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SUMMARY

Anthocyanins have been used extensively as food and beverage additives.
The main pigments that accumulate in the storage roots of purple sweet
potato(I[pomoea batatas L.) are anthocyanins with aromatic acyl groups.
These pigments have a high thermostability and contribute towards
antioxidative activity. Therefore, the sweet potato pigment is expected to
be a high quality natural food colorant which may aid in the prevention of
lifestyle-related diseases.

Plant cell cultures have been suggested as a feasible technology for the
production of plant-derived secondary metabolites. Significantly progress
has been made in the enhancement of both productivity and yield of
anthocyanins in a number of plant cell cultures. However, very few tissue
culture techniques have been applied to introduce the biosynthesis of
anthocyanins in vitro from sweet potato. In this study, we have tested the
effects of optimization of media and culture conditions on the pigments

accumulation in the tissue culture of purple sweet potato .

1. Development of tissue culture method and the selection of pigmented

callus

This study was carried out to establish a regeneration system and
selection of high anthocyanin producing cell line from leaf and storage root
explant of purple sweet potato (Ipomoea batatas L.). Callus induction was

initiated from explants derived leaf and root storage. Using leaf, optimal



combination of the growth regulators for callus formation was 1 uM 2,4-D
and 5 uM BA, and the highest yield of embryogenic calli were observed
with a Murashige and Skoog (MS) basal medium containing 0.5 uM 2,4-D
under light condition after 4 weeks of culture. Embryogenic calli were
subcultured on a medium supplemented with 5 pM ABA for 4 days.
Regeneration of shoots occurred when those embryogenic calli were
transferred onto the hormone free MS medium complemented with 3~6 pM
gibberellic acid. Regenerated shoots were developed into normal plantlets.
The optimal concentration for callus formation derived storage root
explants was the best in 10 pM 24-D and 05~5 pM BA combination.
The embryogenic calli were observed on MS basal medium containing 0.5
uM 24-D under the light condition after 5 weeks of culture. Embryogenic
callus subcultured on medium supplemented with 5 UM ABA for 4 days.
Subsequently, the regeneration of shoots occurred when these embryogenic
calli were transferred onto the MS hormone free medium. The highest
frequency(2 shoots/explant) of shoot regeneration occurred in the line
Muan 5. Regenerated shoots rooted rapidly and the plantlets transferred to
soil in the greenhouse appeared normal. This system of somatic
embryogenesis described here will facilitate tissue culture and gene
transfer research of purple sweet potato due to its rapidly(8 ~ 10 weeks).
For the selection of highly anthocyanin synthesizing cell line were used
the callus derived storage root and leaf explants. Light intensity was
identified as important influence on anthocyanin synthesis in callus culture.
Under 3000 lux light intensity was the best for pigment production in this
study. In these condition brought about a 2-fold increase in anthocyanin

content compared to the original leaf tissue. Dark condition was not



suitable for anthocyanin production. The blue, red, far red light irradiation
were influenced on the piment accumulation in callus. Under the blue light
irradiation for 2 h was most effective in anthocyanin accumulation, but
little anthocyanin under the other light condition. The average anthocyanin
contents was enhanced 22~24 fold by light-emitting diodes(LED)

treatment for 2~4 h.

2. Development of effective suspension culture and cell line selection

We attempted to select a high pigmented callus(PC) suitable for the
development of an efficient technological procedure for anthocyanin mass
production. Suspended cell cultures were initiated by transferring about 0.1g
(fresh weight) of callus to 10 ml of liquid medium in 50 ml flask. The
cultures were incubated on rotary shaker (120 rpm) at 27°C in the dark.
The growth and the anthocyanin accumulation in suspension cultures were
monitored periodically. The cell growth observed a typical curve with
induction period at 12 days and exponential phase between 12 and 30 days
after inoculation. The cell growth to next subculture ncreased about 19
times during the whole growth period.

To select the high anthocyanin synthesizing cell line, we tested culture
condition including the composition of plant growth regulators, light
irradiation, and shaking speed etc. The PC appeared in the suspension
culture after 20 weeks subculturing in MS medium. However, the frequency
was very low and their formation suppressed by 24-D or BA. The
maximum pigment accumulation on the present culture observed during the

first 6 days (0.99 mg/mL), which was closed that of a pigment extracted

_10_



from storage roots, (which was 1.5). The highest increase in the
anthocyanin contents in culture was associated with a low growth rate. On
the contrary the pigment contents was constant at the exponential growth
phase.

Light irradiation or addition of jasmonic acid (20uM) enhanced
anthocyanin accumulation in suspension culture, but inhibited cell growth.
This represented an 8.5-fold increase compared with the control culture in
the dark. Following the continuous light irradiation of 8000-8300 lux, the
maximum anthocyanin accumulation was 6.8 CV(color value)/gFCW (fresh
callus weight) at 10 days after inoculation, which was 4.8-fold that the
control. A process that combined jasmonic acid treatment and light
irradiation resulted in a significant synergistic enhancement of anthocyanin
accumulation up to 22.8 CV/g FCW on day 7. This value was 13.8-fold
that of the control. One anthocyanin was isolated from the highly
pigmented callus derived from the storage root of purple sweet potato cv.

muan. It was identified as cianidin by HPLC analysis.

3. Selection of new breeding lines with high anthocyanin content by

hybridization breeding

Selection of new breeding line having high anthocyanin content was tried
by hybridization breeding method. Seeds for new lines were obtained from
artificial cross, and cutted at field as seedlings next year. 8 new breeding
lines having anthocyanin pigment were selected from total 1,603 seeds by
artificial cross. And, 6 genetic resources were selected from seedling 5 ~ 7

generations. These resources have high anthocyanin contents and yields

_11_



and will be used for new variety development of high anthocyanin content.

Cultivation periods were experimented for high anthocyanin content using
purple sweetpotato. Even if cultivation period was prolonged, anthocyanin
content was not changed from short day cultivation as 80 days. But, total
anthocyanin yield can obtained higher and higher by fleshiness of storage
root. Therefore, cultivation over 120 days was recommended for high yield

of anthocyanin.

_12_
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Table 1. Effect of plant growth regulators on the callus formation from

leaf disk cultures of purple sweet potato(three cultivars;, ’'Jami’; 'Borami;

'Sinjami’. two lines; 'IT310" "<t 5') after 4 weeks of culture. (bold ;

good response of callus formation, underline ; embryogenic callus formation)

Jami Borami Sinjami IT310 Muan 5
0O uM 2,4-D 0 uM BA - - 15+5 510 0+0
0.5 uM BA  40%5 35+5 60+10 40£5 50+5
5uM BA 70x10 93£10 80x10 60+10 50+5
50 pM BA  80%5 35%5 75110 55+5 15+5
1 uM 2,4-D 0O uM BA  80%5 30+5 35+5 80+5 8010
0.5 uM BA 98%5 905 60+10 955 90+15
5uM BA  90%5 9515 75110 9515 95110
50 pM BA  70%5 9010 60+5 80+5 40£5
10 uM 2,4-D 0O uM BA  5%0 - 35%5 0+0 0+0
0.5 uM BA  30%5 40+5 35+5 40+£5 25+5
5uM BA 70x10 60+5 60+10 5010 30t5
50 uM BA  45%10 - 3510 45+15 0£5

100 uM 2,4-D 0 uM BA
0.5 uM BA
5 uM BA

50 utM BA
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Table 2. Types of calli induced from leaf explants of purple sweet potato
cultured on MS media containing 0-100 pM 2,4-D and 0--50 pM BA after

4 weeks of culture.

Types of callus Color character
Type A Whitish yellow friable, watery, embryogenic
Type B yellowish brown friable, soft
Type C green soft, watery
Type D green non-friable, compact
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Figure 1. Growth pattern of calli derived from leaf explants of purple

sweet potato.
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‘EIJamiEIBorami!SInjamiIT310!|MuanE

Figure 2. Frequencies of embryogenic calli formation from leaf disk
cultures of purple sweet potato on MS medium containing 05-15 pM

2,4-D under various light intensity.
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Table 3. Organogenesis from embryogenic callus derived from leaf disk
of purple sweet potato on MS medium. After 4, 12 and 24 days of
culture on medium containing ABA, the embryogenic callus was

transferred to medium containing 3, 6 and 9 pM GAs,

ABA (uM) 1 3 5
day 4 12 24 4 12 24 4 12 24

GAs M)
3 S 0 0 0 0 0 0 20 20 20
R 80 90 80 100 80 80 100 90 80
6 S 0 0 0 0 0 0 25 0 0
R 90 90 80 80 90 80 100 80 80
9 S 0 0 0 0 0 0 0 0 0
R 90 90 80 80 90 90 100 90 90

S; shoot formation (%), R; root formation(%)
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Figure 3. Plant regeneration from leaf disk culture of Ipomoea batatas line
"IT310". A, Embryogenic callus after 4 weeks of culture on MS medium
containing 0.5 uM 24-D; B, Develeopement of shoot in regeneration
medium supplemented with 6 UM GAs, after 12 days of culture on medium
containing 5 uM ABA; C, D, Normal plantlet formation after 50 and 60

days culture, respectively.
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Figure 4. Morphological patterns of purple embryogenic callus from purple
sweetpotato cv. Borami. A, 2 weeks after culture; B, C, 3--4 weeks after

culture; D, E, 6 weeks after culture; F, 10 weeks after culture.
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Figure 5. Effect of light intensity on the purple callus formation in tissue

culture of purple sweetpotato.
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Figure 6. Effect of light on accumulation of anthocyanin in tissue culture

of purple sweetpotato.
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Figure 7. Effect of 24-D on the amount of anthocyanin contents. Data

were evaluated at 2 weeks after 2,4-D treatment.
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Figure 8. Effect of ABA on the amount of anthocyanin contents. Data

were evaluated at 2 weeks after ABA treatment.
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Figure 9. Effect of Jasmonic acid on the amount of anthocyanin contents.

Data were evaluzted at 2 weeks after Jasmonic acid treatment.
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Figure 10. Changes in pigment accumulation after treatment of blue(B),
red(R), far red(FR) light. After 2 weeks of culture in the low intense light
(3000 lux) wer treatmented with B, R, FR up to 4 h: Control; 3 weeks, in

low intense light.
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Table 4. Embryogenic callus and non-embryogenic callus formation from
storage root explants of purple sweet potato cultivars, "Jami”, "Borami”,
"Sinjami”, line "Muan 5" on MS media supplimented with various

combinational of 2,4-D and BA under dark or light condition.

Jami Borami Sinjami Muan 5
2,4-D BA c E c E c E c
(um) (um)
0 0 - - ® - - - @€ - - - @e€0 - - e ©
0 - - @ - - - e O - - e o - - ee O
5 - - @€ O - - e® 0O - - e0o - - ee 0o
5 - - - - - - e - - - @ 0O - - ee 00
1 0 e®@ O @ ©O ee - ... o - - e 0000 @ O
0.5 - - @€ O e® - 0 OO - - @00 O O ee® 0O
5 00 O 0000 - O 0@ OO0 - - ee00 @O © ee® O
5 - - e 00 - - ® O - - e o0 - - ee O
10 0 - © @0 - - @ - - - @ - - - o
05 - - ecee-°®0o - - e0 - -%¢
[ J [ J
5 - - @ O - - e OO © - ee0O - - ... (o@()o
5 - - - - - - @ - - - €00 - - e® 00
100 0 - - - - - - - - - - - - -
05 - - - - - - - ©0 - - @ - - - - -
5 - - - - - - - - - - - - - - e® O
5 - - - - - - - - - - - - - - e® O

(E: embryogenic callus formation, C: callus formation)

(O : in light, @ : in dark)
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Figure 11. The amount of embryogenic callus during culture period.
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Figure 12. Plant regeneration from storage root disk culture of Ipomoea
batatas line "Muan 5”. A, Embryogenic callus after 2 weeks of culture on
MS medium containing 0.5 uM 2,4-D; B, Embryogenic callus after 2 weeks
of culture on MS medium containing 1 pM 24-D and 5 uM BA; C, D,
Develeopement of shoot in MS medium, after 4 weeks of culture E,

Abnormal shoot; F, Normal plantlet formation after 50 and 60 days culture,

respectively.
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Table 5. Organogenesis from embryogenic callus derived from storage root
disk of purple sweet potato. After 4 days of culture on a medium
containing ABA, the embryogenic callus was transferred to a medium
containing MS only, 3 or 6 UM GAs supplemented. Each value represents

the average of 3 determinations. [S; shoot formation (%), R; root

formation(%)]
4 weeks 4 days 4 weeks 6 weeks
& oF S(%) R(%) S(%) R(%)
0.5 uM 2,4-D 3 uM ABA MS 0x0 675 0x0 117£10
" " 3um GAs 00 165+10 0+0 200%20
" " 6 um GAs 00 162+15 0x0 143x10
" 5 uM ABA MS 0+0 0x0 0x0 2715
" " 3w GAs  0x0 98+5 0+0 78x5
Y U 6 uM GA3 0x0 8020 0t 153£10
1uM 2,4-D 3 uM ABA MS 2713 13+5 40%10 0+0
" " 3um GAs  0x0 105+15 0+0 105%10
" " 6 uM GAs 30 0x0 30 4315

" 5 uM ABA MS 160+20 0£0 16020 0%0
" n 3 M GAs  0%£0 35030 0£0 325%30
4 " 6 tM GAs 00 83%10 0x0 50£5

1uM 2,4-D/ 5 uM-BA 3 utM ABA MS 0+0 24020 00 227£15
" " 3uM GAs  0%0 211£20 11+£3 178%+20
" " 6 M GAs  0%0 170£15 00 145%15
" 5 M ABA MS 0+0 50£5 0+0 50£10
" ” 3uM GA;  0+£0 108+10 0x0 108+5
" " 6 tM GAs  0+£0 29+5 0x0 17x3
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Figure 13. Morphological pattern of anthocyanin synthesizing callus
from purple sweet potato cultivars after 6, 8 10 and 14 weeks of

culture on MS medium supplemented with 0,5~1 pM 2,4-D.
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Figure 14. Changing pattern of purple callus on MS medium

supplemented with 0~15 uM 2,4-D after subculture.
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Figure 15. Shape of callus(A) and mutant callus(B,C). Bars=1 c¢m
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Figure 16.

Effect of 24-D(0 -~ 100 uM) and uM BA(0 - 50) combination

during tissue culture mutant calli. 4 weeks after subculture.
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Figure 17. Formation of anthocyanin synthesizing site during the

suspension culture in shaking incubator with various shaking speed.
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Table 6. Anthocyanin synthesis in suspension culture with various

shaking speed.

Growth period (week)
0 1 2 3 4 5 6 7 10

rpm

70 +++ +++ 4+ ++ ++ ++  ++  ++ -

120 +++ +++ +++ +4++++ +++++ ++++ F+H+ + -

160 +++ ++++ +++++ ++++  +++ ++ ++ o+ -
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Table 7. Effects of growth regulators(NAA/BA) and culture periods on

anthocyanin synthesis.

Growth period (day)

0 6 12 18 24
ON/OB C + + + + +
R - - - ++ ++
P + + ++ ++ ++
ON/0.5B C + + + + +
R - - - ++++ ++++
P + ++ ++ ++ ++
ON/5B C + + + + +
R - - - ++ ++
P + +++ ++ ++++ +++++
ON/50B C + + +++ +++++ +++
R _ —_ — — —
P + ++ + ++ ++
1N/OB C + + + + +
R - - - ++++ ++++
P + + ++ +++ +++
IN/0.5B C + + + + +
R - - - + -
P + ++ +++ ++++ +++++
1N/5B C + + + + +
R - - - ++ ++
P + +++ ++ +++ +++++
1N/50B C + + + ++++ +++
R _ —_ — — —
P + ++ + - -
10N/OB C + + + + +
R - - - ++++ +++
P + + ++ +++ +
10N/0.5B  C + + + + +
R - - - ++++ ++
P + + ++ +++ +
10N/50B C + + + + +
R - - - +++ ++
P + + + +++ +

(C; calluf fomration, R; root formation, P; purple callus formation)
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Table 8 Effects of growth regulators(2,4-D/BA) and culture periods on

anthocyanin synthesis.

Growth period (day)
0 6 12 18 24

0 uM 2,4-D/ 0 uM BA c + + o+ttt e+
R - - - +++ -
P ++  ++ ++ _
0 uM 2,4-D/ 0.5 uyM BA C T o+ 4+ 4+
R - - - +++ -
P + ++ ++ ++ -
0 uM 2,4-D/ 5 uM BA C + + ++  ++ +
R - - - ++ -
P + + ++ ++ -
0 uM 2,4-D/ 50 uM BA C + + 4+ FH+ o+
R - - - - -
p ++  ++  +++
1 uM 2,4-D/ 0 uM BA C + + +
R - - - - -
P + ++  ++ ++ o+t
1 uM 2,4-D/ 0.5 uM BA C + + + + +
R - - - - -
P ++  ++ +++
1 uM 2,4-D/ 5 uM BA C + + +
R - - - - -
P ++ ++  ++
1 uM 2,4-D/ 50 uM BA C + + +
R - - - - -
P + + ++  ++  ++

(C; callus fomration, R; root formation, P; purple callus formation)
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during suspension culture with various growth regulator.
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sweet potato cv. Borami, maintained in MS medium with 1 uM 24-D and

5 uM BA.

_92_



A2 2L ol8F ZAMFAM R 55 A2 olgde]l Ao

ol
il

24D ©E AT B A% BA B¢ A FolA A Aess A
3=

NEL FA, FAHA Rl 24wt

>

EA

=

e v AlEstel {4, F4 754 %5 24-D9 BAE ol & A8 ¥
=2 Agste] AAsth 1 A table 994 K= wpel o] wjek 129 ¥
7hA 05 ~ 5 uM BA @5 A Al Ay Aol dEstdion, 1 uM
24-Dell 0 ~ 05 uM BA &3 A A A4 Aol Fasdnt. 12

24§ E5 zHaskH, 309 Fole BT AW AAaE @A H Sl

_93_



Table 9. Effects of 2,4-D and BA on anthocyanin synthesis.

Growth period ( day)

12 24

0 uM 2,4-D 0 uM BA C - -
p — +

0.5 uM BA C ++ -

p - +

5 uM BA C ++ -

p - +

50 uM BA C - -

P — _

1 uM 2,4-D 0 uM BA C - -
P ++ -

0.5 uM BA C -= -

P ++ +

5 1M BA C - -

P — -

50 uM BA C - -

P ++ -

10 uM 2,4 0 uM BA C - -
P — _

0.5 uM BA C - -

P — _

5 uM BA C - -

P — _

50 uM BA C - -

P — -

(C; calluf fomration, P; purple callus formation)
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Table 10. Effect of 2,4-D and BA on callus growth rate of mutant callus

in the dark at 26 C.

OwM 24-D 1 puM 24-D 10 pM 24-D 100 pM 2,4-D

0 uM BA ++++ +++ + _
0.5 utM BA +++ ++++ + _
5 uM BA ++ +++ + _
50 uM BA ++ +++ + -
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Figure 20. Changes in anthocyanin content during the selective
subculturing of the purple sweetpotato calli. The calli were cultured on

hormone free MS medium (liquid) under the dark for 7 days.
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Figure 21. A color tone accumulated anthocyanin in storage root of purple

sweet potato cv. Jami(A), cv Borami(B), and variated calli(C,D)
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Figure 22. Comparison between storage root of cv. Jami(A) and purple

variated calli(B).
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Figure 23A,B Growth of suspension culture (A) and changes in pigment
accumulation (B) in the PL cell-line of purple sweetpotato, maintained in

MS hormone free medium.
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Figure 24. HPLC chromatogram of the anthocyanin extracted from purple

mutant calli (A) and storage root of purple sweetpotato(B) cv Jami.
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addition. In each well, 10 ml medium was used and 0.1 g wet calli were

inoculated.
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Figure 26B. The effect of various concentrations of sucrose and glucose
on anthocyanin content. Sucorose and glucose were added on 0 days and
callus growth and anthocyanin synthesis was measured 30 days after the
addition. In each well, 10 ml medium was used and 0.1 g wet calli were

inoculated.
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Figure 27. Effects of cell inoculum size on cell growth and anthocyanin

contents in cell suspension culture of purple mutant calli.
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Figure 28. The effect of various concentrations of 24-D and BA on
anthocyanin content. 24-D and BA were added on 0 days and callus
growth and anthocyanin synthesis was measured 12 and 30 days after the
addition. In each well, 10 ml medium was used and 0.1 g wet calli were

inoculated.
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Figure 30. The effect of various concentrations of ABA on anthocyanin
content. ABA was added on 0 days and callus growth and anthocyanin
synthesis was measured 12 and 30 days after the addition. In each well, 10

ml medium was used and 0.1 g wet calli were inoculated.
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Figure 31. The effect of different concentrations of jasmonic acid on
athnocyanin content. Jasmonic aicd was added on O days and callus growth
and anthocyanin synthesis was measured 12 and 30 days after the addition.

In each well, 10 ml medium was used and 0.1 g wet calli were inoculated.
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E A A Y FEAE A S Y Ay
AP 2] 7] Z3A] 7] I~ Color value
(4. &) | (B A5 Fd) (kg/10a) (E 10%, lcm)
80 375 a 9.0 a
e 100 727 b 8.8 a
% H
710 120 1,578 ¢ 8.8 a
140 2,076 d 8.7 a
80 377 a 8.8 a
5. 15 100 1,051 b 8.8 a
(RE71A
W) 120 1,589 ¢ 8.4 a
140 1,905 d 8.5 a
80 395 a 8.9 a
4
6 15 100 1,120 b 8.4 a
qE7] A w
(717 120 1,600 ¢ 8.4 a
140 1,823 d 8.5 a
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