
Sustainable
Food Technology

REVIEW

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

3 
Fe

br
ua

ry
 2

02
3.

 D
ow

nl
oa

de
d 

on
 4

/5
/2

02
6 

3:
34

:1
2 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Genomic charac
aQueensland Alliance for Agriculture and Fo

Brisbane, QLD 4072, Australia. E-mail: robe
bARC Centre of Excellence for Plant Success

Queensland, Brisbane, QLD 4072, Australia

Cite this: Sustainable Food Technol.,
2023, 1, 337

Received 3rd January 2023
Accepted 21st February 2023

DOI: 10.1039/d3fb00001j

rsc.li/susfoodtech

© 2023 The Author(s). Published by
terization supporting the
development of new food and crop options from
the Australian flora

Robert J. Henry ab

Plant biodiversity is a key resource underpinning efforts to satisfy the food needs of growing human

populations while coping with climate change. Crop wild relatives provide options for diversification and

adaptation of existing crops while other species provide opportunities for domestication of completely

new crops. Around 10% of the world’s flora is found in Australia with many unique taxa that evolved

during a long period of isolation. Australian plant species have been used for human food for more than

60 000 years apparently without domestication and provide new options for domestication as crops

adapted to new environments. However, the use of Australian species is very limited in modern

agriculture. Australian crop wild relatives that remain poorly characterized include those for rice,

Sorghum, soybean, mung bean, pigeon pea, citrus and cotton. Plants such as the Eucalyptus and

Macadamia have been widely cultivated but remain only partially domesticated. Many species were used

as food by indigenous Australians. The impact of humans on the evolution of these wild populations has

not been established. Rapid advances in genomics are providing efficient tools to characterize plants,

allowing their utility as food crops in agriculture to be assessed, supporting the utilization of novel genes

in current crops and the acceleration of domestication of new species. This knowledge will also guide

enhanced in situ and ex situ conservation of these critical genetic resources. Macadamia genomics

provides a new platform for the use and conservation of this unique Australian group. Genomics of key

Australian crop wild relatives such as those of rice and Sorghum is facilitating their use in global

agriculture. Genome analysis reveals genes that can be used in crop improvement and identifying

potential candidates for de novo domestication to provide completely new crop options with novel

climate adaptation. Contributions of genomics to an improved understanding of traditional indigenous

food production systems will also have wider environmental and social benefits contributing to

sustainable environmental management and may improve appreciation of indigenous culture.
Introduction

Human populations rely on a very small number of plant
species for the bulk of food production.1 A key strategy for
improving food security and adapting agriculture and food
production to climate change is the diversication of food crops
to include more variation within currently used species and to
utilize new species.2 Advances in genomic technologies are
facilitating the rapid assessment of the genetic relationships
between plants and their potential value as sources of novel
variation for food production.3,4 The diverse Australian ora has
been largely overlooked in the domestication of modern food
crops. Progress and prospects for applying genomics to the use
of potential Australian food crops are reviewed here.
od Innovation, University of Queensland,

rt.henry@uq.edu.au

in Nature and Agriculture, University of

the Royal Society of Chemistry
The Australian flora

More than 20 000 species of vascular plants are native to Aus-
tralia.5 The ora of Australia has a history that has included
a long period of evolution in isolation andmore recent extensive
exchange of species with Asia in the north. The most unique
elements of the Australian ora evolved in considerable isola-
tion while the land mass was well separated from others for
a long period of time. More recently Australia and Asia have
been in closer contact allowing a more ready exchange of
species6 resulting in a ora that contains elements that are from
the Southeast Asian plate (Sahul) and others from the Austra-
lian continental plate (Sunder) that trace back to Gondwana.
This suggests that the Australian ora represents a reservoir of
novel genetics for crop improvement. The adaptation of many
of these species to different environments indicates the poten-
tial value of their use in addressing the urgent need for climate
adaptation.
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Indigenous use

Humans have utilized indigenous plants for a very long time in
Australia. The date humans reached Australia has continued to
be re-assessed with current estimates placing it at 65 000 years
ago.7 The long association of humans and plants in Australia
had developed highly productive and sustainable methods for
cultivation, harvesting, storage and processing of crops.8,9

However, modern agriculture in Australia is relatively recent
and has been based largely upon imported plants. Europeans
arriving in the late 18th century brought agricultural methods
that rapidly displaced the traditional practises of the rst
Australians. The indigenous populations were widely consid-
ered to be hunter gatherers and not recognized as practising
agriculture, something that puzzled those aware of the
connections between continental Australian populations and
those practising agriculture in the north (New Guinea).10 Recent
research11 has uncovered archaeological and historical evidence
for extensive food production systems that seem to satisfy at
least some denitions of agriculture but the distinction
between hunter gatherers and agriculturalists may be less
important than understanding the food production systems
used. Many of the species that were used as food are not part of
any current food production system but may be found in the
wild. Molecular evidence supports the involvement of humans
in the prehistoric migration of food plants over large distances
in Australia.12

Current utilization

Australian and world agriculture do not utilize Australian plants
to a signicant extent. This is probably partially due to the
relative isolation of Australia from the agriculture adopted
elsewhere and the development of unique food production
systems that apparently did not involve traditional domestica-
tion.10 The current dependence upon imported species for food
has resulted in a lack of public awareness of the extent of plant
genetic resources in Australia that have potential to contribute
to agriculture. Recent research suggests that many local plants
of great potential importance to global food security have been
overlooked. The Australian ora contains many plants
consumed by the rst Australians and many relatives of crop
plants (crop wild relatives (CWRs)) that were domesticated in
other parts of the world but very few species have been
domesticated for modern agriculture. Advances in genetic
technology (sequencing, assembly, annotation and functional
analysis of genomes),13 especially very recent developments,14

have made the use of these resources more feasible.

Ownership and access

Utilization of the Australian ora in agriculture has become
more complex as a result of greater recognition of intellectual
property issues. The convention on biodiversity has enabled
ownership of biodiversity to be claimed by Australian States
and Territories. The Food and Agriculture Treaty on Plant
Genetic Resources for Food and Agriculture has provided new
338 | Sustainable Food Technol., 2023, 1, 337–347
arrangements for access to species related to major agricul-
tural crops. The Nagoya Treaty has agreed with the need for
prior informed consent and mutually agreed terms for access
to biodiversity to be negotiated with indigenous people. This
has created challenges in the utilization of historical collec-
tions15 and digital sequence information such as DNA
sequences.16

Advances in technology

Advances in DNA sequencing14 have driven rapid advances in
the application of genomics to plant genetic resources3 and
made the cost-effective analysis of large numbers of plant
species possible.17 This has enabledmany new opportunities for
the utilization of wild plant genetic resources18 to be consid-
ered3 and effectively expanded the gene pool for many species.19

Improved long-read sequencing technology has reduced the
cost of this key technology17 and, more recently, the develop-
ment of techniques to re-sequence the same molecule many
times has allowed long-read sequences with much greater
accuracy to be generated, greatly improving the quality of
genomes that can be assembled.20 Improvements in soware for
assembly have supported these advances.21 The application of
RNA seq tools for transcriptome analysis allows gene annota-
tions to be supported by transcript evidence. Together this
enables the sequencing assembly and annotation of a genome
for any plant to be achieved rapidly and at a relatively low cost.
The genomes are no longer highly fragmented and are usually
chromosome-level assemblies that are resolved into haplotypes.
For example, recent assemblies of Australian wild citrus22 and
Macadamia species23 have produced mostly whole chromo-
somes for both haplotypes of the diploid plants with a contin-
uous sequence from telomere to telomere. These genomes have
unprecedented accuracy allowing the identication of more
than 99% of the conserved angiosperm genes.22 Genome anal-
ysis can reveal genes with potential use in food crops and dene
the evolutionary relationships between species that are useful
guides to their potential for use in plant improvement.24 The
ability to characterise the genomes of large numbers of wild
plants in this way makes possible more extensive efforts to nd
sources of novel genetics and new potential domesticates. The
availability of new high-quality genome sequences also makes
efforts to rapidly domesticate a plant using gene editing a more
viable option. For example, grasses could be domesticated as
new cereals by targeting the genes that were selected in
domestication of the small number of current cereal crop
species.25 Selection of grasses from novel environments offers
the potential to generate cereals adapted to novel or altered
environments.

This review is prompted by the very recent emergence of
highly efficient and cost-effective techniques for whole genome
characterization and the potential of these to greatly accelerate
the evaluation and use of wild genetic resources for more
sustainable and diverse food production. This provides a great
opportunity to utilize the poorly exploited Australian ora in
food production and may also be useful worldwide in expand-
ing the use of genetic resources.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Advances in the genomics of Australian plant species with
potential food or agricultural uses

Species Applications of genomics Reference

Cajanus Sequencing for marker discovery 100
Citrus Genome sequencing 22 and 101
Corymbia Genome sequencing 75 and 77

Eucalyptus Genome sequencing 74 and 90
Gossypium Genome sequencing 81
Macadamia Genome sequencing 68
Oryza Genome sequencing 36 and 41
Sorghum Genome sequencing 51
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Examples of utility of Australian species

The Australian ora includes many key wild relatives of species
(https://www.gbif.org/dataset/07044577-bd82-4089-9f3a-
f4a9d2170b2e) that have been domesticated elsewhere (Fig. 1).
A few Australian species have been domesticated or partially
domesticated. Many species have the potential for
domestication in the future. Genomics is beginning to be
applied to the improved characterization of some of these
species (Table 1).

Cereals and other grasses

Australia is home to a great diversity of grasses with around
1000 species representing the diversity of the Poaceae and about
10% of all grass species.5 They include relatives of many of the
major crops and species that might prove new options for
domestication (Table 2).

Rice

Rice is a major food crop with signicant Australian wild rela-
tives.26 Australian species of Oryza include close relatives of
domesticated rice and more distant members of the genus.27

Rice was domesticated in Asia from O. rupogon and in Africa
from O. barthii.28 The Australian populations in the A genome
clade (including domesticated rice) are O. meridionalis29 and
Australian populations of O. rupogon30 that are distinct in
having a chloroplast genome closer to O. meridionalis.31 These
Australian populations are a resource for rice globally repre-
senting a large gene pool that is directly accessible for rice
breeders. The more distant O. australiensis32 has many attri-
butes (disease resistance, photosynthesis and grain quality) that
may be useful in rice breeding and adaptation to new climates.

The genomes of the Oryza genus33 have been characterized
by production of high-quality genome sequences.34 However,
Fig. 1 Crop wild relatives from Australia, (a) Oryza meridionalis, (b)
Citrus australis, (c) Macadamia jansenii, and (d) Cissus antarctica.

© 2023 The Author(s). Published by the Royal Society of Chemistry
the quality of these genomes has continued to improve as
sequencing and analysis techniques have improved in the more
than 20 years since a rice genome was rst reported.35

Sequencing of the Australian A genome species has increased
understanding of their relationship with domesticated rice.36

The evolution of the Oryza species appears to have involved
processes of divergence, dispersal (maybe by birds), hybridiza-
tion and introgression.

The recent study of the evolution of theOryza genus has been
facilitated by the availability of many high-quality genome
sequences in this genus.37 The chloroplast genomes of wild38

and domesticated rice have suggested the domestication of
Asian rice from two maternal gene pools.39 The Australian
populations are a useful resource in understanding the evolu-
tion of Oryza prior to domestication due to their isolation, in
northern Australia, from the domesticated rice populations that
have been grown widely for a long time in Asia.

Oryza australiensis is widely distributed across northern
Australia. This species has a rhizome that allows regeneration
aer the dry season. The genome is larger than that of other
Oryza (estimated at 965 MB) due to the presence of large
amounts of repetitive sequences with unique retrotransposon
sequences (Kangourou and Wallabi) accounting for much of the
genome.40 A dra genome sequence was recently reported for
this species.41
Table 2 Some Australian grass species (Poaceae) with potential for
use in genetic improvement or as food crops in their own right

Species Useful traits

Oryza australiensis Rhizome32

Oryza meridionalis Close relative of domesticated rice,
large seeds29

Oryza rupogon Very close relative of domesticated rice43

Oryza officinalis Disease resistance, grain quality,
yield, and abiotic stress tolerance

Potamophila parviora Separate sex owers102

Leersia hexandra Distant relative of rice
Microlaena stipoides Cold and drought tolerance44

Sorghum macrospermum Close relative of domesticated Sorghum49

Sorghum laxiorum Close relative of domesticated Sorghum49

Echinochloa turneriana Close relative of domesticated millet103

Astrebla spp Dominant grasses
Themeda spp Dominant grasses

Sustainable Food Technol., 2023, 1, 337–347 | 339
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Oryza meridionalis is present in large populations in
northern Australia with distinctive closed panicles and small
anthers. This species is the most distant relative of domesti-
cated rice with an AA genome in the primary gene pool.29 The
genome is estimated to be 370 Mb with around 46% of the
genome being gypsy-rich repetitive elements.36 Knowledge of
this genome is being used to guide editing to produce a newly
domesticated crop25 with the desirable disease resistance and
quality characteristics of this species. This species has large
grains suggesting the possibility that a long period of human
use by wild harvest may have impacted the genetics of these
populations.29,42

Evidence for the presence of hybrid populations in the wild
in Australia43 suggests that reticulate evolution may have been
a key process in the evolution of the progenitor species from
which rice was domesticated.

More distant relatives of rice have been considered for
domestication. Microlaena stipoides is a member of the Oryzeae
tribe. Genomic approaches to characterization of domestication
genes44 in this species have supported efforts to use mutagen-
esis to domesticate this as a new food crop.45 Potamophila par-
viora has separate sex owers46 suggesting novel reproductive
traits that might be useful in rice.

Application of more recent technology to the sequencing of
wild rice relatives that is currently in progress will facilitate the
more widespread use of these resources in rice improvement
and may result in domestication of additional Oryza species.
Sorghum

Sorghum was domesticated in Africa, but the genus is largely
found in Australia.47,48 Australian species such as S. macro-
spermum are close relatives of domesticated Sorghum49 that have
traits that may be useful in Sorghum breeding. Domesticated
Sorghum has a well-characterized genome50 but the sequencing
of the remainder of the genus is only now in progress.48 Active
sequencing of the Australian wild relatives is in progress and
should provide a strong platform for Sorghum genetic
improvement. The initial phase of this research has generated
Table 3 Some Australian legume species (Fabaceae) with potential for u

Genus Number of species

Cajanus 13
Canavalia 4
Crotalaria 19
Cullen 25
Desmodium 21
Glycine 23
Glycyrrhiza 1
Hardenbergia 3
Indigofera 33
Kennedia 15
Lotus 2
Rhynchosi 6
Swainson 84
Trigonella 1
Vigna 5

340 | Sustainable Food Technol., 2023, 1, 337–347
sequence data from the nuclear and chloroplast genomes and is
dening the relationships within the genus, suggesting two
distinct groups of species.51 Variation in genes controlling seed
size, a key domestication trait, has recently been explored in
these species.52 The group including domesticated Sorghum
includes two Australian species S. macrospermum and S. laxi-
orum as close relatives of domesticated Sorghum.49 The other
Australian species are in a distinct clade including the species
in the more poorly resolved Parasorghum and Stiposorghum
subgenera within the Sorghum genus as currently dened.
Analysis of genome sequences suggests that analysis of more
accessions may be required to dene the evolutionary rela-
tionships and taxonomy of this group.51 This knowledge will
allow these species to be used to develop Sorghum genotypes
with desirable abiotic and biotic stress tolerances from wild
relatives.48
Sugarcane

Sugarcane is harvested in greater quantities than any other crop
globally. Modern sugarcane varieties are hybrids between Sac-
charum officinarum and S. spontaneum. S. officinarum was
probably domesticated in New Guinea. S. spontaneum is found
in Australia but has been considered an escape from pop-
ulations used for sugarcane breeding or plantings to prevent
riverbank erosion (Atlas of Living Australia). However, this does
not explain herbarium records from the Northern Territory,
suggesting that these populations may be native. Genome
sequences are being produced for the complex polyploid
genome of sugarcane.53 With this knowledge wild germplasm
could be used to create new sugarcane hybrids widening the
current narrow genetic base of sugarcane. Sorghum and sugar-
cane are closely related and their common genetic resources
need to be considered together.54
Pulses

Pulses are of growing importance in the sustainable supply of
the protein required in human diets. The Australian ora
se in genetic improvement or as crops in their own right

Potential use References

Insect resistance 63
New domesticates 57
New domesticates 57
Pharmaceuticals/forage 57
Forage 57
Drought/disease resistance 57
New domesticate
Limited use 57
Limited use 57
Limited use 57
Forage 57
Forage 57
Includes indigenous grain 57
New domesticate 57
Tropical species/progenitor 57

© 2023 The Author(s). Published by the Royal Society of Chemistry
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contains many wild relatives of domesticated pulses and other
species that may provide an opportunity to domesticate
a completely new pulse.55,56 The Australian Fabaceae includes
1500 species from 136 genera (https://www.anbg.gov.au/cpbr/
cd-keys/peakey/key/ThePeaKey/Media/Html/about_peas.html)
with many that have the potential for food use (Table 3). The
genera Canavalia, Crotalaria, Cullen, Desmodium, Glycine,
Glycyrrhiza, Hardenbergia, Indigofera, Kennedia, Lotus,
Rhynchosia, Swainsona, Trigonella and Vigna include 242
species that have been evaluated as potential new food
crops.57 These species are adapted to a wide range of
environments providing new opportunities to produce pulses
in diverse or altered climates.

Mung bean (Vigna radiata) is an important pulse crop and
Australian wild mung bean (the progenitor of cultivated mung
bean)58 and other Australian Vigna species59,60 are an important
genetic resource. Research to better characterize this resource is
needed.

The pigeon pea (Cajanus cajan) genome has been charac-
terized.61 The wild relatives of pigeon pea have a distribution
including a strong concentration in northern Australia.62 The
reference genome for cultivated pigeon pea has been used in re-
sequencing (Vanambathina et al. 2021a) of Australian wild
relatives63 that are being used as a source of insect resistance
(Vanambathina et al. 2021b) in breeding of pigeon pea. The
molecular basis of insect resistance has been explored in rela-
tion to polymorphisms in candidate genes encoding the
production of compounds implicated in conferring insect
resistance.

Soybean (Glycine max) is a major global pulse crop with
relatively low genetic diversity64 and a well-characterized
genome. Glycine species are abundant in the Australian ora
but the Australian species remain poorly characterized.65 More
species may be dened within the Australian glycine as little
taxonomic work has been conducted on the herbarium samples
already collected. They represent an important resource for
soybean breeding representing sources of disease resistance
and abiotic stress tolerance.

Rattlepods (Crotalaria sp.) may include options for
domestication.

Genome sequencing and annotation of the poorly charac-
terized but diverse wild Australian pulse relatives would greatly
improve access to these diverse genetic resources. Prospects for
these contributing to improved varieties of current pulses and
to the domestication of completely new pulses are good.

Tree crops
Macadamia

Macadamia is a member of the predominantly southern
hemisphere family, Proteaceae. Domestication of Macadamia
was very recent and largely based upon genotypes developed
in Hawaii from seeds obtained from Australia around 100
years ago. The current expanding production in Australia and
internationally is largely based upon Hawaiian varieties.
Active breeding in Australia is seeking to use the four wild
species as germplasm to support improvement of the
© 2023 The Author(s). Published by the Royal Society of Chemistry
domesticated gene pool. All four are now rare and M. jansenii
is endangered.

Sequencing of the genomes of M. integrifolia66,67 and M.
jansenii23 has been reported. TheM. integrifolia genome is based
upon a domesticated variety. This genome has been updated as
genome sequencing technology has advanced. The original
genome was based upon short read sequencing66 and was
improved by the use of some long read sequences.67 A genome
based upon additional and more accurate long read data
provides a further major advance.20 M. jansenii has been used as
a model for the study of genome sequencing and assembly.68

Recently sequences for all four species were reported20 which
should allow comparative genomics to be undertaken in these
species. This should lead to a greater understanding of the
evolutionary relationships between the species. All four species
of Macadamia can be used as parents in breeding. The small
stature ofM. jansenii andM. ternifoliamay support the breeding
of smaller trees for more intense production of Macadamia.
Sequence data have dened relationships among these
species.69

Genomics of other members of the Proteaceae is progressing
with the sequencing of the Waratah (Telopea speciosissima)
supported by the Genomics of Australian Plants Program of
Bioplatforms Australia (https://
www.genomicsforaustralianplants.com/) and the Nightcap
Oak (Eidothea hardenianna) supported by the Threatened
Species Initiative and Rewarewa (Knightia excelsa) in New
Zealand.70 These species are of value as ornamentals or for
timber and the analysis of their genomes will advance
knowledge of the evolution and biology of the Proteaceae.
Other Proteaceae species with seeds that have been
considered food sources include Hicksbeachia pinnatifolia and
Athertonia diversifolia. The fruits of the many Persoonia species
are another source of possible new foods.

Macadamia has not been greatly altered in the brief period of
domestication indicating the potential of these techniques to
support new domestications and accelerated genetic
improvement.
Citrus

The distribution of the Citrus genus is centred in South-East
Asia. Six species are recognized in Australia and are now
being targeted for genome sequencing because of their value
as genetic resources for citrus improvement. These species can
be crossed with domesticated citrus and are important sources
of disease resistance for citrus breeding. Citrus australasica
(nger-lime) is in limited cultivation and selection has
produced genotypes that are early domesticates. The Geno-
mics for Australian Plants program is supporting analysis of
the genomes of the Australian species Citrus inodora, Citrus
garrawayi, Citrus australasica, Citrus australis, Citrus gracilis
and Citrus glauca (Desert Lime). These species have a wide
range of potentially useful traits including resistance to
diseases.

A high-quality haplotype-resolved genome sequence has
recently been reported for C. australis.22 This is probably the
Sustainable Food Technol., 2023, 1, 337–347 | 341
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highest-quality genome sequencereported for a citrus species to
date. The sequence has revealed the sequences of citrus-specic
genes including defence genes that may be the basis of the
resistance of this species to major global citrus diseases and
may facilitate accelerated use in breeding of citrus to combat
major disease threats. Current efforts to sequence all the other
species are in progress.
Coffee

The genomes of Robusta coffee (Coffea canephora)71 and Arabica
coffee (C. arabica) have been characterized due to the high value
of global coffee production. The single Australian member of
the genus is C. brassii from northern Australia. Only chloro-
plast72 has been characterized in this species. This species is not
closely related to domesticated coffee72 but comparative geno-
mics may make it useful in understanding coffee quality or
caffeine content.73
Eucalyptus

The eucalyptus have spread worldwide in the last 20 years to
become a major global tree crop with a wide range of uses
including timber, pulp and essential oil production. The two
largest genera, Eucalyptus74 and Corymbia75 have sequenced
genomes demonstrating a divergence around 60 million years
ago. Signicant conservation of synteny was found despite this
long period of divergence and large differences in genome size.
Reticulate evolution is widespread in this group with chloro-
plast exchange between diverse species being found locally.76

This may be a key feature of this very large group of plants which
dominate the Australian landscape. A better understanding of
the very extensive reticulate evolution in these species may be
derived from genomic analysis and should inform strategies for
managing and sourcing genetics for improvement of these and
other plant species. The evolution of terpene synthases has
been studied in this group.77 Other plants in Myrtaceae also
produce oils of value. Melaleuca alternifolia has been used as
a source of tea-tree oil with antiseptic applications. The terpene
synthases78 that determine the unique chemistry of this product
have been characterized. The food use of these genera of Myr-
taceae is limited partly by this chemistry and by the absence of
signicant fruits.
Other crop wild relatives

The Australian ora included many other species that are
related to plants of economic or social importance.
Grapes

Australian wild relatives of grapes include species of Cissus that
may be useful rootstocks and sources of disease-resistance
genes for grape production. Genetic analysis of Australian Cis-
sus suggests distinct groups including some that may be closely
related to Vitis.79 Genome analysis may provide useful infor-
mation on evolution in the family relative to the well-
characterized grape genome.
342 | Sustainable Food Technol., 2023, 1, 337–347
Cotton

The Australian ora includes a diversity of wild relatives of
cotton species with 17 endemic Gossypium species found in
Australia.80 The Australian diploid species, Gossypium australe,
has been sequenced and has important disease resistance for
cotton breeding.81

Bananas

Bananas (Musa) originate from just north of Australia with some
species reported from north Queensland. Williams et al.
(2020)82 provided evidence for the cultivation of bananas on
Mabuyag Island in Torres Straight starting more than 2000
years ago. Musa acuminata ssp. Banksia is native to northern
Australia and may have been domesticated in New Guinea.83

Indigenous Australians are reported to have consumed fruits in
some areas and stems in others.83 Genomics of this group84,85

may provide resources for breeding disease-resistant bananas.

Tomato

There are many (approximately 140) indigenous Australian
species in Solanaceae that represent a genetic resource for agri-
culture.5 Bush tomatoes (Solanum species) have been widely
consumed by indigenous people86 and may have potential for
domestication or use in breeding but the genomes remain
uncharacterized. While several species are edible, some require
removal of toxins before consumption and genetic selection may
allow this requirement to be eliminated. The related Duboisia
species grown for their alkaloids have been bred by inter-specic
hybridization (D. myoporoides X D. leichhardtii) and selected for
high alkaloid content.87 More widespread food uses of Solanum
species will require selection for low alkaloids and this should be
assisted by knowledge of the biochemical pathways and gene
sequences for Duboisia (currently being sequenced).

Ginger and turmeric

Zingiberaceae includes 6 Australian ginger (Alpinia) species.
Curcuma australasica, known as the Cape York Lily has yellow
rhizomes similar to those of the related Cucuma species that are
consumed as turmeric. Native cardamom (Hornstedtia scottiana)
is also part of this group. The genome of Zingiber officinale,
(domesticated ginger), is being characterized and should
provide resources for analysis of the Australian species.

Yams

Yams (Dioscorea spp.) were either naturally distributed in Aus-
tralia or introduced by humans before European arrival in the
18th century.83 Resolution of the origin of these poorly charac-
terized populations may indicate the extent to which they
represent a unique genetic resource. Populations of the greater
yam (Dioscorea alata) have been found in Australia, indicating
human introduction, as this is considered a domesticated plant
with little genetic diversity. Other Dioscorea species are wide-
spread in Australia but may be naturally dispersed. Yam
genomes have been reported88 but the Australian populations
have not been examined.
© 2023 The Author(s). Published by the Royal Society of Chemistry
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Taro

Taro (Colocasia esculenta) has a distribution centred in South-
East Asia and is another plant suspected to have a history of
human dispersal. DNA analysis has been used to study the
relationships between Australian wild populations but has not
resolved the role that humans may have played in dispersal.89

The related Cunjevoi (Alocasia macrorrhiza) may also have value
in the development of tuber crops.

Lilly pilly

Myrtaceae has many species with edible fruits. The lillipillies are
a group of Syzgium species with attractive fruits. Syzygium
luehmannii, the riberry or small-leafed lilly pilly has been
cultivated as a “bush food” and many other related species have
similar uses. For example, Austromytus dulcis (Midyim Berry) is
also cultivated for its fruits. Beyond the eucalyptus, genome
analysis in Myrtaceae has been limited.90 Simple sequence
repeats have been used to study genetic diversity in the tea tree
(Melaleuca alternifolia).91 Myrtaceae shows great potential as
a source of novel fruit crops.

Acacias

The Acacia genus includes a large number of species that are
a source of edible seeds. These seeds are currently being used in
some grain-based foods. The wide distribution of Acacia species
across Australia suggests that careful species selection and
genetic improvement might deliver a very useful food crop that
could be produced in marginal environments.

Others

The cheese fruit, Morinda citrifolia, of tropical areas is species
with a long history of use. Tetragonia tetragonoides, commonly
called New Zealand spinach, has been widely used in other
countries.

Unique Australian species

The Australian ora includes many species that are unique to
Australia with potential as food crops.

Davidsonia

Davidsonia species, found in the rainforest of eastern Australia,
have fruits that have been produced commercially on a small
scale. The genetics of this genus of three species has been
explored to a very limited extent using microsatellite markers92

suggesting diverse reproductive biology.93 Genome-scale anal-
ysis of this genus could explain these differences. The most
recently described species, Davidsonia johnsonii, is seedless
making it a potentially attractive food crop.

Other unique Australian species

Many other poorly characterized species with potential for use
as crops include Kakadu plum (Terminala ferdinandiana), Bunya
nut (Araucaria bidwillii), Mountain pepper (Tasmannia laneco-
lata), Lemon Myrtle (Backhousia citriodora), Quandong
© 2023 The Author(s). Published by the Royal Society of Chemistry
(Santalum acuminatum), Saltbush (Atriplex spp), Murrnong
(Microseris lanceolata), Desert Banana (Leichhardtia australis),
Cooper’s clover (Trigonella sauvissima), Nardo (Marsilea drum-
mondii), Kurumi (Tetracornia arborea), Boab (Adansonia gre-
gorii), Onion grass (Cyperus bubosus) and gs (Ficus species).
Studies targeting improved
understanding of plant adaptation

Analysis of genetic variation of plants across environmental
gradients can reveal the genetic basis of plant adaptation.94

Variation in grass genomes in Australia has been used to infer
that climate adaptation may be associated with adaptation to
a greater range of pests and diseases at higher temperatures.95

Australian wild plant populations provide many opportunities
to explore plant adaptation at the genome level. As genome
sequencing becomes more accessible this approach is likely to
yield many new insights into natural selection that will have
implications for agricultural selection.96
Conservation of these genetic
resources

Conservation of these diverse populations as a resource for food
security will require a combination of increased in situ and ex
situ conservation. Norton97 reviewed the priorities for collection
for ex situ conservation. Wild populations offer the added
advantage of allowing ongoing evolution and adaptation to
a changing environment. The hybrid rice found in wild pop-
ulations in Australia43 indicates active reticulate evolution in
progress. The critical need for in situ conservation of plants in
Australia to support food security is not widely recognized and
will require ongoing efforts to increase public awareness.
Conclusions

The Genomics of Australia Plants initiative of Bioplatforms,
Australia, has begun the systematic application of genomics to
the ora. Genomic analysis of Australian crop wild relatives has
already dened the importance of some wild populations as
genetic resources for crops. Ongoing analysis of the genomics of
Australian plant species will reveal many more ways in which
this extensive biodiversity can be utilized in agriculture and
food production. Recent advances in technology should greatly
accelerate the application of genomics to the characterization of
these diverse but underutilized genetic resources. New crop
options include known relatives of current crops such as Oryza
meridionalis, species that were used traditionally by early
Australians such as wild millets98 (the identity of species used is
not yet established but is under investigation) and completely
new options that will be revealed by their genomes. Genomic
analysis will facilitate the improved use of species, such as
Macadamia, that have already been domesticated by supporting
greater use of wild germplasm in breeding. Knowledge of the
genomes of other species with potential for domestication (e.g.
the rice, Sorghum, millet and pulse relatives) will greatly
Sustainable Food Technol., 2023, 1, 337–347 | 343
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accelerate the process in the near future by allowing molecular
analysis to guide domestication using rapid methods such as
gene editing.25 Genomics will also enable novel gene discovery
that can contribute genes to crops to improve performance,
environmental adaptation or nutritional or functional traits.96,99

Many Australian species also have wide utility beyond food
crops as ornamentals, pasture, bre, and timber species that
will be more accessible with genomic tools. The history of plant
use and domestication will also be illuminated. For example,
the role of humans in the distribution of bananas, taro and yam
in northern Australia may be further resolved by genome anal-
ysis. This research will contribute greatly to an improved
understanding of the food production systems and culture of
early Australians and their impact upon the environment.9,10

Greater use of Australian plant genetic resources promises to
make a signicant contribution to global food security by both
providing new genetics for current major crops and offering
new crop options. Priorities for both in situ and ex situ97

conservation will also be informed by improved characteriza-
tion of the resources. The efficient genome sequencing and
annotation techniques that are emerging14 will rapidly provide
the information necessary to ll the large gaps in knowledge of
the genetics of wild plants and have the potential to be applied
globally to enhance food diversity and sustainability.
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