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The waxy (Wx) gene in rice and other grasses 
encodes the major starch granule-bound ADP- 
glucose glycosyl transferase responsible for the 
presence of amylose in the endosperm and pollen. 
There has been a great deal of interest in this gene 
due to its importance in agriculture and genetics, 
and for these reasons the Wx genes from maize 
[2] and barley [4] have been cloned and 
sequenced. Recently, the sequence of a genomic 
clone containing the rice Wx gene has been re- 
ported and the sequence of the coding region de- 
duced by comparison with the maize gene [6]. 
Here the sequence of a long rice cDNA is re- 
ported confirming the coding region predicted 
from the genomic Wx sequences. 

A rice cDNA library was produced using 
poly(A) + RNA from immature seeds. Procedures 
for poly(A) + RNA isolation, northern blot anal- 
ysis, and other techniques have been previously 
described [ 3 ]. Poly(A) + RNA was isolated from 
the rice strain Nato, CI 8998, and cDNA was 
made using an Amersham kit. Inserts were li- 
gated to 2gtl0 arms using Eco RI linkers and 
packaged with the Gigapack packaging extract 
(Stratagene). This library was screened with a 
radiolabeled Eco RI-Sal I fragment containing the 
5' region of the gene from the rice genomic clone 
[ 3 ]; the longest clone isolated was subcloned into 
pUC 119. The cDNA clone and portions of a 

previously described genomic clone [3] were se- 
quenced using Sequenase (United States Bio- 
chemical) according to supplied directions. 

The 2.5 Wx cDNA clone isolated is longer than 
the 2.4 kb Wx transcript [3]. However Nato rice, 
unlike most rice strains examined, has a second 
Wx transcript detectable under stringent condi- 
tions. This second transcript is approximately 

Fig. 3. Northern blot showing the Wx transcripts. One mi- 
crogram of poly(A) + RNA was fractionated, blotted, and 
hybridized as described previously [3]. Filters were probed 
with a 6 kb Eco RI fragment containing the rice Wx gene and 
washed at 65 °C in 0.1 x SSC, 0.1~ SDS. Lane 1, maize; 
lane 2, Bluebonnet 50 rice; lane 3, Nato rice; lane 4, P1291667 
rice. 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession number X62134. 
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i00. 
gaattca~gtgaaggaatagattctcttcaaaacaatttaatcattcatctgatctgctcaaagctctgtgcatctccgg~gcaacggccaggatatt 

200. 
tatt~gca~aaaaaa~t~atatcccctagccacccaagaaactgctccttaa~ccttataagcacat~it~ggcatt~aatatat~tttga~t 

300. 
ttagcgacaatttttttaaaaacttttg~ccttttt~aac~tttaagtttcact~ctttttttttcgaattttaa9-t~tagcttcaaattctaat 

400. 
ccccaatccaaatt~aataaacttcaattctcctaattaacat~ttaattcatttatttgaaaacca~tcaaattcttttta9gctcaccaaacctta 

500. 
aacaattcaattca~gcagagatcttccacagcaacagctagacaaccaccATGTCGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

M S A L T T S Q L A T S A T G F  
600. 

GGCATCGCCGAcAGGTcGGCGcCGTCGTCGCTGCTCCGCCACGGGTTCCAGGGCCTC~GCCCCGCAGCcCCGCCGGcGGcGACGCGACGTcGCTcAGCG 
G I A  R S A P S S L L R H G F Q G L K P R S P A G G D ~ T S L S V  

700. 
TGAcGACCAGCGcGCGCGCGACGCCC~GcAGcAGcGGTCGGTGCAGcGTGGcAGccGGAGGTTcCCCTCcGTCGTcGTGTSCGccACCGGcGcCGGcAT 

T T S A R A T P K Q Q R S V Q R G S R R F P S V V V Y A T  A G M  
• 800. 

GAACGTcGTGTTCGTcGGcGccGA~TGGCCCcCTGGAGC~GAccGGCGGccTcGGTGAcGTCcTCGGTGGCcTcccCccTGccATGGcTGCG~TGGc 
N V V F V G A E M A P W S K T G  L G D V L G G L P P A M A A N G  

900. 
CACAGGGTCATGGTGATCTcTCCTCGGTACGACcAGTAC~GGACGCTTGGGATACcAGCGTTGTGGCTGAGATC~GGTTGCAGACAGGTACGAGAGGG 
H R V M V I S P R Y D Q Y  D A W D T S V V A E I K V A D R Y E R V  

i000. 
TGAGGTTTTTCcATTGCTAC~GCGTGGAGTCGAcCGTGTGTTcATCGAcCATCCGTCATTcCTGGAG~GGTTTGGGGAAAGACCGGTGAG~GATCTA 

R F F H C Y K R G V D R V F I D H P S F L E K V W G K T G  K I Y  
ii00. 

CGGACCTGACACTGGAGTTGATTACAAAGAC~CCAGATGCGTTTCAGCCTTCTTTGCCAGGCAGCACTCGAGGCTCCTAGGATCCTAAACCTC~C~C 
G P D T G V D Y K D N Q M R F S L L C Q A A L E A P R I L N L N N  

1200. 
~CCCATACTTCAAAGG~CTTATGGTGAGGATGTTGTGTTCGTCTGC~CGACTGGCACACTGGCCCACTGGCGAGCTACCTG~G~C~CTACCAGC 
N P Y  K G T Y G E D V V  V C N D W H T G P L A S Y L K N N Y Q P  

1300. 
CC~TGGCATCTACAGG~TGCAAAGGTTGCTTTCTGCATCCAC~CATCTCCTACCAGGGCCGTTTCGCTTTCGAGGATTACCCTGAGCTG~CCTCTC 

N G I Y R N A K V A F C I H N I S Y Q G R F A F E D Y P E  N L S  
• 1400. 

CGAGAGGTTCAGGTCATCCTTCGATTTCATCGACGGGTATGACACGCCGGTGGAGGGCAGG~GATC~CTGGATG~GGCCGG~TCCTGG~GCC~C 
E R F R S S F D F I D G Y D T P V E G R K I N W M K A G I L E A D  

1500. 
AGGGTGCTCACCGTGAGCCCGTACTACGCCGAGGAGCTCATCTCCGGCATCGCCAGGGGATGCGAGCTCGAc~CATCATGCGGCTCACCGGCATCAC~G 
R V L  V S P Y Y A E E L  SG A R G C E L D N I M R L T G I T G  

1600. 
GCATCGTC~CGGCATGGACGTCAGCGAGTGGGATCCTAGC~GGAC~GTACATCACCGCC~GTACGACGC~CCACGGC~TCGAGGCG~GGCGCT 

I V N G M D V S E W D P S K D K Y I T A K Y D A T T A I E A K A L  
• . . 1700. 

G~c~GGAGGcGTTGCAGGCGGAGGCGGGT~TTCCGGTCGACAGGAAAATCCCACTGATCGCGTTCATCGGCAGGCTGGAGG~AG~GGGCCCT~C 
N K E A L Q A E A G L P V D R K  P L I A F I G R L  E Q K G P D  

1800. 
GTcATGGcCGcCGccATcccGGAGcTcATGcAGGAGGAcGTccAGATcGTTCTTCTGGGTAcTGGAAAG~G~GTTCGAG~GC?GcTC~GAGcATGG 
V M A A A I P E L M Q E D  Q I V L L G T G K K K F E K L L K S M E  

1900. 
AGGAG~GTATCCGGGC~GGTGA~GCGGTGGTG~GTTC~CGCGCCGCTTGCTCATCTCATCATGGCCGGAGCcGACGTGCTCGCCGTCCCCAGCCG 

E K Y P G K V R A V V K F N A P L A H L I M A G A D V L A V P S R  
2000. 

CTTCGAGCCCTGTGGACTCATCCAGCTGCAGGGGATGAGATACGG~CGCCCTGTGCTTGCGCGTCCACCGGTGGGCTCGTGGACACGGTCATCG~GGC 
F E P C G L I Q L Q G M R Y G T P C A C A S T G G L V D T V I E G  

2100. 
~GACTGGTTTCCACATGGGCCGTCTCAGCGTCGACTGC~GGTGGTGGAGCC~GCGACGTG~G~GGTGGCGGCCA~CCTG~GCGCGCCATC~GG 
K T G  H M G R L S V D C  V V E P S D V K K V A A T L K R A I K V  

2200. 
TCGTCGGCACGCCGGCGTACGAGGAGATGGTCAGG~CTGCATG~CCAGGACCTCTCCTGG~GGGGCCTGCG~G~CTGGGAG~TGTGCTCCTGGG 

V G T P A Y E E M V R N C M N Q D L S W K G P A K N W E N  L L G  
2300. 

cCTGGGCGTCGCCGGcAGCGCGCCGGGGATCG~GGCGACGAGATcGCGCCGCTCGCC~GGAG~CGTGGCTGCTCCTtgaagagcctgagatctacat 
L G V A G S A P G I E G D E I A P L A K E N V A A P  

2400. 
atgga~gattaattaatatagca~atatggatgagagacgaatgaacca~ggttt~ttgtt~a~gaattt~agctatagccaattatataggc 

2500• 
taataa~ttgat~t~actcttctgg~gcttaa~atcttatcggaccctgaatttat~ggcttattgccaa~91attaa~a~aaag 

• 2541. 
g~ttattatattaatatatat~tatattatactaaaaaa 

F~. 2• Sequence of the rice Wx cDNA. The coding region is presented m capit~ letters and begins at nucleotide 453. Two po- 
tentiN poly(A) addition sequences and five ATG trinucleotides upstream of the predicted translation start site are underlined, and 
the 5' Eco RI site is present in the genomic sequence. The amino acid sequence is presented in the single-letter code. 



4 kb in length, and the cDNA clone was appar- 
ently derived from this transcript (Fig. 1). In the 
Wx mutant strain PI 291667 a 4 kb transcript is 
the only transcript detected. Southern blot anal- 
ysis suggests that the presence of this transcript 
is not associated with an insertion or deletion as 
no unique differences distinguished Nato and 
PI 291667 from Bluebonnet 50 and other Wx al- 
leles [3]. It is also unlikely that Nato rice is het- 
erozygous for two Wx alleles because rice prima- 
rily self-pollinates. In wheat a second Wx 
transcript of approximately this size has also been 
found (C.C. Ainsworth, personal communica- 
tion). 

Sequencing the cDNA clone identified a long 
open reading frame with extensive amino acid 
identity to the maize waxy protein (Fig. 2). Over- 
all the sequence identity is 82.7 ~o, however this 
similarity is largely confined to the mature pro- 
tein. The first 72 amino acids of the maize 
polypeptide encodes a transit peptide that directs 
the polypeptide's transport into the amyloplast 
[2], and previous work had suggested the exist- 
ence of a transit peptide in rice [ 3 ]. Between tran- 
sit peptides from nuclear-encoded chloroplast 
proteins amino acid sequence similarity is limited 
to short blocks [5], and this pattern holds for the 
predicted amyloplast transit peptides from the 
maize, barley, and rice Wx genes. 

As mentioned above this cDNA clone is prob- 
ably derived from the 4 kb transcript in Nato rice; 
the clone is longer than the normal 2.4 kb Wx 
transcript. If this is true, then the 4 kb transcript 
may represent an aberrant proces sing event where 
the first intron is retained in the processed tran- 
script. The 3' end of the cDNA clone appears to 
terminate at the proper site. The cDNA and 
genomic sequences diverge at the beginning of a 
short poly(A) tail and within 60 nucleotides of the 
poly(A) tail are two consensus poly(A) addition 
sequences, AATAAT and AATAAA [1]. This 
suggests that the 2.4 kb and 4 kb transcripts differ 
at their 5' ends upstream of the translation start 
codon. 

Translation of the maize and barley Wx genes 
begins in exon two [2, 4] making it likely that 
there is un untranslated first exon in the rice Wx 
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gene. In this cDNA clone the sequence upstream 
of the indicated start codon is identical to the rice 
genomic clone except for isolated single nucle- 
otide differences; the genomic clone was isolated 
from the strain Labelle, CI 9708 [3]. It is unlikely 
that this sequence is part of the normal Wx tran- 
script as there are five potential start codons in 
this sequence, and therefore part of this sequence 
may well be the first intron. This sequence is A/ 
T-rich which is a common characteristic of plant 
introns [7], and the AG dinucleotides upstream 
of the indicated start codon could be a 3' splice 
site. However, the possibility that the 4 kb tran- 
script is the result of an upstream transcription 
start site has not been excluded. If the 4 kb tran- 
script reflects the lack of splicing of the first in- 
tron, then additional studies of this intron in Nato 
and PI 291667 rice strains could provide insight 
into sequences necessary for the proper splicing 
of plant introns. 
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