 



Identification of Disease Genes

This mini-course focuses on the identification of a disease gene using NCBI’s human genome assembly.  The reference human genome assembly along with integrated maps, literature, and expression information comprises a powerful discovery system for exploring candidate human disease genes.

Problem: A laboratory has generated an EST library from a hemochromatosis patient and wants to identify the gene(s) causing the phenotype.
We will follow these steps to solve the problem:

1. Compare ESTs to the human genome (using BLAST).

2. Identify the gene(s) aligning the ESTs and download their sequences (using MapViewer).

3. Identify whether the ESTs contain any known SNPs (using dbSNP).

4. Determine whether a mutant form of the gene causes a phenotype (using OMIM).

A web page (http://www.ncbi.nlm.nih.gov/Class/minicourses/diseasegene.html) describes in detail how to perform these steps.

The following handout includes the screen shots of the exercise. 

Instructor: Medha Bhagwat (bhagwat@ncbi.nlm.nih.gov)
Problem 1: 
A laboratory has generated an EST library from a hemochromatosis patient and wants to identify the gene(s) causing the phenotype. 

Outline: 
We will follow these steps to solve the problem:
1. Compare ESTs from a hemochromatosis patient to the human genome (using BLAST).
2. Identify the gene(s) aligning the ESTs and download their sequences (using Map Viewer).
3. Identify whether the ESTs contain any known nucleotide variations (single nucleotide polymorphisms) (using dbSNP).
4. Determine whether a mutant form of the gene is known to cause a phenotype (using OMIM). 
Step 1. Compare ESTs to the human genome (using BLAST):
One way to identify the genes expressing the ESTs is to compare their sequences using BLAST with the human genome assembly and the genes annotated on it. To access the specialized BLAST page for searching against the human genome assembly, click on 
BLAST (human genome)

Paste the EST sequence provided below in the query box of the BLAST page and start the search by clicking on the “Begin Search” button. 

Query EST Sequence:

[image: image1.wmf]

TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGT

ATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATGC

CTACCAGGGCTGGATAACCTTGGCTGTACCCCCTGGGGAAGA

CCCTCATTGTGATCTGGG




Name the chromosome and the contig that we get as a BLAST hit. Is the EST sequence 100% identical to the genomic sequence? Note the nucleotide difference between the two sequences. Paste your results in the window below. 
 

Results of BLAST against the human genome


Step 2. Identify the gene(s) expressing the ESTs and download their sequences: 
To visualize the BLAST hit on the genome using Map Viewer, click on the "Genome View" button at the top of the results page, then on the Map element "NT_007592". Currently, 4 maps should be displayed (Contig, Model, RNA and Gene_seq). Zoom out 2 or 4 times by clicking on right most contig map and selecting the appropriate option. 
The BLAST hit, indicated by the red bar, is in the region of one of the exons of the HFE gene annotated on the human genome.  Make the Gene_seq map a master map by clicking on the arrow at the top of the map.  Display the entire HFE gene sequence by clicking on the "dl" link and then on "Display". Copy the sequence and paste it in the area provided below. We will use it later to obtain the exon-intron structure. You can adjust the nucleotide locations to download the upstream or downstream sequence by using the "adjust by" and "Change Region/Strand" option. 

HFE gene sequence

[image: image2.wmf]




Step 3. Determine whether the ESTs contain known SNPs:
Go back to the Map Viewer report. Click on the Maps and Options link. Remove all the maps except the Gene_seq map by selecting the map under the Maps Displayed menu and clicking on Remove. Now add the variation map from the Available maps menu (by selecting the map and clicking on Add). Make the Variation map as the master map by selecting it and clicking the Make Master/Move to Bottom option. Then click on Apply. Now two maps are displayed, Variation (it’s the rightmost and master map) and Gene_seq. The master map provides detailed information for the map features, in this case SNPs. ”. (The Mini-Course Map Viewer Quick Start describes the usage of the Map Viewer in detail.) Zoom in on the blast hit area (red bar). There are two SNPs in the area, one of them is rs1800562. Click on the link for the SNP. There is an A/G SNP is at the nucleotide position 16951392 on the contig NT_007592 as mentioned under Fasta sequence and Integrated maps. Is this the same nucleotide variation found in the BLAST result in Step 1? Please note that the SNP results in the Cysteine 282 Tyrosine mutation for the longest protein (expressed by the mRNA NM_000410) as reported under GeneView. 
Step 4. Determine whether the mutant HFE gene causes a phenotype: 
Go back to the Map Viewer report. Remove the variation map and add the phenotype map.  The phenotype map displays the representation of phenotypes from OMIM in sequence coordinates. Click on the HFE link on the phenotype map. It takes us to the OMIM report for the HFE gene that details how mutations in the HFE gene are associated with a phenotype, hemochromatosis. Click on the Allelic Variant “View list” to get information about mutant proteins from patients. Is Cys282Tyr variant mentioned in the list? Which phenotype does it cause? 

Summary: 
This mini-course describes steps to identify the gene expressing the ESTs obtained from a hemochromatosis patient, download the gene sequence, identify known SNPs in the gene and find SNP-associated phenotypes.

Step 1: The query EST sequence was found to align contig NT_007592.14 on chromosome 6 with one nucleotide difference (G to A with respect to the nucleotide 16951392 on the contig).
Step 2: The query EST was found to be expressed by the HFE gene.
Step 3: The query EST sequence contains a known SNP (G/A with respect to the nucleotide 16951392 on contig NT_007592.14).
Step 4: Mutations in the HFE gene are associated with hemochromatosis. 
 Step 1: Compare ESTs against the human genome              


              [image: image3.png]rosoft Internet Explorer

I

| ok - > - @ @) 4| Qesch Cilravorkes Gieda 3| By o 0] -

| ress [ g ctiziningot

National Center for Biotechnology Information
Nattonal Library of Medicine Nattonal Isitutes of Heallh
nucture

» What does NCBI do?

Established in 1988 as a national resource for * Clusters of
molecular biology information, NCBI creates  orthologous groups
public databases, conducts research in
computational biclogy, develops software
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular » Gene expression
processes affecting human heath and ormmibus

disease. More.

» Electranic PCR

» E-Utilties

upport » Genes and disease

E PubMed Central

B » Human genome
An archive of life sciences journals | rssources

® Free fulltext

® Over 100,000 articles from over 130 journals

© Linked to PubMed and fully searchable

Use of Pubhed Central requires no registration or fee
Access it from any computer with an Intemet connection. || > LocusLink

» Human-mouse
homolagy maps

> Malaria genetics &
Entrez Gene

genormics
You can now use Entrez to search for

information centered on the concept of a » Map Viewer
gene, and cannect to many sources of related

information bath within and outside NCBI » MHC

Internet

NI





[image: image4.png]2 NCBI BLAST - Microsoft Internet Explorer

The Basic Local Alignment Search Tool (BLAST) finds regions of local sirmilariy between sequences. The
prograrm compares nucleotide or protein sequences to sequence databases and calculates the statistical
significance of matches. BLAST can be used to infer functional and evolutionary relationships between
sequences as well a5 help identity merbers of gene families
Nucleotide Protein

o Search race archives with or .
Translated Genomes
special Meta





 [image: image5.png]Ele Edt Vew Favortes Took Hel

O -0 ) @ 6w Yimm BG5S

Aderess [(€] htps/jwamw.ncbi.rim.ih. govjgenome/seqBlstGen/Blasten. cgitax

ECEIEERG

PRI CE1 Hormer Genomic Biolagy» Human Genome Resources »BLAST

sl coovcn [map viewsr =1 [ Go| _Clear

aLasT
oeriew BLAST Human Sequences.
hews
manual
references @ Enter an accession, gi, or a sequence in FASTA format:

Retrieve results

; [TGCCTCCTTTGTGAAGGTGACACATCATGTGACCTCTTCAGTG ACCACTCTACGGTGTCGGGCC A
Genome Project |17, CTACTACCCCCAGRAC
ATCACCATGLAGTGGCTGLAGGATALGCAGCC LATGGATGCC AAGGAGTTCGALCCTARAGACGT!
ATTGCCCAATGGGGATGEGAC
CTACCAGGGCTGOATALCCTTGGCTGTACCCCCTGGGGALGAGCAGAGRTATACGTACCAGETGE
AGCACCCAGGCCTGRATCAGE

€ or, choose 3 file to upload

Browse.

Database
genome (all assemblies) - |

genome (all aszemblies =

)
HTGS

RefSeq RNA

RefSeq protein
Non-RefSeq RNA
on-RefSeq protein
Euild RNA

Build protein

b initio RNA

b inito protein _

s Alignments

100=]

Advanced op

Begin Search Clear Input

R oclitraret

I |
P





[image: image6.png][tk & ton Faote Deb t |

| wosk - 5 - @ @) 4| Qesch Cilravorkes Qi B | By o - []urke

| ddress [ bttpsffwomy.ncbi.im i, gov/blestfBlest.coi =l Pc

formatting BLAST

i

Your request has been successfilly submitted and put into the Blast Queve.

Query = (276 ltters)

The request ID is [1075757546-26112-63667151626 BLASTQ3

e

The resuls are estimated to be seady in 32 seconds but may be done sooner

Flease press "FORMAT!" when you wish 1o check yous results. You may change the formatting options fot your tesult via the form below and press "FORMATI"
again, You may also tequest results of a ifferent search by enteting any other valid request ID to see other recent jobs.

Format

Show 7 Graphical Overview [ Linkout [ Sequence Retrievat [ NCBL gi Alignment ¥ in|HTML  Zffomat

Use new fotmatter [ Masking Characted Default<for protein, n for nucleatide) ~] Masking Colod Black =]

Number of: Descriptions| 100 7] Alignments] 100 7]

blignnent view [Painise

Internet

NI





[image: image7.png]osoft Internet Explorer

Ele Edt View Favortes Toos el

QO 8 G| Jwn S @ B L WA B

‘ddress [] hit:fwwuw.ncbi.nlm.nih.govblast/Blast.cgi

ECEIEERG

results of BLAST
/"’“”\\1‘ i S Genome

4 [1\I1y 0‘7’006]

RID: 1149623660-13422-88797195457. BLASTQ4

Datahase: ref_contig

368 sequences; 2,870,843,926 total letters

If you have any problems or questions with the results of this search
please refer to the BLAST FAQs

Show positions of the BLAST hits in the human genome using the Enirez
Genomes MapViewer

Genome View

Query-
Lengtn=276

Distribution of 1 Blast Hits on the Query Sequence

[Mouse over to see the defline, click to show alignments

Color key for alignment scores
<40 4050 5080 80-200 >=200
gy — 1

1 1 1 1 I I

0 50 100 150 200 250
Tree view MW

score  E

Sequences producing significant aligmments: (Bits) Value
ref|NT_007592.14|Ho6_7743 Homo sapiens chromosome 6 gemomic cont  S05  fe-141

Done =

R oclitraret

RN





[image: image8.png][t /1w i ov st Bl

Alignments

>ref|NT_007582. 141H56_7743 [l Homo sapiens chromosome § genomic contig
Length=45945830

Features in this part of subject sequenc
hemochromatosis protein isoform 11 precursor
hemochromatosis protein isoform 10 precurser

Score = 505 bits (273), Expect = 6e-141
Identities = 275/276 (99%), Gaps = 0/276 (0%
Strand=Plus/Plus

Query 1 TGCCTCCTTTGETGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTC

LCECUEEE DD
Spict 16951164 TGCCTCCTTTGGTGARGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTC

Query 61 GGGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGCTGAAGGATARGCAGCCAR

LCLCUCEE DD
Spict 16951224  GGGCCTTGRACTACTACCCCCAGAACATCACCATGARGTGGCTGAAGGATAAGCAGCCAR

Query 121 TGGATGCCAAGGAGTTCGRACCTARAGACGTATTGCCCARTGOGGATGGGACCTACCAGS

ECECUCEE DD
Spict 16951284 TGGATGCCAAGGAGTTCGAACCTARAGACGTATTGCCCAATGGGGATGGGACCTACCAGE

Query 181 GCTGGATAACCTTGGCTGTACCCCCTGOGGAAGAGCAGAGATATACGTACCAGGTGOAGE

TR
Spict 16951344  GCTGGATARCCTTGGCTGTACCCCCTGGGGARGAGCAGAGATATACGTGCCAGGTOGAGE

Query 241 ACCCAGGCCTGEATCAGCCCCTCATTGTOATCTOGG 276

FECLELLEEEE
Spict 16951404  ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGOG 16951439

60

16951223

120

16951283

180

16951343

240

16951403





Result: The EST sequence is aligned to the contig NT_007592.14 on chromosome 6 with one nucleotide difference (G to A with respect to the nucleotide 16951392 on the contig).
Step 2: Identify the gene(s) expressing the ESTs and download their                     sequences
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GAAGTTCTTCCCTGAGTGCTTGCCGAGRAGGCTGAGCLLCCCACAGCAGGATCCGCACGGGTTTCCAC
CTCAGAACGLATGCOTTGEGCOGTGOGGGCOCEARAGAGTGGCGTTGGGGATCTGRATTCTTCACCATTC
CACCCACTTTTGGTGAGACCTGGGGTGGAGGTCTCTAGGETGOGAGGCTCCTGAGAGAGGCCTACCTCRG,
GCCTTTCCCCACTCTTGGCARTTGTTCTTTTGCCTGGEARATTALGTATATGTTAGTTTTGARCGTTTGE
ACTGRACAATTCTCTTTTCGGCTAGGCTTTATTGATTTGC ARTGTGC TGTGTARTTAAGAGGCCTCTCTA
CALAGTACTGATARTGLACATGTAAGCAATGCACTCACTTCTAAGTTACATTCATATCTGATCTTATTTG
ATTTTCACTAGGCATAGGGAGGTAGGAGCTAATARTACGTTTATTTTACTAGAAGTTALCTGGAATTCAG
ATTATATAACTCTTTTCAGGTTACALAGAACATARATAATCTGGTTTTCTGATGTTATTTCARGTACTAC
AGCTGCTTCTARTCTTAGTTGACAGTGATTTTGCCCTGTAGTGTAGC ACAGTGTTCTGTGGGTCACACGE
CGGCCTCAGCACAGCACTTTGAGTTTTGGTACTACGTGTATCCACATTTTACACATGACALGRATGAGGC
ATGGCACGGCCTGCTTCCTGGCALATTTATTC LATGGTAC ACTGGGC TTTGGTGGC AGAGCTCATGTCTC
CACTTCATAGCTATGATTCTTALLCATCACACTGCATTAGAGGTTGEATAATARAATTTCATGTTGAGCE
GALATATTCATTGTTTACLAGTGTALATGAGTCCCAGCCATGTGTTGCACTGTTCAAGCCCCAAGGGAGE
GAGCAGGGALACAAGTCTTTACCCTTTGATATTTTGCATTCTAGTGGGAGAGATGACALTRAGCALATGE
GCAGLAAGATATACAACATCAGGLARTCATGGGTGTTGTGAGEAGCAGAGAAGTCAGGGCAGTCACTCT
GGGGCTGACACTTGAGCAGAGACATGARGGEALTRAGEATGATATTGACTGGGAGCAGTATTTCCCAGGE
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Result: The query EST is expressed by the HFE gene.
Step 3: Determine whether the ESTs contain any known SNPs
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Result: The EST sequence contains a known SNP (G/A with respect to the nucleotide 16951392 on contig NT_007592.14).
Step 4: Determine whether a mutant HFE gene causes a phenotype
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Result: Mutations in the HFE gene are associated with hemochromatosis disease.
Problem 2: 
http://www.ncbi.nlm.nih.gov/Class/minicourses/diseasegene2.html

A laboratory has generated an EST library from a sickle cell anemia patient and wants to identify the gene(s) causing the phenotype. Sickle cell anemia is a disease in which the red blood cells are curved in shape, and which causes pain and fever. 

Outline: 
We will follow these steps to solve the problem:
1. Compare ESTs from a sickle cell anemia patient to the human genome (using BLAST).
2. Identify the gene(s) aligning the ESTs and download their sequences (using Map Viewer).
3. Identify whether the ESTs contain any known nucleotide variations (single nucleotide polymorphisms) (using dbSNP).
4. Determine whether a mutant form of the gene is known to cause a phenotype (using OMIM). 

Step 1. Compare ESTs to the human genome (using BLAST):
One way to identify the genes expressing the ESTs is to compare their sequences using BLAST with the human genome assembly and the genes annotated on it. To access the specialized BLAST page for searching against the human genome assembly, click on 
BLAST (human genome)

Paste the EST sequence provided below in the query box of the BLAST page and start the search by clicking on the “Begin Search” button. 

Query EST Sequence:
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ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAAC







Name the chromosome and the contig that we get as a BLAST hit. Note that the similarity is on the minus strand of genome. Is the EST sequence 100% identical to the genomic sequence? Note the nucleotide difference between the two sequences. Paste your results in the window below. 
 

Results of BLAST against the human genome
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Step 2. Identify the gene(s) expressing the ESTs and download their sequences: 
To visualize the BLAST hit on the genome using Map Viewer, click on the "Genome View" button at the top of the results page, then on the Map element "NT_009237". Currently, 4 maps should be displayed (Contig, Model, RNA and Gene_seq). Zoom out 2 or 4 times by clicking on right most contig map and selecting the appropriate option. 
The best BLAST hits, indicated by the red bars, are in the region of two exons of the HBB gene annotated on the human genome. Make the Gene_seq map a master map by clicking on the arrow at the top of the map. Note that the gene is annotated on the minus strand. To display the entire HBB gene sequence, click on the "dl" link, choose minus strand from the pull down menu, click on "Change Region/Strand" and display the sequence by clicking on on "Display". Copy the sequence and paste it in the area provided below. We will use it later to obtain the exon-intron structure. You can adjust the nucleotide locations to download the upstream or downstream sequence by using the "adjust by" and "Change Region/Strand" option. 

HBB gene sequence
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Step 3. Determine whether the ESTs contain known SNPs:
Go back to the Map Viewer report. Click on the Maps and Options link. Remove all the maps except the Gene_seq map by selecting the map under the Maps Displayed menu and clicking on Remove. Now add the variation map from the Available maps menu (by selecting the map and clicking on Add). Make the Variation map as the master map by selecting it and clicking the Make Master/Move to Bottom option. Then click on Apply. Now two maps are displayed, Variation (it’s the rightmost and the master map) and Gene_seq. The master map provides detailed information for the map features, in this case SNPs. ”. (The Mini-Course Map Viewer Quick Start describes the usage of the Map Viewer in detail.) Zoom in on the blast hit area (red bar). There are two SNPs in the area, one of them is rs334. Click on the link for the SNP. There is an A/T SNP is at the nucleotide position 4035473 on the contig NT_009237 as mentioned under Fasta sequence and Integrated maps. Is this the same nucleotide variation found in the BLAST result in Step 1? 

Step 4. Determine whether the mutant HBB gene causes a phenotype: 
Go back to the Map Viewer report. Remove the variation map and add the phenotype map.  The phenotype map displays the representation of phenotypes from OMIM in sequence coordinates. Click on the HBB link on the phenotype map. It takes us to the OMIM report for the HBB gene that details how mutations in the HBB gene are associated with a phenotype, sickle cell anemia. As mentioned in the report, the allelic variants are listed for the mature HBB protein which lacks initiator methionine. Click on the Allelic Variant “View list” to get information about mutant proteins from patients. Is Glu6Val variant mentioned in the list? Which phenotype does it cause? 

Summary: 
This mini-course describes steps to identify the gene expressing the ESTs obtained from a sickle cell anemia patient, download the gene sequence, identify known SNPs in the gene and find SNP-associated phenotypes.

Step 1: The query EST sequence was found to align contig NT_009237.17 on chromosome 11 with one nucleotide difference (T to A with respect to the nucleotide 4035473 on the contig).
Step 2: The query EST was found to be expressed by the HBB gene.
Step 3: The query EST sequence contains a known SNP (T/A with respect to the nucleotide 4035473 on contig NT_009237.17).
Step 4: Mutations in the HBB gene are associated with sickle cell anemia.
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