARCH QUESTIONS: which mechanisms are 
– common for both data blocks and 

– distinctive for a single data block?

Which metabolome processes are measured by both separation 
techniques? Which processes are measured by just one of the two?
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Simultaneous Component Analysis

• Finding underlying mechanisms in
– ONE data block Principal Component Analysis

(PCA, Jolliffe, 2002)
– More data blocks Simultaneous Component Analysis

(SCA, Van Deun et al., 2009)
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• Distinctive mechanisms= simultaneous components that underly
only one data block

• Common mechanisms= simultaneous components that underly
both data blocks
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Problem
• Distinctive mechanisms= simultaneous components that underly

only one data block
• Common mechanisms= simultaneous components that underly

both data blocks
• E.g., 
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Solution: DISCO-GSCA

• Predecessors:
– DISCO-SCA (Schouteden et al., 2010)
– Grey Component Analysis (GCA, Westerhuis et al., 2007)
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Solution: DISCO-GSCA

• Model selection: 3 steps
– FIRST: Select the number of simultaneous components

• (SCA, Van Deun et al., 2009)

– SECOND: characterize these components
• i.e., how many of them are common/distinctive?
• (DISCO-SCA, Schouteden et al., 2010)

– THIRD: define λ
• L-curve (Hansen, 1992)
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• Data: E. coli
• Model:

– 5 simultaneous components
– Target:

• 1 common component
• 2 distinctive components for GC/MS
• 2 distinctive components for LC/MS

– λ=1

0 0

0 0

0 0

0 0

x x x

x x x

x x x

x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥− − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

GC1  GC2  LC1  LC2  C 

GC

LC

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥ =− − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

P

P

Target

Target



Results

% Variance accounted for by DISCO-GSCA (λ=1)

GC1 GC2 LC1 LC2 C Total 

GC/MS 0.17 0.14 0.04 0.03 0.12 0.50

LC/MS 0.03 0.03 0.14 0.31 0.11 0.62

Xconc 0.12 0.10 0.08 0.13 0.12 0.54
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% Variance accounted for by SCA

GC1 GC2 LC1 LC2 C Total 

GC/MS 0.14 0.13 0.06 0.11 0.11 0.54

LC/MS 0.10 0.04 0.12 0.24 0.12 0.62

Xconc 0.12 0.10 0.08 0.15 0.11 0.57



DISCO-GSCA (λ=1)
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Conclusion

• DISCO-GSCA
– Method to find common & distinctive mechanisms in coupled 

data
– Imposes a target matrix to a simultaneous component solution
– to a user-defined degree (λ)

• Makes it possible to find an optimal trade-off between obtaining the target 
structure and a loss of fit
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DISCO-SCA

• DISCO-SCA: rotates the simultaneous components
towards target structure

• Loss function: 

• ☺ Consequences (as compared to SCA):
– Fit remains

– Target structure is better obtained
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• / consequences
– Rotation sometimes not powerful enough: the difference

between rotated component loadings and a target matrix 
remains somewhat too large.

• Solution DISCO-GSCA



GCA

- GCA: Impose target structure to component solution

- Needed:
- Extension towards coupled data
- Common and distinctive target structure
- Restriction orthogonal components <-> correlation between

components that should not share any information.

- Solution: DISCO-GSCA
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Model Selection

• Data = E. coli data set

• Model selection: 3 steps
– FIRST: select the number of simultaneous components

• (SCA, Van Deun et al., 2009)

– SECOND: characterize these components (i.e., select target)
• (DISCO-SCA, Schouteden et al., 2010)

– THIRD: define λ
• (Hansen, 1992)



• STEP 1: define the number of simultaneous components
– Simultaneous component scree-plot (Van Deun et al., 2009)
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2010)
– (Non-)congruence criterion FOR EACH POSSIBLE TARGET-MATRIX

• = sum of the percentages of variance accounted for by the rotated distinctive
components in the ‘wrong’ data blocks

– Taken the number of distinctive components into account



• STEP 2: characterization of the components (Schouteden et al., 
2010)
– (Non-)congruence criterion FOR EACH POSSIBLE TARGET-MATRIX

• = sum of the percentages of variance accounted for by the (rotated) distinctive
components in the ‘wrong’ data blocks

– Taken the number of distinctive components into account

0

0

0

0

target
conc

x x x x

x x x x

x x x x

x x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥= − − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

P



• STEP 2: characterization of the components (Schouteden et al., 
2010)
– (Non-)congruence criterion FOR EACH POSSIBLE TARGET-MATRIX

• = sum of the percentages of variance accounted for by the (rotated) distinctive
components in the ‘wrong’ data blocks

– Taken the number of distinctive components into account

0

0

0

0

target
conc

x x x x

x x x x

x x x x

x x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥= − − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

P

0

0

0 0

0 0

target
conc

x x x x

x x x x

x x x

x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥= − − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

P



• STEP 2: characterization of the components (Schouteden et al., 
2010)
– (Non-)congruence criterion FOR EACH POSSIBLE TARGET-MATRIX

• = sum of the percentages of variance accounted for by the (rotated) distinctive
components in the ‘wrong’ data blocks

– Taken the number of distinctive components into account

0

0

0

0

target
conc

x x x x

x x x x

x x x x

x x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥= − − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

P

0

0

0 0

0 0

target
conc

x x x x

x x x x

x x x

x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥= − − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

P

0 0

0 0

0 0

0 0

target
conc

x x x

x x x

x x x

x x x

⎡ ⎤
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥= − − − − −⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥
⎢ ⎥⎣ ⎦

M M M M M

M M M M M

P



STEP 3: define λ with L-curve (Hansen, 1992)
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