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Abstract
This protocol describes the laboratory steps required to capture cpn60 gene fragments from microbial
community DNA obtained from an environment of interest. This approach facilitates the determination of
the taxonomic composition of a sample, providing information that spans all Domains of life \(Bacteria,
Eukarya, and Archaea). This method is independent of ampli�cation biases associated with PCR, and
provides a microbial community pro�le that is consistent with that generated using whole community
shotgun sequencing, with substantially less sequencing effort required for the same community
coverage. The protocol involves shearing the whole community genomic DNA by sonication, adding
Illumina index primers, then hybridizing the sheared DNA to biotinylated RNA probes that correspond to
the entire cpn60 reference database. Hybrids are selected using magnetic streptavidin beads, washed,
and sequenced using an Illumina MiSeq platform. The protocol involves approximately �ve hours of
hands-on time per sample over two days, along with a 24 hour hybridization step. In this protocol we
describe the major changes we have implemented using the manufacturer’s recommendations as a
starting point. We also provide tips and expected results.

Introduction
The taxonomic composition of the microbiota of various environments can be assessed in a variety of
ways. Most commonly, PCR-based ampli�cation and sequencing of microbial gene targets within the 16S
rRNA-encoding locus has been used. This method can provide a measurement of the microbial diversity
of a sample along with an inventory of the community members, but it is necessarily restricted to the
bacterial component of the microbial ecosystem. To access other Domains of life \(Eukarya, Archaea)
requires separate PCR ampli�cation using distinct primer sets, adding substantially to the cost and
complexity of this experimental approach. Moreover, biases associated with PCR are expected to alter the
observed community composition due to stochastic effects of primer interaction with a complex template
and due to the di�culties of targeting all organisms with a single set of PCR primers. Alternatively, whole
community shotgun sequencing can avoid the biases associated with PCR and the taxonomic
composition of the sample can be inferred by identifying taxonomic markers within the pan-community
dataset using bioinformatics. However, that approach is very costly, since typically under 0.1% of the
sequence reads correspond to taxonomic markers of interest, and even modern sequencing technologies
can be challenged to provide an adequate depth of coverage in taxonomically rich samples such as soil.
We have found that microbial community pro�ling using PCR ampli�cation and sequencing of
chaperonin-60 \(cpn60), in contrast to 16S rRNA-encoding genes, can identify multiple Domains of life
simultaneously \(1). To maintain this advantage while avoiding the ampli�cation biases associated with
PCR-based microbial community pro�ling methods, we have investigated the feasibility of exploiting the
features of solution-based hybridization to capture cpn60 DNA sequences without PCR to balance depth
of coverage with breadth of representation. A capture array \(MYbaits) based on the sequences
contained within the chaperonin database cpnDB \(2) \(www.cpndb.ca), including both type I \
(Bacteria/Eukarya) and type II \(Archaea) \(3) was designed and RNA baits were synthesized by
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MYcroarray \(http://www.mycroarray.com/). We have successfully used this bait library to assess
complex microbial communities from soil, bovine manure storage tanks, and a terrestrial pond, providing
a pan-Domain microbial community pro�le with a substantially lower sequencing effort than required for
shotgun community sequencing. 

Reagents
AMPure XP 5 ml kit - Beckman coulter \(Agencourt) #: A63880 High Sensitivity DNA kit \(for BioAnalyzer)
- Agilent #: 5067-4626 Amicon Ultra-0.5 ml Centrifugal �lters - Fisher Scienti�c #: UFC501096 Molecular
Biology Grade water - Fisher Scienti�c #: BP2819-100 Dynabeads MyOneTM Streptavidin - Life
Technologies #: 650-01 Qiaquick PCR puri�cation kit \(Qiagen # 28104, 28106) Herculase II Fusion DNA
Polymerase \(Stratagene #600677) Qubit BR and HS dsDNA assay kits - Life Technologies #: Q32850
100% ethanol - supplied locally General lab consumables \(microfuge tubes, PCR tubes, aerosol barrier
pipette tips, etc.) 10 N NaOH \(prepared within 1 week of executing the protocol) 0.1 N NaOH \(prepared
within 24 hours of executing the protocol)

Equipment
Bioruptor 300 \(Diagenode # B01020001) and tubes \(Diagenode #C30010015) Eppendorf 5415R or
5424 or MiniSpin plus microcentrifuge DNA LoBind tubes \(Eppendorf #022431021) Waterbath
LabQuake rotator \(Thermo Scienti�c #400110Q) Magnetic particle concentrator \(MPC) BioRad C1000
Thermocycler Qubit �uorometer \(Life Technologies) General lab equipment \(pipettors) Vortex mixer
Vacuum concentrator 2100 Bioanalzyer \(Agilent)

Procedure
Base protocols: • MYbaits User Manual Version 1.3.7 - 10/30/2012 • NEBNext Ultra DNA library prep kit
for Illumina instruction manual NEB cat no E73705 S/L The starting material is whole community
genomic DNA extracted from a community of interest. The mode of extraction is not very important, and
there is no need to take steps to prevent DNA shearing \(as the �rst step of the protocol involves shearing
the DNA using sonication). We routinely use a protocol \(4) that combines chemical, physical, and
enzymatic lysis steps to maximize the representation of various community members \(keeping in mind
that unlysed cells will not release DNA into the solution and hence will not be represented in the �nal
community pro�le). A. Preparation of DNA for hybridization 1. Dilute sample genomic DNA to 2.5 ng/µl in
100 µL of 10 mM Tris-HCl pH 8.0 \(2500 ng total). 2. Add sample to hydroshear tubes and sonicate the
sample using high power, 30 cycles of 30 seconds on/45 seconds off, with cooling to 4 °C. 3. Examine
the shearing results by running 1 µl of the sheared DNA on a High Sensitivity DNA kit for the Bioanalyzer.
See Figure 2 for an example of successful shearing results. Optimal fragment size is ~100-1000 bp, with
a peak around 200 bp – use further cycles in the hydroshear if necessary to achieve this. 4. Concentrate
the DNA using an Amicon YM-30 �lter membrane to a volume of less than 60 µl, then adjust the volume
to 60 µl using water or 10 mM Tris-Cl pH 8.0. 5. Determine DNA concentration using the Qubit �uorometer
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\(BR kit, one replicate to preserve sample). We typically see concentrations in the range of 2-4 ng/µl of
sonicated DNA, so that approximately 100-200 ng of DNA are used for adding Illumina adaptors \(step 7
below). 6. At this point it is important to record which Illumina index will be assigned to each sample so
that the sequencing information can be de-multiplexed after the Illumina sequencing is complete. The
degree of multiplexing will depend on sample complexity and the requirements of a particular experiment;
we have combined 8-12 soil samples on a single MiSeq run with suitable results. 7. Add Illumina
adaptors to the sample following the NEBNext Ultra DNA library prep kit for Illumina instruction manual.
At step 2.3 of that protocol, use size selection to target 300-500 bp insert size \(=400-600 bp of total
library fragment size). To achieve this, use 35 µl of Ampure beads in the �rst bead selection and 25 µl in
the second bead selection. 8. To add the indices to the samples, follow the NEBNext protocol in section
2.4, using 10 cycles of PCR and the recommended conditions. Purify the adaptor-ligated DNA using
Ampure beads as recommended. 9. Measure the DNA concentration using the Qubit \(HS kit, 2 µl). We
have observed concentrations of ~10-25 ng/µl. 10. Analyze 1 µl of a 1:5 dilution of the adaptor-ligated,
size-selected DNA using a Bioanalyzer HS DNA kit. An example of typical results is shown in Figure 3. 11.
The Bioanalyzer will provide sample data including average size and DNA concentration – we have used
the Qubit-determined DNA concentrations for subsequent calculations. We typically aim to get 500 ng of
DNA into the hybridization reaction, and approximately 25 µl of DNA should remain after preparing the
sample dilution for the Bioanalyzer and determination of DNA concentration using the Qubit. B.
Hybridization 1. Determine the volume of DNA required to have 500 ng total, and transfer that volume to a
new Eppendorf DNA LoBind tube. 2. Concentrate the DNA using a vacuum concentrator \(high setting,
with heat) to < 3 µl \(this typically takes 10 minutes in our experience), then adjust the volume to 3.4 µl
with water. Place the tubes on ice. 3. At this point, follow the MYbaits User Manual \(Version 1.3.7 -
10/30/2012) precisely. We have used a hybridization time of 24 hours. 4. For post-capture ampli�cation,
we have used Herculase II Fusion DNA polymerase as recommended in the protocol with success. We
have also used the NEBNext High Fidelity PCR mastermix with success. For both polymerases, be sure to
use the universal primer and the appropriate index primer from the NEBNext kit, and use 15 cycles of PCR
using the same conditions used for index addition \(section A, step 8 above). 5. Although the protocol
stipulates that the reaction should be puri�ed using Qiaquick columns, we have found that this can result
in the co-puri�cation of small DNA fragments that are anticipated to interfere with subsequent
sequencing \(Figure 4A). Therefore we have puri�ed the post-capture PCR product using Ampure beads
as recommended in the NEBNext protocol \(section 2.5), which has eliminated this artifact \(Figure 4B).
6. Determine the DNA concentration using Qubit HS dsDNA kit, and analyze 1 µl of a 1:5 dilution using a
Bioanalyzer HS DNA chip. We have typically observed concentrations in the 3-11 ng/µl range. C.
Preparing samples for sequencing \(MiSeq) Follow the Illumina protocol 15039740 rev. D., with
suggestions below: 1. Prepare a 4 nM pool using the DNA concentrations \(fmol/µl, or nM) reported by
the Bioanalyzer. This calculation should be more accurate than the Qubit �uorometer because it takes
fragment size into account. Depending on the number of samples that will be pooled for a single run,
dilute each sample to the appropriate concentration such that the �nal total is 4 nM. Note that only 5 µl of
the 4 nM pool is required for the sequencing reaction, but typically a much larger volume is prepared \(eg
100-200 µl) to provide reasonable pipetting volumes \(i.e. > 1 µl). 2. We have successfully used a �nal
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concentration of 8 pM of denatured library. This has provided su�cient cluster density and good
sequence quality. Also include denatured phiX174 DNA \(12.5 pM if using V2 chemistry), prepared
according to the manufacturer’s recommendations.

Timing
The overall time required to perform the procedure on a single sample is approximately 3-4 hours on day
1 and approximately 3 hours on day 2, excluding hybridization time \(24 hours). Many samples can be
done at once \(we have done up to 8 simultaneously).

Troubleshooting
The recommended thermocycler to use for hybridization is a BioRad C1000 and we have not varied from
this. Regardless of the manufacturer, the thermocycler must have a heated lid and an evaporation test
should be performed to ensure that evaporation loss is less than 15%, as described in the MYbaits
manual. The hybridization time is one place where optimization of this protocol could be undertaken. We
have successfully used both 24 and 48 hours of hybridization time, but we have not performed a formal
experiment to assess the effect of hybridization time on the e�ciency of cpn60 target capture.

Anticipated Results
See �gure in Figures section. See �gure in Figures section. See �gure in Figures section.
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Figure 1

schematic Approaches to microbial community pro�ling.
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Figure 2

DNA shearing Typical results of DNA shearing to prepare samples for Illumina index addition. Lanes 1-4,
DNA isolated from manure storage tanks; lanes 5-8, the same DNA samples after shearing using the
conditions provided in section A, step 3.

Figure 3

Shearing and adaptor ligation Results observed on sheared DNA samples after adaptor ligation and size
selection as described in section A, steps 7-10. Lanes 1-6, DNA isolated from manure storage tanks; lanes
7-8, DNA isolated from a terrestrial pond.
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Figure 4

Post-capture DNA cleanup Effect of post-capture DNA cleanup. A. Samples puri�ed using QiaQuick
columns as recommended by manufacturer. Lanes 1,3,5, DNA prior to hybridization; lanes 2,4,6, post-
capture DNA puri�ed by QiaQuick columns. B. Post-capture samples puri�ed using Ampure beads.
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