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Exploring Genetic Characteristics of Diabetes Type 1

Objective/s:
Learn about Diabetes Type 1 (insulin-dependant) at the genetic level and practice

accessing bioinformatics on the Internet. At the conclusion of this exercise, you should
be able to do the following:
e Search for and locate genetic information about a specific human disease
e Use bioinformatics tools to discover detailed information about the structure and
function of particular genes
e Use the BLAST database to find information about nucleotide sequence homology
e Explore genetic characteristics of Diabetes Type |

Background:
Diabetes results in an increase in glucose (sugar) in the blood. There are multiple genetic

factors contributing to the progression of diabetes in an individual. Sugar provides the
body with energy and is essential for humans to survive. Sugar is processed by a
hormone (insulin) produced by the pancreas. In order for the body to function
effectively, the body must have an appropriate balance between sugar and insulin;
diabetes results when there is an imbalance between these two molecules in the
bloodstream.

There are two types of diabetes that affect people’s ability to process sugar — Type | and
I. In Diabetes Type I, an individual may have to take insulin as a medication (insulin-
dependant) because their pancreas is not producing enough insulin on its own. Without
insulin, sugar may be present in the bloodstream but may not be available for cells to use
as energy.

Directions to Complete Web Activity:

1. Using your Internet browser (mozilla, explorer, netscape, etc.) and your favorite
search engine (google, yahoo, etc.), search “OMIM” to find the gene map
website. What does OMIM stand for?

2. Follow the link to the OMIM site. The resulting page should look like this:

A

p OMIM N
. = Hopkins
= NCBI Online Mendelian Inheritance in Man @%"5’4 U;:?:-:rlm'ry

All Databazes Fubhded Hucleotide Frotein

Search | OMIM ¥ | for _
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3. Search “OMIM” (select in the drop-down menu); type in “Diabetes Type 1” in
the “for’ box and click Go. You should see something like the following
displayed at the top of your search results:

F1: 222100

DIABETES MELLITUS, INSULIN-DEPENDENT, IDDM
DIAEETES MELLITUS, INSULIN-DEFENDENT, 1, INCLUDED, IDDR1, INCLUDED
Grene map locus Epll 23-g133, 13242 120242 1pl3, dpdl 3

a) How many articles come up with this search?
b) What is the name of the first article?
c) What is the reference number of the first article (6-digit number)?

4. Link to the first article, read over it and fill in the following blanks based on the
information on the web page:

Description:

Phenotype/Symptoms:

Clinical Features:

5. Look at the “Gene map locus” at the top of the page. Which chromosomes play
arole in Diabetes Type 1? (*Review chromosome notation)
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For the rest of the exercises, we will concentrate on one of the chromosomes in the list
above. Specifically, we will explore chromosome 12q.24.2 (the one that appears twice
on the list). Click on the 12g24.2 link and select the fourth location in the list below

TCF1).

Map Locations available for 222100

PTPHZ2, PEP, PTPHNE, LYF Protein tyrosine phosphatase, nonreceptor-type 22

IDDM1 Tnsulin-dependent diabetes mellitus-1

DA, OIAS 2' 5'-ohgoadenylate synthetase-1

TCEF1, HMF 1A, MODTYS Interferon production regulator factor (HIF 1), alburmn prozmal factor

FOXP3, TPEX, ATID, XPID, PIDX Forkhead box P3 (scurfin)

Now link on the first ‘location’ (12q.24.2) to see the chromosome ideogram.

3 Map Viewer - Microsofl Interned Explorer
Fle Edt Yew Fgeorbes ook Hep

Qs -

&

6. Take alook at
the ideogram

S RO RE APt

frree @ (35 19~ L8

bi.rim.rvh. gow

bt >

on the left side :
of the page. o

On which arm [_Fesnisvien_J

(long or short)

Chro

osome 12 G910 (12 ]131415161718
Cusry, COXEAT

19202122 XY MT

Advanced Search

BLAST The Human Gewom: 3

Master Map: Genes On Cytogenetic Summary of Mags Maps & Oirtions

Of the Regica Displayed: 12q24.23-12q24.31
M tinnm s 31K hoves 2120 ..._.4.|.|ﬂg Gores syt g Links Cyo Description

Ch I’O mOSO m e s irmalar to 28 kDia heat- and acid-stable phosphoprotein (PDGF-associal

e mralar to bypotheticsl OOESFO4
does the 2

pe-catalyhe subung
H H citrea (tho-mieracting. serinefthreccine kinase 21)

highlighted ~ R

gene appear?

rhm s 1242423

7. Scan the it
column labeled
(CytO) for 1292431

it 129242
12q24.31

genes mapped
on 12g24.2.
Write down the
names (from g

GCM1 general coctrol of amme-and syothens 1-Hee 1 (peast)
rhosomal protem, large, PO

iz

phospholpase A2, group 1B (pancreas)

cytochrome ¢ oxidare subunt VIa polypeptide 1

dyoen, light chan, LOA-type 1

mualar be §05 nkozomnal protemn L11

caltan binding protein 1 (calbrain)

ELAAOIS2

Typothencal protn MGCS139

signal peptide peptidare 3

simalar to 605 ribosomnal protem L12

transesiption Facter |, hepatic, LF-E1, hepatic nuclens factor (HIF 1), al
Typothetical protem FLI12448

the Symbol
column) of the
genes mapped
to this locus.

8. Click on the link labeled TCF1. What does TCF1 stand for?
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The following page should now be displayed on your screen. Use the information
on this page to answer questions 9 and 10:

Sign In] [Reqister]

2 Gene - Microsoft Internet Explorer g@
File  Edt View Favartes Toals  Help oy
Qe - O [¥] [B] @) PO Srraones € & E-LUE
Agdress‘gj it pifuans.ncbi. nim. rih. goventrez/query. frgi?db=genefemd=re! dopt=Full_reportalist_Lids=6327 ~ .Go Links >
~
('(_) My NCBI
> NCBI Entrez Gene

A rotein
Search| Gene ~| for

‘ Limnits | Preview/ndex ‘ History | Clipboard \ Details |

Displey| Full Report lshowl5  ¥[Sendto v

‘A": 1 | Current Only; 1| Genes Geromes: 1| SNP Geneview 1[I

[01: TCF1 transcription factor 1, hepatic; LF-B1, hepatic nudear factor (HNF1), albumin proximal facter [Home sapiens] ) Entrez Gene Hama
GenelD: 6327 Primary source: HGHC: 11621 updated 28-Tul-2006 =l Teble Of Cortents
Su

Summary 2 &

Official Symbol: TCF1 and Name: transcription factor 1, hepatic, LF-B1, hepatic nuclear factor (HINF 1), albumin prozimal factor provided by HUGO Gene Nomenclature
Cormmittee

See related: HFRD:00800, MIW-142410

Gene type: protein coding

Gene name: TCF1

Gene description: transcription factor 1, hepatic, LF-B1, hepatic nuclear factor (HINF1), albumin prezimal factor
RefSeq status: Validated

Ovganism: Homo sapizns

Lineage: Bukaryoia,; Metazoa; Chaordata; Craniata; Ve 1 i Mo ta; Butheria; % % fai C
Hominidas; Homo

Gene aliases: HINF 1, LFB1; HIF 1A, MODY3

Genomic regions, transcripts, and products 28

Eefleq below
HC_000012.10

[ 1199952 b [ 119524698 b
5 El
NR_000545.3 NE_000536 CCOSazIa.t
B - coding resion W - unbemslabed eesion

Genomic context

See TCF1 in MapViewer e
chromosome: 12; Lacations: 12q22-qter, 12q24.2 Gene Tasts for MM 142410
HEMD
[119658005 - [11506t163p- et
Locasnsss f p— e
Locesasse Clzonies
Bibliography Gene References into Function (GeneRIF):  Subinit 2 &
Publfed hnks
|_CtanaRTRe:

&

@ Internet

9. Look in the section labeled “Genomic regions, transcripts, and products.” The
gene’s reference sequence (RefSeq) is illustrated there. The chromosome number
contains several digits, starting with the letters NC. What is the gene’s
chromosome number?

10. Click on the number you just wrote down; you will see a dropdown menu like
the one shown below. Select FASTA from this list, and you will go to a page
showing the nucleotide structure of the gene. At the top of this page is the NC
number you just clicked on, and next to it a number in square brackets that begins

with the letters gi. Write down this number (the gene index?) below:
T

: I:::lb:lrlllb LIkEY

|P GEHEAL
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11. Examine the nucleotide string shown on the page. In the space below, write down
the first 21 nucleotide bases in the string.

12. For the nucleotide sequence you wrote above, list the complementary nucleotides
in the space below:

13. For the nucleotide string in number 10, give the mRNA transcript below:

14. List the 7 amino acids (in order) described by the mRNA in number 12, using the

chart below:
Second letter
U G A c
uuu } UCU ) UAU } UGU } U
Wl uuc )™ ucc |, uact™ uecJO¥ B
UUA}Leu UCA UAA Stop UGA Stop A
UUG UCG | UAG Stop UGG Trp G
CUU ) el CAU }H. elcil U
5 ¢ Cucl . occl, CACI™ cec |, C
= clua [~ eon [T CAA} & | Cok N =
2 cuag| CCG | o7Yc) Ralielcle G =
(7))
= AUU ] ACU ) AAU AGU}S U g
A AUC tlle ACC|_ ~ AAC | N age [°° B Z
AUA | ACA [ '™ AAA AGA} i =
AUG Met ACG AAG [WYS agc [AY g
GUU GCU T GAU GGU U
o Guc|, accl, ~eaclA® aac|. C
GuUa [ gea [P2 GAA}Gl cGA [V B
GUG GCG | GAG] ™ GGG G
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15. Click Back to return to the TCF1 page, the top of which is shown below:

All atabases Fubhded Mucleotide Protein Gename Structure FMC

Search | Gene ¥ | for

| Limits | Previewindex | History | Clipboard | Details |

Display | Full Report Wlak o5 v Sendto (v

‘-""-"1 1 | Current Only: 1 | Genes Genomes; 1 | SNP Geneview: 1

[11: TCF1 transcription factor 1, hepatic: LF-B1, hepatic nuclear factor
(HNF1), albumin proximal factor [Homoe sapiens]
GenelD: 6927 Primary source: HGIC 11621 updated 28-Jul-2008

Summary ol |

16. Scroll down to the Genomic regions, transcripts, and products section and
find the Nucleotide Messenger RNA number (begins with NM). Write this
number below:

17. Click on this link and choose FASTA. You will see a nucleotide sequence
display similar to the one you used for steps 10-14.

18. Copy and paste the entire sequence (beginning with the character “>” — very
important!) into a Notepad file.

19. Save the Notepad file (named estl) to your desktop.

20. In your browser, scroll back to the top of the page and left-click on “NCBI”
to go to the NCBI (National Center for Biotechnology Information) home page

(shown below).

<-) NCBI National Center for Biotechnology Information
Rt ' Mational Library of Medicine Mational Institutes of Health
Pubhed All Databases BLAST Ot Books

TaxBrowser Structure

Search | Al Databases

21. In the blue toolbar select BLAST.
22. Choose “Nucleotide-nucleotide BLAST (blastn)”” from the list of BLAST
programs.
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23. Copy and paste entire text of your Notepad file into the Search box of the
BLAST page (shown below):

NCBI nucleotide-nucleotide B LJ.AST

Mucleotide Protein Translations

Retrieve results for an RID)

Hearch

et subszeguence me;| iTu:.:|

Choose datahase | nr v|

24. Click the BLAST! button. A new screen appears, a portion of which is shown
below. Click the FORMAT button.

The request ID is |1 154635262-20524-561784521 14 BLASTOL |

o D

25. Use the information on the BLAST results page to answer the following
questions:
a) How many BLAST hits did you get?
b) How many of these were close matches (score of 200 or higher)?
c) How many very close matches (e-value of 0.0) were found?
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26. Click on the link labeled “Distance tree of results” to view a phylogenetic tree
of our selected gene. A portion of the top of the resulting window is shown
below. Click on the tab labeled “slanted” for a clearer view of the tree and
answer the questions below.

Max Seq Difference

Tree method % Sequence Label % 2

Fast Minimum Ewvolution # || Sequence Title (if available)  » || 0.75 hd

rectangle  slanted radial force Show distance
Mouse over an internal node for a subtree or alignment

a) How many primate species are represented in the tree?
b) How many human (Homo sapiens) chromosomes are represented?
¢) How many rodent chromosomes are represented?

Future plans for Curriculum:

e Have students this exercise using different genes/chromosomes related to
Diabetes Type 1

e Have students explore genetic information on a disease of their choice using a
similar procedure

e Have students run an ORF and explain what it means

e Exercises to look for ESTs

e BLAST exercises for nucleotides/proteins related to Diabetes Type 1 (or other
disease)
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