
 
Identification and Correlation of Disease 

Genes to Phenotypes 
This mini-course focuses on the identification of a disease gene and 
its correlation to a phenotype. It demonstrates how NCBI resources 
such as the reference human genome assembly combined with 
literature and expression information can help identify and provide 
potential functional information for candidate disease genes. 

Problem:  

A laboratory has generated an EST library from a hemochromatosis 
patient and wants to identify the gene(s) causing the phenotype and, 
if possible, establish a biochemical and structural basis for the 
disease phenotype. 

Outline:  

1. Compare ESTs to the human genome (using BLAST). 
2. Identify the gene(s) aligning to the ESTs and download their 
sequences (using MapViewer). 
3. Determine what is known about the gene and protein, and identify 
known SNPs in the gene (using Entrez Gene and dbSNP) 
4. Determine whether a mutant HFE gene causes a disease 
phenotype (using OMIM). 
5. Examine the biochemical and structural consequences of the 
mutation on the HFE protein product (using Blink and Cn3D). 

URL:  
http://www.ncbi.nlm.nih.gov/Class/minicourses/diseasepheno.html 

The following handout includes the screen shots of the exercise 
demonstrated in the workshop. 

Course developed by: Medha Bhagwat (bhagwat@ncbi.nlm.nih.gov) 

Instructor: Wayne Matten (matten@ncbi.nlm.nih.gov) 
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Step 1. Compare ESTs to the human genome (using BLAST): 

One way to identify the genes expressing the ESTs is to compare their 
sequences using BLAST with the human genome assembly and the genes 
annotated on it. To access the specialized BLAST page for searching against the 
human genome assembly, click on the following link:

BLAST (human genome) . 
 
Paste the EST sequence provided below in the query box of the BLAST page, 
select the database “genome (reference only)”, and start the search by clicking 
the “Begin Search” button.  

Query EST Sequence: 
TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTC
TACGGTGTCGGGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGC
TGAAGGATAAGCAGCCAATGGATGCCAAGGAGTTCGAACCTAAAGACGTAT
TGCCCAATGGGGATGGGACCTACCAGGGCTGGATAACCTTGGCTGTACCCC
CTGGGGAAGAGCAGAGATATACGTACCAGGTGGAGCACCCAGGCCTGGATC
AGCCCCTCATTGTGATCTGGG

 

 
Name the chromosome and the contig that we get as a BLAST hit. Is the EST 
sequence 100% identical to the genomic sequence? Note the nucleotide 
difference between the two sequences. Paste your results in the window below.  
  
 
Results of BLAST against the human genome 

 

Step 2. Identify the gene(s) expressing the ESTs and download their sequences:  

To visualize the BLAST hit on the genome using MapViewer, click on the 
"Genome View" button near the top of the results page, then on the Map element 
"NT_007592". Currently, 4 maps should be displayed (Model, RNA, Genes_seq 
and Contig). Make the Genes_seq map the master map by clicking on the arrow 
next to the map name. Zoom out using the graphic on the left.   
The BLAST hit, indicated by the red bar, is in the region of one of the exons of 
the HFE gene. Display the entire HFE gene sequence by clicking on the "dl" 
(download) link and then on "Display". Copy the sequence and paste it in the 
area provided below. You can adjust the sequence coordinates to download 
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upstream or downstream sequence by using the "adjust by" and "Change 
Region/Strand" functions.  

HFE gene sequence 

 

Step 3. Determine what is known about the HFE gene and protein, and identify 
known SNPs in the gene: 
Click on the HFE gene link from the Genes_seq map, which takes you to the 
Entrez Gene HFE report.  
What is the chromosome location of the HFE gene? How many mRNA variants 
have been annotated for the HFE gene? Which is the longest isoform? Where is 
the mouse homolog located? What is the function of the protein? Click on the 
"GeneView in dbSNP" link from the "Links" menu to get a list of known SNPs in 
the HFE gene. By default the SNPs in the coding region are shown. All the SNPs 
can be displayed by clicking on the "in gene region" button. List the 
nonsynonymous changes with respect to the variant 1 mRNA, NM_000410, in 
the box provided below. Which nonsynonymous SNP is also observed in the EST 
sequence that we started with?  

HFE nonsynonymous SNPs 

 

Step 4. Determine whether the mutant HFE gene causes a phenotype:  

There is a link to the OMIM database for three of the non-synonymous SNPs 
noted above in the SNP report. Click on any of the "Yes" links to take us to the 
OMIM report for the HFE gene. This report details how mutations in the HFE 
gene are associated with a phenotype, hemochromatosis. Click on the "Allelic 
Variant" link. Is Cys282Tyr listed as causing any phenotype? Use the Links menu 
to go back to the Gene report. Based on the RefSeq summary and the PubMed 
articles in the GeneRIFs section, describe the biochemical function of the wild 
type and Cys282Tyr mutant proteins.  
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Function of the wild type and Cys282Tyr mutant proteins  

 

Step 5.Elucidate the biochemical and structural basis for the function of the 
Cys282Tyr mutant protein:  

Go back to the Entrez Gene report. Click on the NP_000401 protein link and then 
on Blink. Click on the 3D structures button. The output contains a list of similar 
proteins with known 3D structures. The first entry, 1DE4G, represents the G 
chain of the hemochromatosis protein (complexed with transferrin receptor). Click 
on the blue dot next to 1DE4G to get the sequence alignment of the query 
protein to the G chain of 1DE4. Click on the "Get 3D Structure data" button. This 
downloads the structure of the G chain of 1DE4 and its sequence alignment with 
the query protein. Zoom in the area of the disulphide bridge (colored tan) by 
pressing "z" on the keyboard. Select the cysteine residues forming the disulphide 
bridge by double clicking on them. Mouse over the corresponding cysteine 
residues on the query line (gi 4504377) in the alignment and view the amino acid 
number at the bottom left of the window. One of them is the cysteine at position 
282. It is the same cysteine which is mutated to tyrosine causing the 
hemochromatosis phenotype.  

You can now easily explain why the Cys282Tyr mutant has an altered function.  
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Summary:  

This mini-course describes steps to identify the gene expressing the ESTs 
obtained from a hemochromatosis patient, download the gene sequence, identify 
known SNPs in the gene, find SNP-associated phenotypes, and view a 3D 
structure of HFE to see how the mutation might affect the protein. 
 
Step 1: The query EST sequence was found to align to contig NT_007592.13 on 
chromosome 6 with one nucleotide difference (G to A with respect to the 
nucleotide 16951392 on the contig). 

 
Step 2: The query EST was found to be expressed by the HFE gene. 

 
Step 3: The HFE gene has at least 11 alternatively spliced products. The query 
EST sequence contains a known SNP leading to the change in the translation of 
the 282nd amino acid from cysteine to tyrosine. 

 
Step 4: Mutations in the HFE gene are associated with hemochromatosis. The 
HFE protein functions to regulate iron absorption by regulating the interaction of 
the transferrin receptor with transferrin, whereas the Cys282Tyr mutant fails to 
regulate this interaction leading to iron overload. 

 
Step 5: The conserved cysteine 282 in the immunoglobulin constant region 
domain in the HFE protein is involved in formation of a disulphide bridge. Its 
mutation to tyrosine will alter the folding of the protein. 
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Step 1. Compare ESTs to the human genome: 
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Step 1 result: The query EST sequence aligned to the contig, 
NT_007592.14, on chromosome 6 with one nucleotide difference (G 
to A with respect to nucleotide 16951392 on the contig). 
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Step 2. Identify the gene(s) expressing the EST and download the 
sequence: 
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Step 2 results: The query EST was expressed by the HFE gene; the 
“dl” link can be used to download any sequence on the chromosome. 
 
 
 
 
Step 3: Determine what is known about the gene and protein, and 
identify known SNPs in the gene 
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Transferrin 

hemochromatosis 
Transferrin 
receptor 

 
                                 Bacon et al. Gastroenterology, 116:193-207, Figure 4 
 
The hemochromatosis protein functions to regulate iron absorption by 
regulating the interaction of the transferrin receptor with transferrin. 
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Step 3 result: The HFE gene has at least 11 alternatively spliced 
products. The query EST sequence contains a known SNP leading to 
the change in the translation of the 282nd amino acid from cysteine to 
tyrosine. 
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Step 4: Determine whether the mutant HFE gene causes phenotypes: 
 

 
 

  
 
Step 4 result: Mutations in the HFE gene are associated with hemochromatosis. 
The HFE protein functions to regulate iron absorption by regulating the 
interaction of the transferrin receptor with transferrin, whereas the Cys282Tyr 
mutant fails to regulate this interaction, leading to iron overload. 
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Step 5: Elucidate the biochemical and structural basis for the function 
of the mutant protein: 
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Step 5 results: The conserved cysteine 282 in the HFE protein is 
involved in formation of a disulphide bridge. Its mutation to tyrosine 
will alter the folding of the protein. 
 

 

Transferrin 

Transferrin 
receptor 

hemochromatosis 

 
                                 Bacon et al. Gastroenterology, 116:193-207, Figure 4 
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Problem 2: 
http://www.ncbi.nlm.nih.gov/Class/minicourses/diseasepheno2.html 

A laboratory has generated an EST library from a sickle cell anemia patient and 
wants to identify the gene(s) causing the phenotype. Sickle cell anemia is a 
disease in which the red blood cells are curved in shape, and which causes pain 
and fever.  

Outline:  

We will follow these steps to solve the problem: 
1. Compare ESTs to the human genome (using BLAST). 
2. Identify the gene(s) aligning to the ESTs and download their sequences (using 
MapViewer). 
3. Determine what is known about the gene and protein, and identify known 
SNPs in the gene (using Entrez Gene and dbSNP)  
4. Determine whether the mutant gene causes phenotypes (using OMIM). 
5. Elucidate the biochemical and structural basis for the function of the mutant 
protein (using Blink and Cn3D).  

Step 1.  Compare ESTs to the human genome (using BLAST): 

One way to identify the genes expressing the ESTs is to compare their 
sequences using BLAST with the human genome assembly and the genes 
annotated on it. To access the specialized BLAST page for searching against the 
human genome assembly, click on 

BLAST (human genome)
Paste the EST sequence provided below in the query box of the BLAST page 
and start the search by clicking on the “Begin Search” button.  

Query EST Sequence: 
 

ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAAC

 

 
Name the chromosome and the contig that we get as a BLAST hit. Is the EST 
sequence 100% identical to the genomic sequence? Note the nucleotide 
difference between the two sequences. Paste your results in the window below.  
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Results of BLAST against the human genome 

 

Step 2.  Identify the gene(s) expressing the ESTs and download their sequences:  

To visualize the BLAST hit on the genome using Map Viewer, click on the 
"Genome View" button at the top of the results page, then on the Map element 
"NT_009237". Currently, 4 maps should be displayed (Model, RNA, Genes_seq 
and Contig). Make the Genes_seq map as the master map by clicking on the 
arrow at the top of the map.  
The best BLAST hits, indicated by the red bars, are in the region of two exons of 
the HBB gene annotated on the human genome. Use the Recenter option by 
clicking on the grey line of the Genes_seq map to keep only the HBB gene in the 
current display. Note that the gene is annotated on the minus strand. To display 
the entire HBB gene sequence, click on the "dl" link, choose minus strand from 
the pull down menu, click on "Change Region/Strand" and display the sequence 
by clicking on "Display". Copy the sequence and paste it in the area provided 
below. You can adjust the nucleotide locations to download the upstream or 
downstream sequence by using the "adjust by" and "Change Region/Strand" 
option.  

HBB gene sequence 

 

Step 3.  Determine what is known about the HBB gene and protein, and identify 
known SNPs in the gene: 
 
Go back to the Map Viewer report. Click on the HBB gene link from the 
Genes_seq map which takes you to the Entrez Gene HBB report.  
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What is the chromosome location of the HBB gene? How many mRNA variants 
have been annotated for the HBB gene? Which is the longest isoform? What is 
the function of the protein? Click on the "GeneView in dbSNP" link from the 
"Links" menu to get a list of known SNPs in the HBB gene. By default the SNPs 
in the coding region are shown. The information about all the SNPs can be 
obtained by clicking on the "in gene region" button. List the nonsynonymous 
changes with respect to the mRNA NM_000518 in the box provided below.  

HBB nonsynonymous SNPs 

 

Step 4.  Determine whether the mutant HBB gene causes a phenotype:  

Click on the OMIM link from the SNP report. The OMIM report details how 
mutations in the HBB gene are associated with the phenotype of sickle cell 
anemia. As mentioned in the report, the allelic variants are listed for the mature 
HBB protein which lacks an initiator methionine. Hence, the allelic variants in the 
OMIM report are off by one amino acid compared to the precursor protein in 
NP_000509. Click on the Allelic Variants “View list” to get information about the 
mutant proteins from patients. Is the Glu6Val variant mentioned in the list? Which 
phenotype does it cause? What is the name of the mutant hemoglobin 
(hemoglobin S).  

Phenotypes caused by the HBB mutants 
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Step 5.  Elucidate the biochemical and structural basis for the function of the wild 
type and Glu7Val mutant proteins:  
 
Go to the Gene report through the Links menu. Based on the RefSeq summary 
and the PubMed articles, describe the biochemical functions of beta hemoglobin 
and hemoglobin S. PubMed articles in the Entrez Gene report indicate that the 3-
D structure of hemoglobin S is available.  
Let us first take a look at the structure of the wild type protein.  
 

Click on the NP_000509 protein link in the section, 'Genomic regions, transcripts, 
and products', then on BLink. Click on the 3D structures button. This output 
contains a list of similar proteins with solved 3D structures. The first entry, 
1DXTD, represents a structure of deoxyhemoglobin chain D. Click on the blue 
dot next to 1DXTD to get the sequence alignment of the query protein with the D 
chain of 1DXT. 

To get information about the chains in this structure, we'll go to the PDB record. 
Click on the MMDB link next to 'Reference'. That takes us to the MMDB structure 
summary page for 1DXT. Access the PDB entry by clicking on 1DXT.  Note that 
the chains A and C in the structure represent alpha chains, and B and D 
represent beta chains (see the SCOP Classification section). 

Go back to the MMDB summary page. View the deoxyhemoglobin tetramer by 
clicking on the "View 3D Structure" button. To search for the structure of the 
mutant (deoxyhemoglobin S) in the structure database, follow the link to 
"Structure" on the MMDB Summary page (in the black, horizontal bar), and enter 
the query term "deoxyhemoglobin s" (without quotes).  Two entries, 1HBS and 
2HBS, are retrieved.  Click on the 2HBS link, then click on the PubMed link (in 
the Reference line).  The abstract indicates that the mutated valine residue of the 
beta chain contacts with another hemoglobin tetramer molecule to form 
hemoglobin polymers, which are building blocks for the sickle cell fiber. 

Show the side chains of the mutant residue and view its interaction with 
another hemoglobin molecule: 

Download the structure 2HBS by clicking on View 3D Structure. For easier 
viewing, remove the helix objects using Style--Edit global style by unchecking the 
box next to Helix objects. Highlight valine 6 from the H chain (a beta chain) by 
clicking on the "v" at location 6 in the Sequence/Alignment viewer. 

To show the side chains of the residue, use Style--Annotate--new. Give a name 
to this annotation, such as "valine", then click on Edit Style. Change the protein 
backbone Rendering to "Space Fill", Color Scheme to "charge" or 

 26



"hydrophobicity". Repeat these steps for the Protein Sidechains row and click the 
Protein Sidechains on. To show the amino acid number, choose the Labels 
panel, and change the Protein Backbone spacing to 1. Click on the Done, OK 
and Done buttons, respectively. The valine interacts with a pocket between the 
two helices on another tetramer. To identify the residues on other chains that are 
within 4 angstroms of the valine, use Show/Hide--Select by distance--other 
molecules. To remove highlighted residues, click in any white space in the 
Sequence/Alignment viewer. 

 

Summary:  

This mini-course describes steps to identify the genes expressing the ESTs 
obtained from a hemochromatosis patient, download the gene sequence, identify 
known SNPs in the gene and find SNP-associated phenotypes. 
 
Step 1: The query EST sequence was found to align to contig NT_009237.17 on 
chromosome 11 with one nucleotide difference (A to T with respect to the 
nucleotide 4035473 on the contig). 
 
Step 2: The query EST was found to be expressed by the HBB gene. 
 
Step 3: The query EST sequence contains a known SNP, leading to a change in 
the translation of the 7th amino acid from glutamic acid to valine. 
 
Step 4: Mutations in the HBB gene are associated with sickle cell anemia.  
 
Step 5: HBB encodes beta hemoglobin; hemoglobin is a tetramer of 2 beta and 2 
alpha chains.  An HBB mutation at the 7th (in the genomic annotation) negatively 
charged amino acid, glutamic acid, to hydrophobic valine leads to polymerization 
of hemoglobin into a sickle fiber that changes the shape of red blood cells and 
leads to sickle cell anemia. 
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