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What BLAST tells you 2 Basic Local Alignment Search Tool .
» BLAST reports surprising alignments % : — %
< Widely used similarity search tool <

— Different than chance
» Assumptions

— Random sequences

— Constant composition

» Conclusions
— Surprising similarities imply evolutionary
homology

Evolutionary Homology: descent from a common ancestor
Does not always imply similar function

Heuristic approach based on Smith Waterman algorithm
Finds best local alignments

Provides statistical significance

All combinations (DNA/Protein) query and database.

— DNA vs DNA

— DNA translation vs Protein

— Protein vs Protein

— Protein vs DNA translation

— DNA translation vs DNA translation

www, standalone, and network clients




Nucleotide Words

BLAST and BLAST-like programs = z
@ @
« Traditional BLAST (blastall) nucleotide, protein, translations é GTACTGGACATGGACCCTACAGGAACGTATACGTAAG Query g
— blastn nucleotide query vs. nucleotide database o 11-mer Make a lookup @
_ : ; g table of words 3
blastp protein query vs. protein database GTACTGGACAT
— blastx nucleqtide query vs. protein databa§e Gﬁ8¥88ﬁ8ﬁ¥86ACCCTACAGGAACGT
— tblastn protein query vs. translated nucleotide database
— tblastx translated query vs. translated database ACTGGACATGG
+ Megablast nucleotide only CTGGACATGGA
— Contiguous megablast TGGACATGGAC
« Nearly identical sequences TGGACA ACCCTACAGGAACGTATAC
— Discontiguous megablast 88A€A¥88A€8 WORD SIZE Def. Min.
« Cross-species comparison GACATGGACCC
«+ Position Specific BLAST Programs protein only blastn 1 7
— Position Specific Iterative BLAST (PSI-BLAST) ACATGGACCCT megablast 28 12
« Automatically generates a position specific score matrix (PSSM) R L L
— Reverse PSI-BLAST (RPS-BLAST) CATGGACCCTACAGGAACGTATACGTAA
« Searches a database of PSI-BLAST PSSMs - -
Protein Words 2 An alignment that BLAST can’t find .
@ @
Query: GTQITVEDLFYNIATRRKALKN z z
(B-FCD g 1 GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG %
e el

Word size = 3 (default)
Word size can only be 2 or 3

TQI
QIT Neighborhood Words
ITV — LTV, MTV, ISV, LSV, etc.
TVE
VED
EDL
DLF

Make a lookup
table of words

e mmmn mni
1 GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

L L O O R AN O RO A RR RN A R A N A |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

TR e e e Lo
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC




Megablast: NCBI’s Genome Annotator

z Templates for Discontiguous Words ~ z
@® o
« Long alignments for similar DNA sequences| & W =11, t = 16, coding: [.90f 30 ot 10 4q &
. g W =11, t = 16, non-coding: 1110010110110111 g
« Concatenation of query sequences W =12, t = 16, coding: 1111101101101101
W = 12, t = 16, non-coding: 1110110110110111
+ Faster than blastn W =11, t = 18, coding: 101101100101101101
. W = 11, t = 18, non-coding:  111010010110010111
+ Contiguous Megablast W =12, t = 18, coding: 101101101101101101
— exact word match W = 12, t = 18, non-coding:  111010110010110111
) W =11, t = 21, coding: 100101100101100101101
—Word size 28 W =11, t = 21, non-coding:  111010010100010010111
. . W =12, t = 21, coding: 100101101101100101101
« Discontiguous Megablast W =12, t = 21, non-coding:  111010010110010010111
— initial word hit with mismatches W = word size; # matches in template
. . T = template length (window size within which the word match is evaluated)
— Cross-species comparison
Reference: Ma, B, Tromp, J, Li, M. PatternHunter: faster and more sensitive homology
search. Bioinformatics March, 2002; 18(3):440-5
Local Alignment Statistics z Scoring Systems z
o) w
High scores of local alignments between two random sequences § s . §
follow the Extreme Value Distribution ) *Position Independent Matrices @
s *Nucleic Acids — identity matrix s

Expect Value
E = number of database hits you expect to find by chance

size of database

E =Kmne*S or E=mn2¥

K = scale for search space
A = scale for scoring system
S’ = bitscore = (AS - InK)/In2

expected number
of random hits

Alignments

(applies to ungapped alignments)

*Proteins
*PAM Matrices (Percent Accepted Mutation)
sImplicit model of evolution
*Higher PAM number all calculated from PAM1
*PAM250 widely used

*BLOSUM Matrices (BLOck SUbstitution Matrices)
*Empirically determined from alignment
of conserved blocks
*Each includes information up to a certain level
of identity
*BLOSUMG62 widely used
*Position Specific Score Matrices (PSSMs)

*PSl and RPS BLAST




BLOSUM®G6?2 g Position Specific Substitution Rates z
@ @
A 4 o o
L-phenylalanine (F) L-tyrosine (Y} T — m 3
ow weights B &
= B ;
Typical serine e :l
— a Active site serine
igh weights :
T 5
-3 0 6
-1-2-4 7
0-1-2-1
: - — 1-1-1-2-1
Negative for less likely substitutions [2 3.1 1 -4
Y-2-2-2-3-2-1-2-3 2-1-1-2-1
V 0-3-3-3-1-2-2-3-3 3
X 2’; Positive for more likely substitutions ’>1<
Position Specific Score Matrix (PSSM :
P ( ) 2 Gapped Alignments 2
CQEGHILKMEGPI[s]TwyYV]E g
-4 2 4-4-3-5-4 0-2-6 1|0]-1-6-4-1 |9 3
4-3-3 6-4-5-5 0-2-3-21{2|-1 0-6 -5 |& g
5-1-2 6-1-4-5 1-5-6-4 |0]-2 -6 -4 -2
6 0-1-4-1 2-4 6-2-5-513|0-1-4 0 ’ . : . - :
5.3 .2 -1-4-7-6-4-6-7-5]1]-3-7-5-6 *Gapping provides more biologically realistic alignments
—4 -1 -4 -2 -3 -3 -5 -4 -4 5 -1 |4] 3 -6 -5 -3 ;
= A nd . B4 *Gapped BLAST parameters must be simulated
-6 7 | Serine scored differently -5 11(-3 -3 -4 -3 «Affine gap costs = -(a+bk)
Y o le {3[-5 -6 -6 -6
77—, Linthese two positions > 12172 70 T2 T2 a = gap open penalty b = gap extend penalty
4-3-3-3-4-6-6-3-5-6-4]7|-2-6-5-5 A gap of length 1 receives the score -(a+b)
=5 5 6 8 6 8 -7 5 6 -7 6 4[5 6 -7 7
7 -7 -5 -6 -7 -6 {2[-4 -6 -7 -7
6 -7 -4 -6 -7 9 14]|-4 -7 -7 -6
5 0-1 66 1 0-616[-5-5-4 0
4 -4-6-6-1 3 0-5 4-3-612|-1-6-1 6
10-2-5-5 1-1-1-5 0-1-411/0-5 0 0
5 2 00 0-4-2 10 0 0{1]-1-3-3 -4
4-1 1 4-3-4-3-1-2-2-3][0]-2-2-2-3




Scores

PAM30

v D S -
v E T L

BLOSUM62 +4 7
+7 +2 0 -10 +10 +2 11

+2 +1 -12

c Y
C F
+9 +3 7

apmnopiald 190N

WWW BLAST

apinopjald 190N

= NCBI - BLAST

The BLAST homepage

ized Databases|

Special

bpocin

Mets

apinopiald | gON

BLAST Databases: Non-redundant protein

swin-prornn BLLAST

NI (non-redundant protein sequences)
— GenBank CDS translations
—NP_ RefSeqgs
— Outside Protein

* PIR, Swiss-Prot, PRF

* PDB (sequences from structures)

pat protein patents

env_Nnr environmental samples

apinopiald 19N




Nucleotide Databases: Genomic z Nucleotide Databases: Traditional =
@ @
z & Ofhiers (nr ete. ‘ - T
: = .BLAST :
s Genomic plus Transcripi s
@ Human genomic plug transcript @
Mouse genomic plus transcript
Othar Datakasas
Human and refseq_ma
refseq_genamic
mouse genomes -
and reference est_human
transcripts now CELGITED
. est_others
available gss
& Human genomic plus transcript Sats g‘;ﬁ
= Mouse genotnic plus transcript pdbm
. e— o mont .
€ Others (nr etc.) i A N o et e
- - a transcript abgaments in a single report. L e - transcnpt alignments in a single report.
EHuman genomic plus transcript j vou can also choose from Others to chromosome oiEar (ot Foua ROt e o
wsh Ar or an existing databass wos '_;| wse nr or an exsting database.
L EEl BLASTI B wwaresen v ] L ‘BLAST! P mrverasen Tmwwran )
Nucleotide Databases: Traditional 2 BLAST and Molecular Evolution 2
o o
o) o)
a g
 nr(nt) * htgs g 2
- Traditional GenBank — HTG division ° 3000 Myr °
— NM_and XM_ e (OSS
RefSeqgs ass -
— GSS division

« refseq rna

e refseq _genomic

— NC_ RefSeqgs

* WQs

— whole genome

. dbest shotgun
— EST Division * er]V—nt
« est human, mouse, — environmental
others samples

1000 Myr

540 Myr
Human Fly Worm Yeast Bacteria
Pancreatic Alzheimer's Ataxia Colon
carcinoma Disease telangiectasia  cancer




Advanced Options: Entrez limit

. 4 z
Protein BLAST Page 8 8
~ @ @
o o
= NC 3 A =) z
= NCBI 9” ] f-r § Options for advanced blasting §
Nucleotide In Translations an RID % %
Limit by entr
er:eez | |AND m;-\llnrgamsms =
e =
] Arhasa [ORGN]
- = rchaea
>Mutated in Colon Cancer - " N
ety | TETVYARYLPKNTHPFLYLSLEISPONVDVNVHPTKHEVHFLHEESILE all[Filter] NOT mammals[Organism] E?E;”Séo[gggk]
S | VQQHIESKLLGSNSSRMYFTQTLLPGLAGPSGEMVKSTTSLTSSSTSGS !v.nmgamaa [DRGN]
| QSYYAHOMVRTDSREQKLDAFLOPLSKPLSS o gene_in_mitochondrion[Properties] Fungi [ORGN]
2003:2005 [Modification Date] xel:ﬁwﬁcgo%?é\gm
" ; rthropoda -
_=n,.o1u«T:L: From Te: tpa[Filter] Vertehrata [ORGH]
Marmmalia [ORGN]
Choost 1 4J Protein database Nucleotide Rodentia [DRGN]
daishase 17¥155P B biomol_mrna[Properties] H Primates [ORGN]
~ biomol_genomic[Properties] Aerapyrum pemix [ORGN] !
l'I?-.‘ic.!ril @ - Aguitex asalicus [ORGH]
Arghidopsis thaliana [ORGN]
R Bacillus subtilis [ORGN]
Now: (CIEED " G Bos taurus [DRGN]
Caenothabditis elegans [ORGN] [~
Advanced Options: Filters z Advanced Options: composition based stats 2
e @
l Protein 3 - = L 3
e Options far advanced blasting :’I";"‘EA;’C'ZZCO"'DDS'E,DZ;M Histone H1 |
Chonse filter [T Low complesity [ Mask for lookup table only l;\Maskmwer case g Arg (R) 4 Lo g
Limit by entrez — T ™ 4 1.9%
query Asp (D) 1 0.5%
- . Cys (©) 0 0.0%
Hltlie‘s‘low complexny Compositiona I RO 0.9%
for initial word hits only %dusmms 24 Glu () 6 2.8%
Mo adjustment Gly (6) 13 6.1%
Masks Low Complexity Sequence P 0 ositio i His () 0 0.0%
with X or n . =Ro0Se IRE Conditional compositiong] 1le (1) 3 1.4%
Masks regions of query Universal compositional g Leu (L) 10 4. 7%
; I—F» Lys (K) 57 26.6%
- t
in lower case (pre-masked) Expect [10 Vet (0 o o
Phe (F) 1 0.5%
- Wordgize [3 Pro (P) 19 8.9%
\ Nucleotide Ser (S) 23 10.7%
Thr (T) 14 6.5%
fe Towes cae Matee | BLOSUMBZ x| Gap Costd] Trp (W) 0 0.0%
Tyr () 1 0.5%
val (V) 14 6.5%

Masks Human or Mouse Interspersed repeats.
Default for genome searches.

Negatively charged residues (Asp + Glu): 7
Positively charged residues (Arg + Lys): 61




BLAST Output: Graphical Overview

H z z
BLAST Formatting Page g g
z et
= T . — ul
<> NCBI formatting 2 2
g Sort by taXDnOmy T8 Bhast MM on the Ouery Sequens %
v e AL B A Bl
Your request has been successfully submitted and put into the Blast Queue, Cobar by Tor Migrmant sseces
Query = Mutated in Colon Cancer (131 lefters)
Putative conserved domains have been detected, click on the image below lor detailed 1
resulis. —_—
——————————— —— mouse over
uest ID is [1030B08E5T-012751-16006 =——
m o G Conserved Domain ———————
‘Thue reuks are ertmated to be ready n 25 seconds but may be done sconer —
BLAST Output: Descriptions 2 TaxBLAST: Taxonomy Reports 2
o o
e @
Scare E o o
producing ,l Sorted by e values | ‘wits) vaiue z g (himpatan) ad ST g
OE| mp | QOPTHE| NLH1 SCHPD  Putative MOTL B % v e %
20| MLM1 YEAST MUTL pr. n ° °
444594 MUTL MAFIN DNA mis .
QERLTO| NUTL THETHN DNA missatcl n
PSTERE| NUTL PAINU DNA mismatch <1} .
Link to entrez [pLEETI20 [ MITL CLOAR Dk mismatch —a7 )
plR8EDDL) HUTL PSEPK DA mize a7 B Pr—
gLIS528224 | =p | PTHO2E| MUTL THENA DNA miswal a7 -
gL1321257€2 | =p| GATACH| NUTL XYLFT DA mizma —as .
gi120 Eepnir _aq 43 e
1] 3TFI5 cepnir _a4 Beimseris meningitidia serograup §
gi1204 Eepnir A4 ALEO4E315E | mp| oo VTR | BT a1 deeod
gi1204 eepaic T
113336 Eepnic . A an-c4
FIVELL] Eepaic T
11250 ) s
gi112T552 | ap| P233 Foaz
gL120455004 ) sp) QOXIN4 | MU . A .
112942 |=p | QEFARS| MUTL ECOLE DNA missacch & " 2
Q1120455147 =p| QSHSHG | MUTL MALN1 DNA mismatch repal Lass 0
Q12346737 ap | P14242 | PRI YEAST DNA mismatch repaic p ) 8
Q1| 226232 ap| PO2235| LGBL LUPLY Leghemoglobin I 8 Se-04
Q1| SET45250) 9p| GELVT4| META PHOPR Homoserine S-succinylorm E] - i spiEin [epEErackamaT Al
g3|226238)ap| PO2240|LGEE LUPLY Leghemcglobin II FE] by ,r-,‘#%lfz‘—m ae-o4
@1 24285571 =p| 003650 Y520 TREPA Hypothetical protein TFOSZO 27




BLAST Output: Alignments z Low Complexity Filter z
et @
o o
o) a
5 15
< >gi|730028|sp|P40692|MLH1_HUMAN DNA mismatch repair protein MIhl =
s Length=756 s
- - - - Score = 231 bits (589), Expect = le-62
>gi]127552]sp|P23367 |MUTL_ECOLI  DNA mismatch repair protein mutl Identities = 131/131 (100%), Positives = 131/131 (100%), Gaps = 0/131 (0%)
Length = 615
. Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESILERVQQHIESKLL 60
Score = 42.0 bits (97), Expect = 3e-04 ETVYAAYLPKNTHPFLYLSLE I SPQNVDVNVHPTKHEVHFLHEES I LERVQQHIESKLL
Identities = 26/59 (44%), Positives = 33/59 (55%), Gaps = 9/59 (15%) Shjct 276 IETVYAAYLPKNTHPFLYLSLE I SPQNVDVNVHPTKHEVHFLHEESILERVQQHIESKLL 335
Query 9 LPKNTHPFLYLSLE 1SPQNVDVNVHPTKHEVHF -~~~ LHE-{JESILEV-QQHIESKL 58 Query 61 GSNSSRMYFTQTLLPGLAGPSGEMVKsttsltssstsgss)KVYAHQMVRTDSREQKLDA 120
L P L LEI P VDVNVHP KHEV F +H+ | |+ +L V QQ +E+ L GSNSSRMYFTQTLLPGLAGPSGEMVKSTTSLTSSSTSGSSOKVYAHQMVRTDSREQKLDA
Shjct 280 [LGADQQPAFVLYLE IDPHQVDVNVHPAKHEVRFHQSRLVHDF | YQGVLSVLQQQLETPL 338 Sbjct 336 GSNSSRMYFTQTLLPGLAGPSGEMVKSTTSLTSSSTSGSSOKVYAHQMVRTDSREQKLDA 395
query 121 FLgeLskeiss 131 low complexity sequence filtered
FLQPLSKPLSS
X : Sbjct 396 FLQPLSKPLSS 406
Identical match negative
. substitution
positive score
(conservative)
Nucleotide: Human Repeats > Nucleotide: Human Repeat Filter .
(e} (e}
e @
IMstribution of 209587 E IMstribution of 209587 E
o fox
[Mause-cverta shaw define and scores. click to show alignments 2 [Mause-cverta shaw define and scores. click to show alignments 2
g oS
® Calor key for scores °

Color key for alignment scores

2 4050

| I I
[ 4000 HOO0 12000 1BO00 FOO00

Human Albumin
Genomic Region

an1
ani
anl
ant
ani

R Low complesity il Bepeats | Human =] T Mask for lookup table only I Mask lower coss
T L T T TETIIT U
[eov720024 Homo sspians £anm alumin precwson, ARG, complate oo 5e408 Ea1 fa-11

Coler key for alignment scoras
4050

Duery

I [ | I I
o 4000 B000 12000 16000

Alb mRNAs




Nucleotide BLAST: New Output

Sortable Results

z z
o o
et @
g Separate 3
§ Sections for @
g Transcriptand | &
es: [0 unicene B oro Genome
e Default human
database :
P ————— [Click headers to sorc columns)
Recession Description o
ACGGGCTOC 00 Tramscripts . .
/N_ HM_O01ZS5L  Homo sapiens COCZO ol division cyde 20 he 2E76 95% 0.0 a7 [TIEED |
: - Genomic Sequences [shay feet]
Crab-eating ‘ HT OZIBI5.37 Home sapiens 5 genamic cont |2§2' o 2629 o0 5%
macague Homo saginns chromasome § genamic o 2601 o0 | 95%
. Hame sapisns chromasome 1 genamid sty 2002 Ge-117 | 100%
CDC20 mRNA }et From Format Hamo sapiens chromosome 1 g i 3oL Se-117 | 100%
© Human genomic|  Show W Graphical Overview ¥ Linkout ¥ Sequence Retrisy
£ Mowse gmomue l Pseudogene on Chromosome 9 |
o Others (ar et}
Hirnan genomic ™ CDS feature N
N Functional Gene on Chromosome 1
(" X New output display
How ’
.
z I i z
Total Score: All Segments g Sorting in Exon Order g
. @ @
o T
) ‘ z
a g
@ [a)
2 2
< aoe 7 | 5
Legend for liuks o other vesources: [ Uattene O cre [@ cens Sreucture [ Map Viever -
IC1ick headers co sorc coluwmes) i _ _ _ _ _
Mox Tol uery. E Max
Accession Description score = score | cuverage | value | ident | 0KS
Transcripts
MM ODIZS5.1  Home sagiens COC20 cell division sydle 20 he 95% 00 emw  [TEED| Areana-pl
Genomlc sequences [show firs]
1 G21051.0 Home sapiens chremoseme 1 genamic cantig s5% | Se-17 100% queey 965 osery 2 ST MR G T TS ST T 5
NI 0229774 Homo sapiens chromosome 1 genamic contig 85% Ge-117  100% Spjor 137 SBict  1ITHESI0  ACCOOASACTTTAAGASGCOTAAGCCASCGTOTTAAMGOCSOTCOGAACTO: 13706582
NI 02I9IS 1T Homo sapiens chromosome 9 genamic contig 4% 00 9%
Iiw_§z4siss ] Homa sapiens chromosome 9 geramic cantig 94% 00 | 95% gueey 10:dl P .
msoe a3l | oLl sivissen cyete 36 Query start position
Exon order
seaes = 412 biee fios),
Default] inies = IEI6FIIE IFTAIL G
= = ol FeranaepiunFiue
l Functional Gene Now First Longeq
T ey 73 stsstacnt 132
i
myee 1flagen 1merss 0o 191
S -
macr 1iTsesis

10



Links to Map Viewer z z
o] o]
E o
=) o)
= I
o] o]
foenas ceald consigEl Symbel o [ — s £
Blnst it Tdentiny=0¢% 1 53 ) bl @ ®
aun Blastbat Tdentmy=0T00 73304
3! Elast bt Hentity=100% 303 453 s .
;; - Blast kit Tdentity=05% 451 551 Genom |C BLAST pages
H - Elast kit Tdentiy=06% 549 675 .
T ‘Blast it Tdentiy=08% 679 875
> Elast bit Ldentity=08% 974_970 el | v g3s35 174
o ::“":‘ itm_zg T:‘:ﬂlf: o | Bhs Do iz 1604 iah
" st Bit dentty=
- Elast kit Tdeniy=08% 1323, 144 ng er Genomes
! T 0328778
i o i Blast but Ldentity=0g86 1442164 sz
.
o = =
. z
Service Addresses 8
u
=)
5]

*General Help
*BLAST

info@ncbi.nIm_nih._gov
blast-help@ncbi.nlm_nih.gov

Telephone support: 301- 496- 2475
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