E: set of equally likely outcomes =
A: an event
P(A) = n(A) number of ways for event A to happen

n(E) ~ number of equally likely outcomes

Combined Probability
P(Aor B)=P(A)+ P(B)— P(A and B)

Mutually Exclusive Events:
P(Aand B)=0
= P(Aor B)=P(A)+ P(B)

Conditional Probability (Probability of A given B)
n(A and B) _ P(A and B)

P(AIB)=
n(B) P(B)

— P(Aand B) = P(A | B)P(B)

Independent Events:
P(AIB)=P(A) = P(Aand B)=P(A)P(B)




Pets in a Pet Store

black | tawny | total

Kitten 5 17 22

puppy | 10 23 33

total 15 40 95

(black pet) = 15/55 = 3/11
(puppy) = 33/55 = 3/5

(black puppy) = 10/55 = 2/11
(puppy|black pet) = 10/15 = 2/3
(black pet | puppy) = 10/33

(

P
P
P
P
P
P(puppy or black) = (5+10+23)/55 =38/55




The G sic Code Bases (nucleotides)

A: adenine
G: guanine
C: cytosine
T: thymine

ATedTAGEd

three bases PurlneS
ende for adenlne and guanlne

Pvyvrimidines

acid
O _O_ _._ cytosine and thymine




Base substitutions Deletions
So: GCCATCTGAA S,: GCCATCTGAA
S;: GCTATCTGGA S,: GCATCTGAA
S,: GCTATCTGAA
Insertions

(a) transition: Sy: GCCATCTGAA
pur to pur or pyrto pyr S,: GCCGATCTGAA
Eg A changed G

: Reversals
(b) transversion: S,: GCCATCTGAA

pur to pyr or pyr to pur

Eg Achanged T S,: GCGTCTACAA




Sy: GCCATCTGAAGTACTTGGACCATGCTGTTCAGAGGGTCGTX

n(A)=8 n(G)=12 n(C)=9 n(T)=11 n(E)=40

Best estimate of the probability of each base at site X
« P(A) = 8/40
- P(G) =12/40
« P(C) = 9/40
« P(T) = 11/40

S,: ACCACCTGAAGCACTAGGGCGATGCCGTTTAGAGAGTTGTX
n(A)=10 n(G)=11 n(C)=9 n(N=10

Estimate of the probability of each base at site X (based on S,)
« P(A) = 10/40

.« P(G) =11/40
.+ P(C) = 9/40
.+ P(T) = 10/40




Sy: GCCATCTGAAGTACTTGGACCATGCTGTTCAGAGGGTCGTX
S,;: ACCACCTGAAGCACTAGGGCGATGCCGTTTAGAGAGTTGTX

Best estimate of the probability of a base in one sequence given a
base in another

‘P(A,/A,) = 7/8

‘P(A,/G,) = 2/12

Table comparing bases at site X in aligned sequences S, and S,

S\S, | A G C T | Total
A 7 2 0 1 10
G 1 10 1 0 12
C 0 0 6 3 9
T 0 0 2 7 9

Total | 8 12 9 11 40




Table comparing bases at site X in aligned sequences S, and S,

S|\, A G C T Total
A / 2 0 1 10
G 1 10 1 0 12
C 0 0 6 3 9
T 0 0 2 7 9

Total 8 12 9 11 40

Estimate of the conditional probability of a base at a site in
sequence S, given a particular base at that site in sequence S,

S\S,| A G C T
A 7/8 | 2/12 0 1/11
G 1/8 | 10112 | 1/9 0
C 0 0 6/9 | 3/11
T 0 0 29 | 7/11
Total 1 1 1 1 7




Table of conditional probability of a base at a site in sequence S,
given a particular base at that site in sequence S,

S\ S, A G C T
A P(A,IA) | P(AIG,) | P(A,IC,) | P(AT,)
G P(Gi1A)) | P(GyIGy) | P(GICy) | P(GyITy)
C P(CilAy) | P(CyIGg) | P(C4IC,) | P(CyIT)
T P(T,1A,) ( ) (T4[To)
Total 1 1 1 1

Objective: Create a model for the conditional probabilities in the
above table and use the table to predict the probabilities of a
particular base at a site in the future. For example, P(A,)

P(A;))=P(A, and A)) or P(A, andG,) or P(A, and C,) or P(A, andT,)
P(A)=P(A 1A)P(A,)+P(A | G,)P(G,)+P(A | C))P(Cy)+ P(A I T,)P(T,)




The probability of a base at a site in the future can be written as a

matrix product. For example:
P(A) = P(A, | A)P(A,) + P(A, 1G,)P(G,) + P(A | Cy)P(C,) + P(A, | T,)P(T,)

P(A,)
P(A)=(P(A 14A,) P(A G, P(AIC,)) P(AIT,) (Go)
1/ = 1 0 1 0 1 0 1 0 P(CO)
P(T;)
P(A,) P(A 14,)) P(A1G,) P(AIC)) P(AIT)
Let B = P(G,) od M — P(G,14,) P(G,1G,) PG, 1C,) P(G,IT,)
P(C,) P(C,14A,) P(C,1G,) P(C, 1C,) P(C,IT,)
P(T,) P(T, 1Ay P 1G,) PTI1C) P 1T,)

Then P =MP, and P =M'P,

The matrix M is called a transition matrix. Entries are probabilities.
Columns sum to one. This is an example of a Markov Model.




