

















































































































Week 2 QCB 408 508 Spring 2020

Continuous rv's continued

Normal Gaussian distribution

X Normal µ 62

R C co co

fix n 7 exp EEE

E X in Var cx7 o so

dnorm x mean 2 Sd 3

Multivariater
Two ris X and Y

Joint Cdf f Ca b Prc X Ea Yet

Pr Eu XCw7Ea3h Cw Year Eb 3

Suppose continuous

dgFCx y
f Cx y joint pdf




















































































































Suppose discrete

joint pouf f Cray
Pr x Yay

Marginal distributions

f x E fix g
yeRy

f txt J fix y dy
See low.LT biitg

Independent rv's

If X and Y are independent

then

Glx g f G fly

Fx y Ca b PrCXEa HEB

Pr Xe a Prc'CEb

Fx a Fy b




















































































































ConditionalDishibutions
7 Prc Xeal YE b DrCXEaYEb7prYEb

w w7Ea3 wiYCwDEb

Fx y al YE b Fx yla
FyCb

fCx ly fCx
f y

Bayes Theorem flylx flx y

f

All of the above extends to

ru's Xi Xz a Xn

f Xi Xz I Xqxqxr fCXyX2 X3 Xg
f X3 Xy X5




















































































































fans xu X5 JJ f x xyX3 Xu xs dx dxz

If Xi Xu Xn are independent then

fCx xz xn II fcxi
Moments of Joint Distributions

For a single rv X

E Xk is the Kth moment

Varcxl ECCX Econ 23

E x2 E Ex
2

Cov Xi E X ENCY END

in

neg




















































































































First set E X3 ECY

Coucy Y f x ELK Cg ECT fix y dxdy

or

x Earl Cy ECYDfgx.de
C

PRIX x Y y

LinearTransformationsofi
X is a N

A and b are constants

ElatbX as BEEN

VorlatbX b Var X

E at BX atb x fladx

fafcxldxtfbxffxldx
affcxldxtbfxfcxldx

n.ECI

at BEEN




















































































































Exercise Varlatbx b2 Var CX

lawoftotdvqn.cn

Faintly distributed ru's X and Y

Var X Var CE4143 t ECVarc.nl Y I

ECHY

E Xl't y fxfcx.ly dx
function of y

Have a pouf or pdf for y
EEXlY3 fyfCxH dx

function of Y

E Efx 143 If xfcxlyldxfcyldy
i.ECY yI

ffxflxly7fcy7dxdgT




















































































































ffxftx.yldxdg
ffxfcx.gl dydx

Sx f x yHydx
T

J xfCx7dx

Efx

fix Kx y dy

Var XM EEN EExly 5443

Exercise Rogue
Law of total Variance

I
read




















































































































Hardy Weinberg Equilibrium

SNP CC CT TT

E Y s
off

Genotype X C 1011,2 grew

PrCX k ru he O l Z f
Ean r t 2rz E Iz Iz f Rz p

4 e 10,13 is the transmitted

0 K 0

prey L I X k
He ka

l k 2

Pratt oprcy i X k PrlX k

O ro t fer t ra

p

Y Bernoulli p




















































































































Z C Co 1,22 is next generation genotype

Y Ya init Bernoulli p

iid independent identically
distributed

2 Y t 42

Z Binomial 2 p

EEZ 2p E CX transmission
probs for 2

are identical

to X

future
equilibrium

all Igenerations genotypes are

drawn from Binomial C2 p

Pr 2 0 l pf
Prize c 2pct p

plz 2 p




















































































































Typically Prc 2 1 C 2pct p when

HWE is violated

Inbreeding
IBD identical by descent

Two alleles are IBD it they are copies

from a common ancestor

let I be a such that it indicates

whether two randomly drawn
alleles

are IBD or not

Y and Yu

I I Y Yz Bernoulli p

1 0 Y Yz it Bernoulli p

I Bernoulli f

f is the inbreeding coefficient usually
F

2 11 0 Binomial 2,87

71211 1 Bernoulli p




















































































































Yi Ye Y 3 Bernoulli p

211 0 Binomial 2 p

2 I I Bernoulli p

Z Yinka l Il 2431

merits
fakingwit p2 k 2

p.cz KII

g
i e 2 II I 2 Bernoulli p




















































































































PrCZ o PrCZ olI ojPrCI o t

Prc.Z olI l7PrCI l

l p
2 Cl f t I p f

CI pit.pl p

PrC2 l 2pct p Ll f t O f

zpfc.pkTs2pClplPrCE2 p2Cl f tpf
p2tpfl p

ECzJ E ECZIIT

Note 2pC t.pl 2pct p l f If

2 p l p f

2pct p Cc f f

pll p f t

tplf




















































































































Va It E var CHIT t Varcettl IT

Var 2 I o 2pct p
Binomial 12 pi

Vor Z 1 I _l Var 213
Hvar 437

4pct p

VarCZ II 2pct p I I t

4pct p I

E Var 2 III 2pct p l f t

4pct p f

2pct p Itf

2 I I o Yet 42

2 I 1 1 243

Eft 11 03 Lp
E G II 49 2E Yz 2p

E IZ I I Ip




















































































































Var CE ft III O

Var Z 2pct p Itf

f Var Z Va CELI o

Var Z 11 0

f I
PrCZ
Pr 2 a 11 07

Drift
make allele frequency random

Then allow for HWE style mating

Z I Q Binomial 2 Q

Q is a random variable

2 IQ g
n Binomial 12 q1 V

Q changes according to
a distribution

p ancestral allele frequency

f fixation index inbreeding




















































































































Q Bek step Ct pi

e Lp2

BN Cp f

Bolding Nichols

Q BN Ep f

ECQ3 p
VarCQ pcl pif

Eft EEE 2 10,3 E 207 2p

Prc't 2 J prcz s.IQ g flq dq

J q2fcq7dq
e

VarCQ t ECQ72

p tp




















































































































Verify PrCE o pcl p f t e p

PrCZ l 2pct p l f

Avar Z ECVarCE IQ Var CEEZIQI

Z E 2041 QD Var IQ

EL2Q EC2Q2 t 4pct p f

2p 2ELES t 4pct p f

Ip 2 VarcQl TECH'T t 4pct plf

2p 2pct p f 2p't 4pct p If

2pct p t 2pct p f

2 pll p t pCc p fI

2pct p Itf




















































































































Model of RNA Seq Data

Assume i I 2 m genes

j I 2 n observations

Consider a single biological

condition or population

Observe RNA seq read
counts Yij

for se ne i m observation j

Target True proportion of gene c

expression call it ai

The proportion of mRNA
for gene i

in the population is ai

E ai 1 most ai are small

Instructive idealized example to

follow




















































































































Stept Sample cells and mRNA

molecules

SKI Sequence mRNA molecules

and obtain counts

step
Mj is the number of mRNA

molecules sampled for

observation j

Xij is the number of mRNA

molecules sampled for gene V

in observation j

Assume completley random sampling

of mRNA molecules

XijlMj Binomial Mj ai






































































Mj is large ai is small

X ij I Poisson l M jail

Varcxijl Mj Mj ai e ai

Nij random proportion of

gene i mRNA in

observation j

E it to be continued next week weed


