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EXECUTIVE SUMMARY
The genetic diversity and structure of Pomaderris delicata (Rhamnaceae), which is critically
endangered and known from only two sites, were measured using high quality genome scans
(DArTseq). We find that P. delicata clusters away from P. andromedifolia which was used as
the outgroup. However, there is still taxonomic uncertainty as only one P. delicata genet was
sampled, so we cannot conclude if P. delicata is genetically distinct. Due to the very low level
of heterozygosity in P. delicata, we were unable to confirm the ploidy status of the sampled
individuals, although the outgroup was confirmed to be a polyploid. Genetic diversity within
the species is very limited and there is low heterozygosity, and this is likely a result of
inbreeding across all populations. The genetic data and recommendations from this study will
facilitate the on-ground management of Pomaderris delicata and contribute to conservation
management.
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1. INTRODUCTION
BACKGROUND
Pomaderris delicata N.G.Walsh & Coates (Rhamnaceae), or Delicate Pomaderris, is a small
shrub listed as Critically Endangered under the NSW Biodiversity Conservation Act 2016 and
the Environment Protection and Biodiversity Conservation Act 1999. The species is known
from only two sites – between Goulburn and Bungonia and south of Windellama (Cullula)
(NSW Department of Planning and Environment, 2022). The main threats to the species
include habitat disturbance such as during road and infrastructure construction and
maintenance.
Intraspecific ploidy variation is one of the drivers of plant species diversity, and polyploidy is
widespread in Pomaderris (Chen, Guja and Schmidt-Lebuhn, 2019). This variation is however
rarely considered in conservation genomics even though ploidy variation could potentially
result in reproductive incompatibilities, poor fitness and incomplete or inadequately defined
species boundaries, which are issues that affect rare species. While ploidy information can be
obtained through flow cytometry experiments, a less labour intensive and cost-effective
method that exploits genotype-by-sequencing data (e.g., DArTseq) is increasingly used.
Previous work has established P. delicata as a diploid and P. andromedifolia subsp.
andromedifolia as a triploid, and no polyploid complexes have been detected in population
screens of P. delicata (Chen, Guja and Schmidt-Lebuhn, 2019). This study will aim to use the
DArTseq count data to verify these findings and screen the sampled plants.
Loss of genetic diversity can reduce the health of a population, and consequently increase the
risk of local extinction. Genetic health is the concept used to combine current population
fitness and long-term adaptive potential to climatic and environmental changes. The
populations of P. delicata have likely suffered loss of genetic diversity and gene flow
disruptions through habitat loss and fragmentation. Unfortunately, the state of genetic
diversity across each species – past and present – is unknown, which severely compromises
the ability to assess the health of the species, potentially limiting the efficacy of conservation
action. Genetic tests of relationships at the population scale are a tractable approach for
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measuring diversity and identifying demography and relationships within populations of both
species.
As part of the Saving Our Species initiative (Department of Planning and Environment; DPE),
the Royal Botanic Gardens and Domain Trust (RBGDT) was contracted by the DPE to conduct
a conservation genomics study on the species. The main objective is to guide the development
of ex situ collections that can subsequently be used in research and restoration programs. An
assessment of genetic diversity was sought to equip the species with improved evolutionary
resilience and hence increase survival of impacted species. The benefits of a single genetic
study in the framework of conservation work are manifold as outputs can be used to
quantitatively assess genetic diversity, determine genetic health and provide practical
solutions to long-term management strategies (Rossetto et al., 2021).
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1.2 Aims and objectives
To support the long-term management and conservation of Pomaderris delicata, the
conservation genomics study had the following aims:
1. Determine if Pomaderris delicata is genetically distinct from the outgroup P.
andromedifolia.
2. Assess the feasibility of screening for ploidy variation in sampled plants based on
available data.
3. Describe population structure and genetic diversity.
4. Compare and determine diversity and kinship among in situ plants.
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2. METHODS
2.1 Sampling
Sampling of Pomaderris delicata was undertaken by Threatened Species Officers from the
NSW Department of Planning and Environment. In total, 88 specimens of Pomaderris were
sampled across the NSW Southern Tablelands. For P. delicata, this included 18 from
Pomaderris Nature Reserve (PNR), 10 from Mountain Ash Road Site 1 (MAR1), 12 from
Mountain Ash Road Site 2 (MAR2), 3 from Sturgiss Road (STURGISS) and 33 from Cullulla Road
(CULLULLA). Twelve specimens of Pomaderris andromedifolia were sampled from Silver
Stream Road (SILVER) as the outgroup (Figure 1).
Metadata including GPS coordinates and field notes, plant health and reproduction were also
recorded. Sampled individuals were at a minimum of 10 m apart, where possible, to maximise
capture of genetic diversity across all sites.

2.2 DNA extraction and sequencing
All samples were sent to Diversity Arrays Technology (DArT) Pty Ltd in Canberra for DNA
extraction and genotype-by-sequencing analysis (referred to as DArTseq analysis) using the
documented in-house procedure. DNA was extracted from each sample using the Plant DNA
Extraction Protocol for DArT.

2.3 Data analysis
2.3a Quality filtering of Single Nucleotide Polymorphism data
Single nucleotide polymorphisms (SNP) data was quality checked using the filtering scripts
implemented by an in-house custom package RRtools v1.0 (as described in Rossetto et al.,
2019) in the open source program, R v4.2.1 (R Core Team, 2022). Loci that did not pass
standardised quality thresholds were removed and were not used in downstream analysis. To
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ensure that only higher quality DArTseq markers were used for analyses, SNPs with a
reproducibility (proportion of replicate assay pairs for which the marker score is consistent)
of less than 96 % and more than 30 % missing data were excluded from the dataset.

2.3b Ploidy evaluation
Ploidy evaluation using DArTseq data involves counting the number of sequenced reads
supporting each allele at a given position along the genome sequence. In a diploid organism
and depending on the heterozygosity level and sequencing errors, one would find half of the
reads support one allele and the other half support an alternate allele, i.e., each allele is
present in a proportion of 50 %. Ploidy levels were evaluated from all samples by this method
of calculation of the sequenced reads from DArTseq data, and a histogram of allele
proportions for each individual sample was generated in R through in-house scripts.
We note here that the ploidy outputs from this approach only tests whether intraspecific
ploidy variation should be suspected. To validate and determine the exact ploidy in samples,
other methods such as flow cytometry or chromosome counting should be used.

2.3c Genetic relationships considering reticulate evolution
SplitsTree (Huson, 1998) v4.18.3 was used to generate a network from the quality SNP matrix
to provide a preliminary estimation of genetic relationships across the entire dataset. The
network can represent evolutionary histories with substantial reticulation that arise from
incomplete lineage sorting and hybridisation, which in the network are indicated by the
extent of webbing associated between branches of the network.
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2.3d Principal Coordinate Analyses
The adegenet v2.1.7 package was used to perform a Principal Component Analysis (PCA) in
R to better understand relationships between individuals and populations. This method of
PCA derives an ordination based on Euclidean transformed dissimilarity matrix of the data.

2.3e Population genetic diversity measures
To evaluate F-statistics and population-level measures of diversity, the RRtools package v1.0
was used in R for generating a matrix of spatial distances between the populations and
calculating expected (HE) and observed heterozygosity (Ho) and inbreeding coefficient (FIS)
across each population.

2.3f Kinship
Genetic similarity between individuals was estimated using the unweighted pair group
method with arithmetic mean (UPGMA) hierarchical clustering method as implemented in
the phanghorn package v2.9.0 in R. Kinship measurements were used in assessing the degree
of relatedness across all plants. Pairwise kinship coefficient was estimated using identity-bydescent with SNPrelate package v1.30.1 in R. Distance matrices of pairwise kinship were
generated for each site based on observation from preliminary results from principal
component and network analyses that clonality occur within each site. The matrices were
combined to generate a supermatrix that was drawn using the ComplexHeatmap package.
Individuals were inferred to be clones (belonging to the same genet or genetic individual)
where the kinship coefficient was greater than or equal to 0.45.
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3. RESULTS AND INTERPRETATION
3.1 Summary
We report results based on the genomic analyses of 88 samples of Pomaderris.
Recommendations for conservation management were developed based on the analysis of
Single Nucleotide Polymorphism (SNP) data generated from high quality genome scans
(DArTseq) that specifically targeted the characterisation of genetic diversity and assessment
of kinship across the species’ distribution.
The significant findings are:
•

Pomaderris delicata samples clustered away from P. andromedifolia, however based
on the genomic data only one genet of P. delicata was sampled, so conclusions on
whether the species is genetically distinct cannot be drawn.

•

There is very limited genetic diversity present and there is an extremely low level of
heterozygosity. All 76 samples shared a kinship coefficient of over 0.45 which is
indicative of clones, likely because of high levels of inbreeding over extended periods
of time.

3.1 Pomaderris delicata clusters away from the outgroup
The genetic analysis of over 14,900 quality filtered genome-wide markers (SNPs) shows that
76 specimens identified as Pomaderris delicata are genetically diverged from 12 specimens
of P. andromedifolia occurring in proximity. Clustering analyses (SplitsTree and PCA) places
each species in a distinct cluster (Figure 2 and Figure 3). However, due to only one genet of P.
delicata being sampled, it is not clear whether the species is genetically distinct. To confirm
taxonomy, sampling from other species in the genus, especially those that occur near P.
delicata, is required.
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3.2 Polyploid status
The ploidy analysis confirmed the outgroup P. andromedifolia is a polyploid (i.e., triploid as
previously reported in the literature from flow cytometry), but the method did not work well
for P. delicata due to the very low levels of heterozygosity (Table 1). Therefore, we could not
discern the ploidy status for the species of interest but proceeded with the assumption that
the species is entirely diploid.

3.3 Population structure and genetic diversity
There is very limited genetic diversity present within Pomaderris delicata. Diversity is
indicated by the separation of individuals in the PCA ordinations (Figure 3).

3.4 Extent of clonality
Clonality was verified via kinship analysis. The 76 individuals (ramets) of P. delicata represent
only 1 genet (genetic individual) as determined by a kinship coefficient of over 0.45 (Figure
4). The low levels of heterozygosity observed suggest that this is likely due to high levels of
inbreeding (rather than asexual reproduction).
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4. CONCLUSIONS AND RECOMMENDATIONS
This project highlights the following conclusions and recommendations for
conservation management of Pomderris delicata:
1. It is uncertain whether Pomaderris delicata is genetically distinct. Although the
samples clustered away from P. andromedifolia, only one genet of P. delicata was
detected. Further sampling from other Pomaderris species and genetic testing to
verify the taxonomic status of P. delicata is recommended.
2. Genetic diversity is very limited, with all sampled plants being genetically similar with
low levels of heterozygosity due to extended periods of inbreeding. Therefore,
conservation efforts should focus on protecting existing plants, and conducting further
surveys to locate more sites.
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5. FIGURES AND TABLES

Figure 1. Map of genetic sampling of Pomaderris in NSW. Northern sites include Pomaderris Nature
Reserve (PNR) and Mountain Ash Road 1 and 2 (MAR1 and MAR2). Southern sites include Sturgiss
Road (STURGISS) and Cullulla Road (CULLULLA).
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Figure 2. Splitstree analysis showing Pomaderris delicata clustering away from the outgroup.

Figure 3. Principal Component Analysis (PCA) axis 1 vs 2 of Single Nucleotide Polymorphism (SNP)
data reveals there is low genetic diversity in Pomaderris delicata (first five sites; SILVER is the
outgroup, P. andromedifolia).
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Table 1. Observed heterozygosity (HO), expected heterozygosity (HE), inbreeding coefficient (FIS) and
number of genets (N) for Pomaderris species. Note that clones identified via kinship analyses were
not removed before calculating F-statistics.
Population
CULLULLA
MAR1
MAR2
PNR
STURGISS
P. delicata population average
SILVER (outgroup; P. andromedifolia)

HO

HE

0.005
0.005
0.005
0.004
0.005
0.005
0.301

0.005
0.005
0.004
0.004
0.004
0.004
0.193
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FIS
-0.001
-0.03
-0.026
0.001
-0.268
-0.065
-0.412

N
33
10
12
18
3
12
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Figure 4. There is an extremely high level of clonality amongst sampled Pomaderris delicata.
Heatmap generated from pairwise kinship analysis. Values over 0.45 indicate clones.
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