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 an EST to the human genome (using BLAST).

2. ldentify the gene(s) aligning with the EST and download their
sequences (using MapViewer).

3. ldentify whether the EST contains 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 images of the exercise.

Course developed by : Medha Bhagwat (bhagwat@ncbi.nlm.nih.gov )

Instructor: Majda Valjavec-Gratian (gratian@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 the EST from a hemochromatosis patient to the human genome
(using BLAST).

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

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, 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 =
ATCACCATGAAGTGGCTGAAGGATAAGCAGCCAATGGATGK
CTACCAGGGCTGGATAACCTTGGCTGTACCCCCTGGGGAAG,
CCCTCATTGTGATCTGGG

j

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

-

i of

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 "dI" 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




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. Make the Gene_seq map as the master map.
Select the link to the OMIM database. 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 an EST
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
nucleotide 16951392 on contig NT_007592.14).

Step 4: Mutations in the HFE gene are associated with hemochromatosis.
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Step 1: Compare EST against the human genome.
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>|-ref|NT 007592.14|Hss 7743 m He sapiens chromosome & genomic contig, reference assembly
Length=42345230

Features in this part of subject sequence:

hemochromatosis protein isoform 11 precursor

hemochromatosis protein iscoform 10 precursor

Score = EB0OE bits (E73), Expect = de-141
Identities = EVESETE (99%), Caps = 0/276 (0%)
Strand=Plus/Plus

Query 1 TGCCTCCTTTCOT GARCGTCACACATCATGTCACCTCTTCAGTCACCACTCTACGETGTC &0
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Query 1zl TEGAT GO CAAGEACT T CAACC TARAGACCTATTCCCCAAT GEGRAT GERACCTACCAGE 150
FECETEEET R e e e e e e e e e e e e e e e e e e e e e e
Zbjct 16951724 TGGATGCCAACCAGTTCGAACCTARACACGTATTGCCCAATCCCCATGOCACCTACCAGE 165513432

Query 181 GCTGCATAACCT TGO TGTACCCCCTGOCCALCGAGCACGACATRMTACCTACCAGGTRGAGT 240

(RN RN R AR R RN REE| RAREREERRRENT (REN
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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 EST and download their
sequences
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Haore sapiens (Buld 36.1)
egion to retrieve (in chromosotne coordinates)

Dlhromosome: [B Strand: [plus x|
From [26195427 | adjust by 0K
to |25205035 adjust byl*UK Change Region/Strand |

equence Format IFASTA 'I /

Chis chromosome region corresponds to the gbntig region(s):

Contig start stop  strand
DT 007592 14 16845659 16555310 + Display Save to Disk View Ewidence Modellfalcer

Range: from |1BS45599 to |1895531D Show whole sequence I T " Reverse complemented strand Refresh I
M1 NT 007592 Reports Homo sapiens chro.. [gi:51465675)

Fref|NT_D07552.14|Hs6_ 77459:16945655-16555310 Homo sapiens chromosome 6 genomic contig
GGGGACACTGGATC ACC TAGTGTTTCACAAGCAGGTACCTTC TGC TGTAGGAGAGAGAGALC TAARGTTC
TGAAAGACCTGTTGCTTTTCACCAGGAAGTTTTAC TGGGCATC TCCTGAGCCTAGGCAATAGCTGTAGGG
TGACTTCTGGAGCCATCCCCGTTTCCCCGCCCCCCALLAGAAGCGGAGATTTAACGGGGACGTGCGGCCA
GAGCTGEGGAAATGGECCCGCGAGCCAGGCCOGCGCTTCTCCTCCTGATGC TTTTGCAGACCGCGGTCCT
GCAGGGECGCTTGCTGCGTGAGTCCGAGGGC TGC GGGCGAAC TAGGGGCGCGECGGGGGTGGALAAATCG
AAACTAGCTTTTTCTTTGCGC TTGGGAGTTTGC TAACTTTGGAGGACC TGC TCAACCC TATCCGCARAGCC
CCTCTCCCTACTTTCTGCGTCCAGACCCOGTGAGGGAGTGCC TACCACTGAACTGCAGATAGGGGTCCCT
CGCCCCAGGACCTGCCCCCTCCCCOGGCTGTCCCGGCTCTGCGFAGTGACTTTTGGAACCGCCCACTCCC
TTCCCCC AR TAGAATGC TTTTARATARATC TCGTAGTTCCTCACTTGAGC TGAGC TAAGCCTGHGGCTC
CTTGRACCTGGALCTCGGGTTTATTTCCAATGTCAGCTGTGCAGTTTTTTCCCCAGTCATCTCCALACAG
GALGTTCTTCCCTGAGTGC TTGCCGAGAAGGC TGAGCAALCCCACAGC AGGATCCGCACGGGETTTCCAC
CTCAGALCGAATGCGTTGGGCGETGGGEGCGCGLAAGAGTGGCGTTGGGGATCTGAATTCTTCACCATTC
CACCCACTTTTGGTGAGACCTGGGETGEAGGTC TC TAGGGTGEGAGGC TCCTGAGAGAGGCCTACCTCGG
G TTTC CC CAC T T TG C A AT TG TTC TT T TG T G A A A LT TAAGTATATGTTAGTTTTGAACGTTTCGA
ACTGAACRATTCTCTTTTCGGCTAGGC TTTATTGATTTGCAATGTGCTGTGTALTTALGAGGCCTCTC T
AR GTAC TGATAATGAACATGTAAGC AATGCAC TCAC TTC TAAGTTACATTCATATC TGATCTTATTTG
ATTTTCACTAGGCATAGGGAGGTAGGAGC TAATAATACGTTTATTTTACTAGALGTTAACTGGAATTCAG
ATTATATAAC TCTTTTCAGGTTACAALGAACATARATAATCTGGTTTTCTGATGTTATTTCAAGTACTAC
AGCTGCTTCTAATC TTAGTTGACAGTGATTTTGCCCTGTAGTGTAGCACAGTGTTCTGTGGGTCACACGC
CGGCCTCAGC ACAGCAC TTTGAGTTT TG TAC TACGTGTATCCACATTTTACACATGACALGALTGAGGC
ATGGCACGGCCTGCTTCCTGGCARATTTATTCALATGGTACACTGGGCTTTGGTGGCAGAGCTCATSTCTC

Result: The query EST is expressed by the HFE gene.
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Step 3: Determine whether the EST contains any known SNPs
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NCBI

PubMed Nucleotide Protein Genome Structure PopSet

Search for SNP on NCBI Reference Assembl

Search EmrBZISNF' 'I for Go
Reference SNP(refSNP) Cluster Report: rs1800562
BUILD 127
refSNP ID: rs1800562 Allele Links , Linkout
ism: i i
Organism: human (Homo sapiens) Variation Class: SNF . .
Molecule Type: Genomic single nucleotide polymorphism
Created/Updated in build: 89/126 Alleles: A/G
Map to Genome Build: 36.2 Ancestral Allele: G

[[Fasta sequence (Legend)

=gnl|dhSNP|rs1 8DD562|aIIeIeP05:202|t0taILen:450|taxid:96D6|Snpclass:llalleles:'NG'lmu =Genomiclbuild=113

ATGTGAYCTC TTCAGTGACC ACTCTACGGT GTUGGGECCTT GAACTACTAC CCCCAGAACA
TCACCATGAA GTGGCTGAAG GATAAGUAGT CAATGGATGC CAAGGAGTTC GAACCTAAAG
ACGTATTGCC CARATGGGGAT GGGACCTACC AGGGCTGGAT AACCTTGGCT GTACCCCCTG
GEGAAGAGCA GAGATATACG T

R

CCAGGTGGAG CACCCAGGCC TGGATCAGCC CCTCATTGTG ATCTGGGGTA TGTGACTGAT
GAGAGCCAGG AGCTGAGAAA ATCTATTGGG GGTTRAGAGG AGTGCCTGAG GAGGTAATTA
TGEGCAGTGAG ATGAGGATCT GCTCTTTGTT AGGGGGETGGG CTGAGGGTGG CAATCAAAGG
CTTTAACTTG CTTTTTCTGT TTTAGAGCCC TCACCGTCTG GCACCCTAGT CATTGGAGTC
ATCAGTGG

Jintegrated Maps:
NCBI MapViewer: 121200562 maps exacthy once on NCBI huran ehiotoosome 6

Contig Contig Chremosome  Hit  Contiz Assembly Growp Contig Neighhor SNP flank
arcesal0 3 - orientation Allele Type lahel label SNP  positien
NT 00750214 16851302 26201120 §  plus G ref_asserbly  reference weference view 201
MW 920841 25717681 27322425 plus G alt_sssembly | Celera  Celrm  wiew 201

POS1II0 POSLLL

ICTC T o0 T [T [T [ (0T T T UCIIC F | [ oTe T [ eI T T eEE T | el I T T o CIr s o W IR T ZEIIt:

Group . . .

Label Contig->mRNA Gene Model (contig mRIVA transcript) Color Legend

abe
reference NT 007592-=100 000410 ik
s fimetion r - — 1

fud 1T e o TTRL o HET, |

Group Contig mRNA mRNA dbSNP Protein Codon Amino acid

Contig--=mBNA--=Protein Function

label position orientation pos allele residue pos  pos

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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Step 4:

R g
75 204720 (Gl

EEEEE
] out

Ideogran

NCBI

All Databa:

Search | Ohdlbd

Entrez

Determine whether a mutant HFE gene causes a phenotype

Master Map: Variation
Region Displayed: 26,200EK-26 202K bp
Genes_seq} X] variationX]

Validation Genotypes Avail

Map Gene  Het
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Maps & Options
Download/View Sequence/Evidend|

M 1: +235200

HEMRCHEOMATOSIS, HFE
HFE GENENINCLUDED; HFE, INCLUDED

[T 2: #176200

PCEFHYEIA VARTEGATA
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— T AELEEEE
— eploaTEAT
— rTEEtEIEE—
- callA9asn
rElG007I0
T
— eplaTREE
JRAY T e T —
TFEImEET
— TR
— AR .
HFE + O svprdl mmhmeeds C  6p2l.3 hemochromatosis
— ARG
Locmuzes
— welTAATIT
we15007 05
{;m My NCBI
opkins A
. University [Sign In] [Re
Pubhled H ide Frotein Genome Structure PME IR
hd forl Go | Clear |
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Display | Titles ~|show|20 r|[Sendto =]
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Items 1 -2 of 2 Cine page.

GeneTests, Links

GeneTests, Links
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OMIM Hope
oy Hopkins
Online Mendelian Inheritance in Man 3 =% University

Ohdlhd

Protein me E & FrC

[ Go| Clear|

Fubhded

de
Search | Ohdlbd - | for

| Limits | Previewindex | History | clipboard | Details |

~lshow|20 ~|[sendto 7|

OMIM dBSNF: 1 | OMIM UniSTS: 1

Display | Detailed

|AII: 1

+235200
HEMOCHROMATOSIS: HFE

GeneTests, Links

Alternative titles; symbols

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

Grene map locus 6p21.3

TEXT

DESCRIPTION

The clinical features of hemochromatosis include cithosiz of the bver, diabetes, hypermelanotic pigmentation of the

skin, and heart faure. Primary hepatocellular carcinoma (HCC, 1145500, complicating cirhosts, s responsible for

about one-third of deaths i affected homozygotes. Since hemochromatosis 12 a relatively easily treated disorder of
R T R o £ bl

Inheritance

Mapping

Heterogeneity

Molecular Genetics
notype/Phenotype

Population

Pathoge

Cloning

Biochemical Features
Gene Structure

Gene Function
Nomenclature
Animal Model

History

Creation Date
Edit History

Nomenclature
RefSeq

OMIM

Online Mendelian Inheritance in Man

i Johns
== Hopkins
o Tl University

Protein Genome Stucture

EI Clearl

Pushied

=] for |
|( Limits T Preview/Index T History T Clipboard T Details ]
] show|20 =[Sendto =]
m| OMIM dbSNP: 1 T OMIM UniSTS: 1

+235200
HEMOCHROMATOSIS; HFE

All Databases

Search | OMIM

DispLaylAIIehc Variants

ALLELIC VARIANTS
selected examEIesl

0001 HEMOCHROMATOSIS [HFE, CYS282TYR ] dbSNP

PORPHYRIA VARIEGATA, INCLUDED
HEMOCHROMATOSIS, JUVENILE. DIGENIC, INCLUDED
ALZHEIMER. DISEASE. SUSCEPTIBILITY TO, INCLUDED
0002 HEMOCHROMATOSIS [HFE, HIS63ASP ] dbSNP
0003 HEMOCHROMATOSIS [HFE, SER65CYS ] dbSNP
0004 HFE INTRONIC POLYMORPHISM [HFE, 5569G-A]
0005 HFE POLYMORPHISM [HFE, VAL63MET] dbSNP
0006 HFE POLYMORPHISM [HFE, VAL6SMET] dbSNP
0007 PORPHYRIA VARIEGATA [HFE, GLN127HIS ] dbSNP
0008 HEMOCHROMATOSIS [HFE, ARG330MET]

0009 HEMOCHROMATOSIS [HFE, ILE106THR ] dbSNP
0010 HEMOCHROMATOSIS [HFE, GLY93ARG] dbSNP
0011 HEMOCHROMATOSIS [HFE, GLN283PRO ]

Result: Mutations in the HFE gene are associated with hemochromatosis

disease.

17




Identification of Disease Genes

Problem 2:

http://mww.ncbi.nIm.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 an EST from a sickle cell anemia patient to the human genome
(using BLAST).

2. ldentify the gene(s) aligning with the EST and download their sequences
(using Map 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).

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

One way to identify the genes expressing the ESTs 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, 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:

ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCT CAAAi

4 | gj

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
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sequences. Paste your results in the window below.

Results of BLAST against the human genome

3

j

Step 2. Identify the gene(s) expressing the EST 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 "dI" link, choose minus strand from the pull down menu, click on "Change
Region/Strand" and display the sequence by clicking 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 EST contains 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
numerous 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. Make the Gene_seq map as the master map.
Select the link to the OMIM database. 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?

sSummary:

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 to 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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<, BLAST
=
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<, BLAST
=

Home  Recent Results = Saved Strategies Help
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BLASTN 2.2.16 [Mar-25-2007]

RID: 4KVUZZGY¥0LZ

Database: huwan build 36 genome database (reference assenbly
only)
368 sequences; 2,870,543,0928 total letters

If you hawe any problems or cuestions with the results of this search
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Taxonowy reports
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Score = 259 hits (140), Expect = 4e-67
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Shict 4035542 ACA GCTTCTGACACAACTGTGTTCACTAGCARCCTCARACAGACACCATGGTGLATE 4035483

Query 61 TGACTCCTGTGGAGARGTCTGCCGTTACTGCCCTCTGGGECAAGGTCAACGTGEATGAAG 120
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Sbjct 4035482 TGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTOTGREGCALGGTCAACGTGRATGALG 4035423

Query 121 TTGGTGETGAGGCCCTGGECAGE 143
LEETTEEETEEE el
Sbjct 4035422 TTGGTGGTGAGGCCCTGGGCAGE 4035400

Fratures in this part of subject sequence:
delta globin

SCOLSwme 0% bits (110), Expect = 2e-50

Identities = 1337144 (92%), Gapa = 2/144 [1%)

Arrand=FlusMinus

Query 1 ACA-TTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAALCAGACACCATGGTGCAT 59

POE e et e e ee e ee e e e e e ree e e e el
Sbict 4042954 ACACTTT-CTTCTGACATAACAGTGTTCACTAGCAACCTCALLCAGACACCATGGTGCAT 4042896

Alignments

Get selacted sequencesl Selectalll Deselect all Distance tree of results

>[Mref INT 009237.17Hsll 9394 E'l Homo sapiens chromosome 11 genomic contig, reference assembly
Length=49571094

Gort aligmments for this subject sequence by:
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part of subject sequence:
beta globin

Score 1 bits (92), Expect = Ze-40

Identities = 92/92 (l00%), Gaps = 0/92 (0%)

Strand=Plus/Minus

Query 14l AGGCTGCTGGTHETCTACCCTTGEACCCAGAGGTICTTTGAGTCCTTTGEGGATCTGTCC 200
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Result: Two segments of the EST sequence aligned to four different locations
(corresponding with two individual exons of each- beta globin and delta globin)
on the reference contig NT_009237.17 on chromosome 11.

There is one nucleotide difference (T to A) with respect to the contig position
4035473.



Step 2: Identify the gene(s) expressing the EST and download their
sequences

> BLAST
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AGGTTGGTATCARGGTTACAAGACAGGTTTAAGGAGACCAATAGALAC TGGGCATGTGGAGACAGAGALG
ACTCTTGGGTTTCTGATAGGCACTGACTC TCTC TGCCTATTGGTCTATTTTCCC ACCCTTAGGC TGCTGG
TGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATC TGTCCACTCCTGATGCTGTTATGGS
CAACCCTAAGGTGALAGGC TCATGGCAAGALAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC
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AATAACAGTGATAATTTCTGGGTTAAGGCAATAGCAATATCTCTGCATATALATATTTCTGCATATALLT
TETAACTGATGTAAGAGGTTTCATATTGC TAATAGC AGC TAC AATCCAGC TACCATTCTGCTTTTATTTT
ATGGTTGGGATARGGCTGGATTATTCTGAGTCCAAGCTAGGCCCTTTTGCTAATCATGTTCATACCTCTT
ATCTTCCTCCCACAGCTCCTGGGC AACGTGC TGGTCTGTGTGC TGGCCCATCAC TTTGGCAALAGALTTCA
CCCCACCAGTGCAGGCTGCCTATC AGARAGTGGTGGCTGGTGTGGCTARTGCCCTGGCCCACALGTATCL
CTAAGCTCGCTTTCTTGC TGTCCAATTTCTATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTALACT
GGEGGLTATTATGAAGGGCCTTGAGC ATC TGGATTC TGCCTAATALAARLCATTTATTTTCATTGE

Result: The query EST is expressed by the HBB gene.
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Step 3: Determine whether the EST contains any
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Search for SNP on NCBI Reference Assembly
Search Entrez | SNP j T'orl Go |

Reference SNP(refSNP) Cluster Report: rs334

refSNP ID: rs334 Allele Links , Linkout
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The submission ss48419811 has the longest flanking sequence of all cluster members and was used to mstantiate sequence for rs334 during BLA

SNP Deetails are organized in the following sections:

NCBI A Validation Orientation . : .

Assay ID Handle|Submitter IT) Stabis IStrand Alleles 5" Near Seq 30 bp 3’ Near Se
55335 EXAMPLE|sickle01 fwd T AT sascagacaccatggtgoacctgactootg ggagaagtotgoogtt
55153604% LEEE65712 fwdT AT asacagacaccatggtgcacctgactootyg ggagaagtotgoogtt

AZ20 ILTTI “ i s s nd AT + i " + " Lot e

[Fastasequence (Legend)
=gnl|db SIEP|rs334|allelePos=301totalLen=0601|tazid=5606|snpclass=7 allele s='- A/C/ T |mel=Genomic|build=126

GCAATTTGTA CTGATGGTAT GGGGLCAAGA GATATATCTT AGAGGGAGGE CTGAGEGTTT
GAAGTCCAAC TCCTAAGCCA GTGCCAGAAG AGCCAAGGAC AGGTACGGCT GTCATCACTT
AGACCTCACC CTGTGGAGCC ACACCCTAGG GTTGGCCAAT CTACTCCCAG GAGCAGGGAG
GGCAGGAGCC AGGGCTGGEC ATAAARGTCA GGGCAGAGCC ATCTATTGCT TACATTTGCT
TCTGACACAA CTGTGTTCAC TAGCAACCTC AAACAGACAC CATGGTGCAT CTGACTCCTG
H

GGAGAAGTCT GCCGTTACTG CCCTGTGGGE CAAGGTGAAC GTGGATGAAGS TTGGTGGTGA
GGECOCTEEGEC AGCTTGGETAT CAAGGETTACAE AGACAGCTTT AAGGAGACCA ATAGALACTG
GGCATGTGGA GACAGAGAAG ACTCTTGGGT TTCTGATAGG CACTGACTCT CTCTGCCTAT
TGGTCTATTT TCCCACCCTT AGGCTGCTGS TGGTCTACCC TTGGACCCAS AGGTTCTTTG
AGTCCTTTGG GGATCTGTCC ACTCCTGATG CTGTTATGGG CAACCCTAAG GTGAAGGCTC

l GeneView
GeneView via analysis of contig anmotation: HEE hemoglobin, beta
Click to see [all] [cSDP] [has frequency] [double hut] [haplotype tagged] vanations associated with this gene

f‘a;‘;‘; Contig-~mRNA Gene Model (contig mRNA transcript) Color Legend

reference NT 009237-=1Th 000518 “s
sv function ]

Celera  NW_525006-=1M 000518 s
av function ]

Group Contig->1RN A= Protein Cnr.ltfg mlliNA : mRNA Function dbSNP Prn.tem Codon Amino acid

label position orientation pos allele residue pos  pos

GeneView: no link established by BLAST analysis of mRIVA sequences

Bintegrated Maps:

NCBI MapViewer: rs334 maps exactly once on NCBI human chromosome 11

Contig Contig Chromosome Hit Contig  Assembly  Group Contig Neighbor SNP_flank

Chromosome

accession  position  position  orientation Allele Type label label SNP position
11 NT 009237 17 4035473 5204808 minus T ref_assembly  reference reference wiew 300
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The query EST sequence contains a known SNP (T/A with respect to the
nucleotide 4035473 on contig NT_009237.17).
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Alternative titles; symbols

BETA-THALASSEMIAS, INCLUDED
METHEMOGLOBINEMIA, BETA-GLOBIN TYPE, INCLUDED
ERYTHREMIA, BETA-GLOBIN TYPE, INCLUDED

Gene map locus 11p15.5
TEXT

The alpha and beta loci determine the structure of the 2 types of pelypeptide chains m adult hemoglobn, Hb A, Mutant beta globin that sickles causes sickle cell
anernia (§03503). Absence of beta chain causes beta-zero-thalassemia. Feduced amounts of detectable beta globin causes beta-plus-thalassemia. For clinical
purposes, beta-thalassermia is divided into thalasseria major (transfisien dependent), thalassemia intermedia (of intermediate severity), and thalassemnia mnor
(asymptommatic) ]

Patients with thalassemia major present in the first year of life with severe anemia, they are unable to maintain a hemoglobin level about 5 gm/dl. Clinical details of this
disorder have been detailed extensively in numerous monographs and are summarized by Weatherall et al (19957 Modell et al (2000 found that about 50% of
TLE. patients with beta-thalasserda major die before the age of 33 years, mainly because conventional iron-chelation therapy is too burdensome for full adherence

To gain insight into the cellular and structural alterations of thalassemic bone, Iahachoklertwattana et al (2003) studied bone histomorphometry and biochemical and
hermonal profiles i children and adolescents with suboptimally treated beta-thalassemia disease. Seventeen patients underwent thac crest bone biopsy for
histomorphometric analyses. Most patients had growth retardation and delayed bone age. Bone mineral density (BIWIY) was low especially at the lumbar spine.

Serum IGF1 (147440) levels were almost always low. Bone histomorphotnetry revealed increased ostecid thickness, osteoid maturation time, and mineralization lag
time, which indicate impaired bone matriz maturation and defective mneralization. In addition, iron deposits appeared aleng mineralization fronts and osteoid surfaces
The authors conchided that delayed bone maturation and focal osteomalacia are the pathogenesis of bone disease in suboptimally blood-transfused thalassetnics with
iron ovetload. They suggested that iron deposits in bone and low circulating IGF1 levels may partly contribute to the above findings @

Result: Mutations in the HBB gene are associated with sickle cell anemia.
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+ 0224 HEMOGLOBIN PORTO ALEGRE [HBE, SER9CYS]

+ 0225 HEMOGLOBIN POTOMAC [HEB, GLU101ASP]

+ 0226 HEMOGLOBIN PRESBYTERIAN [HBB, ASN108LYS]

+ 0227 HEMOGLOBIN PROVIDENCE [HBB, LYS82ASX]

+ 0228 HEMOGLOBIN PYRGOS [HBB, GLY83ASP]

+ 0229 HEMOGLOBIN QUIN-HAI [HBB, LEUT8ARG]

+ 0230 HEMOGLOBIN RADCLIFFE [HBB, ASP99ALA]

+ 0231 HEMOGLOBIN RAHERE [HBB, LYS82THR]

+ 0232 HEMOGLOBIN RAINIER [HEB, TYR145CYS]

+ 0233 HEMOGLOBIN RALEIGH [HBB, VAL1ALA]

+ 0234 HEMOGLOBIN RANDWICK [HBB, TRP15GLY]

+ 0235 HEMOGLOBIN REGINA [HBB, LEU96VAL]

+ 0236 HEMOGLOBIN RICHMOND [HBB, ASN102LYS]

+ 0237 HEMOGLOBIN RIO GRANDE [HBB, LYS8THR]

+ 0238 HEMOGLOBIN RIVERDALE-BRONX [HBB, GLY24ARG]

+ 0239 HEMOGLOBIN RIYADH [HBB, LYS120ASN]
HEMOGLOBIN KEARATSU

+ 0240 HEMOGLOBIN ROSEAU-POINTE A PITRE [HBB, GLU90GLY]

HEMOGLCEIT 3/C (ARAR)
+ 0246 HEMOGLOBIN S (PROVIDENCE) [HBB, GLUSVAL AND LYS82ASX]
+ 0247 HEMOGLOEBIN S (TRAVIS) [HEBB, GLUGVAL AND ALA142VAL]

+ 0248 HEMOGLOBIN SABINE [HEB, LEU91PRO]

+ 0245 HEMOGLOBIN SAINT JACQUES [HBB, ALA140THR]

+ 0250 HEMOGLOBEIN SAITAMA [HBB, HIS117PRO]

+ 0251 HEMOGLOBIN SAKI [HEBB, LEU14PRO]
+ 0 HEMO NSAN D O [HEB

il PSEUDOGENES

The etalocus 1z 1 of 5 ancient beta-related globin genes linked in a cluster, 5-prime--epsil ta--delta--beta--3-prime, that arose from tandem
duplications (Floop et al, 1986). The eta locus was embryonically expressed in early eutherians and persisted as a functional gene in artiodactyls (e.g., goat), but
became a pseudogene in proto-primates and was lost from rodents and lagomerphs. Sequence studies show that the geat eta gene 15 orthologous to the pseudogene

located between the gamma and delta loci of primates and called psi-beta-1. (The Hb beta-1 pseudogene (psi-beta-1) can be symbolized HBEP or HBEP1) ¢

(In the allelic vaniants that follow, as well as in the allehc variants hsted under the other globin genes, the codon count begms with the first amme acid of the mature
protein because a large portion of the variants were characterized on the basis of a protein rather than the gene itself. Tt is more customary for the count to begin with
the methionine mitiater coden as mumber one. Thus, the He 3 mutation (141200.0243) 15 designated glué-te-val, n the gene based system of counting now used, 1t
would be designated glu7-to-val. Some inconsistency is represented by the fact that some initiator mutations in the globin genes are indicated by a system counting
from the mitiator methionine; e.g , beta-thalassemia due to met]-to-ile (141500 043033 @

ANIMAL MODEL

Ciavatta et al. {1995) created a mouse model of beta-zero-thalassemia by targeted deletion of both adult beta-like glebin genes, beta(may) and beta(min), in mouse
embryonic stern cells. Heterozygous animals derived from the targeted cells were severely aneric with dramatically reduced hemoglobin levels, abnormal red cell
morphology, splenomegaly, and markedly increased reticulocyte counts. Homozygous animals died in utero; however, heterozygous mice were fertile and transmitted
the deleted allele to progeny. The anemic phenotype was completely rescued i progeny denved from mating beta-zero-thalassemic animals with transgenic mice
expressing high levels of human hemoglobin & The authors suggested that beta-zero-thalassemic mice could be used to test genetic therapy for beta-zero-thalassemia
and could be bred with transgenic mice expressing high levels of hemoglobin 5 to produce an improved mouse medel of sickle cell disease ]

Hemoglobin disorders were among the first to be considered for gene therapy. Transcriptional silencing of genes transferred into hematop oietic stem cells, however,
posed one of the most significant challenges to its success. Ifthe transferred gene is not completely silenced, a progressive decline in gene expression as mice age
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