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ABSTRACT 
 

Large-scale phylogenomics has transformed insect systematics by expanding both taxonomic 

coverage and the number of loci available for inference. Expansion, however, has not produced 

a uniform methodological landscape. Sampling depth varies among lineages and taxonomic 

levels; genomes, transcriptomes, and targeted-enrichment datasets differ in locus recovery and 

reuse potential; missing data arise through several non-equivalent processes; and large matrices 

can retain gene-tree conflict or analytical sensitivity. This scoping review maps these 

dimensions while treating reproducibility as distinct from data volume or nominal node 

support. The reviewed evidence shows that museum collections can expand otherwise difficult 

sampling, whole-genome and transcriptomic resources support complementary phylogenomic 

strategies, and target capture can operate from deep to shallow phylogenetic scales. Yet probe 

divergence, specimen history, matrix filtering, laboratory conditions, and analytical choice can 

alter the recoverable evidence. We therefore propose that insect phylogenomic studies be 

interpreted through separate sampling, data-generation, matrix-composition, conflict, and 

reproducibility dimensions rather than a single notion of genomic completeness. This 

separation clarifies where increasing scale strengthens inference and where additional 

validation remains necessary. 
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Introduction 
 

Genome-scale sequencing has changed insect systematics from an enterprise frequently constrained by a small 

number of markers into one capable of recovering hundreds to thousands of loci across deep and shallow 

evolutionary scales. This expansion has created genuine opportunities, but it has also increased the number of 

design decisions capable of influencing the final phylogeny. Reviews of insect phylogenomics consequently 

emphasize both the expanded information content of genomic datasets and persistent problems involving 

sampling, orthology, matrix construction, model choice, and interpretation [1, 2]. 

The expansion is also taxonomically uneven. A large-scale assessment of published insect phylogenies identified 

substantial differences in phylogenetic coverage among lineages, showing that accumulation of phylogenetic 

information does not automatically generate proportional representation of insect diversity [3]. Sampling therefore 

remains part of the inferential problem rather than merely a logistical preliminary. 

http://www.esvpub.com/
https://doi.org/10.51847/50BwZ5cu1x
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Data volume likewise cannot be equated with analytical convergence. In Neuropterida, comparison of 

ultraconserved elements (UCEs), universal single-copy orthologs, and mitochondrial genomic data produced 

method- and data-dependent disagreement in parts of the inferred history [4]. Such cases make it necessary to 

separate the amount of sequence information from the concordance of the histories extracted from it. 

Reproducibility adds a further dimension. Repeated molecular phylogenetic computations can differ slightly under 

particular software and analytical conditions, although computational nondeterminism is not necessarily the 

dominant source of phylogenetic disagreement [5]. Reproducibility in insect phylogenomics must therefore 

encompass more than rerunning a tree program: sampling provenance, input data, filtering, locus definition, 

software specification, deposited intermediate products, and interpretive boundaries all matter. 

This review maps those dimensions without constructing an unsupported universal quality score. Its central 

proposed distinction is between sampling sufficiency, genomic-data availability, matrix recoverability, conflict 

visibility, and analytical reproducibility. These dimensions may covary, but the evidence does not justify treating 

them as interchangeable.  

Materials and Methods  

The review followed scoping-review reporting principles derived from PRISMA-ScR, with emphasis on 

transparent identification, eligibility assessment, data charting, and explicit separation of review findings from 

interpretive synthesis [6]. Searches covered publications dated 2017–2025 and were last verified on 25 August 

2026. Search logic combined insect or major insect-order terms with phylogenomics, genome-scale phylogeny, 

whole-genome shotgun, transcriptome, target capture, anchored hybrid enrichment, UCE, and ultraconserved 

element. Secondary combinations incorporated taxon sampling, museum, museomics, missing data, occupancy, 

orthology, paralogy, discordance, workflow, code, repository, and reproducibility. 

The documented screening universe comprised 35 unique DOI-verified journal records retained during iterative 

scholarly discovery through publisher/journal platforms, PubMed-indexed records where available, DOI-linked 

verification, and citation chaining. Because relevance, publication type, publication year, journal eligibility, and 

duplicate/version status were evaluated during retrieval rather than after importing a pooled bibliographic export, 

a separate post-export duplicate-removal stage and a separate title/abstract-exclusion stage were not applicable. 

Thirty-five reports were sought and successfully retrieved sufficiently for eligibility and evidence verification; no 

logged report was unavailable. All 35 logged records proceeded to evidence charting. Exploratory search hits 

rejected before meeting the logging criteria were not assigned retrospective counts and are excluded from the 

review-flow arithmetic. 

Data charting separated taxonomic breadth, taxonomic depth, specimen source, genomic data type, target design, 

locus recovery, matrix treatment, missingness, conflict diagnostics, workflow reporting, repository availability, 

and reproducibility artifacts. “Not reported” was retained as a reporting state rather than inferred as evidence that 

a practice was absent. 

Results and Discussion 

Sampling expansion has occurred through both broader living-taxon representation and renewed access to 

historical collections. High-throughput extraction applied to thousands of museum insect specimens demonstrates 

that specimen-rich collections can become practical sources for large phylogenomic projects when historical-

DNA processing itself is scaled [7]. This increases potential taxonomic reach but does not imply equivalent DNA 

quality across specimen ages, preservation histories, tissues, or taxa. 

Strategic taxon addition can also alter resolution directly. In leafhoppers, adding poorly studied lineages and 

previously unavailable mitogenomes improved resolution in parts of the inferred phylogeny [8]. The relevant 

inference is not that mitochondrial genomes are sufficient for all phylogenetic depths, but that absence of key 

lineages can constrain the structure being inferred. 

Large order-level studies illustrate a second form of expansion. Broad hemipteroid sampling combined thousands 

of genes with public deposition of sequence and analysis products [9]. Polyneopteran phylogenomics similarly 

used large gene sets to address historically difficult deep relationships [10]. In Coleoptera, extensive taxonomic 

and genomic sampling enabled simultaneous phylogenetic and comparative evolutionary analyses [11]. 

Transcriptome-scale sampling across Lepidoptera likewise recovered thousands of protein-coding loci across 
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broad superfamily representation [12]. These studies demonstrate scale, but their different taxa, data sources, and 

analytical objectives prevent a simple cross-order ranking of performance. 

Recent studies also show why “taxon coverage” requires more than one denominator. Dense Nomada sampling 

illustrates lineage-focused phylogenomics at systematic-monograph scale [13], whereas a large Bembidiini 

dataset retained difficult or method-sensitive relationships despite recovery of more than 1,800 genes [14]. 

Preliminary Pentatomidae phylogenomics, meanwhile, expanded genomic evidence without eliminating 

substantial family-level sampling needs [15]. Coverage should therefore be described by taxonomic level, 

geographic representation, specimen availability, and relationship of the sampled set to the biological question. 

Genome and transcriptome data 

Whole-genome shotgun (WGS) data increasingly permit large ortholog sets to be assembled without restricting 

sequencing to a predefined target panel. In diving beetles, WGS-based phylogenomics recovered thousands of 

orthologs across broad taxon sampling and resolved much of the tree, yet some relationships remained dependent 

on analytical method [16]. Genomic abundance and topological stability are therefore separable properties. 

A related distinction appears when taxonomic representation is unusually complete. Genomic sampling across all 

extant Hydrophiloidea–Histeroidea families clarified major relationships while retaining substantial conflict 

within part of the phylogeny [17]. Broad coverage can thus reduce one source of uncertainty without removing 

heterogeneous histories among genes. 

More loci can also influence downstream taxonomic procedures in non-monotonic ways. Whole-genome 

phylogenomics of Stylops showed that species-delimitation results depended on both method and locus sampling, 

with increasing locus numbers not producing one invariant taxonomic answer [18]. Genomic scale should 

consequently not be interpreted as automatic taxonomic decisiveness. 

Transcriptomes offer a different sampling route. In Sternorrhyncha, genome-derived and transcriptome-derived 

samples differed in UCE recovery, and alternative inference frameworks did not produce identical results at every 

higher-level relationship [19]. Transcriptomic recovery is conditioned by expression and assembly as well as 

evolutionary conservation, whereas genome-derived recovery is not restricted to expressed sequence in the same 

manner. 

Contemporary insect systematics increasingly combines phylogenomic information with morphology, natural 

history, biogeography, and other evidence classes [20]. This broadens interpretive context but also makes 

provenance important: a genomic topology, morphological distinction, and ecological association remain different 

observations even when ultimately evaluated together. 

Matrix composition further mediates genomic inference. Swallowtail-butterfly WGS phylogenomics used a large 

gene matrix for topology estimation but a reduced, more complete matrix for analyses with different data 

requirements [21]. Missingness can therefore be partly created or reduced by analytical design rather than being 

solely an intrinsic property of specimens. 

Finally, transcriptomic and target-derived resources can sometimes be integrated. In Apidae, transcriptome and 

UCE data were combined to extend taxonomic and locus coverage across samples with different genomic 

resources [22]. Such integration is feasible only when locus homology and matrix construction remain explicit. 

Because these studies expose different ways in which genomic abundance becomes usable phylogenetic evidence, 

the state-and-response ledger below separates the source of genomic information from the inferential state 

produced after locus recovery and matrix construction. 

Table 1. Genomic-data states that separate sequence abundance from phylogenomic usability 

Genome/transcriptome 

state 
Taxonomic with observed basis Uncertainty within its limit 

High-density WGS 

ortholog recovery 

Broad beetle sampling 

Recovered ortholog set and topology 

Thousands of loci can resolve much of a large 

phylogeny 

Some nodes remain method-sensitive 

Proposed — code genomic abundance 

separately from topological stability 

Broad family 

representation with 

genomic conflict 

Higher-level Coleoptera 

Taxon representation and gene conflict 

Complete higher-level sampling can coexist with 

discordant gene histories 

Preferred topology does not erase 

conflict 

Proposed — sampling sufficiency and 

conflict visibility are separate states 
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Whole-genome 

delimitation sensitivity 

Species-rich Stylops 

Locus number and delimitation output 

Taxonomic output changes with locus and method 

choice 

Species counts are algorithm-dependent 

Do not equate additional loci with 

automatically stronger delimitation 

Genome-derived 

versus transcriptome-

derived UCE recovery 

Sternorrhyncha 

Target-locus recovery 

Input source changes recoverable locus 

composition 

Expression and assembly constrain 

transcriptomes 

Record missingness relative to data 

source 

Integrative 

phylogenomic evidence 

Insect systematics broadly 

Multiple evidence classes 

Genomic data increasingly coexist with 

morphological, geographic, and natural-history 

evidence 

Evidence classes need not be concordant 

Preserve provenance before integrative 

interpretation 

Purpose-specific 

matrix reduction 

Papilionidae WGS 

Matrix completeness 

Fewer genes may provide greater completeness 

for selected analyses 

Lower missingness is obtained by 

discarding information 

Treat matrix construction as an 

analytical decision 

Cross-source locus 

integration 

Apidae 

Homologous loci from transcriptome and UCE 

resources 

Heterogeneous resources can expand usable 

sampling 

Homology and missingness must be 

checked explicitly 

Integration is conditional, not automatic 

interchangeability 

Target-capture data 

Target capture occupies a different region of the sampling–data landscape because the genomic search space is 

specified before sequencing. Anchored phylogenomics in Lepidoptera established that targeted enrichment can 

recover hundreds of homologous regions across deeply divergent members of a megadiverse insect order [23]. Its 

scalability derives from repeated acquisition of a defined locus class, but the same design decision constrains what 

can be recovered. 

Bait construction is therefore part of the analytical workflow rather than an invisible laboratory detail. Methods 

for identifying conserved genomic elements and designing bait sets make target selection explicit and 

reproducible, while also emphasizing that sequence conservation alone does not establish orthology [24]. A target 

may hybridize successfully yet still require paralogy and homology assessment before species-history inference. 

Probe portability has measurable phylogenetic boundaries. Comparisons among beetle UCE probe sets showed 

declining utility as phylogenetic distance from probe-design taxa increased and demonstrated additional effects 

of design breadth and strategy [25]. The evidence supports a conditional relationship between design and recovery, 

not a universal divergence threshold. 

Museum material expands the potential target-capture sampling pool but introduces another source of 

heterogeneity. UCE phylogenomics of long-horned bees recovered useful genomic information from severely 

degraded historical specimens when capture and curation were adapted to that material [26]. In Odonata spanning 

approximately 120 years of museum history, specimen age and body size were poor standalone predictors of locus 

recovery, whereas capture differed between museum collections [27]. Preservation history and collection context 

therefore cannot be replaced by specimen age as a simple quality surrogate. 

Laboratory parameters can further shift the matrix that reaches phylogenetic analysis. In leaf-footed bugs, lower 

hybridization temperatures increased recovery under divergent bait–target conditions but reduced some specificity 

or depth measures and increased signals consistent with potential paralog recovery [28]. Increasing the quantity 

of recovered targets can therefore carry a countervailing validation cost. 

Recent applications demonstrate that target capture spans very different phylogenetic scales. An Orthoptera-

focused UCE resource recovered a large targeted locus set for order-level inference [29]. A tailored panel in 

Noteridae recovered thousands of loci for much shallower diversification among cryptic aquatic-beetle lineages 

[30]. Target capture is thus not intrinsically a deep-phylogeny technology; its effective scale depends on panel 

design and sampling. 
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Sampling completeness within target-capture studies must still be stated at the appropriate level. Miltogramminae 

phylogenomics covered a substantial proportion of genera while sampling a much smaller fraction of described 

species, illustrating why genus-level and species-level completeness cannot be merged [31]. In a New Zealand 

cicada radiation, anchored nuclear data increased resolution but strong support coexisted with gene/site conflict 

and mito-nuclear discordance [32]. Neither dense target recovery nor high node support uniquely diagnoses the 

biological cause of discordance. 

The selection flow is placed here because target-capture evidence completes the principal data-acquisition classes 

examined before the review turns to matrix incompleteness. The flow therefore records exactly how the evidence 

set entering those comparisons was logged and retained. 

 
Figure 1. Logged-record boundaries in the phylogenomic evidence search and eligibility process 

Missing data 

Missing data in insect phylogenomics are not one biological or computational phenomenon. Transcriptome-

derived matrices can lack loci because relevant genes were not expressed or assembled, whereas genome-derived 

matrices may show different recovery patterns [19]. WGS matrices may also be deliberately filtered to increase 

occupancy for a particular analysis [21]. In target-capture datasets, missingness can emerge because probe sets 

are phylogenetically distant from target taxa [25], because historical specimens yield heterogeneous DNA 

recovery [26], or because laboratory capture conditions alter the balance between recovery and specificity [28]. 

These mechanisms should not be pooled into an undifferentiated “percentage missing.” 

Matrix incompleteness must also be distinguished from phylogenomic conflict. Incongruence can originate from 

biological history as well as analytical processes, including incomplete lineage sorting, introgression, gene 

duplication and loss, model inadequacy, and other sources of heterogeneity [33]. Missing loci, low support, and 

conflicting well-sampled loci therefore represent different inferential states. 

The proposed synthesis used here treats missingness as a pathway-specific property: its interpretation depends on 

what generated the absent information, whether absence is structured across taxa or loci, and whether the same 
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region of the tree remains unstable when data completeness changes. This distinction prevents an arbitrary 

completeness threshold from substituting for causal or analytical diagnosis. 

The mechanism–boundary matrix is needed because the same visible outcome—an incomplete matrix—can arise 

through scientifically different processes that require different tests. 

Table 2. Distinguishing pathways to incomplete phylogenomic matrices from conflict and analytical uncertainty 

Boundary condition and decisive 

check 

Missing-data with 

evidential standing 

Biological/taxonomic con 

with observed basis 

Interpretation or 

consequence 

Transcript expression and assembly 

are not genome sequencing 

Compare recovery by data source 

before attributing absence to taxon 

quality 

Data-source-dependent 

locus absence 

Evidence-derived 

Genome versus 

transcriptome inputs 

Different recoverable locus 

sets 

Matrix 

completeness 

depends partly on 

source architecture 

Information is discarded to satisfy 

another analytical requirement 

Report both filtering rule and 

analysis-specific rationale 

Purposeful occupancy 

filtering 

Evidence-derived 

Large WGS matrices 

Reduced matrix contains 

fewer loci but greater 

completeness 

Missingness can be 

altered 

intentionally for 

analysis 

No universal divergence threshold is 

established 

Evaluate probe portability within 

the focal clade 

Probe-divergence-

associated absence 

Evidence-derived 

Target capture across 

divergent taxa 

Declining target recovery 

with bait–target distance 

Missingness may 

be phylogenetically 

structured 

Age alone is an insufficient quality 

proxy 

Record collection and preservation 

context where available 

Specimen-mediated 

recovery loss 

Evidence-derived 

Historical museum material 

Uneven recovery among 

specimens or collections 

Absence can reflect 

preservation 

history 

Protocol effects are bait- and taxon-

dependent 

Validate recovery and specificity 

jointly 

Capture-condition-

dependent recovery 

Evidence-derived 

Target-enrichment laboratory 

workflow 

Recovery changes alongside 

specificity/depth or paralog 

indicators 

More recovered 

sequence need not 

mean cleaner 

orthology 

Mechanism cannot be assigned from 

discordance alone 

Test alternative biological and 

analytical explanations 

Well-sampled but 

conflicting signal 

Evidence-derived 

Rapid radiations or 

heterogeneous gene histories 

Discordant genes, sites, data 

classes, or topologies 

Conflict is not 

equivalent to 

missingness 

Classification has not been 

prospectively validated 

Test whether pathway-aware 

reporting improves sensitivity 

analyses 

Pathway-specific 

missingness 

classification 

Proposed synthesis 

Cross-study synthesis 

Missing entries linked to 

their generating process 

Avoids one generic 

completeness score 

 

Workflow transparency 

Phylogenomic reproducibility depends on whether another investigator can reconstruct how biological material 

became an analytical matrix and how that matrix became an inferred tree. Merely naming a program does not 

preserve the decisions embedded in filtering, locus selection, software versions, parameters, scripts, and 

computing environments. Guidance for biological code sharing therefore emphasizes documentation, version 

control, persistent archiving, licensing, and linkage between code and underlying data [34]. 

Model specification is an additional layer. Formal machine-readable descriptions can expose probabilistic 

assumptions that otherwise remain dispersed across prose, configuration files, and software defaults [35]. Such 

specification does not demonstrate that a biological model is adequate, but it improves the visibility of what was 

actually assumed. 

Transparency should consequently be treated as a chain of reconstructable analytical states rather than a binary 

code-available/code-unavailable classification. Some insect studies provide raw reads, assemblies, matrices, or 

other analytical products, but different deposited objects support different levels of reconstruction. The proposed 

distinction is therefore among named workflow, parameterized workflow, reconstructable workflow, and archived 

executable workflow. These categories describe reporting states; they are not a validated quality score. 
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The cross-scale grid below distinguishes what must remain visible as a workflow moves from biological material 

to computational inference. 

Table 3. Workflow states that determine whether insect phylogenomic inference can be reconstructed rather 

than merely described 

Boundary or failure mode and decisive check 
Scale of the recorded 

ob with observed basis 

Interpretive 

consequence 

Software named only 

Evidence-based distinction 

Version, defaults, and parameters may remain unknown 

Determine whether the analysis can be reconstructed from prose 

alone 

Analysis program 

Program identity 

Broad analytical 

class is recognizable 

Versioned software 

Proposed audit state 

External dependencies may still differ 

Reinstall stated version and dependencies 

Program/environment 

Software release 

recorded 

Narrows 

implementation 

uncertainty 

Parameterized workflow 

Proposed audit state 

Manual preprocessing can remain hidden 

Recreate input-to-output transformation 

Command/model level 

Filters, options, models, 

thresholds, partitions 

Decision path 

becomes inspectable 

Scripted workflow 

Evidence-informed state 

Scripts may depend on unavailable data or software 

Execute against deposited inputs 

Multi-step computation 

Scripts or workflow 

files 

Processing order 

becomes recoverable 

Archived executable workflow 

Proposed synthesis 

Re-execution still does not validate biological assumptions 

Independent rerun plus output comparison 

Code + version + 

persistent archive 

Versioned code, 

documentation, 

persistent identifier, 

environment 

information 

Highest practical 

reconstructability 

among proposed 

states 

Explicit model specification 

Evidence-derived 

Explicitness does not guarantee model adequacy 

Compare model specification with biological question and 

sensitivity analyses 

Statistical model 

Machine-readable or 

fully declared 

assumptions 

Model structure can 

be audited separately 

from 

implementation 

Repository and code availability 

Repository practice should be separated into the objects being preserved. Public raw sequence data permit renewed 

assembly or locus extraction; processed alignments and matrices permit closer replication of the published 

analysis; tree files preserve inferred outputs; and scripts or workflow descriptions document transformations 

among these objects. Examples from large insect phylogenomic studies show that raw and processed resources 

can be deposited publicly, but the presence of one artifact does not demonstrate that every analytical transition is 

recoverable [9]. Recent WGS studies likewise demonstrate the value of linking large genomic matrices to 

accessible data products while retaining method-sensitive interpretations [16]. 

Target-design resources constitute another reproducibility object. Open bait-design procedures make the origin of 

conserved targets inspectable [24], whereas taxonomic analyses based on large genomic matrices may require 

both sequence deposits and sufficient documentation of how loci entered downstream delimitation or tree 
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inference [18]. Code-sharing guidance therefore supports distinguishing persistent, documented, versioned 

resources from a transient link or a prose statement that software was used [34]. 

A further caution concerns missing reporting. Failure to locate code or a processed matrix is evidence about 

reported availability, not proof that the material never existed. The proposed repository architecture therefore 

codes raw data, derived data, executable logic, software environment, model declaration, and persistent archival 

identity separately. 

These distinctions require a visual representation because reproducibility depends on handoffs among nested 

objects rather than on a single repository endpoint. 

 
Figure 2. Analytical handoffs that determine whether a phylogenomic result remains reusable after 

publication 

Reproducibility landscape 

Reproducibility is therefore multidimensional. Computational repeatability concerns whether the same analysis 

generates materially similar results when rerun [5]. Workflow reproducibility concerns whether inputs, 

transformations, parameters, and software can be reconstructed. Repository reproducibility concerns whether the 

necessary objects remain persistently obtainable [34]. Interpretive reproducibility concerns whether readers can 

distinguish observed conflict from the explanation assigned to it; phylogenomic incongruence may have several 

biological or analytical origins [33]. 

These dimensions need not move together. A large WGS matrix can be openly archived yet contain relationships 

that vary among analytical approaches [16]. Genome-scale species delimitation can be technically repeatable 

while remaining sensitive to method and locus sampling [18]. Strongly supported target-capture trees can likewise 

coexist with gene/site conflict or mito-nuclear discordance [32]. Reproducibility should thus not be treated as 

synonymous with node support, matrix size, or data availability. 

The conditionality matrix below formalizes the article's proposed distinction between reconstructability and 

inferential robustness without turning either into a numerical score. 
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Table 4. Failure modes produced when different dimensions of phylogenomic reproducibility are mistaken for 

one another 

Interpretation within its limit 
Failure mode if overinte and decisive 

check 
Observable basis 

Repeatable computation 

Evidence-derived 

Numerical implementation is comparatively 

stable 

Model and data assumptions may still be wrong 

Repeatability mistaken for biological 

correctness 

Sensitivity analysis across defensible 

models 

Similar output from 

repeated computation 

Public raw data only 

Proposed synthesis 

Primary evidence can be reprocessed 

Processing choices may be unavailable 

Deposit mistaken for complete 

workflow transparency 

Archive processing logic and derived 

matrices 

Sequence reads 

deposited 

Public matrix without reconstructable preprocessing 

Proposed synthesis 

Published tree can be approximately rerun 

Filtering and orthology decisions are hidden 

Matrix provenance becomes opaque 

Link matrix to locus-selection and 

filtering steps 

Alignment or 

supermatrix available 

Reconstructable workflow with model sensitivity 

Evidence-informed 

Analysis can be recreated 

Alternative models may yield different 

relationships 

Successful rerun mistaken for robust 

inference 

Report model and matrix sensitivity 

Inputs, code, versions, 

parameters available 

High-support but conflict-rich phylogeny 

Evidence-derived 

Dominant signal is identifiable 

Gene histories may remain heterogeneous 

Support mistaken for historical 

unanimity 

Report concordance/conflict 

diagnostics 

Strong node support 

plus discordant 

loci/sites/data classes 

Open and conflict-aware analysis 

Proposed synthesis 

Reuse and interpretation are both facilitated 

Reproducibility does not prove mechanism 

Remaining uncertainty may still be 

biological or taxonomic 

Preserve alternative explanations and 

validation boundaries 

Persistent artifacts plus 

explicit 

sensitivity/conflict 

reporting 

Methodological gaps 

The first unresolved problem is sampling asymmetry. Published insect phylogenetic coverage remains uneven [3], 

so further increases in sequencing capacity will not by themselves correct taxonomic imbalance. Sampling audits 

should distinguish species, genus, family, geography, specimen source, and availability of historical material 

rather than reporting one overall taxon count. 

A second gap is comparability among genomic data types. Neuropteridan analyses demonstrate that different 

genomic partitions and analytical choices can support conflicting relationships [4]. Genome- and transcriptome-

derived UCE datasets likewise differ in recoverability and can respond differently to inference method [19]. 

Comparative benchmarking should therefore ask when different data types converge, where they diverge, and 

whether disagreement originates in locus biology, recovery, sampling, filtering, or analytical assumptions. 

Target-capture transferability remains similarly conditional. Probe-set utility changes with phylogenetic distance 

and design breadth [25]. Better reporting of bait provenance, target-to-sampled-taxon divergence, failed recovery, 

paralog filtering, and laboratory modifications would make apparent missingness more interpretable across 

studies. 
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Finally, conflict diagnosis remains a major inferential gap. Phylogenomic incongruence has multiple plausible 

biological and analytical origins [33]. Treating discordance as noise, or assigning it automatically to incomplete 

lineage sorting, introgression, or methodological error, exceeds what topology disagreement alone can establish. 

Future insect phylogenomics would benefit from designs that combine explicit conflict diagnostics with taxon 

expansion, alternative genomic partitions, model sensitivity, and reproducible workflow preservation. 

The broader methodological priority is therefore not maximal data accumulation but traceable expansion: adding 

taxa, loci, and analytical complexity while preserving enough provenance to determine why an inference changes. 

This is the principal proposed synthesis of the review and should be tested prospectively rather than treated as an 

established standard. 

Conclusion 

Large-scale insect phylogenomics has expanded the evidential reach of systematics, but genomic scale has not 

made study design, matrix construction, conflict, or reproducibility interchangeable concerns. Taxon sampling 

can remain uneven even in data-rich clades; genomes, transcriptomes, and target-capture resources impose 

different recovery constraints; missing data can arise through biologically and analytically different pathways; 

and high support can coexist with discordance or method sensitivity. The central contribution of this review is a 

proposed separation of sampling sufficiency, genomic-data availability, matrix recoverability, conflict visibility, 

workflow reconstructability, and inferential robustness. Treating these as distinct but interacting dimensions 

provides a more defensible basis for comparing large insect phylogenomic studies than either locus count or 

nominal openness alone. Future progress depends on increasing phylogenomic scale while preserving the 

provenance needed to explain what changed, why it changed, and which conclusions remain conditional.  
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