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Preface

Since its introduction in the mid-1990s, quantita-
tive real-time PCR (qPCR) has revolutionized 
almost all areas of microbiology. It has become 
a common technique used in most laboratories 
interested in clinical, environmental, food and 
industrial microbiology. This versatile technology 
keeps evolving, and new platforms, chemistries, 
approaches and software are becoming available, 
making qPCR more sensitive, faster and afford-
able than ever before.

This book aims to provide all microbiologists, 
both novice and experienced users, with the 
latest information available on qPCR technol-
ogy. The initial chapters cover the main technical 
aspects of qPCR, from a thorough description of 
the technique to choosing an instrument, fluo-
rescent chemistries, experimental approaches, 

controls, validation and software. In the second 
part of the book, the focus is put on how to 
design qPCR assays for quantifying microorgan-
isms from different substrates and conditions in 
a culture-independent manner. Finally, the final 
chapters focus on microbial gene expression 
and describe the use of RT-qPCR for quantify-
ing transcripts from complex environmental 
conditions and for validating microbial micro-
array data. Future trends in RT-qPCR are also 
discussed, as well as their implication in applied 
microbiology. I hope that this book will find its 
place on the bench in microbiology laboratories, 
so that users will come back to it from time to 
time, perhaps stimulating the development of 
novel innovative qPCR approaches to address 
their specific needs.

Martin Filion



Bioremediation of Mercury	 2012
Rhabdoviruses 	 2012
Horizontal Gene Transfer in Microorganisms	 2012
Microbial Ecological Theory: Current Perspectives	 2012
Two-Component Systems in Bacteria	 2012
Foodborne and Waterborne Bacterial Pathogens	 2012
Yersinia: Systems Biology and Control	 2012
Stress Response in Microbiology	 2012
Bacterial Regulatory Networks	 2012
Systems Microbiology: Current Topics and Applications	 2012
Quantitative Real-time PCR in Applied Microbiology 	 2012
Bacterial Spores: Current Research and Applications	 2012
Small DNA Tumour Viruses	 2012
Extremophiles: Microbiology and Biotechnology	 2012
Bacillus: Cellular and Molecular Biology	 2012 
Microbial Biofilms: Current Research and Applications	 2012
Bacterial Glycomics: Current Research, Technology and Applications	 2012
Non-coding RNAs and Epigenetic Regulation of Gene Expression	 2012
Brucella: Molecular Microbiology and Genomics 	 2012
Molecular Virology and Control of Flaviviruses	 2012
Bacterial Pathogenesis: Molecular and Cellular Mechanisms 	 2012
Bunyaviridae: Molecular and Cellular Biology	 2011
Emerging Trends in Antibacterial Discovery: Answering the Call to Arms	 2011
Epigenetics: A Reference Manual	 2011
Metagenomics: Current Innovations and Future Trends	 2011
Nitrogen Cycling in Bacteria: Molecular Analysis	 2011
The Biology of Paramyxoviruses	 2011
Helicobacter pylori	 2011
Microbial Bioremediation of Non-metals: Current Research	 2011
Lactic Acid Bacteria and Bifidobacteria: Current Progress in Advanced Research	 2011
Viruses and Interferon: Current Research	 2011
Essentials of Veterinary Parasitology	 2011
Hepatitis C: Antiviral Drug Discovery and Development	 2011
Streptomyces: Molecular Biology and Biotechnology	 2011
Alphaherpesviruses: Molecular Virology	 2011
Recent Advances in Plant Virology	 2011
Vaccine Design: Innovative Approaches and Novel Strategies	 2011
Salmonella: From Genome to Function	 2011
PCR Troubleshooting and Optimization: The Essential Guide	 2011
Insect Virology	 2010
Environmental Microbiology: Current Technology and Water Applications	 2011

Current Books of Interest



Index

A
Absolute quantification  19, 53–57, 90, 202–203
Acanthamoeba castellani  125
Additives  37, 93–94, 168–169, 235–236
alkB gene  109, 113–114, 171
AllGlo  42
ALU repeats  18
Ammonia-oxidizing bacteria  111–113, 182
Ammonia-oxidizing archaea  111–113
amoA gene  108, 111–113
Amplification curve  5, 58, 90, 
Amplification efficiency  5–6, 12, 20, 53, 55, 57–58, 

89–90, 93, 95, 130–133, 136, 192, 203
Amplification plot  4–5, 12
AmpliFluor  40–41
Antibiotic resistance  107, 109, 117
AOA see Ammonia-oxidizing archaea
AOB see Ammonia-oxidizing bacteria
apsA gene  117
Archaea  87, 95–96, 98–101, 111–113, 116, 128, 182
Ascaris lumbricoides  125
atzA gene  171
atzD gene  171

B
Bacillus anthracis  184–185
Bacillus cereus  154
Baseline  4–5, 15, 47, 202
Bead beating  91, 166
BestKeeper  58, 202
Beta actin (β-actin)  18, 82, 201
Bioanalyzer  167, 190
bphAa gene  172
Brettanomyces bruxellensis  155
Brochothrix thermosphacta  155

C
Calibration curve  53–59, 152–153
Campylobacter  131, 154
Campylobacter jejuni  124–125, 135, 154, 214
Carbon cycle  113–115, 117
cbbL gene  115
CFU see Colony forming units
Colony forming units  132–133, 135, 150, 152, 154–155, 

157, 173

chiA gene  109, 114–115
Chimeric primers  95, 97
Clay  89, 91–92, 237
Clostridium botulinum  155, 184–185
Clostridium perfringens  133–134
Clostridium tyrobutiricum  155
Compost  88, 91–93, 100, 212
Cq see Quantification cycle
Crossing point see Quantification cycle  197, 202
Cryptosporidium  125–126, 135
Cryptosporidium hominis  127
Cryptosporidium parvum  124, 126
Ct see Quantification cycle
Cycling probe technology  42
Cycle threshold see Quantification cycle

D
Delta-delta Cq  19, 54, 57, 65–66
Denaturing gradient gel electrophoresis  110
Denitrification  98, 108–109, 112–113
DGGE see Denaturing gradient gel electrophoresis
Diazotrophic  108–110
Digital PCR  10, 28, 37, 39
Displacement probe  43
DNA polymerase  4, 7–8, 13, 16, 27, 29, 41–44, 88–89, 

92–94, 101, 152, 169–170, 185, 192, 200, 234, 236–237
DNAse  58, 66, 190–191
dsrAB gene  109, 117

E
Eclipse probe  9, 45
Enrichment  47, 130, 151–154
Entamoeba histolytica  125
Escherichia coli  124–126, 131, 133, 135, 155–156, 

182–183, 185, 213–214
EvaGreen  6, 38
Exonuclease  4, 7, 15, 42, 44, 
Experion  167, 190

F
Fluorescence resonance energy transfer  7–8, 32, 46, 216
Fluorescent probes  6, 216
Fluorophore  6–9, 13, 27–29, 35–36, 40–41, 43–47, 89, 

189, 197, 200–201, 206, 214
FRET see Florescence resonance energy transfer



Index240  |

Fulvic acid  92, 168, 174, 236
Fusarium graminearum  213

G
G+C content (GC content)  13–14, 88–89, 91–92, 94, 

100, 135, 196
GAPDH  17–18, 201, 213
% GC see G+C content
Gel electrophoresis  3, 27, 89, 93, 151, 173, 186, 191, 197
Gene expression  13, 15, 18–19, 54, 58, 71, 73, 112, 157, 

161, 163–165, 170–174, 182–183, 186, 188–189, 192, 
194–195, 201–205, 207–210, 212–214, 217, 234–237

GenEx  17–19, 54, 58, 63–84
GeNorm  18, 19, 58, 70, 75–78, 202
Giardia  126, 131
Giardia duodenalis  126
Giardia lamblia  124–126, 131, 135
Gibbs free energy  13
gyrA gene  96

H
Hanseniaspora uvarum  155
HDA see Helicase-dependent amplification 
Helicase-dependent amplification  234
High-resolution melting  28, 35, 37–40, 48
Housekeeping gene  17, 57, 202
HRM see High-resolution melting
Humic acid  56, 92–93, 133, 170, 174, 191, 237
Humin  92
HyBeacon  9, 43
Hybridization probe  7–8, 33, 42–43, 126, 186, 196, 200
HybProbe see Hybridization probe
Hydrolysis probes  4, 6–9, 13, 33, 42, 44, 196–197, 200

I
IAC see Internal amplification control
Inhibition  3, 13–14, 39, 56–59, 66, 92–94, 98, 122, 138, 

152, 154, 168–169, 173, 190–191
Inhibitors  5, 13, 15–16, 54, 56–57, 59, 87–90, 92–94, 

98–99, 101, 108, 132–133, 136, 152–153, 164–171, 
174, 183, 191–192, 234, 236–237

Internal amplification control  47, 97–98, 234–235
Internal transcribed spacer  87–88, 96, 98
IntraTaq probe  44
invA gene  172, 174
Isothermal  186, 233–234
ITS see Internal transcribed spacer

K
Klebsiella pneumonia  155

L
Lactobacillus sakei  155
LATE-PCR see Linear-after-the-exponential-PCR 
LCGreen  38
Legionella  124, 131
Legionella pneumophila  135
Light upon extension  7, 40–41, 197, 201, 213
LightUp probe  43–44
Limit of detection  70–71

Linear-after-the-exponential-PCR  10
Linear phase  3, 5, 202
LionProbe  42
Listeria monocytogenes  150, 155, 214
LNA see Locked nucleic acid
Locked nucleic acid  10, 13, 42, 65, 235–236
LUX see Light upon extension

M
Manure  87, 88, 91–93, 98–100, 109, 113, 118, 127, 172
Marker gene  88, 95
mcrA gene  109, 116–117, 171
mecA gene  196
Melting curve  6–8, 12–13, 39–40, 43, 89, 188, 197, 200
Melting point  44
Melting temperature  6, 7–10, 38, 42–43, 94–95, 186, 

196–197, 200
Methane  99–100, 109, 115–117
Methanotroph  99–100, 116–117
Methylocella  116
MGB see Minor groove binding
MGB Eclipse  44
Microarrays  11, 116, 126, 138, 181–217
Microbial risk assessment  121–139
Micrococcus luteus  131
Minor groove binding  9, 42, 44–45, 89, 200
Mitochondrial  128, 193
MIQE  3, 14, 20–21, 53, 57–59, 204
Molecular beacon  6–9, 13–14, 33, 44, 126, 197–198, 

200, 235
Molecular probes  167, 197
Most-probable-number  111, 114, 117, 130, 135
MPN see Most-probable-number
MRA see Microbial risk assessment
Multiplex  37, 39–40, 44, 47, 57, 89, 95, 201, 213–214, 

216
Mutation detection  41, 44
Mycobacterium  183, 196
Mycobacterium avium  155
Mycobacterium mucogenicum  124
Mycobacterium smegmatis  131

N
NanoDrop  15, 167
napA gene  112–113
narG gene  112–113
Neurospora crassa  195
nifD gene  171
nifH gene  108–110, 113
nirK gene  109, 112–113
nirS gene  109, 112–114
Nitrification  98, 100, 108, 111–113
Nitrogen cycle  87, 98, 108–113, 115, 132
Nitrogen fixation  108–110, 113
norB gene  112
Normalization  16–20, 54, 57–58, 60, 66, 71, 75–77, 89, 

188, 201–203, 206, 208–210, 234–235
NormFinder  19, 58, 70, 73–75, 77
nosZ gene  112–113



Index |  241

O
Oligo-dT  16, 191, 193–196
Optical system  27–29, 32, 35
Optimization  3, 6, 10, 12, 19, 21–22, 56, 58, 71, 89, 

91–92, 153, 183, 194

P
Pantoea agglomerans  213
Peltier  28–31
Peptide nucleic acid  9, 41–43
PicoGreen  97
Plasmid  55–56, 92, 135, 202
Plateau  3–5, 10, 54, 58, 202
Plexor  41, 197, 201
pmoA gene  109, 116–117, 171
PNA see Peptide nucleic acid
PREXCEL-Q  204
Primer design  11–12, 95, 196–199, 211
Primer dimers  7, 12–13, 19, 40, 42, 70, 88–89, 95–97, 

197, 199–201, 209
Pseudomonas  172, 235
Pseudomonas aeruginosa  213

Q
qBase  54, 58, 203, 204
qBase plus  18–19, 58, 63, 204
QMRA see Quantitative microbial risk assessment
Quality control  3, 10, 19, 22, 83, 188–189, 207, 212
Quantification cycle  4–5, 11–12, 17–19, 54–55, 57, 59, 

63–67, 69, 71, 82, 90, 152, 189, 191, 197, 200, 202–204, 
211

Quantitative microbial risk assessment  121–139
Quencher  6–9, 27, 36, 40–46, 48, 89, 197, 200–201

R
Ramping  29, 37
16S rDNA see 16S rRNA
18S rDNA see  18S rRNA
23S rDNA see  23S rRNA
28S rDNA see  28S rRNA
Reference gene  16–20, 53–54, 57–59, 63–66, 70–71, 

73–78, 189, 191, 201–203, 209
Relative quantification  19, 53–54, 57–59, 203
REST  18, 54, 58–59, 203
Reverse transcriptase  122, 157, 166, 169–170, 181, 188, 

192–193, 195, 236
Rhizosphere  99, 108, 110, 115
RiboGreen  15, 167
Ribosomal see also  16S, 18S, 23S and  28S rRNA 
RIN see RNA integrity number
16S RNA see 16S rRNA
RNA integrity number  75, 167, 190
RNA quality indicator  190–191
RNAse  56, 163, 166, 170, 188–190, 192–193, 212, 234
rpoB gene  96, 196
RQI see RNA quality indicator
16S rRNA  18, 87–88, 94–98, 100, 107, 109, 111–114, 

116–117, 124–125, 128, 135, 167, 174, 184, 190, 215
18S rRNA  18, 87–88, 95–96, 98, 126, 167, 190

23S rRNA  134, 190, 213
28S rRNA  167, 190
RT see Reverse transcriptase
RT-qPCR  12, 14–17, 53–54, 56–57, 66, 110, 112, 114, 

117, 122, 126, 132, 136, 157, 163–175, 181, 186–196, 
201–217, 233–237 

S
Saccharomyces cerevisiae  155, 195
Salmonella  125, 152, 156, 172, 174
Salmonella enterica  124–125, 135, 155, 174, 214
Salmonella typhimurium  155
SCF see Sigmoidal curve fitting
Scorpion  9, 44–46, 126, 197, 200
Sediment  87–88, 91–92, 98–100, 111, 114, 164, 

168–169, 171–172, 237
Shigella  125, 214
Shigella sonnei  127
Sigmoidal curve fitting  5, 90
Single nucleotide polymorphism  10, 12–14, 41–42, 44, 

184, 196, 197, 200, 236
Sludge  100, 109, 118, 165, 169, 174, 212
SNP see Single nucleotide polymorphism
Soil  57, 87–88, 90–94, 97–101, 108–118, 163–166, 

168–172, 181, 185, 189, 197, 212, 235–237
SRB see Sulfate-reducing bacteria
Standard curve  5–6, 53–57, 59–60, 67–74, 81, 90, 153, 

201–203
Staphylococcus  184 
Staphylococcus aureus  155–156, 174
Streptococcus  185, 196
Streptococus mutans  185
Sulfate-reducing bacteria  109, 117
Sulfur cycle  117
SYBR Green  6–7, 14, 32–33, 35, 38–40, 88–89, 95, 110, 

116, 126, 128, 196–197, 199, 213, 216
Synechocystis  185
SYT09 39–40

T
TaqMan  4, 7, 33–34, 40, 42–44, 46, 88–89, 115–116, 

126, 128, 136, 197, 199–201, 210, 234–235
Taq polymerase  45, 200,
tet gene  109, 117–118
Thermal cycler  4, 10, 27–28, 35, 40, 46, 48, 129, 152, 214
Thermocycler see Thermal cycler
Threshold cycle see Quantification cycle
Tm see Melting temperature
Toxoplasma gondii  126

V
VBNC see Viable but non-culturable
Viable but non-culturable  130–131, 138, 149, 173
Vibrio  130, 213
Vibrio alginolycus  155
Vibrio cholereae  122, 125, 213
Vibrio parahaemolyticus  213
Vibrio vulnificus  155, 213
Virus  15, 47, 55, 121–122, 124–130, 133–136, 154, 174, 

182–183, 192, 196, 213, 236



Index242  |

W
Wastewater  99–100, 117–118, 127, 129–130, 132–133, 

213–214 
Water  87–88, 91–92, 97–100, 111–112, 118, 121–122, 

124–125, 127–128, 130–134, 136, 139, 155, 163–166, 
169, 172–174, 181, 185, 189, 197, 212

Waterborne  122–123, 126–127, 135

Y
Yersinia enterocolitica  125, 214
Yersinia pestis  155, 184
YO-PRO  38

Z
Zip nucleic acids  235–236
ZNA see Zip nucleic acid




