
Phylogroup-Driven Niche Adaptation and Virulence
in Escherichia coli
Di Dong 

Department of Laboratory Medicine, Nanjing Drum Tower Hospital Clinical College of Nanjing University
of Chinese Medicine
Peitao Jiang 

Department of Clinical Laboratory, Yangzhou Yizheng Hospital
Hui Xie 

Department of Clinical Laboratory, Nanjing Drum Tower Hospital, Affiliated Hospital of Medical School,
Nanjing University
Zhengnan Yang 

Department of Clinical Laboratory, Yizheng Hospital of Nanjing Drum Tower Hospital Group
Chang Liu 

Department of Laboratory Medicine, Nanjing Drum Tower Hospital Clinical College of Nanjing University
of Chinese Medicine
Xiaoli Cao 

Department of Laboratory Medicine, Nanjing Drum Tower Hospital Clinical College of Nanjing University
of Chinese Medicine

Research Article

Keywords: Escherichia coli, Phylogroup, Multi-Locus Sequence Typing, Virulence Factors, Population
Structure

Posted Date: May 13th, 2026

DOI: https://doi.org/10.21203/rs.3.rs-9289690/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

Page 1/16

https://doi.org/10.21203/rs.3.rs-9289690/v1
https://doi.org/10.21203/rs.3.rs-9289690/v1
https://doi.org/10.21203/rs.3.rs-9289690/v1
https://creativecommons.org/licenses/by/4.0/


Abstract

Background:
Escherichia coli encompasses diverse strains ranging from commensals to major human pathogens.
How this diversity aligns with phylogenetic background, ecological niche, and virulence potential remains
a central question for genomic surveillance.

Methods:
We analyzed 4,832 high-quality E. coli genomes from public databases and our own isolates.
Phylogroups were assigned via in silico PCR, and available metadata on host and geography were
integrated. Population structure was resolved using both Achtman and Pasteur MLST schemes.
Virulence factors were screened against the Virulence Factors Database (VFDB).

Results:
Phylogroups A (32.5%), B1 (21.5%), and B2 (18.8%) predominated, each with distinct niche preferences:
B2 was largely human-adapted, whereas A and B1 behaved as generalists. Geographical patterns were
evident in the metadata but appeared heavily influenced by sampling disparities across regions and host
types. The Achtman and Pasteur MLST schemes yielded different numbers of sequence types (STs)
(805 vs. 570) yet showed strong concordance at the phylogroup level. Virulence profiles followed
phylogroup-specific patterns—for instance, extra-intestinal pathogenic E. coli (ExPEC) factors
concentrated in B2, while intestinal pathogenicity genes were enriched in phylogroup E. Lineages such
as ST131 (Achtman) / ST43 (Pasteur) maintained conserved virulence repertoires that define successful
clones.

Conclusions:
Our findings reinforce the model of phylogroup-driven niche adaptation in E. coli, with distinct virulence
gene repertoires shaping ecological success. Public genomic datasets offer powerful tools for
uncovering host-associated patterns, but their inherent sampling biases—particularly in geographical
coverage—warrant caution in interpretation. This integrated analysis provides a framework for dissecting
lineage-specific pathogenicity and underscores the need for balanced sampling in future surveillance
efforts.

Introduction
Escherichia coli (E. coli) presents a paradox in clinical microbiology: a commensal of the human and
animal gut, yet also a pathogen capable of causing everything from self-limiting diarrhea to life-
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threatening sepsis and meningitis[1, 2]. This duality is rooted in its genomic plasticity—different strains
carry distinct repertoires of virulence genes that dictate where they can colonize and what disease they
can cause [3].

Pathogenic E. coli are traditionally classified into pathotypes based on clinical presentation and virulence
mechanisms. Intestinal pathogens (InPEC) include enteropathogenic E. coli (EPEC), which causes
infantile diarrhea via attaching and effacing lesions [4]; enterotoxigenic E. coli (ETEC), the agent of
traveler’s diarrhea[5]; enterohemorrhagic E. coli (EHEC), associated with Shiga toxin-mediated hemolytic
uremic syndrome[6]; enteroinvasive E. coli (EIEC), which produces a dysentery-like illness [7]; and

enteroaggregative E. coli (EAEC), characterized by a “stacked-brick” biofilm on the intestinal mucosa[8].
Beyond the gut, extraintestinal pathogenic E. coli (ExPEC)—including uropathogenic E. coli (UPEC) and
neonatal meningitis-associated E. coli (NMEC)—carry VFs that enable colonization of sterile sites[9].

A key organizing principle for E. coli diversity is the phylogroup classification, which assigns strains to
major lineages such as A, B1, B2, C, D, E, F, and several cryptic clades [10, 11]. These phylogroups are not
merely taxonomic labels; they predict ecological niche and pathogenic potential. Commensal strains
cluster predominantly in phylogroups A and B1, whereas ExPEC strains are heavily enriched in B2 and
D[12]. Intestinal pathotypes also show strong phylogroup affinities: typical EPEC is often found in
phylogroup C, EHEC (including O157:H7) in phylogroup E, and ETEC in A and B1[13, 14]. These
associations reflect a deeper evolutionary reality—the core genome backbone constrains or enables the
acquisition of specific virulence traits[15–17].

At a finer scale, multilocus sequence typing (MLST) has become the standard for tracking E. coli clones.
Two schemes predominate: the Achtman scheme (7 housekeeping genes) and the Pasteur scheme (8
genes). Both have been instrumental in identifying high-risk lineages, most notably ST131 (Achtman), a
globally disseminated ExPEC clone within phylogroup B2 [18]. Yet the two schemes use different loci and
databases, raising questions about whether they yield comparable views of population structure. A
systematic, large-scale comparison of their concordance—particularly in linking sequence types (STs) to
phylogroups and virulence profiles—has been lacking.

Existing studies have explored the phylogroup-virulence connection, but typically at a coarse level
(phylogroups) or for a handful of prominent STs. What is missing is an integrated, genomic-scale
analysis that brings together phylogroup assignment, both MLST schemes, and detailed VF profiles
across thousands of genomes. Such an approach would allow us to ask: Do the Achtman and Pasteur
schemes converge on the same phylogenetic and pathogenic framework? Can we define ST-specific
virulence signatures that are robust across typing schemes? And how is the distribution of VFs
structured across the entire E. coli population?

To address these questions, we analyzed 4,899 E. coli genomes from public databases and our own
isolates. We aimed to: (1) map phylogroup distribution across this large collection; (2) compare the two

Page 3/16



MLST schemes for their resolution and concordance; (3) profile VF distribution across phylogroups; and
(4) identify lineage-specific virulence signatures at the ST level. Our findings offer an integrated view of
E. coli population structure, revealing that successful clones carry conserved, lineage-specific virulence
repertoires that are captured consistently regardless of the typing scheme used.

Materials and methods

1. Genome Sequence Acquisition and Processing
A total of 4,900 E. coli genome assemblies were analyzed, including 137 in-house sequenced isolates
from a multicenter clinical surveillance study in Nanjing (2015–2022; BioProject PRJNA989674) and
4,763 publicly available complete genomes from NCBI (accessed September 15, 2024). Public genomes
spanned isolation dates from 1884 to 2024, though sequencing and deposition occurred in recent years.

GenBank files were downloaded using the NCBI datasets command-line tool and parsed with custom
Perl scripts. Gene prediction and annotation were performed uniformly with Prokka v1.14.5[19]. Genome
quality was assessed using CheckM v1.1.3[20] and QUAST v5.0.2[21]. Genomes were considered high-
quality if they met: completeness > 90%, contamination < 5%, contig count ≤ 500, and N50 ≥ 40 kb. Of the
4,900 assemblies, 4,832 passed these criteria and were retained for further analysis.

2. Phylogroup Determination
Phylogroups were assigned via in silico PCR using primers targeting 12 lineage-specific markers: the 7
primer pairs for major phylogroups (A, B1, B2, C, D, E, F) from Clermont et al. 2013[11] and the 5 primer

pairs for Clades I–V from Clermont et al. 2011[22] (Supplementary Table S1). Primer binding sites were
identified using a custom script requiring ≥ 95% identity, ≥ 65% query coverage, and a perfect match at
the 3′ terminal base. Amplicon sequences were validated by BLASTn (BLAST+ v2.13.0) against the
primer sequences. Final phylogroup assignment followed the decision algorithm of Clermont et al. 2013
[11], with Clades I–V classified according to Clermont et al. 2011[22].

3. Metadata Integration
Host origin, country of isolation, and previously assigned phylogroup designations were extracted from
GenBank files using custom Perl scripts. These data were consolidated into a structured dataset to
assess ecological and geographical distribution patterns, focusing on host specificity and global
dissemination.

4. MLST Typing
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MLST was performed using both the Achtman (7-gene) and Pasteur (8-gene) schemes. Alleles were
identified by BLAST+ against reference allele libraries. For the Achtman scheme, the seven housekeeping
genes were adk, fumC, gyrB, icd, mdh, purA, recA; for the Pasteur scheme: dinB, icdA, pabB, polB, putP,
trpA, trpB, uidA. A known ST was assigned when the allele profile matched an existing entry; novel allele
combinations or alleles were designated as novel STs.

5. Virulence Gene Profiling
VFs were identified in the 4,832 high-quality genomes (plus 33 low-quality genomes that contained
virulence genes, see Table S2). One complete genome (GCA_022493475.1) with a total length < 1 Mb
was excluded. Annotations from Prokka were used as input. The Virulence Factors Database (VFDB,
nucleotide format, accessed September 13, 2024) was obtained from
http://www.mgc.ac.cn/VFs/download.htm[23]. Coding sequences (CDS) were extracted from each
genome and aligned against VFDB using BLASTn with the following criteria: E-value ≤1e − 5, sequence
identity ≥ 70%, alignment coverage ≥ 90%, and alignment length ≥ 30 bp. Of the 4,899 genomes analyzed,
4,865 carried at least one detectable virulence gene. The remaining 34 low-quality genomes (all from
public sources) yielded no hits under these criteria.

Results
1. Phylogroup Distribution

Among the 4,832 high-quality E. coli genomes, phylogroup A was most prevalent (1,572 isolates, 32.5%),
followed by B1 (1,038, 21.5%) and B2 (907, 18.8%). Phylogroups D (428, 8.9%), E (443, 9.2%), F (209,
4.3%), and C (190, 3.9%) were less frequent. Seven isolates fell into Clade I, and 32 (0.7%) could not be
assigned to any known phylogroup (Figure 1).

2. Host and Geographic Associations

Host metadata revealed distinct patterns: phylogroup B2 isolates were predominantly human-derived
(49.3% from Homo sapiens), whereas phylogroups A and B1 were recovered from a broader range of
hosts, including humans, livestock, and poultry. Phylogroup D was prevalent in both human and swine
isolates, and phylogroup F was frequently isolated from human and avian hosts (Table 1).

Geographic patterns were heavily influenced by sampling bias. Asia contributed the largest number of
genomes for most lineages; for example, a high proportion of phylogroup B2 genomes originated from
South Korea, while phylogroup E genomes were predominantly from the USA and UK. However, host
composition varied markedly across regions, and a substantial portion of genomes lacked host or
location metadata (e.g., 373, 237, and 187 genomes for phylogroups A, B1, and B2, respectively) (Figure
2).

3. MLST Diversity
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MLST typing using the Achtman scheme identified 805 sequence types (STs). The most common were
ST10 (464 isolates, 9.6%), ST131 (434, 8.9%), ST11 (337, 6.9%), ST167 (124, 2.5%), ST410 (124, 2.5%),
and ST38 (120, 2.5%). Forty-seven novel STs were identified, and 122 isolates could not be assigned to a
known type.

The Pasteur scheme yielded 570 STs, with ST2 (316, 6.5%), ST43 (308, 6.4%), ST262 (204, 4.2%), and
ST8 (117, 2.4%) predominating. A substantially higher proportion of isolates were untypeable under this
scheme: 27.8% (1,341 isolates) were unknown and 6.0% (292) were novel (Table 2, Figure 3).

5. Comparison of Achtman and Pasteur MLST Schemes

The two MLST schemes differed in resolution but showed strong concordance at the phylogroup level.
The Pasteur scheme had higher discriminatory power, identifying fewer STs per phylogroup (e.g.,
phylogroup A: 132 vs. 282 in Achtman) but generating more novel and unclassifiable STs (phylogroup A:
123 novel and 452 unknown vs. 16 and 40 for Achtman). Consequently, the predominant STs within each
phylogroup differed between schemes—for example, ST131 (Achtman) versus ST43 (Pasteur) in
phylogroup B2.

Despite these differences, dominant STs from both schemes showed strong phylogroup specificity.
ST10 and ST131 (Achtman) were exclusively associated with phylogroups A and B2, respectively;
similarly, ST2 and ST43 (Pasteur) mapped to the same phylogroups (Table 3). 

6. Virulence Gene Distribution

Virulence genes were categorized into 11 functional classes. Adhesins, effector delivery systems, mobile
genetic elements, and nutrition/metabolic factors were the most abundant categories; competitive
factors, biofilm formation, exoenzymes, exotoxins, immunomodulators, invasins, and regulators were
less prevalent.

5.1 Phylogroup-Level Virulence Patterns

Prevalence of key VFs varied by phylogroup (Table 4-1). The biofilm-associated gene (VFC0271) was
most common in phylogroups B2 (87.1%) and E (85.8%). The exoenzyme gene (VFC0251) was
concentrated in phylogroup E (76.1%), with minimal presence elsewhere (0–6.3%). Exotoxin genes
(VFC0235) were prevalent across most phylogroups, exceeding 95% in D, E, B2, and F, but dropped to
40.5% in phylogroup C.

5.2 ST-Level Virulence Signatures

Predominant STs from both schemes exhibited distinct virulence profiles that aligned with their
phylogroup assignments (Tables 4-2, 4-3).

Under the Achtman scheme, ST10 (phylogroup A) showed high prevalence of exoenzyme (96.1%) and
biofilm (79.3%) genes but low exotoxin carriage. In contrast, ST131, ST11, and ST38—all belonging to
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phylogroup B2 or related lineages—displayed a “high-virulence” profile with near-ubiquitous exotoxin and
biofilm genes. ST167 was notable for its high carriage rate of the “Others” virulence category (92.7%),
while ST410 showed comparatively lower virulence gene prevalence overall.

Under the Pasteur scheme, ST43 (phylogroup B2) carried classic ExPEC factors, including fimbrial
clusters (≥98.7%), yersiniabactin (100%), and the toxin Sat (55.8%). ST8 (also phylogroup B2) was
defined by Afa/Dr adhesins (afaB, 46.6%) and the ETT2 secretion system. ST2 (phylogroup A) possessed
a unique K-locus and a Type VI secretion system (T6SS), whereas ST262 showed minimal VF content.
Notably, a biofilm-associated gene was conserved across most dominant STs in both schemes—for
example, 97.4% in ST43 and over 95.5% in ST131.

5.3. Phylogroup-Specific Virulence Markers

 Certain VFs showed strong phylogroup specificity, serving as distinctive markers for individual lineages
(Table S3). Phylogroup B2 was the primary reservoir for classic ExPEC-associated factors. These
included P fimbriae (papA, 51.8%), S fimbriae (sfaG, 16.6%), the toxin Cnf1 (26.6%), and the genotoxic pks
island (clbB, 25.6%). A Type VI secretion system (T6SS) was also highly enriched in this phylogroup, with
its core component vgrG present in 90.5% of B2 isolates. In contrast, the CFA/I fimbrial cluster (cfaA)
was characteristic of phylogroups B1 and C, with carriage rates of 96.0% and 97.9%, respectively.
Phylogroup E was defined by intestinal pathogenesis genes, including the LEE pathogenicity island (eae,
80.1%) and Shiga toxin (stx2A, 98.6%). Phylogroup F possessed a unique fimbrial cluster
(ECSMS35_RS19770) that was largely absent in other phylogroups, present in 28.7% of F isolates.

5.4 Lineage-Specific Virulence Repertoires

Beyond phylogroup-level patterns, individual STs carried distinct VF assemblages that further defined
their pathogenic niches (Tables S4, S5).

Among Achtman STs, ST131 was characterized by yersiniabactin (fyuA, 99.5%), a specific fimbrial cluster
(98.4%), and the Sat toxin (80.7%). ST11 carried the LEE island (tir, 100%), Shiga toxin (stx2A, 92.9%), and
hemolysin (hlyA, 95.5%). ST38 displayed a hybrid profile combining Afa/Dr adhesins with a complete
ETT2 system (eivF, 94.2%). ST167 was defined by a dominant T6SS (tssL, 100%). Intra-lineage
specialization was also evident within the ST10 complex, where one sub-clone carried CFA/I fimbriae
(100%) and another carried fimK (100%), suggesting functional diversification within a single ST.

The Pasteur scheme revealed complementary patterns. ST43 mirrored ST131, with high carriage of
fimbrial clusters (98.7%), yersiniabactin (100%), and toxins Cnf1 (31.0%) and Sat (55.8%). ST8 was
characterized by Afa/Dr adhesins (afaB, 46.6%) and ETT2 (eivF, 95.8%). ST2 carried a unique K-locus and
T6SS, while ST262 lacked most canonical virulence genes.

Discussion

Page 7/16



This study provides a genomic survey of E. coli population structure, ecological distribution, and
virulence gene repertoires across nearly 5,000 high-quality genomes. Our findings reinforce established
models of phylogroup-driven niche adaptation while revealing finer-scale phylogenetic and pathogenic
specializations.

The prevalence of phylogroups A, B1, and B2 in our collection mirrors global trends reported in previous
studies[11, 24]. The host association patterns we observed—phylogroup B2 predominantly in human
samples, phylogroups A and B1 across a broader range of hosts—support the concept of specialist
versus generalist ecotypes within the species[25] [26]. Phylogroup D was frequently recovered from swine
and human hosts, and phylogroup F from avian and human sources, suggesting zoonotic potential for
these lineages[27, 28].

Geographic patterns must be interpreted with caution. In our dataset, Asia contributed the largest
number of genomes, and certain lineages appeared concentrated in specific countries (e.g., phylogroup
B2 in South Korea, phylogroup E in the USA and UK). However, these patterns are confounded by uneven
global sampling and disparities in host representation across regions. Public databases systematically
over-represent human clinical isolates from high-surveillance regions while under-sampling
environmental and livestock reservoirs elsewhere [29]. Any apparent “geographical distribution” reported
in meta-analyses of this type likely reflects database artifacts as much as—or more than—authentic
microbial ecology, a challenge noted in other genomic surveillance studies[30]. Balanced, prospective
sampling designs will be essential for true phylogeographic inference.

The two MLST schemes differed in resolution but showed strong concordance at the phylogroup level.
The Pasteur scheme had higher discriminatory power, yielding more novel and untypable STs, yet both
schemes assigned strains to major phylogenetic lineages with similar overall patterns. This concordance
likely reflects their shared ability to distinguish deep-branching phylogroups (e.g., B2 versus A) that form
the primary phylogenetic framework of E. coli, rather than indicating equivalent resolution at finer
taxonomic scales. Practically, this finding suggests that for large-scale studies focused on broad
population structure, the two schemes are largely interchangeable—a point supported by prior
methodological comparisons[28, 31]. The consistent mapping of dominant STs across schemes—ST10
(Achtman) to ST2 (Pasteur) in phylogroup A, and ST131 (Achtman) to ST43 (Pasteur) in phylogroup B2—
further confirms that successful epidemic clones are tightly linked to their core phylogenetic
background[32]. These cross-scheme correlations reinforce the clonal model of E. coli evolution[33] and
demonstrate that both schemes converge on the same high-impact lineages, even if their finer-scale
substructure classifications differ.

Our VF analysis revealed highly specific, phylogroup-associated signatures. Phylogroup B2 was the
primary reservoir for classic ExPEC factors—P fimbriae, Cnf1, and the pks island—consistent with its
established role in extra-intestinal infections[34]. Conversely, the CFA/I fimbrial cluster was strongly
associated with phylogroups B1 and C, and the LEE pathogenicity island with phylogroup E, aligning with
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their known roles in intestinal pathogenesis[35, 36]. The enrichment of a Type VI secretion system (T6SS)
in phylogroup B2 is of particular interest. T6SS has been implicated in inter-bacterial competition and
host adaptation in E. coli, with recent studies suggesting roles in biofilm formation and colonization[37].
Whether this system contributes specifically to the success of B2-associated ExPEC lineages warrants
further investigation.

Integrating MLST with virulence profiling revealed that successful clones carry distinct molecular
signatures that transcend the typing scheme used. ST131 (Achtman) was defined by yersiniabactin and
a specific fimbrial cluster; ST43 (Pasteur), its counterpart in phylogroup B2, showed an almost identical
repertoire. ST11 carried the LEE island, Shiga toxin, and hemolysin—a combination that explains its
association with severe intestinal disease[38]. Within the ST10 complex, we identified sub-lineages
differentiated by CFA/I fimbriae versus fimK, illustrating how integrated genomic approaches can
uncover micro-evolutionary specializations within broad lineages[39, 40]. A biofilm-associated gene was
conserved across most dominant STs in both schemes: over 95% in ST131 and 97% in ST43, suggesting
that biofilm formation may be a core, near-essential virulence trait for successful E. coli clones. This
aligns with growing evidence linking biofilm formation to colonization efficiency and antimicrobial
tolerance[41].

Several limitations should be considered. First, the reliance on public genomic databases introduces
systematic biases. Host representation is skewed toward human clinical isolates, and geographic
metadata are incomplete or unevenly distributed. As a result, the patterns of “geographic distribution”
and “host specificity” reported here likely reflect research and surveillance priorities as much as—or
more than—the true ecological landscape of E. coli. Second, our in silico approaches for phylogroup
assignment and virulence gene detection, while stringent, are based on sequence similarity. They may
fail to capture highly divergent gene families and cannot infer functional activity or regulatory context.
Third, this study identifies correlations at the genomic level but does not establish causal mechanisms.
The associations reported here will require functional validation, for example through isogenic mutant
models or experimental infection studies.

Conclusion
In summary, this large-scale genomic analysis reinforces the paradigm of phylogroup-specific niche
adaptation in E. coli, with ecological specialization underpinned by conserved, lineage-specific VF
repertoires. These genetic signatures define the pathogenic potential of globally successful clones such
as ST131. Our findings also highlight a critical methodological point: while public genomic resources are
invaluable for uncovering host-associated patterns, inferring true geographic or macro-ecological
distributions from them requires caution due to inherent sampling biases. This study provides a
phylogeny-aware framework for risk assessment of emerging strains and underscores the need for
prospective, balanced sampling designs in future surveillance efforts. Functional validation of lineage-
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specific virulence markers and longitudinal, community-structured surveillance will be essential next
steps.
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Figures

Figure 1

The proportion of phylogenetic groups in the E. coli genome classification. The pie chart illustrates the
relative abundance of major E. coli phylogroups (A, B1, B2, C, D, E, F), along with an "Unknown" category
for isolates that could not be classified. Additionally, the proportions for Clades I through V are indicated.
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Figure 2

Geographical Distribution Patterns of E. coli Phylogroups. The proportional abundance of phylogroups
(A, B1, C, D, E, F) among E. coli isolates from different countries and regions. The total number of isolates
for each region is indicated in parentheses following its name.

Page 15/16



Figure 3

The proportion of the top 10 sequence types of E. coil strain by Atchman and Pasteur. (A) Sequence
types classified by the Achtman scheme. (B) Sequence types classified by the Pasteur scheme. The pie
charts display the prevalence of the most common STs, with the percentage and the number of isolates
shown for each. STs labeled "Novel" represent new types, and "Unknown" indicates non-typeable
isolates.
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