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DNA Sequence Comparison
&
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Chris Burge



Review of Lecture 1: “Genome Sequencing
& DNA Sequence Analysis”

* The Language of Genomics
- cDNAs, ESTs, BACs, Alus, etc.

* Dideoxy Method / Shotgun Sequencing

- The ‘shotgun coverage equation’ (Poisson)

* Flavors of BLAST
- BLAST[PNX], TBLAST[NX]

* Statistics of High Scoring Segments



Shotgun Sequencing a BAC or a Genome

200 kb (NIH)

3 Gb (Celera)
Sonicate, Subclone

- — _ __  Subclones

What
would
cause

T~ N\ J _~ i

ShOtgun Contigs assembly?




DNA Sequence Alignment IV

Which alignments are significant?

Q: 1 ttgacctagatgagatgtcgttcacttttactgagctacagaaaa 45

S: 403 ttgatctagatgagatgccattcacttttactgagctacagaaaa 447

|dentify high scoring segments whose score S exceeds
a cutoff x using dynamic programming.

Scores follow an extreme value distribution:
P(S > x) =1 - exp[-Kmn e*X]

For sequences of length m, n where K, . depend on the score
matrix and the composition of the sequences being compared

(Same theory as for protein sequence alignments)



From M. Yaffe Notes (cont)
Lecture #2

The random sequence alignment scores
would give rise to an “extreme value”
distribution — like a skewed gaussian.

Called Gumbel extreme value
distribution

For a normal distribution with a mean m and a variance o, the height of the
curve is described by Y=1/(cV21r) exp[-(x-m)?/262]

For an extreme value distribution, the height of the curve is described by
Y=exp[-x-e*X] ...and P(S>x) = 1-exp[-e**-W)l where u=(In Kmn)/A

Can show that mean extreme score is ~ log,(nm), and the probability of
getting a score that exceeds some number of “standard deviations” x is:
P(S>x)~ Kmne”* ***K and A are tabulated for different matrices ****

For the less statistically inclined: E~ Kmne™S




DNA Sequence Comparison & Alignment

* Target frequencies and mismatch penalties
* Eukaryotic gene structure

* Comparative genomics applications:
- Pipmaker (2 species comparison)
- Phylogenetic Shadowing (many species)

* Intro to DNA sequence motifs

See Ch. 7 of Mount



DNA Sequence Alignment V

How is A related to the score matrix?

A is the unique positive solution to the equation™:
S: _
> pipe™si=1
l,)

P; = frequency of nt i, S;; = score for aligning an i,j pair

What kind of an equation is this?

What would happen to A if we doubled all the scores?

What does this tell us about the nature of A.?

*Karlin & Altschul, 1990



DNA Sequence Alignment VI

What scoring matrix to use for DNA?

Usually use simple match-mismatch matrices:

i A C G T
A 1 m m m
C m 1 m m
. G m m 1 m
T m m m 1

m = “mismatch penalty” (must be negative)



DNA Sequence Alignment VI

How to choose the mismatch penalty?

Use theory of High Scoring Segment composition™

High scoring alignments will have composition:
— AS.
Qij = PiP€

where Q;; = frequency of i,j pairs (“target frequencies”)
P, P; = freq of i, j bases in sequences being compared

What would happen to the target frequencies if we
doubled all of the scores?

*Karlin & Altschul, 1990



DNA Sequence Alignment VIII

Still figuring out how to choose the mismatch penalty m

Target frequencies: (i = pipjeksij N

s; = In(q; / pipy)/A

If you want to find regions with R% identities:

r=R /100

Qi = r/4

q; = (1-r)12 (ij) Sets;=1

Then m = s; = s;fs;; = In(q;/ pip; )/A) / (In(aq; / pip; J/A

—

m = In(4(1-r)/3)/In(4r)

(i)



DNA Sequence Alignment X

The single most useful thing there is to know
about mismatch penalties:

m = In(4(1-r)/3)/In(4r)

Examples:
r 0.75 095 0.99
m -1 -2 -3

r = desired fraction of identities in BLAST hits
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DNA Sequence Alignment X

NCBI BLAST Advanced Options

-G Cost to open gap [Integer]
default =5 for nucleotides 11 proteins
-E Cost to extend gap [Integer]
default = 2 nucleotides 1 proteins
-q Penalty for nucleotide mismatch [Integer]
default = -3
-r Reward for nucleotide match [Integer]
default =1
-¢ Expect value [Real]
default =10




Expression of a Eukaryotic Gene*
DNA

J L Transcription (N)
pre-mRNA

@ Splicing (N)

j Translation (C)

Protein




Structure of a Human Gene (PSA)

COTOTCTT RGOC RCRCTOOTC TTOG G TOC RARGGATCT RGGC RCD T RGO T TTOT AT URA G ART C O OoR TG TRCC O A C e O T T T T T T C AT TGOS AT T CTCC TCTOCCTT TG TOC
TRCATCARSTCTCCATG ROC T RS A O TR G TOC ATC AL GE T AT TRC T RAT T GC A AR R C ARG IO T R T T O CT O L O T PO R A T T G G T TGS AL LG T TG TCC R OO T O RG
CAGCATGGOGAGGOCC T TR T C AGCCTC TG TOOT RGT WOGEC MG GGG AL TCC TRO0G AATG ARGOTT TT RTAGGECTCCTOGGEG RO GC TOCCC ROCCCC RAGCTT RCC RCCTOC ROCC GG RO UG
CTGTGTCARCC ATC TGO TOCCGGTTOTC TTCCTC RECCTOT OO0 TG ROGTHG AT TG TG AGRGGFOGCC AT TTGOEGG MG RGG G ROGE RGDC RGO TG RCTGTC RN AT TG AGGCTCT T TOCCCC
CCRRCCC RGE RCCOC RGOCT AG RCRGGG ARC T GG TC T TT MO T O T OC RGCC O ACTTC ARG CC BT RO OOOC AG PO TOC AT AT TGC RC RGTOCTC RCTOOC RC RCC RGGTCODCGECTOCC
TCCCRCT T RCCCCAG ARCTT TCTTCCC ATT TR CCCRGCC RO T oD TG C POC T RCC TGO T TACTA ARG GOG ARG TT CO T LG G AT T OO OIS T T IO PO T T TGO GO T C AR RCCTCC RRLGRCCTCT
P RAT GO CRTTOOTTCCTT GG RCL G T ATC AL TOOTCCATC T CO T RO C O T RATC L TRTC ACALG TC T AL TG RACT TT TCL G ATTC ACC TO T U AT O T CLARC COTATCCCRG ARG RCCTTOATGCTT Gl
COTCCAATCTTOCC O TROG AT ROCC RO AT GO C AL C ARG AL RCCTCCTTOTTTOCT ROCCACCCTRT CTOOC CTG RS AC AL AR TGO T OO T RO TC TG L ARTOOG RO TCT O ROARCTOCTC ATTCC
CTCARCTCTTRGCCCC ARG RCTC TTCATTCAGTGOCCC RCATTTTCOTT RGCRARRMAS RTG MO C ATOCCC AGCC RC ARC TECCRGCTOTC TR ASTCCOC ARATC TG C ATCC TTTTC RRRACCT UL TR
RAGRARRRCARRT RARRE R AC CARCTCAGRCC ARG ARC PO TTTTL TC ARCC TG GG RO TTCC TARRC TTTOC RARRC CTTCC TCTTOC RGCARC TGRARC O PO GO C ATRRGGCRC TT AT C OO TG T TOC TR
GCROCCCTTATCCOCTCRGRATCCRCRRCT TGT ROC RRGTT TCCCTTCTOOC RGTCC RRGRCCOCE R RTC BEC RC KRR RGG ROCE RRPCOOCCRG RCTC ARG AT ATGETC TGO GO TOTCTTOTGTCTCCT
ROCCTGRATCCCTCGOLTTC RAC TC OO TOCE ARG RGCRTG RRGCC TCTCC ROC RGC REC RGOCRCC RRCCTGLRARROCT RGGGERRGRTTGRC AG AT TOOC RGCC TTTOCC RCTCCC OO TGO RTGTCCC
RCG R T R e GO T I T T O T T O T T T ARG SO R AT T AR AT L AT T O P AT OO G A PO L CC G ARG TT C OO P T LA R COPG AT POC COTGR IO T RO C RCCC OO CR L RGGCG
CRCOLCCCCTC ATCO PO TOTC OO0 AT TG T OGC AGGCTGOG AL TGO GRS ARG RT TCL C ARCC OGO ARG G TOC TR0 TG OO T TCG TGO ROGGC RO C TGO o T T PO TGO T CACC OO RGTOG LT
COTCRCRGCTOCOCRCTOCATC ROC LRGTG RO T LOCCCC CT GG oOTC TG AECACOTUTC TOTO TCCC RO GG RAT RACACCTOGGUATT TTOOCC RGUGAT ARCCTUT RARGGCC ROCCTIOGG ROT G
G0 s G RCG G ARG T TC TEO TTCAGGTOAS ATGOGGE ROGC LG GOTTOGGC TEGACC ROCCTCCCC AT GO DO OT G G T T AR T T T OO O T AT T T T O TOTCCCTTTCATTATGTC T
TGO AR TGO TTC GG TG TG T OO T OGP G TG AL T AT T TG T I T T T T T TCT T TOT G T C T TC ARG TOTCC ATAT C TOC SO L T P PO T COT T T TG T OO T TCT RGC CRGTGTGTC
TCROCCTGTATCTCTC T AGGCTC TG T TCTCEE T O TOTG TC T RCCTG T CT TC TODCT ROTG B RC BC RCGCRCGEGERT GO0 TG GG ROC TG MG bR R RGE R RGOGC T T TGLLE TOFEOEIEET
GGCTC RC ACC T T AR PO CCAGC RCT T TO0G ARG G L TR RGO RAGGT G RTC R DTG R0 TC AG RGTTCG RGBT RGOC PLGCE AL TOCTE AR RO COC AT PO TRCT R R RITRC Bk BRR R TTROCC RGGT
GTCOTGGCOC ATOCCTCT RO TCCCROC T RO TC ROGGROCTORGGE UG RG RRTTGCRT TG RRCCTOG ROGT TG RGCTT GO ROTG ROCCG LG RC CO TR RCPGC RCTOC ROCCTH GG T RC RGRCT G RO RC
TCLCOC T RRRRRFRARARARRRRARR AR PR RG FRARG RRPRG PRRRLG KRR ARG CRRGTOT TTT AT COTOA TG TUT O TO OO T AT GRGGGTRTG RGAG GO LT CTC AL TEL ATTLLTTO T O R
COCRCATCCCTCCRCTOTTORE RO AL RC RCAG ARCOCCTOUTTCC RO CTOCRCCTO0C ROCCGT RET TO RCOD kGG ARG G RO G UL GGG GRO G RRURC RO GO T RTO LA CEARRCORCCOTOCGGE ROCT
RRGTGGRGGATRC RACCTTGGGCCTRC ROGC RGGOTRCC TROCC A TTOGRRARCDCC RCGOC RARGCCOC ATC TR BGC TG AGCCRCTC TG AGGC O TCCCO PO CCCOOC GO TCCCC RCTC RGCTCC RARGT
T T T T T TOT O T OO AC ROT T TATC AT C OO Tl KT T O T T T A T T T T C T AT T O TT OO T T TG AL T T C T G T T T T T O T AT TR T T T T T T R T T T TGO CT GO T TT TG TTCTT
T T T T T T T T e AT T T T T T T TR T G T I T T G T T T T T T T T CTC AT O T T OT AT T T TC GO O T ACC TT G T T TG T C ACT G T T O OO T C TG O T T T CAT TCTCTC OO CCTTT TR
CCCTCTTCCT T T TCCC T TOG T TCTC T AGT TC THETATCTODCC T I MG CCTOTC AC RCTOC IO T TTCCC ARC TOGTT CTC TG T ATTT T OG0 TG AR TOTOTC T TOOC W CC TG TOT TT TCTCRCTGTT
T T T T T T T e R T e o T T T T T T T T L T TR T AT O T T AT LT GO T T PO T OC O A AR ARG GT O RS CT T OO T OGO C OO CRC RGO TS
TTTCATCOTG ARG AL RC ROGCC ROGTATTTC AGGTC RGCCRC R GCTTOCCRC RCCCGCTCTRCGAT ATOALC CPCOTE AAGRATCGAT TCOTC AGOCC RGOTCATO AC TCCAGCC RCG RCC T AT GOTG
TCCOCCTOTC ACRCC O TOCC G ACCTC ACOC ATCCTOTC ARG OT C AT GG ROC TGO RCC CRCG ROCT RGC AC TOCOG ACC ACCTOCT ROG 00 TC AROCCTHOGCC MGCATTC ARCC ROACGACTETACOCT
GlGCs RG ATGCTOCRCGCCOGE RGOCT AG AT G C T OGO TC TG RGGGRGG ROGCHE RCAGE RCTCC TG G TC TORGEHE GG REOGCC RRDG AT ROGTGGCEPoC RGCCC RC AAC RS TOTTTT TGO TORCC
CGTALTCTTGRCCOC ARAGRARCTTC ARG TCTGTGORCCTOC ATGTT AT TTOC AT RCCTOTOTOCGE RRGTTC ROCCTC BG BRGHTG RO CRRAL TTC RTGCTO TG TOC TGL B GO TOG RO RUGG GG IR LR
ROGC ROCTGOTCOOTGRGTCAT CCCT RCTOCC RAG RTCTTGERGG G RA R TG RGTGEE RCCTTRRTTC TGE O TEEOGTC T Me R RGOC RRC RAG G CTC T O T OGO T OO CC RGO TOTRGOC RTGLC
R L T T O T AT C I AT T LT T T CC T T T T TG ACT OO L P RAGCE RRT RO O TTRT TCT T AC RGC RE RRC TC ATC IO T TCCT LG TTC AGCAC RC GO T RETROGGC RCCTOCT RTGCACT
CROCRC TGOCCT RORCCCTOGG RCRT RCGCRGT G BRC ARG RCRG ARG ROC RGOCCCTCCCTTOTOT ROCCCCC RRGC RG TG RCCHHCC L RO G CRIGT RUNC RICCGRCT RC RRC RO RG R AR RCCTOCRGGGTOTT
RO RLCTO RTC ARG PO T ORGSO A R G OO G tR O T O T AC TOGG RG GRS RC BICOTO0 RG ARCGTOLCRG T R AAURD ROC TG0 MO0 G RO GG RGO T QR A OO CEO ROC B
GRCCG AR RCC ATCTCCCCRAGGCOTOCO REC AGGOCC O T AD RG COCOTC ALC ARG CRC ARG MO G RCGOT TCCCTROC TOG ACTOARGS KIC CROG T LROO TOCORDG RCGORAC RARG G ROCCCCTOC TGO RGGT
CCTCRCCTOGGCC MC RGG GG AC ACTGCTTTT CCTC TO RGG G TCRGG AL TG TOG RTGOTGCTOS RO RG RRGE ROG AC ROGGCCTRGC TCRGOTUTCC RGRGGCTOCGL TOCCC TCC TATODGRTCRG
TGO GG R GG ROGEC ROC RGGGRTETOR MGGEE R THRTG AT GO TR CTOFGGE TR TOC RGLE BT TG TOC0C RO T GGG T TRCCC RS PO T RCRG G T TGO CCTCRGTCTCTC
WA T BT T T a0 s s G T BTG B, TRt IR o A oo TS BT T T B GG oD G Tl s B D PO RGN Bl i G T G
CPGGRRGG THGCC IO T T GRS G BTG RCGCG RO RGT RTOCTGC A ATOOT CCTOGCCO TGO TCCC ACCG ACCTOTC T RC RAGG RCT G TC CT G0 TG RCCUTC SO T T RC GG RGC TG CCC T R
RO P T CT AL COCCC RCG A T R L O T AL O C T PO T T GG A T O T GO O R T T T GG AR G T O T GRS A A P T T T T PO T T LA A C TG GG ARC TG TATCTOTTATOT O
CTOTCCROOTCTO ARG ATRG G RTTGCCCRGGC RORSURC TG0 RO AT AT T A T T OO T O T T T R CCC T T A G T AT T O TG GO OO C ACTTO TCTOT RATOC T TOC TTC RRCGTRETC
COTCATGOOCC RCTCARCCATGTOC COTOC CCGARRCGGLCOT TCCOTO T ACACC AARGOTOOTCC ATT ACCOOARC TOC ATC RAGG RCARCCATCOT GO RRCCCC TGO ML ACCCC T ATC RO TCCL TRTTG
TRCTRARC TTGG AR C T TOG AARTG RCC RGGCC RO RO TCARGCOTCCCCAS T TCT ACTCRCC T TT G T COTT RGC TG TG ACGTCC ROGET TG C T RDG AR ARG B R LT CRGE RGRC RC AGOTOTRGRCCRGE
TGTTICTT RARTGOTGT ART TT TETCOTCTC TG TOT CL TG ART RCTOROC RTGC CTOGRGRCET RTC BE TC ARTTTC TCTGROG RO RCRG T T MG RTOGGETGTC TGTOT T AT TTGTGOG AT RCAG
GATGRRARG RGGUOTOOGATCC RC ACTG RGRG RGT GG ARG ROTG RC ATGTOOT G RCRC TG TCC ATGRAGT RCT G ROCRL RRCC TCG RPC ACARC GCRCTC RGRC RCTCRC ROCARGG RTCOROC TG RARAC
AT RRCCC RCTC TGO T OGRG G RC T OO G O C TG R UGG C TG TG AuGCC UGS RG GORGCO T T TCCTT TOCCA TG RORT GOOG LT RAGT RUACaG ARG RGCG ACTGG RCCCCO TG RRCCTGRTTC LT
TRTOGCGGOGORGUTOT AT TORAGTOCTOC ARG AL AACTTTO ARG AT TTO ATG KT T TCCT RGT MG ARCTC RO ARG ARAT ARG AGCTC TT AT RCTOTGO T TT AT TOT GG TT TOTT RCAT TG0 RC RGG G RC RCACT
GRAATC ROCARROCRARC ROGC AT T RRGT OG0 AT TG G AR ARG ROOG AT O T T AT PO T T T TOT OO R T OO TOT PO T e R A RO C RO T T ARATC A AC G RACT G ATOTOTGRCCT TOTO
TATCARGT AT TTCCAACT RAGGRAGC TC ACC T ROCCTTAG TG TCC MG ROTTC TTRTT GO0 COTCT O T RGOAT RGOC AT GOGG TROTGG LAT RGC TG RCCTT AACTTCOTC RGRCCTGRCGTTCOC ARG LG
TTCRRGC RGATRC RGC RTOECCT AGAGCOTC RGATGT RC AR A RCRGCC KT TC ATC ATGRATCCCAC TG T TRGC ATG AR T CATC TOGC ROOGCOC BRAGCOOCC LG TRTRCCARGCCACTTOGGCCGANT
GTTOC ARGGG ATTRAATCTC ATCTOOL ARG RGTT AT TC RRG GG TGREGCDDCTGT RCT TEE RRCGTTC RGHC TT TG RLC LG TGC RGGGETEC TG ARG TCRRCCTT TT RCTGT RC BAGGEOETEROGE RARG GG



Typical Human Gene Statistics

Length of primary transcript:
Number of exons:
Mean (internal) exon length:

Mean intron length:

~30,000 bp
~8-10
~150 bp
~3,000 bp



Comparative Genomics - Examples

* PipMaker: applications to
- human/mouse exon finding

- human/mouse regulatory region finding

* “Phylogenetic Shadowing”: applications to
- multi-genome exon finding

- multi-genome regulatory region finding



PipMaker -
Percent ldentity Plot (PIP) for two genomic sequences

For an illustration of pips, please see figure 1 of

Schwartz, Scott, Zheng Zhang, Kelly A. Frazer, Arian Smit, Cathy Riemer, John Bouck, Richard Gibbs,

Ross Hardison, and Webb Miller. "PipMaker--A Web Server for Aligning Two Genomic DNA Sequences."
Genome Res. 10 (April 2000): 577-586.



Application of PipMaker #1 - finding human/mouse exons

Please see figure 2 of

Schwartz, Scott, Zheng Zhang, Kelly A. Frazer, Arian Smit, Cathy Riemer, John Bouck, Richard Gibbs,

Ross Hardison, and Webb Miller. "PipMaker--A Web Server for Aligning Two Genomic DNA Sequences."
Genome Res. 10 (April 2000): 577-586.



A Computational Biology Paradigm
for Finding Genomic Features of Interest

« |dentify properties that feature of interest should have
* Develop an algorithm to find seq’s with these properties
* Run algorithm on genome to predict features

 Test a subset of the predicted features experimentally

to determine how well the method works



Application of PipMaker #2 - finding regulatory regions

Please see figure 2 of

Loots, GG, RM Locksley, CM Blankespoor, ZE Wang, W Miller, EM Rubin, and KA Frazer. "Identification of A

Coordinate Regulator of Interleukins 4, 13, and 5 by Cross-species Sequence Comparisons." Science 288, no. 5463
(7 April 2000): 136-40.



Effects on Transcription of Deleting CNS-1 region

Please see figure 1 of

Loots, GG, RM Locksley, CM Blankespoor, ZE Wang, W Miller, EM Rubin, and KA Frazer. "ldentification of A

Coordinate Regulator of Interleukins 4, 13, and 5 by Cross-species Sequence Comparisons." Science 288, no. 5463
(7 April 2000): 136-40.



“Phylogenetic Shadowing”

(the power of many genomes)

« Sequence orthologous region from 13-17 primates (~90+% identical)

« Do a multiple sequence alignment (MSA):

* Measure variability at each position
 Calculate P(datalfast evol.), P(data|slow evol.)

What are potential advantages of many close species versus
fewer more distant organisms?



Please see figure 1 of

Boffelli, D, J McAuliffe, D Ovcharenko, KD Lewis, | Ovcharenko, L Pachter, and EM Rubin. "Phylogenetic
Shadowing of Primate Sequences to Find Functional Regions of The Human Genome." Science 299, no. 5611
(28 February 2003): 1391-4.



Phylogenetic Shadowing of Regulatory Elements |

Please see figure 2 of

Boffelli, D, J McAuliffe, D Ovcharenko, KD Lewis, | Ovcharenko, L Pachter, and EM Rubin. "Phylogenetic
Shadowing of Primate Sequences to Find Functional Regions of The Human Genome." Science 299, no. 5611
(28 February 2003): 1391-4.



Phylogenetic Shadowing of Regulatory Elements ||

Please see figure 3 of

Boffelli, D, J McAuliffe, D Ovcharenko, KD Lewis, | Ovcharenko, L Pachter, and EM Rubin. "Phylogenetic
Shadowing of Primate Sequences to Find Functional Regions of The Human Genome." Science 299, no. 5611
(28 February 2003): 1391-4.



Human Splice Signal Motif “Pictograms”™

2222222

5' splice signal C G GGGGGC(Q"

42 -1 0 -8 8 7 6 5 -4 -3 -2 - |1 2
3' splice signal
T




Binding Affinity of the Dog Transcription Factor

Site Fraction bound Yeast Genome
CAT 1/2 A 13 T 1/3
AAT 1/4 C 16 G 1/6
GAT 1/4
Others 0

Search yeast promoters for potential Dog binding sites:

How should you prioritize the promoters for followup
experiments?



Prioritizing Potential Dog Binding Sites

Site Fraction bound Odds Ratio (R)
CAT 1/2 (1/2) 1 (1/6)(1/3)(1/3) 27.0

AAT 1/4 (1/4) 1 (1/3)(1/3)(1/3) 6.75
GAT 1/4 (1/4) / (1/6)(1/3)(1/3) 13.5
Others 0 ©)/ () () () 0.0

Yeast Genome
A 1/3 T1/3
C 16 G1/6

Nevman-Pearson Lemma:

Optimal decision rules are of the form R > C
(C, a chosen cutoff value)

Therefore: CAT > GAT > AAT > Others



Weight Matrix Model (WMM)

2000 gk

[ ———

NS

Pos -3 -2 -1 +1 +2 +3 +4 +5 +6

0.3 0.6 0.1 0.0 0.0 04 0.7 0.1 0.1

0.4 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.2

0.2 0.2 0.8 1.0 0.0 0.4 0.1 0.8 0.2

1|0 |>

0.1 0.1 0.1 0.0 1.0 0.1 0.1 0.0 0.5

S=8S,S,S,;S,S:S,S,S; S,
P(S|+) = P3(S1)P(S5)P_1(S3) *=* P5(Sg)Pe(Sg)

Inhomogeneous, assumes independence between positions



Statistical Independence

Two events A and B are said to be independent if:
A_LB ifandonlyif P(A,B)=P(A)P(B)
In terms of conditional probabilities P(B|A) = P(A,B)/P(A)

A| B = P@B|A) =P(B) and P(A|B) =P(A)
Example: E ={die roll an even number} (2,4,6)

R = { die roll a prime number} (2,3,5)
Are the events E and R independent?

P(A,B) indicates probability that both A and B occur



Weight Matrix Models |l

5' splice signal

Background
Con: C A G ... G T :
Pos | Generic
Pos -3 -2 -1 +5 +6
A 0.25
A 0.3 0.6 0.1 0.1 0.1
C 0.25
C 0.4 0.1 0.0 0.1 0.2
G 0.2 0.2 0.8 0.8 0.2 G 0.25
T 0.1 01 |0.1 00 |05 T 0.25

S=5,S,5,5,5:5,S,S: S,

Odds Ratio: R = P(S[+) = P3(S1)P_o(S2)P4(S;3) == P5(Sg)Ps(So)
P(S|-) = Ppg(S1)Ppg(S2)Ppg(S3) **¢ Ppg(Ss)Prg(So)

Background model homogenous, assumes independence



Weight Matrix Models Il

S=5,S,5,5,5:5:S,S: S,

P(S|+) P3(S1)Pa(S2)P1(S3) o0 P5(Sg)Pe(So)

Odds Ratio: R = =
P(S|-) Pbg(S1)Pbg(SZ)Pbg(S3) eee Pbg(SS)Pbg(SQ)

k=9
= H P4+ (Sy) Pbg(Sk)

k=1
k=9
Score s =log,R = Z 10g; (P _441(Sk) Ppg(Si))

k=1

Neyman-Pearson Lemma:
Optimal decision rules are of the form R > C
Equiv.: log,(R) > C' because log is a monotone function



Weight Matrix Models |V

Slide WMM along sequence:

ttgacctagatgagatgtcgttcacttttactgagctacagaaaa

Assign score to each 9 base window.

Use score cutoff to predict potential 5" splice sites



Histogram of 5'ss Scores

= f=1=1-]

"Decoy” | | TSRS True
5' : 5:
Splice ™| | | Splice
Sites = N I e Sites
Score .(1./'”10 bit units)

Measuring Accuracy: Sn: 20% 50% 90%
Sensitivity = % of true sites w/ score > cutoff
Specificity = % of sites w/ score > cutoff Sp: 50% 32% 7%

that are true sites



What does this result tell us?
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