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I. Array design

	Array design name
	ResGen1
	Operon1

	Platform type
	Spotted
	Spotted

	Surface coating and specification
	Polylysine (CEL-Associates, Houston)
	Motorola Life Sciences 3D-LinkTm

	Physical dimensions or array support
	1”x3”
	1”x3”

	Number of elements on array
	6216
	6307

	Availability or production protocol
	PCR products were printed onto polylysine slides (CEL Associates, Houston) using a piezoelectric printer (Steffen, Huang, and Church, unpublished data). Slides were UV cross-linked, washed in 0.1% SDS, and boiled in dH2O for 3 min. ORF arrays were pre-hybridized as described (Hegde, Qi et al. (1997) Biotechniques 29: 548-62).
	Oligos were printed at a concentration of 10 pmols/ml in 150 mM potassium phosphate (pH 8.0) onto 3D-LinkTM slides (Motorola) using an OmniGridTM microarrayer (GeneMachines). Following printing, slides were processed according to the manufacturer's instructions. Oligo arrays were boiled for 3 min. and shaken dry prior to hybridization.

	Reporter type
	Double-stranded PCR products.
	Single-stranded oligonucleotides

	Reporters
	PCR products were re-amplified from purified PCR products corresponding to the Yeast GenePairs products (Research Genetics). The PCR products were re-amplified using Taq/PfuTurbo (20:1, units) with universal forward (5'-GGAATTCCAGCTGACCACC) and reverse (5'-GATCCCCGGGAATTGCCATG) primers for 30 cycles, annealing at 65
	Yeast Genome Oligo Set (Operon)

	Feature Type
	· 150 micron spot diameter

· covalent attachment (UV crosslinked)
	· 150 micron spot diameter

· covalent attachment (3D-Link amino binding chemistry)

	Feature Locations
	In GenePix files made available for each experiment
	In GenePix files made available for each experiment

	Composite elements
	None
	None


II. Experiment design
1. Experiment information

	Authors
	Aimee Dudley, John Aach, Martin Steffen, George M. Church

Department of Genetics, Lipper Center for Computational Genetics

Harvard Med School

	Contact
	Aimee Dudley, dudley@genetics.med.harvard.edu

	Type of experiment
	Test of new procedures for acquiring and normalizing microarray data using 

· yeast grown on different carbon sources (glucose, galactose, raffinose, ethanol) to compare new vs. conventional procedures 

· spiked oligo experiment to test accuracy of new procedures

	Experimental factors
	· Growth media

· Microarray controls

	Number of hybridizations performed in experiment
	29

	Common reference
	For ‘Conventional vs. calibrated oligo reference comparison’ experiments using a universal oligo (see Experiment description), the oligo is the RevORF oligo 5’-GATCCCCGGGAATTGCCATG –3’ incorporated into the Research Genetics Yeast Genome Primer set, labeled with 5’-Cy3. The experimental design does not otherwise use a common reference sample, although several other hybridizations use a common Glu sample.  See ‘Experiment description’ for details.

	Quality control
	· Replicates are as indicated in ‘Experiment description’.  Replicates consist of common labeled samples hybridized to different copies of the arrays.

· PCR products on ResGen1 array design were checked for product length

· Spiked oligo experiment (see Experiment description) was replicated with a dilution series in a permuted order (Slide E vs. Slide F), in addition to exact replications.

	Experiment description
	1. Conventional vs. calibrated oligo reference comparison

1.1. Slide1 = Cy5 Glu, Cy3 Gal (4 replicates: Slide1A-D)
1.2. Slide2 = Cy5 Raff, Cy3 EtOH (2 replicates: Slide2A, Slide2C)
1.3. Slide3 = Cy5 Glu, Cy3 universal oligo (4 replicates: Slide3A-D)
1.4. Slide4 = Cy5 Gal, Cy3 universal oligo (4 replicates: Slide4A-D)
1.5. Slide5 = Cy5 Raff, Cy3 universal oligo (2 replicates: Slide5A-B)
1.6. Slide6 = Cy5 EtOH, Cy3 universal oligo (2 replicates: Slide6A, Slide6C)
1.7. Slide11 = Cy5 Glu, Cy3 Raff (2 replicates: Slide11A, Slide11C)
1.8. Slide12 = Cy5 Glu, Cy3 EtOH (2 replicates: Slide12A, Slide12C)
2. Spiked oligo experiments using labeled reverse complement Operon oligos for FPB1, YLI057C, CYB2, GAL3, GAL10, FUN34, XBP1, SIP18, HXT5 and labeled Glu background.  Oligo preparation is described in ‘Normalization controls’ section.
2.1. Slide A = Cy3 equal mix of 9 oligos, Cy5 equal mix of 9 oligos (verify equal signals using both fluors)
2.2. Slide D = Cy5 Glu, Cy3 Glu (no oligos spiked in) (2 replicates: SlideD, SlideD2)
2.3. Slide E, F = Cy5 Glu + 5-fold dilution series of spiked Cy5 oligos, Cy3 Glu + equimolar mixture of spiked Cy3 oligos (2 replicates: SlideE, SildeF)
2.4. Slide E2, F2 = same as Slides E, F with permuted dilution series for the 9 oligos (replicates: SlideE2, SlideF2)

	Links (URLs), Citations
	· Manuscript under consideration at PNAS

· Data and supplemental material at http://arep.med.harvard.edu/masliner/supplement.htm


2. Samples used, extract preparation and labeling

	1. Bio source
	Saccharomyces cerevisiae (NCBI taxonomy ID 4932) FY4 (a MATa prototroph isogenic to a GAL2+ derivative of S288C)

	2. Bio material manipulations
	All media were prepared as described (M.D. Rose, F. W., and P. Hieter (1990) Methods in yeast genetics: a laboratory course manual (Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.)).  Glucose cultures (Glu) were grown in YPD (2% glucose), raffinose cultures (Raff) in SDRaf (2% raffinose), and ethanol cultures (EtOH) in SDEtOH (2% ethanol).  Galactose cultures (Gal) were grown in YPRaf (2% raffinose) and induced for 20 minutes by the addition of galactose to 2%.  All cultures were grown at 30o C and harvested at cell densities of 1-2 x 107 cells/ml.

	3. Hybridization extract protocol
	Total yeast RNA was prepared as described (Swanson, M. S., Malone, E. A. & Winston, F. (1991) Mol Cell Biol 11, 4286).  

	4. Labeling protocol for extract
	Labeled cDNA probes were synthesized from 20 g total yeast RNA using the AtlasTM Glass Fluorescent Labeling Kit (Clontech).


3. Hybridization procedures and parameters

	Hybridization procedures and parameters
	Both ResGen1 and Operon1 arrays were hybridized and washed as follows. Fluorescently labeled probes plus 20 mg salmon sperm DNA (Life Technologies) and 20 mg polyadenylic acid (Sigma) were denatured at 90[image: image1.png]


 C for 3 min. Pre-warmed (42[image: image2.png]


 C) hybridization buffer was added to the probe samples at a final concentration of (25% formamide, 5X SSC, 0.1% SDS) in a final volume of 80 ml. Hybridizations were carried out using LifterSlipTM cover glass (Erie Scientific) and CMTTM hybridization chambers (Corning). Hybridizations were performed at 42[image: image3.png]


 C for approximately 16 hours. Slides were washed at room temperature for 5 min. with shaking in each of the following: 0.2X SSC/0.1% SDS, 0.2X SSC, and 0.1X SSC


4. Measurement data and specifications

	1. Raw data description
	Microarrays were scanned with a ScanArray 5000 (GSI Lumonics) at 90% laser power and various PMT settings, ranging from 45-85%.  PMT values are indicated by the names of the GenePix 3.0 output files provided with this submission, e.g., the file Slide2C_85_Cy3.gpr was for a scan at PMTG = 85%.  Most slides were scanned multiple times at different PMTG (see GenePix output files).  Multiple scans at different PMTGs were performed to allow for correction of saturated values and construction of a common linear scale across all scans for a slide using masliner software (see manuscript and below).  Scanned images have not been included with this submission.

	2. Image analysis and quantitation


	GenePix 3.0.  All image analysis files are available from our web site http://arep.med.harvard.edu/masliner/supplement.htm. “unadjusted” scan files are direct output of GenePix 3.0 for scans at various PMTG settings.  All series of unadjusted scan files for a single slide (whether a conventional or calibrated oligo reference hybridization) were then adjusted by means of masliner software using parameters –ll 2000 and –hl 60000 (see manuscript and web site) to correct for saturation of spots in individual scans and integrate the linear ranges of the scan series into a common extended linear scale.  The resulting masliner-adjusted scan files are also available from our web site, as is the masliner software itself.  (Only the masliner-adjusted output from the analysis of the complete series of scans for each slide is provided.)  SlideA, used only to verify experimental conditions, was not adjusted with masliner. 

	3. Normalized and summarized data
	· For all slides in a set of experiments, the masliner-adjusted background-subtracted intensities (BSIs) of all cDNA and oligo hybridizations were normalized to each other by the ratios of the total fluorescence values.  For experiments using calibrated oligo references, as there is no expectation that total fluorescence of a cDNA sample and a calibrated reference oligo hybridization should be equivalent, cDNA and oligo hybridizations were normalized separately.  All BSIs less than the value of one standard deviation of the average local background were assigned the standard deviation value.  All normalized values of this sort are available on the web site above in the tab-delimited all_experiments file in the normalized_data directory. 

· Derived expression data sets: In addition to the normalized individual experiment files above, “reconstructed” Gal / Glu ratios were calculated from the 4 replicates each of normalized Gal:oligo (from slides 4A-D) and Glu:oligo values (from slides 3A-D) and are available in a tab-delimited file in the normalized_data directory on the web site.  As each of slides 3A-D and 4A-D were assayed independently, reconstructed Gal / Glu ratios for each gene were calculated from all 24 possible series of four independent ratios of normalized Slide4A-D values to normalized Slide3A-D values (e.g., [4A/3A, 4B/3B, 4C/3C, 4D/3D] constitutes one series, [4B/3A, 4C/3B, 4D/3C, 4A/3D] constitutes another, etc., where no slide value is repeated in any one series).  The average reconstructed ratio is the average of the averages obtained from all 24 series and is mathematically identical to the overall average of all possible individual normalized Slide4 to normalized Slide3 values.  The standard deviation for the reconstructed ratio was computed as the average of the standard deviations obtained from all 24 series.

· Quality indicators: masliner-adjusted files contain indicators for uncorrectable saturation and estimates of regression error.  We have also made available a list of spots on the ResGen1 arrays that failed PCR quality tests (available on our web site).


5. Normalization controls, values, specifications

	1. Normalization strategy
	The experiments here comprise a test of a new method of obtaining and normalizing expression levels via microarrays that is described in our manuscript and web site.  In this method, control samples used in conventional microarray hybridizations and analysis are replaced by calibrated oligo references – mixtures of oligos with known abundances that target all individual spots on the array.  Except for the procedures and normalization techniques (see above) applied according to this new method, and corresponding conventional microarray hybridizations and methods performed for comparison, no special normalization techniques have been applied.  However, the spiked oligo experiments (see above) entailed addition of known quantities of labeled oligos specific to 9 spots on Operon1 arrays.  Though the object of these experiments (Slides D-F + replications) was direct measurement of the relative abundances of these oligos and therefore these are not properly considered spiked oligo ‘controls’, their handling is otherwise identical to spiked oligo controls and so these procedures are described here: The spiked oligos listed in the ‘Experiment description’ section above were synthesized with 5’ C6-amino modifications.   Between 500-1,000 pmols of an oligo were dried, resuspended in 10 ml of 2X AtlasTM fluorescent labeling buffer (Clontech), mixed with 10 ml of 5 mM Cy3 or Cy5 monofunctional reactive dye (Amersham Pharmacia Biotech), and incubated in the dark at room temperature for 30 min.  Labeled oligos were purified by ethanol precipitation and concentrated through microcon YM-10 or YM-30 filters (Amicon). Cy5 spiked oligos were added as a 5 fold dilution series from 1.25 M to 0.625pM (see supplemental web site for which oligos were at what concentrations) to a Cy5 Glu sample (see above).  Cy3 spiked oligos were added as an equimolar mixture of 0.5 pmols of each oligo in the 80 l hybridization mixture

	2. Control array positions
	Available from the GenePix file output for the indicated spiked oligos for SlidesD-F (+ replicates)

	3. Control elements during hybridization extract preparation
	None.


