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Learning Topics

Topics in scientific fields: Bioinformatics
Genetics
Genomics
Topics in mathematics or statistics: Probability
Topics in bioinformatics or Similarity searches (BLAST, Multiple Sequence
data science: Alignment)

Phylogenetic analysis

Student Prerequisites

Recommended prior course work: High school level biology

Recommended computer skills: Basic: Familiarity with web browsers, word processing

Instructor Prerequisites

Recommended computer skills: Basic: Familiarity with web browsers, word processing

Instructional requirements: Basic Computer Lab (Access to laptops/desktops, no
large memory or CPU requirements)

Implementation Recommendations

Instructional time required: 1 class period or less

Students work as individuals or Either individual or team work is possible

teams?

Number of students in a class: 10-25 students (assume no TAs and one computer for

each student)

Accessibility

Available languages: English

Additional materials for students with None
disabilities:



Introduction to BLAST using Human Leptin

Exercise

Title: Introduction to BLAST using human leptin
Authors: Justin R. DiAngelo, Alexis Nagengast, Wilson Leung
Last Update: 08/02/2019

Version: 0.0.1

What is BLAST?

BLAST stands for Basic Local Alignment Search Tool and it is a program that reports regions of
similarity (at the nucleotide or protein level) between a query (your input) sequence and
sequences within a database. BLAST uses a robust statistical framework that determines if the
alignment between two sequences is statistically significant (i.e. has a low probability of the
reported alignment being produced by chance alone). The ability to detect sequence similarity
allows scientists to determine if a gene or a protein is related to other known genes or proteins
in the same species or between species.

The theory of evolution is based on all organisms descending from common ancestors by
speciation. At the molecular level, an ancestral DNA sequence diverges over time (through
accumulation of point mutations, duplications, deletions, transpositions, recombination events,
etc.) to produce diverse sequences in the genomes of living organisms. Such sequences are
classified as homologs if they come from the same ancestral gene.

Mutations in genes with an important biological function have a higher probability of being
harmful to the organism and are less likely to become fixed in a population. Such sequences are
said to be under negative selection, which causes them to be conserved against change over
time. Therefore, it is expected that two homologous copies of a functional sequence will show a
higher degree of sequence conservation (observed as base-by-base similarity at the nucleotide
level) than either two unrelated sequences or two sequences that are not under strong negative
selection. This similarity is the “signal” detected by a BLAST search.
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Obtaining sequence using NCBI

¥ Learning Objectives:
®* Obtain a desired DNA or Protein sequence from the NCBI public database

The National Center for Biotechnology Information (NCBI) is a public database that houses
molecular biology information including sequences from thousands of different species from
mammals to fungi. We will explore some of the basic functionalities of the NCBI web site using
leptin (LEP) — a gene that has been found to contain mutations associated with severe obesity
and the development of type 2 diabetes. First, open a web browser and navigate to the NCBI
web site at https://www.ncbi.nIm.nih.gov. To get information on obesity, click on the Genetics
and Medicine link on the left (Figure 1), scroll about 1/3 of the way down the page and click on
the Genes and Disease link. Scroll down the page and click on the “Nutritional and Metabolic
Diseases” link, then click on the “Obesity” link to find a non-technical description of the
hormone leptin and its role in weight control. On the right panel, you will find links to other
parts of NCBI that contain more information about this disease. For example, you can access the
corresponding gene record in the OMIM database (a catalog of human genes and disorders)
through the “OMIM” link.

& NCBI  Resources @ How To @

Sign in to NCBI
P
—<>NCBI Al Databases [
National Center for
Biotechnology Information
NCBI Home Welcome to NCBI Popular Resources
Resource List (A-Z) The National Center for Biotechnology Information advances science and health by providing access to PubMed
All Resources biomedical and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Learn Nucleotide
: Genome
Domains & Structures Deposit data or manuscripts Transfer NCBI data to your Find help documents, attend a
Genes & Expression into NCBI databases computer class or watch a tutorial SNP
Genetics & Medicine Gene
Protein
Genomes & Maps !
PubChem
Homology

Figure 1. Click on the “Genetics & Medicine” link to access the “Genes and Disease” database.

7 Question 1
Based on the information on this page, how does leptin control feeding?
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To obtain the sequence for the human LEP gene, go back to the NCBI homepage at https://
www.ncbi.nlm.nih.gov/. At the top of the page, use the pull-down menu next to “Search” and
select Gene. Enter LEP homo sapiens into the text box and click Search (Figure 2).

x Note

This search menu is also available at the top of the NCBI Bookshelf page. Hence you could
scroll to the top of the page, click on the drop-down box to select Gene and then search for

LEP homo sapiens directly. You can also access the Entrez gene record through the “Entrez
Gene” link under the “Gene sequence” section on the right panel.

& NCBI  Resources @ How To @) Sign in to NCBI
- S
(': NCBI Gene ) ‘LEP homo sapiens ‘ @

National Center for
Biotechnology Information

Figure 2. Search for “LEP homo sapiens” in the NCBI Gene database

Scroll down to the “Search results” section. This search produces 54 results, with the first entry
being the gene record for human leptin. The remaining results may mention leptin in their
detailed summary. Even before we click on the leptin entry, we can already obtain some useful
information about the leptin gene from the search results page. For example, the chromosomal
location and OMIM entry number for leptin are shown.

-7 Question 2
According to these search results, on which chromosome is the leptin gene located?



https://www.ncbi.nlm.nih.gov/
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Click on the first match to the human LEP gene to learn more about this gene and its sequence.
The Entrez Gene record for LEP shows lots of detailed information about gene structure and
function.

The first section of the Entrez Gene record is the Summary section and it contains:

The official symbol and name approved by HUGO Gene Nomenclature Committee
(HGNC)

Other synonyms that have been used to describe this gene
The organism the gene is from and the lineage of that organism
Links to external databases (e.g., HGNC and Ensembl) that contain similar information

Link to the NCBI’s Online Mendelian Inheritance in Man (MIM) that provides
comprehensive information aimed for the medical and scientific research community

RefSeq status. The NCBI Reference Sequence Database (RefSeq) is a comprehensive,
curated database of non-redundant sequence records. The accession number for a
RefSeq record begins with two characters, follow by an underscore. This prefix denotes
the type of sequence record:

o chromosomes: NC_
O genomic regions: NG_
O mRNA: NM_

O proteins: NP_

The “Genomic regions, transcripts, and products” section has a map of the gene with links to
the sequence. The sequence record can be retrieved in many different formats, including FASTA
(a simple text format which contains only the sequence — easiest for BLAST searching) or
GenBank (more descriptive version with the sequence listed at the end). The leptin gene is on
the positive strand of the chromosome (meaning that if the chromosome was oriented from left
to right, your gene would be on the strand running from 5’ to 3’). Specifically, the /eptin gene
can be found at 128,241,201-128,257,629 of human chromosome 7 in the current assembly
(GRCh38.p13).

-7 Question 3

How do you know that the leptin gene is on the + strand of the chromosome it’s located on?
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7 Question 4

The picture depicts two annotated transcripts (XM_005250340.5 and NM_000230.3). What
is the difference between the RefSeq record that begins with the XM__ prefix and the record
that begins with the NM_ prefix? Both mRNA records have 4 green boxes, 2 light green in
color (1 on each end) and 2 dark green. What do you think each of those boxes refers to?

Tip

<

Examine the “COMMENT” section of the GenBank record or the RefSeq FAQ page to
determine the difference between the “NM_" and “XM_" RefSeq records.

Click on the green boxes in the diagram to get more information on the LEP gene.

Sequences are most conserved between species at the amino acid level and this is what we will
use in our BLAST searches. The protein sequences for the two annotated transcripts are
available under the “NCBI Reference Sequences (RefSeq)” section. Note that there are multiple
options to obtain the protein sequence for the leptin precursor, including the RefSeq protein
database (NP_000221.1), the Consensus CDS (CCDS) database (CCDS5800.1), the UniProtKB/
Swiss-Prot database (P41159) and the UniProtkKB/TrEMBL database (A4DQYS).

To do your own BLAST search, scroll down to the “NCBI Reference Sequences (RefSeq)” section
and click on the NP_006221.1 link.

-7 Question 5

Why do you think you want the protein sequence as opposed to the nucleotide sequence?

This screen gives you information on the LEP protein sequence. Click on the FASTA link directly
beneath the gene name at the top of the screen. This gives you the FASTA definition line (as
indicated by >) followed by the one letter amino acid sequence. The definition line varies but it
always begins with the accession number of the sequence record (e.g., NP_000221.1), followed
by the gene name and the organism. Copy the sequence including the definition line for use in a
BLAST search.
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Performing a BLAST search

¥ Learning Objectives:
* Perform a BLAST search to identify similar sequences
* Interpret results from BLAST output and draw conclusion of significance

Open a new tab in your web browser, go back to https://www.ncbi.nlm.nih.gov/ and click on the
BLAST link in the “Popular Resources” section on the right. There are many different options for
a BLAST search and the option you choose depends on the sequence you have and the degree
of conservation you are trying to detect. Start by clicking on the Protein BLAST image under
the “Web BLAST” section and paste your sequence into the Enter Query Sequence text box
(Figure 3). Alternatively, you could enter the accession number (i.e., NP_000221.1) into the text
box. If you think you will be doing many searches at once, you can enter a Job Title to
distinguish one from the other; if not, the FASTA definition line will be used.

Standard Protein BLAST

blastn | blastp | blastx tblastn tblastx

BLASTP programs search protein databases using a protein query. more...
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
>NP_000221.1 leptin precursor [Homo sapiens]
MHWGTLCGFLWLWPYLFYVQAVPIQKVQDDTKTLIKTIVTRINDISHTQSVSSKQKVTGLDFIPGLHPIL From

TLSKMDQTLAVYQQILTSMPSRNVIQISNDLENLRDLLHVLAFSKSCHLPWASGLETLDSLGGVLEASGY
STEVVALSRLQGSLQDMLWQLDLSPGC
To

Or, upload file Browse... = No file selected. ()]

Job Title NP_000221.1 leptin precursor [Homo sapiens]
Enter a descriptive title for your BLAST search &)

Align two or more sequences &

Choose Search Set

Database Non-redundant protein sequences (nr) (7]
Organism
s
Optional exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)
Exclude Models (XM/XP) | Non-redundant RefSeq proteins (WP) (| Uncultured/environmental sample sequences
Optional

Program Selection

Algorithm Quick BLASTP (Accelerated protein-protein BLAST)
© blastp (protein-protein BLAST)
PSI-BLAST (Position-Specific Iterated BLAST)
PHI-BLAST (Pattern Hit Initiated BLAST)
DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &)

BLAST ) Search database nr using Blastp (protein-protein BLAST)

Show results in a new window

Figure 3. Configure NCBI blastp to search the human leptin protein against the nr protein database.
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9 Archived:

For teaching purposes, the result of this blastp search against the nr database has been
archived and is available at the CyVerse Data Store.

Among the databases available, the non-redundant protein database is the most
comprehensive; it contains sequence records from most of the other databases listed in the

drop-down box:

Table 1 Databases available for NCBI blastp searches

Database

Non-redundant protein
sequences (nr)

Reference proteins
(refseq_protein)

Model Organisms (landmark)

UniProtKB/Swiss-Prot
(swissprot)

Patented protein sequences
(pat)

Protein Databank proteins
(pdb)

Metagenomic proteins (env_nr)

Transcriptome Shotgun
Assembly proteins (tsa_nr)

Description

non-redundant merge of protein sequences from the
NCBI’s GenBank coding sequence translations, RefSeq
proteins, Swiss-Prot, PDB, PIR (Protein Information
Resource at Georgetown University Medical Center), and
PRF (Protein Research Foundation)

manually curated database from NCBI

protein sequences from 27 genomes that cover a wide
taxonomic range (from bacteria to human)

manually annotated and reviewed section of the UniProtKB
database

proteins from the Patent division of GenBank

amino acid sequences derived from 3-dimensional
structures from the Brookhaven Protein Data Bank

protein sequences from environmental samples

transcripts assembled from ESTs and second generation
sequencing reads (e.g., lllumina)

Under the “Choose Search Set” section, select the non-redundant protein sequences (nr)
option from the “Database” drop-down menu. Then click on the blue BLAST button to start your
search. You will be taken to a page that will update every few seconds until the BLAST search is
complete. The BLAST results page will appear once the search is complete (Figure 4).

10
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BLAST ° » blastp suite » results for RID-M8MYRUSA015

Save Search Search Summary v

Job Title

RID

Program
Database
Query ID
Description
Molecule type
Query Length
Other reports

NP_000221.1 leptin precursor [Homo sapiens]

M8MYRUSAQ15  Search expires on 08-0323:16pm  Download All v

BLASTP@ Citation v

nr  See details v

lcl|Query_131753

NP_000221.1 leptin precursor [Homo sapiens]

amino acid

167

Distance tree of results Multiple alignment MSA viewer (2]

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments

Home RecentResults Saved Strategies Help

@ How to read this report? @3 BLAST Help Videos *DBack to Traditional Results Page

Filter Results

Organism only top 20 will appear [ ] exclude

‘ Type common name, binomial, taxid or group name ‘

=+ Add organism

Percent Identity E value

to to

[ selectall 0sequences selected

0o0o0ooag

Description

leptin precursor [Homo sapiens]
leptin precursor [Pan troglodytes
Leptin [Homo sapiens]

obese protein [Homo sapiens]
LEP [synthetic construct]

N7 Manage Columns ~ Show (2]

Max Total Query E Per.

Accession
Score Score Cover value Ident

340 340 100% 3e-118 100.00% NP _000221.1

339 339 100% 1e-117 99.40% NP 001180601.1
339 339 100% 1e-117 99.40% AAH69323.1
338 338 100% 1e-117 99.40% AAB63507.1

338 338 100% 3e-117 98.80% AKI71698.1

Figure 4. The search results page for the blastp search of the human leptin protein (query) against the nr database.

The top left panel provides an overview of the BLAST search parameters, and to download the
BLAST results in multiple formats (e.g., Text, Hit Table). The top right panel can be used to filter
the matches by organism, percent identity, and E-value. The bottom panel organizes the BLAST
matches into four tabs:

Descriptions:
This tab contains a summary of the sequences in the database that produced significant
alignments with the query sequence. Each row provides an overview of the match,
including the sequence description, score, query coverage, E-value, percent identity, and
accession number. Use the checkbox at the left side of each row to select or unselect a
BLAST match. The other tabs will only show the information for the BLAST matches that

are selected in the “Descriptions” tab.

Graphic Summary:
This tab shows a graphical overview of the alignments between the subject sequences in
the database and the query sequence. Each row corresponds to a different subject
sequence. The color of the boxes in each row correspond to the alignment score, where
warmer colors (e.g., red) denote more significant matches.

Alignments:
This tab shows the local sequence alignments between the subject sequences in the
database and the query sequence.

11
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Taxonomy:
This tab provides an overview of the taxonomic distribution of the BLAST matches. Click
on the buttons next to the “Reports” label to view the taxonomic groupings in three
different formats. The “Lineage” report groups the matches by their taxonomic lineage
(e.g., Primates). The “Organism” report groups the matches by species. The “Taxonomy”
report is similar to the “Lineage” report, but you can use the “-” and “+” icons next to
the non-leaf nodes in the “Taxonomy” column to collapse or expand the node.

Now that we are familiar with the different sections of the BLAST results page, we will examine
the blastp search results for the human LEP protein sequence (query) against the nr protein
database (subjects). Click on the Graphic Summary tab to obtain a graphical overview of the

search result. Before performing the blastp search, NCBI BLAST will search the query sequence
against the Conserved Domains Database (CDD). If the protein sequence contains a conserved
domain, a graphical representation of the alignhment between the query sequence and the
conserved domain will appear at the top of the “Graphic Summary” tab. Click on the Leptin
conserved domain match in the graphic to learn more about this conserved domain. The CDD
search results page shows that the Leptin conserved domain aligns with residues 26—167 of the
query sequence.

Go back to the Graphic Summary tab of the blastp results page. The graphical output

underneath the conserved domain image shows the database entries (subjects) that align with
your input LEP sequence (query) on a color scale. Features with highly statistically significant
alignments will appear in red in the graphical output while features with the lowest statistical
significance will appear in black. Move your mouse so that it is above the first red bar below the
scale. A tooltip will appear which shows the sequence title. Click on the feature to see a more
detailed description of the match (e.g., score, E-value, accession), as well as a link to navigate
directly to the corresponding alignment (Figure 5).

Descriptions Graphic Summary Alignments Taxonomy

Q hover to see the title W click to show alignments Show Conserved Domains Alignment Scores  [ll<40 [M40-50 [1]50-80 [W80-200 [M>=200 @

0sequences selected @ Putative conserved domains have been detected, click on the image below for detailed results.

1 25 50 75 100

125
e s et —

150 167
P A |

Query seq.
specific hits Leptin

Superfanilies Leptin superfamily

Distribution of the top 100 Blast Hits on 100 subject sequences

I Query | |
60 90 120 150

H_
w
s

leptin precursor [Homo

Score:340 Evalue:2.7e-118
Accession:NP_000221.1

Alignment

Figure 5. Click on a feature in the graphical overview diagram to obtain more information on the blastp match.
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Click on the Descriptions tab to view a table summary of the blastp matches. The first entry in

the “Descriptions” table shows the best match to the query sequence (leptin precursor [Homo
sapiens]). The match has a score (S) of 340 and an expect (E) value of 3e-118. Alignments with
smaller E-values are more statistically significant and are less likely to have arisen by chance.
Specifically, the E-value denotes the number of times we expect to see an alignment with scores
equal to or greater than S when we align random sequences against each other. By default, NCBI
BLAST will report matches with an E-value of less than 10. The last column of the “Descriptions”
table contains the accession number for the match (NP_000221.1), and the link allows you to
access the corresponding GenPept record.

The second entry in the “Descriptions” table shows a match to the leptin precursor in
chimpanzee (Pan troglodyte). This match has a total score of 339 and an E-value of 1e-117.
Because the accession number for this match (NP_001180601.1) begins with “NP_", this protein
record is from the RefSeq database.

Click on the leptin precursor [Pan troglodytes] link under the “Description” column to

navigate to the alignment between your input leptin sequence (query) and the leptin precursor
in chimp (subject). The header in the alignment output shows that the chimp leptin precursor
sequence has a total length of 167 amino acids. The alignment has an E-value of 1e-117 and
there is a single amino acid substitution between the human and chimp leptin precursors (from
V to M). This high degree of sequence similarity is unlikely to be caused by chance alone.

The alighment is shown as three separate lines; the first (Query) line is our human sequence,
the third (Sbjct) line is the chimpanzee sequence and the middle (Match) line represents a
comparison of the two sequences (if the amino acids are the same between the two sequences,
that amino acid will be included in the middle line). The value in the “Identities” field
corresponds to the number of identical amino acids between the query and the subject
sequences. In this case, this field (166/167) indicates that, of the 167 amino acids in the
alignment between the human and chimp sequences, 166 of the amino acids (99%) are
identical. The one difference between these two sequences can be found at position 94 of the
guery (as a + in the Match line), where the human sequence is a valine (V) and the chimp
sequence is a methionine (M).

-7 Question 6
What is the relationship between V and M that warranted a + designation?

13
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Click on the Descriptions tab in the blue toolbar. To investigate protein matches to water
buffalo (with the scientific name Bubalus bubalis), enter Bubalus bubalis (taxid:89462)

into the “Organism” text box under the “Filter Results” section and then click on the Filter
button.

I o Your results are filtered to match records that include: Bubalus bubalis (taxid:89462)

Job Title NP_000221.1 leptin precursor [Homo sapiens] Filter Results

RID NDTB0ZJ5014 Search expires on 08-1801:18am Download All v

Program BLASTP@  Citation v Organism only top 20 will appear [ ] exclude
Database nr See details v j Bubalus bubalis (taxid:89462)

Query ID lcl|Query_187562 + Add organism

Description NP_000221.1 leptin precursor [Homo sapiens] Percent Identity Evalue

to

Molecule type  amino acid ‘ -

Query Length 167 ‘

Other reports Distance tree of results Multiple alignment MSAviewer @ / m
Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ¥  Manage Col ¥ Show e
selectall 3sequences selected GenPept  Graphics Distance tree of results Multiple alignment

Max Total Query E Per.

Description Score Score Cover value Ident Accession
E leptin precursor [Bubalus bubalis 284 284 100% 6e-96 84.43% NP 0012778301'
leptin [Bubalus bubalis] 282 282 100% 3e-95 83.83% CCE35541.1
" leptin protein [Bubalus bubalis] 280 280 100% 2e-94 83.83% ALA50393.1

Figure 6. Identify the best match to the human leptin protein in water buffalo.

The best RefSeq match is to the leptin precursor in Bubalus bubalis with the accession number
NP_001277830.1. The E-value is still very highly significant at 6e-96 (Figure 6). Click on the link
under the “Description” column to navigate to the alignment. The Bubalus bubalis leptin
precursor protein has the same length (167aa) as the human leptin precursor protein, and the
entire protein is included in the alignment. However, there are many more changes and the
percent identity are substantially lower than the alignment to the chimp leptin precursor
protein.

~ 7 Question 7
What is the percent identity and percent positives (aka percent similarity) of the Bubalus
bubalis leptin sequence compared to the human sequence?

14
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You can also perform searches against the database of specific organisms. Go to the BLAST page
at https://blast.ncbi.nlm.nih.gov/Blast.cgi and enter the name of the organism in the text box
under the “BLAST Genomes” section to search its databases. For example, enter chimpanzee

(taxid:9598) into the text box and then click on the Search button to search the chimp
assembly. To search for protein matches, click on the blastp tab, paste the human leptin
precursor sequence into the Enter Query Sequence text box, and then verify that the RefSeq
protein option is selected under the “Database” field.

Because the database is much smaller (with 64,958 sequences) than the nr database, this
search will run much faster than our previous search. Click on the BLAST button to begin your
search.

3 Archived:

For teaching purposes, the result of this blastp search against the chimpanzee RefSeq protein
database has been archived and is available at the CyVerse Data Store.

7 Question 8
How many hits came out of this search? Are all of them significant matches? Does the BLAST
result support the hypothesis that chimps have a homolog of the human leptin gene?

. Tip

In general, we consider matches with E-values less than 1 x 10-5 as statistically significant.

To further support your hypothesis that chimps have a homolog of the human leptin precursor
gene, you can use the putative chimp leptin precursor sequence and do a blastp search against
the human RefSeq protein sequence database. To do this, select the Alignments tab and then

click on the GenPept link in the blue toolbar above the sequence you believe to be the chimp
leptin precursor to retrieve the GenPept protein record. Click on the FASTA link under the gene

name to obtain the full chimp protein sequence in FASTA format. Copy the sequence and go
back to the NCBI BLAST page and click on the Human link under the “BLAST Genomes” section.
Select the blastp program, verify that the RefSeq protein option is selected under the
“Database” field, and then paste the chimp leptin precursor sequence into the Enter Query
Sequence text box.

15
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Click on the BLAST button to perform your search.

ﬁ Archived:

For teaching purposes, the result of this blastp search against the human RefSeq protein
database has been archived and is available at the CyVerse Data Store.

-/ Question 9
Did you obtain matches from this search? Are they significant matches? How do you know?
Does this data support your hypothesis about the presence of a leptin homolog in chimps?

Information accessed August 2, 2019.

16
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Summary

Title: Summative Questions for the Introduction to BLAST using human leptin
Author: Douglas L. Chalker

Last Update: 08/02/2019

Version: 0.0.1

Exercise Summary

In this exercise, you used the NCBI Database to discover information about the leptin gene and
its genetic link to obesity. You then downloaded the human leptin protein and used the BLAST
bioinformatics tool to determine whether homologs of the human leptin gene are found in
other organisms and used that information to consider how sequence similarity allows one to
gain support for evolutionary relationships between species. You should now have a general
understanding of how one can identify related DNA and protein sequences using tools that
compare a specific sequence to a database of known sequences.

Summative Questions

-7 Summary Question 1
List three types of information that one can access using NCBI databases

-7 Summary Question 2

What is difference between percent identity and percent similarity in the output of a BLAST
search?

-7 Summary Question 3
In your own words, state how the output of a BLAST search can support the hypothesis that
two organisms contain homologs of the same gene?
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Glossary

BLAST
Basic Local Alignment Search Tool is a tool for identifying sequence similarities

Conservative Substitution Mutation
A change of a nucleotide in a gene coding sequence that changes the amino acid encode
to one with similar biochemical properties.

Database
In the context of bioinformatics, a collection of DNA or protein sequences that can be
searched for information similar to a query sequence.

FASTA
A text-based format for representing either nucleotide sequences or amino acid
(protein) sequences.

Gene
A segment of a chromosome coding for a protein or RNA.

Homologs
Genes of similar sequences related by common evolutionary origin.

Mutation
A change of a nucleotide in a DNA sequence relative to an ancestral sequence. Types
include point mutations, duplications, deletions.

NCBI
National Center for Biotechnology Information (NCBI) is a public database that houses
molecular biology information including sequences from thousands of different species
from mammals to fungi.

Plus (+) Strand
The top nucleotides that read left to right, 5’ to 3’ on a genome browser

RefSeq

The NCBI Reference Sequence Database (RefSeq) is a comprehensive, curated database
of non-redundant sequence records.
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