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Microarray Publication Explosion

Exponential Increase in Microarray Studies
No common standards are used ~4000
4000 - across microarray platforms so
data from studies are difficult or
impossible to compare.
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Quantitative real-time PCR
“The Gold Standard”

FEATURING: REAL-TIME PCR

TECHRSIGHT

A Technique Whose
Time Has Come

Nigel ). Walker

eveloped in the mid 1990s for the analysis and quantifica-
Dtion of nucleic acids, real-time PCR. is a molecular biologi-

cal technique gaining rapidly in popularity. It is based on
the technique of the polymerase chain reaction (PCR) that was
first envisioned by Kary Mullis almost 20 years ago, during a
moonlit drive through the redwood hills of California (7). The
technology of PCR (2) has become one of the most influential
discoveries of the molecular biology revolution and one for which
Mullis recerved the Nobel Prize in 1993, Because of the impact of
PCR and the thermostable Tag DNA polymerase (the enzyme re-
sponsible for the PCR revolution), the pair was named as the first
“Molecule of the Year” by Science in 1989 (3). In many ways, the
recent development of real-time PCR seems set

a “quencher” fluorescent molecule at the 5" and 3" end of the probe,
respectively. This probe 1s included in the real-time PCR reaction
along with the required forward and reverse PCR primers. The
quencher fluorochrome on the probe, because 1t 1s in such close
proximity to the reporter, 1s able to quench the fluorescence of the re-
porter. As the Tag DNA polymerase enzyme replicates the new
strand of DNA, the nuclease activity degrades the FRET probe at the
5" end, which is bound to template DNA strand, in a manner much
like the PacMan video game character. This degradation releases the
reporter fluorochrome from its proximity to the quencher, resulting
in fluorescence of the reporter. Accumulation of fluorescent reporter
molecules, as a result of amplification of the target, can then be de-
tected by an appropriate optical sensing system such as the Tagman,
an “indirect” system that detects the accumulation of fluorescence
rather than the amplified DNA itself. In contrast, a commonly used
“direct” method uses a fluorescent DNA (SYBR green) that binds
nonspecifically to double-stranded DNA, and the accumulation of
the fluorescence bound to the amplified DNA target is measured.
The “Molecular Beacon™ technology 1s another direct approach that
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-highly sensitive method
-use very little sample
-gener ate data fast
-multiplex targets

-Cost
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Initial consult: definetargets, potential limitations, RNA concentration and
volume needed

Probe(s) and Primer(s) design (Library)
Recommendations for RNA extraction, assist, teach
RT reaction recommendations

One-step vs. two-step

Random Hexamers, Oligo d(T), Specific Primer
Discuss Assay options:

Normalizer, How many?

SYBR Green vs. Dual-labeled probe assay

Standard curve vs. Compar ative Ct M ethod

Perform validation experiment if needed

Absolute vs. Relative Standard Curve

Accept cDNA, perform QPCR and calculations. Excel sheet uploaded to server



Quantitativereal-time PCR: Considerations and Sour ces of Variation

arget Validation selection:
-fold change cut off may be different based on system, biology

RNA Extraction Method: contaminants,
-Reagent vs. Column
-DNase treatment (post vs. on column)

Quantification: Critical to ensure housekeeping geneisnot changing
-NanoDrop (100 ng to 2ug)

RNA Integrity: compromised RNA (degradation)
-2100 Bioanalyzer qualitative analysis (cell culture, tissue, LCM)

Assay Development
- Dual-labeled probevs. SYBR green
- Sequence, Primers ( & Probe) Selection
- Sample normalization (housekeeping gene)
- Assay Validation
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Trizol workswell for tissue, followed by column
purification

Have utilized novel abrasivesfor difficult tissues
Columnswork well for cell culture
Columns haveworked wdll for LCM

If primer and probe design does not span exon
boundaries, MUST PERFORM DNasel
TREATMENT. Worksbest on column
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RNA Quantification prior to cONA Reaction:

Mucleic Acid Samples

| Microaray Samples | UVMIS Absarbance. | Exit NanaDrap

MUST:
-start with same concentration of RNA/sample
-260/280 ratio’s between 1.8-2.1

ADVANTAGES.

- Requires small volume of sample (1-2ul)

- Direct measurement of sample (no dilutions)
- No cuvettes

- Dynamic range of 3ng/ul to 3.5 ug/ul
-Identify contaminants absorbing at other
wavelengths that can cause PCR inhibition

LCM:
-Quantitate on 2100 Bioanalyzer
-ribogreen gquantitation
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Two great papersthat investigate acceptable levels of RNA degradation:
Miller, C.L., S. Diglisic, F. Leister, M. Webster, and R.H. Yolken. 2004. Evauating RNA
status for RT-PCR in extracts of postmortem human brain tissue. BioTechniques. 36:628-633

Schoor, O., T. Weinschenk, J. Hennenlotter, S. Corvin, A. Stenzel, H.G. Rammensee, and S.
Stevanovic. 2003. Moderate degradation does not preclude microarray analysis of small
amounts of RNA. BioTechniques. 35:1192-1201
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‘L Choice of Assay: Considerations

Sample type (source, sample size)
Development time
Multiplex/Duplex

Turnaround time, speed

Accuracy, reproducibility

Cost

*Canned Assays’

SYBR Green or Dual-labeled probe



SYBR Green Assay:

Advantages.
-no probe cost
-use existing primer sets

Disadvantages.

-need to add melt curve
-possible primer dimer effect
-less specificity



i SYBR Green Assay Development:

Choice of Housekeeping gene or endogenous control: derived from Microarray data ?
Primer design: more flexibility?
No primer dimers

Span intron/exon boundaries
L ength (200-400 bases)

Validation: Serial dilutions of sample (tissue specific) to check PCR efficiencies (matched?)

Dissociation Curve: Clean single amplicon (one melting temperature, no primer dimer
contribution)

(-) RT reaction (RNA): Ensureno genomic contamination
Sequence amplicon: It iswhat you say it is!

NTC



Endogenous (Housekeeping) Control:

Good Choice Bad Choice

Amplfication Plat Arnplification Plot
Amplification Plot
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Melt Curve Data:

‘:TEﬂ:up! Instrumenl:; Results Dissociation Curve 1

Dissociation Curve
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Key to successful SYBR Green Assay:

+




Microarray target validation with real-time QPCR:

Gene A GeneB Gene C Gene D GeneF Gene G GeneH Genel
R R Ar R R R
Arra T Arr RT Arr RT Arra T Arra RT ra T Arra T Arr T
y Q ay Q ay Q y Q y Q y | Q y Q ay Q
3 0.6 0.7 6.6 8.2 2.1 4 0.7
5Aza 261 | | | | | 0 | 521 8l - - 21 | NC 11
Meljuso
VS. 5 -1.4 | -0.6 8.1 13 0.1 -0.2 59 | 12 10
Mel 291 | D D | | NC 21 NC 21 | | 6.11 | 21 4]
2 0.8 1.6 -0.4 5
UACC 5Aza 161 | | | | D | O 25 | 51 0 31 - | - 281 | | 291 | 51
903 vs. 4 -0.7 1.2 -0.6 -3 6.8 | 10 9
Mel 11 | D 0 | 51 NC 4] -5D D | | 531 | 0.71 21
-0.3 2 4.3 6.7 2.2 1.8 -0.3 2 0.3
5Aza NC | | | MI 31 53 51 0 | - - NC | NC 31
c8161
VS. 5 9.5 12. -1.4 -6.7 -6.7 15 17
Mel 281 | 8l 111 | 51 NC 31 D D 61 | 941 | 1.21 51
0.6 1.2 2.2 2.5 8.3 3.6 0.8 0.1 0.5
Neo6 5Aza NC 0 | | | | 0 | 0 | - - NC 0 NC 11
c8161 vs. 6 2.4 62 | 13 0.7 63 | -6 66 | 15 17 1.
Mel 251 | | 51 | | NC 21 D D | | 991 | 161 61
5 2.9 3.2 2.3 1.5 2.7 0.8 9
WM120 | 5Aza 391 | 1 | | | | 19 | 1 41 | sl - | - NC | I 211 | 71
SLu vs. 2.8 04 0.3 6.3 | 16 17
Mel 2.11 6l 31 51 | 61 NC 11 NC |1 | | 941 | 2.21 51
1 1 71 0.9 0.8 35 0.4 3
5Aza NC | | | | 0 2.1 21 461 | - - NC | 191 21
WM 35
VS. 0 0 1.1 -1 -2 -0.2 1.9 6.6 7 14 0.2
Mel 2.81 4] NC NC | 31 NC D NC | | | 91 | NC 0




Dual-labeled Probe Assay (TagM an):

Theory of Operation: How TagMan works

It exploits the 5' nuclease activity of Taq DNA polymerase, with it's polymerization-dependent
cleavage of the specific target, in order to detect the accumulation of target PCR product.

Flourogenic 5' Nuclease Chemistry

Polymerization Strand Displacement Cleavage Polymerization Completed

, FORMER. @ prose @3 :::5::2;:: s : @ @5 3 & : Q,. : Q = 33-

5" 3 3 L o § 3 L
REVERSE ¥ i % prosies Lo ey ) 7 3
PRIMER

Two fluorescent dyes, a reporter (R) When both dyes are attached to During each extension cycle, the Once separated from the quencher,

and a quencher (Q), are attached to the probe, reporter dye emission Taq DNA polymerase cleaves the the reporter dye emits its characteristic

the 5' and 3' ends of a TagMan® probe. is quenched. reporter dye from the probe. fluorescence.

Applied Biosystems



Dual-L abeled Probe Assay Design

Choice of Housekeeping gene or endogenous control: derived from
Microarray data ?

Probe and primer design

“Off-the-shelf Assay”: validate with tissuetypeto be used
Probe Span intron/exon boundaries

Primer Expressor Primer3

NetAffx

Validation: Serial dilutions of sample (tissue specific) to check PCR
efficiencies (matched?)

(-) RT reaction (RNA): Ensure no genomic contamination

Sequence amplicon: Itiswhat you say it is!

NTC



Quantitation Choices:
Comparative Ct Method or Standard Curve

Comparative Ct Method:
-Need to prove the PCR efficiences between Target and
housekeeping gene are the similiar
-requiresinitial validation

Standard Curve;

A.) Absolute Standard Curve

-precise quantitation, i.e., bacterial load

-standard curve of known quantities (Plasmid, IVT RNA, ssDNA)
B.) Relative standard Curve

-relative fold changes as compared to calibrator

-requires serial dilution of sample (sample, pooled PCR product)



rtQPCR Assay Validation: Efficiencies

Dilution
CDNA 1 0.1 0.01 0.001 | 0.0001

C-myc |21.2 23.5 26.89 30.3 33.7
Ct
HPRT | 19.31 21.5 24.94 28.2 31.74
Ct
Delta 1.89 2 1.95 2.1 1.96
Ct

c-myc-HPRT Validation

Delta Ct

¢ DeltaCt
— Linear (Delta Ct)

y = -0.024x + 1.932

Applied Biosystems:

-3 2 -
Log Input cDNA User Bulletin 2




Comparative Ct Method: Dual-Labeled Probe

Aniplfication Plat

Amplification Plot
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4.393017

0.0952111

0

1

20-8

EGR1

0.23760796

0.0895525

-4.155409

17.8198

20-9

EGR1

-0.1659241

0.0072644

-4.558941

23.571

20-10

EGR1

4.5835342

0.0382574

0.19051743

0.876291

20-11

EGR1

0.6019707

0.0789946

-3.7910461

13.84263

20-12

EGR1

-1.1780224

-5.571039

47.53899

ntc

EGR1




SYBR Green Comparative Ct:

DPPIV 9.67 1 S.77 7.16 1 8.90
TRP-1 8.65 1 8.05 498 1 219
Tyrosinase 4.3 1 3.8 3.28 1 2.00
Spondin 2 34 1 2.8 71.7 1 39.86
Glut peroxidase 3.05 1 2.02 2.46 1 3.45
CD36 56.5 1 21.5 736 1 407
FGF5 1 4.09 1.3 1 130 6.5
P8 protein 1 7.14 0.8 2.08 1392 1
MCAM 1 6.82 1.7 1 12.3 1.61




Relative Standard Curve M ethod:

Standard Curve Plot
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|. Affymetrix Microarray Data:

Genel D: GeneCluster: p-value: Fold Change:
MKP1 Hs.171695 0.0230 6.23 |
EGR1 Hs.326035 0.0268 4.24 |

1. Validation Data:

Gene: MK P1 Gene: EGR1

mkpl Transcription

- 25 -
[
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2
3 E 15 -
g
2 - |: 10 N
—
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O T T T 1 O T T T 1
0 30 60 90 120 0 30 60 90 120
Time (min) Time (min)
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Western Blot Analysis Western Blot Analysis
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i L ow Expression Targets

3 "4

[dl a

D+ B)+ %



Validation Data: Double Amp

Comparative Ct
Edg2 2.31 Increase 0.030345 9.96 I ncrease
eEf2k 2.16 Increase 0.049323 6.09 Increase
Calml 2.11 Increase 0.015078 1.16 Increase
Sppl 6.27 Increase 0.014203 | 479.32 Increase
Serpinel 4.31 Increase 0.018416 | 141.80 Increase
Junb 1.87 increase 0.03601 1.96 Increase




Conclusions:

-Highly sensistive method

-uses little sample

-can gener ate data fast

-Isthe microarray validation method of choice for most researchers



VCC DNA Analysisand UVM Microarray Facility

DNA Analysis Staff

e Micr\(‘iﬂérmy Staff
=

()
ant§&mer ?enter







