Correlating Disease Genes to Phenotypes
An NCBI Mini-Course

This mini-course focuses on the correlation of a disease gene to the
phenotype. It demonstrates how the NCBI resources such as the
literature, expression and structure information can help provide
potential functional information for disease genes.

Mutations in the HFE gene are associated with the hemochromatosis
disease. A laboratory working on the hemochromatosis disease
wants to elucidate the biochemical and structural basis for the
function of the mutant protein.

Outline:

In this exercise, we have the following goals:

1. Determine what is known about the HFE gene and protein (using
Entrez Gene).

2. Determine identified SNPs and their locations in the HFE gene
(using dbSNP).

3. Learn more about hemochromatosis and its genetic testing (using
OMIM and Gene Tests)

4. Elucidate the biochemical and structural basis for the function of
the wild type and mutant proteins, if possible.

During the first hour, an overview will be given using one disease
gene, followed by an hour of hands-on session to practice using
another disease gene. The following handout contains the
screenshots of the overview.

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

Instructor:
Dr. Medha Bhagwat, NCBI



Problem 1

Mutations in the HFE gene are associated with the hemochromatosis disease. A
laboratory working on the hemochromatosis disease wants to elucidate the
biochemical and structural basis for the function of the mutant protein.

Outline:

In this exercise, we have the following goals:

1. Determining what is known about the HFE gene and protein (using Entrez
Gene).

2. Determining identified SNPs and their locations in the HFE gene (using
dbSNP).

3. Learning more about the hemochromatosis disease and its genetic testing
(using OMIM and Gene Tests)

4. Elucidating the biochemical and structural basis for the function of the wild
type and the mutant protein, if possible (using CDD).

Step 1. Determining what is known about the HFE gene and
protein (using Entrez Gene):

Search for 'HFE" in Entrez Gene. One entry is for the human HFE gene. Retrieve
the entry by clicking on the HFE link.

What is the location and orientation of the HFE gene on the human genome? List
the genes adjacent to it. How many alternatively spliced products have been
annotated for the HFE gene when the RefSeq mRNA entries were reviewed?
What the differences in the spliced products? List some of the HFE gene aliases.
What are the phenotypes associated with the mutations in the HFE gene? What
is the name and function of the protein encoded by the HFE gene? What is the
conserved domain in the protein? To which cellular component(s) is the protein
localized? Obtain the locations of exons and introns for each transcript by
choosing "Gene Table" from the Display pull down menu.

Step 2. Determining identified SNPs and their locations in the
HFE gene:

From the Links menu on the top right hand side of the page, click on the
"Geneview in dbSNP" to access a list of the known SNPs (reported in dbSNP).
By default, the SNPs in the coding region of a gene are reported. Additional
SNPs such as in the upstream region or the introns can be viewed by clicking on
the "in gene region” button. Currently, how many non-synonymous SNPs are
placed on the longest hemochromatosis transcript variant, NM_000410? How
many of these have links to OMIM? We will concentrate on the cys282tyr mutant
in the following analysis.



Step 3. Learning more about the hemochromatosis disease and
its genetic testing:

Click on the OMIM link next to the one of the SNPs in the SNP report. What are
the clinical features of hemochromatosis? List the 5 types of iron-overload
disorders labeled hemochromatosis. Which of these is associated with mutations
in the HFE gene? How many allelic variants of the HFE gene have been
reported? What is the phenotype associated with the Cys282Tyr mutant?

Click on the Gene Tests link at top of the page. Identify some of the laboratories
performing the clinical testing for hemochromatosis. Now refer to the Reviews
section. Mutation analysis is available for which of the HFE alleles? List one
explanation for the hemochromatosis phenotype caused by the Cys282Tyr
mutant.

Step 4. Elucidating the biochemical and structural basis for the
function of the wild type and mutant proteins, if possible:

Go back to the Entrez Gene report. Click on the first protein, NP_000401. Select
the Blink link. 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 "View 3D Structure” button. This
downloads the structure of G chain of 1DE4 and its sequence alignment with the
query protein. Zoom in the area of the disulphide bridge (colored in 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 third query line 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.

Summary: 1. The HFE gene is located on chromosome 6 and has at least 11
alternatively spliced products.

2. Currently, there are 8 non-synonymous SNPs annotated on the protein
NP_000401.

3. The Cys282Tyr mutant is associated with the hemochromatosis disease and
the site of mutation is used in hemochromatosis genetic testing.

4. 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. The conserved
cystenie 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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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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Hemochromatosis * Cys2azTyr (synonyms: C282Y; nucleotide G45G—A) This missense mutation removes a highly conserved cysteine
residue that normally forms an intramolecular disulfide bond, and thereby prevents the protein from being

S;rgﬂrrﬂﬂoasr\i expressed on the cell surface. . . .
Clinical Description * His63Asp (synonyms: HE3D; nucleotide 187C—=3) This missense mutation may impair interaction of the
HFE-encoded protein with the transferrin receptor on the cell surface,
Prevalence

Differentlal Diagnosis Normal gene product: A cell-surface protein of 321 amino acids with sequence similarity to HLA Class I molecules. The
Management normal protein forms a heterodimer with beta-2-microglobulin, and this interaction is necessary for normal presentation
Genetic Counseling on the cell surface. The normal protein binds to the transferrin receptor, and may act by modulating its affinity for
Molecular Genetics transferrin.
Resources
References Abnormal gene product: An impaired cell-surface protein is apparently formed. This protein does not migrate to the
Author Information cell surface and does not bind transferrin (bound to diferric iron). Therefore, lack of internalization of transferrin into the
Top of Page small bowel absorptive cell may lead to compensatory increase in iron absorption [Bacon et al 1939]
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GeneReviews provides information about selected national organizations and resources for the benefit of the reader.
GeneReviews is not responsible for information provided by other organizations, -ED.

+ CDG: Iron Overload and Hemochromatosis, Frequently Asked Questions
www . cde.gov/necdphp/dnpa/hemochromatosis/fag.htm

.

National Digestive Diseases Information Clearinghouse (NDDIC)
Hemochromatosis

+

National Human Genome Research Institute
Learning About Hereditary Hemochromatosis

+

National Library of Medicine Genetics Home Reference
Hemochromatosis
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i hemochromatosis
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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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Query: gil4504377 hemochromatosis protein isoform 1 precursor [Homo sapiens]
Mlatching gi: 57114069, 33502807, 29709343, 22854810, 20250786, 15115850, 14100030, 11094315,2497915, 2370111, 208855
1469790
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NCBI Related Structures

RCH | SITE WAF Publed [ Elast ]| Entrez Structure

hemochromatosis protein isoform 1 precursor [Homo sapiens]

[gi: 4504377]

Structure: 10E4 Chain G, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
Reference: [WWDE] [Fublded

Get 3D Structure data

to: [view in Cn3D =] (To display structure, download Cn3D)

gi 4504377 2

F-value = Te-168, Bit score = 588, Aligned length = 275, Sequence Identity = 100%%
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Problem 2:
http://www.ncbi.nlm.nih.gov/Class/minicourses/pheno2.html

Mutations in the HBB gene are associated with sickle cell anemia. A laboratory
working on sickle cell anemia wants to elucidate the biochemical and structural
basis for the function of the mutant HBB protein.

Step 1. Determining what is known about the HBB gene and
protein (using Entrez Gene):

Search for 'HBB" in Entrez Gene. One entry is for the human HBB gene. Retrieve
the entry by clicking on the HBB link.

What is the location and orientation of the HBB gene on the human genome? List
the genes adjacent to it. How many alternatively spliced products have been
annotated for the HBB gene when the RefSeq mRNA entries were reviewed? List
some of the HBB gene aliases. What are the phenotypes associated with the
mutations in the HBB gene? Where are the mouse and rat HBB genes located?

What is the name and function of the protein encoded by the HBB gene? What is
the conserved domain in the protein? To which cellular component(s) is the
protein localized? Beta hemoglobin is a subunit of which protein? Name other
subunit(s) in that protein.

Obtain the locations of exons and introns for each transcript by choosing "Gene
Table" from the Display pull down menu. Go back to the description page.

Step 2. Determining other identified SNPs and their locations in
the HBB gene:

From the Links menu on the top right hand side of the page, click on the
"Geneview in dbSNP" to access a list of the known SNPs (reported in dbSNP).
By default, the SNPs in the coding region of a gene are reported. Additional
SNPs such as in the upstream region or the introns can be viewed by clicking on
the "in gene region" button. Curerntly, how many non-synonymous SNPs are
placed on the beta hemoglobin transcript NM_000518? How many of these have
links to OMIM? We will concentrate on the Glu7Val mutant in the following
analysis.

Step 3. Learning more about sickle cell anemia disease and its
genetic testing:

Go back to the Entrez Gene report. Click on the OMIM link and then HBB link.
What are the phenotypes caused by mutations in HBB, the absence of HBB and
redcued amounts of HBB? What is the clinical synopsis of sickle cell anemia?
What is its prominent feature? What is its mode of inheritance? How many allelic
variants of the HBB gene have been reported? As mentioned in the OMIM report,
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the allelic variants are listed for the mature beta hemoglobin 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 Variant “View list” to get information about the mutant proteins from
patients. Is the Glu6Val variant mentioned in the list? (It is the variant number
0243). Which phenotype does it cause? What is the name of the mutant
hemoglobin (hemoglobin S).

Click on the Gene Tests link at top of the page. Identify some of the laboratories
performing the clinical testing for sickle cell anemia. Now refer to the Reviews
section for Sickle Cell Disease, Mutation analysis is available for which of the
HBB alleles? List one explanation for the sickle cell anemia phenotype caused by
the Glu7Val mutant beta hemoglobin.

Step 4. Elucidating the biochemical and structural basis for the
function of the wild type and mutant proteins, if possible:

A. Information about the wild type protein

Go back to the OMIM report by clicking the back button on the web browser. 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 first on the
NP_000509 protein link and then on Blink. Click on the 3D structures button. The
output contains a list of similar proteins with 3D structures known. Find the entry,
for example 1DXTD, representing the structure of deoxyhemoglobin. Click on the
blue dot next to 1DXTD to get the sequence alignment of the query protein to the
D chain of 1DXT. To view the 3D structure of dexoxyhemoglobin (all chains, 2
alpha and 2 beta), click on the “MMDB” link. 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. Go back to the MMDB summary page. View the
deoxyhemoglobin tetramer by clicking on the "View 3D Structure button".

Search for the structure of the mutant (deoxyhemoglobin S) in the structure
database. Two entries, 1HBS and 2HBS, are retrieved. Click on the 2HBS link.
Then click on the PubMed link from the MMDB and PDB entries (under Primary
Citation). The abstracts indicate 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.

B. To 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 and strand objects
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using Style--Edit global style, and unclick the boxes next to the Helix objects and
Strand objects. Highlight valine 6 from the H chain (one of the beta chains). To
show the side chains of the residue, use the Structure window--Style--Annotate--
new. Give a hame to this annotation such as "valine" and then click on Edit Style.
Change the protein backbone Rendering to "Space Fill", Color Scheme to
"charge" or "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 then Done buttons. The valine interacts with a pocket between the two
helices on another tetramer. Identify the residues from other molecules within 4
angstroms of the valine, use Show/Hide--Select by distance--other molecules. To
unclick the highlighted residues, click on the white portion of the sequence
window.

You can now easily explain why the Glu7Val mutant has an
altered function.
Summary:

This mini-course describes how to obtain information about the HBB gene,
known SNPs in it, and elucidate the biochemical and structural basis for the
function of the wild type and Glu7Val mutant protein.

Summary: 1. The HBB gene is located on chromosome 11 and has no
alternatively spliced products annotated.

2. Currently, there are 7 non-synonymous SNPs and 3 synonymous SNPs
annotated on the protein NP_000509.

3. The Glu7Val mutant is associated with the sickle cell anemia disease and the
site of mutation is used in sickle cell anemia genetic testing.

4. The HBB gene encodes beta hemoglobin which is a part of hemoglobin along
with alpha hemoglobin. Hemoglobin is a tetramer consisting of 2 beta and 2
alpha chains. Mutation of the 7th negatively charged amino acid, glutamic acid,
to hydrophobic valine leads to polymerization of hemoglobin forming a sickle fiber
that changes the shape of red blood cells leading to sickle cell anemia.
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