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Abstract
Diversity Arrays Technology (DArT) is a sequence-independent genotyping method that
generates genome-wide genetic fingerprints. It was conceived to enable high-throughput
genotyping of plant species irrespective of the level of previous investments in genomics
resources for a species. Here we provide an overview of the technology and some of its most
frequent applications.
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Introduction
Marker technologies are undergoing a transition from predominantly serial assays that measure
the size of DNA fragments to hybridization-based assays with high multiplexing levels [8,20].
Two hybridization-based technologies have emerged during the last years: SNP (Single
Nucleotide Polymorphisms) [5] and DArT (Diversity Arrays Technology) [12,33]. In contrast to
current SNP technologies, DArT performs well in polyploid species such as wheat [1], banana
[15] or sugarcane [10], does not require any existing DNA-sequence information [12] and can
be deployed with a fraction of the resources required for SNP platforms (at least an order of
magnitude less). Here we present an overview of the technology and some of its applications.

Technology Features
The principle
DArT reveals DNA polymorphism by querying representations of genomic DNA samples for the
presence/absence of individual fragments (Figure 1).
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Figure 1: Principles of DArT array development and routine genotyping.

A genomic representation is the product of any method that reproducibly captures a defined set
of DNA fragments from genomic DNA. For example, genomic DNA is digested with PstI and a
second restriction enzyme such as TaqI, adapters are ligated to PstI ends and short adapterligated fragments are amplified [1,16,33]. SNP and insertion/deletion (InDel) polymorphisms at
(or between) restriction-enzyme sites determine whether or not individual fragments are
captured in the representation of a particular genotype [37].
The composition of the representation of an unknown sample is decoded through hybridisation
to a microarray. This array is built once for each species and contains representation fragments
(probes) produced from a set of genotypes that cover the gene pool of the species. When these
probes are amplified from cloned representation fragments, part of the polylinker region of the
cloning vector is co-amplified. A DNA fragment complementary to this polylinker region
(‘reference DNA’) is co-hybridised to the array to quantify, for each probe, the amount of DNA
spotted on the array during routine assays (see ‘DArT assay” section below). A marker
(= representation fragment) is polymorphic if the relative hybridisation intensity across
genotypes (arrays) falls into distinct clusters. Depending on the cluster into which it falls a
marker is called ‘present’ or ‘absent’ for a particular genotype [12,16,33].
Genotyping assay
The assay (Figure 2) is usually performed in a dominant fashion, although a subset of markers
could be scored hemi-dominantly [16]. The accuracy of the assay is approximately 99.8%, that
is, approximately 1 error per 500 genotype calls [1,33]. The algorithm used to score DArT
markers calculates an estimate of marker quality, which can be used to select marker subsets of
varying quality stringencies for different applications [1,16,33].
DNA sample
Representation
labelled with
green dye

Reference DNA labelled
with blue dye)

DArT array
Relative hybridisation intensity
(green/blue): proportional to the
relative abundance of marker in
genomic representation

blue

green
Confocal laser
scans

Marker called present (‘1’)
or absent (‘0’)
Figure 2: The current format of DArT assay.

Polyploidy
In contrast to other SNP-typing techniques, DArT performs well in species of virtually any ploidy
level, including sugarcane (x = 5-14) [1,4,10,15,16,32]. The good performance is at least partly
due to the fact that SNP detection in DArT is mediated by the high fidelity of restriction enzymes
rather than primer annealing [1].
Marker distribution across the genome
The SNP and InDels surveyed by DArT are ‘randomly’ selected across the whole genome.
However, the ‘methylation filtration’ effect arising from using PstI (a methylation-sensitive
restriction enzyme) partly enriches genomic representations for hypo-methylated ‘gene space’
regions (Figure 3).
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Figure 3: Analysis of barley DArT marker sequences.
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The actively expressed, low-copy regions of a species’ gene space tend to be located in distal
chromosome areas, a pattern that is clearly reflected in the DArT-marker density along
chromosome arms in barley (Figure 4) [34] Because the size of the ‘gene space’ varies much
less than total genome size, DArT is fairly insensitive with respect to variations in genome size
[16].
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Figure 4: Average distribution of DArT marker along chromosome arms in barley [34].
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Diversity studies
The large number of markers that are simultaneously assayed by DArT provide a high level of
resolution in genetic-diversity studies (Figure 5) [1,2,4,10,13,15-17,22,32,33,36,38,39].
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Figure 5: Diversity analysis of a set of bread wheat cultivars. The more diverse set of Australian
cultivars are well separated from European and American cultivars [1].

Genetic-distance estimates derived with DArT are more likely to be accurate because the
‘random’ nature of DArT markers should reduce the ascertainment bias when compared to
technologies relying on targeted marker development [20].
Genetic mapping
DArT markers are readily used to build genetic maps [1,9,16,21-23,26,30,34,37], which tend to
be highly collinear across different populations (Figure 6). At the time of writing, approximately
250 mapping populations have been genotyped with DArT for wheat and barley alone.
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Figure 6: Colinearity of barley linkage maps independently built for seven different populations of
doubled-haploids or recombinant-inbred lines [34].

Marker-trait associations
Given the speed with which genome-wide fingerprints can be generated, DArT markers are
being extensively used for QTL and association-mapping studies [3,6,7,11,18,19,24,25,27,
28,29,40]. In recognition of the fact that many less-researched species lack genetic linkage
maps, colleagues at National ICT Australia (NICTA) have developed a method for establishing
marker-trait relationships that does not require a linkage map [3]. This method is based on
statistical machine-learning (SML) algorithms that are used in areas outside of biology or
agriculture. Figure 7 displays the results of an SML analysis of plant height in barley, in which
the known map positions of individual markers were only used to display the SML results.
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Figure 7: QTL analysis of plant height in barley using a novel approach based on statistical machine
learning [3]. Map positions of markers were only used to display the results of the analysis.

Bulked segregant analysis
Although DArT markers are typically scored dominantly, the hybridisation intensities recorded in
DArT assays are quantitative in nature because they reflect the abundance of individual DNA
fragments in genomic representations. Given sufficient replication of the assay, the hybridisation
intensities can thus be used to measure allele frequencies in DNA pools. One straightforward
application of this property is quantitative Bulked Segregant Analysis (qBSA) [35].
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Figure 8: Quantitative Bulked Segregant Analysis identifies the pubescent leaves (mPub) locus in a
population of 80 doubled haploids derived from a cross between two phenotypically contrasting barley
cultivars [35].

In qBSA, the DNA pools from two phenotypically contrasting groups of segregants are
hybridised to a single array. The hybridisation-signal difference (and hence allele-frequency
difference) is 100% for markers in complete linkage disequilibrium with the target locus and
decays in its vicinity in a monotonous fashion. The latter allows the estimation of the cM
distance between individual markers and the targeted locus [35].
Marker-assisted selection
Once marker-trait relationships have been established, groups of DArT markers linked to loci of
interest can be selected to establish a lower-plex assay on a different platform. This platform
allows the cost-effective typing of several hundred markers for a large number of samples.
Ideally, a set of markers spread throughout the genome is included. This simultaneously
enables foreground selection for a defined group of loci and background selection for quality
control purposes or other applications such as the rapid introgression of novel alleles into an
adapted background.

Delivery of the Technology
The uptake of the technology is steadily increasing; the number of DNA samples genotyped on
DArT arrays has approximately been doubling each year for the last few years. A DArT array for
a new plant species can be developed in a very limited period of time. For example, more than
1,000 polymorphic markers were identified for the moss Garovaglia during a three-month project
[13]. To this date DArT has not only been established for approximately 40 plant species, but
also for two fungal pathogens, a bacterium and two animal species [14,31, unpublished data].
DArT was conceived as an open technology platform. We are working towards creating a
network of like-minded people and organisations interested in deploying DArT in their research
and breeding programs.
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