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SUN MON TUE WED THU FRI SAT 

June 26 27 28 29 30   31 July 02 

9:00-10:00am Virtual Program 
Orientation for Summer 
Institute Online Modality 

July 03 04 05 06 07 08 09 

Holiday (Independence Day) 
8:30-10:00am -Welcome 

Reception and Buddy Meet 
& Greet Event 

Free Day 

8:30-11am: BIOL4905 
DNA PREPARATION 

 8-10:20pm: Afternoon course
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 Virtual 
Independence 

Day Activity 
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FINALS 

31 August 01 02 03 

9:00-10:00am: Closing Reception Grades available in PAWS 

 Legend: 
Orange: Courses Blue: Activities  

8:30-11am: BIOL4905 
RNA PREPARATION 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
PROTEO0I&6 II 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
TP&R � ROBOT6 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
PROTEO0I&6 III

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
PROTEO0I&6 I 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905
DNA 6HTXHQFH 

AQDO\VLV 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
NH[W *HQ� 6HTXHQFLQJ

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905
AXWRPDWHG 

0LFURVFRS\ �A)0

8:30-11am: BIOL4905 
0LFURDUUD\ I 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
0LFURDUUD\ II

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
NDQRVWULQJ 

 8-10:20pm: Afternoon course

8:30-11am: BIOL4905 
)ORZ &\WRPHWU\

 8-10:20pm: Afternoon course

Classes begin!
8:30-11am: BIOL4905 

INTROD8&TION
8-10:20pm: Afternoon course

0LGWHUP BUHDN



Questions

Is this a good qPCR 
plot of data?

Explain your answer.



Questions

Sma IEcoR I

Pst I

Which of these Type II REN can you find in the 
sequence (next page). If you find the sequence, after 
which base number in the sequence does it cut?

Is this DNA from pGEM-T Easy?

Explain your answer.



Questions

Is this a good qPCR 
plot of data?

Explain your answer.



An Overview of GeneChip® 

Technology -


John Houghton, PhD
GSU ABCore Facilities



What is Microarray?
Microarrays


circa 1991 

(Schena et al. (1995) Science 270:467-70)

Probe DNA is attached to solid support

plastic beads, glass slide, nylon 

or chip


RNA is labeled (usually indirectly)


Arrays can detect

mRNA

microRNA

Methylation

SNP


High throughput

10,000s of specific probes

Measure global gene expression, 

SNP calls, LOH, amplification, methylation etc



GeneChip® vs. Spotted Arrays 

• Affymetrix GeneChip® Arrays use oligonucleotides
• Oligos are built on a solid support

• Spotted arrays utilize nucleic acids made in 
solution

• Solutions are then “spotted” onto a solid support
• Competitive Hybridization



About Affymetrix

1991
 1992
 1993
 1994
 1995
 1996
 1997
 1998
 1999
 2000
 2001


First Microarray

Patent Issued


Cover of 
Science


Field Testing of 
GeneChip® System


Commercial launch


Sacramento

Chip Plant




Historically....



Afymetrix cornered the market

Sequence

Variability


Expression

Variability


Research

Tools
Sequence


Database




About Affymetrix
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Whole Genome Expression Arrays  2006

Prokarya
 Eukarya


Murine


Drosophila


H. influenza


P. aeruginosa


S. aureus


S. pneumoniae


C. elegans


Human
Rat


Yeast


E. coli


Arabidopsis




Enabling the Genetic Revolution

Human diagnostics


Individualized 
medicine


Livestock 
diagnostics

or grading


Environmental testing


Agricultural biotech


Food testing


Basic Research


Identity testing




Understanding Information -Human 
Genome Project

• Gene Identification 
	 – Which genes are important and in which tissues?


• Pathway Characterization 
	 – Define relationships between genes


• Regulation 
	 – Examine motifs on a global scale

• Tumour Typing


– Use expression patterns to complement classical histology to 
identify classes of tumors and predict disease development


• Drug ResponseDrug Response


– Monitor impact of a therapeutic on disease state or toxicological 
effect


Gene Functions at a Basic Level


Specific Applications in Healthcare & Pharma




Understanding Cancer



Pediatric Acute Myeloid Leukaemia  (AML)

T or B cell Acute Lymphoblastic Leukaemia (ALL) 


Mixed  Lineage Leukamias (MLL)  

Distinguishing Between Leukaemias 



Individual Variations in Drug Metabolism

Cytochrome P450, Detoxification Enzymes


            Cytochrome P450 (CYP) enzymes are a superfamily of mono-oxygenases that are 
found in all kingdoms of life, and which show extraordinary diversity in their reaction 
chemistry.  In mammals, these enzymes are found primarily in the membranes of the 
endoplasmic reticulum (microsomes) within liver cells (hepatocytes), as well as many 
other cell types.  These enzymes use haeme iron to oxidise molecules, often making them 
more water-soluble for clearance.  


They achieve this by either adding or unmasking a polar group.  In general, the reaction 
catalysed by these enzymes can be summarised as:


     

Cytochrome P450, Detoxification Enzymes


            Cytochrome P450 (CYP) enzymes are a superfamily of mono-oxygenases that are 
found in all kingdoms of life, and which show extraordinary diversity in their reaction 
chemistry.  In mammals, these enzymes are found primarily in the membranes of the 
endoplasmic reticulum (microsomes) within liver cells (hepatocytes), as well as many 
other cell types.  These enzymes use haeme iron to oxidise molecules, often making them 
more water-soluble for clearance.  


They achieve this by either adding or unmasking a polar group.  In general, the reaction 
catalysed by these enzymes can be summarised as:


            R-H + O2 + 2e- + 2H+                R-OH + H2O

Cytochrome P450, Detoxification Enzymes


            Cytochrome P450 (CYP) enzymes are a superfamily of mono-oxygenases that are 
found in all kingdoms of life, and which show extraordinary diversity in their reaction 
chemistry.  In mammals, these enzymes are found primarily in the membranes of the 
endoplasmic reticulum (microsomes) within liver cells (hepatocytes), as well as many 
other cell types.  These enzymes use haeme iron to oxidise molecules, often making them 
more water-soluble for clearance.  


They achieve this by either adding or unmasking a polar group.  In general, the reaction 
catalysed by these enzymes can be summarised as:


            R-H + O2 + 2e- + 2H+                R-OH + H2O



Individual Variations in Drug Metabolism

“Intestinal cytochrome P450 proteins play an important role in the 
biotransformation of drugs and may significantly limit their oral absortion.”


 Drug Metabolism and Disposition, June 2008 vol. 36 no. 6 1039-1045



Individual Variations in Drug Metabolism
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Individual Variations in Drug Metabolism



What is GeneChip® Technology?



GeneChip® System

Scanner

 



GeneChip® Technology?

49 Chips per Wafer 400 Chips per Wafer



GeneChip Probe Arrays

49 - 400  
Chips / wafer


5”



5”


 Image of Hybridized Probe Array


Over 500,000 different probes 
complementary to genetic
information of interest

1.28cm

18µm

Single stranded, fluorescently
labeled DNA target

Each probe cell or feature contains
millions of copies of a specific
oligonucleotide probe

Oligonucleotide probe

* *
*

*
*Hybridized Probe Cell


1.28cm



GeneChip® Array Advantages 

• Assume fixed array size, 1.28 x 1.28 cm 

Feature Size Features/Chip

100 µm
50 µm
24 µm
20 µm
18 µm
10 µm

16,384
65,538

284,444
409,600
506,944

1,600,000

Genes/Chip

409
1,638
7,111

12,800
~ 22,500

>200,000



GeneChip® Expression Analysis 
Hybridization and Staining





GeneChip® Expression Analysis 
Hybridization and Staining

Probe Array


Labeled cRNA Target


Hybridized Array


Streptavidin- 
phycoerythrin

conjugate


Staining




















GeneChip® vs. Spotted Arrays 

• Affymetrix GeneChip® Arrays use oligonucleotides
• Oligos are built on a solid support

• Spotted arrays utilize nucleic acids made in 
solution

• Solutions are then “spotted” onto a solid support
• Competitive Hybridization



Proven Manufacturing Systems 

Photolithography


Cartridge Assembly


Wafer Prep


Finished GeneChip

 Probe Array
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Photolithography


Cartridge Assembly


Wafer Prep
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 Probe Array




Photolithographic Synthesis

Photolithography




Photolithographic Synthesis

Lamp


Mask
 Wafer




Photolithographic Synthesis

Lamp


Mask
 Wafer




How Probes Are Synthesized

HO HO O O O


Light

(deprotection)


Mask


O O O O O


Substrate


Light

(deprotection)


T T O O O


T T O O O

T –


T T C C O

C –


C A T A T

A G C T G

T T C C G


Continue
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HO HO O O O


Light

(deprotection)


Mask


O O O O O


Substrate


Light

(deprotection)


T T O O O


T T O O O

T –


T T C C O

C –


C A T A T

A G C T G

T T C C G


Continue




How Probes Are Synthesized
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Combinatorial Synthesis


Sixteen 20-mers


~1012  20-mers


< 80-step

synthesis 


Any N-mer can be synthesized in 4 x N steps


< 80-step

synthesis 


Example:




Applications of Gene Expression

– Basic Research

– Cell Cycle

– Signaling Pathways

– Regulation of cell differentiation


– Genetic Basis of Disease

– Genetic changes in cancer; classification

– Metabolic diseases

– Aging-related biological pathologies

– Immune system pathologies

– Infectious diseases


– Target Discovery and Drug Development

– Analyze disease models to discover drug targets

– Profile drug candidates using expression data

– Analyze drug toxicity in various model systems




GeneChip® Array Advantages  

• Multiple Indicators for the Same Target 
Ensures:


– Specificity

– Quantitative accuracy

– Low false positive rate

– High sensitivity



GeneChip® Expression Analysis 
Hybridization and Staining

Probe Array


Labeled cRNA Target


Hybridized Array


Streptavidin- 
phycoerythrin

conjugate


Staining




Gene


Oligo probes for Increased Gene

Specificity


GeneChip® Array Advantages  
Specificity
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GeneChip® Array Advantages  
Specificity



Gene 1


Gene 2


Oligo probes for Gene 1


cDNA

for Gene 1


cDNA

for Gene 2


Spotted

cDNAs


Oligo probes for Gene 2


GeneChip® Array Advantages  
Specificity



Detecting Change in Gene Expression

Yeast grown in different conditions



GeneChip® Probe Nomenclature 

Perfect Match (PM)


Mismatch (MM)


Cell or Feature
 Probe

Pair


Probe Set




Called

 “Present”


Called

“Absent”


Specific Hybridization


18 µm


GeneChip® Array Advantages  

PM


MM


PM


MM


Non-specific/Cross Hybridization




25-mer PM-MM Probe Pairs Offer 
Increased Specificity

Discrimination between target and stray signal

at low (<8pM) target concentrations facilitated by 

the use of MM probes.




Positioning of primer probes can be important

Images of Hybridized Probe 
Arrays
 Over 500,000 different probes 

complementary to genetic
information of interest



Sensitivity vs. Specificity

• Sensitivity

– Identifying low abundance transcripts 

– Tolerate some miscalls to achieve greater 

sensitivity

– Avoid false negatives


• Specificity

– Accuracy of detection

– Tolerate missing some calls to achieve 

accuracy

– Avoid false positives



Reproducibility
Independent cell growth and prep


1 13,400

2 1,280

3 1 (absent)

4 1,840

5 1,700


Signal Intensities:


1

2


3


4


5

1 11,670

2 1,250

3 9 (absent)

4 2,010

5 1,450


Signal Intensities:


1

2


3


4


5


Sample 1 Sample 2



False I/D
(> 2 fold)
< 1%

Reproducibility



Same sample, different arrays


13,400

1,280

1 (absent)

1,840

1,700


13,090

1,250

10 (absent)

1,750

1,430


Signal Intensities:
 Signal Intensities:


Reproducibility

Sample 1 Sample 1



False I/D
(> 2 fold)
< 0.3%

Reproducibility



Sources of Variability  

• Biology

• The main source of 

variability


•  Sample preparation

• Technical variability 

depends on method and 
operator


•  Probe array analysis

• Standardized; relatively 

little variability


•  Data analysis




Differences Across Commercial Platforms

Increased Expression

Decreased Expression



Differences Across Commercial Platforms



Differences Across Commercial Platforms



Differences Across Commercial Platforms



GeneChip® System Work Flow

Scan


Scanner


Wash 

   &

Stain


Fluidics Station


Hybridize


Hybridization

 Oven


Analysis  


Software
Probe

Array


Design

 Experiment


Prepare

Sample




Two dye microarrays….



Two dye microarrays….

Dye Effects 

!  Variation in quantum yield of fluorophores 
!  Variation in the incorporation efficiency 
!  Differential dye effects on hybridization 

Environmental Health Perspectives • VOLUME 112 | NUMBER 4 | March 2004 



GeneChip Expression Analysis

Absolute Analysis
 •  Detection (qualitative)

•  Signal (quantitative)


Comparison Analysis
 •  Change (qualitative)

•  Signal Log Ratio (quant.)




Genotyping or  
Gene Expression Monitoring

Eukaryotic Cell


DNA

RNA


Genotyping: Is it A or B?


Gene Expression: How much of which, 
when?




GeneChip® Mapping 10K Probe Design 

Gene

Sequence


A


Perfect Match


Mismatch


5´
 3´


Perfect Match


Mismatch


Allele ‘A’


Allele ‘G’


G


SNP A / G


probes = 25 bases




SNP Tiling Strategy

TAGCCATCGGTA  N


SNP 0 Position


G / A

GTA C TCAATGATCAGCT


ATCGGTAGCCAT  C


ATCGGTAGCCAT  T

ATCGGTAGCCAT  A


ATCGGTAGCCAT  G

CAT G AGTTACTA

CAT G AGTTACTA

CAT G AGTTACTA

CAT G AGTTACTA


PM Allele

MM Allele


PM Allele

MM Allele


A

A


B

B




SNP Tiling Strategy



SNP Tiling Strategy



SNP Tiling Strategy



SNP Tiling Strategy



SNP Tiling Strategy



AA BB AB


GeneChip Mapping 10K Assay

• A single-primer, 

• A single-amplification, and 

• A cost-effective assay…


• …for simultaneously Genotyping 


Single primer 
complexity reduction


Allele-specific 
hybridization




AA
 AB
BB


GeneChip® Mapping 10K Hybridization Patterns




