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Ds Insertion Lines Valuable for Rice Breeding
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Rice is a staple food for more than half of the world’s population. With the population continuously increasing and 
cultivable land decreasing, the quantity of rice produced may not be sufýcient. However, rice yield is currently decreasing 
due to abiotic stresses, including drought, salinity, and cold, which may affect plants’ growth and productivity—in fact, 
more than 50% of rice grain production may be lost to abiotic stress. Therefore, future rice varieties should not only 
produce more rice grain under normal growth conditions but also minimize yield loss under various stressed growth 
conditions.

Rice breeding selects ideal phenotypes from a population produced from various germplasm resources, including 
natural or artiýcial mutants or their sexual hybridization. Besides natural mutation, various artiýcial mutations have 
signiýcantly contributed to rice breeding, including physical and chemical mutation as well as tissue culture-mediated 
somaclonal variations. On the other hand, with the completion of rice genome sequences and the release of rice full-
length cDNA data, insertion mutagenesis with the maize transposon Dissociation (Ds) has been successfully used for 
rice functional genomics, contributing signiýcantly to the collection of rice germplasm resources. In this report we 
brieþy discuss the feasibility and potential of Ds insertion mutagenesis as a tool to produce desirable traits for rice 
breeding.

Large collection of Ds insertion lines developed
We have developed approximately 20,000 Ds insertion lines in which Ds elements were randomly and independently 

inserted into different rice genes or inter-gene regions1. From them, more than 3,000 Ds þanking sequences have been 
obtained using a speciýc PCR method followed by DNA sequencing. Thus, various mutations may be generated by 
knocking out rice genes or other genome regions, thereby providing a selectable resource for various phenotypes. In 
addition to our Ds lines collection, many other groups have also signiýcantly contributed to the large collection of Ds 
insertion lines. Currently, at least 155,200 transposon insertion lines have been generated by the international rice research 
community (Table 1). More than 30,000 Ds þanking sequences have been obtained from these insertion lines. Because the 
rice genome contains less than 50,000 genes encoding various proteins, such an insertion population may be large enough 
to ýnd a knockout mutant for each predicted gene, thus providing a large collection and breeding selection resource of Ds 
insertion lines.

Table 1. Rice transposon insertion lines in some countries

Country Transposon 
insertion lines Website

Australia 8,000 http://www.pi.csiro.au/fgrttpub/home.htm

European Union 10,000 http://orygenesdb.cirad.fr

Korea 95,900 http://www.niab.go.kr

Singapore 20,000 http://www.tll.org.sg/sri.asp

United States of America 21,305 http://www-plb.ucdavis.edu/Labs/sundar/
Total 155,205

Phenotypic variations among Ds insertion lines
Our entire collection of Ds insertion lines was grown under both greenhouse and ýeld conditions. Phenotypes were 

observed and comparisons made between WT and mutants based on a standard evaluation system for rice available from 
the International Rice Research Institute (IRRI) resource (http://www.knowledgebank.irri.org/RP/morph/morphology.
htm). Evaluations of approximately 20,000 independent lines revealed various visible phenotypic differences under 
normal growth conditions. These variations included differences in grain yield, plant height, growth duration, tiller 
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