CTAB BASED RNA EXTRACTION PROTOCOL FROM AGARWOOD

1. Equipment and Consumables Preparation
Before initiating the extraction, strict adherence to RNase-free technique is mandatory.

· Sterilization: All glassware, mortar, and pestles should be baked at 180–200°C for at least 4 hours to destroy RNases. Plasticware (tubes, tips) should be certified RNase-free or autoclaved if DEPC-treated water is used.
· Temperature Control: Set a water bath or heat block to 65°C for the lysis step. If performing LiCl precipitation, prepare a fridge at 4°C or a freezer at -20°C.
· Centrifugation: A refrigerated centrifuge capable of reaching 12,000–16,000 xg is required. Pre-cool the rotor to 4°C if specified in the precipitation steps.

2. Reagent Preparation (Recipes)
The following solutions must be prepared with DEPC-treated or Nuclease-Free water.
CTAB Extraction Buffer (500 mL Stock):
	Component
	Final Concentration
	Amount for 500 mL
	Function

	CTAB
	2% (w/v)
	10 g
	Lysis detergent; polysaccharide control

	NaCl
	2.0 M
	200 mL of 5M NaCl
	Maintains ionic strength; CTAB solubility

	Tris-HCl (pH 8.0)
	100 mM
	50 mL of 1M Tris
	pH Buffer

	EDTA
	25 mM
	25 mL of 0.5M EDTA
	Chelates Mg2+ (RNase inhibitor)

	PVP-30
	2.5% (w/v)
	12.5 g
	Phenolic scavenger

	Spermidine (Optional)
	0.05% (w/v)
	0.25 g
	Protects chromatin/nucleic acids

	Water
	-
	Upto 500 mL
	Solvent


Storage: Store the base buffer at room temperature (4°C for long-time storage). If the CTAB precipitates (cloudy), heat to 65°C until clear before use.

Critical Addition: Just before use, add Beta-Mercaptoethanol to a final concentration of 3% (v/v) (30 uL per 1 mL of buffer). Work in a fume hood.

3. Chloroform:Isoamyl Alcohol (24:1)
Mix 96 mL of Chloroform with 4 mL of Isoamyl Alcohol. Store in a dark glass bottle/flask to prevent light-induced oxidation of chloroform.
Function: Isoamyl alcohol prevents foaming during the vigorous mixing required for phase separation.

4. Lithium Chloride (LiCl) Solution
Prepare a 7.5 M to 10 M stock solution of LiCl in nuclease-free water. Filter sterilize (0.22 um) rather than autoclaving, as autoclaving can sometimes cause concentration shifts or precipitation issues.

5. SSTE Buffer (Optional for cleanup):
1.0 M NaCl, 0.5% SDS, 10 mM Tris-HCl pH 8.0, 1 mM EDTA. Used if a second cleanup step is required.


Detailed Step-by-Step Procedure

Phase I: Tissue Disruption and Homogenization
Objective: Complete cellular destruction while simultaneously inhibiting RNase activity.

1. Preparation: Pre-warm 10 mL (or required volume) of CTAB Extraction Buffer to 65°C in a sterile tube. Add BME (20 uL/mL) immediately prior to starting.
· Why Pre-warm? Hot buffer rapidly solubilizes membrane lipids and accelerates the denaturation of proteins upon contact with the frozen tissue powder. It also ensures the CTAB detergent is fully active and not precipitated.
2. Grinding: Weigh approximately 100–150 mg of plant tissue. Place in a pre-cooled mortar with liquid nitrogen. Grind vigorously to a fine, flour-like powder.
· Critical: The tissue must not thaw at any point. Thawing releases RNases in a hydrated environment where they can degrade RNA before the extraction buffer acts.
3. Lysis: Transfer the frozen powder into a 2 mL microcentrifuge tube containing 1000 uL (1 mL) of the pre-warmed CTAB buffer.
4. Mixing: Immediately vortex vigorously for 30–60 seconds.
· Observation: The sample should become a homogeneous, frothy suspension. If clumps of frozen tissue remain, vortex longer.
5. Incubation: Place the parafilmed tubes in the 65°C water bath for 30-40 minutes. Invert the tubes 3–4 times during this period to ensure mixing.
· Mechanism: This step allows the CTAB to complex with polysaccharides and the PVP to bind polyphenols. The heat aids in releasing RNA from ribonucleoprotein complexes.


Phase II: Organic Extraction (Phase Separation)
Objective: Removal of proteins, lipids, and CTAB-polysaccharide complexes.

6. Chloroform Addition: Add an equal volume (1 mL) of Chloroform:Isoamyl Alcohol (24:1) to the lysate.
· Safety: Perform this step in a chemical fume hood. Chloroform is volatile and toxic.
7. Emulsification: Cap the tubes tightly (parafilmed) and vortex vigorously for 1 minute, or shake manually for 2 minutes.
· Critical: You must create a milky emulsion. This maximizes the surface area between the aqueous and organic phases, ensuring efficient denaturation of proteins (which accumulate at the interface) and extraction of pigments.
8. Centrifugation: Centrifuge at 12,000–16,000 xg for 15 minutes at Room Temperature (RT) or 4°C.
· Note: Room temperature is often preferred here because CTAB is less soluble at 4°C and might precipitate, potentially trapping RNA. However, some protocols utilize 4°C to better solidify the interphase. Check your specific CTAB brand instructions; generally, if using 2M NaCl, RT is safer to prevent salt precipitation.
9. Phase Collection: Carefully remove the tubes. You will see three distinct layers:
· Top (Aqueous): Clear or slightly yellowish. Contains RNA and DNA.
· Middle (Interphase): White, compact disc. Contains denatured proteins, cell wall debris, and polysaccharides.
· Bottom (Organic): Green/brown/black. Contains chlorophyll, lipids, and phenolic-PVP complexes.
10. Transfer: Using a P1000 pipette, carefully aspirate the upper aqueous phase (approx. 700–800 uL) and transfer to a new 1.5 mL tube.
· Caution: Do not touch the interphase. It is better to leave some aqueous phase behind than to contaminate the sample with the interphase material.
(Optional Repeat): If the supernatant is cloudy or the interphase was loose, add an equal volume of Chloroform:Isoamyl Alcohol, vortex, spin, and recover again. This "double extraction" improves purity.

Phase III: Selective RNA Precipitation
Objective: Recover RNA while eliminating DNA and soluble impurities.
At this stage, the user faces a critical choice between Lithium Chloride (LiCl) and Isopropanol.

· Option A: LiCl Precipitation (Recommended for Purity):
1. Add 0.5 volume of 7.5 M LiCl (or equivalent to reach 2.5 M final concentration) to the recovered aqueous phase.
· Example: If you recovered 800 uL, add 400 uL of 7.5 M LiCl.
2. Mix by inversion.
3. Incubate at 4°C overnight (preferred for maximum yield) or -20°C for 2–4 hours.
· Mechanism: LiCl precipitates ssRNA but leaves DNA, tRNA, and 5S rRNA in solution. This acts as a chemical "DNase" step.
4. Centrifuge at 14,000 xg for 30 minutes at 4°C.
5. Observation: The pellet may be gelatinous or transparent and can be difficult to see. Mark the hinge of the tube to orient the expected pellet location.

· Option B: Isopropanol Precipitation (Recommended for Speed/Yield):
1. Add 0.6 to 1.0 volume of cold Isopropanol.
2. Mix by inversion.
3. Incubate at -20°C for 30–60 minutes.
4. Centrifuge at 14,000 xg for 20 minutes at 4°C.
5. Trade-off: This method precipitates all nucleic acids (RNA + Genomic DNA). If using this option, downstream DNase treatment is mandatory.


Phase IV: Washing and Resuspension
Objective: Removal of salts (LiCl/NaCl) and residual organics.

11. Decanting: Carefully pipet off or decant the supernatant without disturbing the pellet.
12. Washing: Add 1 mL of ice-cold 70–80% Ethanol.
13. Pellet Dislodging: Gently flick the tube or vortex at low speed to dislodge the pellet from the wall. This ensures the ethanol washes the salts trapped between the pellet and the tube surface.
· Note: If using LiCl, the pellet can be stubborn. Soaking for 5 minutes in ethanol helps.
14. Centrifugation: Centrifuge at 12,000 xg for 5 minutes at 4°C.
15. Drying: Remove the ethanol completely. Briefly spin again (pulse) to bring down residual drops, and remove them with a fine pipette tip. Air dry the pellet for 5–10 minutes at room temperature.
· Warning: Do not over-dry. If the pellet turns from white to clear/glassy, it becomes hydrophobic and extremely difficult to dissolve. Do not use a vacuum desiccator unless strictly controlled.
16. Solubilization: Resuspend the pellet in 30–50 uL of Nuclease-Free Water.
· Pipette up and down. If the pellet does not dissolve, heat the tube to 55–60°C for 5–10 minutes.
17. QC: Measure concentration (NanoDrop/Qubit) and integrity (Gel/Bioanalyzer). Store at -80°C.


Continued with SV Promega Kit

Phase III: Column Binding Chemistry
Objective: Create the physiochemical conditions (high salt + ethanol) required for RNA to adhere to the silica membrane.

1. Binding Preparation:
· The CTAB aqueous phase is already high in salt (approx. 2.0 M NaCl), which supports binding. However, it lacks the chaotropic drive of Guanidine and the dehydration effect of ethanol.
· Method A (Ethanol Only - Standard Hybrid): Add 0.5 to 0.75 volume of 95–100% Ethanol to the aqueous phase. (e.g., if 600 uL lysate, add 300–450 uL Ethanol). Mix immediately by pipetting or gentle vortexing.
Note: Adding too much ethanol (>1 vol) can precipitate salt and polysaccharides onto the membrane.
· Method B (Lysate + Ethanol - Promega Hybrid): Some variations suggest mixing the aqueous phase 1:1 with the kit's RNA Lysis Buffer (RLA) before adding ethanol. This introduces Guanidine Thiocyanate, which may tighten the binding of small RNAs, though the high salt of CTAB is usually sufficient. 
Recommendation: Method A is generally sufficient and saves kit reagents.
2. Loading the Column:
· Place a SV Spin Basket into a Collection Tube.
· Transfer the lysate/ethanol mixture (up to 600 uL) to the basket.
· Centrifuge at 12,000 xg for 1 minute.
· Discard the flow-through.
· If the volume exceeded 600 uL, repeat the loading step with the remaining mixture using the same column.


Phase III: Washing and On-Column DNase Treatment
Objective: Remove salts and digest genomic DNA without eluting the RNA.

3. Wash 1: Add 600 uL of RNA Wash Solution (RWA) (with ethanol added).
· Centrifuge at 12,000 xg for 1 minute. Discard flow-through.
4. DNase Incubation Mix Preparation:
· In a sterile tube, prepare the digestion mix per sample:
· 40 uL Yellow Core Buffer
· 5 uL 0.09M MnCl2
· 5 uL DNase I enzyme
· Total: 50 uL
· Why this specific mix? The Yellow Core Buffer contains a dye to help visualize the liquid level. The MnCl2 activates the DNase. Do not vortex the enzyme vigorously; gentle mixing is required to preserve enzymatic activity.
5. DNase Digestion:
· Apply the 50 uL DNase incubation mix directly onto the white silica membrane at the bottom of the basket. Ensure the yellow liquid covers the entire surface.
· Incubate at Room Temperature (20–25°C) for 15 minutes.
· Warning: Do not exceed 15 minutes significantly, as non-specific degradation or drying can occur.
6. Stopping the Reaction:
· Add 200 uL of DNase Stop Solution (DSA) to the basket.
· Do not centrifuge yet. The stop solution needs momentary contact to sequester the Manganese ions and halt the enzyme.
· Centrifuge at 12,000 xg for 1 minute. Discard flow-through.


Phase IV: Final Washing and Elution
Objective: Remove the DNase enzyme, the Stop Solution, and residual salts.

7. Wash 2: Add 600 uL of RNA Wash Solution (RWA).
· Centrifuge at 12,000 xg for 1 minute. Discard flow-through.
8. Wash 3: Add 250 uL of RNA Wash Solution (RWA).
· Centrifuge at high speed (14,000 xg) for 2 minutes.
· Critical: This step dries the membrane. Residual ethanol is the #1 cause of downstream enzymatic failure (RT-PCR inhibition). Carefully inspect the basket; if drops are clinging to the rim, spin for another minute.
9. Elution:
· Transfer the Spin Basket to a fresh Elution Tube.
· Add 50–100 uL of Nuclease-Free Water directly to the center of the membrane. Ensure the water wets the membrane completely.
· Let stand at Room Temperature for 1–2 minutes.
· Centrifuge at 12,000 xg for 1 minute to collect the RNA.
· Storage: Immediately place on ice or store at -80°C.

