Using BLAST to Compare

DNA & Protein Sequences:

Cancer Biology & BRCA1
Genetic Testing



Glossary

DNA

RNA

Genes Welcome to the BRCA1 gene and protein tutorial.

Chromosome

Tumor Click on the button "The function of BRCA1" to begin.
Suppressor

You can also access definitions in the glossary.
Mutation

T

[ Mutations in BRCA1 Can Cause Cancer

https://nwabr.org/sites/default/files/BRCA1 animation.swf



https://nwabr.org/sites/default/files/BRCA1_animation.swf

How Information from DNA is Acquired and Used for
Genetic Testing

Genetic Counselors work with patients

Patient Sample: Blood to help them decide whether to have a

or Saliva genetic test, and help them understand
the results of the test.
Lab Technicians work with patient
Extract DNA from Cells samples in the lab, purifying and

sequencing the DNA.

Sequence DNA Computational Biologists create
/\ computer programs to help biologists
analyze data.

..TTCACCAACAGGCCCACA..
- Reference ..TTCACCAACATGCCCACA. Biomedical Researchers perform
Compare Patient F T N M P T experiments with patient samples to
DNA Sequence to _ find different variations of genes that
Reference Sequence Patient  ..TTCACCAACAGGCCCACA.. might cause disease.

F T N R P T

Search Database to
Determine whether
Patient Mutation is
Associated
with Disease

Bioengineers help create tools and
treatments for patients with various
diseases. Medical Doctors and
Veterinarians use the knowledge gained
from genetic testing to care for their
patients.




The BRCA1 Gene

ATGGATTTATCTGCTCTTCGCGTTGAAGAAGTACAAAATGTCATTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGGAGTTGATCAAGGAACCTGTCTCCACAAAGTGTGACCACAT ATTTTGCAAATTTTGCATGCTGAAACTTCTCAACCA
GAAGAAAGGGCCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAACTTGTTGAAGAGCTATTGAAAATCATTTGTGCTTTTCAGCTTG ACACAGGTTTGGAGTATGCAAACAGCTATAATTTTG
CAAAAAAGGAAAATAACTCTCCTGAACATCTAAAAGATGAAGTTTCTATCATCCAAAGTATGGGCTACAGAAACCGTGCCAAAAGACTTCTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGTCTCAGTGTCCAACTCTCTAACCTTGGAACT
GTGAGAACTCTGAGGACAAAGCAGCGGATACAACCTCAAAAGACGTCTGTCTACATTGAATTGGGATCTGATTCTTCTGAAGATACCGTTAATAAGGCAACTTATTGCAGTGTGGGAGATCAAGAATTGTTACAAATCACCCCTCAAGGAACCAGGGATGA
AATCAGTTTGGATTCTGCAAAAAAGGCTGCTTGTGAATTTTCTGAGACGGATGTAACAAATACTGAACATCATCAACCCAGTAATAATGATTTGAACACCACTGAGAAGCGTGCAGCTGAGAGGC ATCCAGAAAAGTATCAGGGTAGTTCTGTTTCAAACT
TGCATGTGGAGCCATGTGGCACAAATACTCATGCCAGCTCATTACAGCATGAGAACAGCAGTTTATTACTCACTAAAGACAGAATGAATGTAGAAAAGGCTGAATTCTGTAATAAAAGCAAACAG CCTGGCTTAGCAAGGAGCCAACATAACAGATGGGCT
GGAAGTAAGGAAACATGTAATGATAGGCGGACTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCCCCTGTGTGAGAGAAAAGAATGGAATAAGCAGAAACTGCCATGCTCAGAGAATCC TAGAGATACTGAAGATGTTCCTTGGATAACACTAAA
TAGCAGCATTCAGAAAGTTAATGAGTGGTTTTCCAGAAGTGATGAACTGTTAGGTTCTGATGACTCACATGATGGGGAGTCTGAATCAAATGCCAAAGTAGCTGATGTATTGGACGTTCTAAATG AGGTAGATGAATATTCTGGTTCTTCAGAGAAAATAG
ACTTACTGGCCAGTGATCCTCATGAGGCTTTAATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTGAAGACAAAATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTC CCCAACTTAAGCCATGTAACTGAAAATCTAATTATA
GGAGCATTTGTTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAGCGTAAAAGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAGAAAGCAGATTTGGCAGT TCAAAAGACTCCTGAAATGATAAATCAGGGAACTAA
CCAAACGGAGCAGAATGGTCAAGTGATGAATATTACTAATAGTGGTCATGAGAATAAAACAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAATAGAATCACTCGAAAAAGAATCTG CTTTCAAAACGAAAGCTGAACCTATAAGCAGCAGTA
TAAGCAATATGGAACTCGAATTAAATATCCACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGTCTTCTACCAGGCATATTCATGCGCTTGAACTAGTAGTCAGTAGAAATCTAAGCCCACCTAATTGTACTGAATTGCAAATTGATAGTTGT
TCTAGCAGTGAAGAGATAAAGAAAAAAAAGTACAACCAAATGCCAGTCAGGCACAGCAGAAACCTACAACTCATGGAAGGTAAAGAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGA ACAGACAAGTAAAAGACATGACAGCGATACTTTCCC
AGAGCTGAAGTTAACAAATGCACCTGGTTCTTTTACTAAGTGTTCAAATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAGAGAAGAAAAAGAAGAGAAACTAGAAACAGTTAAAG TGTCTAATAATGCTGAAGACCCCAAAGATCTCATGT
TAAGTGGAGAAAGGGTTTTGCAAACTGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATGGCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCACTCTAGGGAAG GCAAAAACAGAACCAAATAAATGTGTGAGTCAGTGT
GCAGCATTTGAAAACCCCAAGGGACTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGGGACATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAAT GGAAGAAAGTGAACTTGATGCTCAGTATTTGCAGAA
TACATTCAAGGTTTCAAAGCGCCAGTCATTTGCTCCGTTTTCAAATCCAGGAAATGCAGAAGAGGAATGTGCAACATTCTCTGCCCACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCACTT TTGAATGTGAACAAAAGGAAGAAAATCAAGGAAAGA
ATGAGTCTAATATCAAGCCTGTACAGACAGTTAATATCACTGCAGGCTTTCCTGTGGTTGGTCAGAAAGATAAGCCAGTTGATAATGCCAAATGTAGTATCAAAGGAGGCTCTAGGTTTTGTCTA TCATCTCAGTTCAGAGGCAACGAAACTGGACTCATT
ACTCCAAATAAACATGGACTTTTACAAAACCCATATCGTATACCACCACTTTTTCCCATCAAGTCATTTGTTAAAACTAAATGTAAGAAAAATCTGCTAGAGGAAAACTTTGAGGAACATTCAAT GTCACCTGAAAGAGAAATGGGAAATGAGAACATTCC
AAGTACAGTGAGCACAATTAGCCGTAATAACATTAGAGAAAATGTTTTTAAAGAAGCCAGCTCAAGCAATATTAATGAAGTAGGTTCCAGTACTAATGAAGTGGGCTCCAGTATTAATGAAATAG GTTCCAGTGATGAAAACATTCAAGCAGAACTAGGTA
GAAACAGAGGGCCAAAATTGAATGCTATGCTTAGATTAGGGGTTTTGCAACCTGAGGTCTATAAACAAAGTCTTCCTGGAAGTAATTGTAAGCATCCTGAAATAAAAAAGCAAGAATATGAAGAA GTAGTTCAGACTGTTAATACAGATTTCTCTCCATAT
CTGATTTCAGATAACTTAGAACAGCCTATGGGAAGTAGTCATGCATCTCAGGTTTGTTCTGAGACACCTGATGACCTGTTAGATGATGGTGAAATAAAGGAAGATACTAGTTTTGCTGAAAATGA CATTAAGGAAAGTTCTGCTGTTTTTAGCAAAAGCGT
CCAGAAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTTCACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGGATGAAGAGC TTCCCTGCTTCCAACACTTGTTATTTGGTAAAGTAA
ACAATATACCTTCTCAGTCTACTAGGCATAGCACCGTTGCTACCGAGTGTCTGTCTAAGAACACAGAGGAGAATTTATTATCATTGAAGAATAGCTTAAATGACTGCAGTAACCAGGTAATATTG GCAAAGGCATCTCAGGAACATCACCTTAGTGAGGAA
ACAAAATGTTCTGCTAGCTTGTTTTCTTCACAGTGCAGTGAATTGGAAGACTTGACTGCAAATACAAACACCCAGGATCCTTTCTTGATTGGTTCTTCCAAACAAATGAGGCATCAGTCTGAAAG CCAGGGAGTTGGTCTGAGTGACAAGGAATTGGTTTC
AGATGATGAAGAAAGAGGAACGGGCTTGGAAGAAAATAATCAAGAAGAGCAAAGCATGGATTCAAACTTAGGTGAAGCAGCATCTGGGTGTGAGAGTGAAACAAGCGTCTCTGAAGACTGCTCAG GGCTATCCTCTCAGAGTGACATTTTAACCACTCAGC
AGAGGGATACCATGCAACATAACCTGATAAAGCTCCAGCAGGAAATGGCTGAACTAGAAGCTGTGTTAGAACAGCATGGGAGCCAGCCTTCTAACAGCTACCCTTCCATCATAAGTGACTCTTCT GCCCTTGAGGACCTGCGAAATCCAGAACAAAGCACA
TCAGAAAAAGCAGTATTAACTTCACAGAAAAGTAGTGAATACCCTATAAGCCAGAATCCAGAAGGCCTTTCTGCTGACAAGTTTGAGGTGTCTGCAGATAGTTCTACCAGTAAAAATAAAGAACC AGGAGTGGAAAGGTCATCCCCTTCTAAATGCCCATC
ATTAGATGATAGGTGGTACATGCACAGT TGCTCTGGGAG T CT TCAGAA T AGA A A G A e oottt ittt o D G A CC AN CACCTCCGAAGAGTCTGGGCCAC ACGATTTGACGGAAACATCTTACTTGCCAAGGCAAG
ATCTAGAGGGAACCCCTTACC LG oAk R TCAGCCTCTTCTCTGATGACCCTGAATCTGATCCTTCTGAAGACAGAGCCCCAGAGTCAGCTCGTGTTGGCAACATACCATCTTCAACCTCT G M e L CCAATTGAAAGTTGCAGAATCT
GCCCA! GCTGCTCATACTACTGATACTGCTGGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACAAAAGAATGTCCAT GGTGGTGTCTGGCCTGACCCCAR TATGCT
GTACAAGTTTGCCAGAAAACACCACATCACTTTAACTAATCTAATTACTGAAGAGACTACTCATGTTGTTATGAAAACAGATGCTGAGTTTGTGTGTGAACGGACACTGAAATATTTTCTAG GAATTGCGGGAGGAAAATGGGTAGTTAGCTAT
GGGTGACCCAGTCTATTAAAGAAAGAAAAATGCTGAATGAGCATGATTTTGAAGTCAGAGGAGATGTGGTCAATGGAAGAAACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAGGACAGAAAGATCTTCAGGGGGCTAGAAATCTGTTGCTATGGGCCC
TCACCAACATGCCCACAGATCAACTGGAATGGATGGTACAGCTGTGTGGTGCTTCTGTGGTGAAGGAGCTTTCATCATTCACCCTTGGCACAGGTGTCCACCCAATTGTGGTTGTGCAGCCAGA TGCCTGGACAGAGGACAATGGCTTCCATGCAATT
AGGCACCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCCAGATCCCCCACAGCCACTACTGA
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http://research.nhgri.nih.gov/projects/bic/Member/brca1_mutation_database.shtml



Pencil Transferase Domains

Pencil-Binding
Domain
l /
S 0O \
Handle Handle
Domain Domain
Lineal’ Handle Handle

Pencil-Binding Domain

Domain Domain

Structure:




BRCA1 Protein Domains

BRCT BRCT
domain domain

DNA Binding Domain

Protein-Protein
Binding Domains

Adapted from Wu et al. 2003.
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Wikimedia Commons, courtesy of NHGRI
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Alpha helix

Levels of protein organization

Primary protein structure
is sequence of a chain of amino acids

Secondary protein structure
occurs when the sequence of amino acids
are linked by hydrogen bonds

Tertiary protein structure
occurs when certain attractions are present
between alpha helices and pleated sheets.

Quaternary protein structure
is a protein consisting of more than one
amino acid chain.



Basic Local Alignment Search Tool

Home Recent Results 54

BLAST ~

Basic Local Alignment Search Tool

QuickBLASTP
BLAST finds regions of similarity between biological sequences. The program Try QuickBLASTP for a fast protein search of r.
compares nucleotide or protein sequences to sequence databases and
calculates the statistical significance. Learn more Tue, 23 May 2017 13:00:00 EST El More BLAST news...
Web BLAST

Human Mouse Rat Microbes

http://blast.ncbi.nim.nih.gov/Blast.cgi



A Tool for Comparing
Primary Sequence Information

Compare Two or More Compare a Sequence “Query”
Sequences to One Another to an NCBI Database

Sequences producing significant alignments:

Select All Mone Selected:0 UB Your wewss o herted o recordy mscheg esier Guey: ¥ (S 801 (Momo e LECNT |
i - ) 52 wc Tenore Swoe Sewch Srwwpes Comesgiecions Downces >
1 Alignments Nucle ctide Seque e (1542 letters)
Description Torres sancsa)
[T Father BRCA1 DNA Seguence e eyt e -
¥ GTSE"\: Summa '}
Digdebrol 100Skst Hisonthe Query Bouence 3
Moums v e the e, cck i swstoumats
. Caler kay for alignmant seoras
|Alignments 05 5
Qu"v‘#
o 300 600 200 1200 1500
Query 1 CTETACAACTTTECCAE CACCACATCACTTTAACTARTCTAATTACTGARGAGACT &0
B &0
Query &1 ACTCATCTTCTTATCARAACACATCCTEACTTTETCTETCAACCCACACTEARATATTTT 120
L= 120
Query 121 CTACCAATTCCCCEACCAARATCCCTACTTACCTATTTCTCECTCACCCACTCTATTAAR 180
E5833 121 180
Query 181 GRARGARRRRRTECTERARTERCGCATGATTITIGARCTCACRCCAGATETECTCARATEERRACE 240
E383F  L18L 240
Query 241 AACCACCARCCTCCAARCCCACCRACACAATCCCACCACACRARRCATCTTCACCGEECTA 300
S9883 241 el 300
Query 301 GARATCTGTTGCTATEGECCCTTCACCARCATECCCACAGATCAACTECARTEEATEETA 360
d8383 301 ... ... ... LTI 380
Query 361 CACCTCTETCETECTTCTETCCTEAACCACCTTTCATCATTCACCCTTCECACACETETC 420
dsmes 3el ... T 420
¥ Dés:ngbons
Query 421 CACCCRATTCTGETTCTECACCCACATECCTCCACACACCACAATCECTTCCATCCAATT 480 s o o e e sk o> e S vl (1
dsasd a21 LTI 230

Sazuences smducieg wgaeant wigamens

Query 481 GEECAGATGIGTGAGECRCCIGTGETEACCCEACACTEEETETITCGEACACTETACCACTC 540
5= 1= = 540

Query 541 TACCACTGCCRAGEAGCTGEACACCTACCTGATACCCCAGATCCCCCACAGCCACTACTGRE &00
== = €00




Terminology

* Query Sequence:
e Same root as “question”
 Sometimes called a “reference sequence”
* The sequence to which other sequences are compared
* Independent or control variable.

* Subject Sequence:
* The sequence being compared
* Dependent or experimental variable

* BLAST Scores

 Max Score, Total Score
* Query Coverage
* Percent Identity



The “Local” in Local Search Tool

Local alignment Global alignment
THEFATCATSPATATPAT THEFATCATSPATATPAT
| |
THECATBITPAT THECATBIT- PAT

Sequences are broken into “words”
Defaults vary by program (11-28 bases or amino acids)

BLAST looks for word matches, then tries to extend those
words
Proteins:

e BLAST Scoring Table contains the probability of each amino acid
being replaced with another amino acid (ex: ELVIS vs. ELVES)

Nucleotides:

* Plus points where Nucleotides match, minus points where they do
not match [default is adjustable]



How to BLAST

Comparing Two or More
Sequences to One Another

Homs  RecantRessuts | saved strstspes | Heip
» NCEW BLAST! bisstn sulte Align Sequences Nucleotide BLAST

| [bwstn |_pisstp | pissts | foasctn | toisste

Compare a Sequence “Query”
to an NCBI Database

BLASTN n usnga
Enter Query Sequence 2
Enter accession number(s), gifs), or FASTA @ cisar  Query subrange
From
To
Or, upload file

Job Title

[¥] tign two or more sequences @

Enter Subject Sequence
Enter accession number(s), gis), or FASTA sequence(s) & ciear  Subject subrange 4
From
To

O, upload file B P

Program Selection

Optimize for

 prighiy simils
© More
C som

Coooseal

quences (megablast)

ilar

m uences {discontiguous megablast)

jhat similar sequences (blastn)

sTal

‘Search nucleotide sequence using Megablast (Optimize for highly similar sequences)

B results In 2 s window

(3 algorithm parameters

BLAST
Home | RecentResults ~Saved Strategies Help

o

-

» NCBI BLAST/ blastn suite

| blastn | blastp | blastx | thlastn | thiastx |

BLASTN prog search i using a
Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Clear
IATGCCGGCA

Query subrange &
El From
To

|

Or, upload file

l— Browse...

Job Title I

Enter a descriptive title for your BLAST search &

[~ Align two or more sequences &

Choose Search Set

Database € Human genomic + transcript ¢ Mouse genomic + transcript ¢ Others (nr etc_):
+ | Nucleotide collection (nr/nt) Fle
" Genomic plus Transcript

g;?l:::fm I_ Human genomic plus transcript (Human G+T) [T Exclude .+

Mouse genomic plus transcript (Mouse G+T) lop taxa will be shown. &
Other Databases

Exclude | Nucleotide collection (nvnt) _____ CECHIEIEES

Opticesl Reference mRNA sequences (refseq_rna)

Entrez Query Reference genomic sequences (refseq_genomic)

Optional NCBI Genomes (chromosome)

Expressed sequence tags (est)

Non-human, non-mouse ESTs (est_others)
Genomic survey sequences (gss)

Sy High throughput genomic sequences (HTGS)

Patent sequences(pat)

Protein Data Bank (pdb)

Human ALU repeat elements (alu_repeats) t)

Sequence tagged sites (dbsts)

Whole-genome shotgun reads (wgs)

Environmental samples (env_nt

Optimize for




Available Genomes & Databases

BLAST Assembled Genomes

Find Genomic BLAST pages:

Human
Mouse

I
I
OO O oo o

BEEE

Rabbit
Chimp
Guinea pig
Fruit fly

Honey bee
Chicken

OO o oo o

OO 0O oOoOo O

Zebrafish

Clawed frog
Arabidopsis
Rice

Yeast
Microbes

o EASTY
-

Home  Recent Results

Saved Strategies  Help

blastn | blastp | blastx
Enter Query Seq

Enter accession num

Or, upload file
Job Title

I Align two or more

Choose Search §

Database

Genomic plus Transcript
Human genomic plus transcript (Human G+T)
Mouse genomic plus transcript (Mouse G+T)
Other Databases
Nucleotide collection (nrint)
Reference RMA sequences (refseq_ma)
Reference genomic sequences (refseq_genomic)
RefSeq Representative genomes (refseq_representative_genomes)
NCEI| Genomes (chromosome)
Expressed sequence tags (est)
Genomic survey sequences (gss)
High throughput gencmic sequences (HTGS)
Patent sequences(pat)
Protein Data Bank (pdb)
Human ALU repeat elements (alu_repeats)
Sequence tagged sites (dbsts)
Whole-genome shotgun contigs (wgs)
Transcriptome Shotgun Assembly (TSA)
165 ribosomal RMNA sequences (Bacteria and Archaea)
Sequence Read Archive (SRA)

1y subrange ©
]
I

]

(nretc.):

Muclectide collection (nr/nt)

.@I

ide databases using a nuc




BLAST Results Homepage

{6 i blast.neched ndomnil, goseBlast « a 2 % 0 n
B A ool watane of P UinBed Slafes Gowrrmenl Here's i v BRGe S

National Library of Medicin Log In

BLAST ™ = blastn suite-2sequences » results for RID-8G1THAX3114 Home Recent Results Sawved Strategies Help
e Séar ST 0 How 1o read this repon? I BLAST Help Videos  "DiBack 1o Tradilonal Resuls Page
Job Title BRCA1_Reference DMA_Sequence Filter Results

- Dowmload &A1Y percent Identity E value Query Coverage
Pragram Blast 2 sequences  Citation v ® o -
Query ID Ied| Crsry_ 19058 (dna) L - -

Query Descr BRCAT_Rafarence DNA_Sequence m

Query Length G0

Length

Other reports  MSA viewar @

Graphic Summanry Alignments Dot Plat

Sequences producing significant alignments Download ~  Selectcolumns ~ Show 100% | @
select all 1 sequences seiecied Giaphics NS e
Daacrciion Scianihc Maa Mz Tos Ouery E Per A p— l

e = Score Score Cover vabse ldemt  Len
v




BLAST Results: Descriptions & Scores

T — T T

Subject Descr  See details v

Subject 2807
Length
Graphic Summary Alignments
Sequences producing significant alighments Download ™ Select columns '  Show e
select all 6 sequences selected Graphics Distance tree of results  Multiple alignment MSA Viewer
D inti Scientific N Max  Total Query E Per  Acc. )
esclp on cwenIE ame Score Score Cover value Ident Len  /\Ccession
v v b4 v v v
Patient A17 956 956 100% 00 9979% 469 Query_ 325421
Patient A13 956 956 100% 00 9979% 469 Query 325420
Patient A12 956 956 100% 00 9979% 469 Query 325410
Patient A11 956 956 100% 00 9979% 469 Query 325418
A/California/07/2009(H1N1)-2011-2016 Vaccine 941 941 100% 00 97.01% 469 Query 325416
A/Brisbane/59/2007(H1N1)-2008-2010 Vaccine 773 773 98% 0.0 8074% 462 Query 325417




BLAST Results: Graphic Summary —

Multiple Sequence Alignment of Sample

Sequences

@ blast.ncbinlm.nih.gov/Blast.cgi

ey e m - —

e e

e

Subject Descr  See details v

Subject 2807
Length

Descriptions Graphic Summary Alignments

& hover to see the tille W click to show alignments

6 sequences selected 9

Alignment Scores <40 [JH40-50 []50-80 [W80-200 [ >=200
Distribution of the top & Blast Hits on 6 subject sequences

Query
| | | | | |
180 270 360 450

@

Dot Plot

Descriptions Graphic Summary Alignments

& hover to see the title W click to show alignments

1 sequences selected 0

Alignment Scores [l <40 [M40-50 []50-80 [M80-200 [M>=200 @

Distribution of the top 2 Blast Hits on 1 subject sequences

uel
le | 1

| I I
1 90 180 270 360 450




BLAST Results: Graphic Summary —
ldentifying a Sequence in the NCBI Database

@ blast.ncbi.nlm.nih.gov/Blast.cgi

B An official website of the United States government Here's how you know v

National Library of Medicine

National Center for Bi gy Information

BLAST®» blastp suite » results for RID-6AZ66FHP013

Search Summary v

@ How to read this report?

Home

D BLAST Help Videos

Recent Results

‘DBack to Traditional Results Page

Saved Strategies

[ ] excluge

‘ Type common name, binomial, taxid or group name

Help

E value

Query Coverage

|=|

]

Job Title A/Michigan/d5/2015 (H1N1)-2017-Present Filter Results
RID 6AZE6FHPO13  ssarch expires on 04-26 00:37 sm Download All v
Program BLASTP @ Citation v Organism  oniy top 20 will sppesr
Database nr See details v
+ Add organism
Query ID Icl|Query_87755
Description A/Michigan/45/2015 (H1N1)-2017-Present Vaccine Percent Identity
Molecule type  amino acid | | to ‘ ‘ |
Query Length 469

Other reports

Distance tree of results Multiple alignment MSA viewer (2]

. i x
‘ Compare these resulis against the new Clustered nr database @ m ‘
Descriptions Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download Select columns ~  Show (7]
select all 100 sequences selected GenPept  Graphics Distance tree of results  Multiple alignment MSA Viewer
y L Max Total Query E Per. Acc.
Description Scienfific Name
vD - Score Score Cover  value ident | Len | Accession
- - - - - v

neuraminidase [Influenza A vius (AlndiaPun151245/2015HTH1)}] Influenza A virus (Afndia/Pun151245/2015(H1N1)} 957 957 100% 0.0 100.00% 469 AKE37534.1
neuraminidase [Influenza A vius (AMNorth Dakota/01/2016(H 1M 1)) Influenza A virus (AMNorth Dakota/01/2016(H1M1}) 957 957 100% 0.0 99.79% 469 ANE. 03.1
neuraminidase [Influsnza & vius (A/Sistan/57/2015(H1M1)]] Influenza A virus (A/Sistan/572015H1M1)} 957 957 100% () 99.79% 469 AMAG5394 1
neuraminidase [Influenza & virus (AMontana/03/2016(H1NT )] Influenza A virus {AMontana/03/2016{H1N1)) 957 957 100% 00 99.79% 469 ANE. 1
neuraminidase [Influenza A virus (AMNIrginia/152016(H1N1)3] Influenza A virus (AMNirginia152016(H1MN1)) 957 857 100% 0.0 99.79% 469 ANM90534.1
neuraminidase [Influsnza A vius (AfndiaMMRDE GWL98%/2015(H1N1))] Influgnza A virus (Alndia/DRDE GWI989/2015(H1M1)) 857 857 100% () 99.79% 469 ANC2585341
neuraminidase [Influsnza A virus (Aflndiana/01/2016(H 1M 1})] Influenza A virus {Afndiana/01/2016(H1M1)} 957 957 100% 0o 99.79% 469 ANE28407 1
neuraminidase [Influenza A vinus (A/Californiai123/2016(H1M1))] Influenza A virus {A/California/123/2016H1M1)) 957 957 100% 0.0 99.79% 469 AOZS86020.1
neuraminidase [Influenza A virus (Afldaho/43/2015(H1N1))] Influenza A virus {Afldaho/43/2015(H1N1}) §57 857 100% 0.0 99.79% 469 ANE27318.1
neuraminidase [Influenza A vius (ARhode Island/03/2016(HTN1 )] Influenza A virus (A/Rhode Igland/03/2016(H1M1}) 957 957 100% 0.0 99.79% 469 ANE29500.1
neuraminidase [Influenza A virus (A/Czech Republic/7/2016(H1M1))] Influenza A virus {A/Czech Republic/7/2016(H1M1)) 957 857 100% 0.0 99.79% 489 AMP44463.1




Descriptions Graphic Summary

Alignment view | Pairwise V| 9|Restoredefaults|

6 sequences selected @

& Download v Graphics

Patient A17
Sequence ID: Query_325421 Length: 469 Number of Matches: 1

Range 1: 1 to 469 Graphics

Score Expect Method Identitias ositives Gaps
956 bits(2470) 0.0 Compositional matrix adjust. 468/469(99%) 469/469(100%) 0/469{0%)

Query 1 MNPNQKIITIGSICMTIGMANLILQIGHNIISIWVSHSIQIGHNQSQIETCHQSVITYENNT 68
MNPHNQKIITIGSICMTIGMANLILQIGNIISIWVSHSIQIGNQSQIETCNQSVITYENNT
Sbhjct 1 MNPNQKIITIGSICMTIGMANLILQIGNITISIWVSHSIQIGHNQSQIETCHNQSVITYENNT 68

Query 61  WVNQTYVNISNTNFAAGQSVYVSVKLAGNSSLCPVSGWATYSKDNSVRIGSKGDVFVIRERP 128
WVNOTYVNISHTNFAAGQSVVSVKLAGNSSLCPVSGWATY SKDNSVRIGSKGDVFVIREP
Sbjct 61  WVNQTYWNISNTHNFAAGQSVVSVKLAGNSSLCPVSGWAIYSKDNSVRIGSKGDVFVIRER 128

Query 121 FISCSPLECRTFFLTQGALLNDKHSNGTIKDRSPYRTLMSCPIGEVPSPYNSRFESVAWS 188
FISCSPLECRTFFLTQGALLNDKHSNGTIKDRSPYRTLMSCPIGEVPSPYNSRFESVANS
Sbjct 121 FISCSPLECRTFFLTQGALLMNDKHSNGTIKDRSPYRTLMSCPIGEVPSPYNSRFESVAWS 18@

Query 181 ASACHDGINWLTIGISGPDSGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCFT 248
ASACHDGINWLTIGISGPDSGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCFT
Sbjct 181 ASACHDGINWLTIGISGPDSGAVAVLKYNGIITDTIKSWRNNILRTQESECACVNGSCFT 248

Query 241 IMTDGPSDGOASYKIFRIEKGKIIKSVEMKAPNYHYEECSCYPDSSEITCVCRDNWHGSN @@
IMTDGPSDGOASYKIFRIEKGK I IKSVEMKAPNYHYEECSCYPDSSEITCVCRDNIWHGSN
Sbjct 241 IMTDGPSDGQASYKIFRIEKGKIIKSVEMKAPNYHYEECSCYPDSSEITCVCRDMWHGSN 382

Query 381 RPWVSFNQNLEYQMGYICSGVFGDNPRPNDKTGSCGPVSSNGANGVEGFSFICYGNGVIWIG 360
RPUVSFNQNLEYQ+GYICSGVFGDNPRPNDK TGS CGPYS SNGANGYKGF SFICYGNGYIWIG
Sbjct 3@1 RPWVSFNQNLEYQVGEYICSGVFGDNPRPNDKTGSCGPVSSNGANGVKGFSFKYGNGVIWIG 368

Query 361 RTKSISSRKGFEMIWDPNGWTGTDNKFSIKQDIVGIMEWSGYSGSFVQHPELTGLDCIRP 428

RTKSISSRKGFEMIWDPNGWTGTDNKFSIKQDIVGINEWSGYSGSFYQHPELTGLDCIRP
Sbjct 361 RTKSISSRKGFEMIWDPNGWTGTDNKFSIKQDIVGINEWSGYSGSFVQHPELTGLDCIRP 428
Query 421 CFWVELIRGRPEENTIWTSGSSISFCGVNSDTVGWSWPDGAELPFTIDK 469

CFWVELIRGRPEENTIWTSGSSISFCGVNSDTVGWSWPDGAELPFTIDK
Sbjct 421 CFWVELIRGRPEENTIWTSGSSISFCGVNSDTVGWSWPDGAELPFTIDK 469

& Download v Graphics

Patient A13
Sequence ID: Query_325420 Length: 469 Number of Matches: 1

Range 1: 1 to 469 Graphics

Score Expect Method Identitias Positives Gaps
956 bits(2470) 0.0 Compositional matrix adjust. 468/469(99%) 469/469(100%) 0/465({0%)

Query 1 MNPNQKIITIGSICMTIGMANLILQIGNIISIWVSHSIQIGHNQSQIETCHQSVITYENNT 68
MNPHNQKIITIGSICMTIGMANLILQIGNIISIWVSHSIQIGNQSQIETCNQSVITYENNT
Sbjct 1 MNPHNQKIITIGSICMTIGMANLILQIGNIISIWVSHSIQIGHQSQIETCHNQSVITYENNT 68

Query 61 WVNQTYVHISNTNFAAGQSVVSVKLAGNSSLCPVSGWATYSKDNSVRIGSKGDVFVIRER 128

Pairwise
Comparisons &
Default Alignmen
Format



Reformatting Results Creates Custom Views:
Query-Anchored with Dots for Identities

Descriptions Graphic Summary Alignments

Alignment view | _Query-anchored with dots for identities v

Painwise

Pairwise with dots for identities
Query-anchored with dots for identities 5

2. Download™x, jry_anchored with letters for identities v Next E

Query range 1:| Flat query-anchored with dots for identities

| Line length: [ 60 v | © [Restore defaults] Download ~

Query Flat query-anchored with letters for identities [GNQSQIETCNQSVITYENNT €@
Query 32542] S rr e e T e e e T T T T T T T T T T T T T T s s s s a st aa s ana e i)
Query 325428 1 L. ii s e saasaaaa e s e e a e a s r s e 6@
Query 325419 1 it it ia e saea s aasaaaaaaaas s e e aa e s L)
Query 325418 1 ...ttt i iaasae e rasaaaaasaaaaasarasaaaaa e L)
Query 325416 1  ............ Vi sanaansnnsnnanan I..... I o8
Query_ 325417 1 ... STA..ITS M. enevnnnns T T.5.HMNTGI...RI..... 5 o8
2 Download ¥ Next & Previous & First Range

Query range 2: 61 to 120
Query 61 WWHQTYVNISNTHFALGQSYVSVE LAGNSSLCPYSGWATYSKDNSVRIGSKGDVFVIRERP 128

Query 325421 &1 120
Query_ 325420 &1 120

Query 325419 &1 120

Query 325418 61 120

Query 325416 61 120

Query_ 325417 &1 120

2 Download + ¥ Next & Previous & First Range

Query range 3: 121 to 180

Query 121 FISCSPLECRTFFLTQGALLMDKHSNGTIKDRSPYRTLMSCPIGEVPSPYNSRFESVAWS 180

QUERY 325421 121  ttttee e e nnn o nan e a e n e e e e 180

T b e s s 180

O . = e 180

T b= - s s 180

QUEPY 325416 L2T ettt e an e ee e e e e e e m e et e e e e e e 180

Query_ 325417 121 .....H...ooiiiiiinnainnnnn L P LA Kovivunn 188




Examples of Query Sequences

* Genetic Testing: Comparing a patient’s BRCA1 gene
sequence to a sequence known not to contain cancer-
causing mutations

* DNA Barcoding: Comparing your DNA sequence to all
of the DNA sequences in the NCBI database to identify
your unknown sample

* Evolution: Compare the human sickle cell allele
[hemoglobin genotype AS] to the hemoglobin gene
from other species to predict if other species get sickle
cell disease



BLAST Scores: Query Coverage

Query Coverage: Where does the match start and where does it end?

Which alighment has the highest query coverage?

. areeaTaceT 2. ATGCCGACAG
TGAGATGATC AGCGGCAACAG
3. ATGGATAAGT 4. ATGCCGATTC

TGGGATGATC AGGGCAACAG



BLAST Scores: Query Coverage

Query Coverage: Where does the match start and where does it end?

Which alighment has the highest query coverage?

1. ATGGATACGT

TGAGATGATC
Query Coverage = 3/10 = 30%

3. ATGGATAAGT

TGGGATGATC
Query Coverage = 6/10 = 60%

2. ATGCCGACAG

AGGGCAACAG

Query Coverage = 10/10 = 100%

4. ATGCCGATTC

AGGGCAACAG

Query Coverage = 7/10 = 70%



BLAST Scores: Percent ldentity

Percent Identity: Where the query and subject sequences align, how
much of the alignment is identical?

Which alignment has the highest percent identity?
(= Number of matches / Length of Query Coverage)

1. ATGGATACGT

TGAGATGATC
Query Coverage = 3/10 = 30%

3. ATGGATAAGT

TGGGATGATC
Query Coverage = 6/10 = 60%

2. ATGCCGACAG

AGGGCAACAG

Query Coverage = 10/10 = 100%

4. ATGCCGATTC

AGGGCAACAG

Query Coverage = 7/10 = 70%



BLAST Scores: Percent ldentity

Percent Identity: Where the query and subject sequences align, how
much of the alignment is identical?

Which alignment has the highest percent identity?
(= Number of matches / Length of Query Coverage)

1. ATGGATACGT

TGAGATGATC

Query Coverage = 3/10 = 30%
Percent Identity = 3/3 = 100%

3. ATGGATAAGT

TGGGATGATC

Query Coverage = 6/10 = 60%
Percent Identity = 5/6 = 83%

2. ATGCCGACAG

AGGGCAACAG

Query Coverage = 10/10 = 100%
Percent Identity = 7/10 = 70%

4. ATGCCGATTC

AGGGCAACAG

Query Coverage = 7/10 = 70%
Percent Identity = 4/7 = 57%



BLAST Scores: Use Together

Look at query coverage and percent identity together

Which alighment shows the best match?

1. ATGGATACGT

TGAGATGATC

Query Coverage = 3/10 = 30%
Percent Identity = 3/3 = 100%

3. ATGGATAAGT

TGGGATGATC

Query Coverage = 6/10 = 60%
Percent Identity = 5/6 = 83%

2. ATGCCGACAG

AGGGCAACAG

Query Coverage = 10/10 = 100%
Percent Identity = 7/10 = 70%

4. ATGCCGATTC

AGGGCAACAG

Query Coverage = 7/10 = 70%
Percent Identity = 4/7 = 57%




BLAST Scores: E-Values

E-Value: How likely is our result? Could it be due to chance?

An E-value is essentially the same as a p-value.
p = 0.05 means that 5% of the time (1 in 20) you will see this result
even if it’s not “true” (it’s due to random chance)

& Descriptions

Sequences producing significant alignments:
Select: All Mone Selected:0

i1 Alignments Fo
Description h::}:e T:::L szer:[ uallfue ldent | Accession

mosemerie \What is the likelihood that this result is due to chance? | ¢ 46 100% de180 9% 4714

[ mTomato-RFP 70.9 709 100% 2e-19 28% 47135

T mGrapel-CFP 628 628 95% le-16 25% 47196

[T pLime-GFP 487 487  99% 1e-180 99% 47197

[T pBlueberry-BFP 489 489 100% 0.0 98% 47198

[T mTangerine1.5 701 701 100% 3e-19 29% 47199

I mChery-RFP 71.6 716 100% 8e-20 29% 47200

" mOrange-OFP 747 TAT 100% 8e-21 29% 47201
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