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Quality control and validation are
integral parts in the Affymetrix
GeneChip® array production process.
Numerous manufacturing and
validation tests are performed to
ensure these processes meet quality
control and validation standards.
Quality control in manufacturing
monitors three areas—design,
synthesis and signal intensity —while
validation assesses functional
performance, including sensitivity and
reproducibility. This document
summarizes the extensive tests that
are performed to ensure a high level
of quality in GeneChip arrays.
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Manufacturing Quality Control and
Validation Studies of GeneChip® Arrays

Manufacturing Quality Control

Our general manufacturing quality control
strategy verifies three aspects:

* Design

e Synthesis

e Signal Intensity

To support this strategy, we adapted
knowledge gained from two mature
industries—the oligonucleotide synthesis
and  the
industry—to influence the standardi-

industry semiconductor
zation of our verification process.

Specifically, we use many reagents
within our chemistry process that are also
used in standard oligonucleotide synthesis.
The main difference in these two processes
is the use of light versus acid to deprotect
and build probes. In regard to the
semiconductor industry, we draw from
their existing processes and equipment for
substrate preparation, photolithography,
and packaging applications, and adapt
them for our own uses.

Design Verification

After an extensive sequence selection
process, a set of photolithographic masks
are designed to represent the information
content. Within this mask design process,
automated software tests verify the design
by building the array 77 si/ico. Through this
virtual synthesis, these software tools
verify, and thus ensure, the correct probe
sequences will be synthesized in the correct
(%, y) location within the array.

Please refer to the Array Design for the
GeneChip  Human Ul33 Ser
Technical Note for additional information

Genome

regarding the sequence selection and probe
selection steps of the design process.

Synthesis Verification

Another step used to ensure quality within
our manufacturing process is the use of a
manufacturing execution software system
adapted from the semiconductor industry.
One aspect of the system verifies that the
correct reagent delivery occurs at the
appropriate time, with each step of the
synthesis process interactively tracked.

To enable this tracking process, each
mask in a design set has a unique identifier.
Optical character recognition (OCR) is
used to verify that the correct mask and
wafer are used at the appropriate time. The
software also tracks and validates each mask
identifier so the masks cannot be used out
of sequence. This system ensures excellent
control of our process and that the correct
synthesis of the product occurs.

Combinatorial Chemistry
Strategy

Our challenge in the quality testing
ensuring the
the array

of array synthesis is
oligonucleotide probes on
are synthesized correctly.

To address this challenge, we have
developed strategies that involve the
manufacturing

synthesis  process in

combination with specially designed
These probes are

synthesized on the array in conjunction

control  probes.
with the product probes, ensuring that
each step in the manufacturing process is
correct.




Figure 1. Synthesis Confirmation.
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Because it is not practical to test each
oligonucleotide individually, we use these
control probes in combination with the
power of combinatorial chemistry to our
advantage. Figure 1 illustrates an example
of an array that is composed of only four
probes with the sequences listed. We build
these four sequences using eight separate
chemistry cycles and eight masks. Probe 1
is built in cycles 1, 2, 4, and 6, while probe
2 is built in cycles 3, 5, 7, and 8.

To confirm the four probes are syn-
thesized accurately, we can analyze probes 1
and 2, which, together, cover all eight
cycles. (Conversely, we could analyze
probes 3 and 4 to cover the eight cycles.)
Analysis of either set of probes represents
all the cycles used to make the array;
therefore, we do not need to analyze all the
probes on the array to verify their correct
synthesis. Using this strategy, we validate
the
commercially available arrays.

each cycle in synthesis of our

In practice, synthesis is verified by
using a more complex version of this
simplified example. Using a panel of
that

chemistry cycle, we can check for chemistry

control  probes represent each
and photolithography errors, as demon-
strated in Figure 2. Here, each column
represents a chemistry step. Wafer A
represents an acceptable synthesis in which
there are no missing probe cells, and the
probe cell pattern is aligned correctly.
Wafter B

synthesis in which probe cells are missing,

illustrates an unacceptable
as indicated. The probe cell location
identifies the errant photolithography and
chemistry cycles.
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Signal Verification: Using
Hybridization Controls

A second panel of control probes is built
within each array design as an additional
quality test. This test verifies that the array
yields sufficient signal levels, as set by the
product specification.

An this strategy is
demonstrated in the GeneChip Human
Genome U133 (HG-U133) Set. The HG-
U133 Set contains a panel of probe sets that

example of

represent hybridization control genes
consisting of bioB, bioC, bioD, and cre. BioB,
bioC, and bioD are genes in the biotin
synthesis pathway of E. co/i, and cre is the
recombinase gene from P1 bacteriophage.
These control probe sets are used to verify
that the array yields a sufficient signal to
meet the minimal threshold for product
requirement specifications.

SECTION SUMMARY
As described previously, quality is ensured

throughout the entire manufacturing
process by verifying design, synthesis, and
the signal intensity. The array mask set
designs are verified by an automated design
check process. In-process software controls
and post-process array testing verify
synthesis. The signal intensity is verified
by assay hybridization controls.

Accuracy of the sequence and efficiency
of the nucleotide synthesis reaction are,
thus, ensured as we test for both of these
items using redundant testing strategies as
outlined. Failure of either the sequence
accuracy or the synthesis reaction will be
apparent in any one of these quality assays,
and the point of failure can be determined
by analysis of the hybridization patterns in
these tests.

Validation Studies

In addition to making the array properly, it
is also necessary to test the array for
functional performance. We do this by
specifically testing the sensitivity and
reproducibility of each design. As an
example, we analyzed the HG-U133 Set by
using the Affymetrix® Microarray Suite 5.0
(MAS 5.0) software. The analysis yielded a
detection sensitivity level of one transcript
in 100,000, with a false change rate of
1% or less. (Other arrays may have slightly
different false change criteria, which can be
found in the individual product specifica-

tions.)

Figure 2. Synthesis Verification Results.

Wafer A: Acceptable Synthesis







