End of Semester Logistics

Last day of class: Thursday Dec 5t
PS7/711-4: due Saturday, Dec 7, 11:59pm

Review session: Sunday, Dec 8t, 3pm to 7pm, WH 5407
Problem Set 7 review

Your questions!

Final exam: Monday, Dec 9th, 1pm-4pm

— Cummulative, emphasis last 3" of the semester
— Closed book, 4 pages of notes

End of Semester Logistics ...

Homework
¢ Problem Set 7 due at 11:59pm on Sat 12/7

¢ Late homework receives a zero score once the solution sets
have been posted.

¢ In calculating your final score, your lowest homework score will
be dropped provided that all assignments have been
submitted by the last day of classes.

12/4/2024



End of Semester Logistics ...

Problem set 7

* Run 6 Blast searches with different parameter settings

e Record some results in Tables (excel worksheet)

e Interpretin terms of Blast heuristics and Karlin Altschul stats

Recommendations:

® Run all six searches in one session
® Record results immediately

e Interpret results at your leisure

BLAST (Karlin-Altschul) Statistics

E = Expected number of matches with score at least S under the null model

—-AS
o E = Kmne
2 s
‘s
) E
-E E-values depend on K and A,
2 which in turn depend on the scoring
matrix, S[i,j].

MSP scores

Maximal Segment Pair (MSP): an ungapped local alignment that cannot be
improved by making it bigger or smaller.
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BLAST (Karlin-Altschul) Statistics

E = Expected number of matches with score at least S under the null model
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E By normalizing the raw alignment scores

AS—-InK
Sp=——
MSP scores In2

we obtain a “bit score” S, and an
expression for E that is independent of

KandA
6
E ~ the number of potential starting points for a high-scoring local alignment.
~ 1%, the number-of cellsin-the-alighment matrix E- -8
Not quite!
An alignment that starts too close to the end of
spor s, will not achieve a score of at least S,
m' m

An alignment must start within the gray P
box to accrue a score of at least S; before v
reaching the end of the sequence.

E=m'n'2"%

where the m”and n’ are the
“effective” lengths that reflect this

edge correction
& n (1) L\

Blast software estimates the
effective lengths automatically

New finite-size correction for local alignment score distributions. Park, Sheeﬁin, Ma,
Madden, Spouge” BMC Research Notes 2012, 5:286 doi:10.1186/1756-0500-5-286
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BLAST (Karlin-Altschul) Statistics

St
Search Parameters
Program blastp
Word size 5
Expect value 0.05

* User selects threshold, E;

e Score threshold is a function of E;

[

mn
Sr =log, —ET S.I.i “ E = mrnlz—sb
number of MSPs with

e MSPs with S < S;are not reported MSP sgorg
\_/ scores > S.

Dz Scientific Tqal Query Per. | Acc. Accession

¥ Name Score Scpre Cover Len

v v v v
cysteine proteinase inhibitor 5 [Medicago truncatula] Medicago... @ 4.0  98% 116 XP_01345486€
putative cysteine proteinase inhibitor 7 [Medicago truncatula] Medicago... 88.# Bit score }% 8e-] Evalue } 115 XP_00361741Z
cysteine proteinase inhibitor 1-like [Vicia villosa] Vicia villosa 86.7 86.7 98% 4e-19 44.44% 115 XP_05872794€
cysteine proteinase inhibitor 5-like [Momordica charantia] Momordi... 87.0 87.0 76% 4e-19 46.15% 127 XP_02214240z

How much information is available to distinguish between
chance MSPs and MSPs in related sequences?

¢ Information content of substitution matrices Tuesday

e Which substitution matrix will maximize precision and
recall?

. . Thursda
¢ Information content of alignments ¥

* Related
* Chance

MSP scores
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How much information is available to distinguish between
chance MSPs and MSPs in related sequences?

False postives and false negatives depend
on the overlap of the distributions of

e Chance MSPs
e MSPs in related sequences

* Related
* Chance

MSP scores

What factors influence this overlap?

A warm-up thought experiment:

Alternate Hypothesis: Coin is biased

* pr(Heads|H,) = q, pr(Tails|Hy) = (1—q),
where q + 0.5

Null Hypothesis: : Coin is fair

o pr(Heads|Hy) = p, pr(Tails|Hy) = (1 -p),
wherep = 0.5

How many coin tosses are required to decide if the coin is biased?

e If g > 0.5, then a short series of coin tosses is sufficient

e Ifg=0.5(e.g., g=0.5001), then we require a much longer series of coin
tosses is sufficient to convince us that p(H) # 0.5.
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Relative Entropy

Given an event space € = {E1E, -+ Ey} and
probability distributions, P and Q, defined on &:

Q =pr{€|Ha} = {q192 - qn}
P = pr{€|Ho} = {p1p2 - Pn}

the relative entropy or Kullback-Leibler Divergence

H = Z q; 1082ﬂ
3 bi

is the expected information provided by each observation to discriminate
in favor of hypothesis H, against hypothesis Hy, when Hy is true.

Note: the KL Divergence is not symmetric and therefore not a distance.

Relative Entropy — coin toss example

Given an event space £ = {Heads, Tails} and
probability distributions, P and Q, defined on &:

Q =pr{€|lHs} ={q,1—q},q #05
P = pr{€|H,} = {0.5,0.5}

the relative entropy or Kullback-Leibler Divergence

as 1-
H = Z gilog,— = qlog, (/g ) + (1 - @)logz (* ~ U/ 5)
o pi

is the expected information provided by each coin toss to discriminate in
favor of hypothesis H, (bias) against hypothesis Hy(fair) when H is true.

Note: the KL Divergence is not symmetric and therefore not a distance.
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Relative Entropy for coin tosses

2 a log2% = q1ogz(Y/ 5) + (1= ) logz (* ™ U/ )

(AT}

Alternate hypothesis (Hy):

* probability of Heads: g # 0.5 Information per toss

* probability of Tails: 1 — g \ |
2 \\ rf‘
1 /
el \ /
Null hypothesis (Hy): =1\ /
* probability of Heads: 0.5 -
* probability of Tails: 0.5 °
dOO 0‘2 0‘4_0‘6 0‘8 1.0
q
Ungapped local alignments
T Q S S R A A KU R Y S V C S L
l+ 1+ + 1 1 |1 + | + I
E Q A S Q S A KRW S LA G L

¢ Alternate hypothesis: Sequences are related at N PAMs divergence.
Amino acids x and y are aligned with frequency, g",,

e Null hypothesis: Sequences are unrelated.
Amino acids x and y are aligned with background frequencies, p, p,

How many aligned sites are required to decide if the sequences are
related or share chance similarity?
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Relative Entropy — ungapped local alignments

T 0 S S RAAZKU RTZY SV C S L
I+ 1+ + 1 | | + | + |
E Q A S Q S A KU RUWSTULATG L

* Alternate hypothesis: Sequences are related at N PAMs divergence (g",))

* Null hypothesis: Sequences are unrelated (p,p, )

The relative entropy

gives the number of bits per position available tzo distinguish chance MSPs from

MSPs in related sequences with N PAMs of divergence.

The relative entropy of a substitution matrix is given in bits per position and can
be calculated from SN using the equation

HN = quysN[x:Y]
%y

BLOSUM PAM Sequence

bits/site bits/site | 'dentity

90
80
60
50
45

20
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Since PAM 30 has 2.57 bits of information per
site, should you always score your alignments
with PAM30?

PAM Seq Id
30
100
120
160
200
250

NO!

27

Target frequencies gy,

Empirical “target” frequencies:
frequency of x aligned with y in sequences related to the query

Query  ....... X ... Y ceeenn. X .....

Theoretical “target” frequencies:
frequency of x aligned with y used to construct the matrix

SN[x,y] = logz

PxDy

28
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The highest alignment scores are obtained when the matrix target

frequencies match the empirical target frequencies.

Scoring an alignment with a matrix that does not match the target
frequencies characteristic of the query and sequences related to it,

will result in lower MSP scores in related matches

If the matrix does not match the target

* Related
* Chance

frequencies, the related (red) distribution will

move to the left, increasing the overlap.

29

MSP scores

The average score (in bits) per alignment position when using a PAM Y

matrix to compare sequences in fact separated by n PAMs

(Calculated by simulation)

Actual PAM distance n

PAM matrix 40 80 120 160 200 240 280 320
40 2.26 131 062 010 -—030 —081 —086 —1-06
80 214 1-44 092 053 023 —002 —021 —037
y 120 193 139 098 067 042 022 006  —007
160 171 128 095 070 050 033 020 009
200 1-51 116 090 068 051 038 02 017
240 132 105 082 065 051 039 02 021
280 117 094 075 060 048 038 030 023
320 103 084 068 056 046 037 030 024

Maxima highlighted in yellow

Best discrimination between related and chance MSPs :
Matrix divergence ~ Family divergence

30
Altschul SF, J. Mol. Biol., 219, 555-565 (1991)
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The average score (in bits) per alignment position when using a PAM Y
matrix to compare sequences in fact separated by n PAMs

(Calculated by simulation)

Actual PAM distance n

PAM matrix 40 80 120 160 200 240 280 320
40 226 062 —061  —086 —106
g0 214 092 —0:02 =021  —037

y 120 195 098 022 006 —007

160 171 005 0-33 0-20 0:09
200 151 090 038 026 017
240 132 082 (-39 029 021
280 117 075 038 30 15
320 103 068 0:37
1 = Efficiency > 94%
Score with PAM Y
Efficiency =

Score with PAM n

31
Altschul SF, J. Mol. Biol., 219, 555-565 (1991)
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