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SUMMARY
Metatranscriptomics is a powerful technique to study the ongoing processes in complex communities through the analysis of their gene expression profiles. As such, it is possible to assess, for example, whether there are inter- and intraspecific differences between the functioning of the microbiota of various host organisms, or how the functioning of the microbiome/microbiota may be altered under different conditions. This method has been used mostly to study free-living microbial communities (e.g. in sediment or water) and biofilms, as well as the microbiota of model organisms. However, metatranscriptomics approaches on non-model organisms from the marine environment are still relatively uncommon.
Metatranscriptomic analysis of host tissue-associated microbial communities is namely complex as the amount of RNA originating from host cells generally greatly outnumbers the RNA originating from microbes. To avoid that the metatranscriptome sequencing data consists overwhelmingly of reads from the host rather than the microbiota and that very deep sequencing is required to offset this, it is important to remove as much host RNA (both coding polyA(+) messenger RNA and non-coding ribosomal RNA) from samples prior to sequencing library preparation. This is an additional step to the subtraction of ribosomal RNAs from microbes. As commercial kits for rRNA subtraction are not available for non-model organisms and their associated communities of prokaryotic and eukaryotic microbes, it is important to use tailormade sample-specific subtraction protocols.
We studied the metatranscriptome of three octocoral species (Corallium rubrum, Eunicella cavolini, Paramuricea clavata) with a well-characterized microbiota composition. This required the development of a protocol to reduce rRNA and polyA(+)-mRNA from these host organisms. The protocol described here is a modification of the protocol used by Daniels et al. (2015), studying the metatranscriptome of a scleractinian coral, and is based on the protocol developed by Stewart et al. (2010). The protocol for the enrichment of bacterial mRNA for metatranscriptomics through rRNA and polyA(+)-mRNA subtraction consists of four stages: (1) the simultaneous extraction of both DNA and RNA from the same sample; (2) the development of biotin-labelled, sample-specific anti-sense rRNA probes targeting eukaryotic and prokaryotic rRNA using in vitro transcription; (3) the depletion of polyA(+)-mRNA from the total RNA sample using oligo(dT)25-coated beads to remove eukaryotic mRNA; followed by (4) subtractive hybridization for the removal of rRNA using the biotin-labelled anti-sense RNA probes. The RNA remaining after the polyA(+)-mRNA depletion and rRNA subtraction, will be relatively enriched in prokaryotic mRNA and is ready to use for sequencing library preparation.




MATERIALS, REAGENTS & KITS

Materials
· 0.2 mL RNase-free PCR tubes
· 1.5 mL microcentrifuge tubes, 
· Pipette tips (filter; all sizes)
· Nanodrop
· BioAnalyzer 2100
· Thermal Cycler
· ThermoMixer
· DynaMag-2 magnetic stand
· RNase Zap (Ambion) 
· Ethanol, 100%

DNA/RNA extraction
· Allprep DNA/RNA Mini kit (Qiagen) – or other kit for simultaneous DNA and RNA extractions

Anti-Sense RNA Probe Generation
· Multiplex PCR kit (Qiagen) – or another PCR DNA polymerase
· MinElute PCR Purification Kit (Qiagen)
· MEGAscript T7 Transcription Kit (Ambion)
· SUPERase•InTM RNase inhibitor (New England Biolabs)
· Biotin-16-UTP (10 mM; Roche)
· Nucleotides (ATP, CTP, GTP, UTP; 75mM)
· RNeasy MinElute Cleanup Kit (Qiagen) – better alternative: MEGAclear Transcription Clean-up Kit (Ambion)

PolyA(+)-mRNA Depletion
· Dynabeads mRNA Purification kit (Invitrogen)
· RNeasy MinElute Cleanup Kit (Qiagen)***

Subtractive Hybridization of rRNA
· Streptavidin-coated beads (New England Biolabs)
· 20x Saline-Sodium Citrate (SSC; RNase-free (Ambion))
· SUPERase•InTM RNase inhibitor (New England Biolabs)***
· Formamide, 100%
· RNeasy MinElute Cleanup Kit (Qiagen) ***


*** also used in previous step(s) of the protocol

1. NUCLEIC ACID EXTRACTIONS
We recommend using a method for the simultaneous extraction of DNA and RNA from the same sample. As such, the respective sample DNA can be used to generate sample-specific anti-sense RNA probes for rRNA subtraction, if desired.
· We used the Qiagen AllPrep DNA/RNA Mini kit following the manufacturer’s protocol to extract DNA and RNA from the octocorals Corallium rubrum, Eunicella cavolini and Paramuricea clavata.
· The DNA and RNA can be used to profile the microbial community composition and the active fraction thereof, respectively, using metabarcoding approaches.
_______________________________________________________________________________________________

2. GENERATION OF BIOTIN-LABELLED ANTI-SENSE RNA PROBES THROUGH IN VITRO TRANSCRIPTION
2.1 - PCR amplification of rRNA genes
This should be done for each sample separately to obtain sample-specific anti-sense RNA probes. However, it can be done on pooled DNA samples if little variation among samples is expected. Here, we studied three octocoral species that each have a highly conserved microbiota; hence, we pooled DNA of all samples from each species and used this pooled DNA to generate probes for each coral species. Probes were made against six rRNA targets (eukaryotic 18S and 28S rRNA, and archaeal and bacterial 16S and 23S rRNA genes) using the primers listed in Table 1.

1. PCR reaction set-up and cycling protocols.
	PCR reaction set-up

	Volume
	Reagents

	x µL
	Template DNA (50-100 ng)

	25 µL
	Q-mix (Qiagen Multiplex PCR kit)

	1.25 µL
	Primer forward (10µM)

	1.25 µL
	Primer reverse (10µM)

	To 50 µL
	Water










	PCR reaction
	

	
	Bacterial 23S rRNA
	All other rRNA genes

	Denaturation
	95˚C
	15 min
	95˚C
	15 min

	40 cycles
	Denaturation
	95˚C
	20 sec
	95˚C
	20 sec

	
	Annealing
	39˚C
	20 sec
	55˚C
	20 sec

	
	Extension
	72˚C
	2 min
	72˚C
	2 min

	Extension
	72˚C
	10 min
	72˚C
	10 min







* Note the difference in annealing 
   temperature for the Eub23S primer set


	TABLE 1 - Primers for generation of anti-sense rRNA probes. 
                  T7 RNA polymerase promoter is underlined; a modification of the primers used by Stewart et al. (2010) is indicated in bold 

	Target
	Primer
	Sequence

	Bacteria 16S rRNA
	Eub16S_27F
	5’ AGAGTTTGATCCTGGCTCAG 3’

	
	Eub16S_1492R_T7
	5’ GCCAGTGAATTGTAATACGACTCACTATAGGGACGGCTACCTTGTTACGACTT 3’

	Bacteria 23S rRNA
	Eub23S_189F
	5’ GAASTGAAACATCTHAGTA 3’

	
	Eub23S_2490R_T7
	5’ GCCAGTGAATTGTAATACGACTCACTATAGGGCGACATCGAGGTGCCAAAC 3’

	Archaea 16S rRNA
	Arch16S_21F
	5’ TCCGGTTGATCCYGCCGG 3’

	
	Arch16S_1492_T7
	5’ GCCAGTGAATTGTAATACGACTCACTATAGGGGGYYACCTTGTTACGACTT 3’

	Archaea 23S rRNA
	Arch23S_F
	5’ ASAGGGTGAHARYCCCGTA 3’

	
	Arch23S_R
	5’ GCCAGTGAATTGTAATACGACTCACTATAGGGCTGTCTCRCGACGGTCTRAACCCA 3’

	Eukaryote 18S rRNA
	Euk18S_1F
	5’ ACCTGGTTGATCCTGCCAG 3’

	
	Euk18S_1520R_T7
	5’ AATTATAATACGACTCACTATAGGGTTCYGCAGGTTCACCTAC 3’

	Eukaryote 28S rRNA
	Euk28S_26F
	5’ ACCCGCYGAAYTTAAGCATA 3’

	
	Euk28S_3126R_T7
	5’ AATTATAATACGACTCACTATAGGGTTCTGRYTTAGAGGCGTTCAG 3’


2. Purify PCR products using the Qiagen MinElute PCR Purification Kit. Elute in 15 μL of EB buffer.
3. Quantify DNA concentration of the eluted PCR products using NanoDrop (250-500 ng of PCR product is required for in vitro transcription (step 2.2); concentration should be at least 25 ng/µL).
4. Verify whether PCR amplification was successful and PCR products are of correct size on a 1% agarose gel.

2.2 - in vitro transcription of biotin-labelled anti-sense RNA probes
The in vitro transcription (IVT) was done using the MEGAscript T7 Transcription Kit (Ambion), which uses the T7 RNA polymerase. Biotinylated UTP nucleotides were used to label the anti-sense RNA (αRNA) probes.

	Biotin Labelling Mix (5x)

	Volume
	Reagents

	3.2 µL (final 10 mM)
	ATP (75 mM)

	3.2 µL (final 10 mM)
	CTP (75 mM)

	3.2 µL (final 10 mM)
	GTP (75 mM)

	2.1 µL (final 6.5 mM)
	UTP (75 mM)

	8.4 µL (final 3.5 mM)
	Biotin-16-UTP (10 mM; Roche)

	3.9 µL
	Nuclease-free water


1. Prepare the Biotin Labelling Mix. 	         (Note: modification from protocol by Stewart et al. (2010))
Following amounts are for 6 IVT reactions (24 µL; one reaction for each of the six different probes):









2. Prepare separate IVT reactions to generate each anti-sense probe (six IVT reactions in total - eukaryotic 18S and 28S rRNA; and archaeal and bacterial 16S and 23S rRNA). A 20 µL reaction should provide sufficient amounts of probes (1500-2000 ng/µL).
	IVT reaction set-up
	
	

	Volume
	Reagents

	x µL
	PCR amplicons (250-500 ng) 

	4 µL
	Biotin Labelling Mix (5x)

	2 µL
	10X buffer

	1 µL
	SUPERase•InTM RNase inhibitor

	2 µL
	T7 RNA polymerase

	To 20 µL
	Nuclease-free water






* Note: keep the 10x buffer at room temperature




3. Combine all reagents at room temperature in the order listed in the table above. Mix gently but thoroughly and micro-centrifuge the tubes briefly to collect reaction mixture.
4. Incubate at 37˚C for 5 hours. 
· IVT is a linear reaction and yield will depend on the DNA template concentration at the start and incubation time. If yield is low, consider increasing the amount of DNA template added, running IVT reaction overnight and/or increasing the reaction volume to 30-40 µL.
5. Add 1 µL DNaseI (from the MEGAscript T7 Transcription Kit (Ambion)), mix gently and incubate at 37˚C for 30 min to remove the DNA template.
6. Purify the biotinylated anti-sense RNA (αRNA) probes using the RNeasy MinElute Cleanup Kit in 15 µL water (better alternative: MEGAclear Transcription Clean-up Kit).
7. Quantify the RNA concentration of the probes using NanoDrop.
8. Store the probes at -80˚C.
_______________________________________________________________________________________________

3. DEPLETION OF EUKARYOTIC MESSENGER RNA
To remove the eukaryotic polyA(+)-mRNA, the Dynabeads mRNA Purification kit (Invitrogen) is used. The Dynabeads in this kit are oligo(dT)25-coated magnetic beads and will be used to (1) deplete the RNA sample from host mRNA and (2) isolate host messenger RNA for host transcriptome analysis, if desired. 
Note: this step was added to the Stewart et al. (2010) protocol by Daniels et al. (2015).

1. Thaw or reconstitute the total RNA samples on ice.
2. Quantify and check RNA integrity on the BioAnalyzer.
3. Dilute 500-1000 ng of total RNA to a final volume to 100 µL.
4. Heat the RNA samples to 65 °C for 2 min, and then place the samples on ice.
5. Wash the Dynabeads as follows:
a. Put 100 µL (per sample) of resuspended Dynabead suspension in a clean tube.
b. Place the tube on a magnetic stand for 30 sec and remove the supernatant.
c. Resuspend the Dynabeads in 100 µL of Binding Buffer.
d. Place the tube on the magnetic stand and remove the supernatant.
e. Resuspend the Dynabeads in 100 µL Binding Buffer.
6. Add the 100 µL of total RNA sample to the Dynabeads suspension (should be at a 1:1 ratio).
7. Mix gently but thoroughly and place on a mixer (e.g., a ThermoMixer (Eppendorf) at 1500 rpm) and mix the suspension at room temperature for 5 min. The polyA(+)-mRNA will anneal to the oligo-(dT)25-coated Dynabeads. 
8. Quickly spin the tube to ensure all suspension is on the bottom.
9. Place the tube on the magnetic stand until the solution is clear.
10. Transfer the supernatant to an RNAse-free tube and keep on ice.
11. Concentrate and purify the RNA in the polyA(+)-mRNA-depleted fraction with the RNeasy MinElute Cleanup kit.
12. Quantify and assess integrity of the RNA on the BioAnalyzer.
13. Store the RNA samples at -80 °C.
>>>> This fraction is used for step 4.2 - the subtractive hybridization to remove rRNA.

If interested in analyzing the host transcriptome as well, continue the protocol for polyA(+)-mRNA purification
14. Wash the polyA(+)-mRNA:Dynabeads twice with 200 μL Washing Buffer B. 
After the second wash, remove all Washing Buffer.
15. Elute the polyA(+)-mRNA by adding 15 μL of 10 mM Tris-HCl, pH 7.5.
Heat the samples to 80 °C for 2 min, cool quickly on ice and  place the tube on the magnet stand.
16. Transfer the purified polyA(+)-mRNA to a clean RNase-free tube and store at -80 °C. 
>>>> the purified polyA(+)-mRNA is ready to use for host transcriptome sequencing library preparation.
_______________________________________________________________________________________________

4. SUBTRACTIVE HYBRIDIZATION OF RIBOSOMAL RNA
This step may require optimization for the best ratio of probe to template RNA. Stewart et al. (2010) recommended a probe-to-RNA ratio of 2:1 and reaction volume of 50 μL in 1x Saline-Sodium Citrate (SSC; RNase-free (Ambion)) and 20% formamide. They found that >20% of formamide inhibited binding of the probe to the streptavidin-coated beads, whereas <20% allowed non-specific binding. This has also worked well in our studies. Start with as much RNA template as possible (e.g., 250-500 ng), as very little RNA will be left at the end following rRNA removal.

4.1 - Wash streptavidin-coated beads
1. Transfer beads (275 µL per sample) to a 1.5 ml tube. Use about 100 µL of beads for each 2 µg of RNA (template + probes). Note that an excess of beads is highly favored over inefficient probe removal.
2. Place tube on the DynaMag-2 magnetic stand and wait ~2 min until the solution is clear and remove supernatant.
3. Resuspend beads in 500 µL of 0.1N NaOH (deactivates RNases). Flick vigorously to re-suspend, place tube on the magnetic stand, and remove the supernatant.
4. Resuspend the beads in 500 µL of 1X SSC buffer. Flick vigorously to re-suspend, place tube on the magnetic stand, and remove the supernatant.
5. Repeat step 4 for a total of 3 washes with 1x SSC buffer. 
6. After the last wash, leave the beads in 1x SSC buffer on ice until hybridization is complete.

4.2 - Hybridization of probes and rRNA
1. Setup the 50 µL reactions for subtractive hybridization as follows in 0.2 mL PCR tubes (RNase-free)
	Subtractive hybridization reaction setup (50 µL)

	Volume
	
	Reagent

	x µL
	Template RNA (250-500 ng; polyA(+)-mRNA-depleted RNA from stage 3 – step 13)

	x µL
	αRNA-probe for 16S rRNA bacteria (500 ng)

	x µL
	αRNA-probe for 23S rRNA bacteria (500 ng)

	x µL
	αRNA-probe for 16S rRNA archaea (500 ng)

	x µL
	αRNA-probe for 23S rRNA archaea (500 ng)

	x µL
	αRNA-probe for 18S rRNA eukaryotes (1000 ng)

	x µL
	αRNA-probe for 28S rRNA eukaryotes (1000 ng)

	1 µL
	SUPERase•InTM RNase inhibitor

	2.5 µL
	20X SSC buffer (RNase-free)

	10 µL
	Formamide (100%)

	to 50 µL
	Nuclease-free water

















2. Place the tubes in a thermal cycler, and perform the hybridization reaction under the following conditions:
      - Keep at 70˚C for 5 min
      - Ramp down to 25˚C in steps of 5˚C for 1 min each 
        (i.e., 70˚C > 65˚C > 60˚C > 55˚C > 50˚C > 45˚C > 40˚C > 35˚C > 30˚C > 25˚C)
3. Remove the tubes from the thermal cycler and keep them at room temperature for 2-5 min.

4.3 – Binding of biotin-labelled probe:rRNA complexes to streptavidin-coated beads
1. Place the pre-washed streptavidin-coated beads (step 4.1) on the magnetic stand, and remove the supernatant.
2. Dilute the hybridization reaction to a total volume matching the initial volume of beads (i.e., 275 µL) with [1x SSC and 20% formamide]-buffer (for each 100 µL of buffer: mix 5 µL 20x SSC + 20 µL formamide + 75 µL nuclease-free water)
3. Add the hybridization reaction to the dried beads, flick vigorously to mix the beads and reaction mix.
4. Incubate at room temperature for 10 min, and flick occasionally to mix the beads and reaction mix.

4.4 - Bacterial mRNA retrieval
1. Quickly spin the tubes ensuring all hybridization reaction mix : bead suspension is on the bottom of the tube.
2. Place the tube on the magnetic rack for 2-3 min.
3. Transfer the supernatant to a 1.5 mL tube    >>>> this is the bacterial mRNA!
To obtain more bacterial mRNA:
4. Resuspend the beads in 275 µL of [1x SSC and 20% formamide]-buffer, quick spin the tubes, place them on the magnetic rack for 2-3 min.
5. Transfer the supernatant to the same 1.5 mL tube.    >>>> more bacterial mRNA.

4.5 - RNA purification & quality check
1. Purify and concentrate the bacterial mRNA using the RNeasy MinElute Cleanup kit and elute in 15 µl of water.
2. Analyze 1 µL of the purified RNA sample on the BioAnalyzer 2100 to confirm effective rRNA subtraction, efficient probe removal and RNA integrity.
3. Store RNA at -80˚C until further use.
_______________________________________________________________________________________________

5. METATRANSCRIPTOME SEQUENCING LIBRARY PREPARATION
The obtained RNA is enriched in bacterial mRNA following the depletion of rRNA and polyA(+)-mRNA and can be readily used for sequencing library preparation using commercial kits. We used the NEBNext Ultra Directional RNA Library Prep kit and followed the ‘Protocol for use with Purified mRNA or Ribosome-Depleted RNA’ (Illumina). 
_______________________________________________________________________________________________
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