BLAST Quick Start

blast-help@ncbi.nim.nih.gov
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Algorithm Basics

- Introduction
- Words & extensions

Search Basics
 Programs
e Databases
e Submit a search
« Interpret the results
* BLAST options
e Format options
e Examples

S8SINOOIUIN |9ION

Basic Local Alignment
Search Tool

Compare protein or nucleic acid sequences to
protein or nucleic acid databases
* in NCBI databases
« in local databases (standalone BLAST)
« to a single protein or nucleotide sequence

(BLAST 2 Sequences, or pairwise BLAST)
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BLAST Web Searches, 2007
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Basic Local Alignment 2 Global vs Local Alignment z
Search Tool : Seq ' .
= local alignments; isolated regions of —_ } Global ?Iignment
similarity e a
» fast and sensitive
) Seq 1 . }
= breaks the query sequence into “words” Seq 2 N / /
« word matches to database sequences | Local alignment
are extended in both directions — e =
Global vs Local Alignment z How BLAST Works g
= S
o LVASHEREBUTNOMISHERE. <2100 1. Make lookup table of “words” for query

Global
Seql: 1 W--HEREISWALTERNOW 16
W HERE
Seq2: 1 HEWASHEREBUTNOWISHERE 21
Local
Seql: 1 W--HERE 5 Seql: 1 W--HERE 5

W HERE
Seq2: 15 WISHERE 21

W HERE
Seq2: 3 WASHERE 9

2. Scan database for hits

3. Extend alignment both directions
- Ungapped extensions of hits (initial HSPs)
- Gapped extensions (no traceback)
- Gapped extensions (traceback - alignment

details)




Nucleotide Words g Protein Words 3
AIEKCYTGCTLAQEADDTA
Make a lookup table based on the word size. AIE
11-mer IEK LEK, IDK, IQK, IER, IDR, etc
ATGCTGCTAGTCGATGACGTAGCTA EKC —
KCY Neighborhood words
ATGCTGCTAGT oYT
TGCTGCTAGTC -
GCTGCTAGTCG
Lookup table, including neighborhood words, is
based on word size, score matrix, and threshold.
Scoring Systems - Proteins (BLOSUM62) = . . 2
8 Word Hits & Extensions 8
Al IEK: keep LEK? | £ z
N-2 0 6 (threshold = 11) | ¢ g
D-2-2 1 6 (4 . 8
C0-3-3-3 9 E ’ Nucleotide: one exact match ’
1002420 ATGCTGCTAGTCGATGACGTAGCTA
c 92013276 &= GCTGCTAGTCG =—>
LEK = 12
1-1-3-3-3-1-3-3-4-3
iR e\ o WY
M-1-1-2-3-1 0-2-3-2 1 2 5 . . . .
P253582338382093%°, Protein: two matches within 40 residues
S A T R R S S i S g AIEKCYTGCTLAQEADDTA
V222332128 214213333727 <IDK=—> <—EAD=—=>
v 0-33-3-1-2-2-3-3 3 1-2 1-1-2-2 0-3-1 4
Xxo0-1-1-1-2-1-1-1-1-1-1-1-1-1-2 0 0-2-1-1-1
AR NDTZ COQETGHT1TLKMFZPSTWY VX




BLASTP Summary z BLASTP Summary z
@ @
example query words % example query words g
Query: IETVYAAYLPKNTHPFLYLSLE I SPQNVDVNVHPTKHEVHFLHEESILEV.. § Query: IETVYAAYLPKNTHPFLYLSLE I SPQNVDVNVHPTKHEVHFLHEESILEV.. §
VLS 15 HFL 18 g YLs 15 HFL 18 H
T 12 @ YT 12 ¢
YVS 12| Neighborhood YVS 12| Neighborhood
YIT 10| words . YIT 10 words N
Neighborhood Neighborhood
ete score threshold ete score threshold
TEH=1 TEH=11
Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI 47 Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI 47
+E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ | +E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ |
Shjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEI 333 Shjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEI 333
I Drop-off score = I High-scoring pair (HSP)
Highest score - current score i Gapped extension with trace back
-X X dropoff value for gapped alignment (in bits) Query 1 IETVYAAYLPKNTHPFLYLSLEISPQNVDVNVHPTKHEVHFLHEESI-LEV.. 50
blastn 30, megablast 20, tblastx 0, all others 15 +E YA YL K F+YLSL +SP+ +DVNVHP+K VHFL+++ I + +
Shjct 287 LEETYAKYLHKGASYFVYLSLNMSPEQLDVNVHPSKRIVHFLYDQEIATSI.. 337
Final HSP
AFg
BLAS']
. z z
Search Basics 8 BLAST Programs 8
S S
5 i
g ] g
o Programs & What is yOUr goal? &
- Databases ) ]
] blastn nucleotide X nucleotide
- Submit a search blastp protein X protein
- Interpret the results
- BLAST options 6 frame, translated nucleotide searches
- Format options blastx nucleotide X protein
£ | tblastx nucleotide X nucleotide
e EXamples H H
P tblastn protein X nucleotide




Word Size

Trade-off: sensitivi

Too fast for

ty vs speed
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More BLAST Programs
MegaBLAST word Size
- batch nucleotide queries
- very similar sequences 28
Discontiguous MegaBLAST
- batch nucleotide queries 11 matches
- divergent sequences out of 18
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Templates for Discontiguous Words

1101101101101101
1110010110110111
1111101101101101
1110110110110111
101101100101101101
111010010110010111
101101101101101101
111010110010110111
100101100101100101101
111010010100010010111
100101101101100101101
111010010110010010111
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W =11, t = 16, coding:

W =11, t = 16, non-coding:
W =12, t = 16, coding:

W = 12, t = 16, non-coding:
W = 11, t = 18, coding:

W = 11, t = 18, non-coding:
W =12, t = 18, coding:

W = 12, t = 18, non-coding:
W =11, t = 21, coding:

W = 11, t = 21, non-coding:
W =12, t = 21, coding:

W =12, t = 21, non-coding:
W = word size; # matches in template

T = template length

Reference: Ma, B, Tromp, J, Li, M. PatternHunter: faster and more sensitive homology

search. Bioinformatics March, 2002; 18(3):440-5

BLAST
Search Basics

- Programs

- Databases

= Submit a search

- Interpret the results
« BLAST options

- Format options

- Examples
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New Nucleotide Databases

Nucleotide BLAST Databases 2 z
o
© SR T @
. nr(nt chromosome E ),h“.'.B[ an R} g
- Traditional GenBank Divisions - NC genomic records 8 g
- NM_ and XM_ RefSeqs . gss 4 8
refseq_rna - GSS division r——
- NM_, XM_, NR_ . pat |
refseq_genomic - PAT Division —
- NC_, NT_, NG_ - wgs Refseq_genomic + | |
est - wgs entries from refseq_rna
- EST Division traditional divisions S
htgs pdb
S n @ iiummg\e»LA: pRas trans<mpt
- HTG division - Nucleotide sequences ) - o ) "W Ty new Human and House datsbases
Choase dasbase © ---“““’I""“""T- Phas trasacrpt !
M from StrUCtures i .r\_' b Others 1o use rr or an evisting database.
- STS Division env_nt Human ganamic plus ranscipt B
- environmental samples RSl ECAST! L wwsravar eysaran )
New Nucleotide Databases . Protein BLAST Databases .
(e}
© z
<3 NCBI 2 z
[ 5 5
g . g
Protein
r o = ° n r
o pis - & -
s e et traditional GenBank records nr #nr
Other Databases
hﬂ___u,,w _— o » refseq = NP_, XP_
ralfseq_ganoeic o
B et homan ! * swissprot
a8_mouss
&51_othars °
ch glr;s ranscript 1% Tuo nerr Human and House dsisbases pd b
chl ot combine gence anscript Signenents in
e ANSCTPY | o epor You can i choes from  pat
manth
alu_rapaais = L o enV nr
e BLA of —




BLAST Databases: Genome-specific g Genome-specific: Map Viewer g
g S
Genomes @ Search [~ Skt Group or Orgasism B ¢
¢ Human, mouse, rat, chimp, Switch to G Viee
cow, pig- dOg- Sheep- cat B Vertebrates B Mants Search all plant maps
¢ Chicken, puffer fish, zebrafish Mammals
¢ Fly, honey bee, other insects
* Microbes, environmental
samples
¢ Plants, nematodes
¢ Fungi, protozoa, other
eukaryotes
BLAST _
Search Basics z
@
z
Save your 2
searches g

o liwt all genemic BLAST databanes

o Oryrs satve
o Bos euruy
o Danig reris
o Drossphita melancgaster

© Arabadogsis thaand

Basic BLAST

Chocse a BLAST p %run

oy BLAST s

7 & AUCleotice GalaDie USng & AUCHOtSe queny

nuclectide blast | 547

protein piags | SEATCH Brotein database usng a protein query
. . - Tip of the Day

blasts | Search profein database uLing 3 translated nuclectide query

Chacking PCR Primers

teasn | Search iranslated muchiotice 3 @ protein query

Shlasts | Searth translated nuclectice 3 4 transiated nucheotide query

Specialized BLAST

- Programs

- Databases

= Submit a search

- Interpret the results
« BLAST options

- Format options

- Examples
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Setting up a BLAST Search z > NCB maceing BLAST
@ — po— tet ra
; 3 Protein ans| RO
E)
5
g
3
3
Your request has been successfully submitted and put into the Blast Queue.
Query = gil 6680251 (269 letters)
TSR Putative conserved domains have been detected, click on the image below for detailed results,
' E o 5 200 o osa
— , ‘ VY ———
The request 1D is 114617351613 182235585244 BLASTQT
L
BLAST Output - Index Tax BLAST Report
______________JQ___ o « Lineage Report
o * Drganism Report

+ Taxonomy Report
* Help

sesuies of BLS |
Lineage Report

BLASTP 2.2.13 [Nov-27-2005]

Reference:
Altschul, Stephen F., Thomas L. Madden
Jinghui zhang, 19 Zhang, Webb Miller, a
(1587), "Gapped BLAST and PSI-BLAST: a new
3 in databas rch programs"”, Nuc

RID: 1146107336-1613-15228 244 .BLASTQL

dundant GenBank CD§
sProt+PIR+PRF excluding e

Database: All no
translations+
1,

ronmental samples
al 1 ]

have any problems or questions with the results of this search

efer to the BLAST FAQs




New Output View

W 190N

[mammals]
[mammals] Format

$9SIN01

Alignmant ¥ |in | HTML =t

miliaris (dags)

Red =

Nov 1 viridescens

Latimeria menadosnsis

AND %] All organisms

; ; New Output View
4
Graphic Overview g
S
i Transcript &
3
g Resultstce[l‘n be genomic hits
Distribution of 65 Blast Hits on the Query Sequence § SOILE separated
|Nr~1_0L“ 255 Homo sapiens COC20 cell dvzsion oycle 20 homolog (5. ¢, S=3172 E=0
Color kay for alignmant scores . D h__ . Max Total  Query E Max - |
40-50 Accession LoD score score coverage — value  ident Links
e — Transeripts
0 300 600 900 1200 1500 N 55 1 Homo saplens COC20 coll divisio | 2876~ 2876 0.0
x83294 pseydogene, chr 9 g1 | 401 82
XM 40.1 8.2
Genomic sequences [show first] \
- - - - - N1 1035.17 Homo sapiens chromosame 9 ge .o 100%
- = e .1 Homo sapiens chiro e g ge 0.0 100%
= " - Homo saplens ch Ge-117 100%
Se-117 100%
. 0.53  100%
Functional gene, chr 1 e A




Sorting Results

Resorted by
Total score
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Sorting Hits: by Score

P 190N

Sequences producing significant alignments:

Sort by Query start:
Proper exon order

(Click h 2 to sort columns)
2 Max Total Query E Max o
il | score ~ score  coverage value ident Uinks l Sort by Score:
Transcripts
i . longest exon
MM 0012551 Homo sapiens CDC20 cell divish 2876 2876 05% 0.0 o7% [EED N . usually first
XM 9330132 PREDICTED: Homo sapiens chre 40,1 40,1 1% 8.2 100% @D
*M 9349 PREDICTED: Homo sapiens chre 40,1 40,1 1% 8.2 100% O
Genomic sequences [show first]
NW 351 1 Homo sapiens chromosome 1 g 438 De-117 100% s
me 1o a8 9e-117 100%
me 9 g 26298 2673 0.0 100%
NW 924484.1 Hemo sapiens chromeseme 9 g1 260 2645 0.0 100%
MW 921807.1 Homo sapiens chromosome 3 g¢ 44.1 44,1 1% 0.53  100%
Functional gene now first
BLAST
H H s TN
Sorting Hits: by Query Start i
= z z
z Search Basics z
e @
ES E
2 2,
5 5
8 8
2
. zeference sssembly 2
- Programs 3
- Databases

Submit a search

Interpret the results
BLAST options
Format options

]

Examples




Protein search: substitution matrix

» Percent Accepted Mutation (PAM)

« Blocks Substitution Matrix (BLOSUM)

- global alignments of closely related proteins

« PAM1 calculated from sequences with no more

than 1% divergence

- Other PAM matrices are extrapolated from PAM1

- Examples: PAM30 and PAM70

Where do Scores Come From? - .
o H H [e]
& Scoring Matrices g
= ES
Nucleotide search: identity matrix
[Gequences producing Significant alignments:
Click rs to sort columns)
Accession Description ::::e —I:::: :3":;‘;‘ uf“ if::‘ Links A T C G
Transcripts A 1 -3 -3 -3
M 001255,1 Hemo saplens CDC20 cell divisic 2876 F 5% g7% [MEED
:lrkl ‘_-Jj )l PRFI'}!\'.TI!'D: Homo sapien hre )/.‘:lt Z‘|8L:l.’;-| 91!\':, :j ;:J(::‘o |G M T _3 1 _3 _3
40.1 1% 8.2 100% [E3 C -3 -3 1 -3
3010 95%  Ge-117 100% G -3-3-3 1
3002 95% Oe-117 100%
2673 A% a0 100%
PP I i oo CAGGTAGCAAGCTTGCATGTCA
— IETEEEEeeeneer i raw score = 19-9* = 10*
CACGTAGCAAGCTTG-GTGTCA
* ignores gap costs
Scoring Matrices g PAM Matrices g
z z

11



BLOSUMG62

. g 3
BLOSUM Matrices g 2
< A 4 z
g‘ L-phenylalanine (F) L-tyrodine (Y) g
* local alignments 7 J F
« all matrices based on observed alignments; not Ve, .
extrapolated X 2 6
0 -2
< BLOSUM 62 calculated from sequences with no 2
more than 62% identity 1-2
M-1-1-2-3-1 0-2-3-2 1 2-1 b
F -2 -3 -3 -2-3-3-3-1 0 0-3 0 6
O Examples: BLOSUM45, BLOSUM62 and BLOSUMS80 p-1-2- 3-1-1-2-2-3-3-1-2-4 7
S 1- -1 0 0 0-1-2-2 0-1-2-1 4
« BLOSUM®62: very good for detecting weak protein LNegative for less likely substitutionsB A s
similarities Y-2-2-2-3-2-1-2-3 2-1-1-2- -3 -2 -2 2 7
vo-3‘; 7.4f°"°|.k°| b"q‘_2_2 0-3-1 4
. - X 0 -1 ositive for more likely substitutionsp -2 0 0 -2 -1 -1 -1
* BLOSUMB62 is the default matrix in BLAST A RN D CQESG Hy T KW EPSTMWSYV X
BLOSUM62 z Substitution Matrices z
o) w
A 4 f i
R-1 5 ; S — | 5 A Provisional Table z
N-2 0 6 i J (leucine or isoleucine) and O (pyrrolysine) e g
D-2-2 1 6 g 8
c1 13 s Query Length  Substitution Matrix
E-1 0 0 2-4 2 5
G 0-2 0-1-3-2-2 6
H -2 1-1-3 0 0-2 8
1-1-3-3-3-1-3-3-4-3 4 <35 PAM30
L-1-2-3-4-1-2-3-4-3 2 4
K-1 2 0-1-3 1 1-2-1-3-2 5 35-50 PAM70
M-1-1-2-3-1 0-2-3-2 1 2-1 5 o
F-2-3-3-3-2-3-3-3-1 0 0-3 0 6 50-85 BLOSUM80
P-1-2-2-1-3-1-1-2-2-3-3-1-2-4 7
s 1-110-1 00 0-1-2-2 0-1-2-1 4 >85 BLOSUM62
T o0-10-1-1-1-1-2-2-1-1-1-1-2-1 1 5
W-3-3-4-4-2-2-3-2-2-3-2-3-1 1-4-3-211
Y-2-2-2-3-2-1-2-3 2-1-1-2-13-3-2-2 2 7 BLOSUM 80 BLOSUM 62 BLOSUM 45
v 0-33-3-1-2-2-3-3 3 1-2 1-1-2-2 0-3-1 4 PAM 1 PAM 120 PAM 250
Xxo0-1-1-1-2-1-1-1-1-1-1-1-1-1-2 0 0-2-1-1-1
AR NDT CAQEGHTI1ILIKMFZPSTWY VX Less divergent =————————————*= More divergent

12



Position-Specific Score Matrix z Position-Specific Score Matrix z
@® o
E4 E4
3 AR NDC Q B
Serine/Threonine protein kinases g P A A g
i @ 437 0 0-1 0 1 1 @
catalytic loop 8 48N -1 0-1-1 10 &
439 K -2 1 1-1-2 0
440 P -2-2-2-2-3-2
441 A 3-2 1-2 0-1
442 M -3 -4 -4 -4 -3 -4
443 A 4 -4 -4 -4 0 -4
444 H -4 -2 -1 -3 -5 -2
445 R -4 8-3-4 0-1
446 D -4 -4 -1 8 -6 -2
PENIVVES———— catalytic | 33« o o 1 581
B ATAHRDIFFENILVEk-——— loop 138% 35333
B AMAHRD TKERN IMVER-— - sy S5 sh o
453 M -4 -4 -6 -6 -3 -4
Q- GVIHRDYEFPENILINe———- 484V 3356 -3-4
P-————————— ATRHRDIEFKNT LVEk———— GeN 21304
T PLIHGDIKPANILLDg———— A B
P PIVHRDIYKEPHLLVDK-———
Weem PWVIHRD WNILLLgpies
Where do Expect Values Come From? 8 8
4 2
3 Expect Value El
§ E = number of database hits you expect to find by chance, > S §
8 i
[Fequences producing significant alignments: _ S _ Y
Click he to sort columns) E - Kmne or E = mn2
2 Total Query E Max
il " score  coverage | value |ident Uinks l
Transcripts K = scale for search space
MM 0012551 Homo sapiens CDCZ0 cell divis 2876 95% 0.0 o7% [EED 2 = scale for scoring system
XM 933013.2 PREDICTED: Homo sapi 40,1 1% 8.2 100% [ m ’ H — —
XM 944935.2 PREDICTED: Homo sapi 40.1 1% 8.2 100% [ m )"s - bltscore - ()\,S InK)/InZ
Genomic sequences [show first] m = query length
NW 921351,1 Homo saplens chromasome 1 g 428 3010 Oe-117 | 100% n = database Iength
e lgi 428 3002 9e-117 F100%
Me 9 Qi 2620 7673 100%
TS g 2001 2045 100%: .
1807.1 Homo saplens chromosome 3 g¢ 441 44.1 100% E is dependent on m x n (search space)
More info: The Statistics of Sequence Similarity Scores




BLAST

E is dependent on m x n (search space) E Search Basics z
.
low score high Expect % - Proarams g
T ?gﬁs{l(igéa?xgi;; Z 0/1%3(0% « Databases
Strand=Plus/Plus
Query 4 fT?fTﬁfTTTfT?T 18 L4 Submlt a SearCh
Shjct 4034798 GTAGCAAGCTTGCAT 403479387 . Interpret the results
- BLAST options
CAQGTAGCAAGCTTGCATHTCA - Baiial GRS
I LELRERERennr e raw score = 19-9 = 10 P
CACGTAGCAAGCTTG-GTGTCA - Examples
More info: The Statistics of Sequence Similarity Scores
Advanced Options z Other Advanced Options g
Options for svacced blasting Limit to Organism % 5;
Conpotn . For short queries: increase e and lower W &

statistics
Choose filter 7 Low ¢
Expect [in
Word Size [13]

Matrix [BLO5UME]

plccvarae
descriptions
alignments

PESM

rther

advanced ' 10000 -v 2000

PHI pattemn |

Other

advanced _—€10000-W 7 —v 2000 —b 1500

-e expect value
-W word size

-v descriptions
-b alignments

14



BLASTP — z Search Basics z
“...short, nearly exact matches” 2 :
Options for advanced blasting ° PrOg LU )
Limit by or select from: All organisms b © Databases
entrez query
Compositional [ . © Smelt a SearCh
adjustiments o adjustment =
Choose filter D Mask for lookup table only CMask lower case © Interpret the reSUItS
Expect [20000 « BLAST options
- Format options
= Lhi=nss - Examples
New’ Formatter z BLAST Output: Alignments & Filter z
— 8 g
Format § B human homolog of E. coli mutl gene product, Swiss-Prot
Show [Pl Graphical Overview 7 Linkout ] sequence Rerrieval [F] NCEI-qil Alianment %] in| HTML  ® formar % pOSitiVeS, from score

1% fornrotein.nfornusleatide). i
for protein, n for nucleotide
Lower Case

A.Ijglnn_uw
Rt

Select lower case

Formal i

PSI-BLAST

or select fromd A1 coganams £

Expect vahig ——

g

Layout: [TesWindows 2| Formalting options on page with results: |None ]

Autoformat | Se 1 ]

& = 713.935 bits |

tities = 1204131 {

matrix

T KENTHFFL’ NVHFTE
T KNTHF NVHF lhq
shbict 276 ) ENTHFFL NVHFTH 135
&n 118
554
Sbict ef: STTSLTS55T5GS: AHOMVRTDS RE! 395
2uery 118 low complexity sequence filtered

15



Alignment View Options

| —

Format

Masking Character Lowar Case * | Masking Color Grey ™

Number of: Descriptions 500 # Alignments 250

dlign  Pairwise v

Pairwise

* | Pairwise with identities
query-anchored with identities

= | query-anchored without identities
flat query-anchored with identities

— flat query-anchored without identities

"W 190N

Show  BECraphical Overview B Linkout B Sequence Retrieval FINCE-q1 Alignment = in | HTML » formal

Alignment View: Flat Query-Anchored

with ldentities

[ Getsetected sequences | [ Selectal | [ Desetectan | [ Tree View |

W 180N

Alignment View: Hit Table

# Fields: query id, subject ids, % identity, %
positives, alignment length, mismatches, gap
opens, g. start, g. end, s. start, s. end, evalue,
bit score

S8SINOAIUIN |FON

BLAST
Search Basics

- Programs

- Databases

= Submit a search

- Interpret the results
« BLAST options

- Format options

- Examples

S8SINOOIUIN |GON
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BLASTN vs BLASTP

Examples 2 - 3
z BLAST 2 SEQUENCES RESULTS VERSION BLASTP 2.2.14 [Apr-09-2006] £
§ Matrix BLOSUMEZ = gap openiln |gap extension: !
5 *_dropoff expect: 10000 wordsize: 3 Filter [ View option  Standard -
- Protein searches more sensitive than ’ Dishon COS tramlation Gl e Maskioa colof oprionlese @
nucleotide searches =
e —
- redundancy of the genetic code BLASTP
1
e blastn‘ megablast best When Searchlng NOTE Bitscore and expect value are calculated based on the size of the nr database.
within same organism
-;CJ‘:!'_ (44%), Gaps = (14%)
BLAST is a shortcut . . . z An Alignment BLAST Can Make g
2 @
. 2 Score = 290 bits (741), Expect = 7e-77
An alignment BLAST cannot make: g Identities = 147/331 (44%), Positives = 206/331 (61%), Gaps = 8/331 (2%)
4 Frame = +3

GAATATATGAAGACCAAGATTGCAGTCCTGCTGGCCTGAACCACGCTATTCTTGCTGTTG

L L o e A O AN A N
GAGTGTACGATGAGCCCGAGTGTAGCAGTGAAGATCTGGACCACGGTGTACTCGTTGTCG

i

.

61 GTTACGGAACCGAGAATGGTAAAGACTACTGGATCATTAAGAACTCCTGGGGAGCCAGTT

111 E T R o e it 1 |
61 GCTATGGTGTTAAGGGTGGGAAGAAGTACTGGCTCGTCAAGAACAGCTGGGCTGAATCCT

121 GGGGTGAACAAGGTTATTTCAGGCTTGCTCGTGGTAAAAAC

LELE L T e 11 I
121 GGGGAGACCAAGGCTACATCCTTATGTCCCGTGACAACAAC

Reason:

no contiguous exact match of 7 bp.

Query: & MEVALFFSLLVVALSASISEELGAKFCAFELENGRTTLNCALESKRFNIFTONVRALEAL 105
A4bbt 44 ¥ 44kE E L +eAFE H B4 + EE RF IFTWN T H
Spjer: 2 LRLEVLCATVAVIVAASSQE ILRTQVEAFKTTHRES TOSHMEELLPFRKIFTENSLITAKHE 61

Query: 188 NAL TONSQEEFETALTLSASREPTLETTS YVE 156
NA ¥ 4G VEYE oT v W VD
Sbjor: 62 NARTARGLVSYHLY GoSTPLPPAMNNDSSLEIND 121

r2LEE00L IBCCTD-TEAGED 533
psLsEg Lapc . G4
PELSEQNLVDCOUSFGRNGCE 101

Query: 357 UREEGRNTOVEDSA
VREMG VT VEDOH

Sojot: 132 VRERGAVTRVEDSY

Query: 534 GGSLDINFETV-NH TRVEKYTS IPAEDEDALLER 710
++b FET+ +T T AL E L+k
Sojct: 102 GGLEEDAFRTIRAN GATOTGYVE IRAGSEVDLERA 241

Query: 711 VATVGPVSVGEDAS LAVGYGTENGEDYWITINGY 884
WATVGPHEV +D A 1 VGYG + GH YWY
Smjot: 243 VATVGRISVAIDASHSSFOLYSEGYYDERECISEDLERGVLVVGYOVEGGREYULVINGY 301

Query: 845 GASRGECGTFRLAR-GENOCGISEDTVYRTI 974
SRHHIGT R BOCGIE YR 4
Shjct: 302 AESRGDOGYILRSRENNNOCOIASOASYPLY 332

17



Anopheles gambiae mitochondrion, complete genome.

BLASTN vs TBLASTX

ACCESSION NC_002084 GI:5834911

Homo sapiens mitochondrion, complete genome.
ACCESSION NC_001807 Gl:17981852

Homo sapiens

blastn

Anopheles gambiae

Homo sapiens

thlastx

Anopheles gambiae

S8SIN02IUIN | GDN

Hands-On

www.nchi.nlm.nih.gov/Class/minicourses/quickblast.html

S9SIN0OIUIN |9ON
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