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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.

dNTPs (deoxynucleoside triphosphates): essential building blocks, 
dATP, dCTP, dGTP, and dTTP

Polymerase: 1983- isolation of Taq polymerase from the thermophilic 
bacterium Thermus aquaticus (thermostable)
Pfu polymerase (proof-reading capacity)

https://www.google.com/search?client=safari&rls=en&q=dATP&ie=UTF-8&oe=UTF-8&mstk=AUtExfCVRzCu--4xm7wb7RyW7S2z3OkErIS6h8ECmb8Kp8Qr-C1yBA8HdxNT2I7OC91vxL3Tfdz0c0yIShFfLMwpLiiL_W31oMaP_UrC5FKba1Gp2iO6gq-X8AAk-G5aZ1-Bb4Q&csui=3&ved=2ahUKEwj8xufYvP2PAxWZTkEAHRIlNX4QgK4QegQIARAE
https://www.google.com/search?client=safari&rls=en&q=dCTP&ie=UTF-8&oe=UTF-8&mstk=AUtExfCVRzCu--4xm7wb7RyW7S2z3OkErIS6h8ECmb8Kp8Qr-C1yBA8HdxNT2I7OC91vxL3Tfdz0c0yIShFfLMwpLiiL_W31oMaP_UrC5FKba1Gp2iO6gq-X8AAk-G5aZ1-Bb4Q&csui=3&ved=2ahUKEwj8xufYvP2PAxWZTkEAHRIlNX4QgK4QegQIARAF
https://www.google.com/search?client=safari&rls=en&q=dGTP&ie=UTF-8&oe=UTF-8&mstk=AUtExfCVRzCu--4xm7wb7RyW7S2z3OkErIS6h8ECmb8Kp8Qr-C1yBA8HdxNT2I7OC91vxL3Tfdz0c0yIShFfLMwpLiiL_W31oMaP_UrC5FKba1Gp2iO6gq-X8AAk-G5aZ1-Bb4Q&csui=3&ved=2ahUKEwj8xufYvP2PAxWZTkEAHRIlNX4QgK4QegQIARAG
https://www.google.com/search?client=safari&rls=en&q=dTTP&ie=UTF-8&oe=UTF-8&mstk=AUtExfCVRzCu--4xm7wb7RyW7S2z3OkErIS6h8ECmb8Kp8Qr-C1yBA8HdxNT2I7OC91vxL3Tfdz0c0yIShFfLMwpLiiL_W31oMaP_UrC5FKba1Gp2iO6gq-X8AAk-G5aZ1-Bb4Q&csui=3&ved=2ahUKEwj8xufYvP2PAxWZTkEAHRIlNX4QgK4QegQIARAH
https://www.google.com/search?q=Taq+polymerase&client=safari&sca_esv=5313b28d1cddbe97&rls=en&ei=qTjaaNayGLrWhbIPvIW1qAg&oq=history+of+polymerases&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfClMrx6EGZpDRfLT1KoLP1qgPU4XZkzBqlvAos-__hABhwyWt-VLHBaUU5y4TmO6cJ1-A2M8EgUsVH9IXTWJNdmQtsnpVlHtZXYrTISDFkHItHpjkAbDWmww5WGjAsGxro&csui=3&ved=2ahUKEwjM6f7Lvf2PAxVgV0EAHUrPDPYQgK4QegQIARAE
https://www.google.com/search?q=thermophilic+bacterium+Thermus+aquaticus&client=safari&sca_esv=5313b28d1cddbe97&rls=en&ei=qTjaaNayGLrWhbIPvIW1qAg&oq=history+of+polymerases&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfClMrx6EGZpDRfLT1KoLP1qgPU4XZkzBqlvAos-__hABhwyWt-VLHBaUU5y4TmO6cJ1-A2M8EgUsVH9IXTWJNdmQtsnpVlHtZXYrTISDFkHItHpjkAbDWmww5WGjAsGxro&csui=3&ved=2ahUKEwjM6f7Lvf2PAxVgV0EAHUrPDPYQgK4QegQIARAF
https://www.google.com/search?q=thermophilic+bacterium+Thermus+aquaticus&client=safari&sca_esv=5313b28d1cddbe97&rls=en&ei=qTjaaNayGLrWhbIPvIW1qAg&oq=history+of+polymerases&gs_lp=&sclient=gws-wiz-serp&mstk=AUtExfClMrx6EGZpDRfLT1KoLP1qgPU4XZkzBqlvAos-__hABhwyWt-VLHBaUU5y4TmO6cJ1-A2M8EgUsVH9IXTWJNdmQtsnpVlHtZXYrTISDFkHItHpjkAbDWmww5WGjAsGxro&csui=3&ved=2ahUKEwjM6f7Lvf2PAxVgV0EAHUrPDPYQgK4QegQIARAF


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



Oligo(dT) versus random oligo primers

Oligo(dT) primers: 
• specifically bind to the 3' poly(A) tails of eukaryotic mRNA

Ø oligo(dT) primers are best for:
full-length cDNA synthesis of mRNAs 
constructing cDNA libraries

Random Hexamer primers:
• short, randomly sequenced oligonucleotides that bind anywhere on any RNA molecule.
 
Ø ideal for amplifying prokaryotic RNA
 degraded RNA samples
detecting low-abundance transcripts because they provide more comprehensive priming.



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



Analysis of qPCR data- Ct value



Analysis- Absolute quantification



Analysis- Relative quantification

Housekeeping/Reference genes

Giri and Sundar, Nature Scientific Reports, 2022.

Historically: genes that are consistently expressed across tissues, essential, carrying out cellular maintenance, and 
conserved across species
Today: more work, cell type/ tissue specific testing needed, multiple housekeeping genes recommended



Biological Insights- Hh signalling pathway
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Ancient pathway important in:

 Embryonic development

 Adult tissue maintenance

 Tumorigenesis

 Immune cell function!

…… but no good antibodies available!



De la Roche lab



Cellular Senescence: A Chronic Stress Response

Cell cycle arrest
Chromatin re-organization
Gene expression changes
Senescence-associated secretory phenotype (SASP)

Normal Tissue

Stress

Exposure to stress

Induction of 
senescence

Replicative exhaustion
DNA damage
Oncogene activation

Chan & Narita (2019) Genes Dev. 



Cellular Senescence: A Chronic Stress Response

Cell cycle arrest
Chromatin re-organization
Gene expression changes
Senescence-associated secretory phenotype (SASP)

Normal Tissue

Stress

Exposure to stress

Induction of 
senescence

Replicative exhaustion
DNA damage
Oncogene activation

Chan & Narita (2019) Genes Dev. 

SASP components resemble that of acute inflammation

Interleukins e.g. IL1A, IL1B, IL6, IL8
Cytokines and chemokines

youandibd.com

In the practical, we will be comparing the degree to which IL1B is 
upregulated in acute inflammation vs. senescence. 



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



Analysis of qPCR data- Melt curves



Absolute quantitation using digital PCR

• Partitioning of the PCR reaction into thousands of individual micro-reactions allows absolute quantitation (digital 
readout)

Science Direct, dPCR book chapter

• Even partitioning of the PCR reaction is achieved by four main ways: droplet-based (oil–water emulsions), 
microwell-based, channel-based, and printing-based sample dispersion

• Compared to qRT-PCR, digital PCR does not need standard curves and is more sensitive
• Technique is ideally suited for: rare mutation/target detection, pathogen detection (viral load analysis and 

microbial quantification), detection of viral integration sites (CAR-T cell therapy), microRNA expression, etc



Analysis of qPCR data from the practical 
workshop



Analysing qPCR Data: The Pipeline

Triplicates

Control Sample

Experimental Samples

GOI Housekeeping



Analysing qPCR Data: The Pipeline

Triplicates

Control Sample

Experimental Samples

GOI Housekeeping

1. Ct: Take a mean of triplicates
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Analysing qPCR Data: The Pipeline

Triplicates

Control Sample

Experimental Samples

GOI Housekeeping

1. Ct: Take a mean of triplicates

3. ∆∆Ct: Compare Experimental 
Samples to Control Sample

2. ∆Ct: Compare GOI to 
Housekeeping Gene



Analysing qPCR Data: The Pipeline

Triplicates

Control Sample

Experimental Samples

GOI Housekeeping

1. Ct: Take a mean of triplicates

3. ∆∆Ct: Compare Experimental 
Samples to Control Sample

2. ∆Ct: Compare GOI to 
Housekeeping Gene

4. Exp: Converting ∆∆Ct to a biologically meaningful value (fold change) with 2-∆∆Ct



Analysing qPCR Data: QuantStudio Output

Well Well Position Omit
Sample 
Name Target Name Task Reporter Quencher CT Ct Mean Ct SD

25 B1 FALSE Ctrl IL1B UNKNOWN SYBR None 24.639 24.467 0.173
26 B2 FALSE Ctrl IL1B UNKNOWN SYBR None 24.468 24.467 0.173
27 B3 FALSE Ctrl IL1B UNKNOWN SYBR None 24.293 24.467 0.173
28 B4 FALSE TNF IL1B UNKNOWN SYBR None 19.219 19.210 0.031
29 B5 FALSE TNF IL1B UNKNOWN SYBR None 19.175 19.210 0.031
30 B6 FALSE TNF IL1B UNKNOWN SYBR None 19.236 19.210 0.031
31 B7 FALSE Senescence IL1B UNKNOWN SYBR None 13.020 13.053 0.189
32 B8 FALSE Senescence IL1B UNKNOWN SYBR None 13.256 13.053 0.189
33 B9 FALSE Senescence IL1B UNKNOWN SYBR None 12.883 13.053 0.189

169 H1 FALSE Ctrl bactin UNKNOWN SYBR None 13.572 13.472 0.609
170 H2 FALSE Ctrl bactin UNKNOWN SYBR None 14.024 13.472 0.609
171 H3 FALSE Ctrl bactin UNKNOWN SYBR None 12.818 13.472 0.609
172 H4 FALSE TNF bactin UNKNOWN SYBR None 13.320 13.406 0.121
173 H5 FALSE TNF bactin UNKNOWN SYBR None 13.544 13.406 0.121
174 H6 FALSE TNF bactin UNKNOWN SYBR None 13.354 13.406 0.121
175 H7 FALSE Senescence bactin UNKNOWN SYBR None 13.685 13.737 0.116
176 H8 FALSE Senescence bactin UNKNOWN SYBR None 13.869 13.737 0.116
177 H9 FALSE Senescence bactin UNKNOWN SYBR None 13.656 13.737 0.116



Analysing qPCR Data: Example Workflow

IL1B bactin
Ctrl 24.4669018 13.4715233
TNF 19.2100188 13.4059887
Senescence 13.0531899 13.7366695

1. Mean Ct 2. ∆Ct

IL1B bactin
Ctrl 10.9953785 0
TNF 5.8040301 0
Senescence -0.6834796 0

3. ∆∆Ct

IL1B bactin
Ctrl 0 0
TNF -5.1913484 0
Senescence -11.678858 0

IL1B bactin
Ctrl 1 1
TNF 36.5385732 1
Senescence 3278.58622 1

4. Exp

Value for each gene – Value for housekeeping gene 
from the same row (bactin in this case)

• Control: 24.467 – 13.472 = 10.995
• TNF: 19.210 – 13.406 = 5.804
• Senescence: 13.053 – 13.737 – -0.683

Note that bactin values are subtracted from itself and 
are now 0!



Analysing qPCR Data: Example Workflow

IL1B bactin
Ctrl 24.4669018 13.4715233
TNF 19.2100188 13.4059887
Senescence 13.0531899 13.7366695

1. Mean Ct 2. ∆Ct

IL1B bactin
Ctrl 10.9953785 0
TNF 5.8040301 0
Senescence -0.6834796 0

3. ∆∆Ct

IL1B bactin
Ctrl 0 0
TNF -5.1913484 0
Senescence -11.678858 0

IL1B bactin
Ctrl 1 1
TNF 36.5385732 1
Senescence 3278.58622 1

4. Exp

Value for sample – Value for control sample
from the same column (Ctrl in this case)

• TNF: 5.804 – 10.995 = -5.191
• Senescence: -0.683 – 10.995 = -11.679

Note that Ctrl values are subtracted from itself and 
are now 0!



Analysing qPCR Data: Example Workflow

IL1B bactin
Ctrl 24.4669018 13.4715233
TNF 19.2100188 13.4059887
Senescence 13.0531899 13.7366695
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TNF 5.8040301 0
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Senescence -11.678858 0

IL1B bactin
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4. Exp

2-∆∆Ct  for all values



Analysing qPCR Data: Example Workflow

IL1B bactin
Ctrl 24.4669018 13.4715233
TNF 19.2100188 13.4059887
Senescence 13.0531899 13.7366695

1. Mean Ct 2. ∆Ct

IL1B bactin
Ctrl 10.9953785 0
TNF 5.8040301 0
Senescence -0.6834796 0

3. ∆∆Ct

IL1B bactin
Ctrl 0 0
TNF -5.1913484 0
Senescence -11.678858 0

IL1B bactin
Ctrl 1 1
TNF 36.5385732 1
Senescence 3278.58622 1

4. Exp

Biological interpretation

Compared to control, and normalized to b-actin expression:

• IL1B expression is 36.5 fold higher in “TNF inflammation” 
condition and 3278.5 fold in the “senescence” condition


