MGED informations

These guidelines are based on the document called Minimum Information About a Microarray Experiment – MIAME [1], developed by the Microarray Gene Expression Data society. 

Experiment

Goal:

We compared genomic expression patterns in Saccharomyces cerevisiae growing under continuous exposure to low doses of radiation to determine the biological effects of exposure to low doses of radiations.

Experimental design: 

The diploid S. cerevisiae strain D7 (trp5-12 /trp5-27, ilv1-92/ilv1-92, ade2-40,119/ade2-40,119) was used in all experiments23. Exponentially growing cells were used to inoculate standard rich glucose (YPD) medium at 30°C, to a density of 2 x 104 cells/ml. Cells were cultured for 20 hours, without shaking, in a thin layer of medium (4 mm) to facilitate oxygenation. The culture plate was placed on a layer of agarose containing various amounts of 32P, to reproduce a radioactive environment with low dose rates. We estimate that the dose rate emitted by the radioactive layer was directly proportional to isotope concentration, with a correlation of 2 mGy/h per Ci/ml of 32P, taking into account an attenuation of 72% due to the distance of the cells from the radioactive surface (1.2 mm). After 20 hours of culture, cells were observed under a microscope. They were counted and the frequency of budding cells was measured. For all the dose rates tested, the density of cells at the end of the culture period was 2-5 x 107 cells/ml, with about 30 % budding cells.

Microarray slides were made by Corning (22 microarrays) and Hitachi (10 microarrays), using patented techniques. Most of the ORFs of S. cerevisiae (6135 Corning; 5804 Hitachi) were represented on the microarrays (see list in table 1a, 1b & 2).  
Samples used, extract preparation and labeling:

Total RNA was extracted from cells cultured in various conditions by the phenol and glass beads method.
for CORNING microarrays 

A . cDNA Probe Synthesis 

If total RNA was used as a template for cDNA synthesis and oligo(dT) primers were used to avoid labeling the rRNA and the tRNA present in the total RNA preparation.

1. prepare the appropriate RNA/primer mix on ice: 

           Total RNA
20µg


Oligo(dT) primer
2µg

Nuclease-free water to 
23µl

2. Program a thermocycler as follows:

70(C
 

10 minutes

  4(C


  5 minutes


23(C
      

10 minutes


42(C


  2 hours


4(C
 
   
  hold

Note: The reaction may be done manually using water baths.

3. Place tubes in the thermocycler and initiate the cycling program.

4. During the 70(C incubation of the RNA/primer mix prepare the following labeling mix. If multiple cDNA synthesis reactions are going to be performed a single labeling mix can be prepared by scaling up the volumes proportionally. 

On ice add, in the following order: 

labeling

Cy3™ 
Cy5™
5X first-strand buffer
8µl 
 8µl


   0.1M  DTT
4µl
4µl

   dNTP mix (0.5mM dATP, dGTP, dTTP, and 0.25mM dCTP)
2µl
2µl


   1mM FluoroLink™ Cy3™-dCTP 
 0.5µl
--



   1mM FluoroLink™ Cy5™-dCTP 
--
1µl

   Nuclease-free water
 0.5µl
 --


       SuperScript™ II Reverse Transcriptase (200u/µl)
 2µl 
2µl



17µl
17µl



5. To initiate the cDNA synthesis reaction, add the labeling mix to the RNA/primer mix during the initial 5 minute hold at 4(C. The final reaction volume will be 40µl. Mix the reaction by gentle pipeting. Continue the thermocycling program. 

      6. At the end of the reaction proceed to step C.1, Removal of the RNA Template. The RNA template needs to be eliminated by Rnase digestion to yield single-stranded DNA. 

B . Removal of the RNA Template 

1. 
At the end of cDNA probe synthesis set up a thermocycler program as follows:


37(C
15 minutes


4(C
hold

2. To the labeled cDNA mix add:



        RNase H (2u/µl)




1µl


        RNase A (3.2u/µl)


0.5µl

3. Initiate the thermocycler program and begin incubation at 37(C. After 15 minutes the reaction is complete. Proceed to section D, Probe Purification. 

C . Probe Purification

Purification consists of an initial ethanol precipitation followed by spin-column chromatography. 

1. To precipitate the labeled cDNA, add 1/10 volume 3M sodium acetate, pH 5.2, mix briefly, then add 2 volumes ethanol. Alternatively, addition of ammonium acetate to 2.5M and 2.5 volumes of ethanol can be used. Centrifuge at >12,000 x g for 30 minutes to pellet the DNA. Remove the supernatent and resupend the pellet in 40µl nuclease-free water. Note that the pellet may not dissolve completely in water. However, the pellet will dissolve when PB buffer is added. If the pellet does not dissolve after addition of PB buffer, heat at 37ºC for 10-15 minutes then vortex. The DNA pellet must be dissolved completely or the final yield of probe will be low.

2. Use the QIAquick™ PCR Purification Kit to purify the probes. Follow the manufacturer’s instructions with the following changes: 

· The pH of the cDNA/Buffer PB mixture must be under 7.0. If ethanol precipitation was performed prior to purification use Buffer PB as supplied. However, if ethanol precipitation was not done, add 1µl of 3M sodium acetate (pH 5.2) for every 75µl of Buffer PB added in order to ensure a low pH of the cDNA/PB mixture.

· Do 2 Buffer PE washes instead of one.  If ethanol precipitation is not done prior to column purification then 5 washes with PE buffer must be done.

· The probes should be eluted with 30µl nuclease-free water pH 8.0 warmed to 37ºC.

· Identical probes can be combined and purified on the same column (column capacity is 10µg). Do not overload the columns. Combining more than 4 probes for purification is not recommended. If  probes are combined, elute the DNA from the column in 2 separate elutions of 30µl each. 

3. Determine the concentration and frequency of incorporation of the probe. Add DTT to 1mM and store the probe at 4°C protected from light until used. Do not freeze. The probe is stable for at least 2-4 weeks at 4°C. 

1. D . Pre-hybridization 

2. Prepare 50ml pre-hybridization solution for every four CMT™ Gene Arrays. Refer to section VI for composition of the pre-hybridization solution. 

3. Heat the pre-hybridization solution to 42(C in a 50ml Coplin Jar (Sigma S5516).

4. Remove the CMT™ Gene Array from its pouch and place into the preheated pre-hybridization solution. Incubate for 45 minutes at 42(C. During pre-hybridization the hybridization solution and cover slips should be prepared. 

4. Remove CMT™ Gene Arrays, one at a time, from the pre-hybridization solution and rinse under slowly running distilled water for 2 seconds. Dry each array under a stream of nitrogen. When drying, apply the stream of nitrogen from the non-barcoded end of the array towards the barcoded end. Place dried arrays on a dust-free clean room paper mat. Do not let the arrays touch each other.

For HITACHI microarrays

Labeling 

We used the kit FairPlay Microarray Labeling Kit (Stratagene)

Hybridization procedures and parameters:

for CORNING microarrays 

A. Hybridization

1. For each cDNA probe included in the hybridization, use enough probe to result in 20pmol of incorporated dye-labeled nucleotide. Combine the probes if doing a two-color hybridization and dry just to completeness in vacuum concentrator using low heat. Do not over dry the probes.

2. Filter 1ml of pre-hybridization solution through a 0.22µm syringe filter.  To prepare the hybridization solution, add sonicated salmon sperm DNA to a final concentration of 100µg/ml. Resuspend the dried probe in 45µl of the prepared hybridization solution. DO NOT store the hybridization solution on ice as the SDS will precipitate out of solution.

3. Dip a 24 x 60mm glass cover slip in distilled water followed by 100% ethanol.  Dry with nitrogen.  Place cover slips on a dust-free clean room paper mat along with the pre-hybridized CMT™ Gene Arrays. 

4. Heat the probe in hybridization solution at 95(C for 5 minutes then spin the probe at >12,000 x g for 2 minutes in a microcentrifuge at room temperature. DO NOT put the probe on ice after centrifugation.

5. To each CMT™ Gene Array add a total of 45µl of probe in 4-6 separate dots in the center, along the length of the CMT™ Gene Array. Do not add the probe in one big drop onto the middle of the CMT™ Gene Array.

6. Quickly proceed to placing a cover slip on the CMT™ Gene Array. Place the cover slip on the CMT™ Gene Array by holding the edges of the cover slip between your fingertips. Align the cover slip over the CMT™ Gene Array. Gently lower the cover slip onto the array, starting at the end opposite the barcode label. A pipet tip or metal probe can be used to hold the cover slip as it is lowered. Allow the cover slip to gently drop onto the CMT™ Gene Array.  Inexperienced users may want to practice a few times using water and blank microscope slide before using the CMT™ Gene Array.

7. Do not move the cover slip after it is in place. Moving the cover slip can cause scratches in the CMT™ Gene Array or even loss of the DNA printed on the surface.

8. Prepare a CMT™ Hybridization Chamber for use by first checking the O-ring for damage. Replace O-ring if necessary.

9. Place the CMT™ Gene Array with the cover slip in a CMT™ Hybridization Chamber. Add 10µl of water to each well in the chamber and clamp the hybridization chamber closed. Do not use more than 10µl of water, as this may cause water contamination of the array. More information on use of the CMT™ Hybridization Chamber can be found on the Corning Microarray Technology web site (www.corning.com/CMT)

10. Gently place the hybridization chamber into a 42(C water bath for > 6 hours and up to 18 hours.  Typically hybridizations are done overnight. 

Post-hybridization Washes
1. Fill a Coplin jar with 50ml 2X SSC, 0.1% SDS pre-heated to 42ºC. Gently place the CMT™ Gene Array into the jar, barcode up. Let the Gene Array sit for 1 minute then remove each array slowly from the Coplin jar leaving the cover slip behind. 

2. Place the CMT™ Gene Array into a slide rack submersed in 2X SSC, 0.1% SDS pre-heated to 42ºC in a Wheaton glass staining dish. Incubate the array for 5 minutes with gentle agitation. 

3. Remove the slide rack from the 2X SSC, 0.1% SDS solution and place in 250ml of room temperature 0.1X SSC, 0.1% SDS in a Wheaton glass staining dish. Incubate for 10 minutes with gentle agitation. 

4. Remove the slide rack from the 0.1x SSC, 0.1% SDS solution and place in 250ml of room temperature 0.1X SSC in a Wheaton glass staining dish for 15 seconds. Agitate gently by hand. This quick wash removes much of the residual SDS.

5. Remove the slide rack from the 250ml of 0.1X SSC solution and place it in 800ml of 0.1X SSC in a 1770ml crystallization dish or equivalent. Incubate for 2 minutes (with gentle agitation if desired).

6. Repeat step 5.

7. Repeat step 5 but reduce the wash time to 1 minute. 

8. Remove the slide rack from the 800ml of 0.1X SSC solution and place in 250ml of 0.01X SSC in a Wheaton glass staining dish for 15 seconds. 

9. After 15 seconds remove the array slowly from the slide rack and dry under a stream of nitrogen. When drying, apply the stream of nitrogen from the non-barcoded end of the array towards the barcoded end. Protect slides from dust and light until analyzed. 

For HITACHI microarrays

Hybridization

1. Add following reagents to the labeled cDNA.

Labeled cDNA
24.5 µl


20x SSC
10 µl


20% SDS
0.4 µl


DW
fill up



Total volume
40 µl

2. Heat denature at 95°C for 2 – 3 min.

3. Leave the solution at the room temperature for 5 to 10 minutes.

4. Gently apply the mixture onto the chip by a pipette and then carefully place a cover glass over the spotted area.

5. Place the chips in an airtight container with the humidified kim-towel on the bottom on the container.

6. Incubate tha container at 65°C for more than 10 hours.

Washing

1. Place the hybridized chip covered with the slide glass into the 2x SSC – 0.1% SDS buffer and remove the cover glass by gently shaking the chip.

2. Wash chip in the 2x SSC – 0.1% SDS buffer for 20 min at room temperature with gentle agitation.

3. Wash chip in the 0.2x SSC – 0.1% SDS buffer for 20 min at room temperature with gentle agitation.

4. Wash chip in the 0.2x SSC – 0.1% SDS buffer for 10 min at 42°C with gentle agitation. 

5. Rinse the chip with  0.2x SSC and 0.005x solution at room temperature.

6. Centrifuge at 600 rpm for 20 sec, then dry the DNA chip at the room temperature.

Measurement data and specifications:

Hybridized microarrays were scanned using a Genepix 4000B machine (Axon Instruments). Separate images were acquired for each type of fluorescence, at a resolution of 10 m per pixel. Images were analyzed with Genepix pro 3.0 (Axon), after manual rectification of the outline of each spot. The median values for both types of fluorescence were used for each spot. A quality control standard (QCS) was estimated, calculating the difference between the median pixel values within the spot (F) and in the background (B), corrected with the sum of the standard deviation (SD). 
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Data with "non significant" QCS values for both types of fluorescence were considered to be missing (NA value in Mercier 2003 ratios).
Normalization for cDNA microarray data. Data from cDNA microarrays are influenced by many experimental parameters other than differential expression, resulting in systematic variations in the measured intensities. These parameters cannot easily be quantified by standard quantification methods. To compare measurements from different microarray experiments, the measured intensities must be normalized. The main assumption underlying normalization is that there is a functional coherence between a true biological difference and the corresponding measured values. The calculation of crude ratios of signal intensity in intensity-dependent dye normalization methods seems preferable to global methods such as mean or median normalization. We used the location and scale normalization procedures originally developed by Yang et al.24. These methods correct for intensity and spatial dye biases, by use of a robust local regression. They use the Splus LOWESS function (Insightful) to perform robust local regression. We applied these methods to obtain a scaled within-print-group normalization to account for spatial dependence in dye biases, with scale adjustment between the blocks. To make this method more robust, we did not consider saturating points (with saturating fluorescence intensities) when estimating of LOWESS fits. However, as these points contain relevant information, all measured intensities were normalized with the estimated LOWESS curves. The normalized data for each spot were defined as the estimation of the relative expression levels in experiments with irradiated populations (I values) and non irradiated populations (NI values). 

Array Design

commercial arrays: see table 1a & 1b - CORNING (Production stopped)

  table 2 - HITACHI (in development)
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