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

Course developed by: Medha Bhagwat (bhagwat@ncbi.nlm.nih.gov)
Instructors: Steve Pechous (pechous@ncbi.nlm.nih.gov)
Wayne Matten (matten@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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Summary

Official Symbol: HFE and Name: hemochromatosis provided by HTGO Gene Nomenclature Committes
See related: HFED:01953, MINC235200

Gene type: protein coding

Gene name: HFE

Gene description: hemochromatosis

RefSeq status: Eewewed

Orgamism: Homo sapiens

Lmeage: Bukarvata; Meiazoa; Chordata; Craniata; Veriebrata; Buteleasiomi; Mammalia; Butheria;
Euarchoniaglires; Frimates; Catarrking; Hominidae Homo

Gene aliases: HH; HFE1, HLA-H; MGC103790; d1221C16.10.1

Summary: The protein encoded by this gene 1z a membrane protein that 12 similar to MHEC class I-type proteins
and associates with beta2-microglobulin (beta2bD). Tt i thought that thiz protein finctions to regulate ron
absorption by regulating the mteraction of the transfernn receptor with transferrn. The iron storage disorder,
hereditary hasmochromatosis, i a recessive genetic disorder that results from defects i this gene. At least eleven
alternatively spliced vanants have been described for this gene. Additional variants have been found but their fiull
length nature has not been determined.

Db Ihd

f Entrez Gene Home

= Table Of Corterts |

Summany

Genomic regions, transeripts...
Genomic context
Bibliography

Interactions

General gene information
Zeneral protein information
Refarence Sequences
Related Sequences
Additional Links

= Links

MGC cDMA clone

Books

Conserved Domains

EO Frofiles
HomoloGene

Map Wiewer

Nucleotide

Ohl2

Omding

Full text in PMC

Probe

Frotein

Fubhied

SHP

SHP: Genotype

SNP: Genelfiew

-

Genomic regions, transcripts, and products 2 & |unsts

Acelfiew
EefSeq below CEDS _
Evidence Wiewer
NC_000006.9 s
[ 26195427 b [26205033 b GeneTests for MIb: 235200
5 ¥ HEMD

HH 000410, S S W W NP_000401 isoform 1 precursor COD3457S.1 MERIE

N300 - — NE_E20575 isoform 4 precursor CODS457%.1

WHiZA00A i a8 NP_GZUETE  isoform B precursor HFRL

BH_L53007, 1 —————————————— - -—— NF_B21576 _isoform 7 precursor  CCOS4530:1 KEGS

[T =  mEu F_620573 iscform 10 precursor  CODS4581.1 MEC

[T - o a F_62058) isoform 11 precursor CCDS4582.1

[T — mm = = 574 iscform 5 precursor Modelaker

[T —— = =1 72 _isoform 3 precursor UniGene

L} e —a— i seform & precursor LinkOut

[T — = mE 77 _isoform & precursor

[T [ - ] 71 isoform 2 precursor | Entrez Gene Info

B - coding resion W - unbransluted resion A —
#  Entrez Gene Info
Genomic context See HEE in MapViewer e A Faadback
H Subscriptions

chromosome: 6; Location: 6p21.3

[ 26153615 b [ 26216545 b

HISTiHIC HIZTiHLC HF E sy HIST1H41
HISTIHLT

Bibliography Gene References into Function (GeneRIF):  Submit O |
Dubled links
GeneRIFs:
1. HFE C2B2Y mutation significantly increases the nisk of venous leg ulceration in primary cardiovascular diseases by Publded
almest 7 times
2. multiple sclerosis patients carrying the mutant C2827Y allele exhibited earlier onset of disease symptom relative to other  Publded
genotypes, but it warrants further study m a larger series of M5 patients
3. HFE gene mutation cmsidered i patients with chrome wral hepatiis m taiwan. FPublded
4. Additional risk of hereditary hemochromatosis given by class [ HLA antigens may be secondary to the HFE gene Pubhded

linkaze diseonilibrinm with certain class T alleles or to the existence of other neishboring senetic nathooenetic factors in our




General gene information

Markers
STS-U60319(e-PCE) (Links: TniSTS:47354)
Alternate names: BEH75899; sts-TT60319
PMC19311P1{e-PCR) (Links: UniST3:271747)
PMC196491P2(e-PCE) (Links: UniST3.271810)
Alternate name: PRC23476T1
HFE_3382(e-PCE) (Links: UniST3:462240)

GeneCUntology
Provided by GOA
Function Fvidence
WHC class I receptor activity IEA
ron ion binding IEA
Process
antigen presentation IEA
antigen presentation, endogencus antigen IEA
antigen processing, endogenous antigen via WHC class T TEA
ion transp ort IEA
ron ion homeostasis T4Z  Publded
ron ion transport T4Z  Publded
protein complex assembly TAS  FPublded
receptor mediated endocytosis TAS  FPublded
Component
WHC class I protein complex IEA
cytoplasm T4Z  Publded
mtegral to plasma membrane T4Z  Publded
plasma membrane T4Z  Publded
Homology:
Mouse, Rat
lap Viewer
Phenotypes

Hemochromatosiz WG 235200
Porphyna vanegata MW 176200

General protein information

Names: hemochromatosis protein
MMHC class [-like protem HFE, herediary hemochromatosis protem HLA-H

NCBI Reference Sequences (RefSeq)

Reference MG 001335
mRNA Sequence M 000410
Transcriptional Variant
Transcript Variant: This variant (1) encodes the longest isoform
Source Sequence 60319
Product P 000401 hemechromatosis protem isoform 1 precursor
Consensus CDS (CCDS) CCDE4578.1
Conserved Domains (2) summary
pfam0012% WMHC T, Class [ Histocompatibility antigen, domains alpha 1 and 2
Location: 27 - 202 Blast Score: 314
cd000%8: IGc; Immunoglobulin domain constant region subfzmmil
Location: 223 - 258 Blast Jcere: 169




Related Sequences 2%

Nucleotide Protein

Genomic AF184234  AAF01222
Genomic  AF331065  AAF 16502
Genomic AF52535%  AANEIE0E
Genomic AF5254%%  AANS1950
Genomic J80914 AADOO44S
Genomic T%1328 AABE2083
Genomic Y0%301 CAATOS34
Genomic 232510 CABOT442
mRINA  AF079407 AACE2646
mRINA  AF079408 AACE2647
mRNA ~ AFO7940% AACE2648

Entrez Gene

FubMed N e Frotein Genome Structure FMiC

Search | Gene hd forl Go | Clear |

| Ligts|_Breviewgoger | tistory | Ciiphoard | Details |

Disply | Full Beport iv|show|20 |/ Sendto  +|

( Full Report = -

Al =D Senomes: 1 ] SNP Geneview: 1

M1 I—ZE%‘?\L [Homeo sapiens] fh Entrez Gene Home
GenelD sl [C:4886 updated 01-I;Mar-2006 = Table Of Conterts |

Summany
sSum U| List ? 4 zz:zz:zgeoiltoer:transcnpts...
Officia] MUt emochromatosis provided by HUGO Gene Nomenclature Committee Bibliography
Books Links h Interactions
See vel ~ Eln ) 5200 General gene information
\ T
H Entrez Gene Info

wmRIVA bp  exons Protein an  exons 4 Feedback
NI 000410.2 2717 7 MNP 000401.1 349 & | SulBereiEE
ML 13%004.1 1922 5 MNP £20573.1 257 5
ML 13%00%.1 1280 6 MNP £20578.1 326 &
ML 13%007.1 1085 5 MNP £20576.1 261 5
NMiL 13%010.1 209 4 NP 6205791 169 4
ML 13%011.1 533 3 MNP £20580.1 77 3
ML 13%005.1 1140 5 MNP £20574.1 277 5
NI 13%003.1 804 5 MNP £20572.1 243 5
NI 13%006.1 1045 6 MNP £20575.1 335 &
ML 13%008.1 781 5 MNP £20577.1 247 5
ML 13%002.1 726 4 MNP £20571.1 162 4
Exon mformation:

ML 000410.2 length: 2717 bp, number of exons: 7 3 »

NP 0004011 length: 349 aa, number of exons: 6

EXON Coding EXON INTRON

coords length coords length coords length

1-2587 297 bp 222 - 297 76 bp 298 - 3621 3324 bp

3622 - 3885 264 bp 3622 - 3885 264 bp 3886 - 40594 209 bp
4095 - 4370 276 bp 4085 - 4370 276 bp 4371 - 5465 1085 bp
5466 - 5741 276 bp 5466 - 5741 276 bp 5742 - 58393 158 bp
5500 -5013 114 bp 5900 -6013 114 bp 5014 - 6366 353 bp
5967 - 8022 1056 bp 367 - 7007 4lbp 8023 -9176 1154 bp
9177 -59610 434 bp




Frotein Genome

ﬂ forl
Limits TPrevwewﬁIndex THistory TCI\pboard TDetai\s ]

jShowlZU jISendm j

All: 1 | Genes Genomes: 1 T SHP Geneview, 1

[[1: HFE hemechromato [Homa sapiens)
GenelD: 3077 Locus tagn HGNCHEEE, MW 235200

SearchlGEﬂE

e

Displayl Gene Tahle

updated 10-Sep-2005

Ol hd

¥ current records only

ﬁ Entrez Gene Home

=l Table 0f Contents

Summary Al

Official Symbol: HFE and Name: hemochromatosis provided by HUGO Gene Nomenclature Comrmttee
Gene type: protem coding

Gene name: HFE

Gene description: hemochromatosis

Transeripts and products
Genomic context
Bibliography

General gene information
Genaral pratein information
Referance Sequances
Related Sequences
Additional Links

RefSeq status: Eewewed E| Links
Orgamism: Homo sapisns Bocks
: . : . Conserved Domains
Lineage: Bukaryoia; Metazoa; Chordata; Craniata; Vertebrata; Futeleostomi; Mammaliar Butheria; Buarchontoglives; SED Profiles
FPrimates; Catarrhin; Hominidas; Home HemoloGene
- tMap v
Gene ahases: HH;, HFE1;, HLA-H; MGC103790; d7221C16 101 N:;eol‘?:“:'
Swnnary: The protemn encoded by this gene 15 a membrane protem that 15 sundar to WMHC class I-type protems and associates with — omia
betal-microglobulin (betaZh). It iz thought that this protein finctions to regulate ron absorption by regulating the interaction of the FD:;‘II:ZA -
transfertin receptor with transferrin. The iron storage disorder, hereditary haemochromatosis, is a recessive genetic disorder that Probe
results from defects in this gene. At least eleven alternatively spliced variants have been described for this gene. Additienal variants E’;‘:;‘:d
have been found but their full length nature has not been determned. Pubhed (GeneRIF)
SHP
Transcripts and products 2 ok SHFisenehp
SNF: Gensiiew
Taxenomy
 BefSeq below TS
HC_000006 AceWiew
[ 26135427 pr [ 26205035 b Ensembl
5 S Evidance Viewer
NH_ 000410 m—— - E— . 0. seform 1 precurser DB
NH_ 139004 7 soform 4 precursor
HH_ 139008 T8 izoform 3 precursor GeneTests for MIM: 235200
NR_139007 7 soform 7 precursor HGMWD
W_iZ%0i) W T3 dsoform 11 precurser HGHE
R | & u F_620560 isoform 11 precursor MEC®
HH 139005 57 soform FECUPSOF
NA_159015 7 5o orm recursar R
WA 130006 — i i TE izoform b precorsow o delbaker
NH_13900 & R 7 soform Frecursor ucsc
NH 139002 Tl soform recursor N
I . UniGene
B - coding reaion B - untronslated resion
LinkOut

H f”’l—ﬂl

SNP linked to Gene (genelD:3077)

SINP are linked from gene HFE via the following metheds:

Send |all rs# to Batch Query  Download | all rs# to file

|Gene Model (mRNA alignment) information from genome sequence £
Total gene model (contig mRINA transcript): 22
Iuma  transcript  protem  muma orentation  Contig  Contig Label snp List

ML 000410 plus strand ITP
MM

000401 forward
000401 forward

NT 007532 reference cmrently shown

000410 plus strand ITP NW 922984 Celera View
oh . IR 129002 plus strand NP 620571 forward NT 007592 reference wiew
ML 133002 plus strand ITP 620571 forward N'W 922934 Celera View

il 3 IR 133003 plus strand NP_620572 forward WT 007592 reference view
NI 135003 plus strand MNP 620572 forward N'W 922984 Celera view
I 133004 plus strand ITP 620573 forward NT 007532 reference View
ML 133004 plus strand ITP_ 620573 forward WW 922984 Celera iew
MM 133005 plus strand NP 620574 forward NT 007532 reference TiEw
NI 135005 plus strand MNP 620574 forward MW 922984 Celera view
I 133006 plus strand TP 620575 forward NT 007532 reference View
IR 139006 plus strand NP 620575 forward MW 922984 Celera view
NI 133007 plus strand MNP 620576 forward NT 007592 reference view
M 133007 plus strand TP 620576 forward MW 922984 Celera View
ML 133008 plus strand ITP_ 620577 forward NT 007532 reference iew
IR 139008 plus strand NP 620577 forward MW 922984 Celera view

10



MM 138011 plus strand MP 620580 forward MW 522984 Celera VIEW

Cin gene region ® cSNP ¢ has frequency © double hit © haplotype tagzed | refresh |

genemodel  Contiglabel Comie  mma  profein mma orientation transcript sup count

(contig mBINA transcript):  reference T 007552 I 000410 I 000401 forward plus strand 8, coding

\

11



OMIM Hope ‘
.~ Hopkins
Online Mendelian Inheritance in Man =t University

Protein ame Structure PhC z
Search | OMIM ~| for| Go| Clear |
Limits Previewindex Histany Clipboard Details
Display || Detailed =l Show;lzu .[ Sendto |T.m .]
+235200 GeneTests, Links

HEMOCHROMATOSIS; HFE
Alternative titles; symbols

HLAH
HEMOCHROMATOSIS, HEREDITARY; HH
HEMOCHROMATOSIS GENE, INCLUDED; HFE, INCLUDED

Gene map locus 6p21.3
TEXT
DESCRIPTION

OMIM Hope
+ Hopkins
Online Mendelian Inheritance in Man University
PubMed

CihdInd

4 Frotein )
Search | Dbk * forl Go | Clear |

| Limts | Previewindex | History | Ciiphoard | Details |

Display | Allelic Variants ~lshow|20 ~f[sendts 7|
Al 1

+235200 GeneTests, Links
HEMOCHROMATOSIS; HFE

ALLELIC VARIANTS

(selected examples)

0001 HEMOCHECKATOSIS [HFE, CYS282TYR |
0002 HEMOCHECRATOELS [HFE, HIS63A5P |
0003 HEMOCHECKMATOSIS [HFE, SERE5CTS ]
0004 HFE INTROMIC POLYIMORPHISH [HFE, 5563G-A]
0005 HFE POLYMORPHISM [HFE, VALS3MET ]
0006 HEFE POLYIMORPHISM [HFE, VALSSMET ]
0007 POEPHYRIA VARTEGATA [HFE, GLN127HIS |
0008 HEMOCHROWMATOESIS [HEE, ARG330MMET]
0005 HEMOCHECKATOSLS [HFE, ILE105THE. ]
0010 HEMOCHECOKATOSTS [HFE, GLYY3ARG]
0011 HEMOCHECRATOSLS [HFE, GLM283PRO ]

* & & & & &+ 2+ 4 4 b

Copyright © 1966-2006 Johns Hoplins University

12



Home About Laboratory

-y . Clinic Educational
Page GeneTests sEntReviews Directory

Directory Materials

Funded by the

Mational Institutes of Health Eigmﬂérests

The result of your search (below) includes a group of related disorders with your search term in bold

or an alphabetical listing of the individual entries that match your search term. For more information
about search results, see Interpreting Your Search Results.

Search Result for OMIM#& 235200

HFE- Associated Hereditary Hemochromatosis  [Testing | [Research| | Reviews | [ Resources |

Home About Laboratory

% q Clinic Educational
Page GeneTests eenEReviews Directory

Directory Materials
Funded by the

National Institutes of Health lﬁEméreStS

HFE- Associated Hereditary Hemochromatosis

Select all clinical laboratories

Clinical
confirmation

Sequencing of mutations

of entire  Sequencing Targetad identified in
. . . 3 coding of select  Mutation mutation Prenatal Preimplantation  aresearch
Laboratories offering clinical testing: region ewons  scanning analysis diagnosis  dizgnosis lab
ARUP Labarataries, Inc,
ARUP Laboratories
Salt Lake City, UT .

Elaine Lyon, PhD; Rong Mao, MD; Edward R Ashwood, MD; Marzia

Pasquali, PhD

Acibadem Healthcare Group

Acibadem Genetic Diagnostic Center

Istanbul, Turkey b
Ender Altiok, MD, PhD

Alberta Children's Hospital

Molecular Diagnostic Laboratory

Calgary, Alberta, Canada .
Peter Bridge, PhD, FCCMG, FACMG; Jillian Parboosingh, PhD, FCCMG




Home About i . Laboratory Clinic Educational
Page GeneTests aEnEReviews Directory Directory Materials

Funded by the ’
Mational Institutes of Health E‘E_Mérests

The result of your search (below) includes a group of related disordersgwith your search term in bold
or an alphabetical listing of the individual entries that match your search term. For more information
about search results, see Interpreting Your Search Results.

Search Result for OMIM# 235200
HFE- Associated Hereditary Hemochromatosis [Iesting | |Research] | Reviews | [ Resources |

Home About o . Laboratory Clinic Educational
Page GeneTests sEnEReviews Directory Directory Materials

UTIIZING TNe paramagnetc propertes oT Iron, noweyer, at TNIS poInt MEL TeCnnolody remains

{Printable Copy] experimental [Clark 3 St Pierre 20007,

HFE-Associated Hereditary

Hemochromatosis Molecular Genetic Testing

GeneReviews designates & molecular genetic test as clinically avallable anly If the test s listed |
the GeneTests Laboratary Directary by at least one US CLIA-certified laboratory or a clinical
fabaratory outside the US. GeneTests does not independently verify Infarmation provided by
fabarataries and does nat warrant any aspect af a labaratory’'s wark, listing in GeneTests does
nat imply that laboratories are in compliance with accreditation, licensure, or patent faws.
Clinicians must communicate directly with the laboratories to verify information, —ED.

Summary

Diagnosis

Clinical Description
Differential Diagnosis
Management
Genetic Counseling
Molecular Genetics

Resources Gene, Al individuals affected with HFE-HHC have mutations in the HFE gene.
References

Author Information Molecular genetic testing: Clinical uses

Top of Page

Confirmatory diagnostic testing

Predictive testing for at-risk relatives

Carrier testing (for the identification of heterozygotes)
Prenatal diagnosis

Disable Glossary
(Returns to top)

Title Index

Molecular genetic testing: Clinical methods

SurmMmary

LIt N I alleli fants: A serine at position 85 to cysteine (S65C) has been identified. The effect of thi

Clinical DeSCI’IptIOﬂ orme_l d _e IC variants: serine at positon 0 Ccysteine ( ) as Deen [dentned. e ellech o 1S
mutation is undear,

Prevalence
Differential Diagnosis . . . . . : ’ ! )
Managerment 4 Pathologic allelic variants: Two missense mutations have been identified, a cysteine at position 252 to

Genetic Counseling tyrosine (C282Y); histidine at position &3 to aspartate (HE3D).

Molecular Genetics . . .
i am— « CysZ2EZTyr (synonyms: C282Y; nucleotide 845G>4) This missense mutation removes a highly

References conserved cysteine residue that normally forms an intramelecular disulfide bond, and thereby
Author Information prevents the protein from being expressed on the cell surface.
o His&3Asp (synonyms: HE3D,; nucleotide 187C>G) This missense mutation may impair interaction

Top of Page =h L .
of the HFE-encoded protein with the transferrin receptor on the cell surface.
Printable Copy Normal gene product: A cell-surface protein of 321 amino acids with sequence similarity to HLA Class [
(Disable glossary before printing) molecules, The normal protein forms a heterodimer with beta-2-microglobuling and this interaction is
necessary for normal presentation on the cell surface. The normal protein binds to the transferrin
Disable Glossary receptor, and may act by modulating its affinity for transferrin.

(Returns to top)
Abnormal gene product: An impaired cell-surface protein is apparently formed. This protein does not
Title Index migrate to the cell surface and does not bind transferrin (bound to 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 1993],
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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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200 BLAST hats to 24 unique species Sorihy taxonomy proximi

@ Archaea @ Bacteria ’E letaroa @ Fungmi @ Plants @ Viruses @ Other Eukaryotas
Eeep onlyl j Cut-Off |1DD Select | Fieset | Mew search by GL |4SD43?? Go |

346 aa

T e SCORE POACCESSION GI PROTEIN DESCRIPTICHN
Conserved Dowain Datsabase hits

L » 1870 28 NP 001... 57114069 hemochromatosis protein [Pan troglodytes]
L » 1870 28 Pe00158 35502807 Hereditary hemochromatosis protein homolog precursor
L » 1870 28 AANOSTO3 22554510 hereditary hemochromatosis [Pan troglodytes]
L » 1870 30 AAG29572Z 11094315 hemochromatosis termination variant terE6; HFE [Homo
L » 1870 30 Q30201 2497915 Hereditary hemochromatosis protein precursor (HLA-H)
L » 1870 30 CAAT0934 2370111 HFE [Homo sapiens]
L » 1870 30 AABS2083 2085551 hereditary hemochromatosis [Homo sapiens]
L » 1870 30 CABO7442 1590150 HFE [Homo sapiens]
L » 1870 30 AACS518523 1469790 HLA-H
L » 1776 30 AAHT4721 50960016 HFE protein [Homo sapiens]
L > 1772 30 NP 620575 21040347 hemochromatosis protein isoform 6 precursor [Homo sap
L > 1772 30 AACE2646 3695107 hemochromatosis splice variant dell4E4 [Homo sapiens]
L » 1713 30 NP 620575 21040353 hemochromatosis protein isoform 9 precursor [Homo sap
. > 1713 30 CACE7792 15455419 hemochromatosis protein [Homo sapiens]
— —— 1517 30 1DE4G 6950500 Chain G, Hemochromstosis Protein Hfe Complexed With T
— —— 1517 30 1DE4D 6950497 Chain D, Hemochromastosis Protein Hfe Complexed With T
— —— 1517 30 1DE4L 6950494 Chain L, Hemochromstosis Protein Hfe Complexed With T
— —— 1517 30 1A6ZC 4599712 Chain C, Hfe [(Human) Hemochromatosis Protein
— —— 1517 30 1A6ZA 4699710 Chain A, Hfe (Human) Hemochromatosis Protein

L » 1495 21 QOGKEZ0 24415446 Hereditary hemochromatosis protein homology precursor

1890180, 1469790
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— —— 1517 @ 1DE4D 6950497 Chain D, Hemochromstosis Protein Hfe Complexed With Tr
— —— 1517 @ 1DE4A 6950494 Chain A, Hemochromstosis Protein Hfe Complexed With Tr
— —— 1517 @ 1A6ZC 4699712 Chain C, Hfe (Human) Hemochromatosis Protein
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: > 525 @ 1EIIL 3591929 Chain A. The Crwstal Structure Of H-2dd Mhe Class I In

17



=10l x|

File Wiew Show/Hide Skyle Window ©CO00 Help

ignment Yiewer
Wiew Edit Mouse Mode Unaligned Justification  Imports

IDEE_G TEEVTTLRCRALNYYPONI TMEWLEDEKQPMDAKEFEPKDY LPNGDOTYQOWITLAVFPFGEEQRYTCOVEHPGLDOQPLI WV [We ~
I ¢504377 TAEVTTLRCRALNYYPONI TMEWLEDEKQPMDAKEFEPKDY LPNGDOTYQOWITLAVFFGEEQRYTCOVEHPGLDOQPLIV IWe p

4 |

|ai 4504377, loc 282 ) [Block 1, Row 2

a =

18



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
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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 7 non-synonymous SNPs annotated on the protein
NP_0005089.

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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