2 TOTLOTIKN
[TAnBuopoc - Anyua




[TeplypadLkn 2TATIOTLKN

b




Meon TN kat otakvpavon Anyua

Sample mean, Sample variance

Anypa

n 2 2Mx—(x))f
(x)==% s'="m

[TIAnBuopoc - oty



KavoviKn KaTavoun

—@— Normal

P(x)

P(x)

1.2

—@®— Cumulatilve Normal
—@— Normal



KATOWVOULN student

1.2

—@— Cumulatilve Student T
df=11

P(x)

—@— Student T df=11
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ALWVUULKN KOTOWVOULN

P( Xizy) :Y'—N—Y') py(l_p)N_Y

054 -
052
05
0.48 -

046 -

0.44 -

, 0
X =1 1

N

Sample of 100 random selections of R or r

0.09

0.08

0.07

0.06

0.05

0.04

0.03

0.02

0.01

20

40

Binomial distribution
Type R

60

—@— Series2 —@—Seriesl

80

100

120



ALWVULLLKN KATAVOUN

u=<X >=Np

0% = Np(1—p)

o =Np(1l-p)

Binomial distribution
Type R




Multinomial Distribution

P(Y1,.. X, .. Y p1, Dy Dis N) =

P(Xrr Xrr, e 1-XratXgr )

N! Y, Y; Y,
vy, PP P

0.009

Seriesl

Series5

Series9

Series13

Series17
Series21
Series25
Series29
Series33
Series37
Series41
Series45
Series49
Series53
Series57
Series61
Series65
Series69
Series73
Series77
Series81
Series85
Series89
Series93
Series97
Series101

m0-0.001 1 0.001-0.002 = 0.002-0.003 = 0.003-0.004 m 0.004-0.005

m 0.005-0.006 m 0.006-0.007 m 0.007-0.008 m 0.008-0.009



Yo ouvBnkn mBavotnta

P(XNY)=PX)PY|X)




[TAnBuopuoc - Anyua , N
Sample vs Population KEVTpLKO OPLAKO eewpﬂ L

Center Limit theorem

Anyua

2 Zi(x—(x))

Sample <X>:¥ ST
A
[TAnBuouoC
Population
u :% g2= 2! (Xl;<x>)2
o

My = H Olx) = N




Kavovikr) KaTavoun

0.45 -

Wikipedia




Téot utoOEcswv H, Kai H,

Hy : Mndevikn unoéBeon
null hypothesis

H, : EvaAAaktiki utéOeon

alternative hypothesis



Entlmedo onUovTIKOTNTOC
Slenticance Level

Wikipedia

Balancing the two types of errors.



KOovoVLKN
catavoun(Z teot)

Probability of z with a One-Tailed

Test (Normal Distribution p=

0, o=1)

0.45 -

0.

EppBadmv de€ia Tou Zcal
Eupada

= 0.9699 2
B = 0.0:

VvV aploTepa Tou Zcal

.0801 = p-value

-4 -3 -2 -1 0 1 2 3 4

Zy = 1.88

Determining the critical value of the test statistic, the area to the right of the critical value is

either a or a/2. Itis a for a one-tail test and a/2 for a two-tail test.



KOovOoVLKN
Katavoun(Z teot)

C(x ) =w
T
Jn

accept reject

0.6

0.4
v
0 ‘
0 2 t4
X crit

df =n-1

—@— Cumulatilve Student T
df=11

—@— Student T df=11

Using a t-Test on sample

Sample

Population

Y, 2 Zix—(x))
(x)== S =71
0) S
= Oy = — = —
Hix)y = H (x) \/ﬁ n




Kavovikn katavoun(Z téot)

é\eyxoc avetaptnalac Using a t-Test two samples (Independent )

‘1810 péyedog SRYMATOG , AVAMEVOUEVN iOT SIOKUHAVOT
equal size, expected equal o

X —
(X)) — £ 5 YO
2 Sp = df=2n-2
Splm 2
n

A10@OpPEeTIKO NEyEBOG O YMATOG , AVOMEVOMEV ion dlaKUMavoN
Not equal size, expected equal o

- (X1) — & 2) L \/(m _ 1)SX12+(nz _ 1)9X22
) =

’1 1
Sp Tl—1+n_2 Tl1+7’l2—2

df=2n-2

A10QOPETIKO HEYEBOG DYMATOG , AVAUEVOUEVN OIOQPOPETIKI SIOKUHAVOT

2

Not equal size, expected NOT equal o <5X12+SX22>
n1i ny
X1) — & 5)) A= B (o)
t= (< 1> K 2 \/lez SXZZ (SX12> <5X22>
SA Sp = + n1J 4\ n2
nq n- ni1—1 npy—1



(t '[é O'[) Using a t-Test two samples (dependent )

7 0 if we test if are u =0
/ df=n-1

t=(<xs>_x_u) x=X1—X, "

Vn

Paired Samples in the two groups



KevTplko opLlako Bewpnua

Center Limit theorem

Sample
Oin X,
X
(x)= "
Population
Gév X
W= —g
Uix)y = K




Anova




Nonparametric test



[eVETLKN LOOppOTILA

Hardy-Weinberg Disequilibrium

Paaipz PAaiszpa pA+pa:1
Daa:Paa _pj DAa:PAa _szpa
Fu=patpp.)f P, =2p,p,(~f)

Let Xj, j =1, 2 indicating whether the jth allele of a random individual is allele A or a.
Clearly, E(Xj ) = p,

Var(X;) = p; (1 -p))
Cov (X;, X;) = E (XX;) - E (X) E(X;) = P,; - p;?
Corr(X;, X;) = Cov(X;, X; )/(sart (Var(X) Var(Xj)) ) =f

1777

See examples in http://thirteen-01.stat.iastate.edu/wiki//stat536/files ?filename=2008-09-09h.pdf



[EVETLKN LOOppOTTLAL

Hardy-Weinberg Disequilibrium

Daa:Paa _pj DAa:PAa _szpa
_p L 1p 1
pa_ aa+5 Aa pa:])aa_i_E(DAa_'_szpa)

PAa :DAa+2pApa

p, =D, +p,+ % (D..+2p,p.)

Daa+p§:Paa
pa:Daa+p§+D;a +pApa
D D
pa:Daa+ ;a_i_pa(pa—l_pfl) > Daa:_ ;a



[eVETLKN LOOppOTTILAL

Hardy-Weinberg Disequilibrium
PAa :DAa +2pApa

Paa :Daa+p§

P, :DAA+I9§1

maX(_pja _pi)SDAA :Daa Sp/lpa

Testing D,, = 0 (HWE)



[eVETLKN LOOppOTILA

Hardy-Weinb%g Disequilibrium
TestingD =0 (HWE)
* An estimate D,,

e A sampling distribution for the estimate D,,.

N 44 :N(PAA): N(pfl-i_DAA)
Paa :Daa +p§

N, =N PAa): N(ZpApa _ZDAA)

PAa :DAa+2pApa

Bailey’s method:

P4 N N

A :2NAA+NAa 15 NAA_




[eVETLKN LOOppOTTILAL

Hardy-Weinberg Disequilibrium
Testing D,, = 0 (HWE)

e, ko
var [ﬁAA ]“ % @jﬁj)

Approximating




[eVETLKN LoOppOTTILAL

Hardy-Weinberg Disequilibrium

Likelihood for HWE

bl 6 ) @)

NAA!NAa!Naa



2x€0N GoLVOTUTIOU YOVOTUTIOU

Interface : form phenotype to genotype

Estimate allele frequencies in the ABO blood group system in humans

https://en.wikipedia.org/wiki/ABO (gene)

Phenotype A AB B (0
Genotype(s) [@aao |ab bb bo po
Sample N, N.m IN. N,

Lecture Notes in Population Genetics : http://darwin.eeb.uconn.edu/eeb348/lecture-notes/book.pdf

Kent E. Holsinger Department of Ecology &
Evolutionary Biology, U-3043 University of
Connecticut Storrs, CT 06269-3043



2XEON GALVOTUTIOU YOVOTUTIO

Estimate allele frequencies in the ABO blood group system in humans

Phenotype A AB B (0
Genotype(s) [@aao |ab bb bo po
Sample N, N.m IN. N,

If the frequencies for the genotype where known :

2 2
Naa — NA[ 2 pa j NCIO — NA( 2 papo Nab - NAB
p,t2p,p, p,+2p,p,
2 2p,p
Nbb:NB( 2 : ] Nbo:NB[ 2 -~ j N, =N,
Dy +2p,p, D, +2pyp,

Lecture Notes in Population Genetics : http://darwin.eeb.uconn.edu/eeb348/lecture-notes/book.pdf



Interface : form phenotype to genotype
Estimate allele frequencies in the ABO blood group system in humans

Phenotype A AB B (0
Genotype(s) [@aao |ab bb bo po
Sample N, N.m INm N,
Pa 2p,p
NaazNA[ e j Nw:NA[ e ) Nav =N ip
P, +2p,p, P, +2p,p,
P, 2p,p
Nbb:NB£ 2 : ] NbozNB[ 2 -~ j N, =N,
Py +2p,p, Py +2p,p,
(2N, +Na0+ij
P N
— 2Nbb+Nb0+Nabj
P N
(N,+N,, + 2Nooj
P, N

Lecture Notes in Population Genetics : http://darwin.eeb.uconn.edu/eeb348/lecture-notes/book.pdf



Initial Estimates

ba pb po

0.333333 0.333333 0.333333

0.27027 0.396396 0.333333
0.267845 0.402275 0.32988

0.26786 0.403152 0.328988
0.267891 0.403323 0.328786
0.267899 0.403359 0.328742
0.267901 0.403367 0.328732
0.267901 0.403368 0.32873

Naa Nao Nbb Nbo

4 8 11 22
3.4615388.538462 12.30508 20.69492
3.4649858.535015 12.49966 20.50034
3.4718058.528195 12.53761 20.46239
3.4736018.526399 12.54567 20.45433
3.4740098.525991 12.54742 20.45258
3.4740998.525901 12.5478 20.4522
3.4741188.525882 12.54789 20.45211

Noo

22

22

22

22

22

22

22

22

Nab

44

44

44

44

44

44

44

44

Resulting
ba pb po
0.27027 0.396396 0.333333
0.267845 0.402275 0.32988
0.26786 0.403152 0.328988
0.267891 0.403323 0.328786
0.267899 0.403359 0.328742
0.267901 0.403367 0.328732
0.267901 0.403368 0.32873
0.267901 0.403369 0.32873






Biostatistics and Epidemiology

Prevalence

The number (or percentage) of people with a specific condition

Point Prevalence

The fraction of people with a specific condition at a given time

https://www.youtube.com/watch?v=L1LXQ_ZpM88&index=1&list=PL8NkkvvWIbpQJsQogbwo_ylI5YIIGwkst&t=0s



Incidence
The Likelihood of developing the disease within a period of time

Cumulative Incidence : The number of people the of developing the disease within a period of time

The number of people at risk

Incidence rate : The number of people the of developing the disease within a period of time

The sum of length of time that the persons are free of disease




Cumulative Incidence : The number of people the of developing the disease within a period of time =2/6

The number of people at risk

oz

N S

5N N
P>

5N S

time




Incidence rate : The number of people the of developing the disease within a period of time

The sum of length of time that the persons are free of disease

oz

N S

5N N
P>

5N S

time




Compering Disease Risk between groups.

Risk deference

Relative Risk

Odds Ratio

Risk deference
In different Groups

Risk : Cumulative Incidence

Group A Group B



Risk deference under exposure

& of e & e
o Xz z z
z NO EXposure Z & under exposure o<
i le<umm v, 2R v lecum
& z z " o
z 7 % e
» >
Attributable Risk-= Incidence rate under expositor - Incidence rate'with no exposure
AN
Not exposure \ exposure To;a.l/
Incidents N5 20 25
No Incidents 123 66 189
Total 128 86 214
% Incidents 4% 23% 12%
Attribuble risk = 19%
Risk Fraction = 83%
Relative risk 5.95




Probubility vs odds and odds Ratio

Probubility 2/6 Relative odds 2/4

http://uncyclopedia.wikia.com/wiki/File:Flipping-coin-animated.gif



odds Ratio (exposed vs not exposed)

Not-exposed exposed

2/4 2/3

odds Ratio =2/3/ (2/4) = 4/3



Relative risk

Odds Ratio

Not exposure exposure Total
Incidents @ Qg 25
No Incidents 123 66 189
Total @ 86 214
% Incidents 4% 23% 12%
Attribuble risk = 19%
Risk Fraction = 83%
Relative risk 5.95
Not exposure exposure Total
Disease 5 20) 25
No Disease 23 66 189
Total 128 86 214
odds for Disease 0.040650407 0.30303
odds ratio 7.454545

Not exposure exposure

Incidents 5 20 25
No Incidents 123 66 189
128 86

3.90625 23.25581395

Attribuble risk 19.34956395
Relative risk  5.953488372
odd ratio 7.454545455



AveCOPTNTEC LETAPANTEC

P(Y|X)=P(Y)

PEXNY ¥ PXPY|X)



Sensitivity Specificity of a test

* Y : positive test

Sensitivity P(Y = true|X = true) _ # (Y =true) N (X = true)

#(X =true)

* X : have the disease specificity P = false X = false)

False negative fraction : P(Y = false| X = true)

False positive fraction : P{Y =true X = false)



P(X = truel|Y = true)
X =true X = false

4&

Y = true # (Y =true | X = true) # (Y =true N X = false)

Y = false #(Y = false N X = false)

#(Y = false N X =true)

P(Y = true|X = true)

PY = false X = false)

https://en.wikipedia.org/wiki/Sensitivity _and_specificity



Bayes Theorem

PENY>PXPYX=PYPXY) (|)

PY K > g%%PWY)
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