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Definitions: metrics and distances

A metrie, d, is a function that satisfies the following five properties
i) non-negativity d(x,y) > 0;

ii) symmetry d(x,y) = d(y,x);

(

(

(iii) identification mark d(x,x)=0;

(iv) definiteness d(x,y) = 0if and only if x = y;

(v) triangle inequality d(x,z) < d(x,y) + d(y,z).

We can also consider distance functions that satisfy the first
three propertics only.

We will refer to distances which include metries and only mention
metrics when the behavior of interest is specific to them.




Definitions: similarity and dissimilarity functions

A similarity function, s, is more loosely defined and satisfies the
three following properties

(i) non-negativity s(x,y) > 0;
(if) symmetry s(x,y) = s(y,x);

(iif) The more simalar the objects x and y, the greater s(x,y).

A dissimilarity function, d, satisfies (i) and (ii), but for (iii),
d(x,y) is larger the more dissimilar the objects.

Distances

There is a great deal of choice (and hence literature) on selecting a
distance function.

Some books that pay particular attention to distances in the
context of classification and clustering include

o Section 4.7 of Duda, Hart, & Stork (2000);

o Chapter 2 of Gordon (1999);

o Chapter 1 of Kaufman and Rousseeuw (1990);
o Chapter 13 of Mardia, Kent, & Bibby (1979).

When some variables are continuous and others categorical, there
are more choices and the implications of the different choices
should be weighed carefully.
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Examples of distances

e BEuclidean metric (possibly standardized);
e Mahalanobis metric;
o Manhattan metric;

¢ Minkowski metric (special cases are Euclidean and Manhattan
metrics);

e Canberra metric;
o One minus correlation:

e clc.
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Euclidean Metric
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R has a number of functions for computing and displaying distance
and similarity matrices.
o Distance functions
— dist (mwva): Euclidean, Manhattan, Canberra, binary;
— daisy (cluster): Euclidean, Manhattan.
o Correlation functions
— cor, cor.wt.
o Plotting functions
— image;
— plotcorr (ellipse);
— levelplot (lattice);
— plot.cor, plot.mat (sma).
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Given densitiesf, and f,

f(X) f(x)

KLI(f,f,)=E I L = | DL f

(L )=8 10 35y = 19 g5y W09

where X isarandom variable with density f, and E; denotes expectation with respect to f,.
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£(X,Y)
f,(X) £, (Y)
wheref (.,.) isthejoint density function, f, (.), f,(.) are
the two marginal density functionsfor X and' Y and Ml isOinthe
case of independence.

MI(f, f,)=E, log
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bi oDi st
1>
#bi nni ng based
Kl di st. matrix

#density based
KLD. mat ri x

#Conput es di st ance
from i ndependence

Mut ual i nfo
M di st
#Conputes d = 1- exp(- 2MI)
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center (xg.) = measure of the center of the distribution
of the set of values x;,i =1, ,| (mean, median)
scale(xg ) = measure of scale (standard deviation, interquartile range,

MAD)
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s center (x;)
¢ scale(x;)
center (x; ) = measure of the center of the distribution
of the set of valuesx;,i =1, ,G (mean, median)
scale(x; ) = measure of scale (standard deviation, interquartile range,
MAD)
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> |ibrary("RocBookl")

> |ibrary("ALL")

Loadi ng requi red package: Biobase
Loadi ng required package: tools

Wl cone to Bi oconductor

Vignettes contain introductory naterial .

To view, sinply type 'openVignette()' or start
wi th ' hel p(Bi obase)'.

For details on reading vignettes, see the
openVi gnette hel p page.

>
> library("arrayMagic")

> 0 +

l'ibrary("genefilter")

dat a( ALL)
#downsel ect a subset of the patients
Bsub <- (ALL$nol == "BCR/ ABL")

#obtain the information for this subset
#of patients
Bs <- ALL[, Bsub]

21
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> f1 <- pOverA(.25, |10g2(100))
> f2 <- function(x) (I QR(x)>0.5)
> f3 <- function(x) (median(2”x) > 300)
> ff < filterfun(f1,f2,f3)
#Filter the genes
> selected <- genefilter(Bs, ff)
> sel ected[ 1: 3]
1000_at 1001_at 1002_f _at

FALSE FALSE FALSE
> sun(sel ect ed)
[1] 637

> BSub <- Bs[selected,]

) - % ( 0O +

& H

#obtai n the expression val ues

> eS <- exprs(BSub)

> di meS)

[1] 637 37

#So0 we have a matri x 637 (genes) by 37
#(sanpl es)

mads <- apply(eS, 1, nad)

meds <- apply(eS, 1, nedian)
#What do the above 2 |lines do?
el <- sweep(eS, 1, neds)

e2 <- sweep(el, 1, mads, FUN="/")
#What do the above two |ines do?

22
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AFITST store all of the data Tn the new
obj ect

#including the neta data
> BSubStd <- BSub

#Now repl ace the expression values in
thi s object

#wi th the nornmalized expression val ues
> exprs(BSubStd) <- e2

2 5

+ |
> library("GQ0")
> |library("annotate")
> GOTERMB" GO 0006917
GO D = GO 0006917
Term = induction of apoptosis
Synonym = positive regul ati on of apoptosis
Definition = A process that directly activates any of
the steps required for cell death by apoptosis.
Ontol ogy = BP
#What does BP nean?
> |ibrary("hgu95av2")
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> apop <- hgu95avZGOZALLPROBESS” GO, 00069177
#What does this do?
#What are these?
> | engt h(apop)
[1] 173
> apop[ 1: 4]
TAS <NA> | DA <NA>
"37430_at" "40565_at" "608_at" "1440_s_at"
> inboth <- apop % n% row. names(e2)
> apop[ 1]
TAS
"37430_at"
> jnbot h[ 1]
[1] FALSE
> sum(i nbot h)
[1] 14
> row. nanes(e2)[ 1]
[1] "1005_at"

2 5

> whsel <- apop[inbot h]

#in this line are we down sel ecting on

#genes or sanpl es

> exprApop <- e2[whsel, ]

> unli st (nget (whsel , hgu95av2LOCUSI D))
34740_at 41763_g_at 38050_at 36199_at

2309 7073 9774 1611
2031 _s_at 39723 _at 33678_i at 33679 _f at
1026 8454 10383 10383
41161_at 1635_at 1636_g_at 39730 _at
1616 25 25 25

#What is Locusld?
#\What has Locusl| D been repl aced by?

39020_at
10572
151_s_at
203068

24
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S TTbrary( blooist )

> man <- di st (exprApop, "manhattan")
> M <- M di st (expr Apop)

> KLsnooth <- KLD. matri x(exprApop)
Loadi ng requi red package: locfit

Loadi ng requi red package: lattice
locfit 1.5-2 2005-11-17

> KLbi n <- KLdist. matri x(exprApop)

TTbhrary(rarrayMagic")
par(mai =c(1.2,1.2,.7,0.1))##
to avoi d gene nanes
runni ng outside the imge
plot.imageMatrix(as. matri x(M
), xlab="", ylab=""
mai n="M")

25
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> 4

> par(mai=c(1.2,1.2,.7,0.1))
>pl ot.i mageMatrix(as. matri x(K
Lbin), xlab="",

mai n="KLbi n")

%

%

> par(mai=c(1.2,1.2,.7,0.1))

>

pl ot.imageMatri x(as. matri x(K

Lsnoot h), x| ab="

mai n=" KLsnoot h")

yl ab="",

%
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> v1df <-
M),

as. vect or (KLbi
> nanmes(vldf) <-

"KLbi n")
> pairs(vildf)

data. frame(as.

vect or (

as. vect or (KLsnoot h),

n))

c("M", "KLsnooth",

#Note correl ati on of
#t he KL neasures and

#little correlation of

#the M and KL
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> abl.locusid <- "25"
> hgu95av2.locusid <- unlist(as.list(hgu95av2LOCUSI D))

> hgu95av2LOCUSI D2pr obes <- split(names(hgu95av2. | ocusi d)
hgu95av2. | ocusi d)

> hgu95av2LOCUSI D2pr obes|[ 1: 3]
$II 9ll
[1] "38187_at"

$II 10"
[1] 38912 at"

$" 12"
[1] "33825 at"

) - S5 >/ -

> abl . probesets <-
i nt ersect (hgu95av2LOCUSI D2pr obe
s[[abl .l ocusid]], rownanes(e2))

> | engt h(abl . probeset s)
[1] 3

> pairs(t(e2[abl.probesets,]))

29
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ber.cor <- cor.dist(e2)

bcr.tau <- tau.dist(e2)

ber.

euc <- euc(e2)

bcr. spear <- spearman. di st (e2)

ber. man <- man(e2)

ber. kl di st <- KLdist. matrix(e2)
bcr.m <- Mdist(e2)
#Wite these to a file

> save(bcr.cor, bcr.spear, ber.tau, bcr.euc, bcr.man,
ber. kI di st

+ bcr.m, file="ALL.dist.rda")

V V V V V VYV
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bcr. probesets.top <- list()
top <- 100

for (probeset in abl.probesets) {
bcr. probesets. top[[probeset]] <- matrix(0, ncol =7, nrow=t op)
col names(bcr. probesets. top[[probeset]]) <-
c("cor","spear","tau", "euc", "man", "kl d","m")

ber. pr ())beset s.top[[probeset]][,"cor"] <- closest.top(probeset, bcr.cor,
top

bcr. probesets.top[[probeset]][,"spear"] <- closest.top(probeset,
bcr. spear, t op)

bcr. probesets.top[[probeset]][,"tau"] <- closest.top(probeset,
ber. tau, top)

bcr. probesets.top[[probeset]][, "euc"] <-
cl osest. top(probeset, ber. euc, t op)

bcr. probesets. top[[probeset]][,"man"] <-
cl osest. top(probeset, bcr. man, t op)

bcr. probesets.top[[probeset]][,"kld"] <-
cl osest. top(probeset, ber. kl di st, top)

bcr. probesets.top[[probeset]][,"m"] <-
cl osest. top(probeset, bcr. m, top)

}

3 ( 5

## conpare agreenent

## method 1: percentage of agreenent

temp <- lapply(lapply(bcr.probesets.top, function(x)
appl y(x, 2, function(y) apply(x, 2, function(z)

I ength(intersect(y,z))/top))), function(w) as.dist(w)

sum<- 0
for (i in 1:1length(tenp))
{

sum <- sum+ tenmp[[i]]
}
print(tenp)
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* 4+ ES (

$"1636_g_at"

cor spear tau euc man
spear 0.73
tau 0.72 0.94
euc 0.74 0.66 0.67
man 0.65 0.65 0.66 0.81
kl d 0.19 0.15 0.13 0.10 0.09
m 0.23 0.26 0.28 0.26 0.32
$"1635_at"

cor spear tau euc man
spear 0.85
tau 0.85 0.93
euc 0.75 0.71 0.69
man 0.69 0.70 0.69 0.84
kl d 0.15 0.17 0.18 0.15 0.15
m 0.35 0.36 0.36 0.39 0.41

kl d

0.13

kl d

0.21

* 4+ ES (

$"39730_at"

cor spear tau
spear 0.77
tau 0.75 0.95
euc 0.78 0.71 0.71
man 0.69 0.74 0.74
kld 0.22 0.19 0. 20
m 0.29 0.31 0.30

euc nman kid

0.81
0.23 0.23
0.31 0.34 0.22
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I'i brary("humanLLMappi ngs")

>

>

> vl <- as.|ist(humanLLMappi ngsLL2PM D)

> vl <- vl[sapply(vl, function(x) 'all(is.na(x)))]

> | engt h(v1)

[1] 24078

> humanLLMappi ngsLL2PM D <- | 2e(v1)

>

> probesets. pubned <-

+
rownanes(e2)[unli st (nget (rownanes(e2), hgu95av2LOCUSI D
)) % n%

+ I s(humanLLMappi ngsLL2PM D) ]

> | engt h( probeset s. pubned)

[1] 618




3% $ + 5%

for (probeset in abl.probesets)

{

c("cor spear”,"tau

+ 4+ A+ + YV

ber . probeset s. pubned. t op[ [ probeset] ][, "cor"]

.5 .

ber. probesets. pubnmed. t op[ [ probeset]] <- matrix(0, ncol =7, nr ow=t op)
col names( ber. probesets. pubned. t op[ [ probeset]]) <-
euc”, "man", "kl d", "m")

<- closest.top(probeset,

as. dist(as. matri x(bcr.cor)[probesets. pubnmed, probesets. pubned] ), top)

+

ber. probesets. pubned. top[ [ probeset] ][, "spear”] <- closest.top(probeset,

as. di st (as. matri x(bcr.spear)[ probesets. pubned, probeset s. pubned] ), t op)

+

ber. probesets. pubned. top[ [ probeset]][,"tau”] <- closest.top(probeset,

as. di st (as. matri x(bcr.tau)[probesets. pubnmed, probesets. pubned] ), t op)

+

ber . probeset s. pubned. t op[ [ probeset] ][, "euc"]

cl osest.top(probeset, as. di st(as. matrix(bcr.

med] ), t op)
+ ber. probesets. pubned. t op[ [ probeset]][, "man"]

cl osest . top(probeset, as. di st(as. matrix(bcr.

med] ), t op)
+ bcr. probesets. pubmed. top[ [ probeset] ][, "kl d"]

cl osest . top(probeset, as. di st(as. matrix(bcr.

pubned] ), t op)
+ bcr. probesets. pubnmed. t op[ [ probeset] ][,

"]
cl osest. top(probeset, as. di st(as. matrlx(bcr m)[probesets pubned, probeset s. pubm

ed]), top)
+}

<
euc) [ probeset s. pubned, probeset s. pub

<-
man) [ pr obeset s. pubred, probeset s. pub

<-
kl di st) [ probeset s. pubned, probesets.

% $ 5% :

## get adjacency list for ABL1

5 .

abl . adj <- unique(unlist(nmget(vl[[as.character(abl.locusid)]],
humanLLMappi ngsPM D2LL)))
abl . adj <- abl.adj[abl.adj != abl.|ocusid]

> | engt h(abl . adj)
[1] 130

abl . adj . e2 <- intersect(unique(unlist(nget(rownanes(e2),

hguJQSaVZLGJJSI D)),
abl . adj)
> | engt h(abl . adj . e2)
[1] 16

tenp <- lapply(bcr.probesets. pubmed.top, function(x) {

apply(x, 2, function(y)

inter §t§ct (as. character(unlist(nget(y, hgu95av2LOCUSID))),

abl . adj . e2
)]
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ﬁ 3% $ 5% 5 H
templ <- lapply(tenp, function(x) {
if(is.list(x))
sappl y(x, function(y) length(y))
el se
appl y(x, 2, function(y)
| ength(y))
})
print(sapply(tenpl, function(x) X))
ﬁ 3%$ 5% 5 H
1636_g_at 1635_at 39730 _at
cor 4 6 5
Spear 3 5 4
tau 3 5 4
euc 5 5 5
man 4 5 4
kld 4 3 4
m 1 4 3
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nme<-paste("P(X >= ", 1:16, ")", sep="")
pvs <- phyper(0: 15, m16, n=624, k=100, |lower.tail =
FALSE)

vV Vv

\%

nanes(pvs) <- nns
print(round(pvs,4))
P(X >= 1) P(X>=2) P(X>=3) P(X>=4) P(X>=5)

\%

0. 9363 0. 7422 0. 4682 0. 2304 0. 0885
P(X >=6) P(X>=7) P(X>=8) P(X>=9) P(X>= 10)
0. 0266 0. 0063 0.0012 0. 0002 0. 0000
P(X >= 11) P(X >= 12) P(X >= 13) P(X >= 14) P(X >= 15)
0. 0000 0. 0000 0. 0000 0. 0000 0. 0000
P(X >= 16)
0. 0000
%
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