
Using BLAST to Compare 
DNA & Protein Sequences:

Cancer Biology & BRCA1 
Genetic Testing



Understanding BRCA1 & Cancer

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

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


Reference …TTCACCAACATGCCCACA…

            F  T  N  M  P  T  

Patient   …TTCACCAACAGGCCCACA…

   F  T  N  R  P  T  

…TTCACCAACAGGCCCACA…

Extract DNA from Cells

Sequence DNA

Compare Patient 
DNA Sequence to 

Reference Sequence

Search Database to 
Determine whether 
Patient Mutation is 

Associated 
with Disease

Patient Sample: Blood 
or Saliva

Genetic Counselors work with patients 

to help them decide whether to have a 

genetic test, and help them understand 
the results of the test.

Lab Technicians work with patient 

samples in the lab, purifying and 
sequencing the DNA.

Computational Biologists create 

computer programs to help biologists 
analyze data.

Biomedical Researchers perform 

experiments with patient samples to 

find different variations of genes that 
might cause 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.

How Information from DNA is Acquired and Used for 
Genetic Testing



The BRCA1 Gene
ATGGATTTATCTGCTCTTCGCGTTGAAGAAGTACAAAATGTCATTAATGCTATGCAGAAAATCTTAGAGTGTCCCATCTGTCTGGAGTTGATCAAGGAACCTGTCTCCACAAAGTGTGACCACATATTTTGCAAATTTTGCATGCTGAAACTTCTCAACCA

GAAGAAAGGGCCTTCACAGTGTCCTTTATGTAAGAATGATATAACCAAAAGGAGCCTACAAGAAAGTACGAGATTTAGTCAACTTGTTGAAGAGCTATTGAAAATCATTTGTGCTTTTCAGCTTGACACAGGTTTGGAGTATGCAAACAGCTATAATTTTG

CAAAAAAGGAAAATAACTCTCCTGAACATCTAAAAGATGAAGTTTCTATCATCCAAAGTATGGGCTACAGAAACCGTGCCAAAAGACTTCTACAGAGTGAACCCGAAAATCCTTCCTTGCAGGAAACCAGTCTCAGTGTCCAACTCTCTAACCTTGGAACT

GTGAGAACTCTGAGGACAAAGCAGCGGATACAACCTCAAAAGACGTCTGTCTACATTGAATTGGGATCTGATTCTTCTGAAGATACCGTTAATAAGGCAACTTATTGCAGTGTGGGAGATCAAGAATTGTTACAAATCACCCCTCAAGGAACCAGGGATGA

AATCAGTTTGGATTCTGCAAAAAAGGCTGCTTGTGAATTTTCTGAGACGGATGTAACAAATACTGAACATCATCAACCCAGTAATAATGATTTGAACACCACTGAGAAGCGTGCAGCTGAGAGGCATCCAGAAAAGTATCAGGGTAGTTCTGTTTCAAACT

TGCATGTGGAGCCATGTGGCACAAATACTCATGCCAGCTCATTACAGCATGAGAACAGCAGTTTATTACTCACTAAAGACAGAATGAATGTAGAAAAGGCTGAATTCTGTAATAAAAGCAAACAGCCTGGCTTAGCAAGGAGCCAACATAACAGATGGGCT

GGAAGTAAGGAAACATGTAATGATAGGCGGACTCCCAGCACAGAAAAAAAGGTAGATCTGAATGCTGATCCCCTGTGTGAGAGAAAAGAATGGAATAAGCAGAAACTGCCATGCTCAGAGAATCCTAGAGATACTGAAGATGTTCCTTGGATAACACTAAA

TAGCAGCATTCAGAAAGTTAATGAGTGGTTTTCCAGAAGTGATGAACTGTTAGGTTCTGATGACTCACATGATGGGGAGTCTGAATCAAATGCCAAAGTAGCTGATGTATTGGACGTTCTAAATGAGGTAGATGAATATTCTGGTTCTTCAGAGAAAATAG

ACTTACTGGCCAGTGATCCTCATGAGGCTTTAATATGTAAAAGTGAAAGAGTTCACTCCAAATCAGTAGAGAGTAATATTGAAGACAAAATATTTGGGAAAACCTATCGGAAGAAGGCAAGCCTCCCCAACTTAAGCCATGTAACTGAAAATCTAATTATA

GGAGCATTTGTTACTGAGCCACAGATAATACAAGAGCGTCCCCTCACAAATAAATTAAAGCGTAAAAGGAGACCTACATCAGGCCTTCATCCTGAGGATTTTATCAAGAAAGCAGATTTGGCAGTTCAAAAGACTCCTGAAATGATAAATCAGGGAACTAA

CCAAACGGAGCAGAATGGTCAAGTGATGAATATTACTAATAGTGGTCATGAGAATAAAACAAAAGGTGATTCTATTCAGAATGAGAAAAATCCTAACCCAATAGAATCACTCGAAAAAGAATCTGCTTTCAAAACGAAAGCTGAACCTATAAGCAGCAGTA

TAAGCAATATGGAACTCGAATTAAATATCCACAATTCAAAAGCACCTAAAAAGAATAGGCTGAGGAGGAAGTCTTCTACCAGGCATATTCATGCGCTTGAACTAGTAGTCAGTAGAAATCTAAGCCCACCTAATTGTACTGAATTGCAAATTGATAGTTGT

TCTAGCAGTGAAGAGATAAAGAAAAAAAAGTACAACCAAATGCCAGTCAGGCACAGCAGAAACCTACAACTCATGGAAGGTAAAGAACCTGCAACTGGAGCCAAGAAGAGTAACAAGCCAAATGAACAGACAAGTAAAAGACATGACAGCGATACTTTCCC

AGAGCTGAAGTTAACAAATGCACCTGGTTCTTTTACTAAGTGTTCAAATACCAGTGAACTTAAAGAATTTGTCAATCCTAGCCTTCCAAGAGAAGAAAAAGAAGAGAAACTAGAAACAGTTAAAGTGTCTAATAATGCTGAAGACCCCAAAGATCTCATGT

TAAGTGGAGAAAGGGTTTTGCAAACTGAAAGATCTGTAGAGAGTAGCAGTATTTCATTGGTACCTGGTACTGATTATGGCACTCAGGAAAGTATCTCGTTACTGGAAGTTAGCACTCTAGGGAAGGCAAAAACAGAACCAAATAAATGTGTGAGTCAGTGT

GCAGCATTTGAAAACCCCAAGGGACTAATTCATGGTTGTTCCAAAGATAATAGAAATGACACAGAAGGCTTTAAGTATCCATTGGGACATGAAGTTAACCACAGTCGGGAAACAAGCATAGAAATGGAAGAAAGTGAACTTGATGCTCAGTATTTGCAGAA

TACATTCAAGGTTTCAAAGCGCCAGTCATTTGCTCCGTTTTCAAATCCAGGAAATGCAGAAGAGGAATGTGCAACATTCTCTGCCCACTCTGGGTCCTTAAAGAAACAAAGTCCAAAAGTCACTTTTGAATGTGAACAAAAGGAAGAAAATCAAGGAAAGA

ATGAGTCTAATATCAAGCCTGTACAGACAGTTAATATCACTGCAGGCTTTCCTGTGGTTGGTCAGAAAGATAAGCCAGTTGATAATGCCAAATGTAGTATCAAAGGAGGCTCTAGGTTTTGTCTATCATCTCAGTTCAGAGGCAACGAAACTGGACTCATT

ACTCCAAATAAACATGGACTTTTACAAAACCCATATCGTATACCACCACTTTTTCCCATCAAGTCATTTGTTAAAACTAAATGTAAGAAAAATCTGCTAGAGGAAAACTTTGAGGAACATTCAATGTCACCTGAAAGAGAAATGGGAAATGAGAACATTCC

AAGTACAGTGAGCACAATTAGCCGTAATAACATTAGAGAAAATGTTTTTAAAGAAGCCAGCTCAAGCAATATTAATGAAGTAGGTTCCAGTACTAATGAAGTGGGCTCCAGTATTAATGAAATAGGTTCCAGTGATGAAAACATTCAAGCAGAACTAGGTA

GAAACAGAGGGCCAAAATTGAATGCTATGCTTAGATTAGGGGTTTTGCAACCTGAGGTCTATAAACAAAGTCTTCCTGGAAGTAATTGTAAGCATCCTGAAATAAAAAAGCAAGAATATGAAGAAGTAGTTCAGACTGTTAATACAGATTTCTCTCCATAT

CTGATTTCAGATAACTTAGAACAGCCTATGGGAAGTAGTCATGCATCTCAGGTTTGTTCTGAGACACCTGATGACCTGTTAGATGATGGTGAAATAAAGGAAGATACTAGTTTTGCTGAAAATGACATTAAGGAAAGTTCTGCTGTTTTTAGCAAAAGCGT

CCAGAAAGGAGAGCTTAGCAGGAGTCCTAGCCCTTTCACCCATACACATTTGGCTCAGGGTTACCGAAGAGGGGCCAAGAAATTAGAGTCCTCAGAAGAGAACTTATCTAGTGAGGATGAAGAGCTTCCCTGCTTCCAACACTTGTTATTTGGTAAAGTAA

ACAATATACCTTCTCAGTCTACTAGGCATAGCACCGTTGCTACCGAGTGTCTGTCTAAGAACACAGAGGAGAATTTATTATCATTGAAGAATAGCTTAAATGACTGCAGTAACCAGGTAATATTGGCAAAGGCATCTCAGGAACATCACCTTAGTGAGGAA

ACAAAATGTTCTGCTAGCTTGTTTTCTTCACAGTGCAGTGAATTGGAAGACTTGACTGCAAATACAAACACCCAGGATCCTTTCTTGATTGGTTCTTCCAAACAAATGAGGCATCAGTCTGAAAGCCAGGGAGTTGGTCTGAGTGACAAGGAATTGGTTTC

AGATGATGAAGAAAGAGGAACGGGCTTGGAAGAAAATAATCAAGAAGAGCAAAGCATGGATTCAAACTTAGGTGAAGCAGCATCTGGGTGTGAGAGTGAAACAAGCGTCTCTGAAGACTGCTCAGGGCTATCCTCTCAGAGTGACATTTTAACCACTCAGC

AGAGGGATACCATGCAACATAACCTGATAAAGCTCCAGCAGGAAATGGCTGAACTAGAAGCTGTGTTAGAACAGCATGGGAGCCAGCCTTCTAACAGCTACCCTTCCATCATAAGTGACTCTTCTGCCCTTGAGGACCTGCGAAATCCAGAACAAAGCACA

TCAGAAAAAGCAGTATTAACTTCACAGAAAAGTAGTGAATACCCTATAAGCCAGAATCCAGAAGGCCTTTCTGCTGACAAGTTTGAGGTGTCTGCAGATAGTTCTACCAGTAAAAATAAAGAACCAGGAGTGGAAAGGTCATCCCCTTCTAAATGCCCATC

ATTAGATGATAGGTGGTACATGCACAGTTGCTCTGGGAGTCTTCAGAATAGAAACTACCCATCTCAAGAGGAGCTCATTAAGGTTGTTGATGTGGAGGAGCAACAGCTGGAAGAGTCTGGGCCACACGATTTGACGGAAACATCTTACTTGCCAAGGCAAG

ATCTAGAGGGAACCCCTTACCTGGAATCTGGAATCAGCCTCTTCTCTGATGACCCTGAATCTGATCCTTCTGAAGACAGAGCCCCAGAGTCAGCTCGTGTTGGCAACATACCATCTTCAACCTCTGCATTGAAAGTTCCCCAATTGAAAGTTGCAGAATCT

GCCCAGAGTCCAGCTGCTGCTCATACTACTGATACTGCTGGGTATAATGCAATGGAAGAAAGTGTGAGCAGGGAGAAGCCAGAATTGACAGCTTCAACAGAAAGGGTCAACAAAAGAATGTCCATGGTGGTGTCTGGCCTGACCCCAGAAGAATTTATGCT

CGTGTACAAGTTTGCCAGAAAACACCACATCACTTTAACTAATCTAATTACTGAAGAGACTACTCATGTTGTTATGAAAACAGATGCTGAGTTTGTGTGTGAACGGACACTGAAATATTTTCTAGGAATTGCGGGAGGAAAATGGGTAGTTAGCTATTTCT

GGGTGACCCAGTCTATTAAAGAAAGAAAAATGCTGAATGAGCATGATTTTGAAGTCAGAGGAGATGTGGTCAATGGAAGAAACCACCAAGGTCCAAAGCGAGCAAGAGAATCCCAGGACAGAAAGATCTTCAGGGGGCTAGAAATCTGTTGCTATGGGCCC

TTCACCAACATGCCCACAGATCAACTGGAATGGATGGTACAGCTGTGTGGTGCTTCTGTGGTGAAGGAGCTTTCATCATTCACCCTTGGCACAGGTGTCCACCCAATTGTGGTTGTGCAGCCAGATGCCTGGACAGAGGACAATGGCTTCCATGCAATTGG

GCAGATGTGTGAGGCACCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCACTCTACCAGTGCCAGGAGCTGGACACCTACCTGATACCCCAGATCCCCCACAGCCACTACTGA

http://research.nhgri.nih.gov/projects/bic/Member/brca1_mutation_database.shtml
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BRCA1 Protein Domains
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Adapted from Wu et al. 2003.
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Wikimedia Commons, courtesy of NHGRI



Basic Local Alignment Search Tool

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



A Tool for Comparing 
Primary Sequence Information

Compare Two or More 
Sequences to One Another

Compare a Sequence “Query” 
to an NCBI Database



Terminology

• Query Sequence:  
• 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

• 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: 
• 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 

Compare a Sequence “Query” 
to an NCBI Database



Available Genomes & Databases



BLAST Results Homepage



BLAST Results: Descriptions & Scores



BLAST Results: Graphic Summary –
Multiple Sequence Alignment of Sample 

Sequences



BLAST Results: Graphic Summary –
Identifying a Sequence in the NCBI Database



Pairwise 
Comparisons & 

Default Alignment 
Format 



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



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

ATGCCGACAG

AGGGCAACAG

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

Which alignment has the highest query coverage?

ATGGATACGT 

TGAGATGATC

ATGCCGATTC

AGGGCAACAG

ATGGATAAGT 

TGGGATGATC

1. 2.

3. 4.



BLAST Scores: Query Coverage

ATGCCGACAG

AGGGCAACAG

ATGGATACGT 

TGAGATGATC

1. 2.

ATGGATAAGT 

TGGGATGATC

3. ATGCCGATTC

AGGGCAACAG

4.

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

Query Coverage = 6/10 = 60% Query Coverage = 7/10 = 70%

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

Which alignment has the highest query coverage?



BLAST Scores: Percent Identity
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)

ATGGATACGT 

TGAGATGATC

1. 2.

ATGGATAAGT 

TGGGATGATC

3. ATGCCGATTC

AGGGCAACAG

4.

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

Query Coverage = 6/10 = 60% Query Coverage = 7/10 = 70%

ATGCCGACAG

AGGGCAACAG



BLAST Scores: Percent Identity

ATGGATACGT 

TGAGATGATC

1. 2.

ATGGATAAGT 

TGGGATGATC

3. ATGCCGATTC

AGGGCAACAG

4.

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

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

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

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

ATGCCGACAG

AGGGCAACAG

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)



BLAST Scores: Use Together

Look at query coverage and percent identity together

Which alignment shows the best match?

ATGGATACGT 

TGAGATGATC

1. 2.

ATGGATAAGT 

TGGGATGATC

3. ATGCCGATTC

AGGGCAACAG

4.

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

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

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

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

ATGCCGACAG

AGGGCAACAG



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)

What is the likelihood that this result is due to chance? 
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