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Abstract: A genome is the collection of DNAs that comprises an organism Each individual organism’s
genome contains the genes and other DNA elements that ultimately define its identity. Genomes range in size
from the smallest viruses, which encode fewer than 10 genes, to eukaryotes such as humans that have billions of
base pairs of dans encoding tens of thousands of genes. The recent sequencing of genomes from all branches of
life including viruses, bacteria, archaea, fungi, nematodes, plants and humans presents us with an extraordinary
moment in the history of biology. By analogy, this situation resembles the completion of the periodic table of
the elements in the nineteenth century. As it became clear that the periodic table could be arranged in rows and
columns, it became possible to predict the properties of individual elements. A logic emerged to explain the
properties of the elements, but it still took another century to grasp the significance of the elements and to
realize the potential of the organization inherent in the periodic table. Today we have sequenced the DNA from
thousands of genomes without putting on a lab cost. This process will take decades. A variety of tools must be
applied, including bioinformatics approaches, genetics and cell biology. In this paper, we will analyze the
Genome Sequence to identify disease gens.
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l. INTRODUCTION
A. Problem Overview

The genetic material of all multi-cellular organisms that is the famous double helix of
Deoxyribonucleic-Acid (DNA) which contains all of our genes. In term, DNA is formed of four chemical bases,
pairs of which make the "rungs" of the twisted, ladder-shaped DNA molecules [1]. All genes are created
stretches of these four bases, arranged in several ways and in different lengths. HGP (Human Genome Project)
researchers have decoded the human genome in three major ways:

1. Determining the sequence of all the bases in our genome's DNA.
2. Creating maps that show the locations of genes for major sections of all our chromosomes.
3. Manufacturing what are referred to as linkage maps.

The Human Genome Project (HGP) was the international co-operative research program whose goal
was the entire mapping and understanding of all the genes of human beings. All our genes together are called
genome. The HGP has stated that there are probably about 20,500 human genes [1][2]. Now the completed
human sequence can determine their locations. This final result of the HGP has given the world a resource of
detailed information regarding the structure, organization and function of the entire set of human genes. The
International Human Genome Sequencing Consortium published the primary draft of the human genome in the
journal Nature in February 2001 with the sequence of the entire genome's 3 billion base pairs about 90 percent
completed. A tremendus finding of this primary draft was that the amount of human genes appeared to be
considerably fewer than previous estimates, which ranged from 50,000 genes to as several as 140,000 [3]. The
final sequence was completed and published in April 2003 [3][4].

B. Contributions

The tools created through the HGP also continue to inform efforts to characterize the complete
genomes of many alternative organisms used extensively in biological research project such as mice, fruit flies
and flatworms. These efforts support one another, because most of the organisms have many similar, or
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"homologous,"” genes with similar functions. Therefore, the determination of the sequence or function of a gene
in a model organism, for instances, the roundworm C. elegans, has the potential to demonstrate a homologous
gene in human beings or in one of the other model organisms. These imaginative goals required and will
continue to demand a variety of latest technologies that have made it possible to relatively rapidly construct a
primary draft of the human genome and to continue to refine that draft. These techniques include:
o DNA Sequencing
e  The Employment of Restriction Fragment-Length Polymorphisms (RFLP)
e Yeast Artificial Chromosomes (YAC)
e  Bacterial Artificial Chromosomes (BAC)
e The Polymerase Chain Reaction (PCR)
e  Electrophoresis

Therefore, advanced methods for widely disseminating the data generated by the HGP to scientists,
physicians and others, is important in order to make sure the most rapid application of analysis results for the
advantage of humanity. Biomedical technology and research are particular advantages of the HGP.

In our paper, we will introduce the ways to identify disease genes from the expressed sequence data
such as that may have been obtained from patients. Firstly, provides an introduction to the human genome
assembly and the resources such as:

e Basic Local Alignment Search Tool (BLAST)

e Genome Data Viewer (GDV)

e Single Nucleotide Polymorphism database (dbSNP)

e  Online Mendelian Inheritance in Man (OMIM)

Then demonstrate of these resources to the identification of genes related to disease Hemochromatosis.

C. Proposed Solutions

To analysis the human genome sequences
To identify the hidden message in DNA
To identify the disease genes

1. HEMOCHROMATOSIS

Hemochromatosis (HE-mo-kro-ma-TO-sis) is a disease in which an excessive amount of iron builds up
in your body (iron overload). Iron is a mineral which found in many foods. An Excessive amount of iron is toxic
to your body. It will poison your organs and cause organ failure [5]. In hemochromatosis disease, iron can build
up in most of your body's organs, but particularly in the liver, heart, and pancreas. An excessive amount iron in
the liver can cause an enlarged liver, liver failure, cancer of liver, or cirrhosis (sirRO-sis). Cirrhosis is scarring
of the liver that causes the organ to not work well. An excessive amount of iron in the heart can cause irregular
heartbeats referred to as arrhythmias (ah-RITH-me-ahs) and heart failure [6][7]. An excessive amount of iron in
the pancreas can lead to diabetes. If hemochromatosis is not treated, it may even cause death.

A. Signs, Symptoms, and Complications

Hemochromatosis can affect several parts of the body and cause various signs and symptoms. Many of
the signs and symptoms are just like those of different diseases. Signs and symptoms of hemochromatosis
typically do not occur until middle age. Firstly, women are more likely to have possessed general symptoms
such as fatigue (tiredness). In men, complications such as diabetes or cirrhosis (scarring of the liver) often are
the primary signs of the disease [6]. Signs and symptoms conjointly vary based on the severity of the disease.
Common signs and symptoms of hemochromatosis embrace joint pain, fatigue, general weakness, weight loss,
and stomach pain. Not everyone who has hemochromatosis has the same signs or symptoms of the disease.
Estimates of what number of people develop signs and symptoms vary greatly. Some estimates recommend that
as many as half of all people who have the disease do not have signs or symptoms [7].

B. Risk factors

There are some known risk factors for hemochromatosis:

e Genetic factors: Having two copies of a mutated "high iron" or, HFE gene, is the greatest risk factor for
hereditary hemochromatosis. The person inherits one copy of the mutated HFE gene from each parent. H
refers to high, and FE means iron.

e Family history: A person with a parent, child, brother, or sister with hemochromatosis is more likely to have
it.
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e Ethnicity: People of British, Scandinavian, Dutch, German, Irish, and French ancestry have a higher risk of
having the HFE gene mutation and of developing hemochromatosis.

e Gender: Men are significantly more likely to develop hemochromatosis than women, and they tend to
experience signs and symptoms between the ages of 40 and 60 years, while women are more likely to
develop it after menopause.

C. Primary hemochromatosis: A genetic mutation

Every living organism has genes. Genes are a set of collection of instructions that decide what the
organism is like, how it survives, and how it behaves in its environment. A mutation in one gene can change the
way the body works. HFE is the gene that controls the amount of iron we have tendency to absorb. The two
common mutations in the HFE gene are C282Y and H63D [7]. In the U.S., most people with inherited
hemochromatosis have inherited two copies of C282Y, one from the mother and the other from the father.
Around 31 percent of people with two copies of C282Y develop symptoms by their early fifties. A person who
inherits only one gene with the C282Y mutation is not demonstrated to develop iron overload syndrome,
although they will probably absorb a lot of iron than normal, and they will be a carrier. If both parents are
carriers, there is a 1 in 4 chance of inheriting two mutated genes, one from each parent. However, some people
with two copies of the C2H2Y mutation never experience symptoms. Some individuals may inherit one C282Y
and one H63D mutation. A small proportion of these people will develop hemochromatosis symptoms.
Inheriting two copies of H63D is rare. Having two copies of the H63D mutation may increase the risk of
developing hemochromatosis, but this is not confirmed. Men with HFE defects can develop symptoms from the
age of 40, but in women, symptoms normally appear after the menopause [8].

D. Hemochromatosis Complications

If hemochromatosis is not found and treated early, iron builds up in your body and may lead to:

e Liver disease, including an enlarged liver, liver failure, cancer of liver, or cirrhosis (scarring of the liver)
Heart problems, such as arrhythmias (irregular heartbeats) and heart failure

Diabetes, particularly in people who have a family history of diabetes

Joint damage and pain, including arthritis

Reproductive organ failure, such as erectile dysfunction (impotence), shrinkage of the testicles, and loss of
sex drive in men, and absence of the menstrual cycle and early menopause in women

Changes in skin color that build the skin look gray or bronze

e Underactive pituitary and thyroid glands

o Damage to the adrenal glands

I1l. GENERAL PROTOCOL AND REQUIRED RESOURCES
A. Outline of Steps
Compare the sequences of ESTs from a patient to the sequences of the human genome (using Basic Local
Alignment Search Tool [BLAST]).
2. ldentify the genes aligning to the ESTs and download their sequences (using Map Viewer).
Identify whether the EST sequences contain any known SNPs (using dbSNP).
4. Determine whether a gene variant is known to cause a phenotype (using Online Mendelian Inheritance in
Man [OMIM]).

Thus, starting from the transcribed sequences derived from patients, we will obtain information about

expressed genes and determine whether these genes contain known variations that lead to the disease phenotype

[8].

B. Descriptions of Resources

Used NCBI assembles component sequences from the human genome sequencing project into longer
sequences called contigs whose accession numbers begin with prefix “NT . NCBI also performs a number of
annotations on the assembly to identify genes, transcripts, clones, repeats, markers, and SNPs. NCBI releases
the updated human genome assembly or the new “Build” periodically. For more information about the human
genome  assembly and  annotation, reference no [7]. and the help  document
(http://www.ncbi.nlm.nih.gov/mapview/static/humansearch.html).This project use of NCBI resources such as
BLAST, Map Viewer, dbSNP, and OMIM as tools to identify disease genes [7][8].

=

w

C. BLAST

BLAST provides a method for rapid searching of nucleotide and protein databases for similarities with
a query nucleotide or protein sequence. The human genome BLAST page at
(http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9606) provides centralized access to
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the NCBI human genome assembly and annotated transcript and protein sequences. The BLAST output links
directly to the Human Genome Data Viewer, where database hits can be analyzed in their genomic context to
see the relationship with other annotated features.

D. Genome Data Viewer

The Genome Data Viewer (https://www.ncbi.nlm.nih.gov/genome/gdv/) allows us to view and search
an organism’s complete genome [9]. It shows integrated views of a collection of genetic, physical, and sequence
maps for annotated genes, expressed sequences, SNPs, and other features, and, thus, is a valuable tool for the
identification and localization of genes that contribute to human disease[10][11].

E. dbSNP

NCBI’s SNP database (http://www.ncbi.nlm.nih.gov/SNP/) contains both single nucleotide
substitutions, and short deletion and insertions [12]. The data in dbSNP are integrated with other NCBI genomic
data. SNPs are aligned to the human genome and the locations of SNPs with respect to the annotated genes and
MRNAs are identified.

F. OMIM

OMIM (http://www.ncbi.nIm.nih.gov/entrez/query.fcgi?db=OMIM) is the database of human genes
and genetic disorders developed and edited by Dr. Victor A. McKusick and his colleagues at Johns Hopkins and
elsewhere, and adapted for the Internet by NCBI (Note 1 about Online Mendelian Inheritance in Animals) [13].

IV.  Methodology and Result Analysis
We will identify the hemochromatosis disease genes, which is characterized by an iron overload.
Consider that we are working on the hemochromatosis disease and needs to obtain information about the gene(s)
causing the phenotype. The following steps will describe the analysis of EST sequences that might have been
obtained from a hemochromatosis patient. Sample procedures are given below:

Collect EST sequence

v

Compare ESTs to
Human Genome

v
Identify the genes
Expressing the ESTs

l

Determine whether the

Determine whether the
HFE Gene variantis
known to cause a
disease phenotype

ESTs contain known —  »
SNPs

Fig. 1. Flow diagram of the methodology

Step 1: The EST sequences are given below:
TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTCG
GGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATG
CCAAGGAGTTCGAACCTAAAGACGTATTGCCCAATGGGGATGGGACCTACCAGGGCTGGATAACC
TTGGCTGTACCCCCTGGGGAAGAGCAGAGATATACGTACCAGGTGGAGCACCCAGGCCTGGATCA
GCCCCTCATTGTGATCTGGG
Step 2: Compare ESTs to The Human Genome 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. The
specialized BLAST page for searching against the annotated human genome assembly is at
(http://www.ncbi.nlm.nih.gov/genome/seq/BlastGen/BlastGen.cgi?taxid=9606). We can concatenate a number
of EST sequences to run the search as a batch. However, we will use only one EST sequence as a query for this
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analysis. Paste the patient’s EST sequence in the query box of the BLAST page and select the “Refseq genome”
database from the pull-down menu and use the default program Mega Blast [9][11].

BLAST > blastn suite
Homo sapiens (human) Nucleotide BLAST

blastn | blastp | blastx | tblastn | tblastx |

BLASTN programs search ide using a ide query. more...

Enter Query Sequence
Enter accession number(s). gi(s). or FASTA sequence(s) & Clear Query subrange &

TGCCTCCTTTGGTGAAGGTGACACATCATGTGACCTCTTCAGTGACCACTCTACGGTGTCGGGCCTTGAACTACTA
CCCCCAGAACATCACCATGAAGTGECTGAAGGAT AAGCAGCCAATGGATGCCAAGGAGT TCGAACCTAAAGACGTA From il
TTGCCCAATEGEGATGGGACCTACCAGGECTGGATAACCTTGGCTGTACCCCCTEGGGAAGAGCAGAGATATACGT

ACCAGGTGEEAGCACCCAGGCCTEEATCAGCCCCTCATTGTGATCTGGE To :l

=
Or, upload file Choose File | No file chosen (=)
Job Title

Enter a descriptive title for your BLAST search &

Choose Search Set
Database

¢+ | RefSeq Genomic ¥ | (25161 sequences) &

Exclude ) Models (XM/XP)

Optional

Entrez Query [ ‘
Optional

Enter an Entrez query to limit search &

Program Selection

Optimize for @ Highly similar sequences (megablast)
) More dissimilar sequences (discontiguous megablast)
) Somewhat similar sequences (blastn)
Choose a BLAST algorithm &

- BLAST Search database RefSeq Genomic - Homo sapiens using Megablast (Optimize for highly similar sequences)
=) show results in a new window

Fig. 2. Step 2 Compare ESTs to the Human Genome

Start the search by clicking on the “Blast”. The BLAST results page shows only one match to the
contig sequence NT_007592.16 on chromosome 6 in the human genome Build GRCh38.p12 Primary Assembly.
In certain cases, there may be multiple matches to the human genome assembly.

B Download ~ GenBank Graphics

Homo sapiens chromosome 6 genomic scaffold, GRCh38 p12 Primary Assembly HSCHRGE_CTG1
Sequence ID: NT_007592 16 Length: 58393888 Number of Matches: 1

Range 1: 260326385 to 20032960 GCenBank Graphics

Score Expect Gaps Strand

505 bits(273) 1=-140 0/275(0%) Plus/Plus

Query 1 TGCCTCCTTTGGTG. GGETG TGACCTCTTCAGTGACCACTCTACGETGTC (=1}

svjet 2seszess  TeeetelHHEMAMSH AL AU HIH UL L L LILH AL 2a0s27aa
Query 61 GEGCCTTGAACTACTACCCCCAGAACATCACCATGAAGTGGC TGAAGGATAAGCAGCCAA 128
soict 26632745  GbetlHEAMTALTALLL LA UL AU A ALl LLL 26032504
Query 121 TEGATGCCAAGEAGTTCGAACCTAAMAGACGTAT TGCCCAATGEGEATGEOACCTACCAGS 188
svict 2ceszses  ToeAtSlEAMMLHIMI LG AL LML, 2052504
Query 181 GCTEGATAACCT TEECTGTACCCCCTOGEEGAAGAGCAGAGATATAGTAC MGG T EGEAGTC 248
sojet 26632865 eirebatadcirrescrdtAldldb S A S Tt el duderelidl  2casz02a
Query 241 ACCCAGGCCTGEATCAGCCCCTCATTGTGATCTGEE 276

svjct 2seszezs  ALLASMLLELMAMILILUHA I 26032060

Fig. 3. The alignment of the query EST sequence (indicated by “query”) and the matched sequence from
chromosome 6 (indicated by “sbjct”) shows that the EST sequence is only 99 % identical to the genomic
sequence.

Note the location of the nucleotide that is different between the two sequences (a G to A variation at the
nucleotide 26,032,913 of the contig NT_007592.16 and nucleotide 26,092,913 of the contig NC_000006.12).
Click MSA viewer menu
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o
BLAST > blastn suite » RID-8UY7S3Y1015

Home

BLAST Results

Edit and Resubmit

Save Search Strategies

Job title: Nucleotide Sequence

RID B8UY753Y1015 (Expires on 03-18 06:30 am)
Query ID lcl|Query_242817 Database Name RefSeq Genomic
Description MNone Description Homo sapiens RefSeq Genomic
Molecule type nucleic acid Program BLASTN 2.9.0+ p Citation
Query Length 276

& Formatting options

> Download

Other reports: & Search Summary [Taxonomy reports] [Distance tree of results]|[MSA viewer] |

& Graphic Summary

Distribution of the top 3 Blast Hits on 3 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores

<40 W40-50 W s0-80 We0-200 W =200
1 50 100 150 200 250

© Descriptions

Fig. 4. BLAST result

Then we see the mismatch sequence and it’s contig and nucleotide positions. The difference may be
due to a sequencing error in the low-quality EST sequence or it may represent a real SNP in the human genome.

% NCB[ Home PubMed GenBank BLAST

Multiple Sequence Alignment Viewer 1

Alignment
Link To View | f

I T O O O I I I z1p mW W MW Bp 20
9 212-250(39basesshown) | QI C)| - i+ m ¥, Downlozd + | £§ Tools v
Sequence ID Sart o 24 26 28 W W W W W W M B4 N6 W M M W U M 250[E"d Organism

| L: s % 2 L 5 2 i M L L % R |
Query 242817 (#)1¥]1 AGAG T6G6AGCACCCAGGCTCT
NG 0087202 ()[¥]10405 |ARGIATG TGGAGCACCCAGGCCT Homo sapiens
NC 00000612 (+)[¥126,092 6l AT G ATG S 0 VI o I8 o i O/ Homo sapiens
NT 007592.16  (+}]¥[26,032,6/ A" G A G TGGAGCACCCAGGCTCT

\J

DNA: 212 - 250 (39 bases shown) | 1% 1y

NC_000006.12 (170,805,979 bases) NT_007592.16 (58,393,888 bases)

Organism: Homo sapiens (human)
Sequence title: Homo sapiens chromosome 6,

GRCh38.p12 Primary Assembly

Alignment Pos: 223
Sequence Pos: 26,092,513

Organism: Homo sapiens (human)
Sequence title: Homo sapiens chromosome 6 genomic
scaffold, GRCh38,p12 Primary Assembly
HSCHR6_CTGL
Alignment Pos; 229

Sequence Pos: 26,032,513

Fig. 5: Multiple Sequence Alignment Viewer Result
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Step 3: Identify the Genes Expressing the ESTs and Download Their Sequences

Homo sapiens: GRCh38 (GCF_000001405.26) Chr 6 (NC_000006.12): 26.092,646 - 26,092,998

Reset sl Share this page FAQ  Help  Browser Agreemen t  Wersion 4.7.1
pzs p2a pzE p2Z3 p2z2 P23 p212 pzI1 P12 pnz an a2 @z qa as  qEl qEz g azz1 qzz.3 qZ31 q23.3 qz4 a2E1 qzE3 28 qI7

44 | Region~ |HFE ¥ NM_000410.3 v
Gene Transcript

M |4 ®eeecee®

Exons: click an exon above to zoom in, mouse over io see detsils

~  BLAST Alignment Inspector Query_242817: undefined ? X
Query ©| Length | Score | Gaps | Identity | Hit overview

Strand: (+)

M 0O0£10.2
1 > 276 276 505 0% 29% 26.082,685 > 26,092,960

43 T2 Nc_ooooosaz~ <O Op | & T ATe == = R Tools ~ | 4 Tracks ~ & P -
o

|26.852, 658 |26.692 7en |26.852 758 |26 B9z sEa [e6.8592 B58 |26 B9E gea |25.892 958

|z6.052 550 |z5.032 700 |z5.052 750 |z5.m3z s0a |zE.052 550 |25 B9z 300 |z6.832 350

NC_000006.12: 26M..26M (353bp) " 4F Tracks shown: 8/685

Fig.6. Genome Data Viewer display of the Basic Local Alignment Search Tool. The four maps displayed in
this view, Model, RNA, Gene-seq, Contig, are highlighted by rectangles.

We will now take advantage of the NCBI annotation of the human genome assembly to identify the
gene corresponding to the EST by using the Genome Data Viewer. To visualize the BLAST hit on the genome
using Genome Data Viewer, click the “Genome Data Viewer” button of the BLAST results page, then on the
Map element “NC_000006.12.” Currently, it should be displayed (Model, RNA, Genes seq and Contig).

The Genes seq map shows the “known” genes annotated by alignment of EST and/or mRNA sequences
to the assembly. The Contig map shows the assembled genome contig sequence in the region, the Model map
shows the Ab initio model genes predicted by the NCBI’s program Gnomon and the RNA map shows the
alignments of the known alternatively spliced transcripts. The BLAST hit, indicated by the red bar, is within the
region of one of the exons of the HFE gene annotated on the human genome sequence. The thick bars in the
Genes seq map indicate the exons and the thin lines joining them indicate introns of the gene. Zoom out several
times until the user sees the entire HFE gene structure by clicking on the gray line and selecting option “Zoom
out 2 times” from the menu that appears. The query EST represents a known gene, HFE. The orientation of the
arrow next to the gene link indicates the orientation of the gene on the forward or the reverse strand. A gene
annotated on the forward strand is indicated by an arrow pointing downward whereas a gene annotated on the
reverse strand is indicated by an arrow pointing upward. The HFE gene is annotated strand of chromosome 6.

The current map, Genes seq map, has links to resources that provide more information about the HFE
gene such as OMIM, sv(Sequence Viewer), pr (Reference Proteins), dl (Download Sequence), ev (Evidence
Viewer), mm (Model Maker), and hm (Homologene). Display the entire HFE gene sequence by clicking on the
download “dl” link and then on “Display” on the next page (Notes 8 and 9). Note the accession number of the
longest transcript, NM_000410. We will use this information in the next step.

Step 4: Determine Whether the ESTs Contain Known SNPs Go back to the Genome Data Viewer report:
In this case SNPs. Zoom in on the blast hit area by clicking on the map line next to it and choosing the
appropriate zoom level. There are one SNPs in the area; rs1800562.

International organization of Scientific Research 61 | Page



Analysis of Human Genome Sequences to Identify Disease Genes

Homo sapiens: GRCh38 (GCF_000001405.26) Chr 8 (NC_000006.12): 26,092,646 - 26,092,998
) ResetAll  Sharethispsge  FAQ  Help  Browser Version 4.7.1
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:-—-'L-—_—_:_ _:-:-:-:-:__-___-__—x 0 1 = ==
T 1
# | Region~ | HFE v | [mm_ooDa103 v W 4> eeecee
Gene Transcript Exons: click an exon above to zoom in, mouse over to see details
+/ BLAST Alignment Inspector Query_242817: undefined 2 x|
Query = Length | Score | Gaps | Identity | Hit overview
Strand: (+)
NM 0004102
278 =05 0% s 26,092,685 > 26,092,960
> =
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NC_O00006.12: 26M..26M (353bp)

Fig. 7. Finding The HFE gene is annotated strand of chromosome 6

~ ldeogram View
Unplaced/unlocalized scaffolds: 169 - | {
¥) = NC_000006.12 ~ <,“_1 l:.'>w |
Alt loci/patches: 261 s = K *Q
|26.892.880
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17 18 19 20 21 22 X Y MT
- -
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C Location, gene or phenotype = rs915273578 r=11633563 I
Enter a location, gene name or ohenaotune rs369354
» S 1O rs1800562
Variation ID: rs1800552
>
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— - [ Genomic focations]

- - GCF_000001405.38: NC 000005.12 @ 26092913

SVWENS5MO15 (Query_18913) GCF_000001405.25: NC_000006.11 @ 26093141
[Links & Toaols]

SNP summary: rsi800582
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Alignments ,@ N v o
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Fig. 8. Genome Data Viewer display, containing the variation and Genes_seq maps, zoomed in the region of the
Basic Local Alignment Search Tool (BLAST) hit in Subheading 5. There are two SNPs, rs1800562.
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Then we check,

File Edit

Format

View

Help

TCCTCATCCT
CGGTGTCGGG
GTTCGAACCT
AGCAGAGATA
R

CCAGGTGGAG
ATCTATTGGG
CTGAGGGTGG
ATCAGTGGAA

[Efietestaen

genic
TCCTCTTTICC
CCTTGAACTA
AAAGACGTAT
TACGT

CACCCAGGCC
GGTTGAGAGG
CAATCAAAGG
TTIGCT

TGTCAAGTGC
CTACCCCCAG
TGCCCAATGG

TGGATCAGCC
AGTGCCTGAG
CTTTAACTITG

CTCCTTTIGGT
AACATCACCA
GGATGGGACC

CCTCATTGTG
GAGGTAATTA
CTTTITICTGT

GAAGGTGACA
TGAAGTGGCT
TACCAGGGCT

ATCTGGGGTA
TGGCAGTGAG
TTTAGAGCCC

CATCATGTGA
GAAGGATAAG
GGATAACCTT

TGTGACTGAT
ATGAGGATCT
TCACCGTCTG

CCTCTTCAGT
CAGCCAATGG
GGCTGTACCC

GAGAGCCAGG
GCTCTTIGTT
GCACCCTAGT

800562 rs=1800562|pos=256]len=511|taxid=9606|mol="genomic” |class=snp|
build=151]lallele origin=G(germline)/A(germline) |suspect=7|GMAF=A:63:0.0126]

GACCACTCTA
ATGCCAAGGA
CCTGGGGAAG

AGCTGAGAAA
AGGGGGTGGG
CATTGGAGTC

Fig. 9. FASTA sequence section of the SNP entry rs1800562. The A/G allele in the SNP,
definition line on the record, is highlighted by a rectangle.
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Fig. 10: Integrated maps section of the SNP entry rs1800562. The location of the SNP, nucleotide position
26092913 on the contig NC_000006.12 of the reference assembly, is highlighted by a rectangle.

IGene Model (mRNA alignment) information from genome sequence +
Total gene model (contig mRNA transcript): 1
mrna transcript protein mrna orientation Contig Contig Label List SNP

Ni_000410.3 plus strand NP_000401.1 forward NT_0075%2.16 GRCh38.p7 =<- currently shown

XM_011514543.2 plus strand XP_011512845.1 forward NT_007592.16 GRCh38p7 View snp on Genellodel
NM_139011.2 plus strand NP_G20550.1 forward NT_007592.16 GRCh38p7 View snp on Genelodel
NM_139010.2 plus strand NP_G20579.1 forward NT_007532.16 GRCh38p7 View snp on GenelModel
NM_139009.2 plus strand NP_G20575.1 forward NT_007532.16 GRCh38p7 View snp on GenelModel
NM_139008.2 plus strand NP_G20577.1 forward NT_007532.16 GRCh38p7 View snp on GenelModel
NM_139007.2 plus strand NP_G20576.1 forward NT_007532.16 GRCh38p7 View snp on GenelModel
NM_139006.2 plus strand NP_G20575.1 forward NT_007532.16 GRCh38.p7 View snp on GeneModel
NM_139004.2 plus strand NP_G20573.1 forward NT_007552.16 GRCh38.p7 View snp on GenelModel
NM_139003.2 plus strand NP_G20572.1 forward NT_007532.16 GRCh38p7 View snp on GeneModel
Mhd NO1300749 1 nlie strand MNP MN1287R78 1 fanwsard KNT NOTRAG? 16 GRChIANT  View ann nn Ganaldadal

Fig. 11. Gene Model (mRNA Alignment) information from genome sequence
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This is the same nucleotide variation on the contig NT_007592.14 found in the BLAST result in
Subheading 5.1 (26092913 G to A). To identify whether this change represents a change in an encoded amino
acid, we will refer to the GeneView panel. This view shows the location of the SNP in the alternatively
spliced products annotated on all the assemblies. It also provides information at the protein level; the amino
acid number and the change in the sequence, if any. Refer to the panel for the longest transcript, transcript
variant 1 NM_000410.3, on the reference assembly contig NT_007592.16. The SNP would result in the
change of 282nd amino acid in the protein NP_000401.1, encoded by the mRNA NM_000410.2, from
cysteine to tyrosine.

GeneView section of the SNP entry rs1800562 for the mRNA NM_000410 alignment on the
reference assembly contig NT_007592. The resulting amino acid change, 282nd amino acid in the protein
NP_000401.1, from cysteine to tyrosine, is highlighted by a rectangle.

Thus, the query EST sequence contains a known SNP in the HFE gene that results in a cysteine to
tyrosine change in the 282nd amino acid (Cys282Tyr) of the protein expressed by the longest transcript variant,
variant 1 (Note 13). The next obvious step is to find out whether the SNP in the HFE gene is known to be
associated with a disease phenotype.

gene model Contig Label Contig mrna p i mrna ori i ipt snp count
{contig mRNA transcript): GRCh38 p7 NT_007592 16 NM_000410.3 NP_000401 1 forward plus strand 335, coding
- - : Amino
Region SN MRNA dbSNP rs#  Hetero- validation MAF Allele gp [Flinically | Clinical  pynction 9BSNP Protein Codon 7o id” pubMed

contig
or reference  C Cys[C] 2 22 | B
contig
op referance  © Cys[C] 2 22 | @
i comig 6 o2 pw | @

reference

Fig. 12. Gene Model (Cotig mRNA Transcript)

Step 5: Determine Whether the HFE Gene Variant is Known to Cause a Disease Phenotype

To determine whether the Cys282Tyr amino acid change is linked to a phenotype, we will access the
OMIM database. Make the Genes_seq map a master map by clicking the arrow at the top of the Genes_seq map.
Click on the OMIM link next to the HFE gene.

Allele description

NM_000410.3(HFE):c.845G>A (p.Cys282Tyr)

Gene: HFE:homeostatic iron regulator [Gene § OMIM 1HGNC]
Variant type: single nucleotide variant
Cytogenetic location: 6p22.2
Genomic location: Chr6: 26092913 (on Assembly GRCh38)
Chr6: 26093141 (on Assembly GRCh37)
Preferred name: NM_000410.3(HFE):c.845G>A (p.Cys282Tyr)
HGVS: NC_000006.12:9.26092913G>A

NG_008720.2:9.10633G>A
NM_000410.3:c.845G>A

..more

Protein change: C282Y; Cys282Tyr
Links: UniProtKB: Q30201#VAR DO4398I OMIM: 613609.0001;ldbSNP: rs1800562
GMAF: 0.0126(A). 1800562

NCBI 1000 Genomes Browser: rs1800562

Fig. 13. Determine the HFE Gene Variant is Known to Cause a Disease Phenotype
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This takes us to the OMIM report for the HFE gene. It describes the relationship between the mutations
in the HFE gene and the hemochromatosis phenotype. Click the Allelic Variants “View list” in the side blue bar
to get information about the mutant proteins from patient.

“613609

Alternative titles: symbols
Table of Contents i

{Porphyria variegata, susceptibility to} 176200

Title HLAH
Gene-Phenotype
Relationships HGNC Approved Gene Symbol: HFE
Text
{ { . 29D { ;. - 626 77280~ 25
tohingand Cytogenetic location: 6p22.2  Genomic coordinates (GRCh38): 6:26,087,280-26,096,215 (from NCBI)
Expression
Nomenclature Gene-Phenotype Relationships view clinical synopses as a table
Biochemical Features
Gene Structure Phenotype Phenotype
Location Phenotype MIM number Inheritance mapping key
Mapping
D 6p222 Hemochromatosis 235200 AR 3
b < [Transferrin serum level QTL2] 614193 3
Molecular Genetics {Alzheimer disease, susceptibility to} 104300 AD 3
Animal Model {Microvascular complications of diabetes 7} 612635 3
‘Allelic Variants {Porphyria cutanea tarda, susceptibility to} 176100 §

Table View

References Y

. PheneGene Graphics ~ L2
Contributors
Creation Date

Edit History TEXT
Fig. 14. Gene Phenotype Relationships

One variant, Cys282Tyr, is reported to cause the hemochromatosis phenotype. The query EST contains
a known variation that would lead to the expression of the Cys282Tyr variant protein associated with the
hemochromatosis phenotype.

6 ] 3609 Download As v

HFE GENE; HFE

Allelic Variants (11 Selected Examples) : All ClinVar Variants

Number * Phenotype Mutation dbSNP ExAC Clinvar

.0001 HEMOCHROMATOSIS, TYPE 1 HFE, [rs1800562] - [RCV000210820...]
PORPHYRIA CUTANEA TARDA, SUSCEPTIBILITY TO, CYS282TYR
INCLUDED

PORPHYRIA VARIEGATA, SUSCEPTIBILITY TO, INCLUDED
HEMOCHROMATOSIS, JUVENILE, DIGENIC, INCLUDED
ALZHEIMER DISEASE, SUSCEPTIBILITY TO, INCLUDED
TRANSFERRIN SERUM LEVEL QUANTITATIVE TRAIT LOCUS 2,
INCLUDED
MICROVASCULAR COMPLICATIONS OF DIABETES,
SUSCEPTIBILITY TO, 7, INCLUDED
.0002 HEMOCHROMATOSIS, TYPE 1 HFE, [rs1799945]  [rs1799945] [RCV000000027...]
MICROVASCULAR COMPLICATIONS OF DIABETES, HIS63ASP

FTICATTTION TV TA 7 INTATTTITN

Fig. 15. The Cys282Tyr change in the HFE protein is associated with hemochromatosis

Allelic variants list section from the Online Mendelian Inheritance in Man report for the HFE gene.
The Cys282Tyr variant, highlighted by a rectangle, is reported to be associated with hemochromatosis.
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V. CONCLUSION

This project describes the steps needed to identify the gene producing an EST obtained from a
hemochromatosis patient, download the gene sequence, identify known SNPs in the gene, and find SNP-
associated phenotypes. The query EST sequence was found to align to contig NT_007592.14 on chromosome 6
with one nucleotide difference (G to A with respect to the nucleotide 16951392 on the contig).The query EST
was found to align to the HFE gene. The query EST sequence contains a known SNP (G/A with respect to the
nucleotide 16951392 on contig NT_007592.14) that results in the Cys282Tyr change in the hemochromatosis
protein expressed by the longest HFE mRNA variant. The Cys282Tyr change in the HFE protein is associated
with hemochromatosis.
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