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Abstract: To study starch biosynthesis in terms of molecular structures of organ-specific starches within one
plant species is interesting. The structural properties of starches from tuberous roots of various sweetpotato
varieties and breeding lines, and also starches from leaf and callus of sweetpotato cv. Koganesengan were in-
vestigated in this study. Examination of the structure and pasting properties of the 16 kinds of root starches
suggested that, statistically, the variation in pasting properties of the starches was more accurately reflected
by amylopectin structures than by amylose. During the course of examination on starch structures of the lat-
est breeding lines, we found two lines having root starches with unique characteristics. One had low amylose
starch and the other had low temperature gelatinizing starch. The physicochemical properties of these
starches were likewise characterized. In leaves where the starch structures and their diurnal-nocturnal
changes were examined from leaves harvested at different times of a day. Gel-permeation chromatography of
the leaf starches and amylopectins showed that, compared to root starch, the leaf starches had higher amount
of materials eluted at the low molecular weight fraction which contained both amylose and a large amount of
small amylopectin molecules. It was found that the amylose content of the leaf starches dropped during the
daytime whereas the branch aspect of the leaf amylopectins remained relatively constant throughout the
whole day. Finally, the structural properties of starch formed in the sweetpotato callus were studied. The
starch content increased from nearly zero to the maximum content in the first week of culture, and then de-
creased afterward. Based on the chain-length distributions of the callus starches at different culture periods, it
was demonstrated that the structural change from waxy to normal feature of starch granule occurred during
the culture of the callus. Thus, the structural characteristics of starches from tuberous root, leaf and callus of
sweetpotato have been revealed.
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Table 1. General properties of starches from tuberous roots of Koganesengan, Kyukei 89376-12
and Kyushu No. 127.
Apparerlt‘ Phosphate™ Average . . X-ray .
amylose (rmol/e starch) granular size diffractogram
(%) pmOvE (um) (type)
Koganesengan 18.6 6.90 13.0 A
Kyukei 89376-12 10.3 7.14 15.7 A
Kyushu No. 127 17.3 2.38 14.2 C

*'Determined by the blue value method. **Determined by the Fiske-Subbarow method after HC1O.-
incineration of defatted starch. **Determined using a Coulter LS130. **Determined using a Rigaku

RU-200B X-ray diffractometer.
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Fig. 1. Representative elution profiles of debranched starch, amy-

lose and amylopectin from tuberous root of sweetpotato cv.
Koganesengan.

Two linked columns of Superose 12 and Sephadex G25SF are
calibrated with stardards of synthesized linear amyloses.
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Fig. 2. Brabender amylograms of root starches from Koganesen-
gan, Kyukei 89376-12 and Kyushu No. 127.
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Fig. 3. Difference in short-chain distributions of root starches from
Kyukei 89376-12 and Kyushu No. 127 in comparison with
Koganesengan starch.
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Table 2. Chain-length distribution of starch and amylopectin from
sweetpotato root and leaves at different times.

Fr.1* Fr.2* Fr.3* AFr.1**
(%) (%) (%) Fr.3/Fr.2 (%)
Starches
Root 19.6 30.4 50.0 1.6 15.7
Leaves
05:00 23.8 31.1 45.1 1.5 14.9
09:00 28.3 29.8 41.9 1.4 14.4
13:00 18.8 32.2 49.0 1.5 7.0
17:00 19.8 31.6 48.6 1.5 7.4
20:00 23.1 31.2 45.7 1.5 12.6
00:00 27.1 29.9 43.0 1.4 14.6
Amylopectins
Root 3.9 36.5 59.6 1.6 —
Leaves
05:00 8.9 375 53.6 1.4 —
09:00 13.9 36.4 49.7 1.4 —
13:00 11.8 34.0 54.2 1.6 —
17:00 124 35.1 52.5 1.5 —
20:00 10.5 36.5 53.0 1.5 —
00:00 12.5 37.3 50.2 1.3 —

*Fractionated on two linked columns of Superose 6 and Sephadex
G25SF (The elution profiles are somewhat different from those de-
termined in Table 4 because of HPLC conditions). **Difference in
Fr. 1 contents of the starch and amylopectin.
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Fig. 4. Molecular weight distributions of starches and amylopectins from root and leaves at dif-
ferent times determined by GPC on Toyopearl HW-75F.

Solid line indicates carbohydrate, and dotted line indicates the Amax in each eluate. The mo-
lecular weight distributions of root starch and amylopectin are expressed as a half scale.
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Fig. 5. Chain-length distributions of debranched starches and amylopectins from
sweetpotato root, leaf collected at 17:00 and callus cultured for 7 days.
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Table 3. Starch content, chain-length distribution of starch, and
GBSSI transcript in sweetpotato calli at different culture

periods.
Chain-length distribution™
Culture fgg:g;‘t GBSSI
period Frl Fr2  Fr3 o 5 /Fr.p transcript™®

(%, DM) () (%) (%)

1 day 2.3 0 326 674 2.1 +
3 days 5.6 7.5 327 59.8 1.8 +
5 days 9.6 10.1 31.1 58.8 1.9

7 days 10.5 123 31.1  56.6 1.8

2 weeks 7.3 16.8 292 54.0 1.9 +
3 weeks 4.3 178 295 527 1.8

4 weeks 0.9 nd nd nd nd +
Root

starch nd 193 290 51.7 1.8

nd, not determined. *Fractionated on two linked columns of Su-
perose 6 and Sephadex G25SF (The elution profiles are somewhat
different from those determined in Table 3 because of HPLC condi-
tions). **Determined quantitatively by a competitive RT-PCR tech-
nique.
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Fig. 6. Short-chain distributions of debranched starches from

sweetpotato root, leaf collected at 17:00 and callus cultured
for 7 days.
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