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Abstract

Next-generation sequencing (NGS) can generate gigabytes of genome data. Unlike Sanger sequencing,
NGS generates a ‘read’ from a single DNA molecule, reflecting directly the starting DNA, including
non-target organisms such as symbionts and pathogens. Non-target organism sequences are usually
discarded during genome assembly as contaminants; these are potentially a great source of information
for understanding the microbiome surrounding the plant. The present study explores bioinformatically
the identification of the non-target organisms from genome NGS datasets of two cultivated
Gesneriaceae species. The datasets were generated using different NGS technologies: one is from
Streptocarpus rexii (Bowie ex Hook.) Lindl., sequenced using Oxford Nanopore Technologies long-read
sequencing, and the second from Aeschynanthus angustifolius (Blume) Steud., sequenced using
lllumina short-read sequencing. The reads were first assembled and then analysed using BlobTools

to identify the contaminants. For S. rexii, Actinomycetota and Basidiomycota occupied the highest

ratio among genome contaminants, followed by Arthropoda, Ascomycota and Acidobacteriota. In A.
angustifolius, the highest contaminant class was Pseudomonadota and the second Actinomycetota,
followed by Basidiomycota and Chordata. Arthropoda included mealybugs which were also observed
in the glasshouse. The differences in contaminant composition between S. rexii and A. angustifolius
may be linked to the relatively short-lived leaves of the former and the long-lived ones of the latter.
This pilot study demonstrates that, in principle, this method is suitable to detect and identify associated
organisms, and the pipelines designed here greatly facilitated this process. This approach might

be useful in a horticultural setting for the assessment of plant material in quarantine or biosecure
conditions and may be able to detect pathogens prior to plants showing symptoms. It also has
potentially more widespread applications for studying plant-microbiome interactions.
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Introduction

Plants are associated with a microbiome
including both endosymbionts within the
tissues, such as fungi, bacteria and viruses,
and epiphytic organisms on the plant tissue
surfaces, which might include fungi and
bacteria as well as other organisms such

as invertebrates and algae (Kennedy &
Southwood, 1984; Liu et al., 2023; Sohrabi et
al., 2023). The association that living plant
tissues have with these organisms ranges
from pathogenic (including parasitic but
not necessarily pathogenic) to beneficial, or
even neutral (Saikkonen et al., 1998; Sohrabi
etal., 2023; Thomas et al., 2024). Pathogenic
organisms can often exist latently within or
on plant tissues without causing symptoms
of disease (Carroll, 1988). These are of
particular biosecurity concern as they could
be transported with what is believed to be
healthy plant tissue (Marsberg et al., 2017)
and contribute to the spread of pests and
pathogens globally through the movement
of plant material (Mehl et al., 2017; Franic et
al., 2023).

In a horticultural setting, such as botanic
gardens holding globally important plant
collections, the detection of plant-associated
organisms is vital to prevent the introduction
and spread of harmful organisms. In
previous decades this was mainly done
by inspection and isolation directly from
plant tissue in dedicated quarantine units
(Waller et al., 2001; BGCI, 2022), but in recent
years molecular techniques have been
increasingly employed. These might include
various methods involving polymerase
chain reaction (PCR), including quantitative
PCR (qPCR) and reverse transcription PCR
(e.g. for RNA viruses), the use of probes (in
situ hybridisation), immunohistochemistry
and next-generation sequencing (NGS)-
based techniques (Piombo et al., 2021;

Venbrux et al., 2023). NGS, also known as
‘high-throughput sequencing’ (Saini et al.,
2023), can be used for genomic studies to
sequence a genome of a single organism, but
also for metabarcoding studies where DNA in
environmental samples is sequenced (usually
providing amplicons of the same gene loci
for all the organisms present) to determine
the identity of the organisms comprising the
community (Pérez-Cobas et al., 2020; Piombo
etal., 2021).

NGS includes a variety of contemporary
sequencing technologies with four main
steps: DNA isolation, target sequence
enrichment, sequencing on NGS platforms
and bioinformatic analysis (Valencia et al.,
2013). All NGS technologies can carry out
parallel sequencing of millions of fragments
of DNA (Behjati & Tarpey, 2013).‘Reads’ are
the nucleotide sequences resulting from
sequencing DNA fragments. These are
typically 25-150 base pairs (bp) in length
in one direction for lllumina short-read
sequencing (SRS) methods (Lin et al., 2012), or
up to >10 kbp for long-read sequencing (LRS)
methods (Hu et al., 2021; Pucker et al., 2022).
At present, SRS is dominated by Illumina
and LRS by Pacific Biosciences (PacBio)
and Oxford Nanopore Technologies (ONT)
platforms. Overall, LRS is preferred since it
generates longer contiguous assemblies,
whereas Illumina SRS results in many shorter
scaffolds (i.e. assemblies of reads) but is more
cost-effective per bp.

A greatly overlooked source of metadata
for analysis of the plant microbiome is
the ‘contamination’ part of plant genome
DNA raw data with reads from non-target
organisms. Genome contamination refers
to the unintentional inclusion of sequences
from other organisms or the misclassification
of sequences in public databases (Lupo et al.,
2021). Contamination may happen at various
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stages of a genome assembly project from
other organisms existing in the surrounding
environment or from endosymbionts (Lu

& Salzberg, 2018). Researchers routinely
observe ‘contamination’ of DNA samples
with the genomes of other species including
symbionts, pathogens and parasites (Laetsch
& Blaxter, 2017). Some researchers have
purposely studied these contaminants
suggesting that they can provide incidental
data that could be followed up with

further investigation (Galanti et al., 2024) or
constitute complete studies where numerous
genome datasets are available (Sangiovanni
etal., 2019; Roman-Reyna et al., 2020;
Gathercole et al., 2021).

Laetsch & Blaxter (2017) provided an
in-depth and detailed processing of NGS
reads or scaffolds in BlobTools, indicating
that it can assist in elementary partitioning of
data, visualisation of genome assemblies and
screening of ultimate assemblies for potential
contaminants.

The present study is an exploratory
investigation into the quality and quantity
of contaminants in genomes. Gesneriaceae
genomes were used as test cases. They
were generated using a combination of
NGS techniques to explore and establish
workflows for the isolation and identification
of contaminants and visualised using
BlobTools. Within the Gesneriaceae, several
genomic datasets are available, such as
for Streptocarpus rexii (Bowie ex Hook.)
Lindl., a short-lived herbaceous plant,
published by Nishii et al. (2022), and for
Aeschynanthus angustifolius (Blume) Steud.,
a perennial long-living epiphyte (Nishii et al.,
unpublished). Analysing the contaminants
in these genomes can help determine the
diversity of plant pests and pathogens
in the Royal Botanic Garden Edinburgh
(RBGE) horticultural glasshouses, which
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can contribute to targeted pest control
and plant protection efforts. It can also
help researchers understand the presence
and types of endogenous symbionts in
Gesneriaceae.

Materials and methods

In this study, a separate pipeline was
designed for each of the two datasets tailored
to the sequencing technology: LRS (ONT) and
SRS (lllumina) with paired-end reads (Figs 1
&2).

The analyses were performed on the
CropDiversity high-performance cluster
(HPC) at the James Hutton Institute (Dundee,
UK), where Slurm is employed as the job
scheduler.? All detailed commands are
provided in Li (2024).

LRS pipeline for Streptocarpus
rexii ONT data

Data source: The contaminant raw data
were part of an ONT genome sequencing
long-read dataset from a previous study
reported by Nishii et al. (2022). In brief,
sequencing and nucleotide basecalling
were carried out at Edinburgh Genomics,
where two sequencing libraries were
generated using SQK-LSK109 kit (ONT,
Littlemore, Oxford, UK) and sequenced on a
PromethION Flow cell FLO-PRO002 with pore
type R9.4.1, and with basecalling by Guppy
v.3.0.5.

LRS pipeline: The raw data reads were
cleaned using Chopper v.0.7.0 (De Coster &
Rademakers, 2023) to remove reads shorter
than 5000 bp and of quality less than 8, and
Porechop v.0.2.4 (rrwick, 2018) to remove
sequencing adapters and barcodes from
the reads using the default settings. The
quality and read length of the cleaned data

8https://slurm.schedmd.com
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were assessed using Nanoplot v.1.38.0 (De
Coster et al., 2018). Genome assembly was
performed using Wtdbg?2 (Ruan & Li, 2020)
followed by sequence optimisation with
Wtpoa-cns to generate fasta files. Genome
assembly statistics were generated using
QUAST v.4.6.3 (Gurevich et al., 2013). To
enable parallelisation for speeding up the
analyses, the assembly was then divided into
200 sub-files using SeqgKit (Shen et al., 2016).
BLAST v.2.2.29 (Jain et al., 2015) was used to
assign taxonomic identities to the scaffolds.
The cleaned reads were mapped onto the
genome scaffolds to obtain coverages using
Minimap2 v.2.17 (Li, 2018). Samtools v.1.9
(Li et al., 2009) was used to sort and index
the reads. The assembled genome scaffolds,
coverage data and BLAST result files were
fed into BlobTools v.1.1.1 (Laetsch & Blaxter,
2017), which was then used to visualise the
results and to generate blobDB tables.
Combined with National Centre for
Biotechnology Information (NCBI) data, the
three tables (BLAST output files, coverage and
blobDB) were collated and the data visualised
using ggplot2 v.3.3.2 (Wickham, 2016) in
R v.4.4.1 (R Core Team, 2024). The pipeline is
illustrated in Fig. 1.

SRS pipeline for Aeschynanthus
angustifolius //lumina data
Data source: The SRS data were previously
obtained for a study by Paton (2023). In brief,
the genomic DNA library for Aeschynanthus
angustifolius was generated using the
NEBNext Ultra Il DNA library prep kit (New
England Biolabs, Ipswich, MA, USA) at RBGE.
150 bp paired-end sequencing on the
lllumina Novaseq platform (lllumina, San
Diego, CA, USA) was carried out at the Exeter
Sequencing Facility (University of Exeter,
Exeter, UK).

SRS pipeline: FastQC v.0.12.1 (Andrews,

2024) was employed to assess the quality of
sequencing reads, after which Trimmomatic
v.0.39 (Bolger et al., 2014) was used to trim
poor-quality reads and adapters, resulting

in both paired and unpaired data. After
trimming, the quality of the paired reads was
re-evaluated using FastQC. Next, the genome
was assembled using SOAPdenovo?2 (Luo
etal., 2012), and the assembly quality was
assessed with QUAST. As for the LRS pipeline,
to speed up the analysis the assembly file was
then divided into 400 sub-files using Seqkit;
these were analysed using BLAST, and the
output files were merged using the Linux cat
command. In addition, an index was created
for the assembly file; this was aligned with
the paired reads using BWA-MEM, producing
the SAM file. This file was then converted to

a BAM file using Samtools, which also sorted
and indexed the paired reads. BlobTools was
utilised to organise and analyse the assembly
data, BLAST results and BAM file, generating
a JSON formatted file and a coverage table.
Blobplot was then applied to create visual
plots and the blobDB table. The data from
three tables (BLAST output files, coverage and
blobDB) were arranged, with NCBI data, into a
comprehensive list. Finally, visualisation plots
for this list were created in R using ggplot2.
Fig. 2 illustrates the SRS pipeline used in this
study.

Quantification and identification
of contaminant diversity

To assign an identity to the contaminant
scaffolds, BLAST database searches were
carried out. The BLAST algorithm calculates
bit-scores and e-values using a proprietary
algorithm.? BLAST results are ordered
primarily by bitscore and secondarily by

?https://blast.ncbi.nlm.nih.gov, www.metagenomics.wiki/
tools/blast/evalue
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Fig. 1 Pipeline for analysing contaminants in long-read sequencing data of Streptocarpus rexii. Direction of workflow is
indicated by arrows. Data and results are shown in shaded boxes and the bioinformatic steps and programs are in unshaded,

dashed boxes.

e-value. A higher bit score or lower e-value
indicates greater similarity between the
query and subject sequences. The BLAST
result values of the top 10 hits for each
scaffold were plotted using the R ggplot2
package (Wickham, 2016), and Pearson
correlation analyses were carried out using
the R smplot2 package (Min & Zhou, 2021).
The first hit of the BLAST searches for each
scaffold identified as a contaminant among
the genome assemblies were quantified

as the number of scaffolds at phylum and
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genus level within bacteria, fungi and
other domains, and tabulated or plotted in
Microsoft Excel.

For the selection of candidates to
ascertain contaminants to species level
we selected a threshold of >95% identity
and >250 bp alignment lengths. This was
conservative, as in previous work 97% identity
was used for identification (e.g. Pappalardo
et al., 2025). Where more than one scaffold
resulted, the one with the highest bitscore
was retained.
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Fig. 2 Pipeline for analysing contaminants in short-read sequencing data of Aeschynanthus angustifolius. Direction of workflow
is indicated by arrows. Data and results are shown in shaded boxes, and main analytical steps and programs used are in
unshaded, dashed boxes.

Glasshouse pests and pathogens
surveys

Sample collection: Every two weeks,
contaminants (visible pests, pathogens

and cohabitants of Streptocarpus rexii) were
collected from S. rexii plants cultivated in the
living collection at RBGE.

Pathogen investigation: In a preliminary
study to investigate the fungal leaf symbionts
and cohabitants of Streptocarpus rexii and
for comparison with the BLAST results, six
leaf pieces of the interface between green
and necrotic parts of two S. rexii leaves

were excised. The genome investigation of
S. rexii had used unsterilised leaf material,

so both unsterilised (where fast-growing
fungal contaminants might overwhelm the
petri dish) and sterilised material was used.
Samples were either directly plated onto 1%
Malt Extract Agar (MEA; Fluka, Sigma Aldrich,
Darmstadt, Germany) supplemented with
0.3 g/L streptomycin sulphate (Sigma Aldrich,
Darmstadt, Germany), or surface sterilised
before plating (one minute in 70% ethanol,
five minutes in 1% sodium hypochlorite
(NaOCl), and finally 30 seconds in 70%
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ethanol). The plates were stored in Ziploc®
bags at room temperature in laboratory
conditions and checked regularly for two
weeks for fungal growth.

Image acquisition: Images of pests
were taken under a Zeiss Stemi 2000-C
stereomicroscope (Jena, Germany) and
captured using a Zeiss Labscope v.4.0. For
algae and fungi, material was mounted in
distilled water on microscope slides and
images acquired using a Zeiss Axiophot
compound microscope fitted with a Zeiss
AxioCam MRc5, or a Leica DM2500 (Wetzlar,
Germany) compound microscope fitted with
a Leica CCD camera DFC450. Occasionally,
images were also captured using the camera
option on mobile phones. The pests were
visually identified by M. Philips, entomologist
and Herbarium Digitiser at RBGE, using
identification keys and standard references
(e.g. Blackman, 2010)."

Results

Genome assembly and
contaminant detection

Information on read quality, genome
assembly, quality control and contaminant
detection with 70% BLAST identity threshold
of the NGS data for the two analysed plant
species are provided in Supplementary
material A. In brief, the Streptocarpus rexii
genome assembly resulted in 8,681 scaffolds
of which 667 (7.7%) were contaminants
(Supplementary material A tables S3 &

S4). For Aeschynanthus angustifolius, the
assembly had 3,942,265 scaffolds of which
180 (0.005%) were identified as contaminants
(Supplementary material A tables S7 & S8).
In the BLAST searches, there was a strong
linear correlation between bitscore (a

9See also https://influentialpoints.com/Gallery/Aphid_

genera.htm
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statistical measure of sequence similarity)
and sequence alignment length (Fig. 3A &

B). There was a weak correlation between
bitscore and percentage identity for the S.
rexii data, but not for the A. angustifolius data,
probably due to their short scaffold lengths
(Fig. 3C & D). Extreme outliers were scaffold
ctg1050 with a bitscore of 154,000 and
alignment length of 97,332 bp (Fig. 3A, C&E;
green circle). The coverage analysis revealed
a high presence of several scaffolds: ctg170
had a long alignment length of 6,200 bp and
high read coverage of 2,500x (Fig. 3E & G;

red circle), while scaffold 104330 had a long
alignment length of 1,395 bp and a high read
coverage of 1,036x (Fig. 3F & H; blue circle).

Streptocarpus rexii LRS dataset
Contaminant diversity: The 667 contaminant
scaffolds found in the Streptocarpus

rexii LRS dataset came from the phyla
Acidobacteriota, Actinomycetota,
Arthropoda, Ascomycota, Basidiomycota,
Pseudomonadota and Streptophyta (Table 1).
Bacteria (Acidobacteriota, Actinomycetota,
Mycoplasmatota and Pseudomonadota)
made up approximately two-thirds of the
contaminants, while fungi (Ascomycota

and Basidiomycota) represented around

one quarter. Overall, Pseudomonadota was
the dominant phylum with 269 scaffolds
(40.3%), followed by Actinomycetota with
154 scaffolds (23.1%) and Basidiomycota
with 108 scaffolds (16.2%). Less numerous
were Ascomycota, Arthropoda and
Acidobacteriota, with 62, 38 and 30 scaffolds
respectively. There was only one scaffold from
Mycoplasmatota.

Diversity at genus level among the
contaminant scaffolds indicated some
dominant genera within phyla. For
example, in the kingdom Bacillati, phylum
Actinomycetota, Mycobacterium Lehmann
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& Neumann and Frondihabitans Greene et
al. were most numerous, with 63 and 35
scaffolds (16.8% and 9.4%) respectively
(Fig. 4A); within phylum Pseudomonadota
in kingdom Pseudomonadati, Burkholderia
Yabuuchi et al. was the most dominant,
with 60 scaffolds (16%) (Fig. 4B). Among
Ascomycota and Basidiomycota fungi,
Exophiala J.W. Carmich., with 38 scaffolds
(22.4%), and Meira Boekhout et al. ex Denchev
& T. Dencheyv, with 92 scaffolds (54.1%), were
most prominent respectively (Fig. 4C & D).
Species-level identification of
contaminants: Unique contaminants identified
at species level among the 667 contaminant
scaffolds with >95% identity and >250
bp alignment length in BLAST searches
came from four scaffolds (Supplementary
material B table S1). Their bitscore ranged
from 1,410 to 54,431, alignment lengths from
842 bp to 33,641 bp, identity from 95.47%
to 98.66% and read coverage from 49x to
385x%. The highest bitscore was calculated
for scaffold ctg976, identified as Candidatus
Mycobacterium wuenschmannii Zeineldin et
al., with 96.25% identity and an alignment
length of 33,641 bp and 306x% read coverage.
The next highest was scaffold ctg3883, with
bitscore 8,288, alignment length 4,897 bp and
49x read coverage, identified as Spiroplasma
phoeniceum Saillard et al., a plant pathogen
on periwinkle (Catharanthus G. Don). Scaffold
ctg7708 had a bitscore of 5,830, an alignment
length of 3,565 bp and a read coverage of
385x, and was identified as a ‘black yeast’
(Chaetothyriales M.E. Barr sp. MCRE12). The
fourth was scaffold ctg5577, which received
several BLAST hits, all from Arthropoda,
representing several mealybug species;
Planococcus citri Risso (citrus mealybug) had
the highest bitscore of 3,862 and the longest
alignment length of 2,448 bp (identity
95.47%). Pseudococcus jackbeardsleyi Gimpel
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& Miller (Jack Beardsley mealybug) had the
highest identity with 98.66%, though with a
much shorter alignment length of 822 bp for
the same scaffold.

Aeschynanthus angustifolius SRS
dataset

Contaminant diversity: The majority of the

180 scaffolds identified as contaminants in
the Aeschynanthus angustifolius SRS dataset
came from the bacteria phyla Actinomycetota
(57 scaffolds = 31.7% of all scaffolds) and
Pseudomonadota (63 = 35%) (Table 1).

Less numerous were the fungus phylum
Basidiomycota (12 = 6.7%) and Metazoan
Chordata (11 = 6.1%).

The diversity at genus level among
the 180 scaffolds indicated that the most
scaffolds (58 scaffolds = 32.2%) came from
genus Sphingomonas Yabuuchi et al. in
phylum Pseudomonadota in kingdom
Pseudomonadati (Fig. 5B). Among Bacillati,
genus Microbacterium Orla-Jensen in phylum
Actinomycetota was the most numerous (39
= 21.7%). Both genera were by far the most
numerous in their respective kingdoms.
Among fungi, the Basidiomycota genus
Cryptococcus Vuill. was most often found, with
three scaffolds (Fig. 5).

Species-level identification of
contaminants: Contaminant identification at
species level from scaffolds with over 95%
identity and >250 bp alignment lengths
in BLAST searches yielded 15 scaffolds
(Supplementary material B table S2). The
highest bitscores were obtained for scaffold
104330 which received hits for several
Basidiomycota, with the highest of 2,398
for Papiliotrema terrestris Crestani et al. ex
Xin Zhan Liu et al. (a biocontrol agent) with
97.71% identity and a 1,395 bp alignment
length. It also received the highest read
coverage of 1,036x. Five other organisms
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had similarly high values for this scaffold.

The remaining scaffolds received much lower
bitscores of less than 800, shorter alignment
lengths (265-430 bp) and low read coverages
(6-71x) but received up to 100% identity and
included mostly bacteria, one Chordata hit
and a virus.

Glasshouse pests and pathogens
and their bioinformatic
identification

A total of 17 Arthropods (15 Insecta and 2
Arachnida) were collected from Streptocarpus
rexii leaves including a range of common
glasshouse pests (Fig. 6). Among the BLAST
hits (Supplementary material B table S1) only
Planococcus citri overlapped, with 95.47%
identity (Fig. 6B). Of the other Arthropods
collected, such as aphids, thrips and whitefly,
no BLAST hits were found.

Fungal colonies isolated from
Streptocarpus rexii leaf material after one
week (Fig. 7A & B) and two weeks (Fig. 7C & D)
indicated the presence of Trichoderma Pers.
observed by morphological identification of
colonies from uncleaned specimens (Fig. 8A &
B). Another colony produced appressoria-like
structures but no spores (Fig. 8C) and thus

identification to species level was not possible.

No DNA-based identification was undertaken
on any of the colonies which grew out of the
leaf material. Trichoderma hits were found in
the S. rexii BLAST list but with low sequence
identities: four species were implicated

from S. rexii LRS data, T. asperellum Samuels
etal. (ctg1995: 81.94%; 310 bp alignment),

T. citrinoviride Bissett (ctg5236: 81.74%; 219 bp
alignment), T. reesei E.G. Simmons (ctg3518:
76.97%; 2,183 bp alignment) and T. simmonsii
P. Chaverri et al. (ctg6420: 80.47%; 722 bp
alignment). However, only the BLAST result of
scaffold ctg3518, T. reesei, appeared as a first
hit (Supplementary material D).

DOI 10.24823/Sibbaldia.2026.2130

Discussion

The present study was exploratory, primarily
to design bioinformatic pipelines for the
detection and identification of contaminants
through NGS data mining. In this study,
genomic data from different sources and
NGS approaches were used: genome data of
Streptocarpus rexii obtained through ONT LRS
and of Aeschynanthus angustifolius based on
[llumina SRS. Overall, the ONT data resulted in
longer scaffolds (Supplementary material A)
and thus longer alignments in BLAST searches
for contaminants (Fig. 3), presumably more
reliable for species identification, whereas
the shorter assembly scaffolds for the
lllumina A. angustifolius reads resulted in
more no-hits (Supplementary material A
tables S4 & S8). The read coverage, which
could be interpreted as the abundance of
the organisms’' DNA, was overall higher for
the LRS data compared with the SRS data
(Fig. 3C & D), with potential exceptions (see
below). However, this can be misleading
when hits represent multicopy gene regions,
such as nuclear ribosomal DNA (rDNA) that
occurs in hundreds of copies within a cell; for
example, the five hits in scaffold ctg5577 for
mealybugs all came from the 28S ribosomal
DNA gene and show a high read coverage
(>330x%). Some further considerations for the
interpretation of the results would be prudent
and are discussed below.

Bioinformatics developments

With the emerging technologies for whole
genome sequence acquisition, analytical
bioinformatic tools are being developed
rapidly alongside. BlobTools, with which

we scanned across entire genomes of
contaminants, has its advantages as the entire
genome is theoretically available as queries.

A disadvantage, however, could be an
overestimation of contaminant species from
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Fig. 8 Images of fungal structures from two-week-old colonies isolated from leaves of Streptocarpus rexii from samples (A &
B) without surface sterilisation and (C) with surface sterilisation. A Trichoderma hyphae and conidia. B Trichoderma conidia.
C Appressoria-like structures in culture. Scales: A-C = 50 pm.

several unique scaffolds. One way around this
could be to utilise specific genome regions
as in Bard et al. (2025), who targeted the
ITS ribosomal DNA reads in genome data.
BlobTools has also been developed into
BlobToolKit, which now includes tools for
identifying and isolating contaminant data
in draft and publicly available assemblies
(Challis et al., 2020). The use of this toolkit
would perhaps speed up the workflow and
should be investigated in the future.

Sampling limitations

Our study used existing genome datasets that
were obtained with the aim of assembling
plant genomes, rather than to specifically
identify and quantify contaminants

in RBGE glasshouses. As such, the leaf
material collected for these NGS studies

was superficially healthy and clean, and as
such largely ‘free’ of external contaminants.
They were also taken from only two plants
from separate glasshouses and thus do not
represent RBGE's entire glasshouse area.
Therefore, our results are a small snapshot of
the non-plant biological diversity harboured
in RBGE glasshouses. This will largely

explain the mismatch between, for example,
identified (Supplementary material B) and
observed pests and pathogens (Figs 6-8).
Nonetheless, the developed pipelines are

applicable to any NGS data and are thus
useful. Furthermore, we identified bacterial
and fungal contaminants not observed
visually in the glasshouses, making this a
useful exercise (see below).

Considerations for contaminant
identification

For identification purposes, alignment length
and level of identity in BLAST searches

may provide an indication of identification
accuracy. Mealybugs were visually identified
in our glasshouse survey, and among

the implicated mealybugs through our
bioinformatics pipeline, we found one,
Planococcus citri, with high identity (95.47%)
and long alignment length (2,448 bp,
ctg5577, Streptocarpus rexii). Overall, the
longer a BLAST alignment, the more certain
an identification may be. The reason for the
lower identity for this species (95.47%) in
BLAST compared with the other species hits
(97.27-98.66%) may lie in the fact that its
query scaffold was longer (genome assembly
0X465509.1, GenBank) than the rDNA
sequence of the other species in GenBank
(~830 bp) and may have included less
conserved regions. It could also be explained
by differences in the origin of the mealybugs
in GenBank and in RBGE'’s glasshouses and
reflect the species’ population-level diversity,
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as it was shown that within mealybugs 285
ribosomal RNA similarity can be as low as
93.2% (Abd-Rabou et al., 2012).

A critical point is the threshold for species
identification which, we guess, depends
on the genetic variation within a species
separating it from the next closest one and
which could be as low as 0.05% and as
high as 5% nucleotide diversity, depending
on gene, gene region and the organism’s
life cycle (Buckler IV & Thornsberry, 2002;

Qin et al., 2021). Sequencing errors are
another potential source of uncertainty of
contaminant identification from the genome
scaffolds, despite NGS sequencing accuracy
improving over time. Sequencing accuracy
tended to be higher in SRS compared to LRS,
however PacBio has developed HiFi LRS and
ONT have developed a new chemistry (R10)
for more accurate basecalling (i.e. calling
nucleotide data from raw ionic current data)
(Dohm et al., 2020; Kanwar et al., 2021, cited in
CD Genomics, 2025).

Furthermore, as the taxon coverage of
GenBank is incomplete, searches of available
accessions will potentially not include the
query taxon and, if this is absent, would
instead return results for the nearest match.
In contrast, some gene regions are known to
be invariable between species (e.g. ITS: the
internal transcribed spacer of the ribosomal
DNA region is identical for several species of
Streptocarpus (Bowie ex Hook.) Lindl. (Méller
& Cronk, 2001)). This is also demonstrated
in our study where, for example, scaffold
20564817 received hits from several species
all with 100% identity (Supplementary
material E). In such cases it is difficult to
ascertain the identity of the contaminant.
Ideally, a complete database for comparison is
desirable and can only be compiled over time.

A final point to consider in the

interpretation of the results is the source of

DOI 10.24823/Sibbaldia.2026.2130

contamination, which could be natural (i.e.
pre-existing) or could represent ‘hitchhikers’
during cultivation (Hernandez-Tasco et al.,
2023) or contaminations post-sampling of
the leaves (RBGE, internal and/or external
sources). Depending on the source, the
contaminants will have differences in their
biology which may aid identification.

However, despite these limitations some
assumptions can be made on the identities
of the contaminants that were found in our
exploratory study.

Quantity versus diversity

It is difficult to differentiate exactly between
quantity among the identified contaminants
due to uncertainties in identification to
species level (e.g. identity and alignment
length cutoff points; genetic depth of
species; database limits due to possible
misidentification and mix-ups). Therefore, we
chose a compromise and presented diversity
at the genus level, whereby a high score did
not equate to high diversity but could also
be due to several scaffolds identifying the
same species (for example, the Streptocarpus
rexii contaminant Microbacterium testaceum
(Komagata & lizuka) Takeuchi & Hatano
increased the genus score, although it was
the top hit in 19 scaffolds) (Supplementary
material D). However, read or base coverage
for the same scaffold may be a better
indicator of the quantitative level of the
presence of a contaminant, and these varied
greatly among the scaffolds (Fig. 3C & D). One
should be thus careful equating quantity with
diversity.

Contaminant domains of
Aeschynanthus angustifolius and
Streptocarpus rexii

Despite the great differences in the total
number of contaminant scaffolds found in
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the two plant species (Table 1), the most
frequently detected contaminant domain was
bacteria, with ~70% of hits (Table 1). In this
domain, phylum Pseudomonadota comprised
the major part, with 35% to ~40% of the
contaminants from Aeschynanthus angustifolius
and Streptocarpus rexii respectively, followed
by Actinomycetota, which accounted for
~23% to ~32%. It was interesting to note

that irrespective of the NGS approach used,
the proportional contaminant profiles were
similar at the domain level (Table 1). Similar
results were found in previous studies on
different plants, whether herbaceous (e.g.
Sinningia Nees, Herndndez-Tasco et al.,

2023 or Thiaspi L., Galanti et al., 2024) or
woody (e.g. Quercus L., Gathercole et al.,

2021) (Table 2). An even higher proportion —
two-thirds - of Pseudomonadonta was found
by Roman-Reyna et al. (2020). Also, the order
of predominance within domains seems
conserved among bacteria, with phylum
Pseudomonadota showing higher proportions
than phylum Actinomycetota.

Differences between
Aeschynanthus angustifolius and
Streptocarpus rexii

While within the bacteria domain the two
plant species showed similar proportions of
phyla Actinomycetota and Pseudomonadota,
only Streptocarpus rexii had contaminants
from phylum Acidobacteriota (Table 1),
which are common in soil. The differences
may be explained by the terrestrial habit of
S. rexii as opposed to the epiphytic habit of
Aeschynanthus angustifolius. The proportion
of fungi phyla also differed between the

two plant species, with S. rexii having twice
as many Basidiomycota than Ascomycota
contaminants, while A. angustifolia, though
with fewer overall, had around seven times
more Basidiomycota contaminants.

This unusual finding of the higher
proportion of Basidiomycota for both plants
(Table 1) is not usually observed (Vorholt,
2012; Rungjindamai & Jones, 2024) in
metabarcoding or metagenomic studies of
phyllosphere fungi (e.g. Schénrogge et al.,
2022; Hernandez-Tasco et al., 2023). However,
close scrutiny of the data shows that the most
frequent Basidiomycota genus is Meira, a yeast
isolated from leaves and also mite-associated
(Denchev & Dencheyv, 2021), occurring only
on Streptocarpus rexii, which is also the only
host of Cheyletidae (mites) in this study. The
Ascomycota genus Exophiala J.W. Carmich.
also occurs on S. rexii, but these are common
environmental fungi found on soil and
organic matter (Thitla et al., 2022) and would
possibly be found on unsterilised leaves of
herbaceous plants that are in contact with the
soil, as is the case with S. rexii. Both genera
contribute to the proportionally high levels
of fungi for this host when compared with
other studies (e.g. Table 2). There are low
levels of fungi associated with A. angustifolius
(in comparison with other studies, Table 2),
and of these many are Basidiomycota yeasts
occurring on the phylloplane (Cryptococcus,
Dioszegia Zsolt, Kwoniella Statzell-Tallman &
Fell, Papiliotrema J.P. Samp. et al.).

The environment in which the plant
occurs will be a contributing factor to the
microbial community recorded. When
whole-leaf microbiota of herbaceous plants in
the natural environment (e.g. Ramakrishnan
etal., 2024; Yang et al., 2024) are compared
with those in glasshouse environments there
can be increased levels of Basidiomycota in
the latter (e.g. Geyer et al., 2024). Interestingly,
the most common fungal genus recorded
by Geyer (2024) was Trichoderma, also
recorded in the present study of glasshouse-
raised plants. In a metagenomics study
that involved greenhouse-grown peppers,
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however, Basidiomycota were infrequent and
Trichoderma was not recorded (Jo et al., 2021),
demonstrating that host is also an influence.
At the genus level, most contaminant
genera were unique to the two plants with
only six out of 82 bacteria, and three out
of 35 fungal genera shared, and none of
Metazoa (Supplementary material C). These
differences may be related to leaf longevity,
with Streptocarpus rexii having short-lived
leaves and Aeschynanthus angustifolius having
long-lived leaves. For example, Chordata
contaminants found in A. angustifolius might
have been deposited externally on the
leaves or introduced during leaf handling,
DNA extraction or DNA sequencing. It is
possible that the presence of more Chordata
contamination in A. angustifolius is due to its
longer leaf life. On the other hand, S. rexii has
a short leaf lifespan, so there is less time for it
to be contaminated with Chordata.

Selected contaminants

Our study identified some contaminants
with high bitscores or of a specific

nature. For example, ctg1050 with the
highest bit score (154,000) and longest
alignment length (97,332 bp) detected

in the Streptocarpus rexii genome data
(Supplementary material D) was identified as
Candidatus Mycobacterium wuenschmannii,

a slow-growing non-tuberculous
mycobacterium isolated from the livers of
Amazonian milk frogs, which may infect
animals and humans (Zeineldin et al., 2023).
The same organism was identified for ctg976
with a high bitscore of 54,431 and a high
identity of 96.25% (Supplementary material
D table S1), and is thus unlikely to be an
exact match to this mycobacterium. Our
contaminant therefore probably represents
an organism not yet included in the GenBank
database.

A high-identity contaminant (ctg2980:
98.31% identity in 5S ribosomal DNA) was the
fungus Exobasidium vaccinii (Fuckel) Woronin
(red leaf disease), which may cause galls
on Vaccinium L. and Rhododendron L. spp.
(Pigtek et al., 2012). Since a plant of Vaccinium
cuneifolium Mig. was growing in the same
glasshouse at RBGE where Streptocarpus rexii
was cultivated, it may explain the presence
of a closely related species of this genus of
biotrophic, host-specific fungi (as spores) on
S. rexii leaves.

In the Streptocarpus rexii genome data,

a high bitscore (3,862) for the presence of
the citrus mealybug was found for scaffold
ctg5577 (discussed above). This is a pest
ubiquitous to most RBGE glasshouses

but was not detected in the genome of
Aeschynanthus angustifolius. Here, the
leathery glabrous leaves of this species will
have allowed the easy detection of the pest
when sampling the leaf, which was much
more difficult to avoid for the densely pilose
leaves of S. rexii.

Spiroplasma phoeniceum Saillard et
al. was found to have relatively high key
indicators (ctg3883: 97.43% identity; 4,897 bp
alignment length) among the contaminants
of Streptocarpus rexii. This microaerophilic
plant pathogen was identified as the
causal agent of yellowing disease affecting
periwinkle, Catharanthus G.Don (Saillard et
al., 1987), a plant that is widely grown as an
ornamental and is in a tropical glasshouse at
the RBGE nursery.

An ascomycete in the order
Chaetothyriales was found in Streptocarpus
rexii with a high bitscore, particularly based
on a long alignment (3,565 bp) and high read
coverage (385x), with the highest identity
(96.44%) among the hits for ctg7708. The
nearest match in GenBank was to a strain
found in the carton nests of ants (Vasse et al.,
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2017). This suggests the presence of a black
yeast-related ascomycete with an unknown
biology and identity.

The Basidiomycota yeast Meira occurs on
leaves and can be mite-associated (Denchev
& Denchev, 2021), and occurred only on
Streptocarpus rexii based on over 90 scaffolds
(Fig. 4E, Supplementary material D) exhibiting
high values for both bit score and alignment
length. The majority of percentage identity
was around 85%, with some reaching >90%.
Base coverage and read coverage values
averaged roughly 7x and 15X respectively.
Meira could well have originated from mite
faeces, as mites (Tetranychidae sp.) were also
reported only from this plant (Fig. 6).

Among contaminants in the
Aeschynanthus angustifolius data
(Supplementary material B table S2), the
BLAST result with the highest bit score
(2,398), alignment length (1,395 bp) and read
coverage (1,036x) was for scaffold104330
that suggested the presence of Papiliotrema
terrestris, with the GenBank submission
(LR697097.1) originating from a soil-based
yeast originally isolated from an epiphytic
microbial community on apple fruits (Palmieri
etal., 2021). That organism has also been
used as a biocontrol agent (Miccoli et al.,
2020). Whereas biocontrol agents have been
used in the past on Aeschynanthus at RBGE
(such as entomopathogenic Akanthomyces
muscarius (Petch) Spatafora et al. Ve6;
Ascomycota, Hypocreales), the unrelated
Papiliotrema (Basidiomycota, Tremellales) had
not been employed, and its presence is either
a coincidence or represents a closely related
species.

Within the Aeschynanthus angustifolius
genome, most other scaffolds had rather
low bitscores, alignment depth and/or read/
base coverage, and their identification to
species level is doubtful. Interestingly, some
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contaminants detected here were found

in previous studies, such as the bacterium
Cutibacterium acnes (Gilchrist) Scholz & Kilian
(previously Propionibacterium acnes (Gilchrist)
Douglas & Gunter) that Sangiovanni et al.
(2019) found as a major contaminant in

all their samples, as well as Staphylococcus
warneri Kloos & Schleifer and Streptococcus
pneumoniae (Klein) Chester / Staphylococcus
aureus Rosenbach (one scaffold). Perhaps
these are human-associated and more

likely to be found and to accumulate on the
long-lived leaves of this plant that is handled
by people over longer periods of time.

Conclusions

Our approach was opportunistic, utilising
existing genome datasets that included
contaminants as ‘bycatch’and that were
primarily used to develop the bioinformatic
pipelines for isolating and identifying
contaminants from datasets based on SRS
and LRS NGS methods.

While there is great potential in our
pipelines to identify internal and external
contaminants in plant genomic data, great
care has to be taken in the interpretation of
the results because of uncertainties: success
is limited to the completeness and taxonomic
accuracy of source sequence databases.
Sufficiently stringent cut-off points are
needed in order to limit candidate names;
we used 95% sequence identity and >250 bp
alignment length. Even then, scaffolds with
conserved gene regions may provide several
candidate names. However, their common/
shared biology may allow their categorisation
after sampling into external or internal
contaminants, pathogens or secondary
contaminants. If the aim is to determine
contaminants in glasshouses for quarantine
or plant health purposes, a suitably planned
comprehensive sampling is also required.
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In our pilot study it was possible to
identify some contaminants with a great level
of certainty whereas others would require
some follow-up work to achieve positive
identifications. For example, the presence
of the citrus mealybug was indicated both
in visual observations and in genomic data
and could represent a successful ID, while
the presence of others, such as Spiroplasma
phoeniceum, the periwinkle yellowing
pathogen, would require further study for a
positive ID.

Our study indicated a great potential
for contaminant detection of our pipelines,
and further work should be focused on
a standardisation of identification and
protocols to allow studies to be comparable.
We feel that this technique is useful and
relevant in the horticultural setting of a
botanic garden and that it provides a novel
method using contemporary technology to
aid biosecurity and quarantine efforts.
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