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Fabrication of DGRC cDNA Microarrays 
 

Justen Andrews, Kevin Bogart, Angela Burr and Jason Conaty 

 
Drosophila Genomics Resource Center, Center for Genomics and Bioinformatics, 

Indiana University, Bloomington, Indiana 
 
Part A. Production of DNA 
 
The key issues in cDNA microarray construction are; 1) the high-throughput synthesis and purification of 
DNA amplicons (in our case 15,168); and 2) the deposition and immobilization of those DNAs onto glass 
slides. Below we describe the production and purification of DNA amplicons, beginning with the isolation of 
genomic template for PCR.  
 
As a general cautionary note, it is important to avoid the use of latex gloves in all matters associated with the fabrication and use 
of microarrays. Latex contains a fluorescent component that  will leach from the gloves and cause significant artifacts. Nitrile 
gloves are a readily available substitute and should be used at all times.  
 
1. Extraction of genomic DNA from Drosophi la melanogaste r  
 
1.1 INTRODUCTION 
This procedure is designed to isolate genomic DNA from Drosophila for use as a template for PCR 
amplification. The protocol is modified from Bender et al., J. Mol. Bio. 168: 17-33. 
 
1.2 MATERIALS 
1.2.1 Sucrose; Fisher Scientific, Cat. # BP220-1. 
1.2.2 EDTA; Sigma, Cat. # ED2SS. 
1.2.3 Ultrapure SDS (10%); Gibco-Invitrogen, Cat. # 15553-027. 
1.2.4 Trizma base; Sigma, Cat. # T-1503. 
1.2.5 Potassium Acetate; Fisher Scientific BP364-500. 
1.2.6 Phenol; EM Scientific, Cat. # PX0511-1. 
1.2.7 Isoamyl Alcohol; Fisher Scientific, Cat. # A393-500. 
1.2.8 Chloroform; EM Scientific, Cat. # CX1055-6. 
1.2.9 RNAse 10 mg/ml. 
1.2.10 Ethanol. 
1.2.11 Dounce homogenizer. 
1.2.12 2.0 ml microcentrifuge tubes. 
1.2.13 Heating block. 
1.2.14 Refrigerated centrifuge; Eppendorf 5415 R. 
1.2.15 Ultrapure Distilled Water, Nuclease Free; Gibco-Invitrogen, Cat. # 10977-015. 
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1.3 PROCEDURE 
1.3.1 Set heat block to 65oC. 
1.3.2 Prepare 10.0 ml Lifton solution for 1.0 g of frozen flies. Note: Lifton solution should be prepared 
freshly prepared or not stored longer than 7 days. 
 

Lifton Solution 
0.2 M Sucrose (0.68 g / 10.0 ml) 
0.05 M EDTA (1.0 ml 0.5 M / 10.0 ml) 
0.5 % SDS (0.5 ml 10 % SDS / 10.0 ml) 
100 mM Tris-HCl pH 9.0 (1 ml 1.0 M Tris-HCl pH 9.0 / 10.0 ml) 

 
1.3.3 Add 1.0 g frozen flies and 5.0 ml Lifton Solution to homogenizer, crush flies with “loose fitting” glass 
rod of homogenizer (approx. 3 strokes). Add the remaining 5.0 ml of Lifton Solution when most of the fly 
matter is broken up. Vigorously agitate until the tissue no longer aggregates. With a cut off pipet tip, transfer 
1.0 ml each to 2.0 ml microfuge tubes.  
1.3.4 Incubate tubes at 65oC for 30 min. 
1.3.5 Add 250 µl of 3/5 M Potassium Acetate, gently mix, and incubate on ice for 60 min. 
1.3.6 Centrifuge at 10,000 rpm for 10 min at 4oC. Remove supernatant and transfer 900 µl each to 2.0 ml 
microfuge tubes. 
1.3.7 In fume hood, perform successive extractions with Phenol (at least 2) and Choroform:Isoamyl Alcohol 
(24:1) (at least 2) with equal volumes of solvent. Gently mix by inversion. To separate phases centrifuge at 
5000 rpm for 5 min at room. temperature. Carefully transfer supernatant to a new tube as to not disturb the 
interface. 
1.3.8 Add 1 µl of 10 mg/ml RNAse to each tube, gently mix by inversion, and incubate at 37oC for 15 min on 
heat block. 
1.3.9 Add an equal volume of room temperature ethanol (100%) to each tube, gently mix by inversion, and 
incubate at room temperature for 5 min. Centrifuge at 8000 rpm for 15 min at room temperature. Carefully 
discard supernatant.  
1.3.10 Wash pellet with 80% ethanol.  
1.3.11 Dry pellet in fume hood. Pellet will be clear when dry. 
1.3.12 Resuspend each pellet in 200 µl TE buffer (pH 8.0) and incubate 10 min at room temperature. 
1.3.13 Recombine all samples, and then divide into 1.0 ml aliquots. 
1.3.14 Quantify DNA on spectrophotometer. 
1.3.15 Visualize DNA on a 1.0% agarose 0.5x TBE gel (0.5 µg/ml EtBr), run in 0.5x TBE for 45 min at 100 
V. 
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2. PCR 
 
2.1 INTRODUCTION 
In this operating procedure we describe PCR amplification of defined exon segments from Drosophila 
genomic DNA templates using gene-specific oligonucleotide primers. Economies of scale with respect to 
PCR amplification are a critical aspect of cDNA array fabrication. We made extensive endeavors to maximize 
the amount and specificity of PCR product per unit of reagent and labor invested. We focused these efforts 
primarily on optimum reaction volume, thermal cycling parameters, concentration of dNTPs, primers, MgCl2, 
and Taq DNA polymerase. With regard to other PCR buffer components, we confined our use to the 
standard formulations of KCl and Tris-HCl, seeking to avoid issues of carryover of materials capable of 
perturbing the downstream process. Our settled upon conditions are not notably different from those widely 
used amongst molecular biologists. These conditions provide optimum results in terms of yield, specificity, 
and percent reaction success. 
 
The primers we are using were synthesized by Incyte based on version 1 and 2 of the Drosophila sequence 
annotation (estimated gene number 13,601). Each cognate primer-pair was combined and the entire set was 
distributed to 158 individual 96-well plates at a concentration of 2.5 µM (each primer). There is some small 
degree of redundancy engineered into the distribution of the primers as well as (a smaller) redundancy in the 
ratio of primer-pairs to predicted genes. Our amplification strategy produces 15,168 amplicons representing 
13,856 unique elements, representing the 13,601 genes estimated by the sequence annotation. 
 
2.2 MATERIALS 
2.2.1 Taq DNA Polymerase, 10 x Reaction Buffer with MgCl2 (500 mM KCl, 100 mM Tris-HCl pH 8.3, 15 
mM MgCl2); Brinkmann-Eppendorf, Cat. # 954-14-520-4. 
2.2.2 dNTP set (100 mM); Brinkmann-Eppendorf, Cat. # 954-14-303-1. 
2.2.3 Primer Set. 
2.2.4 Genomic DNA. 
2.2.5 Ultrapure Distilled Water, Nuclease Free; Gibco-Invitrogen, Cat. # 10977-015. 
2.2.6 Reagent Reservoir; Marsh Bio Products, Cat. # RR-0014. 
2.2.7 ABgene Skirted PCR Plates; Marsh Bio Products, Cat. # AB-1000. 
2.2.8 Thermowell Sealing Tape; Corning-Costar, Cat. # 6570/VWR # 29445-080. 
2.2.9 Peltier Thermal Cycler; MJ Research DNA Engine Tetrad, PTC-225. 
2.2.10 Liquid Handling Robot; Beckman-Coulter Biomek FX. 
2.2.11 FX tips P250 Barrier; Beckman-Coulter, Cat. # 717253/VWR # 717253. 
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2.3 PROCEDURE 
2.3.1 Using appropriate sterile labware, prepare a master-mix suitable for 8 x 96 reactions (800 vol.) 
        1 vol.(µl) 800 vol.( µl) 

Ultrapure Water      80.5  64,400  
10 x Reaction Buffer     10  8000 
100 mM dATP      0.2  160 
100 mM dCTP      0.2  160 
100 mM dGTP      0.2  160 
100 mM dTTP      0.2  160 
Taq Polymerase (5 U/µl)     0.5  400 
Genomic DNA (300 ng/µl)    0.2  160 

        92  73,600 
 
Mix well by inversion and use immediately, or store at 4°C as required for a maximum of 2 hours. 
2.3.2 Decant the master-mix to the reagent reservoir and place in the appropriate Automated Labware 
Position (ALP) as instructed by Biomek FX Protocol DGRC-PCR-Setup. 
2.3.3 Retrieve 8 x 96-well primer plates from -80°C storage (each plate contains 96 unique forward/reverse 
primers pairs; 5 µM oligonucleotide per well, i.e. 2.5 µM each primer). Thaw and centrifuge at 2000 rcf for 1 
min. Place in the appropriate ALPs as instructed by Biomek FX Protocol DGRC-PCR-Setup. 
2.3.4 Load the Biomek FX with tips and PCR plates as per instructed by Biomek FX Protocol DGRC-PCR-
Setup. 
2.3.5 Run Biomek FX Protocol DGRC-PCR-Setup. Ensure that the position of all labware on the deck is 
exactly identical to the configuration as shown in the DGRC-PCR-Setup program. Note: The automated protocol will 
aliquot 92 µl of master-mix, then dispense 8 µl of primer-mix to each well. The robot then mixes the reagents in-place. As 
configured by the DGRC, Biomek FX Protocol DGRC-PCR-Setup can assemble 4 x 96 reactions (4 reaction plates). Run 2 
programs consecutively totaling 8 x 96 reactions (8 plates). 
2.3.6 When the automated protocol is complete, seal the plates. 
2.3.7 Place the plates in the Peltier Thermal Cycler and run program DGRC-PCR-Incyte (parameters are; 94°C 
for 2 min, then 35 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 1 min, then 1 cycle of 72°C for 2 min 
and 4°C forever). 
2.3.8 When the reactions are complete, store the plates at -20°C or proceed immediately with clean-up. 
 
3. Purification of PCR product 
 
3.1 INTRODUCTION 
This protocol is modified from the instructions provided with the Millipore Multiscreen-PCR 96 plates. We 
have tested shacking versus pipeting to elute the purified DNA from the membrane and found automated 
pipeting to be the most efficient. We estimate that after purification we recover approximately 80-90% of the 
original DNA sample. Two 100 µl PCR reactions can be serially purified over a single plate without 
appreciable reduction in purity or yield. After the first sample is purified and eluted and the second sample is 
immediately added to the plate and purified before the membrane dries out. After a plate is used once it 
cannot be stored and used at a later date.  
 
3.2 MATERIALS 
3.2.1 Multiscreen-PCR 96-well Purification System; Millipore, Cat. # MANU3010. 
3.2.2 PCR product in 96-well PCR plates (see 2.3.8). 
3.2.3 Millipore Filtration Manifold; Millipore, Cat. # MAVM0960R. 
3.2.4 NUNC 96-well polypropylene plates; NUNC, Cat. # 249944/VWR # 46600-666. 
3.2.5 Ultrapure Distilled Water, Nuclease Free; Gibco-Invitrogen, Cat. # 10977-015. 
3.2.6 Reagent Reservoir; Marsh Bio Products, Cat. # RR-0014. 
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3.2.7 Thermowell Sealing Tape; Corning-Costar, Cat. # 6570/VWR # 29445-080. 
3.2.8 Liquid Handling Robot; Beckman-Coulter Biomek FX. 
3.2.9 FX tips P250 Barrier; Beckman-Coulter, Cat. # 717253/VWR # 717253. 
 
3.3 PROCEDURE 
3.3.1 Retrieve 8 x 96-well PCR plates from -20°C storage (each plate contains 96 unique PCR products). 
Thaw and centrifuge at 2000 rcf for 1 min. Place in the appropriate ALPs as instructed by Biomek FX 
Protocol DGRC-PCR-Clean-up. 
3.3.2 Position Multiscreen purification plates as per instructed by Biomek FX Protocol DGRC-PCR-Clean-up. 
3.3.3 Fill a reagent reservoir with ultrapure H2O, and place on the deck as instructed by Biomek FX Protocol 
DGRC-PCR-Clean-up. 
3.3.4 Load the Biomek FX with tips and new (empty) NUNC plates as instructed by Biomek FX Protocol 
DGRC-PCR-Clean-up. 
3.3.5 Run Biomek FX Protocol DGRC-PCR-Clean-up. Ensure that the position of all labware on the deck is 
exactly identical to the configuration as shown in the DGRC-PCR-Clean-up program. Note: The program will 
transfer PCR product to a Multiscreen plate and apply 24 inHg vacuum for 10 min via the filtration manifold automated 
labware position (ALP). Ultrapure water (100 µl) is then added to each well in the Multiscreen plate. A further 10 min 24 
inHg vacuum is then applied. A final volume of 120 µl ultrapure water is added to each well to recover the purified DNA. 
After a 30 min incubation at room temperature, the recovery volume is pipeted up and down 50 times (in situ). The volume is 
then transferred to a new NUNC plate. 
3.3.6 When the automated protocol is complete, seal the plates and store at -20°C. Note: As configured by the 
CGB, Biomek FX Protocol DGRC-PCR-Clean-up can process 4 x 96-well plates per run. Run 2 programs consecutively 
totaling 8 x 96 (8 plates). When the first 4 plates are complete, they should be sealed and stored at -20°C immediately. 
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Part B. DNA QC 
 
4. Visualization of purified PCR products by electrophoresis 
 
4.1 INTRODUCTION 
Currently, the most economical way for our laboratory to determine both the yield and specificity of PCR 
amplicons is agarose gel electrophoresis. Whilst this is a common process used in all molecular biology 
laboratories, the specific challenges of high-throughput electrophoresis requires some attention here. 
Specifically, we have described our semi-automated analysis of the gel data facilitated by Kodak 1D software. 
This automatically identifies bands, estimates size and mass, and exports tab-delimited flat files. 
 
4.2 MATERIALS 
4.2.1 SeaKem LE Agarose; BioWhittaker Molecular Applications, Cat. # 50004. 
4.2.2 EDTA; Sigma, Cat. # ED2SS. 
4.2.3 Boric Acid; Fisher Scientific, Cat. # A74-500. 
4.2.4 Trizma Base; Sigma, Cat. # T-1503 
4.2.5 Ethidium Bromide 10 mg/ml. 
4.2.6 100 bp ladder, New England BioLabs, Cat. # N3232L. 
4.2.7 Loading Dye (10x). 
4.2.8 Microwave Oven. 
4.2.9 Multi-channel pipette. 
4.2.10 Electrophoresis power supply unit; Thermo Cat. # EC104. 
4.2.11 Horizontal electrophoresis unit with casting trays and combs; Owl Separation Systems, Model A6. 
4.2.12 Kodak 1D scanner and analysis package. 
 
4.3 PROCEDURE 
4.3.1 Dilute 10x TBE to 0.5x TBE. 
 

10x TBE buffer 
Tris base (108 g / 1.0 L) 
0.05 M EDTA (40 ml 0.5 M / 1.0 L) 
Boric Acid (55 g / 1.0 L) 

 
4.3.2 Add 4.5 g Agarose and 300 ml 0.5x TBE in a 500 ml flask for a 1.5% gel. Microwave on high until 
solution just comes to a boil (~ 2 minutes). Remove flask from microwave (HOT! Handle with a paper 
towels to protect your hand from the heat!) and swirl solution to mix. Return to microwave for 30 seconds 
more of heating, then place flask in fumigation hood for ~ 20 min. to cool. Add 6 µl Ethidium Bromide 
(EtBr) and swirl to mix. (EtBr is highly mutagenic, Handle with care - Dispose of EtBr contaminated tips in 
biohazard waste). When flask is cool to the touch, pour gel solution into large gel casting tray with 4, 50 well 
combs installed at the positions marked on the tray and allow gel to solidify (~15 min). Carefully remove 
combs. 
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4.3.3 Retrieve or prepare 100 kb ladder mix (stored at 4°C); 
 
 100 bp ladder mix 

40 µl 500 ng/µl 100 bp ladder 
40 µl 10x Loading Dye 
320 µl Nuclease Free water 

 
4.3.4 Retrieve dispensed PCR products (see 4.3.5) 
4.3.5 Dry Load 10 µl of 100 bp ladder mix then immediately dry load 5 µl of each sample from onto gel with 
multi-channel pipette in the following fashion.  
 

 Lanes 1 & 50 Lanes 2 - 49 
Row 1 100 bp ladder Plate 1 A1 – H6 
Row 2 100 bp ladder Plate 1 A7 – H12 
Row 3 100 bp ladder Plate 2 A1 – H6 
Row 4 100 bp ladder Plate 2 A7 – H12 
 
For example, for Well Row 1 (lanes 1-50):  
ladder, A1,A2,…,H1, H2, A3, A4,…, H3, H4, A5, A6,…, H5, H6, ladder. 

Note: This protocol allows 192 samples to be resolved per gel, ie. 2 x 96-well PCR plates.  
4.3.6 Fill the electrophoresis unit with 0.5x TBE. TBE can be reused for ~3 runs. After each run, use a beaker to 
circulate the buffer between the two reservoirs.  
4.3.7 Carefully place the gel in the electrophoresis unit. 
4.3.8 Run gel at 120 V for ~ 1 hr (until leading ladder band is nearing the next row of wells). 
4.3.9 Cut gel in half at the third row of wells using a spatula. Cut the upper left corner off of each half as a 
way of maintaining the gels orientation 
4.3.10 Follow the “Basic Instructions for Imaging Gels” that are found on the front of the Kodak Image 
Station 
4.3.11 After the image has been captured, import the correct predefined template:  
“Analysis”…”Lane Templates”…”Use Templates”: DGRC_Top or DGRC_Bottom  
4.3.12 Move the template over the area including the 48 lanes and the size standards, excluding the wells. 
Change lanes 1 & 50 to the NEB 100 bp DNA ladder. 
4.3.13 "Find bands" 
4.3.14 “Adjust bands” adjust sensitivity to eliminate extraneous artifacts identified as bands 
"Show”…”Lanes/bands”…”lane analysis" (you will now see a spreadsheet). 
4.3.15 "Display” select Molecular Weight, Mass, and Relative Intensity. 
4.3.16 "File”…”Export data”…”Analysis data" select As displayed and save 
4.3.17 After Gel is imaged and data collected, gel can be disposed in the appropriate waste. 
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5.  Quality control of PCR Products 
 
5.1 INTRODUCTION 
For each 96-well Incyte plate run on a gel by electrophoresis, two tab-delimited text files were created from 
the Kodak 1D software.  These files contain information on bands, size, and mass from the gels of Incyte 
plates.  First, the two files are combined into one reorganized text file for each plate using a Microsoft Excel 
macro, Incyte_Gel_Info.  Then, all 158 Incyte plate files are combined into a single text file using an Excel 
macro, Incyte_Condense.  Finally, flagged samples are identified using an Excel file, GOODvsBAD.xls.  
Also, the sample order in the 96-well Incyte plates will be verified by checking the barcode elements on the 
plates 
 
5.2  MATERIALS 
5.2.1 Microsoft Excel macros (Incyte_Gel_Info and Incyte_Condense) and file, GoodvsBad.xls 
5.2.2 v3_gene_list 
 
5.3  PROCEDURE 
5.3.1 The Incyte_Gel_Info macro reorganizes the data for each Incyte plate, so it is easier to manage and use.  
Run the Incyte_Gel_Info macro.   A pop-up box will appear prompting for information on the Incyte plate, 
batch, dates and personnel of procedures, and the absolute address of the Kodak 1D files.  Note: The Kodak 
1D data files must be in an exact format as would be created by following the directions of Kodak 1D 
software usage.  Save the file created in a common folder and with a meaningful file name as all other 158 
Incyte plates.  The file names may be something like, INC_001_2 where ‘001’ is the DGRC plate number, 
‘_2’ is the suffix and ‘2’ means the 2nd batch.   
5.3.2 The Incyte_Condense macro combines all 158 Incyte plate data files into a single text file, so it can 
easily be used.  Files created by the Incyte_Gel_Info macro for all 158 plates need to be in one folder and file 
names must be consistent (ex. INC_001_2 as explained above).  Within that folder an empty Excel file named 
Book2.xls must be saved.  If a PCR plate completely failed, create a dummy text file containing the names of 
the samples and number of bands column filled with zeros in the same format as the other files.  Run 
Incyte_Condense.  A pop-up box will appear prompting for the first plate (usually 1), last plate (usually 158), 
absolute address of the folder containing the files, and the suffix as explained above. Save the file created.   
5.3.3 Open GOODvsBAD.xls.  Sheet1 and Sheet1(2) in GOODvsBAD.xls is the file created from the 
Incyte_Condense macro with Exp PCR_SIZE column added from v3_gene_list.  Run the macro, 
Incyte_Flag.  A pop-up box appears prompting for information on a cutoff value (probably 10-20) and a list 
in sequential order of completely failed plates (ex: 48, 66, 79, 148).   The cutoff value is a percentage used to 
calculate the proportion of samples that are within that range from the expected molecular weight of the 
sample.  The program creates 4 Excel sheets, labeled as linear_XX, log_XX, summary_linear_XX, and 
summary_log_XX where XX is the cutoff value.  Assess the information in these sheets.  Linear_XX and 
log_XX show the type of flag for each sample and a plot of each plate differentiating flagged and non-flagged 
samples.  The types of flags are failed PCR reaction, more than one PCR product, low mass of PCR product, 
and wrong size of PCR product.  Summary_linear_XX and summary_log_XX shows the number of samples 
with different flags by plate   
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5.3.4. Add the Gene_Name column from v3_gene_list to the file saved from Incyte_Condense (check for 
appropriately alignment) and save as getControls.input.  In unix, use the following command: 

grep “AE00260” getControls.input > getControls.output  
getControls.output is a text file of all of the barcode elements on the Incyte plates.  Look at MW column in 
getControls.output to see that all are approxiametely 700. 
5.3.5 Calculate the total mass of DNA remaining from the mass data available. 
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Part C. Consolidation 
 
Below, we will describe the post-production preparation of DNA for printing (deposition). 
 
As a general cautionary note, it is important to avoid the use of latex gloves in all matters associated with the fabrication and use 
of microarrays. Latex contains a fluorescent component which will leach from the gloves and cause significant artifacts. Nitrile 
gloves are a readily available substitute and should be used at all times.  
 
6. Re-plating PCR product to 384-well format and reconstitution in spotting solution 
 
6.1 INTRODUCTION 
In this operating procedure we describe the lyophilization of purified PCR products (in situ), their subsequent 
consolidation to 384-well plate format (re-plating), and reconstitution in spotting solution for deposition to 
glass-slide microarrays.  
 
6.2 MATERIALS 
6.2.1 Purified PCR product in 96-well NUNC plates (see 3.3.6). 
6.2.2 SpeedVac; Thermosavant SpeedVac Plus SC210A. 
6.2.3 Ultrapure Distilled Water, Nuclease Free; Gibco-Invitrogen, Cat. # 10977-016. 
6.2.4 Reagent Reservoir; Marsh Bio Products, Cat. # RR-0016. 
6.2.5 384-well polypropylene microarraying plate; Genetix, Cat. # X7020. 
6.2.6 NUNC 96-well polypropylene plates; NUNC, Cat. # 249944/VWR # 46600-666. 
6.2.7 Betaine (5 M); Sigma, Cat. # B0300. 
6.2.8 Ultrapure SSC (20x); Gibco-Invitrogen, Cat. # 15557-046. 
6.2.9 Thermowell Sealing Tape; Corning-Costar, Cat. # 6570/VWR # 29445-080. 
6.2.10 Liquid Handling Robot; Beckman-Coulter Biomek FX. 
6.2.11 FX tips P20 Barrier; Beckman-Coulter, Cat. # 717256/VWR # 717256. 
 
6.3 PROCEDURE 
a. Drying I 
6.3.1 Retrieve 4 x 96-well purified PCR plates from -20°C storage. Thaw and centrifuge at 2000 rcf for 1 min. 
6.3.2 Remove seal and place in SpeedVac. Dry under vacuum (with heat – approximately 3 h, or without heat 
– overnight). 
b. Resuspension I 
6.3.3 Retrieve plates from SpeedVac and place in ALPs as instructed by Biomek FX Protocol DGRC-
Resuspension-1. 
6.3.4 Fill a reagent reservoir with ultrapure H2O, and place on the deck as per instructed by Biomek FX 
Protocol DGRC-Resuspension-1. 
6.3.5 Load the Biomek FX with tips as per instructed by Biomek FX Protocol DGRC-Resuspension-1. 
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6.3.6 Run Biomek FX Protocol DGRC-Resuspension-1. Ensure conformity of the deck configuration. Note: 
The program will transfer 20 µl of ultrapure water from the reagent reservoir to each well. 
6.3.7 When the automated protocol is complete, seal the plates and store at -20°C. Note: Complete resuspension of 
the DNA is critical. Following the first dry-down we resuspend in H2O by a single freeze-thaw cycle and orbital shaking at 800 
rpm for 1 hour. We use an orbital shaker on our Qiagen liquid handling robot. This has four positions that securely hold 
microtitre plates and the agitation at 800 rpm is quite vigorous.  
c. Consolidation 
6.3.8 Retrieve plates from 6.3.5 above. Thaw and shake in a plate shaker at 800 rpm for 60 min, then 
centrifuge at 2000 rcf for 1 min. 
6.3.9 Remove seals and place plates in the appropriate ALPs as instructed by Biomek FX Protocol DGRC-
Consolidation. 
6.3.10 Load the Biomek FX with tips and Genentix 384-well plates as per instructed by Biomek FX Protocol 
DGRC-Consolidation. 
6.3.11 Run Biomek FX Protocol DGRC-Resuspension-1. Ensure conformity of the deck configuration. Note: 
The program will aspirate 20 µl (i.e. the entire volume) of each sample from 4 x 96-well NUNC plates (containing purified 
DNA in aqueous solution) and consolidate these in a single 384-well plate. 
6.3.12 When the automated protocol is complete, seal the plates and store at -20°C, or proceed immediately 
with d. (below). 
d. Drying II 
6.3.13 Retrieve 384-well plates containing sample. Centrifuge at 2000 rcf for 1 min. 
6.3.14 Remove seals and, EITHER; 
6.3.15 Place plates in SpeedVac. Dry under vacuum (with heat – approximately 3 h, or without heat – 
overnight), OR; 
6.3.16 Place plates in dust-free lamina flow hood until dry (12 h). Note: The lamina flow hood should be swabbed 
with 80% ethanol and confirmed free of debris. 
6.3.17 When samples have been lyophilized proceed immediately with 6.2.18 (below). 
e. Resuspension II 
6.3.18 Retrieve plates from SpeedVac and place in ALPs as instructed by Biomek FX Protocol DGRC-
Resuspension-2. 
6.3.19 Fill a reagent reservoir with spotting solution, and place on the deck as per instructed by Biomek FX 
Protocol DGRC-Resuspension-2. 
 
 DGRC Spotting Solution 

Solution Volume 
Ultrapure H2O 41.25ml 

5M Betaine [stock] 22.5ml 
20XSSC[stock] 11.25ml 

Total 75ml 
 
 
6.3.20 Load the Biomek FX with tips as per instructed by Biomek FX Protocol DGRC-Resuspension-2. 
6.3.21 Run Biomek FX Protocol DGRC-Resuspension-2. Ensure conformity of the deck configuration. Note: 
The program will transfer 8 µl of spotting solution from the reagent reservoir to each well. 
6.3.22 When the automated protocol is complete, seal the plates and store at 4°C. Store the remaining 
spotting solution at 4°C. Note: Following the second dry-down we resuspend in 3 x SSC/1.5M Betaine at 4oC for at least 
16 h followed by orbital shaking at 800 rpm for 1 hour. 
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Part D. Printing (OmniGrid 300) 
 
Below we describe the process of printing (deposition), including post-processing, using an OmniGrid 300 
printing robot. 
 
As a general cautionary note, it is important to avoid the use of latex gloves in all matters associated with the fabrication and use 
of microarrays. Latex contains a fluorescent component which will leach from the gloves and cause significant artifacts. Nitrile 
gloves are a readily available substitute and should be used at all times.  
 
7. Deposition of DNA to CMT-GAPS slides using an OmniGr id  300  robot 
 
7.1 INTRODUCTION 
In this operating procedure, we describe the deposition of DNA to glass-slide microarrays. The smooth 
operation of a print-run depends upon the microarrayer being carefully set-up and calibrated before starting – 
and then disturbing it as little as possible once it is under way. It is essential that the pins be absolutely clean. 
All water reservoirs and lines must be clean. The sonicator and the wash station must be carefully calibrated 
so that only tapered portion of the pins enters the water. It is good practice to run some tests without spotting 
solution to ensure pins are completely dried after the wash cycle. Likewise it is advisable to run a test with 
spotting buffer to ensure that all pins are printing properly. We dedicate the slide in position 1-3 to test 
printing, and print the actual microarrays using positions 4-308. If a problem is encountered it is then 
relatively easy to do a quick test-print to slide number 1 to confirm that the pins are printing properly.  
 
7.2 MATERIALS 
7.2.1 Plates containing purified PCR products reconstituted in spotting solution (see 4.3.27). 
7.2.2 Plate lids; Genetix, Cat. # X7021 
7.2.3 Thermowell Sealing Tape; Corning-Costar, Cat. # 6570/VWR # 29445-080. 
7.2.4 GAPS II Microarray Slides; Corning, Cat. # 40003/VWR # 77776-867. 
7.2.5 95% Ethanol. 
7.2.6 ArrayIt Stealth Micro-Spotting Pins; Telechem, Cat. # SMP3. 
7.2.7 OmniGrid 300 Microarrayer; GeneMachines, installed with Gridder version 4.1.6 (or better). 
7.2.8 DustBuster cordless vacuum cleaner 9.6 volts; Black & Decker, Cat. # V9610. 
7.2.9 Stainless Steel Slide Rack; ThermoShandon, Cat. #113. 
7.3 PROCEDURE 
a. Pre-print preparation 
7.3.1  Place clean pins in the print-head. Note: We typically clean the pins and the print-head before each major print-run 
using the protocols and materials listed on the TeleChem website 
http://arrayit.com/Products/MicroarrayI/PPCK80/ppck80.html - These protocol are intended for intensive cleaning where 
pins have accumulated minor corrosion due to intensive use, improper storage, or misuse. The procedures will remove minor 
corrosion, deposits and other contaminants that diminish printing performance. 
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7.3.2 Vacuum the interior space of the OmniGrid 300. Ensure the area within the chamber that houses the 
robot is dust-free. Pay particular attention to the slide platten.   
7.3.3 Ensure the source reservoir has enough water, this should be checked throughout the print run. (Our 
wash protocol typically use 1L/plate)  Use only non De-ionized Water.   
Note: We use only non De-ionized Water as DI water can draw ions from the metal print pins weakening them with time. 
7.3.4  Securely place GAPS II slides in positions 4 – 308 with barcodes facing up and towards the right of the 
deck.  Securely place plain test slides in positions 1 – 3.   
7.3.5 Re-vacuum the interior space of the OmniGrid 300, working from the back to the front of the slide 
platten and keeping the mouth of the vacuum cleaner ~10 mm above the surface of the slides. 
7.3.6 Hydrate a polystyrene plate lid by soaking it in a beaker of MilliQ water. After >10 min, remove the lid 
from the water and rinse it with 95% ethanol. Allow the lid to dry. Note: We use X7021 polystyrene lids as blotting 
plates in preference to the glass plates supplied by GeneMachines. We find the untreated glass to be too hydrophilic. The rate of 
wicking with treated polystyrene appears to be optimum. 
7.3.7 Place the prepared (7.3.6) ‘blotting’ lids on Blot Pad Positions 1 and 2.  Replace as needed during the 
print run.  Note: Replace the pads quickly through the access door to minimize Humidity shifts within the chamber. 
7.3.8  Ensure the humidifier reservoir is full (7L) of MilliQ water.  A full reservoir should be sufficient for one 
print run but should be checked throughout the print run.  Set the humidity “Set Point” to “65”% on the 
“OmniGrid 300 E-Box.”  Turn the Holmes Humidifier “Speed Control” and “Mist Volume” to High.  Allow 
the humidity to equilibrate. Note: This will take ~15 mins, the length of the “Pre-Run Print Test”.  
7.3.9 Open the Gridder software package. Run the method “Clean Carry over Test” with no sample plate to 
make sure there is no carry over from wash step to the blotting pad.  
7.3.10 Open the method ‘Pre-Run Print Test’.  Print to positions 1 (this method does not use Blotting) with a 
3 x SSC sample plate in stacker position 1-1 to confirm that the sonicator, wash station, and drying station 
appear correctly calibrated.  After the run, confirm accurate deposition of spotting solution from each pin.  If 
spots are missing, replace Ithe test slides and rerun the ‘Pre-Run Print Test’ to another test slide.   
Note: Our test protocol – Pre-run Print Test – dips once, then moves to slide position 1 and each pin prints an 18 x 18 
subarray. We reserve positions 1-3 as a test slide positions. If a further test run becomes advisable at any time during the course 
of a print-run, then the test protocol can be rerun to a different test slide. If the printer is left setting over night in the middle of a 
print run, turn Off the Humidifier.  The next morning, turn on the humidifier and exit the print method, noting the “Current 
Plate” and “Current Sample Block.”  Rerun the‘Pre-Run Print Test’ to “warm up” the pins for printing. 
b.Printing 
7.3.11 Retrieve plates from 4°C (see 4.3.27) and shake in a plate shaker at 800 rpm for 60 min, then centrifuge 
at 2000 rcf for 1 min. CAUTION: TAKE EXTREME CARE WHEN HANDLING THE PLATES POST-
CENTRIFUGATION. ANY AGITATION CAN DISTURB THE POSITION OF THE SAMPLE AND 
WILL REQUIRE RE-CENTRIFUGATION. 
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7.3.12  Load 6 unsealed, covered Plates into Carousel 1 in positions 1-1 through 1-7.  
Note: Remaining plates should be stored at 4°C and retrieved as required. When a plate is finished with, it should be resealed 
and stored at 4°C. CAUTION: WHEN THE PLATES ARE UNSEALED THEY ARE EXTREMELY 
VULNERABLE – EXERCISE EXTREME CARE WHEN LOADING AND UNLOADING THE 
STACKERS AND THE CAROUSEL. THOUGH LIDDED, THE WELLS ARE NOT SEALED – 
MISHANDLING ERRORS WILL CAUSE SAMPLES TO BE LOST AND/OR CROSS-
CONTAMINATED. 
7.3.13 Run the current DGRC print-run protocol (DGRC_version_a01.01.0x.0x). Print to slide positions 4 – 
308 (be sure to select “Each sample” under the slides heading of the Run parameters).  
Note: We print with 48 TeleChem/ArrayIt SMP3 pins. The z-axis acceleration parameter is 15 mm.sec-1; dip time is 1000 
ms. We blot 30 spots to the blotting plate then spot once per slide without re-dipping; 235 µm center-to-center spacing; slide 
contact time 0 ms. 
c.Post-Printing QC 
7.3.14  Turn the Holmes Humidifier “Speed Control” to “Off”. 
7.3.15 Remove the slides in order from 4 – 308. Inspect each individual slide for notable print artifacts caused 
by dust or pooling. If pooling or dust is observed to affect >20 features the slide should be noted as defective 
and set aside and processed separately. 
7.3.16 Bake the slides (see 7.3). 
7.3.17 Take 4 slides from the non-defective racks and inspect these under a dissecting microscope, noting 
feature morphology and any missing spots. 
7.3.18 Replace these QC slides to their position in the racks and continue with post-processing. 
 
8. Post-print processing 
 
8.1 INTRODUCTION 
In this operating procedure we describe the process of fixing DNA to the microarray in preparation for long-
term-storage, shipping, and prehybridization. We have assayed the various efficacies of UV-crosslinking at the 
commonly quoted energy settings but have found in general that for print-buffers containing betaine, baking 
is the most efficient method of immobilizing DNA to GAPS II slides. 
 
8.2 MATERIALS 
8.2.1 CMT-GAPS slides spotted with DNA (see 8.3.23). 
8.2.2 Linberg/Blue M Gravity Convection Oven, GO1300A. 
8.2.3 Ultrapure SDS (10%); Sigma, Cat. # L4522. 
8.2.4 Isopropanol. 
8.2.5 Ethanol (95%). 
8.2.6 Stainless-steel slide rack; Shandon. 
8.2.7 SINBO Vacuum Sealer. 
 
8.3 PROCEDURE 
 
Baking 
8.3.1 Pre-heat oven to 85°C. 
8.3.2 On the cessation of printing, remove slides with great care and transfer to stainless steel slide racks (see 
8.2.6). 
8.3.3 Place racks in oven and bake for 3 h. Bake arrays inside lidded glass chambers. 
8.3.4 Remove racks, allow to cool.  
Note :  Post-process the slides immediately after Baking.   
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Post – Print Washes 
8.3.5 Prepare the following solutions in large Wheton glass slide staining baths; 
   

1. 500mL 5X SSC, 0.1% SDS @ 55°C 
2. MilliQ H2O @ Room Temperature 
3. MilliQ H2O @ 95°C Note: NOT boiling. 
4. MilliQ H2O @ Room Temperature 
5. Isopropanol (2-propanol) @ Room Temperature 

 
Note: The baths of solution must be wide enough and deep enough to allow the rack of slides to be submerged). 
8.3.6 Incubate slides for 5 min in 1) 5X SSC, 0.1% SDS @ 55°C. Rapidly submerge and strongly agitate 
slides.  Do not lift slides in and out of solution while agitating.  
Note:  It is best to have the wash solution in large excess to allow sufficient washing in this first step. Change the solution after 
each rack of ~15 slides. 
8.3.7 Rinse in 2) MilliQ H2O @ room temperature for 1 minute. 
Note :   It  i s  impor tan t to  remov e al l  SDS at t h is  s tep as  SDS can cont ri bu te  to  ba ckground.   If  
necess a ry  rins e  add it io nal  t ime s .  
8.3.8 Rinse in 3) MilliQ H2O @ 95°C for 4 minutes. 
8.3.9 Rinse in 2) MilliQ H2O @ room temperature for 1 minute. 
8.3.10 Remove slide rack from H20 rinse and plunge immediately into 2-propanol. 
8.3.11 Quickly Remove rack and centrifuge immediately at 400 rcf for 2 min. 
8.3.12 Carefully place slides in original (Corning) slide containers. Store in dessicator cabinet until 
required, or vacuum pack for shipping. 
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Part E.  Quality Control Hybridizations  
 
9 Nonamer Hybridization 
 
9.1 INTRODUCTION 
Adapted from Molecular Probes Panomer™ 9 Random Oligodeoxynucleotides Protocol. 
 
Ponamer™ 9 random oligodeoxynucleotides are 9-base, random-sequence oligonucleotides that are 
covalently labeled on the 5’ end with an Alexa Flour® 546 dye.  The Panomer™ 9 random oligonucleotides 
are used to detect nucleic acids on microarray slides, where the intensity of the fluorescent signal is 
proportional to the amount of DNA that is available for hybridization on a spot.  This quality control 
hybridization is done to ensure that an appropriate amount of DNA has been deposited for each spot on the 
DGRC microarrays. 
 
9.2 PROCEDURE 
Adapted from Molecular Probes Panomer™ 9 Random Oligodeoxynucleotides Protocol. 
 
9.2.1 Make a 100µM stock solution by adding 100µl of deionized H2O to the vial containing the dried 

Panomer™ 9 oligonucleotide. 
9.2.2  Create the 2X hybridization buffer as follows:  

0.5 M NaPO4, pH 7.0 
1.0% SDS 
2 mM EDTA 
2 x SSC 

4 x Denhardt’s Solution 

9.2.3 Prepare the Panomer™ 9 hybridization solution as follows: 
  

Solution Volume 
100µM Panomer™ 9 Oligo 4.5µl 

2X hybridization buffer 30µl 
DEPC treated H2O 25.5µl 

Total 60µl 
 
9.2.4 Briefly heat the hybridization solution to 90°C for 15-30 seconds, the cool by centrifugation. 

Note: Do not place solution on ice, as the SDS will precipitate. 
9.2.5 Assemble the hybridization as follows: 

• Lay the pre-hybridized slide DNA-side up on a dust-free surface (if you are not using the slide-
warmer).  

• Using a pipette, apply the hybridization solution (~ 58 µl) to the bottom-center of the slide.  We 

use 58µl instead of 60µl in order to avoid placing troublesome bubbles on the slide.  We also 
leave a few microliters of solution in the pipette, also to avoid placing bubbles on the slide. 

• Carefully lower the LifterSlip onto the microarray avoiding bubbles.  
• Place the slide face-up in a hybridization chamber. 
• Pipette 18 µl of water into the wells at either end of the hybridization chamber. 

• Seal the chamber and wrap in aluminum foil to protect from light. 
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9.2.6 Allow the hybridization to proceed at room temperature for 10 minutes. 
9.2.7 Create the wash solutions.  Fill two 50ml Falcon tubes with a solution of 2XSSC and 0.2% 

SDS. 
 

Solution Volume 
20XSSC[stock] 5ml 

10% SDS[stock] 1ml 
Millipore H2O 46ml 

Total 50ml 
 
 Fill one 50ml Falcon tube with a solution of 0.05XSSC. 
  
 
 
 

 
 

9.2.8 Remove the coverslip from the microarray by gently moving the slide from side-to-side in the first 
Falcon tube of 2XSSC and 0.2% SDS. 
Note: Be very careful to avoid any drying of the slides while moving them to and from washes. 

9.2.9 After the coverslip has fallen off the slide, immediately wash the slide in a solution of 2XSSC and 
0.2% SDS for 40 seconds.   
Note: Over-washing will remove the Panomer™ 9 oligonucleotide, so only wash for 40 seconds.  Also, for the next 
step, only wash for 20 seconds. 

9.2.10 Immediately transfer the slide into a wash solution of 0.05XSSC for 20 seconds. 
9.2.11 Dry slide by centrifugation. 
9.2.12 For best results, scan immediately after the array is dry. 
 

Solution Volume 
20XSSC[stock] 0.125ml 
Millipore H2O 50ml 

Total 50ml 
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10 Barcode Hybridization 
 
10.1 INTRODUCTION 
The following procedure describes a DGRC protocol for barcode quality control.  Barcodes are PCR 
amplified sections of the Drosophila genome that are restricted to the introns.  One slide from each print run 
is hybridized with an oligonucleotide complementary to a barcode element present at three unique locations 
in every 96 well plate of primers. This test confirms that all the sample plates were in the correct order and 
orientation.  Barcode elements can also serve as negative controls for experimental hybridizations, since the 
DNA for each of these spots are restricted to the non-coding regions of the Drosophila genome. 
 
10.2 PROCEDURE 
 
10.2.1 Pre-Hybridization 
Adapted from Hedge et al., 2000. A concise guide to cDNA microarray analysis.  Biotechniques 29: 548-550.   Pre-
hybridized microarrays should be used immediately so it is convenient to set up the pre-hybridization during the reverse 
transcription incubation. 

10.2.1.1 Incubate arrays at 42°C for at least 1 hour in a solution of the following: 
• 50% formamide 
• 5X SSPE 
• 0.1% SDS 
• 0.1 mg/ml BSA (I-Block) 

 
[Stock] [Final] Volume 

100% Formamide 50% Formamide 25ml 
20X SSPE 5X SSPE 12.5ml 
10%SDS 0.1%SDS 0.5ml 
BSA (I-Block) 0.1 mg/mL BSA (I-Block) 5g 
Total Volume   Fill to 50 ml with Water 

 
Note: Pre-Hybridizing the slides can take place for more than an hour without harming the slides. 

10.2.1.2  Wash arrays as follows:  
• Incubate in 0.1X SSC for 5 minutes at Room temperature. 
• Repeat in fresh solution, Incubate in 0.1X SSC for 5 minutes at Room temperature. 
• Rinse slides with side to side motion in distilled H2O for about 1 minute. 
Note:  It is important to make certain all SDS has been removed during wash. 
• Dip slides in Isopropanol several times. 
• Immediately, Dry the slides by centrifuging at 500 x g for 3-5 min. 
Note:  Slides should be hybridized within 1 hour of drying.  

10.2.1.3  Scan slide and record background reading.  If background is high, repeat steps 2-3. 
 
10.2.2 Hybridization 
10.2.2.1 Pre-warm the microarray slide on a slide warmer at approximately 42oC.  

Note: This step is optional, but we find it easier to load the hybridization mixture onto a pre-warmed slide, because the 
hybridization solution is less viscous at higher temperature. 

10.2.2.2 Create the 2X hybridization buffer as follows:  
0.5 M NaPO4, pH 7.0 
1.0% SDS 
2 mM EDTA 
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2 x SSC 

4 x Denhardt’s Solution 

10.2.2.3 Create the final hybridization solution as follows: 
Solution Volume 

2X hybridization buffer 30µl 
DEPC treated H2O 29µl 

10µM Cy3 labeled Barcode 1µl 
Total 60µl 

 
10.2.2.4 Incubate the hybridization solution at 95°C for 2 min. 
10.2.2.5 Centrifuge for 1 minute to chill. 
10.2.2.6 Assemble the hybridization as follows: 

• Lay the pre-hybridized slide DNA-side up on a dust-free surface (if you are not using the slide-
warmer).  

• Using a pipette, apply the hybridization solution (~ 58 µl) to the bottom-center of the slide.  We 

use 58µl instead of 60µl in order to avoid placing troublesome bubbles on the slide.  We also 
leave a few microliters of solution in the pipette, also to avoid placing bubbles on the slide. 

• Carefully lower the LifterSlip onto the microarray avoiding bubbles.  
• Place the slide face-up in a hybridization chamber. 
• Pipette 18 µl of water into the wells at either end of the hybridization chamber. 
• Seal the chamber and wrap in aluminum foil to protect from light. 

10.2.2.7  Submerge the hybridization chamber in a 42°C water bath and incubate for 14-20 hours. 
Note:  Do not rush the hyb, we find shortening the Hyb length can effect the data quality. 
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10.2.3 Post Hybridization Washes 
This step is used to remove any non-hybridized cDNA from the arrays. 
10.2.3.1  Make up the following wash solutions in 50ml Falcon tubes.    

Note:  The Hyb solution components should be run through a 0.22µm filter 
• Tube #1 – 0.5X SSPE, 0.01% SDS @ 50-55°C 
• Tube #2 – 0.5X SSPE, 0.01% SDS @ 50-55°C 
• Tube #3 – 0.5X SSPE @ 50-55°C 
• Tube #4 – 0.1X SSPE 
• Tube #5 – 0.01X SSPE 

10.2.3.2 When all tubes are prepared and heated, disassemble the hybridization chamber.   
Note:  Keep the slide protected form light as much as possible.  Do not let the slide dry out at any time during the 
washing procedure. 

10.2.3.3 Remove the array from the hybridization chamber.  Gently agitate side to side in Tube #1until the 
LifterSlip drifts away from the microarray slide.  Use a different Tube #1 for each slide washed. 

10.2.3.4 Place array in Tube #2, submerge in the 50-55°C water bath for 5 min.  Invert several times. 
Note: Wrap the Falcon tube in aluminum foil to protect the array from light. 

10.2.3.5 Move the array from Tube 2 to Tube 3 submerge in the 50-55°C water bath for 5 min.  Invert several 
times. 
Note: Make sure the centrifuge is set up for drying the array(s) 

10.2.3.6 Move the array from Tube 3 to Tube and incubate at room temperature for 5 min.  Invert several 
times. 

10.2.3.7 Move the array from Tube 4 to Tube 5 and rinse at room temperature for 10 seconds. 
10.2.3.8 Remove the array from Tube 5 and immediately and as quick as possible, centrifuge the slide at 

500 x g for 3-5 min to dry. 
10.2.3.9 For best results, scan immediately after the array is dry. 
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