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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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 (www.DOEgenomes.org/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 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 non-experts. 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 3-D structures from Protein Data Bank.
Gene Gateway provides users with a systematic approach to using multiple bioinformatics
databases together 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

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

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

e Protein Data Bank and Protein Explorer 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 available from the DOE Genomes Web
site (www.DOEgenomes.orq) are products of the Office of Biological and Environmental
Research of the U.S. Department of Energy Office of Science.
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Why use hereditary hemochromatosis as a model?

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

o Effective methods for prevention and treatment are available with early diagnosis.

e Itis caused by changes in the DNA sequence of a single gene, so the genetic basis of this
disorder is easier to understand than for more complex disorders caused by alterations in
multiple genes.

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

Some basic concepts to understand before starting:

e 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).

e 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.

e Eukaryotic genes have introns and exons. Exons contain nucleotides that are translated
into amino acids of proteins. Exons are separated from one another by intervening
segments of junk DNA called introns. Introns do not code for protein. They are removed
when eukaryotic mMRNA is processed. Exons make up those 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.

e Special cellular components called ribosomes use the triplet genetic code to translate the
nucleotides of a mMRNA sequence into the amino acid sequence of a protein. The Table of
Standard Genetic Code is provided in the back of this workbook.

e There are 20 different amino acids. Proteins are created by linking amino acids together in
a linear fashion to form polypeptide chains.

e Protein polypeptide chains fold into three-dimensional 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 GeneReviews

- Learn about the genetic disorder and its associated gene.
- Identify the most common disease-causing mutation.

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 Victor A. McKusick, M.D. and his colleagues at Johns Hopkins
School of Medicine. 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.nlm.nih.gov/), and then click
on OMIM in the search box at the top. A screenshot of the OMIM home page is shown below.

/% OMIM - Online Mendelian Inheritance in Man - Microsoft Internet Explorer =1eix
J File Edit ‘ew Favorites Tools Help |
JAddress I@ httpef e nichi.nlm. nik. govfentreziquery. Frgizdb=0MIM j @GD
.
< OMIM i
- NCBI Online Mendelian Inheritance in Man / g:f‘::ny
Pubhed Nucleotide Protein Genome Structure PMC Taxonomy Ohlha
Sea.rchIOM‘M =l forl Clear |
Lirnits PresieInoes Histary Clipboard Details

Entrez Enter one or more search terms.
Use Limits to restrict your search by search field, chromosome, and other critena.

Tze Index to browse terms found in O records

Use History to retrieve records from previous searches, of to combine searches.

I OMIM™ - Online Mendelian Inheritance in Man™

Welcome to O, Online Mendelian Inheritance mn MMan. This database is a catalog of human
genes and genetic disorders authored and edited by Dr. Victor A, McEusick and his colleagues

at Johns Hopkins and elsewhere, and developed for the World Wide Web by NCEL the

Watienal Center for Biotechnelogy Information. The database containg textual information and
references. It also containg copious links to MEDLINE and sequence records in the Entrez

. systetn, and links to additional related resources at ICBI and elsewhere. =
@ [ @ 7

The URL for the OMIM home page is: http://www.ncbi.nlm.nih.gov/entrez/query.fcqi?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 only demonstrates how to use a couple of OMIM’s field qualifiers. More
information about field qualifiers and other search options is available from OMIM Help
(http://www.ncbi.nlm.nih.gov/Omim/omimhelp.html). In addition to OMIM, field qualifiers can be
used to search other NCBI databases such as PubMed, Gene, and the nucleotide and protein
sequence databases. Check the Help documentation of these resources to find out more.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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Most of the 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.

Fubhied Mucleotide Frotein FEnome Structure T

Searu::hlGMIM = fgrlhemuchrumatusisrl'l] AND B[CHR] GDl Clearl

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

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

3 OMIM - HEMODCHROMATOSIS; HFE - Microsoft Internet Explorer - |EI|5|
J Fil= Edit Wiew Favorites Tools  Help |
JAddress I@ hitkp:f fea, nebi. nim. nib. govfentrez/ dispomim, coirid=235200 j @Go
-
OMIM B i
) ] L i == Hopkins
Online Mendelian Inheritance in Man s University

PubMed Nucleotide Frotein Genome Structure Taxonomy Onlt
Search | OMIM = for| EIM
Lirnits Preview/ndex History Cliptoard Details
Display [Detailed =] stow[20 =] Sendto [Tex ]
+235200 GeneTests, Links

HEMOCHROMATOSIS; HFE
Alternative titles; symbols
HLAH

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

Gene map locus 6p21.3
TEXT
DESCRIPTION

The clinical features of hemochromatosis include cirrhosis of the liver, diabetes, hypermelanctic
plgmentation of the skin, and heart falure. Primary hepatocelular carcinoma (HCOC; 1145500, -
| »

4
[ pneme
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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 unique 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 that is more suitable for printing. The plus sign (+) in front of the MIM number means
that this entry refers to a gene with a known sequence and phenotype.

e A number sign (#) in front of the six-digit MIM number means that there is evidence that
mutations in multiple loci may contribute to the development of this condition. For additional
information about the symbols preceding MIM numbers, see OMIM Frequently Asked
Questions (http://www.nchi.nlm.nih.gov/Omim/omimfag.html#mim_number_symbols).

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.

] NOTE: For single-gene disorders like
M Wil Number hemochromatosis, the official gene symbol

HEMOQCHROMATOSIS; HFE | | will be included in the record title. For

L pisorder Name Official Gene EWMJ 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 depending upon what is known about a
particular gene, disorder, or trait. Since hemochromatosis is well studied, there is a lot of
information about this disorder and its gene. Some of the different types of information that
may be included in an OMIM record are disorder description, nomenclature, clinical
features, mapping, genotype and phenotype correlations, diagnosis, population genetics,
gene structure, gene function, and animal models.

o |f available, selecting the Gene Structure link (see the blue navigation column on left)
provides information about the size and number of exons in the gene.

e Although it is not a part of every OMIM record, another useful section is Allelic Variants
(see 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 that have been identified
for this gene.

In addition to OMIM, another good resource for learning about genetic disorders and
associated genes is GeneReviews, 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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GeneReviews from GeneTests.org

GeneReviews is another excellent source for finding up-to-date, authoritative information on
genetic disorders. 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.

In addition to disease characteristics, diagnosis and testing, therapies, and counseling, each
entry contains a Molecular Genetics section that describes the science behind disease
development. This section identifies the mode of inheritance, the gene(s) involved, normal and
abnormal gene products, and links to genomic databases.

Let’s go to the GeneTests Web site to find a GeneReview for hereditary hemochromatosis:

http://www.genetests.orqg/

4} GeneTests Home Page - Microsoft Internet Explorer 10l =|
J File Edit View Favorites Tools  Help |
JAddress I@:l htkp: f v, genetests, orgf j @GD
Home About A . Laboratory Clinic Educational
Page GeneTests aenReviews Directory Directory Materials
Funded by the y ;
National Institutes of Health EENE ests
What's New
10/05/04 welcome to the GeneTests Web site, a publicly funded
medical genetics information resource developed for Nt Boshules
265 GeneReviews physicians, other healthcare providers, and » Updated
1,008 Clinics researchers, available at no cost to all interested Dot int®
ST L almretioe persons, Use of this Web site assumes acceptance of gl?;z::t):tlir:)n T
testing for the terms of uise. » New Service Listings
1,064 Diseases _ ) q A N
734 Clinical Direct questions to genetests@genetests.org. in the Clinic Directory
» powerPoint® slide
SEID Res=ardh @l A B Show: GeneReviews
At This Site g
32,330 Entries viewed per \I:,:rntsst.(; Laboratory
day N . eb Sites
GeneReviews
More usage statistics online publication of expert-authored disease Mew in GeneReviews
reviews Mew Lab Listings
» Laboratory Directory » 7 new listings
International directory of genetic testing

KN

|&] pone ’_ ’_ ’_ |4 tnternet

1. Click on &ENEREVIEWS in the navigation bar at the top.

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

3. Beside the search result “HFE-Associated Hereditary Hemochromatosis,” select the
link to access the hereditary hemochromatosis review shown on the next page.

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
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<3 GeneReviews: HFE-Associated Hereditary Hemochromatosis - Microsoft Internet Explorer o =] |

J Fil= Edit Wew Favorites Tools Help
J Address I@I http:,l’,iwww.genetests.Urg,l’servlat,l’access?db=genecI\n\cs&site=gt&id=8888891&key=G4chEUSPSRESX&gry=&Fcn=y&fw=?PIP&filename=,|’prufiles,l’hemuchrumatusis,l’j @Go

Home About s . Laboratory Clinic Educational
Page GeneTests aeneReviews Directory Directory Materials
[Printable Copy] o ) il
Funded by the NIH + Developed at the University of Washington, Seattle , .
HFE-Associated Hereditary Géi“ERe\”eWE

Hemochromatosis www.genetests.org

Summary HFE-Associated Hereditary Hemochromatosis

Diagnosis

Clinical Cescription
Differential Diagnosis
Management
Genetic Counseling
Malecular Genetics

Authors: Kris ¥ Kowdley, MD
Jonathan F Tait, MD, PhD
Robin L Bennett, MS
Arno G Motulsky, MD

Resources
References About the Authors
Author Information
Top of Page Initial Posting: Last Revision:
) 3 April 2000 13 September 2004
Disable Glossary
{Returns to top) ¥
1| | B
Title Index =
ICIick on defined terms; definition displays here. =]
4« | B
[&] ’_l_l_ # Internet 4

4. Access and read the Summary, Diagnosis, Management, and Molecular Genetics
sections of this report. 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.
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Activity #2
Online Resource: NCBI Map Viewer
- Find a gene locus on a chromosome map.

NCBI Map Viewer is a Web-based tool for viewing and searching an organism's complete
genome. Users can also view maps of individual chromosomes and zoom into 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.nim.nih.gov/), select Map Viewer from the
alphabetized list of “Hot Spots” on the right.

“J Map ¥iewer - Microsoft Internet Explorer N [m] |
J File Edit ‘iew Favorites Tools  Help |
J Address Iﬂj hiktp: f v nichinlm, nib . gore frapeiew) j WGD
NCBI Map Viewer
Genome Taxonomy Entrez BLAST Help
Search I—Seled Group or Organisim - j far I Gal

MNew! - an advanced search capahility is now available for all organisms in the Map Viewer, This
feature allows users to restrict the search to specific chromosomes or to search for objects

based on specific attributes. For instance, you can now search for all genes that are associated
with a ShP.

Switch to List Wiew
Click the to BLAST, the @ to search the group

Mammals
8 organisms 4

Other Vertebrates
b 2 organisnis

Invertebrates
Insects

Fungi Q by 3 organisms
11 organisms 4 MNematode
¥ I organism
O Plants 00 =

Protozoa Q

¥ 8 organisms
I organism 4

Sea more about Bactaria, Drganelles, Viruwsos

|§| |_|_|_|° Inkernet

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

N K

On the Map Viewer home page, click on Mammals, and select Homo sapiens (human) from
the pop-up menu 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 10| x|
J File Edit Wiew Favorites Tools  Help |
J Address I@ hikkp: s, nebi.nim. b govimapyiew/map_search,coiftaxid=2608 j 6>GD
- S LhrL rey -
;’ ﬁ m o et '“ - cynk _‘i ll \-\
_ 9 e An00K !
- : felaT 00 ERNE st — G en O me
Pubihed Mucleoticle Protein GENOme Structure PopSet Taxonomy IR
Search for | on chromosome(s) I assembly Ia"-'\” | Find | Advancer
™ Show related entries Help FTP DlapViewer home
Homo_sapiens genome view BLAST search the human genome
build 35 version 1 statistics

IR

10— —

e

Tt

I ——
— —
——
e

1

Im] | — —
00— —
[

._.
=
—
—
(X
—
X

1} 1]
II ﬂ ! ) : ] ] ) o a
100 o o & 1.
14 15 16 17 18 12 28 21 22 # s Mt
Lineage: Eukaryota;, Metazoa, Chordata;, Cramata; Vertebrata, Eutelesstornt, Marmmaha;
Eutheria; Primates;, Catarrhini, Hominidae, Homo -
? | ;I_I
|§| |_|_|_|Q Internet 4

The URL for the Homo sapiens genome view is: http://www.ncbi.nlm.nih.gov/mapview/map_search.cqi

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 this locus 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. 6p21.3 is the locus for the HFE gene. 6 7
is the chromosome number, p indicates the short arm of
the chromosome, and 21.3 is the number assigned to a
particular region on a chromosome. When
chromosomes are stained in the lab, light and dark
bands appear, and each band is numbered. The higher
the number, the farther away the band is from the -
centromere.

p
centromere—% < short arm

q
long arm

1. In the text box at the top of the page search for HFE as shown in the search box below.

Pubihed Mucleotide Pratein FENOme Structure Popzet Tamonarmy Cfif Help
search for |HFE on chromozomels) | assembly IAII 'I Find |
[T Show linked entries Help FTF M apYiewer home [T Advanced search
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2. Two red tick marks should be displayed on chromosome 6 in the genome view indicating
the approximate location of HFE gene. The “3” below chromosome 6 indicates that there were
three hits for our query. See the following screenshot.

a Entrez Genome view - Microsoft Internet Explorer _ Dlll

JFiIa Edit Wiew Favorites Tools  Help |
J Address I@j http:f.l’www.ncbi.nlm.n\h.gov,l’mapviaw,l’map_search.cgi?taxid=9606&query=HFE&qchr=&strain=AI\&advsrch=ofF&neighb=j @Go

-

c EnrL -

P s wift A e _‘{_1 :}\L,

£ T I SGenome

oL A ’
Pubhed Muclectide Protein Fenome Structure Pops Taxonomy [

Search for IHFE on chromosome(s) | assermbly | Al x| Find |_
[~ Show related entries Help FTP MapWiewer home
Homo_sapiens genome view BLAST search the human genome

huild 35 version 1 statistics

 ——

o ——

1=] ——

o —

o ———
—_—

[ —

1oz @ £ @ o 12
Hits: 3
] l
AR
| [ [ -
4 15 18 17 12 13 @ 2 22 % Y MI
Hits:
I Search results for query "HFE": 3 hits =
4 | LI_I
[& ’_I_I_ 4 Internet Vi

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 that we can see an ideogram of chromosome 6 marked with the HFE gene locus.

7} Map Yiewer - Microsoft Internet Explorer i [=] B3]

JFlIE Edit  ¥iew Favorites Tools  Help |
| address [&] heepsjjuww ncbi. nim.nih govimapiew/maps. coitsxid=36068chr=68APS=morbid, gener, ugHs, genes,pheno[ 25509268, 82:2731 7993, 54)-raquery ¥ | {9Go

.
(: NCBI NCBI Map Viewer

Pubhled Entrez BLAST Ot Taxonomy Structure

Fincl Finclin This Wiew Advanced Search

-

Homo sapiens build 35.1 BLAST The Human (Genome

Query HFE  [clear

Iaster Map: Phenotype (includes QTLs) Summary of Maps
Region Displayed: 25,509K-27,317K bp DownloadView Sequence/Evidence s
Horbid Gen... Hs{l.rlniG Gen;.. Phenku Symbol  type Diescription

- .

.

25,54

25,71

.
.

+ * ! TR E
PO
P
* : I : 25.9H-
ad B
. 2
s
: DR
+ Ll
‘ sl
. s
: D 26,10
: P
: .
1 .E v E HFE EINOWN Hemochromatosis; Porphyria warn
O 4
2 Z ;-E AS PHENC  Ankylosing spondylitis B
: | \
& [ [ | g ntemet 4
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3. Let’'s maodify the display options by clicking on Maps & Options. This will open a window for
customizing map options. Make the following adjustments. Before clicking the Apply button,
your options window should resemble the screenshot below.

e Delete the numbers defining the Region Shown at the top of the options window.

o Remove all the maps listed under Maps Displayed, except the Gene and Phenotype
maps.

e Under Available Maps select Ideogram and click the Add button. The Gene map should
be designated as your Master Map. To make a map the master, simply highlight it and
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.

How the Maps & Options window should look:

/] Map ¥iewer - Microsoft Internet Explorer -0l =l

Organism: Homo sapiens Help

Chromosome: |5 Region Shown: I |

Anvrailable WMaps: MMaps Displayed (left to right):

Org I hurnan ]' Azzembly: Iref 'l Change Assembly |

Ssc EST -] [1ldeograrm tMowve UP |

Bt_UniGene [F] Phenotype

Bt_EST []Gene __ Move DOWN_|
YYariation ADD>> | hMake Master/Mowve to b

—Cytogenic maps—

ldeagram [ <<REMOYVE |
FISH Clane

MCIFISH Clone Toggle Ruler |

Gene_Cyvtogenetic ﬂ ([F] before map means 'ruler set)

More Options:
[T Show Connections M Werbose Mode

Compress Map:lﬁUtD 'l Auto Compress if = [350  px

Fage Length: |3U

Thumbnail WView: & default (idecgram) O master

Close |

e Click Apply at bottom and close screen.

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

Phenotype — Shows where loci associated with phenotypes can be found on the
assembled human genome sequence. Gene symbols on this map link to OMIM.

Gene - Includes known and putative genes that have been annotated on genomic
contigs (a group of cloned (copied) pieces of DNA representing overlapping regions of
a particular chromosome).

4. The new map of chromosome 6 should resemble the following screenshot. Make a note of
where 6p21.3 is on the ideogram of chromosome 6.
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3 Map Yiewer - Microsoft Internet Explorer

J File Edit ‘iew Favorites Tools  Help

=101 x|

J Address Iﬁj http: e, ncbi.nlm. nib, gov/mapviewmaps. cgi?ORG=human&CHR=6&EEG=1.00&EMND=171 195392.DD&avOrg=human&avAsm=&avChr=6&MAPD=ideogr‘j
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Features of the Genes-seq map (the master map in the screenshot above):

e Clicking on the Ideogram, Pheno, or Genes_seq maps 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 on the left.

o By default, Map Viewer displays 20 genes at a time on the Genes_seq map. To see
a more complete listing of genes on the chromosome, select the Data As Table
View link above Maps & Options in the blue navigation column on the left.

e The Genes_seq map provides a LinkOut feature that links you from Map Viewer to
gene-specific entries in other NCBI resources.

0 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.

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

0 sv—The Sequence Viewer link lets you drill down to the sequence level
of the genomic contig that contains a particular gene. A contig is a group
of cloned (copied) pieces of DNA representing overlapping regions of a
particular chromosome. This link takes you to a graphic showing the
position of the gene within the genomic sequence.

0 pr—Links to the reference sequence of the gene’s protein product.
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o dl - Links to a page for downloading the sequence data for a particular
chromosome region.

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

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

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

Zooming in on region 6p21.3:

5. The locus 6p21.3 is flanked by the 6p21.2 and the 6p22 bands. Let's zoom in on the 6p21.3
locus.
e Click on Maps & Options again to open the options window.

e For Region Shown: enter 6p21.2 in the first box and 6p22 in the second box.

How Maps & Options window should look:

R
Organism: Homo sapiens Help
Chromosome: IE Region Shown: |Ep21 2 |Ep22
Availahle Maps: MMaps Displayed (left to right):

Lzzembly:
Crg |h - Ch A ]
rg I uman l m ange Assembly |
ST = =
Sec EST - [1ldeogram |4
ot Onicene [ Phenctype || _hove UP |
Bt_EST [1Gene Mo DOSWN
Variation ADD>> | —| Make MasterMowve to Bottam |
—Cytogenicmaps— [ <REMOVE | n
Ideogram —
FISH Clone Togale Ruler |
MNCIFISH Clone || |—J([F] before map means 'ruler set’)
Gena Dannenstic [T Il
MMore Options:
[ Show Connections W WVerbose Mode
Compress hlap: I auto YI Aute Compress of = 360 px
Page Length: ISD
Thumbnal View, ® default (deogram) © master
Close |

e Click the Apply button at the bottom, and close the box.

6. Scroll down to the bottom of the map to examine the View Summary information. Use this
information and the new map of chromosome 6 to answer the questions for Activity #2 on the
Hereditary Hemochromatosis Worksheet.
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Activity #3
Online Resources: Entrez Gene, GenBank, and GenAtlas
- Examine the sequence and structure of a gene.

This activity covers how to use NCBI's Entrez Gene (formerly LocusLink) to access the
genomic DNA sequence of the hereditary hemochromatosis gene. We will examine some of
the 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 mMRNA sequences are intron-free DNA
sequences. We will look at the genomic sequence of a gene to get a better understanding of
its structure.

Entrez Gene is a NCBI resource that serves as a single-query interface for accessing
sequence and descriptive information for specific genes defined by available sequence data.

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

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

/] Gene - Microsoft Internet Explorer _1o] x|

J File Edit Wiew Favorites Tools  Help |

J Address I@ httpef frvae mcbi. nib. govfentrezfquery. Frgizdb=gene j @Go
—_— g —
—
Nl  Entrez Gene =—=
Entrez Fubhied Nucl Frotein Genome Structure FhiC Taxaonoamy Boaks O 1r
= for Clear | ' current records only
Lirmnits Preview/ncex History Cliphoard Details

Enter one or more search terms.

Ifore information about avalable fields 15 avalable here.

Consider uge of the limits and previewsindex functions.

Eemember, boolean operaters (AND, OF, WOT) must be in uppercase.

Gene Background

Gene provides a unified query environment for genes defined by secquence andfor in MCBI's IMap Viewer. L
Tou can query on names, symbols, accessions, publications, GO terms, chromosome nutnbers, EC.
mimbers, and many other attributes associated with genes and the products they encode.

EBecause Gene is now an Entrez database, all the familiar and uzeful finctions are now avadable, including
PreviewiIndex, History, and LinkCut.

Please note: Entrez Gene 15 under active development. We welcome your suggestions. We have also added
a choice i our Feedback/Corrections form for suggestions, both paths reach the same staff.

Getting statted Sample queries

Look for genes by name part and transporter AND "Drosophila melanosaster"[ oran] ©OF. "Mus
multiple species musculus"oron])  more...

Lock for genes by chromosome and

([chr] OF. 2[che]) ATTD adh™svm] more...
symbol

’_ ’_ l_ |4 Tnternet

a I
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1. In the search box at the top of the page, enter HFE[sym] AND Human[orgn].

Entrez Fubfded Mucleotide Frotein

Structure Taxonomy ooks
Sear.:hlGene | for |HFE[sym] AMD Human[argn] Clear | ¥ current records only
Lirnits Presiewsindey History Clipboard Details

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:

_ioix
J File Edit ‘iew Favorites Tools  Help ﬁ
| address [{€] http: s rcbi,nim i, gofentrez/query fegi?CMD=SearcheDB=gene x| peo
- N
=BVl Entrez Gene =
Entrez Fubhed Nucleotide Fratein Genome Structure PME Taxanamy Bucks amIng
Searc:hlGEﬂE j for |HFE[sym] AND Human[argn] Clear (I):l ol o
Lirnits Preview/ndex History Clipboard Details
Dizplay ISummary j Show:lzn j Send to ITe;d vI
[71: HFE MGC cOMA clone, Links
hemochromatosis [Hame sapisns) b

Other Aliases: HGNC:43886, HFE1, HH, HLA-H

Other Designations: hemochromatosis protemn; hereditary hasmochromatosis protemn
Chromosome: &; Location: 6p21.3

GenelD: 3077

| K

l_ l_ ’_ | Inkernet

3. Click on the gene symbol HFE to pull up the Entrez Gene record. The record for HFE is
shown on the following page. In the Transcripts and products: section at the top of this
record (see the screenshot on the following page), notice that there are multiple transcripts
represented by diagrams. This means that for the HFE gene, there can be more than one
MRNA transcript. For example, an exon included in one transcript might be left out in another
transcript. This is described in the Summary: section (you will need to scroll down to find this
section). Use the information provided in the Summary: to answer Question 1 for Activity #3.
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3 Gene - Microsoft Internet Explorer (=] |
J File Edit Wiew Favorites Tools  Help |

JAddress I@ http: v, nchi. nlm . nib, o fentrezfquery  Fogivdb=genefemd=R etrievefdopt=Graphicsadist_uids=3077 j @Go
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Entrez Gene ==
M dae Frotein Zenome Structure FHC Ta Y Cih [
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Limits Preswview/index History Clipboard Details
Display | Graphics 7| show:|5 x| Sendto [Text -
["'1: HFE hemochromatosis [Homa sapiens) MGC cDNA clane, Links
Genelly: 3077 Locus tag HGMNCAER6; WM 235200 updated 04-Cct-2004
Transcripts and products: EefSeq below
HC_0)0006
[ 26195427 [ 26205035
5 3
HH_ 000410 HE_00040 soform 1 precursor
R LGH0d — -5 — WP_GZIET3 _isoform 4 precursor
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l_ ’_ ’_ |4 tnternet
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4. Scroll down and browse the contents of this record. Near the bottom of the page, you will
see to the Related Sequences section shown below.

4} Gene - Microsoft Internet Explorer 1ol x|

J File  Edit ‘iew Favorites Tools  Help |

JAddress I@ hittp: f fvwes,ncbi nim, nib, govfentrezfiguery  Fogirdb=genefcmd=Retrievefdopt=Graphicsidist_Lids=3077 j @GU

P Related Sequences

Nucleotide Protein
Genomic 121328 AABEZ08Z
Genomic ¥09801 CAATOS3S
Genomic Z52%10 CABOT442
mRNA  AFO73407  AACH2646
mRNA  AF078408 ALCE2647
mRNA  AF07340% AACH2648
mRNA  AF115264 ALG2H5T]
mRNA  AF115265 AAG2H5T2
mRNA  AF144238 ALG2HSTE
mRNA  AF14423% ALG2H574
mRNA  AF144240 ALG29575
mRNA  AF144241 ALG2H5TE
mRNA  AF144242  AAG2O5T7
mRNA  AF144243  ALG2H5TE
mRNA  AF144244  AAG2O579
mRNA  AF144245  ALG2H580
mRNA  AF145804 AAG2H342
mRNA  AF150664 ALG25343
mRNA  AT245335  CACHTTIZ
mRNA  AT249336  CACETTIZ
mRINA  AT245337  CACETTH
mRNA  AT249338  CACHTTIS
mRNA  AT250835  CACEQE0S
mRNA  AT04378  IMone
mRNA  AT205604 ALO4T09]
mRNA  BCOT74721 AAHTT2] J

mRNA  T8031% AACS1E23
None 030201

P Additional Links
[& ’_ ’_ ’_ | Irternet

| K
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5. To find a genomic sequence record (including both introns and exons) for HFE, in the
Related Sequences section, select a nucleotide sequence number labeled “Genomic.” Click
292910 to open this GenBank sequence record. A screenshot of this record is shown below.

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 figure out exactly what nucleotide sequence is
contained within each record.

For example, the U91328 record contains the sequence of a genomic segment
that not only includes the HFE gene sequence but also sequences for the
histone 2A-like protein gene, RoRet gene, and sodium phosphate transporter
(NPT3) gene. Y09801 contains only sequence information for the HFE
promoter and the HFE gene's first exon. Of the three genomic records listed for
HFE, only 292910, which has seven exons and six introns, is the best
candidate for examining HFE's genomic sequence.

GenBank Record 292910 - The genomic sequence of the human HFE gene.

43 NCBI Sequence Yiewer - Microsoft Internet Explorer o ] 54
J File Edit Wiew Fawvorites Tools Help |

JP.ddress I&j http: v ncbi.nim. nib. gov fentrezviewer Fogitdb=ruclectidefdopt=GenBankival=1590179 j @DGU

- -

€3 NCBI 2’ ”W P SNucleotide

Entrez Fubhted Mucleotide Frotein Structure

Search | Nucleotide = for | Go| Clear |

Limits Preview/ndex History Clipboard Details
Display ||default j Show:le j Send to ||Fi|e vl Get Subsequence | Features |
[T 1: 292810, Homeo sapiens HEE | [g:18%90179] Links
LOCTs HZHFE 12146 hp DINAL linear PRI 23-JUL-199%9

DEFINITICN Homo sapiens HFE gene.
ACCEZSION E92910

VERIION £92510.1 GI:1590179
EETWORDS haemochromatosis;: HFE gene.
SOURCE Homo sapiens [(hwwan)

ORGANISH Homo sapiens
Eukarvyotar Metazoa; Chordata:; Craniatar Vertebrata: Euteleostomis
Marmmalia; Eutheria; Primates; Catarrhini; Hominidae:; Homo.
REFERENCE 1 [bases 1 to 858)
AUTHORS Albig,W., Drabent,B., Burwester,N., Bode,C. and Doenecke,D.
TITLE The hasmochromatosis candidate gene HFE (HLA-H) of man and mouse is
located in syntenic regions within the histone gene cluster
JOURNLL J. Cell. Biochem. 69 (2], 117-126 (1998)
MEDLINE 95205340
PUEMED 9545560
REFERENCE z [bases 1 to 1Z1406)
AUTHORZ  Alkig, W.
TITLE Direct Submission
JOURMNAL Submitted (14-MAR-1997) Albhig W., Georg-August-TUniversitaet
Goettingen, Biochewie und Molekulare Zellbiologie, Hunboldtallees
23, Goettingen, FRG, 37073
FEATURES Location/Qualifiers
Source 1..12146

[&] l_l_l_le Internet

| EX
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6. Scroll down the 292910 record to the Features section. The different features characterized
for this gene are explained on the following page.

; NCEI Sequence Viewer - Microsoft Internet Explorer _ ||:||£|
J File Edit Wiew Favorites Tools  Help |

J Address I@ http: ey, nebi. nlm. nib. gowfentrez fviewer fogizdb=Nucleantidefdopt=GenBankewal=1850179 j fh?Go
FEATURES Location/Qualifiers ;I
Source 1..121408

forganism="Homo sapiens"
/rol type="genomic DNAT
fdb_xref="taxon:9&06"
Johromosome="a"
fmap="6p"
felone="ICRFya01D1223"
fchne_lib="ICRF TAC-library™

ene 10z28..10637
/gene="HFE"

EXOn 10z28..1324
/gene="HFE"
Srnumber=1

cD3 Join(lz249..1324,4652..4915,5125. .5400, 6494, ,6765,
6928..7041,7995, ,8035)
/gene="HFE"
ffunction="iron metsbolism"
/note="haemochromatosis candidate gene™
/foodon_start=1
/protein id="CABE0744z.1"
Jdb_xref="GI:1s90180"
fdb_xref="GOL:Q30Z01"
Jdb xref="UniProt/Swiss-Prot:Q30201"
ftranalation="MGPRARPALLLLMLLOTAVLOGRLLESHSLHYLFMGASEQDLGL
SLFEALGYTVDDOLFVFYDHESREVEPRTPIWESRISSOMTLOLS QS LEGWDHNF TVDEF
WTIMENHNHSKESHTLOVILGCEMQEDNSTEGYUEYGYDGODHLEFCPDTLLDWRAAER
RAWFTELEWERHEIRARQNEAYLERDCFAQLOOLLELGRGVLDQUVFPLVEVTHHVTS
SVTTLRCEALNYYPONITMEWLEDKQPMDAKEFEPKEDVLPNGDGTYOGWITLAVEPGE
EQRTTCOWEHPGLDOPLIVIWERSPEGTLVIGVISGIAVFVVILFIGILFIILRERQG
SREGAMGHYVLAERE™

intcron 1325..4651
/gene="HFE"
Srnumber=1

=] L[ | mkermet

N L
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Some of the features of the sequence in GenBank Record 292910 include:

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

gene - Gives the numbers of the nucleotides where the gene stops and starts. This link
opens a new sequence record that shows only the gene sequence.

exon - Gives the numbers of the
nucleotides where each exon begins and
ends. You will see several of these entries

What'’s the difference between exons and
coding sequence?

as you scroll down. Each exon is a _ Most texts define exons as short segments of
sequence segment that codes for a portion protein coding sequence. This is a bit of an

of processed (intron-free) mRNA. The oversimplification. Exons are those segments of
name of the gene to which the exon sequence that are spliced together after the introns
belongs and the exon number are have been removed from the pre-mRNA. Yes, the
provided. This link opens a new coding sequence is contained in exons, but it is
sequence record that shows only the possible for some exons to 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 or

exon sequence.

CDS - The coding sequence consists of UTRs. UTRs are found upstream and downstream
the nucleotides that actually code for the of the protein-coding sequence. See diagram
amino acids of the protein product. This below.

feature includes the coding sequence's
amino acid translation and may also

contain gene name, gene product function, Gene
a link to protein sequence record, and —_—
cross-references to other database entries.
This link opens a new sequence record l
that shows only the coding sequence. Pre-mRNA

Exon 1 Exon 2 Exon 3 Eﬂd-
intron - Gives the numbers of the ”WN_‘”!‘ | ‘
nucleotides where each intron begins and ntron 1 Intron2  Intron 3
ends. An intron is a segment of noncoding l
sequence that is transcribed but removed mRNA
from the transcript by splicing together the “NHH_“HNN”

exons (coding portions) on either side of it.
This link opens a new sequence record

that shows only the intron sequence. i =UTR [ =protein-coding sequence

7. Examine the reference section, the features section, and the sequence at the bottom of this
record, and then answer questions 2—6 of the Questions for Activity #3. Questions 7-8 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 the structure of genes. This resource is a
compilation of Human Genome Project mapping information reported in the scientific literature.
GenAtlas consists of three different types of databases: a gene database with more than
18,000 records, a phenotype database, and a citation database that contains references for
the previous two databases. This activity will focus on using the gene database to learn about
the coding and non-coding portions of genes.

Let's start by going to the GenAtlas home page:

http://www.dsi.univ-paris5.fr/genatlas/

a http:/ /www. dsi.univ-paris5.fr /genatlas, - Microsoft Internet Explorer

J File Edit ‘iew Faworites Tools Help

J Address I@ http v dsi,univ-parisS. fr/genatlas]

GENATLAS 18446 genes f 3285 phenotypes f 54551 citations

Université René Descartes = Paris » rel g 21

GENE DATABASE

full search

full search
criteria optional

DNA
RNA DMNA type I j' protein category I LI location I

axp /sub-loc
protein to undisplay the corresponding disease(s) involved, unclick here ¥

pathology
b all sections| Symbaol Namel

[if used, full text search terms will be ignored)

enter one of more terms separated by a blank [ right truncature is assurmed when term's length = 3
FHENOTYPE characters, otherwise use the % truncature character), Try to use significative terms, and truncate

full search full text  thern if the end can diverge [ ie abnormal for abnormality, asbnormnalities, abrnormal ), when more than
query ! one termn are used, the result is an intersedion [only the sheets containing all terms will be
displayed), Don't use non significative or generic term like of,the,and,gene,protein, Don't be too
CITATION precise with too rmuch search terms,
full search full text query

M reset |

Candidate
genes search
in a
chromosome

|@ Done l_ l_ ’_ |O Internet v

1. 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 Mame |HFE

2. Select HFE from the search results to open the record. See a screenshot of the HFE record
on the next page.
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HFE record in GenAtlas:

a http:/ /www.dsi.univ-paris5.fr/genatlas/ - Microsoft Internet Explorer — II:IIﬂ

J File Edit ¥iew Favorites Tools Help |
Jnddress I@ http: ffwen, dsi. univ-parisS. fr/genatlas! j @eo

GENATLAS

ené DPes 25 = Paris

full search
criteria
DNA

HFE
Genew name hemochromatosis
Corresponding disease HFE , V5P

Location &p2l.3
HLA-H

Symbol last update - A10/2003

pathology
b all sections;

Synonym symbol(s)

PHENOTYPE
full search

CITATION -
TYPE functioning gene
SPECIAL FEATURE  gene in gene, anfizens
HFEE antisense RITA partially covers HFE mRIA

full search

Candidate

genes search STRUCTURE 9.6kb 7 Ezxons
ina
chromosome
region
aﬂ_ present in the contig : NT 007592 of (Genbank
.n. NA size 9.61 Kb mRNA size 2717 bp 7 exons NM_000410 see the exons
ws_tat_s user | 3 N 2
statistics 16945600 [ ] ol  — I 16955,
MNA gize 794 Kb mRNA size 1922 bp 5 exons NM_139004 see the exons
1 3 5
[ i L L
i I hd|
€ [ [ [ mtemet Z

3. Examine the HFE record. As you scroll down the page you will notice that there are 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 the same
MRNA transcript different ways to produce different proteins. For example, an exon included in
one variant may be spliced out with the 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.

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

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
www.DOEgenomes.org/genegateway 26



U.S. Department of Energy Office of Science Updated: 10/05/2004

Sequence of the first HFE Variant (NM_000410) from GenAtlas

23 http:/ /www.dsi.univ-paris5.fr/genatlas, - Microsoft Internet Explorer o ] 4
J File Edit ‘iew Favorites Tools  Help |
J-ﬁ.ddress I@ http: e, dsi.univ-parisS. frigenatlas) j @GD
18446 genes f 3285 phenotypes f 54551 citations i~ ';
Eniversilé René Descartes - Paris # release Mon 23 Aug 2004 contact help -
~|Gene | HFE |Variant 1 =
DNA: [9.61 Kb|NT 007592
full search
criteria mRNA | 2717 hp [NM._000410
DNA ICDS - (1932 bp | NP_000401
RNA
U [MOM cODANT MEHA (€S| [mitisor s stop codon [gememic md ntronic adjacent sequences [allelic varition
protein
pathology
5 : EXON 1 297 bp
all sections —
aaaaagctttatatttoctaagtcaaataagacataagttggtctaaggttgagataaaat
ttttaaatgtatgattgaattttgaaaatcataaatatttaaatatctaaagttcagatc
PHENOTYPE agaacattgogaagctactttocccaatcaacaacacoocttcaggatttaaaaaccaag
full search GEGEGEACACT GGATCACCTAGTGTTT CACAAGCAGGTACCTTCT GUT GT AGGAGAGAGRZA
ACTAARGTTCT GAARGACCT GTTECTTT TCACCAGGAAGTTTTACT GGGCATCTCCT GAG
CELEIEL CCTAGGCAATAGCT GTAGGETGACT TCTGGAGCCAT CCCCETTTCCCCGLCCCCCAARAG
full search AAGCGEAGATTTAACGGEGACGT GCEECCAGAGCT GEEEAARATGGGCCCGCGAGCCAGGC
CGGCGCTTCTCCTCCTGATGCTTTTGCAGACCGCGGTCCTGCAGGGGCGCTTGCTGC
Candidate gtgagt ccgagggctgocgggogaact aggggocgocggcgggggt ggaaaaat cgaaactag
genes search ctttttoctttgogocttgggagtttgotaactttggaggacctgctcaaccoctatcocgeaa
"La gococctoctococtactttoctgogtoccagacccegtgagggagtgoct accactgaact goa
chromosome
o EXOHN 2 264 bp
aagcacacaaggaaagagcacccagqgactgtcatatggaagaaagacaggactgcaactc
acccttcacaaaatgaggaccagacacagectgatggtatgagttgatgecaggtgtgtgga
goctcaacatcctgotocococtoctactacacatggttaaggoctgttgoctoctgtcteccag
Sl GTTCACACTCTCTGCACT ACCTCTTCATGEGTGCCTCAGAGCAGGACCTTGGTCTTTCCT
TGTTTGRAAGCTTTGGGCT ACGTGGATGACCAGCTGTTCGTGTTCTAT AT CATGAGAGTC
GCCGTGTGGAGCCCCGARCTCCATGGGTTTCCAGT AGAATTTCAAGCCAGATGTGGCTGC
AGCTGAGTCAGAGTCTGRARGGGTGGGATCACATGTTCACTGTTGACTTCTGGACTATTA
GGARAAAT CACARACCACAGCARGG
4 | »] @tatgtggagagggggcoctoaccttoctgaggttgbcagagetttiocatetttteatgea =]
|&] Done l_l_’_" Internet v

5. Use the DNA information about first HFE Variant (NM_000410) to answer questions 7—8 of
the Questions for Activity #3 in the Hereditary Hemochromatosis Worksheet.

NOTE: While GENATLAS provides a nice color-coded break down of gene structure, it is
always a good idea to compare the sequence information from this source with sequence
data accessible from NCBI. It is possible for some resources to have errors in the

sequence data they present, so crosschecking among multiple sources is recommended.
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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. TrEMBL is a computer-annotated database

companion to Swiss-Prot that holds sequence data until it can be properly annotated,
reviewed, and added to Swiss-Prot.

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

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

J File Edit “iew Favortes Tools Help |

3 ExPASY - Swiss-Prot and TrEMBL - Microsoft Internet Explorer ;Iglll

J Address I@:] httpffus, expasy .orgfsprot] j @GD

| its ExPASy Home page | Site Map | Search ExPASy | Contact us | PROSITE | Proteomics tools |

Search | Swiss-ProyTrEMBL = for | Clear |
Swiss-Prot
Protein knowledgebase

TrEMBL UniProt
SwIS$rnt Computer-annotated supplement thewnivarsal proteln resource
EB | —

to Swiss-Prot

The UniProt Enowledgebase consists of

o Swiss-Prot, a curated protein sequence database which strives to provide a high level of annotation (such as the
description of the finction of a protein, its dotnains structure, post-translational modifications, variants, etc.), a tminitnal
lewel of redundancy and high level of integration with other databases [Ilore details / References / Linking to Swiss-
Prot f User manual f Eecent changes / Commercial users / Disclaimer].

o TrEMBL; a computer-annotated supplement of Swiss-Prot that contains all the translations of EMEBEL nucleotide
sequence entries not yet integrated in Swiss-Prot.

These databases are developed by the Swiss-Prot groups at STB and at EBL

-

&) ’_ ’_ ’_ |4 Tnternet

=l
4

1. Scroll down to the Access to Swiss-Prot and TrEMBL section and select Advanced search

in Swiss-Prot and TrEMBL. A screen shot of the advanced search page is shown on the next

page.
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/) Swiss-Prot/ TrEMBL Advanced Search - Microsoft Internet Explorer Y ] 4|

JFiIe Edit View Favorites Tools  Help |

| address [] http: ffus.expasy.oralspratfsprot-search, html =l e

Swlsﬂ!ﬂ Swiss-Prot/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
afleld are "&" (and), "|" (or) and "I" (but not). You can prefix your search terms by | to specify "not” (this 1s not possible n SE3). Example gquenes:

o Toretrieve all AP1 complex proteins from mouse (AP151, AP1G1, ete. but not MIAP1, IOGAP], ), specify Gene Nawme: apl ™,
Orgazism: Mus, and deselect "Append and prefix * io query terms".

+ To retrieve the three human beta-adrenergic receptor protems m Swiss-Prot, but not the beta-adrenergic receptor kinases, specify
Description: hetakadrensrgickreceptariiinase, Organism: Homo sapiens, and select "Append and prefix * to query tarms"

Search W Swiss-Prot W TYEMEBL

Description I
IAND ~| Gene name I

AND Orgarusm I Iurchuusefrumthe list =]

¥ Append and prefiz * to query terms

|detailed | wiew of [100 x| results

Submit Query | Resetl

=
|&] Done ,_ ,_ ,_ | Internet v

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

2. Scroll down to the search boxes. Remove the check in the box next to TTEMBL. We want

only sequences from Swiss-Prot. In the Gene name search box enter HFE. In the Organism
box enter human. Submit your query.

3. You should retrieve two results.

3 Swiss-Prot gene name: hfe - Microsoft Internet Explorer = |E||5|
J Fil= Edit View Favorites Tools Help
J Address I@ hktp: fius.expasy .orgfcgi-bin/get-entries?db=spADE=RGMNc=ANDE&GN=hfefOC=humanfwild=18~view=FullEnum=100 j @Go

| ifa ExPASy Home page | SiteMap |  SearchExPASy | Comtactus |  SwissProt |

Search | Swiss-FroyTIEMEL = for | Go| Clear |

Swiss-Prot gene name: hfe

‘The following is a list of the 2 Swiss-Prot entries with the gene name Az and from tazon Jusman.
Send selected sequences to IRetrieve sequences (FASTA format) j Submit Query | Select all |
Gene s .
Entry name AC names Description Organisms |Length
Hereditary hemochromatosis protein Homo sapiens
HFE_HUMAN 30201 |HFE, HLAH 348
r — Q20201 ’ precursor (HLA-H) (Hurnan)
HUBLAN HFE2, HIV, | Hemojuvelin precursor (Hemochromatosis type | Homo sapiens
T | RGMC_ SZVIE RGMC 2 protem) (R G domain farmily member C) (Human) 426
=
|§'| hiktp: fius. expasy. orgfsicemap. html l_’_’_ 8 Internet A
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4. Select the AC number Q30201 for the HFE-HUMAN entry. This record is shown below.

A3 NiceProt Yiew of Swiss-Prot: 30201 - Microsoft Internet Explorer =10l x|
J File Edit ‘iew Faworites Tools Help |
J Address I@ http:/jus. expasy orgfegi-binfniceprot. pl?QE0201 j @GD

| dila ExPASy Home page | Site Map | Search ExPASy | Contact us | Swiss-Prot | j

Search [Swiss-Proy TIEMEL = for | Go| Olear |

NiceProt View of Swiss-
Pl‘Ot: Q30201 Frinter-friendly view | Submit update | Cluick BlastP search |

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

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

Entry information

Entry name HFE_HUMAN

Primary accession number 30201

Secondary accession numbers Q75929 075930 075931 Q6K US QRSEUT QKT8 QFHCE4 QHCER QSHCT0 QYHCE3
Entered in Swiss-Prot in Eelease 35, November 1997

Secuence was last modified in Eelease 35, November 1997
Annotations were last modified in - Release 45, October 2004

Name and origin of the protein

Protein name Hereditary hemochromatosis protein [Precursor]
Synonym HLA-H
Gene natne Iame: HFE
Synonyms: HLAH d|
[&] Dore l_ l_ ’_ |4 Internet 4

5. 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 cutoff by a proteolytic enzyme to form
the “mature” functional protein.

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

/2 NiceProt Yiew of Swiss-Prot: 30201 - Microsoft Internet Explorer =1alxl
J File Edit View Favorites Todls Help |
J Address I@ http:ffus. expasy . orgfcgi-bin/niceprot pl? Q30201 #features j @Go
|
22| Feature table viewer "™ e [ cature aligner
- —

Key From To Length Description FTId

SIGNAL 1 22 22

CHAIN 23 348 328 HEREDITARY HEMOCHROMATOSIS PROTEIN.

DOMATIN 23 114 =k EXTRACELLULAR ALPHA-1.

DOMATN 115 205 91 EXTRACELLULAR ALFPHA-Z.

DOMATIN 208 297 =k EXTRACELLULAR ALPHA-3.

DOMATN 258 306 =] CONMNECTING PEFTIDE.

TRANZNEN 307 330 24 POTENTYAL.

DOMATN 331 348 13 CYTOPLASHMIC TAIL.

DISULFID 124 187

DISULFID 225 282 J

CARBOHYD 110 110 N-LINEED (GLCHWAC...) (POTENTIAL).

CARBOHYD 130 130 N-LINEED (GLCMNAC...) (POTENTTATL).

CARBOHYD 234 234 N-LINEED (GLCHWAC...) (POTENTIAL).

WARSPLIC 26 114 RSHSLHYLFMGASEQDLGLELFEALGYVDDOLFVFYDHES WSP_D0O3218

RREVEFRTPUVISRISIONWLQLIOILEGWDHNF TVDFUT IMENH
NH3FKE -> 2 (in isoform Z and isoform 4). ;I

& [ weme
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7. 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.

< Feature aligner - Microsoft Internet Explorer =1alx]
J File Edit Wew Favorites Tools Help |
J Address I’.G;'] http:f fus . expasy, orgfcgi-binf aligner PQ30201 j @GD
| ifia ExPASy Home page | Site Map Search ExPASy | Contact us | Swiss-Prot | Proteomics tools | =
Search [ Swiss-ProyTIEMBL = for | Go| Clear |

Feature aligner

Selected features of Q20201 (HFE_HUWMAN) Hereditary hemochromatosis protein precursor (HLA-H) [Homo sapiens (Human)].

|_Key ___[Position|LengthDescription |

[ CHAIN 23-348 326 HEREDITARY HEMOCHROMATOSIS PROTEIN
RLLRSHSLHY LFMGASEQDL GLSLFEALGY VDDQLFVFYD HESRRVEPRT PUVSSRISSQ
MWLOLSQSLE GUDHMFTVDF WTIMENHNHS KESHTLQVIL GCEMQEDNST EGTWEYGYDG
OQDHLEFCPDT LDWRAAEPRA WPTKLEWERH KIRARQNRAY LERDCPAQLO QLLELGRGVL
DOQOVFPLVEV THHVTSSVTT LRCRALNYYP QNITHEWLKD KQPMDAKEFE PEDVLENGDG
TYQGWITLAV FPGEEQRYTC QVEHPGLDQP LIVIWEPSPS GTLVIGVISG IAVFVVILFI
GILFIILRKER QGSRGANGHY VLAERE

[T DOMATIN 23-114 92 EXTRACELLULAR ATFHA-1
RLLRSHSLHY LFMGASEQDL GLSLFEALGY VDDQLFVFYD HESRRVEPRT PUVSSRISSQ
MULOLSQSLE GUDHMFTVDF UTIMENHNHS KE

[ DOMAIN 115-205 91 EXTRACELLULAR ATPHA-2
SHTLOVILGC EMQEDNSTEG YWEYGYDGQD HLEFCPDTLD WRAAEPRAWP TELEWERHKI
RARQNEAYLE RDCPAQLOOL LELGRGVLIG Q

[ DOMAIN 206-297 92 EXTRACELLULAR ATPHA-3
VPPLVEVTHH VT33VTTLRC RALNYYPONI THMRWLEDKQP MDAKEFEPKD VLENGDGTYQ
GWITLAVPPG EEQRYTCQVE HPGLDQPLIV IW

[T DOMATIN 298-306 9 CONNECTING PEPTIDE b
EPSPSGTLY

[ TRANSMEM 307-330 24 (POTENTIAL)
IGVISGIAVF VVILFIGILF IILR
[ DOMAIN 331-348 18 CYTOPLASMIC TAIL
KROGSEGAMG HYVLAERE

|@j http:ffus.expasy . orgjsitermap. html ’_ ’_ ’_ |0 Internet

|

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

9. 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 new page that shows this portion within the context
of the entire protein sequence (see the screen shot on the next page).
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/) Swiss-Prot: HFE_HUMAN - Microsoft Internet Explorer =] |
J File Edit View Favartes Tools Help |
| Address |&] http:/fus. expasy.crajegi-bin/sprot-ft-detals. plrQ30Z01 @CHAINDZ3@34E | @en
| it ExPASy Home page Site Map | Search ExPASy ‘ Contact us | Swiss-Prot |
Search | Swiss-ProyTrEMBL = for | Go | Clear |

Swiss-Prot: HFE HUMAN

The section of the sequence HFE HUWMAN (Q30201) you have selected corresponds to:

CHAIN 23 348 HEREDITARY HEMOCHROMATOSIS PROTEIN.

In one-letter code:

1 11 21 3l 41 51

MGPRARFPALL LLMLLOQTAVL QGELLESHSL HYLFMGASEQ DLGLSLFELL GYWDDOLFWVE 60
61 YDHESREVEF RTPUVISEIZ SQMWLOLIQS LEGWDHMFTY DFWTIMENHN HIKESHTLOW 1z0

121 ILGCEMQEDN STEGTWEYGY DGODHLEFCF DTLDWEAALEP RAWPTELEWE RHEIRARCNE 180
181 AYLERDCPAQ LOOLLELGRG VLDOQOWVPPLY EVTHHVTSEV TTLRCRALNY YPONITHEWL Z40

241 EDEQPMDAEE FEPEDVLPNG DGTYQGWITL AWPPGEEQRY TCOVEHPGLD QFLIVIWEFRS 300

301 PEGTLVIGYI SGIAVFVVIL FIGILFIILE KRQGSERGANG HYVLLERE

[

In three-letter code:

1 z 3 4 5 6 7 g % 10 11 1z 13 14 15

1 Met Gly Pro Arg Alas Arg Pro Ala Leu Leu Leu Leu Met Leu Leu 15
16 Gln Thr Ala Wal Leu Gln Glv Arg Leu Leu Arg Ser His Ser Leu 30
31 His Tyr Leu FPhe Met Gly Ala Ser Glu Gln Asp Leu Gly Leu Ser 45
dF T o Dha 21l fla Tan Clrr T ol for fhowm Tlwm Tan Dha Wal Dha A LI
[& [ [ |& ntemet Vv

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

11. Select the HFE HUMAN link at the top of the page to return to the main Swiss-Prot record
for the HFE protein. Return to the Features section of the record.

12. Scroll down to the part of the features section 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 parts of the amino acid sequence form beta-strands, alpha helices, or the
turns between these units of secondary structure.

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

This activity demonstrates how to find molecular structure data in Protein Data Bank (PDB)
and how to use Protein Explorer (PE) to view a three-dimensional representation of a protein.
PDB is an international archive of 3D structural information for biological macromolecules.
Protein Explorer is free software that uses a program called “Chime” to display three-
dimensional molecular structures in your browser.

Before you begin:

Download and install the Chime plug-in from the Chime Web site:

http://www.mdl.com/downloads/downloadable/index.isp (Free registration is required.)

The latest version of Protein Explorer works in Internet Explorer 6 (Windows only) as well as
Netscape 4.7x (Windows or Macintosh PPC). Check your browser to see if it is compatible.
If you are not sure what version your browser is, select Help from the menu bar at the top of
your browser, and then select the About Netscape or About Internet Explorer option. If you
do not have a compatible browser version, you can download the version you need from one
of the following links.

Microsoft Internet Explorer home page
http://www.microsoft.com/windows/ie/downloads/default. mspx

Netscape Archived Products
http://wp.netscape.com/download/archive.html

Why use Protein Explorer to view 3-D structures?

Protein Explorer (PE) shares a command language and many other powerful features with
RasMol, however it has menu-based options for manipulating structures making it easier to
use and more appropriate for occasional or more general users.

Protein Explorer was created by Eric Martz, a professor with the Department of Microbiology at
the University of Massachusetts. For more information about Protein Explorer, see
http://proteinexplorer.org.

Some Protein Structure Basics

e Proteins are created by linking amino acids together in a linear fashion to form polypeptide
chains. There are 20 different amino acids. The amino acid sequence of a polypeptide
chain is the primary structure of a protein.

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

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

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

o 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.

e 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.

o 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.

Finding a Structure Record in PDB

To begin, we need to find a record for the hereditary hemochromatosis protein in PDB.

The URL for Protein Data Bank (PDB): http://www.rcsb.org/pdb/

/3 The RCSB Protein Data Bank - Microsoft Internet Explorer =10l x|
J File Edit VYiew Favortes Tools Help |
J Address I@ http: f fuwv, roshuorg/pdby j &G0

DEPOSIT data

DOWNE OAD files

browse t INKS

BETA TEST new features
BETA XMl files

Current Holdings

27428 Structures
Last Update: 28-Sep-2004
PDB Statistics

We are building
a new home

for your
molecules.

RCSE PDE Beta Site

LB

PROTEIN DATA BANK

Welcome to the PDB, the single woarldwide repaositary for the
processing and distribution of 3-D biological macromolecular

structure data.

STRUCTURAL GEMOMICS | SOFTWARE | PUBLICATIONS | EDUCATION

i
® & 2
RCSBE wwPDB Contact Help
Home Home Us

Did you find what you
wanted?

Search the Archive @

Enter a PCB ID or keyword Query

| Search |

CPDE D © Aothors & Full Text Search
¥ match exact word [~ remove similar sequences

OQuickSearch? gearch Web pages and structures
SearchLite keyward search form with examples
SearchFields customizable search form

Status Search find entries awaiting release

pdb.1 Archive
Subscribe

Complete News
Newsletter

News

Tutorial

PDB Mirrors

Please bookrmark a miror site™

San Diego Supercomputer Center, UCSD*
Rutgers University™

Center for Advanced Research in
Biotechnology, NIST*

Cambridge Crystallographic Data Centre, UK
National University of Singapore

Osaka University, Japan

Max Delbriick Center for Molecular Medicine
Germany

]

OCA /PDB Lite MORE...
*RCSE partner
=
’_’_,_ @ Internet v
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1. Under the “Search the Archive” section of the home page, click the SearchL.ite link.
SearchLite is used to search the text of PDB files, and it provides examples of search strings
that can be used to query the PDB database. See a screenshot of the SearchLite page below.

=
J File Edit View Favorites Tools Help |
| Address [&] http: ffwww resb.orgipdbysearchite. html = @eo |J & -
=1lmy =] H
PDB SearchlLite 7 &
PROTEIN DATA BANK Help DB Homs Contact us

TUse this form to search 3-D macromolecular structure data determined experimentally, primarily by X-ray crystallography and MR,
(Click here to access the theoretical models.)

Enter keywards knowsn ta relate to the biological macromolecules of interast
and select the "Search" button ar "Baier" on your keyvbaard —
| Search |
Search Scope: CPDBID ¢ Authors Full Text Search
¥ match exact word [ remove similar sequences
Search strings are case insengitive

A custorizable search can be performed using the SearchFields mterface.
Queries for unreleased entries can be performed using the Status search interface.
Other PDEB search mterfaces and related databases are found here.

Please read the query tutorial for help with searches

Examples:
Keyword Search Scope Search Description
protein kinase Full Text Search Find all structures containing the phrase protein kinase. =l
[&] bone 7 [ et 7

2. In the search box, enter hemochromatosis and submit your search.

3. The search should return ten structures. Read the Title and Compound fields for each record
to determine which structure is the best candidate for examination. The Compound field is very
helpful for figuring out exactly how many different molecules are included in the structure.
Notice that two molecules (Hemochromatosis Protein and [3-2-Microglobu|in) are included in
the first structure (1A62Z) and three (the previous two plus transferrin receptor) in the second
structure (1DEA4). The first two results from the search are shown below.

" 1A6Z e Deposifed: 04-Mar-1998 Exp. Method: X-ray Diffraction Resolution: 2,60 A { EXPLORE }
Title Hfe (Human) Hemochromatosis Protein
Classification Mhe Class I Complex
Compound  Wol_Id 1, Moleculs: Hfe; Cham: &, C; Engmeered: Yes
Wol Id: 2; Molecule: B-2-Mcroglobtﬂjn; Chain: B, D
[T 1DE4 MEE Deposifed: 12-Nov-1999 Exp. Method: X-ray Diffraction Resolution: 280 A { EXPLORE }
Title Hemochromatosis Protein Hfe Complexed With Transferrin Eeceptor
Classification Metal Transport Inhibiten/Eeceptor
Camponnd Mol _Id: 1; Molecule: Hemochromatosis Protein, Chainy & D, G; Fragment: Ectodotnain;
Synonyin: Hfe, Engineered: Yes
ol Id: 2, hiolecules: B—2—Mcroglobu]jn; Chain; B, E, H; Engiheered: Tes
ol Id: 3; Nolecule: Transferrm Eeceptor; Cham: C, F, I, Fragment: Ectodomain,
Engmmeered: Yes

4. The best record is 1A6Z. Click on the EXPLORE link on the right side of the entry to open
this PDB record. The record for 1A6Z is shown on the following page.
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2} Structure Explorer - 1A62 - Microsoft Internet Explorer i =]
J File Edit ‘iew Favorites Tools Help |
J Address IE http:f v resb, orgipdbfogifexplore, coipid=58861096990575&page=08pdbld=1A6Z j @Go
=
SPDEB Structure Explorer - 1A6Z
PROTEIN DATA BANE

@ Trv the Structure Explorer page for 1467 from the new, reengmneered RCEB PDB Web site!

OO =
Title: Hfe (Human) Hemochromatosis Protein
Campaund: Wol_Id: 1; Molecule: Hfe; Chain: A, C; Engineered: Yes
Mol_Id: 2; Molecule: ﬁ-l—l\‘licroglubu].in; Chain: B, D
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The Importance of the Primary Citation

To understand what you are really looking at in this structure, you would need to access
the article listed as the primary citation. Although the full text for some articles may be
freely available online, most articles are accessible only through a university library that
provides public access to its collections. Sometimes you can purchase a copy of the
article online from the publisher.

The article for this structure has been accessed, and here are some of the main points
to understand about this structure:

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

e The first 22 amino acids of the HFE polypeptide sequence have been left
out 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 C282Y mutation that we learned about in
Activity #1.

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

e The 1A6Z structure consists of two separate molecules of the HFE/beta-2
microglobulin complex.
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5. Make note of the Compound: information below the title on this page. It indicates that this
structure is a complex of HFE protein and beta-2-microglobulin. Chains A and C are HFE
polypeptide chains, and chains B and D are beta-2-microglobulin.

6. Let’s look at the sequence data for this structure by clicking on the Sequence Details link in
the purple navigation column on the left. At the Sequence Details page, scroll down to
examine the amino acid sequences of the chains in this structure.

4} structure Explorer - 1A62 - Microsoft Internet Explorer =10l x]

J File Edit View Favorites Tools Help

J Address I’.Gj http: S, rosb, orgfpdbfcgifexplore cgitjob=chainstpdbId=1A6Z&page=08pid=50701058356925 j @Go

Chain 1A6Z:A

12

Compound Hfe

Type Protein

Molecular Weight 32285

Mumber of Eesidues 275

Mumber of 4lpha 6 Content of Alpha 21.45
Mumber of Beta 19 Content of Beta 37.82

Sequence and secondary structure
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7. There is a Sequence and secondary structure section for each polypeptide chain within
the structure. Beneath each line of sequence, there is a line of letters (E’s, S's, T's, H's, etc.)
that describe the polypeptide’s secondary structure [though beyond the scope of this activity
the letters represent: H=helix; B=residue in isolated beta bridge; E=extended beta strand;
G=310 helix; I=pi helix; T=hydrogen bonded turn; and S=bend].

Note that the sequence for the HFE chain is only 275 amino acids long. Use the amino acid
sequence of one of the HFE chains to answer question 1 of the Questions for Activities
#4 and #5.

Viewing the Structure

8. Select the View Structure link in the navigation column on the left. This will take you to the
part of the record that gives you options for interacting with the 3-D structure of the protein.
Still images of the structure are also available for download. See the screenshot on the
following page.
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Interactive 3D Display:
Choose frotn the fallowing display options (asymmetric unit only):

VEML (defavlt options): Interactive inmersive ribbon diagram

VEML (custom options, full screen display): Interactive immersive ribbon or cylinder
diagram with ligands

Rasmol

Swiss-PdbViewer

MICE - Molecular Interactive Collaborative Environment (recquires Java Plugin)
FirstGlance (needs Chime)

Protein Explorer (needs Chime)

Zting Millennium (needs Chime and Tava)

Javva (simple interactive sequencefstructure/property backbone diagram):

@ Applet QuickPDE started

[ e

El

9. From the Interactive 3D Display options, select the Protein Explorer link. If you have

downloaded and installed Chime and are using Netscape 4.7X (Mac or Windows) or Internet
Explorer 6.0, the window below should open. If you have problems with this step, see PDB's

Molecular Graphics HELP (http://www.rcsb.org/pdb/help-graphics.html) page to access
Troubleshooting FAQs.

10. Select the recommended Protein Explorer 2 Beta link to launch Protein Explorer.

 Protein Explorer - Microsoft Internet Explorer (ol x|

J File Edit View Favarites Tools Help |
J Address IE http: funae resb .orgipdb)pefexplorerjpe. htm?id=146Z j @60

View 1A6Z in:
Protein Explorer 2 Beta (Recommended*)
or

Protein Explorer 1.0

* Protein Explorer 2 Beta is much casier to use (no hand-typed commands are necessary), much more
powerful, and has vastly more help than does version 1.0 {(more). It works in Internet Explorer 6 (Windows
only) as well as Netseape 4 (Windows or Macintosh PPC). The only disadvantage is that, for now, it is served
only from San Diego, California USA.

Protein Explorer 1.0 is served from whichever Protein Data Bank server you are using, including the mitrors on
several continents. It works only in Netscape 4. Protein Explorer 1.0 will be replaced with version 2 on the PDB
(RCSB) servers and mirrors in the near future, after which this page will disappear.

You may also download Protein Explorer 2, and enter any PDB identification code into the slot on its
FrontDoor. It will get the PDB file from the PDB mirror you specify in Protein Explorer's Preferences. Or you
may download PDB files, start Bare Protein Explorer, and use the Browse button to load PDB files from your
loeal hard disk (permitting you to work entirely off-line).

Close

]
& [T [wens
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11. If a message window pops up, just click OK to close the window. The Protein Explorer
browser window should look like the screenshot below. Once the structure is loaded, click the
Toggle Spinning button to stop the molecule's spinning. Click on this button again if you want
to restart the spinning. To move the molecule while spinning is turned off, simply click on the
structure and drag your mouse to rotate it to a particular position.

3 1462 #02 in Protein Explorer (# = Session ID Number) - Micrasoft Internet Explorer

J Fle Edit Wiew Favorites Tools  Help

FirstView: 1A67. i
Protein Explorer @ 2004 by Eric Martz '_%

» Rotate the molecule by dragging on it with
the mouse. Print the I-Hour Tour.

Toggle Spinning | Hide/Show \Watar I
o Chains: Each chain of protein, DMA, or EITA is
shown in a different color as a backboene trace
o Ligands: When present, ligands, metals,
carbohydrate, water, etc. ("hetere atoms") are | water
spheres colored to identify the elements:
o N Yfore elements
o Disulfide bonds, when present, are shown
between backbone traces,
o Identify any atom by clicking on it, noting
the report in the window below.
Explore More at Features
1-Hour Tour - Help/Tndex/Glossary

Form for Recording Observations

?
55 Bond| —

1o

I# Commands May Be Entered Here
Commands: Back Fwd Messages: Clear Conirol Options
6099 atoms selected! B

select all
spacefill

23 atoms selected!
select WATEr

6059 atoms selected!
select all
spacefill off

23 atoms selected! =l Al 6,099

Show Aliases P Force Ready Set Project Folder
Zhow counts TOP =l

[&] Chime seript completed.

The browser window is divided into three different frames:

e The first frame (FirstView: 1A6Z2) in the upper left corner contains general

information about the structure, display control buttons, and links to help files and
tours.

e The second frame contains a text box for entering commands and a message box
that displays information about the selected structure or particular part of the
structure.

e The third frame, containing the actual structure, is the largest. Right clicking on the
structure (Windows users) or clicking and holding the mouse button still (Mac
users) will open a display options menu.

11. The red spheres around the structure are the oxygen atoms of water molecules. Whenever
you want to identify a part of the structure, click on it with your mouse and a description will

appear in the message box of the second frame. To remove the spheres, click the Hide/Show
Water button in the first frame.

12. Protein chains are represented by different colors. By clicking on each chain and reading
its report in the message box, you will find that the turquoise chain is chain A; the purple chain
is chain B; the green chain is chain C; and the blue chain is chain D. When we looked at the
sequence details earlier in this activity, we found that chains A and C are HFE polypeptide
chains, and chains B and D are beta-2-microglobulin.
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The rest of this activity will focus on how you can customize display options:

e By accessing options menus using mouse controls (right-clicking for Windows
users or holding down the mouse for Mac users)

e By entering commands into the text box of frame 2 where it says
“# Commands May Be Entered Here”

In this activity we will mainly use the options menus to modify the structure. To learn
more about using commands in Protein Explorer see Select Commands in Chime
and RasMol (http://www.umass.edu/microbio/rasmol/seleccmd.htm) by Eric Martz.

NOTE: If you ever need to start over, click on the PE Site Map link near the bottom
of the FirstView: 1A6Z frame and then select Reset Session.

13. Any time you want to alter the color or display option for any portion of a structure, you
must first select it. Select chain A by accessing the options menu with your mouse and
choosing Select > Chain > A.

Sculpt Mode
Select Al

Mause ¥
Mouse Click. Action (¥

4 AbouE Highlight Selection
Invert Selection :
Hide r RLE™
Change Color To [
‘: Modify Selection Mode  »

fodel b

Residus »
Akom 3

14. Let’s alter the structure so that only HFE chain A (the turquoise chain) is displayed. To do
this we will need to hide chains B, C, and D. Since we have already selected chain A, we can
hide all nonselected portions of the structure by choosing Select > Hide > Hide Not Selected.
The structure should look something like the screenshot below.

The tan or brownish lines that remain after hiding chains B, C, and D represent
disulfide bridges, which are special bonds that connect different parts of protein
chains together. Protein Explorer displays disulfide bridges by default. If you
look closely you should also be able to see two disulfide bridges in chain A.
Disulfide bridges are important for stabilizing the three-dimensional structure of
a protein, therefore making the protein less susceptible to degradation.
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A Note about Displaying Disulfide Bridges:

would:

Bridges.

There is an option for choosing not to display disulfide bridges, but a glitch with this
option keeps it from working properly all the time. For this activity, let's leave the
disulfide bridges displayed. But if you want to experiment with this option after
completing this activity, to hide the disulfide bridges in all chains but chain A, you

e Make sure chain A is selected by choosing Select > Chain > A.
e Select everything but A by choosing Select > Invert Selection.

e To hide all bridges in chains B, C, and D, choose Options > Display Disulfide

e A new browser window will appear. Close this new window, and you should see
that the disulfide bridges in chains B, C, and D have been removed.

15. Chain A should still be selected. To change the display of chain A from backbone (the
default display type) to ribbons, choose Display > Ribbons. The ribbons display option shows
where the alpha helices and beta-sheets are in the secondary structure of the protein.

16. In addition to selecting the ribbons display option; we can see more clearly where the
alpha helices, turns, and beta sheets are by choosing Color > Structure from the menu
options with the mouse. With this color option, the beta strands that make up the beta-sheets
are gold, alpha helices are magenta, and turns are white. The structure should now resemble

the image below.

17. To zoom in, select the Explore More at Features link in the FirstView: 1A6Z frame (the
upper left frame). Then select Explore More with Quick Views. Click the Zoom + button (see

screen shot below) a couple of times.

QuickViews: 1A67Z
FProtein Explorer © 2004 by Eric Martz

*SELECT * DISPLAY COLOR

1JSELECT =] 2fDIsPLay  =| 3]coLor =l
Spinl Zoom+ j Elkgl Waterl Ligand |i|
Center... Stereo | Slab

Bevond QuickViews: PE Site Map

[

18. To center chain A in the middle of the viewing frame click the Center button. When the
"Click OK to center one atom by clicking on it..." window pops up, click OK, and then click on
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the chain somewhere near its middle. The structure will center itself around the area that you
clicked.

19. In Activity #4, we accessed the Features table of the Swiss-Prot sequence record for the
human HFE protein. This table showed which amino acids were associated with the functional
domains within the protein. This table indicated that cysteine 282 is part of the extracellular
alpha-3 domain, which is comprised of amino acids 206—297. Let’s highlight this domain in
Protein Explorer by changing the color of these amino acids.

REMEMBER: The amino acids in the HFE chain from PDB are numbered differently
from the amino acids in the Swiss-Prot record. The first 22 amino acids are missing from
the HFE chain in the PDB structure; therefore, the amino acids in which we are
interested are 184-275.

To select amino acids 184-275 type select 184-275:a into the command box of frame 2
and hit Enter or Return.

|select184-275:a

Commands: Back Fwd Messages: Clear Control Options

20. To change the color of these amino acids, choose Select > Change Color To > Blue from
the menu options.

21. Now, highlight the cysteine residue that is altered in the C282Y mutation that causes
hereditary hemochromatosis. This mutation changes a highly conserved amino acid at position
282 from cysteine (C) to tyrosine (Y).

NOTE: Since the HFE chain in the structure is 22 amino acids shorter than the complete
sequence in Swiss-Prot, the cysteine altered in the C282Y mutation is cysteine 260
(282-22=260).

Let's select this cysteine by typing select 260:a into the command box of frame 2 and
hitting Enter or Return. This command selects residue 260 of chain A.

Iaelect 2hla

Commands: Back Fwd Messages: Clear Control Options

22. To label this residue, using the options menu, choose Options > Labels.

23. To change the color of this residue to red choose Select > Change Color To > Red. You
may want to click on the structure and drag your mouse to move and rotate the structure into
another position.

24. The end product of this activity should look something like the structure on the following
page.
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Chain A of PDB Structure 1A6Z (Hfe (Human) Hemochromatosis Protein)

Importance of Protein Structure and Its Role in Disease Development

By examining the structure of HFE, we can see that disulfide bonds are essential for
establishing the proper three-dimensional formation of a protein. In the C282Y mutation, a
cysteine residue is replaced by another amino acid, tyrosine, and the disulfide bond
between cysteines 225 and 282 is lost. This is detrimental to the protein's structure. As a
result, the HFE protein can no longer perform its normal function regulating iron uptake,
and cells get overloaded with iron. This buildup of iron in cells leads to organ damage and
other hemochromatosis symptoms and complications.
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Table of Standard Genetic Code

| T ¢ | A | G
TTT Phe (F) TCT Ser (S) TAT Tyr (Y) TGT Cys (C)
T TTC Phe (F) TCC Ser (S) TAC TGC
TTA Leu (L) TCA Ser (S) TAA STOP TGA STOP
TTG Leu (L) TCG Ser (S) TAG STOP TGG Trp (W)
CTT Leu (L) CCT Pro (P) CAT His (H) CGT Arg (R)
C CTC Leu (L) CCC Pro (P) CAC His (H) CGC Arg (R)
CTA Leu (L) CCA Pro (P) CAA GIn (Q) CGA Arg (R)
CTG Leu (L) CCG Pro (P) CAG GIn (Q) CGG Arg (R)
ATT lle (1) ACT Thr (T) AAT Asn (N) AGT Ser (S)
A ATC lle (1) ACC Thr (T) AAC Asn (N) AGC Ser (S)
ATA lle (1) ACA Thr (T) AAA Lys (K) AGA Arg (R)
ATG Met (M) START |[ACG Thr (T) AAG Lys (K) AGG Arg (R)
GTT Val (V) GCT Ala (A) GAT Asp (D) GGT Gly (G)
G GTC Val (V) GCC Ala (A) GAC Asp (D) GGC Gly (G)
GTA Val (V) GCA Ala (A) GAA Glu (E) GGA Gly (G)
GTG Val (V) GCG Ala (A) GAG Glu (E) 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 of the characteristics of hereditary hemochromatosis? How is it treated?

2) What is the official gene symbol of the hereditary hemochromatosis gene, and what is its
gene locus?

3) Briefly describe the CYS282TYR mutation included in the Allelic Variants section of OMIM
and the Molecular Genetics section of the hereditary hemochromatosis GeneReview. Most
individuals with hereditary hemochromatosis have two copies of this disease-causing
mutation.

Questions for Activity #2

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

At the end of Activity 2, we zoomed in on the 6p21.3 region of
chromosome 6. Use the information in this chromosome view to
answer the following questions:

2) What is the estimated total number of genes on chromosome 6?
3) How many genes are in the 6p21.3 region of the chromosome?

4) How many phenotypes are in the 6p21.3 region?

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 292910 to answer questions 2—6.

2) In the Features section of record 292910, select the gene link. How many base pairs (bp)
are in the genomic sequence of the HFE gene?

3) Return to the main record 292910, and scroll through the Features section. How many
exons have been identified in this sequence?

4) Select the exon link for exon 1. How many base pairs are in exon 1?

5) Return to the main record Z292910. Select the CDS link. How many base pairs are in the
coding sequence?

6) Look at where exon 1 begins and where the CDS begins. How many nucleotides in exon 1
do not code for protein?

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

7) How large is the mRNA transcript?

8) 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?

Gene Gateway: A Web Companion to the Human Genome Landmarks Poster
www.DOEgenomes.org/genegateway 50



U.S. Department of Energy Office of Science Updated: 10/05/2004

Questions for Activities #4 and #5

1) Examine the sequence from Swiss-Prot and the sequence of one of the HFE chains
provided in the Sequence Details section of the PDB structure 1A6Z. In the Swiss-Prot
sequence shown below, underline the portion of the amino acid sequence that is included in
the PDB structure.

10 20 30 40 50 60
MGPRARPALL LLMLLQTAVL QGRLLRSHSL HYLFMGASEQ DLGLSLFEAL GYVDDQLFVL
70 80 90 100 110 120
YDHESRRVEP RTPWVSSRIS SQMWLQLSQS LKGWDHMFTV DFWTIMENHN HSKESHTLQ&
130 140 150 160 170 180
ILGCEMQEDN STEGYWKYGY DGQDHLEFCP DTLDWRAAEP RAWPTKLEWE RHKIRARQNA
190 200 210 220 230 240
AYLERDCPAQ LQQLLELGRG VLDQQVPPLV KVTHHVTSSV TTLRCRALNY YPQNITMKW{
250 260 270 280 290 300
KDKQPMDAKE FEPKDVLPNG DGTYQGWITL AVPPGEEQRY TCQVEHPGLD QPLIVIWEPé
310 320 330 340

|
PSGTLVIGVI SGIAVFWIL FIGILFIILR KRQGSRGAMG HYVLAERE

2) PDB structure 1A6Z is shown below. Label the chains as being either HFE or beta-2-
microglobulin (b2m).

3) Why is the cysteine residue affected in the C282Y 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 October 5, 2004.

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

For more information

Gene Gateway: http://www.DOEgenomes.org/genegateway
Human Genome Project Information: http://www.ornl.gov/hgmis/home.html
DOE Genome Research Programs: http://www.DOEgenomes.org/

U.S. Department of Energy (DOE)

Office of Science

Office of Biological and Environmental Research
Genome Research Programs

Office of Science
U.S. Department of Energy
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