
Intro to NCBI Module 

 

Purpose: To introduce students interested in the life sciences to bioinformatic and computational 

tools which are frequently used throughout many field of Biology 

 

Goal: To develop a strong understanding of what NCBI is capable of and when it may be used 

 

With the increasing dependence on computational power in the world of Biology, it is more 

important now than ever to understand the vast number of bioinformatic tools available. From 

annotating a genome to developing entire simulations of protein binding, the pool of 

opportunities for biological discoveries has grown infinitely large with the continued development 

of computational methods. Over the course of this module, you will explore one of the most 

common bioinformatic tools which is readily available to any scientist. 

 

What is bioinformatics? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is computational biology and how is it different from bioinformatics? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is a genome? 

____________________________________________________________________________

____________________________________________________________________________ 

 

National Center for Biotechnology Information (NCBI) 

 

The NCBI houses a database full of biological data relevant for biomedical and genomic studies. 

 

1. Navigate to the following webpage: https://www.ncbi.nlm.nih.gov/ 

2. Click on “About NCBI” 

3. Click on “Our Mission” 

 

What has led to the need for a database such as the NCBI? 

____________________________________________________________________________

____________________________________________________________________________ 

 

Who sponsored the legislation that led to the creation of the NCBI? 

____________________________________________________________________________

____________________________________________________________________________ 

 

 

 

https://www.ncbi.nlm.nih.gov/


What is the overall goal of the NCBI? 

____________________________________________________________________________

____________________________________________________________________________ 

 

 

4. At the top of the page, type “NP_187663.1” into the search bar and click search 

5. Click on “Gene” which can be found in the database block labeled “Genes” 

 

At the top of the entry, you should see the following: 

 
From this title alone, we are able to learn some very important information about this gene. For 

example, we can see that this gene is named “hemoglobin 2” and that its gene symbol is HB2. 

 

Why do you think it is important for a gene to have a shorthand gene symbol such as “HB2”? 

____________________________________________________________________________

____________________________________________________________________________ 

 

We are also able to see which organism this specific gene is from. In this specific case, the HB2 

gene was found in Arabidopsis thaliana, otherwise known as the thale cress.  

+ 

 

Now, click on “gene” to see the full summary box: 

 

 
 

Again, we are provided with some very useful information about the HB2 gene. This is a protein 

coding gene (meaning that this gene carries the instructions for the production of a specific 

protein) as denoted by the “Gene type”. We are again shown the organism which this gene was 

isolated from along with the organism’s lineage (similar to a family tree showing which group the 

thale cress belongs to).  



 

 

 

 

 

Finally, scroll down to the the genomic context box: 

 

 
 

Here we are able to see the location of this gene on the genome of the organism. The HB2 

gene is located on chromosome 3 of the thale cress genome. In addition, we are able to see 

other genes which are in close proximity to the gene being analyzed. 

 

What is the gene code of the gene directly to the left of (upstream) HB2? 

____________________________________________________________________________

____________________________________________________________________________ 

 

Now, click on the arrow for the gene directly upstream HB2. 

 

What is the name of the gene directly upstream HB2? 

____________________________________________________________________________

____________________________________________________________________________ 

 

So, we have learned a little bit about the HB2 gene in thale cress. What about the actual protein 

that HB2 encodes? Let’s find some information about this protein. 

 

6. At the top of the page, click the dropdown menu next to “Gene” and select “All 

Databases” 

 



 
7. With “All Databases” selected, type “NP_187663.1” into the search bar and hit search 

8. Click on “Protein” which can be found in the database block labeled “Proteins” 

 

This page provides us with a trove of useful information. For now, we will focus on a few 

important details about this protein. 

 

At the top of the page we are provided with the name of the protein (hemoglobin 2), the gene 

locus for the gene encoding this protein (NP_187663), the length of the protein (158 amino 

acids), and the genome type (linear). 

 

 
 

What is a gene locus? 

____________________________________________________________________________

____________________________________________________________________________ 

 

Now, click on “hemoglobin 2” and scroll down to the bottom of the page: 

 

 
 

Here we see one of the most elegant facets of biology. The amino acid sequence for the 

hemoglobin 2 protein. Just as the combination of letters in each word written here conveys 



specific meaning, the amino acid sequence of a protein (the primary structure of a protein) 

ultimately makes a protein what it is.  

 

When looking at such amino acid sequences on any database, you will most likely see them 

written out in one letter codes as above. You will find a key below to help decipher which amino 

acids are in the hemoglobin 2 amino acid sequence. 

 

Alanine - A  Glutamic Acid - E  Methionine - M  Tyrosine - Y 

Arginine - R  Glycine - G   Phenylalanine - F  Valine - V 

Asparagine - N Histidine - H   Proline - P    

Aspartic Acid - D Isoleucine - I   Serine - S 

Cysteine - C  Leucine - L   Threonine - T 

Glutamine - Q  Lysine - K   Tryptophan - W 

 

While the NCBI is home to an immense amount of biologically relevant data, here we focused 

on a few important pieces of information you can receive from this resource. We here at 

MoleculeGo hope you take some time on your own to look through the many parts of this 

website.  

 

Now, let’s put all that we have learned together: 

 

9. Search “All Databases” for NP_179204.1 

 

What organism is this gene found in? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is the gene symbol for this gene? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is the name of this gene? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is the gene type of this gene? 

____________________________________________________________________________

____________________________________________________________________________ 

 

Where is this gene located in the organism’s genome? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is the gene symbol for the gene directly upstream of this gene? 



____________________________________________________________________________

____________________________________________________________________________ 

 

What is the name of the protein encoded by this gene? 

____________________________________________________________________________

____________________________________________________________________________ 

 

How many amino acids is this protein? 

____________________________________________________________________________

____________________________________________________________________________ 

 

What is the first amino acid in this protein’s primary structure? 

____________________________________________________________________________

____________________________________________________________________________ 

This gene seems to be very similar to the one we looked at previously. How can we see how 

similar the two really are to each other? This is where we will look at one final tool available on 

the NCBI website. 

 

Below you will find the accession numbers for each of the proteins we have looked at: 

 

NP_179204.1 (Arabidopsis thaliana hemoglobin 1) 

 

NP_187663.1 (Arabidopsis thaliana hemoglobin 2) 

 

10.  Navigate back to the NCBI homepage ( https://www.ncbi.nlm.nih.gov/) 

11. On the right side of the page and under “Popular Resources” click “BLAST” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.ncbi.nlm.nih.gov/


BLAST stands for Basic Local Alignment Search Tool and is a resource that allows you 

to align two or more nucleotide or amino acid sequences for comparison. Using this tool 

we can determine how similar our two proteins are! 

 

12.  Select “Protein BLAST” 

 

 
 

13. Check the box to the left of “Align two or more sequences” 

 

 
 

14. Type the accession number for Arabidopsis thaliana hemoglobin 1 into the first box 

and the accession number for Arabidopsis thaliana hemoglobin 2 into the second 

box 

 

 
 



15.  Scroll down the the bottom of the page and click the blue “BLAST” button 

a. It will take a little bit for the program to run and the page will auto refresh 

until you see the following page 

 

 
16.  Scroll down and click on the “Alignments” tab 

 

 
 

This final piece of data we are going to look at is a great example of why in Biology 

there is always more to a protein than just a name. The lines labeled “Query” are the 

amino acid sequence for Arabidopsis thaliana hemoglobin 1 and the lines labeled 

“Sbjct” (or subject) are the amino acid sequence for Arabidopsis thaliana hemoglobin 2. 

Under the label “Identities” we see that 84 amino acids out of the 152 that were 

compared are identical in these two proteins. Under the label “Positives” we see that 

108 amino acids out of the 152 that were compared are similar or identical to each 

other. 

 

We can now confidently conclude that Arabidopsis thaliana hemoglobin 1 and 

Arabidopsis thaliana hemoglobin 2 are 55% identical and 71% similar. Even though the 



only difference between the two protein names is a single number, they are 45% 

different from one another.  

 

We now know to never judge a protein by its label. 

 

 

 

 

 

 

 

 

 

 

 

Challenge Questions: 

 

 
 

What do you think is the difference between identity and similarity? 

______________________________________________________________________

______________________________________________________________________ 

 

What would lead to some amino acids being labeled as similar and others not? (Think 

about what groups we can put amino acids in) 

______________________________________________________________________

______________________________________________________________________ 

 

What is the “expect value” or “e-value” for our alignment in the previous exercise? 

______________________________________________________________________

______________________________________________________________________ 

 

What does the “expect value” describe? 

______________________________________________________________________

______________________________________________________________________ 

 



If a match between two sequences is to be considered significant, would we see an “e-

value” that is very large or very small? 

______________________________________________________________________

______________________________________________________________________ 

 


