Facts for Microarray Grant submissions

1. Equipment in the EBL Microarray Core available for each of the following procedures
*RNA preparation:  Eppendorf  5415C centrifuge, Heraeus Biofuge Pico centrifuge, Sorvall RC 3B Plus centrifuge, -80C Freezer, restricted RNA only space, reserved P10 to P1000 Pipetmen, Agilent Bioanalzyer 2100

*probe generation: VWR Digital heatblocks, -20C Freezer, Savant DNA110 Speed Vac, Mettler PB810 balance, Beckman DU650 Spectrophotometer, VWR mini- vortexers

*array hybridization :  Genomic Solutions GeneTac Hybridization unit

*probe array washing and staining: Genomic Solutions GeneTac Hybridization unit, Sorvall T6000D Centrifuge,

*probe array scanning:  Axon 4000A Scanner

*initial data analysis - also provide a list of software with supplier and version numbers where appropriate: Axon GenePix 3 

*advanced data analysis - also provide a list of software with supplier and version numbers where appropriate: Axon Acuity Version 3, Silicon Genetics Gene Springs Version 5.0.1 

2. Overview of the Genome Oligonucleotide Set that you plan to use

*Mycobacterium tuberculosis (4320 oligonucleotides)

This Array-Ready Oligo Set™ contains 4,320 arrayable 70-mers including 25 controls. A major portion of the oligonucleorides were designed from the Sanger Center's set of 3,924 predicted protein coding gene sequences for the Mycobacterium tuberculosis genome. This set of predicted gene sequences is from the H37RV (lab strain), which was entirely sequenced at Sanger. The genomic sequence is 4,411,529 base pairs in length, with an overall GC content of 65.6%. A smaller portion of the oligonucleotide set was designed from the TB strain CDC-1551, sequenced and predicted by The Institute for Genomic Research (TIGR). The 371 predicted genes from this strain were found to have less than 97% homology to H37RV predicted genes, and these are included in the set.

Each of these 70mers have been sequence-optimized using BLAST to minimize cross-hybridization in your microarray. The 70mers have also been Tm-normalized to 79°C (±5°C).The Tm normalization allows for a more stringent hybridization at higher temperatures. There are no 5'C6 amino-linkers on these 70mers.
*Mouse set 1 (6868 oligonucleotides)

The Mouse Genome Oligonucleotide Set contains arrayable 70mers representing 6,868 well-characterized mouse genes from the UniGene database. This database is located at the National Center for Biotechnology Information (see http://www.ncbi.nlm.nih.gov/UniGene/). The UniGene database automatically clusters all mouse Genbank sequences into a non-redundant set of genes. Each cluster in the UniGene database represents one unique gene. A cluster may contain many sequences, but one representative sequence has been selected based on the longest region of high-quality sequence data. 

All 70mer oligonucleotides in the Mouse Genome Oligo Set were designed from  the representative sequences in the UniGene database, Mm build #83. The set also contains 16 controls. 

The Mouse Genome Oligo Set comes in 72 96-well plates containing 6,868 70mers( designed from the Unigene database (Mm build #83). Each of these 70mers have been sequence-optimized using BLAST (Basic Local Alignment Search Tool for nucleotide sequence) to minimize cross-hybridization in your microarray. The 70mers have also been Tm normalized to 78°C (±5(C). The Tm normalization allows for a more stringent hybridization at higher temperatures.  When a 70-base oligonucleotide could not be designed within the specified Tm range, a shorter or longer length oligo was substituted to maintain the stringent Tm conditions. In addition, each 70mer has a 5' C6 amino linker for bonding to some types of microarray slides.

The set includes 15 randomized-sequence 70mers (2,000 pmol, lyophilized, provided in separate microfuge tubes). These 70mers can serve as negative controls in your microarray. The set also contains 2,000 pmol (supplied in a separate microfuge tube) of an equimolar mix of the 6,868 70mers to serve as a positive control (see control_list.txt for more information about the controls)
*Mouse set 2 (6575 oligonucleotides; upgrade)

The Mouse upgrade contains arrayable 70mers representing 6,575 well-characterized mouse genes from the UniGene database. This database is located at the National Center for Biotechnology Information (see http://www.ncbi.nlm.nih.gov/UniGene/). The UniGene database automatically clusters all mouse Genbank sequences into a non-redundant set of genes. Each cluster in the UniGene database represents one unique gene. A cluster may contain many sequences, but one representative sequence has been selected based on the longest region of high-quality sequence data. All 70mer oligonucleotides in the Mouse Genome Oligo Set were designed after the representative sequences in the UniGene database, Mm build #89.

The Mouse Genome Oligo Set comes in 69 96-well plates containing 6,575 70mers (designed from the Unigene database (Mm build #89). Each of these 70mers have been sequence-optimized using BLAST (Basic Local Alignment Search Tool for nucleotide sequence) to minimize cross-hybridization in your microarray. The 70mers have also been Tm normalized to 78°C (±5(C). The Tm normalization allows for a more stringent hybridization at higher temperatures. In addition, each 70mer has a 5' C6 amino linker 

for bonding to some types of microarray slides.

*Rat (5705 oligonucleotides)

The Rat Array Ready Oligo Set contains arrayable 70mers representing 5,705 well‑characterized rat genes from the UniGene database. This database is located at the National Center for Biotechnology Information (seehttp://www.ncbi.nlm.nih.gov/UniGene/). The UniGene database automatically clusters all rat Genbank sequences into a non‑redundant set of genes. Each cluster in the UniGene database represents one unique gene. A cluster may contain many sequences, but one representative sequence has been selected based on the longest region of high‑quality sequence data. 

The first 4,301 oligonucleotides in the Rat Genome Oligo Set were designed from Rn build #90, and the  next 1,404oligonucleotides (upgrade oligonucleotides) were designed from Rn build #108.  The set also contains 12 positive and 12 negative controls in replicates. 

The Rat Genome Oligonucleotide Set comes in 16 384‑well plates containing  4,301  70mers designed from the Unigene database Rn build #90 and 1,404 70mers designed from Rn built #108 . Each of these 70mers have been sequence‑optimized usingBLAST (Basic Local Alignment Search Tool for nucleotide sequence) to minimize cross‑hybridization in your microarray. The 70mers have also been Tm normalized to 78(C (±5(C). The Tm normalization allows for a more stringent hybridization at higher temperatures. In addition, each 70mer has a 5' C6 amino linker for bonding to some types of microarray slides.

3. Overview of the Microarray Controls you  may wish to use 

*Hybridization Controls:

 Our spotted oligonucleotide arrays are printed in duplicate on each slide and the duplicates are in distinctly different locations on the slide.  So a single hybridization generates replicate data for each gene probe on the slide.  We include 352 blank features per array and 400 printing buffer features per array to determine background signals and to assure that no carryover has occurred during the printing process.  We print 48 features containing probes for B.subtilis genes (ATCC 83,84,85,86) and have cRNA for these genes, that we can spike into our cDNA syntheses to demonstrate that hybridizable cDNA has been synthesized and hybridizes specifically.  These controls can also be used as normalization controls.  Competitive hybridizations containing a Cy5- labeled experimental target and a Cy3-labeled control target are performed with each microarray slide. Whenever experimentally possible, we pool the control RNAs so that the same control RNA is used across all the competitive hybridizations comprising an experimental set.  

*Housekeeping/Control Genes

 Our spotted oligonucleotide arrays contain housekeeping genes such as actin, rRNA, GAPDH, or Sigma factor  and we use at least 2 different housekeeping genes per array.  The housekeeping genes are represented many times per array, for example, the Mycobacterium tuberculosis genes include oligos for Sigma Factor A and rRNA, and are spotted in 96 and 48 features per array, respectively. We also spot Mtb genomic DNA in 48 features per array.  We include 16 features containing a positive control provided by Operon, which is an equimolar mixture of all of the oligonucleotides present in the Mtb oligonucleotide set.  Operon negative controls are printed in 57 features per array.

4. Reagents with Suppliers and Catolog Information for process steps

*RNA Preparation: Qiagen Rneasy 

*Target Generation
1.1    Random Hexamer primers (Invitrogen, 3ug/ul stock, Cat# 48190-011)
 Stored at –20 C, non-frost free freezer

1.2  NaOH (Fisher Cat# S318-500)

1.3   Tris  (Sigma  Cat# T8524, 99.9%, Trizma Base)

1.4  NaOAC  (Sigma Cat# S-1304, trihydrate)

1.5  Na2CO3  (EM Science Cat# SX0400-1, anhydrous)

1.6  K2HPO4  (Sigma Cat# P-5504, dibasic, trihydrate)

1.7  KH2PO4  (Mallinkrodt  Cat#  7100, monobasic)

1.8  Superscript II RT, 5X First Strand Buffer, 0.1 M DTT (Invitrogen kit,  200U/ul stock,    Cat#18064-014). 

 Stored at –20 C, non-frost free freezer
1.9  dATP, dGTP, dCTP, & dTTP set [100mM] (Amersham Pharmacia, Cat# 27-2035-02) 
  Stored at –20 C, non-frost free freezer

       1.10   aminoallyl dUTP (Sigma, cat# A0410). 

  Stored at –20 C, non-frost free freezer
1.11   0.5M EDTA and RNase free water (DEPC treated) (Ambion buffer set Cat# 9010) 

1.12   Microcon filter units (Millipore YM 30, cat # 42410)

1.13 Qiagen QiaQuick PCR Kit with PB, PE, and EB buffers (Cat# 28104)

1.14 Cy3 monoester  dye (Amersham Pharmacia, cat#  PA23001)

        1.15   Cy5 monoester dye (Amersham Pharmacia cat#  PA25001 )  
  Prior to resuspension, store at 4C in refrigerator

1.15  100%  DMSO (Sigma 50mls, cat# D8418 ) 

  Stored at room temperature.

1.16    Rnase Zap (Ambion Cat# 9780-9782)  

  Stored at room temperature

Hybridization, Wash and Staining

1.1. 20X SSC pH 7.0

NaCl  (JT Baker Cat # 4058-05, Ultrapure)

NaCitrate (Sigma  Cat# S4641 ACS grade)

1.2. salmon sperm DNA (Sigma Cat# D7656, phenol/chloroform extracted, 10.5 mg/ml)

Store at –20C

1.3. SDS (Sigma Cat# L4390, 99% purity, Na salt, Molecular Biology grade)

1.4. Formamide (Sigma Cat# F9037, deionized, 99.5% purity)

Store at 4C

1.5. Sarkosyl  (Eastman Kodak, IB07080, Molecular Biology Certified DNase and RNase free)

1.6. gaskets  (Genomic solutions Cat# HYB 10155   )

1.7. black metal slide holders  (Genomic solutions Cat# H2000178)

1.8. amber slide covers (Genomic solutions Cat# H2000174)

1.9   probe plugs (Genomic solutions Cat# HYB10102)
5. Initial Data Analysis

During the microarray data collection, the photomultiplier tube (PMT) settings are balanced and the settings are generally similar due to the hybridization with equimolar amounts of the dye incorporated into the Cy3 and Cy5 targets which were generated with the same initial mass of RNA.  The local background subtraction feature of the Axon GenePix3 software is utilized to subtract backgrounds for each feature and the spot finding performed by GenePix3 is adjusted and verified visually for each microarray, before the final quantitation of signal in each feature is performed.  The data, as a genepix results file or GPR file is imported into Acuity, Axon’s microarray database and analysis software program.  The data is normalized so that the mean of the ratio of the medians of all features per microarray are set to 1.  This allows data comparison across microarrays.  Using spiked cDNA controls can also be used to normalize or adjust for differences in labeling intensity.

6. Advanced Data Analysis 

After the data is imported and normalized, it is filtered to remove features flagged as bad, not found or absent.  Features with uneven pixel intensities are removed by criteria requiring that the linear regression ratio (RgnR2) of the pixel intensities be at least 0.6 .  Features are retained that meet the minimum absolute Cy3 or Cy5 signal intensity, based on the backgrounds averaged from the measured intensities  in the 400 printing buffer features.  This set of good features can then be queried to detect signals which have ratio of the medians (Cy5- bkg/Cy3-bkg) of the desired level, for either increases or decreases in experimental signal relative to the control signal.  Scatter plots of one array versus another array can identify features which fall on a line with a slope of 1 and are similar in expression between the two arrays, as well as identify features which are above the line overexpressed in one array or which are below the line and are underexpressed in the other array.  Clustering of features through hierarchical or non-hierarchical clustering methods (e.g. Principal Component Analysis or Self Organizing Maps) can be performed in Acuity.  Hierarchical clustering is used to review the relationship of each substance or array to every other substance or array.  A disadvantage of hierarchical clustering is that it clusters substances into a single structure and pairs each substance with one other, even though each substance may be present in several pathways in biologic systems.  Non-hierarchical clustering is used to separate substances into distinct classes without defining the relationships between the classes.   Quantitative real time PCR will be used to corroborate interesting changes in gene expression levels.

7. Criteria for Array Quality

 The criteria for array quality include assessing the quality of the initial print run which created the spotted microarray slides.  We review  each slide under the microscope and determine whether all of the slides printed equally well, as our salt printing buffer can be viewed under the microscope immediately post printing.  We rehydrate, snap dry, UV crosslink and block the slides prior to control hybridization on one slide with a fluorescently labeled random 9mer sequence.  This quality control demonstrates lack of carryover from DNA containing wells into the blank features and that DNA was printed in all expected features.  Another quality control hybridization is performed with a series of fluorescently labeled gene specific targets to empirically corroborate that the oligonucleotide plates were printed in the planned order.  Batches of spotted arrays that pass this quality control criteria are used for microarray experiments.   Immediately post-hybridization and scanning, the scanned image is reviewed to determine whether the overall background is clear and has no punctate or hazy background.  The initial quantitation is reviewed to determine whether the majority of the feature signals are within the dynamic range of the scanner and whether the positive controls are mid range.  For replicate arrays, the standard deviation of the signal is compared to the mean of the signal and arrays with poor standard deviations are removed from the data set.

8. Dye flipping capabilities

We have the capability of performing dye flipping experiments.  Currently, we are labeling the cDNA via the indirect aminoallyl dUTP incorporation and then chemically adding the monoester Cy3 or Cy5 dyes.  Generally, with 10ug’s of initial input RNA, we incorporate 300 to 600 pmoles of Cy3 or Cy5 dye per cDNA synthesis.  We do not see a strong bias of Cy3 or Cy5 incorporation, overall.  However, to rule out dye bias, we can perform dye flipping experiments by synthesizing and batching cDNA preparations made with aminoallyl dUTP and then splitting the preparations prior to adding the dye.  The same cDNA preparation can be split and labeled with each monoester dye.  Thus, the dye flipped cDNAs can be hybridized to separate microarray slides, but in parallel hybridizations.







