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Abstract

The ¢DNA and genomic clones from sweet potato encoding granule-bound starch synthase I
(GBSSI) were isolated and characterized. The sequence analysis of the cDNA shows that the sweet
potato GBSSI mature protein is comprised of 531 amino acids and that the precursor has a transit
peptide of 77 amino acids. A comparison of the cDNA and genomic sequences suggested that the sweet
potato GBSSI gene has 14 exons and 13 introns, the first of which is located in the untranslated region.
This gene is considered to be a low - copy gene based on genomie Southern analysis.

Starch granules usually consist of amylopectin,
which is a a1,4-linked glucose polymer with fre-
quent a1,6-branches, and amylose, a relatively
unbranched a1,4-linked glucose polymer. The for-
mation of amylose in a storage organ is catalyzed by
granule-bound starch synthase 1 (GBSSI), also
called the Waxy protein. Maddelein er al. reported
that Chlamydomonas GBSSI, which synthesizes
amylose, is also involved in the amylopectin synthe-
sis (Maddelein et al, 1994). Concerning this en-
zyme in higher plants, its possible participation in
the synthesis of amylopectin has been pointed out
(Denyer et al., 1996).

The sequences of the GBSSI structural genes
from several species have been published. These
include maize (Klosgen et al., 1986), rice (Wang ef
al., 1990; Hirano and Sano, 1991), barley (Rohde et
al.,, 1988), wheat (Murai et al, 1999) and potato
(van der Leij et al., 1991). In this study, we present
the complete sequence of the sweet potato GBSSI
gene.

The total RNA was isolated from the sweet potato
(Ipomoea batatas (L.) Lam. cultivar Kokei 14)
tuberous root using the SDS-phenol method.
Poly(A)* RNA was prepared using Oligotex-dT30
(TaKaRa). A partial cDNA fragment (about 500bp)
for the sweet potato GBSSI was cloned by RT-PCR
amplification with degenerate primers. The degen-
erate primers (forward: 5’ - GA(TC)CA(AG)TA
(TO)AA(AG)GA(TC)GC(ACGT)TG, reverse: 5°-
AT(ACGT)CC(ACGT)GC(CT)TTCATCCA(AG)
TT) were designed by referring to the conserved
amino acid sequences among the GBSSIs from

other plants. A sweet potato tuberous cDNA library
was constructed in 1 ZAP II using a cDNA synthesis
kit (Stratagene) as described in the instruction
manual, The library (6 x 10° plaques) was screened
with the partial GBSSI cDNA. Positive clones were
purified and converted to a phagemid (pBluescript
1) following the manufacturer’s instructions (Stra-
tagene). The largest positive clone was sequenced
on both strands using the dideoxy chain termination
method (Sanger et al., 1977).

DNA was extracted from sweet potato (cultivar
Kokei 14) leaves using the modified CTAB method.
A sweet potato genomic library was constructed
with the Bam HI arms of AEMBL3 (Stratagene).
This library (4.1 x 10° plaques) was screened with
the largest GBSSI cDNA. One of the positive
clones, which hybridized with the fragments of both
the 5" and 3’ ends of the cDNA, was subcloned into
pBluescript II and sequenced on both strands using
the dideoxy chain termination method (Sanger et
al., 1977).

The largest GBSSI cDNA was also used for
Southern hybridization. The digested DNA of the
sweet potato (cultivar Kokei 14) was electro-
phoresed in agarose gels and blotted on nylon
membranes as described by Sambrook et al. (1989).
The probe labelling and detection were carried out
using the Gene Images system {Amersham).
Hybridization was done at 60°C and the blot was
washed under moderately stringent conditions (final
washing at 60°C in 0.2 x SSC, 0.1% SDS).

Nine of 190 cDNA positive clones were purified
and analyzed. The length of largest cDNA clone
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(clone 131) is 2211bp. The sequence of the sweet
potato GBSSI cDNA was found from a search of the
GenBank (accession n0.U44126, unpublished) . The
5’ untranslated region of clone 131 is 70bp longer
than that of this cDNA. The cDNA clone 131 has a
608-amino acid open reading frame (ORF). The
OREF starts at position 93 and ends at position 1916.
A polyadenylation signal AATAAA was found for
the cDNA (positions 2160-2165) upstream from the
poly (A) tail. A cleavage site consensus sequence
proposed for the chloroplast transit peptides is
I/VXA/C | A (Gavel and von Heijne, 1990). In
potato and pea, the cleavage site sequence of GBSSI
is IVC | G (van der Leij et al., 1991; Dry et al,
1992). A similar sequence was identified in the
sweet potato GBSSI as IVC | K (Fig.l and 2).
Therefore, the lengths of the plastid transit peptide
and mature protein appear to be 77 and 531 amino
acids, respectively (Fig.1). A comparison of the
amino acid sequences of the sweet potato with that
of other plants shows that there is a high similarity
between the mature proteins, ie., 85% homology
with potato, 75% with pea, 72%with maize and 71%
with rice (Klésgen ef al., 1986; Wang et al., 1990;
van der Leij et al., 1991; Dry et al., 1992). Three
conserved boxes of the amino acid sequences of the
bacteria glycogen synthase and the plant GBSSI
(van der Leij et al, 1991; Salehuzzaman et al.,
1993) are shown in Fig.1.

Thirteen positive genomic clones were isolated
from the screening. The nucleotide sequences of the
analyzed genomic clone are shown in Fig,2. A
comparison of the genomic and cDNA sequences
suggested that the sweet potato GBSSI gene has 13
introns (Fig. 3) though the transcriptional start site
is unknown. The maize, rice, and potato GBSSI
genes have been reported to possess 13 introns
(Klosgen et al., 1986; van der Leij er al, 1991;
Wang ez al., 1995). All introns in the sweet potato
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Structure of the sweet potato granule - bound
starch synthase 1. The numbers in the scale refer
to the amino acid residues. Three conserved
boxes (positions 93-108,481-491, and 504-
512) are indicated as Box L, II, and III, respec-
tively. The arrowhead shows the putative pro-
cessing site of the protein.

Fig. 1.

GBSSI gene follow the universal GT- AG rule. The
exon sequences are identical with that of the cDNA.
In 11 of 13 introns, the third nucleotide of the 5’
splice sites is A. In 9 of 13 introns, the nucleotide at
position -3 of the 3’ splice sites is C. The exons and
introns have a total G+C content of 46% and 35%,
respectively.

The putative TATA box TACAAAT occurs 46bp
upstream of the cDNA 5’ end. This sequence is
identical with that of the potato GBSSI gene TATA
box (van der Leij ez al., 1991). A 9-bp sequence
(CCACGTGGC), which contains the G box
(Schulze-Lefert er al., 1989) or the ABA respon-
sive element (Guiltinan et al., 1990), is located
between positions -85 and -77. This gene may
respond to light and /Jor some environmental
stresses.

The GBSSI genes of maize, rice, and diploid
potato have been shown to be a single copy (Shure
et al., 1983; Okagaki et al., 1988; Visser et al.,
1989). The result of the Southern blot analysis of
the genomic DNA of sweet potato, which is a
hexaploid plant, is shown in Fig. 4. Digestion with
FEeo RI, Eco RV and Xba I, each of which has a
unique site in the genomic DNA of GBSSI (see Fig.
3), gave four to five restriction bands. On the other
hand, digestion with Sac 1 and Hind Ili, each of
which cuts the 3’ or 5” end of the gene (see Fig. 3),
gave two restriction bands. Taken together, it is
conceivable that there are two to three copies of
GBSSI in the genome of sweet potato. It is unclear
at present whether this result is due to the hexaploid
and heterozygous nature of sweet potato. The com-
plicated band pattern also has been seen in the
analysis of the GBSSI gene of cassava, a tetraploid
plant (Salchuzzaman et al, 1993). It would be
interesting to clarify the homology between/among
these copies of GBSSI and whether they have the
same strengths and patterns of expression.
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aaaaagatggegggacgtocacatgaaatgtogtocgttctcactteteacocgtticatett
totegcgatctgaaageegcggggeccccattgticateteccaccagaaagtagtetattict
ccttttgtegocactgocatattteggagacaagagecggacggcccaaaaaaatetegteoac
gcaatttcaaataaggecctcaaacttggagcatattcccagttatececccaaaagtttt
cacoggegococccacattopgggegtoacaatigoaaagaagtacctcaaattogtagcatatt
cccactgacccagtgeeeccctotegegatocccatgaatecteccaccgoccacgtggoa
cccctegtttecccaagttgecaccattgetacaaattgtagecgetectecteccatgettet
tecttcatctotaace
CGTGCTTCCACACTCTTGCAGTAGCTGCTATAACCGCCGTTIGCTC
AGCCGCGGAGTTTCCGAETGAAG CGegtgagtegocegttaccgttaccgttacgattcttcat
cacttttgaacctecgegttagtagteataatagtaactgattttgagaaattttotgeatt
tctecggatogottcaatottacteoteottocoactcatacccaattottttocatatette
taatctottatccocgtgtttttecategtatatattgatcttcoccttooctegagtagta
tataagtacgecggtgatecotttetotttigatettotgtttecgattoctacttatgatget
agtggcctagtgecatgcaaatettgaateottpottttogggttettpattcaatetottt
gatgggttegttttectaaattctaaagottogctgatttaaataaateggatttgttettgaa
aaaagotccagteottetetgtatetgctactttotgatgatactattgagetttataaas
tpaggtgetaactgttocttattttetapGGTOGTGGTGTGAGACTGTGAGTGATGGCAAC
NoOoA T
TATAACTEBOCTCACACTTTGTTTCTCATGTCTGTGEGGGTGCCACTTCTEGAGAATCAAA
T A S H F Vv S H ¥ ¢ 6 6 A T § G E § K
AGTGGGGTTGGETCAATTAGCCCTGAGGAGTCAAGCTGTGACTCACAATGGGTTIGAGACS
v 4 L 6 @ L A L R § @ A V T H N G L R P
TGTGAACAAGATTGACATGTTACAATTGAGAACCAGTGCCAAGAAGCCCAGCAAAAATGE
v N K I DO W L @ L R T S A K K P § K N &
AAGGGAAAATGAGGGTGGAATGGCAGCAGGAACTATTGTGTGTAAACAACAAGGGATGAA
R E N E G 6 MW A A G T | ¥V ¢ K & ¢ 6 M N
1
CTTGGTCTTTGTGGGATGTGAGGTGGATCCCGTGGTGCAAAACTGGTGGACTTGGAGATGT
L v F v 6 ¢ E VvV G P W ¢ K T &G 6 L 6 D V
TCTTGGAGGATTGCCACCAGCCTTGGCAgtaagtotcacascttocatttoatttotegattt
L 6 & L P P A L A
tacttttagtgtagtttctaaatatataaattttgtatattaatactaaacttaatatta
tgaaattttgaattaaazataactccagttaagcatcattatgeotaatcgaategaatca
gecacgtaaaatgeggatggagegegaatatttagettegtgcagttgtgeggatagtigteocat
tctacagtttcattagtcatacatgtgatggttgaattgaagaatgaatcgttgctaatt
cagttgtgogtacatocattittccagGCGCGCEEACATAGAGTTATRACAGTGTGTCCCC
AR G H R V M T V ¢ P R
GTTATGATCAGTACAAAGATGCTTGGEATACCTGTGTGGTTGTTGAGetaatecttetece
Y D@ Yy K D A ¥ D T ¢ Vv ¥V Vv E
atttttatatgtttgtectaaatttcttcotatgcaacaagtoaaagtattgagtecttta
tatgtatettgoagCTACAAGT TGGAGACAGAATTGAACCTGTTCGTITTCTTCCATTCAT
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L ¢ v 6 bR I E P V R F F H § ¥
ACAAAGGCGGAGTTGATCGCOTTTTTGTGGATCATCCTATATTCCTGGAGAAGgttagta
K R & Vv p R V F VvV D H P N F L E K
tagagtatagactcatggattticcagagttatgetgtategttaccagtgaattgtttea
atggttataagctactaatogacatgaategctttegatotatgetatttagGTITGGGGA
v ¥ G
AAAACTGGATCTATGCTCTATGGCCCCAAGGCTGGGAAAGATTACAAGGACAACGAGTTG
K T 6 § MM L Y € P K A &6 K D Y K D N @ L
GGGTTGAGTTTGTTGTGCCAAgtaatgoatagtgtotaatogtttatottaggeticaca
R F 8§ L L ¢ @
tgagtgaacattatttaacatttcacttetettegtttcagGCAGCACTTGAGGCACCGA
A A L E A P R
GAGTTTTGAATGTTAAGTGCAGCAACTACTTCAGTGAACCTTATGetatttttottottc
vy L N L N 8§ 8§ N Y F § G P Y G
tagaggttitgraagtacttgagattagagtegtggaaagaattaacataataatetttta
tgaaattgtaaagGTGAGGATETTGTTTTCGTIGCCAATGATTGGCACACTGETCTCCTT
E D V ¥ F V A N b W H T A L 1L
CCATGCTATCTGAAAAGCATGTACCAGTCGAGAGGAATCTACATGAACGCCAAGgtaate
P C Y L K T ®m ¥y @ § R G | Y ®m N A K
cctottttggattgractegacegegaagttttocacatttaatectacetaatcacaagega
ctatacttatatetgttoccectatttgctaaaatgttgccagGTTGCTTTGTGCATTCA
v A F ¢ I H
CAACATTGCCTAGCAAGGCAGATTCGCCTTTTCAGACTTTTCTCTTCTGAATCTGCCTGA
N I A Y @ G R F A F s$ D F 3 L L N L P D
CGAGTACAAGGGTTCTTTITGATTTTATTGATGGetaggaattagatgottttagctaaga
EY K 6 8 F D F I D &
goctaagattatgaattotgtatectigattettgetgettgateotctgaattcaattoat
totcaattttgccagGTATGAGAAGCGCAGTGAAGGGGAGAAAGATAAACTGGATGAAAGE
Yy b K PV K 6 R K f N W M K A
TGGAATACGTGAAGCAGACAGGGTTTTTACTGTGAGCCCAAAGTAGGCCAAGGAGCTTGT
6 + R E A D R V F T VvV S P N Y A K E L V
TTCTTGCGTTTCGAAGGOTGTGGAATTGGACAACCACATCCGAGACTACGGCATCACTGE
s ¢ VvV $ K & v E L D N H I R D ¢ 6 I T &6
TATTTGTAATGGAATGGATACCCAAGAGTEGAACCCTGCAACTGACAAGTACCTTGCTAT
I ¢ N &6 ¥ D T 0 E ¥ N P A T D K Y L A V
TAAATATGATATCACAACTgtaagatagtactttaatttgtegtotacattctcatttgat
K'Y b 1 T T
attgaatttagggagttttgctcattopraattttatecttaatacGTTATGCAAGCGAA
v ¥ Q@ A K
GCOCTTETTGAAGGAAGCTCTTCAAGCGGCAGTTGGTTTGCCAGTTGACAGGRAATATTCE
PL L K E A Lt Q@ A A ¥V 6 L P V D R N [ P
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ACTGATTGGTTTTATCGGCAGAGTTGAAGAGCAGAAAGGCTGAGACATTCTTTATGCTGE
L I ¢ F I & R L E E Q@ K 6 S D I L Y A A
GATTTGTAAGTTCATTTCAATGGATGTTCAGATATTGATTCTCgtaagtgotatetgeac

Il $ K F I 8§ ® Db VvV 0 1 L 1 L
tcttataatgcacgottttottatgtocgtococtttgccaaasccgtggatctgaattegca
atgatgaaatcaatcagGGAACTGGGAAGAAGAAATTTGAGCAGCAGATTGAGCAGCTCE

6 T 6 K K ¥ F E @ @ 1 E @ L E
ANGTGATGTATCCGGACAAAGCTAGAGGAGTGGCAAAGTTCAACGTTCGTTTGGCTCAGA

v ®» Yy P D K A R G V A K F N V P L A H M

TGATTACTGCTGACGCTGATTTTATGTTGATCCCGAGCAGATTTGAGCCGTGTGGTCTCA
I T A G A D F ¥ L I P s R F E P ¢ & L |
TTCAGTTGCATGCTATGCGATATGGAACAgtaagaaacccgacactigaacctatecaaa

@ L H A W R Y & T
actctcctttoatgattottoctagttaaagttctaattgtcaatataaatgtgtgcata
tatcagCCOGTGCATCTGTGCCTCAACTGGCGGACTCGTTGACACTGTGAAAGAAGGTTAT

P ¢ ¢+ C A S§ T 6 6 L vV D T V K E 6 Y
ACAGGGTTCCACATGGGGGCTTTCAACGTCGAGgtatgtgattotcaacataatacatte
T € F H M G A F N V D
tttetegtctattaattatgttatctcataacaagagegtaacgaagtittgttgttgotte
tgectcagTGTGAAACTGTTGACCCAGAGGACGTGCTGAAGGTGATAACCAGTGTTGGTAG
¢ E T VD P E D V L K VvV I T T V G R

AGCACTTGGCGATGTACGGAACCCTTGCATTCAGTGAAATGATCAAGAACTGCATGTCACGA
AL A M Y G T L A F T E M I K N ¢ M S Q

AGAGCTCTCGTGOAAGgtagegcattcpgcocttgttgagocataaatataatatataaaace
E L § W K
taaatgtgoagtocaactatcagottaggcttttagttgagatggagecatgtttcaattt
ggtatcagageoccatgcaaaaagtcatggttegaategtttgecectaccgggttcaattaa
cagttcteccetogteotacagtttcaaagteogotaactgegttttegttgecagtGACCTGEC
G P A
AAGAATTGGEGAAACAGTGCTGTTGAGCTTAGGAGTTGCTGGGAGCGAGCCCGGGEGTTGAA
K N W E T Vv L L $ L &6 VvV A & $ E P 6 V E
GGAGACGAAATTGCACCACTTGCAAAGGAAAACGTCGCCACTCCATGAAAACTATGGTTT
G D E I A P L A K E NV A T P =
GATAAGCTGGCATATGAAACTAATAAAGTTTTATATATATGTTGAAAGAGCAGAGGCGAT
TTGGTGCTCTTGAGCATTATGAGGTGATGAAAGAGCCAATGGGGGACTCTITTCTTTATTG
TTTTTTGGTATGCCCAGGTGAGTAGTAAATACAGAGTTTAAACTAACGTAGTTTGGTGCTTT
AAGACATTGGGAAGTTGCAGCAGTTCAGCAGGCTAAATGTATAATATAAATAAACAATGE
GCTCTTGTGGTTTTGTGACTTTGAtttccagoaacttgtgatgattttgetatatatatet
ggattcattctacctttagcacactgcatttagaatgetgatacttaagtcatagoatte

attaggtatt
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Fig. 2. Nucleotide and deduced amino acid sequences of the sweet potato granule-bound starch synthase I gene.
Exons are shown as uppercase letters. Introns and flanking sequences are shown as lowercase letters.
Position 1 corresponds to the 5° end of the longest cDNA clone. The TATA box and polyadenylation
signal are underlined. The arrowhead shows the putative processing site of the protein. The translational
termination codon is indicated by an asterisk.
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Fig. 3. Exon/Intron structure and restriction map of
the sweet potato granule - bound starch synthase
[ gene. Boxes and lines represent exons and
introns, respectively.
E, Eco RI; EV, Eco RV; H, Hind III; S, Sal I;
Sc, Sac I X, Xba 1.
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Fig. 4. Southern blot analysis of sweet potato DNA.,
Genomic DNA was digested with a restriction
enzyme and allowed to hybridize to the sweet
potato GBSSI ¢cDNA. E, Eco Rl; EV, Eco RV,
H, find I11; X, Xba I; Sc, Sac L.
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