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[Abstract] We describe an efficient method to obtain a sufficient quantity of RNA from nematodeinduced galls with a high quality and integrity, proved to be appropriate for transcriptomic analysis,
i.e. real time PCR, microarray hybridization or second generation sequencing. This protocol is
efficient for small quantities of galls (organs with high protein and sugar contents). The protocol
allows obtaining an RNA yield of 5-15 µg total RNA from 250-300 hand dissected galls at 3 days
post infection (dpi) (Figure 1). It was proved particularly for Arabidopsis and tomato.
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Figure 1. 3 dpi Arabidopsis gall from M. javanica. Blue lines indicate the collected material,
galls with a small portion of roots (that allows easy handling), frozen and processed for RNA
extraction.
Materials and Reagents
1. Arabidopsis infected by M. javanica (3 dpi or 7 dpi)
2. TRI Reagent (Molecular Research Centre, MRC, catalog number: TR-118)
3. Chloroform (Scharlau, catalog number: CL02031000)
4. Isopropanol (Merck KGaA, catalog number: 09634)
5. Sodium citrate (Sigma-Aldrich, catalog number: s4641)
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6. Sodium chloride (Duchefa, catalog number: S0520)
7. NaOH (Duchefa, catalog number: s0523)
8. Ethanol (Merck KGaA, catalog number: 100986)
9. Diethylpyrocarbonate (DEPC) (Sigma-Aldrich, catalog number: D5758)
10. RNase-free water
11. Acetone (Thermo Fisher Scientific, catalog number: A/0600/17)
12. Liquid nitrogen
13. RNeasy Mini Kit (QIAGEN, catalog number: 74104))
14. RNase-Free DNase Set (QIAGEN, catalog number: 79254)
15. High salt precipitation solution (see Recipes)
Equipment
1. Centrifuges
2. Microfuge
®

3. 1.5 ml Eppendorf tubes
4. Porcelain mortar and pestles, textured surface on bowl interior, 60 mm diameter
5. Fume hood
Procedure
Note: Use gloves and goggles for all procedure.
A. Gall collection: To perform the RNA isolation from galls with a good efficiency, 250-300 hand
dissected galls at 3 days post infection (3 dpi) or 100-150 galls at 7 dpi, should be collected.
®

Collect galls and rapidly freeze them to a 1.5 ml Eppendorf tube in liquid nitrogen.
Note: If scaled down, the RNA yield is not proportional to the amount of tissue. You can
®

accumulate galls from independent collection events in the same Eppendorf .
B. Store at -80 °C until further processing (step C).
C. Homogenization:
1. Clean mortar and pestles with acetone, let them dry on the bench and autoclaved to
avoid RNase activity. CAUTION: Check that mortar, pestle and pipettes used during the
extraction have not been in contact with RNases. Sometimes it is preferable to keep
material exclusively for RNA extraction.
2. Add liquid nitrogen into the mortar with the pestle to cold them down.
3. Add the galls into the mortar and proceed into a fume hood.
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4. When liquid nitrogen is nearly evaporated, add TRI Reagent (500-750 µl/200-300 galls
at 3 dpi); the total volume should not exceed 10% of the volume of TRI Reagent used for
®

homogenization, as suggested by the TRI Reagent protocol.
5. Grind galls with a mortar and pestle. TRI Reagent solution initially becomes frozen, but it
will melt gradually as a result of the homogenization. Proceed until a liquid appearance is
observed and no visible tissue pieces are identified within the Reagent solution.
Note: Do not leave traces of galls without homogenizing, since this step can be limiting
for good efficiency.
®

6. Transfer the gall homogenate with a pipette to a 1.5 ml Eppendorf tube and place it on
ice while you homogenize the rest of the samples.
D. Phase separation
1. Centrifuge at 12,000 x g for 10 min at 4 °C and transfer the supernatant containing the
®

RNA to a new 1.5 ml Eppendorf tube.
Note: The resulting pellet contains membranes, polysaccharides and high molecular
weight DNA while the supernatant contains RNA. All insoluble material should be
removed from the homogenate.
®

2. Add 100 µl of chloroform per 500 µl of TRl Reagent in a fume hood. Cap sample tubes
securely.
3. Shake tubes vigorously by hand for 15 sec and incubate them at room temperature (RT)
for 5 to 10 min.
Note: Do not use vortex.
4. Centrifuge the samples at 12,000 x g for 15 min at 4 °C.
5. Transfer the upper aqueous phase to a new tube.
E. RNA precipitation
®

1. Add 125 µl of isopropanol and 125 µl of high salt buffer per 500 µl of TRl Reagent . Mix
the solution and store it for 5-10 min at RT.
Note: The high salt precipitation solution removes contaminating compounds as
proteoglycan and polysaccharide from the isolated RNA.
2. Centrifuge at 12,000 x g for 8 min at 4 °C.
3. Discard the supernatant.
F. RNA Wash
1. Wash the RNA pellet with 1 ml of 75% ethanol and mix by inversion several times.
2. Centrifuge at 7,500 x g for 5 min at 4 °C and discard the supernatant.
3. Repeat steps E-1 and 2.
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4. Spin 10 sec in a microfuge and discard carefully the remaining liquid.
5. Air dry the pellet for 3-5 min. Do not let the RNA over-dry, as this will make it difficult to
dissolve. The white RNA pellet will turn clear when it dries out.
6. Add 100 μl DEPC-water or RNase-free water immediately after the pellet becomes clear.
7. Dissolve RNA by incubating for 10 min at 37 °C followed by 5 min at 60 °C.
8. Store RNA solution at -80 °C or continue with further RNA Cleanup by DNase digestion.
G. Combined in column DNase I Digestion and RNA Cleanup. This procedure is based on the
combined use of two different commercial kits (RNase-Free DNase Set and RNeasy Mini Kit).
Please, use handling instructions of all buffers and reagents following their recommendations.
Note: Buffers as RPE, RTL, RW1, RDD are supplied by the companies within the kits. Before
starting RNA cleanup, make sure the DNase I and Buffer RPE are ready to use.
1. Preparation of DNase I stock solution: Inject 550 µl RNase-free water into the lyophilized
DNase I vial using an RNase-free needle and syringe. Mix gently by inverting the vial and
divide it in 10 µl single-use aliquots. Store at -20 °C for up 9 months.
2. Preparation of Buffer RPE: Add 4 volumes of 96-100% ethanol (44 ml) as indicated in the
bottle.
3. Adjust the RNA sample volume to 100 μl with RNase-free water.
4. Add 350 μl of Buffer RLT and mix well by pipetting.
5. Add 250 μl EtOH, mix well by pipetting.
6. Transfer the sample to an RNeasy Mini spin column placed in a 2 ml collection tube.
Close the lid gently and centrifuge at 8,000 x g for 15 sec. Discard the flow-through.
7. Add 350 µl buffer RW1 to the RNeasy spin column. Close the lid gently and centrifuge at
8,000 x g for 15 sec. Discard the flow-through.
8. Add 70 µl buffer RDD (supplied with the RNase-Free DNase Set) to 10 µl DNase I stock
solution. Mix gently by inverting the tube.
Note: Do not vortex.
9. Add 80 µl of the DNase I incubation Mix to the RNeasy spin column, and place on the
bench at RT for 15 min.
Note: Add the Mix directly to the center of the RNeasy spin column membrane.
10. Add 350 µl buffer RW1 to the RNeasy spin column. Close the lid gently and centrifuge at
8,000 x g for 15 sec. Discard the flow-through.
11. Add 500 µl buffer RPE to the RNeasy spin column. Close the lid gently and centrifuge at
8,000 x g for 15 sec. Discard the flow-through.
12. Add 500 µl buffer RPE to the RNeasy spin column. Close the lid gently and centrifuge at
8,000 x g for 2 min.
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Note: The long centrifugation dries the spin column membrane, eliminating ethanol
contamination.
13. Quickly remove the RNeasy spin column from the collection tube so that the column does
not contact the flow through.
14. Place the RNeasy spin column in a new 2 ml collection tube. Close the lid gently and
centrifuge at full speed for 1 min.
Note: It is important to eliminate any possible buffer RPE carryover.
15. Place the RNeasy spin column in a new 1.5 ml collection tube. Add 30 µl RNase-free
water or DEPC-water to the center of the spin column membrane. Incubate 1 min at RT.
Close the lid gently and centrifuge at 8,000 x g for 1 min to elute the RNA.
16. Add 20 µl RNase free water or DEPC-water to the center of spin column membrane to
elute the maximum RNA. Incubate 1 min at RT. Close the lid gently and centrifuge at
8,000 x g for 1 min.
17. Use Nanodrop and/or Bioanalyzer to test the RNA quantity and quality. You should get 510 µg total RNA from 250-300 collected galls at 3 dpi of a high quality.
18. Store the RNA sample in -80 °C for future use.
Recipes
1. High salt precipitation solution
0.8 M sodium citrate
1.2 M NaCl
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