Let’s work with real cancer data!
Data from Wolberg, Street, and Mangasarian (1994)

Fine-needle aspirates = biopsy for breast cancer

Black dots — cell nuclei. Irregular shapes/sizes may
mean cancer

Statistics of all cells in the image

212 cancer patients and 357 healthy
individuals (column 1)

30 other properties (see table)

Variable Mean S.Error Extreme
Radius (average distance from the center) Col2 Col12 Col 22
Texture (standard deviation of gray-scale values) Col3 Col13 Col 23
Perimeter Col4 Col14 Col 24
Area Col5 Col15 Col 25
Smoothness (local variation in radius lengths) Col6 Coll16 Col 26
Compactness (perimeter® / area - 1.0) Col7 Col17 Col 27
Concavity (severity of concave portions of the contour) Col8 Col18 Col 28
Concave points (number of concave portions of the contour) Col 9 Col 19 Col 29
Symmetry Col 10 Col 20 Col 30

Fractal dimension (“coastline approximation” - 1) Col 11 Col 21 Col 31




Matlab exercise #2

Download cancer data in cancer_wdbc.mat

Data in the table cancerwdbc (569x30). First 357
natients are healthy. The remaining 569-357=212
natients have cancer.

Make scatter plots of area vs perimeter
and texture vs radius.

Calculate Pearson and Spearman correlations

Calculate the correlation matrix of all-against-all
variables: there are 30*29/2=435 correlations.
Hint: corr_mat=corr(cancerwdbc);

Plot the histogram of these 435 correlation
coefficients. Hint: use [i,j,v]=find(corr_mat); then
find all i>j and analyze v evaluated on this subset of
435 matrix elements




Midterm will be held
here in this classroom
on Tuesday 10/29
during our regular class hours
2pm-3:50pm



Midterm Info

Closed book exam; no books, notes, laptops,
phones...

Calculators (not on smartphones) can be used
You can prepare one 2-sided cheat sheet

| want you to submit your cheat sheet alongside
the exam. Do not copy answers!

The following two printouts will be provided
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Probability Section
Name Distribution Mean Variance in Book
Discrete
] b+a b—a+ 12 -1
Uniform —a=<h ( ) ( ) 3-5
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X
x=0,1,...,n,0=p=1
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o
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What is included in the midterm??

Probability of events (set operations),
Multiplication rules. Combinatorics

Bayes Theorem
Discrete Random Variables
Continuous Random Variables

Other topics covered
(see HW1-HW?2 for inspiration)

No joint probabilities, correlation and
covariation

No Matlab exercises (since no computers)



Probability Multiplication Rules
Combinatorics



Mr. Jones has 6 different books that he 1s going to put
on his bookshelf. Of these, 3 are chemistry books, 2
are physics books, and 1 1s a mathematics book. Jones
wants to arrange his books so that two conditions are
met:
(1) all the books dealing with the same subject are

together on the shelf

AND

(2) all chemistry books are on the leftmost side.

How many such different arrangements are
possible?



Mr. Jones has 6 different books that he 1s going to put

on his bookshelf. Of these, 3 are chemistry books, 2

are physics books, and 1 1s a mathematics book. Jones

wants to arrange his books so that two conditions are

met:

(1) all the books dealing with the same subject are
together on the shelf

AND
(2) all chemistry books are on the leftmost side.

How many such different arrangements are
possible?

Answer: (3!%21%11)*21=24



4. (4 points) The following circuit operates if and only if there is a path of functional devices from left to
right. The probability that each device functions is as shown. Assume that the probability that a device
is functional does not depend on whether or not other devices are functional. What is the probability

that the circuit operates?
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4. (4 points) The following circuit operates if and only if there is a path of functional devices from left to
right. The probability that each device functions is as shown. Assume that the probability that a device
is functional does not depend on whether or not other devices are functional. What is the probability

that the circuit operates?

0.8

0.5

0.1

0.3 0.9 0.7

Answer: P(Operate) = 1-(1-0.3%0.9%0.7)*(1-
0.5%(1-(1-0.8)*(1-0.1))) = 0.52



Bayes theorem



In answering a question on a multiple-choice test, a student either
knows the answer or he guesses. Let 1/3 be the probability that
he knows the answer. If he does not know the answer, he
randomly guesses one out of 4 multiple choice questions. What is
the conditional probability that a student knew the answer to a
question given that he answered it correctly?

A. 1/4
B. 1/3
C. 2/3
D. 1/5
E. | don’t know
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In answering a question on a multiple-choice test, a student either knows
the answer or he guesses. Let 1/3 be the probability that he knows the
answer. If he does not know the answer, he randomly guesses one out of 4
multiple choice questions. What is the conditional probability that a
student knew the answer to a question given that he answered it
correctly?

Answer: P(K)=1/3, P(K’)=2/3, P(C|K)=1, P(C|K*)=1/4.
P(K|C)=P(C|K)*P(K)/P(C)=1*(1/3)/(1*1/3+(1/4)*(2/3))=2/3=0.666. .



(10 points) Suppose that a bag contains ten coins, three of which are fair, while the remaining seven are
biased: they have probability of 0.6 of heads when flipped. A coin was taken at random from the bag and
flipped five times. All five flips gave heads. What’s the probability that this coin is fair?



(10 points) Suppose that a bag contains ten coins, three of which are fair, the remaining seven
having probability 0.6 of giving heads when flipped. A coin 1s taken at random from the bag and
flipped five times. All five flips give heads. What’s the probability that a coin is fair given the
five coin flips?

Answer: Let us denote Hi as the hypothesis that a coin is fair and H> that a coin is biased. The
data that all five flips were heads 1s denoted as D. Therefore,

P(Hi|D) = P(D|H1)P(H1)/P(D) = 0.5° * 0.3/(0.5% * 0.3 + 0.6° * 0.7) = 0.147



Discrete Probability Distributions



What is X in this problem?

e What is the random variable: Look for
keywords:

— Find the probability that....
— What is the mean (or variance) of...

 What are parameters? Look for keywords:

— Given that...

. Fi ;
— Assuming that... 3. King x

3cm
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Poisson distribution in genomics

¢ G - genome length (in bp)

e L -shortread average length

* N -—number of short read sequenced

A -sequencing redundancy = LN/G

X-number of short reads covering a given site on the genome

AZe—A

x!

Ewens, Grant, Chapter 5.1

P(z)

Poisson as a limit of Binomial. For a given site on the
genome for each short read Prob(site covered): p=L/G is very small.
Number of attempts (short reads): N is very large. Their
product (sequencing redundancy): A = NL/G is O(1).
Y % e >
It w4 7 L | s
.' \

(

(
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Probability that a base pair in the genome is
not covered by any short reads is 0.1
One randomly selects base pairs until
exactly 5 uncovered base pairs are found.
Which discrete probability distribution describes
the number of attempts?

A. Poisson s B
B. Binomial Topn () r-sr
C. Geometric PR
D. Negative Binomial ™™ S 2k
E. 1 have no idea Negaivetivomia ———(* -

AenLntlrr 2.nisps]

Get your i-clickers 2



Probability that a base pair in the genome is
not covered by any short reads is 0.1
One randomly selects base pairs until
exactly 5 uncovered base pairs are found.
Which discrete probability distribution describes
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Probability that a base pair in the genome is

not covered by any short reads is 0.1

One randomly selects base pairs until
exactly 5 uncovered base pairs are found.

moOnwr

What are the values of p, r?

0=0.5, r=5
0=0.1, r=0.5
0=0.1, r=5

. p=0.5, r=0.1

| have no idea

e-llx

x!

Poisson

s =) [ U () = &

Binomial

(1 - p).t—lp
x=12. 0=p=]

Geometric

il 2y X
Negative binomial (x lJ(l -p) P
r—

Y=L Elr 00 Sp<]
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Probability that a base pair in the genome is
not covered by any short reads is 0.1
One randomly selects base pairs until

exactly 5 uncovered base pairs are found.

What are the values of p, r?

-AA x
Poisson e A

s =) [ U () = &

A. p=0.5, r=5 i
o botrps e (e
_ _ =l i sip <]
C. p=0.1, r=5 e —
D. p=0.5, r=0.1 x=12,..,0< p<I
. R X=1 x-r
E. I have no Idea Negative binomial (r—lJ(l_p) p

Y=L Elr R0 Sp=]
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Cancer happens when the gene p53 mutates.
Probability of p53 to mutate per year is 5%.
How many years before a patient gets disease?
Which discrete probability distribution
would you use to answer?

Poisson

A. Poisson A
B. Binomial NP (o)
C. Geometric - Al
D. Negative Binomial
E. | have no idea

. . . i 1 X=r
Negative binomial (x 1](1 -p] P
r—-

2=l it sip<]
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Cancer happens when the gene p53 mutates.
Probability of p53 to mutate per year is 5%.
How many years before a patient gets disease?
Which discrete probability distribution
would you use to answer?

Poisson

A. Poisson :
B. BinOmiaI Binomial (x)px(l_p)nx

- x=0,1,...,n0<p<1
C. Geometric . Ty

D. Negative Binomial
E. | have no idea

. . . i 1 X=r
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r—-
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Continuous Probability Distributions



2. (8 points) The length of stay at a specific emergency department in
Phoenix, Arizona, in 2009 had a mean of 4.6 hours with a standard deviation
of 2.9. Assume that the length of stay is normally distributed.
(A) (4 points) What is the probability of a length of stay greater than 10
hours?
Answer: (10-4.6)/2.9=1.86 Using table one finds Prob=1-
0.9687=0.0313

(B) (4 points) How long does one have to stay in this emergency room
to know that approximately 25% of all visits last even longer?

Answer: Using table one finds P(Z<0.67)=0.75 meaning it 1s
4.6+2.9%0.67=6.543



(8 points) The expression level of a TP53 tumor suppressor gene in a
randomly selected cell 1s normally distributed with mean pu= 20, and
standard deviation ¢ = 8.
(A)(4 points) What 1s the probability that the expression level in a given
cell will be between 24 and 16?

(B)(4 points) How many cells does one have to sample (on average)
until there will be exactly 2 cells with such “close to average” TP353
expression?



1. (8 points) The expression level of a TP53 tumor suppressor gene in a
randomly selected cell 1s normally distributed with mean pu= 20, and
standard deviation ¢ = 8.

(A)(4 points) What 1s the probability that the expression level in a given
cell will be between 24 and 16?
Answer: Using table one finds Prob(Z<0.5)=0.6914. Thus the answer
1s 0.6914-(1-0.6914)=0.3829

(B) (4 points) On average, how many cells does one have to sample
until there will be exactly 2 cells with such “close to average” TP53
expression?

Answer: Using the negative binomial distribution one gets
2./0.3829=5.22



| can show you how to solve any
HW1-HW?2 problem.

Which one do you choose?
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