Quantitative Real-time PCR in
Applied Microbiology

Edited by
Martin Filion

Department of Biology
Université de Moncton
Moncton, NB

Canada

¥ Caister Academic Press



Copyright © 2012

Caister Academic Press
Norfolk, UK

www.caister.com

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

ISBN: 978-1-908230-01-0

Description or mention of instrumentation, software, or other products in this book does
not imply endorsement by the author or publisher. The author and publisher do not assume
responsibility for the validity of any products or procedures mentioned or described in this
book or for the consequences of their use.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise, without the prior permission of the publisher. No claim to original
U.S. Government works.

Cover design adapted from Figure 1.3

Printed and bound in Great Britain



Part |

Part Il

contents

List of Contributors

Preface

Technical considerations

An Introduction to the Real-time Polymerase Chain Reaction

Stephen A. Bustin, Sara Zaccara and Tania Nolan

Instrumentation and Fluorescent Chemistries Used in Quantitative
Polymerase Chain Reaction

Mathilde H. Josefsen, Charlotta L6fstrdm, Trine Hansen, Eyjolfur Reynisson and
Jeffrey Hoorfar

Quantification Strategies in Real-time Polymerase Chain Reaction
Michael W. Pfaffl

GenEx: Data Analysis Software

Mikael Kubista, Vendula Rusnakova, David Svec, Bjorn Sjogreen and Ales
Tichopad

gPCR for Quantifying Microorganisms

Quantification of Microorganisms Targeting Conserved Genes in
Complex Environmental Samples Using Quantitative Polymerase
Chain Reaction

Claudia Goyer and Catherine E. Dandie

Quantification of Microorganisms Using a Functional Gene Approach
Lia C.R.S. Teixeira and Etienne Yergeau

Using Quantitative Polymerase Chain Reaction for Water Microbial
Risk Assessments

Jorge Santo Domingo, Mary Schoen, Nicholas Ashbolt and Hodon Ryu

27

53

63

85

87

107

121



iv | Contents

8

Part 1l

9

10

11

Quantitative Polymerase Chain Reaction in Food Microbiology

Luca Cocolin and Kalliopi Rantsiou

RT-gPCR for Studying Microbial Gene Expression

Studying Microbial Gene Expression in Complex Environmental
Matrices Using Quantitative Real-time Polymerase Chain Reaction

Vijay J. Gadkar and Martin Filion

Quantitative Reverse Transcriptase Polymerase Chain Reaction for
Validating Microbial Microarray Data

Dan Tulpan, Michelle Davey and Mark Laflamme

Future Trends in Quantitative Real-time Polymerase Chain
Reaction Technology and their Implication in Applied Microbiology
Vijay J. Gadkar and Martin Filion

Index

149

161

163

181

233

239



Nicholas Ashbolt

US Environmental Protection Agency
Office of Research and Development
Cincinnati, OH

USA

ashbolt.nicholas@epa.gov

Stephen A. Bustin

Barts and the London School of Medicine and
Dentistry

Queen Mary University of London

London

UK

s.a.bustin@qmul.ac.uk

Luca Cocolin

DiVa.PR.A.

Agricultural Microbiology and Food Technology
Sector

Faculty of Agriculture

University of Turin

Turin

Italy
lucasimone.cocolin@unito.it
Catherine E. Dandie
CSIRO Land and Water

Glen Osmond, SA
Australia

cathy.dandie@csiro.au

Contrioutors

Michelle Davey

Atlantic Cancer Research Institute
Moncton, NB

Canada

michelled@canceratl.ca

Martin Filion
Department of Biology
Université de Moncton
Moncton, NB

Canada

martin.filion@umoncton.ca

Vijay J. Gadkar
Department of Biology
Université de Moncton
Moncton, NB

Canada

vijay.gadkar@umoncton.ca

Claudia Goyer

Potato Research Centre
Agriculture and Agri-Food Canada
Fredericton, NB

Canada

claudia.goyer@agr.gc.ca

Trine Hansen

National Food Institute
Technical University of Denmark
Seborg

Denmark

trih@food.dtu.dk



vi | Contributors

Jeffrey Hoorfar

National Food Institute
Technical University of Denmark
Seborg

Denmark

jhoo@food.dtu.dk

Mathilde H. Josefsen

National Food Institute
Technical University of Denmark
Seborg

Denmark

mhjo@food.dtu.dk

Mikael Kubista

TATAA Biocenter
Gothenburg

Sweden;

Department of Biotechnology
Czech Academy of Science
Prague

Czech Republic

mikael.kubista@tataa.com

Mark Laflamme

Department of Fisheries and Oceans Canada
Moncton, NB

Canada

mark.Jaflamme@dfo-mpo.gc.ca

Charlotta Lofstrém

National Food Institute
Technical University of Denmark
Seborg

Denmark

chalo@food.dtu.dk

Tania Nolan
Sigma-Aldrich
Haverhill

UK

tania.nolan@sial.com

Michael W. Pfaffl
Physiology

Centre for Life and Food Sciences Weihenstephan

Technical University of Munich
Freising-Weihenstephan
Germany

michael pfaffl @wzw.tum.de

Kalliopi Rantsiou
DiVa.P.R.A.

Agricultural Microbiology and Food Technology

Sector
Faculty of Agriculture
University of Turin
Turin

Italy

kalliopi.rantsiou@unito.it

Eyjolfur Reynisson

Matis Ltd — Icelandic Food and Biotech R&D
Reykjavik

Iceland

eyjolfur.reynisson@matis.is

Vendula Rusnakova
Department of Biotechnology
Czech Academy of Science
Prague

Czech Republic

vendula.rusnakova@img.cas.cz

Hodon Ryu

US Environmental Protection Agency
Office of Research and Development
Cincinnati, OH

USA

ryuw.hodon@epa.gov

Jorge Santo Domingo

US Environmental Protection Agency
Office of Research and Development
Cincinnati, OH

USA

santodomingo.jorge@epa.gov



Mary Schoen

US Environmental Protection Agency
Office of Research and Development
Cincinnati, OH

USA

schoen.mary@epa.gov

Bjorn Sjogreen

Center for Applied Scientific Computing
Lawrence Livermore National Laboratory
Livermore, CA

USA

sjogreen2@llnl.gov

David Svec

TATAA Biocenter
Gothenburg

Sweden;

Department of Biotechnology
Czech Academy of Science
Prague

Czech Republic

david.svec@tataa.com

Lia C.R.S. Teixeira

Professor Paulo de Gées Microbiology Institute

Federal University of Rio de Janeiro
Rio de Janeiro, RJ
Brazil

liarteixeira@gmail.com

Ales Tichopad

Medical Faculty Pilsen

Charles University of Prague
Prague

Czech Republic;

Physiology Weihenstephan
Technical University of Munich
Freising-Weihenstephan
Germany

tichopad@ceeor.com

Dan Tulpan

Institute for Information Technology
National Research Council Canada
Biology Department

University of Moncton

Moncton, NB

Canada

dan.tuplan@nrc-cnre.ge.ca

Etienne Yergeau

Biotechnology Research Institute
National Research Council of Canada
Montréal, QC

Canada

Etienne.Yergeau@cnrc-nrc.gc.ca

Sara Zaccara

Clinical Biochemistry

Department of Clinical Physiopathology
Viale Morgagni

Florence

Italy

sarazaccara.87@gmail.com

Contributors | vii



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,

rotace

controls, validation and software. In the second
part of the book, the focus is put on how to
design gPCR 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
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