=SsSential statistl
Biology: Getting
Numbers Righ

Raphael Gottardo
Clinical Research Institute of Montreal
raphael.gottardo@ircm.gc.ca

httn/hananar ralah Arm




rUAlll IO

¥ Exploratory Data Analysis

¥1—2 sampld-tests, multiple testing
¥Clustering

¥ SVD/PCA

¥Frequentists vs. Bayesians



One sample and
sample t-tests
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¥One sample and two sampldests
to test a hypothesis about the me
distribution

¥Gene expression: Is the mean ex
under condition 1 different from ti
expression level under condition

¥Assume that the data are from a
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/ data: Is gene one differentially ex
he mean log ratio equal to zero?

5t w
le(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE)) g
ratios
[,5:8 o
1,[mu=]3>) s |
b="density",type="I",lwd=5) 8 —
stat,0,genel$stat,dt(genel$stat,df=3),col=2,lwd=5) e
stat,0,-genel$stat,dt(genel$stat,df=3),col=2,lwd=5)
>abs(genel$stat)],0,x[abs(x)>abs(genel$stat)],flabs(x)>abs(genel$stat)],col=2,lwd=1% _
. 2 o
3

wn

<
 Sample t-test

o

<
3, p-value = 0.5112
thesis: true mean is not equal to 0 =
>dence interval: o
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/ data: Is gene four differentially exg
he mean log ratio equal to zero?

0.35

stdata<-log(read.table(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE))# Compute
iata[ 1:4]-data[,5:8])gened<-t.test(M[4,],mu=0)x<-seq(-4,4,.1)f<-dt(x,
X" ylab="density",type="I",lwd=5)segments(gened$stat,0,gened$stat,dt(genedJstat,df=3
nents(-gene4$stat,0,-
e4$stat,df=3),col=2,lwd=5)segments(x[abs(x)>abs(gened$stat)],0,x[abs(x)>abs gene4§st —
ene4$stat)],col=2,lwd=1) -
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 Sample t-testdata: M[4, ] t = 3.2441, df = 3, p-value = 0.0477alternative f‘l?/pﬂthesis: true



) A measure of how much evidence
e alternative hypothesis

) The probability of making an error
) A name code used by statisticians

) Something that biologists want to |

) The probability of observing a valu
xtreme or more extreme by chance
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st If the means of two distributions ar:

e data y, E , yin areindependenandnc
tributedwith meanpi and variance?,
Hi,0%), where i=1,2. In addition, we as
1t the data in the two groups anedepe
d that thevariance is the same

Ho @ 1 = po Hy:py # po



VVU OCUTIMIT L LU VDL

Distance be

\mple sampl
> a®
ni—1)s7+(n2—1)s3 [ 1 | 1
ni+no—2 n1

T~ Ppenalized noisy

(Stand. error of the me
e means are equalfollows at-distrib

\ N. L Na ’) rlr\mv'r\no f\'F 'Fv'nnrlr\m




I \T L VIVDILGL W)

VANC IR S,
/ data: Is gene one differentially ex

> the means equal?

stdata<-log(read.table(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE))genel<-

ata[l 5:8], var.equal = TRUE)x<-seq(-4,4,.1)f<-dt(x,
X" ylab="density", type="I",lwd=5)segments(genel$stat,0,genel$stat,dt(genelystat, dfzS

nents(-genel$stat,0,-
el$stat,df=6),col=2,lwd=5)segments(x[abs(x)>abs(genel$stat)],0,x[abs(x)>abs(gene1$st

enel$stat)],col=2,lwd=1)

density
0.2
]

0.1

hypothesis

 Sample t-testdata: data[l, 1:4] and data[l, 5:8] t = 0.6439, df = 6, p-value =
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/ data: Is gene four differentially exg
> the means equal?

stdata<-log(read.table(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE))# Corppute
1<-t.test(data[4,1:4],data[4,5:8], var.equal=TRUE)x<-seq(-4,4,.1)f<-dt(x, «
'x",ylab:"density",type:"l",de:5)segments(gene4$stat,0,gene4$stat,dt(gene4$stat,gﬁ:3
nents(-gene4$stat,0,-
e4$stat,df=3),col=2,lwd=5)segments(x[abs(x)>abs(gene43$stat)],0,x[abs(x)>abs(gene4$s
ened$stat)],col=2,lwd=1)

L

N
o

denSity

0.1

 Sample t-testdata: data[4, 1:4] and data[4, 5:8] t = 2.4569, df = 6, p-value ¥ 0.04933aljefhative hypothes
21 o
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'mality: The data need to be Normal
1 Use a transformation orr@on param
sample size is large enough (n>30
'k just Pne (CLT).
2pendencdJsually satisbPed. If not Ir
e complex modeling Is required.

2pendence between groupn:the twao
, the groups need to be independer
use a pairetgtest.
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y Welch® t-test and the paired t-tes

0 sample t-test (Welch's)data<-
ead.table(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE))genel<-t.test(data[1,1:4],data[1]5:8])x<-
4.4, 1)f<-dt(x,
)plot(x,f,xlab="x",ylab="density" type="I",lwd=5)segments(genel$stat,0,genel$stat,dt(geneldstat,df=6
=2 ,lwd=5)segments(-genel$stat,0,-
1 $stat,dt(genel$stat,df=6),col=2,lwd=5)segments(x[abs(x)>abs(genel$stat)],0,x[abs(x)>abs(genel$st
[abs(x)>abs(genel$stat)],col=2,lwd=1)# Paired t-testdata<-
ead.table(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE))genel<-
(as.double(data[4,1:4]),as.double(data[4,5:8]),paired=TRUE)x<-seq(-4,4,.1)f<-dt(x,
)plot(x,f,xlab="x",ylab="density" type="I",lwd=5)segments(genel$stat,0,genel$stat,dt(geneldstat,df=3
=2 ,lwd=5)segments(-genel$stat,0,-
1 $stat,dt(genel$stat,df=3),col=2,lwd=5)segments(x[abs(x)>abs(genel$stat)],0,x[abs(x)>abs(genel$st
[abs(x)>abs(genel$stat)],col=2,lwd=1)

ompare with the previous results.



onstitute a Rexible alternative to the
here there I1s no distributional assun

nere exist several non parametric a
cluding the Wilcoxon and Mann-Wk

hERGERAEIHER PR AMSHIC destb Ml
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e R to perform a non parametric tes
the gene 1 data

Iit: Type help.search("wilcoxon®)
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len computing the-value, all we nee
he distribution of our statisticander

W can we estimate the null distribut

he two sample case, one could siIr
‘mutethe group labels and recompL
simulate the null distribution.

peat for a number of permutations «
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Select a statistics (e.g. mean differer
Compute the statistic for the original
For a number of permutations, B

Randomly permute the labels and cc
assoclated statistity;

| p-value={# toi|>|t|}/B
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ition testset.seed(100)B<-100t0<-rep(0,B)# Here | use the difference in means, but any
ould be used!t<-mean(as.double(data[1,1:4]))-mean(as.double(data[1,5:8]))for(i in 1:B){
8) newdata<-data[l,perm] tO[i]<-mean(as.double(newdata[1:4]))-
Jouble(newdata[5:8]))}pvalue<-sum(abs(t0)>abs(t))/Bset.seed(100)B<-100t0<-rep(0,B)#
fference in means, but any statistics could be used!t<-mean(as.double(data[4,1:4]))-
Jouble(data[4,5:8]))for(i in 1:B){ perm<-sample(1:8) newdata<-data[4,perm] tO[i]<-
Jouble(newdata[1:4]))-mean(as.double(newdata[5:8]))}pvalue<-sum(abs(t0)>abs(t))/B

perm<-

Here |
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: Uo=0 but the true mean is 3.

0.3

density
0.2

0.1

0.0
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gle hypothesis testing

¥ Fix the type | error rate X =0.05)
¥I\/Iinimize the type Il

¥This IS what traditional testing do
a p-value cut off of 0.05)

¥What If we perform many tests at
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¥We look at Ggenes withGvery lar
¥ For each genax Cerror probability

¥The error probabillity ismuch grea
when looking at many genes!

¥I\/Iu|tip|e testing Is used to control
measure of erroFWER, FDR)
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0Ot-tests, all null hypothesis are true

“one test, Pr of making Type | error

1000 tests, Pr of making at least o
1-0.05)"1000=1!

00)y<-matrix(rorm(100000),100p,5)
function(y){

ternative="two.sided")$p.value

y,1,myt.test)
5)




nilyWise Error Rate
bablility of making at least one type

impleBonferroni multiple adjustmen

pg = Gpyg
pg < a then FWER < «
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se Discovery Rate
portion of false positive among the

Jamini and Hochberg (1995)

ler the p-values pa) < --- <P <
k be the largesg such thatp) < g/

N tha CND iec ~A~nntrallaAd ok
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0.10

0.08

g
§
:
]

g

‘set.seed(100)G<-10000alpha<-0.05y1<-matrix(rm

),1000),ylim=c(0,.01))abline(b=alpha/G,a=0,col=2)p<-p.adjust(P,method="bonferroni")sum(p<04)5)p<-p.adjust(P,method="fi

)rm(9000*4,0,1),9000,4)y2<-matrix(rnorm(1(§0*4,5,1),1000,4)y<-rbind(y:

Psorted

0.06

0.04

0.02

0.00
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on HIV datadata<-log(read.table(Ple="hiv.raw.data.24h.txt",sep="\t",header=TRUE))M<-data[,1:4]-
data[,5:8]A<-(data[,1:4]+data[,5:8])/2# Here | compute the mean over the four
replicatesM.mean<-apply(M,1,"mean")A.mean<-apply(A,1,"mean")### t-tgstn<-
nrow(M)# Basic normalizationfor(i in 1:4) M[,i]<-M[,i]-mean(M[,i])p.val<-
rep(0,n)for(j in 1:n) p.val[j]<-t.test(M[j,], alternative =
c("two.sided"))$p.valuep.val.tiilde<-p.adjust(p.val,
method="bonferroni")plot(A.mean,M.mean,pch=".")points(A.mean[p.val<0j05],
M.mean[p.val<0.05],col=3)points(A.mean[p.val.tiide<0.05],M.mean[p.val.tlde<O.
05],col=4)p.val.tilde<-p.adjust(p.val,
method="fdr")plot(A.mean,M.mean,pch=".")points(A.mean[p.val<0.05],M.mean[
p.val<0.05],col=3)points(A.mean[p.val.tilde<0.1],M.mean[p.val.tilde<0.1],cpl=4)
M.sd<-
apply(M,1,"sd")plot(M.mean,M.sd)points(M.mean[p.val.tilde<0.1],M.sd[p.val.tilde
<0.1],col=2)
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M.mean

10
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lmple M,
st q/f

> mean Is zerq t approximately folloy
Ibution withR-/ degrees of freedom

)lems:

or many genes S is small!
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-0r many genes S Is small!

e a modify t-statistic
Positi\

Mg
ERTRC V-

St reallyt-distributed?

timate the null distribution (permute
Aer the aciimntinn nf nn differeanti:
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se a modify t- statistic 05!
standaro

lg = +‘/

timate the distribution afunder the |

mute the sign of each column of M
ompute thet statistics
each permutation: ", b=1,..,.

thA raiAantinn ranian l+ | ~ A
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amr)y<-c(1,1,1,1)data.list<-
list(x=M,y=y,geneid=as.character(1:nrow(M)),genenames=paste("g",as.character(1:nrow(M)),sep¥""),
logged2=TRUE)res<-samr(data.list, resp.type=c("One class"), sO=NULL, sO.perc=NULL, nperms5100,
center.arrays=FALSE, testStatistic=c("standard"))delta.table <-
samr.compute.delta.table(res,nvals=500)kk<-1while(delta.table[kk,5]>0.1) kk<-kk+1delta<-
delta.table[kk,1]siggenes.table<-samr.compute.siggenes.table(res, delta, data.list, delta.table) ind}diff<-
sort(as.integer(c(siggenes.table$genes.upl,3],siggenes.table$genes.lo[,3])))n1<-dim(data)[1]ind.ldg<-
rep(FALSE,n1)ind.log[ind.diff]<-
TRUEplot(A.mean,M.mean,pch=".")points(A.mean[ind.log],M.mean[ind.log],col=3)
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Sl
t the equality op meansu: = pg =

=1+ D e
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¥Non parametric versions of the t/I
¥I\/Iodi|3ed versions of the t/F-test (
¥Empirical and fully Bayesian appt



