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Abstract

The reliable identification of cultivated and naturalised mulberries is complicated by
morphological plasticity, the historical movement of the planting material, and partly
discordant nuclear and plastid signals. We evaluated four field-identified Morus alba L.
trees, one from each of four localities in Mangystau, Western Kazakhstan, using archived
consensus sequences for ITS, matK, rbcL, and trnH-psbA, together with a low-coverage
Oxford Nanopore Technologies (ONT) dataset. Because the design comprised one tree
per locality (n = 4), analyses were restricted to accession-level descriptive comparisons,
and no population-genetic, phylogeographic, or formal phylogenetic inference was at-
tempted. Archived alignment summaries indicated mean pairwise distances of 0.13% for
matK, 0.44% for ITS, 0.94% for rbcL, and 2.92% for trnH-psbA; these values are reported as
retained dataset descriptors rather than estimates of population diversity. An additional
product generated with Rosaceae-derived s6pdh primers was excluded because the tar-
get identity and orthology could not be verified. The ONT run yielded 19,958 pass reads
(69.27 Mb; read N50 3574 bp). Reference-enriched assembly produced a 14,824 bp candidate
plastid-associated contig, approximately 9.3% of a typical Morus plastome. Its short length,
incomplete and non-collinear annotations, and the absence of retained depth, polishing,
assembly graph, and join support diagnostics preclude its interpretation as a complete,
circular, or structurally validated plastome. This study provides a transparent pilot baseline
for Mangystau mulberries and establishes quality control criteria for replicated sampling,
validated markers, and deeper organelle sequencing.

Keywords: Morus alba; pilot study; DNA barcoding; ITS; matK; rbcL; trnH-psbA; Oxford
Nanopore Technologies; quality control; plastid-associated reads; Kazakhstan

1. Introduction
The genus Morus L. (Moraceae) includes economically and culturally important trees

used in sericulture, fruit production, traditional medicine, agroforestry, and urban planting.
Long-term cultivation, selection, hybridisation, variable ploidy, and the repeated move-
ment of planting materials have complicated morphology-based identification and species
delimitation [1–4]. These difficulties are especially relevant for cultivated and naturalised
material outside the principal centres of diversity.
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Molecular evidence confirms that Morus’ evolutionary history is complex. Recent phy-
logenomic analyses based on plastomes and single-copy nuclear genes have improved res-
olution across the genus while also demonstrating that nuclear and plastid histories are not
always concordant [2,4,5]. A 2025 survey of nuclear ribosomal DNA across 542 accessions
further documented extensive intra-individual and inter-accession polymorphism [6]. Con-
sequently, a small barcode dataset should be used for preliminary identification and quality
control, rather than for broad evolutionary or population-level inference.

In land plants, rbcL and matK are widely used core barcodes because they gen-
erally amplify reproducibly and enable broad database comparisons. In contrast, ITS
and the plastid spacer trnH-psbA can provide additional variation at shallow taxonomic
levels [7–10]. No single region is universally diagnostic. Coding plastid loci may be too
conserved for discrimination at the accession level. At the same time, nuclear or non-coding
regions may be affected by paralogy, intra-individual polymorphism, mixed templates,
indels, or non-target amplification. Marker identity and sequence quality must therefore be
verified before biological interpretation.

This requirement is particularly important when primers are transferred across plant
families. During preliminary laboratory work, an amplicon was generated using sorbitol-6-
phosphate dehydrogenase (s6pdh) primers developed for Prunus and other Rosaceae [11],
whereas Morus belongs to the family Moraceae. Because the retained records did not verify
the target identity or orthology, and the resulting sequences showed implausibly high
divergence, the product was excluded from the biological analyses in the subsequent study.

Central Asia is a historically important corridor for the movement of useful plants,
and mulberry has long been associated with sericulture and exchange along trans-Eurasian
routes [12]. Mangystau combines this historical context with strong aridity, limited fresh-
water availability, saline or skeletal soils, and substantial anthropogenic influences [13–18].
Mulberries persisting in gorges and rocky habitats may reflect historical planting, vege-
tative persistence, seed-mediated naturalisation, or repeated introductions. However, a
recent Central Asian study addressed the origin and dispersal using 25 complete chloro-
plast genomes from old Samarkand mulberries, together with 119 published plastomes [19],
illustrating the scale of sampling required to test such hypotheses.

Oxford Nanopore Technologies (ONT) sequencing detects changes in ionic current
as individual nucleic acid molecules pass through nanopores, producing long reads in
real time without amplifying the sequenced molecules. Low-coverage long-read data
can recover organelle-associated fragments from total genomic DNA. Related MinION-
based studies in Kazakhstan have reported chloroplast sequencing workflows for Prunus
armeniaca and Malacocarpus crithmifolius [20,21]. Still, long-read-only plastome assembly is
sensitive to the organelle read abundance, input DNA integrity, read errors, repeat structure,
nuclear plastid insertions, polishing, and coverage [22,23]. Complete Morus plastomes are
approximately 159–160 kb and are generally structurally conserved [4,19,24,25]. A short
reference-enriched contig must therefore be treated conservatively unless continuity, depth,
collinearity, boundary-spanning reads, and circularisation have been demonstrated.

Accordingly, this study had two objectives: (i) to provide an accession-level descriptive
assessment of four established barcode regions in four Mangystau Morus alba records while
excluding an unvalidated cross-family amplicon and (ii) to determine whether the available
low-coverage ONT reads supported validated plastome recovery. The study was designed
as a pilot and quality-control analysis, not as a population-genetic survey, phylogeographic
reconstruction, or a definitive phylogeny.
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2. Materials and Methods
2.1. Study Area, Plant Material, and Sampling Design

Plant material was collected during the 2025 field season in the Mangystau region
of Western Kazakhstan, an arid Caspian landscape characterised by a sharply continental
climate, high evaporation, limited freshwater resources, and locally saline or rocky sub-
strates. Four geographically separated localities were represented in the molecular archive
(Figure 1; Table 1). The fieldwork formed part of the institutional programme supported by
grant AP19678217.

Figure 1. Locations of the four Morus alba accessions analysed in this study. The inset shows the
position of the Mangystau study area within Kazakhstan, and the main map shows the four sampling
localities on the Tyub-Karagan Peninsula. Numbered points correspond to Table 1; coordinates were
converted from degrees and decimal minutes recorded in the field notes.

Table 1. Sampling localities and field occurrence of the four Morus alba accessions from Mangys-
tau, Kazakhstan.

Accession Locality Coordinates Elevation (m) Trees
Sequenced Field Occurrence

MA-1 Zhygylgan
(Jigilgan)

44◦36.391′ N,
50◦50.206′ E 78.4 1

Three scattered trees
among

limestone boulders.

MA-2 Sagazha
(Sagaja)

44◦32.564′ N,
50◦53.078′ E 155 1

Dense local thickets with
Crataegus ambigua and

buckthorn.

MA-3 Kezim 44◦27.679′ N,
50◦35.388′ E 108 1

Single trees and small
groups with
C. ambigua.

MA-4 Bauly 44◦27.4687′ N,
50◦36.6159′ E 21 1

Local groups on the
gorge floor and

rocky slopes.
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Coordinates were transcribed from field records and interpreted as degrees and deci-
mal minutes. One independently analysed tree was represented from each locality (total
n = 4), and the localities are therefore treated as sources of analytical accessions rather than
as replicated populations. The project archive confirms that the herbarium and genetic
material were collected during the 2025 surveys. Still, exact collection dates, a one-to-one
link between each sequenced tree and a public herbarium accession, collector numbers,
and separate permit identifiers could not be verified. Table 2 reports this documentary
status explicitly rather than reconstructing unavailable metadata.

Table 2. Documentary status of collection, voucher, and fieldwork/authorisation metadata for the
four analytical accessions.

Accession Collection Period Voucher/Material Status Fieldwork/Authorisation Record

MA-1 2025 field season; exact
date not retained

Associated
herbarium/genetic material
collected; public accession
link to the sequenced tree

not verified.

Institutional survey under grant
AP19678217; separate permit ID

not retained

MA-2 2025 field season; exact
date not retained

Associated
herbarium/genetic material
collected; public accession
link to the sequenced tree

not verified.

Institutional survey under grant
AP19678217; separate permit ID

not retained

MA-3 2025 field season; exact
date not retained

Associated
herbarium/genetic material
collected; public accession
link to the sequenced tree

not verified.

Institutional survey under grant
AP19678217; separate permit ID

not retained

MA-4 2025 field season; exact
date not retained

Associated
herbarium/genetic material
collected; public accession
link to the sequenced tree

not verified.

Institutional survey under grant
AP19678217; separate permit ID

not retained

The study sites included a coastal collapse or sinkhole landscape and three gorge
systems with rocky slopes, dry valley bottoms, and gravelly or loamy substrates. These
environmental observations provide field context only and were not analysed as replicated
ecological predictors. Representative fruiting material is shown in Figure 2.

 

Figure 2. Representative Morus alba material recorded during field sampling in Mangystau.
(A,B) Fruiting branches. Photographs by the authors.
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Field records documented three scattered trees at Zhygylgan, with heights of 2.6–7.5 m,
annual shoot growth of 11.3 ± 1.5 cm, and a mean fruit yield of approximately 2.8 kg per
tree. At Sagazha, mulberry occurred in local patches and thickets with Crataegus ambigua and
buckthorn; recorded trees were 3.2–7.0 m tall, annual shoot growth averaged 18.4 ± 1.7 cm,
and the mean fruit yield was approximately 4.5 kg per individual. These measurements
describe the surveyed stands and were not used as molecular replicates.

At Kezim, white mulberry occurred as isolated trees and small groups with Crataegus
ambigua; the recorded representative reached approximately 6 m in height, with a crown
diameter of 5.5 m, annual shoot growth of 15.5 ± 1.4 cm, and a mean fruit yield of approxi-
mately 3.5 kg. At Bauly, 28 trees were recorded on the gorge floor and rocky slopes; trees
were 4.5–7.0 m tall, the crown diameter ranged from 4.5 to 8.0 m, annual shoot growth
averaged 13.1 ± 1.5 cm, and the fruit yield averaged approximately 10.6 kg per tree. These
observations strengthen the morphological and ecological context but do not compensate
for the single-tree-per-locality molecular design.

Leaves were selected from morphologically typical, visually healthy trees without
obvious mechanical damage or disease symptoms. Immediate liquid-nitrogen processing
and a continuous cold chain were not available during remote fieldwork; samples were
therefore rapidly desiccated in silica gel and stored dry until DNA extraction. This approach
is suitable for field DNA barcoding. However, fresh or immediately frozen tissue is
preferable when the objective is to maximise ultra-high-molecular-weight DNA for long-
read sequencing [26,27].

One archived consensus sequence per locality and locus was available for the retrospec-
tive comparison. Consequently, the study compares four analytical accessions and does not
estimate within-locality diversity, allele frequencies, gene flow, or population differentiation.

2.2. DNA Extraction and Quality Assessment

Genomic DNA for PCR and Sanger sequencing was isolated from silica-dried leaf
tissue using a modified cetyltrimethylammonium bromide (CTAB) procedure [28,29].
Polyvinylpyrrolidone and beta-mercaptoethanol were used to reduce interference from
phenolic compounds. Following chloroform–isoamyl alcohol extraction, DNA was precipi-
tated with isopropanol, washed with 70% ethanol, dried, and dissolved. The protocol lists
sterile deionised water or TE buffer as possible final eluents but does not identify which
was used for each preparation; this uncertainty is retained in the Methods rather than
resolved retrospectively. The manufacturers and catalogue numbers of the general-purpose
extraction reagents were not retained in the surviving laboratory archive and are therefore
not inferred retrospectively.

High-molecular-weight DNA for ONT sequencing was prepared using a nucleus
enrichment step followed by gentle CTAB extraction [26,27]. The DNA concentration was
assessed using a Qubit fluorometer (Thermo Fisher Scientific, Waltham, MA, USA; model
not retained), purity using a UV–Vis spectrophotometer (model and manufacturer not
retained), and integrity by agarose gel electrophoresis (agarose manufacturer and grade
not retained). Preparations showing visible degradation or insufficient yields were not
advanced to library preparation.

An audit of the surviving laboratory records did not recover sample-wise Qubit
concentrations, A260/A280 or A260/A230 ratios, tissue masses, exact extraction reagent
concentrations, centrifugation settings, final elution volumes, or gel-based fragment size
estimates. Numerical ranges are therefore not reported. This missing input DNA quality
metadata is a substantive limitation of the ONT component and prevents the incomplete
assembly from being attributed to a specific DNA quality parameter.
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2.3. PCR Amplification, Sanger Sequencing, and Sequence Processing

Four established amplicon datasets were retained for descriptive comparison: ITS,
matK, rbcL, and trnH-psbA (Table 3). A fifth product generated with s6pdh primers was
screened during quality control but excluded because the primers were developed for
Rosaceae [11], target identity in Morus was not demonstrated, and the archived sequences
showed implausibly high divergence. The excluded product is not included in the retained
marker table, figures, distance comparisons, or biological conclusions.

Table 3. Primers used for amplification of the four barcode regions retained in the analysis.

Locus Primer Sequence (5′–3′) Source

ITS ITS1A GGAAGGAGAAGTCGTAACAAGG Blattner, 1999 [30]
ITS ITS4 TCCTCCGCTTATTGATATGC White et al., 1990 [31]

matK 3F_KIMf CGTACAGTACTTTTGTGTTTACGAG Yu et al., 2011 [32]
matK 1R_KIMr ACCCAGTCCATCTGGAAATCTTGGTTC Yu et al., 2011 [32]
rbcL rbcLa_F ATGTCACCACAAACAGAGACTAAAGC Kress and Erickson, 2007 [33]
rbcL rbcLa_R GTAAAATCAAGTCCACCRCG Kress and Erickson, 2007 [33]

trnH-psbA psbA-F (psbA3_f) GTTATGCATGAACGTAATGCTC Sang et al., 1997 [34]
trnH-psbA trnH-R (trnHf_05) CGCGCATGGTGGATTCACAATCC Tate and Simpson, 2003 [35]

PCRs contained 20–100 ng genomic DNA and Axen H Taq PCR Master Mix (2×;
Macrogen, Seoul, Republic of Korea) and were run on a DNA Engine Tetrad 2 Peltier
Thermal Cycler (Bio-Rad Laboratories, Hercules, CA, USA). The programme was 95 ◦C
for 5 min; 35 cycles of 95 ◦C for 30 s, locus-specific annealing for 30 s, and 72 ◦C for 1 min;
followed by 72 ◦C for 10 min. Retained optimisation notes specified annealing temperatures
of 48 ◦C for ITS1A/ITS4 and 60 ◦C for 3F_KIMf/1R_KIMr. The exact rbcL and trnH-psbA
optimisation settings, total reaction volume, and final primer concentrations were not
recoverable from the archive. Products were visualised on 1.5% agarose gels, purified
with a MultiScreen filter plate (Merck Millipore, Burlington, MA, USA; plate type not
retained), and sequenced bidirectionally using BigDye Terminator v3.1 chemistry (Applied
Biosystems, Waltham, MA, USA) on an ABI PRISM 3730XL analyser(Applied Biosystems,
Waltham, MA, USA).

Forward and reverse chromatograms were originally inspected in MEGA 11 [36].
Low-quality terminal regions were trimmed, conflicting base calls were resolved using
chromatogram evidence, and a single consensus record was generated for each available
locality-by-locus combination. Alignments were produced separately for each locus and
manually checked, with attention to indels in ITS and trnH-psbA.

Each consensus sequence was screened against GenBank using BLASTn [37]; the
exact BLASTn release was not retained in the surviving archive. Taxonomic interpretation
considered query coverage, nucleotide identity, locus annotation, and agreement among
authenticated reference accessions. Accession-level BLAST 2.16 output files and raw
chromatograms were not available in the archive; species assignment is therefore treated as
preliminary and interpreted jointly with field morphology.

The retained analysis outputs provided locus-specific alignment lengths, variable sites,
parsimony-informative sites, gap sites, GC content, observed sequence types, and mean
pairwise distances. These archived summary statistics were transcribed without generating
new sequence-level estimates. Because a fully versioned FASTA/chromatogram set was
unavailable, the values are presented as descriptive properties of the archived analysis
rather than as independently reanalysed population-genetic parameters.

The previously displayed schematic dendrograms were removed. Their clustering
algorithm, substitution model, gap treatment, branch lengths, and bootstrap settings were
not documented [38], and four unreplicated accessions without authenticated external
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references cannot support robust phylogenetic inference. No replacement tree or haplotype
network was generated, and no topology is interpreted in the present manuscript.

2.4. ONT Sequencing and Exploratory Plastid Read Analysis

A ligation library was prepared with the SQK-LSK114 kit and sequenced on a MinION
Mk1B using a FLO-MIN114 flow cell (Oxford Nanopore Technologies, Oxford, UK) for up
to 72 h. Real-time basecalling was performed in MinKNOW (version not retained) with
Dorado v7.4.12, fast model v4.3.0 (400 bases s-1), using a minimum pass threshold of Q8.
The run generated 44,444 reads: 19,958 pass reads, 24,530 fail reads, and 28 reads that were
not basecalled. Pass reads totalled 69,274,171 bp and had an N50 of 3574 bp.

FASTQ files from the pass directory were concatenated for downstream analysis.
File preparation and selected computational steps were performed in Galaxy (server and
release not retained) [39]. Complete plastomes of Morus cathayana (KU981118.1) and M.
alba var. multicaulis (KU981119.1) were used as references [24,25]. A duplicated reference
sequence (plastome + plastome) was used only to facilitate the recovery of reads span-
ning the arbitrary reference boundary and was not evidence that the candidate assembly
was circular.

ONT reads were aligned to the reference plastomes with minimap2 (version not re-
tained; map-ont mode) [40], and mapped reads were extracted with SAMtools (version not
retained) [41]. This reference-enriched subset was assembled de novo with Flye (version
not retained) using an expected plastome size of approximately 160 kb [42]. The resulting
candidate sequence was annotated with GeSeq (web-server release not retained) [43]. OG-
DRAW v1.3.1 and Proksee (web-server release not retained) were used only for exploratory
composition and annotation visualisation [44,45].

The candidate sequence was evaluated based on the contig length, GC content, re-
ported annotations, and a qualitative comparison with published Morus plastomes. Read
depth profiles, polishing outputs, the assembly graph structure, and boundary-spanning
support were not retained in the computational archive. The sequence was therefore classi-
fied as an unvalidated candidate plastid-associated contig rather than as a plastome or a
structurally reliable plastome segment.

No inference of large-scale plastome rearrangement was made. Non-collinear blocks,
incomplete genes, overlapping annotations, and missing exons were treated as possible
consequences of low coverage, ONT sequencing errors, nuclear plastid-derived reads, repeat-
mediated misassembly, or chimeric joining rather than as evidence of biological rearrangement.

The ONT component is therefore treated as a quality-control assessment of plastid-
associated read recovery. It does not demonstrate complete plastome assembly, physical
circularisation, native gene order, or an unusual chloroplast genome architecture.

3. Results
3.1. Archived Barcode Summary

Four locality-level consensus records were available for each retained barcode re-
gion. Alignment lengths ranged from 474 bp for trnH-psbA to 754 bp for matK. The
archived descriptive statistics differed among loci (Table 4), but the single-tree-per-locality
design means that these values cannot be interpreted as within-population diversity or
population differentiation.

Among the retained regions, matK showed the lowest archived mean pairwise distance
(0.13%), followed by ITS (0.44%) and rbcL (0.94%). trnH-psbA showed the highest value
(2.92%), together with the largest number of variable and parsimony-informative sites. This
ranking is consistent with the generally greater variability of a non-coding plastid spacer
relative to coding plastid loci, but it does not demonstrate population structure.
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Table 4. Archived descriptive sequence statistics for four Morus alba accessions. Values are retained
analysis summaries and are not estimates of population-level diversity.

Marker Alignment
Length (bp) Variable Sites Parsimony-Informative

Sites
Gap
Sites

GC
(%)

Observed Sequence
Types

Archived
Mean Pairwise
Distance (%)

ITS 676 6 0 6 58.84 4 0.44
matK 754 2 0 2 32.50 2 0.13
rbcL 658 12 1 12 41.81 3 0.94

trnH-psbA 474 26 3 6 23.37 4 2.92

The archived rbcL summary should be interpreted cautiously because successful
amplification conditions were incompletely documented in the retained optimisation notes.
More broadly, the absence of the complete versioned chromatogram, BLAST, and alignment
archive prevents the independent reanalysis of every reported difference. The results are
therefore used to compare marker behaviour descriptively and to identify priorities for
repeat sequencing.

The s6pdh-derived products were excluded before biological interpretation. The earlier
mean pairwise distance of 21.07%, the cross-family origin of the primers, and the absence
of retained target validation evidence indicated probable non-specific amplification, non-
homologous alignment, paralogy, sequence quality problems, or contamination. No s6pdh
sequence, distance, dendrogram, or relationship claim is retained in the results.

3.2. ONT Output and Quality Control Evaluation

The ONT run yielded 19,958 pass reads comprising 69.27 Mb, with an N50 read length
of 3574 bp. These data were sufficient to recover some reads matching Morus plastid refer-
ences but not to establish uniform organelle coverage or complete plastome reconstruction.

Reference-guided read extraction, followed by Flye assembly, produced a single 14,824 bp
candidate contig. Relative to a typical Morus plastome of approximately 159–160 kb, this
sequence represents about 9.3% of the expected length and is therefore highly fragmentary.

The GC content/GC skew plot is provided in Supplementary Figure S1, and the linear
annotation map is provided in Supplementary Figure S2. Both figures are included for trans-
parency in the workflow. Their circular or linear plotting formats are visualisation choices
and do not establish physical circularisation, completeness, or native plastome collinearity.

The candidate contig had GC content of 33.54% and A + T content of 66.46%. Its global
GC skew estimate was close to zero (−0.022), with local positive and negative intervals.
These composition statistics are compatible with plastid-associated sequences but are not
independently diagnostic of plastid origin or of correct assembly.

GeSeq reported several plastid-associated coding and tRNA features, including partial
ycf2, rpl23, rpl2, and psbA; a putative HMM-only psbD feature; the trnK-UUU-matK region;
rps16, psbK, and psbI; and several tRNA annotations. The complete annotation list is
included in Supplementary Table S1. Approximately 7734 bp, or 52.2% of the candidate
contig, overlapped with uniquely counted annotated intervals.

Some local feature relationships, particularly matK within the trnK-UUU intron, are
consistent with plastid-derived sequences and support the presence of plastid-associated
reads in the dataset. This local evidence does not validate the order or continuity of the
entire assembled sequence.

The overall annotation order was non-collinear with a standard contiguous an-
giosperm plastome region. Several features were incomplete, unexpectedly overlapping,
located at contig boundaries, or lacked a complete coding structure. In the absence of
depth and joint support diagnostics, sequencing errors and chimeric or repeat-mediated
misassembly are more plausible explanations than biological rearrangement.

https://doi.org/10.3390/ijpb17070059
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Accordingly, the 14,824 bp sequence documents an incomplete plastid-associated
assembly attempt rather than the recovery of a novel plastome. No claim is made for
a complete chloroplast genome, a circular molecule, a validated plastome segment, or
altered gene order. The principal run and assembly quality-control metrics are summarised
in Table 5.

Table 5. Quality control summary of the ONT run and the unvalidated candidate plastid-
associated contig.

Parameter Value

Total reads 44,444
Pass reads 19,958

Pass read yield 69,274,171 bp (69.27 Mb)
Pass read N50 3574 bp

Candidate contig length 14,824 bp
Fraction of a typical 159–160 kb Morus

plastome Approximately 9.3%

GC content 33.54%

Validation status Incomplete, unpolished, non-collinear,
and not structurally validated

Validation would require adequate organelle depth, read-level support across every
proposed join, inspection of the assembly graph, long-read polishing, preferably inde-
pendent short-read correction, comparison with authenticated Morus plastomes, and the
public deposition of raw and assembled sequence data. The retained archive did not meet
these criteria.

4. Discussion
The retained barcode summaries show a familiar contrast between conserved coding

plastid loci and a more variable non-coding spacer. matK was the least variable marker in
the archived analysis, whereas trnH-psbA provided the greatest descriptive differentiation
among the four accessions. This pattern supports the practical use of multilocus barcoding
for preliminary screening. Still, the observed values are accession-level descriptors and
cannot be used to estimate population diversity from one tree per locality.

The limited taxonomic resolution of this dataset is consistent with current Morus
research. Recent phylogenomic work has combined complete plastomes and single-copy
nuclear genes to resolve relationships across the genus [2,5], while extensive nrDNA screen-
ing of 542 accessions revealed substantial polymorphism and methodological sensitivity [6].
Compared with these datasets, four archived barcode records are useful for quality con-
trol and resampling design. However, they are insufficient to distinguish introgression,
incomplete lineage sorting, cultivar movement, or locally structured variation.

Excluding the s6pdh-derived products is a necessary quality control measure. The
primers were developed in Prunus/Rosaceae [11], and the earlier 21.07% distance was
biologically implausible for four accessions assigned to one species. Without retained
BLAST output, chromatograms, open reading frame evidence, and orthology tests, the
result cannot be separated from non-target amplification, paralogy, mixed templates, or
contamination. Removing the locus prevents an artefactual signal from dominating the
multilocus comparison.

The removal of schematic dendrograms likewise strengthens the analysis. A formal NJ
or ML tree requires validated homologous sequences, documented alignment and substitu-
tion model settings, appropriate gap treatment, bootstrap support, and access to external
reference accessions. Even when technically generated, a tree with four unreplicated ter-
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minals would offer little robust evidence about locality relationships. The present article,
therefore, reports no topology and makes no phylogenetic or phylogeographic claims.

A definitive follow-up study should sample multiple independently vouchered trees
per locality, retain individual-level identifiers and chromatograms, verify every locus
by BLAST and orthology checks, and deposit edited sequences and raw reads in public
repositories. Authenticated Morus reference taxa and higher-resolution SNP, genome
skimming, or complete plastome data would allow within-site variation to be separated
from sequencing or processing artefacts.

The Mangystau setting remains scientifically relevant because mulberry occurrence in
isolated arid gorges may reflect historical planting, vegetative persistence, seed-mediated
naturalisation, or repeated introductions. However, the Central Asian plastome study of
old Samarkand mulberries analysed 25 newly generated chloroplast genomes together
with 119 published plastomes [19]. This comparison underscores why the present dataset
can identify localities for resampling but cannot establish Silk Road origin, adaptation to
aridity, or regional phylogeographic separation.

The ONT component demonstrates both the potential and the risk of low-coverage
genome skimming. The recovery of recognisable plastid-associated features shows that
organelle-derived reads were present. Still, the 14.8 kb length, incomplete annotations,
non-collinear block order, and missing depth and polishing diagnostics preclude plastome
recovery. Long-read plastome studies emphasise organelle coverage, repeat-spanning
reads, assembly graph inspection, and polishing [22,23]. Under these criteria, an error-rich
or chimeric assembly is more plausible than a novel Morus chloroplast architecture.

The main limitations are the single-tree-per-locality design; incomplete specimen-
level documentation; the absence of numerical input DNA quality ranges; incomplete
rbcL optimisation records; the lack of a complete accession-level chromatogram, BLAST,
and versioned alignment archive; and the missing ONT mapping, depth, polishing, and
assembly graph diagnostics. These constraints narrow the scientific contribution but do
not eliminate it: the study documents the relative behaviour of four standard barcodes,
removes an invalid cross-family amplicon, and establishes why the available ONT output
must not be presented as a plastome.

5. Conclusions
This pilot study provides an accession-level molecular audit of four field-identified

Morus alba trees from Mangystau. In the archived summaries, matK was the most conserved
retained marker, and trnH-psbA was the most variable; ITS and rbcL showed intermediate
values. These differences are descriptive and do not demonstrate population structure,
genetic diversity within localities, or phylogeographic differentiation. The unverified
s6pdh-derived products and all unsupported dendrograms were excluded.

The ONT run recovered a plastid-associated sequence but did not yield a validated
plastome. The 14,824 bp candidate represents only approximately 9.3% of a typical Morus
plastome and lacks the coverage, continuity, polishing, and join support evidence required
for structural interpretation. The principal outcome is therefore a transparent quality
control framework for future work based on replicated vouchered sampling, verified
marker identity, complete DNA quality records, public sequence deposition, and deeper
organelle sequencing.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/ijpb17070059/s1, Supplementary Figure S1: GC content and GC skew
plotted around the 14,824-bp candidate plastid-associated contig recovered from Oxford Nanopore reads;
Supplementary Figure S2: Linear representation of annotations reported on the 14,824-bp candidate
plastid-associated contig; Supplementary Table S1: Complete list of features reported by GeSeq on the
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14,824-bp candidate plastid-associated contig. The figures are included for workflow transparency and
do not imply circularisation, completeness, native collinearity, or structural validation.
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