
 

Comparative Study of Sequence Aligners for Detecting Antibiotic Resistance  

in Bacterial Metagenomes 
Camille McCall and Irene Xagoraraki 

Department of Civil and Environmental Engineering 

 
 The increasing use of antibiotics has resulted in the development of resistance 

genes in bacteria. In light of this, antibiotic resistance genes (ARGs) have become 

an evolving environmental pollutant where wastewater treatment plants 

(WWTPs), as well as other biotas, are known environments for the selection and 

transfer of these genes.  
 

 Since many bacteria cannot be cultured, culture-based approaches are not suffi-

cient for detecting a significant portion of ARGs in highly diverse environments 

such as WWTPs[1]. Sequence-based metagenomics involves the extraction of 

DNA from an environmental sample that is then sequenced and later compared 

to a known sequence or database of sequences[1]. This approach makes it possi-

ble to identify antimicrobial resistance on a broader scale. 
 

 In sequence-based metagenomics, next-generation sequencing (NGS) platforms 

such as Illumina,  produce vast libraries of genetic information that are later     

processed for further analysis, namely the alignment of unknown sequences 

(reads) to reference sequences. A number of sequence aligners have been made 

available to the public at no cost, among these are BLAST, Bowtie2 and BWA.  
 

 To assess the performance of Bowtie2, BWA-MEM, BLASTN, and BLASTX in ARG 

metagenomic studies, we aligned simulated ARG bacterial metagenomes generat-

ed with Illumina sequencing errors against the Comprehensive Antibiotic Re-

sistance Database (CARD). 

      INTRODUCTION                    METHODS                     SIMULATED METAGENOME 
 A synthetic bacterial metagenome was constructed from seven complete sequences, identified as 

whole genomes or mobile genetic elements, extracted from the NCBI’s nucleotide database. Sequenc-

es are of different bacterial genera, consist of ARGs contained in the CARD, and comprise ARGs with 

lengths ranging between 439 and 3205 nucleotides. Average insert sizes, read length, and error distri-

bution of simulated reads are representative of sewage samples. 

 

 Python script used to evaluate four performance criteria: correctly mapped reads (reads aligned to the 

correct position on the genome, or gene), partially mapped reads (reads offset from its true position 

while obtaining at least 20 true positive bases), false 

positives (reads aligned to the incorrect position), 

and multi-reads (reads that align equally as good to 

more than one position on a reference genome). 

 

 Reads mapped to their respective nucleotide acces-

sion number when translated with a percent identi-

ty of ≥90% over at least 25 amino acids were considered correctly mapped during alignment with 

BLASTX.  

 To assess the performance of BWA-MEM, Bowtie2, BLASTN and BLASTX when 

aligning a simulated bacterial metagenome against an ARG database.  

 Apply the optimal alignment approach on sewage samples taken after disinfection 

(AD) and report the relative abundance of ARG classes in each sample.  

 

ARGs detected in each WWTP only suggest the presence of these genes in the 

samples investigated. When possible, traditional biological detection methods are 

recommended for verifying the identification of genes detected using sequence 

aligners. 
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 Membrane Bioreactor  

 Sludge retention time (SRT) of 

7.58 days 

 Capacity: 17 MGD 

 Average Flow rate: 8.5 MGD 

 Disinfection: Ultraviolet (UV) 

 Conventional Activated Sludge   

 Sludge retention time (SRT) of 

14 days 

 Capacity: 18.8 MGD 

 Average Flow rate: 13.4 MGD 

 Disinfection: Chlorine (Cl) 

 Sampled metagenomes were            

analyzed using Bowtie2, Burrow-

Wheeler Aligner-Maximal Exact 

Match (BWA-MEM), and Basic Local 

Alignment Search Tool (BLAST).    
 

 Aligners chosen based on their fre-

quent appearance in metagenomic 

studies, compatibility  with Illumina 

data, and capabilities to deal with 

reads of various lengths. 

 

 Aligners were operated under de-

fault conditions.  

 Comprehensive Antibiotic Resistance 

Database (CARD) - 2,027,840 nucleo-

tide bases in length, 2165 ARG se-

quences. The protein CARD is 671,057 

amino acids in length with 2165 protein 

sequences. 

Traverse City WWTP East Lansing WWTP 
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Figure 1. Performance composition for each alignment tool (n = number of mapped reads). 

Partially mapped reads were not considered during BLASTX alignment. 

 

 BLASTX obtained the lowest percentage of false positives, but generated a substan-

tial amount of multi-reads. BWA-MEM produced the least amount of multi-reads 

and there was no significant difference in the percent of multi-reads between 

BLASTN and Bowtie2. Bowtie2 alignment generated 6.08% more false positives com-

pared to BLASTN. 

Figure 2. Relative abundance of antibiotic resistance classes in the (left) CAS and (top) 

MBR wastewater samples when aligned with BLASTN against the CARD. 

 

 β-lactam resistance genes were the most abundant in each sample followed by 

aminoglycosides. 

 

 Presence of Elfamycin (naturally occurring, binds to the elongation factor ther-

mo unstable (EF-Tu) proteins and inhibits protein synthesis[2] ) resistance was 

suggested in MBR sample.  To the best of our knowledge, no recent studies on 

the prevalence of elfamycin resistance genes in sewage treatment plants have 

been documented. 

Findings: Alignment of simulated bacterial metagenomes against the CARD revealed 

BLASTN to have a slightly greater accuracy compared with Bowtie2, BWA-MEM and 

BLASTX. False positives can be attributed to sequencing errors and ambiguity within the 

reference database.  

 

Threshold Conditions for Wastewater Samples: Aligned against the CARD using BLASTN 

with an E-value of 1e-5, the remaining parameters were maintained at default settings. A 

gene similarity threshold of ≥90% over 150 bps was considered for mapped reads. 
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