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I.  MATERIALS: 
	Material
	Source
	Part #

	cDNA synthesis
	
	

	Total RNA
	Ambion
	

	T7-Random Hexamer
5’GAATTGTAATACGACTCACTATAGGGN63’
	Operon
	

	Random Primers, 3 μg/μL, 180 μg from 2-cycle

cDNA kit or
Random Primers, 3 μg/μL, 300 μg
	Affymetrix 
Invitrogen
	900432
48190-011

	dNTP’s (dATP, dCTP, dGTP, dTTP), 100 mM

dUTP, 100 mM
	Promega
	U1240

U1191

	RNase-free Water from 2-cycle cDNA kit or
Nuclease-free Water 10X50 mL
	Affymetrix 
Ambion
	900432
9937

	Rnase Inhibitor from 2-cycle cDNA kit or 
RNaseOUT, 40 U/μL, 5,000 U
	Affymetrix 
Invitrogen
	900432
10777-019

	MgCl2, 1 M from 2-cycle cDNA kit or 
MgCl2, 1M, 100 mL
	Affymetrix
Ambion
	900432
9530G

	SuperScript II, 5X 1st Strand Rxn. Mix, 0.1 M DTT

from 2-cycle cDNA kit or
SuperScript II, 200 U/μL, 40,000 U
5X First Strand buffer and 0.1 M DTT included 
	Affymetrix
Invitrogen
	900432
18064-071

	Klenow Fragment (3’->5’ exo-), 5 U/μL, 1000 U
	NEB
	M0212L

	RNase H, 2 U/μL, from 2-cycle cDNA kit or
RNase H, 2 U/μL
	Affymetrix 
Invitrogen
	900432
18021-071

	Poly-A RNA Control Kit
	
	

	GeneChip® Eukaryotic Poly-A RNA Control Kit
	Affymetrix
	900433

	cRNA Synthesis
	
	

	MEGAscript® T7 Kit
	Ambion
	1334

	Fragmentation and Labeling
	
	

	Uracil DNA Glycosylase (2 U/μL) 
	NEB
	M0280S

	APE1 (10 U/μL)
	NEB
	M0282S

	NEBuffer 4, 10X
	NEB
	B7004S

	RNA 6000 Nano LabChip Kit
	Agilent
	5065-4476

	RNA 6000 Ladder
	Ambion
	7152

	Terminal Transferase, recombinant (30 U/μL)

5X Buffer TdT buffer included
	Promega


	M1875

	0.5 M EDTA  from 1-cycle cDNA kit or 

0.5 M EDTA  
	Affymetrix
Invitrogen
	900431

15575-020

	Microcon columns YM-3
	Millipore
	42404

	DLR-1a, 5 mM
	Affymetrix
	900430


	cDNA, cRNA clean-up
	
	

	GeneChip Sample Cleanup Module
	Affymetrix
	900371

	Hybridization, Stain and Wash
	
	

	Human Exon Arrays
	Affymetrix
	TBD

	3 nM Control Oligo B2
	Affymetrix
	    900301 or

    900454 or
    900457

	20X Eukaryotic Hybridization Control
	Affymetrix
	900457 or

    900454


	Acetylated Bovine Serum Albumin (BSA) solution

(50 mg/mL)
	Invitrogen

	15561-020

	Herring Sperm DNA
	Promega
	D1811

	R-Phycoerythrin Streptavidin
	Molecular Probes
	S-866

	Goat IgG, Reagent Grade
	Sigma
	I 5256

	Anti-streptavidin antibody (goat), biotinylated 
	Vector Laboratories
	BA-0500

	20X Hybridization Buffer*
	Various vendors
	

	2X Stain Buffer**
	Various vendors
	

	Wash Buffer A**
	Various vendors
	

	Wash Buffer B**
	Various vendors
	

	Miscellaneous Reagents
	
	

	Absolute ethanol
	Gold Shield

Chemical Co.
	N/A


	Gel-Shift Assay (Optional)
	
	

	Novex XCell SureLockTM  Mini-Cell
	Invitrogen
	E10001

	TBE Gel, 4-20% ,10 mm, 12 well
	Invitrogen
	EC62252

	5X  Sucrose Gel Loading Dye 
	Amresco
	E-274

	10X  TBE Buffer 
	Cambrex
	50843

	SYBR® Gold
	Invitrogen
	S-11494

	10 b.p.  DNA ladder and 

100 b.p. DNA ladder
	Invitrogen
	10821-015

15628-019

	ImmunoPure NeutrAvidin
	Pierce
	31000

	1M  Tris, pH 7.0
	Ambion
	9850G

	PBS, pH 7.2
	Invitrogen
	20012-027

	Miscellaneous Supplies
	
	

	1.5 mL RNase-free Microfuge Tubes
	Ambion
	12400

	1.5 mL Non-stick RNase-free Microfuge Tubes
	Ambion
	12450

	0.2 mL MicroAmp reaction tubes (8 tubes/strip)
	Applied Biosystems
	N801-0580

	MicroAmp caps for 8 strip tubes
	Applied Biosystems
	N801-0535

	Pipette for 25 mL***
	VWR
	53283-710

	Pipet-aid***
	VWR
	53498-103


	Instruments
	Manufacturer
	Part #

	NanoDrop® ND-1000***
	Ambion
	N/A

	GeneChip® Hybridization Oven 640***
	Affymetrix
	8001318

	Eppendorf Centrifuge***
	Eppendorf
	5417C

	GeneChip® Fluidics Station 450***
	Affymetrix
	00-0079

	GeneArray™ Scanner 3000 upgraded for 5 μm 

Arrays
Autoloader (Optional)
	Affymetrix
	00-0073
90-0351

	ABI GeneAmp PCR System 2400***
	Applied Biosystems
	N/A

	Bioanalyzer 2100
	Agilent
	G2940CA

	Heating block***
	VWR
	13259-030

	Pipette for 0.1 to 2 μL ***
	Rainin
	L-2

	Pipette for 2 to 20 μL ***
	Rainin
	L-20

	Pipette for 20 to 200 μL ***
	Rainin
	L-200

	Pipette for 100 to 1000 μL***
	Rainin
	L-1000


*See the GeneChip® Expression Analysis Technical Manual, pages 2.2.5 and 2.2.6 for the materials to make this buffer. 

** See the GeneChip® Expression Analysis Technical Manual, pages 2.3.5 and 2.3.6 for the materials to make this buffer.
***Or equivalent instrument.
II.  PROCEDURE:

      Preparation of total RNA with Poly-A RNA controls
A.  Poly-A RNA controls dilution
1. The poly-A RNA controls are provided as a concentrated stock of 4 different transcripts at staggered concentrations.  Dilution buffer is provided with the kit to prepare the appropriate dilution based on Table 1 below.   Use the Non-stick RNase-free microfuge tubes to do the dilutions.
  Table 1: Poly-A RNA control stock serial dilutions
	Starting ng of total RNA
	Serial dilutions           
	Volume into 

2.5 μg/μL  T7-(N)6 Primer

	
	First
	Second
	Third
	

	100 ng
	1:20
	1:50
	1:50
	2 μL


2. Add 2 μL of Poly-A RNA controls stock to 38 μL of Poly-A Control Dil Buffer to    make the First Dilution (1:20).
3. Mix and spin down to collect at the bottom of tube.
4. Take 2 μL of the First Dilution and add to 98 μL of Poly-A Control Dil Buffer to make the Second Dilution (1:50).
5. Mix and spin down to collect at the bottom of tube.
6. Take 2 μL of the Second Dilution and add to 98 μL of Poly-A Control Dil Buffer to make the Third Dilution (1:50).
7. Mix and spin down to collect at the bottom of tube. Use the Third Dilution to prepare the solution described below.
B.  Preparation of T7-(N)6 Primer-poly-A RNA Controls
1.  Prepare a fresh 250 ng/μL T7-(N)6 Primer dilution from a 2.5 μg/μL stock. The diluted Poly-A RNA controls should be added to the concentrated T7-(N)6 Primer using a non-stick RNase-free microfuge tube as follows:
 Table 2: Primer/Poly-A RNA controls
	Component

	Volume

	2.5 μg/μL T7-(N)6 Primer

	2 μL

	Diluted Poly-A RNA controls (3rd dilution)
	2 μL

	RNase-free Water
	16 μL

	Total volume
	20 μL


2. Flick-mix the solution, spin down, and place on ice.
C.  Preparation of total RNA/Primer/Poly-A RNA controls
1. Mix total RNA, diluted T7-(N)6 Primer/Poly-A RNA controls solution as listed in the table below.
 Table 3: Total RNA-Primer/Poly-A RNA controls
	Component
	Volume in 1 Rxn.

	Total RNA, 100 ng

	variable

	Diluted T7-(N)6 Primer/Poly-A RNA controls solution
	2 μL

	RNase-free water
	up to 5 μL

	Total volume
	5 μL


2.  Flick-mix and spin down the tube. Place on ice for use in the section below.
cDNA and cRNA synthesis
A.   First-Cycle, First Strand cDNA Synthesis

1. Incubate tube for 5 minutes at 70(C, then cool the sample for at least 2 minutes at 4(C, and spin down.
2. Prepare the 1st strand mix as shown in Table 4.
Table 4: First strand cDNA synthesis

	Component
	Vol. in 1 Rxn

	5X 1st  Strand Buffer
	2 μL

	DTT, 0.1 M
	1 μL

	dNTP*, 10 mM
	0.5 μL

	RNaseOUT, 40 U/μL
	0.5 μL 

	SuperScript II, 200 U/μL
	1 μL

	Total Volume
	5 μL


                             *Mix 5 μL of 100mM dATP, 5 μL of 100mM dCTP , 5 μL of 100 mM dGTP, 
                                    and 5 μL of 100 mM dTTP with 30 μL of  RNase-free water.
Note: It is recommended to aliquot each of the dNTP’s stock solutions, as well as the working solution, to prevent degradation due to many freeze-thaw cycles.
3. Add 5 μL of the 1st strand mix to the tube containing the Total RNA/Primer/poly-A RNA controls, flick-mix, and spin-down. (The total reaction volume is 10 μL).
4. Incubate the reaction at 25(C for 10 min., at 42(C for 1 hour, and at 70(C for 10 min. Then, cool the reaction to 4(C for at least 2 minutes.  Continue to the 2nd  strand cDNA synthesis.

Note: Keeping the reaction at 4(C longer than 10 min. may result in decreased cRNA yields.

B.  First-Cycle, Second Strand cDNA Synthesis

1. Prepare a 2nd strand mix as described in the table below.
Table 5: Second strand cDNA synthesis
	Component
	Volume in 1 Rxn

	MgCl2*
17.5 mM
	4.0 μL

	dNTP, 10 mM
	0.4 μL

	Klenow 3’(5’ exo-  , 5 U/ μL
	2.5 μL

	 RNase H, 2 U/ μL
	0.2 μL

	RNase-free Water
	2.9 μL

	Total Mix Volume                                             
	10.0 μL


      * Make a fresh dilution of the MgCl2 each time.  Mix 2 μL of 1M  MgCl2 
with 112 μL of RNase-free water.
2. Add 10 μL of the 2nd strand mix to the reaction tube from the 1st strand synthesis (total reaction volume is 20 μL), flick-mix the solution, and spin down.  

3. Incubate for 50 min at 37°C, then 10 minutes at 75°C, and cool the sample at least 2 minutes at 4°C.
Note: Keeping the reaction at 4(C longer than 10 min. may result in decreased cRNA yields.
C.  First-Cycle, cRNA Synthesis and Cleanup 
1.  In a separate tube, assemble the IVT mix at room temperature as listed in Table 6.
   Table 6: cRNA synthesis with the MEGAscript T7 kit
	Component
	Volume in 1 Rxn

	10X Reaction Buffer
	5.0 μL

	ATP Solution
	5.0 μL

	CTP Solution
	5.0 μL

	UTP Solution
	5.0 μL

	GTP Solution
	5.0 μL

	Enzyme mix
	5.0 μL

	Total  Volume                                             
	30.0 μL


2. Transfer 30 µL of IVT mix to the 20 μL cDNA sample. Flick-mix the solution and briefly spin in a microfuge. 
3. Incubate the reaction for 16 hours at 37°C.
4. Proceed to the clean-up procedure for cRNA using cRNA Cleanup Spin Columns from the GeneChip Sample Cleanup Module kit.
5. Store at -80(C if not purifying the cRNA immediately.
6. If not already added, add 20 mL of Ethanol (100%) to the cRNA wash buffer supplied in the GeneChip Sample Cleanup Module kit.
7. Add 50 μL of RNase-free water to each IVT reaction.
8. Add 350 μL of cRNA Binding Buffer to each sample and vortex 3 seconds.
9. Add 250 μL of 100% ethanol to each reaction and flick-mix.
10. Apply the sample to the cRNA Column and centrifuge 15 seconds at >8,000 x g. Discard flow-through.
11. Transfer column to a new 2 mL collection tube and add 500 μL of cRNA wash buffer and spin as above. Discard flow-through.
12. Wash again with 500 μL of 80% (v/v) ethanol. Spin as above and discard flow-through.
13. Open column cap and spin at <25,000 x g (maximum speed) for 5 minutes.
14. Transfer column to a new 1.5 mL collection tube and add 13 μL of RNase-free water directly to the membrane. Spin at <25,000 x g (maximum speed) for 1 minute. 
15. The eluted cRNA is ~11 μL.  Determine the cRNA yield by spectrophotometric UV measurement at 260nm, 280 nm and 320 nm:
Concentration of cRNA (μg/μL) = [A260 ( A320] x 0.04 x dilution factor
μg cRNA = eluate in μL x cRNA in μg/μL
Each tube should have an average of 20-60 μg of cRNA.
Note: this average yield range depends on the type of tissue used.
D.  Second-Cycle, First Strand cDNA Synthesis
Note: Perform all reactions in the Second-Cycle in triplicates 

1.  Mix cRNA with the Random Primers in a strip tube, as listed in the table below. 
                                  Table 7: cRNA-Primer Mix
	Component
	Volume in 1 Rxn

	cRNA (5 μg)
	variable

	Random Primers (3μg/μL)
	1.0 μL

	RNAse-free water
	up to 8 μL

	Total Volume
	8.0 μL


1. Flick-mix, and spin down the tubes.
2. Incubate for 5 minutes at 70°C, 5 minutes at 25°C, and then cool the samples at 4°C for at least 2 minutes.
3. In a separate tube, prepare a Master mix as described in Table 8.
 Table 8: First strand cDNA synthesis
	Component
	Volume in 1 Rxn
	Master mix for 3.5 Rxns

	5X 1st  Strand Buffer
	4.0 μL
	14.0 μL

	DTT, 0.1 M
	2.0 μL
	7.0  μL

	dNTP*, 10 mM (4dTTP:1dUTP)
	1.0 μL
	3.5 μL

	RNaseOUT, 40 U/μL
	1.0 μL 
	3.5 μL

	SuperScript II, 200 U/μL
	4.0 μL
	14.0 μL

	Total Volume
	12.0 μL
	42.0 μL


*Mix 5 μL of 100 mM dATP, 5 μL of 100 mM dCTP , 5 μL of 100 mM dGTP, 4 μL of 100 mM dTTP,                       and 1 μL of 100 mM dUTP with 30 μL of  RNase-free Water.
1. Transfer 12 µl of the 1st strand Master mix to the cRNA samples (the total reaction volume is 20 μL).  Mix thoroughly by gently flicking the tubes a few times.  Centrifuge briefly to collect the reactions at the bottom of the tube.
2. Incubate the reactions at 25°C for 5 minutes, at 42°C for 1 hour, and 4°C for at least 2 min.
E. Second-Cycle, Second Strand cDNA Synthesis and Cleanup
1. In a separate tube, assemble a Master mix as listed in the table below.
   Table 9: Second strand cDNA synthesis
	Component
	Volume in 1 Rxn
	Master mix for 3.5 Rxns

	MgCl2* ,  17.5 mM
	8.0 μL
	28.0 μL

	dNTP, 10 mM (4 dTTP:1dUTP)
	0.6 μL
	   2.1 μL

	Klenow 3’-->5’ exo- , 5 U/ μL
	5.4 μL
	        18.9 μL

	RNase-free Water
	5.5 μL
	 19.25 μL

	RNAse H, 2U/ μL
	0.5 μL
	   1.75 μL

	Total Volume                                             
	20 μL
	   70.0 μL


                                * Make a fresh dilution of the MgCl2 each time. Mix 2 μL of 1M  MgCl2 with 112 μL of                    RNase-free water.
2. Transfer 20 µl of the 2nd strand Master mix to the 1st strand reaction tubes (the total reaction volume is 40 μL).  Mix thoroughly by gently flicking the tubes a few times.  Centrifuge briefly to collect the reactions at the bottom of the tubes.
3. Incubate the reactions at 37(C for 40 min., at 75(C 10 min., and 4(C for at least 2 min.
4. Proceed to the ds cDNA clean-up using the cDNA Cleanup Spin Columns from the GeneChip Sample Cleanup Module kit.
5. If not already added, add 24 mL of Ethanol (100%) to the cDNA wash buffer supplied in the GeneChip Sample Cleanup Module kit.
6. Add 60 μL of RNAse-free water to each sample, 370 μL of cDNA Binding Buffer, and vortex 3 seconds.
7. Apply 470 μL of sample to a cDNA spin column sitting in a 2 mL collection tube.
8. Spin at >8,000 x g for 1 minute. Discard flow-through.
9. Transfer column to new 2 mL collection tube and add 750 μL of cDNA Wash Buffer to column. Spin as in step 8, and discard flow-through.
10. Open cap of spin column, and spin at <25,000 x g for 5 minutes. Discard flow-through, and place column into a 1.5 mL collection tube.
11. Pipette 18 μL of the cDNA Elution Buffer directly to the column membrane and incubate at room temperature for 1 minute. Then, spin at <25,000 x g for 1 minute.
12. Repeat step 11.
13. The eluted ds cDNA is ~34 μL total.  Take 1 μL from each sample to determine the ds cDNA yield by spectrophotometric UV measurement at 260nm, 280 nm and 320 nm:
Concentration of ds cDNA (μg/μL) = [A260 ( A320] x 0.05 x dilution factor
μg ds cDNA = eluate in μL x ds cDNA in μg/μL
Each tube should have > 7 μg of ds DNA.
Fragmentation, Labeling, and Hybridization
A.  Fragmentation of ds cDNA

1.  Combine all three tubes of ds cDNA into one tube.
2.  Repeat step 13 from the previous section.
3.  Take 20 μg of ds DNA from the tube containing the pooled samples and split it into three tubes.

4.   Fragment each of the samples as listed in the table below:
Table 10: Fragmentation of ds cDNA

	Component
	Volume/Amount  in 
1 Rxn.

	ds cDNA
	6.67 μg

	RNase free water
	     up to 32.2 μL

	NEBuffer 4, 10X
	4.8 μL

	Uracil DNA Glycosylase (2U/ μL)
	 4.0 μL

	APE1 (10U/ μL)
	7.0 μL

	Total Volume
	              48.0 μL


5. Flick-mix, and spin down the tubes.
6. Incubate the reactions at 37(C for 1 hour, 93(C for 1 minute, and at 4(C for at least 2 min.  
7. Flick-mix, spin down the tubes, and remove 3 μL for fragmentation analysis using a Bioanalyzer.  Please see the Reagent Kit Guide that comes with the RNA 6000 Nano LabChip Kit.  The average peak size of the fragmented samples should be approximately 50 b.p.
8. If not labeling the samples immediately, store the fragmented ds cDNA 
      at -20(C.
B.  Labeling of fragmented ds cDNA:

                  1.   Prepare the labeling reactions for the samples as listed in table 11:

Table 11: Labeling of fragmented ds cDNA
	Component
	Volume in 1 Rxn.

	Fragmented ds cDNA
	45.0 μL

	5x TdT Reaction buffer
	12.0 μL

	rTdT, (30 U/uL)
	2.0 μL

	DLR-1a, 5mM
	1.0 μL

	Total Volume
	            60.0 μL


2. Flick-mix, and spin down the tubes.
3. Incubate the reactions at 37°C for 60 min, and cool at 4°C for at least 2 min.
4. Stop the reactions by adding 2 μL of 0.5 M EDTA (pH 8.0), flick-mix and spin down.
5. Remove 4 μL of each sample for Gel-shift analysis (optional), and combine samples into one tube (the total volume is 174 μL).
Note: If Gel-shift analysis were to be performed, please refer to the GeneChip® Expression Analysis Technical Manual, pages 3.1.6, 3.1.12, and 3.1.13. 
C.  Concentration of three samples into one sample.
1. Pippette the sample into a YM-3 Microcon column already inserted into a 1.5 mL tube (tubes supplied with the Microcon columns). 
2. Centrifuge at 14,000 x g for 40-50 min.  After 30 minutes, start measuring flow-through until the volume is close to 100 μL.
3. In a new tube, place column upside down and centrifuge at 1000 x g for 3 min.  The sample should be 68.7 μL.
Note: It is hard to get exactly 68.7 μL. If the volume is less than this, add RNase free water to bring the total volume up to 68.7 μL.
Note: Debris from the column membrane might result if spinning at maximum speed in step 3.
D.  Hybridization of Fragmented and labeled ds cDNA on the arrays (Std. arrays)
1. Prepare the hybridization mix in a 1.5 mL RNase-free microfuge tube as shown in the table below:
Table 12: Hybridization Mix

	Component
	Volume in 1 Rxn
	Final Concentration or Amount

	fragmented-labeled ds DNA
	68.7  μL
	~20 μg

	Control Oligonucleotide B2
	   3.3 μL  
	50 pM

	20X Eukaryotic Hybridization Controls (bioB, bioC, bioD, cre)
	  10 μL
	1.5, 5, 25 and 100 pM, respectively

	Herring Sperm DNA (10 mg/mL)
	   2 μL
	0.1 mg/mL

	Acetylated BSA (50 mg/mL)
	    2 μL
	0.5 mg/mL

	2X Hybridization Buffer*
	100 μL
	1X

	DMSO
	14  μL
	7%

	Total Volume
	    200.0 μL
	


                *Please refer to the GeneChip® Expression Analysis Technical Manual, page 2.2.6 for the preparation 
                        of this buffer.  
2. Flick-mix, and centrifuge the tube.
3. Heat the hybridization cocktail mix at 99°C for 5 min. Cool to 45°C for 5 minutes, and centrifuge at maximum speed for 1 minute.
4. Label the Human Exon array for the sample that will be run.
5. Inject ~200 μL of the specific sample into the array.
6. Place array in 45°C hybridization oven, at 60 rpm, and incubate for about 16 hours.
E.  Array Wash, Stain, and Scan

1.  Use the fluidics protocol EuKGE-WS2v5_450 for wash and stain procedures as described in the GeneChip Expression Analysis Technical Manual (Section 2: Eukaryotic Sample and Array Processing).
2. Scan the probe array according to the GeneChip Expression Analysis Technical Manual (Section 2: Eukaryotic Sample and Array Processing). Takes 30 min/chip.
3. Generate .CHP files with Plier Algorithm.

III. DURATION OF ASSAY (3 days): 

a. First Cycle: Synthesis of cDNA – ~3 1/2 hours – Day 1.
b. First Cycle: Synthesis of cRNA –16 hours – Start on Day 1 finish on Day 2.
c. Second Cycle: Synthesis of cDNA, fragmentation and labeling – 8 hours – Day 2.
d. Array Hybridization – 17 hours – Start on Day 3.
e. Array Wash, Stain and Scan – 3 hours – Day 3.
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