BLAST (basic local alignment search tool)

Vyhledava podobné sekvence v databazich.
Stal se nastrojem pro vsSechno.

Snaha vyhovét potfebam uZivatell Gpravami
kédu (BLAST1.0 — BLAST2.0 — PSI-BLAST —
MEGABLAST — BLASTZ).

V souCasnosti se zda, Zze lepSich vysledkl
mUZeme mnohdy dosahnout pouZitim novych
postupl Sitych na miru daného problému.



Suboptimalni nasazeni programu BLAST

Pouziti:

Be€zné vyhledavani.

Problém:

Blast nevyuZziva pln€ moZnosti zpracovat si
plredem databazy novymi zplsoby indexovani

Reseni:

Pouziti postupll, které pouZivaji asociativni
pole nebo stromové struktury pro indexaci
databazovych sekvenci (BLAT, SSAHA, MUMER,
QUASAR, VMATCH)



Indexy a stromy

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

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

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




Sufixové pole

012345673829

CGTGTGACG * sekvence
sufixy (pripony) pozice

* 9
G * 8
C G * 7
ACG™*®6
GACG™*H5
T GACG * 4
GTGACG * 3
TGTGACG * 2
GTGTGACG™* 1
CGTGTGACGT™*DO0



Sufixové pole

01 2 3456 7389
CGTGTGACG * sekvence
3796851240 pofadi v sufixovém poli
sufixy abecedné pozice
* 9
ACG* 6
C G * 7
CGTGTGACGT™*DO0
G * 8
GACG™*5
GTGACG* 3
GTGTGACG* 1
T GACG * 4
TGTGACG * 2

96 70853142 sufixové pole



Sufixové pole

01234567829

CGTGTGACG * sekvence

3796851240 pofadi v sufixovém poli

sufixy abecedné pozice
* 9 0
ACG * 6 O
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
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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

CGG gquadruplex 4 L
9 : P Hy3-type ’ Hairpin structure Cruciform structure

intramolecular triplex %
1_5' (GAA), 5~ .
|

Pr-Pu-Py ¥ i ”

Anti Parallel DNA Parallel DNA Slipped strand

#
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Suboptimalni nasazeni programu BLAST

Pouziti:

Be€zné vyhledavani.

Problém:

Blast nepracuje s optima&ni strukturou slova,
Cim trpi pom€r citlivost/rychlost.

Reseni:

Pouziti programu PATTERN HUNTER



Pattern Hunter

PATTERN HUNTER BLAST

MODEL SLOVA

110100110010101111 11111111111
ZAVISLOST POZIC PREKRYV
110100110010101111 11111111111
110100110010101111 11111111111 5 10
110100110010101111 11111111111 5 )
110100110010101111 11111111111 5 8
110100110010101111 11111111111 4 7



Pattern Hunter

—
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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




Suboptimalni nasazeni programu BLAST

Pouziti:

Hledani primerl pro sekvenovani a PCR (10-40bp)
nebo oligonukleotidl pro microarray (25-100bp)

Problém:

BLAST prohledava DNA se slovy o velikosti 7 a
vic. Pri pouziti extrémn€ kratkych slov naléza
prilis velky poCet irelevantnich podobnosti a
jejich spracovani trva netGnosné€ dlouho. Bez
predpoCitaného indexu a filtrace je hledani
velkého poCtu podobnosti pomalé.

Reseni:

Pouziti programu PRIMEX



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 mlI=1 chyby na slovo
nalezneme spolehliveé v nejhorsim

GTATTAGGTACGTTGACA i fetézec s 5 chybami

Sekvence se 6 chybami uz nemusi byt nalezena:

GTATTAGATACGTTGACA nenalezena
GTATTAGGTACGTTGACG nalezena

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



Primex

MISMATCHES
PROGRAM TOTAL 0 1 2 3 4 5 6 SEARCH TIME
BLAST 162 1 0 12 s
BLAST-0O 2 1 5 s
FASTA 72 1 0 4 13 23 17 12 53 s
FASTA-O 1 1 19 s
BLAT 0 0 80 s
SSAHA 0 0 71 s
SSAHA-O 3 1 10 s
CGC FP-O 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 AR 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) AR 1 0 14 199 1l s
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 vyhleddvacich programu pii hledani vyskytu sekvence oligonukleotidu
AAAAAATGATCAATTTACAT v genomu Arabidopsis thaliana (cca 100Mbp). Piiponou
-0 jsou oznaceny 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




Suboptimalni nasazeni programu BLAST

Pouziti:

Hledani pozice intronl a exonl (srovnavadni mRNA
s genomovou DNA) nebo vyhledavani domén
proteinl

Problém:

BLAST vyhodnocuje prilis mnoho podobnosti, i
kdyz nés zajimajl jenom ty, které jsou typické
pro RNA/DNA. Pokud to oSetlime zvySenim
parametrl X a S, stratime kratké podobnosti.
NesnaZi se urCit pfesnou hranici intronl a
exonl nebo domén.

Reseni:

Pouziti programu BLAT, SIM4



BLAT

Pl

H
. E— N N -
= int(H/K
int( ) = Pl P
=1 — (1-P1) l—  —————l®)
=1 — (1-M)°

= (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

PO 20X 4w

— délka k-meru

— délka tGseku podobnosti (n€kolik 100 bp)
— zhoda mezi sekvencemi (%identity/100)

— velikost databazy
— velikost vyhledavaci sekvence
— velikost abecedy



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,




Table 7. Sensitivity and Specificity of Multiple (2 and 3) Perfect Mucleotide K-mer Matches as a Search Criterion
28 29 2,10 2,11 2,12 38 3.9 3,10 311

A. B1% 0.681 0.508 0.348 : 0.129 0.389 0.221 0112 0.051
B3% 0.790 0.638 0.475 : 0.208 0.529 0.339 0.193 0.099
B5% 0.879 0.762 0.615 : 0.318 0.676 0.487 0.313 0.180
B.7/% 0.942 0.866 0.752 : 0.461 0.809 0.649 0.470 0.305
B9 0.978 \ 0.240 0.868 : 0.625 0.910 0.801 0.648 0.476
1% 0.994 0.280 \ 0.947 : 0.787 0.969 DY 0.914 0.815 0.673
93% 0.999 0.996 0986 w0, 0.912 0.993 0.276 0.233 0.851
5% 1.000 : 0.998 : 0979 0.999 0.997 N 0987 w1961
7% 1.000 : 1.000 : 0.999 1.000 1.000 0.999 0.997

. NK 28 29 2,10 211 212 3.8 3.9 3,10 311
F 524 27 1.4 0.1 0.0 0.1 0.0 0.0 0.0

(A) Columns are for M sizes of 2 and 3 and K sizes of B-12. Rows represent various percentage identities between the homologous sequences,
The table entries show the fraction of homologies detected as caleulated by equation 10. (8 N and K represent the number and size of the
near-perfect matches, respectively. F shows how many perfect clustered matches expected to occur by chance according to equation 14 in a
translated genome of 3 billien bases using a query of 167 amino acids.




Suboptimalni nasazeni programu BLAST

Pouziti:

Hledani podobnosti mezi extrémn€ dlouhymi
sekvencemi

Problém:

BLAST jde rovnou na ve€c a hledd vSechny HSP

Reseni:

Pouziti programl s indexy, které pristupuiji k
analyze hierarchicky, nejprve rychle
vyhledavaji s nizkou citlivosti, pozdé€ji
dpoCitavaji detaily (SSAHA, BLAT, MUMER)



Suboptimalni nasazeni programu BLAST

Pouziti:

Hledani podobnosti mezi vzdalenymi proteinovymi
sekvencemi

Problém:

Proteiny jsou trirozmérné a jejich struktura a
funkce Casto zavisi na prostorov€ se
doplNujicich motivech sekvence a ne na
existenci dlouhého linedrniho reté€zce
aminokyselin

Reseni:

Pouziti programll, které nepracuji s podobnosti
na bazi Smith-Waterman, ale analyzuji napfl.
vyskyt kratkych slov (PSST)



PSST

Struktura sekvence znazornéna vektorem pritomnosti
jednotlivych “slov” v=(1,0,0,1,....,1), kde kazda pozice
odpovida urcitemu “slovu”. p. 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 identicke proteiny S(q,q)= suma(1/p). Pokud by vsechny
slova meéla stejnou pravdépodobnost vyskytu, pak by to bylo

N*(1/N) =1

kde N je pocet sledovanych nebo existujicich slov.




