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RESUMEN 

El análisis metagenómico proporciona información valiosa sobre la composición y la 

dinámica de las comunidades microbianas. En este estudio, utilizamos un enfoque de genomas 

ensamblados a partir de metagenomas (MAGs por sus siglas en inglés) para investigar la 

variación en las cepas presentes en el microbioma intestinal infantil en diferentes momentos. 

Recopilamos 122 muestras de heces de 39 niños de 1 a 7 años cada 5 a 12 meses. Los MAGs 

se obtuvieron mediante el ensamblaje de novo utilizando MEGAHIT y el binning con 

Metawrap. Se identificaron taxonómicamente un total de 1126 MAGs, que representaban 

diversos filos, clases, órdenes, familias y géneros. El análisis a nivel de cepa se centró en 

Prevotella copri y Bacteroides fragilis, revelando variaciones en SNPs e inserciones/deleciones 

(indels) entre muestras del mismo individuo en diferentes momentos. Nuestro análisis muestra 

que cada individuo tiene por lo menos 1 a 3 cepas de P. copri y 1 a 4 cepas de B. fragilis en 

cualquier momento, de igual manera encontramos evidencia de intercambio de cepas en las dos 

especies. Estos hallazgos confirman un alto dinamismo en poblaciones bacterianas de dos de 

los taxones más grandes en el microbioma humano. 

 

Palabras clave: MAGs, microbioma, intestino, metagenomas, Prevotella, Bacteroides. 
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ABSTRACT 

Metagenomic analysis provides valuable insights into the composition and dynamics of 

microbial communities. In this study, we employed a metagenome-assembled genomes 

(MAGs) approach to investigate the variation in strains present in the infant gut microbiome 

over different time points. We collected 122 faecal samples from 39 children aged 1 to 7 every 

5 to 12 months. MAGs were obtained through de novo assembly using MEGAHIT and binning 

with Metawrap. A total of 1126 MAGs were taxonomically identified, representing various 

phyla, classes, orders, families, and genera. We carried out a strain-level analysis focusing on 

Prevotella copri and Bacteroides fragilis. Our results revealed SNPs and insertions/deletions 

(indels) within the sample from the same individual and among samples collected at different 

time points. Our analysis showed that each individual had at least 1-3 strains of P. copri and 1-

4 strains of B. fragilis at any given time. We also found evidence of strain turnover in both 

species. We found evidence that confirms highly dynamic bacterial populations in the two of 

the major taxa in the human microbiome. 

Key words: MAGs, microbiome, gut, metagenome, Prevotella, Bacteroides.  
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GENERAL INTRODUCTION 

The microbiome refers to the repertoire of microorganisms, known as microbiota, and 

their genomes, such as bacteria, fungi, viruses, and other microbes, that inhabit an organism or 

an environment [1]. It is crucial in maintaining various ecosystems, including the human 

microbiome. The human microbiome is a complex and highly diverse community of 

microorganisms that reside in human mucosal and skin surfaces like the gut, skin, mouth, etc. 

[2]. These microorganisms have a symbiotic relationship with their host and may impact various 

aspects of human physiology, immunity, metabolism, and even mental health [3]. Current 

knowledge of gut microbiome composition has grown significantly in recent years. Research 

has revealed that the gut microbiome is a compound community consisting of a vast array of 

microorganisms, including primarily bacteria, that can make up to 90% of the gut microbiome, 

viruses, fungi, archaea, and protists [1]. The gut microbiome’s composition can vary a lot from 

individual to individual in response to changes in diet, lifestyle, environment, and genetics [4]. 

The relationship between core and accessory genomes and how they affect the microbiome has 

been studied [5]. A bacterial species' core is made up of genes shared by all the members of a 

given species; it is vertically inherited, contains the housekeeping genes, and, bioinformatically, 

is used to determine the microbial species [5]. On the other hand, the accessory genome consists 

of genes present in some strains but not all, providing adaptive potential to the bacterial cell 

[6]. These accessory genes can confer antibiotic resistance, stress tolerance, novel or different 

metabolic capabilities, and niche-specific adaptations, affecting the functional diversity of the 

microbiome and its capacity to adapt to environmental changes [5]. Most of the genes in the 

accessory genome are thought to be acquired by horizontal gene transfers (HGT) [7]. 

The HGT is a process by which genetic material can be transferred between genetically different 

organisms, enabling the acquisition of new traits. This phenomenon plays a significant role in 
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shaping bacterial evolution and can contribute to developing pathogenic strains, providing 

virulence factors and adaptive features modifying its behavior and capabilities [7]. This is 

different from genetic recombination, a process where two DNA molecules or segments 

exchange genetic material resulting in the rearrangement of the segment, since this process 

usually takes place with DNA from the same individual or members of the same species, either 

by homologous regions or by specific site recognition [8].  

 

Microbiome composition 

Studies have identified several predominant bacterial phyla in the gut microbiome, 

including Firmicutes with a presence from 50% up to 80%, Bacteroidetes from 20% to 50%, 

Actinobacteria, and Proteobacteria ranging from 1 to 10% each [9]. Within these phyla, there 

is substantial diversity at the genus and species levels. For example, Bacteroides spp, 

Faecalibacterium spp, and Ruminococcus spp are common bacterial genera in the human gut 

[10]. These bacteria may be crucial for human metabolism because they synthesize vitamins, 

metabolize fiber, and produce short-chain fatty acids that can be used by the animal host [11]. 

The composition of the gut microbiome at different taxa levels is dynamic and can alter over 

time or in response to age [12], geography [12][13], diet [13], and other unidentified causes 

[12]. In diseases including irritable bowel syndrome (IBS), obesity, and inflammatory bowel 

disease (IBD), for example, changes in the gut microbiome have been noted [14]. These 

diseases have been linked to imbalances in the relative abundance of some bacterial groups. For 

instance, it has been observed that people with IBD had lower amounts of helpful bacteria like 

Bifidobacterium and Lactobacillus and higher levels of potentially hazardous bacteria like 

Escherichia coli pathotypes [15]. We must remember that the correlation between microbiome 

change and disease doesn’t imply causation.  Additionally, the assignment of functions to 
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bacterial species ignores that the accessory genome can cause severe changes in the bacterium-

animal host interaction; for instance, a commensal bacterium can become pathogenic [16]. 

 

Studies have shown that despite day-to-day fluctuations, and while having a degree of 

individuality, the overall composition and diversity of the gut microbiome tend to remain 

relatively stable, at the species level, within an individual over months or even years [17][18]. 

The stability of the gut microbiome referring to species and strains is a subject of ongoing 

research. Phyla, such as Firmicutes and Bacteroidetes, tend to exhibit relatively high stability 

in the gut microbiome, with certain core members consistently present [9]. Factors like diet, 

lifestyle, and environmental influences can impact species composition within an individual's 

gut microbiome [9][14]. Strains may undergo clonal expansion or decline based on selective 

pressures or competitive interactions, while certain strains with specific traits can exhibit higher 

stability, the overall strain-level composition tends to be more dynamic than phyla and species 

[9].  

 

Some researchers have also indicated that certain core microbial species (not to be confused 

with core genome) and strains persistently colonize the gut over extended periods. These core 

microbiome members are thought to play essential roles in homeostasis and contribute to the 

stability of the gut microbiome [19]. However, it's worth noting that the stability of specific 

species or strains within the gut microbiome can be influenced by various factors, such as 

dietary changes, medication use, and host genetics [20].  

 

Evidence also points to the possibility that specific circumstances or treatments may cause 

instability in the species present in the gut microbiome. For instance, research has demonstrated 
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that antibiotics can significantly modify the gut microbiome, resulting in decreased species 

diversity and changes to the microbial makeup [21]. Similar variables can affect the stability of 

the gut microbiome, perhaps causing dysbiosis and related health effects. These factors include 

food, infections, and disease states [22]. 

 

Dietary elements also influence how the gut microbiota functions. For example, short-chain 

fatty acids (SCFAs) are produced by particular bacteria in the gut when dietary fiber is used as 

a fuel source. SCFAs aid in regulating metabolism, lower inflammation, and support the 

soundness of the intestinal barrier [23]. On the other hand, meals high in fat and sugar have 

been linked to changes in the gut microbial ecology and a reduction in SCFAs synthesis that 

bacteria can produce [24].  

 

Moreover, diet changes can rapidly affect the gut microbiome composition regarding the 

species present. Some studies have shown that shifting from a vegan diet to a Western-style 

diet can lead to noticeable changes in microbial composition within days [20][25]. These 

changes highlight how dynamic the gut microbiome can be. It was discovered that various diets 

significantly affect the gut microbiome's structure and operation. According to those studies, 

food habits can affect the variety and number of microbial species in the gut. An increase in 

genera like Alistipes spp. and Bacteroides spp. have been linked to a Western diet, for instance, 

which is known for its high intake of processed foods, sugar, and saturated fats [20][13]. On 

the other hand, a more varied gut microbiome has been associated with plant-based diets high 

in fiber, fruits, and vegetables [22]. All these factors can influence the gut microbiome at the 

species or strain level changing the behavior of the bacteria from commensal to pathogenic or 

vice versa.  
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One significant challenge in understanding the microbiome is its immense diversity and 

complexity. New insights in DNA sequencing technologies allow researchers to explore better 

and characterize the microbiome. Classical microbiology, which involves isolating and 

culturing individual microbial species in the laboratory [26], differs from metagenomics, which 

focuses on studying the genetic material directly extracted from environmental samples [27]. 

Classical microbiology often targets specific microorganisms of interest or known pathogens, 

studying their phenotypic characteristics and specific traits [26]. In contrast, metagenomics 

takes a more comprehensive approach by analyzing the entire microbial community present in 

a sample, providing a better understanding of the functional potential of microbial communities 

through the analysis of collective genetic content [26][27]. Metagenomics overcomes the bias 

of classical microbiology toward culturable microorganisms by directly examining genetic 

material from environmental samples [28][29]. It enables high-throughput analysis of large 

datasets to study complex microbial communities [30].  

 

The composition of the gut microbiome has been thoroughly investigated thanks to 

developments in DNA sequencing methods, notably metagenomic sequencing. Researchers can 

pinpoint individual bacterial species or strains that are present in the gut by examining the 

genetic makeup of the microbial community [19]. Furthermore, functional profiles of the gut 

microbiome have been uncovered by metagenomic research, offering insight into the genes and 

metabolic pathways involved in a range of microbial activities and interactions with the host 

[10]. 
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ABSTRACT 

Metagenomic analysis provides valuable insights into the composition and dynamics of 

microbial communities. In this study, we employed a metagenome-assembled genomes 

(MAGs) approach to investigate the variation in strains present in the gut microbiome over 

different time points. We collected 125 faecal samples from 39 children aged 1 to 7 every 5 to 

12 months. MAGs were obtained through de novo assembly using MEGAHIT and binning with 

Metawrap. A total of 1126 MAGs were taxonomically identified, representing various phyla, 

classes, orders, families, and genera. We carried out a strain-level analysis focusing on 

Prevotella copri and Bacteroides fragilis. Our results revealed SNPs and insertions/deletions 

(indels) within the sample from the same individual and among samples collected at different 

time points. Our analysis showed that each individual had at least 1-3 strains of P. copri and 1-

4 strains of B. fragilis at any given time. We also found evidence of strain turnover in both 

species. We found evidence that confirms highly dynamic bacterial populations in the two of 

the major taxa in the human microbiome. 

 
 

INTRODUCTION 
 

Our understanding of bacterial communities and how they respond to environmental changes 

has been completely transformed by culture-independent genetic and genomic data, including 

high-throughput sequencing and metagenomics [1]. In oceanic microbial communities, 

metagenomic analysis has revealed distinct changes in microbial taxa and functional genes in 

response to temperature gradients [2], and the identification of specific genes linked to pollutant 

degradation in soil microbial communities has shed light on their responses to environmental 

contaminants [3]. The intestinal microbiome's complexity, diversity, and dynamics are known 

to respond to intestinal perturbations [2][3]. Even though many studies describe the diversity 
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and stability of bacterial phyla, genera, and species, there is very little information about the 

stability of the strain diversity.  

The study of strain-level dynamics in a microbiome is crucial to have a better understanding of 

complex microbial communities [4]. For instance, some horizontally transferred genes 

(accessory genome) can change the phenotype of any strain: a commensal strain into a 

pathogenic one [5]. The accessory genome can contain genes involved in metabolic adaptation, 

virulence factors, and antibiotic resistance [6][7]. 

On the other hand, it has been suggested that microbiome influences various physiological 

processes (such as glycemic response) and different strains could have different impact for the 

host physiology [8]. Strain-level analyses can give insights on these interactions whereas core 

genome (16S RNA gene metagenomics) can only give taxonomic information from which we 

can infer a limited number of metabolic functions. The core genome codes for housekeeping 

processes, DNA replication, translation, central metabolism [9], cell division, cell wall 

synthesis, and responses to stress [10]. In this study, we use the MAGs approach to see if there 

is a variation in the strains present in the gut microbiome at different time points. 

 

MATERIALS AND METHODS 

The faecal samples used in this study were collected from August 2018 to September 2021 

according to the methodology discussed by Cifuentes et al. [11]. A total of 39 children from 

ages 1 to 7 participated in the study, providing 1 to 5 samples corresponding to at least one of 

the 5 sampling cycles performed in 5 months to a year interval. The samples were sequenced 

using the Illumina Nova-Seq platform. For quality control and removing the host DNA from 

the raw reads the tools FastQC [12], Trimmomatic [13], BWAtools [14] and Samtools [15] 

were used. To obtain the MAGs from the samples an adaptation of the MAG Snakemake 
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pipeline was implemented following the protocol used by Saheb, Almeida, Segre & Finn [16]. 

The reads were assembled with MEGAHIT [17], and the binning of the resulting assemblies 

was conducted using the corresponding module of Metawrap [18]. We also used the bin 

refinement module of the software. The steps discussed above are the basis for obtaining 

MAGs. The steps to assess and guarantee the quality of the genomes were performed as 

indicated in the MAG Snakemake pipeline with 20% of the total samples analyzed, 

dereplication of MAGs and bottlenecks evaluation were also carried out with 20%. The Genome 

Taxonomy Database and its toolkit were used to classify MAGs according to bacterial and 

archaeal taxonomy. 

  

Samples corresponding to the same individual in different collection time points were grouped. 

We focused on individuals presenting Prevotella copri and Bacteroides fragilis, the two most 

common species of their respective genera, resulting in 20 and 12 respectively. To obtain the 

consensus sequences of the bins corresponding to Prevotella copri, we used minimap2 [19], 

Samtools [15] and Ivar [20], using as a reference of Prevotella copri (NCBI reference 

NZ_GG703857.1) and Prevotella stercorea (RefSeq GCF_003473415.1). The same steps were 

followed for member of Bacteroides fragilis using the reference NZ_CP069563.1 from RefSeq. 

Mafft software [21] was used to align the sequences from both groups. Insertions-deletions, 

SNPs and overall variants were quantified among each individual using Snippy [22]. To identify 

different strains among samples, PanPhlan3 [23] was used. 

RESULTS 
 

Metagenome Assembled Genomes 

 

From 122 metagenomic samples we obtained 1126 MAGs identified to species level, or an 

individual OTU code, and 69 genomes not identified with the database used. Of the ones that 
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were identified the three most representative at phylum level were Firmicutes A with 44.3% 

representation, Bacteroidota with 26.7% and Actinobacteria with 10%, at Class level the biggest 

group were Clostridia with 44.4%, Bacteroidia with 29.7% and Actinomycetia with 7.4%. In 

the Order level, Bacteroidales had 29.7%, Oscillospirales 24.4% and Lachnospirales with 

18.8%; Bacteroidaceae with 19.7%, Lachnospiraceae with 18.8% and Ruminococcaceae at 

12.2% were the biggest groups at Family level. Prevotella, Faecalibacterium and 

Bifidobacaterium were the most predominant groups at genus level with 9.5%, 7.9% and 7.4% 

respectively. At every taxa level there were groups with little representation individually, those 

groups are joined under the label others in Figure 1. 

 
Figure 1 Proportion of species at Phylum, Class, Order, Family and Genus levels of the 1126 MAGs obtained, taxonomically 

identified using GTDB-tk. 

 
Strain-level analysis of Prevotella and Bacteroides 

 

From the genomes resulting from the pipeline used, we focused on the strains belonging to the 

species Prevotella copri and Bacteroides fragilis, from the same person. To assess the number 

of variations between time points, we compared the genome variants (putative strains) from 
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samples collected at different time points. We obtained values for SNPs and indels between the 

strains samples as well as the total number of variations using Snippy. When the software found 

no indels there are blank spaces on the tables (Table 1 and Table 2). Strains differ from point 

mutations by the total number of variations present between genomes.   

We also wanted to see the composition of these groups at a strain level comparing all the 

samples, from the 20 individuals with the species Prevotella copri and the 12 with Bacteroides 

fragilis from the previous step, only 16 and 10 respectively passed the coverage threshold to be 

analyzed in Panphlan. In addition to comparing all the genomes obtained that corresponded to 

one of the groups we ordered the samples by the individuals they belong to. The 

presence/absence matrix obtained was visualized as a heatmap where the rows are the genes 

annotated by PanPhlan3. Both in Prevotella copri and Bacteroides fragilis, there is variation 

among all the genomes recovered as well as among each individual.  

  
Figure 2 Heatmap of putative strains present of Prevotella copri ordered by individuals. Columns representing the strains 

and rows the genes of the pangenome used, numbers at the top correspond to the individuals. 
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Figure	3	Heatmap	of	putative	strains	present	of	Bacteroides	fragilis	ordered	by	individuals.	Columns	representing	the	
strains	and	rows	the	genes	of	the	pangenome	used,	numbers	at	the	top	correspond	to	the	individuals.	
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Table 1 Prevotella copri strain variation in the same 
individual at different sampling periods. In each 
individual, at the top there is the strain with which we 
compared the rest of the strains. 

    

 
TOTAL SNPs IN/DELS 

 INDIVIDUAL207 
  

CYCLE2strain1 - - - 

CYCLE3strain1 334 229 16 

CYCLE4strain2 20492 14021 54 

CYCLE4strain3 512 344 11 

CYCLE5strain1 513 326 11 

CYCLE5strain2 29294 20458 111 

    

 
INDIVIDUAL369 

  
CYCLE1strain1 - - - 

CYCLE1strain2 187 122 - 

CYCLE1strain3 256 147 1 

CYCLE1strain4 6794 4440 11 

CYCLE2strain1 29 20 - 

CYCLE3strain1 152 102 1 

CYCLE3strain2 197 116 - 

    

 
INDIVIDUAL411 

  
CYCLE1strain1 - - - 

CYCLE3strain1 12999 10383 197 

CYCLE5strain1 9715 7738 123 

    
 INDIVIDUAL430 

  
CYCLE2strain1 - - - 

CYCLE3strain1 123 75 - 

CYCLE3strain2 143 98 - 

CYCLE5strain1 29632 21076 159 

    
 INDIVIDUAL20 

  
CYCLE1strain1 - - - 

CYCLE3strain1 5303 4566 130 

CYCLE5strain1 10955 7446 32 

CYCLE5strain2 4584 3901 124 

    

 
INDIVIDUAL33 

  
CYCLE2strain1 - - - 

CYCLE3strain1 181 118 - 

    

 
INDIVIDUAL44 

  
CYCLE2strain1 - - - 

CYCLE2strain2 12756 8911 34 

CYCLE3strain1 11839 8165 41 

    
 INDIVIDUAL60 

  
CYCLE1strain1 - - - 

CYCLE1strain2 408 274 - 

CYCLE1strain3 40 27 - 

CYCLE3strain1 521 335 1 

CYCLE3strain2 22755 18086 271 

    

 
INDIVIDUAL82 

  
CYCLE1strain1 - - - 

CYCLE2strain1 10098 6834 27 

CYCLE2strain2 200 125 - 

CYCLE5strain1 11120 7603 30 

CYCLE5strain2 869 572 - 

CYCLE5strain3 63 42 - 



25 
 

 

    

 

 
 

 

 

 

 

INDIVIDUAL84 
  

CYCLE3strain1 - - - 

CYCLE5strain1 1075 757 10 

CYCLE5strain2 1214 803 3 

    

 

 

INDIVIDUAL94 
  

CYCLE2strain1 - - - 

CYCLE3strain1 11247 7664 32 

CYCLE3strain2 50 31 1 

CYCLE3strain3 365 286 19 

    

 
INDIVIDUAL124 

  
CYCLE1strain1 - - - 

CYCLE1strain2 154 105 - 

CYCLE1strain3 169 104 4 

CYCLE3strain1 442 286 4 

CYCLE3strain2 33 29 2 

CYCLE5strain1 287 183 3 

CYCLE5strain2 241 150 1 

    

 
INDIVIDUAL134 

  
CYCLE1strain1 - - - 

CYCLE2strain1 7531 5051 11 

    
 INDIVIDUAL206 

  
CYCLE1strain1 - - - 

CYCLE2strain1 463 301 - 

CYCLE2strain2 1487 1072 44 

CYCLE3strain1 191 129 - 

CYCLE5strain1 27931 19783 115 

CYCLE5strain2 453 303 - 

    

 
INDIVIDUAL209 

  
CYCLE2strain1 - - - 

CYCLE3strain1 140 94 - 

CYCLE4strain1 5234 3540 14 

CYCLE5strain1 191 128 - 

    

 
INDIVIDUAL279 

  
CYCLE1strain1 - - - 

CYCLE1strain2 558 375 - 

CYCLE3strain1 1848 1222 6 

CYCLE3strain2 5335 4626 28 

    

 
INDIVIDUAL303 

  
CYCLE1strain1 - - - 

CYCLE2strain1 3945 3386 79 

CYCLE3strain1 104 66 1 

CYCLE3strain2 26807 18908 107 

    

 
INDIVIDUAL441 

  
CYCLE3strain1 - - - 

CYCLE5strain1 432 287 - 

CYCLE5strain2 3410 2293 9 

    

 
INDIVIDUAL464 

  
CYCLE3strain1 - - - 

CYCLE5strain1 131 91 1 
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INDIVIDUAL502 
  

CYCLE2strain1 - - - 

CYCLE5strain1 181 110 - 
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Table 2  Bacteroides fragilis strain variation in the 

same individual at different sampling periods. In each 

individual, at the top there is the strain with which we 

compared the rest of the strains.  

   

 
TOTAL  SNPs IN/DELS 

 
INDIVIDUAL207 

  
CYCLE2strain1 - - - 

CYCLE3strain1 500 398 11 

    

 
INDIVIDUAL369 

  
CYCLE1strain1 - - - 

CYCLE3strain1 923 588 14 

    

 
INDIVIDUAL411 

  
CYCLE1strain1 - - - 

CYCLE3strain1 785 500 3 

    

 
INDIVIDUAL430 

  
CYCLE2strain1 - - - 

CYCLE4strain1 269 166 5 

CYCLE4strain2 1321 850 19 

    
 INDIVIDUAL79 

  
CYCLE1strain1 - - - 

CYCLE1strain2 1174 746 12 

CYCLE3strain1 1114 723 10 

    

 
INDIVIDUAL204 

  
CYCLE1strain1 - - - 

CYCLE2strain1 362 254 13 

CYCLE3strain1 271 142 - 

CYCLE5strain1 7878 6587 68 

    
 
 

INDIVIDUAL230 
  

CYCLE3strain1 - - - 

CYCLE4strain1 372 248 7 

CYCLE5strain1 247 159 - 

CYCLE5strain2 326 217 7 

    

 
INDIVIDUAL232 

  
CYCLE2strain1 - - - 

CYCLE4strain1 1418 891 18 

CYCLE5strain1 1495 988 18 

    

 
INDIVIDUAL273 

  
CYCLE1strain1 - - - 

CYCLE3strain1 883 589 9 

CYCLE3strain2 17624 16197 271 

CYCLE3strain3 2279 1476 26 

    
 INDIVIDUAL464 

  
CYCLE2strain1 - - - 

CYCLE3strain1 350 254 8 

    

 
INDIVIDUAL489 

  
CYCLE1strain1 - - - 
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CYCLE1strain2 752 443 2 

CYCLE2strain1 490 282 2 

CYCLE2strain2 571 367 1 

    

 
INDIVIDUAL534 

  
CYCLE2strain1 - - - 

CYCLE3strain1 35 16 4 
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DISCUSSION 
 
Our MAG analysis suggested that there are 1-4 strains of Prevotella copri and 1-3 strains of 

Bacteroides fragilis in the intestine of infants at any given time. These numbers may represent 

only the numerically dominant strains and may not be the total number of strains. A more 

exhaustive study is required to obtain the total diversity [24]. Our results contradict previous 

reports indicating that individuals carry 1 strain of Bacteroides fragilis [25]. We also found 

evidence of strain turnover in Prevotella copri and Bacteroides fragilis over 5-12 months. These 

results are in contrast with studies showing species and strain stability in the gut microbiome 

over time and where an individual maintains particular strains for extended periods 

[25][26][27]. When focusing on P. copri strains (Fig. 2), we show that on each of the 16 

individuals, different strains are found at different time points, considering the number of 

variations between strains (Table 1). We also found evidence that there is a constant change in 

the strain present in an individual, and it doesn’t seem to return to a strain from a previous time 

point, the same can be said about the 10 individuals corresponding to B. fragilis (Fig. 3, Table 

2). Other authors have found evidence of different strains of P. copri and B. fragilis present in 

an individual simultaneously [28]. These results could resemble recent findings in E. coli, with 

many numerically dominant and satellite strains changing over time in the human microbiome 

[24]. 

Accessory genomes could be as large as the core genomes, and the accessory genome is 

probably the main source of genetic innovation in strains displaying different phenotypes [29]. 

A large proportion of the accessory genome is formed by horizontally transferred genes [29]. 

Given that different strains could have a high diversity of accessory genes differentiating one 

from the other, strain turnover could have a relevant impact on several physiological processes 

linked to the microbiome. We show the presence of different strains present in an individual at 



30 
 

 

different time points. Still, more studies at the strain level of the microbiome composition are 

needed to assess the impact of its variations, the relevance of the changes in different conditions 

or diseases, and the potential therapeutic benefit that a controlled modification could have on 

an individual. Based on the strains' variability, the microbiome stability, and the microbiome 

dynamics found in this study, it is essential to consider a whole genome approach. The 16S 

rRNA gene sequencing only should be used to reveal the composition down to the species level 

of the microbiome and to show the overall ecological composition of bacterial communities. 

Focusing only down to the species level could ignore relevant interactions and turnovers that 

could significantly affect the microbiome as a whole and the role it plays within the 

environment. 

 

We highlight the potential of MAGs in understanding microbial communities without the need 

for individual isolation and culturing, revealing the presence of diverse microorganisms at 

different taxonomic levels, including common groups found in the gut microbiome. This 

genomic information contributes to a better understanding of the human microbiota. However, 

there are limitations in the assembly and binning processes, affecting the accuracy of the 

obtained metagenome-assembled genomes (MAGs) [30][31].  

Microbiomes are complex/dynamic microbial communities that at strain level could 

significantly impact the microbiome's functionality, resulting in different outcomes for the 

animal host. There is a need for more studies at the strain level to improve our understanding 

of the gut microbiome, as the tools needed for such studies also continue to improve. 
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