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ABSTRACT 
The waxy gene, which  is responsible for the synthesis  of  amylose  in endosperm and pollen, is 

genetically well characterized in  many  grasses including maize and rice. Homology between the 
previously cloned maize waxy gene and  the rice gene has facilitated our cloning of a 15-kb Hind111 
fragment that contains the  entire rice gene. A comparison of the restriction maps  of the maize and 
rice genes indicates that many restriction sites  within translated exons are conserved. In addition, the 
rice gene encodes a 2.4-kb transcript that programs the in vitro synthesis  of a 64-kD pre-protein which 
is efficiently precipitated with  maize waxy antisera. We demonstrate that these gene products are 
altered in rice strains containing mutant waxy genes. Southern blot  analysis  of 16 rice strains, ten 
containing waxy mutations, reveals that  the waxy gene and flanking restriction fragments are virtually 
identical. These results contrast dramatically with the high level  of insertions and deletions associated 
with restriction fragment length polymorphism and spontaneous mutations among  the waxy alleles of 
maize. 

T HE waxy (wx,  also  called glutinous) locus  of rice 
(Oryra sativa), like the waxy locus  of other 

grasses, is responsible for  the synthesis  of  amylose  in 
the triploid endosperm of the developing grain and 
in the haploid  pollen (PARNELL 1921). The starch of 
wild-type endosperm tissue  consists of between  15- 
30% amylose and 7 0 4 5 %  amylopectin  whereas en- 
dosperm starch is 100% amylopectin in  most waxy 
mutants (SANO, KATSUMATA and OKUNO 1986). The 
locus  has  been a favorite of plant geneticists  since the 
turn of the century because mutants are fully  viable 
and  the mutant phenotype can  be  easily scored in 
thousands of progeny by a quick  visual  inspection (the 
endosperm has a waxy appearance) or by staining for 
the presence of  amylose  in either endosperm or pollen 
with I/KI. 

Rice waxy mutants are not only  of interest to genet- 
icists;  they are also  of agronomic importance. The 
altered starch composition  of waxy mutants changes 
the cooking properties of the rice grain making the 
starch valuable  in the production of certain food 
products. In several countries, this  type of rice ac- 
counts for over 10% of total rice production (GRIST 
1986). For this  reason  over one hundred waxy mutants 
have  been  isolated and collectid and are available for 
molecular  analysis. This represents one of the largest 
collections of mutant alleles for any plant gene. 

The molecular  biology  of the rice waxy gene is 
poorly understood despite the availability  of numer- 
ous mutant alleles and  a fine structure genetic map 
comprised  of  some  of  these mutations (LI, WANC and 
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YEH 1965). In contrast, the maize waxy gene has  been 
cloned (SHURE, WESSLER and FEDOROFF 1983)  and 
several waxy alleles  have  been characterized. Struc- 
tural analysis  of  these  alleles  has  revealed the impor- 
tant role of DNA insertions and deletions in the 
generation of restriction fragment length polymor- 
phism (RFLP) and spontaneous wx mutations (WES- 
SLER and VARACONA 1985; SPELL, BARAN and WES- 
SLER 1988). In view  of the paucity of genetic systems 
accessible to molecular techniques in higher plants 
and  the importance of rice as a  crop plant, we under- 
took the cloning  of the rice waxy gene and  the char- 
acterization of  its non-mutant and mutant gene prod- 
ucts. In this report we also present a structural analysis 
of  some  of the rice waxy alleles. Taken  together, these 
results provide a unique opportunity to contrast the 
molecular  mechanisms underlying RFLP and muta- 
tion in the diverse  grasses  maize and rice. 

MATERIALS AND METHODS 

Plant  strains: The source of  maize Wx DNA and RNA 
was the inbred HY  (WESSLER and VARAGONA 1985). The 
source of  rice Wx alleles  were: Nato, Bluebonnet 50 (M. 
MISHKIND), IR 36 (R. COFFMAN), Labelle, Pecos (R. DIL- 
DAY),  and MlOl  (N. RUTGER). The source of rice wx alleles 
were: wxCI 9972, wxPI 260662, wxPI 291667, wxPI 291656 
(USDA  ARS National Small Grain Collection, Beltsville, 
Maryland), wxIR29, wxP1 224836, wxPI 248486, wxPI 
434619 (International Rice Research Institute, Los Banos, 
Philippines), MlOlwx (N. RUTGER), and wxGlut Znth 205 
(R. DILDAY). Mutations wxCI 9972  and MlOlwx  were in- 
duced with cobalt-60; others are believed to  be spontaneous. 
The varieties of  millet and sorghum are unknown, wheat 
was cv. Chinese Spring. 

Genomic DNA and RNA preparation  and  genomic  blot 




