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Tissue “matrix” interfere with real-time PCR efficiency
and amplification fidelity

IGF-1 mRNA amplification in three cattle tissues
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Fluorescence history
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Noise in real-time PCR!

= Effect of different types of background on an amplification history

A. No background B. Constant background (Roche Biochemicals 1999) C. Linear rising background (Tichopad et al.,
2000 & 2003)  D. Decreasing non-linear background (Johnson et al., 2004) E. Increasing non-linear background
(SoFar, Wilhelm et al., 2003).
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PCR inhibitors:

Hemoglobin, Urea, Heparin
Organic or phenolic compounds
Glycogen, Fatty acids, Ca2*

Laboratory items, powder, etc.

N\

PCR enhancers:

DMSO, Glycerol, BSA
Formamide, PEG, TMANO, TMAC etc.
Special commercial enhancers:

Gene 32 protein, Perfect

AccuPrime, E. Coli ss DNA binding

Match, Taq Extender,

e
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mRNA quantification using real-time RT-PCR
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Sampling method:

¢ Biopsy

o Fixed material

e Fresh blood

o Tissue storage

Liquid Nitrogen

e RNA Later

1st extraction buffer

o RNA storage —80°C
=> native RNA

Extraction method:
o total RNA vs. mRNA
e liquid-liquid
e columns
e Automatic via robot
o RNA integrity:
* Bioanalyzer 2100
e Experion
« Nano-Drop
* mFold algorithm

Efficiency of RT:
e RT enzyme type
o RT temperature

e Primers:

e poly-T Primer
* Random-hexamers
* Specific primer
* Primer mixtures
e one-step qRT-PCR
o two-step RT-gPCR




Determination the total RNA extraction efficiency
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Absolut quantification with a known and exact defined recRNA
reference (RNA multi-standard pMS1)
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RT efficiency [ meantstd.dev. ]

RT Efficiency
Qiagen SYBR Green | gqRT-PCR Kit, performed in LightCycler
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Table

Table 1. Absolute reverse transcription yields for RNA MultiStandard.

Stahlberg et al., Clin Chem. 50(9) 2004

External RNA molecules added”

10¢ 10° 10* 10°
Reverse transcription yield (%) Average®
‘ MMLVH 22 50 48 (125) 40 + 16 ‘
Omniscript 7.2 3.1 11.5 (66O} 73+42
AMV 0.4 0.6 4.9 (44) 20425
‘ MMLV 32 49 30 (110) 44 10 ‘
Improm-[1 32 22 12 (98) 22+10
cAMV 6.3 17 35 (88) 19+ 15
ThermoSeript 1.1 9.0 14 (46) 8.0+6.6
SuperSeript [11 87 72 90 (43) 83410
Average 24429 28426 33429 T84+32 28427

RT enzyme and "tissue background matrix”
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RT efficiency depends on

enzyme and gene
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RNA integrity => RIN => CP

Bioanalyzer 2100, Agilent Technologies

Bioanalyzer 2100

» Lab-on-chip technology
» Electrophoretic separation of total-RNA on mikrofabricated chips
* RNA samples are detected via laser induced fluorescence detection




Agilent 2100
RNA chip

Bioanalyzer

The sample is injected inte the separation
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Various total-RNA qualities analysed in the Bioanalyzer 2100
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Run standard experiment and use RIN to determine if sample integrity id sufficient:

— Cells/Culture

RIN
below i
threshold —_—

[

Isolation of total ANA

RIN above threshold

| Continue with downstream experiment (microarray, real-time PCR, etc.) |

Q: Impact of RNA integrity on the gRT-PCR performance ?

Q: Impact on physiological result ?




Influence of total RNA quality, quantity and purity on qRT-PCR results
total RNA extracted bovine WBC analysed in Bioanalyzer 2100
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Degradation of extracted total-RNA
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Normalisation according to an internal reference gene

“delta-delta Ct method” for comparing relative expression results between
treatments in real-time PCR
ABI Prism Sequence detection System User Bulletin #2 (2001)
Relative quantification of gene expression

ACP = CP

target gene ~ CP refence gene

. - [ ACP treatment - ACP control]
expression _ o

ratio

. - AACP
expression _

ratio = 2

Livak KJ, Schmittgen TD. (2001)

Analysis of Relative Gene Expression Data Using Real-Time Quantitative PCR and the 2 [ delta deltaC(T)] method.
Methods, 2001 25(4): 402-408.
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Relative Quantification in real time qRT-PCR
using an internal control for normalisation

relative quantification
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PCR efficiency in dependence of RIN
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Ratio

Comparison of 18S/28S rRNA ratio

Experion & Bioanalyzer 2100
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Run performance
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Experion: 165.34 [71.47 ng/pl]
Ratio [28S/18S]: 0.93

RIN: n.a.

Ladder Area: 370.14

Bioanalyzer: 63.3 [27.0 ng/pl]
Ratio [285/188S]: 1.30

RIN: 7.4

Ladder Area: 354.1

Experion: 130.31 [45.07 ng/pl]
Ratio [28S/18S]: 1.36

RIN: n.a.

Ladder Area: ----

Bioanalyzer: 44.8 [25.0 ng/pl]
Ratio [28S/18S]: 1.80

RIN: 5.2
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Variability

Experion & Bioanalyzer 2100

A: Experion (50 ng/ul) 400 1 M
B: Bioanalyzer (50 ng/ul) T a0 | * ‘T
; % 200 A
C: Experion (200 ng/ul) £ . . +
Q [
D: Bioanalyzer (200 ng/ul) g

i

A B (] D
mean [ng] 54.2 43.4 211.1 235.8
CV [%] 39.1 57.1 14.7 27.4

n =207 (50 ng) n =171 (200 ng)
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Part 1 - Summary and Conclusion

Total RNA extraction efficiency is highly variable [ CV >50% ]

Total RNA extraction is very tissue dependent [ 20% to 70% extraction efficiency ]
RT efficiency is highly enzyme dependent [ <10% for AMV, 50-85% for MMLV H- ]
RT is very sensitive [ ~ 30% day-to-day variations ]

RT is dependent of the mRNA abundancy [ 40% for low- and 75% for high abundant

genes ]

Part 2 - Summary and Conclusion

* qRT-PCR performance is dependent on total-RNA quantity and quality !
RNA quality (= RIN value) is highly tissue dependent !

» good RIN [8-10] for single cells like cell cultures and WBC

» lower RIN [5-8] for solid tissues, requiring more homogenization during extraction
 Total RNA classification using the RIN:

* RIN>8: perfect total-RNA
« 5<RIN<8: good RNA => RIN threshold =5
* RIN<5: RNA quality is highly questionable

« Effects of RNA quality on gRT-PCR results !
» minor influence on classical gRT-PCR products under 200 bp
* RIN threshold of RIN = 5 for longer gRT-PCR products over 400 bp
« minor influence on amplification efficiency

« relative quantification using an internal control gene, performing the ACP approach,
can partly circumvent the RIN problematic

» Tools to measure RNA integrity:
» Bioanalyzer 2100 => Advantages in RIN algorithm & “better” 18S/28S ratio
« Experion => Advantages in more sensitivity and less variability

¢ mFOLD software => future studies !




Part 3 - Summary and Conclusion

CONCLUSION:

Pre-PCR analytical steps (sampling, extraction and

reverse transcription) are HIGHLY VARIABLE and

replicates should be done at the pre-PCR analytical

level and not during later PCR reaction !
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Thank you team !

Thank you for your attention !




