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ABSTRACT

A novel way of manufacturing DNA microarrays based on a copy process is presented. A picowell sequencing chip
[1] is used as copy template to perform thousands of parallel PCR reactions within each 76 pl well. Thereby, the DNA
from 83 % of the wells is copied onto a planar slide providing the DNA microarray copy of the sequencing chip.
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INTRODUCTION

DNA sequencing technology is a powerful tool for decoding the sequence of whole genomes. In the GS FLX system
(Roche/454), DNA to be sequenced is immobilized onto microbeads via emPCR and decoded by pyrosequencing [1].
DNA microarrays enable a massively parallel analysis of SNPs, mRNA, or genes. Current microarrays are mainly in-situ
synthesized by photolithograpy [2] or printing [3]. Such arrays bear drawbacks by the synthesis itself like limited length
of DNA probes or high error rates within the sequence.

We present an ingenious way for manufacturing DNA microarrays by copying the DNA out of a sequencing chip. By
combining both technologies unique characteristics can be realized. Firstly, whole genome microarrays derived from
natural DNA can be generated. Secondly, low error rates within the sequences can be obtained due to biosynthesis
compared to the in-situ synthesis of the state of the art. Thirdly, the length of the sequence can be adjusted within a range
of 100 — 1500 bp.

FUNCTIONAL PRINCIPLE

Test DNA sequences are coupled to microbeads from the GS FLX system. DNA beads are then mixed with a PCR
reaction mix. This mix is loaded into a commercial sequencing chip (PicoTiterPlate, PTP™) and sealed with a planar
COP slide coated with solid phase primers [4]. This primer sequence is complementary to a generic primer sequences
flanking each DNA sequence. Bead-bound DNA colonies from each well are amplified and simultaneously bound to the
slide via the mechanism of solid-phase PCR [5]. After PCR, the slide is detached, washed, and stained (Figure 1).
Thereby, the transfer and identity of individual DNA colonies from the wells to corresponding areas on the planar slide is
visualized [6].

Figure 1: (A) Solid-phase primers (b) are immobilized onto a 188 um thick COP slide (a). Wells with a volume of 76
picoliter (c) of the sequencing chip PTP™ are loaded with DNA beads (d) containing DNA fragments (e). (B) The chip is
then filled with a PCR mix and sealed with the slide. (C) Afier solid-phase PCR, the generated product is bound to the
slide and stained either unspecific by coupling streptavidin-Cy5 to incorporated biotin-dUTP molecules or specific by
molecular hybridization with labeled probes.
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EXPERIMENTAL RESULTS

Firstly, a PCR mix is doped with soluble 1,513 bp DNA fragments. After 50 PCR cycles, the homogeneous signal
distribution on the slide shows the pattern of the sequencing chip (Figure 2 A). This demonstrates that the fundamental
reaction works in each well.

Secondly, copy reaction is performed using DNA beads featuring a 100 bp DNA sequence. After 20 PCR cycles, a
discrete pattern of signals is obtained on the slide, which matches the DNA bead distribution of according chip (Figure
2). After evaluation, DNA from 83 % of the beads is copied onto the slide (Figure 3).

Thirdly, a copy reaction is performed using two different DNA beads. After 20 PCR cycles and two-color
hybridization, a red-green pattern of signals is obtained on the slide demonstrating leak-tightness of wells (Figure 4).

C

Figure 2: (A) Copy process after 50 PCR cycles with calculated 20 unbound DNA fragments per well, a slide containing
a matching solid-phase primer, and staining with streptavidin-Cy5 resulted in a regular chip-like pattern of signals. This
demonstrated that the copy process worked in each well in principle. (B) No signals were detectable when a mismatching
solid-phase primer is used. (C) Copy process with one sort of DNA beads after 20 PCR cycles resulted in a distinct
pattern of signals.
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Figure 3: (A) Copy process with 5,000 DNA-beads distributed to 50,000 wells. The microscopic image of the sequencing
chip after the copy process and the fluorescence image of the corresponding slide are merged. (B) Analysis of (A)
revealed that at least 83 % of signals are triggered by a DNA bead. Due to washing the chip before imaging, beads may
be lost in positive wells. Roughly 17 % of the beads did not generate any signal.
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Figure 4: Copy process with two different DNA beads (5,000 each) distributed to 50,000 wells. Each sort of bead carried
a unique 100 bp sequence. After PCR, two-color hybridization identified the two different DNA sequences copied onto
the slide. Only green and red signals were obtained verifying that wells are entirely enclosed during the process.

CONCLUSION AND OUTLOOK

This work shows an unprecedented technique for copying the sequencing chip PTP™ into the format of a DNA
microarray. We successfully implemented a massively parallel solid-phase PCR within picoliter volumes and showed for
the first time solid-phase PCR on a COP surface. This copy process may enable the fabrication of next generation DNA
microarrays with truly natural DNA of fully sequenced whole genomes with probe length up to 1,500 nucleotides and
unmatched purity.
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