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Reproducibility has been a disadvantage for the rep-PCR technique, used for analyzing microbial contamination. 

The rep-PCR DNA fingerprint technique used for bacterial strain fingerprinting, was analyzed to elucidate the 

molecular mechanism by which certain PCR products are amplified preferentially over others. The analysis of rep-

PCR products was done by gel electrophoresis after the reactions were run under a variety of elongation times and 

annealing temperatures. Two rep-PCR primers, BOX A1R and (GTG)5, were tested under a variety of elongation 

times to determine the cause of lack of reproducibility. Decreasing elongation time had the effect of decreasing the 

number and intensity of resulting bands when the resulting product was analyzed on gel electrophoresis. BOX A1R 

was further analyzed by performing several PCRs under a variety of temperatures. At higher temperatures, 

particularly at a 60
o
C annealing temperature, additional bands were observed, suggesting that secondary structure 

of the DNA template may have an impact on what products are formed during PCR. 

Repeated sequence-based PCR (rep-PCR) is a technique 

that involves the use of repetitive genomic sequences to 

fingerprint different bacterial strains in environmental and 

clinical samples. It exploits the use of a non-specific 

primer containing repetitive elements as a quick approach 

to identify bacterial strains with no primer designing 

necessary. The unique multi-band pattern is used to 

fingerprint the bacterial strains of interest (1). Currently, 

the technique suffers from reproducibility and accuracy 

problems (1, 2). 

The rep-PCR method utilizes one primer with similar 

consensus sequences in the genomes of diverse bacteria to 

amplify portions of the genome. Different bacterial strains 

yield different banding patterns, allowing similar bacteria 

to be differentiated from each other. The main problem 

with this method lies in its lack of reproducibility. 

The phenomenon of differing band intensity among 

identical samples is believed to be caused by inconsistent 

PCR amplification contributing to the lack of 

reproducibility in fingerprinting (3). Among the many 

repetitive sequence primers, the most common are the 

BOX A1R primer and the (GTG)5 primer for amplifying 

genomic sequences of Enterobacteriaceae (4). Many 

attempts have been made to optimize rep-PCR with BOX 

A1R primers (5, 6). It has been suggested that prevalent 

secondary structure on boxA BOX element sites on the 

genome may influence the fingerprint obtained (5). It was 

found that primer mutations had no effect on rep-PCR 

reproducibility, although the results obtained were not with 

the use of BOX A1R primer. Additionally, this was 

observed with point mutations within the primer, but not 

whole primer complementarity (7). It has been suggested 

that primers should be closely complimentary at the last 5 

nucleotides at the 3’ end of the primer (3). Therefore 

complementarity could still potentially play a factor in the 

amount of amplification of certain genomic sequences, 

especially since rep-PCR primers are not specific for a 

specific region of the genome, but instead can bind 

anywhere and in multiple areas of varying degrees of 

primer complementarity. 

Since many factors play roles in PCR specificity and 

reproducibility, such as the ones mentioned above, it is 

reasonable to deduce that one or a combination of factors 

mentioned above could be taking effect in these 

unreproducible rep-PCR experiments. Yang and Yen 

suggest that proper primer alignment needs to be 

accomplished to increase reproducibility (6). In order to 

elucidate possible areas of inconsistency, we investigated 

the effects of annealing temperature and extension time on 

the banding profile and provide evidence here that these 

variables can contribute to irreproducibility. This may 

occur through structural molecular variability and 

numerous primer binding sites. 

MATERIALS AND METHODS 

E. coli strain and growth conditions. E. coli K-12 strain 

MG1655, obtained from the MICB 421 culture collection in the 

Microbiology and Immunology Department of the University of 

British Columbia, was utilized for all experiments of this project. 

E. coli stock was streaked onto Luria Bertani (LB) agar plate 

which was then incubated overnight at 37°C. Starter culture was 

prepared by inoculating Luria broth with a colony from the agar 

plate. Luria broth was prepared by dissolving 2.5 g yeast extract 

(BD Biosciences, Cat. no. 212750), 5.0 g tryptone, 2.5 g NaCl 

(EMD Cat. no. SX0420-1) and 1.0 g glucose (Sigma Cat. no.G-

5000) into 500 ml distilled water and pH adjusted to 7.5 with 0.1 

M NaOH. Inoculated broth was incubated at 37°C overnight with 

agitation. 

DNA isolation and PCR conditions. DNA isolation was done 

with use of the FastDNA kit (MP Biomedicals, Cat. no. 11-6540-

400) following the manufacturer’s protocol. PCR mix used was 

similar to that used by Lee and Wong (2) with modifications to 

template volume. PCR mixes were prepared by adding template 

DNA to a mix of 10x PCR buffer (Invitrogen, P/N Y02028), 1 

mM dNTPs (Invitrogen, Cat. no. 10297-018), 3 mM MgCl2 (Bio-

Rad, Cat. no. 170-8872), 2 μM BOX A1R primer (5’-

CTACGGCAAGGCGACGCTGACG-3’) (IDT, Ref. no. 

80705802) or (GTG)5 (5’-GTGGTGGTGGTGGTG-3’) primer 

(IDT, Ref. no. 115759662), Taq DNA Polymerase (Thermo 

Scientific, Cat. no. EP0404) in sterile water. PCR was performed 

with initial start at 95°C for 5 minutes, followed by 35 cycles of 

95°C for 1 minute, 50°C for 1 minute (unless otherwise stated) 

and 65°C for 0.5, 2, 4 or 8 minutes as stated. PCR was finished  
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FIG. 1. Effect of elongation time on PCR products, done in triplicate for each condition using (GTG)5 primers and MG1655 E. coli 

genome as template, run on a 1% w/v agarose gel. Elongation times used for each triplicate are as stated at the top of each column.  

 

with a final step of 65°C for 8 minutes. All experiments were 

accompanied by no-template controls. PCR reactions were run 

using Biometra T-gradient PCR Thermocycler. 

Gel electrophoresis. After PCR completion, PCR products 

were run on a 1% or 1.5% (w/v) agarose gel dissolved in TBE 

(60.5 g of Tris base (Invitrogen, Cat. no. 15504-020), 14.3 mL 

glacial acetic acid (Acros Organics, Cat. no. 4322-025) and 9.3 g 

EDTA (Sigma, Cat. no. E4884-500G), made up to 250 ml in 

distilled water and diluted 1 in 50 for working concentration). 

PCR product was loaded by mixing 5 or 10 μl product with 1 or 2 

μl loading dye (Thermo Scientific, Cat no. R0611) respectively. 

High-mass DNA ladder (Invitrogen, Cat. no. 10496-016) and 

low-mass DNA ladder (Invitrogen, Cat. no. 10068-013) were 

used for band size determination. Gels were run for 1.5 hours at 

130 V and stained in ethidium bromide at 0.5 μg/ml for 15 

minutes. Gels were imaged using an AlphaImager light cabinet. 

RESULTS 

Variations in extension time. Both sets of primers used 

showed a high level of correlation between the length of 

the extension phase and the number of resulting bands 

seen. In addition, lowering the extension time decreased 

the maximum band sizes producing in each reaction. With 

BOX A1R an 8 minute extension time (Fig 3, 51.2
o
C lane) 

showed 8 distinct bands, 4 minutes showed 4, 2 minutes 

showed 3, and 0.5 minutes showed 3, but with a 

substantial drop in band intensity relative to 2 minutes (Fig 

1). (GTG)5  showed a similar pattern (Fig 2), with the 8 

minute extension time yielding 6 bands, 5 minutes yielding 

4, 2 minutes yielding 1 and 0.5 minutes yielding 2. It 

should be noted that the 2 and 0.5 minute extension times 

showed a high degree of variability in their banding 

pattern, with 2 of the triplicates at 2 minutes showing no 

bands, and 1 at 0.5 minutes showing no bands, suggesting  

that a larger number of replicates at these conditions was 

needed to gain a more accurate understanding of the true 

band pattern at these times. 

 

 

Variations of annealing temperature. As the annealing 

temperature increases numerous bands are seen with 

greater discernibility, specifically, bands at 2.0 kb, 1.3 kb 

and several bands under 1.0 kb had greater resolution and 

intensity at 60
o
C than at lower temperatures (Fig 3). 

Therefore, at more stringent conditions we see more bands 

of various sizes. 

DISCUSSION 

Our results show that altering the time allowed for 

extension during PCR has an effect on the band profile 

produced from rep-PCR with the (GTG)5 primer. A 

high mass band was produced only in PCR conditions 

of longer extension time, more specifically PCR with 8 

minute extension time yielded a 2.2 kb band that was 

not present in identical PCR reactions with shorter 

extension times (Fig 1). Additionally, a band at 1.2 kb 

was observed at 4 and 8 minute extension times that 

were not visible with shorter extension times (Fig 1). 

According to manufacturer’s specifications, Taq 

polymerase should be given ~1 min/1000 bp during 

extension; therefore the 2.2 kb band should be present 

with a 4 minute extension time, and the 1.2 kb band 

should be present in the 2 minute extension time. There 

are a few possible explanations for this result regarding 

secondary structure formation. The first explanation is 

that there may be secondary structures between the 

PBRs. The longer extension time allows the polymerase 

to continue through these secondary structures and form 

a complete product. If the secondary structure is not 

highly stable, continuous making and breaking of 

Watson-Crick base pairing in secondary structures 

would slow the polymerase, but longer extension time 

could allow completion of polymerase activity. Another 

explanation for this result is that the blocking of the  
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FIG. 2. Effect of elongation time on PCR products, done in 

triplicate for each condition using BOX A1R primers and 

MG1655 E. coli genome as template, run on a 1% w/v agarose gel. 

Elongation times used for each triplicate are as stated at the top of 

each column. 

 

PBR by the inverted repeat or the secondary structure of 

the (GTG)5 primer binding region (PBR) is stable at the 

50
o
C annealing temperature, but not at the 65

o
C 

extension temperature. The extra time during the 

extension step allows these PBR blockages to melt, the 

primer to anneal to the PBR and extension to occur. 

The BOX repeated element forms a secondary 

structure as shown in previous literature (2) with the 

BOX A1R  PBR located at nucleotides 30-51 of the 

boxA region. Additionally, because only one primer is 

used during this method of PCR, the segments must 

have inverted repeats in order to be amplified, else only 

one round of product would be made. These inverted 

repeats are complementary to one another, and therefore 

have the potential to bind together. Thus both the BOX 

secondary structure and the inverted repeat binding 

have the potential to block primer binding, and inhibit 

the PCR reaction. 

The bands that appeared only with longer extension 

times were the largest bands in both the BOX A1R and 

the (GTG)5 PCRs (Fig 1, Fig 2). This is expected if 

there are secondary structures within the inter-PBR 

region, as a larger amplicon has a greater chance of 

harbouring more sequences that are complementary to 

other sequences within the same amplicon. 

Additionally, polymerase requires more time to amplify 

a larger amplicon than a shorter amplicon. 

An alternative explanation is that as the BOX A1R 

and (GTG)5 primers have a high GC content at the 3’ 

end, these primers may be binding to sections of the 

genome that are not their targeted regions. As 

previously explained by Rychlik (8), high GC content at 

the 3’ end can allow polymerase activity even when the 

rest of the primer is not bound. If there is another 

primer complementary region within 2.5 kb, a longer 

extension time could allow the primer to bind and for 

these segments to be amplified. However, this is less 

likely, as longer segments are the bands that appear 

during longer extension times, and these non-specific  

FIG. 3. Effect of annealing temperature on PCR products, done in 

triplicate for each condition using BOX A1R primers and 

MG1655 E. coli genome as template, run on a 1.5% w/v agarose 

gel. Annealing temperatures used for each triplicate are as stated at 
the top of each column. 

 

segments should have no preference for longer 

amplicons. 

We also showed that an increase in annealing 

temperature yields a band at 2.0 kb that was not seen at 

lower annealing temperatures with PCR using the BOX 

A1R primer (Fig 3). This could be due to secondary 

structures within the PBR. The 60
o
C annealing 

temperature may destabilize the secondary structure and 

allow the primer to anneal. A reason why this band did 

not appear during the 8 minute extension time with a 

lower annealing temperature could be that the primer-

PBR interaction is not strong enough to anneal at 65
o
C 

(the extension temperature), but once bound at 60
o
C it 

is stable at 65
o
C. This extra stability once raised to 65

o
C 

could be due to initial extension by polymerase at 60
o
C, 

as polymerase extension can occur very quickly once a 

stable duplex is established (8). Alternatively, lower 

annealing temperatures (below 56
o
C) may allow the 

secondary structures to re-form after melting, whereas 

an annealing temperature of 60
o
C may keep the 

temperature high enough to limit re-formation of the 

secondary structures in the PBR or inter-PBR region. 

Once formed these secondary structures may take 

minutes to melt and for the primer to bind or the 

polymerase to read through the amplicon, thus longer 

PCR products may not be completed. 

We demonstrated, with BOX A1R and (GTG)5 

primers, that rep-PCR with an extension time of 4-8 

minutes yields high mass PCR products that are not 

amplified at lower extension times (Fig 1, Fig 2). This 

is likely due to secondary structures within the 

amplicon region. We also showed that an annealing 

temperature of 60
o
C with BOX A1R PCR produces a 

band at 2.0 kb that is not present in PCRs with 

annealing temperatures below 56
o
C (Fig 3). We propose 

that this occurs due to secondary structures in the PBR 
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at temperatures lower than 56
o
C, which are not stable at 

60
o
C. This may also occur due to the reformation of 

secondary structures within the inter-PBR region at 

temperatures lower than 56
o
C which do not reform at 

60
o
C.  

Since prolonged extension time and higher annealing 

temperature is needed for a more distinct banding 

profile in pure DNA, we can deduce that some DNA 

dependent interference exists in BOX A1R PCR that 

must be accounted for in PCR reactions. 

FUTURE DIRECTIONS 

Future need to address whether sequences in the DNA may 

cause differential PCR replication resulting in poor 

reproducibility of rep-PCR experiments. It would be worth 

sequencing the PCR products resulting from rep-PCR 

experiments in order to perform bioinformatic analysis to 

confirm if secondary structures are interfering with the 

PCR reaction and if they cause the reproducibility issues 

seen with rep-PCR. For this, palindromic sequences would 

need to be found within the genomic DNA, particularly in 

bands that seem to only show up with long extension 

times. Sequencing of PCR products would also highlight 

any other possible PCR phenomena that might be 

occurring, such as concatemer formation giving rise to 

inconsistent banding patterns. Finding concatemers, by 

looking for nested sequences within the products, would 

show that inconsistent banding problems could be resultant 

from self-priming events, leading to variable 

concentrations of PCR products and irreproducibility of 

rep-PCR experiments. 
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