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Abstract Starch serves not only as an energy source for
plants, animals, and humans but also as an environmentally
friendly alternative for fossil fuels. Progress in understanding
of starch biosynthesis, and the isolation of many genes
involved in this process have enabled the genetic modification
of crops in a rational manner to produce novel starches with
improved functionality. Starch is composed of two glucose
polymers, amylose and amylopectin. The amylose and amy-
lopectin ratio in starch affects its physical and physic-
ochemical properties. Alteration in starch structure can be
achieved by modifying genes encoding the enzymes
responsible for starch biosynthesis and starch hydrolysis.
Here, we describe recent findings concerning the starch
modification in sweetpotato. Sweetpotato [Ipomoea batatas
(L.) Lam] ranks seventh in annual production among food
crops in the world as an important starch source. To develop
transgenic sweetpotato plants with modifying starch com-
position, we constructed transformation vectors overex-
pressing granule bound starch synthase I and inhibiting
amylopectin synthesis genes such as starch branching
enzyme and isoamylase under the control of 35S promoter,
respectively. Transformation of sweetpotato (cv. Yulmi) is
in progress.
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Fig. 1 Starch biosynthetic enzymes. Schematic view of enzymes involved in the biosynthesis of amylopectin and amylose, together
with the molecular structure of these glucans. GBSS, granule bound starch synthase; SS, starch synthase; SBE, starch-branching
enzyme; ISO, isoamylase; PULL, pullulanase; DP, disproportionating enzyme; GWD, a-glucan water dikinase (Jobling 2004)
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Table 1 Modification of starch components and structure by genetic engineering of starch biosynthesis-related genes in starch crops

Crop Gene expression Phenotype Reference
Sweet- GBSSI Amylose-free starch Kimura et al. 2001
potato overexpression

GBSSI inhibition
SBEII inhibition
SRFI overexpression

Amylose-free starch
High-amylose starch
High-starch, low-glucose and fructose

Otani et al. 2007
Shimada et al. 2006
Tanaka et al. 2009

Low-amylose starch

AGPase inhibition

SBE A inhibition

SBE A/B inhibition
Starch synthase inhibition
SSII/SSIIT inhibition

Potato

Middle-amylose starch

High-amylose starch

Amylose-free, freeze-thaw-stable starch
Increase of short chain in

Min et al. 2007

Jobling et al. 1999
Schwall et al. 2000
Jobling et al. 2002
Edwards et al. 1999

amylopectin

[3-amylase overexpression

Rice Amylopullulanase
overexpression
GBSSI overexpression
SBE inhibition

Increase of sugar content

Reduction of amylose

Increase of amylose
Increase of short chain in

Lin et al. 2008
Chiang et al. 2005

Itoh et al. 2003
Satoh et al. 2003

amylopectin

Maize
Wheat

AGPase overexpression

AGPase overexpression

Increase of seed weight

Increase of seed yield

Wang et al. 2007
Smidansky et al. 2002
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