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Abstract

The evaluation of source potential and sink strength is the
generally large and laborious sample size required to
adequately assess any one of the parameters in field-
grown sweetpotato. For this purpose we used the rooted
single-leaf cuttings with petioles, because the source and
sink organs are restricted in this system. The rooted single
-leaf cutting of sweetpotato provides a unique source-sink
model system, and is established within about 50 days after
planting. In this study, the sink potential of sweetpotato
tubers was examined based on the expression of genes

for starch synthesis (AGPase) and modification (SBE/ and -

GBSSI) in single rooted leaf plant. The gene expression
patterns of GBSSI, SBEIl and AGPase at various deve-
lopmental stages and in different types of root tissues
presented. These results suggest that the rooted single-
rooted method can be used an ideal model system to study
physiological and biochemical mechanisms in sweetpotato.
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Introduction

The sweetpotato is an economically important crop. It
is also an interesting plant because it can propagate from
vegetative tissues, root tubers and vine cuttings, as well
as from seed (Onwueme 1978). The tuberization process
in sweetpotato is known to be controlled by environmental
factors, such as photoperiod, temperature, oxygen con-
centration, moisture and soil properties (Onwueme 1978).

Anatomical characteristics have also been identified as
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the factors influencing the yield of sweetpotato. The high
activity of the vascular cambium relative to that of
anomalous secondary and testic shapertiary meristems re-
sulted in production of the characteristic of high-yielding
cultivars of tuber crops. The tuber width is the most im-
portant characteristic indicative of high yield in most tuber
crops. The storage root has central pith (Lowe and Wilson
1974) and a vascular cambium that has a capacity to
generate storage parenchymatous cells instead of xylem
cells (Artschwager 1924; Wilson and Lowe 1973). Frus-
tration of tuber initiation occurs in some roots by complete
centripetal development of the primary xylem elements
leading to lignification of the central stele (Wilson and
Lowe 1973, Wilson 1982).

In sweetpotato, various components of sink activity have
been identified as more important determinants of yield in
addition to the photosynthetic capacity of the foliage (Fujise
and Tsuno 1967; Hozyo 1977; Wilson 1982). However, the
nature of the tuber sink potential is not clear and the
genetic factors regulating the tuber sink potential are still
unknown. Development of the sweetpotato storage root
coincides with starch accumulation, and the genes that
affect the synthesis and modification of starch and related
metabolisms may play a central role in the control of
storage root development and storage sink strength. Ex-
tensive studies on carbohydrate metabolism, at the mo-
lecular biology level, have been made using the potato as
a model plant (Fernie and Willmitzer 2001; Fernie et al.
2002). However, a potato tuber is a modified stem, while
the sweetpotato storage organ is a modified root. The
documentation of information concerned with the expre-
ssion of carbohydrate metabolism genes [Granule Bound
Starch Synthase (GBSS), Starch Branch Enzyme (SBE)
and ADP-glucose pyrophosphorylase (AGPase)] in sweet-
potato may provide insight into the mechanisms specific for
the starch metabolism in root crops.



124 Use of Single-leaf Cutting in the Study of the Expression of Starch Synthesis and Modification Genes in Sweetpotato

- In sweetpotato, the tuber sink potential has been estimated
by grafting a scion of another cultivar uniform in size on the
stock cultivar (Nakatani et al. 1988) or the reciprocal grafting
{Hahn 1997) in the field. However, the size of source and sink
organs other than tuber is not restricted even in the graft with
the scion uniform in size, because the top growth of grafts
varies with the stock cultivar. In some plants, rooted single
leaves have been used as source-sink model plants since the
source potential is restricted (Humphries 1963; Sawada et al.
1986). In sweetpotato rooted leaves have also been used for
the studies on the translocation of assimilate from leaves to
roots (Kato et al. 1972), tuber cracking (Oyanagi et al. 1987),
and for screening growth regulators (Spence and Humphries
1972; McDavid and Alamu 1980). Recently, Nakatani et al.
(1988) reported a method of using single leaves grafted on
rooted stocks for examination of source and sink potentials of
different cultivars. However, the handling procedure is com-
plicated and many problems arise during grafting of stock and
scion, such as rot disease of petiole.

In the present study, we used rooted single-leaf cuttings
with petioles, and examined the expression patterns of
starch regulation genes (GBSSI, SBEIl and AGPase) during
development of storage root in the rooted single-leaf
cuttings.

Materials and Methods

Plant materials

The virus-free sweetpotato (Kokei 14) was planted in
plastic vats containing a mixture of vermiculite and sand
(1:1, viv). The vats were placed in a growth chamber. Ex-
panded leaves were cut from the plants at the base of the
peticle, and each petiole of the leaves was cut to uniform
lengths of 60 mm to 70 mm. The single leaves with petioles
were planted in soil and maintained under a 12-h light / 12-h
dark light condition. The irradiance at the leaf surfaces was
200-300 pmol photons m? s” (400-700 nm), from fluorescent
lamps. The temperature was 24°C during the light and dark
periods. The relative humidity was about 80%.

Ten rooted single leaves were sampled at 20, 30, 40, 50
and 60 days after planting, and divided into leaves with
petioles and roots for analysis of fresh weight and gene
expression.

RNA extraction and Reverse-Transcriptase
(RT)-PCR

Transcript levels were measured either by RT-PCR. Total
RNA was isolated from whole plants or root tissues RNA as

described by Kim et al. (2002a), and treated extensively
with RNase-free DNase | to remove any contaminating
genomic DNA. The first-strand cDNA was synthesized
using Pfu Turbo polymerase (Stratagene, La Jolla, CA)
from 2 ug of total RNA in a 20-uL reaction volume, and
2 pL of the reaction mixture was subjected to subsequent
PCR in a 50-pL reaction volume. GBSSI (Granule Bound
Starch Synthase |/ Genbank accession number AB071976)
(5" tggtcgtggttcttcttctget3” and 5’ tgtctccatgactgcgaagtt
3"), SBEIl (Starch Branch Enzyme / Genbank accession
number AB071286) (5’ ccacggccaaaaagaccaaagtcac 3’
and 5° accaccatcttgcgtttgagagcag 3’ ), AGPase (ADP-
glucose pyrophosphorylase / Genbank accession number
AJ252316) (5° ggggatgaagtggtttcaggg 3’ and 5’ gggacttit-
ccatctgccagaageg 3') and Tublin (5° caactaccagccaccaa-
ctgt 3° and 5’ caagatcctcacgagcticac 3’ ) were amplified
using the indicated primers according to the following
cycling conditions: RT-PCR for 25 cycles, depending on
the linear range of PCR amplification for each gene, with
each cycle at 94°C or 0.5 min, 60C for 0.5 min, and
72 for 1 min, with a final cycle at 72°C for 5 min to
allow the compietion of the polymerization.

Histological analysis

Transverse sections of petioles for light microscopy, 80
um thick, were obtained using D.S.K. Microslicer DTK-3000
in 2.5% glutaraldehyde in 0.1 M cacodylate buffer, pH 7.2
at room temperature. Sections were mounted on glass
slide with the same solution, and observed using a Nikon
OPTIPHOTO-EDA microscope (Nikon, Japan).

Results and Discussion

We used the rooted single-leaf cuttings with petioles but
without stems and nodal parts to investigate the mechanism
of the initiation (emergence) and development of roots and
expression pattern of the genes controlling starch synthesis
and modification in sweetpotato.

In single-leaf cuttings with petiole, adventitious roots
developed from the callus formed at the cut ends of the
petioles (Figure 1A). The growth of the leaf and petiole was
limited to restricted range because the leaf had already fully
expanded at the time of planting (Figure 2). By contrast, the
root, which is the only storage organ for accumulating
assimilates from the leaf, grew continuously increasing the
weight throughout the experimental period (Figure 2). The
primary root emerged at 7 days after planting (day 7)
(Figure 1A) and elongated to a length of 2-3 cm at day 8.
Small lateral roots were observed at the upper part of the
root on day 10. The sweetpotato roots were classified into
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three types after day 20; fibrous white roots, thin pigmented
roots and thick pigmented roots (Figure 1C). Thick- pig-
mented roots generally turn to tubers (Lowe and Wilson
1974). A thick root was defined as the root with uniform
thickening, at least 2mm in diameter, along the root axis
(Lowe and Wilson 1974). Such thick roots indicate the onset
of secondary growth (Wilson 1982). The root length started
to decease 40-50 days after planting, root weight increased
significantly after day 40 and pigmented roots changed to
storage roots (Figure 2). These facts indicated that initially
the root thickened uniformly and then tuber bulking started
on day 40-50.

Anatomical analysis of the sections of tubers developing
from petiole of the leaf cuttings conformed to the pattern of

Figure 1. Rooting and growth of single-leaf cutting with petiole of
sweetpotato (rooted single-leaf cutting). A, day 7; B, day 10; B,
day 20; D, day 30; E, day 40; F, day 60 after planting

Figure 3. Transverse section of petiole at indicated site of rooted
single-leaf cutting of sweetpotato at day 10 after planting. co,
Cortex; mx, metaxylem; px, protoxylem; lum, Lateral bundle; mbu,
median bundle.

cellular activity during primary root development. In the
upper part of the petiole (Figure 3 A), there were four bundles;
and the outer phioem in the two large median bicollateral
bundles was composed of two or three strands. In the leaf
cutting at day 10, secondary growth was observed in the
petiole (Figure 3). The vascular cambium initiated in the
parenchymatous zone through division of the single-layered
pericycle, sepafating the xylem from the phloem, and was
connected to form a continuous and irregular cylinder.
The roots developed from the petiole formed storage root
as shown in Figure 1 F, suggesting that the roots functioned
as the active sink during the experimental period, ac-
cumulated starch using the assimilate supplied from the
leaf, and formed storage root (Figure 1 F). These results
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Figure 2. Changes in fresh weights of leaf+petiole and root in the
single-leaf cuttings of sweetpotato during sail culture. Leaf+petiole
and root fresh weights were measured in ten plants. Vertical lines

show SE.
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Figure 4. Expression patten of GBSS/, SBE/l and AGPase. A,
Expression pattemn of GBSSI, SBEIl and AGPase of sweetpotato root
[White fibrous roots (W), Thick pigmented roots (TP) and Storage
roots (T)] sampled on day 60; B, Expression of genes in sweetpotato
roots with passage of time. Tublin was used as a control.
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suggest that the rooted single-leaf cutting of sweetpotato
provides a unique source-sink mode system, and is esta-
blished within about 50 days after planting.

Root bulking in sweetpotato is correlated with starch
accumulation and surface pigmentation (Kim et al. 2002b).
The initiation of tuber bulking in a small percentage of
sweetpotato roots shows that the differentiation of the
storage root from the root in sweetpotato is determined by
the activities of starch synthesis and accumulation (Lowe
and Wilson 1974). In this study, the fibrous white root, thick
pigmented root and developing storage root of the same
plants were compared for the expression of genes for starch
synthesis and modification. RT-PCR rather than Northern
hybridization was used to analyze the gene expression
because RT-PCR is more sensitive than Northern hy-
bridization for the detection of gene transcription (Li et al.
1988). RT-PCR analysis can effectively detect the tran-
scripts of weakly expressed genes, whereas Northern hy-
bridization can not (Tanaka et al. 1998). Figure 4 A shows
the results of RT-PCR analysis. RT-PCR for SBEI!l and
GBSS! produced RT-PCR products at expected size.
Expression of the two genes (GBSS/ and SBEI!I) for starch
modification was strongest in developing storage root and
was very low in fibrous white roots. The results indicated
that the degree of expression of the two starch modification
genes was the highest in storage root.

We compared the expression patterns of GBSS/, and
SBEII with that of AGPase in sweetpotato roots. AGPase is
a key enzyme for starch synthesis and is a marker of
tuberization in sweetpotato, which means that AGPase is
positively correlated with sink strength under normal con-
dittions (Li and Zhang 2003). As shown in Figure 4 B,
AGPase expression increased with time after planting. On
the other hand, expression of GBSS/ and SBEIl was low
during the initial 30-40 days after planting and increased at
day 50. AGPase expression in sweetpotato root started at
the initial stage of tuberization reaching a maximum at day
50. This result coincides with the report of Kim et al.
(2002b) that AGPase mRNA was not detected in thickened
pigmented roots, but was found in developing tuberous
roots at 8 weeks after planting in field condition.

These resdults indicated that expression patterns of GBSS/
and SBEI!l were related with the enlarging of the storage
root, for which rapid accumulation of starch may be ne-
cessary. The gene expression patterns of GBSSI, SBE/I and
AGPase at various developmental stages and in different
types of root tissues presented in this paper clearly indicate
that activity of the genes related to starch synthesis and
modification in storage roots is positively correlated with sink
strength during sweetpotato root development.

The evaluation of source potential and sink strength is

generally large and laborious sample size required to
adequately assess any one of the parameters in field-grown
sweetpotato. However, the rooted single-rooted method can
be used to measure source potential and sink strength
because it requires less material and time, suggesting that
an ideal model system to study physiological and bio-
chemical mechanisms of tuber formation.
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