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DNA the molecule of life ..
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Trillions of cells

Each cell:

® 46 human
chromosomes

* 2 meters of
DNA

¢ 3 billion DNA
subunits (the
bases: A, T, C, G)

Human Genome

23 autosomal pairs, 2 sex

chromosomes _

. . protein ®
Eukaryotic organisms
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Essential Structure of DNA
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DNA Replication Prior to Cell Division

Parent Strands
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DNA Genetic Code Dictates Amino Acid
Identity and Order

DNA
Sequence

Is

the
Genetic

Proteins i GAT AAT T1GT... Code.
- Building blocks and tools -

structure and function of organisms,

- Asn | Cys « « « GFOWing
cell signalling, cell growth factors, 3 4 g Protein

enzymes, Chain

triggers: transcription factors,
DNA repair, ...



Transcription & Translation
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but, what IS a gene?



Estrogen Receptor Gene (ESR1 or ERa)

gaattccaaa attgtgatgt ttcttgtatt tttgatgaag gagaaatact gtaatgatca ctgtttacac tatgtacact ttaggccagce
cctttgtagc gttatacaaa ctgaaagcac accggacccg caggctccecg gggcagggcec ggggcecagag ctcgegtgtc ggecgggacat
gcgctgcgtc gectctaacce tcgggetgtg ctetttttcc aggtggcccg ccggtttctg agecttctge cctgegggga cacggtctge
accctgcecg cggccacgga ccatgaccat gaccctccac accaaagcat ctgggatgge cctactgecat cagatccaag ggaacgagcet
ggagcccctg aaccgtccge agetcaagat ccccctggag cggeccctgg gecgaggtgta cctggacage agcaageccg ccgtgtacaa
ctaccccgag ggcgecgect acgagttcaa cgececgeggec geecgecaacg cgecaggtcta cggtcagacc ggectecect acggececcgg
gtctgaggct gcggcgttcg gctccaacgg cctggggggt ttcccecccac tcaacagegt gtctecgage ccgetgatge tactgecaccce
gccgcecgceag ctgtegectt tectgecagece ccacggecag caggtgecct actacctgga gaacgagecc ageggcetaca cggtgecgega
ggccggceccg ccggeattet acaggeccaaa ttcagataat cgacgccagg gtggcagaga aagattggec agtaccaatg acaagggaag
tatggctatg gaatctgcca aggagactcg ctactgtgca gtgtgcaatg actatgcttc aggctaccat tatggagtct ggtcctgtga
gggctgcaag gccttcttca agagaagtat tcaaggacat aacgactata tgtgtccage caccaaccag tgcaccattg ataaaaacag
gaggaagagc tgccaggcect geceggetecg caaatgectac gaagtgggaa tgatgaaagg tgggatacga aaagaccgaa gaggagggag
aatgttgaaa cacaagcgcc agagagatga tggggagggc aggggtgaag tggggtctgc tggagacatg agagctgcca acctttggec
aagcccgcetce atgatcaaac gctctaagaa gaacagectg gecttgtccc tgacggecga ccagatggtc agtgecttgt tggatgetga
gccccccata ctectattecg agtatgatcce taccagacce ttcagtgaag cttcgatgat gggcttactg accaacctgg cagacaggga
gctggttcac atgatcaact gggcgaagag ggtgccaggce tttgtggatt tgaccctcca tgatcaggtc caccttctag aatgtgectg
gctagagatc ctgatgattg gtctcgtctg gcgectccatg gagcacccag tgaagctact gtttgctcct aacttgctct tggacaggaa
ccagggaaaa tgtgtagagg gcatggtgga gatcttcgac atgctgctgg ctacatcatc tcggttccge atgatgaatc tgcagggaga
ggagtttgtg tgcctcaaat ctattatttt gcttaattct ggagtgtaca catttctgtc cagcaccctg aagtctctgg aagagaagga
ccatatccac cgagtcctgg acaagatcac agacactttg atccacctga tggccaagge aggectgacc ctgecagcage agcaccageg
gctggcccag ctectectea tectetecca catcaggecac atgagtaaca aaggcatgga gcatctgtac agcatrgaagt gcaagaacgt
ggtgccccte tatgacctge tgctggagat gctggacgcec caccgectac atgegeccac tageccgtgga ggggcatccg tggaggagac
ggaccaaagc cacttggcca ctgegggcetce tacttcatcg cattccttge aaaagtatta catcacgggg gaggcagagg gtttccctge
cacagtctga gagctccctg ge ..



Promotor sequence
Start region for transcription
to create RNA
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Transcription Initiation AUG UAA

Non-Coding Sequence

B  Coding Sequence

Coding sequence
Codes for proteins
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RNA - Transcription
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Alternative splicing

Variants of same gene
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A Gene, Protein and some of its
Function in Cell Biology and Cancer



(O)Estrogen Receptor

Estrogen hormone -
blood-borne chemical messenger

produced in ovaries

Estrogen Receptor (ER) -
protein in cells - docking station for
estrogen

“switch on" growth signal to nucleus for
cell growth, division proliferation, ...

National Cancer Institute info site

Estrogen target cell
(e.q., breast, uterine lining,
liver, elc.)
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Estrogen Receptor: A Transcription Factor

ER triggers gene activation

e.qg.,

- Genes that influence cholesterol
- Growth signals to nucleus:
cell division (mitosis) and proliferation

- mammary milk gland cells -

menstrual cycle: ER responsive cell
growth, death

- endometrial cells in uterus

National Cancer Institute info site
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ER and Cancer

Cancer: growth of cells with DNA mutations

Mormal DMA mutations
cell

0-@288

Last DNA
mutation from

* heradity
or

* radiation or chamicals
or

* spontaneous arrors
during DNA duplication

aRa a;\

Uncontrolled proliferatio

National Cancer Institute info site

n

ER - normal cell growth regulator

Over-expression of ER -
potential oncogenic

Some cancers: Estrogen dependent
breast cancer: 60%-75%

Breast cancer neoadjuvant drugs:
* block ER receptor (Tamoxifen)
- inhibit estrogen production -
aromatase inhibitors (Letrozol)



Transcription Networks & Expression

ER regulates multiple genes
and hence their mRNA and
protein products

ER is regulated by, and
co-regulated with, multiple
genes

MmRNA expression levels
» Abundance of gene

* Related across genes in
transcriptional interaction
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Transcription Networks & Expression

ER regulates multiple genes
and hence their mRNA and
protein products

RANa

ILF3b

ER is regulated by, and R“Lé‘:uop{!&% -
co-regulated with, multiple - Cm
genes
MRNA expression levels RGO

RNASEH2A

sMc4L1 N 4

* Abundance of gene
- Related across genes in
transcriptional interaction




Data and Information Resources on Genes

Gene Ontologies - web servers in US,EU
(GenBank, Unigene, Ensembl, AmiGO,...)

Key start point: LocusLink > Entrez Gene

US NLM/NCBI Entrez Gene Web Site

Our system: integrates genomics
databases, information servers,
statistical & graphical tools

Duke Integrated Genomics (DIG)




|“ Gene - Mozilla
vEEiIe Edit View Go Boockmarks Tools  Window  Help

ﬁ as '& s \a ‘gg’ &http:,l’,l’www.ncb\.n\m.nih‘guw’entreziquery.chi?db=ger|e

Back Forward Relnad

jﬁHome |‘tBookmarks tGoogIe :‘CAGP ‘Duke Calendar tDLIkE Directory lDUMC tSAMSI ‘mozﬂla‘org ‘Duke ASC WebMai lDIG
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<3 NCBI Entrez Gene

Puen nunieaine FroEin

Search Gere ] for [ESRI | eurrent records only
Limits Frevlenindes History Clipboard Details
Entrez

# Enter one or mare search terms,

ng MH»I;- # Jhore information obout available fields is available here.
* Consider use of the limits and preview/index functions,
# Remember, boolean operators (AND, OR, NOT) must be in uppercase.
lp Gene Background
Fi Gene pravides o unified query environment for genes defined by sequence and/ar in NCBI's Map Viewer, You can query on names, symbals, accessions, publications, &0 terms, chramasome numbers, E.Z,
FTP rumbers, and mary other attributes associated with genes and the products they encode.
Er Becauze Sene iz now an Entrez databasze. all the familiar and uzeful functions are now available. including Preview/ Index, History and Link Gut.
tn
" Please nete: Entrez Gene is under active development, We welcome your suggestions.
L
P r Getting started Sample queries
Look far genes by name part and multiple species transporter AMD ("Drasophila melanogaster[angn] OR "Mus musculus"[orgn]]  more..
i
Look far genes by chromozome and symbal (II[chr] OR 2[chr]) AMD adh™[zym]  more..,
Fag
Helo. D What's new?
s March 24, 2004 A =mall set of tab-delimited files became available for transfer by f1p. These include Gene/RefSeq and Gene/PubMed reparts,
ubmit [
December 15, 2003 Gene became accessible via the Entrez cross-database search mechanism, An ftp site iz still under development.
ipt
November 20, 2003 Sene became available in a limited mode. Yithen more functions are implemented, Gene will be fully integrated with other Entrez databases including global query.
Sene
hsp

Restrictions on Use | Write to the Help Desk
MZET | MLM | NIH
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& Gene - Mozilla

File Edt Wew Go Bookmarks Tools ‘Window  Help

B‘L hd @ v R\,;ad §§, ‘& http: /vy nchi.nlm. nib.gov/entrez/query . frgifdb=genedcmd=Retrievefdopt=Graphicsiist_uids=2099
Al rusar eloa =kan

X Home “ﬁ!Bookmarks ‘Goag\e :‘CAGP -‘Duke Calendar ‘Duke Directary .‘DUMC -‘SAMSI tmozilla.org -‘Duke ASC WebMail -‘DIG

Entrez Gene

Nucienlie

current records only

Preview/Index History Clipboard Details

Graphics o] Shour:| 8 v
Ertrez Help [J1: ESR1  estrogen receptor 1 [Homn sapiens) Links
GeneIls 2099 Locus tog: HEMC 3467 MI: 133430 updated 19-thay-2004
Tranzeripts and products: RefSeq below
] HC_000006
[ 152159677 [ 152455397
F. 5 3
HH_000125 } - t t t + HE NE_D00116
B - coding pesion B - untranslated region

| Teut [w]

Genomic context: chromosome: 6: Maps: 6925.1

Gene type: pratein coding
Gene name: ESRL
Gene description: extrogen receptor 1
Feedback RefSeq status: Provizional
Help Desk Qrganism: Hormo sopiens
; Lineage: Cukarwta Metazon: Chordota Craniota; Vertebrata: Cuteleostom Mavwmalia: Eutheria Primates: Catarnhing: Hominidae, Homo
mit IFs Gene aliases: ER: ESR: Era: ESRA: MNR3AL
Summary : The estrogen receptor (ESR) is a ligand-activated transcription factor composed of several domains important for hormone binding, BINA binding, ond activation of transcription,
ript Alterative splicing results in several ESRL mRMA transcripts, which differ primarily in their B-prime untranslated regions, The translated receptors show less variobility.[supplied by OMIM]
R General protein information:
Mames:  estrogen receptor |
(BRI eatrogen receptor 1 alpha)
» Bibliography :
Pubited links
GeneRifs:
. The ligand-binding domain of estrogen receptor alpha has been expressed, purified, and crystallized to yield high amounts of soluble protein, in order to solve the structure in its native form
without renaturation or modification steps.

. ERa but not ERbeta is present in human preadipocytes

o

. Aszsociation of a TZ62C transition in exon 1 of estrogen-receptor-alpha gene with skeletal responsiveness to estrogen in post-menopausal women,

S

. To determine whether receptor-induced changes in DA structure are related to transactivation, we compared the abilities of ER alpha and ER beta to activate transcription and induce
distortion and bending in BRNA,

. Estrogen receptors are found in brain areas involved in requlation of food intdke. The anarexic effects of estrogen are accentuated by stress, thus that variation in the estragen receptors
may contribute to the genetic susceptibility to AM in females.

o

o

. Reduction of coactivator expression by antisense oligodeoxynucleotides inhibits ERalpha transcriptional activity and MCF-T proliferation

G

. mutations targeted to predicted helix in the extreme carboxyl-terminal region alter its response to estradial and 4-hydroxytamaxifen

oo

expression of estrogen receptor alpha and estrogen receptar beta were studied in leiomyomas and homologous myometrium from wamen in the proliferative phase of the menstrual cyele and from
woarmen treated with a gonadot ropin-releasing hormone analogue

o

. Estrogen receptors play a role in the activation of aming acid transport system A by estrogen, |_v|
e L 2 [ o L =
- 1
mw} Inbox - Microsoft Out... " 13 Trento Slides Microsaft PowerPoint . ., @g G147 PM




Query The DIG Data - Mozilla
EEiIe Edt Wiew Go Bookmarks Tools  Window Help

ﬁ - i - \a Qﬁhttps:Udig.cgt.duke.edu;‘index.php M

Back Forward Reload
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Integrated
Genomics
1)y Database

ERY DA FEATURES

Human gene network based on Medline "baseline™ 2003 — 18 May 2004
Anetwork of human genes derived from the 2003 "baseline” Medline dataset is available for download. The files are formatted for use in GraphExplare, which is freely available for
download. The human gene network is based on the co-oceurrence of gene names and their variants in title and sentences within abstracts from the Medline database (NCBJ)

GO Quirkiness Fixed / Duplicate Results for "NM_" Genbank IDs — 04 May 2004

Queries that requested GO annotation failed ifthe number of gene symbals or Genbank accession numhbers exceeded seven items. This failure has been fived. If ather quirkinesses in
the server responses appear, please contact Mark DeLang (delon008[aflme.duke.edu).

Also, Genbank assession numbers beginning with "MM_" appearto have been duplicated, so they may appear twice in some results. This is a database build error,

About DIG

The Duke Integrated Genomics database (DIG) has heen developed to pravide annotation of genes identified in various types of hiological experiments, including the analysis of DMA
microarray data. The database integrates various gene annotation sources including UniGene, LocusLink, OMIM, and Homologene. A key feature is the ahbility to perdorm batch searches of
these sources ofinformation ta generate a series of associated links ta these sources of annotation far a collection of genes. r-y

The DIG system is building comprehensive indices ofthe published literature. Currently we have compiled an index of gene symbals, protein symbals, and theirvariants in
the Medline database of about 12,000,000 aricle abstracts, Analysis tools are also under development that digest and summarize results ofthese literature queries.

Searches conducted in DIG can be saved in user's private "workspaces” for review and execution at a later date. See the screenshots. The Duke University installation of query
DIG includes features that are not available in the "public* version, including document and data sharing, work group suppart, and messaging among group members. The

Duke research community also has access to PDG_MED which does pairwise searches through all Medline records. This application makes it possible to retrieve

published literature that links genes with one anather arwith user-defined terms. PDO_MED was licensed from Inpharmix, Inc. and has been integrated within the Duke University DIG system
to facilitate transfer of gene lists into the PDQ-MED search interface

‘fou are welcome to try a query justto see how things work, But query results are only part of the story. To use all the features of DIG, a personal account is required. [fyou are a Duke University
researcher and want an account, contact Mark DeLong (8681651, email: delon008@mc.duke.edu).
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Molecular Information - Genome Technologies

Human condition - disease studies

Analysis of tissue, blood, etfc
* Gene expression (mlcr'oarmys)

* DNA copy nhumber (CGH)

* DNA methylation

* Protein expression

* Metabolic expression

Analysis of the ‘host’

» Genotypes - DNA sequence
- Serum protein expression
» Serum metabolic expression
- Serum gene expression?



Gene Expression - DNA microarrays



High-throughput gene expression level ‘snapshot’

Transcript - mRNA - message

Spots : probes
- millions of copies of DNA for a gene
- nucleotide sequence
- oligonucleotides

Custom spotted array Affymetrix GeneChip



Hybridization technology

free RNA ‘targets’ from
biological sample hybridize to
DNA probes on array

Measuring Expression

Target : fluorescent labels
Scan fluorescent intensity image
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Array Fabrication

Affymetrix GeneChip arrays
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Sources of Variation & Noise

Biology Process
Species Quality of experimental sample
Strains - Genotypes RNA qudlity
Animals - Individuals RNA extraction, amplification
Tissues Labelling effects
Tissue heterogeneity Hybridization process
Time points Probe design

Cross-hybridization
Background effects
Scanning, filtering



Next up:

Biological Phenotypes



