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Factors affecting induction of shoot cluster of Artemisia annua

GENG Sa', JI Sheng-dongl, YU AN ]n—yunl, LU Long-doul, Ye He—chun', LI Guo—feng2
(L. College of Life Science, Henan Normal University, Xinxiang 453002, China 2 Research Center of Plant Molecular

and Developmental Biology, Institute of Botany, Chinese Academy of Sciences, Beijng 100093, China)

Abstract Object To study the factors affecting the induction of shoot cluster of Artemisia annua.

Methods

Conventional plant tissue culture technology was applied to regulate the biosynthetic

metabolism of secondary metabolism product, artemisinin of 4. annua. Results Effects of genotype, hor-

mones, basal medium on the induction of 4. annua shoot cluster were notable, while that of light intensity

ranging between 1 000— 6 000 Ix and temperature ranging between 20C— 30C were not. Among thefive

A. annua strains used, the induction ratio of strain 025 was the best. The optimal concentration for induc—

tion of shoot cluster was 6-BA 2. 0 mg /L and NAA 0. 15 mg /L. lons were also found to be very important

in the shoot cluster induction and the biosynthesis of artemisnin. Conclusion

Effective regulation of in—

duction of A. annua shoot cluster and artemisinin biosynthesis can be carried out via the regulation of

physical and chemical factors.

Key words Artemisia annua 1.; shoot cluster; induction ratio; artemisnin

A" BAK Kex', FAL A, ZERT

(L , 453002 2
1 000~ 6 000 Ix 20°C~ 30C
; 6-BA 2. 0 mg /L
: R286. 02 : B

1 Introduction

In recent years, applied studies have been
more and more extensively used in plant biotech—
nology, so as to modify the plant characteristics,

2]

especially medicinal plants[ Artemisinin is a

colorless, needle form of crystal, its melting point
is 156 C— 157 C, its

Cis H20s, and it is a sesquiterpene lactone with a

molecular formula is

peroxy group[ ' which is easy to decompose by
heat. Artemisinin has characteristics of fast cura—

) ) . . 14
tive effects and low side—effect in malaria ». Cur—
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rently, there are two billion people suffering from
the infection of malarial parasites every year in the
world. Intropical regions, especially in the South-
eastern Asia and Western Africa, chloro—quine—re-
sistant malaria had become the great enemy of pub-
lic health and has also become the main cause of
death™.

medicine by the World Health Orga— nization.

Artemisinin has been a recommended

Artemisinin also is immunode-pressive, cell im-
munological enhancing, and an effector of anti-in-

.4
fluenza virus™'.
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Recently, medicinal artemisinin was directly
extracted from the leaves and buds of Artemisia an-
nua L. The extractive was done with complex
links, taking much time and great effort the qual-
ity of A. annua in different regions also made a
great difference. Although artemisinin could be
synthesized artificially, it could not be put into
production due to high cost and strong side-effect.
The methods of callus and cell culture have been
tested, but the synthesis of artemisinin, because of
the nondifferentiation status of its cells, could only
be achieved after tissue differentiation. The experi-
mental results were disappointing'®’. Woerdenbag

used buds for The
artemisinin could be up to 0. 08% of dry weight of

cultivation. content of

the culture, but the growth cycle would last

A. annua, the shoot cluster culture system was es—
tablished and also the existence of artemisinin in
the cultures was detected, which probably will be
a new method for the industrialized production of
artemisinin.
2 Materials

Plant materials. High artemisinin producing
014, 021, 025, 032 were collected
from Sichuan Province of China. The seeds were

germinated in agar aseptically and sterile seedlings

strains 001,

of A. annua were cultured on the Murashige and
Skoog[g] basal medium with 0. P Sigma agar con—
taining ¥ sucrose in growth chambers at 26 C
for 16 h day length. Sterile seedlings were used for
inducing shoot clusters in MS basal medium sup-

plemented with hormones in different concen-— tra-

weeks"'. In this paper, by using the explants of tions ( Table 1).
Table 1 Effect of plant hormones in different concentration induced ratio of A. annua on multiple shoots
Hormones / (mg" 1L~ 1) Explant€ and multiple shoots formation explants with shoots #0 "
6-BA KT 77T 2,4-D NAA IBA LD L LS SF

0.0 0 0 0 0 0 0 0 0 0
0 4 0 0 0 0 8 0 75.2 68. 6 76.0 48.2
0.8 0 0 0 0 4 0 89. 1 80. 3 91.1 56.5
1.0 0 0 0 0 2 0 93. 5 85. 8 94. 4 63.3
2.0 0 0 0 0. 15 0 96. 8 89. 4 95.8 68.7
2.0 0 0 0 0.1 0 97. 4 92. 5 97.8 74.2
2.0 0 0 0 0. 05 0 98 7 93.9 99. 8 76.1
2.0 0 0 0 0 0 79. 2 72. 5 83.4 50.0
1.0 0 0 0 0 0 48 2 44. 7 55.7 38.1
0 1.0 0 0 0. 05 0 72. 1 65. 2 76.0 55.0
0 1.0 0 0 05 0 68 4 61.3 71.8 46.3
0 20 0 0 01 0 62. 2 54. 3 66. 6 42.2
0 4.0 0 0 02 0 53.2 489 55.4 38.9
0. 8 0 0 01 0 0 86. 3 81. 5 89.5 75.8
1.0 0 0 0.5 0 0 785 72. 3 81.7 67.4
2.0 0 0 1 0 0 66. 2 62. 8 69.9 57.8
0 0 LO 0 01 0 80. 2 76. 4 82.5 64.1
0 0 2.0 0 02 0 785 73. 1 80.6 69.7
0 0 4.0 0 05 0 74. 1 70. 4 78.0 65.8
1.0 0 0 0 0 0.5 56. 3 54. 0 59.7 50.9
1.0 0 0 0 0 1.0 45. 2 40. 2 49.8 36.3
2.0 0 0 0 0 0.5 60. 9 57. 4 63.3 55.4
2.0 0 0 0 0 1.0 58 4 57. 6 64. 1 56.5

# All results were analyzed from 200— 300 explants

> Data were taken after 4 weeks of culture in every case

< LD, L, LS, and SF represented leaf disc, leaves, leaf with leafstalk and stem fragment

3 Methods

3.1 Measurement of shoot cluster growth: Four
shoot clusters, about 0.5 g (fresh weight, FW)
induced in the same condition were inoculated into

each triangle flask weighted in advance (W1). The

triangle flask after inoculating was weighed (W2),
the difference of the two weight is that of ino—cu-
lation material (AW = W>—- Wi). FW of shoot
cluster was obtained in the same growth condition,

the fresh shoot cluster was dried at 50°C and oven
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dried to constant weight, and the dry weight (dry-
ing weight, DW) was got so the DW of the inocu-
lation could come up in the ratio of FW to DW
(FW /DW). The shoot clusters were sub cul- tured
for 4 weeks later and harvested after cultured in
the subculture medium for 6 weeks.

Accounting method for the shoot clusters
growth

Growth increment ( GlI, g /flask)= Harvest weight
(HW, g/flask» DW or FW) - Inoculating weight (IW, g/
flask, DW or FW)
3.2 Measurement of light and temperature effect
on induction of shoot clusters Solid induction
medium 36— 40 mL was contained and 28 leaf discs
were inoculated in each 90 mm cultivation disc.
1. To leave the disc in growth chamber at (25 1)
C for 16 h day length with 1 000, 2 000, 3 000,
4000, 5000, and 6 000 Ix light intensity and dark-
ness separately, then analyze the effect of light on
2. To leave the disc
in growth chamber at 3 000 Ix light intensity for 16
h day length at 15C, 20°C, 25°C | 30°C, 35°C,
40°C separately, then analyze the effect of tem per—

shoot cluster induction ratio;

ature on shoot cluster induction ratio. Best growth
of 4 weeks old shoot clusters were used for subcul-
ture test.

3.3 Measurement of different factors in the effect
on growth and artemisinin biosynthesis of shoot
clustres Clusters 3— 4 of induced shoot cluster
were inoculated into solid subculture medium with
different combination. Cultivated in growth cham-
ber at (25= 1) C for 16 h day length with 1 000 Ix
light intensity. Effect on the growth of shoot clus—
ters was concluded according to the GI difference.

In the same time, content of artemi— sinin was
measured. So differ—ent factors in different con—
centration affecting the growth and artemisinin
biosynthesis could come out.

34

M easurement of artemisinin content UV
artemisinin determination was performed as des—
cribed by Shen et al'™ .

4 Results

4.1 Effects of different hormone concentration on

Put leaf discs,

induction ratio of shoot clusters

leaves, leaves with stems and stem fragments from
seedlings of 2= 3 weeks old into the MS medium
supplemented with different hormones at different
concentration ( Table 1). Results indicated that
shoot cluster induction ratio was best using 6-BA
and NAA combination to different explants. Re-
sults also told us that shoot clusters induction ratio
could reach to 98 %o, 9Po , 96. &% when 6-BA
2.0 mg/L was combined with NAA 0. 05 mg/L,

NAA 0.1 mg/L, and NAA 0. 15 mg/L, respec—
tively. Further study showed that growth of shoot
cluster was good, but verification at differ—ent de-
grees was found when concentration varied ( Fig.

1). Verification ratio of shoot cluster was about
15. % , 10. %% , and 5. % when N AA concentra—
tionwas 0. 05, 0. 1, and 0. 15 mg/L res—pectively.

So combination of 6-BA 2. 0mg /L and NAA 0. 15
mg /L was preferred when induc— tion and verifica—
tion ratio were taken into account. In this paper,

MS medium supplemented with 6-BA 2 0 mg /L
and NAA 0. 15 mg/L was called M-I1.
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Fig. 1

2-vitrified shoots Mo
Effects of different NAA concentration
in combination with 6-BA at 2. 0 mg/L
on shoot cluster induction ratio and

vitrified shoot ratio of 4. annua
4.2 Effects of 4. annua with different genotype
on induction ratio of shoot clusterss Put leaf disc
explants of different genotype at same age into
M1 medium, the results were included in Fig. 2,
Fig. 2 revealed that shoot cluster induction ratio of
025 strain could be 98% , that of 032 line about
80% , and that of the three other lines between
60%0— 10 .

plants with different genotype possessed different

Results indicated that the same genus

perception ability to the same exogenous hormone.
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So in order to get efficient induction ratio of shoot
cluster, different hormone combination should be
used to induced shoot cluster according to different

genotype plant of the same genus.

120

g

80}

60

400

Induced ratio of multiple shoots/%

=

A(00D A (014 A(021) A (025) A (032)
A annu plant hnes

Fig. 2 Shoot cluster induction ratio of 4. annua
with different genotype
4.3 Effects of different explant age on induction
ratio of shoot clusters Put leaf disc explants from

different part of 025 line of I 8 weeks old, re—

spectively into M-Il medium, the results dis-

played in Fig. 3. Fig. 3 demonstrated that induc—
tion ratio of shoot cluster in M-Il medium could
reach up to more than 9% using explants between
1 and 8 weeks old, which indicated that the age of
seedlings had less effect on the induction of shoot

clusters. Fig. 4 aand b demonstrated that induc-
100%

tion ratio was the same, almost using

young and old seedlings as explants.
101

100 [
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98 |
97
%
os
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93

Induced ratio of muitipic shoots/%

1 2 3 4 5 6 7 8
Cullure ume 7 weeks

Fig. 3 Effects of culture time of explant plant on
shoot cluster induction ratio of 4. annua
4. 4 Effects of light and tem perature on induction
ratio of shoot clusters laid leaf disc explants on
M-Il medium in different culture condition from
darkness to 6 000 Ix light intensity, at 25°C, ef-
fect of light intensity on induction ratio of shoot
cluster was recorded in Fig. 5. Results indicated
that shoot cluster induction ratio of M-I1 medium

was almost dependent on light intensity. Just

when in darkness, induction ratio of shoot cluster
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a- shoot cluster induction from leaf disc explants aged 3 weeks;

b shoot cluster induction from leaf disc ex plants aged 8 weeks;

c. shoot cluster induced in light; d. shoot cluster induced in

darkness e. shoot cluster induced from leal disc of seedlings

with normal culture condition; f. shoot cluster induced from

leaf disc of seedlings with continuous light culture condition; g-

shoot cluster induced from leaf disc of seedlings treated at nor—

mal light length anew after continuous light culture

Fig. 4 Shoot cluster induction

was a little lower than that induced in light, also
could be more than 80% . Shoot cluster induced in
darkness grew faster than that in light, but shoot
clusters in darkness was slimmer and each shoot
cluster contained fewer little shoot compared with
that of in light (Fig. 4 ¢ and d). Also, laid leaf

disc explants on M-I1 medium in different culture
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condition from 15°C to 40°C | in 6 000 Ix light in-
tensity, effect of temperature on induction ratio of
shoot cluster was recorded ( Fig. 6). Results
showed that too high or low temperature had
strong effect on induction ratio of 4. annua shoot
cluster, while the induction ratio was the highest,
up to 98% , at 25°C. Further research indicated
that variation ratio of = 3°C had little effect on the

induction of shoot cluster.

lOOl'
95|"

0 10 20 30 40 50 60
Light intensity / X100 Ix

Induced ratio of multiple shoots /%

Fig. 5 Effects of light intensity on shoot
cluster induction ratio of A. annua
1207
100
80
60
40
20

Induced ratio of multiple shoots /%

15 20 25 30 35 40
Temperature (/°C)

Fig. 6 Effects of temperature on shoot cluster

induction ratio of 4. annua

4.5 FEffect of explants from seedlings treated in

different light length on the shoot cluster induction
ratic Before inoculation, put sterile seedlings in
growth chamber with different light length 8, 12,
16, 20 for 24 h at 25 C for 4 weeks. Result of
shoot cluster induction was included in Table 2
Table 2 revealed that continuous light on seedlings
could badly restrain the occurrence of shoot clus—
ters, even the 6~-BA concentration in the induction
medium was increased up to 8 mg /L, but result
was unalterable. However, treating the seedlings
exposed by long light length in the growth cham-
ber for 2 weeks at 16 h light length, shoot clusters
could be induced from leaf disc explants ( Fig. 4 e,
f, and g). Probable reason of the result is that
continuous light inhibited the expression of cy-

tokinin receptor or receptorrelated gene in 4. an—

nua seedlings, so the leaf disc exhibited defects in

exogenous shoot induction.

cytokinin-mediated
Yet when normal light length resumed, the re-
strainability of cytokinin receptor or receptor—relat—
ed gene expression was released from the continu—
ous light and the shoot cluster could also be in-
duced successfully. In Arabidopsis study, two mu—
tants crel and wol also were found to exhibit de-
fects in cytokinin-mediated shoot induction from
callus and root vascular morpho-— genesis[lo"nl,
which demonstrated that extracellu— lar cytokinin
could activated AHK4, a cytokinin receptor. In ad-
dition, explants from seedlings in relative short
light length cultivation could lead to low induction
ratio of shoot cluster. Maybe genetic, genomic,
and biochemical experiments will elucidate the de-
tails in cytokinin perception and target gene ex—
pression essential in formation of shoot cluster.
Table 2 Effect of light cycle on shoot duster

induction of 4. annua

Leaf disc Seedlings LI'*" /h
LI ** /h 8 12 16 20 24
8 62 /126"  79/130 94/139 76/132 0/132
12 68/125 86/132 121/136 108/134 0/135
16 76/128 92/129 139/142 124/129 5/178
20 75/126 93/130 121/128 111/123 2/154
24 70/129 89 /125 112/118 109/119 1/128

* Inducing multiple shoot number; * *

*** LLdight length

Explant number

4.6 Effect of agar concentration on the induction
of shoot cluster Agar was used as not only solidi-
fying material in medium in common use but also
regulator to regulate the humidity in culture flask.
Because, verified shoots were detained by agar in
tissue culture efficiently through regulated humidi-

ty in medium'"

So, in present study, agar was
used as a regulator to regulate the induction,
growth of shoot cluster, and artemisinin biosyn—
thesis. Fig. 7 and Fig. 8 elucidated that 0. 8% a-
gar concentration favorited the induction and
growth of shoot cluster, normal shoot cluster ratio
was about 99% . When the concentration of agar
was too high, shoot cluster was short of water and
verification ratio was low, moreover, shoot cluster
would scorch rapidly. When the concentration ra—

tio was too low, ratio of FW /DW would be over
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20, shoot cluster showed water—logged station and

verifi— cation was serious. Determination of
artemisinin suggested that artemisinin content be
the highest in 0. 8 agar concentration when shoot
cluster ratio of FW /DW was about 10, which indi-
cated that biosynthesis of artemisinin was closely
related to the growth of shoot cluster. It seemed
complicated why verification was decreased when
the concentration of agar was increased- Debergh
et al.""” found that the increase of agar could lead
to remarkable increase of Ca , K, Na, Mg2+ s
%

Mn” , Cu
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Fig. 7 Effect of agar on growth
of A. annua shoot cluster
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Effect of agar concentration on growth

and artemisinin biosynthesis of A. annua
shoot clusters

4.7 FEffect of pH value on the shoot cluster induc—
Inoculated leaf

discs in induction medium with different pH value,

tion and artemisinin biosynthesis

result was summarized in Fig. 9. Fig. 9 elucidated
that the induction of shoot cluster was improved
when pH value was between 5. 5 and 5. 8. Howev-
er induction of shoot was restrained when p Hvalue
was higher than 5. 8, or lower than 5. 5. Biosyn-
thesis of artemisinin could be promoted when pH

value of medium was 5. 8, other pH values inhibit-

ed artemisinin biosynthesis in differ— ent degree,

especially lower than 5. 3.
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Fig. 9 Effect of initial pH value on shoot
cluster induction ratio of A. annua
and artemisinin biosythesis
S Discussion
Optimal physical and chemical factors of af-
fecting the induction of 4. annua shoot clusters
were found in the present study, M S basal medium
supplemented 6-BA 2. 0 mg /L, NAA 0. 15 mg/L,
0. & agar, and pH 5. 8 was found to be efficient
in growth chamber in 16 h light length, 3 000 Ix
light intensiy, and at 257C. Seedlings used as ex—
plants should be treated in about 16 h light length
2 weeks before induction of shoot clusters. Onlyin
this condition, could shoot cluster grow well and
production of artemisinin also be im— proved. In
previous study, the rule that the biosynthesis of
artemisinin could only be achieved after a certain
degree of differentiation for the 4. annua tissue

was revealed"’!. The synthesis of artemisinin has

Lo : 14 6.1
been studied in suspension cell™,  callus'™"!

[16]

shoot'', and hairy root culture'”. All related
studies indicated that the artemisinin pro— duction
obtained by dedifferentiated cultures of A. annua
is very poor, a certain degree of develop—ment is a

In the

present study, shoot clusters in optimal condition

prerequisite for artemisinin biosynthesis.

could also become differen— tiated and synthesis
artemisinin. And shoot clusters in different growth
stage and culture condition also produced different
content of artemsinin. Further study of 4. annua
shoot cluster will be to discover proper medium for

the growth of shoot cluster and biosynthesis of

artemisinin respectively, which maybe the founda—
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tion

of the

industrialized pro— duction of

artemisinin through two—step method.
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