EDUCATUM JSMT Vol. 5 No. 2 (2018)
ISSN 2289-7070 / elSSN 2462-2451 (47-56)
https://ejournal.upsi.edu.my/journal/EDSC

Culture Medium and Varietal Selection for Establishment of Callus
Culture of Artemisia annua

Chin Chee Keong® ?, Farah Alia Nordin?, Arvind Bhatt? & Chan Lai Keng?

Teacher Education Institute, Tuanku Bainun Campus, 14000 Bukit Mertajam, Penang
2School of Biological Sciences, Universiti Sains Malaysia, 11800 Minden, Penang

1Corresponding author: kevincck19@gmail.com

Abstract

Plant tissue culture technology offers the potential of producing medicinally important secondary metabolites
such as anti-malarial artemisinin from Artemisia annua. In this study, callus induction of three different varieties
of A.annua, namely T1, T2 and Hi varieties was carried out using leaf explants on Murashige & Skoog (MS) and
Litvay (LV) media with three different supplementations. MS medium added with 0.5 mg/L BA, 0.5 mg/L NAA
and 0.5 g/L of casein hydrolysate (CH) induced the highest yield of callus biomass compared to the effect of
picloram- or 2,4-enriched MS medium. T2 variety was found to be the highest yielding variety in this medium.
Picloram-enriched MS medium induced better callus in term of callus biomass and friability than 2,4-enriched
medium. Hi variety induced in MS medium added with 0.5 mg/L picloram produced highest callus biomass among
the three varieties. Callus formed on 0.5 mg/L picloram was also much more easily dispersed than callus of all
three varieties cultured in the other two MS medium. LV-based medium was generally shown to be poor in
inducing callogenic response from leaf explants. Therefore Hi callus sourced from MS medium supplemented
with 0.5 mg/L picloram was selected to initiate liquid cell culture of A. annua which can further be explored for
production of artemisinin, an anti-malarial compound.
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Abbreviations: MS — Murashige and Skoog’s salts and vitamins [1]; LV — Litvay medium [2]; BA — 6-
benzyladenine; NAA — alpha-napthaleneacetic acid; 2,4-D — 2,4-dichlorophenoxyacetic acid;
picloram — 4-amino-3,5,6-trichloropicolinic acid, CH — casein hydrolysate

INTRODUCTION

Artemisia annua L. is an aromatic Asteraceae plant species known as ginghao in China and thanh hao
in Vietnam. A. annua is the only species which is able to synthesize artemisinin [3]. A. annua has gained
interest due to anti-malarial compound, a sesquiterpene lactone, known as artemisinin. This compound
is potent against chloroquine-resistant strains of Plasmodium falciparum as, the cause of cerebral
malaria [4]. Artemisinin could be isolated from leaves, stems, buds, flowers and seeds of A. annua [5].
Although artemisinin-based drugs have been considered to be more effective for the malaria treatments,
[6] reported that its low content in A. annua has made the use of artemisinin more costly than other
drugs. Cultivation of A. annua is dependent on the seasonal and environmental limitations [3]. Besides
this, the species shows variation in the amount of artemisinin content from different geographical origin
due to genotypic variation, variation due to climatic and edaphic factors [7], source of plant tissue and
time of harvesting [8]; [3]. Different stages of plant development also affects the artemisinin production.
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It is reported that leave possess highest artemisinin just before flowering [9]. Therefore it is important
to search for alternative biotechnological methods to obtain higher production of artemisinin.

The aim of our study was to select suitable callus source for cell suspension culture from three
different varieties of A. annua based on friability and biomass of callus induced on MS and LV media
with three different supplementations.

MATERIALS AND METHODS

Aseptic plantlets of three varieties of A. annua (T1, T2 and Hi) maintained in MS medium [1] containing
30g/L sucrose, 7.8 g/L agar were used in the present study. The plantlets of these three varieties were
germinated from seeds obtained from the Institute of Tropical Biology, Vietnam.

Leaf explants (0.3cm X 0.3 cm) isolated from ten week-old plantlets were cultured on MS and
LV medium were supplemented with (a) 0.5 mg/L BA, 0.5 mg/L NAA, 0.5 g/L CH, (b) picloram (0,
0.5, 1.0, 1.5, 2.0 mg/L) and (c) 2,4-D (0, 0.5, 1.0, 1.5, 2.0 mg/L). All media were added with 30 g/L
sucrose and 7.8 g/L agar and medium pH was set between 5.7 to 5.8. All cultures were kept under 24-
hour cool white fluorescent light at 26° + 1°C. Six replicates were used for each experiment. Statistical
differences were analysed at a < 0.05 by ANOVA followed with Tukey test (SPSS 12.0 for Windows).

RESULTS
Effect of MS and LV media supplemented with BA, NAA and CH

Both MS and LV medium enriched with 0.5 mg/L BA, 0.5 mg/L NAA and 0.5 g/L CH could induce
the callus from leaf explants in all the varieties of A. annua. However, MS medium enriched with 0.5
mg/L BA, 0.5 mg/L NAA and 0.5 g/L CH medium produced significantly higher callus fresh weight in
all the varieties (T1, T2 and Hi) as compared to that of LV-based medium. Among the three varieties,
T2 variety was found to the best callus-yielding variety in MS medium with average fresh weight of
1.97 £ 0.61 g as compared to Hi (0.99 £0.22 g) and T1 (0.42 £ 0.11 g) (Figure 1).

Figure 1. Effect of MS and LV (+BA+NAA-+casein hydrolysate) on callus
induction of TC1, TC2 and Highland varieties
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Results revealed that the callus produced by T1 variety was dark green in colour and semi-
compact in nature. However T2 variety produced light green, semi-compact callus (Plate 1a) whereas
Hi variety produced green, semi-compact callus.

NAA has been commonly used with kinetin or BA for callus induction of A. annua [10]; [4].
In this study, the highest callus fresh weight (1.97 £ 0.61 g) was produced by T2 variety in MS medium
supplemented with BA, NAA and CH. Different concentrations of CH was found to be effective to
enhance the callus induction in other species i.e. indica rice genotype, MDU 5 [11], date palm [12] and
deep water rice, Oryza sativa L. [13]. Use of case in hydrolysate in culture medium was also effective
for callus proliferation in three different varieties of Rubus genus [14]. However in Oncidium (Gower
Ramsey), CH was less effective for somatic embryogenesis as compared to the peptone as organic
source of nitrogen in promoting embryo formation [15]. In the present study, CH may serve as an
effective organic nitrogen supplement for increased callus yield in A. annua. It has been reported that
CH is a source of 18 amino acids besides containing calcium and several micronutrients and vitamins
[16]. The promotive effect of CH in callus induction was largely due to its rich source of amino acids
and other unidentified growth-enhancing compounds.

Effect of MS and LM media supplemented with picloram

No callus induction was observed in control experiment (hormone-free medium) in all the varieties.
The three varieties of A. annua showed different trend in callogenic response in MS and LV media
supplemented with different concentrations of picloram. MS medium supplemented with picloram
generally induced higher callus fresh weight as compared to LV-based medium. This result resembled
callogenic response to BA, NAA and CH supplementation.

Figure 2. Comparison of medium effect by picloram concentration on biomass of
callus induced of TC1 variety
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Figure 3. Comparison of medium effect by picloram concentration on biomass
of callus induced of TC2 variety
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MS medium supplemented with picloram did not improve callus fresh weight of T1 variety
(Figure 2). However in LV medium, callus induction occurred only in 1.0 and 1.5 mg/L picloram. As
for T2 variety, MS medium enriched with 1.0 mg/L picloram produced significantly higher callus fresh
weight (0.31 + 0.09 g) as compared to the other concentration of picloram (Figure 3). T2 variety also
showed callus induction only in LV medium supplemented with 1.0 and 1.5 mg/L picloram. MS
medium supplemented with 0.5 mg/L picloram showed significantly highest callus fresh weight (0.72
+ 0.17 g) as compared to the other concentration in Hi variety (Figure 4). Contrary to T1 and T2
varieties, LV medium enriched with different concentration of picloram (0.5 to 2.0 mg/L) did induce
some callus growth in Hi variety, albeit less than that induced in MS-based medium.
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Figure 4. Comparison of medium effect by picloram concentration on
biomass of callus induced of Highland variety
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In this study, Hi variety showed the highest callus fresh weight (0.72 £ 0.17 g) as compared to
T1(0.26 + 0.05 g) and T2 (0.31 £ 0.09 g) varieties. Nallammai [17] reported similar findings in that
MS medium enriched with 2.0 mg/L picloram produced soft and easily dispersed callus that weighed
0.78 + 0.25 g from leaf explants of A. annua (Europe origin). Callus produced by Hi variety were
consistently friable and pale green in colour (Plate 1b). T1 variety produced pale green and semi-
compact callus in MS medium enriched with 0.5 mg/L picloram with 23.8% of the leaf explants showed
root regeneration. However, MS medium enriched with 1.0 mg/L picloram produced hard and dark
green colour callus (36.4%) and pale green and friable callus (63.4%) in T2 variety. Callus induced by
all the varieties of A. annua in LV-based medium were either dark green or brown in colour with hard
texture.

a b

Plate 1 (a-b): Effect of medium composition on callus induction. (a) T2 callus on MS + 0.5 mg/L BA, 0.5 mg/L
NAA and 0.5 g/L CH. (b) Hi callus on MS + 0.5 mg/L picloram.
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Picloram had been shown to be the most effective growth hormones for callus induction of
Rollina mucosa as compared to BA, NAA, 2,4-D and GA; [18]. Similarly, picloram was most suitable
as a growth hormone for callus induction of Rubus strigosus as compared to 2, 4-D, NAA and zeatin
[19]. It was reported to be an excellent auxin-like supplement to modified Gamborg B5 medium for
callus growth of Taxus brevifolia. Picloram was found to provide better callus growth, for long-term
subculturing, than other auxins tested [20]. Callus induction of Taxus x media var. Hatfieldii also
benefitted from the use of picloram in culture medium [21].

Effect of MS and LM media supplemented with 2,4-D

The effect of 2,4-D in MS and LV media showed inconsistent result for all the three varieties of A.
annua. Callus formed on 2,4-D-supplemented medium was poor in fresh weight and was visibly semi-
compact and brown in appearance. When MS-based medium was used, callus growth of T1 variety was
observed in medium supplemented with 0.5, 1.0, 1.5 mg/L2,4-D, whereas comparable callus growth
occurred in LV-based medium supplemented with 1.5 and 2.0 mg/L 2,4-D. However, no callus
induction was found in MS medium supplemented with 2.0 mg/L picloram (Figure 5).

Figure 5. Comparison of medium effect by 2,4-D concentration on biomass
of callus induced of TC1 variety
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Figure 6. Comparison of medium effect by 2,4-D concentration on biomass
of callus induced of TC2 variety
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Callus growth of T2 variety was less than 0.05 g fresh weight in LV-based medium. High callus
growth was recorded in MS medium enriched with 2,4-D at 1.0 and 2.0 mg/L concentrations, in which
fresh weight was 0.27 + 0.08 g and 0.20 £ 0.04 g, respectively (Figure 6). Interestingly, LV-based
medium enriched with 2,4-D supported callus induction of Hi variety. LV medium supplemented with
0.5 mg/L 2,4-D (0.45 £ 0.07 g) and 1.5 mg/L 2,4-D (0.29 + 0.01 g) produced significantly higher fresh
weight of callus as compared to the other medium (Figure 7). This may suggest that addition of 2,4-D
could compensate for the lack of nutrients content in LV medium. Contrarily callus induction was very
poor in MS-based medium.
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Figure 7. Comparison of medium effect by 2,4-D concentration on biomass of
callus induced of Highland variety
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Other studies had shown that 2,4-D could prove to be an effective plant hormone for callus
induction. As with NAA, 2,4-D has served as common plant growth regulators used together with
kinetin for callus induction of A. annua [22].

Comparison of MS and LV basal medium

LV medium was originally formulated as conifer suspension medium based on analysis of chemical
environment of archaegonium in immature Douglas-fir seed (Pseudotsuga menziesii) [2]. LV medium
was used to maintain cell suspension and callus of both Douglas-fir (Pseudotsuga menziesii) as well as
loblolly pine (Pinustaeda). Litvay [2] also reported that cereal species such as Avena sativa and Zea
mays could grow better on LV than the MS medium. LV medium was also used for somatic
embryogenesis in Picea sitchensis [23]. Since LV medium was developed for cell suspension of
gymnosperm, it may not be suitable for maintaining A. annua callus, a herbaceous angiosperm. Our
experiments to compare MS and LV as basal medium was prompted by personal communication with
researchers from Institute of Tropical Biology in Vietham who claimed that LV based medium was
better than MS based medium for callus proliferation. We suspect that perhaps addition of certain
supplements may yield such result, which in our case, happened not to be supplement of BA, NAA, CH
or picloram. However, effect of 2,4-D supplement in LV medium for callus induction is worth further
investigation.

Varietal Differences

Genotype-dependent variation of the plant tissue responses has been widely observed. It was found that
Brassica oleracea var. gemmifera with different degree of embryogenic response produced differing
amount of ethylene in anther culture [24]. Varietal effect was also observed in callus induction from
108 varieties of Oryza sativa L. [25] and five deep water rice varieties [13]. The present study revealed
that different varieties of A. annua showed different response in terms of callus induction. Disparity in
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callus induction response of T1, T2 and Hi varieties in three different medium supplementations may
very well be due to interaction between genotypic variations and cultural composition.

CONCLUSION

Light colour callus with higher friability is considered to be more superior as compared to the compact
callus with higher fresh weight. The results from this study indicated that Hi variety could produce light
colour callus with high friability. Therefore, callus produced by Hi variety and MS medium enriched
with picloram were selected as the source and medium for cell suspension culture picloram with the
potential of in vitro production of artemisinin.
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