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Was the Scanner Calibration Slide used for its
intended purpose?
Shannon Zhang* and Yaping Zong

Abstract

In the article, Scanner calibration revisited, BMC Bioinformatics 2010, 11:361, Dr. Pozhitkov used the Scanner
Calibration Slide, a key product of Full Moon BioSystems to generate data in his study of microarray scanner PMT
response and proposed a mathematic model for PMT response [1]. In the end, the author concluded that “Full
Moon BioSystems calibration slides are inadequate for performing calibration,” and recommended “against using
these slides.” We found these conclusions are seriously flawed and misleading, and his recommendation against
using the Scanner Calibration Slide was not properly supported.

Introduction
To scanner users, the most important goal is to cor-
rectly quantify a feature on a microarray image and
determine whether the signal intensity, an arbitrary
reading from the scanner, is a real signal, which is
directly affected by noise and other background varia-
tions [2]. The Scanner Calibration Slide was designed by
Full Moon BioSystems to simulate real microarray chips,
which are comprised of substrates, printing buffer and
printed material. The users can easily assess their scan-
ners in an environment that represents actual microar-
ray experiments, without having to worry about the
different sources of noises. The Scanner Calibration
Slide allows users to establish a working curve using a
simple dilution series of fluorescent material printed on
the slide, to asses microarray scanner’s general perfor-
mance, and to evaluate and compare multiple scanner
systems. It is an excellent reference tool. Full Moon Bio-
Systems has been selling this product for more than
eight years with an excellent scientific record [3-5]. It
has been widely used as a quality assessment and
evaluation tool by scanner manufacturers and scanner
owners around the world [5-7].
In Scanner calibration revisited, BMC Bioinformatics

2010, 11:361, Dr. Pozhitkov used the Scanner Calibra-
tion Slide to generate a series of data in effort to analyze
PMT response in microarray scanners [1]. However, he
chose not to follow the product instructions in utilizing

the data derived from the product. Therefore, his con-
clusion, “Full Moon BioSystems calibration slides are
inadequate for performing calibration,” and recommen-
dation against “using these slides” are flawed and
misleading.

Analysis
Following product instructions is key to ensure that the
product is used for the intended purpose. We must
point out that Dr. Pozhitkov did not follow the product
instructions in utilizing the data derived from the pro-
duct. Instead he applied the data in a manner he
deemed appropriate. In his study, using the data gener-
ated by the Scanner Calibration Slides, Dr. Pozhitkov
established several working curves to analyze PMT
response. However, none of them was established fol-
lowing the instructions in the User’s Guide of the Scan-
ner Calibration Slide, which is readily available online at
http://www.fullmoonbiosystems.com. The product
instructions specifically ask the users to use signal-to-
noise ratio (SNR) to construct a working curve in ana-
lyzing and comparing scanners’ key attributes and fea-
tures. Instead, the author used the “pure signals,” which
are scanner readouts, directly affected by noises, PMT
voltages, gains and other hardware settings. They vary
from scanner to scanner. Therefore, they are not a good
measurement of the scanner’s attributes. On the other
hand, signal-to-noise ratio is a standard metric used to
analyze and compare performance and results from dif-
ferent scanners [2,8,9]. It determines how well a signal
is differentiated from the noise of the system and
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qualifies the accuracy of a given signal measurement [2].
Certainly, Dr. Pozhitkov is free to use the data derived
from this product in any manner he desires. However, it
is unfair for Dr. Pozhitkov to conclude that the product
should not be recommended in general and for its
intended purpose when he chose not to follow the
instructions and used the product for a different pur-
pose. Furthermore, Dr. Pozhitkov claims in this article
that “the autofluorescence of the Scanner Calibration
Slide’s buffer was responsible for the lower plateau” in
the working curve he established. In fact, the plateau is
related and affected by many factors including back-
ground fluorescence, which involves noises inherent to
the scanner system, fluorescence from printing buffers
and substrates, and other variations [9]. We do not dis-
pute the fact that the printing buffer used on Scanner
Calibration Slide has trace of fluorescence. In fact, all
commonly used printing buffers in microarrays, for
example, DMSO, SSC, phosphate buffer, produce some
degree of fluorescence. The surface of the microarray
chips produces fluorescence as well. That is why back-
ground correction is necessary when performing DNA
or protein microarray analysis. Furthermore, all scanners
have noises including dark current noise and shot noise,
which are intrinsic to the scanner system [2]. The dark
current noise is produced by the thermal emissions
from the photosensor and leakage current through the
dynodes of the photomultiplier tubes (PMT) or any
other photon-detecting device. The shot noise is origi-
nated by the fundamental particle nature of light. Both
types of noise are found in all optical measuring sys-
tems, and they both produce background and affect a
microarray image [2]. The level of noise varies from sys-
tem to system, and the noises produce background sig-
nals even when scanning is done without a glass slide.
As signals approach background, quantitative accuracy
diminishes. In general, the limit of detection is defined
as the minimum detectable signal for which the signal-
tonoise (SNR) is 3 [9]. When properly constructed, the
plateau in the working curve established by the Scanner
Calibration Slide indicates the scanner response has
reached its limit of detection and can no longer discri-
minate the difference in fluorescent signals. Nonetheless,
the author failed to address how any of these factors
affects the plateau. Therefore, the author’s claim that
attributes the lower plateau solely to the autofluores-
cence in the printing buffer was not fully substantiated.
Lastly, Dr. Pozhitkov’s analysis is contradictory and

lacks proper support. He relied on the data derived
from the Scanner Calibration Slide, but later concluded
that the Slide should not be recommended. Further Dr.
Pozhitkov did not use any other method to validate his
proposed formula for PMT response, nor did he demon-
strate by any other method or technique why the

Scanner Calibration Slide is not adequate for its
intended use. The results and conclusion from this kind
of contradicting study cannot be trusted.

Conclusion
In summary, we believe Dr. Pozhitkov failed to use the
Scanner Calibration Slide for its intended purpose, and
his recommendation against the product cannot be con-
sidered valid.

Response to: Was the Scanner Calibration Slide
Used for Its Intended Purpose?
Alexander Pozhitkov,
Max Planck Institute for Evolutionary Biology,

August-Thienemann-Str. 2, Ploen, 24306, Germany.
Alexander.pozhitkov@evolbio.mpg.de

Response
The major argument of Drs. Zhang and Zong is that the
research [1] was flawed because it used raw signal inten-
sities instead of the SNR. It is a surprising notion
because the research in question was a follow-up of Shi
et al. [3], who also used the raw signal intensities. One
would wonder why the respected opponents did not
subject the latter study to a similar criticism... In fact,
that work is of excellent quality and this is why it drew
my attention to use the Calibration Slide for another
study [11].
I have no doubts about the SNR being an important

characteristic when the signal part of it is meaningful. It
was discovered [1] that a large portion of the signal was
due to the autofluorescence of the buffer. Drs. Zhang
and Zong admitted that “the printing buffer used on
Scanner Calibration Slide has trace of fluorescence”. I
believe this is an understatement: the signal intensity of
the “buffer” spots of the Calibration Slide is several
times higher than that of the glass part (images recorded
on Agilent Scanner, 2010).
Drs. Zhang and Zong demonstrate quite a thorough

knowledge on particle scattering and the nature of the
dark current. We certainly “speak the same language”,
because most of my group’s research is focused on the
microarray physics [10-16]. Nevertheless, while the dark
current and light scattering do produce some signal, the
major contributor to the background is the buffer. As
was mentioned above, the signal intensity of the “buffer”
spots is several times higher than the glass.
With the understanding that the dilution series of the

dyes on the Calibration Slide is compromised by the
background of the buffer, one would wonder if the SNR
measurements are meaningful. In fact, about half of the
dilutions on the Scanner Calibration Slide (13 out of 27,
[1]) do not significantly differ from one another due to
the autofluorescence. Not only the SNR measurements
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are poor, the scanner response function is incorrect. At
least my study [1] was able to theoretically predict the
scanner behavior in the absence of the autofluorescence.
In conclusion, given the autofluorescence of the buf-

fer, the SNR and any other measurements are seriously
distorted and should not be used to characterize scan-
ners until the issue of the autofluorescence is fixed. I
hereby confirm the conclusions of the paper [1] and
reiterate the recommendation against using the Fill
Moon BioSystems Scanner Calibration Slide until the
issue of the autofluorescence is resolved. I invite Drs.
Zhang and Zong to conduct a joint study to improve
the calibration slide, because it will be an invaluable tool
for the microarray community.

Authors’ contributions
SZ and YZ helped to draft the manuscript. All authors read and approved
the final manuscript.

Competing interests
Shannon Zhang and Yaping Zong are employed by Full Moon BioSystems,
Inc.

Received: 4 March 2011 Accepted: 21 April 2011
Published: 21 April 2011

References
1. Pozhitkov AE: Scanner calibration revisited. BMC Bioinformatics 2010,

11:361.
2. Basarsky T, Verdnik D, Zhai JY, Wellis D: Overview of a microarray scanner:

design essentials for an integrated acquisition and analysis platform. In
Microarray Biochip Technology. Edited by: Schena M. Natick: BioTechniques
Books; 2000:265-284.

3. Shi LM, Tong WD, Su ZQ, Han T, Han J, Puri RK, et al: Microarray Scanner
Calibration Curves: Characteristics and Implications. BMC Bioinformatics
2005, 6(Suppl 2):S11.

4. Satterfield MB, Lippa K, Lu ZQ, Salit ML: Microarray Scanner Performance
Over a Five-Week Period as Measured With Cy5 and Cy3 Serial Dilution
Slides. J Res Natl Inst Stand Technol 2008, 113:157.

5. Zhang Y, Milam VT, Graves DJ, Hammer DA: Differential adhesion of
microspheres mediated by DNA hybridization I: experiment. Biophys J
2006, 90(11):4128-4136.

6. Risinger A, Williams C: ScanArray Gx Plus/ProScanArray competitive
performance analysis using a commercial test slide. Application Note
PerkinElerm Life and Analytical Sciences;[http://www.perkinelmer.com].

7. Wang L, Gaigalas AK, Zong Y, Zhang S, Shi J, Wang Y: Effect of target and
probe concentrations on hybridization in DNA microarrays. In
Proceedings of the SPIE Photonic West: 22 June 2004. Edited by: Dan V.
Nicolau, Ramesh Raghavachari. San Jose; 2004:129-139.

8. Zong Y, Wang Y, Zhang S, Shi Y: How to evaluate a microarray scanner. In
In Microarrays Methods and Applications: Nuts and Bolts. Edited by:
Hardiman G. Boca Raton: CRC Press; 2009:41-52.

9. Worley J, Bechtol K, Penn S, Roach D, Hanzel D, Trounstine M, Barker D: A
systems approach to fabricating and analyzing DNA microarrays. In
Microarray Biochip Technology. Edited by: Schena M. Natick: BioTechniques
Books; 2000:65-85.

10. Li S, Pozhitkov AE, Brouwer M: Linking probe thermodynamics to
microarray quantification. Physical Biology 2010, 7:048001.

11. Pozhitkov AE, Boube I, Brouwer MH, Noble PA: Beyond Affymetrix arrays:
expanding the set of known hybridization isotherms and observing pre-
wash signal intensities. Nucl Acids Res 2010, 8:e2.

12. Pozhitkov A, Rule RA, Stedtfeld RG, Hashsham SA, Noble PA:
Concentration-dependency of nonequilibrium thermal dissociation
curves in complex target samples. Journal of Microbiological Methods 2008,
74:82-8.

13. Li S, Pozhitkov AE, Brouwer M: A Competitive Hybridization Model
Predicts Probe Signal Intensity on High Density DNA Microarrays. Nucleic
Acids Research 2008, 36:6585-6591.

14. Pozhitkov AE, Tautz D, Noble PA: Oligonucleotide arrays: widely applied –
poorly understood. Briefings in Functional Genomics and Proteomics 2007,
6:141-8.

15. Pozhitkov A, Stedtfeld RG, Hashsham SA, Noble PA: Revision of the
nonequilibrium thermal dissociation and stringent washing approaches
for identification of mixed nucleic acid targets by microarrays. Nucleic
Acids Research 2007, 35:e70.

16. Pozhitkov A, Noble PA, Domazet-Loso T, Nolte AW, Sonnenberg R,
Staehler P, Beier M, Tautz D: Tests of rRNA hybridization to microarrays
suggest that hybridization characteristics of oligonucleotide probes for
species discrimination cannot be predicted. Nucl Acids Res 2006, 34:e66.

doi:10.1186/1471-2105-12-110
Cite this article as: Zhang and Zong: Was the Scanner Calibration Slide
used for its intended purpose? BMC Bioinformatics 2011 12:110.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Zhang and Zong BMC Bioinformatics 2011, 12:110
http://www.biomedcentral.com/1471-2105/12/110

Page 3 of 3

http://www.ncbi.nlm.nih.gov/pubmed/20594322?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16351737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16351737?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16533856?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16533856?dopt=Abstract
http://www.perkinelmer.com
http://www.ncbi.nlm.nih.gov/pubmed/21076201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21076201?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18471911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18471911?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18931378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18931378?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17644526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17644526?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17430966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17430966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17430966?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16707658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16707658?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16707658?dopt=Abstract

	Abstract
	Introduction
	Analysis
	Conclusion
	Response to: Was the Scanner Calibration Slide Used for Its Intended Purpose?
	Response
	Authors' contributions
	Competing interests
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


