
The GeneChip® Instrument System is
the most advanced microarray analy-
sis platform available and reduces the
time and cost of discovery research.
Improvements in array manufacturing
processes have enabled Affymetrix to
produce expression probe arrays with
greater consistency and higher overall
intensity values. Affymetrix has now
taken the next step and developed
instrumentation to keep pace with
these advancements in probe array
technology. As the centerpiece of the
newest generation of GeneChip instru-
mentation, the Affymetrix GeneChip®

Scanner 3000 is the first step in
further revolutionizing microarray
analysis platforms, and will seamless-
ly incorporate future developments as
GeneChip technology evolves.
Advancements within the Affymetrix
GeneChip system will build upon the
GeneChip Scanner 3000 and address
the requirements of new and
emerging applications.

Today, the GeneChip Scanner 3000
incorporates advanced design
improvements resulting in:

� Space savings
� Increased speed
� Integrated sample tracking
� Automation
� Robust linearity
� Higher resolution
� Greater data integrity
� Improved assay performance

Many of the technical features and
specifications of the GeneChip® Scanner
3000 are detailed in the Affymetrix
GeneChip Scanner 3000 Specification
Sheet.

To ensure the smooth transition of
customers to the GeneChip Scanner 3000
scanning system, it is critical that data
generated using this scanner are
comparable to data generated using the
current GeneArray® 2500 scanner. In other
words, there must be high concordance
between experimental data generated from
a GeneChip Scanner 3000 and the current
production scanner, the GeneArray 2500.

This Technical Note details a set of
controlled comparison experiments
between the new GeneChip Scanner 3000
and the existing GeneArray 2500. The
results demonstrate conclusively that the
GeneChip Scanner 3000 meets or exceeds
performance standards for the GeneArray
2500 in multiple independent comparisons.

Experimental Design

OVERVIEW

The newly designed GeneChip® Scanner
3000 was developed to perform
equivalently to or better than the existing
GeneArray 2500. To evaluate the
GeneChip Scanner 3000, two comprehen-
sive test plans were executed to compare
the GeneChip Scanner 3000 to the
GeneArray 2500. These test plans were
similar in that they shared common objec-
tives regarding instrument performance:

� Identify differences in global
GeneChip® probe array metrics, such
as percent Present Calls, False

Change between replicates, and
correlation coefficients from Signal
values. (Detailed in this Technical
Note.)

� Identify differences in the ability of
the scanners to detect and quantify
exogenous spiked transcripts in a
complex cRNA target background,
considering metrics such as Detection
call accuracy, Change call accuracy,
and Signal Log Ratio accuracy.
(Detailed in this Technical Note.)

� Survey customer satisfaction for
the GeneChip Scanner 3000.
(Detailed in the Affymetrix
GeneChip Scanner 3000 Specification
Sheet and other marketing materials.)

Both test plans involved acquiring data
with both the GeneChip Scanner 3000 and
GeneArray 2500 using the same GeneChip
probe array scanned in both instruments.
Any differences observed were due exclu-
sively to the scanners. All analyses were
conducted with the Affymetrix® Microarray
Suite 5.0 (MAS) software1, 2, 3.

BETA TEST PLAN

External testing (beta test) of the GeneChip
Scanner 3000 was performed by current
Affymetrix customers. This test plan
compared the performance of six pairs of
scanners (one GeneChip Scanner 3000 and
one GeneArray 2500) using Affymetrix
GeneChip human genome probe arrays
(HG-U133A and HG-U95Av2). Six
customer sites were chosen to represent
academia, biotech, and pharmaceutical
companies of varying GeneChip probe
array use and experience. Standard
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GeneChip® Scanner 3000:
Seamless Performance

Technical Note

Seamless Performance Between GeneChip Scanner 3000 and the
Affymetrix GeneArray® 2500 Scanner
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GeneChip
HG-U95Av2 HG-U133AScanner 3000

Spike-in conc. (pM) Lot A Lot B Lot C Lot A Lot B Lot C
0.00 1 1 1 n=3 1 1 1 n=3
0.75 1 1 1 n=3 1 1 1 n=3
1.50 1 1 1 n=3 1 1 1 n=3
3.00 1 1 1 n=3 1 1 1 n=3

GeneArray 2500 HG-U95Av2 HG-U133A

Spike-in conc. (pM) Lot A Lot B Lot C Lot A Lot B Lot C
0.00 1 1 1 n=3 1 1 1 n=3
0.75 1 1 1 n=3 1 1 1 n=3
1.50 1 1 1 n=3 1 1 1 n=3
3.00 1 1 1 n=3 1 1 1 n=3

preventive maintenance was performed on
all GeneArray 2500 scanners prior to the
test, ensuring the scanners were within
specifications.

The beta test sites were provided probe
arrays, four hybridization targets
containing spiked transcripts (at four
concentrations, discussed later in the
document), staining reagents, a GeneChip
Scanner 3000 with experimental
instructions, and support from Affymetrix.
Beta test participants were responsible for
acquiring images on both the GeneChip
Scanner 3000 and GeneArray 2500,
returning the raw data to Affymetrix, and
providing detailed feedback on the
GeneChip Scanner 3000.

Hybridization targets (labeled and
fragmented cRNA ready for hybridization)
were prepared from human cell line total
RNA following procedures outlined in the
GeneChip® Expression Analysis Technical
Manual.

Assay performance was evaluated, in
part, on the ability of each scanner type to
detect and quantify 53 labeled cRNA
transcripts spiked into the target sample.
These 53 transcripts were selected on the
basis of their apparent lack of expression in
the source RNA, as determined by their
Absent calls on GeneChip human genome
probe arrays.

The spiked transcripts were generated by
in vitro transcription from vectors contain-
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ing the cloned DNA sequence. Labeled
cRNA transcripts were then quantified and
fragmented and spiked back into labeled,
fragmented, complex background cRNA,
to reconstitute expression of all 53
transcripts at one of three concentrations:
0.75 pM (picomolar), 1.50 pM, or 3.00
pM. A target sample created from
background cRNA without spiked tran-
scripts added was considered a fourth
concentration of 0.00 pM. Large pools of
complex sample containing the 53
transcripts at each of the four concen-
trations were created and split among the
probe arrays; thus, identical samples were
run on all scanners and probe array designs.

Two human genome probe array designs
(HG-U95Av2 and HG-U133A) were used
with three lots of probe arrays per design.
Samples were run once on each array.
Therefore, each external site generated 48
scans: 2 probe array designs x 3 lots of each
probe array design x 1 sample for each lot x
4 spiked target samples x 2 scanners (Table
1).

SCANNING STRATEGY

Each probe array was scanned first on the
GeneChip Scanner 3000, then on the
GeneArray 2500. This scanning strategy
permitted scanning a single probe array per
pair of instruments, eliminating variation
introduced by different probe arrays, and
ensuring that any differences in perfor-

mance were attributable to the scanner that
generated the image.

Photobleaching that may occur due to
scanning in the GeneChip Scanner 3000
prior to scanning in the GeneArray 2500 is
negligible, and has been shown to have no
impact on image quality or the resultant
data (data not shown). Furthermore, the
scanning order between the GeneChip
Scanner 3000 and GeneArray 2500 was
reversed in limited tests and showed no
impact on results (data not shown).

ALPHA TEST PLAN

An initial alpha test plan was conducted at
Affymetrix and compared the performance
of three pairs of scanners (one GeneChip
Scanner 3000 and one GeneArray 2500).
The alpha test plan had the same
experimental design, probe arrays,
supplies, and reagents used for the beta test
plan. However, samples were run in
triplicate on each array lot, therefore
generating 144 internal site scans: 2 probe
array designs x 3 lots of each probe array
design x 3 replicate samples for each lot x 4
spiked target samples x 2 scanners.

PERFORMANCE DATA & ANALYSIS

In both the internal and external test plans,
the performance of each scanner was
assessed on the basis of both single array
and comparison analyses generated within
the MAS software. Analysis output files
(.chp files) were created at Affymetrix by
globally scaling all probe sets on image
data files (.dat files) to a target intensity of
250. Data sets were generated to assess
overall Signal correlation, global percent
Present calls, and False Change between
replicates. In addition, spiked transcript
Detection call accuracy, Change call
accuracy, and Signal Log Ratio accuracy
between scanner types were evaluated.

Data from each set of scanners were
tested for statistical significance, where
appropriate, by applying paired Student’s t-
tests4 for both the HG-U95Av2 and HG-
U133A probe arrays. The null hypothesis
was defined as the GeneArray 2500
performance significantly exceeded the
GeneChip Scanner 3000 performance at a
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accuracy for 0.00 pM versus 0.75 pM was
81-91% for the GeneArray 2500, and 85-
96% for the GeneChip Scanner 3000. For
0.75 pM versus 1.50 pM, the range was 59-
75% for the GeneArray 2500 and 63-77%
for the GeneChip Scanner 3000. This
observation does not compromise the
validity of the conclusion that both
scanners perform similarly in most cases.

ACCURACY OF TARGET SPIKE SIGNAL LOG
RATIO COMPARISONS

Signal Log Ratio (SLR) is a quantitative
measure describing differential expression
of a transcript across experimental condi-
tions. It is derived from the one-step
Tukey’s Biweight method5 for Signal values
for a given probe set compared across two
experiments. SLR is the log2 of the ratio
and is calculated by the MAS analysis
software. Therefore, a SLR equal to 1 or -1
is equivalent to a two-fold increase or
decrease in expression, respectively.

For comparison analyses between

different target spike concentrations, there
is an expected SLR for each of the 53
transcripts. For each scanner, the SLR
analysis was performed for all concen-
tration comparisons for which a SLR could
be predicted.

Figure 6 illustrates the average SLR
generated on HG-U133A probe arrays for
target spike concentrations where pair-wise
comparisons result in a SLR equal to 1
(0.75 pM versus 1.50 pM and 1.50 pM
versus 3.00 pM). The SLR shown was
calculated for all possible pair-wise
comparisons of three replicates at two
concentrations resulting in nine compar-
ison analyses. Error bars represent one
standard deviation. The data for all SLR
comparisons showed equivalence in the
GeneChip Scanner 3000 and GeneArray
2500 performance.

The comparisons in Figure 6 are the
most challenging because the target spike
concentrations of 0.75 pM and 1.50 pM are

close to the limit of detection of the assay.
The average SLR ranges for 0.75 pM versus
1.50 pM were 0.61-0.70 and 0.57-0.69 for
the GeneChip Scanner 3000 and
GeneArray 2500, respectively. The average
SLR ranges for 1.50 pM versus 3.00 pM
were 0.79-0.85 and 0.81-0.84 for the
GeneChip Scanner 3000 and GeneArray
2500, respectively. These values of
<SLR=1 were expected due to calculations
made by the MAS algorithm1.

Conclusion

The results for human genome probe arrays
described in this Technical Note clearly
indicate that the performance of the
GeneChip Scanner 3000 is equivalent to or
better than the performance of the
GeneArray 2500. Where statistical analysis
was applied, Student’s t-tests provided
substantial evidence of perfor-mance
equivalence of the two scanner types. In the
subset of cases where a bias may have been
indicated, most favored the performance of
the GeneChip Scanner 3000.

At Affymetrix, we take pride in the high
quality of products we developand support.
We are pleased to introduce an advanced
scanning system with the Affymetrix
GeneChip Scanner 3000. As this Technical
Note supports, current GeneChip users
may easily transition to the GeneChip
Scanner 3000 with no sacrifice to their
current experimental designs and projects.
In addition, the use of the GeneChip
Scanner 3000 will position Affymetrix
customers to take full advantage of
upcoming technological advancements
within the Affymetrix GeneChip platform
and address the needs and requirements of
new, emerging applications.

For further information, please refer to
the Affymetrix GeneChip Scanner 3000
Specification Sheet.

For additional questions and purchase
information, in North America, please call
1-888-DNA-CHIP or contact your local
Account Manager. In other regions, please
contact your local Affymetrix represen-
tative.

Table 1. Beta Test Experimental Design—Performed at Six Independent Customer Sites. One
sample was hybridized per lot per concentration.
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Target Spike Average Signal Log Ratio Comparisons Between Scanner Types

Site 4Site 3Site 2Site 1

0.75 vs. 1.50
GeneChip Scanner 3000

0.75 vs. 1.50
GeneArray 2500

1.50 vs. 3.00
GeneChip Scanner 3000

1.50 vs. 3.00
GeneArray 2500
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(GeneChip Scanner 3000 or GeneArray 2500)

Figure 6. Comparisons of Average Signal Log Ratios (SLR) for Spiked Target Samples
Between GeneChip Scanner 3000 and GeneArray 2500 at External Sites. Two target samples
with different concentrations of 53 spiked transcripts were compared (e.g., 1.50 pM vs. 3.00
pM) for each scanner type. Average SLR was calculated for all possible pair-wise compar-
isons of three replicates at two concentrations resulting in nine comparison analyses. Each
histogram shown reflects the average Signal Log Ratio for the nine comparisons on each
scanner at each site. Panel A represents average SLR generated from comparisons of 0.75
pM target spike vs. 1.50 pM target spike. Panel B represents average SLR generated from
comparisons of 1.50 pM target spike vs. 3.00 pM target spike. Error bars represent



for both human probe array designs, only
the HG-U133A probe array data is
discussed in detail. Beta sites that deviated
from the established test plan were not
included in the analyses. Therefore, results
from four of the six beta test sites are
described.

SIGNAL CORRELATION BETWEEN SCANNER
TYPES

Scatter plots of scaled Signal values for all
transcripts show a high degree of similarity
between scanner types and across external sites.

For this analysis, a data set from a
hybridized target sample was selected as
representative of all HG-U133A probe
arrays. Signal values for probe sets from
this data set were directly compared to the
Signal values from the same probe sets at
all other sites and on both scanner types.
Thus, all 22,283 probe sets from the HG-
U133A probe array and their Signal values
were used for each correlation coefficient
determination.

Correlation coefficients calculated for
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p>0.95 confidence level. Therefore, p-values
less than or equal to (<) 0.95 were inter-
preted as contradicting the null hypothesis;
p-values approaching 0.5 were interpreted
as equivalent scanner perfor-mance; and p-
values <0.05 were inter-preted as signif-
icantly better performance of the GeneChip
Scanner 3000.

Results & Discussion

RESULTS SUMMARY

Taken together, all array data comparing
the GeneChip Scanner 3000 to the
GeneArray 2500, from both internal alpha
testing and external beta testing, indicate
that there is no significant performance
difference between the two scanner types.
Both scanner types produce high-quality
data for Affymetrix GeneChip® expression
analysis.

Results from both HG-U95Av2 and HG-
U133A probe arrays were independent of
the scanner used to generate the data or the
site at which the comparison was made.
Array data produced at each site yielded
statistical equivalence in most cases.

Student’s t-test4 p-values obtained for
all analyses (for example, percent Present,
Detection call accuracy, etc.) tended to
distribute about 0.5, with perhaps a
slight bias in favor of superior perfor-
mance by the GeneChip Scanner 3000.
Instances where scanner performance was

different are noted in the following results.
Due to the equivalence of results

between alpha and beta tests, the results
described in this Technical Note are taken
from the beta external tests. In addition,
because conclusions reached were the same
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that this difference in Detection accuracy is
statistically significant (Figure 4, *). How-
ever, all values were within specification.

Detection accuracy of 0.75 pM target
spikes indicated similar performance for the
GeneArray 2500 and GeneChip Scanner
3000 across all sites, with statistically
significant performance differences favoring
the GeneChip Scanner 3000 at Sites 2 and
4, (Figure 4, *). Percent accuracy of
Detection across the sites was 74-87% for
the GeneChip Scanner 3000, compared to
the range of 54-81% for the GeneArray
2500. Scanner Absent call accuracy for the
0.00 pM target spike was statistically
higher for the GeneArray 2500 at Site 4
versus the GeneChip Scanner 3000 (Figure
4, **), with all other scanner comparisons
indicating equivalence.

Theoretically, it is expected that without
spiked transcripts (0.00 pM), Absent call
accuracy should approach 100%. However,
a range of 88-95% call accuracy was
observed for all scanners (Figure 4, 0.00

GeneChip Scanner 3000 and 0.00
GeneArray 2500). The 0.00 pM target
spike represents sample in which the 53
cRNA transcripts were shown to be Absent
by previous GeneChip expression assays.
An explanation for the apparent discrepancy
in the Absent call accuracy is that some of
these transcripts may be expressed at a low
level and thus, are occasionally detected.

Evaluation of the 53 spiked transcripts
showed that a subset of these transcripts
was frequently called Present or Marginal
in the 0.00 pM target sample across the
scanner types and sites. Taqman RT-PCR
analysis was performed to examine the
possibility of endogenous levels of all 53
transcripts. This analysis showed marginal
evidence of expression for essentially the
same subset of transcripts (data not shown).
This observation may suggest a limitation
in the experimental design of the test plan;
however, it does not compromise the
validity of the conclusion that the scanners
perform similarly in most cases.

ACCURACY OF TARGET SPIKE CHANGE CALL
COMPARISONS

Change calls reported in the MAS software
are indicators of differential gene
expression. Obtaining a Change call
requires comparison between single probe
analyses that may contain different
concentrations of certain transcripts. The
spiked cRNA target samples permit
comparisons that will generate predictable
Change calls for these probe sets for both
scanner types.

Comparisons across different target spike
concentrations were performed on single
array analysis (.chp) files generated from
scans acquired on either scanner type at
each external site: 0.00 pM versus 0.75 pM;
0.00 pM versus 1.50 pM; 0.00 pM versus
3.00 pM; 0.75 pM versus 1.50 pM; 0.75
pM versus 3.00 pM; and 1.50 pM versus
3.0 pM.

Figure 5 illustrates the average percent
target spike Increase call accuracy for each
comparison at each site using HG-U133A
probe arrays. The number of Increase calls
was calculated in the MAS software across
all 53 spiked transcripts. Average Increase
call accuracy was calculated for all possible
pair-wise comparisons of the three
replicates at two concentrations, resulting
in nine comparison analyses.

These results illustrate that, in general,
the GeneChip Scanner 3000 and the
GeneArray 2500 perform similarly across
the range of comparisons, accurately calling
the majority of the spiked transcripts as
Increases (Figure 5). Statistical analysis
showed similar Increase call accuracy
results between scanner types, with a
potential bias toward the GeneChip
Scanner 3000 in some cases (Figure 5, *)

Spiked target concentrations in this test
plan were deliberately chosen at levels close
to the limit of detection. These concen-
trations were selected to challenge scanner
performance with samples that represent
low-level expression across a range of
concentrations. Thus, certain spiked tran-
script comparisons appear to result in lower
accuracy for both scanner types (Figure 5,
0.75 pM versus 1.50 pM and 0.00 pM
versus 0.75 pM). The range of Increase call

Table 2. Correlation Coefficients of Signal Values Between GeneChip Scanner 3000 (GCS)
and GeneArray 2500 (GA) at Different External Sites Using Both HG-U95Av2 and HG-U133A
Probe Arrays. These correlation coefficients represent comparisons of Signal values for all
probe sets on the probe array.

U95Av2 GCS-1 GCS-2 GCS-3 GCS-4

GA-1 0.9992 0.9984 0.9930 0.9874

GA-2 0.9958 0.9972 0.9885 0.9815

GA-3 0.9929 0.9946 0.9992 0.9942

GA-4 0.9869 0.9880 0.9933 0.9971

U95Av2 GCS-1 GCS-2 GCS-3 GCS-4

GA-1 0.9981 0.9926 0.9912 0.9887

GA-2 0.9921 0.9987 0.9959 0.9893

GA-3 0.9903 0.9940 0.9988 0.9923

GA-4 0.9846 0.9860 0.9919 0.9969
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Figure 1. Scatter Plots of Signal Values Comparing Scanner Types. These scatter plots
represent comparison of scaled Signal values from all probe sets on one scanner type
(GeneChip Scanner 3000) to all probe sets on a different scanner type (GeneArray 2500)
within a site (Plot A) and between sites (Plot B). The results for HG-U133A probe arrays are
shown. R2 is the correlation coefficient for Signal comparison.
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Figure 5. Comparison of Average Percent Increase Call Accuracy for Spiked Target Samples
Between GeneChip Scanner 3000 and GeneArray 2500 at External Sites. Two target samples
with different concentrations of 53 spiked transcripts were compared (e.g., 1.50 pM vs. 3.00 pM)
for each scanner type. Average Increase call accuracy was calculated for all possible pair-wise
comparisons of three replicates at two concentrations resulting in nine comparison analyses.
Each histogram shown reflects the average percent accuracy of Increase calls for the nine com-
parisons on each scanner at each site. Based on Student’s t-tests, instances where GeneChip
Scanner 3000 performance significantly exceeds GeneArray 2500 performance are indicated by
(*) and instances where GeneArray 2500 performance significantly exceeds GeneChip Scanner
3000 performance are indicated by (**). See text and Figure 2 for sample description.






