Lecture 6

* Principal components analysis (PCA)

A little bit about experimental design —
experimental factors and their values

e Supervised analysis



Principal Component Analysis
(PCA)
e Also known as Ordination or SVD (each

version having slightly different meaning)

 Fairly nontrivial mathematical apparatus,
but quite simple idea
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PCA In a nutshel

The main idea — in the original n-dimensional
space find the direction of most data variability
(.e., in which direction data-points are most
‘stretched’

Orient a new coordinate axis in this direction.
This will be the first principal component, and the
relative ‘stretch’ is the first eigenvalue, and the
direction is the first eigenvector

Then find the direction of the next highest
variability orthogonal to the first eigenvector —
this is the second component

And so on
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Lecture 6

Principal components analysis (PCA)
Supervised analysis
A little bit about experimental design

Gene Ontology



Supervised vs unsupervised
analysis
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A E-MEXP-758 -- BioAssayData - Microsoft Internet Explorer E”Z|

File Edit ‘iew Favorites Tools  Help |.f
& B3k J \ﬂ @ q_;\J ,..-"""_] Search H;::.;-‘ Fawvorites %} L_; = -:;; i _Fll
Address |§:| hiktpe | feaena, ebi, ac, ukfaerepdat aselection?expid=1110515162 V| G0 Links **
45 Experimental conditions
sele_u:t EXPERIMENTAL CONDITIONS EXPERIMENTAL FACTORS
S age compound dose organism part

H heart 73hpf TCOD repl hybl » 73 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngfml heart

H heart Y3hpf TCOD rep2 hybZ » 73h 237 Btetrachlorodibenzo-p-dioxin 1 ngdral heart

H heart ¥3hpf TCOD rep3 hyb3 » f3h 237 B-tetrachlorodibenzo-p-dioxin 1 ngml heart

H heart 73hpf OMZ0 repl hybl = 73 h  dimethyl sulfoxide 0.1 % heart

H heart ¥3hpf OMS0 rep2 hyb2 » 73 h  dimethyl sulfoxide 0.1 % heart

H heart 73hpf OMS0 rep3 hyb3 » 73 h  dimethyl sulfoxide 01 % heart

H heart Y4hpf TCOD rep? hybl s Fdh 237 B-tetrachlorodibenzo-p-dioxin 1 ngml heart

H heart 74hpf TCOD rep? hyb2 » Fdh 237 B-tetrachlorodibenzo-p-diaxin 1 ngdml heart

H heart 74hpf TCOD rep3 hyb3 2 74 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdml heart

H heart 7dhpf DMS0 rept hybl » 74 b dimethyl sulfoxide 0.1 %, 1 ngdml  heart

H heart 7dhpf DMS0 rep hyb2 » 74 b dimethyl sulfoxide 0.1 % heart

H heart Ydhpf DMS0 rep3 hyb3 » f4 b dimethyl sulfoxide 0.1 % heart

H heart 76hpf TCOD repl hybl 2 76 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdmil heart

H heart Ybhpf TCOD rep2 hybZ o 76 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdml heart

H heart Yehpf TCOD rep3 hyb3 o 76 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdenl heart

H heart 7Ehpf DMS0 repl hybl » 76 h  dimethy! sulfoxide 0.1 % heart

H heart ¥6hpf DMS0 rep2 hyb2 » 76 b dimethyl sulfoxide 0.1 % heart

H heart 7bhpf DMZ0 rep3 hyb3 » 76 h  dimethyl sulfoxide 0.1 % heart

H heart 8dhpf TCOD rept hybl 2 g4 h 237 B-tetrachlorodibenzo-p-dioxin 1 nodml heart

H heart Bdhpf OMS0 repl hybl » 284 b dirmethyl sulfoxide 0.1 % heart

H heart B4hpf DMS0 rep3 hyb3 » 84 b dimethyl sulfoxide 0.1 % heart -]
4 3

@ 8 Internet




A E-MEXP-758 -- BioAssayData - Microsoft Internet Explorer i
File Edit ‘iew Favorites Tools  Help :,"
‘—-JI _,/' lﬂ |E:] :] j.-]Search ‘:_‘ri.;’ Favorites {E’-} [ :* ._;;. sl J
Address | @) I'E.p:,l',l'www.el:-i.au:.uk,l'aerep,l'dataselectiun?expid=1110518152 V| Go | Links ¥

H heart 76hpf TCOD rep3 hyb3 o 76 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdrml heart - |
H heart /6hpf DMS0 repl hybl » 76 b dimethyl sulfoxide 0.1 % heart

H heart 7Bhpf OMS0 rep2 hyb2 » 76 h dimethyl sulfoxide 0.1 % heart

H heart ?Bhpf OMS0 rep3 hyb3 » 76 h  dimethyl sulfoxide 0.1 % heart

H heart 84hpf TCOD repl hybl » ad b 237 B-tetrachlorodibanzo-p-dioxin 1 ngfml heart

H haart Bdhpf DMS0 rept hybl » B4 b dimethyl sulfoxide 0.1 % heart

H heart Bdhpf DMS0 rep3 hyb3 » g4 b dimethyl sulfoxide 0.1 % heart

H body 73hpf TCOD repl hybl = f3h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdml extracardiac body tissue
H body 73hpf TCDD rep2 hyb2 » 73 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdml extracardiac body tissue
H body 73hpf TCOD rep3 hyb3 » 73 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdml extracardiac body tissue
H body Y3hpt DMS0 rept hybl o 73 h dimethyl sulfoxide 0.1 % extracardiac body tissue
H body ¥3hpf DMS0 rep? hybZ » 73 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body 73hpf DMS0 rep3 hyb3 » 73 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body 74hpf TCODD repl hybl » fd h 237 B-tetrachlorodibenzo-p-dioxin 1 ngdml extracardiac body tissue
H body 7dhpf TCOD rep2 hyb2 » fdh 237 B-tetrachlorodibenzo-p-dioxin 1 nadmi extracardiac body tissue
H body Y4hpf TCDD rep3 hyb3 » fd b 237 B-tetrachlorodibenzo-p-dioxin 1 ngdrnl extracardiac body tissue
H bady 74hpf DMS0 rept hybl s 4 b dimethyl sulfoxide 0.1 % extracardiac body tissue
H body Ydhpf DMS0 rep2 hyb2 » 74 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body 74hpf DMS0 rep3 hyb3 2 74 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body Yehpf TCOD rept hybl » 7B h 237 B-tetrachlorodibenzo-p-dioxin 1 ngfmil extracardiac body tissue
H body 7Ehpf TCDD rep2 hyb2 » 76 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngfrnl extracardiac body tissue
H body 76hpf TCODD rep3 hyb3 » 76 h 237 B-tetrachlorodibenzo-p-dioxin 1 ngml extracardiac body tissue
H body 7Bhpf DMS0 repl hybl 2 76 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body YBhpf DMS0 rep2 hybZ » 76 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body 7Bhpf DMS0 rep3 hyb3 » 76 h  dimethyl sulfoxide 0.1 % extracardiac body tissue
H body 84hpf TCOD rept hybl » g4 b 237 B-tetrachlorodibenzo-p-dioxin 1 ngdrnl extracardiac body tissue
H body 84hpf TCODD rep? hybZ » 84 h 237 B-tetrachlorodibenzo-p-diaxin 1 ngml extracardiac body tissue
[¥] H body 84hnf TCOD ren3 hvb3 = g4 h 237 B-tetrachlorodibenzo-p-dioxin 1 nadml extracardiac body tissue Zi

a Internet




-2 Sample Properties - Microsoft Internet Explorer

File Edit Miew Favorites Tools  Help

= s e — i) . ke —
@ Back ~ () \ﬂ @ _h P ) Search ‘:;:j/ Favarites @ B -x,; "
-
Address !@ htkp: f v, ebi.ac. ukfaedwiDW? queryStages=281.query Type=22DesignElementil . 21 Gene. join=ona2 . query Type=13Bi0Sampledz . 22DesignElement. join=ong2. 1 1experiment_id_list.query=631474688nextPage=EioSample, Vl Go Links **
T YT T T S £ 5 T L IS B T ST T T T ST T rr R YT T T T T LI TR AT T S 1
Gene name Synonym EnsGene GO annotation —
mdkb mdkz pleiz EMSDARGOO000020708 growth factor activity
Experimental factors and gene plots
| age ‘ | compaund | | dose ‘ ‘ organismpart
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
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: H |
2,000 {5 e D -8 8§ &2—F—2 & e Rl
0 4 | 5 8 B | NI § I .| L . | =
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Sample
s X axis - samples, grouped by experimental factar, numbers correspond to table below
o Y axis - measurement values, quantitation type Affpmetric CHP Signal
Al | i
@ Done & Internet
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2 Sample Properties - Microsoft Internet Explorer
Edit

Filz

View  Faworites  Tools  Help

@Back - \_’) \ﬂ @ _:‘] /:-‘-' search f:'\'g-‘ Faviorites @

-~ L

= .
fddress i@bl hiktpe: [ ebi, ac, ukfaedw DWW rquery Stages=2&1 . query Type=2Z2DesignElement &1 , 21 Gene. join=on22 . query Type=13BioSampled:2, 22DesignElement. join=on&2. 1 1experiment_id_list. query=631474688nextPage=BioSample, Go Links
T T T TR T T e L I I I T T T - T T e e S e e e e
Gene name Synonym EnsGene GO annotation
mdkb mdkz pleiz EMSDARGOO000020708 growth factor activity
Expernimental factors and gene plots
| age | | compound ‘ ‘ dose ‘ | arganismpart
a a a a @ a @ a a a a @ a a a o u @ a a a a a o
i i L B 2 = = i & = = & o £ 2 o o = = . - B = o
= = = = = ] = = ] = = = = = = ] L] = = = = = = =
B o|r | s YR o= & B o s B oE OE B 0"Bomom @ fm g Bl @ @ o
=} =} =] =] =} [ = =} i d =} =3 o [=} o [ [ = o o o -] I =3
= = = = = = = = = = = = = = = = = = = = = = = = - = = © = = e e . = = t
= = =] =] = = =1 = =] = = = = = = = = = = = = = = = =] o ] 3 o o o d o o o "
= = b = = = b = = b7 ) = = = = = = = = b b B = = W o o o o w w w a o a o
] ] @ @ ] ] bl @ o @ 5] ] pil bl b ] o b b @ b b o b = = = = = = = = = = = =
24,000 4 7=, e
22,000 S 5 - — s 7 s
20,000 S i M R : -
k- -’__.-——wh__n:. —_— "“——--4_._- ks sl . '.' .
18,000 et = L 2 %
16,000 S i ;
=3 L]
= 14,000 b
=2 [
W 12,000 v
z 5
o 10,000 2
2 .
Ll ¥
8,000 !
6,000 .
4,000
2,000 T2 .f2—2 8 23 § S—2 =
] . - 8 8 9 9
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 48 47 48 1 2 3 4 5 & 7 8 10 11
Sample
¢« X axis - samples, grouped by experimental factor, numbers correspond to table below
s Y axis - measurement values, quantitation type Affymetroc CHP Signal >
£
@ Done
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Sample Properties - Microsoft Internet Explorer
Filz  Edit

Wiew  Fawvorites  Tools  Help

@Back - \_’J \ﬂ @ _:j /:\] Search *Favorites @

[

(5 F . o : ; anc " — . ; »
fddress !@bl http: vy, ebi, ac.ukfaedw/DWrqueryStages==2&1 . query Type=22DesignElement&:1 . 2 1Gene, join=on&2 . queryType=13Bio3ampledZ, 22DesignElement , join=on&2. 1 Lexperiment _id_list.query=63147468&nextPage=BioSample, ¥ | .—) Go Lirks
© A
for E-MEXP-T58: Transcription profiling time series of zebrafish hearts treated with dioxin (TCDD)
GO annotation
020708 growth factor activity
Experimental factars and gene plots
a a a a au a a a a au a a a
= = = = = = = = = = = = =
a a a a a a a a a a a a a
2 4 a 2 9 2 9 4 ] 9 2 9 a
= = = = = = = = = = = = =
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Classifiers - applications

e Training on known data — find a classifier
that can separate one experimental factor
value from the other based only on data

* Apply to new data — this will tell us where
the new sample belongs (e.g., diseased or
normal — diagnostics)



Linear discriminants
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discrimination line

X, = a% + b
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In between group analysis
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Support vector machines




A




Supervised vs unsupervised
analysis




Support vector machines

* The original n-dimensional space Is
transformed into even higher dimensional
space using so-called crenel function

 The liner separation is done In that higher
dimensional space and it Is equivalent to a
nonlinear separation in the original space



K nearest neighbours classifier
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