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Comparing Influenza Protein Sequences Using BLAST
(Basic Local Alignment Search Tool)

Aim:

To understand how genetic tests are performed by comparing the DNA and protein sequences of a
family to determine who is carrying the BRCA1 mutation.

Background on BRCA1:

For cells to function properly, they need to be able to repair errors in their DNA. These errors can arise
when DNA is being copied, or when DNA somehow becomes damaged when exposed to chemicals or
radiation. The breast cancer susceptibility gene (BRCA1) encodes a protein that is involved in DNA
repair. When a DNA strand is broken, the BRCA1 protein works with other proteins to help repair the
break. If these breaks are not repaired, the DNA damage can ultimately lead to cancer. Therefore,
BRCA1 is known as a tumor suppressor, because it helps prevent the formation of tumors (which can
arise when DNA errors go unrepaired). Mutations to the BRCA1 gene can interfere with or abolish the
BRCA1 protein’s normal function, thus allowing cancer to develop.

Background in BLAST:

One tool in the bioinformatics is called BLAST — Basic Local Alignment Search Tool. BLAST can be used
to look at differences in the sequences of two or more proteins (Protein BLAST) or nucleic acid
molecules (Nucleotide BLAST). BLAST, begins with a Query Sequence. This is also called the reference
sequence when performing medical tests such as BRCA1 genetic testing. The Query Sequence is the
sequence that you are going to use to relate to or compare to other sequences. You can also compare a
single Query Sequence to a collection of sequences in a database at the National Center for
Biotechnology Information (NCBI). All of the results from your BLAST are called Subject Sequences. You
use this when you are trying to find or identify a sequence, such as when doing DNA barcoding or finding
contamination in a DNA sequencing reaction. The results of BLAST are in the form of an alignment to
find regions that are the same between your Query Sequence and your Subject Sequence or sequences.
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In this experiment, you will do a Nucleotide BLAST and a Protein BLAST with the BRCA1 sequences from
the Lawler family members from the Case Study that you read, as well as a Protein BLAST using the
BRCA1 protein sequence(s) from the patient(s) that you are studying.

You will use the BRCA1 Reference Sequence, which is known to have NO cancer-causing mutations, as
your Query Sequence. The other sequences from Lawler family members and patients will be your
Subject Sequences.

Research Questions:

1.

Based on your BLAST results, which member or members of the Lawler family have an increased
risk of breast cancer due to mutations in the BRCA1 gene?
Based on your BLAST results, which member or members of the Lawler family have an increased
risk of breast cancer due to mutations in the BRCA1 gene?

Part | Procedure: Analyzing Lawler Family BRCA1 DNA Sequences

1.

Download the “BRCA1 Sequences” file provided by your teacher.

Go to BLAST, either using your search engine or the URL: https://blast.ncbi.nlm.nih.gov/Blast.cgi

Because we are comparing DNA sequences, click “Nucleotide BLAST” on the BLAST homepage,
shown in the picture on page 1.

Note: The default view in BLAST has only one sequence box, in which you enter your Query
Sequence. This is because BLAST is most frequently used to compare a Query Sequence to all of
the sequences in the NCBI databases for sequence identification.

To make the “Subject Sequences” box display, click on the box “Align two or more sequences.”
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Copy and paste your Query Sequence, “>BRCA1_Reference_DNA_Sequence” from the
sequence Word document into the “Enter Query Sequence” box. Be sure to include the top line
of text in the sequence, “>BRCA1_Reference_DNA_Sequence” when you paste the text into the
“Enter Query Sequence” text box.


https://blast.ncbi.nlm.nih.gov/Blast.cgi
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7. Copy and paste the DNA sequence from the Lawler family member that you have been assigned
into the “Enter Subject Sequence” box, making sure to include the “>” caret and the sequence
names when you copy and paste.

8. At the bottom of the page, click the “Show Results in a new window” and then click “BLAST.”
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BLAST Search database Nucleotide collectiop (nr/nt) using Megablast (Optimize for highly similar sequences)

= Algorithm parameters

9. When your results appear in a new window, you will see a summary of your work, called the
“Descriptions” tab in the lower, menu, on the left side (the first tab of that menu). The sequence
that is your Query Sequence is listed as your “Job Title” in the top, left list. There are also
additional details that you don’t need to worry about for this analysis, but one useful thing
below the term “Job Title,” you will see next to the term “Subject Descr” the name of the
Subject Sequence that you entered on the previous page. If you enter more than one subject
Sequence, as you will below, you will see a drop-down menu that you can click to see the names
of all of the names of the Subject Sequences that you included in your BLAST analysis [just in
case you want to make sure that you included everything that you need to include].
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10. If you scroll down further, you will see a summary of the BLAST Scores for each of your
sequences. We'll discuss BLAST scores later, but in general these are ways to quantitatively
measure how “good” the match is between your Query Sequence and each Subject Sequence.
See the example below.
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11. Click on the second tab, “Graphic Summary.” You will see an image like the one below. The color

refers to how many nucleotides or amino acids of the Query Sequence and each Subject

Sequence match (i.e., are the same). In the top image, we see red lines — this means that each of
these sequences match one another by > 200 nucleotides or amino acids. In the second image
below, we see that > 200 amino acids of the Query Sequence and Subject Sequence match near
the C-terminus [seen in red], and < 40 only of the amino acids match near the N-terminus, as

seen in black. We also get to see where these matches are, or are not
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12. Next, click the “Alignments” tab. In this case, you will see which individual nucleotides (or amino
acids) match between the Query Sequence and the Subject Sequence of Sequences. See the
image below. The Default settings in BLAST show you each alignment between the Query
Sequence and each Subject Sequence, showing all of the one-letter amino acid abbreviations.
Some people find this format difficult to analyze: For example, where exactly are the
differences? Are there any differences between the various Subject Sequences (if you included
more than one Subject Sequence in your analysis, as we did here)?
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13. To view a different format, scroll to the
top of the window and click on the “Formating
options” dropdown menu.

14. There is a drop-down menu below the
“Alignments” tab. From this menu, click “Query-

anchored with dots for
identitites.” This will re-format
your results, as shown below. (a)
Query-anchored means that
everything is being compared to
the Query Sequence, which you
see on the top line of each
portion of the alignment. In this
case, that is the BRCA1
Reference Sequence. (b) If the
Query Sequence matches any of
the Subject Sequences, there wil
be dot at that position. (c) If the

Query Sequence and the Subject Sequence do not match, BLAST will show you the single letter
abbreviation for the nucleotide or amino acid in the Subject Sequence that is different from the
nucleotide or amino acid in the Query Sequence. Note: If the sequences are longer than 60
nucleotides or amino acids, the alignment will be displayed as multiple ‘mini-alignments’ — 1-60,

61-120, 121-180, etc.

Take a moment to scroll through your sequence sequence alighment to determine whether or
no the BRCA1 Reference Sequence matches the Subject Sequence from your Lawler family
member. Remember that the numbers on the left and right sides of each row of aligned
Quary and Subject Sequence(s) help you to ‘count over’ to determine the position of any
mutation or mutations found. Note what you see below, including the position number of any
changes. Does your Lawler family sequence match the Reference Sequence 100%? If not,

where is the change?
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16. Click again on the “Descriptions” tab from the menu. You just looked at your sequences to get a
general idea of how much they vary from one another, but how can we quantify this variation?
That is why we now return to BLAST scores.

17. BLAST scores help us gquantify the BLAST results. In the example below, a sequence named
yellow fluorescent protein, “mLemon-YFP” has been compared to a Query Sequence (green
fluorescent protein, or “GFP”). This comparison has a Max Score and Total Score of 1275, a
Query Coverage of 100% and a Percent Identity of 99%. The e-value is 0.0.

Sequences producing significant alignments:

Select: All Mone Selected:0
i Alignments o

Max = Total Query E

ldent Accession
score  score  cover value

Description

[T mLemon-YFP 1276 1275 100% 0.0 99% 57285

Understanding BLAST Scores:

The Max score and Total score are related to the length of the sequences that are compared to one
another and how well they match one another. Generally, the higher the score, the better the two
sequences match each other. These scores are particularly helpful when comparing multiple protein
sequences to each other.

Query coverage (abbreviated “Query cover”) & Percent identity (abbreviated “Ident”) quantify how
much of the sequences match each other (Query Coverage), and how well they match (Percent
Identity). For example, a small portion of the sequences (25% Query coverage) may match well (100%
identity). Alternatively, 100% of the sequences may line up with one another (or “align”), but might
share only 50% of the same nucleotides or amino acids (50% identity) within that matching region.

The e-value or expect value is an indication of how likely these results are based purely on chance. For
example, if you have performed statistical analyses like a chi-square test, you should be familiar with a
p-value. As with p-values, a low e-value mean you can be more confident that your results are not due
to chance. Imagine if you just grabbed two random nucleotide or protein sequences and alignment
them: how likely is it that they would match each other? This is your e-value.

EXAMPLES:

30% Query Coverage, 100% Identity 100% Query Coverage, 70% ldentity

3/10 bases (30%) match perfectly (100%) All 10 bases (100%) align, but only 70% match
ATGGATACGT ATGCCGACAG
TGAGATGATC AGGGCAACAG
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The formatting option “Query-anchored with dots for identities” BLAST alignment would look like this,
with a dot in the Subject Sequence at each position where it matches the Query Sequence:

18.

ATGGATACGT ATGCCGATTG
TGAe e e GATC e(Ge(Ge pe e oo

Record in the data table below the Lawler family member that you analyzed, as well as the
Query Coverage, the Percent Identity and the e-value. Remember that you are comparing this to
the Query Sequence, which is the ‘non-mutated’ BRCA1 DNA sequence.

Lawler Family Member Query Coverage Percent Identity E-Value

19.

20.

21.

22.

23.

24.
25.

Return to the BLAST homepage. You can do this by clicking on the previous window that you
entered your sequences into, or you can click the “blastn” from the menu at the top left corner
of the page.

Now let’s use BLAST to answer the following two questions: (a) Do other Lawler family members
have any mutations in their BRCA1 genes? (b) If other family members have a mutation or
mutations, are they the same mutation or mutations among all family members?

In the space below, write down your predicted answer to the following question: If multiple
Lawler family members have a mutation or mutations in their BRCA1 genes, would you expect
each family member to have the same mutation as other family members? Why or why not?

See the instructions above if you need a reminder about how to complete the following steps.
From the Nucleotide BLAST page to enter sequences, make sure that the BRCA1 Reference
Sequence is entered into the Query Sequence box.

Copy and paste all of the Lawler family sequences into the Subject Sequence box. You can use
BLAST to analyze dozens of Subject Sequences at the same time! Remember to include the
“>Sequence Name” information for each sequence, so you know later whose sequence belongs
to who. You can copy and paste all of the sequences at the same time.

Click “Show Results in a new window and then click “BLAST.”

Record your BLAST scores for each Lawler family member in Table 1 below.

Table 1: BLAST Scores for Lawler Family DNA Sequence Analysis

Lawler Family Member Query Coverage Percent Identity E-Value

Deborah

Lori

Katherine

Mother

Father

Uncle
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26. Based on the BLAST results in your table above, what can you conclude about BRCA1

mutations in the Lawler family?

27. Any differences, or changes in the BRCA1 DNA sequence, represent a mutation in the BRCA1
gene. However, we need more information to determine whether this mutation results in a
change in the amino acid found in the BRCA1 protein. Amino acids are encoded by three bases,
called a codon. Complete Table 2 below, including the codons and resulting amino acids (as
represented by a one-letter abbreviation), or create a similar table in your lab notebook or on
your homework paper. See the codon table as instructed by your teacher.

Table 2: Analysis and Predictions of Lawler Family DNA Mutations

Reference Sequence

Mutated Sequence

DNA Coding Strand  ATG
DNA Template Strand [TAC
mRNA Codon AUG
Amino Acid

28. What does it mean for the individual if that person has the mutation?

29. What does it mean for the individual if that person is free from the mutation?

Part Il Procedure: Analyzing Lawler Family BRCA1 Protein Sequences

Now, let’s test your prediction the amino acid change that resulted from the mutation in the BRCA1

gene among some of the Lawler family members.

30. To begin the Protein BLAST, click on the
“blastp” tab at the top of the webpage.

31. Once you reach the Protein BLAST sequence
comparison page, copy and paste the BRCA1

BLAST *® » blastp suite

blastn I blastx tblastn thlastx
1

Enter Que;

ACTGA

Protein Reference sequence in the Query ‘

Sequence box. NOTE: Your BRCA1 DNA

Or, upload file

Enter accession number(s), gi(s), or FASTA sequence(;

ACCTGTGGTGACCCGAGAGTGGGTGTTGGACAGTGTAGCA A e
TGCCAGGAGCTGGACACCTACCTGATACCCCAGATCCCCCACAGCCA] Llear query

BLASTP |
ry Sequence

Query subrange @

n

# To

hoose File | Mo file chosen (2]

Reference sequence may be auto-filled in the Query Sequence box, depending upon your web
browser. There is a small “Clear” button to the top right of the Query Sequence box that will

remove this.

32. Click the “Compare Two or More Sequences” box.
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33. Copy and paste all of the Lawler family BRCA1 Protein sequences in the Subject Sequence box.
The BRCA1 Lawler family sequences may also be auto-filled in the Subject Sequence box. There
is a “Clear” button next to the Subject Sequence as well that will quickly remove these
sequences.

34. At the bottom of the page, click “Show results in a new window.”

35. Click “BLAST.”

36. In the table below, record the BLAST scores that you see in the “Descriptions” tab that you see
when the BLAST results appear.

Table 3: BLAST Scores for Lawler Family Protein Sequence Analysis

Lawler Family Member Query Coverage Percent Identity E-Value
Deborah

Lori

Katherine
Mother
Father
Uncle

37. Are the Protein BLAST scores similar to the DNA BLAST scores that you obtained in Part I? What
can you conclude based on your BLAST scores?

38. Click on the “Alignments” tab.

39. Reformat your results by clicking on the “Alignment view” and selecting “Pairwise with dots for
identities.”

40. What mutation or mutations, if any, do some of the Lawler family members have in their BRCA1
gene? Is this consistent with your findings and predictions from your Nucleotide BLAST
analyses?

Part Il Procedure: Analyzing Patient BRCA1 Protein Sequences

Now that you have learned how to perform both Nucleotide and Protein BLAST analyses, it’s time to
analyze the BRCA1 protein sequence(s) from the patient(s) that you have been responsible for. For this
analysis, we will use BRCA1 protein sequences so that we can more easily identify mutations.

41. To begin the next Protein BLAST, click on the “blastp” tab at the top of the webpage.
42. Once you reach the Protein BLAST sequence comparison page, copy and paste the BRCA1
Protein Reference sequence in the Query Sequence box. NOTE: Your BRCA1 DNA Reference

9
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43,
44,

45.
46.
47.

sequence may be auto-filled in the Query Sequence box, depending upon your web browser.
There is a small “Clear” button to the top right of the Query Sequence box that will remove this.
Click the “Compare Two or More Sequences” box.

Copy and paste BRCA1 protein sequence for your patient or patients. The BRCA1 Lawler family
sequences may also be auto-filled in the Subject Sequence box. There is a “Clear” button next to
the Subject Sequence as well that will quickly remove these sequences.

At the bottom of the page, click “Show results in a new window.”

Click “BLAST.”

In the table below, record the BLAST scores that you see in the “Descriptions” tab that you see
when the BLAST results appear.

Table 4: BLAST Scores for Patient Protein Sequence Analysis

Patient ID Query Coverage Percent Identity E-Value

48.

49.
50.

51.

52.

53.

Based on these BLAST scores, do you predict that your patient or patients have a mutation or
mutations in their BRCA1 gene?

Click on the “Alignments” tab.

Reformat your results by clicking on the “Alignment view” and selecting “Pairwise with dots for
identities.”

What mutation or mutations, if any, is/are found in your patient or patients? Is this consistent
with your prediction or predictions based on the BLAST scores?

Based on these findings, as a genetic counselor or other health care provider, how you advise
your patient or patients regarding their risk for breast cancer?

If your patient or patients do not have any mutations in their BRCA1 gene, does that mean that
they won’t get breast cancer? Why or why not?

10



