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Abstract

The objective of this study was to evaluate the effects of increased PCR cycle number on 

sequencing results from samples with low microbial biomass, including bovine milk, and murine 

pelage and blood. We hypothesized that subjecting DNA from such samples to higher PCR cycle 

numbers would increase 16S rRNA sequencing coverage. DNA was extracted from matched 

samples of each type and multiple PCR cycle numbers were evaluated to generate a total of 96 

libraries from 24 milk samples, 46 libraries from 23 pelage samples, and 170 libraries from 85 

blood samples. 16S rRNA sequencing was performed on the Illumina MiSeq platform, and the 

coverage per sample, detected richness, and beta-diversity were evaluated. Across all sample 

types, higher PCR cycle numbers were associated with increased coverage. Surprisingly however, 

while higher PCR cycle numbers resulted in greater number of useable datapoints, no differences 

were detected in metrics of richness or beta-diversity. While reagent controls amplified for 40 

cycles yielded similarly increased coverage, control and experimental samples were clearly 
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differentiated based on beta-diversity. The results from this study support the use of higher PCR 

cycle numbers to evaluate samples with low microbial biomass.
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1. INTRODUCTION

Next-generation sequencing of targeted amplicon libraries (e.g., 16S rRNA or internal 

transcribed spacer [ITS] libraries) allows researchers to characterize the taxonomic 

composition of complex bacterial or fungal communities. As these libraries rely on PCR to 

amplify a variable region of the microbial genome, they can be performed with relatively 

small amounts of total bacterial biomass. When extracting DNA from feces, for example, the 

vast majority of the sample weight is bacterial biomass and one-quarter of a mouse fecal 

pellet provides more than enough DNA. There is however an emerging interest in the 

bacterial communities present in other biological samples, such as blood and milk (Young et 

al., 2015; Metzger et al., 2018b). Such samples are often difficult to sequence using next-

generation sequencing technologies due to low microbial biomass and excessive 

contamination with host cells. While there are commercially available kits designed to 

separate eukaryotic and prokaryotic DNA, they are not practical in situations where there is 

also relatively low bacterial biomass, because of the large quantity of starting material 

required to achieve enough bacterial biomass.

During library generation using fecal DNA, most laboratories use relatively low PCR cycle 

numbers, most commonly 25 cycles (Ericsson et al., 2015; Young et al., 2015). Previous 

studies have evaluated the effects of PCR cycle number on next-generation sequencing 

results (Wu et al., 2010; Sze and Schloss, 2019). However, these studies commonly used 

moderate to high microbial biomass samples such as soil and feces, or mock communities. 

Studies that evaluated samples with low microbial biomass, such as milk or blood, often 

used much higher PCR cycle numbers such as 35 (Andrews et al., 2019; Dahlberg et al., 

2019) and 40 (Young et al., 2015; Metzger et al., 2018a; Metzger et al., 2018b), but did not 

show direct comparisons of libraries created at different cycle numbers from matched 

samples. Higher cycle numbers have been shown to lead to decreased data quality when 

working with high biomass samples (Sze and Schloss 2019), however low biomass samples 

often return uninterpretable data (Bjerre et al., 2019) due to low coverage or a complete 

absence of PCR amplification. For low biomass samples, the potential benefit of increased 

coverage may outweigh concerns of read quality, which can be filtered out during the bio-

informatics stage of analysis.

The objective of this study was to evaluate the effects of PCR cycle number on the 

sequencing results from three different sample types, which are known to contain low 

microbial biomass and variable host DNA content. We hypothesized that an increased PCR 

cycle number would allow for the successful sequencing of low microbial biomass samples. 

DNA was extracted from matched milk, furred pelage, and blood samples, amplified using 
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different PCR cycle numbers (25, 30, 35, or 40 cycles in the case of milk; 25 and 40 in the 

case of pelage and blood), and then sequenced on the Illumina MiSeq platform to compare 

data quality and agreement between libraries created using differing numbers of PCR cycles.

2. MATERIALS AND METHODS

2.1. Sample collection

Lactating Holstein dairy cows were selected for inclusion in the study based on somatic cell 

count (SCC, < 100,000 cells/mL). Quarter level milk samples were collected from cows (n = 

10) at the University of Missouri’s Foremost Dairy Research and Teaching farm just before 

milking. Milk samples were collected aseptically, according to the National Mastitis Council 

recommendations (Middleton et al., 2017). Briefly, the cows’ teats were pre-dipped with an 

iodine-based teat dip, wiped with an individual cloth, and foremilk was stripped. Then, teat 

ends were cleaned with 70% Isopropyl alcohol, 2–3 streams of milk were discarded, and 

approximately 30 mL of milk was collected into 50 mL sterile conical tubes (Falcon, 

Corning, New York). The samples were frozen at −20°C until further processing.

Full thickness dorsal pelage samples, measuring approximately 3 × 2 cm, were collected 

post-mortem from 23 adult outbred CD-1 mice of both sexes. Mice were bred and group-

housed under barrier conditions in an Association for Assessment and Accreditation of 

Laboratory Animal Care (AAALAC) international-accredited facility, in individually 

ventilated microisolator cages, on a 14:10 light:dark cycle, and received autoclaved standard 

chow (Purina LabDiet 5058) and autoclaved, acidified water ad libitum. Samples were 

collected using aseptic technique on a downdraft table, immediately placed in sterile 

Eppendorf tubes, and frozen at −20°C until further processing.

Blood samples were collected post mortem via cardiac puncture, placed in anti-coagulant 

(EDTA)-tubes and frozen at −20°C until further processing. While these mice were from a 

different cohort than that used for the pelage samples, the generation and maintenance of 

mice was exactly as described above.

2.2. Milk culture

Milk samples for culture and sequencing were thawed at room temperature (approximately 

25°C) and five aliquots of 1.5 mL were prepared using sterile 2 mL tubes (Thermo 

Scientific, Waltham, MA). One aliquot of each milk sample was cultured with traditional 

methods to determine if an intramammary infection was present (Middleton et al., 2017). 

Culturing was performed using a sterile cotton-tipped swab to spread approximately 10 μL 

of milk onto one-half of a Columbia Blood Agar plate (5% Sheep Blood, Remel, Lenexa, 

KS). The plates were incubated at 37°C and read at 24 and 48 hours. Only samples that had 

no bacterial growth at the 48-hour reading were used for downstream sequencing (n = 24).

2.3. DNA Extraction

2.3.1. Milk sample preparation—The remaining four aliquots of 1.5 mL each, were 

centrifuged at 13,000 × g for 20 minutes to separate the fat layer from the supernatant. After 

centrifugation, a sterile cotton tipped swab was used to remove the layer of fat. Samples 
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were then vortexed to resuspend the pellet. Of the four aliquots of each milk sample (n = 

96), 800 uL of milk was used as the starting material for DNA extraction.

2.3.2. DNA Extraction and quantification—DNA was extracted from the milk 

samples (800 uL/sample), full thickness pelage, and blood (800 uL/sample) with a 

PowerFecal DNA Isolation Kit (Qiagen, Germantown, MD) following the manufacturer’s 

instructions, with the exception that samples were initially subjected to mechanical cell lysis 

with a TissueLyser II (10 min at 30 Hz, Qiagen), rather than using the vortex adaptor 

described in the protocol. After extraction, DNA was quantified via fluorometry (Qubit 2.0) 

using 10 μL of sample DNA and the quant-iT Broad Range dsDNA assay (Life 

Technologies, Carlsbad, CA).

2.4. Library preparation and sequencing of the 16S rRNA gene amplicons

For milk, 96 libraries were generated using four matched DNA samples from 24 quarter 

level milk samples. There were 24 libraries generated using each of the four PCR cycle 

numbers tested, including 25, 30, 35, and 40, all of which were sequenced on a single flow 

cell. For pelage, 46 libraries were generated using two matched DNA samples from 23 mice 

(23 generated using 25 PCR cycles, and 23 generated using 40 cycles) on a single flow cell. 

For blood, 170 libraries were generated, using two matched DNA samples from 85 mice (85 

generated using 25 cycles, an 85 generated using 40 cycles); only the latter were sequenced, 

again on a single flow cell. Library preparation and Illumina sequencing were performed at 

the University of Missouri DNA Core Facility. The V4 region of the 16S rRNA gene was 

amplified with the use of previously published universal primers (U515F/806R) (Caporaso 

et al. 2011) and flanked with Illumina adapter sequences (Walters et al., 2011). Dual-indexed 

forward and reverse primers were used in all reactions. PCR was performed in 50 μL 

reactions containing 100 ng metagenomic DNA, primers (0.2 μM each), dNTPs (200 μM 

each), and Phusion high-fidelity DNA polymerase (1U). Amplification parameters were 

98°C(3:00) + [98°C(0:15) + 50°C(0:30) + 72°C(0:30)] × 25 to 40 cycles (as indicated) 

+72°C(7:00). Amplicon pools (5 μL/reaction) were combined, thoroughly mixed, and then 

purified by addition of Axygen Axyprep MagPCR clean-up beads to an equal volume of 50 

μL of amplicons and incubated for 15 minutes at room temperature. Products were then 

washed multiple times with 80% ethanol and the dried pellet then resuspended in 32.5 μL 

EB buffer, incubated for two minutes at room temperature, and then placed on the magnetic 

stand for five minutes. The final amplicon pool was evaluated using the Advanced 

Analytical Fragment Analyzer automated electrophoresis system, quantified using quant-iT 

HS dsDNA reagent kits, and diluted according to Illumina’s standard protocol for 

sequencing on the MiSeq instrument. All libraries, except those using blood DNA and 

amplified for 25 cycles, were sequenced on the Illumina MiSeq platform following the 

manufacturer’s protocol.

2.5. Bioinformatics

The DNA sequences were assembled and annotated at the MU Informatics Research Core 

Facility. Primers were designed to match the 5’ ends of the forward and reverse reads. 

Cutadapt (version 2.6; https://github.com/marcelm/cutadapt) was used to remove the primer 

from the 5′ end of the forward read. If found, the reverse complement of the primer to the 
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reverse read was then removed from the forward read as were all bases downstream. Thus, a 

forward read could be trimmed at both ends if the insert was shorter than the amplicon 

length. The same approach was used on the reverse read, but with the primers in the opposite 

roles. Read pairs were rejected if one read or the other did not match a 5′ primer, and an 

error-rate of 0.1 was allowed. Two passes were made over each read to ensure removal of the 

second primer. A minimal overlap of 3 with the 3′ end of the primer sequence was required 

for removal.

The Qiime2 dada2 plugin (version 1.10.0) was used to denoise, de-replicate, and count 

ASVs (amplicon sequence variants), incorporating the following parameters: 1) forward and 

reverse reads were truncated to 150 bases, 2) forward and reverse reads with number of 

expected errors higher than 2.0 were discarded, and 3) Chimeras were detected using the 

“consensus” method and removed. R version 3.5.1 and Biom version 2.1.7 were used in 

Qiime2. Taxonomies were assigned to final sequences using the Silva.v132 database, using 

the classify-sklearn procedure.

2.6. Statistical methods

The number of detected sequences and OTUs were rank-transformed due to lack of 

normality as determined by the Shapiro-Wilks test, and a repeated measures ANOVA was 

performed, using SigmaPlot 14.0. Beta diversity was determined with the weighted Bray-

Curtis and unweighted Jaccard similarities in PAST (Hammer et al., 2001), analyzed with a 

permutational analysis of variance (PERMANOVA), and displayed in a Principal Coordinate 

Analysis (PCoA) based on Bray-Curtis distances. The proportion of changes in coverage 

(i.e., the number of high-quality sequences retained) per subject with increasing cycle 

numbers, relative to 25 PCR cycles, was also evaluated. Statistical significance was 

determined at p < 0.05.

3. RESULTS

Of the aliquoted milk samples used for sequencing (n = 96), only eight had detectable DNA 

yields (Median = 5.12 ng/ml; Range: 4.08–6.20 ng/ml) based on fluorometric values 

obtained using broad-range reagents, which provide a lower limit of detection of 2 ng of 

DNA. Among all 96 samples, a total of 2,168,824 high-quality sequences were obtained 

with 25, 30, 35, and 40 cycles of PCR. Despite the paucity of DNA based on fluorometric 

values, the mean (± standard deviation) read count was 22592 ± 456199 sequences with a 

minimum of 120 and a maximum of 513,457 sequences retained from libraries generated at 

25 and 40 cycles, respectively. Of note, while the proportion of filtered reads increased in 

libraries amplified for 35 and 40 cycles, the greater total number of raw (i.e., unfiltered) 

sequences was sufficiently increased due to increased cycle number to offset the increased 

filtering (Figure 1A). Supplementary Table 1 summarizes the total number, and proportion 

of raw reads represented by that number, remaining in each group of samples at each stage 

of filtering.

The overall number of sequences detected in the milk samples increased (p < 0.001) with 

higher PCR cycle numbers (Figure 1B). Samples that were subjected to 40 cycles returned 

the greatest number of sequences followed by 35, 30, and 25 cycles.
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For each set of four replicate samples from 24 quarter level milk samples, the highest mean 

read count was obtained with 40 PCR cycles followed by 35, 30 and 25 cycles (Table 1). 

However, 30 and 35 cycles of PCR yielded higher read counts than 40 PCR cycles in 6/24 

and 4/24 of samples, respectively.

To determine if the increase in coverage was associated with an increase in detected 

richness, the number of detected OTUs were compared. When data from milk samples were 

subsampled to a uniform read count, there were no differences in detected richness among 

samples achieving the subsampling threshold. Thus, while the use of higher PCR cycle 

numbers increased the number of useable data points (Figures 1C–D), no differences in 

detected richness were found regardless of the subsampling threshold.

Lastly, beta-diversity was assessed to determine how increased cycle number affected overall 

community composition. Based on Jaccard similarities, PERMANOVA detected no 

difference (p = 0.114) across PCR cycle number (Figure 2A). Similarly, comparison based 

on Bray-Curtis similarities (Figure 2B) detected no significant difference between cycle 

numbers (p = 0.311). This suggests that while additional rare taxa were detected with higher 

cycle numbers, the rare taxa did not alter beta-diversity substantially. Thus, data from 

samples processed at 25 cycles still accurately profiles the dominant taxa and general beta-

diversity, while libraries generated using increased cycle numbers provided more 

comprehensive profiles.

To determine if increased cycle number could similarly benefit amplification and sequencing 

of other low biomass sampled, additional samples were processed including portions of 

furred pelage, and aliquots of blood, collected from healthy mice maintained in an SPF 

facility. To conserve resources, libraries were generated from matched DNA using only 25 

or 40 PCR cycles for these sample types.

DNA yields from pelage were below the limit of detection of our broad-range fluorometric 

assay for all samples. Comparison of the total number of sequences and extent of filtering 

revealed a similar proportion of sequences were retained from the pelage libraries generated 

at 25 cycles (43%) and 40 cycles (46%) (Figure 3A, Supplementary Table 1). However, as 

the number of unfiltered reads was so much greater in the pelage libraries amplified for 40 

cycles, the final number of retained sequences was also higher in those libraries (p = 

9.2×10−5, paired t-test; Figure 3B). As with the milk sample data, there was no difference in 

the detected richness of pelage samples in libraries generated with 25 or 40 cycles, 

regardless of how data were subsampled. All 23 samples met the lower threshold of 1028 

sequences per sample (Figure 3C), but at the higher subsampling threshold of 10165 

sequences per sample, three libraries amplified for 25 cycles and one library amplified for 40 

cycle were not included (Figure 3D).

As with data generated from milk samples, comparisons of β-diversity between mouse 

pelage libraries amplified with 25 or 40 cycle numbers failed to detect significant 

differences, regardless of the similarity metric used and despite the relatively high number of 

samples (n = 23/method) (Figure 4).
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Lastly, to evaluate the effect of increased cycle number on samples with extremely low 

bacterial biomass, murine blood from was used as a source of DNA. While there is not an 

actual microbial community colonizing peripheral circulation of healthy animals, microbial 

signatures can be retrieved from blood samples, likely reflecting bacterial DNA within 

phagocytic leukocytes (e.g., macrophages). Blood samples from 85 healthy mice with a 

mean (±SD) volume of 391 μL (± 131 μL) yielded 2.47 μg (± 1.09 μg) total DNA, 

presumably of leukocyte origin. Following library generation at either 25 or 40 cycles using 

matched DNA, libraries were pooled and analyzed on a Fragment Analyzer to evaluate 

overall amplification. Analysis of all 85 amplicon libraries generated using 25 cycles 

produced no characteristic peak at 439 bp, representing the expected amplicon size. Due to 

the lack of detectable amplification, this pool was not sequenced. In contrast, libraries 

generated using 40 cycles produced a small peak at the expected size (Figure 5A), and were 

thus sequenced on a single flow cell. Recognizing the increased potential for amplification 

of contaminating DNA with increased PCR cycle numbers, we also amplified and sequenced 

blank reagents (n = 10), as negative technical controls, on a separate flow cell.

While the blood samples generated a total of over 130,000 raw sequences, filtering resulted 

in removal of all but 1.1% of those reads (Figure 5B, Supplementary Table 1). Nonetheless, 

data were generated for all 85 samples when amplified for 40 cycles, with a mean read count 

of 1377 (± 432) sequences per samples. Notably however, reagent controls amplified for 40 

cycles also yielded surprisingly high sequence counts (Figure 5B), bringing into question the 

veracity of other sequence data generated using 40 PCR cycles. Moreover, subsampling of 

data from blood and negative controls suggested similar richness, albeit substantially less 

than that detected in pelage and some milk samples.

Lastly, considering the negative control data, beta-diversity among all experimental and 

control samples was compared using data subsampled to a uniform depth of 1028 sequences 

per sample to maximize the number of samples included in the analysis. Regardless of the 

similarity metric used, PCoA demonstrated clear separation of all sample groups, with 

control samples clustering distinctly from all experimental groups, particularly with regard 

to the milk and pelage samples (Figure 6A–B). As seen previously, libraries from matched 

sample types showed no separation based on cycle number. Collectively, we interpret these 

data as support for the use of increased PCR cycle number with low biomass samples, 

provided reagent controls are processed alongside experimental samples and taken into 

consideration in downstream analyses.

4. DISCUSSION

The current study explored the impact of PCR cycle number (25, 30, 35, and 40 cycles) on 

16S rRNA sequencing results of healthy bovine milk samples. In this study, bovine milk 

samples were used as an example of a sample type known to contain low microbial biomass. 

Low, medium, and high biomass samples have been defined as samples with 10, 1,000, and 

100,000 16S rRNA copies per microliter (Bender et al., 2018). Samples that are of low 

microbial biomass are generally those that were once considered ‘sterile’ and include body 

sites such as milk and blood, and environmental sites, such as glacial ice, air, rocks. These 

low biomass samples often fail sequencing using next-generation sequencing technologies 
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(Eisenhofer et al., 2019) due to low bacterial biomass. There are concerns with using a PCR 

cycle number greater than 25 when working with high biomass samples due to effects on 

read quality. However, the results of the current study indicate that, while read quality may 

or may not be adversely affected by an increased PCR cycle number, the increase in pre-

filtering read counts more than compensates for any increased in losses due to filtering.

Previous studies have determined that using PCR cycle numbers greater than 25 can result in 

increased error rate and chimera formation (Sze and Schloss, 2019). However, the previously 

mentioned study was conducted using fecal DNA at the standard concentration for library 

preparation, likely resulting in loss of efficiency in PCR at higher cycles due to saturation of 

reagents. Chimeras can result from biological similarity, sequencer error, or poor-quality 

alignment (Edgar et al., 2011) and can cause non-existent organisms to be identified (Wang 

and Wang, 1996). However, chimera removal standardly occurs after sequencing and before 

sequence annotation, therefore minimizing this concern. Another apprehension with using 

PCR cycles greater than 25 is that PCR error could be higher, which may result in inflated 

alpha-diversity measures that do not accurately represent the true population (Bokulich et 

al., 2013). Therefore, beta diversity measures should be calculated and reported in 

combination with alpha diversity to evaluate changes in overall community composition. 

Moreover, subsampling at multiple depths will greatly mitigate these concerns.

All of the above notwithstanding, the optimized PCR parameter of 25 cycles is preferred 

when working with high microbial biomass samples like feces or soil, where μg-level 

masses of DNA are available, and a precise amount of template DNA can be used during 

library prep. The current study was performed using extremely low microbial biomass milk 

samples where error rate and chimeras are of less concern than complete sample failure or 

sequencing to such a low depth that data are uninterpretable.

The present study and others (Young et al., 2015; Dahlberg et al., 2019) have evaluated milk 

samples from cows with low SCC (< 100,000 cells/mL). Additionally, in the current study, 

only samples that had no growth of bacterial colonies with traditional culture methods were 

sequenced. Normal milk appearance, low SCC, and negative culture results indicate that 

these samples were from cows without an intramammary infection and free of subclinical or 

clinical mastitis. Previous studies evaluating the milk microbiome have reported higher 

(Metzger et al., 2018b) and lower (Young et al., 2015; Andrews et al., 2019; Dahlberg et al., 

2019) read counts than the study at hand. However, the previously mentioned studies 

evaluated healthy and infected quarters (Metzger et al., 2018b; Andrews et al., 2019), 

potentially contributing to successful amplification.

Results from the present study suggest that a higher PCR cycle number allows for increased 

sample coverage and thus the possibility of increased group sample sizes, without altering 

the overall community composition noticeably. Ultimately, however, the goals of a specific 

project, or convenience in combining multiple sample types on one plate for library 

preparation, might dictate whether or not an increased PCR cycle number is warranted. 

Coverage can also theoretically be increased by reducing the number of libraries sequenced 

on a single flow cell, although this brings a concomitant increase in the cost per sample. It 
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should also be noted that reduced multiplexing on a single flow cell would be expected to 

result in similar increases in read counts from negative controls.

In the present study, reagents controls yielded high read counts, supporting the introduction 

of contaminating bacterial DNA at some stage of sample processing or sequencing. While 

these data certainly raise questions regarding experimental data generated using the same 

PCR parameters, the fact that detected richness was substantially higher in many 

experimental samples (even at lower coverage), and that beta-diversity was consistent within 

experimental groups yet different from the controls, we believe that a significant portion of 

the experimental data are valid. While beyond the scope of the current study, multiple 

approaches are available allowing for removal of potential contaminants found in control 

samples from experimental data, and data generated from low biomass samples should 

always be analyzed in the context of control data, particularly when extending the PCR 

parameters.

Based on the results of this study, using PCR cycle numbers greater than 25, such as 35 or 

40 cycles, for samples with low microbial biomass will improve 16S rRNA sequencing by 

allowing for the detection of more rare taxa while not influencing overall bacterial 

composition. These results contribute to our current understanding of the influences of PCR 

parameters on the results of 16S rRNA sequencing and provide support for the use of high 

cycle numbers for samples that contain low microbial biomass.
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Highlights

• Increased PCR cycle number during generation of bacterial 16S rRNA gene 

amplicon libraries from low biomass samples is associated with greater depth 

of sequencing.

• Increased PCR cycle number is also associated with increased error rate 

during library preparation, but this loss is offset by the increased size in 

amplicon pool.

• While negative reagent controls amplified for an extended cycle number 

reveal contaminating sequences, controls and experimental samples are 

clearly differentiated based on beta-diversity.
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Figure 1. 
Histograms showing the number of sequences retained at each level of data filtering from 

DNA extracted from matched milk samples (n = 24), and amplified for 25, 30, 35, or 40 

PCR cycles (A). Dot plots show the total number of sequences retained at each cycle number 

(B), and the detected richness in datasets subsampled to a uniform depth of 1028 sequences 

(C) or 10165 sequences (D) per sample. Bars indicate significant (p < 0.001) differences 

(Friedman’s repeated measures ANOVA on ranks due to lack of normality.
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Figure 2. 
Comparisons of beta-diversity, based on Jaccard (A) and Bray-Curtis (B) similarities via 

principal coordinate analysis, of libraries prepared from matched milk samples (n = 24) and 

amplified for 25, 30, 35, or 40 cycles (legend at bottom). Results of one-factor 

PERMANOVA are provided on each plot.
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Figure 3. 
Histograms showing the number of sequences retained at each level of data filtering from 

DNA extracted from matched pelage samples (n = 23), and amplified for 25 or 40 PCR 

cycles (A). Dot plots show the total number of sequences retained at each cycle number (B), 

and the detected richness in datasets subsampled to a uniform depth of 1028 sequences (C) 

or 10165 sequences (D) per sample.
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Figure 4. 
Comparisons of beta-diversity, based on Jaccard (A) and Bray-Curtis (B) similarities via 

principal coordinate analysis, of libraries prepared from matched pelage samples (n = 23) 

and amplified for 25 or 40 cycles (legend at bottom). Results of one-factor PERMANOVA 

are provided on each plot.
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Figure 5. 
Quantification of amplified DNA at 439 bp in pooled 16S rRNA libraries generated from 

murine blood (n = 85) amplified for 25 or 40 cycles (A); histograms showing the number of 

sequences retained at each level of data filtering from DNA extracted from blood samples (n 
=853) and reagent controls (n = 10), and amplified for 40 PCR cycles (B). Dot plots show 

the detected richness in datasets subsampled to a uniform depth of 1028 sequences (C) or 

10165 sequences (D) per sample.
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Figure 6. 
Three-dimensional PCoA showing beta-diversity among all amplified libraries, subsampled 

to a uniform depth of 1028 sequences per sample, and ordinated according to Jaccard (A) or 

Bray-Curtis (B) similarities; legend at right.
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Table 1.

The highest proportion of read counts obtained with each cycle threshold.

PCR Cycle Number a
Highest read count (%)

b
Read count (±SEM)

25 0/24 (0.0) 2783 (1410)

30 6/24 (25.0) 20838 (6995)

35 4/24 (16.7) 17042 (3242)

40 14/24 (58.3) 49704 (20776)

a
The proportion of samples with the highest read count for a given cycle number.

b
The average read count for each PCR cycle threshold (± standard error of the mean).
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