The Gene Gateway Workbook

A collection of activities derived from the tutorials at
Gene Gateway, a guide to online data sources for
learning about genetic disorders, genes, and proteins.
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Using hereditary hemochromatosis as a model,
access a variety of Web sites and databases to

e Learn about a genetic disorder and its associated gene.

* Identify mutations that cause the disorder.

* Find the gene on a chromosome map.

* Examine the gene’s sequence and structure.

* Access the amino acid sequence of a gene’s protein product.

* Explore the 3-D structure of the gene’s protein product.
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Introduction

The Gene Gateway Workbook is a collection of activities with screenshots and step-by-step
instructions designed to introduce new users to genetic-disorder and bioinformatics resources
freely available on the Web. It should take about 3 hours to complete all five activities.

The workbook activities were derived from more detailed guides and tutorials available at the
Gene Gateway Web site (http://genomics.energy.gov/genegateway/). The Gene Gateway Web
site was created as a resource for learning more about the genes, traits, and disorders listed
on the Human Genome Landmarks (HGL) poster, but it can be used to investigate any gene or
genetic disorder of interest.

Many guides to genome Web resources are designed for bioscience researchers and are too
technical for nonexperts. This workbook and other Gene Gateway resources target a more
general audience: teachers, high school and college students, patients with disorders and their
families, and anyone else who wants to learn more about how life works at a molecular level.

This workbook shows you how to get started using bioinformatics resources that often
intimidate and overwhelm new users. It also demonstrates how information from one resource,
such as annotated protein sequence data from Swiss-Prot, can be used to reinforce and clarify
information available from another resource, such as three-dimensional (3-D) structures from
Protein Data Bank (PDB). Gene Gateway provides users with a systematic approach to using
multiple bioinformatics databases to gain a better understanding of how genes and proteins
can contribute to the development of a particular genetic condition.

Using the genetic disorder hereditary hemochromatosis as a model, this workbook shows you
how to access:

* Online Mendelian Inheritance in Man (OMIM) and GeneReviews to learn about a
genetic disorder, its associated gene or genes, and common disease-causing
mutations

* NCBI Map Viewer to find a gene locus on a chromosome map

* Entrez Gene, GenBank, and GenAtlas to examine the sequence and structure of a
gene

* Swiss-Prot to find the annotated amino acid sequence of a gene’s protein product

* Protein Data Bank and Protein Workshop to view and modify the 3-D structure of the
gene’s protein product

Skills gained by working through the activities in this workbook can be applied to learning
about other genetic disorders, genes, and proteins.

This workbook and other genome science resources are available from the Web site for the
genome programs of the Office of Biological and Environmental Research, U.S. Department of
Energy Office of Science (http://genomics.energy.gov/).

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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Why use hereditary hemochromatosis as a model?

Hereditary hemochromatosis, a disorder in which too much iron accumulates in certain
tissues and organs, is caused by changes in the DNA sequence of a single gene, so the
genetic basis of this condition is easier to understand than more complex disorders caused
by alterations in multiple genes.

The gene and its protein product are relatively well studied. Three-dimensional structures
of the protein product are available in PDB, the international repository for macromolecular
structure data.

Hereditary hemochromatosis is the most common autosomal recessive disorder affecting
individuals of Northern European descent (about 1 in 200 Caucasians develop hereditary
hemochromatosis).

Effective methods for treatment are available with early diagnosis.

Some basic concepts to understand before starting

Genes are the basic physical and functional units of heredity. Each gene is located on a
particular region of a chromosome and has a specific ordered sequence of nucleotides (the
building blocks of DNA).

Central dogma of molecular biology: DNA > RNA - Protein
- Genetic information is stored in DNA.
- Segments of DNA that encode proteins or other functional products are called genes.
- Gene sequences are transcribed into messenger RNA intermediates (MRNA).
- mRNA intermediates are translated into proteins that perform most life functions.

Eukaryotic genes have introns and exons. Exons contain nucleotides that are translated
into amino acids of proteins. Exons are separated from each other by intervening
segments of DNA called introns. Introns do not code for protein, and they are removed
when eukaryotic mRNA is processed. Exons make up segments of mRNA that are spliced
back together after the introns are removed; the intron-free mRNA is used as a template to
make proteins.

Special cellular components (ribosomes) use the triplet genetic code to translate the
nucleotides of a mRNA sequence into the amino acid sequence of a protein. A Table of
Standard Genetic Code is provided in the back of this workbook.

There are 20 different amino acids. Proteins are created by linking amino acids together in
a linear fashion to form polypeptide chains. See the Table of Standard Genetic Code in the
back of this workbook for single-letter and three-letter abbreviations for the 20 different
amino acids.

Protein polypeptide chains fold into 3-D structures that can associate with other protein
structures to perform specific functions.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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Activity 1

Online Resources: OMIM and GeneTests

- Learn about the genetic disorder and its associated gene.
- Identify mutations that cause the disorder.

Online Mendelian Inheritance in Man (OMIM)

OMIM is a large, searchable, up-to-date database of human genes, genetic traits, and
disorders created and edited by researchers at Johns Hopkins University. The OMIM database
is accessible through the National Center for Biotechnology Information (NCBI) suite of online
resources. Each record in OMIM summarizes research defining what is currently known about

a particular gene, trait, or disorder.

To access OMIM, let's go to the NCBI Web site (http://www.ncbi.nIm.nih.gov/), and then click

on OMIM above the search box at the top.

] NCBI HomePage - Microsoft Internet Explorer r;]@gl
Fle Edt View Favortes Tools Help i
Address | ] http://wvaw.ncbi.nim.nih.gov/ v B 6o

:—9 NCBI National Center for Biotechnology Information
e Nationu! Library of Medicine Natworal Insttutes of Heallh
PubMed All Databases BLAST OMIM Books TaxBrowser Structure
Search All Databases ¥ for
Alphabetical ) . )
Ligt Established in 1988 as a nathnal resource » Assembly Archive
Ro<otrce for molecular biology information, NCBI
S0u creates public databases, conducts research o o
Guide itn c|c>rrf1putati?nql biology, dec\’/e:ops sgftware orthologous groups
ools for analyzing genome data, an
isseminates biomedical information - all for
shoat NCE! d tes biomedical information - all for
_An : the better understanding of molecular Coffee Break,
introduction to processes affecting human health and Genes & Diseass,
NCBI disease. More... NCBI Handbook
GenBank
Sequence new PTotein CI usters\ ¥ Electronic PCR
submiSSion Entrez Protein Clusters database
support and The new Entrez Prolein Clusters database is a colection of F Entrez Home
software Reference Sequence (RefSeq) proteins, from the complete
genomes of prokearyotes, plasmids, and organelies, that have » Entrez Tools
: been grouped and annctated based on sequence similiarty and
Literature proten function. Click here to find out more about the Proten
databases Chisters detnbase =3 » Gene expression
PubMed —— omnibus (GEO)
OMIM, Books, —
and PubMed /A 1 Biftion Live Traces » Human genome
The Trace Archive of sequencing traces has resources
Central reached 1 billion live traces from over 480
organisms, For more information about the Trace » Influenza Virus
KASIEchiar Archive database cliek here. Resource
databases
Sequences, PubMed Central P Map Viewer
[ —_ - v
F| @ Internet
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A screenshot of the OMIM home page is shown below.

2 OMIM - Online Mendelian Inheritance in Man - Microsoft Internet Explorer, Q@@
File Edit View Favorites Tools Help o

Address gj http: f i, ncbi.nlm. nih.gov/entrez/query fcgizdb=0MIM M a Go

( ~
P OMIM " LSS 1y NCBI
> NCBI ¥ MIM N i
' Online Mendelian Inheritance in Man 59 ~ University |[310n In] [Redister

All Databases PubMed Nucl de Protein Genome Structure PMC Y Omind

Search OMIM ¥ for

Limits | Previewdindex | History | Clipboard | Details

o Enter one or more search terms.
Entrez o Use Limits to restrict your search by search field, chromosome, and other criteria.
o Use Index to browse terms found in OMIM records.

OMIM o Use History to retrieve records from previous searches, or to combine searches.

Search OMIM
Search Gene Map

S UUEEES | oMIM™ - Online Mendelian Inheritance in Man™

Help
OMIM Help Welcome to OMIM, Online Mendelian Inheritance in Man. This database is a catalog of

Howto Link human genes and genetic disorders authored and edited by Dr. Victor A McKusick and
his colleagues at Johns Hopkins and elsewhere, and developed for the World Wide Web

Eﬁ\r?bering S by NCRBI, the National Center for Biotechnology Information. The database contains

Symbols textual information and references. It also contains copious links to MEDLINE and

How to Print sequence records in the Entrez system, and links to additional related resources at NCBI

Citing OMIM and elsewhere. v
< >
& ® Internet

URL for OMIM home page: http://www.ncbi.nim.nih.gov/entrez/query.fcgi?db=0OMIM

Although the easiest way to search OMIM is to simply type a disorder name in the search box
at the top, another option for searching OMIM is to use search field qualifiers. By adding
search field qualifiers in square brackets to each search term and combining terms using
Boolean operators (OR, AND, or NOT), you can execute a much more specific search in a
single step.

This activity demonstrates only how to use a couple of OMIM'’s field qualifiers. More
information about field qualifiers and other advanced search options is available from OMIM
Help (http://www.ncbi.nim.nih.gov/Omim/omimhelp.html). In addition to OMIM, field qualifiers
can be used to search other NCBI information systems such as PubMed (a resource for
accessing bibliographic citations from biomedical literature) and nucleotide and protein
sequence databases.

Most genes, disorders and traits listed on the Human Genome Landmarks (HGL) poster were
taken from the title fields of OMIM records. The field qualifier for the title field is [TI] or [TITL].

Since we selected our disorder from the HGL poster, we also know that hemochromatosis is

found on chromosome 6. The field qualifier for specifying a particular chromosome is [CH] or
[CHR].

1. To use a field qualifier in your search, simply add the qualifier to the end of your search
term. For example, to search for hemochromatosis on chromosome 6 enter
hemochromatosis[TI] AND 6[CHR] as shown in the search box below. Be sure to capitalize
any Boolean operator (AND, OR, and NOT) you use in your search statements. Click Go to
submit your search.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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PMC

Taxonom 13

Genome Structure

PubMed Nucleotide

Zl for |hemochromatosis[TI] AND B[CHR]

All Databases

SearcthM|M

Clear I

NOTE: Limiting a search to a particular chromosome may not work for disorders
caused by alterations in multiple genes, such as breast cancer or diabetes. These
disorders are linked to genes on several different chromosomes; therefore, limiting
your search to just one chromosome may not yield the best results.

2. The search should return one result. Clicking on the MIM number +235200 opens the full
OMIM record for hemochromatosis shown below.

23 OMIM - HEMOCHROMATOSIS; HFE - Microsoft Internet Explorer (=13}
File Edit View Favorites Tools Help ",'
Address -éj http:{ fwww.ncbi.nlm. nih. gov/entrezjdispomim, cgizid=235200 N a Go

< vl Johns
Cs NCBI OM.[M .+ Hopkins

Online Mendelian Inheritance in Man 55 < University

All Databases PubMed  Nucleotide  Protein
MiM +235200

Go|| Clear

Description Search | OMIM V| for .
Clinical Features -
Other Features Limits Preview/Index Histony Cliphoard Details
Inheritance
Mapping Display Detailed ¥ Show 20 ¥ |Sendto v
Heterogeneity
Molecular Genetics

All:1
Genotype/Phenotype ES
Correlations
Diagnosis +235200 GeneTests, Links

Clinical Management
Population Genetics
Pathogenesis
Cloning

Biochemical Features

HEMOCHROMATOSIS; HFE

Alternative titles; symbols

Gene Structure
Gene Function
Nomenclature

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

Animal Model

Histary

Allelic Variants Gene map locus 6p21.3
@ View List

See Also TEXT

References

Contributars DESCRIPTION

Creation Date
Edit Histary
The clinical features of hemochromatosis include cirrhosis of the liver, diabetes, hypermelanotic
+ pigmentation of the skin, and heart failure. Primary hepatocellular carcinoma (HCC; 114550),
< >

® Internet

# Clinical Synopsis

3. Let’'s examine some of the features of this record:

e Each record includes a blue navigation menu on the left with quick links to different sections
within the record.

e Each OMIM record is assigned a unigue six-digit MIM number located at the top of each
entry. For hereditary hemochromatosis, the MIM number is 235200. As a unique identifier,
the MIM number can be used to search other databases for information about a particular
disorder. Clicking on the MIM number link will open the record in a simpler, frame-free
format more suitable for printing.

e The plus sign (+) in front of the MIM number means that this entry refers to a phenotype
associated with a gene of known sequence. In other records, a number sign (#) in front of
the six-digit MIM number means that a phenotype may be associated with multiple loci. For
additional information about MIM number symbols, see OMIM Frequently Asked Questions
(http://www.ncbi.nim.nih.gov/Omim/omimfaq.htmimim_number_symboaols).

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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e Below the MIM number, you will find the disorder name and the official gene symbol. The
official gene symbol, which is HFE for hemochromatosis, serves as a unique identifier for a
gene. To be "official," a gene symbol must have been approved by the HUGO Gene
Nomenclature Committee (http://www.gene.ucl.ac.uk/nomenclature/). The gene symbol is
especially useful when searching other databases (such as sequence, genome-
mapping, and structure databases) for gene-specific information.

g NOTE: For single-gene disorders like
#235200 - mim Number hemochromatosis, the official gene symbol

HEMOCHROMATOSIS ’ HFE usually will be included in the record title.

| Official Gene Symbol — For complex disorders like breast cancer,
official symbols for associated genes will

be described in the first paragraph of text.

e The gene map locus describes where a gene can be found on a chromosome. For the gene
locus 6p21.3, 6 is the chromosome number, p indicates the short arm of the chromosome,
and 21.3 is a number assigned to a particular region of the chromosome. The gene map
locus links to OMIM's Gene Map, a table of genes organized by cytogenetic location.

e The amount of text within an OMIM record varies according to what is known about a
particular gene, disorder, or trait. Since hemochromatosis is well studied, a lot of
information is known about this disorder and its gene. Some different types of information
that may be included in an OMIM record are disorder description, inheritance, genotype and
phenotype correlations, diagnosis, population genetics, gene structure, gene function, and
animal models.

* Selecting the Gene Structure link (in the blue navigation column on left) provides
information about the size and number of exons in the gene.

e Although not a part of every OMIM record, another useful section is Allelic Variants (see
link in the blue navigation column on left). This section typically describes some of the most
notable gene mutations associated with the development of disorders. Select the View List
link under Allelic Variants to see a listing of important mutations identified for the HFE
gene. At the top of the list of allelic variants is the most common mutation known to cause
hereditary hemochromatosis. The standard notation for this allelic variant is CYS282TYR.
This means that a mutation occurs in the DNA sequence that changes the amino acid at
position 282 of the gene’s protein product from cysteine to tyrosine.

+235200
HEMOCHROMATOSIS; HFE

ALLELIC YARIANTS
{selected examples)

o 0001 HEMOCHROMATOSIS [HFE, CYS282TYR ] dbSNP
o 0002 HEMOCHROMATOSIS [HFE, HIS63ASP ] dbSNP

o 0003 HEMOCHROMATOSIS [HFE, SER65CYS ] dbSNP
o 0004 HFE INTRONIC POLYIMORPHISH [HEE, 5569G-4]
e 0005 HFE POLYMORPHISM [HFE, VALS3MET ] dbSNP
o 0006 HFE POLYMORPHISHM [HFE, VALSSMET ] dbSNP
e 0007 PORPHYERIA VARTEGATA [HFE, GLN127HIS ] dbSNP
o 0008 HEMOCHROWMATOSTS [HFE, ARG330MET]

e 0008 HEMOCHROMATOSIS [HFE, ILE105THR. ] dbSNP
o 0010 HEMOCHROMATOSIS [HFE, GLY33ARG] dbSNP
e 0011 HEMOCHROWMATOSTS [HFE, GLN283PRO ]

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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4. Another way you can modify your OMIM search is to use Limits. Under the OMIM search
box near the top of the page, click on the Limits tab (shown below).

‘ , n 1 I n 1 ot 0 Johns
~+ Hopkins
Online Mendelian Inheritance in Man SSSF University

All Databases PubMed HNucleotide Protein Genome Structure PMC Taxonomy OnIh

Search OMIM v for| ([Go] [ Clear ]
[Limits] | Previewindex | History | Clipboard | Details |

5. The Limits page provides a variety of options that you can use to narrow your search. For
example, instead of using the search field qualifier [CHR] to narrow your search to genes on
chromosome 6, you could select the chromosome from the Limits page. You also can search
by MIM number or limit your search terms to the title or other field of an OMIM record.

6. Let’s use options on the Limits page to determine how many genes in the human genome
have been described in OMIM. Put a check beside the MIM Number Prefix options for gene
with known sequence and gene with known sequence and phenotype as shown in the
screenshot below. Then click the Go button beside the search box at the top of the page.

2 OMIM - Online Mendelian Inheritance in Man - Microsoft Internet Explorer
Fle Edt View Favorites Tools Help "

£ hetp: ffwvew nebi.nim . nib . gov/entrez{query . fegi? CMD=Limits2DB=0rmim

OMIM

Online Mendelian Inheritance in Man

rotein

Search OMIM v | for

Limits | Preview/ndex History Clipboard Details
e To Search all fields, leave the following boxes unchecked
Entrez e To narrow the search, check the boxes wath specific fields' names,
or use search field tags enclosed mn square brackets, e g aaa[ttle]
OMIM e Boolean operators AND, OR, NOT must be in upper case
Search OMIM

Search Gene Map
Search Morbld Map Search in Field(s): clear MIM Number Prefix: clear

Help CTtle  [COMIM number [ Allelic Variants gene with known sequence

OMIM Help gene with known sequence
How to Link [OText [References [[J Clinical Synopsis and phenotype

-~ ds
FAQ [[] Gene Map Disorder [ Contributors [ ¢ Bhenotypo desenptian,

molecular basis known
Numbering System

. mendelian phenotype orlocus,
Symbols Chromosome(s): clear| 1 % piotecular basis unimown
How to Print

3 other, mainly phenotypes with
Citing OMIM D1 020304 05 06 07 08 || 0™ uepectedmendetion basis
Download
S [J9% [J10 [J11 [J12 [J13 [J14 [J15 [J16 Only Records with: clear
OMIM Facts
Statistics 017 O18 O1% D20 O21 O22 OX OY [[] Allehc Vanants

Update Log
Restrictions on Use

[ Clinical Synopsis

[[] Gene map locus

Clmitochondnal [Junknown

Allled Resources
Genetic Alliance

Creation Date ¥ From l To
Databases x
HGMD Last Modification ¥ From To
Locus-Specific Use the format YYYY/MM/DD. month and dav are ontional ~

®© Internet

7. You should retrieve over 11,000 search results. Of the estimated 20,000 to 25,000 genes in
the human genome, about 11,000 genes have records in OMIM. You may want to test your
new search skills by using OMIM to search for other genes or genetic conditions. In addition to
OMIM, another good resource for learning about genetic disorders and associated genes is
the GeneTests Web site, which is described in the next part of this activity.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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GeneTests

The GeneTests Web site is a medical genetics information resource developed by researchers
and healthcare professionals and funded by the National Institutes of Health. In addition to
providing up-to-date, authoritative reports (GeneReviews) on genetic disorders, the site also
includes educational materials (e.g., fact sheets on genetic testing and counseling, PowerPoint
slides, and an illustrated glossary) and online directories of genetic laboratories and clinics.

This activity focuses on accessing and using genetic disorder information available from
GeneReviews. All entries are written and reviewed by physicians, so the language is similar to
that of medical text. While the amount and kind of content can vary greatly from record to
record in OMIM, all reports in GeneReviews will provide similar kinds of information and share
the same organizational structure.

Let's go to the GeneTests Web site (http://www.genetests.org/) to find a GeneReview for
hereditary hemochromatosis.

, GeneTests Home Page - Microsoft Internet Explorer @
Fle Edt View Favortes Tools Help i
&) http://vww.genetests.org/ v Bco

I ———
Home About Laboratory Clinic Educational
Page GeneTests aeneReviews Directory Directory Materials
Funded by the

National Institutes of Health . CE]fEﬂ[greStS

What's New
06/26/07 Welcome to the GeneTests Web site, a publicly funded
medical genetics information resource developed for Now Eeatures
394 GeneReviews physicians, other healthcare providers, and > int®
1,142 Clinics researchers, available at no cost to all interested PowerPoin

: : presentation
622 Laboratories testing persons. Use of this Web site assumes acceptance of

updated

for the terms of use. > .
A e > US Regional Genetics
’ iseas - p & Newborn
1,122 Clinical At This Site Screening
291 Research only Collaboratives map

» GeneReviews

New in GeneReviews
Online publication of expert-authored disease

reviews New Lab Listings
> Laboratory Directory Q > 24 new listings
International directory of genetic testing laboratories
(For Laboratory/Clinic P - Visit GENETIC TOOLS —
Contacts, User Groups) > Clinic Directory Materials for teaching
International directory of genetics and prenatal genetics in primary care
diagnosis clinics settings
» Educational Materials
o Illustrated glossary
e About genetic services
e PowerPoint® slide presentations v
&) @ Internet

1. Click on &ENMEREVIEWS i, the navigation bar at the top.

2. Once you get to the Search by Disease screen at GeneReviews, enter hemochromatosis
into the search box.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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3. Beside the search result “HFE-Associated Hereditary Hemochromatosis,” select the
link to access the hereditary hemochromatosis review shown below.

’ GeneReviews: HFE-Associated Hereditary Hemochromatosis - Microsoft Internet Explorer

Fle Edt View Favortes Tools Help i
£] http://www.genetests.org/serviet/access?db=genedinics&site =gtsid = 888889 1&key = JIGATZMX8YcWa&gry =&fcn=y&fw=uP3b&fiename=/profies/hemochromatosis/inde> ¥ & co

Home About . Laboratory Clinic Educational
Page GeneTests eeneReviews Directory Directory Materials

-~

seneReviews

www.genetests.or¢

HFE-Associated Hereditary Hemochromatosis

HFE-Associated Funded by the NIH ¢ Developed at the University of Washington, Seattle

Hereditary
Hemochromatosis

Summary
Diagnosis
Clinical Description
3 Preval_encg L Authors: Kris V Kowdley, MD
Differential Diagnosis Jonathan F Tait, MD, PhD
Management . Robin L Bennett, MS
Genetic Counsel{n Arno G Motulsky, MD
—
Resources About the Authors
References
#g;hgfr;:;c;rmanon Initial Posting: Last Update:
3 April 2000 4 December 2006

Printable Copy
(Disable glossary before printing) Summary

i o Disease characteristics. HFE-associated hereditary hemochromatosis (HFE-HHC) is
(Returns to top) 3 g 3 : 2 . " :

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. Abdominal pain, weakness, lethargy, and weight loss are early symptoms. Without v
>

Title Index

ICIIck on defined terms; definition displays here. I

@ Internet

£l

4. Access the Molecular Genetics section for a brief overview of this disorder’s molecular
basis. This section provides the official symbol for the gene associated with this disorder, the
gene’s chromosomal locus, name of the gene’s protein product, links to records for this gene
in other databases, descriptions of mutations known to cause the disorder, and summaries of
the protein’s normal function and structure. Other sections in this report describe disease
characteristics, diagnosis and testing, treatments, and genetic counseling issues. Use the
information in GeneReviews and OMIM to answer the Questions for Activity 1 on the
Hereditary Hemochromatosis Worksheet included in the back of this workbook.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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Activity 2
Online Resource: NCBI Map Viewer
- Find the hereditary hemochromatosis gene on a chromosome map.

NCBI Map Viewer is a Web-based tool for viewing and searching an organism's complete
genome. Users also can view maps of individual chromosomes and zoom in to specific
regions within chromosomes to explore the genome at the sequence level.

Map Viewer provides access to several different types of maps for different organisms. Many
of these maps are meaningful only to scientific researchers. A discussion of all the different
types of maps and genomic data is beyond the scope of this activity, which will focus only on
how to locate a specific gene locus on a chromosome map.

From the NCBI home page (http://www.ncbi.nlm.nih.gov/), select Map Viewer from the
alphabetized list of “Hot Spots” on the right. A screenshot of the NCBI Map Viewer home page
is shown below.

, Map Viewer - Microsoft Internet Explorer g@
Fle Edt View Favortes Toos Help g
: €] http://wawwwi.ncbi.nim.nth.gov/mapview/ v BGo
| I ﬁ
3enomic Biology Genome Ta nomy Entrecz BLAST Helg
Search - Select Group or Organism - ¥ for

[ Switch to Graphical View ]

[l Vertebrates El Plants Search all plant maps
Waninaly Monocotyledons Search the group

Bos taurus (cow) Build 3.1 .
ilops tauschii

s umbellulata

Canis familiaris (dog)
- a (onion)

Felis catus (cat)

Homo sapiens (human) Build 36
Eragrostis tef (tef)

Homo sapiens (human) Build 35 <
Hordeum vulgare (barley)

mulatta (r

Oryza sativa (nce)

stica (gray short-tailed opossum) , . :
Secale cereale (rye)

s musculus (mouse) Build 36 _ y X
Setaria italica (foxtail millet)

n bicolor (broomcom)

Triticum aestivum (wheat)

Triticum turgidum (English wheat)

Zea mays (com)

Sus scrofa (pig)

Eudicotyledons Search the group
Other Vertebrates

5 Arabidopsis thaliana (thale cress)
Danio rerio (zebrafish)

£) @ internet

URL for NCBI Map Viewer: http://www.ncbi.nlm.nih.gov/mapview/

On the Map Viewer home page, in the list of Vertebrates, click on the Homo sapiens
(human) Build 36 link to view the entire human genome. This will launch the Homo sapiens
genome view shown in the following screenshot.
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< Entrez Genome view - Microsoft Internet Explorer @@@

File Edit View Favorites Tools Help "
Address éj http:{ fwww.ncbi.nlm. nih. gov/mapview/map_search.cgi?taxid=9606 N a Go
~
(
<o NCBI @
PubMed Nucleatide Protein Genome Gene Structure PopSet Taxonomy
Search for on chromosome(s) assembly | Al v Advanced 5
[[J Show related entries Help FTP Map Viewer home
MET VIR Homo sapiens (human) genome view BLAST search the human genome
vap Viewe
P . Build 36.2 statisti Switch to previous build
Map Viewer Home
Map Viewer Help
Human Maps Help ll ﬂ “ |l ﬂ
Release Notes [I [I 0 ] |l 0 o
NCBI Resources II II || “ ﬂ “ “ ﬂ II
Genome Project 1 2 2 4 s & rd 8 ] 1a 1 12 13
TaxPlot
Consensus CaoDing 0 0
{ ce (CCDS
Sequence (CCDS) H " 1] 1] [} 1 2 s N »
Human Genome [l “ [l [l [l 0 “ “ °
RESOUICEE 14 15 1€ 17 18 18 2 2 2 ¥ Y
NCBI Handhook
RefSeq Lineage: Eukaryota; Metazoa, Chordata, Craniata;, Vertebrata, Euteleostomi; Mammalia, Eutheria;
TS ET Euarchontoglires; Primates; Haplorrhini, Catarrhini; Hominidae, Homo; Homo sapiens
Association (AGA) September 2006: NCEI released an annotation update for the human genome (NCBI Build 36.2); this
update does not change the genome assembly. The previous version of the genome assembly, NCEBI Build
Organism Data in 35.1, can still be accessed for Map Viewer display and for BLAST. For additional information about changes,
GenBank statistics, and the status of the CCDS project please refer to: 2
< ba
& © Internet

Homo sapiens genome view: http://www.ncbi.nim.nih.gov/mapview/map_search.cqgi?taxid=9606

In Activity 1, we learned that the official symbol for the hereditary hemochromatosis gene is
HFE, and its locus is 6p21.3. Let's find the HFE gene on chromosome 6.

What is a locus?
Short and Long Arms

A locus describes the region of a chromosome where a of a Chromosome
gene is located. For the 6p21.3 locus: 6 is the _
chromosome number, p indicates the short arm of the p
chromosome, and 21.3 is the number assigned to a centromere—= 4 short arm
particular band or region on a chromosome. When

chromosomes are stained in the lab, light and dark q

bands appear, and each band is numbered. The higher long arm
the number, the farther away the band is from the

centromere. A locus containing g is found on the long
arm of a chromosome.

1. In the search box at the top of the page, enter HFE[sym] as shown below. The [sym]
search field qualifier specifies your search so that only hits for a gene with the symbol “HFE”
are generated for your query.

PubMed Mucleotide Protein Genome Structure

& Tz
Search for IHFE[sym] on chromosome(s) | assembly |A|| = Fi"dl
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2. Red tick marks should be displayed on chromosome 6 in the genome view, indicating the
approximate location of the HFE gene in the middle of the short arm of chromosome 6. The

“28" below chromosome 6 (see screenshot below) indicates the number of hits for our query.

About 28 different maps in Map Viewer include the

', Entrez Genome view - Microsoft Internet Explorer

Fle Edt View Favortes Took Hep

£) http://wvaw.ncbinim.nih.gov/mapview/map_search.cg?taxid = 96068&query = HFE 9 58sym3eSD&QChr =&strain =Alkadvsrch =off

gene symbol “HFE.”

Homo sapiens (human) genome view

Gene Structure PopSet

<o NCBI NCBI Map Viewer
PubMed Nucleotide Protein Genome
Search for HFE(sym] on chromosome(s)

assembly Al

BLAST search the human genome

Build 36.2 statistics Switch to previous build

i I

i 2 i g 2 10 i 12 2

Hiter

i}

1111

bl

>

I

7 18 [} 22

I Search results for query "HFE[sym]": 28 hits

| <

&) Done

@ Intermet

3. In the genome view, click on the number 6 link below the chromosome. This will open a
view of chromosome 6 that should look like the screenshot below. In the next step we will

modify this view so we can see an ideogram showing the region of chromosome 6 where the

HFE gene can be found.

2 Map Viewer - Microsoft internet Explorer

Fle EGt View Favortes Took Mep

&) Petp- e

S NeBl

PubMed Entrez BLAST oMM

[Find] [ Findin This View )

(o =]
>

Taxonomy Structure

[ Advanced Search )

Hamen genone Homo sapiens Build 36.2 (Current)

overview page

BLAST The Human Genome

(Build 36.2)
Human genome
overview page
(Build 35.1)

Map Viewer Home

Map Viewer Help

Human Maps
Help

FTP

Data As Table
View

Maps & Opoons:
Compress
Map w
Region Shown

You are here.

Chromosome: 12345(6]78910111213141516171819202122XY Ml

Query: HFE[sym] |[clear]
Summary of Maps ﬁ

Master Map: Genes On Sequence

Region Displayed: 21,200K-38,300K bp Download/View Sequence/Evidence
Phono 2% Horbid )X Gones_cyto 209 qxf.e.-.ﬁm RefSeq wN2X] Ha UniGRIX] o
1 e

i . SLCI7Al '
7 HISTIH2APS2 +

HFE '

e

-8 Symbol G

[ ]
& s il sk

HISTIH2AI
OR2B6
OR2B7P
i ZNF435
H{y - ZNF193
ORSUI
SUMO2P
HCP5P10
HLA-A
HCG2P6
MDC1
VARSL
DPCR1

Mot ol

@ nternet

GEOBAC = AAMAPS = e, MmOFDES Qe AR T UOMS. RS- = oct AN = SO paery = 827066,82786: ¥ ) Go
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4. Let's modify the display options by clicking on Maps & Options. This will open a window for
customizing map options. Make the following adjustments. Before you click the Apply button,
your options window should resemble the screenshot below.

* Remove all maps listed under Maps Displayed (left to right) except the Gene and
Ensembl Genes maps. To remove a map, select it with your mouse and then click the
REMOVE button.

* Under Available Maps select Ideogram (you will need to scroll through more than half
of the available maps) and click the ADD button.

* The Maps Displayed list should look like the screen shot below. The Gene map
should be designated as your master map. To make a map the master, select it with
your mouse and then click the Make Master/Move to Bottom button. In the
chromosome view, a master map is shown at the right edge of the display along with
its details and descriptive text.

* Under More Options near the bottom of the window, change Page Length from 30 to
10. The Page Length option is highlighted in the screenshot below. This will display 10
labeled genes (rather than 30) in the master map.

How the Maps & Options window should look

‘, http://www.ncbi.nlm.nih.gov - Map Viewer - Microsoft Internet Explorer

Organism: Homo sapiens Help

Chromosome: 6 Region Shown: 21200353.7¢ 38291906.2¢

Available Maps: Maps Displayed (left to right):

Org: human ¥ Assembly: reference v [ Change Assembly J

ugBt Z [ ] 1deogram ~Move UP |

ugGga [ ] Ensembl Genes _—

ugHs [R] Gene Move DOWN

ugMm | ADD>> | [ Make Master/Move to Botom ]
Ri —

:gszc <<REMOVE

Variation Toggie Ruler ‘

-—-Cytogenetic maps-—- T —

Ideogram v ([R] before map means 'ruler set')

More Options:

[1Show Connections ¥ Verbose Mode

Compress Map: of ~ Auto Compress if > 350 px
lPage Length: 10

Thumbnail View: ® default (ideogram) © master
‘& [ Apply | [ Close |

£] Done @ Internet

* Click Apply at bottom and close screen.

About the maps
Ideogram — Shows the G-banding pattern of a chromosome at 850-band resolution.

Ensembl Genes and Gene — Includes genes identified on segments of genomic
sequence called contigs. A contig is a group of cloned (copied) pieces of DNA
representing overlapping regions of a particular chromosome. Information in the
Ensembl Genes map comes from the Ensemble genome sequence analysis system
(http://www.ensembl.org), which is affiliated with European Bioinformatics Institute.
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5. The new map of chromosome 6 should resemble the following screenshot. Notice that the
red dots indicating the position of the HFE gene on the sequence maps appear to line up with
the ideogram at the 6p22.1 chromosome band, not 6p21.3.

) Map Viewer - Microsoft Internet Explorer E1D‘R
Fe Edt View Favoes Toos Hep &

48 DT/ AWAWCEL AN, GOV MApVIeW/ Maps.coR TAXID = 96068 CHR = 6S8EG =21 200353, 7S8END = 38291906, 258MAP) =i3600rt6 206nsgenests 2Coenes rAVERBOSE = ONMCOMPRESS =08 v [E] Go
W S vie - sEERT

PubMed Entrez BLAST OMIM Taxonomy Structure
[Find] [ Findin This View ] [ Advanced Search |
Cinman osrone Homo sapiens Build 36.2 (Current) BLAST The Human Genome
overview page Chromosome: 12345[6]78910111213141516171819202122X Y M1
(Build 36.2)
IR Query: HFE[sym] [clear]
e Master Map: Genes On Sequence Summary of Maps
Region Displayed: 21M-38M bp Download/View Sequence/Evidence
Map Viewer Home™ [REEEEERIM ""‘r"""ﬂﬂ Gones. f"'ﬂ Symbol O Links I
Map Viewer Help EH 4 HFE + OMIM HGNC sv pr dl ev mm hm sts CCDS SNP
to222 " HISTIH2BD + OMIM HGNC sv pr dl ev mm hm sts CCDS SNP
Human Maps HIST1H2BF + OMIM HGNC sv pr dl ev mm hm sts CCDS SNP
Help - POMI21L2 HGNC sv pr dl ev mm hm SNP
FTP LOC340192 sv.  dlevmm sts

Data As Table
View

Rtaps & Options:
Compress G
Map =

Region Shown:

Summary of Maps:
Map 1: Ideogram

e Region Displayed: 6p22.3-6p21.2
ﬁ Map 2: Ensemble Genes On Sequence Table View
Region Displayed: 21M-38M bp Download/View Sequence/Evidence

TRIM26 1 OMIM HGNC sv pr dl ev mm hm sts CCDS SNP
Céorf26 ' HGNC svprdl evmmhm  CCDS SNP
PBX2 + OMIM HGNC sv pr dl ev mm hm sts CCDS SNP
Cé6orfl0 ' HGNC sv pr dl ev mm hm sts CCDS SNP
";': IBCID22B HGNC sv pr dl ev mm hm sts CCDS SNP

You are here: | S 2 y
Tdooeran T'otal Ensembl Genes On Chromosome: 1620

Ensembl Genes Labeled: 17 Total Ensembl Genes in Region: 464

Map 3: Genes On Sequence Table View

Region Displayed: 21M-38M bp Download View Sequence/Evidence

Total Genes On Chromosome: 1505 [15 not localized]

Genes Labeled: 10 Total Genes in Region: 494 9

2] javascrptsel_to{ BMAPS =deogr £nsgenes, genes-(&CHR = 15' ['maps’, che’]) ® Internet

Features of the Genes-seq map (the master map in the screenshot above):

The portion of chromosome 6 displayed in Map Viewer is highlighted on the ideogram
in the blue navigation column on the left. Rounding to the nearest million, the region
displayed begins at about the 21 millionth nucleotide and ends at about the 38 millionth
nucleotide of the DNA sequence of chromosome 6. The total DNA sequence for
chromosome 6 is about 171 million base pairs long.

Clicking on the Ideogram, ensGenes, or Genes_seq maps (not the labels) will open a
pop-up window with options for zooming in on the displayed maps. You can also zoom
in and out using the zoom option in the blue navigation column.

Map Viewer displays 10 labeled genes on the Genes_seq map. To see a more
complete listing of genes in this region of the chromosome, select the Data As Table
View link above Maps & Options in the blue navigation column on the left. The Data
As Table View shows where genes start and stop in the chromosome’s DNA
sequence.

In the Summary of Maps section at the bottom of the page, notice that the Ensembl
sequence map reports a different number of genes on chromosome 6 than the Genes
sequence map. Each map is based on information derived from different sequence
analysis programs, which vary in their estimated gene numbers for a given region of
the human genome.
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* The Genes_seq map provides links to gene-specific entries in other databases.

(o}

HFE — Links to the HFE entry in NCBI's Entrez Gene database that brings together
a variety of gene-specific information together in one interlinked system.

OMIM - Links to the HFE entry in the Online Mendelian Inheritance in Man (OMIM)
database covered in Activity 1.

HGNC — Links to the gene symbol report maintained by the HUGO Gene
Nomenclature Committee.

sv — The Sequence Viewer link lets you drill down to the genome sequence level.
This link takes you to a graphic showing the gene’s position within the genomic
sequence.

pr — Links to the reference sequence of the gene’s protein product.

dl — Links to a page for downloading the sequence data for a particular
chromosome region.

ev — Links to Evidence Viewer, which provides biological evidence supporting a
particular gene model showing exons and other features of a gene. It displays all
RefSeq models, GenBank mRNAs, known or potential transcripts, and ESTs
(expressed sequence tags) that align to the area of interest.

mm — Links to Model Maker, which allows you to view the evidence used to build a
gene model based on assembled genomic sequence. You can also create your
own version of a model by selecting exons of interest.

hm — Links to Homologene, a resource for comparing genes in homologous
segments of DNA from different organisms.

sts — Links to UniSTS, a comprehensive database that integrates genetic marker
and mapping information. A sequence tagged site (STS) is a short (200 to 500
base pairs) DNA sequence that has a single occurrence in the human genome.
Detectable by polymerase chain reaction (PCR), STSs are useful for localizing and
orienting the mapping and sequence data reported from many different laboratories
and serve as landmarks on the developing physical map of the human genome.

6. Let’'s zoom out to view the entire chromosome using the Maps & Options window.

Click on Maps & Options again to open the options window.

Delete the numbers defining the Region Shown at the top of the options window.
This will modify the display so it shows the entire chromosome.

Under More Options near the bottom of the window, change Page Length from 10
to 20. The Page Length option is highlighted in the screenshot on the next page.
This will display 20 labeled genes in the master map and should provide enough
space on the screen to view the entire chromosome with readable labels for the
chromosome bands.

Once the Maps & Options window resembles the screenshot on the following page,
click the Apply button at the bottom and close the box.
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icrosoft Internet Explo

Organism: Homo sap Help
Chromosome: 6 lRegion Shown: |

Available Maps: Maps Displayed (left to right):

Org:  human ¥ Assembly:  reference v [ Change Assembly ]

Contig -~ []ldeogram i
CpG Island [R] Ensembl Genes
Ensembl Genes []1Gene Move DOWN

Ensembl Transcripts
GenBank DNA [ Make MasterMave to Bottom h

Gang <<REMOVE
NCI Clone Toggle Ruler

Phenotype
RetSe:ﬁ' ranscripts ¥ ([R] before map means 'ruler set)

More Options:
[[] Show Connections Verbose Mode
Compress Map: |off ¥ Auto Compressif > (350 px

Thumbnail View: ® default (ideogram) O master

&) Done © Internet

7. Your view of chromosome 6 should resemble the following screenshot. Scroll down to the
bottom of the map to examine the Summary of Maps section and use this information and the
map of chromosome 6 to answer questions for Activity 2 on the Hereditary Hemochromatosis
Worksheet in the back of this workbook.

2 Map Viewer - Microsoft Internet Explorer (9(=1[E3]
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Activity 3
Online Resources: Entrez Gene, GenBank, and GenAtlas
- Examine gene sequence and structure.

This activity covers how to use NCBI's Entrez Gene to access the genomic DNA sequence of
the hereditary hemochromatosis gene. We will examine some features of a record from
NCBI's GenBank and then use GenAtlas to learn about the structure (e.g., intron and exon
composition, coding sequence) of a gene.

In sequence databases such as GenBank, genomic DNA sequences from eukaryotic
organisms contain both exons and introns, while mRNA sequences are intron-free DNA
sequences. All sequences in GenBank and similar repositories use the DNA bases adenine
(A), cytosine (C), guanine (G), and thymine (T) to represent each nucleotide. Even mRNA
sequence records use A, C, G, and T where T is used to replace each uracil (U) in the mRNA
sequence.

Entrez Gene is a NCBI resource that serves as a single-query interface for accessing
sequence and other biological information for specific genes from a variety of sequenced
organisms.

To begin, let’s go to the Entrez Gene home page.

http://www.ncbi.nih.gov/entrez/query.fcgi?db=gene

2 Gene - Microsoft Internet Explorer Q@@

File Edit View Mieiiel Tools Help "
Address e_‘] http:ffwww.ncbi.nlm.nih.gov/entrezfquery.fcgizdb=gene v ' Go
~
>
S) S — My NCBI
=BVl Entrez Gene = = i ) Feaistd
All Databases PubMed Nucleotide Protein Genome Structure = Taxonomy Books OMIM
Search Gene v | for
Limnits ‘ Preview/index | History | Clipboard Details ‘
Entrez Gene is a searchable database of genes, from RefSeq genomes, and defined by sequence and/or located in the NCBI
Entrez Gene Map Wiewer
Homa [T Entrez Gene adds a News function. More news...
About
FAQ
Help Sample Searches
Gene Handbook .
Statistics Find genes by... Search text
Downloads free text hurnan ruscular dystroph
(GLLD] partial name and multiple species transporterftitle] AND {("Drosophila melanogaster'[orgn] OR
"Mus rmusculus"[orgn])
Mailing Lists chromosome and symbol (11fchr] OR 2[chr]) AND adh*[sym]
G associated sequence accession number M11313[acen
ene
RefSeq gene name (symbol) BRCA1[sym
publication {PubMed ID) 11331580[PMID
Gene Ontology {GO) terms or identifiers "cell adhesion"[GO
Feedback 1720[GO]
Help Desk chromosome and species Y[CHR] AND hurnan[ORGN
Corrections Enzyme Commission {(EC) numbers 1.9.3.1[EC
AbDUt GeneRIFs more ways to search...
Related Sites About Entrez Gene Corrections - Additions = Feedback
BLAST % Entrez Gene Help % Report a new gene
Entrez Genome % Frequently Asked Questions % Report a new splice variant v
& © Internet
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1. In the search box at the top of the page, enter HFE[sym] AND Human[orgn]. Be sure to
capitalize any Boolean operator (AND, OR, and NOT) you use in your search statements.

All Databases PubMed Nucleotide Protein Genome Structure T

Search Gene v | for HFE[sym] AND Human[orgn]

Search Tip: Adding [sym] to the end of your query term tells Entrez Gene that you
are searching by gene symbol only. If you do not specify that you want to search the
gene symbol field, the search will return multiple records that include the query term
anywhere within its text. Adding [orgn] to a search term limits the search to genes
from a specific organism. For more information on options for refining your search,
see the Search Field Descriptions and Qualifiers section of Entrez Help:
http://www.ncbi.nlm.nih.gov/entrez/query/static/help/Summary Matrices.html

2. Submitting this search should retrieve a single result. The HFE record is shown below.

': Entrez Gene: HFE hemochromatosis [ Homo sapiens ] - Microsoft Internet Explorer ggg
Fle Edt View otes Took Help 0
&) hitp://vww.ncbinim.nh.gov/stes/entrez v & Go
= 7
My NCBI L]
<3 NCBI Entrez Gene - = [Sign In] [Register]

All Databases PubMed o Genome Taxonomy OMIM

Search Gene ~ for HFE{sym] AND Human(orgn) E\ Clear | Save Search

Limits | Preview/Index | History | Clipboard | Details
Displav Full Report v Show 20 v Sendto v

All: 1| Current Only: 1 | Genes Genomes: 1 | SNP GeneView: 1 (X
11: HFE hemochromatosis [ Homo sapiens ] Eatver Gme tome
GenelD: 3077 updated 22-Jun-2007 w Table Of Contents

Summa L
y Summary
Genomic regions,

Official Symbol HFE transcripts...

HGNC
N X — Genomic context
Official Full Name hemochromatosis e Bibliography
- ‘ HIV-1 protein interactions
Primary source HGNC:4886 Interactions
See related Ensembl:ENSG00000010704; HPRD:01993; MIM:235200 General gene information
Gene type protein coding General protein information
RefSeq status Reviewed Reference Sequences
= Related Sequences
Organism Homo sapiens Additional Links
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata,; Euteleostomi; .
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; Links Explain
Catarrhini; Hominidae; Homo Order ¢DNA clone
Also known as HH; HFE1; HLA-H; MGC103790; dJ221C16.10.1 Books
Summary The protein encoded by this gene is a membrane protein that is similar Conserved Domains
to MHC class I-type proteins and associates with beta2-microglobulin Genome
(beta2M). It is thought that this protein functions to regulate iron GEO Profiles
absorption by regulating the interaction of the transferrin receptor with HomoloGene
transferrin. The iron storage disorder, hereditary haemochromatosis, is Ma
5 G g 3 3 p Viewer
a recessive genetic disorder that results from defects in this gene. At R e
2] @ Intemnet

3. In the Summary section you can find information about the function of the gene’s protein
product. The HFE protein is thought to have a role in regulating iron transport into cells, and
defects in the HFE gene can cause the iron absorption disorder hereditary hemochromatosis.
Use information provided in the Summary section to answer Question 1 for Activity 3 in the
Hereditary Hemochromatosis Worksheet in the back of this workbook.
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4. Below the summary section is the Genomic regions, transcripts and products section. A
graphic model has been created for each transcript where a thin line represents an intron that

gets spliced out, and the thicker red and blue blocks represent exons. Here we see that the

HFE gene has more than one mRNA transcript. For example, an exon included in one
transcript might be left out in another transcript. The Genomic context section shows where
the HFE gene is located within a portion of the chromosome 6 DNA sequence.

chromosome: 6; Location: 6p21.3

(26153018 v

Genomic regions, transcripts, and products t2
Go to reference sequence details
[ 20108427
s
R B
[ [ 3
- -8 5
[N ——
Ll &
. WE "
- ]
Eal -
- B
LIRS P
1300 2 L _me L S 1
B - <odany resien B - unlraralated resion
Genomic context t2

See HFE in MapViewer

(26216343 0

HESTINOC MISTINIC HFE sy HISTINAC

HISTIRT

5. Select the Related Sequences link in the Table of Contents on the right side of the screen

to access sequence information for the HFE gene.

2 Entrex Gene: HFE hemochromatosts [ Homo saplens ] - Microsoft Internet Explorer
Fle Eot Vew Favortes Tooks Mep

Qox-Q-xaan Search U7 Favortes & -3 @ AL D3
&) I/ /www.nctimnh.gov/skes/entrez
<3 NCBI Entrez Gene e

~ for HFE[sym) AND Human{orgn)

Search Gene

Preview/Index

Display | Ful Repon

Limits History | Clipboard | Details

v Show 20 v!Sendto

All: 1| Current Only: 1 | Genes Genomes: 1 | SNP GeneView: 1 %
“11: HFE hemochromatosis [ Homo sapiens ]
GenelD: 3077

Summary

Official Symbol
Official Full Name

Primary source
See related
Gene type
RefSeq status
Organism
Lineage

Also known as
Summary

updated 22-Jun-2007
t2

HFE

HGNC
hemochromatosis

HGNC
HGNC:4886
Ensembl:ENSG00000010704; HPRD:01993; MIM:235200
protein coding
Reviewed

Homo sapiens

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

HH; HFE1; HLA-H; MGC103790; dJ221C16.10.1
The protein encoded by this gene is a membrane protein that is

N Entrrs Gome Howe:

¥ Table Of Contents

Summary

Genomic regions,
transcripts...

Genomic context
Bibliography

HIV-1 protein interactions
Interactions

General gene information
General protein
information

Reference Sequences
Related Sequences
Additional Links

¥ Links Explain
Order cDNA clone
Books 3
1 @ internet
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Related Sequences section of HFE record in Entrez Gene.

, Entrez Gene: HFE hemochromatosis [ Homo sapiens ] - Microsoft Internet Explorer Q@
Fie Edt View Favortes Toos Hep >
£] http://www.ncbinim.nih.gov/skes/entrez#relseq v Boo
Related Sequences 3
Nucleotide Protein

Genomic AF184234.1 AAF01222.1
Genomic AF204869.1 None
Genomic AF331065.1 AAK16502.1
Genomic AF525359.1 AAM82608.1
Genomic AF525499.1 AAM91950.1
Genomic CH471087.1 EAWS5516.1
EAWS55517.1
EAWS55518.1
EAWS55519.1
EAWS55520.1
EAWS55521.1
EAWS55522.1
EAWS55523.1
EAWS55524.1
EAWS55525.1
EAWS55526.1
EAWS55527.1
Genomic CS187189.1 CAJ42862.1
Genomic U80914.1 AADO00449.1
Genomic U91328.1 AAB82083.1
Genomic Y09801.1 CAA70934.1
[Genomic  792910.1]  CAB07442.1
mRNA AF079407.1 AAC62646.1
mRNA AF079408.1 AAC62647.1
mRNA AF079409.1 AAC62648.1
mRNA AF109385.1 AADS52104.1 3

| < >

%] Done @ Internet

6. To find genomic sequence (including both introns and exons) for HFE, in the Related
Sequences section, select the genomic sequence record Z292910.1. A screenshot of this
GenBank record is shown on the following page.

How did you know which genomic sequence to select?

The problem with archival sequence databases like NCBI's GenBank is that
they usually have multiple sequence records for the same gene. You may
need to open each record individually and browse through definition,
sequence annotation, and comments to determine how much of the gene’s
nucleotide sequence is contained within each record.

For example, the U91328.1 record contains the sequence of a genomic
segment that not only includes the HFE gene sequence but also sequences
for other genes. Y09801.1 contains only sequence information for the HFE
promoter and the HFE gene's first exon. The genomic nucleotide sequence
records beginning with “AF” contain only partial coding sequence (CDS) for
the HFE gene. Of the genomic records listed, 292910.1 has the most
complete sequence information for the HFE gene.
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GenBank Record Z292910.1 - The genomic sequence of the human HFE gene.

2 NCBI Sequence Viewer v2.0 - Microsoft Internet Explorer ] g
Fle Edt Vew Favortes Toos Hep &
) ht ncbLnim.nh.gov/entrez/viewer JcgRdb= Nudeotdendopt =GenBankavab= 1890179 v Hco
P X¥€3 My NCBi s
~ ® (3 1 o~ 1
> NCBI : ‘ . W NUCleOtIde [Sign In] [Register’
- ; Gen w— n

Genome

Search Nuckeotide - for - [Go] [Ciear |

Limits Preview/Index History Clipboard Details
Display GenBank v Show 5 v sendio v Hide: 1 sequence 1 all but gene, CDS and mRNA features
Range: from Pegin to end [ Reverse complemented strand Features: H | Rstrest:
[11: Z92910. Reports Homo sapiens HFE ...[gi:1890179] Links

Features Sequence

LOCUS 292910 1214¢ bp DNA linear PRI 14-NOV-2006
DEFINITION Homo sapiens HFE gene.
ACCESSION 292910

VERSION 292910.1 GI:1890179
KEYWORDS haemochromatosis; HFE gene.
SOURCE Hom iens (human)
ORGANISM s
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euwarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Ho
REFERENCE 1 (bases 1 to 858)
AUTHORS Albig,W., Drabent,B., Burmester,N., Bode,C. and Doenecke,D.
TITLE The haemochromatosis candidate gene HFE (HLA-H) of man and mouse is
located in syntenic regions within the histone gene cluster

JOURNAL J

PUBMED  $5485é0
REFERENCE 2 (bases 1 to 12146)

AUTHORS Albig,W. -

2] Done @ intermet

Cell. Biochem. 69 (2), 117-126 (1998)

7. Scroll down the sequence record to the Features section (shown below). The different
features characterized for this gene are explained on the following page.

File Edit View Favorites Tools Help

Address ] htep: fwww.nebi.nlm.nih viewer Fegizdb= idetd Bankival=1890179
FEATURES Location/Qualifiers
source 1..12146

/organism="Homo sapiens"
/mol_type="genomic DNA"
/dh_xref="taxon:3606"
/chronosone="6"
/map="6p"
/clone="ICRFy901D1223"
/clone_lib="ICRF YAC-library"
ene 1028..10637
/gene="HFE"
exon 1028..1324
/gene="HFE"
/nurber=1

CDs join(1249..1324,4652..4915,5125..5400, 6494..6769,
6928..7041,7995..8035)
/gene="HFE"
/function="iron metabolism"
/note="haemochromatosis candidate gene"
/codon_start=1

) GOA:Q30201"
/db_xref="UniProtKB/Swiss-Prot:Q30201"

/translation="NMGPRARPALLLLMLLQTAVLQGRLLRSHSLHYLFHMGASEQDLGL
SLFEALGYVDDQLFVFYDHESRRVEPRTPWVSSRISSQMULQLSQSLKGWDHNF TVDF
WTIMENHNHSKESHTLQVILGCEMQEDNSTEGYWKYGYDGQDHLEFCPDTLDWRAAEP
RAWPTKLEWERHKIRARQNRAYLERDCPAQLQQLLELGRGVLDQQVPPLVKVTHHVTS
SVTTLRCRALNYYPQNITHMKWLKDKQPMD AKEFEPKDVLPNGDGTYQGWITLAVPPGE
EQRYTCQVEHPGLDQPLIVIWEPSPSGTLVIGVISGIAVFVVILFIGILFIILRKRQG

SRGAMGHYVLAERE"
intron 1325..4651
/gene="HFE"
/nurber=1 v
< >
&) ® Internet
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Some features of the sequence in GenBank Record Z292910.1 include

source - The source feature must be included in each sequence record. The source provides
the entire sequence length and the scientific name of the source organism. Other types of
information in this feature may include chromosome number, map location, and clone or strain
identification.

gene - Gives nucleotide numbers where the gene stops and starts. This link opens a new

sequence record that shows only the gene sequence.

exon - Gives nucleotide numbers where
each exon begins and ends. You will see
several of these entries as you scroll down.
Each exon is a sequence segment that
codes for a portion of processed (intron-
free) mRNA. The name of the gene to
which the exon belongs and the exon
number are provided. An “exon” link
opens a new sequence record that
shows only the exon sequence.

CDS - The coding sequence (CDS)
consists of nucleotides that actually code
for amino acids of the protein product. This
feature includes the coding sequence's
amino acid translation and may also
contain gene name, gene product function,
a link to protein sequence record, and
cross-references to other database entries.
A “CDS” link opens a new sequence
record that shows only the coding
sequence.

intron - Gives nucleotide numbers where
each intron begins and ends. An intron is a
segment of noncoding sequence that is
transcribed but removed from the transcript
by splicing together the exons (coding
portions) on either side of it. An “intron”
link opens a new sequence record that
shows only the intron sequence.

8. Examine the reference section, features section, and sequence at the bottom of this record,

What’s the difference between exons and
coding sequence?

Exons often are described as short segments of
protein coding sequence. This is a bit of an
oversimplification. Exons are segments of
sequence spliced together after introns have been
removed from pre-mRNA. Exons carry the coding
sequence of a gene, but some exons may contain
no coding sequence. Portions of exons or even
entire exons may contain sequence that is not
translated into amino acids. These are the
untranslated regions (UTR) of mMRNA. UTRs are
found upstream and downstream of the protein-
coding sequence. See diagram below.

Gene

Pre-mRNA

Exon 1 Exon 2 Exon 3 Exon 4

Intron 1 Intron 2 Intron 3

i =UTR [l = protein-coding sequence

and then answer questions 2-4 of the Questions for Activity 3 in the Hereditary
Hemochromatosis Worksheet in the back of this workbook. Questions 5-6 will be answered
using GenAtlas, which is covered in the next section of this activity.
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Learning about Gene Structure with GenAtlas

GenAtlas is another useful tool for learning about gene sequence and structure. This resource
is a compilation of Human Genome Project mapping information reported in the scientific
literature. GenAtlas consists of three different types of databases: gene database with more
than 20,000 records, phenotype database, and citation database that contains references for
the first two databases. This activity will focus on using the gene database to learn about
coding and noncoding portions of genes.

1. Let’s start by going to the GenAtlas home page (http://www.genatlas.org).

2. Select full search for the Gene database in the navigation column on the left.

, www.genatlas.org - Microsoft Internet Explorer

Fle Edt View Favortes Toos Hep S

£) http://vvav.genatias.org/

|
l GENATLAS 21080 genes / 3918 phenotypes / 66284 citations

| Université René Descartes - Paris %- release Thu S Jun 2007 contact  help

WELCOME TO GENATLAS

GENATLAS contains relevant information with respect to gene mapping and genetic
diseases. The database was created in 1986 by Jean Frézal and is located on INSERM
U781.

The application is developed and maintained at the Paris René Descartes University centre
of bioinformatics.

GENATLAS is structured in three databases:
Genes database, Phenotypes database, Citations database linked to the two previous.

The information is collected from the literature. Data entered in GENATLAS are daily
updated and immediately available online.

A gene or a disease is included in GENATLAS if its location is supported by either
significant lod-score (>3) or relevant physical mapping.

GENATLAS allows a fluent navigation between Gene database and Phenotype database.

How to consult GENATLAS?

® Internet

The Gene Database Full Search is shown in the screenshot on the following page.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
http://genomics.energy.gov/genegateway/ 29




U.S. Department of Energy Office of Science Updated: 6/26/2007

A www.genatlas.org - Microsoft Internet Explorer
Fe Edt View Favortes Took Hep
Address | @) htp://vwvw.genatias.org/

21080 genes / 3918 phenotypes / 66284 citations

# release Thu 5 Jun 2007

GENE DATABASE

full search
optional
DNA type ¥ protein category v location v v
to undisplay the c di s) undick here [V
Symbol Name
Id OMIM

(if used, full text search terms will be ignored)
enter one or more terms separated by a blank ( right truncation is
assumed when a term's length > 3 characters , otherwise use the %
s t(uncatiorj character). Truncate rec_ognised terms }Nhere the end can
query: diverge ( ie abnormal for abnormality, abnormalities, abnormal). When
more than one term is used, only the pages containing all terms will be
displayed. Avoid terms such as of, the, and, gene, protein. Avoid using
too many search terms.
full text query

find

11

3. To find the record for the hemochromatosis gene, enter the gene symbol HFE in the Symbol
Name search box as shown below and click Find to submit your search.

Symbol Name |HFE

4. Select HFE from the search results to open the record.

A www.genatlas.org - Microsoft Internet Explorer
Fie Edt Vew Favortes Tooks Hep
Address ] hitp://www.genatias.org/

21080 genes / 3918 phenotypes / 66284 citations

¢ release Thu 5 Jun 2007

“ Number of genes 20~ by page
1-7 genes displayed of 7 found Page : 1/1

contact

Symbol Localization Name
hepcidin antimicrobial peptide
AN
1 HAMP 1991341 disease: HFE2B hemochromatosis, juvenile
hemochromatosis
2 HFE 6p21.3 disease: HFE hemochromatosis
disease: VGP porphyria variegata
3 HFEAS 6p21.3  HFE overlapping antisense sequence

6021.3 ¢DNA clones and expressed sequences cluster in
Pt MHC1 region

s HFE2 1q21.1 hemochromatosis type 2 (juvenile)
i B disease: HFE2 hemochromatosis, type 2

solute carrier family 40 (iron-regulated

4 HFEC@

6 SLC40A1  2q32 transporter), member 1
disease: HFE4 hematochromatosis, type 4
; o)
7 TFR2 7q22 t;ansfemr} receptor 2 ) X
2 disease: HFE3 hemochromatosis, type 3
1-7 genes displaved of 7 found Page : 1/1 ¥

® Intemet
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HFE record in GenAtlas

, www.genatlas.org - Microsoft Internet Explorer
Fle Edt Vew Favortes Toos Hep
2] http://vaww.genatlas.org/ =

GENATLAS 21080 genes / 3918 phenotypes / 66284 citations ~""

» release Thu 5 Jun 2007 Contact halp

ENATLAS : GENE Database

Home Page

| Université René Descartes - Pans

= : Entrez
. omim sequences swissprot z source
References Gene

HGNC genelynx genecards Ensembl Unigene linkage

~ FLASHGENE

Symbol HFE last update : 27/04/2007
FHENSTEE . HGNC name hemochromatosis

HGNC id 4886

Cprresponding HFE . VGP

disease T e

Location 6p21.3

fy)“°“y"‘ symbol y1 A_H, HH. HFE1

s . HH.

THOLOGY
TYPE functioning gene
SPECIAL

gene in gene, antisens

FEATURE
text HFE antisense RNA partially covers HFE mRNA
STRUCTURE 9.6kb 13 Exon(s)

present in the contig : N'T' 007592 of Genbank
rJNA size 9.61 Kb mRNA size 2717 bp 7 exons NM_000410 | see the e\on;J
3
1

1
6945600 I - - i W 1605,

5. Examine the HFE record. As you scroll down the page you will notice at least 11 variants for
this gene. We saw this before when we were using Entrez Gene. Multiple mRNA variants for a
gene indicate alternative splicing, which involves splicing a mRNA transcript different ways to
produce different proteins. For example, an exon included in one variant may be spliced out
with introns in another variant. Multiple protein products can be generated from alternative
splicing of the same mRNA. We will examine only the first variant (NM_000410), which is
the largest (7 exons), most inclusive splice variant for HFE.

6. Click on see the exons for the first variant (see screenshot above). This will take you to a
page providing a color-coded breakdown of DNA sequence of each exon (see screenshot on
the following page). The blue bases are adjacent intronic DNA. Note that only portions of
intron sequence adjacent to exons are shown. Much of the intronic DNA sequence has
been left out. Start and stop codons are in red. Bases of the exon sequence are capitalized in
black. Bold portions of exon sequence make up the coding sequence, and unbolded portions
do not code for protein.
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Sequence of the exons in the first HFE Variant (NM_000410) from GenAtlas

a www.genatlas.org - Microsoft Internet Explorer

Fie Edt

GENATLAS 21080 genes / 3918 phenotypes / 66284 citations X -

Université René Descartes - Pans

View Favortes Toos Hep
Address | @] http://www.genatias.org/

v -

» release Thu S Jun 2007 contact |;;I¢;

Gene HFE Variant 1
DNA: 9.61 Kb NT 007592
mRNA : 2717 bp NM_000410
CDS: 1932 bp NP_000401
NON CODANT MRNA (CDS initiator and stop codon genomic and intronic adjacent sequences allelic variation

EXON 1 297 bp
aaaaagctttatatttctaagtcaaataagacataagttggtctaaggttgagataaaat
ttttaaatgtatgattgaattttgaaaatcataaatatttaaatatctaaagttcagatc
agaacattgcgaagctactttccccaatcaacaacaccccttcaggatttaaaaaccaag
GGGGACACTGGATCACCTAGTGTTTCACAAGCAGGTACCTTCTGCTGTAGGAGAGAGAGA
ACTAAAGTTCTGAAAGACCTGTTGCTTTTCACCAGGAAGTTTTACTGGGCATCTCCTGAG
CCTAGGCAATAGCTGTAGGGTGACTTCTGGAGCCATCCCCGTTTCCCCGCCCCCCAAAAG
AAGCGGAGATTTAACGGGGACGTGCGGCCAGAGCTGGGGAAATGGGCCCGCGAGCCAGGC
CGGCGCTTCTCCTCCTGATGCTTTTGCAGACCGCGGTCCTGCAGGGGCGCTTGCTGC
gtgagtccgagggctgcgggcgaactaggggcgcggcgggggtggaaaaatcgaaactag
ctttttctttgcgcttgggagtttgctaactttggaggacctgctcaaccctatceccgcecaa
gcccctctcecectactttcectgegtccagaccccgtgagggagtgectaccactgaactgcea
EXON 2 264 bp
aagcacacaaggaaagagcacccaggactgtcatatggaagaaagacaggactgcaactc
acccttcacaaaatgaggaccagacacagctgatggtatgagttgatgcaggtgtgtgga
gcctcaacatcecctgetceccectectactacacatggttaaggectgttgetetgtcetecag
GTTCACACTCTCTGCACTACCTCTTCATGGGTGCCTCAGAGCAGGACCTTGGTCTTTCCT
TGTTTGAAGCTTTGGGCTACGTGGATGACCAGCTGTTCGTGTTCTATGATCATGAGAGTC
GCCGTGTGGAGCCCCGAACTCCATGGGTTTCCAGTAGAATTTCAAGCCAGATGTGGCTGC
AGCTGAGTCAGAGTCTGAAAGGGTGGGATCACATGTTCACTGTTGACTTCTGGACTATTA
TGGAAAATCACAACCACAGCAAGG

%7 ® Internet

7. Use the GenAtlas information about the first HFE Variant (NM_000410) to answer
guestions 5-6 of the Questions for Activity 3 in the Hereditary Hemochromatosis Worksheet in
the back of this workbook.
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Activity 4
Online Resource: Swiss-Prot
- Access the amino acid sequence of a gene’s protein product.

This activity covers how to use the Swiss-Prot protein sequence database to learn about the
amino acid sequence and other features of the hereditary hemochromatosis protein.

The protein sequence database Swiss-Prot was developed by groups at the Swiss Institute of
Bioinformatics (SIB) and the European Bioinformatics Institute (EBI). Swiss-Prot is noted for its
detailed annotation (descriptions of protein function and labeling of domains and other key
features within proteins) of protein sequence data. TTEMBL is a computer-annotated database
companion to Swiss-Prot that holds sequence data until it can be manually annotated,
reviewed, and added to Swiss-Prot.

Let’s start by going to the Swiss-Prot home page.

http://us.expasy.org/sprot/

a ExPASy - UniProt Knowledgebase: Swiss-Prot and TrEMBL - Microsoft internet Explorer

Fle E Vew FavorRes Toos Mep
O eack - x] &) € ) search 7 Favortes @ v - LALlD3
€] hetp://us.expasy. oeg/sprot/ v B
# ExPASy Home page Site Map Search ExPASy Contact us PROSITE Proteomics tools A
Search Swiss-ProuTrEMBL « for [Go) [Clear |
Swiss-Prot
: Protein knowledgebase U n | Pr Ot
swisquut TrEMBL IReGnlyares] prateln Tecanice

Computer-annotated supplement to Swiss-Prot

The UniProt Knowledgebase consists of:

« UniProtKB/Swiss-Prot; a curated protein sequence database which strives to provide a high level of annotation (such as the
description of the function of a protein, its domains structure, post-translational modifications, variants, etc.), a minimal level of
redundancy and high level of integration with other databases [More details / References / Linking to Swiss-Prot / User manual /
Recent changes / Disclaimer].

« UniProtKB/TrEMBL; a computer-annotated supplement of Swiss-Prot that contains all the translations of EMBL nucleotide sequence
entries not yet integrated in Swiss-Prot.

These databases are developed by the Swiss-Prot groups at SIB and at EBI.

UniProt Knowledgebase Release 11.2 consists of:
UniProtKB/Swiss-Prot Release 53.2 of 26-Jun-2007: 272212 entries (More statistics) ;::g”;: (:;';ea‘t"{";ftsmea i)
UniProtKB/TrEMBL Release 36.2 of 26-Jun-2007: 4464302 entries (More statistics) ty potlig

« SRS - Access to UniProtKB/Swiss-Prot, UniProtKB/TrEMBL and other databases using the Sequence Retrieval System
« Full text search in the UniProt Knowledgebase
.[ Advanced search in the UniProt Knowledgebase]by description, gene name and organism (can be used to create html links to UniProt
Knowledgebase queries)
« Taxonomy browser (NEWT)
.Q_J @ Internet

1. Scroll down to Access to UniProt Knowledgebase section and select Advanced search in
the UniProt Knowledgebase. A screenshot of the advanced search page is shown on the next
page.
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2 UniProtkB (Swiss-Prot/TrEMBL) Advanced Search - Microsoft internet Explorer

e (3 Vew Favotes Took Hep
Om-Q HEAG P yrmom @ 3-5 B JALDS
€ 1D en gy YOOI 4o Ch v Qo
# ExPASy Home page Site Map Search ExPASy Contact us Swiss-Prot
Search SwissProvTEmsL « for Go) | Clear

A

swisPot yhiprot Knowledgebase (Swiss-Prot and
TrEMBL) Advanced Search

This search program uses SRS to perform queries. Simpler forms are available to search by description or by full text
Available connectors within a field are "&" (and), "|" (or) and "!" (but not). You can prefix your search terms by ! to specify

Updated: 6/26/2007

"not” (this is not possible in SRS). Example queries
« To retrieve all AP1 complex proteins from mouse (AP1S1, AP1G1, etc. but not MIAP1, IQGAP1,
Name: ap1*, Organism: Mus, and deselect "Append and prefix * to query terms"
« To retrieve the three human beta-adrenergic receptor proteins in UniProtKB/Swiss-Prot, but not

and prefix * to query terms"

Search = UniProtKB/Swiss-Prot| 1 UniProtKB/TrEMBL

Description
a0 = Gene name i
AND  Organism  twman or Chooss from e et |8
Ii Append and prefix * to query tgn‘néj
dotaled = view of 1 = results
[ Submn Guory | [Resen

&l

receptor kinases, specify Description: beta&adrenergic&receptor!kinase, Organism: Homo sapiens, and select "Append

), specify Gene

the beta-adrenergic

@ et

URL for Swiss-Prot/TrEMBL Advanced Search: http://us.expasy.org/sprot/sprot-search.html

2. Scroll down to the search boxes. Remove the check in the box next to UniProtKB/TrEMBL.
We want only sequences from Swiss-Prot. In the Gene name search box enter HFE. In the
Organism box enter human. To make sure that only one record for the gene with the exact

symbol “HFE” is retrieved, deselect Append and prefix * to query
search page should resemble the screenshot above. Submit your g

3. You should retrieve one result. Select the AC number Q30201 fo
open the record for the HFE protein.

terms. The advanced
uery.

r the HFE_HUMAN entry to

23 UniProtkB{Swiss-Prot gene name: HFE - Microsoft Internet Explorer Q@@
Fle Edt View Favorites Tools Help "
address | @] http:fjus.expasy.orgfegi-binjget-entries?db=spiDE=GNc=ANDRGN=HFE&OC=humangview=Fullnum=100 v e

~
‘ it ExPASY Home page ‘ Site Map [ Search ExPASy ‘ Contact us ‘ Swiss-Prot ‘
Search | Swiss-Prot TrEMEBL v |for

UniProtKB/Swiss-Prot gene name: HFE

Gene name and organism

Entries in UniProtKBiSwiss-Prot (1):

The following is a list of the 1 UniProtkKB/Swiss-Prot entries with the gene name HFE and from taxon human.

v [ Submit Query ][ Selectall ]

Send selected sequences to | Retrieve sequences (FASTA format)

(HLA-H)

SRS Query:
[libs={swiss_prot}-geneName: HFE]& [libs-organism: human]

this query on SRS against [ UniProtkKB/Swiss-Prot [JUniProtkKB/TrEMBL (From there, you
file)

| Viewasataxonomictree |

&] Done

01 HFE_HUMAN Q30201 HFE, HLAH Hereditary hemochromatosis protein precursor munr;]c;ﬁ?piens

348

can save the entries in a

4 Internet
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Swiss-Prot record for the human HFE protein.

2 UniProtkB/Swiss-Prot entry Q30201 [HFE_HUMAN] Hereditary hemochromatosts protein - Microsoft internet Explorer

Fle Edt Vew Favotes Toos Mep
) hixp// s expasy. o/ UnproR/Q30201

 ExPASy Home page

Contact us
Go| | Clear

Site Map
Search Swiss-ProuTEMEL

Search ExPASy
~ for

UniProtKB/Swiss-Prot entry Q30201

Printor-friendly view |

Updated: 6/26/2007

Swiss-Prot

Submit update |
QGuick BlastP search |

Entry history

[Entry info] [Name and origin] [References] [Comments] [Cross-references] [Keywords][Sequence] [Tools]

Note: most headings are clickable, even if they don't appear as links. They link to the user manual or other documents
Entry information

Entry name
Primary accession number

Secondary accession numbers

Integrated into Swiss-Prot on
Sequence was last modified on

Name and origin of the protein
Protein name

Synonym

Gene name

From
&

Annotations were last modified on June 12, 2007 (Entry version 84)

HFE_HUMAN

Q30201

075929 075930 075931 Q17RT0 Q96KUS5 QI6KU7 Q96KUB QIHCE4 QIHCE8 QIHCT70
QYHC83

November 1, 1997

November 1, 1997 (Sequence version 1)

Hereditary hemochromatosis protein [Precursor]
HLA-H
Name: HFE
Synonyms: HLAH
Homo sapiens (Human) [TaxID: 9606] e

P Mtenes

4. Look at the Protein Name field. Notice that this protein is designated as a precursor protein.
This means that part of the protein chain needs to be cut off by a proteolytic enzyme to form

the “mature” functional protein.

5. Using navigation links at the top of the record, go to the Features section. The Features

section of the HFE protein record is shown below.

Fle Edt Vew Favorkes Tools Help w»
. ] hitp:/fus.expasy. orgfuniprot /30201 #features v Do
’

Bl F€ature table viewer

Key From To Length Description FTId

SIGNAL 1 22 22

CHAIN 23 348 326 Hereditary hemwochromatosis protein. PRO_0000018892

TOPO_DON 23 308 284 Extracellular ¢

TRANSMEN 307 330 24 .

TOPO_DON 331 348 18 Cytoplasmic

DOMAIN 207 298 92  Ig-like Cl-type.

REGION 23 114 92  Alpha-1.

REGION 115 205 91 Alpha-2.

REGION 206 297 92  Alpha-3.

REGION 298 306 9  Connecting peptide.

CARBOHYD 110 110 N-linked (GlcNAcC...)

CARBOHYD 130 130 N-linked (GlcNAc...)

CARBOHYD 234 234 N-linked (GlcNhe...)

DISULFID 124 187

DISULFID 225 202

VAR_SEQ 26 114 RSHSLHYLFMGASEQDLGLSLFEALGYVDDQLFVFYDHES VSP_003218

RRVEPRTPWVSSRISSQNVLQLSQSLKGUDHMFTVDFUTI MENENESKE -> Q (in
isoform 2 and isoform 4).

VAR_SEQ 2 49 RSHSLHYLFMGASEQDLGLSLFEA -> P (in isoform S). VSP_003219

VAF_SEQ 2 206 Nissing (in isoform 6). VSP_ODSZZD v
2] ® Internet
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6. Select the Feature aligner link. This will open a new screen with a list of selected features

within the HFE protein. See the screenshot below.

A Feature aligner - Microsoft Internet Explorer

X

Fle Edt View Favorites Tools Help .','
] http:/fus.expasy.orglcgi-bin/aligner?Q30201 v B
ai ExPASy Home page | SiteMap | Search ExPASy Contact us Swiss-Prot Proteomics tools 2
Search | Swiss-ProyTIEMBL v for Clear
-

Feature aligner

Selected features of Q30201 (HFE_HUMAN) Hereditary hemochromatosis protein precursor (HLA-H) [Homo sapiens (Human))]

|_[Key ____[Position[Length|Description

[ CHAIN 23-348| 326 Hereditary hemochromatosis protein
RLLRSHSLHY LFMGASEQDL GLSLFEALGY VDDQLFVFYD HESRRVEPRT PUVSSRISSQ MULQLSQSLK
GUDHNFTVDF WTIMENHNHS KESHTLQVIL GCEMQEDNST EGYWKYGYDG QDHLEFCPDT LDWRAAEPRA
WPTKLEWERH KIRARQNRAY LERDCPAQLQ QLLELGRGVL DQQVPPLVKV THHVTSSVTT LRCRALNYYP
QNITMKWLKD KQPMDAKEFE PKDVLPNGDG TYQGWITLAV PPGEEQRYTC QVEHPGLDQP LIVIWEPSPS
GTLVIGVISG IAVFVVILFI GILFIILRKR QGSRGAMGHY VLAERE

[] TOPO_DOM 23-306 284 Extracellular (Potential)
RLLRSHSLHY LFMGASEQDL GLSLFEALGY VDDQLFVFYD HESRRVEPRT PUVSSRISSQ MWLQLSQSLK
GUDHMFTVDF WTIMENHNHS KESHTLQVIL GCEMQEDNST EGYWKYGYDG QDHLEFCPDT LDWRAAEPRA
WPTKLEWERH KIRARQNRAY LERDCPAQLQ QLLELGRGVL DQQVPPLVKV THHVTSSVTT LRCRALNYYP
QNITHKWLKD KQPMDAKEFE PKDVLPNGDG TYQGWITLAV PPGEEQRYTC QVEHPGLDQP LIVIWEPSPS
GTLV

[[] TRANSMEM 307-330 24 (Potential)
IGVISGIAVF VVILFIGILF IILR

[J TOPO_DOM 331-348 18 Cytoplasmic (Potential)
KRQGSRGAMG HYVLAERE

[] DOMAIN 207-298 92 Ig-like Cl-type
PPLVKVTHHV TSSVTTLRCR ALNYYPONIT MKULKDKQPM DAKEFEPKDV LPNGDGTYQG WITLAVPPGE
EQRYTCQVEH PGLDQPLIVI WE

[] REGION 23114 92 Alpha-1
RLLRSHSLHY LFHGASEQDL GLSLFEALGY VDDQLFVFYD HESRRVEPRT PWVSSRISSQ MWLQLSQSLK
GUDHMFTVDF WTIMENHNHS KE

[J REGION 115-205 91 Alpha-2
SHTLQVILGC EMQEDNSTEG YWKYGYDGQD HLEFCPDTLD WRAAEPRAWP TKLEWERHKI RARQNRAYLE
RDCPAQLQQL LELGRGVLDQ Q

[] REGION 206-297 92 Alpha-3
VPPLVKVTHH VTSSVTTLRC RALNYYPONI TMKWLKDKQP MDAKEFEPKD VLPNGDGTYQ GWITLAVPPG
EEQRYTCQVE HPGLDQPLIV IW <

£ © Internet

7. Notice that the protein chain includes only amino acids 23-348. The first 22 amino
acids are not associated with any domains (functional units within a protein). This portion of
protein sequence is cleaved from the larger precursor sequence to make the mature,

functional HFE protein.

8. Swiss-Prot records are known for their detailed sequence annotation. Notice how each
domain is broken down into segments of corresponding amino acids within the protein chain.
Select the 23—-348 position link to access a hew page showing this portion within the entire
protein sequence (see screenshot on the next page).
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2 UniProtkB/Swiss-Prot: 030201 (HFE_HUMAN) - Microsoft Internet Explorer

File Edit View Favorites Tools Help 4
Address @ http:ffus.expasy.orgfcgi-binjsprot-ft-details. pl? Q30201 @CHAIN@23@348 M a Go
i ExPASy Home page [ Site Map ‘ Search ExPASy ‘ Contact us ‘ Swiss-Prot Proteomics tools e
Search | Swiss-ProyTrEMBL | for

UniProtKB/Swiss-Prot: Q30201 (HFE_HUMAN)

The section of the sequence Q20201 (HFE_HUMAN) you have selected corresponds to:

CHAIN 23 348 Hereditary hemochromatosis protein.
/FTId=PRO_0000018892.

In one-letter code:

1 11 21 31 41 51
1 MGPRARPALL LLMLLQTAVL 3 SHSL HYLFMGASEQ DLGLSLFEAL GYVDDQLFVF 60
61 YDHESRRVEP RTP SRIS  SQMN LEGWDHMFTV DEFWTIMENHN HSKESHTLQV 120
121 ILGCEMQEDN DTLDWRAAEP RAWPTKLEWE RHKIRARQNR 180
181 AYLERDCPAQ LQQLLELG W KVTHH CRALNY YPQNITMEWL 240
241 KDKQPMDAKE FEPKDVLEN \ G VEHPGLD QPLIVIWEPS 300
301 PSGTLVIGVI SGIAVFVVIL

In three-letter code:

1 2 3 4 5 6 7 g 9 10
1 Met Gly Pro Arg Ala Arg Pro Ala Leu Leu

14 15
Leu Leu 15

16 Gln Thr Ala val Arg Leu Leu Arg Se Ser Leu 30
31 His Tyr Leu Phe M - Glu Gln As Gly Leu Ser 45
46 Leu Phe Glu Ala Asp Asp G e Val Phe 60
His Glu g Glu Pro Arg o Trp Val 75
Arg Il Gln Met Trp Leu Gln Leu Ser Gln Ser 90
Gly Trp Asp His Met Phe Thr Val Asp Phe Trp Thr Ile 105 ™
&] Done 4 Internet

9. The selected section of the protein sequence is highlighted in red. Another nice feature is
the representation of protein sequence using both one-letter and three-letter amino acid
abbreviations.

10. Select the Q30201 link at the top of the page to return to the main Swiss-Prot record for
the HFE protein.

11. Return to the Features section of the record. Scroll down to the part that describes the
amino acid position of the protein’s secondary structures (e.g., STRAND, TURN, HELIX). You
can use this information to figure out which segments of protein sequence form beta-strands,
alpha helices, or the turns between these units of secondary structure.

12. In addition to detailed protein sequence annotation available from the Features section,
other useful sections are Comments and Cross-references. The Comments section will
provide brief descriptions of protein function, tissues in which the protein is expressed, and
associated disease phenotypes. The Cross-references section links to related records found in
many different bioinformatics resources. If a protein has structural information deposited in the
Protein Data Bank, it will be noted in the Cross-references section.

13. The sequence and feature information presented in this record will help you gain a better
understanding of the protein structure examined in Activity 5. Continue with Activity 5 before
answering the questions for activities 4 and 5 in the worksheet in the back of this workbook.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
http://genomics.energy.gov/genegateway/ 37







U.S. Department of Energy Office of Science Updated: 6/26/2007

Activity 5
Online Resources: Protein Data Bank and Protein Workshop
- Explore the sequence and structure of the gene’s protein product.

This activity demonstrates how to find and view a protein structure using tools and resources
available from the Protein Data Bank (PDB). PDB is an international archive of 3-D structural
information for biological macromolecules. PDB’s structure records provide access to several
interactive molecular graphics program. This activity uses Protein Workshop, a tool for viewing
and generating high-quality images of molecular structures available from PDB.

Before You Begin

Many features of the PDB Web site require newer Web browsers with JavaScript and cookies
enabled, and pop-ups should not be blocked. Internet Explorer 6 was used to create this
activity. For more information on system requirements see PDB Frequently Asked Questions
(http://www.rcsb.org/pdb/static.do?p=home/fag.html).

Some Protein Structure Basics

* Proteins are created by linking amino acids in a linear fashion to form polypeptide chains.
The amino acid sequence of a polypeptide chain is the primary structure of a protein.
See the Table of Standard Genetic Code in the back of this workbook for single-letter and
three-letter abbreviations for the 20 different amino acids.

* Amino acids have different chemical properties. For example, some amino acid residues
are strictly hydrophobic (“water fearing”) and must be protected from agueous
environments, while other amino acids are hydrophilic (“water loving”). The substitution of
just one amino acid for another with very different chemical properties can have serious
consequences for a protein’s structure and function.

* The folding of regions within the polypeptide chain into alpha helices and beta sheets is a
protein’s secondary structure.

* The packing of the entire polypeptide chain into a three-dimensional globular unit is a
protein’s tertiary structure.

* If a protein molecule is a complex of more than one polypeptide chain, then the complete
structure of this molecule is called a protein’s quaternary structure.

* A domain is a discrete portion of a protein with its own function and specific three-
dimensional structure. The combination of domains in a single protein determines its
overall function.

» Different parts of a polypeptide chain can be linked by disulfide bridges that form between
two cysteine residues. Disulfide bridges (or disulfide bonds) stabilize a protein’s three-
dimensional structure. The loss of a disulfide bridge would be detrimental to a protein’s
overall structure.
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Finding a Structure Record in PDB

To begin, we need to access the Protein Data Bank (http://www.rcsb.org/pdb/).

) RCSB Protein Data Bank - Microsoft Internet Explorer

Fle Edt View Favortes Toos Hep »
<5 ) hitp://www.rcsb.org/pdbyhome/home.do v @oo
-

A memoer or e @ IPD B

An Information Portal to Biological Macromolecular Structures

F;n TEIN DATA BANK As of Tuesday Jun 19, 2007 there are 44200 Structures @ | PDB Statstics (@

" .
CONTACT US| HELP | PRINT PAGE © PDB ID or keyword @ Author | @ | Advanced Search

Home Search ALERT: Our data files are changing soon. Please see hitp:/ /www.wwpdb.org for more details.

Welcome to the RCSB PDB [EX

L] i ‘ s Complete News
Home The RCSB PDB provides a variety of tools and resources for studying the structures of biological

B cotting Started macromolecules and their relationships to sequence, function, and disease, u Newsletter
Discussion Forum
® bownload Files The RCSB is a member of the wwPDB whose mission is to ensure that the PDB archive remains an | ®
» international resource with uniform data. Check out the release of
, Deposit and Validate SR e oG ) i 1 e Tl he remediated PDB data at
is site offers tools for browsing, searching, and reporting that utilize the data resulting from wwpdb org.
> s Se ongoing efforts to create a more consistent and comprehensive archive, .
Dictionaries & File Formats 19-June-200; :
Information about compatible browsers can be found here. Exploring Ligands in the
P gonware Tools RCSB PDB Database
» A narrated tutorial #; illustrates how to search, navigate, browse, generate reports and visualize
°“"""""""°" structures using this new site. [This requires the Macromedia Flash player download.] A ligand name can be
¥ site Tutorials entered in the keyword
Comments? info@rcsb.org text search at the top of
B giosync any page from the RCSB
» PDB website, The
General Information Advanced Search query

- engine can also be used
Molecule of the Month: Fatty Acid Synthase to search for structures
- based upon ligands —

n the ligand"
Fat, these days, is a bad word. But we can't survive without fats, and more :g;eed ‘;gocoéee OFSM‘:EES
particularly, without fatty acids. Fatty acids are small molecules composed of d g

2 long string of carbon and hydrogen atoms, with an acidic group at one end. string.
They are used for two essential things in your body. First, they are used to
buid the kpids that make up all of the membranes around and inside your celis, o Full Aticie

Second, fatty acids are a concentrated source of energy, so they are often
connected to glycerol to form fats, which are a compact way to store energy
until it is needed. But as we all know, if we eat too much, this extra fat can

am‘oé"ﬁ'p:.- X

RCSB has a new Web build up!
Seyvices AP for software

developers and tutorials for B 12-June-2007

developers using C/C++, u-Hore Depositing NMR

Java, Python and Perl 3 Structures with ADIT-
Click here u Previous Features

® Intemet

|&

Note: If you are new to PDB, be sure to check out General Education in the light
blue column on the left of the screen. Under Educational Resources you can find

» General educational resources introducing molecular structure basics

* Molecule of the Month (a collection of vignettes, each featuring a different
molecular structure and its importance to human welfare)

» Education Corner (learn how different educators are using PDB in the
classroom)

= PDB newsletters

= Tutorials and other resources.

1. Beside the search box at the top of the PDB home page, select Advanced Search.
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2. On the Advanced Search page, from the drop box Choose a Query Type select Swiss-
Prot ID(s). In Activity 4 we accessed the human hemochromatosis protein record Q30201 in
Swiss-Prot. Enter Q30201 in the search box. The advanced search page should look like the
screenshot below. Select the Evaluate Subquery button to submit your search.

, RCSB Protein Data Bank - Microsoft Internet Explorer g@g
Fle Edt Vew Favortes Toos Hep s
&8 http://vaww.rcsb.org/pdb/search/advSearch.do v Beo
A
— — - A MEMBER OF THE &
h r rr:J An Information Portal to Biological Macromolecular St':::tiu)rg
PROTEIN DATA BAN k As of Tuesday Jun 19, 2007 Bl there are 44200 Structures @ | PDB Statistics @

T e e o

Home [ Search ALERT: Our data files are changing soon. Please see http://www.wwpdb.org for more
details.

Search Database

" Match 2!l ¥ of the following conditions: Advanced Query Tutorlal (Requires Flash)
Advanced Search

Swiss-Prot ID{s) v . Evaluate 1 (7]
vass-Prot 1D{ Swiss-Prot IDs | Q30201 @ ooy [: ] I _]
[ Remove Similar Sequences at 90% ¥ |identity
[ Clearan || Evaluate Query
4 Browse Database
» Histograms v
£l ® Intemet

3. The search should return one structure. Click on the search result to open a summary of the
structure’s PDB record.

Match 2l V' of the following conditions: Quick Feature Guide (Requires Flash)

Swiss-Prot ID(s) v Swiss-Prot IDs Q30201 Evaluate
iss-Pr t_))|1 Struc!uresl Sikaisey E]

[] Remove Similar Sequences at  90% v |identity

| Clear a1 | [ Evaluate Query |
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4. A brief summary of the search result is displayed. The PDB ID for the structure is 1A6Z.
Click on 1A6Z or the title HFE (HUMAN) HEMOCHROMATOSIS PROTEIN (highlighted in the
screenshot below) to open the complete PDB record.

', RCSB PDB : Query Results - Microsoft Internet Explorer g@]
Fle Edt Vew Favorkes Toos Help &
&) http://www.rcsb.org/pdb/results/results.do v Bco
- 1 n - AMEMBENR = SPDB
‘ | 3 ol () — ;, An Information Port?l to Biological Macromolecular Structures
PROTEIN DATA BANK As of Tuesday Jun 19, 2007 B there are 44200 Structures @ | PDB Statistics @

| -

Home Search Queries ALERT: Our data files are changing soon. Please see http://www.wwpdb.org for more details.
Help | 1 Structure Hit 1 Citation
B Results (1:1 of 1) 1
B Results 1D List [
e W ) , |[HFE (HUMAN) HEMOCHROMATOSIS PROTEIN
® Modify / Refine this Search ," NEBE
[ -
Select All —d Release Date: 23-Mar-1999 Exp. Method: X Ray Diffraction
B heselect All Characteristics
Resolution: 2.60 A
® Download Selected v i
> Classification Mhc Class I Complex
Tabulate
» 1 Mole HFE ct AC
Rocrow Queey, ok ymer 2 I BETA-2-MICROGLOBULIN 8.D
‘ » Sort Results Lebron, J.A., Bennett, M.J., Vaughn, D.E., Chirino, A.)., Snow, P.M., Mintier,
> Authors G.A., Feder, J.N., Bjorkman, P.J.
‘ Results per Page
® Show Query Details ¥
4] Done @ Intemet

5. The complete record is shown on the following page. Note the Molecular Description near
the bottom of the screenshot. This structure is a complex of four polypeptide chains: A, B, C,
and D. A and C are identical HFE polypeptide chains, and B and D are identical chains of
another protein called beta-2-microglobulin.

6. Note the primary citation in the 1A6Z record. The best way to learn about structure details is
to access the article listed as the primary citation. Although the full text for some articles may
be freely available online, many articles are accessible only by subscription. Some university
research libraries may provide public access to their journal collections. The article for this
structure has been accessed to reveal the following details:

* Only the soluble portion of the HFE polypeptide chain is included in the 1A6Z
structure. The transmembrane domain is missing, so the HFE protein in this
structure has only 275 of the 348 amino acids in the complete HFE protein
sequence.

* The first 22 amino acids of the HFE polypeptide sequence have been excluded
because they are not part of the mature, functional protein. Therefore, the first
amino acid in this structure is really the 23", and cysteine 260 is the cysteine
residue involved in the CYS282TYR mutation that we learned about in Activity 1.

* Each HFE polypeptide chain is complexed with another polypeptide chain called
beta-2 microglobulin.

* The 1A6Z structure consists of two HFE—beta-2 microglobulin complexes.
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7. Select the Sequence Details tab (highlighted in screenshot below) to examine the
sequence and secondary structure details for this structure.

i RCSB PDB : Structure Explorer - Microsoft Internet Explorer Q@

Fle Edt Veew Favortes Toos Help

&) hetp://wwy.resb.org/pdb/explore. do7structureld=1A6Z v Qoo
—— r_' A MEMBER or TREIPIHE .
bty ) — ’) An Information Portal to Biological Macromolecular Structures
PROTEIN DATA BAN K As of day Jun 19 B there are 44200 Structures @ ¢
CONTACT US | HELP | PRINT PAGE © PDB D or keyword @ Author CICETRIY @ | Advanced Search
Home Search Structure Queres  ALERT: Our data files are changing soon. Please see hitp:/ /www.wwpdb.org for more details.
Help [ Structure Summary Biology & Chemistry Materials & Methods |Sequence Details| Geometry

152

4 Download Files

1a6z [¥) [81 @ Learn more: [M] [M] DOI 10 2210/Ddb1862/pdb

<<| Biological Molecule

? bownioad Remediated Title  HFE (HUMAN) HEMOCHROMATOSIS PROTEIN

’ Display Files

’ Display Molecule Lebron, J.A., Bennett, M.)., Vaughn, D.E., Chirino, A.J., Snow,
® Sructural Roports Authors p m  Mintier, G.A., Feder, J.N., Bjorkman, P.J

® Extornal Links

4 Structure Analysis o e

> Lebron, J.A., Bennett, M.J,, Vaughn, D.E,, Chirino, A.),, Snow, P.M. Mintier,

Help - - G.A,, Feder, J.N., Bjorkman, P.J. Crystal structure of the hemochromatosis protein HFE and
Primary Citation  characterization of s interaction with transferrin receptor. Cell v43 pp 111-123 1998

[Abstract] ¥

Quick 7’1‘/7: PREY) History D 1998-03-04 Release 1999-03-23
Toview sequence details Experimental _ o Display Options @
of this structure cick on the Methog 1'7¢ X-RAY DIFFRACTION Osta NA P! Y- P

Sequence Delails tab
above the summary page.

Parameters 260 0.233 (obs.) 0277

Length [A] 3 6880 b 10010 ‘ 14760 * Capable of displaying biological molecules
Unit Cell - angles 1] aipha 90.00 beta 90.00 gamma 9000
Molecular
Description 1 M HFE AC
| Asymmetric Unit er 2 Molecule BETA-2-MICROGLOBULIN ans B,D J
§ b
£l ® Intemet

8. The Sequence Details for record 1A6Z are shown on the following page. HFE sequence
information is presented first. Each letter in the protein sequence represents a different amino
acid. C stands for cysteine. See the Table of Standard Genetic Code in the back of this
workbook to determine which amino acid is represented by each letter.

9. Secondary structure details are mapped onto sequence details. Different graphical symbols
are used to represent extended beta strands, helixes, and turns. Cysteines that form disulfide
bonds are highlighted in yellow and connected by green dotted lines. Find cysteine 260, the
amino acid replaced by tyrosine in the CYS282TYR mutation. Cysteine 260 forms a disulfide
bond with cysteine 203. Disulfide bonds are critical to forming the proper structural
arrangement needed to make a functional protein; therefore, the loss of cysteine 260 would be
detrimental to protein structure.
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HFE Sequence Details in PDB Structure 1A6Z

, RCSB PDB : Sequence Details Report - Microsoft Internet Explorer ':E‘NI
Fle EJt View Favortes Toos Hep ¥
&) hitp://wvwi.rcsb.org/pdbyexplore/sequence. dozstructureid=1467 v Q&
"= 4
» .
Doissling Fhes Sequence Details 7 1A62
W T A Sanans
ASTA Sequence

» Download Remediated

¥ bisplay Files
» Display Molecule UniProt reference
¥ Structural Roports Description HFE
® Extornal Links Tie polypeptide(L)
» X

b Length 275 residues
» Help

Secondary Structure 22% heical (4 helices; 63 residues)
36% beta sheet (15 strands; 101 residues)
) d1a6zal Hemochromatosis proten Hfe. aipha-3 dom:
c‘ T = SCOP Domains @ abizal Herr 3 volein Hie. aipha-3 domain
a“’ 'f"' §1a6za2 Hemochromatos:s protein Hfe_aipha-1 and aipha-2
GOMaAINS

Towiew the 3D structure p—

click on one of the viewers

under the image Sequence and Secondary Structure

Key: —- . crended strand, S L = turn, TCRNGQTNCY = disulfide bond
= alpha hekx, = 310 helix, = pi helx,
residues have no structural nformation
| Np—y !
B — S
15! LFMCASEQDLCLSLFEALCYVDDOLFVFY
T
v
2l ® Intemet

10. Scroll past HFE sequence and secondary structure to find a section called Mapping to
external sequence database (SWS:HFE_HUMAN). This section compares 1A6Z's HFE
sequence to the Swiss-Prot sequence examined in Activity 4. Note that 1A6Z’'s HFE chain is
only 275 amino acids long. Answer the first two questions for Activities 4 and 5 in the
worksheet in the back of this workbook.

Mapping to UniProt entry Q30201 =

23 297
s | HFE_HUMAN

1 275
e | 1A67Z:A
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Viewing the Structure

11. Select the Structure Summary tab near the top of the Sequence Details page to return to
the record summary. At the summary page select MBT Protein Workshop from display
options in the Images and Visualization box (see screenshot below). If you are prompted to
download a file, select “Open” to download the file.

) RCSB POB : Structure Explorer - Microsoft Internet Explorer . B
o < pa/expiore dostructureld= 1AGZ v B«
-+ 2g P J < DY

An Information Portal to Biological Macromolecular Structures
YA E » are 44200 Structur

o i [

Structure ALERT: OQur data files are changing soon. Please see hittp:/ /www.wwpdb.org for more details,
> Summary
1a6z [V [ uj DO 10.2210/pdb1ab2z/pdb

<<| Biological Molecule

Download Remediated tle HFE (HUMAN) HEMOCHROMATOSIS PROTEIN

amc'( '/'./,,_ e X tory 1998-03-04 1999-03-23

w sequence dch:l- E 1. X-RAY DIFFRACTION NA Display Options
260 0.233 (obs.) 0277
100.10 147 80

0 )
9000 6000 90 00

FE AC
ETA-2-MICROGLOBULIN B.D

wx

12. A Protein Workshop window containing structure 1A6Z should open. You may want to
maximize the window so that it fills your computer screen. If you have trouble opening this
application, go to the Protein Workshop Help file available from PDB
http://www.pdb.org/robohelp _f/index.html#viewers/proteinworkshop.htm.

& 708 Proteinworkshop 1.50 (powered by the MBT): 1A6Z CExX
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13. Some basics for PC users interacting with the structure:
= Click and drag left mouse button to rotate the structure.
» Press Shift + click and drag left mouse button to zoom in and out.
» Click and drag right mouse button to move the structure.

14. At the top of the control panel, you should see four tabs: Tools, Shortcuts, Options, and
Help and Credits. If you need to reset the structure to its original configuration at any time
during this activity, select the Options tab and click Reset.

Tools | Shortcuts | Options | Help and Credits

15. Let’s explore options in the Tools control panel. Using Tools involves a four-step process:
1) select your tool; 2) choose what you want the tool to affect (Atoms and Bonds selected by
default); 3) change the tool's options; and 4) select structure portion you want to modify by
clicking in the structure tree at the bottom of the control panel or by clicking on the structure.

16. Chains A, B, C, and D should be displayed. Earlier in the Tools | Shorcuts | Opions | Hepand Crecks
activity we learned that A and C are identical HFE chains and }S"”‘““ —
chains B and D are beta-2-microglobulin. Let’s use the color —_—

and visibility tools to modify the display so that only HFE chain
A is visible.

Labele Re.centering |

2) Choose what you want the tool to affect

Atoms and Bonds

17. First let’s color Chain A blue so that we can distinguish it
from other chains. The Colors tool should be selected. In step
2, choose to modify Ribbons. In step 3, click in the Active
Color box to pick a dark shade of blue from the color palette.
Click OK to close the Color window that pops up. Then select
Chain A from the structure tree at the bottom of the control
panel (see screenshot to right). Use your mouse to zoom and
adjust the position of your structure (see step 13). Your
structure should look something like the image below.
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18. Select the Visibility tool. Make sure tool options are set to

change visibility of the structure’s Ribbons. Then select Chain

B from the structure tree at the bottom of the control panel (see
screenshot to right). Repeat for chains C and D.

19. Select the Shortcuts tab. Under Recolor the backbone
by, select Conformation type and click the Enact button to
color the protein’s secondary structure (e.g., helixes are green,
beta strands are purple). Chain A should look something like
the structure below. Note that another shortcut can be used to
change the display area’s background.

20. Return to the Tools tab. Let's recolor cysteine 260 and
cysteine 203, two residues that form a disulfide bond
connecting two different portions of the HFE polypeptide chain.
To change the color of the cysteine residues, select the Colors
tool, choose Ribbons, and pick red from the active color
palette. In the tree, expand Chain A and scroll until you can
select Cys 260 (selecting the plus sign in front of a chain in the
tree will drop a list of all amino acid residues in the chain). See
panel to the right. You may need to rotate your structure to
locate the red cysteine 260. Repeat for cysteine 203 using dark
blue or another color besides red. Rotate the structure to
examine the positions of these residues within the chain. The
structure should resemble the image on the following page
(another graphics package was used to add readable labels to
the cysteine residues). Although disulfide bonds are not
displayed in this structure, you can see that a bond between
cysteines 203 and 260 would keep two different strands
parallel to one another within the protein.
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21. Select the Options tab at the top of the control panel. Your structure can be saved as a
graphic file using the Save Image option. If you click the Advanced Image Editor button, a
PDB Image Workbench window will open. Using the menu options at the top of this window,
you can edit the structure and add labels, text, arrows, and other features to your structure and
save it as a graphic file (e.g., PNG, TIFF, or JPEG files)

Cysteine 203

Cysteine 260

Protein Structure and Hereditary Hemochromatosis Development

By examining the HFE protein’s sequence and structure, we discover that the cysteine
lost in the CYS282TYR mutation has an important role in establishing the correct three-
dimensional HFE structure. In this mutation, a cysteine residue is replaced by another
amino acid, tyrosine, and the disulfide bond between two cysteines in the polypeptide
chain is lost. This is detrimental to the protein's structure. As a result, the HFE protein can
no longer perform its normal function of regulating iron uptake, and cells become
overloaded with iron. This buildup of iron in cells, if untreated, can lead to organ damage
and other complications.
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T C
TTT Phe (F) TCT Ser (S)
TTC Phe (F) TCC Ser (S)
TTA Leu (L) TCA Ser (S)
TTG Leu (L) TCG Ser (S)
CTT Leu (L) CCT Pro (P)
CTC Leu (L) CCC Pro (P)
CTA Leu (L) CCA Pro (P)
CTG Leu (L) CCG Pro (P)
ATT lle (1) ACT Thr (T)
ATC lle (1) ACC Thr (T)
ATA lle (1) ACA Thr (T)
ATG Met (M) START |ACG Thr (T)
GTT Vval (V) GCT Ala (A)
GTC Val (V) GCC Ala (A)
GTA Val (V) GCA Ala (A)
GTG Val (V) GCG Ala (A)

A

TAT Tyr (Y)
TAC

TAA STOP
TAG STOP

CAT His (H)
CAC His (H)
CAA GIn (Q)
CAG GlIn (Q)

AAT Asn (N)
AAC Asn (N)
AAA Lys (K)
AAG Lys (K)

GAT Asp (D)
GAC Asp (D)
GAA Glu (E)
GAG Glu (E)

Updated: 6/26/2007

Table of Standard Genetic Code for DNA Sequence

G

TGT Cys (C)
TGC

TGA STOP
TGG Trp (W)

CGT Arg (R)
CGC Arg (R)
CGA Arg (R)
CGG Arg (R)

AGT Ser (S)
AGC Ser (S)
AGA Arg (R)
AGG Arg (R)

GGT Gly (G)
GGC Gly (G)
GGA Gly (G)
GGG Gly (G)

Key to the Table of Standard Genetic Code

Alanine ALA A Arginine ARG R
Asparagine ASN N Aspartic acid ASP D
Cysteine CYS C Glutamic acid GLU E
Glutamine GLN Q Glycine GLY G
Histidine  HIS H Isoleucine ILE |
Leucine LEU L Lysine LYS K
Methionine MET M Phenylalanine PHE F
Proline PRO P Serine SER S
Threonine THR T Tryptophan TRP W
Tyrosine  TYR Y Valine VAL V

STOP = Termination Signal - signifies the end of a
polypeptide chain
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Hereditary Hemochromatosis Worksheet

This worksheet provides questions to be answered as you complete the activities in the Gene
Gateway Workbook.

Questions for Activity 1

1) What are some symptoms of hereditary hemochromatosis? How is it treated?

2) What is the official gene symbol of the hereditary hemochromatosis gene?

3) Which allelic variant (genetic mutation) can cause hereditary hemochromatosis?

Questions for Activity 2

1) On the diagram to the right, mark the general region where the HFE
gene can be found on chromosome 6.

2) About how many genes are on chromosome 6?

3) How long is the DNA sequence for chromosome 67?

Chromosome 6
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Questions for Activity 3

1) Using the summary provided in Entrez Gene for HFE, briefly describe the function of the
gene’s protein product.

Use the GenBank sequence record Z92910.1 to answer questions 2—6.

2) In the Features section of record Z92910.1, select the gene link. How many base pairs (bp)
are in the genomic sequence of the HFE gene?

3) Scroll through the Features section of the gene sequence in Z92910.1. How many exons
have been identified in this sequence?

4) Return to the main record Z92910.1. Select the CDS link. How many base pairs are in the
coding sequence?

Use the information in the box about the first HFE variant (NM_000410) in
GenAtlas to answer the following questions.

5) How large is the mRNA transcript?

6) Compare the size of the mRNA transcript with the size of the coding sequence you found
for Question 5. How much of the mRNA is not coding sequence?
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Questions for Activities 4 and 5

1) Examine HFE’'s amino acid sequence from Swiss-Prot (shown below). Find cysteine 282,
the amino acid that is replaced by tyrosine in the CYS282TYR mutation. Refer to the Table of
Standard Genetic Code for help with the single-letter amino acid abbreviations.

10 20 30 40 50 60

| | | | | |

MGPRARPALL LLMLLQTAVL QGRLLRSHSL HYLFMGASEQ DLGLSLFEAL GYVDDQLFVF

70 80 90 100 110 120

| | | | | |

YDHESRRVEP RTPWVSSRIS SQMWLQLSQS LKGWDHMFTV DFWTIMENHN HSKESHTLQV

130 140 150 160 170 180

| | | | | |

ILGCEMQEDN STEGYWKYGY DGQDHLEFCP DTLDWRAAEP RAWPTKLEWE RHKIRARQNR

190 200 210 220 230 240

|

AYLERDCPAQ LQQLLELGRG VLDQQVPPLV KVTHHVTSSV TTLRCRALNY YPQNITMKWL

250 260 270 280 290 300

|

KDKQPMDAKE FEPKDVLPNG DGTYQGWITL AVPPGEEQRY TCQVEHPGLD QPLIVIWEPS
310 320 330 340

|
PSGTLVIGVI SGIAVFVWVIL FIGILFIILR KRQGSRGAMG HYVLAERE

2) Compare the amino acid sequence above with the HFE sequence details provided for PDB
structure 1A6Z. In question 1, underline the portion of the amino acid sequence included in the
PDB structure.

3) Why is the cysteine residue affected in the CYS282TYR mutation important?
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Contact Information

This document was produced by the Genome Management Information System at
Oak Ridge National Laboratory, Oak Ridge, Tennessee, July 2003. The content was
last updated June 26, 2007.

For questions or comments concerning this document, contact Jennifer Bownas,
bownasjl@ornl.gov, 865/574-7582.
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