Correlating Disease Genes and Phenotypes
An NCBI Mini-Course

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

Course Developed by Medha Bhagwat (bhagwat@ncbi.nim.nih.gov)




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 "SNP:
GeneView" 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 protein accession number
NP_000401 associated with the longest splice variant NM_000410. 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, 1A6Z chain C, provides the
structure of the part of human hemochromatosis protein. Click on the blue dot
next to the accession number to get the sequence alignment of the query protein
with 1A6Z chain C. Click on the "View 3D Structure” button. This downloads its
3D structure 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 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.

You can now easily explain why the C282Y mutant has an
altered function.

Summary:

This mini-course describes how to obtain information about the HFE gene,
known SNPs in it, and elucidate the biochemical and structural basis for the
function of the wild type and Cys282Tyr mutant protein.

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 of 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.




HIV-1 protein interactions
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HFE

hemochromatosis

HGNC:4886
En
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Reviewed

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires;
Primates; Haplorrhini; Catarrhini; Hominidae; Homo

HH; HFE1; HLA-H; MGC103790; d]221C16.10.1

The protein encoded by this gene is a membrane protein that is similar to MHC class - type proteins and
associates with beta2-microglobulin (beta2M). It is thought that this protein functions to regulate iron absorption
by regulating the interaction of the transferrin receptor with transferrin. The iron storage disorder, hereditary
haemochromatosis, is a recessive genetic disorder that results from defects in this gene. At least eleven
alternatively spliced variants have been described for this gene. Additional variants have been found but their full-
length nature has not been determined.
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Send |rs# on all gene models to Batch Query  Download | all rs# to ﬁle_

Gene Model (mRNA alignment) information from genome sequence

Total gene model (contig mRNA transcript):

mrna  franscript protein mrna orientation
NM 000410 phus strand NP 000401 forward
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NM 139002 phus strand NP 620571 forward
NM 139002 plus strand NP 620571 forward
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NM 139005 plus strand NP 620574 forward
NM 139006 phus strand NP_620575 forward
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NM 139007 plus strand NP 620576 forward
NM 139007 plus strand NP 620576 forward
NM 139008 plus strand NP_62
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NT 007592 reference
NW 922984 Celera
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Summary

Disease characteristics, HFE-assocated hereditary hemochromatosis (HFE-HHC) is characterized by inappropriately high

Title Index absorption of iron by the gastrointestinal mucosa, resulting in excessive storage of iron particularly in the liver, skin, pancreas,
heart, joints, and testes. Abdominal pain, weakness, lethargy, and weight loss are early symptoms. Without therapy, males may
develop symptoms between age 40 and 60 years and females after menopause. Hepatic fibrosis or crrhosis may occur in untreated
individuals after age 40 years. Other findings in untreated individuals may include progressive increase in skin pigmentation, diabete:
rnellitus, congestive heart failure and/or arrhythmias, arthritis, and hypoganadism
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Title Index

OMIM Entries for HFE-Associated Hereditary Hemochromatosis

235200 HEMOCHROMATOSIS, HFE

Genomic Databases for HFE-Associated Hereditary Hemochromatosis

Gene Symbol Entrez Gene HGMD GeneCards GDB GenAtlas
HFE 235200 HFE HFE 119309 HFE

For a description of the genomic databases listed, dick here.

Normal allelic variants: The HFE gene is about 13 kb in size and contains seven exons [Feder et al 1396 , Albig 1998]; HFE gives
rise to at least eleven alternative transcripts encoding four to seven exons.

Pathologic allelic variants: At least 28 distinct mutations have been reported, most being missense or nonsense mutations. T
missense mutations account for the vast majority of disease-causing alleles in the population:

e Cys282Tyr (p.C282Y; nucleotide 845G>A), This missense mutation removes 4 highly conserved cysteine residue that
normally forms an intermolecular disulfide bond with beta-2-microglobulin, and thereby prevents the protein from being
expressed on the cell surface.

e Hisg3asp (p.HE3D; nucleotide 167C>G). This missense mutation may alter a pH-dependent intramolecular salt bridge,
possibly affecting interaction of the HFE protein with the transferrin receptar.

Normal gene product: The largest predicted primary translation product is 348 amine acids, which gives rise to a mature proteir
of about 321 amino acids after cleavage of the signal sequence. The HFE protein is similar to HLA Class I molecules at the primary
[Feder et al 1996] and tertiary structure [Lebron et al 1998] levels. The mature protein is expressed on the cell surface as a
heteradimer with beta-2-microglobulin, and this interaction is necessary for normal presentation on the cell surface. The normal HFE -
protein binds to transferrin receptor 1 on the cell surface and may reduce cellular iron uptake; however, the exact means by which
the HFE protein regulates iron uptake is as yet unclear [Fleming et al 2004],

Abnormal gene product: The p.C262Y mutation destroys a key cysteine residue that is required for disulfide bonding with beta-2
microglobulin. As a result, the HFE protein does not mature properly and becomes trapped in the endoplasmic reticulum and Golgi
apparatus, leading to decreased cell-surface expression. The mechanistic basis for the phenotypic effect of ather HFE mutations is
not clear at present.

Resources
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Transferrin

_ hemochromatosis
Transferrin

receptor

g B ‘\3"‘. e /' .ﬁi‘;fl Ry ? .
; Aiserresiidlll

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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Conserved Domain Database hits
1870 31 AAC51823 1469790 HLA-H
25 RBANDY7S3 22854810 hereditary hemochromatosis [Pan troglodytes]
1870 31 CRABO7442 1890180 HFE [Homo sapiens]
31 ARBE20B3 2088551 hereditary hemochromatosis [Homo sapiens]
31 CAA7093%4 2370111 HFE [Homo sapiens]
31 Q30201 2497915 Hereditary hemochromatosis protein precursor (HLA-H)
31 EAW55524 119 8 hemochromatosis, isoform CRA i [Homo sapiens]
1870 29 38502807 Hereditary hemochromatosis protein homolog precursor (HLA-H)
109658506 Hemochromatosis [Homo sapiens]
109658670 Hemochromatosis [Homo sapiens]
57114069 hemochromatosis protein [Pan troglodytes]
11084315 hemochromatosis termination variant terE6; HFE [Homo sapiens]
50960016 HFE protein [Homo sapiens]
31 RBACE2646 3695107 hemochromatosis splice variant dell4E4 [Homo sapiens]
31 EAW55523 119575927 hemochromatosis, isoform CRA h [Homo sapiens]
31 NP_620575 21040347 hemochromatosis protein isoform & precursor [Homo sapiens]
31 CAC67792 15485419 hemochromatosis protein [Homo sapiens]
31 NP_620578 21040353 hemochromatosis protein isoform 8 precursor [Homo sapiens]
31 EAW55521 119575925 hemochromatosis, isoform CRA f [Homo sapiens]
31 1K62C 4699712 Chain C, Hfe (Human) Hemochromatosis Protein
31 IDE4L  £980494 Chain A, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
31 1DE4D  §980497 Chain D, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
31 1DE4G  £980500 Chain G, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
31 1h6ZL 4699710 fe (Human) Hemochromatosis Protein
21 Q9GL42 24418448 Hereditary hemochromatosis protein homolog precursor
1495 21 ARG23703 10945692 HFE protein [Dicerorhinus sumatrensis]
21 Q9GKZ0 24418446 Hereditary hemochromatosis protein homolog precursor
21 AAG23701 10945688 HFE protein [Ceratotherium simum]
Q9GL43 24418449 Hereditary hemoChTOMATOSiS protein homolog precursor

21 BAG2Z3702 10945630 HFE protein [Diceros bicornis]
31 NE_62057¢ 21040345 hemochromatosis protein isoform 5 precursor [Homo sapiens]

ERWS55527 119575931 hemochromatosis, isoform CRA 1 [Homo sapiens]
23704 10945694 HFE protein [Rhinoceros unicornis]

Q9GL41 24418447 Hereditary hemochromatosis protein homolog precursor
ARO47091 28800982 hemochromatosis [Homo sapiens]
AMG39940 11692703 HFE [Diceros bicornis]
NP_445753 25742631 hemochromatosis [Rattus norvegicus]

Q..m giHSﬂL’!"" hemochromatosis protein isoform 1 precursor [Homo sapiens]
83323630, 20250786, 80748852, 1890180, 2088551, 2370111, 2497915, 119575928, 15115850, 38502807, 109658506, 109658670, 112053064, 112088318, 14100030, 57114069,

"9"09343 11094315
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348 aa

SCORE P ACCESSION  GI PROTEIN DESCRIPTION
Conserved Domain Datsbase hits
1517 1R6IC 4699712 Chain C, Hfe (Human) Hemochromatosis Protein
1DE4AR 6380494 Chain A, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
6230497 Chain D, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
6250500 Chain G, Hemochromatosis Protein Hfe Complexed With Transferrin Receptor
4693710 Chain A, Hfe (Human) Hemochromatosis Protein
3891929 Chain A, The Crystal Structure Of H-2dd Mhc Class I In Complex With The Hiv-1 Derived Peptide P18-11)
48425592 Chain B, Crystal Structures Of The Murine Class I Major Histocompatibility Complex H-2kb In Complex
48425595 Chain D, Crystal Structures Of The Murine Class I Major Histocompatibility Complex H-2kb In Complex
Chain &, Crystal Structures Of The Murine Class I Major Histocompatibility Complex H-2kb In Complex
Chain R, Crystal Structures Of The Murine Class I Major Histocompatibility Complex H-2kb In Complex
I
I

Chain D, Crystal Structures Of The Muripe Class I Major Histocompatibility Complex H-2kb In Complex
48425588 Chain B, Crystal Structures Of The Murine Class I Major Histocompatibility Complex H-2kb In Complex
Chain D, Structures Of Hla-A1101 In Complex With Immunodominant Nonamer And Decamer Hiv-1 Epitopes (f
49258584 Chain R, Structures Of Hla-A1101 In Complex With Immunodominant Nonamer And Decamer Hiv-1 Epitopes G
49258587 Chain D, Structures Of Hla-A1101 In Complex With Immunodominant Nonamer And Decamer Hiv-1 Epitopes (
119389933 Chain A, Hla-A1101 In Complex With Hbv Peptide Homologue

73535522 Chain R, Crystal Structure Of Hla-A1101 With Sars Nucleocapsid Peptide

49258564 Chain A, Structures Of Ela-A1101 In Complex With Immunodominant Nonamer And Decamer Hiv-1 Epitopes O
£8192434 Chain D, Crystal Structure OF Hla-R2402 Complexed With A Telomerase Peptide

£8192431 Chain A, Crystal Structure Of H1s-A2402 Complexed With A Telomerase Pepride
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NCBI Related Structures

HOME SITE HaP PubMed [ Blast | Entrez Structure

Query: hemaochromatosis protein isoform 1 precursor [Homo sapiens]
[gi- 4504377

Structure: 1AG6Z Chain C, Hfe (Human) Hemochromatosis Protein

Reference: [MMDE] [PubMed

Get :?ruclure data | to: [view in cn3D =] (To display structure, download Cn3D)

/ E-value = 7e-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 "SNP:
GeneView" 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 coding 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
reduced 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,
the allelic variants are listed for the mature beta hemoglobin protein which lacks
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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 on the
NP_000509 protein link and select Blink. Click on the “Show identical” button and
then on the “3D structures” button. The output contains a list of similar proteins
with 3D structures known. The entry, 1DXTD, represents the structure of
deoxyhemoglobin chain D. Click on the blue dot next to 1DXTD to get the
sequence alignment of the query protein to the D chain of 1DXTD. 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
Reference). 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.
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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
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 name 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 unselect 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 301 coding 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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