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Abstract

Assessment of genomic LNA (gDNA) extraction efficiency is required for accurate
bacterial quantificatior. “v 4PCR. Exogenous DNA molecules are often added after
bacterial cultures a.~ 1,~2d, but before DNA purification steps, to determine extraction
efficiency. Herein we found that different exogenous DNA controls have different
recovery rates, suggesting distinct DNA extraction efficiencies. Recovery rates are also
affected by the gDNA extraction method being more affected in silica-based columns
than in phenol-chloroform extraction. Overall, we determined that the use of long DNA
fragments, such as gDNA, as exogenous controls have a higher recovery rate than use

of smaller size DNA molecules.

Main text

Quantitative PCR (qPCR) is a well-established method to quantify bacteria and is used

in multiple types of biological samples (Edslev et al., 2021; Pacha-Herrera et al., 2020;



Yin et al.,, 2021). Overall, bacterial quantification by gPCR requires nucleic acid
extraction followed by the thermal amplification process. Variability in nucleic acid
extraction efficiency can lead to significantly different concentrations of RNA (Magalhaes
et al., 2019) or DNA extracted from similar samples (Greathouse et al., 2019). To quantify
this inherent technical variability, the utilization of exogenous controls has been proposed
as a method to normalize total nucleic acid extraction (Johnston et al., 2012; Revilla-
Fernandez et al., 2005). This is of utmost importance when quantifying bacterial species
by DNA extraction, as the lack of adequate controls hinders comparison of results
between studies (Ducarmon et al., 2020; Schwager et al., 2018).

We previously observed that, for lower bacterial concen. stions, a luciferase cDNA
exogenous control was not sufficient to accurately quantify L. ~te.ial populations in three
species consortia, when using a silica-column based ext ~«uz.i commercial kit (Cerca et
al., 2022). We hypothesized that the low DNA mass a1 ~''.h small exogenous controls
could result in a very low recovery rate in the DN/. ¢ntiaized silica columns commonly

used for genomic DNA (gDNA) extraction, which co.' 1 bias quantification.

To test this hypothesis, Gardnerella vaginalix A1 CC 14018T was grown in culture, as
previously described (Rosca et al., 207.¢) bocterial suspensions with culture densities
ranging from 3 x 108 cells.mL-1 to 1 » "0’ cells.mL-1 were prepared in PBS 1x. Each
culture was divided in equal aliquo.> and gDNA was extracted with either the DNeasy
Ultraclean Microbial Kit (QIAGEN’, .sing the manufacturer’s instructions with minor
modifications (Cerca et al., 207 2), >r with the classical phenol/chloroform method (Kumar
and Mugunthan, 2018). A m.‘ture containing three different exogenous controls, namely,
commercially available !icife,ase cDNA (Promega) (10 pL of 108 copies of luciferase
cDNA, with 67 bp), 10 uL ¥ 1 ng.uL-1 Staphylococcus epidermidis gDNA (2.6 Mb, (NCBI,
2005), extracted with DNeasy Ultraclean), and 10 pL of 1 ng.uL-1 of a plasmid (piMAY,
5473 bp (Monk et ai., 2012)), was spiked before DNA isolation to determine the % of
DNA recovered, in both methods. The recovery rate was calculated as the difference
between the qPCR cycle threshold of the target gene in the DNA samples versus the
cycle threshold of the pure exogenous DNA controls, at equivalent concentrations. DNA
concentration and purity were measured using a Nanodrop one (Thermo-Scientific).
Three extractions per independent condition were performed. The gPCR runs were
performed in a CFX Connect Real-Time PCR Detection System (Bio-Rad) with the
following cycle parameters: 95°C for 3 min, followed by 40 cycles of 95°C for 5 s and
60°C for 20 s. The gPCR amplifications were conducted in 10 uL reaction mixtures,
containing 5 pL of Xpert Fast SYBR MasterMix (Grisp, Porto, Portugal), 1 pL of primer
mixture (10 uM), 2 uL of DNase free water, and 2 L of a 1:40 dilution of extracted gDNA.



Three control reactions (one for each exogenous control) were performed in triplicate.
To assess the efficiency of gDNA extraction and to calibrate fluorescence intensity
between qPCR runs, a control was used by adding 2 pL of 1:200 of each exogenous
control tested to all independent gPCR runs. Melt-curve analysis was performed to
ensure the absence of unspecific products and primer-dimers. The primers used to
quantify the target genes were previously developed: Fw
CAACGGTATCCTGACCGTCT,; Rv CCTTGCAAAGGCAGTTAAGC for G. vaginalis
detection (Sousa et al., 2021); Fv TACAACACCCCAACATCTTCGA and Rv
GGAAGTTCACCGGCGTCAT for luciferase detection (Magalh&es et al., 2019), Fw
TACATGTCAAGAATAAACTGCCAAAGC and Rv AATACCTGTGACGGAA
GATCACTTCG for piMAY detection (Monk et al., 2012). and Fv TCAGACG
ACATCATTGCGCT; Rv ACGTTGTCCCCTTATCTCCTC fo S. epidermidis gDNA
detection (Bras, 2020). Primer specificity at 60°C was € xpel mentally determined. gPCR
amplification efficiency was determined through .2 slope of a standard curve,
constructed with serial dilutions of DNA. Efficienc =s viere 94% for G. vaginalis, 100%
for luciferase, 89% for piIMAY, and 90% for S epidermidis primers. Statistical analysis

was performed using an unpaired-samples t-."st \p < 0.05).

As previously shown (Greathouse e al, 2019), for the same initial bacterial loads,
different gDNA yields were observad, fron. a minimum of 1.5x fold variation, in samples
extracted with Ultraclean at 1 x 1Z%ce!'s.mL-1, to a maximum of 6.6x fold variation, in
samples extracted with phenol/~hl.r~.fom at 3 x 108 cells.mL-1. On average we found a
3.3x fold variation in gDNA €xu ~ction yields for the same initial bacterial load (Table 1).
Without normalization of the dn2rent gDNA extraction efficiencies, performing calibration
curves for gPCR quartificot.on would result in significant quantification errors, as we
have previously s'.~w.. (Cerca et al., 2022). Not surprisingly, gDNA extraction with the
phenol/chloroform met1od yielded more gDNA than the silica-column based approach
(Ibrahim and Nassar, 2018; Schiebelhut et al., 2017), except at very low bacterial

concentrations, where both extraction methods yielded similar results.

Table 1. Variability in gDNA extraction efficiency of pure G. vaginalis cultures adjusted to specific
concentrations, using two different extraction methods. DNA concentration and purity was

assessed by Nanodrop (Thermo-Scientific).

Ultraclean kit Phenol/ chloroform method




Assay Bacterial DNA A260/280 A260/A230 DNA A260/280 A260/A230

concentration yield yield

(cells.mL-1) (ng.uL-1) (ng.uL-1)
1. 3 x108 41.8 1.84 0.28 228.3 1.91 2.85
2. 25.7 1.82 0.15 41.9 1.85 2.44
3. 48.9 1.90 2.22 235.9 1.92 2.76
1. 1x108 4.4 1.72 0.14 53.9 1.84 2.69
2. 6.6 1.83 1.29 16.4 1.83 271
3. 6.8 1.85 1.22 59.9 1.79 2.59
1. 3 x 107 1.8 1.32 0.23 12.7 1.78 2.59
2. 3.8 131 0.51 43.0 1.70 2.38
3. 25 1.56 0.67 2n.7 1.52 1.85
1. 1 %107 0.2 1.09 0.00 1.6 1.20 1.56
2. 0.7 1.33 0.13 1.2 1.58 1.82
3. 0.9 0.92 0.14 1.2 1.38 1.93

When analysing the recovery rate of the 3 exogehgu;ontrols by both methods, it
became aparent that the variability observed in thi: gC"NA yield was further aggravated.
Generally, a lower recovery rate was observed in .amples with a lower total gDNA
(Figure 1). Interestingly, experiments perfcrr.ed with DNA obtained by the phenol-
chroroform extraction method presenter s\ nilar extraction efficiencies, suggesting that
the size and conformation of the exoy~nuus controls had little effect on the exogenous
control recovery rate. However, fo, the silica column-based extraction method, recovery
rates were strongly affected by th : 1 .ctiire of the exogenous controls, at 3 x 108 cells.mL-
1to 1 x 107 cells.mL-1. For the > ~unure densities, piMAY presented a significantly lower
recovery rate than S. epide miu.3 gDNA, while luciferase showed a significantly lower
recovery rate than the gbL.'A exogenous control at 3 x 108 cells.mL-1. The main
differences between ex.action methods were observed when using piMAY as an
exogenous controt, v."ereln, in 2 out of the 4 bacterial densities tested, the recovery rates

by the two methods v.cre statistically different (Figure 2).



Silica-columns based extraction Phenol/chloroform extraction
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Figure 1. Variabilit:* o, aD'lA extraction efficiency of G. vaginalis cultures with different
bacterial concentration ;s for each exogenous control and for the two different extraction
methods.



Silica columns based extraction Phenol/Chloroform extraction
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Figure 2. Quantitative differences between DNA extraction methods and the recovery rate
of the exogenous controls. The bars .~present the mean and the standard deviation of 3
independent assays. * represents a s (is Ical significance between each extraction method (Two-
way ANOVA, Turkey’s multiple c-'mpe-isons test, p < 0.05).

Overall, these data s upp.rt our initial hypothesis that differential affinity for the silica-
columns can impact . acierial quantification by gPCR. Despite the better performance of
the phenol/chlorofori extraction method, researchers often use silica-based protocols,
due to greater time constraints and the utilization of toxic chemicals in the classical
phenol//chloroform method (Ali et al., 2017). Importantly, we have shown that when using
an exogenous control composed of gDNA molecules unrelated to the target genome, the
recovery rates were similar in both DNA extraction processes (Figure 2). This leads us
to conclude that, for silica-based columns that are optimized for gDNA extraction,
exogenous controls should also be composed of unrelated gDNA molecules.
Alternatively, as shown recently, commercially available bacterial community standards

can also be used as exogenous controls (Scarsella et al., 2021).



Funding

This work was partially funded by the Portuguese Foundation for Science and
Technology (FCT), with the strategic funding of the unit (UIDB/04469/2020). It was also
partially funded by the National Institute of Allergy and Infectious Diseases
(RO1AI146065-01A1 to CAM). The funders had no role in study design, data collection
and analysis, decision to publish, or preparation.

Author contributions

NC and CAM designed the experiments. LS and FM performed the DNA extractions.
AL performed the qPCR experiments. AL and NC drafted the manuscript. All authors
critically reviewed and approved the final manuscript.

Declaration of Competing Interest

The authors declare that they have no known comp~finy rinancial interests or personal
relationships that could have appeared to influencr, \~e contents of this manuscript. the
contents of this manuscript.

References

Ali, N., Rampazzo, R.D.C.P., Costa, . Di I., Krieger, M.A., 2017. Current Nucleic Acid
Extraction Methods and Their Implic. tions to Point-of-Care Diagnostics. Biomed
Res. Int. 2017, 1-13. https://do..2rg/10.1155/2017/9306564

Bras, S., 2020. The adaptation o. Sitaunylococcus epidermidis commensal and clinical
isolates to human blood: “nv search for molecular diagnostics markers. University
of Minho.

Cerca, N., Lima, A., Frange., A., 2022. Accurate gPCR quantification in polymicrobial
communities require ~ as sessment of gDNA extraction efficiency. J. Microbiol.
Methods 194, 1- 4. 1.'tps://doi.org/10.1016/].mimet.2022.106421

Ducarmon, Q.R., Hoi.~ung, B.V.H., Geelen, A.R., Kuijper, E.J., Zwittink, R.D., 2020.
Toward Standard. in Clinical Microbiota Studies: Comparison of Three DNA
Extraction Methods and Two Bioinformatic Pipelines. mSystems 5, 1-16.
https://doi.org/10.1128/msystems.00547-19

Edslev, S.M., Olesen, C.M., Ngrreslet, L.B., Ingham, A.C., Iversen, S., Lilje, B.,
Clausen, M.L., Jensen, J.S., Stegger, M., Agner, T., Andersen, P.S., 2021.
Staphylococcal communities on skin are associated with atopic dermatitis and
disease severity. Microorganisms 9, 1-17.
https://doi.org/10.3390/microorganisms9020432

Ibrahim, N., Nassar, S., 2018. Comparing the Efficiency in DNA Extraction between
Organic Phenol and Magnetic Beads Methods. Zagazig J. Forensic Med. 16, 10—
16. https://doi.org/10.21608/zjfm.2018.2419.1007

Johnston, S., Gallaher, Z., Czaja, K., 2012. Exogenous reference gene normalization
for real-time reverse transcription-polymerase chain reaction analysis under
dynamic endogenous transcription. Neural Regen. Res. 7, 1064-1072.
https://doi.org/10.3969/j.issn.1673-5374.2012.14.004



Kumar, M., Mugunthan, M., 2018. Evaluation of three DNA extraction methods from
fungal cultures. Med. J. Armed Forces India 74, 333—-336.
https://doi.org/10.1016/j.mjafi.2017.07.009

Leigh Greathouse, K., Sinha, R., Vogtmann, E., 2019. DNA extraction for human
microbiome studies: The issue of standardization. Genome Biol. 20, 1-4.
https://doi.org/10.1186/s13059-019-1843-8

Magalhées, A.P., Franca, A., Pereira, M.O., Cerca, N., 2019. RNA-based qPCR as a
tool to quantify and to characterize dual-species biofilms. Sci. Rep. 9, 1-12.
https://doi.org/10.1038/s41598-019-50094-3

Monk, I.R., Shah, I.M., Xu, M., Tan, M.W., Foster, T.J., 2012. Transforming the
untransformable: Application of direct transformation to manipulate genetically
Staphylococcus aureus and Staphylococcus epidermidis. MBio 3.
https://doi.org/10.1128/mBi0.00277-11

NCBI, 2005. Genome assembly ASM1192v1 [WWW Docur..20t;. URL
https://www.ncbi.nlm.nih.gov/data-hub/genome/GCF_100)11925.1/

Pacha-Herrera, D., Vasco, G., Cruz-Betancourt, C., Ge'arz:, J.M., Barragéan, V.,
Machado, A., 2020. Vaginal Microbiota Evaluati: n and Lactobacilli Quantification
by gPCR in Pregnant and Non-pregnant Wor.c. * ~ Pilot Study. Front. Cell. Infect.
Microbiol. 10, 1-13. https://doi.org/10.3389/fc.mb 2020.00303

Revilla-Fernandez, S., Wallner, B., Truschner, .”., Benczak, A., Brem, G., Schmoll, F.,
Mueller, M., Steinborn, R., 2005. The 1<~ of endogenous and exogenous
reference RNAs for qualitative and au. ntitative detection of PRRSV in porcine
semen. J. Virol. Methods 126, 2] -30
https://doi.org/10.1016/j.jviromet..2")5.01.018

Rosca, A.S., Castro, J., Cerca, N., 220. Evaluation of different culture media to
support in vitro growth and t.o'.'m formation of bacterial vaginosis-associated
anaerobes. PeerJ 8, €9917.  rtrs://doi.org/10.7717/peerj.9917

Scarsella, E., Zecconi, A., C'nun. M., Stefanon, B., 2021. Characterization of
microbiome on feces. L.~od and milk in dairy cows with different milk leucocyte
pattern. Animals 11. 1- 4. https://doi.org/10.3390/ani11051463

Schiebelhut, L.M., Ab oul, S.S., Gomez Daglio, L.E., Swift, H.F., Dawson, M.N., 2017.
A comparisor. °f 0Ny extraction methods for high-throughput DNA analyses. Mol.
Ecol. Resour. 17, 721-729. https://doi.org/10.1111/1755-0998.12620

Schwager, E., Crabtree, J., Ma, S., Quality, T.M., 2018. Assessment of variation in
microbial community amplicon sequencing by the Microbiome Quality Control
(MBQC) project consortium. Nat Biotechnol 35, 1077-1086.
https://doi.org/10.1038/nbt.3981.Assessment

Sousa, L.G.V,, Castro, J., Francga, A., Almeida, C., Muzny, C.A., Cerca, N., 2021. A
New PNA-FISH Probe Targeting Fannyhessea vaginae. Front. Cell. Infect.
Microbiol. 11, 1-9. https://doi.org/10.3389/fcimb.2021.779376

Yin, C., Schlatter, D.C., Kroese, D.R., Paulitz, T.C., Hagerty, C.H., 2021. Impacts of
lime application on soil bacterial microbiome in dryland wheat soil in the Pacific
Northwest. Appl. Soil Ecol. 168, 104113.
https://doi.org/10.1016/j.apsoil.2021.104113



Declaration of interests

The authors declare that they have no known competing financial interests or personal
relationships that could have appeared to influence the work reported in this paper.

The authors declare the following financial interests/personal relationships which may be
considered as potential competing interests:




e gDNA isolation process has inherent variability
e Addition of exogenous DNA controls are often used to normalize extraction efficiency.
e The size of the exogenous DNA can impact normalization efficiency.



