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ABSTRACT
Polymerase  chain  reaction  (PCR)  experiments  are  one  of  the  most  common  laboratory 
techniques. Pipetting errors during transfers of small volumes and cross contamination 
represent  common  sources  of  error  that  are  introduced  during  PCR  preparation.  

Automation  can  mitigate  this  risk,  and  the  Opentrons  Thermocycler  can  automate  
PCR  and achieve uniform PCR products across wells comparable to other machines that 
cost more. High uniformity is vital to generate reliable PCR results. The Opentrons system 
also virtually eliminates cross contamination across wells with minimal evaporation.

INTRODUCTION
Polymerase   Chain   Reaction   (PCR)   is   a   cornerstone   method   of   modern   molecular   
biology  used  in  many  experiments  including  expressional  analysis,  genotyping,  
cloning,  mutagenesis, and next-generation sequencing (NGS) library preparation. PCR is a 
sensitive process  in  large  part  due  to  sequence-dependent  exponential  amplification  
of  DNA molecules over many cycles. 

In particular, human and microbial DNA are common templates and very vulnerable to 
exogenous  contamination  during  manual  PCR  preparation.  Contamination  can  lead  to  
inaccurate or misleading results, wasting time and other valuable lab resources—including 
reagents.  Removing  the  technician  or  scientist  from  as  many  repetitive  lab  activities  
as  possible decreases potential contamination from continuous human interaction with 
the sample  and  reagents. The Opentrons Thermocycler enables automation of workflow 
steps both upstream and downstream for a smooth end-to-end process. Experiments can 
be integrated seamlessly with the Opentrons platform to suit various applications. 
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MATERIALS AND METHODS
To measure the uniformity of PCR products across each of the 96 wells and the amount of 
cross contamination across wells the template was lambda DNA diluted to 10 ng/μL, and 
it was amplified with custom primers specific for a 500 bp product. 

In a NEST full skirt plate, the 25 μL reaction volume was run at 94o C for 3 minutes initially, 
followed by 94o C for 10 seconds, 70o C for 30 sec and 72o C for 30 sec. These were repeated 
for 30 cycles before a final temperature of 72o C  for 5 minutes and a hold at 4o C. All of 
these steps were fully automated with the Opentrons Thermocyler on the OT-2 (Figure 1).

Plates were quantified using the Qubit dsDNA Broad Range Assay Kit (Q32853). Uniformity 
across wells was measured as a coefficient of variation (CV) of fluorescent readings using 
the standard deviation and mean values from each run. Contamination across wells was 
measured as raw fluorescent units in adjacent wells. 

Gels were run using a 2% agarose E-gel cassette from Invitrogen (G401002). Each numbered 
well contained 1 μL of sample and 19 μL of molecular grade water. The ladders were 
loaded in M lanes and contained 2 μL of the 1 kb ladder and 18 μL of molecular grade 
water. The gel was run for 8 minutes on the 1-2% agarose setting on the E-Gel Power Snap 
(G8100).

Figure 1.
Opentrons Thermocycler on the deck of the OT-2.
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RESULTS
The Opentrons Thermocycler is capable of achieving uniform PCR products across 
96 wells. This is highly competitive with other thermocyclers on the market, with a 
CV of only 10.1%  (Table 1) compared to the average of 10.3% observed across many 
competitor thermocyclers (1). This well-to-well uniformity is essential for researchers to 
be able to compare results from different experiments and samples in wells throughout 
the Opentrons Thermocycler. Negative controls were placed in every other well of the 
96-well PCR plate and no amplification of these interleaved wells was observed (Figure 
3).

Figure 2.
The Opentrons Thermocycler fits directly on the deck of the OT-2 
pipetting robot for seamless automation of PCR-based experiments. 

Table 1. Highly  uniform  PCR  products  generated  on  the  Opentrons  
Thermocycler.  Amplification was completed in a Nest full skirt plate with 
10 - 50 μL reaction volumes.  The bottom table depicts the CV% at different 
volumes, with the best performance using 25 μL.

Thermocycler Model Volume CV (%)
Opentrons 25 μL 10.1
Opentrons 10 μL 15.2
Opentrons 50 μL 11.5
Company B 10 μL 14.9
Company B 100 μL 15.1
Company T 10 μL 22
Company T 100 μL 21.6
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Figure 3. Elimination of cross-contamination on the OT-2.

1 2 3 4 5 6 7 8 9 10 11 12
A 8929 41377 8845 34388 8703 35993 8680 30520 8629 33913 8574 35437

B 39667 8873 29830 8850 27434 8731 30878 8663 28426 8806 29414 8851

C 8958 32967 8955 26338 9018 28973 8806 28372 8791 25487 8715 33297

D 35028 8789 30933 9025 31011 8784 29473 8714 27692 8858 29584 8721

E 9249 30199 9062 27371 8986 29296 8816 28996 8695 27557 8646 26412

F 33318 8908 31356 8983 29548 8863 27695 8801 23522 8811 27150 8677

G 9111 30435 8896 29495 8889 30763 8773 27693 8596 27285 8608 32960

H 39489 8838 32225 8728 28028 8878 27651 8505 29870 8753 33027 8667

a) Grid showing wellplate values

b) PCR products in row C of reaction plate. c) PCR products in row E of reaction plate.

a) The blue wells represent wells containing DNA with the RFU value. The white wells 
represent negative controls with the raw fluorescence unit value. DNA was amplified in a 
NEST full skirt plate at 25 µL volume on the DVT unit. b) The wells correspond to the wells 
of the PCR plate shown. The lanes are as follows: A6 in lane 1, B6 in lane 2, C6 in lane 3, D6 
in lane 4, E6 in lane 5, F6 in lane 6, G6 in lane 7 and H6 in lane 8. Both M lanes show the 
1kb ladder. c) The wells correspond to the wells of the PCR plate shown in Figure 3. The 
lanes are as follows: E2 in lane 1, E3 in lane 2, E4 in lane 3, E5 in lane 4, E6 in lane 5, E7 in 
lane 6, E8 in lane 7, E9 in lane 8 and E10 in lane 9. Both M lanes show the 1kb ladder.
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CONCLUSIONS
Many sensitive results rely on PCR from low concentration DNA templates. But PCR is 
vulnerable to contamination from external sources and between samples in the same 
assay. Automating PCR can eliminate the random errors that invariably occur with  
manual  pipetting  and  mitigate  this  contamination  risk  by  removing  the  operator.  
The Opentrons Thermocycler generates highly uniform PCR products across all 96 wells, 
similar to other thermocyclers on the market, but at a more reasonable price.


