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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 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: Medha Bhagwat (bhagwat@ncbi.nlm.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 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. 
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 where as 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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GeneRIFs:

1. present data indicate thet there i a link between HFE mutations and idiopathic dilated cardiomyopathy PubMed
due to a high proportion of patients being either C282Y homozygotes or C28Y/H63D compound

heterozygotes

2. The relatively high frequency of HFE H63D allele carriers in Egypfian cases of HCV liver cirrhosis  PubMed
suggests the need to routinely screen for this risk genotype among affected families

3. a population harboring abnormal iron markers had a different HFE genotype and a higher 282Y allele  PubMed
frequency than the control population

4. HFE mutations do not directly alter erythroid iron handing, but alter the supply ofiron to the erythroid PubMed
tissues

5. Anlysis of the C282Y and H63D mutations in the HFE gene was carried out in 594 individuals PubMed
representing seven indigenous populations of Ceniral Asia

6. the major C282Y mutation was significantly more frequent in subjects infected with hepatits B viris  PubMed
(4%) than in 194 conrol subjects (0%, P=.02, Fisher's exact test)

7. Possible association between the C282Y and H63D mutations in the HFE gene and PubMed
estrogen-dependent cancer risk was assessed.
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reduced cell surface expression of the HFE-2m complex, thereby affecting the inferaction with THR and

its interaction with transferrin

105. 871 healthy unrelated subjects in Poland were collected to assess the relevant fequencies. Each  PubMed
subject was genotyped for the C282Y and H63D mutations using a PCR-based protocol

Interactions @@
Descriptio
HEE Product Interactant Other Gene  Complex  Source Pubs
NP_000401.1 Beta 2 microglabulin B2M HPRD PubMed
NP_000401.1 Transferrin receptor 2 TFR2 HPRD PubMed
NP_000401.1 NP_003225.1 TFRC HPRD PubMed
General gene information 2
Markers
RH46796(e-PCR) (Links: UniSTS:18176)
Alvernate name: st5G24898

WI-17546(e-PCR) (Links: UiSTS:30510)
Alternate names: EST261382, RH61086
RH46637(e-PCR) (Links: UniSTS:36001)
Alernate name: st5G24673
A004R25(e-PCR) (Links: UniSTS41641)
Alternate name: RH25814
STS-U60319(e-PCR) (Links: UniST5:47384)
Alternate names: RH75899; sts-U60319
D682377(e-PCR) (Links: UniSTS:57170)
Alternate names: GDB:5584195, 5y899g1-19
PMC19311PL(e-PCR) (Links: UniSTS:271747)
PMC196491P2(e-PCR) (Links: UniSTS:271810)
Alternate name: PMC23476P1
PMC196491P3(e-PCR) (Links: UiSTS:271811)
PMC310725P1(e-PCR) (Links: UniSTS:272644)
HFE_3382(e-PCR) Qinks: UniSTS 462240)
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General protein information 2

Names: hemochromatosis protein
MHC class Llike protein HFE;  hereditary hemochromatosis protein HLA-H

NCBI Reference Sequences (RefSeq) 2t

Reference MG 001335
mRNA Sequence MM 000410
Transcriptional Variant
Transeript Variant: This variant (1) encodes the longest isoform.
Source Sequence U60319
Product NP_000401 hemochromatosis protein isoform 1 precursor
Consensus CDS (CCDS) CCDSA578.1
Conserved Domains (2) summary
fam00129: MHC T, Class I Histocompatibility antizen, domains alpha 1 and 2
Location: 27 - 202 Blast Score: 314
d00098: IGe, Immunoglobulin domain constant region subfamil
Location: 223 - 298 Blast Score: 169
mRNA Sequence MM 139002
Transcriptional Variant
‘Transeript Variant: This variant (2) lacks the 3'end of the coding region and a portion of the 3UTR, as compared to
variant 1. The resuling protein (isoform 2) has a unique carbogy terminus.
Source Sequence AF115264
Product NP_620571 hemochromatosis protein isoform 2 precursor
Conserved Domains (1) summary
fam00129: MHC T, Class I Histocompativility antizen, domains alpha 1 and 2
Location: 27 - 143 Blast Score: 207
mRNA Sequence MM 139003
Transcriptional Variant
‘Transeript Variant: This variant (3) lacks an internal in-frame segment of the coding region, as compared to variant 1,
resulting in a shorter protein (isoform 3).
Source Sequence AF149804
Product NP_620572 hemochromatosis protein isoform 3 precursor
Conserved Domains (2) summary
fam00129: MHC T, Class I Histocompativility antizen, domains alpha 1 and 2
Location: 27 - 113 Blast Score: 127
2d00098: IGe, Immunoglobulin domain constant region subfamil
Location: 107 - 192 Blast Score: 175
mRNA Sequence MM 139004
Transcriptional Variant

Transeript Variant: This variant (4) lacks an internal in-frame segment of the coding region, compared to variant 1,
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Related Sequences 28
Nucleotide Protein
Genomic AF184234 AAF01222
Genomic AF331065 AAK16502
Genomic AF525350 AAMBS608
Genomic AF525499  AAM91950
Genomic US0914  AAD00449
Genomic U91328  AABB2083
Genomic Y09801  CAAT0934
Genomic 792010  CAB07442
mRNA  AF079407 AAC62646
mRNA  AF079408 AAC62647
mRNA  AF079409 AAC62643
mRNA  AF109385 AAD52104
mRNA  AF115264 AAG29571
mRNA  AF115265 AAG29572
mRNA  AF144238 AAG29573
mRNA  AF144239 AAG29574
mRNA  AF144240 AAG29575
mRNA  AF144241 AAG29576
mRNA  AF144242 AAG29577
mRNA  AF144243 AAG29578
mRNA  AF144244  AAG29579
mRNA  AF144245  AAG29580
mRNA  AF149804 AAG29342
mRNA  AF150664 AAG29343
mRNA  AJ249335 CAC67792
mRNA  AJ249336 CAC67793
mRNA  AJ249337 CACE7794
mRNA  AJ249338 CAC67795
mRNA  AI250635 CACB0805
mRNA  AJ04378  None
mRNA  AY205604 AAC47091
mRNA  BCO74721 AAH7A721
mRNA  U60319  AAC51823
None 30201
Additional Links 28
UniGene Hs. 233325
MIM 235200 =l
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‘The clinical features of hemochromatosis include cirthosis of the liver, diabetes,
hypermelanotic pigmentation of the skin, and heart failure. Primary hepatocellular
carcinoma (HCC; ), complicating cirthosis, is responsible for about one-
third of deaths in affected homozygotes. Since hemochromatosis is a relatively
casily treated disorder if diagnosed, this is a form of preventable cancer. §

At least 5 iron-overload disorders labeled hemochromatosis have been identified
on the basis of clinical, biochemical, and genetic characteristics.

Classic hemochromatosis (HFE), an autosomal recessive disorder, is caused by
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Disease characteristics. HFE-associated hereditary hemochromatosis (HFE-HHC) is
characterized by inappropriately high absorption of iron by the gastrointestinal mucosa,
resulting in excessive storage of iron, particularly in the liver, skin, pancreas, heart, joints,
and testes. Abdorninal pain, weakness, lethargy, and weight loss are early symptoms

Without therapy, males may develop symptoms between 40 and 60 years of age and
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Normal allelic variants: A serine at position &5 to cysteine (S65C) has been identified

Summary The effect of this mutation is unclear.

Diagnosis

Clinical Description pathologic allelic variants: Two missense mutations have been identified, a cysteine at
Prevalence position 282 to tyrosine (C282Y); histidine at position 63 to aspartate (HE3D)

Differential Diagnosis . . §

Management  Cys282Tyr (synonyms: C282Y; nucleotide 845G>A) This missense mutation

removes a highly conserved cysteine residue that normally forms an intremolecular
disulfide bond, and thereby prevents the protein from being expressed on the cell
surface

Genetic Counseling
Wiolecllar Genetics

ResoLirces
Reforences « His63Asp (synonyms: HE3D; nucleotide 187C>G) This missense mutation may
Author Information impair interaction of the HFE-encoded protein with the transferrin receptor on the
Top of Page cell surface.

Normal gene product: A cell-surface protein of 321 amino acids with sequence
similarity to HLA Class I molecules. The normal protein forms a heterodimer with
Printable Copy beta-2-microglobulin, and tis interaction is necessary for normal presentation on the cell
(Disable glossary before printing) ~ surface. The normal protein binds to the transferrin receptor, and may act by modulating
its affinity for transferrin
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(Returms to top) Abnormal gene product An impaired cell-surface protein is apparently formed. This  —J
protein does not migrate to the cell surface and does not bind transferrin (bound to

Title Index diferric iron). Therefore, lack of internalization of transferrin into the small bowel

absorptive cell may lead to compensatory increase in iron absorption [Bacon et al 1999]
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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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= 1715 30 CAC67792 15385410 hemochromatosis protein [Homo sapiens]
—— D57 an IDE4G 6950500 Chain G, Hemochromatosis Protein Hfe Complexed With T
e ——— T IDE4D 6980497 Chain D, Hemochromatosis Protein Hfe Complexed With T
— 157 a0 iDE4L 6950294 Chain A, Hemochromatosis Protein Hfe Complexed With T
— s a0 1R6ZC 3695712 Chain C, Hfe (Huuan) Hemochromatosis Protein

[ ——— T R 18671 3695710 Chain &, Hfe (Hwuan) Hemochromatosis Protein
= 7495 21  (S0KI0 24418446 Hereditary hemochromatsis protein homolog precursor
= 7495 21 14623701 10945688 HFE protein [Ceratotherium simun]
= 7495 21  090L42 24418448 Hereditary hemochromatsis protein homolog precursor
e———— 7355 21 LMG23703 10945652 HFE protein [Dicerorhinus sumatrensis]
= 7492 21 090143 24418440 Hereditary hemochromatosis protein homolog precursor

1852 21 AAGZ3702 10945630 HFE protein [Diceros bicormis]
1491 30 NP 620574 2100345 hemochromatosis protein isoform S precursor [Homs sap
1485 21 09GLA1 24416447 Hereditary hemochromatosis protein homalog precursor
1455 21 AAG23704 10945634 HFE protein [Rhimoceros unicornis]

1463 30 1A047091 2800982 hemochromatosis [Homo sapiens]
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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 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 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 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.

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 7 non-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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