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Fig 1.  Relative percentages of randomly sequenced fragments 

from whole genome shot-gun (left) and methyl-filtered (right) 

libraries of onion showing no significant (e<-9) similarities to 

databases (grey) or were similar to transposons (green) or non-

organellar proteins (red). 
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Background:  DNA sequencing technologies have become increasingly efficient and the cost of large-

scale sequencing continues to decline.  As a result, the genomic DNAs of more and more plants are being 

sequenced, assembled, and annotated.  These complete sequences are extremely valuable for the 

identification of genes conditioning important phenotypes.  In spite of these advances, sequencing of 

onion (Allium cepa) remains a huge challenge because at 16.4 giga (billion) bases it has one of the largest 

nuclear genomes among all diploid eukaryotes, over six times more than maize or humans 

(Arumuganathan and Earle 1991).  Nevertheless declining costs and higher outputs make possible the 

large-scale sequencing of onion DNA.  In this paper, we propose a strategy for an international effort to 

sequence gene-rich regions of onion and produce a high-density genetic map.   

Preliminary sequencing of onion has focused on: 

 Expressed Regions:  In spite of the huge size of the onion genome, there is no evidence that onion 

carries more genes than any other plant.  An important strategy will be to sequence random onion 

cDNAs, which correspond to expressed genes (called the transcriptome).  Sequencing of random 

onion cDNAs has been undertaken and revealed the efficiency of this approach (McCallum et al. 

2001, Kuhl et al. 2004).  Recently funded projects in Holland, New Zealand, and USA are sequencing 

the onion transcriptome and will significantly increase the numbers of expressed sequences for onion.   

 Random Genomic Regions:  Cot reassociation kinetics revealed that the onion genome consists of 

middle-repetitive sequences occurring in short-period interspersions among single-copy regions 

(Stack and Comings 1979), indicating that there may not be gene-rich regions of the onion genome.  

Pilot sequencing of onion genomic DNA was completed using a 0.3x BAC library of onion (Suzuki et 

al. 2001).  Over 500 kilobases of onion genomic DNA were sequenced and annotated, of which only 

5% of sequences showed hits to the protein databases, 25% had hits to retrotransposons or 

transposons, and 70% showed no significant hits and were primarily composed of degenerated 

retroelements (Jakse et al. 2008).  This survey sequencing of the onion DNA revealed very low gene 

densities (approximately one gene every 168 kilobases!) and long tracts of repetitive DNAs, 

demonstrating that widely used approaches such as BAC-to-BAC or whole-genome shotgun 

sequencing will be inefficient and expensive.   

 Reduced-Representation of Genomic Regions:  The removal of repetitive DNAs is an approach to 

sequence plants with relatively large genomes (Rabinowich et al. 1999).  One method to reduce the 

frequency of repetitive DNAs is to 

select against methylated DNA, 

which tends to be non-expressed or 

repetitive in plant genomes.  Pilot 

sequencing of random and methyl-

filtered DNA fragments was 

completed from a doubled-haploid 

(DH) onion population (Fig 1).  

Out of 6,590 random unfiltered 

sequences (Genbank accessions 

ET642110 through ET648699), 

82% had no significant hits in the 

databases, 14% matched 

transposons, and 4% matched 

nuclear-encoded proteins.  Out of 

2,712 methyl-filtered fragments 

(Genbank accessions ET639398 
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through ET642109), 55% were anonymous, 3% matched transposons, and 42% were similar to non-

organellar proteins.  These results indicate that methyl-filtration of onion DNA was very effective in 

reducing the proportion of both transposons (from 14% to 3%) and anonymous sequences (from 82% 

to 55%), as well increasing non-organellar proteins identified (4 to 42%).  These reductions in 

transposon-like and anonymous sequences are the highest so far reported for any plant and indicate 

that sequencing of methyl-filtered DNA fragments from onion is an efficient approach to enrich for 

genic regions in the enormous onion genome (Jakse et al. 2008).  To date, there is no report of 

random sequencing of onion DNA after Cot reassociation.   

An international effort to sequence onion:  We propose to sequence gene-rich regions of the onion 

genome focusing on the transcriptome and reduced representation of genomic DNA.   

 cDNA sequencing projects should focus on tissues from specific doubled-haploid (DH) populations 

subjected to different growing conditions, treatments, etc.  Libraries should be normalized in order to 

maximize the number unique sequences.  Use of DH populations will reveal expressed paralogs in the 

onion genome, due to the appearance of polymorphisms.  We recommend that all cDNA sequencing 

projects share their sequences with the international research community.  These cDNA sequences 

should be assembled, annotated, and deposited into public databases to produce a deep sample of 

expressed genes in onion.   

 Complementing transcriptome sequencing, the second major focus should be random sequencing of 

methyl- and possibly Cot-filtered genomic DNAs.  This effort should focus on DNA isolated from 

etiolated plants (to reduce organellar DNAs) of one onion doubled haploid.  The random sequence 

reads will be assembled against cDNA sequences.  We expect that a large number of the genomic 

sequences may not assemble, or may not show similarities to the cDNAs, due simply to the size of the 

onion genome.   

 A single bioinformatic resource should be developed that continually scans public databases for new 

onion sequences, assembles and aligns these new sequences with existing sequences, and 

automatically reveals useful information such as intron-exon borders and molecular markers (single 

nucleotide polymorphisms and simple sequence repeats).  Long-term support of this bioinformatic 

resource is imperative. 

Development of an efficient mapping platform for onion:  We developed a new haploid mapping 

family of onion.  The doubled haploid 5225B was crossed with the inbred OH-1 to produce F1 plants.  

These F1s were provided to Dr. Bohanec, who extracted over 150 gynogenic haploids.  These haploids 

have been asexually propagated for DNA isolations and bulb-quality analyses.  The DNAs will be used 

for mapping of SNPs in onion cDNAs in a project presently funded by the USDA-SCRI program.  An 

additional goal would be to identify a set of these haploids with maximum recombinations to develop a 

BIN mapping family (Howad et al. 2005) for onion.  The chromosome numbers of these selected haploids 

could be doubled, seed produced off of each plant, and distributed to onion researchers world-wide for 

assignment of new polymorphisms to specific chromosome BINs. 

Expected Outcomes:  Efficient sequencing of gene-rich regions in the onion genome would enable 

translational genomics of this important plant.  The alignment of genomic and expressed sequences will 

reveal the location of introns.  Primers can then be anchored in highly conserved expressed regions to 

amplify across introns.  SNPs in coding regions and introns will be useful to develop high throughput 

genotyping platforms for onion.  These SNPs can be used to fingerprint onion germplasms, as well as 

produce a high-density genetic map.   

References 

Arumuganathan, K., and E. Earle. 1991. Plant Mol. Biol. Rep. 9:208-218. 

Howad, W., T. Yamamoto, E. Dirlewanger, R. Testolin, P. Cosson, G. Cipriani, A. Monforte, L. Georgi, 

A.G. Abbott, and P. Arús. 2005. Genetics 171:1305-1309. 

Jakše, J., J. Meyer, G. Suzuki, J. McCallum, F. Cheung, C. Town, and M. Havey. 2008. Mol. Genet. 

Genomics 280:287-292 



 

3 

Kuhl, J., F. Cheung, Q. Yuan, W. Martin, Y. Zewdie, J. McCallum, A. Catanach, P. Rutherford, K. Sink, 

M. Jenderek, J. Prince, C. Town, and M. Havey. 2004. Plant Cell 16:114-125. 

McCallum, J., D. Leite, M. Pither-Joyce, and M. Havey.  2001.  Theor. Appl. Genet. 103:979-991. 

Rabinowicz, P., K. Schutz, N. Dedhia, C. Yordan, L. Parnell, L. Stein L, W. McCombie, R. Martienssen 

1999.  Nature Genet 23:305-308 

Stack, S., and D. Comings. 1979.  Chromosoma 70:161-181. 

Suzuki, G., A. Ura, N. Saito, G. Do, B. So, M. Yamamoto, and Y. Mukai. 2001.  Genes Genetic Systems 

76:251-255.  


