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Introduction

Metagenomic analysis 1s moving from species-level abundance toward strain
composition and dynamics.

A stable species profile may still hide strain replacement, persistence, or
colonization.

Long reads can link variants, repeats, and mobile genetic elements, but local or
incomplete linkage may still be overinterpreted.
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Main Results

€ Evidence units and reporting workflow ,
(A) Species stability # strain

A) ®) stability
Evidence Supported claim o Species abundance may
1_
. Mobile-element linkage evidence _ ‘ remain similar, while within-
24 0.75 Host assignment for ARGs, - Host-linkage . . .
2 plasmids or prophages - species lineages shift.
S 05- s . .
oc —
2z / Genome-scale evidence - e Strain-level  analysis  can
g 027 bl Read supporied MAG / ™ | strain candidate identify replacement,
— Slable ~
0 | : . T i .
T0 T1 T2 T3 T4 Local variant linkage W persistence, and colonization.
1 Linked local variants / —> block (B) Different claims require
short-range phasing - . .
S0 075 Replacement (A Cl) [~ different evidence
g3 O - - T
— L I .
"3 o5 Persistence (8 & E) ineage signa — | Strain profile * Strain profiles, local
%% ’ marker / SNV / graph signal
LI I L B haplotypes, genome-scale
h 7 . .
. -F —— Engraftment (F) Species label > | Taxonomy only strain candidates, and host-
TR T2 T3 T4 Taxonormic assignment only S linkage claims need different
ntervention
evidence.
(C) (C) Evidence-guided reporting
( , o ) [ , _ ) [ . _ ) , ) * Define the question, identify
1. Define the biological claim 2. ldentify the evidence unit 3. Assign the confidence tier 4. Downgrade if needed . . .
the evidence unit, assign
Define the question before naming the |===p | Identify evidence supporting the claim: (=== | Classify the claim as candidate, |===»| If ambiguity or diagnostic limitations
output: strain tracking, local phasing, strain profile, local haplotype block, supported, or high-confidence in constrain the inference, use a more Conﬁdence’ and downgrade
genome-scale reconstruction, or host genome-scale strain candidate, context, and report the diagnostics conservative term. : : 1
linkage. or mobile-element host linkage. used. clalms When eV1dence IS

h ’ S : limited.



L E Main Results

€ Design space for strain-resolved long-read metagenomic claims
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CE Main Results

€ Two analysis workflows
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Main Results

€ Triggers for claim downgrading
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» Consensus collapse, contamination, clipping hotspots, coverage breaks, and reference bias can make strain reconstruction unreliable.
* Without boundary-spanning reads or independent linkage evidence, MGEs should not be assigned to a definite host.

» Use conservative terms such as strain candidate, local linkage, or putative host association.



Key Findings:
Long-read metagenomics expands the observable range of strain-level features, but each
result should be named according to the scale actually supported by evidence, with
confidence reported separately.

Implications:

This framework provides a reporting path for strain reconstruction, host assignment,
persistence, replacement, and colonization, reducing overstatement and improving
reliability, comparability, and reviewability.
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