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ABSTRACT

Natural-product dereplication was established to reduce repeated isolation of known chemistry, but its practical
meaning has broadened as mass spectrometry, molecular networking, public repositories, structure-prediction
tools, and specialized databases have become integrated into discovery workflows. This review examines how the
intellectual and technological organization of dereplication changed and whether the principal constraint shifted
from detecting known compounds toward interpreting and validating increasingly abundant candidate
annotations. A bibliometric/scientometric design was combined with evidence-bounded interpretation of peer-
reviewed dereplication methods, databases, analytical platforms, and computational resources published through
2024. Bibliographic performance, network, and thematic analyses were specified as the appropriate corpus-level
tools, while a verified evidence layer was used to interpret analytical and computational change. Citation or
network prominence was not treated as a measure of chemical validity or methodological quality. The mapped
literature supports a progression from preprocessing and spectral database search toward feature-aware molecular
networking, repository-scale searching, machine-learning-assisted class prediction, in-silico structure annotation,
and increasingly interoperable knowledge resources. The central synthesis proposed here is that dereplication has
become less constrained by the simple availability of candidate matches and more constrained by annotation
confidence, context, interoperability, unknown chemical space, and the distinction between analytical association
and structural proof. Dereplication has evolved from a comparatively discrete filtering task into a distributed
evidence-integration problem. Scientometric interpretation is useful for reconstructing this transition, but
bibliographic prominence cannot establish analytical superiority, causal influence, or structural correctness, and
corpus-derived quantitative claims require verified database-level records.
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Introduction

Natural-product discovery repeatedly confronts a practical asymmetry: complex extracts may contain large
numbers of detectable chemical features, but only a fraction justify isolation, complete structure elucidation, and
biological follow-up. Dereplication developed as a means of reducing resources spent rediscovering known
compounds, yet contemporary practice no longer consists of a single comparison between an observed signal and
areference. It may incorporate chromatographic and mass-spectral preprocessing, database interrogation, spectral
matching, network organization, taxonomic or occurrence context, computational structure inference, and
orthogonal confirmation. Contemporary accounts accordingly position dereplication within a broader natural-
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product discovery architecture linking analytical, informatic, genomic, and structural resources rather than treating
it as an isolated terminal lookup [1].

This expansion is inseparable from changes in mass-spectrometry practice. Improvements in data acquisition,
storage, sharing, and mining have transformed spectra from experiment-specific outputs into reusable analytical
objects that can be searched, recombined, and interpreted across studies [2]. The scale of the interpretive problem
consequently changed. A researcher may now retrieve numerous structurally related spectra, predicted chemical
classes, molecular-formula candidates, database records, or network neighbors before obtaining evidence
sufficient for definitive structure assignment. The question is therefore no longer simply whether a compound has
previously been reported, but how confidently heterogeneous evidence can be linked to the measured feature and
how much uncertainty is tolerable before experimental escalation is required.

Specialized natural-product knowledge resources reinforce this transition. The Natural Products Atlas
demonstrated how curated microbial natural-product structures and associated information could be organized as
an openly accessible discovery resource [3]. Such databases strengthen recognition of known chemistry and
provide valuable contextual knowledge, but database occurrence is not equivalent to experimental confirmation
of identity in a new biological sample. Similarity, occurrence, and prediction therefore occupy different evidential
positions.

This review treats dereplication as an evolving evidence-management problem. Its principal proposed
interpretation is that the field's bottleneck has progressively moved from obtaining sufficient analytical
discrimination and locating candidate matches toward managing uncertainty among increasingly numerous
plausible annotations, connecting heterogeneous information resources, and deciding what level of evidence is
sufficient either to stop redundant isolation or to justify further structural work. Scientometric reconstruction
provides a means of examining that transition while retaining a strict distinction between scholarly prominence,
analytical capability, and chemical validation.

Scientometric objectives

The scientometric objective is not to rank dereplication technologies according to citation frequency. It is to
reconstruct how the scholarly organization of the field changed across two decades and to use that organization,
together with method-specific evidence, to interpret shifts in analytical emphasis. Bibliometrix provides an
established framework for performance analysis and science mapping from bibliographic records, including
source, author, citation, collaboration, keyword, and conceptual-structure analyses [4]. Those operations are
appropriate for characterizing the organization of a research field; they do not determine whether a spectral
annotation is correct or whether one dereplication technology is experimentally superior to another.

Three linked questions organize the reconstruction. First, how did dereplication research diversify from analytical
preprocessing and reference-library search into molecular networking, public-data reuse, computational
annotation, and database-centered knowledge infrastructures? Second, which concepts appear to constitute
recurrent intellectual groupings, and how did their relative emphasis change as platforms matured? Third, is the
later methodological literature consistent with a redistribution of the central discovery bottleneck—from obtaining
candidate matches toward evaluating annotation confidence, unexplored chemical space, contextual relevance,
and interoperability?

The third question is explicitly interpretive. Even an apparent thematic transition cannot demonstrate that one
technology caused another to emerge, that publication attention corresponds to analytical performance, or that
contemporary computational methods have eliminated classical structure-elucidation problems. Scientometric
relationships are therefore interpreted as patterns in the literature rather than proxies for chemical truth.

The verified selection pathway supporting the interpretive evidence layer is shown in Figure 1. It intentionally
separates evidence-selection counts from unverified corpus-level bibliometric counts so that the former cannot be
mistaken for the latter.
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Figure 1. Verified evidence-selection pathway supporting the scientometric interpretation of natural-product
dereplication

Methods and Dataset Construction

The review was designed around two analytically distinct evidence layers. The first is the bibliographic corpus
required for formal evaluation of publication growth, source distribution, collaboration, co-citation, co-word
structure, and thematic evolution. The second is a claim-level scholarly evidence layer used to interpret what
particular analytical platforms, databases, and computational approaches actually contribute to dereplication.
Keeping these layers separate is essential because a publication may occupy a prominent position in a citation
network without providing stronger evidence for chemical identification than a less frequently cited analytical
study.

For the corpus layer, the intended retrieval frame covered 2005-2024 and targeted dereplication in natural
products, secondary or specialized metabolites, phytochemical investigations, extracts, and metabolomics. Scopus
and Web of Science Core Collection were specified as complementary bibliographic sources. Eligible document
types were peer-reviewed journal articles and reviews, with duplicate resolution based primarily on DOI and
subsequently on normalized title, authorship, and publication year. Bibliometrix was selected as the science-
mapping environment for the intended performance, network, and thematic analyses [4].

A verified database-export ledger was not available for this reconstruction. Consequently, database yields,
duplicate-removal totals, annual publication counts, country or institutional rankings, source frequencies, network
centralities, and thematic frequencies are not reported as observed numerical results. This prevents evidence-
selection numbers from being repurposed as fictitious corpus statistics.
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The interpretive evidence layer was evaluated separately for peer review, publication period, DOI integrity,
journal standing, direct relevance to a planned claim, and limits on transferability. Table 1 summarizes the
evidential roles that follow from this separation.

Table 1 summarizes the distinct evidence layers used in the review and, critically, the types of inference that each
layer can support.

Table 1. Evidence layers and admissible inference in the reconstruction of dereplication research

Evidence layer Principal information Appropriate analytical use Interpretation boundary
Bibliographic Publication, source, author, Map field structure and Does not establish chemical
metadata keyword and citation records temporal distribution correctness
Co-citation, coupling and co- Identify scholarly or thematic Centrality is not

Network outputs

word relationships organization methodological quality
. - . —_ Findings may remain
Analytical/method  Platform-specific experimental Interpret capabilities and Iatforgm orydataset
papers or computational evidence limitations P
dependent
Database/resource  Coverage, curation and search Characterize knowledge Database occurrence is not
papers infrastructure organization and reuse sample confirmation
. Cross-method conceptual Connect developments across Cannot substitute for direct
Scholarly reviews . . L
synthesis domains validation
Proposed Integration of temporal and Interpret movement of Remains inferential unless
reconstruction methodological changes discovery bottlenecks independently tested

Growth and distribution of the research field

The verified evidence chronology demonstrates technological diversification, but it must not be mistaken for a
quantitative publication-growth curve. One early concern in the selected period was whether data preprocessing
preserved meaningful relationships in downstream molecular networking. MZmine-based preprocessing was
shown to influence molecular-network reliability, establishing that the quality of a dereplication result can depend
on decisions made before spectral relationships are interpreted [5]. Database searching then demonstrated how
microbial metabolite spectra could be dereplicated systematically against reference information [6], while SIRIUS
4 extended tandem-mass-spectral interpretation toward molecular-formula and structure information rather than
requiring exact reference-spectrum recognition alone [7].

By 2020, dereplication was increasingly embedded in connected analytical infrastructure. Feature-based
molecular networking integrated chromatographic feature information with tandem-mass-spectral relationships in
the GNPS environment, improving correspondence between detected LC-MS features and network organization
[8]. MASST reframed an individual spectrum as a query that could be searched across public mass-spectrometry
datasets [9]. ReDU complemented this capability by emphasizing standardized sample metadata and systematic
reanalysis of public data [10]. In parallel, detailed GNPS protocols formalized molecular-networking procedures
into reproducible analytical workflows [11].

Taken together, these developments support a qualitative shift in the distribution of technological functions.
Dereplication expanded from local data processing and comparison against known standards toward network-
level organization, public-data searching, reusable metadata, and computational structure inference. The change
widened both the evidence available for candidate prioritization and the number of analytical decisions separating
a measured feature from an accepted structure.

The chronology does not establish which countries, institutions, journals, or individual years dominated
publication output. Those are corpus-level scientometric claims that require verified bibliographic records.
Method chronology can explain how capabilities accumulated and interacted; it cannot substitute for a validated
quantitative map of the literature. Maintaining that distinction is necessary to avoid turning a selectively
interpreted technological history into an unsupported claim about the statistical growth or geographic distribution
of the field.

Intellectual structure of dereplication research
The intellectual structure represented by the approved evidence is better understood as a set of interacting
methodological families than as a single progressive lineage. One family concerns organization of measured ions
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and spectral relationships. lon identity molecular networking addressed ambiguity created when different ion
forms derive from the same underlying molecule, allowing those relationships to be incorporated into network
interpretation without equating ion association with definitive structural identification [12]. This refinement
illustrates an important theme in dereplication: improving organization of analytical evidence does not itself
eliminate uncertainty about molecular identity.

A second family shifts attention from exact reference matching toward computational organization of unknown
chemical space. CANOPUS used high-resolution fragmentation information to assign compound classes to
metabolites even when exact spectral-library identities were unavailable [13]. NPClassifier approached the
organizational problem from the natural-product structure side, providing a deep-learning-based classification
system tailored to natural-product chemical space [14]. Both approaches support chemical interpretation beyond
binary known-versus-unknown matching, but predicted class membership remains different from complete
constitutional and stereochemical proof.

A third family concerns accessibility and reuse of analytical evidence. The GNPS Dashboard enabled interactive
browser-based exploration of mass-spectrometry data, allowing investigators to interrogate automated analyses
rather than treating them as inaccessible computational outputs [15]. This human-facing layer is significant
because visual inspection and contextual exploration can support interpretation while still remaining distinct from
independent chemical validation.

Knowledge infrastructure forms a fourth family. By 2022, the Natural Products Atlas 2.0 expanded curated
microbial natural-product information, NP-MRD established a natural-product-centered NMR resource, and
LOTUS advanced an open linked-knowledge model connecting natural-product structures, organisms, and
literature [16-18]. Their coexistence indicates diversification rather than convergence on one universal repository:
structural records, orthogonal spectroscopic information, biological occurrence, and literature provenance answer
different dereplication questions.

This structure suggests that contemporary dereplication distributes evidence across several layers—signal
organization, spectral similarity, computational classification, database knowledge, metadata, and researcher
interpretation. The important analytical issue is therefore not merely which technology produces the largest
candidate list, but what uncertainty each technology resolves and what uncertainty remains afterward.

Table 2 compares these principal methodological families by the analytical object they organize, the contribution
they make to dereplication, and the uncertainty they leave unresolved.

Table 2. Method and technology families shaping the intellectual structure of natural-product dereplication
Primary analytical Principal dereplication

Technology family Residual uncertainty

object contribution
. LC-MS/MS features and Improves data quality before Parameter dependence and
Preprocessing . . .
spectra matching or networking feature-assignment error
Spectral database Experimental query Recognizes known or related Library coverage and
search spectra reference spectra match specificity
Formula/structure . Generates molecular-formula or Candidate ranking is not
. Fragmentation patterns .
inference structural candidates structural proof

Molecular networking

Similarity among
fragmentation spectra

Organizes related features and
chemical families

Network proximity does
not establish identity

Repository search and
reanalysis

Public spectra with
associated metadata

Adds cross-study occurrence and
reuse context

Metadata, instrument and
sampling heterogeneity

Structural/class
prediction

Unknown spectra or
molecular structures

Places incompletely
characterized chemistry into
classes

Training-space and
ontology limitations

Specialized knowledge
resources

Structures, spectra, taxa
and literature records

Connects prior chemical,
spectroscopic and biological
knowledge

Curation completeness and

transfer to a new sample

Evolution of analytical and computational themes

The most consequential thematic change is the expansion from recognizing reference-like spectra toward
managing compounds for which exact references are absent. COSMIC addressed this space by assigning
confidence to structural annotations generated without direct spectral-library matches, while MSNovelist
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demonstrated de novo structure generation from tandem mass spectra [19, 20]. Both approaches broaden the
candidate space, but neither collapses computational plausibility into experimentally established identity. Their
importance lies in moving dereplication from binary lookup toward graded hypothesis generation.

The evidential substrate also became more specialized. A reusable mass-spectrometry dataset for medicinal plants
used in East Asian traditional medicine expanded plant-specific spectral information [21], whereas automated
mining of diagnostic fragmentation patterns enabled targeted discovery of lindenane sesquiterpenoids [22].
Integration subsequently became more explicit: molecular-network topology and structural-similarity fingerprints
were combined to annotate natural-product families [23], and repository-scale nearest-neighbor propagation
generated suspect spectral libraries from public data [24]. Such propagation increases searchable chemical
context, but suspect entries remain categorically different from spectra anchored to authentic standards.

Search and library construction are evolving in parallel. Flash entropy search offered a scalable alternative for
querying mass-spectral libraries [25], while LibGen addressed sparse natural-product reference coverage by
generating libraries across fragmentation modes [26]. Building Block Extractor further used diagnostic
substructural evidence to prioritize natural products with specified features [27]. Across these developments,
machine-learning-assisted interpretation increasingly links MS and NMR evidence, although heterogeneous
training spaces and validation regimes still limit generalization [28].

Importantly, the newer methods do not solve the same analytical problem. Faster search expands the number of
comparisons that can be made; generated libraries expand the reference space; class prediction reduces the
informational void surrounding unmatched spectra; and de novo generation expands structural hypotheses. Their
outputs therefore should not be placed on one undifferentiated accuracy ladder. A useful dereplication workflow
must preserve the provenance of each inference so that confidence gained at one layer is not silently transferred
to another.

The synthesis is therefore not a simple replacement of older platforms by newer algorithms. It is an accumulation
of complementary evidence types with different confidence ceilings. Table 3 distinguishes the problems these
newer approaches reduce from the gaps they leave open.

Table 3. Analytical advances and the unresolved evidence gaps they redistribute

Advance Problem reduced New analytical opportunity Persistent gap
Beyond-library Missing exact reference . Confidence remains method- and
. Rank plausible structures .
annotation spectra candidate-space dependent
. Database-limited Explore structures absent from Generated candidates require
De novo generation - - . Lo . .
candidate retrieval candidate libraries orthogonal confirmation
Targeted spectral Large untargeted Prioritize specified structural Diagnostic fragments may not
mining feature spaces motifs uniquely define a molecule
Network-structure Isolated feature Annotate families using Family membership is not exact
integration interpretation multiple relationships structural identity
Repository Sparse experimental Extend searchable spectral Propagated suspects lack standard-
propagation libraries neighborhoods level certainty
. . Limited reference Expand instrument-specific Transfer depends on fragmentation
Generated libraries - .
coverage comparison space regime
Multimodal Fragmented MS/NMR Integrate complementary Benchmarks and training domains
machine learning interpretation structural evidence remain heterogeneous

Emergence of new research fronts

Recent work indicates that the frontier is increasingly defined by integration, context, and scale rather than by one
new measurement modality. IMN4NPD integrates molecular-networking operations specifically around natural-
product dereplication [29], while NP3 links untargeted metabolomics processing with natural-product
prioritization in an open workflow [30]. These systems suggest movement toward end-to-end analytical
environments, but workflow integration alone does not validate an annotation.

Infrastructure itself has become a research problem. FragHub addresses spectral-library integration across
heterogeneous resources [31], and SpecXplore adds interactive exploration of spectral relationships that can
expose patterns or ambiguities hidden by automated scores [32]. Biological context is also entering the search
process: microbeMASST connects mass-spectral queries with taxonomic information in microbial metabolomics
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[33]. Taxonomic co-occurrence can refine interpretation, but it cannot establish biosynthetic origin without
additional evidence.

The direction of discovery can also be reversed. Reverse metabolomics starts from candidate chemical structures
and searches public biological datasets for matching signals, demonstrating how repository-scale data can support
structure-to-occurrence investigation [34]. MetaboAnalystR 4.0 similarly reflects broader consolidation of LC-
MS processing and analysis stages [35]. Together, these fronts support the proposed interpretation that the limiting
problem is shifting toward deciding which linked signals, predictions, contextual records, and database
relationships deserve confidence.

This convergence also changes what counts as useful context. Earlier dereplication could often be framed around
chemical similarity to a known compound. Repository-scale and taxonomically aware tools make occurrence,
organism, sample metadata, and prior observation increasingly available as secondary evidence. Such context can
prioritize a hypothesis or expose implausibility, but it remains logically separate from direct structural evidence.
The frontier is therefore partly an information-architecture problem: heterogeneous evidence must become
interoperable without becoming evidentially indistinguishable.

Figure 2 integrates this mature argument while separating evidence-supported technological changes from the
proposed reconstruction of the changing bottleneck.

Interpretation b y: i promi p
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Figure 2. From dereplication tools to an evidence-bounded interpretation of the changing natural-product
discovery bottleneck

How the central discovery bottleneck has changed

The earlier methodological emphasis represented in this evidence base concerned obtaining analytically useful
signals and organizing them sufficiently well to recognize known or related chemistry. Preprocessing, database
search, feature-based networking, public-spectrum search, metadata standardization, and reproducible workflows
progressively reduced barriers between raw LC-MS/MS data and candidate interpretation [5]. Yet each solved
problem exposed another: better feature organization created more relationships to interpret, and greater access to
public spectra increased both contextual information and the possibility of heterogeneous or weakly supported
matches [9].

Later approaches attack a different constraint. Class prediction, confidence-aware in-silico annotation, de novo
generation, structural-family inference, and repository propagation make it possible to reason about compounds
that are poorly represented in conventional libraries [19]. The resulting challenge is no longer merely obtaining a
candidate. It is determining whether a candidate is sufficiently supported to justify dereplication, further isolation,
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or structure elucidation. Repository-scale suspect libraries make this boundary particularly visible because broad
coverage can be gained without conferring authentic-standard certainty [24].

This interpretation has a practical consequence for prioritization. The threshold for stopping an isolation campaign
cannot be assumed to be fixed across evidence types. An authentic-standard match, a high-quality library
spectrum, a predicted chemical class, a propagated neighbor, and a taxonomically plausible occurrence record
answer different questions. Combining them may strengthen a decision, but only if their dependencies and
confidence limits remain visible. The changing bottleneck is thus partly a problem of evidence governance:
deciding which combinations reduce uncertainty enough to redirect scarce isolation and structure-elucidation
effort.

The central bottleneck shift proposed here is therefore a redistribution rather than a substitution. Signal quality,
chromatography, spectral quality, and library coverage remain important, but they coexist with newer constraints
involving evidence calibration, resource interoperability, biological context, and orthogonal confirmation [31].
Table 4 translates this interpretation into decision priorities without presenting the sequence as a causally proven
historical progression.

Table 4. Proposed interpretation of shifting dereplication bottlenecks and associated priorities

Bottleneck domain Earlier dominant question Emerging question Priority for interpretation
. o Is the feature analytically Are related ion forms and Preserve preprocessing and
Signal organization . . .
credible? spectra organized correctly? ion-level provenance
Is the compound already How should absent-library Separate exact matches
Reference coverage . . .
represented? chemistry be handled? from inferred candidates
Candidate Can a plausible identity be How many plausible alternatives Report confidence and
generation found? remain? candidate-space limits
Knowledge Which database contains Can heterogeneous resources be ~ Maintain provenance across
integration relevant information? reconciled? resources

Treat taxonomy or
occurrence as contextual
evidence

Where has related chemistry Does occurrence context alter

Biological context L
g been reported? prioritization?

What evidence warrants
accepting or escalating an
annotation?

Is rediscovery sufficiently
likely to stop isolation?

Preserve orthogonal

Validation confirmation thresholds

Interpretation of the field's development

The development of dereplication is most coherently interpreted as a change in the distribution of evidential work.
Earlier workflows concentrated much of that work at the stages of chromatographic separation, spectral
acquisition, and comparison with known compounds. Contemporary workflows distribute it among preprocessing
software, similarity measures, network topology, public repositories, machine-learning models, curated databases,
taxonomic metadata, and human interpretation. This distribution increases analytical reach but also creates more
interfaces at which uncertainty can enter.

Accordingly, the proposed bottleneck reconstruction should not be read as a claim that dereplication has become
intrinsically harder or that computational approaches have displaced classical natural-product chemistry. Rather,
the object of uncertainty has changed. When a reference spectrum and authentic standard are available,
identification may remain comparatively direct. Difficulty grows when evidence consists of predicted classes,
propagated spectral neighbors, generated structures, database occurrence, or contextual similarity. These layers
can be useful precisely because they allow prioritization before full elucidation, but their usefulness depends on
keeping confidence levels distinct.

The development is also non-linear. Mature spectral matching remains useful alongside molecular networking;
public repositories depend on preprocessing and metadata standards; machine-learning models depend on
representative training data; and contextual searches depend on accurate taxonomic or sample annotations. New
layers therefore inherit weaknesses from older ones while adding their own. A chronological narrative should not
imply technological obsolescence where the field instead shows stacking, recombination, and recursive reuse of
prior analytical capabilities.

The scientometric implication is equally bounded. Increasing visibility of terms associated with molecular
networking, machine learning, public repositories, or integrated workflows would be consistent with
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methodological diversification, but it would not prove that those approaches improved discovery success. The
strongest interpretation arises when literature-level patterns are read alongside method-specific capabilities and
limitations rather than used as substitutes for them.

Limitations

This review has an important corpus-level limitation. A verified database export ledger was unavailable for the
present reconstruction, so database yields, deduplication totals, annual publication trajectories, geographical
rankings, source rankings, centrality measures, and observed thematic frequencies cannot be reported as
quantitative scientometric results. The review consequently emphasizes an evidence-bounded reconstruction of
intellectual and technological development rather than claiming a complete numerical map of the field.
Additional limitations would remain even with a complete export. Database coverage differs across indexing
systems; terminology has shifted from conventional dereplication language toward metabolomics, molecular
networking, annotation, and repository mining; and author-keyword normalization can alter apparent thematic
structure. Citation measures are sensitive to publication age and community size, while co-citation and co-word
networks reflect scholarly attention rather than analytical validity.

The selected method literature is also heterogeneous in chemical space, instrument platform, organismal source,
benchmark design, and validation depth. Results from microbial metabolites, medicinal plants, general
metabolomics, or particular fragmentation regimes cannot automatically be transferred across natural-product
domains. Finally, the proposed changing-bottleneck model is an interpretive synthesis. Testing it requires a
reproducible full corpus and comparative analytical studies that measure annotation correctness, false-novelty
decisions, confidence calibration, and cross-platform transfer against orthogonal structural evidence.

The claim-level evidence layer is necessarily selective rather than exhaustive. It was constructed to support
specific historical, analytical, computational, and interpretive propositions, not to estimate prevalence of every
dereplication technology. Absence of a method from the retained evidence set therefore cannot be interpreted as
absence from the wider field. This distinction further limits any attempt to convert the present qualitative
chronology into publication-frequency estimates.

Conclusion

Natural-product dereplication has developed from a comparatively localized task of recognizing known chemistry
into a distributed process for integrating analytical signals, spectral relationships, computational hypotheses,
databases, public repositories, and biological context. The central contribution of this review is a proposed
reconstruction of that development: as candidate-generation and information-retrieval capabilities expanded, the
limiting problem increasingly moved toward determining what those candidates mean, how strongly they are
supported, and when an annotation is sufficient to prevent redundant work or justify further structural
investigation.

This interpretation does not imply that classical analytical bottlenecks have disappeared. Feature quality, reference
coverage, chromatographic resolution, instrument behavior, and authentic-standard evidence remain
consequential. Nor does a visible or highly connected scientometric theme establish methodological superiority.
Molecular-network proximity, predicted class, generated structure, database occurrence, and taxonomic
association occupy different evidential levels and should remain distinguishable from structural confirmation.
Future scientometric work should combine a reproducibly exported bibliographic corpus with transparent
terminology normalization and longitudinal mapping. Parallel analytical benchmarking should test how different
dereplication strategies alter correct identification, false novelty, reproducibility, and escalation decisions under
shared validation standards. Such work would determine whether the proposed bottleneck shift represents a
durable restructuring of natural-product discovery or primarily a change in its computational vocabulary and
infrastructure.

The most productive next step is consequently not simply more automation. It is stronger linkage between
automated candidate generation and explicit evidence status, together with interoperable provenance and
orthogonal validation. Dereplication is most valuable when it prevents redundant work without prematurely
converting analytical similarity into chemical certainty.
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