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Today’s Goals

» Last lecture
— Enumeration-based method

» P-value
— Binomial

— Hypergeometric
* Probabilistic modeling

— Position Weight Matrix
— EM-algorithm




Binomial distribution

Experiment 1: Sampling with replacement

A box with 3 red balls and 7 balls:

Q1: Randomly pick one ball. What's the chance that the ball is red?
p=3/10

Q2: Randomly pick one ball.
Place back a ball with the same color.

Repeat n times.
What's the chance that the total number of red balls you pick is k?

P(K) = (") p* (1-p)"

Binomial distribution
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Binomial distribution

binomial distribution with n=100
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When n is large, the binomial distribution can be approximated by the normal
distribution with

Mean: np

Variance: np(1-p)

Hypergeometric distribution

Experiment 2: Sampling without replacement

A box with 30 red balls and 70 balls:

Q1: Randomly pick one ball. What's the chance that the ball is red?
p=3/10

Q2: Randomly pick one ball. Repeat n times.
What's the chance that the total number of red balls you pick is k?

Total number of red balls: K
Total number of balls: N (K) (N—K)
P(k) — k 'CL—IC
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Hypergeometric

hygepdf([1:10],100,20,10) - hypergeomeiric pdf
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Hypergeometric can be approximated by binomial if N,K are large compared to n, and K/N is not
closeto O or 1.

Hypergeometric

hygepdf([1:50],100,30,50) - hypergeometric pdf
T T T

ypergeometric
inomial

prob

)
33
w
S
w
@
S
=}
'S
o
@
=




Multinomial distribution

Experiment 3: Sampling with replacement

A box with 1 red balls, 2 black balls, 3 balls, and 4 balls:

Q1: Randomly pick one ball. What's the chance that the ball is red?
® p,=1/10
® p,=2/10

® p;=3/10
@ p,=4/10

Q2: Sampling with replacement, what'’s the chance of picking 3 balls with
colors in the orderof: @® © @

P P4 Py

Position Weight Matrix

Experiment 4: Sampling with replacement from W=3 boxes

Boxes with nucleotides: A, C, G, and

1 2 3
c A
ATgClsC ATpClgC ATpC gC
A e11 e21 e31
c 12 222 32
13 33 33
e14 e44 e34

Q: Pick one letter from each box in the order of 1,2,3. What's the chance
of picking: ACT?

e11 e22 e34




Positional weight matrix representation

a TA TCOCACCGCCAGT AT
= AT ACCACT = ToATAC
= TCOCAACACCGCCAGAGATAN
a T TATCTCT c T TTGA
s TTA TCACCGCAGA T T TA Lambd
s TAACCATCOTGC TCEAT AR
7 CTATCACCGCA A AT AR a
s TTATCCO T TGO T G2 T 2 cl/cro
=Y T A AC AC TGO TG T T GA binding
10 TCcCAACACGCAC TG T T A .
11 TTrTacocTcT = TGATAZ sites
12 T TATCACCGCCAGA TAZ
A:i9:9:9425:1:71:11:11:1:9117:32:9:17:1:48:1:71: 63
W C:i17:17:1 25:94: 9 :186:55: 9:40:71:9:1:1:1: 1 :11:1: 9
ij G:91111119714095586922511717
Tz:’_6371148117932179 11 17112529 9

Sequence g
Qo

Logo TI x AchchAI = AA
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