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Some Bio basics
-The Genome -
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US D.O.E. Genome Program info site

Human Genome
23 autosomal pairs, 2 sex 

chromosomes

Eukaryotic organisms



Essential Structure of DNA

Nucleotide Bases:
Adenine
Thymine
Guanine
Cytosine

+ 



US D.O.E. Genome Program info site



US D.O.E. Genome Program info site

Proteins
- Building blocks and tools –

structure and function of organisms, 

cell signalling, cell growth factors, 

enzymes, 

triggers: transcription factors,  

DNA repair, …



Transcription & Translation



but, what IS a gene?



gaattccaaa attgtgatgt ttcttgtatt tttgatgaag gagaaatact gtaatgatca ctgtttacac tatgtacact ttaggccagc
cctttgtagc gttatacaaa ctgaaagcac accggacccg caggctcccg gggcagggcc ggggccagag ctcgcgtgtc ggcgggacat
gcgctgcgtc gcctctaacc tcgggctgtg ctctttttcc aggtggcccg ccggtttctg agccttctgc cctgcgggga cacggtctgc
accctgcccg cggccacgga ccatgaccat gaccctccac accaaagcat ctgggatggc cctactgcat cagatccaag ggaacgagct
ggagcccctg aaccgtccgc agctcaagat ccccctggag cggcccctgg gcgaggtgta cctggacagc agcaagcccg ccgtgtacaa
ctaccccgag ggcgccgcct acgagttcaa cgccgcggcc gccgccaacg cgcaggtcta cggtcagacc ggcctcccct acggccccgg
gtctgaggct gcggcgttcg gctccaacgg cctggggggt ttccccccac tcaacagcgt gtctccgagc ccgctgatgc tactgcaccc
gccgccgcag ctgtcgcctt tcctgcagcc ccacggccag caggtgccct actacctgga gaacgagccc agcggctaca cggtgcgcga
ggccggcccg ccggcattct acaggccaaa ttcagataat cgacgccagg gtggcagaga aagattggcc agtaccaatg acaagggaag
tatggctatg gaatctgcca aggagactcg ctactgtgca gtgtgcaatg actatgcttc aggctaccat tatggagtct ggtcctgtga
gggctgcaag gccttcttca agagaagtat tcaaggacat aacgactata tgtgtccagc caccaaccag tgcaccattg ataaaaacag
gaggaagagc tgccaggcct gccggctccg caaatgctac gaagtgggaa tgatgaaagg tgggatacga aaagaccgaa gaggagggag
aatgttgaaa cacaagcgcc agagagatga tggggagggc aggggtgaag tggggtctgc tggagacatg agagctgcca acctttggcc
aagcccgctc atgatcaaac gctctaagaa gaacagcctg gccttgtccc tgacggccga ccagatggtc agtgccttgt tggatgctga
gccccccata ctctattccg agtatgatcc taccagaccc ttcagtgaag cttcgatgat gggcttactg accaacctgg cagacaggga
gctggttcac atgatcaact gggcgaagag ggtgccaggc tttgtggatt tgaccctcca tgatcaggtc caccttctag aatgtgcctg
gctagagatc ctgatgattg gtctcgtctg gcgctccatg gagcacccag tgaagctact gtttgctcct aacttgctct tggacaggaa
ccagggaaaa tgtgtagagg gcatggtgga gatcttcgac atgctgctgg ctacatcatc tcggttccgc atgatgaatc tgcagggaga
ggagtttgtg tgcctcaaat ctattatttt gcttaattct ggagtgtaca catttctgtc cagcaccctg aagtctctgg aagagaagga
ccatatccac cgagtcctgg acaagatcac agacactttg atccacctga tggccaaggc aggcctgacc ctgcagcagc agcaccagcg
gctggcccag ctcctcctca tcctctccca catcaggcac atgagtaaca aaggcatgga gcatctgtac agcatgaagt gcaagaacgt
ggtgcccctc tatgacctgc tgctggagat gctggacgcc caccgcctac atgcgcccac tagccgtgga ggggcatccg tggaggagac
ggaccaaagc cacttggcca ctgcgggctc tacttcatcg cattccttgc aaaagtatta catcacgggg gaggcagagg gtttccctgc
cacagtctga gagctccctg gc …

Estrogen Receptor Gene (ESR1 or ERα)



Promotor sequence
Start region for transcription 

to create RNA

Coding sequence
Codes for proteins



RNA – Transcription



Alternative splicing
Variants of same gene 
and/or gene function

-Protein –

The message: mRNA  
Splice exons

– coding only -

Gene variants 
DNA SNPs, variants



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 Receptor: A Transcription Factor

ER  triggers gene activation

e.g.,
- 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



ER and Cancer

Cancer: growth of cells with DNA mutations

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) 

National Cancer Institute info site



Transcription Networks & Expression

ER regulates multiple genes 
and hence their mRNA and 

protein products

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

genes

mRNA expression levels 
• Abundance of gene
• Related across genes in 
transcriptional interaction
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Data and Information Resources on Genes

US NLM/NCBI Entrez Gene Web Site

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

Key start point: LocusLink > Entrez Gene

Our system: integrates genomics 
databases, information servers,  

statistical & graphical tools

Duke Integrated Genomics (DIG)









Molecular Information – Genome Technologies

Human condition – disease studies

Analysis of tissue, blood, etc
• Gene expression (microarrays)
• DNA copy number (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



Custom spotted array Affymetrix GeneChip

High-throughput gene expression level ‘snapshot’

Transcript – mRNA – message 

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



Measuring Expression

Target : fluorescent labels
Scan fluorescent intensity image

Hybridization technology 

free RNA ‘targets’ from 
biological sample hybridize to

DNA probes on array

Access Excellence info site



Array Fabrication

Affymetrix GeneChip arrays

Custom spotted arrays

mRNA target

cDNA target
- reverse transcription from RNA

(U    T)
- relative expression

( Target vs Reference )



Sources of Variation & Noise

Biology

Species
Strains – Genotypes 
Animals - Individuals

Tissues
Tissue heterogeneity

Time points

Process

Quality of experimental sample
RNA quality

RNA extraction, amplification
Labelling effects

Hybridization process
Probe design

Cross-hybridization 
Background effects
Scanning, filtering



Biological Phenotypes 
Next up:


