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The benchguide protocol below only describes how to use the Qiagen kit to purify DNA that has
already been extracted, and is thus a modified version of the original Qiagen protocol. You can
consult the DNeasy Plant Handbook for more information. Benefits Standardized method for a
variety of sample types. High yields even from specialized samples. Highquality DNA. Optimized
protocols for a range of starting materials. Spincolumn and 96well highthroughput formatsHigh
yields even from specialized samples. Spincolumn and 96well highthroughput formats Read Review
Read Review Read Review Read Review Read Review Read Review All rights reserved. Find
products. Free subscription. Female Ref DNA FFPE tissue specimens were excised from primary
breast tumors using a sterile disposable biopsy punch 1.5mm diameter, excess paraffin was
removed, residual tissue was manually minced using sterile scalpel blades before starting the DNA
isolation. Following the DNA extraction DNA, DNA yield were quantified spectrophotometrically and
the average size of extracted DNA molecules was assessed on 1.5% agarose gel supplemented with
ethidium bromide. Reference DNA samples were extracted using the DNeasy blood and tissue Kit
Qiagen from mononuclear cells obtained from peripheral blood following gradient centrifugation in
65% percoll soultion. Following the average DNA fragments size was assessed on 1.5% agarose gel
supplemente with ethidium bromide. FFPE tissue specimens were excised from primary breast
tumors using a sterile disposable biopsy punch 1.5mm diameter, excess paraffin was removed,
residual tissue was manually minced using sterile scalpel blades before starting the DNA isolation.
Following the average DNA fragments size was assessed on 1.5% agarose gel supplemente with
ethidium bromide. Supplementary
file.http://elrey-uslugi.ru/media/canon-sx110-manual-download.xml

dneasy manual, dneasy powersoil kit manual, qiagen dneasy manual, dneasy manual,
dneasy manual, dneasy manual, qiagen dneasy manual.

A thorough study was performed by evaluating extraction efficiency with respect to the yield, purity,
fragmentation of the purified DNA, and sequencing metrics considering the number of quality reads,
amplicon sequence variants ASVs, community structure and biodiversity. We identified batcheffects
that significantly bias broiler gastrointestinal tract GIT community compositions and made
recommendations to improve sensitivity, consistency, and crossstudy comparability. The preparation
of stool bacterial suspensions from feces showed a significant positive influence on community
biodiversity by enriching Gramnegative bacteria and cataloguing low abundant taxa with greater
success than direct processing of fecal material. Applications relying on the automated Roche
MagNa Pure 24 magneticbead based method provided results with high consistency therefore it
seems to be the optimal choice in largescale studies for investigating broiler GIT microbiota. As the
gastrointestinal tract GIT microbiota is a major determinant of intensive poultry growth, health and
immune status through effects on nutrient digestion and absorption, exploring the bacterial
phylogeny of the chicken GIT is of the utmost interest 3. NGS based metagenomic applications are
able to overcome the limitations of traditional culturebased methods by classifying a multitude of
formerly uncultivable microbiota and determining compositional profiles and dynamics of the
microbial communities 4, 5. Inappropriate DNA purification protocols can lead to errors in the
estimation of microbiota community composition 6. Furthermore, there is no standard approach or
single best protocol for 16S rRNA marker genebased metagenomics surveys. Different metagenomic
applications may lead to overrepresentations of some taxa and the omition of those with low
abundance. Nevertheless, the exact composition of the biospecimen may also influence the
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performance of applied protocols 7.http://davidfoleyinc.com/userfiles/canon-sx110-user-manual.xml

Therefore, the choice of proper metagenomic DNA extraction method is critical and has to be
appropriate for the biological questions being asked 6, 7, 8, 9, 10, 11. Numerous studies indicate
that the combination of multiple extraction procedures applied to a single microbial environment
helps reduce taxa representation biases associated with individual methods 6, 9, 12. Currently, a
number of metagenomic studies rely on a wide range of commercially available kits 13, 14. This is
due to their short handson time and adaptability to robotic platforms when conducting
highthroughput studies. Traditional, nonkitbased DNA purification approaches are also being used
for costefficient purification of microbial DNA samples. In applications, sample homogenization,
bacterial lysis and DNA purification techniques are important sources of technical variations, which
can significantly distort the apparent composition, structure and diversity of the microbiota 11, 13,
14, 15, 16. Because of the fact that stool samples differ substantially, specimen homogenization is
vital. Nevertheless, the choice of homogenization strategy can obscure biologically meaningful
differences. Bacteria present in the fecal matrix are not freefloating single organisms, but prefer to
live in surfaceassociated communities where they adhere to biomaterials on the basis of nutritional
and protective benefits 17, 18, 19, 20. The disruption of the bacteria with rigid cell walls and
different membrane structures affects the effectiveness of polymerase chain reaction PCRmediated
metagenomic approaches, therefore the choice of the method affects the quantity, quality,
distribution and diversity of nucleic acid molecules 21, 22, 23, 24, 25.

The principle of DNA separation methods magnetic bead, silica column, precipitation adapted to
manual or automated platforms largely influences the yield of the target DNA and the removal of
residual PCR inhibitors, which are sources of pitfalls in nucleic acid amplifications 21, 22.
Furthermore, high degree of standardization can be achieved by using automated extraction
platforms, which minimize interoperator variability and handson time 19. It has also been
demonstrated that the yield and, purity of extracted DNA are important determinants of the number
of sequenced reads 23, 24. It is challenging to achieve sufficient reproducibility in 16S rRNA gene
based nextgeneration sequencing NGS surveys. Different metagenomic DNA purification methods
have different biases, which can significantly impact the results. Therefore, it is important to
compare different DNA purification protocols and establish their advantages and limitations. The
current study was prompted by the lack of adequate methodologies of metagenomic DNA extractions
from feces with biotic and abiotic contaminants. Figure 1 Detailed delineation of the different stages
of metagenome DNA extraction approaches involving sample homogenization H, lysis protocols L,
DNA purification methods P. Direct lysis of the biologically diverse faces raw specimen RS has the
power to get access to both planktonic and sessile cells. Processing bacterial suspension BS
obtained by multiple washing steps freefloating bacteria can be separated from the indigestible
compounds of the feces and manure particles. To compare the efficiency of lysis methods in
disintegrating Grampositive and Gramnegative cell boundaries, bead mill L1, chemical cell
disruption L2 based techniques and the mixture of those L3 were performed. DNA yield, quality,
sequencing metrics and biodiversity Several DNA extraction protocols have been tested for fecal
microbiota community profiling. In 16.6% of the purified samples PCR amplification was inhibited.

https://formations.fondationmironroyer.com/en/node/13272

Figure 2 The effect of DNA yield and quality on downstream sequencing and observed community
diversity. a On the Y1 axis of the DNA integrity DIN data are displayed for every sample elutes
A1H12 sequestering high molecular weight HMW and low molecular weight LMW samples. Display
of genomic DNA integrity DIN was done automatically by the TapeStation Analysis Software on the
basis of the electropherogram intensity of the samples. Y4 axis presents sequencing metrics number
of identified genus, number of ASV. Data shown are mean values with standard deviations. Violin
plots represent the distribution of HMW vs. LMW DNA bands. d ROC represents the influence of
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extraction efficiency and suitability of the isolated nucleic acids quantities in downstream library
preparation. e Significant differences observed in parameters between sample homogenizations. The
highest DNA concentrations were obtained by feces homogenization by stirring RS. S1, S9, S2, S10
designate MagNa Pure 24 robotic methods, S3S5, S11S13 represent Qiagen kitbased manual
methods, and S6S8, S14S16 denote conventional, phenolchlorophorm DNA purification methods.
Regarding the RS samples, S7 surprisingly performed the worst, whereas the highest biodiversity
was achieved by S1, which at the same time generated the lowest read counts. This paradox was
also observable in the case of S16 providing the second highest biodiversity and the lowest read
counts. In the case of the BS samples, conventional DNA extraction approaches and the MagNa Pure
24 method with Pathogen 200 protocol resulted in high diversity estimates, while the commercial
QIAmp kits S11, S12 recovered the least diverse communities. The Qiagen DNeasy Power Soil Kit
produced similar diversities regardless of the sample homogenization method. Figure 3 Overall
performance of the concomitant batcheffects of 16 stool community DNA isolation approaches.

S1S16 designate metagenomic DNA isolation methodologies performed on raw specimens
homogenized with stirring RS or washing to obtain bacterial cell suspensions BS. Performance of the
conventional DNA isolation was also investigated coupled with different lysis protocols S6,
S14beadbeating; S7, S15chemical lysis; S8, S16mixed lysis. Full size image Violating variations in
overall taxonomic profiles The effects of sample homogenization RS vs. BS standard metagenome
isolation approaches S1S8 vs. Graphical representations were done by calculating the log2
differences in taxa abundances between RS BS linked metagenome isolation approaches. Taxa with
relative abundances lower than 1% were discarded from the analysis. Remarkably different
taxonomic profiles were obtained when comparisons were made between subsets of RS vs. BS
samples. This may be due in part to elevated concentrations of PCR inhibitors and nucleases in
samples obtained from raw specimens compared to bacterial suspensions. Figure 4 Remarkable
abundance variations were observed in community structures. The summarization of the
betadiversity relationships is represented in threedimensional scatter plots. Outlier values outside
1.5 times the interquartile range are omitted for clarity. Full size image Detailed evaluation of the
bacterial cell lysis protocols on DNA yield, purity and community diversity We compared bead mill
based and chemical lysis methods and estimated their effects on DNA yield, purity, downstream PCR
amplification and biodiversity. Pretreatment with InhibitEX Tablet resulted in purified nucleic acids
with reasonably good quality showing an overall positive effect on the purity and success rate of
downstream PCR reactions, while exerting a detrimental effect on DNA yield. One can assume that
nucleic acids prone to adsorb to the particles may be eliminated by the centrifugation step. The use
of both ATL and BLB buffers resulted in high quality and, yield of DNA.

Figure 6 Comparison the effects of sample lysis. In the case of raw specimens, mild distortions were
seen between the MagNa Pure 24 P4 robotic and the conventional phenolchlorophorm method P6
Grampositive 86% vs. 83%, Gramnegative 14% vs. 16%, while profound alterations were introduced
due to silica column methods P5 Grampositive 71%, Gramnegative 29%. In the case of bacterial
suspensions, diverse results were obtained. Bead millbased mechanical lysis resulted in highly
balanced Grampositive 52% vs. Gramnegative 48% ratios. The choice of sample homogenization
exerted the least profound effect on the Gramdistributions of stool bacteria when DNA was
recovered with silica columnbased methods Gramnegative 29% vs. 33% vs. Grampositive 71% vs.
67%. Figure 7 Profound sample homogenization mediated impact on Gramdistributions. a The
aggregate effects of sample homogenizations joint to lysis protocols and DNA purification methods
were estimated. b In the case of the different batcheffects Grampositive and Gramnegative
abundance comparisons were made between samples homogenized with stirring and washing. Full
size image Distortions in the core microbiota To assess the effects of technical variables, core
microbiomes were constructed by considering taxa represented in at least 50% of all sample



aliquots. On both taxonomic ranks the shortest box lengths were obtained with the Qiagen Kit based
DNA separation methods P5 indicating the highest concordance attained. The horizontal line is
plotted at a value of 0 corresponding to equal proportions of values associated to differences in
sample homogenizations. Box lengths indicate within sample variations. Full size image Technical
artifacts and in silico taxonomic classification influence the proportion of quality reads and species
resolution In addition to DNA extraction methods, technical aspects of in silico bioinformatic
analyses also contribute to biases.

We performed a comparison of metabarcoding analyses by using two sequencing databases;
GreenGenes GG and Silva S. At the phylum, class and order taxonomic levels, more than 99% of the
reads have been successfully classified irrespective of the reference datasets. In these 4 cases,
similar abundance values were calculated with the two databases. The use of GG led to significantly
higher abundance estimates for Streptococcus alactolyticus, Lactobacillus helveticus,
Faecalibacterium prausnitzii, Escherichia coli, Barnesiella viscericola and Alistipes finegoldi. Figure
9 Dependence of the proportion of the classified reads across family and genus levels and
remarkable ambiguity in the species resolution. a Polar plots show the percentages of the identified
reads at family L5, genus L6 and species L7 taxonomic levels bound to protocol manipulations.
Angles of the radial coordinate systems represent the percentages of identified reads at dedicated
taxonomic ranks. Increasing percentages are ordered in clockwise orientation. b Bubble charts are
shortlisting the relative frequencies of the 30 most abundant species representing the species
mining power of the Silva and GreenGenes annotation tools. RS, but chemical lysis L2 coupled with
conventional precipitationbased methods P6 was highly sensitive to different of homogenization.
Figure 10 Quantitative and qualitative representation of the protocol batcheffects on community
diversity and the taxonomic classifications. a Alphadiversity distributions summarize the related to
metagenome DNA purification protocol variables. The annotated tree functions as a key for the
unlabeled trees. Colored taxons represents the extents of log2 differences in taxa abundances. For
instance, the annotated tree on the left allows a quantitative representation of diversity distortions
by correlating the parameters of sample preprocessing RS vs.

BS where taxa colored blue is enriched in RS samples shown in the column and those colored orange
are enriched in BS shown in the row. To visualize differences between the massive data sets
hierarchical structures of taxonomic classifications were developed, where the size of nodes and
edges correlate with the abundance of clades. The taxonomic heattrees reveal taxonomic lineages
the detection of which may be challenging in the presence of a particular variable. Grossly
differences were observed between lineages from the aspect of the DNA preparation methods.
Discussion It is important to understand the potential sources of the intrinsic artifacts of 16S rRNA
genebased surveys especially for animalassociated microbiome methodologies which still lack
concordance 26, 27, 28, 29, 30. The effects of technical variables in protocols often exceed the
biological effects of interest underlining the importance of minimizing these biases 31, 32, 33, 34,
35, 36, 37. In the present study we evaluated and compared parameters of metagenome DNA
purification protocols by focusing on some of the methodological aspects known as protocol
batcheffects including sample homogenization, lysis and DNA purification. Of note, our study did not
evaluate the impact of alternative stool collection procedures with regards to starting volume,
nucleic acid stabilizers, transportation, etc.Its effect is ubiquitous and can vary between different
lots of the same kit 41. The empirical assessment of background contamination can be especially
relevant and challenging in the case of low biomass samples. Importantly, we observed opposite
effects of DNA quantity and quality on the success rate of downstream PCR amplification. On
average, the conventional phenolchlorophorm method yielded the highest gDNA concentrations and
the worst purity resulting in a higher tendency for abortive amplicon PCR.

This effect may be explained by elevated amounts of PCR inhibitors such as lipids, residual RNAs,



polysaccharides, proteins, detergent contamination etc. To mitigate the effects of contaminants,
additional beadbased DNA purification is strongly recommended. Our conclusion contrasts widely
used metagenomic DNA library preparation protocols, which aim to maximize DNA concentration
and maximize fragmentation 31. Based on the evaluation of eight standard metagenome DNA
extraction methods we conclude that sample homogenization is the variable of greatest effect.
Standard methods commercial silica membranebased platforms based on the use raw feces
specimens RS and beadmill lysis L1 introduce bias in favor of the Lactobacillales and have a
detrimental effect on estimates of community biodiversity. Sessile bacteria attached to manure
particles have been depleted during multiple washing steps. Our results clearly show that sample
homogenization strategies such as stirring RS or washing BS have a profound effect on community
taxonomy profiles. Remarkable differences in the abundance ratios were captured in the case of the
Grampositive Lactobacillaceae RS 52% vs. BS 19%, Ruminococcaceae BS 20% vs. RS 12%,
Enterobacteriaceae BS 5% vs. RS 1.4% and Gramnegative Bacteroidacea BS 14% vs. RS 6%,
Prevotellaceae BS 2% vs. Efficient lysis of bacterial cells with the removal of exo, and endonucleases
and PCR inhibitors are critical for the proper purification of total nucleic acids from Grampositive
and Gramnegative stoolbacteria with heterogeneous cell wall structures. Our study demonstrated
that beadbased lysis did not reduce, but in fact significantly enhanced DNA yield. Furthermore, this
lysis method was not associated with a significant increase in alphadiversity. Using raw feces
specimens, we observed no differences between lysis methods with respect to Gram distribution
Gpositive 83% vs. Gnegative 17%.

However, in the case of bacterial suspensions mixed lysis was associated with the highest relative
Grampositive abundance 66%. We also quantified and compared the effects of variables on
distortions between communities. We conclude that there is a strong positive correlation between
the fraction of Gramnegatives and observed community diversity. Nevertheless, handling with
bacterial suspensions is a procedure which can be standardized, sequestering a remarkable amount
of the biotic plant debris and abiotic contaminants of the fecal matter. In addition, cell counts can be
easily estimated so making results more easily comparable being conducive in multicenter consortia
studies. To our knowledge this was the first case implementing the robotic Roche MagNA Pure 24
DNA purification system P4 for metagenomic purposes. Silica membranebased DNA purification
methods were associated with the lowest DNA concentrations, but good quality. Silva to understand
complex and taxonomically diverse samples. One obvious virtue of SILVA is that it is regularly
curated while GreenGenes has not been updated since 2013. Remarkable inconsistency 85.05% was
shown between the results of the two sequencing annotation databases. This can be explained by the
disadvantage that the V3V4 variable regions of the 16S rRNA phylogenetic marker genes used as
phylogenetic markers are very similar in sequence between nonclosely related species 44, 45. This
means that the lack of resolution of the different taxonomy datasets at species level is a biological
issue which either classify the 16S rRNA genes correctly true positive, do not classify them false
negative or classify them wrongly false positive 46, 47, 48. With this methodological study we also
catalogued the GIT microbiome of Gallus gallus domesticus, Ross 308 hybrid. Based on our
observations, the phylum Firmicutes was overrepresented 70.34%, followed by Bacteroides 21.23%
and Proteobacteria 4.77%.

These results are in accordance with results reported by Sofka et al. These observations were not in
accordance with the results of Lu et al. 53, revealing Clostridiaceae as the most dominant family in
broiler fecal samples. Further considerable differences were found in the distribution of the genera
in comparison to other studies. As an example, Mohd et al. We unraveled tendentious effects of
protocol batcheffects associated to approaches frequently used in the microbiome field. A strong
positive c association was also conveyed between community biodiversity and the application of
robotic MagNa Pure24 or the conventional phenolchlorophorm nucleicacid based purification
techniques. Across all other methods tested hereby the d silica columnbased applications seemed to



be highly reproducible yielding the less diverse estimations.Nevertheless, it proved to be prominent
for the indepth analysis of the microbiota communities as well. All of our observations were taken by
testing broiler stool samples on the basis of scarcity of standards to process livestock stool samples
during metagenomic studies. We believe however, that some of our results can also serve as a
guideline in optimizing DNA purification protocols for a wide range of samples. A composite fecal
sample was made by pooling the individually collected feces and thoroughly mixed. Manual DNA
separations were carried out via commercial P5 and conventional P6 methods. This washing step
was repeated 2 times. Negative and positive controls To minimize infections and laboratory
contamination sterile surgical gloves and face masks for collecting samples were used and all DNA
extraction steps were performed with sterile or sterilized equipments in a class II laminar airflow
cabinet. Negative isolation control NIC experiments were simultaneously conducted by substituting
samples with PCR grade water.

Host background nucleic acid contaminations were also detected by conducting realtime PCR
reactions using GAPDH assay on eluted gDNAs. The 16S amplicon libraries for each sample were
quantified with qPCR, normalized with respect to amplicon sizes and pooled into a single library in
equal molar quantities. Sequencing read preparation for downstream analysis Paired end reads were
demultiplexed by the integrated software of the Illumina MiSeq sequencing machine 54. Quality
trimming was performed by using the DADA2 software 55 and the denoising parameters were set as
follows for the forward reads 13 bases were cropped from the start and the length was set to 290
bases; for the reverse reads 8 bases were cropped from the start of the reads and the length was set
to 280 bases. Phylogenetic tree was constructed with FastTree plugin 58. Biodiversity analysis Alpha
and beta diversity tests were performed in the QIIME2 pipeline. For sample normalization a 25 000
read depth was set. However, alpha rarefaction analysis showed that 5 000 reads could be enough to
maximize the diversity metrics. For visualization of beta diversity matrices PCoA plots were
generated using the Emperor 65 plugin. Alpha diversity differences were measured using the
KruskalWallis test. Beta diversity group significances were calculated with Permutational
multivariate analysis of variance PERMANOVA pseudo F statistical test 66. Data visualization For
data mining preparation the QIIME2 pipeline was used. QIIME artifact files were exported from the
pipeline resulting BIOM files that were converted to TSV files which were used with different
visualization packages. Heatmaps were generated in Python ver3.6.5 with Seaborn package 67. Bar
charts, boxplots, pie charts, polar plots, bubble plots were constructed with R programming
language 68 using the ggplot2 package 69. Differential heat tree was created with the metacoder R
package 70.

In the case of community heattrees significant differences were determined using a Wilcox ranksum
test followed by a BenjaminHochberg FDR correction for multiple comparisons 70. Evaluation of 16S
rDNAbased community profiling for human microbiome research. PLoS One. 6, 2012. 35. Brooks, J.
P. et al. The truth about metagenomics quantifying and counteracting bias in 16S rRNA studies. Appl
Environ Microbiol. 7, 2018. 38. Kim, D. et al. Optimising methods and dodging pitfalls in microbiome
research.R Foundation for Statistical Computing. Vienna, Austria. URL 2018. 69. Wickham, H.
ggplot2 Elegant Graphics for Data Analysis.Author information Author notes These authors
contributed equally Gabor Fidler and Emese Tolnai. All authors read and approved the final
manuscript. Corresponding author Correspondence toTo view a copy of this license, visit. Download
citation Received 17 May 2019 Accepted 10 February 2020 Published 25 February 2020 DOI If you
find something abusive or that does not comply with our terms or guidelines please flag it as
inappropriate. To 200 ul of extraction buffer, addPlease use gloves whenAdd 410 ul Proteinase K
dependingLeave at 37C till tissue is dissolved. Add extraction solution volumeSafety Note Both
phenolOnly use theseInvert tube several times.The agar in these tubes can notInstead of phenol
followed by 11Put in freezer for at least an hourSpin 5 min at 4Resuspend in about 200 ul TERun
100200 ng on a. In locations where supply of DNA extraction kits depends on importation, having an



inhouse protocol is desirable. This is also important for laboratories limited by budget constraints.
We present a lowcost DNA isolation protocol that incorporates wellknown techniques, but that we
have adapted to various animal tissues. We tested this protocol on animal blood and muscle, and on
cell suspension from skin swabs. The results were comparable, in terms of amount and quality of
DNA, to those obtained with two other commercially available methods.

DNA retrieved with this protocol has been successfully employed for Sanger sequencing of gene PCR
products from animal tissues and blood, as well as for PCRbased diagnosis of chytrid fungus in
amphibians and blood parasites in birds. KEYWORDS DNA extraction, lowcost protocol, DNA
precipitation, DNA from blood, DNA from swabs It is desirable that such a protocol, besides being
effective in terms of quantity and quality of the isolated genomic material, is also costeffective. This
is especially relevant in countries where commercial kit availability depends on importation, which
implies higher costs and might result in a forced delay until reagent arrival. Here, we describe a
costeffective protocol that we have used routinely for DNA isolation from diverse animal tissues.
Nevertheless, to our knowledge, no other published protocol combines solutions and reagents in the
way that we present here, hence our intent to share it with other lowbudget laboratories that may
benefit from it. Additionally, we have made several modifications to the original protocol and have
extended its applicability to other types of samples besides regular animal tissue i.e. liver and
muscle, and provide troubleshooting tips to deal with different experimental situations. All samples
belong to the tissue collection held at Laboratorio de Biologia Evolutiva, Universidad San Francisco,
Quito, Ecuador. We evaluated the performance of our protocol in comparison to commercially
available DNA isolation kits that either use DNeasy Blood and Tissue Kit by QIAGEN or do not use
Wizard Genomic DNA Purification Kit by Promega membrane columns in their protocols. In the case
of blood samples, blood was resuspended and homogenized in the alcohol solution, prior to splitting
in three equal volumes. All subsamples were then centrifuged, supernatant alcohol was discarded,
and the blood pellet was allowed to dry before its weight was recorded this follows the initial steps
of our protocol; see Protocol section.
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