
PROTOCOLS AND METHODS

Universal direct PCR amplification system: a time- and cost-
effective tool for high-throughput applications

Anis Ben-Amar1 • Souheib Oueslati1 • Ahmed Mliki1

Received: 6 April 2017 / Accepted: 11 July 2017 / Published online: 15 July 2017

� Springer-Verlag GmbH Germany 2017

Abstract Taking into account the limits of current genotyp-

ingmethodologies,we have established a versatile direct PCR

method on intact microtissue samples without prior DNA

isolation. A simple and standard protocol was developed and

validated on a wide range of living organisms including

bacterial and fungal strains, plant species and human samples.

This allows reliable amplification of target genomic DNA

fragment directly from sourcematerial usingminimal amount

of tissue which makes DNA purification irrelevant for a

number of biological applications. The direct PCR technique

established here represents an excellent alternative to tradi-

tional amplification methods used for real-time detection.

Since this approachwas efficiently and universally applied for

high-throughput molecular screening, its implementationwill

offer new insights for several investigations in human health,

biomedical diagnosis, plant biotechnology, as well as in

applied environmental and food microbiology.

Keywords Direct PCR � Wide range amplification � DNA
extraction � Molecular screening and genotyping �
Biomedical diagnosis � Molecular detection

Introduction

Polymerase chain reaction (PCR) is known as a routine

molecular biology technique widely used in various fields

and for several purposes. Scarcely any invention has

altered biological science so radically in such a short period

as the PCR. Such reaction requires purified nucleic acid as

template for target DNA amplification. Commonly, DNA

template must be first extracted and then purified using

commercial kits or lab’s protocols. Large number of pro-

cedures for isolation of highly purified DNA from a big

range of bacteria, fungi, animal and plant species was

reported (Ahmed et al. 2009). These methods include

usually treatment with proteinase K in the presence of SDS

and/or NaOH for alkaline lysis of cell membranes. Nucleic

DNA thus liberated is subjected frequently to phenol–

chloroform purification, ethanol precipitation and subse-

quent resuspension of DNA pellet in nuclease-free water.

Such procedures are often laborious and time-consuming,

with handling of toxic organic solvents, especially when

we are used to manage a large number of DNA prepara-

tions. One of the major limitations has been the inability to

apply PCR directly to tissue samples. The main cause

appears to be the presence of inhibitors in samples that has

been the focus of much of the published literature (Watson

and Blackwell 2000). The direct amplification could be

achieved if PCR-inhibitors may be avoided.

Direct PCR is rising as one of the most useful molecular

techniques applied in many fields of biological research

and diagnostic. During the last years, few data have been

reported on direct amplification without prior DNA isola-

tion. So far, this approach has been applied already to

bacterial colony (Eszik et al. 2016; Pathmanathan et al.

2003), yeasts and fungi (AlShahni et al. 2009; Ben-Amar

et al. 2012), plant and algal species (Rogers and Parkes

1999; Sharma et al. 2012), animal tissues (Shokralla et al.

2010; Werblow et al. 2016) and human whole blood

(Cascella et al. 2015; Nishimura et al. 2000). Most of

described protocols frequently require alkaline lysis and

often need high performance DNA Taq polymerases

& Anis Ben-Amar

anisbenamar.cbbc@gmail.com

1 Department of Plant Molecular Physiology, Center of

Biotechnology of Borj Cedria, Science and Technology Park,

P.O. Box 901, 2050 Hammam-Lif, Tunisia

123

3 Biotech (2017) 7:246

DOI 10.1007/s13205-017-0890-7

http://orcid.org/0000-0003-4689-644X
http://crossmark.crossref.org/dialog/?doi=10.1007/s13205-017-0890-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s13205-017-0890-7&amp;domain=pdf


(AlShahni et al. 2009; Cascella et al. 2015). Different

procedures were used, but to our knowledge no standard

protocol has been provided.

We describe here a versatile, reliable and standard-

ized direct PCR-based approach to amplify genomic

DNA derived from eukaryotic and prokaryotic organ-

isms using limited amount of samples as crude tem-

plates. This technique provides considerable benefits of

speed, robustness and efficiency as compared with

conventional PCR as well as with other specific direct

PCR methods.

Materials and methods

Biological material

Biological material used in the present study includes

microorganisms (bacteria, fungi), plant leaf tissue, human

samples, as well as soil, wastewater and food samples. Four

bacterial strains were used and cultured overnight on LB

medium, respectively, at 28 �C for Agrobacterium tume-

faciens and at 37 �C for the others strains (Escherichia coli,

Pseudomonas aeruginosa and Bacillus subtilis). Individual

colony from each strain was used for further amplification.

Fungal isolates included in this study (Aspergillus car-

bonarius, Penicillium verrucosum, Botrytis cinerea and

Fusarium culmorum) were grown on PDA medium at

25 �C for 4–5 days until mycelium completely covered the

agar surface. All bacteria and fungi used as microbiological

specimens for dir-PCR assays belong to the microorganism

collection of the laboratory.

Wastewater (residual irrigation water) and soil (1:2

sand, 1:2 peat-based potting mix, Blocking substrate,

Klasmann-Deilmann GmbH, Germany) taken as environ-

mental samples, along with food samples (strawberry fruit,

milk and bread) were heat sterilized by autoclaving at

120 �C for 24 min to ensure their microorganism decon-

tamination. These samples were further artificially con-

taminated by F. culmorum as described previously (Ben-

Amar et al. 2012) and incubated at 25 �C for 4 days before

being used directly for PCR-based detection of fungi

without prior DNA isolation.

Small amount of leaf disc tissue (*5 mm2, corre-

sponding to 10–15 mg) were collected from different plant

species (tobacco Nicotiana benthamiana, tomato Solanum

lycopersicum, potato Ipomea batatas, cactus Opuntia ficus-

indica, and grapevine Vitis vinifera) and used as direct

template for PCR. Human blood (1 mm2 of dried spot on

Whatman paper), hair (2–5 mm long), skin (1 mm2) and

buccal cell samples were also tested as templates for direct

PCR assays.

DNA purification

Bacterial DNA isolation was performed using Wizard�

Genomic DNA purification system (Promega, USA)

according to the manufacturer’s instructions. Fungal geno-

mic DNA was prepared using TNE solution (10 mM Tris-

HCl pH 8, 1 mM EDTA, 100 mMNaCl) combined with 2%

SDS treatment and phenol–chloroform purification as

described previously (Ben-Amar et al. 2012). Plant DNA

extraction was achieved using the MasterPureTM Plant Leaf

DNA purification kit (Epicentre� Biotechnologies, USA).

Human DNA was extracted from fresh blood with a DNA

Isolation Kit for cells and tissue (Roche, Germany). All

purified genomic DNAwere adjusted to the concentration of

100 ng/ll and used as positive controls for PCR.

Sample preparation for direct PCR

For direct PCR assays, bacterial colony was taken directly

with sterile tip from LB agar plate into 1.5-ml microfuge

tube and subjected to a brief heat shock (60 �C for 10 min

followed by 2 min on ice). In the same way, a small

amount (*2 mm2) of fungal mycelium was scratched from

Petri dish and added to the PCR mix. For plant leaf discs as

well as human tissue samples (skin, blood, hair root, buccal

cells), we take as small sample as possible (*1–2 mm2)

that is subjected to slight grinding in 50 ll of TE buffer

with soft vortexing following incubation for 10 min at

60 �C. One microliter of this mixture was used directly for

PCR (Fig. 1A). For environmental and food samples

intended for fungal detection assay, small aliquots (ap-

proximately 10 mg of solid or 1 ll of liquid sample) of

soil, polluted water, contaminated food were transferred in

the same manner into PCR mix.

PCR amplification

Oligonucleotide primers used for in the present study are

listed in Table 1. Amplification reactions were performed in

20 ll containing 4 ll 5x reaction buffer, 1.6 ll of MgCl2
25 mM, 0.25 ll of dNTPs mix 10 mM, 0.25 ll of each

primer 10 lM, 1 unit of GoTaq� DNA polymerase (Pro-

mega). One microliter of sample dilution mixture was used

for direct PCR. Conventional PCR was performed using

cFig. 1 Direct PCR protocol universally adapted to living organism-

derived samples including plants, animals, bacteria and fungi. A Flow

chart presenting the direct PCR technique. B Amplification of

constitutive genes (16S, ITS, HGF, NAD) from direct templates

without DNA purification, respectively, using bacterial colonies (a),
fungal mycelia, environmental samples and food products (b, c),
human tissues (d) and plant leaf discs (e). Conventional PCR using

purified genomic DNA (DNA) was performed versus direct PCR from

crude templates (direct). DNA purified genomic DNA was presented

as a positive control, M 1 Kb DNA ladder, NC negative control
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100 ng of purified genomic DNA template as positive con-

trol. All PCR was achieved in GeneAmp� PCR system 9700

cycler (Applied Biosystems) using an initial 5 min denatu-

ration at 94 �C followed by 35 cycles of 30 s denaturation at

94 �C, 45 s annealing at Tm (Table 1), 30 s extension at

72 �C, followed by final extension of 7 min at 72 �C.
Amplified products (10 ll) were loaded on a 1.2% (w/v)

agarose gel with TAE buffer and stained with ethidium

bromide before revelation under UV light. PCR products

were sequenced by the same primer set as the PCR amplifi-

cation using ABI-PRISM 3130 Genetic Analyser Sequencer

(Applied Biosystems) and obtained DNA sequences were

analyzed with Clustal X software. PCR was repeated at least

five times during optimization step to ensure reproducibility.

Results and discussion

We investigated the PCR amplification directly from

minute amount of samples without undergoing DNA iso-

lation process. The direct PCR was carried out using uni-

versal primers and standard cycling conditions. A standard

protocol was established using different kinds of templates

(bacterial colony, mycelium, leaf disc, human tissues, cells

and blood) as summarized in Fig. 1A.

The present work provides a simplified approach as

untreated samples are used directly for PCR eliminating

additional steps of cell cultivation and recovery or DNA

extraction. The identity of all the obtained PCR products

was confirmed by sequencing. The direct PCR was applied

to several investigation areas including food control and

environmental microbiology, human health and genetic

disease diagnosis, agriculture and plant biotechnology.

Direct PCR in fundamental and applied

microbiology

The used method provides a suitable mean to detect bac-

teria strains and fungi from the laboratory collection. The

16S primers yielded a 1500 bp fragment corresponding to

bacterial ribosomal DNA amplified directly from single

bacterial colony (Fig. 1B-a). While, for fungi, the ampli-

fication of the internal transcribed spacer (ITS1-5.8S-ITS2)

of ribosomal DNA (rDNA) gave a 550 bp PCR product

(Fig. 1B-b). This approach was also applicable either for

spores or hyphal cells (data not shown). The technique is

helpful as it allows a prior diagnosis of these microor-

ganisms and will permit to save time to undergo microbi-

ological assays dealing especially with identification

purposes. In the present work, we targeted constitutive

genes to detect bacteria and fungi.

The use of specific primers designed to target particular

genes will permit the direct identification of microorganism

specimens without requiring classic microbiological iden-

tification or DNA extraction methods. The direct PCR

analysis was previously reported for detection of toxin-

producing E. coli (Fode-Vaughan et al. 2003) using specific

primers of functional genes. AlShahni et al. (2009)

described a direct colony PCR of several medically

important fungi while only 30% of the fungal strains ana-

lyzed showed PCR products when using standard PCR

reagents. However, these methods required a long incu-

bation period in lysis reagent or a cell fixation step using

paraformaldehyde under saline buffer, which is labor and

time-consuming. Our improved strategy provides a rapid

amplification with neither serial dilution, nor extended

incubation which reduces significantly template prepara-

tion time and also the cost of PCR.

Direct PCR in environmental samples and food

industry

As soil or water may be contaminated with microorgan-

isms, the direct PCR allows the identification of potential

pathogens and provides a rapid tool to evaluate the risk

assessment. The soil has been considered for a long time as

an inhibitor-containing substrate which resulted to com-

plete failure of the PCR (Watson and Blackwell 2000). Our

data resulted in a high-quality yield with clear band profile

Table 1 Primer sequences used for PCR amplification assays

Primer

pairs

Target sequence 50–30 Target gene Tm Amplicon

size

Specificity Source

16S-F

16S-R

AGAGTTTGATCCTGGCTCAG

ACGGCTACCTTGTTACGACTT

16-S ribosomal DNA

(16 S rDNA)

58 �C *1500 bp Bacterial

strains

Turner et al. (1999)

ITS-1

ITS-4

TCCGTAGGTGAACCTGCGG

TCCTCCGCTTATTGATATGC

Internal transcribed

spacer (ITS)

58 �C *550 bp Fungal

isolates

White et al. (1990)

HGF-F

HGF-R

GCCTCCCCAACCATTCCCTTA

TCACGGATTTCTGTTGTGTTTC

Human growth factor

(HGF)

60 �C *430 bp Human

tissues

Tomida and Saito

(2004)

NAD-F

NAD-

R

ATCACCGAACCTGCACTCAGGAA

TAGCCCGACCGTAGTGATGTTAA

Nicotinamide adenine

dinucleotide (NAD)

68 �C *800 bp Plant

species

Mannerlöf and

Tenning (1997)
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of PCR products observed after agarose gel electrophoresis

(Fig. 1B-c). Besides fungal detection on environmental

samples as soil or water, processed food products (milk,

bread) could be also a potential vector of fungi when they

are improperly stored. Our method permitted to obtain PCR

product targeting ITS region of rDNA with expected size

of 550 bp indicating the presence of fungal, avoiding the

PCR inhibiting-substances in food matrix (Fig. 1B-c).

Among these, proteinases and calcium ions have been

identified in milk as a source of PCR inhibition (Bickley

et al. 1996). Recent attempts for real time PCR-based direct

quantification of Aspergillus were reported (Chong et al.

2015).

Our procedure do not require prior microbiological

culture step and could be also used to detect potential

pathogens in food products which present a useful tool for

controlling their quality during chain processing. Other

studies in food toxicology intended to examine the pres-

ence of Salmonella in food (Pathmanathan et al. 2003) and

E. coli O157:H7 responsible for toxin release in milk

(Fode-Vaughan et al. 2003). In the same context, we pre-

viously established a specific PCR-based procedure to

detect cereal contamination with trichothecene-producing

Fusarium using functional Tri5 primers (Ben-Amar et al.

2012). The direct PCR-based method described here and

broadly tested with different bacterial and fungal strains

proved to be a reliable way of detecting the pathogen in

food samples in a fast and inexpensive manner.

Direct PCR in human health and biomedical

diagnosis

For medical purposes, we focus to investigate the direct

PCR on human tissue samples to avoid the time-consuming

process of genomic DNA extraction. Primers for the human

hepatocyte growth factor HGF-tagged gene were used to

amplify a 430 bp fragment. Results showed successful

amplifications of the target gene using a variety of human

samples such as: dried blood, buccal cells, skin, and hair

root (Fig. 1B-d). Only few attempts briefly described PCR

amplification directly from whole blood (Del Valle Men-

doza et al. 2014), buccal cell swabs (Kovačević-Grujičić

et al. 2012), and hair root (Hayashida et al. 2009); while

they failed to establish truly an available direct PCR system

for different tissues intended for routine practice. In con-

trast, we achieved an easy dir-PCR handling protocol using

human samples described above and amplification occur-

red regardless of target tissue (Fig. 1B-d). Recent devel-

oped direct PCR assays enabling human HLA-genotyping

showed that DNA extraction and amplification were com-

bined in a single step, while no DNA isolation was per-

formed in our trials. Interestingly, our designed approach

was proven to be compatible with classic available Taq

DNA polymerase that was feasible before only when using

high performance Hot Start polymerases and several

commercially specie or tissue-specific PCR amplification

kits as shown in recent reports (Cascella et al. 2015;

Gouveia et al. 2015; Gray et al. 2014). Furthermore, this

method is fast, cost-saving omitting the complicated DNA

extraction steps and minimizing the risk of DNA contam-

ination during reagent handling. Besides its effectiveness,

the technique will also accelerate PCR applications for

medical purposes by eliminating the time and effort for

nucleic acid extraction.

The direct PCR prevents the loss of trace samples in the

DNA purification process which provides to the described

technique a variety of applications in forensic science,

preventive medicine and mutation/gene-based disease

detection (Cascella et al. 2015; Gouveia et al. 2015). It

could also facilitate the development of high-throughput

PCR for large-scale diagnostic.

Direct PCR in plant biotechnology and agriculture

The nicotinamide adenine dinucleotide gene (NAD) was

used in the present work as constitutive gene to establish

the direct PCR from leaf discs of various plant species

(Fig. 1B-e). From each species, 5–10 samples were tested

to assess the reliability of the method using primer set of a

conserved NAD gene. The efficiency of the dir-PCR was

found to be similar as purified DNA used as positive

control which makes DNA isolation inappropriate and

approves the effectiveness of the described method, while

previous report found some variability in PCR amplifica-

tion (Rogers and Parkes 1999). We further developed the

direct PCR on different types of plant material (nature and

origin of the explant, developmental stage, etc.) to be

standardized on a big range of templates (data not shown).

Leaf tissues of all plant species tested yielded positive

results and showed successful amplification of target DNA

sequence without adding chelating agents such as Chelex,

EDTA or DMSO that have been often considered necessary

elsewhere in last published methods (Cao et al. 2009) and

led otherwise to the failure of PCR. Our described plant’s

direct PCR protocol did not require specific treatments

needed to remove PCR-inhibitors including polysaccha-

rides and phenolic compounds known as commonly present

in most templates and mainly expected for possible arrest

of PCR amplification.

Our protocol involves a short incubation time in Tris–

EDTA buffer sufficient to neutralize harmful effect of

potential inhibitors in the PCR mix and, therefore, it may

probably reduce the sensitivity of standard Taq DNA

polymerase to these PCR inhibitory components. Also,

heat-treated specimens were intended for easier release of

their DNA with less harmful PCR-inhibitors as suggested
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previously (AlShahni et al. 2009; Ben-Amar et al. 2012).

The inhibitor-containing substrate could be avoided using

small amount of sample and especially a minute volume of

the grinding sample mixture as PCR template as reported

by Sharma et al. (2012). During this step, inhibitors may be

largely diluted that common Taq polymerases will be non-

vulnerable to the presence of these components in trace in

the PCR mix which did not inhibit anymore the

amplification.

Therefore, following this simplified procedure, we could

efficiently and successfully amplify a DNA fragment from

direct template eliminating consequently all extra-cost of

DNA purification kits and reagents particularly in devel-

oping countries. The direct PCR method could be also

applied to detect transgenes in transgenic plants, fruits and

seeds which is suitable as a useful tool for biosafety

applications as well as rapid large-scale screening of

transformants. In fact the method is expected to be pow-

erful, quite easy and relatively rapid especially when we

have to handle a large number of samples.

Conclusion

We have developed an easy, fast and reliable method for

direct PCR assay from a variety of living organisms

including bacteria, fungi, plants, human tissues as well as

environmental samples using a commercially available Taq

DNA polymerase. Small amount of each sample was fea-

sible to successfully amplify constitutive genes by direct

PCR independently from target templates making the DNA

purification irrelevant. Implementation of such procedure

has diverse applications in research and applied molecular

biology for many purposes such as environmental and food

microbiology, biomedical diagnosis, forensic science, and

agriculture biotechnology.
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