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Abstract

Improvements and standardization of nucleic acid extraction methods are
needed to meet the needs of microbiome research, in order to provide
the most unbiased representation of the sample. We investigated multiple
methods to identify an automation-friendly improved protocol.

We extracted inhibitor-free DNA and RNA simultaneously from human
microbiome samples. Yield and purity were evaluated using spectrophotometric
and fluorometric assays, bacterial content was analyzed with PCR and
sequencing-based assays, and inhibitor removal was investigated using
specialized PCR assays. The most promising approaches were evaluated
for their suitability for automation on a liquid handling device.

The resulting method provides a useful microbiome extraction technology
which is suitable for a wide spectrum of human microbiome samples
and is equally efficient at isolating DNA and RNA. Having an unbiased,
high-efficiency, widely applicable nucleic acid extraction method will aid
standardization and comparability across microbiome samples.

Comparison with other methods: Yield

The newly developed method was benchmarked against other magnetic-bead based microbiome or
fecal /stool protocols from other suppliers.
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Higher extraction yields than with existing methods. The new and optimized EZ2 PowerFecal method presented here performs better than
existing methods.

Sample to Insight

Lysis and chemistry optimization

We investigated every aspect of the extraction process in large experimental matrices to find
improvements in performance, comparing lysis methods and chemistries to determine the combinations
that enable both RNA and DNA extraction at improved efficiencies.
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Lysis method optimization. Mechanical lysis is the most efficient method for extracting microbiomes. Though compatible with the extraction,
addition of enzymatic lysis to the mechanical lysis does not improve yield or change community composition.

Nucleic acid, pg
160

“ am. L me Bs ! me me. Bae Hao ma. ma Haf iLI

Wash 1 | Wash1  Wash2 | Wash1  Wash2 | Wash1  Wash2 | Wash1  Wash2 | Wash1  Wash2 | Wash1  Wash 2
Bind condition 1 Bind condition 1 Bind condition 2 Bind condition 2 Bind condition 3 Bind condition 3
—RNase A +RNase A —RNase A +RNase A —RNase A +RNase A —RNase A
Spinref | Bead ref New lysis and inhibitor removal technology
QA PF Pro | QS PF Pro New method
@ UV-Vis (NanoDrop®) @ Fluorometric DNA (Qubit®) Fluorometric RNA (Qubit)

Chemistry optimization. Multiple combinations of lysis, inhibitor removal technology, bind, and wash chemistry were investigated to optimize
the binding on magnetic beads. QA PF Pro: QlAamp® PowerFecal Pro; QS PF Pro: QlAsymphony PowerFecal Pro.

Comparison with other methods: Purity

Stool samples are often inhibitory and difficult to extract pure nucleic acid from. This can be seen in
the performance of many competing methods. The new EZ2 PowerFecal protocol efficiently removes
inhibitors.

EZ2 PowerFecal Pro-total NA EZ2 PowerFecal Pro-total NA EZ2 PowerFecal Pro-total NA EZ2 PowerFecal Pro-total NA
40 40 30 40
o 30 . 30 g 25 g
5 5 5 -
3 3 3 E]
g 20 E 20 E 15 g 20 N
10 Y g s Y
£ £ £ E
N H s g
0 0 0 0
-10 -10 75 -10
1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127
Supplier P Supplier P Supplier P Supplier P
9 8
s N ™ g’ g ° g
£ s N\ £ 2 £ £
5 H H H
i Z : i
g o2 g1 ) H
£ 5 = B
S S 8 =
0 o 0
225 4 2
220 226 232 238 244 250 256

Supplier T Supplier T Supplier T Supplier T

8 5 9
6 3,75 6,75
M
4 5 s as
2 £ s 225
B
&
o [ 0
-2 1,25 2,25
17 1319 25 31 37 43 49 55 61 67 73 79 85 91 97 103109 115121127

banc:

bsr

10mmAbsrobance
10mmAbsrobance
10mmAbsrobance

w
-
(]
o
Supplier Z Supplier Z Supplier Z Supplier Z &
1 8 1 e
2
L]
105 6 105 9
8 8 8 8 -
g g g 2
£ 2. 2 £ 6 o
g g H H =
2 2 2 2 —
g s - g s g s )
B E E £
H H ] H]
0 o o 0 £
2 s (
17 1319 25 31 37 43 49 55 61 67 73 79 85 91 97 103109115 121127 1 97 103109115121 127 -—
’ : . , n
Supplier O Supplier O Supplier O Supplier O =
3 s X
L 235 . 4 g g 3
g £ s 5
£ 15 £ s 2 £ 25
H g g H
2 2 E: E
T o E o1 S E o
E E E | 2
8 s g s
L 0 0
0,75 15 1,25
T 91 97 103109115 121127

Supplier M Supplier M Supplier M Supplier M

08 14
06 1,05 135
s 8
H 2
5 H
04 £ o7 € 09
8 s
<
02 E 035 0,45
E
1
0 0 o
0,2 -0,35 0,45
220 226 232 238 244 250 256 262 268 274 280 286 292 298 304 310 316 322 328 334 340 346 1 7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97 103109115121127

Better purity results than with existing methods. The discordant yield values from Supplier O are explained by the impurities seen by
UV-Vis. Supplier Z and, to some degree P and T, also have impure eluates. This highlights the importance of using more than one analysis method to
measure yield and purity.
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High and specific yields of DNA and RNA

Lysis and chemistry findings were used to create an optimized chemistry which was then benchmarked
against established protocols.
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Efficient removal of inhibitors. Extracted eluates were spiked into a qPCR assay for an internal control. ACq was measured to detect the internal
control to measure inhibition when water was used as a template.

Highly consistent sequencing results
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Amplicon sequencing. 16S V4 rRNA was profiled by Illumina amplicon sequencing from two extraction methods under comparison
(automated, magnetic-bead-based EZ2 PowerFecal Pro vs. spin-based PowerFecal Pro). Highly similar community compositions indicate the
reproducibility of the new method.
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Principal coordinate analysis. Analysis based on the

Bray-Curtis dissimilarity matrix underlines the similarity of

the microbial profiles, derived from two different nucleic

‘Stool ] acid extraction protocols. The data points cluster by stool
sample not by extraction protocol.
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The methods and products presented here are intended for molecular biology applications. These methods and products are
not intended for the diagnosis, prevention, or treatment of a disease. For up-to-date licensing information and product-specific
disclaimers, see the respective QIAGEN kit instructions for use or user operator manual. QIAGEN instructions for use and user
manuals are available at www.qgiagen.com or can be requested from QIAGEN Technical Services (or your local distributor).

Chemistry improvements streamline workflow
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DNA extraction workflow with the
QlAamp PowerFecal Pro DNA Kit.

Nucleic acid extraction workflow with
the EZ2 PowerFecal Pro DNA/RNA Kit.
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Viral extraction verified by dPCR
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PMMoV detection by digital PCR. A dPCR assay against PMMoV (Pepper mild mottle virus, a common indicator target in stool or wastewater)
shows high sensitivity and comparable results between the established manual method and the new automated method on the EZ2. RNY PF Pro:
RNeasy PowerFecal Pro; EZ2 PF Pro: EZ2 PowerFecal Pro.

Conclusions

Optimizing an automated nucleic extraction workflow allowed us to both streamline the workflow
and improve performance in terms of yield and purity, while maintaining the community composition
seen by the widely used PowerSoil Pro/PowerFecal Pro manual extraction procedures. We believe
this improved method using the EZ2 instrument will assist researchers investigating the microbiome:

® High and specific yields of DNA and/or RNA using the same kit
® Automated, streamlined workflow
® |solation of bacterial, archaeal, fungal and viral nucleic acids

® Optimized for inhibitory substances like stool. External testers have successfully used the method
on skin, genital, and oral swabs, and other human microbiome samples.

Trademarks: QIAGEN®, Sample to Insight®, QlAamp®, EZ2®, PowerFecal®, PowerSoil®, QuantiFast®, RNeasy® (QIAGEN Group);
NanoDrop®, Qubit® (ThermoFisherScientific Inc.). Registered names, trademarks, etc. used in this document, even when not
specifically marked as such, may still be protected by law.

QPRO-7777 08/2024 © 2024 QIAGEN, all rights reserved.




