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Abstract

Lepidium olgae Regel is a poorly studied narrow endemic of the
Nuratau Range, Uzbekistan, for which genomic resources remain
limited. In this study, we sequenced, assembled, and characterized its
complete chloroplast genome and evaluated its phylogenetic position
using 17 Lepidium plastome accessions representing 17 taxa,
together with four outgroup plastomes. Four plastomes from
Hornungia and Yinshania were included as outgroups in the
phylogenetic analysis. The circular plastome of L. o/lgae was 154,837 bp
in length and displayed the typical quadripartite structure, comprising
an 83,881-bp large single-copy region, an 18,070-bp small single-copy
region, and two inverted-repeat regions of 26,443 bp each. The overall
GC content was 36.3%. Comparative analysis showed that plastome
size, gene order, and overall genome organization were highly
conserved among the sampled Lepidium taxa, with only limited
variation at the single-copy and inverted-repeat junctions. Feature-
level nucleotide-diversity analysis identified trnG-GCC-trnR-UCU and
rpl32-trnL-UAG among the most variable non-coding regions, whereas
ycf1 showed the highest diversity among the examined coding
regions. Maximume-likelihood analysis of 21 complete plastomes
placed L. olgae as a distinct lineage within the sampled Asian Lepidium
assemblage. The newly generated plastome provides an important

Open Peer Review

Approval Status TV
1 2

version 2

v
(revision) )

view
29 Aug 2026
version 1 ? ?
01 Jun 2026 view view

1. Abdullah Abdullah, Tianjin University of

Traditional Chinese Medicine, Tianjin, China

2.Igbal Hussain =, Zhejiang University,

Hangzhou, China

Any reports and responses or comments on the

article can be found at the end of the article.

Page 1 of 33


https://f1000research.com/articles/15-841/v2
https://f1000research.com/articles/15-841/v2
https://f1000research.com/articles/15-841/v2
https://f1000research.com/articles/15-841/v2
https://orcid.org/0000-0002-0991-1076
https://doi.org/10.12688/f1000research.179708.1
https://doi.org/10.12688/f1000research.179708.2
https://f1000research.com/articles/15-841/v2
https://f1000research.com/articles/15-841/v2#referee-response-515811
https://f1000research.com/articles/15-841/v1
https://f1000research.com/articles/15-841/v2#referee-response-490381
https://f1000research.com/articles/15-841/v2#referee-response-500493
https://orcid.org/0000-0001-8621-6889
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.179708.2&domain=pdf&date_stamp=2026-08-29

EIOOOResearch F1000Research 2026, 15:841 Last updated: 02 OCT 2026

genomic reference for L. olgae, while the identified variable regions
represent candidate loci for future taxonomic, phylogeographic, and
population-level studies. Broader taxonomic sampling and nuclear
genomic data will be required to clarify the evolutionary history of the
genus and assess the conservation genetics of this narrow endemic
species.
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. 3\
{47/ &9 Amendments from Version 1

In the revised version, we have carefully addressed all reviewer concerns and made several important changes. We have
improved the Introduction by providing a clearer explanation of the research background, significance, and knowledge
gaps. The Materials and Methods section has been expanded with additional details regarding experimental procedures,
sequence recovery, primer design, and RT-gPCR validation steps to improve reproducibility. We have clarified the criteria
used for gene fragment identification and primer evaluation, added further explanations of the data analysis workflow, and
revised the Results and Discussion sections to provide a more balanced interpretation of the findings. We have also
corrected unclear statements, improved scientific terminology, updated relevant references, and revised the manuscript
structure and language throughout. These modifications have strengthened the methodological transparency and
highlighted the main contribution of this study, namely the development of a practical short-read assembly-based workflow
for RT-gPCR assay development in non-model and closely related Allium species.

Any further responses from the reviewers can be found at the end of the article

Introduction

The genus Lepidium L. (Brassicaceae), commonly known as pepperwort or peppercress, is a cosmopolitan taxon
comprising between 175 and more than 260 species, depending on the circumscription and recent taxonomic revisions
(Al-Shehbaz, 2012; De Lange et al., 2013; Koch and Mummenhoff, 2006; Bona, 2020). It is widely distributed across
temperate and subtropical regions globally, with centers of diversity in Central Asia, Australia, New Zealand, and the
Americas (German, 2014; [lyinska, 2014; Rurane and Roze, 2019). Species within Lepidium inhabit diverse ecological
niches, ranging from coastal zones to alpine environments, and display significant morphological diversity and adaptive
specialization.

Historically, Lepidium has posed considerable challenges to systematists due to extensive morphological variation,
frequent polyploidy, hybridization events, and the occurrence of both sexual and autogamous reproduction (Al-Shehbaz,
2012; De Lange et al., 2013; Dierschke et al., 2009). The genus is characterized by small, usually inconspicuous flowers
often lacking petals, and fruits that are angustiseptate silicles with a single mucilaginous seed per locule, a feature aiding
in long-distance dispersal (Koch and Mummenhoff, 2006). This combination of reproductive plasticity and dispersal
capability has contributed to the broad distribution and complex taxonomy of the genus, with many species historically
being grouped under broad or narrow concepts depending on regional traditions (German, 2014).

Recent molecular phylogenetic studies have provided significant insights into the intrageneric relationships within
Lepidium, using both nuclear markers, such as ITS and ETS, and chloroplast markers, such as trnL-F, rbcL, and matK.
Mummenhoff et al. (2001) established the first comprehensive chloroplast DNA phylogeny for the genus, revealing a
major division into three lineages largely reflecting geographic distributions: the Eurasian lineage, including sections
Lepia and Cardaria; the Australasian lineage, corresponding to Monoplocoidea; and a widespread clade comprising the
remaining taxa. These findings were supported by more recent analyses using super-barcodes, including full plastome
sequences, which demonstrated that complete chloroplast genomes (cp genomes) can provide higher phylogenetic
resolution in complex genera such as Lepidium (Zhou et al., 2023; Song et al., 2023).

Cp genome, or plastome, sequencing has become a powerful tool for resolving phylogenetic relationships and
evolutionary patterns within plant genera (Munavvarov et al., 2022). Complete plastome sequences offer robust
phylogenetic signals due to their uniparental inheritance, low recombination rates, and conserved structure; however,
they also contain evolutionary hotspots that may vary among lineages (Ergashov etal., 2025; Jansen and Ruhlman, 2012).
Plastome studies have been particularly useful in groups with intricate evolutionary histories, including cases of
allopolyploidy and cryptic speciation, as observed in Lepidium (Dierschke et al., 2009; Mummenhoff et al., 2004).

Despite the increasing availability of Lepidium plastome data in public repositories such as NCBI, comparative analyses
across a broad sampling of the genus remain limited. To address this gap, the present study undertakes a comprehensive
plastome-wide comparative genomic analysis across 17 Lepidium species. This includes one newly sequenced species,
Lepidium olgae, endemic to arid regions of Central Asia, particularly the Nuratau region of Uzbekistan, together with
16 publicly available plastome sequences. Lepidium olgae, a rarely studied species with ecological adaptations to xeric
environments, provides a valuable addition to the genomic sampling of the genus, particularly for understanding
plastome variation in Central Asian taxa (German, 2014; Song et al., 2023). The main objectives of this study are:
(1) to characterize and compare the plastome structures, gene content, and sequence divergence among 17 Lepidium
species; (2) to identify structural variations such as inversions, expansions and contractions of inverted repeats, and
divergent hotspots; and (3) to infer phylogenetic relationships within the genus based on complete plastome data and
evaluate their evolutionary implications for Lepidium taxonomy.
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Through this comparative plastomic framework, we aim to contribute to a better understanding of cp genome evolution in
Lepidium, clarify phylogenetic relationships, and provide foundational data for future evolutionary and taxonomic
studies in Brassicaceae.

Methods

Fresh leaves of Lepidium olgae Regel were collected from a wild population in the Nuratau Range, Khayotsoy,
Uzbekistan, in May 2024 (40.508056° N, 66.723889° E; Figure 1). Species identification was carried out by
N. Beshko at the National Herbarium of Uzbekistan, and representative voucher specimens were deposited in the
National Herbarium of Uzbekistan (TASH) under voucher accession number TASH0007.

The collected leaf material was immediately dried in silica gel and stored at room temperature until DNA extraction. Total
genomic DNA was extracted from dried leaf tissue using a Tiangen plant genomic DNA extraction kit following the
manufacturer’s protocol. Sequencing libraries were prepared using a NEB library preparation kit for [llumina sequencing.
The genomic DNA was fragmented to approximately 350 bp, followed by end repair, adapter ligation, and PCR
amplification. Library quality and fragment size distribution were assessed using an Agilent 5400 system, and library
concentration was subsequently determined. Qualified libraries were sequenced by Novogene Bioinformatics
Technology Co. on an Illumina NovaSeq 6000 platform using a 150-bp paired-end sequencing configuration.

Figure 1. Various individuals of L. olgae on rocky-gravelly slopes in the Khayatsai tract, Nuratau Nature
Reserve, Nuratau Range, Uzbekistan. A, plant at the beginning of the growing season, top view, approximately
1300 m a.s.l., 3 April 2022; B, flowering individual, approximately 1300 m a.s.l., 6 May 2012; C-D, flowering plants,
14 April 2013; photographs by N. Beshko.
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The quality-filtered reads were assembled de novo using NOVOPIlasty (Dierckxsens et al., 2017), with the default k-mer
value of 33. The cp genome of Lepidium apetalum (GenBank accession NC_051540) was used as the reference plastome
for seed selection. Assembly parameters not specifically stated were maintained at their default settings.

To ensure reproducibility and public access to the underlying data, the raw paired-end sequencing reads have now been
deposited in the NCBI Sequence Read Archive. The data are associated with BioProject PRINA 1499946 and BioSample
SAMNG61898456 and are available under SRA run accession SRR39796388. The assembled and annotated cp genome
remains available in GenBank under accession PV605702.

Gene annotation was performed in Geneious Prime v2025.1.2 using the cp genome of Lepidium apetalum Willd.
(GenBank accession NC_051540) as the reference. The annotation was manually checked and corrected, including
verification of start and stop codons and exon—intron boundaries of protein-coding genes (Kearse et al., 2012). The
circular cp genome map was generated using OGDRAW (Greiner et al., 2019; Figure 2).
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Figure 2. Circular map of the cp genome of Lepidium olgae. Genes shown outside the outer circle are transcribed
counterclockwise, whereas genes shown inside the circle are transcribed clockwise. Genes are color-coded accord-
ing to their functional categories, as indicated in the legend. The inner gray histogram represents variation in local
GC content across the plastome, with the height of the histogram corresponding to the relative GC percentage; the
lighter background represents AT content. The inner colored ring indicates the large single-copy region (LSC), small
single-copy region (SSC), and the two inverted-repeat regions (IRa and IRb).
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Table 1. Plastome accessions retained for comparative and phylogenetic analyses of Lepidium and the
selected outgroups.

No. Species name NCBI accession number
1 Hornungia petraea NC_049650
2 Yinshania furcatopilosa MK637818
3 Yinshania henryi MK637819
4 Yinshania zayuensis NC_062044
5 Lepidium echinatum NC_049660
6 Lepidium perfoliatum 0Q6444380
7 Lepidium draba NC_077506
8 Lepidium appelianum NC_077510
9 Lepidium chalepense NC_077508
10 Lepidium olgae PV605702
1 Lepidium latifolium ON598362
12 Lepidium sp. XJ-151 0Q644481
13 Lepidium cartilagineum NC_077509
14 Lepidium didymum 0Y986990
15 Lepidium meyenii NC_034363
16 Lepidium cordatum NC_077507
17 Lepidium apetalum NC_051540
18 Lepidium ruderale NC_077504
19 Lepidium sativum NC_047178
20 Lepidium virginicum NC_009273
21 Lepidium ferganense NC_077505

Seventeen complete plastome accessions representing 17 Lepidium taxa were retrieved from NCBI GenBank and
included in the comparative analyses. Four additional plastomes from Hornungia and Yinshania were included as
outgroups in the phylogenetic analysis, resulting in a total dataset of 21 accessions (Table 1). The complete plastome
sequences were aligned using MAFFT v7.471/v7.520 (Katoh and Standley, 2013). Annotated genes were classified into
functional categories related to photosynthesis, self-replication, biosynthesis, and genes of unknown function.

The structural characteristics of the cp genomes, including the large single-copy region, small single-copy region, and
inverted repeat regions, were compared among the sampled Lepidium species. Expansion and contraction of the inverted
repeat regions were analyzed using IRscope (Amiryousefi et al., 2018) and manually checked in Geneious Prime
v2025.1.2. The junction regions were defined as JLB, the junction between LSC and IRb; JSB, the junction between SSC
and IRb; JSA, the junction between SSC and IRa; and JLA, the junction between LSC and IRa. Variation in these
boundary regions was recorded to evaluate plastome structural diversity within Lepidium.

The nucleotide diversity of CDS, tRNA, rRNA, introns, and intergenic spacer regions were determined based on the
analysis of all 21 cp genomes included in this study using CGAS v 1.0.1 (Abdullah et al., 2026).

Phylogenetic analysis was performed using 21 complete plastome sequences, including 17 Lepidium accessions—
representing 16 named species and one unidentified accession, Lepidium sp. XJ-151—and four outgroup accessions from
Hornungia and Yinshania (Table 1). Maximum likelihood analysis was performed in RAXML with 1,000 bootstrap
replicates (Stamatakis, 2014). The GTR + G model was selected using jModelTest v2.1.4 under the Akaike Information
Criterion (Darriba et al., 2012).

Results

The cp genomes of the 17 analyzed Lepidium species showed the typical circular quadripartite structure of angiosperm
plastomes, consisting of a large single-copy (LSC) region, a small single-copy (SSC) region, and a pair of inverted repeat
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regions, IRa and IRb (Figure 2). The total plastome size ranged from 153,132 bp to 154,982 bp, indicating a high level of
structural conservation across the genus. The cp genome of Lepidium olgae was 154,837 bp in length. All analyzed
plastomes encoded 128 unique genes, including 83 protein-coding genes, 37 transfer RNA genes, and 8 ribosomal RNA
genes (Tables 2 and 3). These genes were mainly associated with photosynthesis, transcription, translation, and essential
metabolic processes. Gene content, gene order, and overall genomic organization were highly conserved among the
examined species, and no major rearrangements were detected. This pattern agrees with previous plastome studies in
Brassicaceae and other angiosperms, where conserved quadripartite structure, limited gene loss, and stable genome
organization have commonly been reported (Jansen et al., 2007; Wicke et al., 2011; Daniell et al., 2016; Huang et al.,
2022; Dekhkonov et al., 2025; Tojiboeva et al., 2025; Nikitina et al., 2025).

Sliding window analysis (window length: 800 bp; step size: 200 bp) revealed heterogeneous distribution of nucleotide
diversity (Pi) across the chloroplast genomes (Figure 3). Pi values ranged from approximately 0.002 to 0.047, indicating
generally low to moderate sequence divergence among species. Several highly variable regions (Pi > 0.03) were
identified, primarily within intergenic spacers and certain coding regions. These included trnQ—psibKi, trnD, trnL—trnF,

Table 2. Genes annotated in the cp genome of Lepidium olgae, grouped according to functional category.

Category

Self-replication
Self-replication
Self-replication
Self-replication

Self-replication

Photosynthesis
Photosynthesis

Photosynthesis

Photosynthesis
Photosynthesis
Photosynthesis

Other
functions

Other
functions

Other
functions

Other
functions

Other
functions

Functional group

Large-subunit
ribosomal proteins

Small-subunit
ribosomal proteins

DNA-dependent
RNA polymerase

Ribosomal RNA
genes

Transfer RNA genes

Photosystem I
subunits

Photosystem II
subunits

NADH
dehydrogenase
subunits

Cytochrome b6/f
complex

ATP synthase
subunits

Rubisco large
subunit

Group Il intron
maturase

Acetyl-CoA
carboxylase subunit

Envelope
membrane protein

Protease

Cytochrome ¢
synthesis protein

Genes
rpi2b< (x2), rpl14, rpl16°, rpl20, rpl22, rpl23° (x2), rpi32, rpl33, rpi36

rps2, rps3, rps4, rps7¢(x2), rps8, rps11, rps12°(x2), rps14, rps15, rpst 6°,
rpsi18, rps19
rpoA, rpoB, rpoC1®, rpoC2

rrn4.5 (x2), rrn5¢ (x2), rrn16° (x2), rrn23 (x2)

trnA-UGC® (x2), trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnfM-CAU,
trnG-UCC, trnH-GUG, trnI-CAU® (x2), trnI-GAUP® (x2), trnG-GCC, trnK-
UULP, trnl-CAA® (x2), trnL-UAA®, trnL-UAG, trnM-CAU, trnN-GUUE (x2),
trnQ-UUG, trnP-UGG, trnR-ACG® (x 2), trnR-UCU, trnS-GCU, trnS-GGA, trnS-
UGA, trnT-GGU, trnT-UGU, trnV-GACE (x 2), trnV-UAC®, trnW-CCA, trnY-GUA
psaA, psaB, psaC, psal, psal

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, pshj, psbK, psbL, psbM,
psbN, psbT, psbZ

ndhA®P, ndhB®< (x2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhlI, ndhj,
ndhK

petA, petB®, petD®, petG, petl, petN

atpA, atpB, atpE, atpFP, atpH, atpl

rbcL

matK

acch

cemA

clpP?

CCsA

Note: Gene containing two introns; °gene containing one intron; ‘gene duplicated in the inverted-repeat regions; x2 indicates two copies

in the plastome.
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Table 3. Structural and nucleotide-composition features of the Lepidium olgae cp genome.

Feature Value
Total cp genome length (bp) 154,837
Large single-copy region length (bp) 83,881
Small single-copy region length (bp) 18,070
Inverted-repeat region length (bp, each copy) 26,443
Total GC content (%) 36.3
LSC GC content (%) 34.0
SSC GC content (%) 29.0
IR GC content (%) 42.3
Total number of annotated genes 130
Protein-coding genes 83
Transfer RNA genes 37
Ribosomal RNA genes 8

Abbreviations: LSC, large single-copy region; SSC, small single-copy region; IR, inverted-repeat region. The IR length and GC content refer
to each individual IR copy.

Pi value
yfs1-trnN

trnD rpl32-cesA

0035

“ trnQ-psbK trnL-trnF psbJ-psbL

rpll4-rpll6

Figure 3. Sliding-window analysis of nucleotide diversity across Lepidium cp genomes.

psbJ—psbL, rpl14—1pl16, and rpl32—ccsA. The most variable region was located in the ycf1-trnN interval, where Pi values
reached up to 0.045-0.047.

The elevated variability of the ycfl coding region is consistent with previous studies showing that ycf is one of the
fastest-evolving regions in angiosperm plastomes and one of the most promising plastid DNA barcodes for land plants
(Jansenetal.,2007; Dongetal., 2015; Kuang et al., 2011). In addition, non-coding regions such as trnG-GCC-trnR-UCU
and rpl32-trnL-UAG showed considerable variation, which is expected because intergenic spacers are generally under
weaker functional constraint and accumulate substitutions more rapidly than coding regions (Daniell et al., 2016; Shaw
et al., 2007). Comparable patterns of divergence have also been reported in plastome-wide analyses of Cardamine,
Brassica, and other Brassicaceae genera (Huang et al., 2022). Therefore, the hypervariable loci identified in the present
study may serve as useful molecular markers for species delimitation, phylogenetic reconstruction, and fine-scale
phylogeographic studies in Lepidium.

Phylogenetic analysis based on complete cp genome sequences strongly supported the monophyly of Lepidium
(Figure 4). The maximum likelihood tree resolved major clades with bootstrap support values ranging from 67% to
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Figure 4. Maximum-likelihood tree of Lepidium plastomes. Phylogenetic relationships were inferred from
complete cp genome sequences. Bootstrap support values are shown at the nodes. Related genera of Brassicaceae,
including Yinshania and Hornungia, were used as outgroups.

100%, indicating that complete plastome data provide a robust phylogenetic signal for this genus. The phylogenetic tree
resolved four main clades. Clade A contained Lepidium echinatum, whereas Clade B included L. perfoliatum, L. draba, L.
chalepense, and L. appelianum. Lepidium olgae was placed in Clade C. Clade D comprised the remaining Eurasian and
South American species. Lepidium echinatum formed the earliest-diverging lineage, while L. olgae occupied a distinct
position within the main Asian clade. The remaining species were grouped largely according to their geographic
distributions, with Eurasian and South American taxa forming separate subclades.

The topology of the plastome tree broadly reflected geographic structuring within the genus. The clustering of
L. perfoliatum, L. draba, L. appelianum, and L. chalepense supports the presence of a shared Eurasian lineage, in
agreement with earlier chloroplast DNA phylogenies (Mummenhoff et al., 2001, 2004). Similarly, South American taxa
such as L. meyenii and L. didymum formed a distinct clade, suggesting independent diversification after long-distance
dispersal events. The distinct placement of L. echinatum from Australia and the Central Asian endemic L. olgae
highlights the importance of geographic isolation in lineage divergence. These results are consistent with biogeographic
hypotheses suggesting multiple intercontinental dispersal events in Lepidium during the Neogene (German, 2014;
Mummenbhoff et al., 2001).

The phylogenomic pattern observed here is consistent with a role for geographic radiation and ecological differentiation
in the diversification of Lepidium. Mucilaginous seed coats, which are characteristic of the genus, may facilitate dispersal
through animals and water and thereby contribute to the colonization of new habitats (Rurane and Roze, 2019;
Mummenhoff et al., 2001).

Overall, the present results demonstrate that cp genomes of Lepidium are structurally conservative, with only minor IR
boundary shifts and moderate sequence divergence. At the same time, several highly variable regions, particularly ycf/—
trnN, provide useful candidates for molecular marker development. The well-supported phylogenetic topology confirms
the value of whole plastome data for clarifying taxonomic boundaries and evolutionary relationships within Lepidium.
However, because the cp genome represents a single maternally inherited locus, future studies incorporating nuclear
genomic data will be necessary to resolve possible hybridization, reticulate evolution, and polyploidization events in the
genus (Birky, 2001; Mummenhoff et al., 2004). Divergence-time estimation and comparative Ka/Ks analyses of rapidly
evolving genes such as ycfl may further clarify whether the detected hotspots reflect relaxed purifying selection or
lineage-specific adaptive evolution (Yang and Nielsen, 2000).
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Software availability
No custom code was used in this study.

Software used in the analysis included NOVOPlasty, Geneious Prime, OGDRAW, DnaSP v6.12.03, MAFFT, RAXML,
and jModelTest v2.1.4, as cited in the Methods section.

Ethics and consent
This study did not involve human participants or animals. Ethical approval and informed consent were therefore not
required.

Data and software availability
Underlying data
NCBI GenBank: Lepidium olgae cp genome. Accession number PV605702.

The accession numbers of comparative cp genomes used in this study are provided in Table 1.
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?

Igbal Hussain
Zhejiang University, Hangzhou, China

This manuscript reports the complete chloroplast genome of Lepidium olgae and compares it with
16 other Lepidium species using plastome-based comparative analysis and phylogeny. The study
provides a useful genomic resource for a poorly studied endemic Brassicaceae species. However,
the current manuscript remains largely descriptive and would benefit from stronger evolutionary
interpretation, more rigorous sampling justification, and improved integration of plastome
biology with the known complexity of Lepidium evolution. Several conclusions should be
moderated because chloroplast genomes represent only a single maternally inherited genetic
compartment and may not fully reflect species evolutionary history, especially in a genus affected
by hybridization, polyploidy, and possible reticulate evolution.

1. Phylogenetic interpretation of Lepidium olgae requires deeper discussion

The authors recovered L. o/gae as a distinct lineage based on complete chloroplast genomes
(Abstract; Figure 5). However, because Lepidium has a complex evolutionary history involving
polyploidy, hybridization, and possible reticulate evolution, plastome-based phylogeny alone may
not represent the complete species history. The discussion should compare the plastome topology
with previous nuclear marker studies (ITS/ETS) and clarify whether the position of L. o/gae agrees
with known Eurasian/Central Asian lineages.

2. Taxonomic sampling is limited for genus-wide conclusions
The study analyzed 17 Lepidium species using 34 plastome accessions (Table 1), but Lepidium
contains more than 175-260 species. Therefore, conclusions regarding overall genus evolution
and taxonomy should be moderated. The authors should clearly state that the phylogenetic
results represent relationships among currently available plastome datasets rather than a
comprehensive genus-wide reconstruction.
3. Duplicate accession issue in comparative analysis (Table 1)
Table 1 includes multiple accessions for some species, for example:

o Lepidium sativum: NC_047178 and MK637743

o Lepidium ferganense: NC_077505, ON598364, and 0Q644478
> Lepidium apetalum: NC_051540, OR941701, and PP234589

The authors should verify whether these represent independent plastomes or duplicate records of
the same genome. Including identical or nearly identical plastomes may artificially increase
bootstrap support in Figure 5 and influence nucleotide diversity analysis.

4. Chloroplast genome characterization should be expanded
The authors report that all analyzed plastomes contain 127 unique genes (82 protein-coding
genes, 37 tRNAs, and 8 rRNAs) and show high structural conservation (Results; Figure 2). However,
the manuscript lacks a detailed genome feature table.
The authors should provide:

> total genome size,
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LSC, SSC, and IR lengths,
o total GC content,
> GC content of coding genes, tRNAs, and rRNAs,
> codon usage and RSCU values,
o amino acid composition,
> SSR distribution.

These analyses are standard components of complete chloroplast genome reports and would
improve the genomic characterization of L. olgae.

5. ycf1 hotspot analysis requires more detailed evaluation
The sliding-window analysis identified the ycf1-trnN region as the most variable plastome region,
with Pi values approximately 0.045-0.047 (Results, Figure 4). This is an important finding; however,
the analysis combines a coding region (ycf7) with an intergenic spacer.
The authors should analyze separately:

1. the ycf7 gene region,

2. the ycf1-trnN intergenic spacer.

Additional analyses such as Ka/Ks ratio, amino acid variation, and nucleotide diversity of ycf7
among Lepidium species would provide stronger evidence for its evolutionary significance.

6. Molecular marker potential should be validated
The authors suggest that variable regions such as ycf1-trnN, trnQ-psbK, trnL-trnF, and rp/32-ccsA
may serve as useful molecular markers (Results; Figure 4). However, this conclusion requires
comparison with commonly used Brassicaceae markers, including:

> matK,

o rbcl,
> trnl-F,
> ITS.

The authors should compare nucleotide diversity, variable sites, and phylogenetic resolution
among these markers before recommending new barcode regions.

7. Plastome assembly and sequencing information is insufficient
The Methods section states that clean reads were assembled using NOVOPIlasty and annotated
using Geneious Prime (Methods, lines 139-147). However, important reproducibility information is
missing.
The authors should provide:

o sequencing platform (e.g., Illumina NovaSeq/HiSeq),

number of raw reads,
read length,
o quality filtering software,
> trimming parameters,
plastome coverage depth,
assembly validation method.
Read mapping analysis showing coverage across the circular plastome would strengthen
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confidence in the assembly.

8. IR boundary analysis needs quantitative comparison
The authors analyzed LSC/SSC/IR junctions using IRscope (Methods, lines 160-165; Figure 3). The
results describe minor variation in rps719, ndhF, and ycf1 boundaries (Results, lines 233-237).
However, Figure 3 is mainly descriptive. The authors should provide numerical information,
including:
o exact IR lengths,
boundary coordinates,
o length differences among species,
size of ycf7 extension into IRa,
> rps19 duplication length.

This would provide a stronger comparative plastome analysis.

9. Interpretation of nucleotide diversity analysis requires clarification
The authors calculated nucleotide diversity using DnaSP with an 800 bp sliding window and 200 bp
step size (Methods, lines 166-168). However, whole-plastome alignment may introduce
uncertainty, especially in rapidly evolving intergenic regions.
The authors should clarify:

> whether Pi analysis used all 34 accessions or one accession per species,

o how alignment gaps were treated,
o whether ambiguous regions were removed before analysis.

Feature-based analysis of individual genes and intergenic spacers would provide more reliable
marker identification.

10. Conservation significance of Lepidium olgae should be strengthened

Because L. olgae is described as a narrow endemic species from the Nuratau Range, Uzbekistan
(Abstract; Figure 1), the manuscript should discuss its conservation importance more clearly.
However, conclusions should remain cautious because a single plastome sequence cannot
represent population-level genetic diversity.

Future population studies using nuclear markers or genome-wide approaches should be
suggested.

11. Literature discussion should be more balanced

The Introduction and Discussion include several general chloroplast genome references and
multiple self-citations. The manuscript would benefit from more discussion of recent Lepidium-
specific plastome studies and previous taxonomic work. The evolutionary discussion should focus
more on Lepidium diversification, Central Asian lineages, and plastome limitations.

12. At present, the Results section contains both description of findings and interpretation of
evolutionary significance (e.g., plastome divergence, ycf1 variation, and phylogenetic implications;
Figure 4 and Figure 5). Separating Results from Discussion would improve the logical flow by
allowing the Results section to focus on objective observations, while the Discussion section can
provide biological interpretation, comparison with previous Lepidium studies, and evolutionary
implications.A clearer structure such as:

1. Introduction
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2. Materials and Methods

3. Results
Chloroplast genome features

o Comparative plastome analysis
> IR boundary variation
Nucleotide diversity and hotspot identification
Phylogenetic relationships
4. Discussion
5. Conclusions

would improve readability and make the manuscript more consistent with standard plant
genomics and plastome research articles

The manuscript presents a valuable first plastome resource for Lepidium olgae. The sequencing
and comparative framework are appropriate; however, additional analyses, improved
methodological transparency, and more cautious evolutionary interpretation are required.
Addressing these issues would significantly strengthen the contribution of this study to
Brassicaceae plastome genomics and phylogenetic research.

Are the rationale for sequencing the genome and the species significance clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of the sequencing and extraction, software used, and materials
provided to allow replication by others?
Partly

Are the datasets clearly presented in a usable and accessible format, and the assembly and
annotation available in an appropriate subject-specific repository?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Gene Functional Analaysis, genome mining, Haplotype analysis

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Author Response 28 Jul 2026
Ibrokhimjon Ergashov

We sincerely thank the reviewer for the careful evaluation of our manuscript and for the
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constructive comments, which have helped improve the clarity and quality of the study.
Below we provide point-by-point responses.

Comment 1. Phylogenetic interpretation of Lepidium olgae requires deeper discussion
The authors recovered L. o/gae as a distinct lineage based on complete chloroplast
genomes. However, because Lepidium has a complex evolutionary history involving
polyploidy, hybridization, and possible reticulate evolution, plastome-based phylogeny
alone may not represent the complete species history. The discussion should compare the
plastome topology with previous nuclear-marker studies and clarify whether the position of
L. olgae agrees with known Eurasian or Central Asian lineages.

Response. We thank the reviewer for this important observation. We agree that a plastome-
based phylogeny represents the evolutionary history of a single, predominantly maternally
inherited genomic compartment and should not be interpreted as a complete species-level
phylogeny.

The interpretation of the phylogenetic results has therefore been revised to emphasize that
the recovered topology represents plastome relationships among the sampled taxa.
Previous phylogenetic studies based on chloroplast and nuclear ITS/ETS markers are now
discussed more explicitly. However, because L. olgae has not been adequately represented
in previous nuclear-marker datasets, its precise correspondence to a previously recognized
major infrageneric lineage cannot currently be tested directly.

The placement of L. olgae is now described cautiously as being biogeographically
compatible with the sampled Eurasian and Central Asian representatives. We also note that
hybridization, polyploidization, plastid capture, reticulate evolution, and incomplete lineage
sorting may produce discordance between plastid and nuclear phylogenies. Accordingly,
broader taxonomic sampling and nuclear or genome-wide data will be required to
determine the species-level evolutionary position of L. o/gae more confidently.

Comment 2. Taxonomic sampling is limited for genus-wide conclusions

The study analyzed only a small proportion of the total diversity of Lepidium. Therefore,
conclusions regarding the evolution, taxonomy, and biogeography of the entire genus
should be moderated.

Response. We agree with the reviewer. The revised dataset contains 17 non-redundant
Lepidium plastome accessions, representing 16 named species and one unidentified taxon,
Lepidium sp. XJ-151. Four plastomes from Hornungia and Yinshania were used exclusively as
outgroups in the phylogenetic analysis.

Because these 17 taxa represent only a small proportion of the approximately 175-260
species currently recognized in Lepidium, all statements implying a comprehensive
reconstruction of genus-wide evolution or biogeography have been revised. The Abstract,
Results, Discussion, and concluding statements now refer specifically to the sampled taxa
rather than to the genus as a whole.

We have also added an explicit limitation stating that the available plastome sampling is
taxonomically and geographically incomplete, particularly with respect to the diverse
American and Australasian lineages. Consequently, the phylogenetic results are interpreted
only within the context of the plastomes included in the present study.

Comment 3. Duplicate accession issue in comparative analysis
Table 1 includes multiple accessions for several species, some of which may represent
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RefSeq and source GenBank records of the same underlying plastome. Including duplicate
records may affect bootstrap support and nucleotide-diversity estimates.
Response. We thank the reviewer for identifying this fundamental issue. We carefully re-
examined all accessions included in the original dataset and verified the relationships
between NCBI RefSeq records and their corresponding source GenBank records.
This examination confirmed that the following five accession pairs represented the same
underlying plastome:

o NC_077508 and ON598368 for Lepidium chalepense;

> NC_034363 and KY231152 for L. meyenii;
» NC_077504 and ON598356 for L. ruderale;
o NC_ 047178 and MK637743 for L. sativum;
» NC_077505 and ON598364 for L. ferganense.

The redundant source GenBank records were removed, and the corresponding curated
RefSeq records were retained. To prevent unequal representation of species from
influencing nucleotide-diversity estimates and phylogenetic branch support, we
subsequently adopted a conservative one-accession-per-taxon sampling strategy.

The final dataset therefore contains 21 complete plastomes: 17 non-redundant Lepidium
accessions and four outgroup accessions. Table 1 has been revised accordingly. The
sequence alignment, nucleotide-diversity analysis, and maximum-likelihood phylogenetic
reconstruction were repeated using the corrected dataset, and all associated figures,
values, captions, and interpretations were updated.

Comment 4. Chloroplast genome characterization should be expanded

The manuscript should provide a detailed genome-feature table, codon-usage and RSCU
analyses, amino-acid composition, and SSR distribution.

Response. We thank the reviewer for this detailed recommendation. In response, we added
a dedicated genome-feature table for the newly assembled plastome of Lepidium olgae. The
table summarizes the total plastome length, LSC length, SSC length, IR length, total GC
content, and regional GC contents. We also added a separate gene-content table listing the
protein-coding genes, tRNA genes, and rRNA genes according to their functional categories.
We agree that codon-usage analysis, relative synonymous codon usage, amino-acid
frequency analysis, and SSR detection may provide additional information on compositional
bias and potential molecular-marker development. However, the primary objective of the
present Genome Note is to report the newly assembled plastome of L. o/gae and provide a
concise characterization of its genome structure, gene content, nucleotide composition,
nucleotide-diversity patterns, and phylogenetic position.

Therefore, codon-usage, RSCU, amino-acid frequency, and SSR analyses were not included
in the present revision because these analyses would substantially expand the scope of the
manuscript beyond its principal Genome Note objective. We have avoided claiming that
these analyses were performed and acknowledge them as useful directions for a future
comprehensive comparative-plastomics study.

Comment 5. The ycf1 hotspot requires more detailed evaluation
The original analysis combined the coding ycf7 region with the adjacent ycf7-trnN intergenic
spacer. These regions should be analyzed separately. Ka/Ks and amino-acid variation
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analyses may also strengthen the evolutionary interpretation.

Response. We thank the reviewer for this valuable methodological observation. The original
whole-plastome sliding-window analysis was replaced with a feature-level nucleotide-
diversity analysis using the Chloroplast Genome Analysis Suite, CGAS.

Before the analysis, annotations were reviewed and standardized. Individual protein-coding
genes, introns, tRNA genes, rRNA genes, and intergenic spacers were extracted and aligned
separately. Consequently, the ycf7 coding region and adjacent non-coding regions are now
treated as distinct genomic features rather than as a combined interval.

The revised results identify ycf7 as one of the most variable coding regions, whereas the
most variable intergenic spacers are reported separately. Because the present dataset
includes only 17 sampled Lepidium taxa and ycf7 may overlap the SSC/IR boundary in some
plastomes, we have avoided interpreting its elevated variability as evidence of positive
selection or adaptive evolution.

Formal Ka/Ks and amino-acid substitution analyses were not included because such
analyses require carefully validated orthology, codon-aware alignments, and broader
taxonomic sampling. The revised manuscript therefore describes ycf7 only as a candidate
variable coding region requiring further evaluation.

Comment 6. Molecular-marker potential should be validated

The proposed variable regions should be compared with commonly used markers such as
matK, rbcl, trnL-F, and ITS before being recommended as molecular markers.

Response. We agree that the original wording was stronger than justified by the available
evidence. The identified variable regions have not been experimentally validated as DNA
barcodes or population-genetic markers.

Accordingly, the terms “useful molecular markers” and “promising DNA barcodes” have
been replaced with the more cautious expression “candidate loci for future marker
development.” The revised text now states explicitly that primer design, amplification
success, sequence quality, intraspecific sampling, and species-discrimination tests are
required before any of these regions can be recommended as validated markers.

We also clarify that ITS is a nuclear ribosomal marker and cannot be recovered or directly
analyzed from the plastome sequences used in the present study. Previous ITS/ETS studies
are therefore discussed in the phylogenetic context rather than directly reanalyzed.

A formal comparative assessment of variable sites, parsimony-informative sites,
amplification performance, and phylogenetic resolution among matK, rbclL, trnL-F, ITS, and
the newly identified loci was considered beyond the scope of this concise Genome Note.

Comment 7. Plastome assembly and sequencing information is insufficient

The manuscript should provide sequencing-platform information, number and length of
raw reads, quality-filtering procedures, trimming parameters, coverage depth, assembly
validation, and raw-read deposition.

Response. We thank the reviewer for emphasizing methodological reproducibility. The
Materials and Methods section has been expanded to provide the available sequencing and
assembly information.

The revised manuscript now specifies that sequencing was performed using an Illumina
NovaSeq 6000 platform with a 150-bp paired-end configuration. Information on library
preparation, approximate insert size, assembly software, NOVOPIlasty k-mer value, and the
reference plastome used for seed selection has also been added.
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The raw paired-end sequencing reads have been deposited in the NCBI Sequence Read
Archive under the following identifiers:
o BioProject: PRINA1499946;

BioSample: SAMN61898456;
o SRA experiment: SRX34474248;
o SRA run: SRR39796388.

The assembled and annotated plastome remains available in GenBank under accession
PV605702.

The sequencing report available to the authors did not contain all detailed preprocessing
and final coverage statistics requested by the reviewer. We therefore did not invent or
estimate unavailable raw-read counts, trimming parameters, or mean coverage values.
Instead, the publicly deposited raw reads allow independent read mapping and assembly
validation by other researchers. The Data Availability section has been revised to include the
relevant GenBank and SRA identifiers.

Comment 8. IR-boundary analysis needs quantitative comparison

The IR-boundary comparison should provide exact IR lengths, junction coordinates, gene-
extension lengths, and numerical comparisons among species.

Response. We thank the reviewer for this observation. We agree that the previous IR-
boundary comparison was largely qualitative and did not provide the level of numerical
detail required for a rigorous comparative structural analysis.

Because the present manuscript is intended as a concise Genome Note focused primarily on
reporting the newly assembled plastome of Lepidium olgae, we removed the comparative
LSC/SSC/IR-junction section, the associated IRscope figure, and the related qualitative
interpretations from the revised manuscript.

A detailed quantitative analysis of IR expansion and contraction—including exact junction
coordinates, gene-extension lengths, pseudogene fragments, and comparisons across a
broader taxonomic sample—will be more appropriately addressed in a future comparative-
plastomics study.

Comment 9. Interpretation of nucleotide-diversity analysis requires clarification

The authors should clarify the number of accessions included in the Pi analysis, gap
treatment, removal of ambiguous regions, and whether individual genomic features were
analyzed separately.

Response. We thank the reviewer for pointing out this ambiguity. The revised nucleotide-
diversity analysis included exactly 17 non-redundant Lepidium plastome sequences,
comprising 16 named species and one unidentified taxon, Lepidium sp. XJ-151.

The four outgroup plastomes from Hornungia and Yinshania were excluded from the
nucleotide-diversity analysis and were used only for phylogenetic reconstruction.

Before analysis, plastome annotations were reviewed and standardized, including gene
names, exon-intron boundaries, duplicated genes in the inverted-repeat regions, and
intergenic-spacer coordinates. CGAS was then used to extract and align individual coding
sequences, introns, RNA genes, and intergenic spacers separately.

This feature-level approach replaced the original whole-plastome sliding-window analysis
and reduced the risk of alignment uncertainty arising from non-homologous or structurally
heterogeneous non-coding regions. The Materials and Methods, Results, figure caption, and
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interpretation have been revised to report the sample size and analytical approach
explicitly.

Comment 10. Conservation significance of Lepidium olgae should be strengthened
The manuscript should discuss the conservation relevance of this narrow endemic species,
while recognizing that one plastome cannot represent population-level diversity.
Response. We agree with the reviewer. The conservation-related interpretation has been
revised to emphasize both the value and the limitations of the newly generated plastome.
The plastome sequence of Lepidium olgae is now described as an important reference
genomic resource for a geographically restricted Central Asian endemic. However, we
explicitly state that a plastome obtained from a single sampled individual cannot provide
information on population-level genetic diversity, gene flow, demographic history,
population structure, or adaptive variation.

We therefore avoid making conclusions about the conservation status or genetic health of
the species based solely on the present sequence. Future studies should include
geographically replicated sampling from different parts of the Nuratau Range and should
use nuclear markers, genome-wide SNP data, ecological information, and population-
genetic approaches.

Comment 11. Literature discussion should be more balanced

The Introduction and Discussion contain several general plastome references and multiple
self-citations. More Lepidium-specific plastome, taxonomic, and phylogenetic literature
should be included.

Response. We thank the reviewer and agree with this recommendation. The Introduction
and interpretative parts of the manuscript have been revised to provide a more balanced
review of the available literature.

Non-essential self-citations were removed, and only those directly relevant to the methods
or comparative context were retained. Additional independent studies on Lepidium
taxonomy, chloroplast DNA phylogeny, nuclear ITS/ETS evidence, polyploidy, biogeography,
and plastome-based analyses have been incorporated.

The revised manuscript now places greater emphasis on the complex evolutionary history
of Lepidium, the Eurasian and Central Asian context of L. o/lgae, and the limitations of
plastome-only phylogenetic inference. Broad statements about the whole genus have also
been moderated to reflect the limited taxonomic sampling of the present study.

Comment 12. Results and Discussion should be separated

The reviewer recommends reorganizing the manuscript into separate Results, Discussion,
and Conclusions sections.

Response. We thank the reviewer for this structural recommendation. We agree that
separating objective observations from biological interpretation is generally beneficial in
full-length comparative-genomics articles.

However, the present article was prepared as a concise Genome Note, whose primary
purpose is to report and characterize a newly sequenced plastome rather than to provide
an extensive genus-wide evolutionary analysis. For this reason, we retained a compact
manuscript structure rather than expanding the article into a full comparative-genomics
paper with multiple additional analytical sections.

Nevertheless, the Results section was revised to present factual observations and numerical
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findings more clearly before providing brief interpretation. Speculative statements were
removed or moderated, broad genus-wide conclusions were restricted to the sampled taxa,
and the final paragraphs were revised to summarize the principal findings, study
limitations, and future research needs.

We believe that this revised structure improves the logical flow and readability while
remaining appropriate for the Genome Note article type.

We again thank the reviewer for the thoughtful and constructive recommendations. These
comments helped us improve the accuracy of the dataset, methodological transparency,
cautious interpretation of plastome-based relationships, and presentation of the limitations
and significance of the study.

Competing Interests: No competing interests were disclosed.

Reviewer Report 13 June 2026

https://doi.org/10.5256/f1000research.198249.r490381

© 2026 Abdullah A. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

?  Abdullah Abdullah
Tianjin University of Traditional Chinese Medicine, Tianjin, China

This manuscript reports the complete chloroplast genome of Lepidium olgae which is a narrow
endemic species from the Nuratau Range of Uzbekistan, and it has medicinal potential which is
also documented. The work is addressing a genuine gap because Lepidium is still under sampled
genomically despite its taxonomic complexity and economic importance and there was no
genomic data available for this species before this study. The core rationale is sound, and the
biological material is well vouchered with TASH0007 and identified by N. Beshko. However, the
manuscript in its current form contains several internal inconsistencies and methodological
omissions which are preventing it from meeting the reproducibility standards which is expected
for a Genome Note. I am outlining these concerns below.

The most serious problem is regarding the multiple accessions which are included in the
comparative analysis Table 1. I notice that several species have been represented by more than
one GenBank accession and in some cases both the NC_ RefSeq accession and another raw
GenBank accession for what appears to be the same genome have been included. For example,
Lepidium sativum is listed as NC_047178 and MK637743 which are likely representing the same
genome under different accession numbers because NCBI assigns a RefSeq accession to an
existing GenBank record. Similarly, Lepidium ferganense is given as NC_077505 alongside
ON598364 and 0Q644478 which means three accessions may actually correspond to no more
than two distinct genomes. If the same genome is being included twice in the alignment, then it
will artificially inflate branch support in the phylogeny and it will bias the Pi analysis as well. The
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authors must check each species carefully and they must verify which accessions represent
independent genomes and which are duplicates. Only one accession per distinct genome should
be retained in the alignment. This is a fundamental issue.

The methods section is insufficiently detailed in several respects. There is no description is given
of how raw reads were preprocessed before assembly and the text simply states that "Clean reads
were assembled using NOVOPlasty" without mentioning quality trimming or adapter clipping or
any filtering steps. Neither the sequencing platform for example NovaSeq 6000 versus HiSeq X or
read length or number of raw reads generated nor the final depth of coverage for the plastome
assembly is reported. The seed sequence which is used for NOVOPIasty is also not specified which
is a critical detail for reproducibility because the choice of seed can influence assembly
completeness. Beyond this only the assembled genome has been deposited in GenBank with
accession PV605702, but the raw sequencing reads have not been submitted to the SRA under a
BioProject which is a standard expectation for organellar genome publications and it is essential
for reproducibility. All of these details need to be provided, and the SRA accession also need to be
added in the data availability statement.

A further methodological concern is involving the nucleotide diversity Pi analysis. The method says
that DnaSP was used with a sliding window approach of 800 bp window and 200 bp step size after
a whole-genome alignment with MAFFT. However, a whole-genome alignment of 30 chloroplast
genome accessions from 17 species is error-prone because alignment ambiguity accumulates
across the full genome particularly in highly variable intergenic regions and this will affect the
reliability of the Pi estimates. A more accurate approach is to align each gene intron and
intergenic spacer separately which avoids the alignment noise from non-homologous regions. I
would recommend using a dedicated pipeline which is CGAS the Chloroplast Genome Analysis
Suite which calculates nucleotide diversity at the level of each individually aligned annotated
genomic feature and it also generates high-quality visualization figures of the Pi distribution. CGAS
also integrates a more robust assembly pipeline using fastp and GetOrganelle and BWA plus
Samtools for read mapping and coverage validation and it packages analysis outputs into
structured datasets which is suitable for deposition on Figshare or Zenodo which would address
the reproducibility gap noted above. However, for the per-feature Pi calculation in CGAS to
produce reliable results the authors must first ensure that their gene annotations are correct
because any annotation errors will propagate into the Pi values. Additionally, the authors must
specify exactly how many of the 17 Lepidium species were included in the Pi alignment because
the methods currently say "17 Lepidium species" were sampled but the Table 1 shows 30
accessions from 17 species so it is unclear whether all 30 accessions or only one per species was
used for the sliding window analysis.

A significant omission is that the manuscript does not provide any dedicated table of genome
features for the newly assembled plastome of L. olgae. For a Genome Note which is reporting a
new cp genome it is standard practice to present a comprehensive summary which includes the
overall genome size the LSC length the SSC length the IR length the total GC content and the GC
content of each region separately. It is also standard to report the GC content of protein-coding
genes transfer RNAs and ribosomal RNAs individually because these values are informative for
genome characterisation and they are routinely included in comparable publications. Additionally,
the authors have not performed any codon usage analysis or amino acid frequency analysis which
would be expected for a newly sequenced plastome to characterise its compositional bias and
translational constraints. Similarly, no simple sequence repeat SSR analysis has been conducted
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which is a routine component of chloroplast genome characterisation and it is useful for marker
development for population genetics and species identification. These three analyses which is
genome features table and codon usage and SSR analysis are standard expectations for a cp
genome note and their absence represent a substantial gap in the basic genomic description. A
comparative table which is showing these features across all 17 Lepidium species would be even
more valuable and it would strengthen the comparative framework of the manuscript
considerably. All of these missing analyses including genome feature tabulation and GC content
breakdown by gene category and codon usage and RSCU and amino acid frequency and SSR
detection and visualisation can be performed with CGAS the Chloroplast Genome Analysis Suite
which generates them in a single automated pipeline along with the nucleotide diversity analysis
noted above. CGAS would also provide a comparative genome features table across multiple
species which could replace the data the authors currently lack. I strongly recommend that the
authors consider using CGAS to generate all of these missing standard outputs.

A number of smaller but noticeable issues are affecting data presentation. The genome map
Figure 2 caption is minimal, and it does not explain what the grayscale shading or the inner
histogram values represent apart from a single sentence about GC content. The figure also lacks a
legend for the gene color coding which is standard in OGDRAW outputs. The phylogenetic tree
Figure 5 caption is showing a double period at the end like "Brassicaceae, including Yinshania and
Hornungia, were used as outgroups.." which is a typographical error. The bootstrap values are
correctly reported between 67% and 100% in this version which is an improvement. However, a
gene content table which listing protein-coding genes and tRNAs and rRNAs by functional
category would be a standard addition for a cp genome note. Also, the IR boundary comparison in
Figure 3 is showing the boundary shifts but the discussion of these shifts remains entirely
qualitative and no numerical comparison with other Lepidium species is given which limits the
value of the comparative analysis.

Several typographical errors and language issues should be corrected. The header metadata on
page 1 footer says "Last updated: 02 JUN 2026" with an uppercase JUN which is inconsistent with
the standard date format. In the Results section the phrase "chloroplast genome" is used
throughout when "cp genome" would be sufficient after first mention following the field
convention. The Introduction section contains a very long string of self-citations which is Ergashov
et al. 2026a to 2026¢ and 2025a to 2025b which is appearing seven times in a single paragraph,
and this is excessive for a Genome Note where the focus should be on the study species rather
than the authors own publication record. Some of these citations also predate the study period
and they do not appear directly relevant to Lepidium plastome research so I would recommend
keeping only the most relevant citations and reducing the rest.

Beyond the issue of excessive self-citations, the manuscript could benefit from a more complete
review of relevant prior literature about Lepidium chloroplast genomes and phylogeny. There is a
growing body of published work on cp genome sequencing and phylogenetic analysis within the
genus which has appeared in various journals in recent years. The authors could cite more of
these relevant studies on Lepidium plastomes to better contextualise their own findings. The
current Introduction relies somewhat heavily on a few general references and on the authors own
previous work and it would be improved by a broader engagement with the existing cp genome
literature on Lepidium. This would help the authors to position their results more accurately
within the current state of knowledge about Lepidium chloroplast genomics.
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The phylogenetic results are presented adequately but the discussion is too brief regarding the
specific position of L. olgae. The tree is placing L. olgae as a distinct lineage which is said to
highlight geographic isolation but the text does not explain which of the major Lepidium clades
which is described by Mummenhoff et al. (2001) this correspond to and nor it is mention that
whether the placement is biogeographically coherent for a Central Asian endemic. A more
substantive discussion of the phylogenetic position is warranted and a supplementary tree with
branch lengths would be helpful. The authors also mention "autogamous reproductive systems"
as an explanation for moderate plastome divergence but they do not provide any evidence that L.
olgae itself is autogamous and this claim is speculative without supporting citation or empirical
data. The Discussion section is also over-reliant on self-citations which is giving an impression of
self-promotion rather than a balanced engagement with the wider literature. Furthermore, the
authors are including only 17 species out of more than 175 to 260 species in Lepidium which
represents a relatively small fraction of the genus. The sampling is also geographically limited with
no representatives from the Australasian and American clades which are known to harbour
substantial diversity. Given this limited taxonomic and geographic coverage broad conclusions
about the phylogeny and biogeography of the entire genus should not be drawn and the claims in
the Discussion should be restricted to the sampled taxa.

Taken together this manuscript is describing a useful new genomic resource for a species which
genuinely needed one and the core sequencing and analytical work is on the right track. However
the duplicate accessions problem in Table 1 which is potentially introducing identical genomes
into the comparative analysis and the absence of critical methodological details like read
preprocessing and coverage depth and SRA deposition and the inadequate sliding window
approach which misses gene-level Pi resolution and the missing genome features table with GC
content and LSC SSC and IR sizes and GC content by gene category and the absence of codon
usage amino acid frequency and SSR analyses which are standard for a Genome Note and the
excessive self-citations and the insufficiently detailed figures and the number of typographical
errors all need to be addressed before the manuscript can be accepted. As noted above many of
these gaps including Pi analysis at the gene level and genome feature tabulation and GC content
breakdown and codon usage and SSR detection can all be resolved using CGAS the Chloroplast
Genome Analysis Suite which would also help standardise the data outputs and improve
reproducibility. I am recommending major revisions for the manuscript.

Are the rationale for sequencing the genome and the species significance clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Partly

Are sufficient details of the sequencing and extraction, software used, and materials
provided to allow replication by others?
Partly

Are the datasets clearly presented in a usable and accessible format, and the assembly and
annotation available in an appropriate subject-specific repository?
Partly
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Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Plant Genomics and Evolution

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Ibrokhimjon Ergashov

We sincerely thank the reviewer for the careful evaluation of our manuscript and for the
constructive comments, which have helped improve the clarity and quality of the study.
Below we provide point-by-point responses.

Reviewer #1

Comment 1. The most serious problem is regarding the multiple accessions which are
included in the comparative analysis Table 1. I notice that several species have been
represented by more than one GenBank accession and in some cases both the NC_ RefSeq
accession and another raw GenBank accession for what appears to be the same genome
have been included. For example, Lepidium sativum is listed as NC_047178 and MK637743
which are likely representing the same genome under different accession numbers because
NCBI assigns a RefSeq accession to an existing GenBank record. Similarly, Lepidium
ferganense is given as NC_077505 alongside ON598364 and 0Q644478 which means three
accessions may actually correspond to no more than two distinct genomes. If the same
genome is being included twice in the alignment, then it will artificially inflate branch
support in the phylogeny and it will bias the Pi analysis as well. The authors must check
each species carefully and they must verify which accessions represent independent
genomes and which are duplicates. Only one accession per distinct genome should be
retained in the alignment. This is a fundamental issue.

Response. We thank the reviewer for identifying this important issue. We carefully re-
examined all 34 accession records included in the original Table 1 and checked the
relationships between the NCBI RefSeq records and their corresponding source GenBank
records.

This examination confirmed that five RefSeq/GenBank accession pairs represented the
same underlying plastome: NC_077508/0ON598368 for Lepidium chalepense,
NC_034363/KY231152 for L. meyenii, NC_077504/ON598356 for L. ruderale,
NC_047178/MK637743 for L. sativum, and NC_077505/0N598364 for L. ferganense. The
redundant source GenBank records were therefore removed, and the corresponding
curated RefSeq records were retained.

Several species were also represented by multiple additional accessions that could
correspond to independently sequenced individuals. To prevent unequal representation of
particular species from affecting the nucleotide-diversity estimates and phylogenetic branch
support, we adopted a conservative one-accession-per-taxon sampling strategy. Where an
NCBI RefSeq record was available, the curated RefSeq accession was preferentially retained.
For taxa without an available RefSeq record, one complete GenBank plastome was retained.
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Following this revision, the final dataset contains 21 complete plastome sequences,
comprising 17 Lepidium taxa—16 named species and one unidentified accession, Lepidium
sp. XJ-151—and four outgroup taxa. Table 1 has been revised to list only the accessions
included in the corrected analyses.

Using the revised, non-redundant dataset, we repeated the complete sequence alignment,
sliding-window nucleotide-diversity (Pi) analysis, and maximum-likelihood phylogenetic
reconstruction. The Pi values, phylogenetic topology, bootstrap-support values, figures,
tables, and all associated numerical results were regenerated. The Materials and Methods,
Results, Discussion, Table 1, and the captions and descriptions of the nucleotide-diversity
and phylogenetic figures have been revised accordingly.

Comment 2. The methods section is insufficiently detailed in several respects. There is no
description is given of how raw reads were preprocessed before assembly and the text
simply states that "Clean reads were assembled using NOVOPIlasty" without mentioning
quality trimming or adapter clipping or any filtering steps. Neither the sequencing platform
for example NovaSeq 6000 versus HiSeq X or read length or number of raw reads
generated nor the final depth of coverage for the plastome assembly is reported. The seed
sequence which is used for NOVOPIasty is also not specified which is a critical detail for
reproducibility because the choice of seed can influence assembly completeness. Beyond
this only the assembled genome has been deposited in GenBank with accession PV605702,
but the raw sequencing reads have not been submitted to the SRA under a BioProject which
is a standard expectation for organellar genome publications and it is essential for
reproducibility. All of these details need to be provided, and the SRA accession also need to
be added in the data availability.

Response. We thank the reviewer for highlighting the insufficient methodological detail and
the importance of making the raw sequencing data publicly available. We have substantially
revised the Materials and Methods section to provide detailed information.

Comment 3. A further methodological concern is involving the nucleotide diversity Pi
analysis. The method says that DnaSP was used with a sliding window approach of 800 bp
window and 200 bp step size after a whole-genome alignment with MAFFT. However, a
whole-genome alignment of 30 chloroplast genome accessions from 17 species is error-
prone because alignment ambiguity accumulates across the full genome particularly in
highly variable intergenic regions and this will affect the reliability of the Pi estimates. A
more accurate approach is to align each gene intron and intergenic spacer separately which
avoids the alignment noise from non-homologous regions. I would recommend using a
dedicated pipeline which is CGAS the Chloroplast Genome Analysis Suite which calculates
nucleotide diversity at the level of each individually aligned annotated genomic feature and
it also generates high-quality visualization figures of the Pi distribution. CGAS also
integrates a more robust assembly pipeline using fastp and GetOrganelle and BWA plus
Samtools for read mapping and coverage validation and it packages analysis outputs into
structured datasets which is suitable for deposition on Figshare or Zenodo which would
address the reproducibility gap noted above. However, for the per-feature Pi calculation in
CGAS to produce reliable results the authors must first ensure that their gene annotations
are correct because any annotation errors will propagate into the Pi values.

Response. We thank the reviewer for this important methodological recommendation. We
agree that nucleotide-diversity estimates based on a single whole-plastome alignment may
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be affected by alignment uncertainty, particularly in highly variable and structurally
heterogeneous non-coding regions.

Before repeating the nucleotide-diversity analysis, we carefully reviewed and standardized
the annotations of all plastomes included in the comparative dataset. Gene names,
exon-intron boundaries, duplicated genes located in the inverted-repeat regions, and the
coordinates of intergenic spacers were checked to minimize errors during feature
extraction. Duplicate accessions identified during revision of Table 1 were also removed
before the analysis.

We then repeated the nucleotide-diversity analysis using the Chloroplast Genome Analysis
Suite, CGAS, following the feature-level approach described by Abdullah et al. (2026).

Comment 4. Additionally, the authors must specify exactly how many of the 17 Lepidium
species were included in the Pi alignment because the methods currently say "17 Lepidium
species" were sampled but the Table 1 shows 30 accessions from 17 species so it is unclear
whether all 30 accessions or only one per species was used for the sliding window analysis.
Response. We thank the reviewer for pointing out this ambiguity. In the original analysis,
multiple accessions from several Lepidium species were included, which resulted in unequal
representation among species. Following the reviewer's recommendation, we revised the
dataset and retained only one chloroplast genome accession for each Lepidium taxon.

The revised nucleotide-diversity analysis therefore included exactly 17 Lepidium plastome
sequences, representing 16 named species and one unidentified taxon, Lepidium sp. XJ-151.
The four outgroup plastomes were not included in the sliding-window nucleotide-diversity
analysis and were used only for phylogenetic reconstruction.

The complete plastome alignment and sliding-window Pi analysis were repeated using
these 17 non-redundant Lepidium accessions. Table 1, the Materials and Methods section,
the nucleotide-diversity figure, and all associated values and descriptions in the Results and
Discussion sections have been revised accordingly.

Comment 5. A significant omission is that the manuscript does not provide any dedicated
table of genome features for the newly assembled plastome of L. o/lgae. For a Genome Note
which is reporting a new cp genome it is standard practice to present a comprehensive
summary which includes the overall genome size the LSC length the SSC length the IR
length the total GC content and the GC content of each region separately. It is also standard
to report the GC content of protein-coding genes transfer RNAs and ribosomal RNAs
individually because these values are informative for genome characterisation and they are
routinely included in comparable publications.

Response. We thank the reviewer for identifying this important omission. In response, we
have added a new table summarizing the principal structural and compositional features of
the newly assembled chloroplast genome of Lepidium olgae.

Comment 6. Additionally, the authors have not performed any codon usage analysis or
amino acid frequency analysis which would be expected for a newly sequenced plastome to
characterise its compositional bias and translational constraints. Similarly, no simple
sequence repeat SSR analysis has been conducted which is a routine component of
chloroplast genome characterisation and it is useful for marker development for population
genetics and species identification. These three analyses which is genome features table
and codon usage and SSR analysis are standard expectations for a cp genome note and
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their absence represent a substantial gap in the basic genomic description. A comparative
table which is showing these features across all 17 Lepidium species would be even more
valuable and it would strengthen the comparative framework of the manuscript
considerably. All of these missing analyses including genome feature tabulation and GC
content breakdown by gene category and codon usage and RSCU and amino acid frequency
and SSR detection and visualisation can be performed with CGAS the Chloroplast Genome
Analysis Suite which generates them in a single automated pipeline along with the
nucleotide diversity analysis noted above. CGAS would also provide a comparative genome
features table across multiple species which could replace the data the authors currently
lack. I strongly recommend that the authors consider using CGAS to generate all of these
missing standard outputs.

Response. We thank the reviewer for this constructive and detailed recommendation. We
agree that codon-usage analysis, relative synonymous codon usage (RSCU), amino-acid
frequency analysis, and simple sequence repeat (SSR) detection can provide additional
information on plastome compositional bias, potential translational constraints, and
candidate molecular markers for population-genetic and species-identification studies.

We would also like to clarify that the Chloroplast Genome Analysis Suite (CGAS) was used in
the revised manuscript to perform the sliding-window nucleotide-diversity (Pi) analysis. This
analysis was repeated using the corrected dataset of 17 non-redundant Lepidium plastomes,
with one accession retained per taxon. The relevant methods, Pi values, graphical outputs,
and interpretations have been updated accordingly.

However, the primary objective of the present Genome Note was to report the newly
assembled plastome of L. o/lgae and provide a concise characterization of its genome
structure, gene content, nucleotide composition, nucleotide-diversity patterns, and
phylogenetic position. Therefore, codon-usage and RSCU analyses, amino-acid frequency
analysis, and SSR detection and visualization were not included in the present revision, as
these analyses would substantially expand the scope of this Genome Note beyond its
principal objective.

Comment 7. A number of smaller but noticeable issues are affecting data presentation. The
genome map Figure 2 caption is minimal, and it does not explain what the grayscale
shading or the inner histogram values represent apart from a single sentence about GC
content. The figure also lacks a legend for the gene color coding which is standard in
OGDRAW outputs.

Response. We thank the reviewer for pointing out these presentation issues. We have
revised the caption of Figure 2 to provide a more complete explanation of the chloroplast
genome map. The revised caption now describes the transcriptional orientation of the
genes, the functional classification represented by the different gene colors, the local GC-
content histogram, and the positions of the LSC, SSC, IRa, and IRb regions.

Comment 8. The phylogenetic tree Figure 5 caption is showing a double period at the end
like "Brassicaceae, including Yinshania and Hornungia, were used as outgroups.." which is a
typographical error. The bootstrap values are correctly reported between 67% and 100% in
this version which is an improvement.

Response. We thank the reviewer for identifying this typographical error and for noting the
improvement in the reported bootstrap-support values. The duplicated period at the end of
the Figure 5 caption has been removed.
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In addition, to avoid unequal representation of species and the possible inflation of branch-
support values, we revised the phylogenetic dataset by retaining only one chloroplast
genome accession for each Lepidium taxon. The sequence alignment and phylogenetic
reconstruction were repeated using the corrected non-redundant dataset. Figure 5, the
bootstrap-support values, the figure caption, and the corresponding descriptions in the
Results and Discussion sections have been updated accordingly.

Comment 9. However, a gene content table which listing protein-coding genes and tRNAs
and rRNAs by functional category would be a standard addition for a cp genome note.
Response. We thank the reviewer for this valuable suggestion. In response, we have added
a dedicated gene-content table for the newly assembled chloroplast genome of Lepidium
olgae.

Comment 10. Also, the IR boundary comparison in Figure 3 is showing the boundary shifts
but the discussion of these shifts remains entirely qualitative and no numerical comparison
with other Lepidium species is given which limits the value of the comparative analysis.
Response. We thank the reviewer for this observation. We agree that the previous IR-
boundary comparison was insufficiently quantitative. Because the present manuscript is
intended as a concise Genome Note rather than a comprehensive study of plastome
structural evolution, we removed the “Comparative analysis of the LSC, SSC, and IR
junctions” section, the corresponding figure, and all associated text from the Results and
Discussion. A detailed numerical analysis of IR expansion and contraction across Lepidium
species will be addressed in a future comparative study

Comment 11. Several typographical errors and language issues should be corrected. The
header metadata on page 1 footer says "Last updated: 02 JUN 2026" with an uppercase JUN
which is inconsistent with the standard date format. In the Results section the phrase
"chloroplast genome" is used throughout when "cp genome" would be sufficient after first
mention following the field convention. The Introduction section contains a very long string
of self-citations which is Ergashov et al. 2026a to 2026¢ and 2025a to 2025b which is
appearing seven times in a single paragraph, and this is excessive for a Genome Note
where the focus should be on the study species rather than the authors own publication
record. Some of these citations also predate the study period and they do not appear
directly relevant to Lepidium plastome research so I would recommend keeping only the
most relevant citations and reducing the rest.

Response. We thank the reviewer for identifying these typographical, stylistic, and citation-
related issues. We have carefully revised the manuscript to improve consistency, clarity, and
conciseness.

Regarding the date shown in the page metadata (“02 JUN 2026"), we would like to clarify
that this information is generated automatically by the journal’'s submission or publication
platform and is not part of the manuscript text prepared by the authors. Therefore, its
formatting is outside the authors' direct control and may be standardized by the journal
during the production stage.

We have also revised the terminology throughout the manuscript. The term “chloroplast
genome” is now written in full at its first occurrence, after which “cp genome” or “plastome”
is used consistently, where appropriate, to avoid unnecessary repetition.

In addition, we agree that the number of self-citations in the Introduction was excessive for
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a concise Genome Note. We therefore reassessed all citations to Ergashov et al. and
removed those that were not directly relevant to Lepidium, cp-genome characterization, or
the methodological context of the present study. Only the most relevant self-citations have
been retained, and independent references have been added where appropriate. The
revised Introduction now focuses more directly on the study species, the significance of the
newly assembled cp genome, and the objectives of the present work.

Comment 12. Beyond the issue of excessive self-citations, the manuscript could benefit
from a more complete review of relevant prior literature about Lepidium chloroplast
genomes and phylogeny. There is a growing body of published work on cp genome
sequencing and phylogenetic analysis within the genus which has appeared in various
journals in recent years. The authors could cite more of these relevant studies on Lepidium
plastomes to better contextualise their own findings. The current Introduction relies
somewhat heavily on a few general references and on the authors own previous work and it
would be improved by a broader engagement with the existing cp genome literature on
Lepidium. This would help the authors to position their results more accurately within the
current state of knowledge about Lepidium chloroplast.

Response. We thank the reviewer for this constructive suggestion. We agree that the
previous version of the Introduction did not sufficiently reflect the growing body of
literature on chloroplast genome sequencing, comparative plastomics, and phylogenetic
relationships within Lepidium.

Accordingly, we have substantially revised the Introduction and expanded the literature
review by incorporating additional recent and independent studies on Lepidium plastomes
and phylogeny. At the same time, we reduced the number of self-citations and retained only
those directly relevant to the objectives and methods of the present study.

The revised Introduction now provides a broader overview of previous chloroplast genome
research in Lepidium, including genome structure, sequence variation, comparative
plastome analyses, and plastome-based phylogenetic reconstruction. We have also clarified
how the newly assembled cp genome of L. olgae contributes to the existing genomic
resources for the genus and how the present study extends current knowledge of Lepidium
plastome diversity and phylogenetic relationships. Relevant parts of the Discussion were
also revised to compare our findings more directly with previously published studies.

Comment 13. The phylogenetic results are presented adequately but the discussion is too
brief regarding the specific position of L. olgae. The tree is placing L. olgae as a distinct
lineage which is said to highlight geographic isolation but the text does not explain which of
the major Lepidium clades which is described by Mummenhoff et al. (2001) this correspond
to and nor it is mention that whether the placement is biogeographically coherent for a
Central Asian endemic. A more substantive discussion of the phylogenetic position is
warranted and a supplementary tree with branch lengths would be helpful.

Response. We recalculated the phylogenetic tree using one plastome accession per species,
removing additional accessions from species that had previously been represented by
multiple samples. The complete plastome alignment, maximum-likelihood analysis,
bootstrap-support values, Figure 5, and the corresponding descriptions in the Results and
Discussion sections were updated accordingly.

Comment 14. The authors also mention "autogamous reproductive systems" as an
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explanation for moderate plastome divergence but they do not provide any evidence that L.
olgae itself is autogamous and this claim is speculative without supporting citation or
empirical data.

Response. We thank the reviewer for identifying this unsupported interpretation. We agree
that there is currently no direct evidence demonstrating that Lepidium olgae has an
autogamous reproductive system. Therefore, the statement linking its plastome divergence
to autogamy was speculative and has been removed from the revised manuscript.

The Discussion has been revised to describe the observed plastome divergence more
cautiously, without attributing it to a particular reproductive system in the absence of
species-specific empirical data or supporting literature.

Comment 14. The Discussion section is also over-reliant on self-citations which is giving an
impression of self-promotion rather than a balanced engagement with the wider literature.
Response. We thank the reviewer for this important observation. We have therefore
reviewed all self-citations and removed those that were not directly necessary to support
the interpretation of the present results.

Comment 15. Furthermore, the authors are including only 17 species out of more than 175
to 260 species in Lepidium which represents a relatively small fraction of the genus. The
sampling is also geographically limited with no representatives from the Australasian and
American clades which are known to harbour substantial diversity. Given this limited
taxonomic and geographic coverage broad conclusions about the phylogeny and
biogeography of the entire genus should not be drawn and the claims in the Discussion
should be restricted to the sampled taxa.

Response. We thank the reviewer for highlighting the limitations of the taxonomic and
geographic sampling. We agree that the 17 sampled Lepidium taxa represent only a small
proportion of the total diversity of the genus and are insufficient for drawing broad
conclusions about the phylogeny or biogeographic history of Lepidium as a whole.

The present study was designed as a Genome Note focused primarily on reporting and
characterizing the complete cp genome of the narrowly distributed Central Asian endemic
Lepidium olgae. The comparative dataset was assembled from complete Lepidium plastomes
that were publicly available in the NCBI database at the time of the analysis and was not
intended to provide comprehensive representation of all major geographic lineages within
the genus
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