Identification of Disease Genes

An NCBI Mini-Course

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

3. ldentify 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/diseasegenecoh.html)
describes in detail how to perform these steps.

The following handout includes the screen shots of the exercise.

Instructor: Medha Bhagwat (bhagwat@ncbi.nim.nih.gov)


http://www.ncbi.nlm.nih.gov/Class/minicourses/diseasegenecoh.html

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. ldentify 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:

TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAG =
ATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATGH
CTACCAGGGCTGGATAACCTTGGCTGTACCCCCTGGGGAAG,
CCCTCATTGTGATCTGGG

i of

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


http://www.ncbi.nlm.nih.gov/genome/seq/page.cgi?F=HsBlast.html&&ORG=Hs

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 chromosome
“6” link. Unclick the "Compress Map" button in the blue bar on the left side of the
page. Currently, 4 maps should be displayed (Contig, Model, UniGene and
Gene_seq). Zoom in 2 or 4 times by clicking on right most Gene_seq 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. Note the orientation of the
gene. Is it on the forward strand or the reverse? Display the entire HFE gene
sequence by clicking on the "dI" link and then on "Display". Copy the sequence
and paste it in the area provided below. 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

j

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 and phenotype
maps 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 three maps are
displayed, Variation (it's the rightmost and the master map), Gene_seq and
phenotype. 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. The phenotype map in the Map Viewer
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
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NCBI Home » Genomic Biology » Human Genome Resources
BLAST
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Optional parameters
Expect Filter Descriptions Alignments

001 =l |defaur x| [100 % [100 =

Advanced option;

Begin Search | Clear Input

L (11

s for an RID)|

formatting BL ;

anslations Retrieve

[T our request has been successfully submitted and put into the Blast Queue.

[Query = (276 letters

[he recquespdD is |1 075757546-28112-83867151628 BLASTOS
o GEED
[he results are estimated to be ready in 32 seconds but may be done sooner.

lease press "FORMAT!" when you wish to check wour results. Youmay change the formatting options for your result via the form below and press "FORMAT!"
hzain. ¥ou may also request results of a different search by enteting any other valid request ID to see other recent jobs.




results of B LAS T

Nes

SGenome

BLASTN 2.2.7 [Jan-02-2004]

RID: 1075757546-20112-83667151626.BLASTOI

atabase: contig
498 sequences: 3,020,300,271 total letters

[f wou hswve any problemws or guestions with the results of this search
please refer to the BLAST FAls

Show posttions of the BLAST hits in the human geneme using the Entrez

Genomes Map Viewer

fuery=
(278 letters)
Distribution of 1 Blast Hits on the Query Sequence
|Mnuse—c\verm show defline and scores. Click to show alignments
Color Key for Alignment Scores
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ref |NT_007592.14|H=6_7749 Homo sapiens chromosome 6 genomic contig

-

Features in this part of subject seguence:
hemochromatosis protein isoform 11 precursor
hemochromatosis protein isoform 10 precursor

gcore = 525 bits (273), Expect = 4e-147
Identities = 2Z75/276 (99%), Gaps = 0/276 (0%)
gtrand=Plus/Plus

Query 1 TGCCTCCTTT GGTGAAGGT GACACAT CATGTGACCTCT T CAGT GACCACTCTACGETGTC an

AR R R R R R N R NN N R RN R RN RN
Sbjct 16951164 TGCOCTCCTTTGETGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGETGTC 16951223

Query 61 GEGCCTTEAACTACTACCCCCAGAACAT CACCAT GARGT GECTCAAGGATARGCAGCCAA 120
(AR R R R R R N R R R NN R R NN AR R
gbjct 16951224 GGECCTTGAACTACTACCCCCAGAACATCACCATGAAGTGCCTGAAGGATAAGCAGCCAR 16951283

Query 121 TGEAT GCCAAGGAGT T CEAACCTARAAGACGTAT TGCCCAATGGGEAT GEGACCTACCAGE 180

(AR R R R R R N R R R NN R R NN AR R
Sbjct 16951284 TGGATGCCAAGGAGTTCGAACCTAAAGACGTATTGCCCAATGGEEATGGEACCTACCAGE 16951343

Query 181 GCTGEATAACCT TEGCTETACCCCCT GEGEAAGAGCAGAGATATARCTACCANGTGGAGC 240

AR NN RN AR RN RN RARE RN EREERAN (NEEREN
Sbjct 16951344 GCTGGATAACCTTGGCTGTACCCOCT GGGGARGAGCAGAGATATANGTGCCARGTGGAGS 16951403

Query 241 ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGE 276

FECETEEEEr e e e e b e e e el
Sbjct 16951404 ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGE 14951439

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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Chromosome: IB Strand: IF"US 'l
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Sequence Format: I FAZTA = I

This chromosome region corresponds to the contigsfegion(s):

Contig start stop  strand
T 00759213 16945699 16955310 + Display Save to Disk View Ewidence Modelblaker

ref|NT_007592.13|Hs6_7749:16945699-16955310 Homo sSapiens chromosome & genomic contig
FEGEACACTGGATCACC TAGTGTTTC ACAAGCAGGTACCTTC TGC TGTAGGAGAGAGAGALMC TAALGTTC
MGAAAGAC TG TTGC TTTTC ACCAGGALGTTTTACTGGGCATCTCCTGAGCCTAGGCAATAGC TGTAGGS
MGACTTCTGGAGCCATCCCCGTTTCCCCGCCCCCCAAALGARGCGGAGATTTAACGGGGACGTGCGGCCL
FAGCTGGGGAAATGEGCCCGCGAGCCAGGCCGGCGCTTCTCCTCCTGATGC TTTTGCAGACCGCGGTCCT
FCAGGGGCGCTTGCTGCGTGAGTCCGAGGGCTGCGEGCGALC TAGGGGCGCGECGGEGGTGGALLLATCG
BAACTAGC TTTTTCTTTGC G TTGGGAGT TTGC TAAC TTTGGAGGACCTGC TCAMCCCTATCCGCALGCT
FCTCTCCCTACTTTC TGCGTCCAGACCCCGTGAGGGAGTGC CTACCACTGALMC TGCAGATAGGSGTCCCT
FGCCCCAGEACCTGCCCCCTCCCCCGGC TG TCCCGECTCTGCGGAGTGAC TTTTGGAACCGCCCACTCCC
MTCC e AR TAGAATGCTTTTALATALATCTCGTAGTTCCTCACTTGAGC TGAGCTAAGCCTGGGGCTC
FTTGAACCTGGAACTC GGG TTTATTTCCAATGTCAGC TGTGCAGTTTTTTCCCCAGTCATCTCCALACAG
FALGTTCTTCCCTGAGTGCTTGCCGAGAAGGC TGAGCALACCCACAGCAGGATCCGCACGGGGTTTCCAC
CTCAGALCGAATGCSTTGGGCGGTGEGGGCGCGALLGAGTGGCGTTGGGGATC TGALTTCTTCACCATTC
FACCCACTTTTGGTGAGACC TGGGETGGAGGTC TCTAGGGTGGGAGGCTCCTGAGAGAGGCCTACCTCGS
FCCTTTCCCCAC TCTTGGC A AT TG TTC TTT TG C C TOGALAATTALGTATATGTTAGTTTTGAACGTTTGL
BCTGAAC A ATTC TCTTTTC GG C TAGGC TTTATTGATTTGCAATGTGC TG TG TAATTAAGAGGCCTCTCTL
AT T AT AL T GALC A TG TAAGC A TGC A TC A TTC TAAGTTACATTCATATC TGATCTTATTTG

Result: The query EST is expressed by the HFE gene.



Step 3: Determine whether the ESTs contain any known SNPs
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IFasta sequence (Legend)
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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).
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Result: Mutations in the HFE gene are associated with hemochromatosis

disease.



Problem 2:

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. ldentify the gene(s) aligning the ESTs and download their sequences (using
Map Viewer).

3. lIdentify 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,
select the "Reference Genome" database and start the search by clicking on the
“Begin Search” button.

Query EST Sequence:

ACATTTGCTT! CTGACACAACTGTGTI'CACTAGCAACCTCAAAﬂ

j
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http://www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html
http://www.ncbi.nlm.nih.gov/genome/seq/HsBlast.html

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.

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 chromosome
"11" link. Unclick the "Compress Map" button in the blue bar on the left side of
the page. Currently, 4 maps should be displayed (Contig, Model, UniGene and
Gene_seq). Zoom out 2 or 4 times by clicking on right most Gene_seq 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. Note that the gene is annotated
on the minus strand. To display the entire HBB gene sequence, click on the "dI"
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. You can adjust the nucleotide
locations to download the upstream or downstream sequence by using the
"adjust by" and "Change Region/Strand" option.

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 and phenotype
maps 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 three maps are
displayed, Variation (it's the rightmost and the master map), Gene_seq and
phenotype. 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
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the same nucleotide variation found in the BLAST result in Step 1? What is the
resulting change in the amino acid?

Step 4. Determine whether the mutant HBB gene causes a
phenotype:

Go back to the Map Viewer report. The phenotype map in the Map Viewer
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.

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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