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Measuring gene expression

VanGuilder et al., 2018. Biotechniques



The Polymerase Chain Reaction (PCR)

Kary Mullis, Nobel Prize Lecture, 1993.



The Polymerase Chain Reaction (PCR)

Kary Mullis, Nobel Prize Lecture, 1993.



RT-PCR vs qPCR vs RT-qPCR 



Workflow for qPCR reactions



Workflow- Sample RNA isolation



Workflow- RNA quantification and integrity



Workflow: One-Step vs Two-Step PCR



Workflow- The PCR reaction



Workflow- SYBR Green detection

-Intercalating fluorescent dye 

-SYBR Green I

-Fluorescence emitted measured after each thermal cycle

PROS:
- Cheaper
- More flexibility with primer design

CONS:
- Dye can bind to any ds-DNA sequence, hence can give 
non-specific signals…



Workflow- Taqman detection
-5’ Fluorescent reporter  dye
3’ Quencher dye

-Bind to DNA sequence downstream of 
primer

-Taq Polymerase hydrolyses linkage, 
releasing the reporter dye from the 
quencher, allowing detectable 
fluorescence

PROS:
-Specific
-Allows multiplexing

CONS:
-More expensive
-Need to have pre-designed assays



Biological Insights- Hh signalling pathway
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Ancient pathway important in:

 Embryonic development

 Adult tissue maintenance

 Tumorigenesis

 Immune cell function!



Expression of Hh Co-receptor gene Gas1 in MEFs 
MEFs- Mouse embryonic fibroblasts

Christ et al., Developmental Dynamics (2016)



Question:
What is the effect of serum starvation on the expression of the Hh Co-
receptor, Gas1 in MEFs?

Experimental Plan:
1. Culture MEFs with or without serum starvation
2. Collect MEFs and isolate RNA
3. Make cDNA from the isolated RNA
4. Perform a qPCR reaction set-up 
5. Run the qPCR on the QuantStudio system
6. Analyse the data and discuss results
7. Discuss ideal follow-up experiments
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Expression of IL-1b in …. 
IL-1b and SASP (Senescence Associated Secretory Phenotype)



Analysis of qPCR data- Melt curves



Analysis of qPCR data- Ct value



Analysis- Absolute quantification



Analysis- Relative quantification

Housekeeping/Reference genes

Giri and Sundar, Nature Scientific Reports, 2022.



Common challenges and Troubleshooting



Troubleshooting your qPCR experiment



Appropriate controls are critical!

https://www.sigmaaldrich.com/GB/en/technical-documents/technical-article/genomics/pcr/troubleshooting



Thank you!!!

De la Roche lab


