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Recombinase Polymerase Amplification
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DNA Detection Using Recombination Proteins

Olaf Piepenburg, Coln H. Williams', Derek L. Stemple’, Niall A. Armes'”

1AM Sent d Ginggom, 2 Wekom

DNA ampiification s essential to most nucleic acid testing strategies, but established techniques require sophisticated
equipment or complex experimental procedures, and their uptake outside specialised laboratories has been limited.
S8l Our novel approach, recombinase polymerase amplification (RPA), couples isothermal recombinase-driven primer
targeting of template material with strand-displacement DNA synthesis. It achieves exponential amplification with no
need for pretreatment of sample DNA. Reactions are sensitive, specific, and rapid and operate at constant low
temperature. We have also developed a probe-based detection system. Key aspects of the combined RPA
amplification/detection process are illustrated by a test for the pathogen methicillin-resistant Staphylococcus ureus.
The technology proves to be sensitive to fewer than ten copies of genomic DNA. Furthermore, products can be
detected in 2 simple sandwich assay, thereby establishing an instrument-free DNA testing system. This unique
| combination of properties is a significant advance in the development of portable and widely accessible nudleic acid-
based tests.
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TwistAmp exo system---Real time RPA
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Table 1 Characteristics of RPA and other isothermal amplification techniques

Techniques  |Templates No. of Primers No. of Pre-heating | Temperature| | Time Products type
Enzymes (C) (min)
RPA DNA. RNA 2 2 No 25 ~42 20 DNA
LAMP DNA 4 ~6 1 No 60 ~ 65 60 ~90 DNA
SDA DNA 4 2 Yes 37 120 DNA
MDA DNA E::a“:zf_mr orimers | No 30 480 ~ 960 DNA
RCA Circular DNA 1 2 No 37 60 Circular DNA
HDA DNA, RNA 2 2 No 37, 60 ~65 120 DNA
NASBA DNA., RNA 2 2~3 Yes 37 ~42 90 ~ 120 RNA
SMART DNA, RNA 2 2~3 Yes 41 120 DNA
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Rapid Detection of Mycobacterium tuberculosis by
Recombinase Polymerase Ampilification

David S. Bl:iyfll!1 *, Ruth McNerney“, Hwee Teng Low?, Brandon Troy Leader’, Ailyn C. Pérez-Osorio?,
Jessica C. Meyer®, Denise M. O’Sullivan?, David G. Brooks®, Olaf Piepenburg®, Matthew S. Forrest®*

1 Program for Appropriate Technology in Health, Seattle, WA, United States of America, 2 Faculty of Infectious and Tropical Diseases, London School of Hygiene & Tropical
Medicine, Londan, United Kingdom, 3 Washington State Department of Health, Public Health Laberatories, Shoreline, WA, United States of America, 4 TwistDx Limited,
Cambridge, United Kingdom
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Table 4. Tuberculosis detection by indirect smear microscopy vs RPA 156170.

Culture positive

Culture negative

Indirect smear microscopy positive 34
Indirect smear microscopy negative 14
RPA 156710 positive 42
RPA 1567110 negative 6
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37
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40

Testing pulmonary specimens (n=%90) by indirect smear microscopy and RPA 156710 to detect tuberculosis, with comparison to liquid culture based test data. RPA
156110 was more sensitive than indirect smear microscopy (87.5% (95% CL 81.7, 93.2) vs 70.8% (95% Cl: 62.91, 78.75)) and also more specific (95.4 (95% Ck 92.3, 98.1) vs

BE% (95% Cl: 83.6, 92.4)).
doi:10.1371/journal_pone.0103091 1004

Table 5. Tuberculosis detection by indirect smear microscopy vs RPA IS1081.

Culture positive

Culture negative

Indirect smear microscopy positive 3
Indirect smear microscopy negative 5
RPA [S1081 positive 32
RPA [51081 negative 4
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doi:10.1371/journal pone. 01032091 1005

Testing pulmonary specimens (n=71) by indirect smear microscopy and RPA 151087 to detect tuberculosis, with comparison to liquid culture based test data. RPA
151081 was more sensitive than indirect smear microscopy (91.4% (95% Cl: 85,98.9) vs 86.1% (95% Ck 78.1, 94.1)) and also more specific (100% vs 88.6% (95% CI: B0.8,
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Diagnostics-in-a-Suitcase: Development of a portable and rapid assay
for the detection of the emerging avian influenza A (H7N9) virus

Ahmed Abd El Wahed*-"-*, Manfred Weidmann*©, Frank T. Hufert?

= Unit of Infection Models. German Primate Center, Kellnerweg 4, 37077 Goetringen, Germany

® Department of Virology, Mansoura University, Algomhoria Street, 35516 Dakahlia, Egypt

< Institute of Aquaculture, University of Stirling. FK9 4LA Stirling. Scotland, UK

4 Institute of Microbiology and Virology. Brandenburg Medical School Theodor-Fontane, Fehrbelliner Strafe 38, 16816 Neuruppin, Brandenburg, Germany
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Sensitive and Rapid Detection of Chlamydia trachomatis SCIENTIFIC RE P{:}RTS
@

by Recombinase Polymerase Amplification Directly from

Urine Samples OPEN Development and Evaluation of a
Katrin Krélov,* Jekaterina Frolova,* Oana Tudoran,*" Julia Suhorutsenko,* Taavi Lehto,* Hiljar Sibul,* Imre Mager,* Rapld and Sensitive EBOV-RPA Test
Made Laanpere, Indrek Tulp,’* and Ulo Langel*! fO'r Rapid DiagnOSiS Of EbOIa VirUS
S Disease

A B c Published: 01 June 2016 Mingjuan Yang™*, Yuehua Ke***, Xuesong Wang™**, Hang Ren™", Wei Liu***, Huijun Lu®**,
CcDS2 CDS2 GAPDH Lysate preparation Wenyi Zhang™?, Shiwei Liv*, Guohui Chang™?*, Shuguang Tian"?, LihuaWang™*,
r cT cT Liuyu Huang?, Chao Liu*?, RuifuYang*®? & Zeliang Chen28
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A centrifugal direct recombinase polymerase
amplification (direct-RPA) microdevice for

multiplex and real-time identification of food
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METHODOLOGY ARTICLE Open Access

Optimizing illumina next-generation sequencing

library preparation for extremely at-biased
genomes

Samuel O Oyolz", Thomas D Ceta', Yong Gu', Gareth Maslen', Magnus Manske', Susana Camping',

Dardel J Tumer®, Bronwyn Macinnis', Dominic P Kwdatkowshi’, Harold P Swerdlow' and Michael A Quall’
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Table 1 Average GC content
Sample Library PCR-free Kapa HiFi Kapa2G AccuPrime Platinum RPA T7 Phusion
3D7 Av. %GC content 1950 2035 2144 2193 2147 2075 2263 2380
PKOO76 Av. %GC content 21.92 19.79 21.07 21.37 219 19.66 2095 2287
Calculated values of average GC content corresponding to each library preparation. Deviation from the 19.4% (value of the unamplified genome) indicates the
a i

effect of amplification bias. See Figure 3 A & B for a global graphical pre:

ntation of the GC content distribution. 307, P. falciparum strain 307; PKOD76, P.
falciparum clinical isolate.
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