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Abstract 
 
High-throughput sequencing is widely applied to explore microbial communities and detect multiple pathogens 
simultaneously. The 16S rRNA amplicon sequencing is gaining attention in the poultry industry to monitor animal 
gut health and pathogens, especially Salmonella. A bioinformatics approach for the accurate characterization of 
the microbial communities obtained via high-throughput genetic sequences is crucial. This study provides a 
comparison between the commonly used bioinformatics tools QIIME2 and Mothur for the amplicon-based 
microbiome analysis of commercial broilers in Thailand and a mock community. We conducted QIIME2 and 
Mothur with the implementation of amplicon sequence variants (ASVs) and operational taxonomic units (OTUs) 
for grouping amplicon sequences as a unit of an organism, respectively. The two pipelines provided similar 
microbial profiles at all taxonomic levels. Most bacteria in the ileum samples belonged to the genera Lactobacillus 
and Romboutsia. However, different results were found in Salmonella detection. Based on the SILVA138 
reference database and the same samples, Mothur provided the taxonomic assigned OTUs of the genus 
Salmonella, whereas QIIME2 could assign the taxonomy for the identified ASVs only at the level of the family 
Enterobacteriaceae. We recommend further annotating the ASVs of the family Enterobacteriaceae using a 
phylogenetic tree and basic local alignment search tool (BLAST) to discriminate the genus Salmonella. This study 
demonstrates that caution is required for Salmonella detection when performing 16S rRNA amplicon sequencing 
analysis for the best interpretation output of the tools. 
 
Keywords: Chicken gut microbiome, Mothur, QIIME2, Salmonella detection, Commercial broilers 
 
1. Introduction 
 

Studying multiple bacterial species or gastrointestinal tract (GI) microbiomes of animals has become a 
challenge because only a small proportion of the GI microbiota can be grown and studied by conventional 
culturing techniques [1, 2]. High-throughput sequencing serves as a solution to culturing limitations by sequencing 
all genetic materials of microbes, including pathogens [2, 3]. Sequencing-based approaches, including specific 
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amplicon and metagenomic sequencing, have been widely used to study microbiota compositions, their 
metabolisms, and interactions. Amplicon sequencing of the 16S ribosomal (16S rRNA) RNA gene is frequently 
applied to identify gut microbiota and is more cost-efficient than metagenomic sequencing. In addition, the 
continuous update of the public 16S rRNA gene databases facilitates targeted bacterial and archaeal identification 
[4, 5].  

The amplicon sequencing technique has successfully been applied in livestock farms and industries, including 
the poultry industry, to study and monitor the gut microbiome, which is significantly correlated to animal health 
and productivity [6]. The gut microbiome comprises around 300-1,000 taxa of both beneficial and harmful 
microbes [7, 8]. The majority of the detected phylum are Firmicutes, Proteobacteria and Actinobacteria [7-9]. 
Revealing the community members facilitates the identification of beneficial gut microbiota, which help to 
metabolize host nutrients, induce immunity, defend pathogens, and stabilize chicken gut health [10, 11]. In this 
sense, understanding the gut microbiome of chickens could enable us to identify probiotics to improve chicken 
health and productivity, which could be used as an alternative to subtherapeutic antibiotics [12]. Moreover, the 
technology provides an alternative monitoring method for pathogens such as Salmonella and Campylobacter, 
which is crucial in poultry production and exportation [13]. The 16S rRNA sequencing detects multiple pathogens 
simultaneously and is more time-efficient than culturing methods which require specific media and conditions for 
each pathogen and could detect one species at a single time. 

When conducting 16S rRNA amplicon sequencing, a classification rank of bacteria is based on the nine 
variable regions (hypervariable regions, V1–V9) in the 16S rRNA gene [4, 14]. Usually, one or two consecutive 
hypervariable regions are selected as a target and used via the short-read sequencing technology (often 250 or 300 
base pairs long), which is sufficient to differentiate microbes at the genus level [15]. Bioinformatic pipelines have 
been developed to characterize the amplicon sequences into microbial taxonomy. One approach is to cluster 
amplicon sequences based on their similarity, with 97% similarity threshold for grouping microbial sequences at 
genus level. Each identified cluster is referred to as an operational taxonomic unit (OTU) [16]. Another approach 
is the denoising approach, which discriminates the amplicon sequences by one nucleotide differentiation, the so-
called “amplicon sequence variants” (ASV) [17]. For either the OTU or the ASV approach, the sequence unit will 
be subjected to annotate its taxonomy by searching against a database of the amplicon gene. Currently, there        
are two commonly used bioinformatics tools for amplicon-based microbiome analysis, namely QIIME2 [18]      
and Mothur [19]. With the derived high-throughput sequences, a bioinformatic pipeline for the accurate 
characterization of microbial communities from these short genetic sequences is important. Different tools and 
analytical approaches could yield different resulting microbiome profiles [20, 21]. Nevertheless, there is no 
explicit investigation of bioinformatic pipelines for detecting microbiome including pathogens in commercial 
broilers in Thai industry. 

This work compares bioinformatics pipelines for microbiome analysis using 16S rRNA amplicon sequencing 
to characterize the commercial broiler gut microbiome and pathogens such as Salmonella and Campylobacter in 
the context of industrial farming in Thailand. We investigated the commonly used bioinformatic tools for 
amplicon-based microbiome analysis, QIIME2 and Mothur, with the implementation of ASV and OTU 
approaches, respectively. This paper provides information about the use of an amplicon-based sequencing data 
analysis pipeline for chicken gut microbiome studies. 

 
2. Materials and methods 
 
2.1 Chicken ileum sample 
 

The intestinal contents of ileum samples were aseptically collected from three healthy commercial broilers 
from the same farm. The chickens had been fed with basal chicken diet addition containing an equal dose of 
Bacillus subtilis (B. subtilis) probiotics, administered daily, and were sacrificed at day 45. Total genomic DNA 
was extracted using the QIAamp Fast DNA Stool Mini Kit (QIAGEN, Germany) according to the manufacturer’s 
procedures. Library preparation and 16S rRNA gene sequencing for the extracted genomic DNA of chicken ileum 
were performed by an external laboratory (NovogeneAIT Genomics, Singapore). The V4 region of the 16S rRNA 
was amplified using the primer pair 515 F (5′-CTAGTGCCAGCMGCCGCGGTAA-3′) and 806 R (5′-
CTAGGACTACHVGGGTWTCTAAT-3′). Finally, the 16S rRNA amplicons were sequenced using the Illumina 
MiSeq platform. The chicken ileum 16S rRNA gene sequencing data have been submitted to the NCBI Sequence 
Read Archive (SRA) database under the accession number PRJNA889347. 
 
2.2 Mock sample 
 

A mock microbial community, consisting of eight bacterial and two yeast species (ZymoBIOMICSTM 
Microbial Community standard D6300, Zymo Research, USA), was included in the analysis. The microbial 
theoretical composition of only 16S rRNA gene of bacterial species includes 4.2% Pseudomonas aeruginosa, 
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10.1% Escherichia coli, 10.4% Salmonella enterica, 18.4% Lactobacillus fermentum, 9.9% Enterococcus 
faecalis, 15.5% Staphylococcus aureus, 14.1% Listeria monocytogenes, and 17.4% Bacillus subtilis. Total 
genomic DNA was extracted using the QIAamp Fast DNA Stool Mini Kit (QIAGEN, Germany) according to the 
manufacturer’s procedures. The genomic DNA of the mock sample was concentrated using the Genomic DNA 
Clean & Concentrator-10 Kit (Zymo Research, USA). Library preparation and 16S rRNA gene sequencing for 
the extracted genomic DNA was performed by an external laboratory (Génome Québec, Canada). The V4 region 
of 16S rRNA was amplified using the primer pair 515 F (5′-CTAGTGCCAGCMGCCGCGGTAA-3′) and 806 R 
(5′-CTAGGACTACHVGGGTWTCTAAT-3′). Finally, the 16S rRNA amplicons were sequenced using the 
Illumina MiSeq platform. 

 
2.3 Data assessment and preparation 
 

To obtain the microbial profiles from the amplicon sequencing data, 250-bp paired-end raw read sequences 
from the V4 hypervariable region of the 16S rRNA gene were generated using QIIME2 v. 2021.4 
(https://qiime2.org) [18] and Mothur v. 1.43.0 (https://mothur.org) [19]. The quality of the raw read sequences 
was assessed using FastQC v. 0.11.9 [22]. The software determined the sequence quality, including base quality 
score, length of sequence read, and GC content. Subsequently, the Illumina adapter and primer sequences of V4 
were removed using Cutadapt v. 4.0 [23]. 

 
2.4 QIIME2 analysis 
 

Data preprocessing was done using DADA2 [24], divisive amplicon denoising algorithm by filtering sequence 
error and denoising with default parameters. Chimeric sequences were also removed in this step. The forward and 
reverse reads were truncated (180 and 210 bps, respectively, for the chicken ileum samples and 100 and 200 bps, 
respectively, for the mock samples) and merged to obtain the maximum read counts for downstream analysis. The 
derived ASVs were used for diversity analysis and taxonomic assignment. The 16S rRNA genes of the SILVA 
138 database (https://www.arb-silva.de) [5] were used for training the classifier for the V4 region, and 
subsequently, taxonomic classification of the representative sequence was performed by the sklearn classifier. 
Normalization was performed before the taxonomic assignment, based on the rarefying method. The workflow of 
the 16S rRNA amplicon analysis using QIIME2 is shown in Figure 1. 
 
2.5 Mothur analysis 
 

The de novo clustering method of Mothur was performed. For data preprocessing, paired-end reads were 
merged into contigs, and low-quality reads were filtered and removed (Avg. > Q30 after removal). Additionally, 
non-target sequence removal was performed based on the length between 248 and 302 bps (min-max) at the 
alignment position between 13,875 and 23,440. The aligned sequences were based on the 16S rRNA genes of the 
SILVA 138 database (https://www.arb-silva.de) [5]. Singleton, doubleton and chimeral sequences were removed 
before clustering to OTUs, based on their genetic distance. Normalization was performed before the taxonomic 
assignment, based on the rarefying method. The process of 16S rRNA amplicon analysis using Mothur is shown 
in Figure 1. 
 
2.6 Taxonomic assignment 
 

The representative sequences of ASVs from QIIME2 and OTUs from Mothur were assigned taxonomy based 
on the SILVA 138 database (https://www.arb-silva.de) [5]. We conducted the formatted database that was 
compatible with each tool. For Mothur, the formatted database was available at https://mothur.org/wiki/ 
silva_reference_files/. 
 
2.7 Diversity analysis 
 

Both QIIME2 and Mothur were used to perform alpha diversity analysis measuring microbial community 
diversity within a sample. Chao1 and Shannon diversity indices were calculated to estimate microbial richness 
and evenness, respectively. Differential abundance was measured using Wilcoxon rank-sum test. For beta 
diversity analysis, Bray-Curtis dissimilarity matrices between the studied microbial abundance profiles were 
calculated and visualized using principal coordinates analysis (PCoA). The microbiome profiles between QIIME2 
and Mothur were integrated at the genus level. Permutational multivariate analysis of variance was used to 
measure significant differences between microbial profiles derived from the different analysis methods. 
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2.8 Phylogenetic tree analysis 
 

The phylogenetic tree of ASVs was analyzed using the MEGA X software [25]. Alignment was performed 
using ClustalW [26], and the sequence relationship was constructed based on the Neighbor-Joining Tree algorithm 
with 10,000 bootstraps. The 16S rRNA reference sequence of three Escherichia coli (NCBI Sequence ID: NR 
024570.1, NR112558.1, and NR 114042.1), eight Salmonella enterica (NCBI Sequence ID: NR 044372.1, NR 
044373.1, NR 074910.1, NR 074799.1, NR 104709.1, NR116125, NR119108.1, and NR 116126.1), and two 
Salmonella bongori (NCBI Sequence ID: NR 074888.1 and NR 116124.1) were selected as representatives of the 
family Enterobacteriaceae. Lactobacillus sp. (NCBI Sequence ID: E 10214.1) and Bacillus subtilis (NCBI 
Sequence ID: NR 112116.2) were selected as representatives of family Lactobacillaceae and Bacillaceae, 
respectively. They were used as the outgroups in the phylogenetic tree analysis. 
 
2.9 BLAST (Basic Local Alignment Search Tool) analysis 
 

The ASV sequences were annotated based on sequence similarity, using the nucleotide BLAST against the 
NCBI non-redundant nucleotide database (https://blast.ncbi.nlm.nih.gov/). The best hit results of each query ASV 
are shown with percent similarity and E-value (expect-value). 

 

 
 
Figure 1 Workflow of the 16S rRNA amplicon analysis pipeline using QIIME2 (left) and Mothur (right). ASV, 
amplicon sequence variants; DADA2, divisive amplicon denoising algorithm 2; OTU, operational taxonomic unit.  
 
3. Results 
 
3.1 Chicken ileum microbiome 
 

The gut microbiome of commercial broilers was analyzed based on the V4 hypervariable region of 16S rRNA 
sequencing data. The maximum, minimum, and average values of raw sequence reads of the three chicken ileum 
samples were 210,493, 184,495, and 194,031, respectively. The QIIME2 analysis resulted in a total of 1,078 
ASVs, whereas Mothur analysis gave a total of 1,957 OTUs. The average estimated richness values based on the 
Chao1 index from QIIME2 and Mothur are 523.00 and 1422.57, and the average estimated evenness values based 
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on the Shannon index are 3.96 and 2.46, respectively. Although the diversity indices were different, the 
microbiome profiles from both analysis pipelines showed similar patterns for the resulting taxonomic profiles 
(Figure 2-4). The detected microbiome profiles from QIIME2 and Mothur are not significantly different                 
(p-value=0.7, R2=0 0.01535). Figure 4 shows that microbiome profiles of the same samples detected from 
different pipelines are more similar than among individual samples. Firmicutes was the most prevalent phylum 
and found in more than 80% of all phyla in the chicken ileum samples, followed by Bacteroidota (~0.5%) and 
Proteobacteria (~1%). At the family level, Lactobacillaceae was the most representative family, accounting for 
more than 90% of the families in the Chicken_3 sample. In addition, common microbial families found in chicken 
ileum were Peptostreptococcaceae, Clostridiaceae, Streptococcaceae, Lachnospiraceae, and Ruminococcaceae. 
The most common genus was Lactobacillus (a member of Lactobacillaceae), followed by Romboutsia and 
Terrissporobacter (members of Peptostreptococcaceae) (Figure 2). Clostridiaceae showed slightly different 
proportions of 0.015% and 0.016% by QIIME2 and Mothur, respectively. The top 10 families and genera 
characterized by QIIME2 and Mothur are shown in Figures 2 and 3, respectively. There were no differential 
abundances of any genera detected by the two pipelines (p-value > 0.05). The probiotic genus of Bacillus in the 
feed was detected with low relative abundance (<0.01%). Moreover, we investigated the pathogenic bacteria 
Campylobacter and Escherichia-Shigella. Average relative abundances of 0.085% and 0.075% of Campylobacter 
were detected by QIIME2 and Mothur, respectively. Escherichia-Shigella showed a relative abundance of 0.28% 
by QIIME2 and 0.27% by Mothur. For Salmonella, relative abundance was only reported by Mothur, at 0.04%. 

 

 
 

Figure 2 Relative abundances of the top 10 families of the broiler ileum microbiome based on QIIME2 (A) and 
Mothur (B) analyses.  
 

 
 

Figure 3 Relative abundances of the top 10 genera of the broiler ileum microbiome based on QIIME2 (A) and 
Mothur (B) analyses. 

 

(A) (B) 
1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

R
el

at
iv

e 
A

b
un

da
nc

e 

Others 

f_Ruminococcaceae 

f_Lachnospiraceae 

f_Streptococcaceae 

f_Clostridiaceae 

1 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

0 

R
el

at
iv

e 
A

b
un

da
nc

e 

Others 

Ruminococcaceae 

Lachnospiraceae 

Streptococcaceae 

Clostridiaceae 

Chicken_1     Chicken_2     Chicken_3 Chicken_1     Chicken_2     Chicken_3 

1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

R
el

at
iv

e 
A

bu
nd

an
ce

 

Chicken_1      Chicken_2      Chicken_3 

(A) 

Others 
g_Candidatus_Arthromitus 
g_Faecalibaculum 
g_Parabacteroides 
g_Alistipes 
g_Gastranaerophilales 
g_Barnesiella 
g_Clostridia_vadinBB60_group 
g_Bacteroides 
g_Faecalibacterium 
g_Clostridium_sensu_stricto_1 
g_Streptococcus 

g_Terrisporobecter 
g_Romboutsia 
g_Lactobacillus 

(B) 
1.00 

0.90 

0.80 

0.70 

0.60 

0.50 

0.40 

0.30 

0.20 

0.10 

0.00 

R
el

at
iv

e 
A

b
u

nd
an

ce
 

Chicken_1     Chicken_2      Chicken_3 

Others 
Candidatus_Arthromitus 
Faecalibaculum 
Parabacteroides 
Alistipes 
Gastranaerophilales_ge 
Barnesiella 
Clostridia_vadinBB60_group_ge 
Bacteroides 
Faecalibacterium 
Clostridium_sensu_stricto_1 
Streptococcus 
Terrisporobecter 
Romboutsia 
Lactobacillus 



6 
 

 
 

Figure 4 Principal coordinates analysis (PCoA) visualizing microbiome profiles of commercial broilers detected 
by QIIME2 (Orange color) and Mothur (Purple color) analyses. Each microbiome sample of studied broilers is 
represented by a different symbol (Circle for Chicken_1, triangle for Chicken_2, and square for Chicken_3).   
   
3.2 Mock sample community 

 
The mixture of eight bacterial species from the mock community was subjected to 16S rRNA amplicon 

sequencing, and the raw read sequences were analyzed in the amplicon analysis pipelines, QIIME2 and Mothur. 
The theoretical microbial composition of the 16S rRNA gene of mock bacterial species is shown in Figure 5.      
The 16S rRNA analysis showed the microbial composition of the eight genera in the two mock samples 
(replicates). All eight microbial units (ASV or OTU) were detected; however, the relative abundance of each 
genus was shifted from the theoretical composition. Nevertheless, the resulting profiles were similar for the two 
analytic pipelines QIIME2 and Mothur. There is no significant difference between the profiles detected by the 
two pipelines (p-value=0.67, R2=0.3234). The genera Lactobacillus (a member of Lactobacillaceae) and 
Pseudomonas (a member of Pseudomonadaceae) were found at more than 50% of the abundance proportion of 
the whole community. A slightly higher abundance of Lactobacillus was reported by QIIME2 compared to 
Mothur. About 30% of the abundance proportion was from the family Enterobacteriaceae. Mothur detected three 
genera of the family Enterobacteriaceae, namely Salmonella, Escherichia-Shigella, and Enterococcus. In contrast, 
QIIME2 detected only Escherichia-Shigella and Enterococcus. The genera Bacillus (a member of Bacillaceae), 
Staphylococcus (a member of Staphylococcaceae), and Listeria (a member of Listeriacaea) accounted for 
approximately 20% of the whole community. The relative abundances of the mock microbial profiles at genus 
level, characterized by QIIME2 and Mothur, are shown in Figure 5. 

 

 
 

Figure 5 Theoretical mock community composition (A) and the detected mock community compositions at genus 
level (two replicates) based on QIIME2 (B) and Mothur (C) analyses. 
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3.3 Salmonella identification  
 

Based on the QIIME2 and Mothur analyses, we considered the ASVs or OTUs that were taxonomically 
assigned to the family Enterobacteriaceae of both chicken ileum and mock samples (Table 1). For both ileum and 
mock microbiome datasets, the pathogenic amplicon units (ASV or OTU) of the genus Escherichia-Shigella could 
be annotated. However, the units of the genus Salmonella could be assigned by only the Mothur pipeline. Some 
ASVs from the QIIME2 analysis could not be taxonomically assigned at genus level, as shown in Table 1. 
 
Table 1 The abundance of each genus of the family Enterobacteriaceae in the chicken ileum and mock samples 
identified by QIIME2 and Mothur pipelines, respectively. 

Pipelines Taxonomy assignment ranking Abundance of genus  
Chicken 1 Chicken 2 Chicken 3 Mock 1 Mock 2 

Family Genus      
QIIME2 Enterobacteriaceae Escherichia-Shigella 93 945 64 6,993 7,513 

Enterobacteriaceae unassigned 68 77 40 6,311 7,321 
Total normalized abundance in a sample 127,687 130,546 128,829 60,917 60,917 
Mothur Enterobacteriaceae Escherichia-Shigella 67 807 44 6,529 7,137 

Enterobacteriaceae Salmonella 52 53 30 7,216 7,382 
Total normalized abundance in a sample 114,887 114,770 114,871 59,055 59,056 

 
 From Table 1, the unassigned genus comprised one ASV (Chicken ASV 1) from the chicken ileum dataset 
and two ASVs (Mock ASV 1 and Mock ASV 2) from the mock dataset. On the other hand, two ASVs (Chicken 
ASV 2 and Chicken ASV 3) from the chicken ileum dataset and one ASV (Mock ASV 3) from the mock dataset 
were assigned as Escherichia-Shigella. 
 We further investigated the ASVs that could not be assigned at genus level. Representative sequences of ASVs 
from the microbiome analysis using QIIME2 were retrieved for the phylogenetic tree analysis. The phylogenetic 
tree was constructed with 10,000 bootstraps (Figure 6). The ASV sequences of Chicken ASV 1, Mock ASV 1, 
and Mock ASV 2 were closely related to a group of Salmonella enterica, and these sequences came from the 
unassigned genus of Enterobacteriaceae. In contrast, the ASV sequences of Chicken ASV 2, Chicken ASV 3, and 
Mock ASV 3 were closely related to a group of Escherichia species and came from the assigned genus 
Escherichia-Shigella of Enterobacteriaceae. Likewise, the unassigned ASVs were searched by conducting an 
online NCBI BLAST against the non-redundant nucleotide database (nr/nt) database. The BLAST analysis 
revealed that all unassigned ASVs were 99.0%–100% identical to Salmonella enterica. The best BLAST hits of 
the unassigned ASVs are shown in Table 2.  
 

 
 

Figure 6 Phylogenetic tree of 15 16S rRNA reference sequences and 3 ASVs from the chicken ileum samples 
(Chicken ASV 1, Chicken ASV 2, and Chicken ASV 3) and 3 ASVs from the mock samples (Mock ASV 1, Mock 
ASV 2, and Mock ASV 3). All ASVs belong to the family Enterobacteriaceae. Chicken ASV 1, Mock ASV 1, 
and Mock ASV 2 were unassigned ASVs at the genus level. Chicken ASV 2, Chicken ASV 3, and Mock ASV 3 
were annotated as Escherichia-Shigella. The number in each branch represents the percentage of consensus in the 
tree, based on bootstrapping. 

NR 044373.1 Salmonella enterica 

Mock ASV 1 

Mock ASV 2 

Chicken ASV 1 

NR 044372.1 Salmonella enterica 

NR 104709.1 Salmonella enterica 

NR 116126.1 Salmonella enterica 

NR 119108.1 Salmonella enterica 

NR 074910.1 Salmonella enterica 

NR 074799.1 Salmonella enterica 

NR 116125.1 Salmonella enterica 

NR 116124.1 Salmonella enterica 

NR 074888.1 Salmonella enterica 

NR 114042.1 Salmonella enterica 

NR 112558.1 Salmonella enterica 

NR 024570.1 Salmonella enterica 

Mock ASV 3 

Chicken ASV 3 

Chicken ASV 2 

E10214.1 Lactobacillus sp. 

NR 112116.2 Bacillus subtilis 

86 

81 

65 

95 

97 

100 

72 

88 
87 

87 

94 

98 

100 

95 

99 

99 

99 
99 



8 
 

Table 2 Best BLAST hits of unassigned ASVs belonging to the family Enterobacteriaceae. 
Representative Sequence Percent identity E-value Best blast hit 
Chicken ASV 1 100.00 2e-127 Salmonella enterica subsp. enterica 

(Accession ON365723.1) 
Mock ASV 1 100.00 8e-126 Salmonella enterica subsp. enterica 

(Accession CP012344.2) 
Mock ASV 2 100.00 8e-126 Salmonella enterica subsp. enterica 

(Accession ON365723.1) 
Chicken ASV = Amplicon sequence variant from the chicken samples; Mock ASV = Amplicon sequence variant from the mock samples;    
E-value = expected value. 

 
4. Discussion 
 
 Sequencing of the 16S rRNA gene amplicon has been applied for the study of the chicken gut microbiome, 
which facilitates the improvement of chicken feed and performance [27, 28]. The technology overcomes the 
limitation of the culturing method and allows the simultaneous detection of the microbial community and its 
proportion [29]. This provides an opportunity to detect and monitor beneficial gut microbes together with 
pathogens for improving poultry production. Cultivation methods are generally time and labor-consuming, and 
the profiling of ileum and cecum samples from broiler chickens by conventional culturing analysis results in large 
numbers of undetected genera [29]. Recently, high-throughput sequencing has been used to detect and track 
microbiome communities and the infectious pathogens Salmonella, Campylobacter, and Escherichia coli in 
poultry [30, 31]. However, it is noted that the use of a sub-region of the 16S rRNA gene provides reliable microbial 
classification only at a taxonomic genus level [1 5 ] . The technology could facilitate the screening for potential 
risks of pathogens. A higher resolution classification could be complementary utilized by other techniques 
considering more distinguishable genomic regions and/or biochemical properties [32]. 
 When conducting high-throughput sequencing, a bioinformatics pipeline for accurate microbial detection is 
crucial. Nowadays, there are two commonly used bioinformatics tools for 16S rRNA microbiome analysis, namely 
QIIME2 and Mothur. These two tools have already been compared and discussed as a choice of analysis in 
different datasets [20, 21]. In our study, QIIME2 and Mothur analyses provided highly similar profiles of the 
commercial broiler ileum microbiome from a farm in Thailand. In previous studies, the genus Lactobacillus (of 
the family Lactobacillaceae) was the most dominant genus in adult chicken ileum [8, 33]. Positive effects of some 
Lactobacillus species have been reported on broiler growth performance, such as for Lactobacillus paracaseis 
sparacasei and Lactobacillus rhamnosus [34]. Similar to our findings, the families Peptostreptococcaceae, 
Streptococcaceae, and Clostridiaceae have been found in the ileum content of poultry [35]. QIIME2 and Mothur 
use different preprocessing steps and different concepts of grouping amplicon sequences as a unit of organisms 
(ASV and OTU for QIIME2 and Mothur, respectively). This results in different numbers of detected units and 
alpha diversity. Mothur detected a larger number of microbial taxa than QIIME2. This could be because of the 
denoising algorithm of QIIME2 that remove low-abundance microbes as false positives [24]. Nevertheless, 
dominant bacteria in the broiler ileum community showed highly similar profiles (both types and proportions), 
suggesting that both methods could be used interchangeably for detecting overall profiles.  
 We also investigated the ability of microbial profile detection of the pipelines using a mock community. Both 
QIIME2 and Mothur provided different proportions of microbes compared to the theoretical propositions, most 
likely because of the efficiency of the extraction kit used for the mock community. All expected taxa in the mock 
community were detected; however, some other taxa could also be found, albeit at low proportions. False positives 
could be detected by both pipelines. In addition, the genus Salmonella was not reported using the QIIME2 with 
SILVA 138 database. The results of Salmonella detection for the mock dataset aligned with the broiler ileum 
dataset. 
 Pathogen detection is usually a concern in chicken production, and Salmonella, as a foodborne pathogen, is 
subject to regulations for chicken exportation worldwide [13], along with other pathogens such as Campylobacter 
and Escherichia coli. Recently, high-throughput sequencing was used for the detection of infectious pathogens 
such as Campylobacter in poultry carcasses, but without reports of Salmonella [30]. Interestingly, in our study, 
when using the SILVA138 database, Mothur detected both Salmonella and Escherichia-Shigella, whereas 
QIIME2 could annotate only the genus Escherichia-Shigella. However, there were unassigned ASVs of the family 
Enterobacteriaceae, which we further analyzed and assumed to be ASVs of Salmonella. This finding was obtained 
for both chicken ileum content and mock communities and is in agreement with previous studies [36, 37]. Our 
results suggest both ASV and OTU methods could classify Salmonella sequences; however, there are challenges 
at the taxonomic assignment step. In our study, the unassigned ASVs were closely related to Salmonella and 
separated from Escherichia-Shigella, with a high similarity with Salmonella species through BLAST analysis. 
We suggest the further investigation of ASVs in the family Enterobacteriaceae for Salmonella detection when 
using the QIIME2 and SILVA 138 database for 16S rRNA microbiome analysis. Note that the studied samples 
show naturally infected pathogens which were detected at low abundances similar to other studies [38, 39]. 
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5. Conclusion 
 

We conducted and compared the microbiome analysis approaches based on 16S rRNA amplicon sequences in 
the commercial broiler gut microbiome and a mock community using QIIME2 and Mothur, with the 
implementation of amplicon sequence variants (ASVs) and operational taxonomic units (OTUs), respectively. 
The two pipelines provided similar microbial profiles at all taxonomic levels. The majority of the microbes 
belonged to the genera Lactobacillus and Romboutsia. However, different results were found for Salmonella 
detection using SILVA138 as a reference database. By conducting Mothur, the OTUs of the genus Salmonella 
were annotated, whereas QIIME2 could only assign the identified ASVs at the family level of Enterobacteriaceae. 
We recommend further ASV assignment for Salmonella identification using BLAST. This study demonstrates 
that caution is required for Salmonella detection when based on 16S rRNA amplicon sequencing analysis. 
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