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About Part III

Let us now work on a couple of simple projects for you 
to practice using logical analysis to solve problems in 
computational biology…



Part III

A couple of projects to round things up
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DISCOVERING INVARIANTS
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We have talked quite a bit about logical 
analysis and exploitation of invariants

Let us now learn one simple way for 
discovering invariants
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Principal 
component 

analysis 
(PCA)

Credit: Alessandro Giuliani
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PCA, a la Pearson (1901)

Credit: Alessandro Giuliani
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Credit: Alessandro Giuliani
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Credit: Alessandro Giuliani
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Pearson Correlation Coefficients, 
length            width             height

length           1.00000        0.97831       0.96469
width             0.97831        1.00000       0.96057
height            0.96469        0.96057       1.00000

Width = 19,94 + 0,605*Length 

Credit: Alessandro Giuliani
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PC1 (98%) PC2 (1.4%)

Length 0,992 -0,067

Width 0,990 -0,100

Height 0,986 0,168

PC1= 33.78*Length +33.73*Width + 33.57*Height

PC2 = -1.57*Length – 2.33*Width + 3.93*Height

Interesting 
info are often 

in the 2nd

principal 
component

• Presence of an overwhelming size component explaining system 
variance comes from the presence of a ‘typical’ common shape

• Displacement along pc1 = size variation (all positive terms)
• Displacement along pc2 = shape deformation (both positive and 

negative terms)

Credit: Alessandro Giuliani
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unit sex Length Width Height PC1(size) PC2(shape)

T25 F 98 81 38 -1,15774 0,80754832

T26 F 103 84 38 -0,99544 -0,1285916

T27 F 103 86 42 -0,7822 1,37433475

T28 F 105 86 40 -0,82922 0,28526912

T29 F 109 88 44 -0,55001 1,4815252

T30 F 123 92 50 0,027368 2,47830153

T31 F 123 95 46 -0,05281 0,05403839

T32 F 133 99 51 0,418589 0,88961967

T33 F 133 102 51 0,498425 0,33681756

T34 F 133 102 51 0,498425 0,33681756

T35 F 134 100 48 0,341684 -0,774911

T36 F 136 102 49 0,467898 -0,8289156

T37 F 137 98 51 0,457949 0,76721682

T38 F 138 99 51 0,501055 0,50628189

T39 F 141 105 53 0,790215 0,10640554

T40 F 147 108 57 1,129025 0,96505915

T41 F 149 107 55 1,055392 0,06026089

T42 F 153 107 56 1,161368 0,22145593

T43 F 155 115 63 1,687277 1,86903869

T44 F 158 115 62 1,696753 1,17117077

T45 F 159 118 63 1,833086 1,00956637

T46 F 162 124 61 1,962232 -1,261771

T47 F 177 132 67 2,662548 -1,0787317

T48 F 155 117 60 1,620491 0,09690818

T1 M 93 74 37 -1,46649 2,01289241

T2 M 94 78 35 -1,42356 0,26342486

T3 M 96 80 35 -1,33735 -0,258445

T4 M 101 84 39 -0,98842 0,49260881

T5 M 102 85 38 -0,98532 -0,2361914

T6 M 103 81 37 -1,11528 -0,0436547

T7 M 104 83 39 -0,96555 0,44687352

T8 M 106 83 39 -0,93257 0,29353841

T9 M 107 82 38 -0,98269 -0,066727

T10 M 112 89 40 -0,63393 -0,8042059

T11 M 113 88 40 -0,64405 -0,6966061

T12 M 114 86 40 -0,68078 -0,4047389

T13 M 116 90 43 -0,42133 0,10845233

T14 M 117 90 41 -0,48485 -0,9039457

T15 M 117 91 41 -0,45824 -1,0882131

T16 M 119 93 41 -0,37202 -1,610083

T17 M 120 89 40 -0,50198 -1,4175463

T18 M 120 93 44 -0,23552 -0,2831547

T19 M 121 95 42 -0,24581 -1,6640875

T20 M 125 93 45 -0,11305 -0,1986272

T21 M 127 96 45 -0,00023 -0,9047645

T22 M 128 95 45 -0,01035 -0,7971646

T23 M 131 95 46 0,079136 -0,559302

T24 M 135 106 47 0,477846 -2,4250481

Female turtles are 
larger and have more 
exaggerated height 

Credit: Alessandro Giuliani



SOC Summer School 2017 Copyright 2017 © Limsoon Wong

13

Exercise 

• Madrid and Warsaw are 
at almost the same 
distance to Latium cities

Are Madrid and Warsaw 
near each other?

Giuliani et al., Physics Letters A, 247:47-52, 1998
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• The subtypes look similar

• Can we diagnosis the 
subtypes based on gene 
expression profiling?

Exercise

• Major subtypes: T-ALL, 
E2A-PBX, TEL-AML, BCR-
ABL, MLL genome 
rearrangements, 
Hyperdiploid>50

• Diff subtypes respond 
differently to same Tx

• Over-intensive Tx
– Development of 

secondary cancers
– Reduction of IQ

• Under-intensiveTx
– Relapse
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Exercise

• Treatment gradually 
removes leukemic 
cells in patient

• Diagnostic GEP 
captures leukemic 
subtype signature

• Hypothesis: Poor 
genetic response 
suggests high risk of 
relapse

• Suggest a leukemia 
relapse prediction 
model based on gene 
expression profiling
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MISSING PROTEINS IN 
PROTEOMIC PROFILES
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Proteomics profiling

• Proteomic profile
– Which protein is found in the sample
– How abundant it is

• Difficulties
– Complexity: 20k genes vs 500k proteins
– Dynamic range: > 10 orders of magnitude in 

plasma. Proteins cannot be amplified
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Issues in proteomics:
Coverage and consistency

Technical incompleteness How it affects real data

Only 25 out of 800+ proteins are common 
to all 5 mod-stage HCC patients!

Per sample
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Lots of missing values 
in real proteomics datasets

Guo et al. Nature Medicine, 21, 407, 2015
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Missing values 
are not due 

mostly to low-
abundance 

proteins

Webb-Robertson, JPR, 14(5):1993-2001, 2015 
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Current 
imputation 
methods 

don’t work 
very well

CV(RMSE) ~ 20% 
at 75th percentile

Webb-Robertson, JPR, 14(5):1993-2001, 2015 
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Exercise

• Postulate: The chance of a protein complex being 
present in a sample is proportional to the fraction 
of its constituent proteins being correctly 
reported in the sample

• Derive from the postulate above an 
approach/index for predicting which proteins are 
likely to be present in a sample even though the 
proteomic screen does not report it

• You may assume a list of protein complexes (and 
their constituent proteins) is available
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Exercise

• What experiments can you do to demonstrate that 
the proposed solution is effective in predicting 
missing proteins?
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I HOPE YOU HAVE ENJOYED 
THESE EXERCISES 
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