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Nucleotide sequence of a wheat (Triticum aestivum L.) cDNA clone

encoding the waxy protein
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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 Agtl0
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 Agt10 and packaged to produce 1.5 x 10°
recombinants per ug 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 pUCIS 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 pcSS22 was determined by dide-
oxy chain termination sequencing [10] of Bal 31
deletions and restriction fragments cloned into
pUCI18. 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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CGGAGTTCCGARGAGATCAGACCAGTCCTCTCTTGCTGCAGGTAGCCACACCCTGCGCGC

GCCATGGCGGCTCTGETCACGTCCCAGCTCGCCACCTCCGGCACCGTCCTCAGCGTCACC
M AAL VTSQLATSGTV L S VT
GACAGATTCCGGCGTCCAGGTTTTCAGGGCCTGAGGCCCCGCGAACCCGGCGGATGCGGCG
D RFRRUPGFQGULRUPRIDNU®PADAA
CTCGGCATGAGGACTGTCGGAGCGAGCGCCGCCCCAAAGCAAAGCAGGAAACCGCACCCA
L GMRTV GA S A AP K Q S R K P HR
TTCGACCGGCGGTGCCTCTCCATGGTGCTGCGCGCCACGGGCAGCGGCGGCATCGARCCTC
F DRRCL S MVVRATG GSGGMNL
GTGTTCGTCGGCGCCGAGATGGCCCCCTGGAGCAAGACTGGCGGCCTCGGCCGACGTCCTC
V FV GAE MAPW S KTOGGL GDUVL
GGGGGCCTCCCCGCCGCCATGGCCGCCAACGGTCACCGGGTCATGGTCATCTCCCCGLGC
G 6L PAAMAANGIHI RUVMUV IS PR
TACGACCAGTACAAGGACGCCTGGCACACCAGCGTCATCTCCGAGATCAAGGTCCTTGAC
Y D QY XDAWDTS SV IS ETII KV VD
AGGTACGAGAGGGTGAGGTACTTCCACTGCTACAAGCGCGGGGTGGACCGCGTGTTCGTC
R Y ERVRY FHCY KRGV DRV FV
GACCACCCGTGCTTCCTGGAGAAGGTCCGGGGCAAGACCAAGGAGAAGATCTATGGACCC
D HPCUPFULEI KWV RGIKTI KZEI KTIUYSG?P
GACGCCGGCACCGACTACGAGGACAACCAGCAGCGCTTCAGCCTTCTCTGCCAGGCAGCA
D AG TDYEEDNOQ QRF SLL COQAA
CTTGAGGTGCCCAGGATCCTCGACCTCRACAACAACCCACACTTTTCTGCGACCCTACGCC
L EV P RILDULNUNNUPHUFS G P Y A
ATGCTATGCCGTGCCGTGCCGCGCCGCGCAGGGGAAGACGTGGTCTTTCTGTGCAACGAC
M L CR AV PRRAGETZDVV FV CND
TGGCACACGGGCCTTCTGGCCTGCTACCTCAAGAGCARCTACCACGTCCAATGGCATCTAT
W H T GGL LACYUL XK S NUY QS NGTIVY
AGGACGGCCAAGCTGGCATTCTGCATCCACAACATCTCGTACCAGGGCCGCTTCTCCTTC
R T AKV A/F CTIHNTISYQGIRF S F
GACGACTTCGCGCAGCTCAACCTGCCTGACAGGTTCAAGTCGTCCTTCCGACTTCATCGAC
D D FAQULNUL?PDI RV FIEKKSSVFDVFID
GGCTACGACAAGCCGETGCAGGGECGCAAGATCAACTGGATGAAGGCCGGGATCCTGCAG
G Y D KPV EGRXKINWMIEKASGTITULDZQ
GCCGACAAGGTGCTGACTGTCGAGCCCCTACTATGCTGAGCAGCTAATCTCTGGCGAAGCC
A'DKVL TV S PYY AEEULTISGE A
AGGGGCTGCCAGCTCGACRACATCATGCGCCTCACTGGCATCACCGGCATCGTCAACGGC
R GCELDNTIMRPRLTSGTITGTIVNSG
ATGGACGTCAGCGAGTGGGACCCCATCAAGCACAAGTTCCTCACCGTCAACTACGACGTC
M DV S EWDUPTII KD KU FLTVNJYDUV
ACCACCGCGTTGGAGGGGAAGGCGCTGRACAAGCAGCCGCTGCAGCGCCGAGGCTGEEGCTG
T T AL E G X AL NI KZEA AULOQAEV G L
CCGGTGGACCCCAAGGTGCCCCTCGTGGCGTTCATCGGCAGGCTGEAGEAGCAGAAGGEC
PV DRI KUV ?PLVAFTIGRILEZETZ QI KSG
CCCGACGTGATGATCGCCGCCATCCCGCAGATCGTGAAGCAGGAGGACGTCCAGATCGTT
PDVMIAATIU®PETIUVZIXEZEDWVOQTIWV
CTCCTGGGCACCGGGAAGAAGAACTTTGAGCGGCTGCTCAACGAGCGTGGAGGAGRAGTTC
L L GT G KX XK ¥ ERVLULIKSV EZEIKF
CCGACCAAGGTGAGCGCCCTGCTCAGGTTCAACGCGCCGCTGGCTCACCAGATGATGECC
P T XKV RAVV RV FNAZPILAHOQMMA
GGCGCCGACGTCCTGGCGGTCACCAGCCGLTTCGAGCCCTGCGGCCTCATCCAGCTCCAG
G A DV LAV TSRV FEUPCGILIQUL Q
GGAATGCGCTACGGAACGCCGTGCGCCTGCGCGTCGACAGGCGGECTCGTCCACACTATC
G MRY GTUPCACASTG GG GULUVDTTI
GTGGAAGGCAAGACCGCGTTCCACATGGGCCGCCTCAGCCTTGACTGCAACGTGGTGGAG
V E G X T G F HM G R L SV DCDNV V E
CCGGCCCACCTGAAGAAGGTGETCACCACCCTGAAGCGCGCCGTCEAGCTCGTCGGCACG
P A DV K KVVTTILIXRAV KWV V G T
CCGGCGTACCATGAGATGCTCAAGAACTGCATGATACAGCGATCTCTCCTGGAAGGGGCCT
P AY HEMV XKNCMIOQDILSWIZKG?P
GCCAAGAACTGGCACGGACCTGCTTCTGGAACTGGGGETGCAGGGCAGCGAGCCGEECATC
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GAAGAGGAGCTTCTGGTGCATGGAGCATCCATCCAATCTGCAGGGTTCTCGTATGEGEAG
ATAGCCGCTTGTTGTACTGAAGAAGGGCCCATATATATATATAATATAGACTAATAAGTA
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CCTATGATAGTGTGCTGAATTGTGCTTGCATTTTGGTGTGGTATATTGCAATAAACALAG 2160
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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.

cDNA insert in pcSS22 is 2186 nucleotides and
includes an open reading frame of 1845 nucle-
otides from the initiating ATG at position 64 to
the termination codon, TGA, at position 1909
(Fig. 1). The cDNA includes a 5’ untranslated
region of 63 nucleotides and a 3’ untranslated
region of 278 nucleotides. A putative polyadenyla-
tion signal at position 2150 precedes a poly(A) tail
of 18 residues. The deduced protein contains 615
amino acids with a calculated molecular weight of
67.7 kDa. The mature waxy proteins of all species
investigated to data are 58—60 kDa as is the case
in wheat (data not shown) which suggests the
existence of a 7kDa transit peptide. A 7kDa
transit peptide which targets the maize waxy pro-
tein to the amyloplast is also 7 kDa [3, 12]. The
c¢DNA sequence of pcSS22 exhibits a high degree
of homology with the sequence of the genes
encoding the waxy proteins of barley, maize and
rice.
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