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Three sweetpotato cultivars were investigated for their starch content and amylose/amylopectin ratio.
Ym starch contains 87.2% amylopectin and 12.8% amylose, when total starch was calculated as 100%.
The Zm cultivar contains 33.6% amylopectin and 18.2% amylose, and its total starch was calculated as
51.8% of that of Ym. The Hm cultivar contains 39.1% amylopectin and 30.5% amylose, and its total starch
was 69.6%. We analyzed the expression levels of starch and sucrose biosynthesis-related genes including
AGPases a, b, and c; sucrose synthases I and II; starch synthase I; GBSS I; and SBEs I and II. All genes tested
in this experiment were detected only in Ym, while several genes showed very faint or no expression in
Zm and Hm. We also measured tissue-specific expression of these genes in whole plants of Ym. Most of
the genes are expressed in the stem and roots of the plants. Expression profiles of starch synthesis-related
genes of the sweetpotato leaves were investigated after supplementing the different concentrations of
sucrose solution. All genes in Ym were clearly induced by sucrose, but the expression levels of some of
these genes did not change in Zm and Hm. The total starch content of Ym, Zm, and Hm gradually
increased over time on addition of 3%, 6%, and 9% sucrose concentrations. The greatest accumulation
was observed in Ym at 48 h, and it was almost 2.24 times higher than that of the (0%) control, while
Zm and Hm showed 1.76 and 1.91 times higher levels of starch, respectively. These results indicate that
cooperative expression of all related genes is essential for starch biosynthesis from sucrose. This is the
first report on different sucrose contents and the efficiency with which exogenous sucrose switches on
gene expression of starch biosynthesis-related genes among cultivars.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Sweetpotato (Ipomoea batatas L.) is the 7th most important crop
for food and other industrial materials in the world after wheat,
rice, maize, potato, barley, and cassava, and it is the 5th most
important crop in the developing countries.1 Over 95% of the global
sweetpotato crop is produced in developing countries, and many
farmers in these countries highly depend on this root crop for food,
nutrition, and income.1,2 Hence, there is a need to critically re-eval-
uate the versatility, local availability, and the ecological adaptabil-
ity of hardy root and tuber crops in terms of their utility and
nutritional value. The sweetpotato is one such crop because it is
high yielding and drought tolerant, with wide adaptability to var-
ious climates and farming systems.3 It has been emphasized that
the roots and leaves (greens or tips) of the sweetpotato can support
ll rights reserved.
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more people per unit hectare than any other food crop.4 The leaves
of the sweetpotato are dark green and are expected to have nutri-
tive values comparable to common dark green leafy vegetables.5 It
is an excellent source of antioxidative compounds such as anthocy-
anins and polyphenols.6 Nearly half of the sweetpotatoes produced
in Asia are used for animal feed, with the remainder primarily used
for human consumption, either as fresh or starch-based products.
In contrast, most of the crop produced in Africa is used for human
consumption. Recently, it has also been highlighted as a cheap
material for bioethanol production. Sweetpotato can be grown in
areas that are not suitable for corn, which is a major crop for eth-
anol production, and it yields 30% more starch than corn. It re-
quires less water and fertilizer for growing than other crops.
Thus, many research studies on the sweetpotato are focused on
increasing biomass production by regulating starch biosynthesis
in the roots. Starch biosynthesis in higher plants has been a subject
of study for several decades. The process of starch biosynthesis be-
gins with the production of glucose via photosynthesis. The glu-
cose produced is either further used for subsequent metabolism
or stored, depending on the physiological and developmental
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Table 1
List of primers used for RT-PCR analysis

Primer name Primer sequence

AGPases a and b-Fa 50-TTGATAACTGCAAGATCAAGGATG30

AGPase a-Ra 50-CCGGGAGAAGGAAAACCGCAT-30

AGPase b-R 50-ATGAATCGTTCTCCTGTGATCCCA-30

AGPase c-F 50-AATTCGCAGACTTGTCTAGATCCT-30

AGPase c-R 50-GAGAACCAGGAATTCAAGAACATT-30

Sucrose synthase I-F 50-TCAGTGAAGTCTTGAAATCTGCTC-30

Sucrose synthase I-R 50-CTGGTGGAAGCTTTGAAAGATAAT-30

Sucrose synthase II-F 50-AATCCAAGGATATTGAAGAGCAAG-30

Sucrose synthase II-R 50-TAGATTTGCCATGTGTACTTCTCC-30

Starch synthase I-F 50-TAACTGCCTCACACTTTGTTTCTC-30

Starch synthase I-R 50-TAGCTCAACAACCACACAGGTATC-30

GBSS I-F 50-AGTTCATTTCAATGGATGTTCAGAT-30

GBSS I-R 50-AAGTGCTCTACCAACAGTGGTTATC-30

SBE I-F 50-ATGTAGACCATTTCACATCACCTG-30

SBE I-R 50-GACAACCTTGATTCTCTTCCATCT-30

SBE II-F 50-CTTAAAGCCGGGAAAATATAAGGT-30

SBE II-R 50-TCCGAGCTTTAATTTCATCCTTAC-30

Sporamin A-F 50-CGGCGGGAACTACTACATAGTCT-30

Sporamin A-R 50-GTTGCTATTGTCGGAGACAAACT-30

Sporamin B-F 50-TCTTCCTCCCAAGTAGTCATCTG-30

Sporamin B-R 50-GTTGAATCTGAAGGTCTGGTACG-30

a-Tubulin-F 50-CAACTACCAGCCACCAACTGT-30

a-Tubulin-R 50-CAAGATCCTCACGAGCTTCAC-30

The primer sequences are designed from the conserved regions where there are no
sequence variations among the three cultivars.

a Primer abbreviations: F, forward; R, reverse.
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status of the plants. Sucrose is a key regulatory signal that deter-
mines starch metabolism and/or biosynthesis. Fred et al. reported
that sucrose induced starch biosynthetic gene expression by ABA
signaling.7 Nearly all the genes related to the conversion of sucrose
to starch have been cloned in several plants including sweetpota-
to.8–11 The functions of some of these genes were confirmed by
overexpression or down-regulation in transgenic plants.12–15 Sev-
eral research groups have also attempted to change the physical
properties of starch by regulating gene expression-related amylose
and/or amylopectin synthesis in various plants. There are several
reports of such studies in sweetpotato roots. Using the RNAi of
starch-branching enzyme II, Shimada et al. increased the amylose
content of sweetpotato starch.16 Otani et al. have succeeded in gen-
erating amylose-free sweetpotato by inhibition of GBSS I gene
expression.17 However, the entire process of starch biosynthesis
extends from photosynthesis in the leaves and then storage in
the roots. Thus, studying the process of sucrose-to-starch conver-
sion would be valuable for understanding starch biosynthesis.
Here, we describe the effects of exogenous sucrose feeding on
starch biosynthesis in sweetpotato leaves.

2. Materials and methods

2.1. Plant materials

Three sweetpotato cultivars (Ipomoea batatas L. cv. Yulmi, Ym;
cv. Sinzami, Zm; cv. Sinhwangmi, Hm) were grown at the Korea Re-
search Institute of Bioscience and Biotechnology green house.

2.2. RNA isolation and RT-PCR analysis

Frozen plant tissue was ground in liquid N2 with a mortar and
pestle and extracted with the Trizol reagent according to the man-
ufacturer’s instructions (Invitrogen) to isolate total RNA. Prior to
RT-PCR, RNA samples were treated with DNase I to deplete the con-
taminating genomic DNA for 1 h. First-strand cDNA synthesis was
performed in a 20-lL reaction mixture containing 1 lg of RNA,
0.5 lg of oligo dT, 40 lM each of the four dNTPs, 2 lL of 10X buffer,
200 units of M-MLV reverse transcriptase, and 20 units of RNase
inhibitor (Fermentas). The reaction mixture was incubated at
42 �C for 60 min and stopped by heating at 65 �C for 10 min. To
determine the temporal and tissue-specific expression patterns of
genes, semiquantitative PCR using gene-specific primers (Table 1)
was performed using the a-tubulin transcript level as the internal
standard. The PCR reaction mixes included the forward and reverse
primers, and single-stranded cDNA as template. The thermal cy-
cling conditions were 94 �C for 30 s, 54 �C for 30 s, and 72 �C for
30 s for 25–27 cycles, and the products were separated by agarose
gel electrophoresis and detected under the UV light.

2.3. Starch staining

In order to observe the starch in cells directly, the starch was
visualized by Lugol’s iodine staining reagent (Sigma). Leaves from
10-day-old plants were treated with different concentrations of su-
crose solution and blanched in 80% (v/v) ethanol and immersed in
lugol solution [0.4% (w/v) KI/0.02% (w/v) I2] for 10 min. The leaves
were rinsed with double-distilled water subsequently. The stained
leaves were photographed with a Canon digital camera.

2.4. Starch extraction and analysis

For quantitative analysis of the amylose and amylopectin con-
tent of starch, soluble sugars were extracted in DMSO in a boiling
water bath for 15 min, and 95% (v/v) ethanol was added. After cen-
trifugation, the supernatant was discarded. The precipitate was
dissolved in DMSO and placed in a boiling water bath. This total
starch was used for the measurement of amylose and amylopectin
contents with an amylose/amylopectin assay kit (Megazyme, Inter-
national Ireland, Ltd) according to the manufacturer’s instructions.

2.5. Sucrose treatment

Young leaves containing the petiole were cut and transferred to
0%, 3%, 6%, and 9% sucrose solutions for 6–72 h. Deionized water
was used for control. The samples were incubated in a growth
chamber at 27 �C under 16 h of cool white fluorescent light at an
intensity of 70 lmol m�2 s�1. The leaves were sampled at 6, 12,
24, and 48 h later for further analysis. The samples for starch anal-
ysis were frozen in liquid nitrogen and stored at �80 �C or imme-
diately stained for starch staining.

3. Results

3.1. Amylose/amylopectin ratio and total starch among
sweetpotato species

Flesh color and leaf shape of three sweetpotatoes are shown in
Figure 1A. Each flesh color reflects the anthocyanin and carotenoid
content in Zm and Hm, respectively. The amylose/amylopectin ra-
tios in small amounts of storage roots of Ym, Zm, and Hm sweetpo-
tato cultivars were estimated (Fig. 1B). Ym starch contains 87.2%
amylopectin (equivalent to 297 mg of glucose per gram fresh
weight) and 12.8% amylose (equivalent to 71 mg of glucose per
gram fresh weight), respectively. The total starch (equivalent to
368 mg of glucose per gram fresh weight) was calculated as 100%
when compared with others. The Zm cultivar contains 33.6% amy-
lopectin and 18.2% amylose, and its total starch was calculated as
51.8% of that of Ym. The Hm cultivar contains 39.1% amylopectin
and 30.5% amylose, and its total starch was calculated as 69.6%
of that of Ym. These results show that the amylose/amylopectin ra-
tios and total starch contents among sweetpotato species vary.
However, the Hm cultivar shows relatively higher amylose content



Figure 1. Different phenotypes and starch contents of sweetpotato cultivars. (A)
Characteristic flesh color of storage roots and leaf shape and (B) relative starch
content of storage roots of Ym, Zm, and Hm. 100% is equivalent to 368 mg of glucose
per gram fresh weight. (Ym; Yulmi, Zm; Sinzami, Hm; Sinhwangmi.)

Figure 2. Differential expression of starch biosynthesis-related genes in storage
roots of three cultivars. Total RNAs were isolated from the storage roots of Ym, Zm,
and Hm and analyzed by RT-PCR, using gene-specific primers. a-Tubulin mRNA was
amplified to confirm that a constant amount of total mRNA was used and that a-
tubulin was equally expressed in different cultivars. (Ym; Yulmi, Zm; Sinzami, Hm;
Sinhwangmi.)

Figure 3. Tissue-specific expression of starch biosynthesis-related genes in leaf,
stem, fibrous roots, pigmented roots, and storage roots of Ym. Total RNAs were
isolated from each tissue of Ym and analyzed by RT-PCR using gene-specific
primers. a-Tubulin mRNA was amplified to confirm that a constant amount of total
mRNA was used and that a-tubulin was equally expressed in different tissues.
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than the other species, suggesting its use for producing high-amy-
lose starch.

3.2. RT-PCR analysis of starch biosynthesis-related genes in Ym,
Zm, and Hm cultivars

We analyzed the expression levels of starch and sucrose biosyn-
thesis-related genes including AGPases a, b, and c; sucrose syn-
thases I and II; starch synthase I; GBSS I; and SBEs I and II.
AGPase a (large subunit) expression was observed in Ym, but Zm
and Hm cultivars showed very poor expression levels (Fig. 2). AG-
Pase b (large subunit) expression was noted in all three cultivars,
with slightly higher expression in Ym. AGPase c (small subunit)
was strongly expressed in Zm, while it showed weak expression
in Hm and Ym cultivars. Sucrose synthase, especially sucrose syn-
thase II, was strongly expressed in Zm; sucrose synthases I and II
showed very weak expression in the Ym cultivar; sucrose synthase
I was very weakly expressed, while sucrose synthase II showed
moderate expression in Hm cultivars. Starch synthase I expression
was noted in all three cultivars, with the strongest expression in
Hm. GBSS I, which is responsible for amylose biosynthesis, showed
similar expression levels in all cultivars. However, SBE I, which is
involved in amylopectin biosynthesis and is mainly expressed in
leaves, was only detected in the Ym cultivar. SBE II expression
was detected in all three cultivars, with the highest expression in
the Ym cultivar.

3.3. Organ-specific expression of starch biosynthesis-related
genes in Ym

Each tissue of the plants was investigated for its tissue-specific
expression (Fig. 3). AGPases a and b were mainly expressed in the
stem and roots, while AGPase c was detected in all tissues, with
stem and pigmented roots showing higher expression. Sucrose
synthase I expression was not detected in the tissues tested; how-
ever, sucrose synthase II was detected in all the tissues, with stron-
ger expression in the stem and pigmented roots. Starch synthase I
was weakly expressed in all tissues. SBE I showed strong expres-
sion in storage roots, while SBE II showed weak expression in stor-
age roots but strongly in other tissues.
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3.4. Influence of sucrose on expression of starch biosynthesis-
related genes

Starch synthesis-related genes in sweetpotato leaves were
investigated after the leaves were dipped in 3% sucrose solution
(Fig. 4). AGPase a was strongly induced in Ym and Hm cultivars
at 24 h and 48 h after treatment; however, it was not induced in
Zm. AGPase b was strongly induced at 12 h until 48 h in Ym, but
it showed very weak and/or no induction in the Zm and Hm culti-
vars, respectively. AGPase c was induced strongly and at 6 h in the
Ym and Zm cultivars, but was weakly induced in Hm. Overall, all
three AGPases were strongly induced in Ym, while AGPase c and
AGPase a were specifically induced in Zm and Hm, respectively. Su-
crose synthase I was strongly and moderately induced in Ym and
Hm, respectively, at 24 h after treatment. However, no significant
induction was detected in Zm. On the other hand, sucrose synthase
II was strongly induced in all three cultivars. Starch synthase I was
strongly expressed in Ym regardless of exogenous sucrose in all
time courses studied. In the Zm and Hm cultivars, starch synthase
I showed very weak expression up to 24 h and was further induced
Figure 4. Influence of exogenous sucrose on starch biosynthesis-related genes. Sweet
sucrose-feeding leaves at 0, 6, 12, 24, and 48 h after treatment in Ym, Zm, and Hm cu
amplified to confirm that a constant amount of total mRNA was used and that a-tubul
Yulmi, Zm; Sinzami, Hm; Sinhwangmi.)
at 48 h after treatment. GBSS I was induced in all three cultivars,
with strongest induction in Ym. SBE I was induced from 12 h after
treatment in Ym and Zm, and 24 h after treatment in Hm. SBE II
showed a similar pattern in all three cultivars, but no significant
induction was shown in Zm and Hm. Sporamin A showed very
strong basal expression and was further induced by sucrose feed-
ing in Ym and Zm; however, strong induction was detected only
at 48 h after treatment in Hm. Sporamin B showed a similar
expression pattern with that of sporamin A, but induction by su-
crose was slightly lower in Zm. b-Amylase, which can be a positive
control for sucrose induction, was significantly induced during the
time courses in Ym and showed relatively lower induction in Zm
and Hm. a-Tubulin was used as the control for studies with all
three cultivars.

3.5. Starch accumulation in sucrose on sweetpotato leaves

Starch accumulation in sweetpotato leaves was visualized by
staining, and total starch and amylose/amylopectin were measured.
Figure 5 shows starch accumulation in the leaves of Ym. In 0% su-
potato leaves were soaked in 3% sucrose solution. Total RNAs were isolated from
ltivars. RT-PCR was performed using gene-specific primers. a-Tubulin mRNA was
in was equally expressed in different cultivars, or under different conditions. (Ym;



Figure 5. Sucrose induction of starch accumulation in the leaves of Ym. Starch in
the leaves was stained with KI–I2 solution.

Figure 6. Relative starch contents in sucrose-feeding leaves. Starch contents were
determined as described in Section 2. (A) Ym; (B) Zm; and (C) Hm (Ym; Yulmi, Zm;
Sinzami, Hm; Sinhwangmi). Presented values for starch contents are the means of
three replications. Vertical bars represent the SD.
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crose solution, no visible starch was detected at 0 h, but gradual
starch synthesis by endogenous photosynthesis and subsequent
starch staining were observed at 48 h. In 3% sucrose solution, starch
synthesis appeared only in veins and not in leaves after 12 h; how-
ever, starch synthesis was observed in leaves at 24 h, with further
accumulation. In 6% and 9% sucrose solutions, starch synthesis in
leaves and veins was observed as early as after 12 h, and saturated
starch staining was detected in entire leaves after 24 h. Total starch
and amylose/amylopectin ratio were measured (Fig. 6). Relative to-
tal starch in Ym was 97–122%, 104–183%, 85–219%, and 107–224%
in 0%, 3%, 6%, and 9% sucrose solution, respectively, over a time
course, when total starch of Ym at 0 h in 0% sucrose solution was
considered as 100%. Total starch synthesis in 3% sucrose solution
dramatically increased up to 117% at 48 h. In 6% solution, total
starch showed a similar pattern as that of the 3% solution, and total
starch was 106%, 85%, and 102% at 6, 12, and 24 h, respectively. At
48 h, it significantly increased to 219%. In 9% solution, there was no
decrease in total starch at 12 h, whereas there was a slight decrease
in the 3% and 6% solutions. Total starch gradually increased and
reached a maximum at 48 h. However, starch content of Zm was
65–86%, 72–111%, 98–111%, and 91–115% in 0%, 3%, 6%, and 9% su-
crose solution, respectively, and that of Hm was 93–137%, 117–
165%, 114–162%, and 119–178% in 0%, 3%, 6%, and 9% sucrose solu-
tion, respectively. These results show that starch biosynthesis is
less efficient in Zm and Hm than that in Ym.
4. Discussion

4.1. Total starch and amylose/amylopectin varied among
species

Three sweetpotato cultivars were investigated for their starch
contents and amylose/amylopectin ratios. Ym is known to have a
relatively high starch content, and Zm and Hm represent both
anthocyanin- and carotenoid-producing cultivars, respectively.
While the Ym cultivar shows the highest total starch content, Zm
and Hm show relatively low levels of starch. This could be attributed
to limited carbon availability for the production of both alternative
secondary metabolites such as carotenoids and anthocyanins and
starch. However, the amylose content in Zm and Hm was higher than
that in Ym. Thus, it will be useful to use Zm and Hm cultivars for
producing high-amylose content starch.

We also compared the expression levels of the starch biosyn-
thesis-related genes in three cultivars. Two key enzymes—sucrose
synthase and AGPase—involved in sucrose-to-starch conversion
are known to be subject to transcriptional regulation. Sucrose syn-
thase catalyzes the first step in the pathway from sucrose to
starch—the conversion of sucrose and UDP to UDPGlc and fructose
via a readily reversible reaction.18 Sucrose, anaerobiosis, and
wound increase the expression of sucrose synthase.19,20 AGPase
catalyzes the first committed step of starch biosynthesis in plastids
by converting Glc1P and ATP to ADPGlc and PPi. Its expression is
increased by sucrose21,22 and decreased by nitrate.23

Interestingly, AGPase c and sucrose synthases I and II, two key
enzymes that are responsible for sucrose-to-starch biosynthesis,
showed the highest expression level in Zm, which contains the
lowest starch content among the three cultivars. However, AGPases
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a and b show higher expression in Ym. Also, SBE I is only detected
in Ym. The highest expression of starch synthase I, which catalyzes
ADP-glucose to starch, was detected in Hm. Overall, all the genes
tested in this experiment were detected only in Ym, while several
genes showed very faint or no expression in Zm and Hm. This
may affect the enzyme activity. These results indicate that starch
biosynthesis depends on coordinated expression of all genes of the
pathway rather than the expression levels of individual enzymes
involved. We could conclude that different starch contents and
ratios of amylose/amylopectin among cultivars are due to the
reduced or no activity of some enzymes involved in the starch
biosynthesis pathway.

We also measured tissue-specific expression of those genes in
whole plants of Ym. AGPases a and b show similar pattern and
were mainly expressed in stem, fibrous, and pigmented roots; AG-
Pase c was expressed throughout the plant with stronger expres-
sion in stem and pigmented roots. The expression pattern of
sucrose synthase II also shows a similar pattern as AGPase; how-
ever, we could not detect sucrose synthase I in this experiment be-
cause of either lower expression or the developmental stages of the
plants. Lower or no expression of AGPase, sucrose synthases, and
starch synthase I in the leaves confirmed that starch accumulation
had not started in the photosynthesizing tissues. Interestingly, SBE
I showed the highest expression in the storage roots. On the con-
trary, SBE II showed the highest expression in leaves, demonstrat-
ing that the two isozymes have same function in terms of
catalyzing the formation of a-1,6-glucosidic linkages of amylopec-
tin during starch biosynthesis but in different tissues.

4.2. Starch biosynthesis from sucrose differed in cultivars

There have been many reports about effects of sucrose-induc-
ible genes on starch biosynthesis.21,22,24,25 To investigate whether
the different starch content and ratios of amylose/amylopectin
were due to the different sucrose utilization efficiencies of the cul-
tivars, sucrose-feeding experiments were carried out with sweet-
potato leaf petioles. Overall, we have tested nine genes related to
starch biosynthesis, three positive controls known to be induced
by sucrose and one gene as a template control for RT-PCR. Nakam-
ura et al. showed that sucrose strongly induced sporamin and b-
amylase expression in sweetpotato leaf petiole.26 Hence, we also
used these genes as positive control for sucrose induction in this
experiment. The expressions of Sporamins A and B, and b-amylase
were strongly induced from 6 h after treatment with exogenous
sucrose and were further induced until 48 h in Ym. But, in other
cultivars, these genes showed lower expression in Zm, or induction
was only detected at 48 h after treatment in Hm. These lower and
later expressions of sporamin and b-amylase genes indicate that
sucrose utilization in these cultivars is less effective than that in
Ym. Other starch biosynthesis-related genes also showed the same
patterns in the Zm and Hm cultivars. While all nine genes, AGPases
a, b, and c, sucrose synthases I and II, starch synthase I, GBSS I, SBEs
I and II in Ym were significantly induced by sucrose, some of these
genes such as AGPase a in Zm, AGPase b in Hm, sucrose synthase I
in Zm, and sucrose synthase II in Hm were not significantly in-
duced. These results show that the expression levels of these genes
are not affected by exogenous sucrose. Bae and Liu showed that
two small subunit AGPase cDNAs from the Whitestar cultivar of
sweetpotato, ibAGP1 and ibAGP2, were antagonistically regulated
by exogenous sucrose in detached leaves.27 Taken together, the
induction of these genes by exogenous sucrose was dependent
on the cultivar or there may be other inducers to activate them
in the plants. This would be one of the reasons why Zm and Hm
have relatively lower starch contents and higher amylose/amylo-
pectin ratios. When we compared total starch and amylose/amylo-
pectin in sucrose-feeding leaves, Ym showed the highest starch
content and showed a gradual increase with exogenous sucrose
concentration. Zm and Hm show about 50% and 70% increase in to-
tal starch compared to that Ym.

The increase of total starch is mainly from amylose rather than
amylopectin. Especially in Ym, it reached more than 50% of the to-
tal starch content at 48 h in 6 and 9% sucrose solutions, respec-
tively. This is in agreement with the fact that the only enzyme
GBSS I, which is responsible for amylose biosynthesis, showed ear-
lier and higher expression levels in Ym compared to that in Zm and
Hm. Interestingly, the ratio of amylose/amylopectin in leaves and
storage roots of Zm and Hm differ within the cultivar, suggesting
its tissue specificity in the plants. Overall, starch biosynthesis effi-
ciency by exogenous sucrose feeding differs among cultivars and
the most efficient cultivar is Ym, which has the largest starch accu-
mulation in its storage roots.
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