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INTRODUCTION

Genetic resources, mostly held by small farmers, represent a critical resource for the
future productivity and stability of production of the crop. How to evaluate and use in a
systematic manner the vast amount of variability present in cassava 1s still a challenge
to most cassava breeding programs. Numerous genotyping methods including RFLPs,
SSRs, RAPDs, AFLPs, and other techniques, have contributed to our understanding of
genome organization and genetic variation. Nevertheless, these techniques present some J l —— . |
disadvantages related to their dependence on gel electrophoresis; some of these methods JT

require pre-identification of a polymorphism or a potential site for it, betore analysis of

other individuals is possible. Furthermore, all methods based in size separation of H ﬂ ﬁ
multiple DNA fragments suffer from difficulties in precisely correlating bands on gels
with allelic variants !, Genotyping micro-array technologies offer the highest throughput
available up to date. One of them call Diversity Array Technology, DArT ™ (CAMBIA), is
sequence-independent (low-input] and allows the fingerprint of an individual’s genome e 2. Figure 2. Genetic relationship among the cassava accession uged to 1dentify polymorphic clones i the Pstl/'Taql
based on a high number of polymorphic sites spread over the genome. These screening array. The dendrogram was created using the distance table based on 440 polymorphizms and the UPGMA clustering
procedures should allow testing of thousands of individual samples in a speedy manner. Al goniine

We describe here a proof of concept on using the DArT tool as a cost-effective way for
measuring and characterizing genetic diversity of cassava germplasm.

In the Pstl/BstNI array 554 polymorphic clones (18.0%) were identified, also
MATE RIALS AND METHODS consistent with the polymorphism frequency in the smaller Pstl/BstNI array in

the first project phase (17.2%). The dendrogram resulting from this array is
The project was initiated in early October 2002, with the shipment of cassava DNA shown in Figure 3.
samples from CIAT to CAMBIA. Plant materials used for the generation of the DArT
chip was chosen to represent a broad as possible diversity of the cultivar, a few =T
genotype of its wild progenitors and 2 wild species were included to capture a large E f—
number of polymorphic fragments. They include 14 accessions from Brazil, 14 from
Colombia, 4 from Guatemala, 2 each from Nigeria, Cuba, and Ecuador, Peru and o
Thailand respectively. Others include, one accession each from Argentina, Bolivia, LR
Costa Rica, Fiji islands, Indonesia, Mexico, Panama, Venezuela, and USA. Six and 2 L —
improved varieties were included from CIAT and IITA respectively. The wild species =rozec
accessions were 29 of Manithot esculenta sub spp flabellifolia, 7 of M. carthaginensis i}f"f“
and 1 of M. walkerae. DNA isolation was according to Dellaporta et al. (1983) followed ===

by two washes of phenol/chloroform.
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A critical step in DArT 1s the complexity reduction step. Work at CAMBIA with several
other plant genomes has shown that digestion with Pstl restriction enzyme (RE) in
combination with more frequently cutting RE i1s an efficient method to reduce
complexity. To generate representations, a preliminary experiment was conducted to
determine the best enzyme combinations. A mixture of genomic DNA from twenty
cassava genotypes was digested with Pstl, then ligated to adapters and further
digEStEd with several fI‘EClllEIlﬂ}? cuttiﬂg RE [BStNI, Apol, TELQI and BEL‘[]H], followed b}T Figure 3. Genetic relationships among the cassava accessions used to identify polymorphic clones (markers) m the PstI/BstNI
amplifir::atir:uﬂ with an adapter—specific primer. The cassava genmmic Pst] fI‘ﬂgﬂ]E]_‘ltS array. The dendrogram was creareafl using the distance !’thﬂ based on 554 1}01}-’1114}1‘1}!@1}15 and the UPGMA a::lusterﬁlg algorithm.

; o : : Topology and branch lengths of tlus dendrogram are biased due to the presence of significant numbers of polymorphic clones
lacking the recognition site for the frequent cutting RE (BstNI, Apol and Taql) were desiedl B vepentive soduenzes,
individualized by transformation into E. coli, amplified from bacterial colonies and
micro-arrayed. From each of the libraries 760 clones were arrayed. Genomic

representations prepared in the same way (RE digestion/ligation {followed b
2 Bt v | - /lig ; - There 1s a difference between the two dendrograms obtained with the Pstl/BstNI
amplification) from each of the twenty genotypes separately, were labelled with Cy3-

AU el ol e i e el s 0 e e and the Pstl/Taql array, respectively. A thorough inspection of the data suggests

microarrays. Slide preparation, hybridizations, washes and scanning are as described that the BstNI array contains a h1gherl prr::np-:::rl]:‘tu::-n of C,IE,:'HES derived fﬂ?m et
by Andrze) et al. (2002). Images generated by the scanner were used to extract sequences than Pstl/Tagl array. Typing using repetitive sequences introduces a

SR . . bias in genetic diversity analysis due to over-representation. The Pstl/Taql array
gquantitative fluorescence signal data for each array feature using a software. Same q o il . £ ol i el J h .
soltware was used to binarize the data (score as 0/1) for all slides. Binary scoring SR O R oA HER GEERRLI Bl s el Be s 0 Sl e i

table was used to prepare the Hamming distance matrix and to obtain a dendogram. as a routine genotyping tool for genetic diversity analysis. Work is ongoing to
Library expansion to obtain more polymorphic clones was carried out using the analyze a larger sub set of accessions from the CIAT core collection with at least
enzyme combinations Pstl/BstNI, and Pstl/Tagl, and &80 DNA samples from CIAT. 800 polymorphic clones

About 3000 clones were evaluated for polymorphism from the 2 libraries. The arrays

were printed and DArT analysis carried out as described earlier. c o N c I_ u s I o N AN D P E Rs P ECTIVES

RESULTADOS Y DISCUSION This feasibility project has resulted in the design and wvalidation of a rehable

Among the three libraries Pstl/BstNI, Pstl/Apol, and Pstl/Taql tested in the complexity redLllcti-::ﬂ method that i1s uncovering several hundred le}TmDI‘phliC
preliminary experimnt, Pstl/BstNI gave the largest number of polymorphic clones DArT me%rkers e glermplas.,m. Because DArT markers. can be scored in
(132), followed by Tagl (112) and Apol (69). In total, 313 candidate polymorphic parallel in a single analysis, a high throughput, cost-effective whole genome

genotyping i1s now availlable for determining high-density genome profiles of
cassava. As this study has demonstrated, the availability of such a method has
the potential to 1mprove dramatically the recognition, conservation and
exploitation of cassava genetic diversity. This platform 1s now available for
research on genetic diversity and genetic mapping studies in cassava. With
current improvements of DArT’s throughput and its cost reduction it 1s feasible to
molecularly characterize very large germplasm collections within a reasonable

clones were obtained in the initial experiment to determine the best enzyme
combination. DArT analysis based on 296 polymorphic clones without a single
missing data point was used to generate a binary matrix and obtain a dendrogram,
based on Hammings distance, representing genetic relationship between the 20
samples (Fig. 1).
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Pstl /Taql array, consistent with the results obtained with the initial, smaller array
(14.6% polymorphic clones). A dendrogram based upon the analysis of the 80
cassava samples with the polymorphic clones is presented in Figure 2.

Figurel. Genetic relationship among the cassava accession used to wdentfy polymorphic clones m the PstI/BstNL PstI'Taqgl and
Pstl’Apol array. The dendrogram was created usmg the distance table based on 296 polymorplusms and the UPGMA clustering
algorith




