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Background
Wider genome coverage and higher throughput geno-
typing methods have become increasingly important to
meet the resolution and speed necessary for a variety of
applications in genomics and molecular breeding of for-
est trees. Developed more than 10 years ago [1], the
Diversity Arrays Technology (DArT) has experienced an
increasing interest worldwide for it has efficiently satis-
fied the requirements of throughput, genome coverage
and inter-specific transferability for over 40 different
plant species to date, including Eucalyptus[2] and
recently Pinus (Dione Alves-Freitas, this meeting). DArT
is based on genome complexity reduction using restric-
tion enzymes, followed by hybridization to microarrays
to simultaneously assay hundreds to thousands of mar-
kers across a genome. Genome complexity reduction for
genotyping has now been taken to another level when
combined to next generation sequencing (NGS) technol-
ogies. Such a strategy has been used for rapid SNP dis-
covery in different organisms [3], and proposed as a way
to genotype with RAD (Restriction-associated DNA)
sequencing [4]and recently by a similar method gener-
ally termed GbS (Genotyping-by-Sequencing)[5]. In this
work we assessed the power of the now well established
DArT marker platform in combination with Illumina
short read sequencing to generate a linkage map for a
segregating outcrossed F1 population derived from

E. grandis BRASUZ1, the donor of the Eucalyptus refer-
ence genome.

Methods
A segregating population of 89 individuals derived from
the intra-specific cross BRASUZ1 x M4D31 was pro-
vided by Suzano company. Correct parentage of all indi-
viduals was certified by microsatellite genotyping. DNA
samples of parents and progeny were processed for the
conventional array-based DArT genotyping as described
earlier [2]to generate marker data for comparative analy-
sis with the NGS based DArT data. For the sequencing
based DArT genotyping two complexity reduction
methods optimized for several other plant species at
DArT PL were used: PstI_ad/TaqI/HpaII_ad and
PstI_ad/TaqI/HhaI_ad with TaqI restriction enzyme
used to eliminate a subset of PstI -HpaII and PstI-HhaI
fragments, respectively. PstI-site specific adapter was
tagged with 92 different barcodes enabling encoding a
plate of DNA samples to run within a single lane on an
Illumina GAIIx. PstI adapter included also a sequencing
primer, so that the tags generated were always reading
into the genomic fragments from the PstI sites. After
the sequencing run the FASTQ files (full reads of 77
bp) were quality filtered using the threshold of 90% con-
fidence for at least 50% of the bases and in addition fil-
tered more stringently for barcode sequences. The
filtered data were split into their respective target (indi-
vidual) data using barcode splitting script. After produ-
cing various QC statistics and trimming of the barcode
the sequences were aligned against the reference Euca-
lyptus grandis genome available in Phytozome. The
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output files from alignment (generated using Bowtie
software) were processed using an analytical pipeline
developed by DArT PL to produce “DArT score” tables
and “SNP” tables. A linkage maps was constructed with
JoinMap 3.0 [6]using the microarray-based DArT mar-
kers, DArT NGS markers, and 40 microsatellites of
known map position as anchors. A parallel analysis
exclusively meant to estimate the total number of
potential SNPs within the short read tags was carried
out using CLC genomic workbench v4.6 software [7]
with a minimum read coverage of 6 and minimum var-
iant frequency of 25%.

Results
The microarray-based DArT platform yielded 1,088 high
quality markers of which 505 (46.4%) segregated in a 1:1
pseudo-testcross while the remaining 583 (53.6%) segre-
gated 3:1. This relatively lower number of markers when
compared to other Eucalyptus mapping populations was
expected. Not only it is an intra-specific cross but also
involves BRASUZ1, a know self (S1) individual with a
lower level of sequence heterozygosity. DArT genotyp-
ing using NGS technology yielded 2,835 polymorphic
presence/absence markers, almost three-fold the number
produced by the microarray platform. Of these, 2,449
markers mapped to the 11 chromosome scaffolds with
an average of 222 markers per scaffold, while the
remaining 386 markers fall out of the 11 scaffolds,
potentially allowing the localization of a fraction of the
still unassembled smaller genome scaffolds. In total, an
integrated linkage map with 564 DArT markers, 1,930
DArT-NGS and 29 microsatellites was preliminarily
built. Furthermore, from the 148 million reads generated
(~10.5 Gb), 83.6 million (6.1 Gb) were successfully
mapped on the Eucalyptus reference genome. Although
a very large number of SNPs can be identified when all
reads combined are mapped, only a fraction that dis-
plays sufficient coverage allows robust scoring at the
individual level. Still, over 1,500 SNPs could be confi-
dently genotyped providing a further advantage of add-
ing co-dominant markers to the already large number of
dominant markers obtained.

Conclusion
These initial results show that the combined use of
DArT as a robust genome complexity reduction method
with optimized barcoded NG sequencing protocol pro-
vides at least three fold more dominant markers than
the conventional microarray-based DArT method and
an additional set of co-dominant SNPs. We are now
genotyping a much larger set of distantly related indivi-
duals of a training population to be used for Genomic
Selection (GS). The possibility of delivering large num-
bers of both dominant and co-dominant markers with

the same platform will enable fitting dominance effect
in predictive models therefore increasing the selection
accuracy.

Author details
1EMBRAPA Genetic Resources and Biotechnology - EPqB Final W5 Norte
70770-917 Brazilia DF and Dep. Cell Biology, Universidade de Brazilia – UnB,
Brazil. 2Diversity Arrays Technology Pty Ltd - PO Box 7141, Yarralumla, ACT
2600, Australia. 3EMBRAPA Genetic Resources and Biotechnology – Estação
Parque Biológico, 70770-910, Brazilia, DF and Genomic Sciences Program -
Universidade Católica de Brasília - Brazilia, Brazil.

Published: 13 September 2011

References
1. Jaccoud D, Peng K, Feinstein D, Kilian A: Diversity arrays: a solid state

technology for sequence information independent genotyping. Nucleic
Acids Res 2001, 29(4):e25.

2. Sansaloni CP, Petroli CD, Carling J, Hudson CJ, Steane DA, Myburg AA,
Grattapaglia D, Vaillancourt RE, Kilian A: A high-density Diversity Arrays
Technology (DArT) microarray for genome-wide genotyping in
Eucalyptus. Plant Methods 2010, 6.

3. Van Tassell CP, Smith TPL, Matukumalli LK, Taylor JF, Schnabel RD,
Lawley CT, Haudenschild CD, Moore SS, Warren WC, Sonstegard TS: SNP
discovery and allele frequency estimation by deep sequencing of
reduced representation libraries. Nature Methods 2008, 5(3):247-252.

4. Baird NA, Etter PD, Atwood TS, Currey MC, Shiver AL, Lewis ZA, Selker EU,
Cresko WA, Johnson EA: Rapid SNP Discovery and Genetic Mapping
Using Sequenced RAD Markers. Plos One 2008, 3(10).

5. Elshire RJ, Glaubitz JC, Sun Q, Poland JA, Kawamoto K, Buckler ES,
Mitchell SE: A Robust, Simple Genotyping-by-Sequencing (GBS) Approach
for High Diversity Species. PLoS One 2011, 6(5):e19379.

6. Van Ooijen J, Voorrips R: JoinMap 3.0 software for the calculation of
genetic linkage maps. Wageningen, the Netherlands: Plant Research
Internation; 2001.

7. Knudsen B, Knudsen T, Flensborg M, Sandmann H, Heltzen M, Andersen A,
Dickenson M, Bardram K, Steffensen PJ, Mønsted S, et al: CLC Genomics
Workbench.bio C , 4.6.1.

doi:10.1186/1753-6561-5-S7-P54
Cite this article as: Sansaloni et al.: Diversity Arrays Technology (DArT)
and next-generation sequencing combined: genome-wide, high
throughput, highly informative genotyping for molecular breeding of
Eucalyptus. BMC Proceedings 2011 5(Suppl 7):P54.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Sansaloni et al. BMC Proceedings 2011, 5(Suppl 7):P54
http://www.biomedcentral.com/1753-6561/5/S7/P54

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/11160945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11160945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18297082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18297082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18297082?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21573248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21573248?dopt=Abstract

	Background
	Methods
	Results
	Conclusion
	Author details
	References

