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Dideoxy sequencing

Automated dye-terminator sequencing

4-fluorescently labelled dideoxy dye terminators
ddATP
ddGTP
ddCTP
ddTTP

pool and load in a single well or capillary
• scan with laser + detector specific for each dye
• automated base calling
• very long reads (~ 1000 bases)/run
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Nature (2001) 409 p. 860-921

Physical mapping and sequencing of the human genome

(bacterial artificial
chromosome)

AAAAAAA-3’

cgttttcatgatcgggactaacTTTTT

5’

gene

mRNA

cDNA

Genes can also be identified by sequencing cDNAs at random. The 
sequenced cDNAs are called ESTs (expressed sequence tags)

tcatgatcgggactacgTTTTT

cgggactacgTTTTT

atgcgggactacgTTTT

ggactacgTTTT
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• compare to EST or cDNA sequence

• look for open reading frames

• similarity to other genes and proteins

• Gene prediction algorithms (identifying 
splice sites, coding sequence bias, etc.)

Finding genes in genomes

4,8004.1 million base pairsE. coli

6,00012 million base pairsBudding yeast (Saccharomyces cerevisiae)
19,00097 million base pairsWorm (Caenorhabditis elegans)
13,600120 million base pairsFruit fly (Drosophila melanogaster)

25,000 - 30,0002.9 billion base pairsHuman (Homo sapiens)
Number of genesGenome sizeSpecies

Some big questions:

Q 1 How is it that we have so few genes?
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Human chromosome 19 (72 Mb)

http://genome.ucsc.edu/

500 kb (0.5 Mb)

Q 2 What are the functions of all the unknown genes?

Drew Sheneman -The Newark Star Ledger
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Functional genomics and proteomics

• Identify genes and proteins encoded in the 
genome (Gene finding)

• Measure gene expression on a genome-wide 
scale (microarrays)

• Identify protein function
30-50% of the genes in a genome are of unknown function

• Identify protein interactions, biochemical 
pathways, gene interaction networks inside cells

A genome on a chipDNA microarray (chip)
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Methods of making microarrays
• Robotic spotting

• using a printing tip
• using inkjets

• Synthesis of oligonucleotides
• photolithography (Affymetrix)
• using inkjets
• Digital Light Processor (DLP) or 

Digital Micromirror Device (DMD)

Microarrays can be used to study gene expression, DNA-protein 
interactions, mutations, protein-protein interactions, etc., all on a genome-
wide scale
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courtesy: www.affymetrix.com

lamp

mask

chip

Affymetrix GeneChip

courtesy: www.nimblegen.com

Digital Micromirror Device
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Cell A Cell B

In cell B, relative to cell A,

Gene 1 is equally expressed

Gene 2 is overexpressed

Gene 3 is underexpressed

mRNA

1 2 3

m
ic

ro
ar

ra
y

labelled
cDNA

hybridize 1 2 3

1 2 3

and
scan

Normal Cancer

DNA microarray after hybridization of fluorescent probes
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4800 4800 1.00
9000 300 0.03

Green Red Red
Green

Original microarray image

Colour representation of
differential gene expression

1
2

3

Gene 1
Gene 2
Gene 3

● Large amounts of data can be displayed in this manner

● Gene expression data can be computationally analyzed and organized to 
reveal patterns

Experiments

Genes
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Gene   a 1.27 2.28 2.46 0.01 -0.54 -1.03 -0.94 -1.12 -0.29 -0.38 -0.15 0.03
Gene   b -0.45 1.62 1.83 0.03 0.33 0.25 -0.07 0.23 -0.4 -0.1 -0.36 -0.32
Gene   c 1.42 3.03 3.67 0.58 0.66 0.78 0.3 -0.38 0.19 -0.01 -0.17 0.11
Gene   d 0.56 2.05 2.43 0 1.36 0.06 -0.58 -0.04 -0.76 0.16 0.21 0.07
Gene   e 0.01 2.24 3.41 1.58 1.86 0.69 0.08 -0.22 0.74 0.61 -0.32 -0.23
Gene   f 0.58 0.59 1.31 0.75 2.58 1.22 1.08 0.93 0.38 -0.04 -0.09 -0.01
Gene   g -0.76 0.01 1.15 0.77 1.74 0.72 -0.36 -1.18 -0.15 -0.58 -0.45 -0.51
Gene   h -0.54 -0.38 -0.1 1.29 1.95 1.63 1.07 -0.86 -0.56 -0.64 -0.3 -0.42
Gene   i 0.07 -0.67 0.94 0.4 1.81 1.64 1.1 -0.01 0.18 0.18 -0.07 0.1
Gene   j -0.42 -0.92 0.45 1.45 1.49 0.73 0.97 0.24 0.04 -0.14 -0.23 0.16
Gene   k 0.37 0.07 -0.45 -0.47 2.49 1.81 0.96 -0.09 0.41 0.76 0.91 0.1
Gene   l -0.07 -0.14 0.01 0.1 2.8 1.34 0.56 0.55 0.48 0.18 0.33 -0.3
Gene   m -0.54 -0.27 -1.06 0.43 1.66 1.7 1.52 0.64 0.21 0.2 -0.12 0.23
Gene   n 0.07 0.5 -0.09 0.01 1.57 1.71 1.54 0.86 -0.09 -0.49 -0.64 0.71
Gene   o 0.25 0.82 0.78 0.61 2.26 2.61 1.77 1.17 0.66 -0.18 -0.29 1.14
Gene   p -0.07 0.56 0.93 0.28 1.37 2.85 2.21 0.84 0.37 0.29 -0.23 0.68
Gene   q 0.23 0.56 0.39 0.23 1.64 3.16 2.89 0.28 -0.04 -0.36 -0.45 -0.29
Gene   r 1.42 1.27 1.91 2.63 5.28 6.44 4.68 3.89 2.75 1.44 1.28 0.53
Gene   s -0.27 0.74 1.43 0.63 2.34 1.63 1.24 0.78 0.68 0.5 0.82 1.04
Gene   t 0.1 0.55 0.71 0.59 2.37 1.59 1.12 0.63 -0.29 -0.17 -0.23 0.04

Expression
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Original data

Data after hierarchical clustering
Experiments

Genes

Functionally related genes are often co-expressed

Ribosomal protein 1
Ribosomal protein 2
Ribosomal protein 3
Ribosomal protein 4
Ribosomal protein 5
Ribosomal protein 6
Unknown Gene X
Ribosomal protein 7
Ribosomal protein 8

Thus, unknown Gene X may also be a ribosomal protein

A cluster of co-expressed genes
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α cdc 15 cdc28 elu
S. cerevisiae mitotic cell-cycle

Spellman et al, (1998) Mol. Biol. Cell

Brenda Andrews lab, University of Toronto 

The challenge of cancer diagnosis

What type of cancer?

What is the underlying molecular basis?

What is the optimal treatment?
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Nature (2000) 403: 503
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Subtypes of Diffuse Large B-Cell Lymphoma
(DLBCL)

Clustering of tumour samples from cancer 
patients can be used for molecular 
classification of cancers.  This may be useful 
for diagnosis and treatment

Nature (2000) 403: 503

Nature (2000) 403: 503
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Nature (2002) 415: 530

Identifying a gene expression signature for breast cancer metastasis
Nature (2002) 415: 530

Bioinformatics & computational biology

● Databases
– Genbank, SwissProt (DNA and protein sequence)
– functional genomics and proteomics data

(gene expression, protein profiles, drug data)
– protein structure data (crystallography, NMR)
– biomedical literature (PubMed)

● Analysis algorithms
– finding patterns in expression data (clustering)
– gene and protein interaction networks
– data mining
– regulatory elements, novel genes etc. 
– visualization
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Other applications of microarrays

● Genomic amplifications and deletions
Comparative Genomic Hybridization

● DNA-protein interactions
mapping genome-wide distribution of proteins that interact with DNA

● RNA and protein localization
analysis of RNAs associated with membrane-associated ribosomes, 
polysomes, different sub-cellular fractions

● Polymorphisms
oligonucleotide (Affymetrix) arrays used for analyzing single nucleotide 
polymorphisms (SNPs) for linkage mapping and association studies

● Protein microarrays
detecting proteins in complex mixtures

● Tissue microarrays
high-throughput pathology

Transcription factor targets

Transcription factor

Targets
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Transcription factor

Primary targets

Secondary targets

Transcriptional regulatory network

1. Crosslink proteins
to DNA

2. Extract and shear 
crosslinked DNA

3. Immunoprecipitate with
specific antibody

4. Reverse crosslinks,
amplify and label DNA

5. Hybridize to intergenic
microarray

6. Fluorescence ratio at each
element is proportional to
extent of binding

Untagged
(reference)

epitope-
tagged

Mapping the binding distribution of proteins on the genome
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25,000756c-myc
12,000353Sp1
1,60048p53

Whole human genome (?)Chr 21 + 22

Protein binding sites on human chromosomes

Cell (2004) 116: 499

Single Nucleotide Polymorphisms (SNPs)

...A C T A A .... G G T A G .... A G C A...

...A C C A A .... G G T G G .... A G A A...

...A C T A A .... G G T A G .... A G C A...

SNPs are the main kind of measurable human genetic variation

SNPs are inherited as blocks of associated SNPs = haplotype

Allele 1

Allele 2

Allele 3
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Mark Daly, Whitehead Insititute - http://www.wi.mit.edu/nap/2002/nap_feature_hapmap-illus1.html

Haplotypes in Crohn’s disease

Nature Genetics Suppl. (1999) 21: 20

SNP genotyping with oligonucleotide arrays

● HapMap Project – International project to map all human haplotypes
● The HapMap will be very useful for association studies for complex 

traits (Linking genotypes to inherited disease traits)

A haplotype map of the human genome (2005) Nature 437: 1299
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PNAS (2002) 99 15687



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


