
Tutorial 'Identification of Disease Genes'
March 2021
	Acknowledgements

This tutorial is copied (and modified) from the website of the National Center for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov/education/tutorials/). 
	[image: image9.png]Descriptions

Alignment view

1 sequences selected @

Graphic Summary | [E\ITUUISS  Taxonomy

Pairwise v | [] cDS feature @

& Download v

Homo sapiens chromosome 6, GRCh38.p13 Primary Assembly
Sequence ID: NC_000006.12 Length: 170805979 Number of Matches: 1

GenBank Graphics

Range 1: 26092685 to 26092060 GenBank Graphics

Restore defaults|

Score

505 bits(273)

Expect Identities Gaps Strand
6e-141  275/276(99%) 0/276(0%) Plus/Plus

Query
sbijct
Query
sbijct
Query
sbijct
Query
sbijct
Query
sbijct

1
26092685
61
26092745
121
26092805
181
26092865
241
26092925

TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTC

PELLLCLEELELE L LD L L LT LT LT LT
TGCCTCCTTTGGTGAAGETGACACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTC

GGGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGCTGAAGGATAAGCAGCCAA

PELLLELECTL LD DL L CEE L TL LT TE LT LT
GEGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGC TGAAGGATAAGCAGCCAA

TGGATGCCAAGGAGTTCGAACCTAAAGACGTATTGCCCAATGGGGATGGGACCTACCAGE

TECLCCLECLLLECEE L LD L EEE L LT TE T LT
TGGATGCCAAGGAGT TCGAACCTAAAGACGTAT TGCCCAATGGGGATGGGACCTACCAGE

GCTGGATAACCTTGGCTGTACCCCCTGGGGAAGAGCAGAGATATACGTACCAGGTGGAGC

PELLLELELLTLE LT LT L L L LT ELL TELELELTLT T
GCTGGATAACCTTGGCTGTACCCCCTGGGEAAGAGCAGAGATATACGTGCCAGGTGGAGC

ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGE 276

PELLLLLLTLLLCL LT
ACCCAGGCCTGGATCAGCCCCTCATTGTGATCTGGE 26092960

60
26092744
120
26092804
180
26092864
240
26092924

Download “

<«Descriptions

Related Information
Genome Data Viewer - aligned
genomic context






Introduction
This exercise 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.
The databases used in this tutorial complement the information provided in the lecture. In addition, several other concepts are introduced.

TIP. You will explore only very small part of some of the databases that are used in this exercise, and use only small part of their functionalities. Feel free to take some site steps and explore the content and tools offered by NCBI.

Note: 

For the last exercises you need the Cn3D viewer. If this program is not yet installed you can download it from http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3dinstall.shtml 
(Both the Windows and MacOSX versions are also available on the course website for installation within the AMC-domain. Note: MacOSX users should read the note at the NCBI site)
Problem
A laboratory has generated an EST library from a hemochromatosis patient and wants to identify the gene(s) causing the phenotype. 
An EST is an 'expressed sequence tag' and represents part of a mRNA sequence. Sets (i.e., libraries) of EST are easily produced in the laboratory but are generally of lower quality than full-length mRNA sequences, that is, the sequence error rate is higher.
Hemochromatosis

Currently, hemochromatosis (without further specification) is mostly defined as iron overload with a hereditary/primary cause or originating from a metabolic disorder. However, the term is currently also used more broadly to refer to any form of iron overload, thus requiring specification of the cause, for example, hereditary hemochromatosis. Hereditary hemochromatosis is an autosomal recessive disease with estimated prevalence in the population of 2 in 1,000 among patients with European ancestry, with lower incidence in other ethnic groups (wikipedia).

Clinical presentation

Organs commonly affected by hemochromatosis are the liver, heart, and endocrine glands.
Hemochromatosis may present with the following clinical syndromes:
· Cirrhosis of the liver

· Diabetes due to pancreatic islet cell failure

· Cardiomyopathy

· Arthritis (iron deposition in joints)

· Testicular failure

· Tanning of the skin

· Joint pain and bone pain
Approach to solve this problem
We will follow these steps to solve the problem:

1. Compare the EST from a hemochromatosis patient to the human genome (using BLAST).

2. Identify the gene(s) aligning with the ESTs and download their sequences (using Genome Data Viewer).

3. Identify whether the EST contains 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).
5. Retrieve additional information about the gene causing hemochromatosis (using Entrez)

6. Elucidating the biochemical and structural basis for the function of the wild type and mutant proteins (using Related Structures and Cn3D)
Step 1. Compare ESTs to the human genome (using BLAST):
· One way to identify the genes expressing the EST is to compare the EST sequence with the human genome assembly and the genes annotated on it. To access the specialized BLAST page for searching against the human genome assembly go to the 'BLAST human genome' website (https://blast.ncbi.nlm.nih.gov/Blast.cgi). Select the “Human” link below the “BLAST Genomes” search box.
· Copy the EST sequence provided below.  Paste it in the query box of the BLAST page and select the “Genome (GRCh38.p13 reference assembly top-level)” database. Start the search by clicking on the “BLAST” button. 
Query EST Sequence

TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTC

TACGGTGTCGGGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGC
TGAAGGATAAGCAGCCAATGGATGCCAAGGAGTTCGAACCTAAAGACGTAT

TGCCCAATGGGGATGGGACCTACCAGGGCTGGATAACCTTGGCTGTACCCC CTGGGGAAGAGCAGAGATATACGTACCAGGTGGAGCACCCAGGCCTGGATC
AGCCCCTCATTGTGATCTGGG
Question 1
What can you do with BLAST?

Answer 1
BLAST is an acronym for Basic Local Alignment Search Tool. BLAST is used to retrieve sequences from a sequence database (in this example the human genome reference sequence) that are similar to the query sequence (in this example, the EST sequence)
Question 2
Name the chromosome and the accession code of the contig that we get as a BLAST hit. Is the EST sequence 100% identical to the genomic sequence? Note the nucleotide difference and position between the two sequences (see tab ‘Alignments’)
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Answer 2

Several hits are obtained if you haven’t selected the “Human” from the “Blast Assembled RefSeq Genomes” first!! Should we force to continue with the one this tutorial has been based on?? YES – the others have no annotation for the variants!!
ref|NC_000006.12|  Homo sapiens chromosome 6 genomic contig, GRCh38.p13 (Length=170805979). The EST has one mismatch with the genomic sequence. A G changed to an A at position 229 in de EST sequence. 

Step 2. Identify the gene(s) expressing the ESTs and download their sequences:
· To visualize the BLAST hit on the genome using Genome Data Viewer, click on “Genome Data Viewer” in “Related Information” next to the Alignment. 
· Several tracks are displayed (BLAST Results for:, Genes NCBI, Genes Ensembl, dbSNP, Cited variants, Live RefSNPs, RNA-seq). Take your time to read the information on the page and try out things!

· In the top blue bar, what information is given? Which gene is displayed?
· It might be that this bar is absent, or the “gene track” could not be loaded… if you click (one of) the “Genes” tracks you can alter the settings and perhaps find information on the gene..
· If you point your mouse on the double arrows, so the mouse symbol changes to a hand, you see what would happen if you would click. 
· Try clicking or hovering over the different exons? What do you see

· If you have clicked on an exon, how can you return to the original view?

Hint: Look in the bar starting with [image: image2.png]D 2 nc_000006.12+




· Try out the options in the configuration bar (the light-grey bar starting with [image: image3.png]D 2 nc_000006.12+



). Point your mouse and wait for the pop-up to get information.
Question 3

The BLAST hit (red ‘Query’ region) is in one of the exons of the HFE gene annotated on the human genome.  Which genes are located around the HFE gene?
Answer 3

Zoom out and in (back to the original view)
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· Display the entire HFE gene sequence by pointing your mouse in the Genes track on the green exon, wait for the pop-up and select the link behind the “FASTA View”. Feel free to explore the other options.
Step 3. Determine whether the ESTs contain known SNPs:
· Go back to the BLAST results page and to the Alignment. 
· Click on the 'Graphics' link for the Range (NOT the top ‘Graphics’ link!). 
· You get a similar graphics, and now also a red bar in the ‘Blast’ track. What would that signify?
· Now add the Variation track from the Configure menu ([image: image5.png]Lrracks



), halfway the 2 panels  (by selecting the Variation track, and selecting’ for example to display SNPs from the ‘1000 Genomes Phase 3’ in release 154 v2 of dbSNP). Click on Configure. Either by clicking on this new ‘SNP’ track or by selecting ‘Configure tracks’ from the Configure menu you can change the rendering options associated with the SNP track (for now choose ‘Show variants with labels’)
Now two panels are displayed, the top panel show your BLAST hit, the lower panel provides tracks for the Sequence, SNP, Genes and the BLAST Result for: Nucleotide Sequence. Both panels are separated by a line on which you find a Find button, a Configure button etc.
· Zoom in on the blast hit area by right clicking on the red bar in the Blast Results track and selecting ‘Zoom To Sequence’ or select ‘Zoom on Range’ in the pop-up window. There are many SNPs in the area, one of them is rs1800562. Hoover with your mouse on the link for this SNP and select the link to rs1800562 from the ‘SNP summary’ in the ‘Links & Tools’ item at the bottom. 
Question 4
Which SNP is shown for contig NC_000006.12? At which position? Is this the same nucleotide variation found in the BLAST result? How does this SNP affect the protein sequence? What type of mutation is this?
Answer: There is an A/G SNP is at the nucleotide position 26033141 on the contig NT_007592 as mentioned under Fasta sequence and Integrated maps. This is the same nucleotide variation found as in the BLAST step. This SNP changes codon TGC to TAC which causes a change in amino acid from C [Cys]  ⇒ Y [Tyr]. This is a missense mutation: a mutation that changes the amino acid.
Step 4. Determine whether the mutant HFE gene causes a phenotype:
· Hoover with your mouse on the gene within the ‘Genes’ track to open the pop-up and select the link to OMIM record for HFE: ‘View MIM: 613609’ from the ‘Links & Tools’ item. (This can also be achieved using the Genome Data Viewer by using the ‘Genes, NCBI’ track).
· Go to the section ' Allelic Variants' and choose the table view.
Question 5
Do you see the SNP that we identified? Does our SNP also cause other phenotypes? Which?
Answer:The rs1800562 SNP is listed and also the amino acid change is (Cys --> Tyr). Note that the table only represents selected examples. Other phenotypes include e.g., alzheimer and microvascular complications of diabetes.

· Go back to the full OMIM record of the HFE gene.
· Go to the hemochromatosis record (235200) in the OMIM database. 
Question 6
What type of information is listed in this record?

Answer: In addition to (molecular) biology / genetics information this record also includes clinical features.
Step 5. Retrieve additional information about the HFE gene (using Entrez)
· Go to the NBCI home page and enter the following query in the search box:
· HFE AND homo sapiens
· This will retrieve records from the NCBI databases about the HFE gene.
· From the results page, select the 'Gene' database and go to the record of the HFE gene.
Question 7
What is the location and orientation of the HFE gene on the human genome? List the genes adjacent to it. How many alternatively spliced products have been annotated for the HFE gene when the RefSeq mRNA entries were reviewed? What is a RefSeq sequence? List some of the HFE gene aliases. What is the name and function of the protein encoded by the HFE gene?
Answer: 

Location: chromosome 6. Start position 26.087.429 (in GRCh38)
Orientation: + strand

Neighbouring genes: HIST1H3C, HIST1H1C, HIST1H4C, HIST1H1T

RefSeq sequences: At least 9 RefSeq sequences mentioned corresponding to 9 alternatively spliced products (proteins). This is what is stated in the summary, but you see 11 splice variants in the graphical view.
RefSeq: the Reference Sequence (RefSeq) collection aims to provide a comprehensive, integrated, non-redundant, well-annotated set of sequences, including genomic DNA, transcripts, and proteins.
Aliases:  HH; HFE1; HLA-H; MVCD7; TFQTL2

· Preferred Name of protein

· hereditary hemochromatosis protein

· Other names of protein

· hereditary hemochromatosis protein

· high Fe

· MHC class I-like protein HFE

· hereditary hemochromatosis protein HLA-H

Function of protein (click on the link to the UniProt database. Record Q30201)

· Function: Binds to transferrin receptor (TFR) and reduces its affinity for iron-loaded transferrin

Step 6. Elucidating the biochemical and structural basis for the function of the wild type and mutant proteins
A. Visualization of cysteine 282 on the structure of the hemochromatosis protein
· Go to the Entrez system and retrieve the protein with accession number NP_000401 associated with the longest splice variant NM_000410. 
· Select “Related Structures” from the “Related Information” menu. Note: choose the 'summary' and not the 'list' link. This might take a while…
· It might be that the ‘summary’ link is very slow … you could also choose the ‘list’ option and then select the ‘1AZ6’ entry (it is the protien structure without anything else in there …)
· Set the filters to “All similar MMDB” and sort by “Sequence Identity”. Refresh the display. The entry 1A6Z chain A provides the structure of part of human hemochromatosis protein. You should now see something like the following screen:
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Figure 1. Related Structures.
· Click on the first thumbnail representing the related structure. You should now see something like the following screen:
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Figure 2. Detailed view of the 1A6Z_A entry
· View structure and alignment in Cn3D. This downloads its 3D structure and the sequence alignment with the query protein. 
· Zoom in to the area of the disulphide bridges (colored in yellow) by pressing "z" on the keyboard. You can use the mouse to rotate the structure. Shift-mouse will translate the structure. See the menu for other options. Choose the ball and stick representation. Color by element.
· Select the last cystein residue in the alignment. This will show the highlight the cystein residue in the 3D structure. This is the cysteine at position 282. It is the same cysteine that is mutated to tyrosine causing the hemochromatosis phenotype.
B.  Visualization of hemochromatosis protein and beta-2-microglobulin complex 

(Fig. 3)
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Figure 3. The interaction of hemochromatosis protein with beta-2- microglobulin allows cell surface presentation of the complex. Once on cell surface, the hemochromatosis protein regulates iron absorption by regulating the interaction of the transferrin receptor with transferrin. Bacon et al. Gastroenterology,  116:193-207

· Return to the sequence alignment (Related Structures) page.
· Next select the PDB record, which can be accessed through the “1A6Z” link on the MMDB page. Four chains are shown. The chains A and C represent the human hemochromatosis protein, while chains B and D represent human beta-2- microglobulin. 
Choose one of two scenarios (or try them both!): 
· 1) View the structure of the complex by clicking on the ‘Download’ button on the MMDB page. This will either directly launch Cn3D or you have to manually start Cn3D and load the structure file. For easier viewing, remove the helix and strand objects using Style-Edit Global Style -- unclick the boxes next to the Helix objects and Strand objects. To distinguish between the individual chains, select “Molecule” as the Color Scheme for the protein backbone.  Click on the “Apply”, then “Done” buttons.
· 2) View the structure of the complex by clicking on “full-featured 3D viewer” within the ‘Molecular Graphic’ window on the MMDB page. This will open a new window for interactive viewing of the structure. For easier viewing, you might remove the Ribbon style using ‘Style – Proteins’ -- unclick the box next to ‘Ribbon’ and select ‘C Alpha Trace’. To highlight the disulfide bridges use ‘View – Disulfide Bonds’ and select ‘Show’
· Try out a couple of other things (change colours, display side chains, secondary structure of the protein etc.)
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