Summary of Subtraction Protocol:

The subtraction protocol described here depends on the retention of tracer/tracer hybrids (positive selection), and is loosely based on protocols that have been described in the literature*. Two tracer pools are generated which are identical except for the presence of different adapters. A driver cDNA pool is generated that uses a third adapter ( This adapter sequence must be different from the first two). There is nothing special about the adapter sequences, other than that they appear to amplify cDNA fragments with roughly similar efficiencies.


Two subtractions are performed in parallel. In the first subtraction, biotinylated "A" tracer (selector) is combined with non-biotinylated "F" tracer (selectee) and an excess of driver (this is the "F" subtraction). In the second subtraction, biotinylated "F" tracer (selector) is combined with non-biotinylated "A" tracer (selectee) and an excess of driver (this is the "A" subtraction). After denaturing and re-hybridizing, biotinylated cDNA hybrids are captured with streptavidin magnetic beads. The captured cDNA is eluted off, and PCR is performed using primers specific for the selectee cDNA (for the "F" subtraction use an "F" primer, for the "A" subtraction use an "A" primer). The newly subtracted "F" tracer and "A" tracer should be enriched for cDNAs that are more highly represented in the tracer pools, than the driver pools. The "F" and "A" subtractions can be repeated reiteratively. Since two parallel subtractions have been performed, new adapters do not need to be placed on the cDNA pools. This protocol is most effective if the amount of tracer used is dropped after each subtraction cycle. 

Expected Results:


After four rounds of subtraction we typically end up with a subtraction product in which 70-90% of the fragments are from differentially expressed genes. Your success may vary depending on the number of differentially expressed genes in your cDNA populations and their level of expression.

*Lavery, et al (1997) PNAS. 94(13): p6831

  Yang and Sytkowski (1996) Anal Biochem. 237(1): p109
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cDNA Pool Preparation

In order to perform a subtraction using this protocol, you first have to generate two tracer cDNA pools and one driver cDNA pool. The most critical variable in the subtraction process is using good mRNA for tracer and driver cDNA pool construction. For each cDNA pool double stranded cDNA is generated from mRNA, and the cDNA is digested with two different restriction enzymes (in two separate reactions). A blunt end ligation is then performed to attach adapters to the cDNA fragments. This creates a population of cDNA fragments that can be amplified by PCR with an adapter primer. You must use a different adapter for each cDNA pool (for instance, you could use adapter A for one tracer pool, adapter F for the second tracer pool, and adapter B for the driver pool; or you could use F and G for the two tracer pools and A for the driver pool; any combination should work). After PCR amplifying your cDNA pools you should run them out on an agarose gel to check their size range (typically 200-700 base pairs). You should expect to generate 20-50 ng of PCR product per microliter of PCR reaction. Your yield may vary depending on the polymerase you use (we’ve used AmpliTaq from Perkin-Elmer, as well as Advantage polymerase mix from Clontech with good results. Make sure to use the same polymerase for Tracer and Driver PCR amplifications). To generate enough driver cDNA (20 micrograms for each round of subtraction) I take 0.3 ul of my amplified driver cDNA pool and reamplify it in a 100 ul PCR reaction (It will take several 100 ul PCR reactions to generate sufficient driver cDNA).

Generation of cDNA pools 

cDNA Synthesis 
*Pharmacia timesaver cDNA synthesis kit used

-dissolve >100 ng poly(A) selected RNA (DNased) in 20 ul H2O.

-Heat at 65°C for 10 min.

-Place on ice.

1st strand synthesis (follow kit directions)

- 1 ul DTT added to 1st synthesis rxn mix.

- 1 ul oligo (dT) added to 1st synthesis rxn mix.

-20 ul poly (A) RNA added to 1st synthesis rxn mix.

- incubated at 37°C for 90 min.

- place on ice.

2nd strand synthesis

- Add 1st strand rxn mix to 2nd strand mix.

-12°C for 30 min.

-RT for 60 min.

-65°C for 10 min

-on ice

-phenol/chloroform extract

-purify over S-400 column equilibrated with H2O (this comes with the pharmacia kit).

-1 ul glycogen added (20 ug/ul).

-EtOH ppt.

-Wash pellet and air dry-  Resuspend in 40 ul H2O.

Restriction digest of cDNAs
(two separate digests)

16 ul cDNA

2 ul 10xNEB buffer 1

1 ul RsaI

1 ul H2O

--total 20 ul

16 ul cDNA

2 ul 10xNEB buffer 2

1 ul AluI

1 ul H2O

--total 20 ul

cDNA adaptor ligation:
63 ul H2O

13 ul 10xT4 ligase buffer (NEB)

30 ul PEG buffer (cDNA kit-Pharmacia)

1 ul 15 uM ATP

10 ul AluI digest

10 ul RsaI digest

2 ul adapter (20uM) (use one of the following adapters in each ligation: A1/A2, B1/B2, F1/F2, or

   G1/G2 – adapter sequences are listed below)

1 ul T4 ligase (cDNA kit)

-------------------------------------------------------

130 ul total

-Incubate at 16°C for 2 hrs

-65°C for 10 min

-Phenol/chloroform extraction

-Purified over S-300 (Pharmacia cDNA spin column- does not come with cDNA kit)

PCR amplification of cDNA: 

5 ul 10 x buffer

10 ul 1 mM dNTPs

2 ul ligated cDNA (use directly from S-300 spin column above)

2.5 ul A2, B2, F1 or G1 primer (20 uM)

0.5 ul Taq (5 units/ul)

30 ul H2O

-----------------------

50 ul total

PCR program "DMSH2": 94°C 1 min; 50°C 1 min; 72°C, 2 min; 20-30 cycles (depends on amount 
of template)

Note: Chimeric sequences can be generated during cDNA pool construction. This can result in species which consist of a differentially expressed cDNA fragment fused to a random non-differentially expressed cDNA (treating your restriction digests with CIP may help eliminate this problem).
Subtraction Adapter Sequences
Adapter A:
oligo A1: P-TAGTCCGAATTCAAGCAAGAGCACA



oligo A2:    CTCTTGCTTGAATTCGGACTA

Adapter B:
oligo B1: P-ATGCTGGATATCTTGGTACTCTTCA



oligo B2:    GAGTACCAAGATATCCAGCAT

Adapter F:
oligo F1:    AATTCCGATGTCTAGATGGTGG



oligo F2: P-CCACCATCTAGACATCGG

Adapter G:
oligo G1:    AATTCGTCGACGGTTGACATAC



oligo G2: P-GTATGTCAACCGTCGACG

Note: Combine the oligos in a 1:1 ratio to make the adapters. When amplifying cDNA ligated to the adapters use A2 for the A adapter, B2 for the B adapter, F1 for the F adapter, and G1 for the G adapter.

"P" indicates that the oligo should be ordered with a phosphate group at the 5' end

Alternatively, you can phosphorylate the appropriate oligo with T4 kinase and then combine it with its unphosphorylated partner.
Subtraction protocol
To make biotinylated tracer: 

2 ul 10 x PCR buffer

2 ul dNTPs (1.2 mM dCTP, dGTP, dTTP; 0.8 mM dATP)

2 ul Bio-14 dATP (0.4 mM -GIBCO BRL)

2 ul ligated cDNA (use directly from S-300 spin column above for 1st round of subtraction, or from

cDNA eluted off of magnetic beads in later rounds)

1 ul adaptor primer

0.25 ul Taq (5 units/ul)

10.75 ul H2O

-------------------------

20 ul total

PCR program  DMSH2 - 20 to 30 cycles

Hybridization:

1) In one siliconized 1.5 ml tube combine 200 ng biotinylated tracer (with adaptor "A") with 200 ng 
non-biotinylated tracer (with adaptor "F") and 10 ug of driver (with adaptor "B") -- this is 
the "F" subtraction.

     In a 2nd tube combine 200 ng biotinylated tracer (with adaptor "F") with 200 ng non-
biotinylated tracer (with adaptor "A") and 10 ug driver (with adaptor "B") - this is the "A" 
subtraction.

2) EtOH ppt the DNA in both tubes.

3) Air dry pellets

4) Resuspend each pellet in 2 ul hybridization buffer (50 mM HEPES, 0.5 M NaCl, 0.02 mM 
EDTA) transfer to a 0.2ml tube and cover with oil. See Gurskaya, et al. (1996) Anal. 
Biochem. 240(1): p90


Resuspending a pellet in such a small volume can be difficult - if necessary you can add 
several microliters of water and evaporate down the volume to 2ul.

5) Denature at 95°C for 10 min.

6) Ramp temperature down to 68°C over 45 minutes

7) Continue hybridization for 2 to 4 days at 68 °C

8) Add 150 ul of binding/wash buffer (65°C) to each tube (10 mM Tris(pH8.0), 1 mM EDTA, 
1 M NaCl, 0.1% Triton X-100) - see Lavery, et al (1997)PNAS. 94(13): p6831

9) Cool to RT and mix with 30 ul prewashed streptavidin magnetic beads (Roche-Boehringer).  
(Prewash beads 3x with binding/wash buffer *** optional - add salmon sperm DNA to 
final wash to help block non-specific binding of DNA; use salmon sperm DNA .at 
500ng/ul in wash buffer and incubate with gentle shaking for 20 minutes)

10) Place on rotator for 1-2 hrs.

11) Separate out beads using a magnetic separator and discard the supernatant.

12) Wash beads 3 x with binding/wash buffer (Separate out beads and discard supernatant at each

step)

12)Wash twice more with low salt wash buffer (10 mM Tris(pH8.0), 1 mM EDTA, 100 mM 
NaCl, 
0.1% Triton X-100)

13) Elute off DNA. After the final wash, resuspend the beads in 80 ul TE and heat at 95°C

for 3 min. Then separate out beads and SAVE THE SUPERNATANT.
13) PCR amplify the subtracted cDNA (use F1 primer for "F" subtraction and A2 primer

for "A" subtraction)

Repeat selection using new F tracer and new A tracer.


In 2nd round, use 100 ng of each tracer from round 1 (+10 ug driver as before)


In 3rd round use 10 ng of each tracer from round 2 (+10 ug driver)


In 4th round use 1 ng of each tracer from round 3 (+10 ug driver)

· Note: In later rounds of subtraction two rounds of PCR may be required to see subtraction product. If no or little PCR product is visible after one round, take 1 ul  of PCR product and perform a second round of PCR. Differentially expressed genes should be dramatically enriched by the 3rd or 4th round. 

