
INTRODUCTION

Probe based chemistries such as TaqMan® 
assays are an important tool in numerous 
molecular biology research and diagnostic 
applications. Due to considerable costs for 
fl uorescent TaqMan® probes a reduction of 
reaction volumes leads to signifi cant cost 
savings per assay. 

In our group we work on assay miniaturi-
sation down to nanoliter scales in order to 
facilitate higher throughput and shortening 
of workfl ow time. While nanodispensing 
technology and thermal cycling formats 
are well advanced, standard PCR plates 
have limited the smallest possible reaction 
volume mainly due to evaporation issues. 

In this work we evaluated different 384well 
PCR plates with both adhesive and heat 
seals in a standard PCR in order to fi nd a 
combination of consumables with optimal 
tightness. This might allow us to run nanoli-
ter volume assays in a standard 384well 
format. Consumables were tested on 
standard thermal cyclers such as the PTJ 
200 (MJ Research) and the LightCycler® 
480 from Roche for real-time applications.

EXPERIMENTS AND RESULTS

1) Comparison of different PCR plates 
and sealing methods
We compared the existing options for 
384well cycler formats, namely standard 
384well PCR plates (ABgene TF-0384) 
versus two component 384well plates with 
polycarbonate frame and polypropylene 
tubes (4titude® “FrameStar®” 4Ti-0384). 
The plates were sealed with adhesive 
seals (4titude® 4Ti-0500) or heat seals 
(4titude® 4Ti-0541) using the 4titude® 
semi-automated 4s2™ heat sealing instru-
ment (4titude® 4Ti-0650). 

For automated liquid handling the iNL10 
STACCATO nanodispenser (Caliper LS) was 
used with a variation in dispensed volumes 
below 3% at 200nl.

In four plates 500, 1000 and 2000nl of 
2% tartrazine solution was dispensed into 
adjacent wells across the plate (64 replica-
tes each). After sealing and spinning 5s at 
4000rpm the plates were cycled using a 
standard PCR protocol (10min at 95°C, 40x 
[15sec at 95°C, 20sec at 60°C, 25sec at 
72°C], 15°C holding temperature) in a PTJ 
200 (MJ Research). 

After cycling, the average percentages of 
wells without evaporation were calcula-
ted. Evaporation was judged as absence 
of colour, as tartrazine is only visible in 
solution. Results are shown in Table 1:

2) Estimation of Evaporation Loss
To determine the lowest possible volume 
in a 384well PCR plate and to estimate 
the evaporation loss 200, 300, 400 and 
500nl of a 2% tartrazine solution were 
dispensed into a 384well Framestar® plate 
(each volume in 256 wells). The plate was 
heat sealed using 4Ti-0541 Clear Seal for 
real-time PCR and the 4s2™ heat sealing 
instrument.

Figure 1 shows the percentages of the wells 
with remaining tartrazine solution after PCR: 

At 500nl over 95% of the wells show tartra-
zine still in solution, at 400nl almost 90% of 
the wells remain fi lled. At 300nl half of the 
wells are empty. 200nl volumes are almost 
completely evaporated. Thus, we conclude 
the average loss of water during a standard 
PCR to be between 100 and 300nl. 
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Percentages of wells with residual liquid 
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 Standard PCR Plate Two component PCR plate
  % of wells with  % of wells with
 nl detectable liquid nl detectable liquid

Heat Sealing 500 90,63 500 97,268
 1000 99,61 1000 100
 2000 98,44 2000 100

Adhesive Sealing 500 81,97 500 96,83
 1000 80,74 1000 100
 2000 82,34 2000 100

Sealing effi ciencies with standard and FrameStar® 

PCR plates using adhesive or heat sealing Avoiding evaporation and sample loss

 Reducing costly reagent consumption

 Cost-effective consumables for 
    Roche LightCycler® 480



3) Effects on TaqMan® assay perfomance
The TaqMan® assay reaction mix contai-
ned 1x Universal TaqMan® PCR Mastermix 
from Applied Biosystems, 1x primer and 
probe concentration (RNAse P Detection 
Reagents Kit), deionized water and templa-
te in varying amounts. Template was a 423 
bp fragment of the RNAseP gene in a stock 
concentration of 10ng/μl. The RNAse P 
TaqMan®assay targeted the middle part of 
the PCR fragment. 

In a fi rst test of a 1.000- and 10.000-fold 
template dilution 500nl, 1μl, 2μl and 3μl of 
the complete reaction mixes were dispensed 
into the FrameStar® LightCycler® 480 
PCR plates. After sealing with the 4titude® 
adhesive Optical Seal for quantitative 
PCR (4titude® 4Ti-0560) thermal cycling 
was performed using the LightCycler® 
480 (Roche) with the following protocol: 
10min at 95°C, 40x [10sec at 95°C,
40sec at 60°C].

In Table 2a/b the obtained Cp values for the 
different volumes and concentrations (all 
32 replicates) in two FrameStar® plates are 
shown. Surprisingly, the Cp values remain 
very stable at different reaction volumes. 
The number of dropouts correlates with the 
values seen in the test above. Values, which 
were more than 1 cycle away from the last 
Cp in the ranked list, were regarded as 
outlier and thus removed from the data set.

Across all volumes the obtained Cp values 
show surprisingly little variation, which is 
comparable to the variation in conventional 
volumes of 10μl. This uniformity of results was 
very promising. 

We therefore investigated whether these low 
volumes could also be used if the setup was 
performed by manual pipetting.

4) Test of 1μl TaqMan® based 
real-time PCR with manual pipetting
Across a concentration gradient of 5 orders 
of magnitude with two different 384well 
plates standard curves were constructed 
and are shown in Figure 2. 

Both plates showed comparable assay 
effi ciencies of 81 and 82% as can be seen 
from the equal slope of both graphs.

The coeffi cient of variation across all 
concentrations was between 2 and 5% for 
both plates. From comparison to experiment 
3 using the more precise nanodispen-
ser it can be seen that the main cause for 
variation is likely to be manual pipetting. 
However, linear regression analysis with 
R = 0,999 shows that even with manual 
pipetting TaqMan® based chemistry 
performs robust and leads to suffi cient 
results in real-time PCR across 5 orders of 
magnitude. 

DISCUSSION AND CONCLUSIONS

Crucial prerequisites for lowering the 
volume of PCR based assays below 5μl 
are the hermetic sealing of the reaction 
chamber, adequate thermal cycling and in 
case of real-time applications appropriate 
optics for accurate monitoring. In this work 
we present improvements in tightness of 
sealing and reduction of assay volumes. 
The minimal volume we found for robust 
assays in standard SBS format PCR plates 
was 500nl. 

Here the FrameStar® plates led to 
signifi cantly better results and reduced 
evaporation than standard polypropylene 
PCR plates. The two component design of 
these plates feature a robust frame in which 
soft polypropylene PCR tubes are inserted. 
This robust polycarbonate frame does 
not expand during thermal cycling, which 
contributes to a better integrity of the seal. 
We found this for both heat and adhesive 
sealing materials. 

The generated real-time data were very 
reproducible along a wide range of volumes, 
although at a volume of 500nl a dropout 
rate of 10% has to be expected. The 
LightCycler® 480 (Roche) showed suffi cient 
detection abilities down to 500nl, although 
volumes below 3μl are not supported by the 
company. In our real-time PCR experiment 
we found a good sensitivity and therefo-
re we expect this to be suffi cient for more 
robust applications such as SNP genotyping 
as well. 

We could perform real-time PCR in 500nl 
in standard SBS format 384well plates 
with standard lab equipment for PCR. Only 
for liquid handling at that volume range a 
nanodispenser was used. Although there 
are limitations to precise manual pipetting 
below 2μl, the manually pipetted real-time 
PCR data for 1μl volumes were still reprodu-
cible and surpassed our expectations. 

In summary, for our low volume real-time 
PCR assays the optimal combination we 
found were the 4titude® two component 
“FrameStar®” 384well PCR plates in 
combination with heat sealing. Interestin-
gly, the robust two component design also 
provided signifi cant tightness advantages 
using adhesive seals.

„The optimal combination were the 

FrameStar®  two component PCR plates 

and heat sealing. Interestingly, the robust 

design also provided tightness

advantages using adhesive seals.“ 

                                          Dr. Andreas Dahl   

Cp Values and Standard Deviations in two individual FrameStar® PCR plates

a and b with adhesive sealing

Table 2a

Table 2b
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Figure 2

Standard curves for 1μl TaqMan® assay 
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Volume Concentration Cp Average Cp median STDEV CV Dropouts 

0,5μl 1:10^3 14,36 14,37 0,29 2,0 % 9 %
 1:10^4 17,73 17,76 0,29 1,6 % 13 %

1μl 1:10^3 14,55 14,64 0,22 1,5 % 0 %
 1:10^4 17,85 17,91 0,17 0,9 % 6 %

2μl 1:10^3 14,64 14,68 0,19 1,3 % 0 %
 1:10^4 17,92 17,97 0,17 0,9 % 3 %

3μl 1:10^3 14,61 14,72 0,35 2,4 % 0 %
 1:10^4 17,93 17,95 0,16 0,9 % 0 %

Volume Concentration Cp Average Cp median STDEV CV Dropouts 

0,5μl 1:10^3 14,65 14,71 0,22 1,5 % 0 %
 1:10^4 17,95 18,03 0,21 1,2 % 0 %

1μl 1:10^3 14,82 14,82 0,06 0,4 % 0 %
 1:10^4 18,03 18,08 0,16 0,9 % 0 %

2μl 1:10^3 14,83 14,83 0,05 0,4 % 0 %
 1:10^4 18,06 18,12 0,18 1,0 % 3 %

3μl 1:10^3 14,81 14,83 0,11 0,7 % 0 %
 1:10^4 18,04 18,09 0,18 1,0 % 0 %

R² = 0,9987

R² = 0,9988



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 25%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


