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The waxy mutation in maize is characterised by 
the complete loss of amylase in the starch fraction 
of the kernel [1, 2, 3]. In addition, there is a sig- 
nificant reduction in the amount of granule-bound 
starch synthase activity in the mutant [2] which 
correlates with the absence of a protein of 60 kDa, 
which in wild-type kernels is the most abundant 
protein associated with starch granules [4, 5]. For 
this reason, it has been assumed that the 60 kDa 
waxy protein is the granule-bound starch syn- 
thase. Unequivocal evidence for this is lacking 
and in pea, evidence suggests that another protein, 
only distantly related to the waxy protein, is the 
granule-bound starch synthase [6]. It remains to 
be seen whether this is the case in cereals. The 
waxy locus has been cloned from a number of 
plants including maize [ 3 ], rice [ 7 ], barley [ 8 ] and 
potato [9]. We report here the isolation of a full- 
length cDNA clone for the waxy protein of 
hexaploid wheat and present the complete nucle- 
otide sequence. 

A cDNA library of was constructed in 2gtl0 
from poly(A) + RNA isolated from wheat grains 
harvested at 20 days post anthesis from the 
hexaploid variety Chinese Spring. Isolation of 

RNA, selection of poly(A) + RNA and cDNA 
synthesis were carried out according to manu- 
facturer's protocols (Amersham). After addition 
of linkers the cDNAs were ligated into the Eco RI 
site of 2gtl0 and packaged to produce 1.5 x 10 5 
recombinants per/~g poly(A) + RNA. The library 
was screened for waxy protein clones by hybridis- 
ing plaque lifts with a barley waxy protein cDNA 
(pcwx27 [4]) and 9 clones with inserts that ranged 
in size from 0.5 to 4.4 kb were isolated and pla- 
que-purified. The insert from a single cDNA clone 
of 2.2 kb was subcloned into pUC18 for further 
analysis since northern blots of wheat RNA 
hybridised with pcwx27 allowed the waxy protein 
mRNA size to be estimated at 2.2-2.3 kb (data 
not shown). The plasmid clone containing the 
2.2 kb insert was designated pcSS22. 

The complete nucleotide sequence of the 
cDNA insert of pcS $22 was determined by dide- 
oxy chain termination sequencing [ 10] of Bal 31 
deletions and restriction fragments cloned into 
pUC18. Synthetic oligonucleotide primers to the 
waxy cDNA were also used. Staden programs 
were used for sequence assembly [11] and the 
UWGCG programs for sequence analysis. The 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession number X57233. 
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I CGGAGTTCCGAAGAGATCAGACCAG7CGTCTCTTGCTGCAGGTAGCCACACCCTGCGCGC 6 0 

61 GCCATGGC~CTGGTCACGTCCCAGC~CC<~CACCTCCGGCACCGTCCTCAGCGTCACC 120 
M A A L V T S O L A T S G T V L S V T 

121 GACAGATTCCGGCGTCCAGGTTTTCA~GAGGCCCCGGAACCCGGCGGATGCGGCG 180 
D R F R R P G F Q G L R P R N P A D A A 

181 CTCGGCATGAC-GACTGTCGGAGCGAGCGCCGCCCCAAAGCAAAGCAGGAAACCGCACCGA 24 0 
L G M R T V G A S A A P K Q S R K P H R 

241 TTCGACCGGCGGTGCCTCTCCATGGTGGTGCGCGCCAC~CAGCGGCGGCATGAACCTC 300 
F D R R C L S M V V R A T G S G G M N L 

301 GTGTTCGTCGGCGCCGAGATGGCCCCCTGGAGCAAGACTGC<]GC~SCTCGGCGACGTCCTC 360 
V F V G A E M A P W S K T G G L G D V L 

36! ~CTCCCCGCCGCCATGGCCGCCAACGGTCACCC-GGTCATC~GTCATCTCCCCGCGC 420 
G G L P A A M A A N G H R V M V I S P R 

42 ! TACGACCAGTACAAGGACGCCTGGGACACCAGCGTCATCTCCGAGATCAAC-GTCGTTGAC 480 
Y D Q Y K D A W D T S V I S E I K V V D 

481 AGGTACGAGAGC4~TGAGGTACTTCCACTC-CTACAAGCGCGGGGTGGACCGCGTGTTCGTC 540 
R Y E R V R Y F H C Y K R G V D R V F V 

54 ! GACCACCCGTC<ZI~CCTGGAGAAGGTCC~AAGACCAAGGAGAAGATCTATGGACCC 600 
D H P C F L E K V R G K T K E K I Y G o 

601 GACGCCGC4TACCGACTAC~AC-GACAACCAGCAGCGCTTCAGCCZTCTCTGCCAGGCAGCA 660 
D A G T D Y E D N Q Q R F S L L C Q A A 

661 CTTGAGGTGCCCAGGATCCTCGACCTC~.~EAACAACCCACACTTTTCTGGACCCTACGCC 720 
L E V P R I L D L N N N P H F S G P Y A 

72! ATGCTATGCCGTC-CCGTC-CCC-CGCCGCGCAGGGGAAGACGTGGTGTTTGTGTC-C.KACGAC 780 
M L C R A V P R R A G E D V V F V C N D 

781 TGGCACAC~CTTCTGGC~CTGCTACCTC/k_AGAGCAACTACCAGTCC/~ATGGCATCTAT 840 
W H T G L L A C Y L K S N Y Q S N G I Y 

841 AGGACGGCCAAGGTGGCATTCT~ATCCACAACATCTCGTACCAGC-GCCGCTTCTCCTTC 900 
R T A K V A F C I H N I S Y Q G R F S F 

901 GACGACTTCGCGCAGCTCAACCTGCCTGACAGGTTCAAGTCGTCCTTCGACTTCATCGAC 960 
D D F A Q L N L P D R F K S S F D F I D 

941 GGCTACGACAAGC CGGTGGAGC<~GCGC~AGATCAACTGGATGAAGGCCGGGATCCTGCAG 1020 
G Y D K P V E G R K I N W M K A G I L Q 

1021 GCCGAC.KAGGTGCTGACTGTGAGCCCCTACTATGCTGAGGAGCTAATCTCTGGCG~AGCC 1080 
A D K V L T V S P Y Y A E E L I S G E A 

1081 AGGC-C4~TGCGAGCTCGAC.~.ACATCATGCC-CCTCACT~ATCACCGC4~ATCGTCAACGGC 1140 
R G C E L D N I M R L T G I T G I V N G 

1141 ATGGACGTCAGCGAGTGGGACCCCATCAAGGACAAGTTCCTCACCGTCAACTACGACGTC 1200 
M D V S E W D P I K D K F L T V N Y D V 

1201 ACCACCGCGTTGGAGGGGAAGGCGCTG~ACAAGGAGGCGCTGCAC-GCCGAGGTGGGGCTG 1260 
T T A L E G K A L N K E A L Q A E V G L 

1261 CCC-GTGGACCGGAAGGTGCCCCTGGTGGCGTTCATCGC-CAGGCTGGAGGAGCAGAA~-C 1320 
P V D R K V P L V A F I G R L E E Q K G 

1321 CCCGACGTGATGATCGCCGCCATCCCGGAGATCGTG~.AGGAGGAGGACGTCCAGATCGTT 1380 
P D V M I A A I P E I V K E E D V Q I V 

1381 CTCCTGGC~3ACCGGGA~.G~_AGAAGTTTGAGCGC43TGCTCAAGAGCGTGGAGGAG~AGTTC 1440 
L L G T G K K K F E R L L K S V E E K F 

1441 CCGACCAAGGTGAGGGCCGTGGTCAGGTTCAACGCGCCGCTGGCTCACCAGATGATGC-CC 1500 
P T K V R A V V R F N A P L A H Q M M A 

1501 GGCGCCGACGTGCTGGCGGTCACCAGCCGCTTCGAGCCCTGCGGCCTCATCCAGCTCCAG 1560 
G A D V L A V T S R F E P C G L i Q L Q 

1561 GGAATGCGCTACGGAACGCCGTC-CGCCTGCGCGTCGACAGGCGGC43TCGTCC-ACACTATC 1620 
G M R Y G T P C A C A S T G G L V D T I 

!621 GTGG~AGGC~AGACCGGGTTCCACATGGC-CCGCCTCAC-CGTTGACTGC~ACGTGGTGGAG 1680 
V E G K T G F H M G R L S V D C N V V E 

1681 CCGC43CGACGTGAAGAAGGTC-GTCACCACCCTGAAGCGCGCCGTC~AGGTCGTCGGCACG 1740 
P A D V K K V V T T L K R A V K V V G T 

1741 CCGGCGTACCATGAGATGGTCAAGAACTGCATGATACAGGATCTCTCCTGGkAC-C~GCCT 1800 
P A Y H E M V K N C M I Q D L S W K G P 

1801 GCCAAGAACTGGGAGGACGTGCTTCTGG~.AC~GGGTGGAGC43GAGCGAGCCGGGCATC 1860 
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A K N W E D V L L E L G V E G S E P G I 
1861 GTCC-C42GAGGAGATCGCGCCC-CTCGCCCTC-GAGAACGTCGCCGCTCCCTGAAGAGAGAAA 1920 

V G E E I A P L A L E N V A A P 
1921 GAAGAGGAGCTTCTGGTGCATGGAGCATCCATCCAATCTGCAGGGTTCI~GTATGGGGAG 1980 

1981 ATAGCCGCqTGTTGTAGTGAA-GAAGGGCCGATATATATATAT,~.ATATAGACTAATAAGTA 2040 

2041 CqqTAACTTTTGTTGTGCCGCTTGCCTCTTTTACAAACAAAAAAGGAGTTAGGGGTTGTG 2 ! 00 

2101 CCTATGATAGTGTGCTGAATTGTGCTTGCATTTTGGTGTGGTATATTGCAATAAACA~AG 2160 

2161 GATTTGTT . 2186 

Fig. 1. Complete nucleotide sequence of the wheat waxy protein cDNA insert of pcSS22. The derived amino acid sequence is 
shown underneath the nucleotide sequence. The translation initiation and termination codons and the putative polyadenylation 

signal are underlined. 

c D N A  insert in pcSS22  is 2186 nucleotides and 
includes an open reading f rame of  1845 nucle- 
otides f rom the initiating A T G  at posit ion 64 to 
the terminat ion codon,  T G A ,  at posit ion 1909 
(Fig. 1). The  c D N A  includes a 5' unt rans la ted  
region of  63 nucleotides and a 3'  untransla ted 
region of  278 nucleotides. A putat ive polyadenyla-  
tion signal at posit ion 2150 precedes a poly(A) tail 
o f  18 residues. The  deduced protein contains 615 
amino acids with a calculated molecular  weight o f  
67.7 kDa .  The  mature  w a x y  proteins of  all species 
investigated to da ta  are 5 8 - 6 0  k D a  as is the case 
in wheat  (da ta  not  shown) which suggests the 
existence of  a 7 k D a  transit  peptide.  A 7 k D a  
transit  peptide which targets the maize  w a x y  pro-  
tein to the amyloplas t  is also 7 k D a  [3, 12]. The  
c D N A  sequence o f p c S S 2 2  exhibits a high degree 
of  homology  with the sequence of  the genes 
encoding the w a x y  proteins of  barley, maize  and 
rice. 
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