Indexy a stromy

INDEX TYPU POLE
(vhodny pro “bohaty” index, fixni délku, Casove
kritické aplikace)

AAAA 12 325 65987 124589
AAAC 13 4278 23001
AAAG 326 9989 44032 199235

INDEX TYPU STROM
(vhodny pro “dé€ravy” index, variabilni délku,
je flexibilni)




Sufixové pole

01234567829

CGTGTGACG * sekvence
sufixy (plipony) pozice

* 9
G * 8
C G * 7
ACG* 6
GACG™* 5
T GACG * 4
GTGACG* 3
TGTGACG * 2
GTGTGACG~=*1
CGTGTGACG®™=*DO



Sufixové pole

012345673829
CGTGTGACG * sekvence
37968512140 poradi v sufixovém poli
sufixy abecedné pozice
* 9
ACG™* 6
C G * 7
CGTGTGACG®™*DO
G * 8
GACG™*H5
GTGACG* 3
GTGTGACG*1
T GACG * 4
TGTGACG* 2

96 70853142 sufixové pole



Sufixové pole

01234567829

CGTGTGACG * sekvence

37968512140 poradi v sufixovém poli

sufixy abecedné pozice
* 9 0
ACG* 6 0
CG ~* /7 2
CGTGTGACG * 0O O
G * 8 1
GACG* 5 1
GTGACG * 3 3
GTGTGACG * 1 0
T GACG * 4 2
TGTGACG * 2 0

96 70853142 sufixové pole

0020113020 delka spol. prefixu (height)



Sufixové pole

Qffix Aray

Height Array
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Sufixové pole

Canonical DNA
AR O O O R R RO R R O R RO O RO RN,

Curved DNA Flexible DMNA
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Anti Parallel DNA Parallel DNA Slipped strand
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Stupen podobnosti dvou

sekvenci
SEKVENCE A: MASAQSFYLL
SEKVENCE B: MASGOWLLAS

Které oblasti A a B jsou si nejvice podobné ?
Jsou si A a B vic podobné nez A a C ?
Kterad ze sekvenci X1,...,Xn je nejpodobn€jsSi A ?

Jaka je pravdé€podobnost vyskytu dané podobnosti v
nahodné sekvenci ?

Existujl znamé homology sekvence A ?

Jaka je funkce genu/proteinu A ?



Stupen podobnosti dvou
sekvenci

IDENTITA
MASAQSFYLL

MASAQSFYLL

SUBSTITUCE
MASAQSFYLL MASAQSFYLL

MASAQSWYLL MASAQSTYLL

INZERCE/DELECE
MASAQSFYLL

MASAQS-YLL

TRANSPOZICE
MASAQSFYLL

MASAQFSYLL



Stupen podobnosti dvou
sekvenci

Netrivialni hodnoceni substituci
u proteinl
(matice PAM250)

IIIBIIlﬂlﬂlﬂlﬂlﬂlﬂlllﬂlﬂlﬂlﬂlﬂlﬂlﬂlﬂﬂﬂ
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Stupen podobnosti dvou
sekvenci

A G A T A
0 -2 -4 -6 -8 -10
A -2 2 0-2 -3 -5

G -4 -1 7?2
T -6

C -8

A -10

INDEL=-2 IDENT=2 SUBST=-1

AGATA

AGTCA

n
Il
S



BLAST (basic local alignment search tool)

Co kdyzZ jsou sekvence dlouhé a mame jich nékolik miliont ?

DP nestacl, vypocty trvaji prilis dlouho. Alternativou vypoctu
by byl predpocitany soubor podobnosti rtiznych slov v databazi.
Problemem indexu je, zZe je pro dlouha slova nezvladatelny
objemoveé. Existuje napr.

20° = 25 600 000 000
ruznych usporadani osmi aminokyselin v retézci, nékolik
zpusobtli hodnoceni podobnosti atd.

Kompromisem je heuristicke reSeni. Nalezeni tzv. “seeds”,
vyskytu kratkych retézcu (2-4 aminokyseliny, 7-11 nukleotidi)
a hledani podobnosti algoritmem DP jenom v jejich blizkosti.




BLAST (basic local alignment search tool)

A: For each position p of the query, find the list or words of length
w scoring more than T when paired with the word starting at p:

List of words of length w,
scoring more than T with
the p-word.




BLAST (basic local alignment search tool)

B: For each words list, identify all exact matches with DB sequences:

p-word worids list DB sequences




BLAST (basic local alignment search tool)

C: For each word match («hit»), extend ungapped alignment
in both directions. Stop when S decreases by more than X
from the highest value reached by S.




BLAST (basic local alignment search tool)




BLAST (basic local alignment search tool)

Ungapped extension Gapped extension by full DP

Q)

Gapped extension by «banded DP=» Gapped extension by «score-limited DP»
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Identify all k-tuple matches Re-score the 10 best scoring regions
using a scoring matrix

= Initl score

Apply joining procedure Apply limited DP

— Initn score — Opt score




BLAST (basic local alignment search tool)

P-VALUE . . . P(score>S)

PRAVDEPODOBNOST VYSKYTU PODOBNOSTI VETST
NEZ S V NAHODNYCH SEKVENCICH URCITE DELKY

P(MSP(M,N)>S) = 1 - exp(-Kmn.exp(-lambda.S))
E-VALUE
OCEKAVANY POCET PODOBNOSTI KDE score>S

Kmn.exp(-lambda.S)



BLAST (basic local alignment search tool)

PAM150
Percent Accepted Mutations

SubstituCni matice odvozena z predpokladu 150 mutaci
na 100 pozic sekvence

BLOSUMG65
BLOck SUbstitution Matrix

SubstituCni matice odvozena ze sekvenci se 65%
identitou

PAM120 <=> BLOSUMS8O0
PAM250 <=> BLOSUM45



BLAST (basic local alignment search tool)

Types of BLAST:

QUERY DATABASE
SEQUENCE

Muclzic Acida

Nucleic Acid

conceptual
protein
tranzlatona

Froteina/Peptides

Peptide/Protein

Graphic courtesy of Joel Graber.




BLAST (basic local alignment search tool)

>gi|50757596 |ref |XP_425354.1|similar to protein kinase
Length = 613

Score = 50.4 bits (119), Expect(2) = 2e-17
Identities = 26/54 (48%), Positives = 36/54 (66%), Gaps = 1/54 (1%)

Query: 740 YVMVLEYANEGNLREYLEK-KFDTLOWENKIQOMALDITRGLLCLHSRNIIHRDL 582
Y +V EY +EG+LR YL K + +L + I ALDI RG+ +HS+ +IHRDL
Sbjct: 250 YCVVTEYLSEGSLRAYLHKLERKSLPLOKLIAFALDIARGMEYIHSQGVIHRDL 303




BLAST (basic local alignment search tool)

BLAST (NCBI-BLAST WU-BLAST)
BLASTN BLASTP BLASTX TBLASTN TBLASTX
MEGABLAST
PSI-BLAST
PHI-BLAST
SNPBLAST
BLASTZ



Pattern Hunter

PATTERN HUNTER

MODEL SLOVA
110100110010101111

ZAVISLOST POZIC
110100110010101111
110100110010101111
110100110010101111
110100110010101111
110100110010101111

BLAST

11111111111

11111111111
11111111111
11111111111
11111111111
11111111111

PREKRYV
5 10
5 9
5 8
4 7



Pattern Hunter

—

110100110010101111
11111111111
111111111 e
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2
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0.6 0.7
similarity

Figure 1: 1-hit performance of weight 11 spaced
model versus weight 11 and 10 consecutive models,
coordinates in logarithmic scale.




Pattern Hunter

MEE | Bl
M. pneumoniae M. genitalium 10s/65M 4s /48 M 1s/88M 47s/45M
H. influenza 34s /T8M 14s/68M bs/561M  |T16s/158M

A.thaliana chr 2 |19.6M| A.thaliana chr -:l EM 5020s/279M | 498s/231M |21720s/1087M
' 1/14512s/419M]5250s/417M




Pattern Hunter

blastn -———-- {

alignment score

100 1000 10000
alignment rank

Figure 5: Input: H. influenza and E. coli. Run times
are shown in Figure 7. PatternHunter produces bet-
ter quality output than Blastn while running 20 times
faster.




Pattern Hunter

alignment score

~ 100 1000 10000
alignment rank

Figure 4: Input: H. influenza and E. coli. Run times
are shown in Figure 7. Score is plotted as a function
of the rank of the alignment, with both axes logarith-
mic. MegaBlast (MB28) misses over 700 alignments




Primex

INDEX 4"+ n -> 150Mbp (w=12) -> 167M (~650MB)

ACGAGATGACGATGACGATGCGAT

DP (N-W Probiha na omezeném vzorku sekvenci



Primex

ATAGTAGGTCCGTCGATA 18 bp -> 3 slova po 6bp

nastavenim mi=1 chyby na slovo
nalezneme spolehlivé v nejhorSim

GTATTAGGTACGTTGACA 1 retézec s 5 chybami

Sekvence se 6 chybami uz nemusi byt nalezena:

GTATTAGATACGTTGACA henalezena
GTATTAGGTACGTTGACG halezena

Rozdéleni vyhledavaciho retézce na mensi segmenty urychli vypocty
tim, Ze u kratSich 1ze efektivné vyuZzit rychlého indexu celé genomové
databazy.



Primex

MISMATCHES
PROGRAM TOTAL © 1 2 3 4 5 6 SEARCH TIME
BLAST 162 1 0 12 s
BLAST-0 2 1 5 s
FASTA 72 1 0 4 13 23 17 12 53 s
FASTA-0 1 1 19 s
BLAT 0 0 80 s
SSAHA 0 0 71 s
SSAHA-0 3 1 10 s
CGC FP-0 1 1 10 s
EMBOSS 983 1 0 5 104 86 8 18 s
EMBOSS -0 1 1 14 s
TACG 1 1 49 s
AGREP 1204 1 0 5 100 779 3632 34 s
AGREP 1 1 2 s
PRIMEX 214 1 0 14 199 56 s
PRIMEX-S (2,5) 12140 1 0 14 199 1686 10240 19 s
PRIMEX-S (2,4) 1900 1 0 14 199 1686 4 s
PRIMEX-S (2,3) 214 1 0 14 199 1s
PRIMEX-S (2,2) 15 1 0 14 <1s
PRIMEX-S (2,1) 1 1 0 << 1 s
PRIMEX-SO (0,0) 1 1 << 1 s

Vykony vybranych vyhledavacich programt pri hledani vyskytu sekvence oligonukleotidu
AAAAAATGATCAATTTACAT v genomu Arabidopsis thaliana (cca 100Mbp). Priponou
-O jsou oznacCeny programy, které byly nastaveny s nejmensi citlivosti. Pfipona -S
oznacuje programy, které v momenté dotazu bézely jako server.




Primex + Virtual PCR

Vyhledané oligonukleotidy 1ze
pouzit pro simulaci PCR reakce

VPCR Virtual PCR

10000 ——

G069 27454254 Iref INT_030525.7 92092 5802
SO00  —
— 24 27452524 Iref INT_010265.15 1319767 1
== g0 e g s
=

FO00  e— BE7d STAEI0GS Iraf INT 010546, 15 191556 13
S — éze?z S74E555d et INTTO103EE. 15 134534771
D45E Br4nE4 Iraf INTONI0ZE5. 1% 4143867 4
2000 w— ] 2074 PTIEGEGZ Ired INT 010184, 15 SE29E1 5
1955 S7432559 Irot INT 01026515 4180147 4
T I R e
1500 = === 010 7455905 Iraf INT 035576.5 S50008 557
5795 ST4GE57S Iraf INT 010274, 15 B18110 Bl
5511 ST4G057% Iraf INT 01057415 GI5110 62
1505 T74a2550 Irat INTOD10265. 15 4564754 4
1000 we— a3 27454254 Iref INT_030525.7 540214 5592
EL — 2451 27499562 Irak INT_D10194, 15 10525493
G = = Fai 2F40GEE5 ref INT_T10194,15 5965551 59
TH0 ——— s 2752 27452554 Iraf INT_D0268. 15 13837041
) — 641 27499562 Iref INT_T10134.15 15414717 1
5 S74555AE Iref INT 010365013 Si20441 53
T — 397 57454554 Iraf INT_ 030555, 7 GEE000d GE4
Z377 h7d0BE602 Ire INT 10184, 15 Foiocis 7
40— BE11 BT4G090% Iraf INT 135276.5 2160498 21
B7G 274073 Iret INT_T37EE5.1 11209 11555
- — G0 2TR9ETE Iref INT_024654.15 2371214 23
=——— 259 27452524 lref INT_010265, 15 1795552 17
SESs LTAGAGTE Iref INT 57554, 1 400700 425
B16 274085652 ref INT_T10194. 15 7556178 72

T —
= 39 2749908 [ref INT_035324.2 292301 26245

A

Read 2 primersrs 1025 matches and 40 amelicons. TERP=S0aC

PCR limited by

Tagq in cucle 14

2E2.39353e-05 S99 2THIAI09 lred INT_035324.2 292591 292450 0 1
Bl 17308e-08 2074 27499562 [ref [NT_0101494 .13 5962961 596503

7

022 46756e- 03
1:2.467562- 03
12:22.467562- 05
1522, 467562- 05
14:2.467562- 05
15:2.467562- 05
16253, 106562- 05
17:22.58187 - 05
1622.5358187 - 05
1922.558187e- 05
20332655 2e- 05
2133, 26532e- 05
2232.99105- 05
2E12. 9910505
2412, 54655e- 05
25132655 2e- 05
26132655 2e- 05
2T IEL 2653 2e- 05
LEIEL 2655 2e- 05
2HIEL 26 2e- 05
F0IE. 2655 2e- 05
FliG.26532e-05
FRIFL2E6532e-05
FEI2.TATEle- 05
4132655 2e- 05
FEIE. 2653 2e- 05
FBIE. 2655 2e- 05
FTIEL 2653 2e- 05
FEIEL 2653 2e- 05
A2 TITELe-0E

g
a
1
1

186 054e-05 2425 27452824 lraf INT_010265. 15 4142967 414053
2.35167e-05 2672 27452524 lref INT_010265.15 1349247 134657
2.46756e-05 1955 27452524 lref INT_010265.153 4190147 415515

2579 27485055 lref INT_D10346. 15 191539 155960
F171 274585596 ref INT_D19601. 15 1926274 192351
BE3 27454254 lref INT_030825.7 S40214 539231 1
FE00 27454254 [ref INT_D30525.7 BEEETIS GETOS0
TA6 2THIIEEL lref INT_010194, 15 5965531 596503
2356 2V4995TE ref INT_D24654. 13 2373570 23712
259 27452524 lref INT_010265. 15 1795332 179504
F924 274E2824 lref INT_D10265. 15 1319767 13158
F069 27454254 [ref INT_D30525.7 92082 9025 1

2010 27499905 [r-af INT_D33276.5 359909 357599

2795 27499575 lref INT_010274. 15 619110 616315
F511 27499575 ref INT_010274.15 619110 622621
1509 274825824 lref INT_D10265. 13 4394754 45932
2451 27499562 lref INT_D10194. 15 10825495 1052
B4l 2YHIIEEL lref INT_010194.153 18414717 15415
4525 274E2824 lref INT_D10265. 13 1082257 10571
2752 2V4E25824 lref INT_D10265. 15 1383724 13564
FEBS 2V4E055 lref INT_D10346. 15 S0146 54111 1
BYS 27453545 lref INT_0103635. 15 5322441 532311
FE07 27454254 lref INT_D30525.7 10216554 10220
F761 27454254 lref INT_D30525.7 BE47551 BES154
997 27454254 lref INT_030825.7 6559524 6590521
051 2749AF62 [ref INT_010194. 15 14529952 1463
FETT 2TH9A562 e d INT_010194. 13 7232502 72361
FE0 2THADETE leaf INT_024654. 15 2371214 237154
2511 27499905 |ref INT_D33276.5 2160499 216301
4405 27405 [ref INT_D33276.5 272853053 273270
BYE 27499975 lref INT_037655.1 11208 11855 1 1
2555 27499976 [ref INT_D37E54. 1 422790 425545

B16 2YHIIEER lref INT_010194. 15 7236179 T236749

|--=-=-=-|--=-

Virtual PCR - Hate Lexa et al. 2002




BLAT

K

Pl = M
T = int(H/K)

4—"]_-_|—>

N

P =1— (1-P1)" o
P =1 — (1-M")"

K
F = (Q-K+1)*(G/K)*(1/A)"

Pl — pravdepodonost shody s k-merem

— pravdepodobnost existence aspon jedne takove shody
— pravdepodobnost nahodneho vyskytu shody mezi H a Q
— délka k-meru

— délka Gseku podobnosti (n€kolik 100 bp)

— zhoda mezi sekvencemi (%identity/100)

— velikost databazy

— velikost vyhledavaci sekvence

— velikost abecedy

PO @ 2 DN H ™



Sensitivity and Specificity of Single Perfect Nucleotide K-mer Matches as a Search Criterion

7 8 13 14

0.974 0.915 : : : : 0.373 0.314
0.988 0.953 : : : : 0.478 0.415
0.9%6 0.978 \ ! ! : : 0.594 0.532
0.999 0.992 : : : : 0.714 0.659
1.000 0.998 : : : : 0.782
1.000 1.000 : : : : : 0.886
1.000 1.000 : : : : : — {}957
1.000 1.000 : : : : : 0.991
1.000 1.000 : : : : : 0.999

7 8 14
1.3e+07 2.9e+06 635783 143051 32512 7451 1719 399

(A) Columns are for K sizes of 7-14. Rows represent various percentage identities between the homologous sequences. The table entries show

the fraction of homologies detected as calculated from equation 3 assuming a homologous region of 100 bases. The larger the value of K, the
fewer homologies are detacted.

(B) K represents the size of the perfect match. F shows how many perfect matches of this size expected to occur by chance according to
equation 4 in a genome of 3 billion bases using a query of 500 bases.




Table 5. Sensitivity and Specificity of Single Mear-Perfect (One Mismatch Allowed) Nudeotide K-mer Matches as a
Search Criterion

12 13 14 15 16 17 18 19 20 21 22

0.945 0.880 0.831 0.721 0.657 0526 0465 0408 035 0255 0218
0.975 ~ 0.936 0.904 0.820 0.770 0.642  0.521 0.535 0480 0361 0318
0.991 0.971=—— 0954 DG 0.900 0.865 0767 0719 0669 0612 0420  0.445
0.997 0.990 0.983 0.954 D 0.935 0.867 0833 0796 0757 0634 059
1.000 0.997 0.995 0.984 0.976 \ 0932 0920 0897 0872 0775 0.741
1.000 1.000 0.999 0.996 0.994 0.979 = 0971 = 0.962 = 0.950 \{I'.E-‘?{II 0.862
1.000 1.000 1.000 0.999 0.999 0.996 0994  0.991 0988 " 0.963=— 0954
1.000 1.000 1.000 1.000 1.000 1.000 0999 0999 0999 0994 0992
97% 1.000 1.000 1.000 1.00:0 1.000 1000 1000 1000 1000 1.000 1.000

B. K 12 13 14 15 16 17 18 19 20 21 22
F 275671 68775 17163 4284 1070 267 67 17 4.2 1.0 0.3

(A) Columns are for K sizes of 12-22. Rows represent various percentage identities between the homologous sequences. The table entries show
the fraction of homologies detected as caleulated by equation 6 assuming a homologous region of 100 bases. (8) K represents the size of the

near-perfect match. F shows how many perfect matches of this size expected to occur by chance according to equation 7 ina genome of 3
billion bases using a query of 500 bases,




PSST

Struktura sekvence znazornéna vektorem pritomnosti
jednotlivych “slov” v=(1,0,0,1,....,1), kde kazda pozice
odpovida urcitému “slovu”. pi je normalizovana frekvence
vyskytu daného slova a podobnost

S(q,t) = suma (q, *t*1/p))

Vektory proteinu bez jakékoliv spolecné podsekvence na
dané urovni jsou ortogonalni, S(q,t)=0.

Pro identické proteiny S(q,q)= suma(1l/pi). Pokud by
vSechny slova mela stejnou pravdépodobnost vyskytu, pak
by to bylo

N*(1/N) =1

kde N je pocet sledovanych nebo existujicich slov.







