Vietnam J.Agri.Sci. 2017, Vol. 15, No. 3: 382-389  Tap chi Khoa hoc Néng nghiép Viét Nam 2017, tap 15, s6 3: 382 - 389

www.vnua.edu.vn

PROPAGATION OF Planfago majorL. BY PLANT TISSUE CULTURE TECHNIQUE

N.V. Ay*? M.V. Duy? O. Baatartsogt', Kh. Altantsetseg’, V. Enkhchimeg"*

'Dept of Biotechnology and breeding, School of Animal Sciences and Biotechnology,
Mongolian University of Life Sciences, Mongolia
’College of Agriculture and Applied Biology, Can Tho University, Vietnam

Email : enkhchimeg.v@muls.edu.mn

Received date: 29.09.2016 Accepted date: 20.12.2016

ABSTRACT

Plantago major L., a species that originated in the Far East, has been used for medicinal aspects since ancient
times. The technique for callus induction, growth, and plant regeneration from cultured young leaves and petiole
explants of Plantago major was carried out. The best initiation and growth of calli was achieved on MS supplemented
with 1 mgL™ 2,4-D and 0.5 mgL™ BA. Shoot regeneration from the calli was obtained on MS medium containing
1 mgL™* TDZ alone or combined with 0.5 mgL™ a-NAA (100 and 96%, respectively). Moreover, the optimum medium
for shoot multiplication was MS medium comprising 5 mgL™ BA, and root formation from the shoots was half-strength
MS medium supplemented with 2 mgL™ NAA. The regenerated plants were successfully transferred into pots
containing a mixture of decayed straw: rice husk ashes, (1:1, v/v), sand: soil (1:1, v/v), soil, or sand and grown in
nethouse. The phenotypes of regenerated plants were normal as a mother plant.

Keywords: 2,4-D: 2,4-Dichlorophenoxyacetic acid, ABBREVIATIONS, Acclimatization, BA: Benzyl adenine, NAA: a-
Naphthaleneacetic acid, MS: Murashige and Skoog, Plantago major L., plant growth hormone, TDZ: Thidiazuron,
tissue culture.

Nhan giéng cay ma dé (Plantago major L.) bang ky thuat nudi cay mo
TOM TAT

Cay ma dé (Plantago major L.) c6 ngudn gbc tr mi&n Vién Déng, 1a loai dwoc liéu dwoc st dung tr xa xwa. Ky
thuat tao va nudi cdy mé seo ciling nhw tai sinh chdi tlr cudng |4 va 14 non cady ma dé P. major L. d& dwoc thuwe hién.
Két qua nghién ctru cho thay: (i) méi trudng thich hop cho sw tao md seo [a méi trwdng MS bd sung 2,4-D 1 mg/L
két hop véi BA 0,5 mg/L; (i) Ty cac md seo hinh thanh, cé thé tai sinh chdi cay ma dé trén méi trwdng MS bd sung
TDZ 1 mg/L hodc TDZ 1 mg/L két hop véi NAA 0,5 mg/L sé cho hiéu qua cao (twong trng 100 va 96%); (iii) Tl cac
chdi tai sinh cé thé cay truyén trén méi trwong MS bd sung BA ndng do tr 5 mg/L nhdm gia tang sé chdi; (iv) Trong
giai doan tao ré in vitro, c6 th& s& dung méi trwdng MS bd sung NAA ndng d6 2 mg/L. Cay con sau khi tao r& d&u
sinh trwéng, phat trién tét va cé hinh thai nhw cay me trén céc loai gia thé: phan rom muc + tro triu (ty & 1:1), cat +
d4t (1:1); 4t hodc céat khi thudn dudng trong nha lwdi.

T khéa: Cay ma dé, chat didu hoa sinh truédng, nudi cdy mé, Plantago major L., thudn duéng.

1 INTRODUCTION major L.), belonging to the Plantaginaceae

family, is considered to be a potential herb

The investigation of medicines of plant
origin is prospective of the current trends in
medical research because of their affordability
and accessibility with minimal side effects.
Among the medicinal plants, plantain (Plantago
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because it contains high levels of biosubstances
such as 1iridoid glycosides, polysaccharides,
flavonoids, and some organic acids that are
involved in wound healing activity, and have
anti-inflammatory, analgesic, antioxidant, weak
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antibiotic, immune modulating, antiulcerogenic,
antileukemic, and antihypertensive activity
effects (Ho, 2000; Kolak et al., 2011). This species
has attracted much attention and has become
economically important (Basma et al., 2012).

Conventional propagation methods, such as
seeds, grafting, cuttings, and suckers, are in
place but are cumbersome and season
dependent. Therefore, the application of modern
tools of biotechnology needs to be standardized
for harnessing the maximum benefits from this
medicinal plant (Kalia et al., 2011). The plant
tissue culture technique is one of many valuable
tools in plant breeding programs. Compared to
other vegetative methods, it is a convenient
technique for producing clonally uniform and
genetically identical, axenic plants of many
desirable plant species. This technique 1is
convenient and facilitates year-round
production capability and requires less space
(TAEA, 2004). It has immense potential in mass
propagation in a genetic improvement program
of Plantago major. Indeed, plantain propagation
through
methods were successfully achieved for several

conventional and tissue culture
species: P. lanceolata L., P. major, P. maritima
L., P. media L. and P. ovata Forssk (Tu, 1996;
Makowczynska and Golec, 2000; Makowczynska
and Golec, 2003; Fons et al., 2008). However,
callus induction or direct or indirect shoot
regeneration is still limited (Fons et al., 2008).
Positive results regarding Mongolian and
Vietnamese broadleaf plantain propagation has
not yet been studied. This study was conducted
with the aims of determining the optimal media
for regeneration of plantain plants by the plant
tissue culture technique in order to apply for
and improve plantain production and
application, as well as contributing to the
development of the broadleaf plantain
processing industry that supplies products for

both domestic and overseas consumptions.

2. MATERIALS AND METHODS

2.1. Plant materials

The matured seeds of P. major were
surface-sterilized by rinsing with 70% ethanol
for 2 min and rinsed 3 times in sterile distilled

water. Then the seeds were sterilized in 2%
(v/v) NaOCI and 0.03% (v/v) Tween 20 for 15
minutes, and rinsed 3 times in sterile distilled
water. Then the seeds were rinsed by 0.1% (w/v)
HgCl, solution for 2 minutes and finally rinsed
6 times in sterile distilled water.

2.2. Media and culture conditions

All samples were plated on a medium
comprised of basal salts and vitamins of MS
(Murashige and Skoog, 1962) supplemented
with 3% (w/v) sucrose, and 0.2% (w/v) phytagel.
The medium was adjusted to pH 5.8, and then
autoclaved at 1.2 - 1.3 kg/cm?® pressure and
121°C for 20 min. The cultures were maintained
under in vitro culture conditions adjusted to 25
+ 1°C and 16h photoperiod of 45 pmol m2s*
illumination provided by cool white fluorescent
lamps. After 10 days of culture, explants (56 mm
in diameter of young leaves, 5 mm in length of
petioles) were aseptically excised from P. major
seedlings and used for further experiments. All
cultures were maintained under the same in
vitro culture conditions as described above.

2.2. Methods
2.2.1. Effect of

concentrations and combinations on callus

various hormone

induction

To determine the effect of growth regulators
on callus induction from the young leaf and
petiole explants, MS media containing various
combinations of 2,4-D concentrations (0, 0.1, 0.5
and 1 mgL™') and BA concentrations (0, 0.5, 1
and 2 mgL') were used. Each treatment was
carried out in 5 replicates (10 explants in a Petri
dish per replication) for each type of sample.
After 4 weeks of culture, the percentage of callus
induction was counted.

2.2.2. Shoot regeneration and multiple shoots

Callus clusters were selected from the best
treatment of the callus induction experiment
above to be used for further analyses. To
determine the effect of growth regulators on
shoot regeneration, MS media containing various
combinations of NAA concentrations (0, 0.5 and 1
mgL™) and TDZ concentrations (0, 0.2, 0.5 and 1
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mgL™") were used. Each treatment was carried
out in 5 replicates, 10 explants in a Petri dish per
replication. After 4 weeks of culture, the
percentage of shoot regeneration was counted.

To evaluate the effect of BA concentration
on shoot multiplication, shoot tips with 3-4
leaves were cultured. The MS media containing
various BA concentrations (0, 1, 2, 3, 5 and 7
mgL!) were used.

Each treatment was carried out with 5
replicates, 3 explants in a jar per replication.
After 2, 4, 6 and 8 weeks of culture, the number
of new shoots was counted.

2.2.3. Root induction

Regenerated shoots, without roots, were
transferred into MS medium (half and full
strength) supplemented with activated charcoal
2 gL' and various concentrations of NAA (0, 0.5,
1, 2 and 4 mgL!) to test the effect of the hormone
NAA on rooting. After 4 weeks of culture, the
numbers of regenerated roots were counted.

2.2.4. Acclimatization

After root formation, the plants were
transferred to 20 X 20 cm plastic pots with 4
substrates including sand, soil, sand: soil (1:1,
v/v), and decayed straw: rice husk ashes (1:1,
v/v). The experiment was carried out with 4
treatments, 5 replications each, and 15 plantlets

per replication.

2.3. Statistical analysis

All the
statistical package for social sciences (version 16.0
for Windows, SPSS Inc) and Microsoft Excel
software to perform ANOVA and DUNCAN tests
(P <0.050r 0.01).

data were analyzed using the

3. RESULTS AND DISCUSSION

3.1. Effect of various hormone concentrations
on callus induction of plantain

Results
experiment clearly indicated that the percent of
calli formed was significantly different at the
0.01 level. The highest percentage of callus
induction was on the MS medium containing 1

from the callus induction
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mgL?' 2,4-D and 0.5 mgL' BA (Table 1).
However, there was not a significant difference
on the type of samples or interaction between
sample types and hormone combination on the
callus induction. This result is analogous to
research on P. major growth which studied MS
media containing 0.5-1 mgL™ 2,4-D combined 0.2
mgL?' BAP (Tu, 1996; Makowczynska and
Andrzejewska-Golec, 2000).

3.2. Effect of various hormone concentrations
and combinations on shoot organogenesis

Shoot primordia were formed at the base of
the callus explants within two weeks of culturing.
These primordia differentiated into green shoots
with 2-3 foliar appendages after a period of 4
weeks. The effect of various MS media on shoot
induction from the callus clusters is presented in
Figures 1, 2B & F. It was observed that the
response to TDZ concentration at 1 mgL™ or
combination with 0.5 mgL?' NAA was
statistically different (P < 0.01) with the highest
percentage of explants producing shoots, 100 and
96% shoot induction, respectively.

However, the shoot organogenesis was not
formed on the other combinations of NAA and
TDZ concentrations. In this study, TDZ was more
effective at inducing shoot regeneration from calli
of P. major than in combinations with NAA. TDZ
is a substitute phenyl urea that shows cytokinin-
like activity similar to that of the Ny substituted
adenine derivatives (Mok et al., 1982). TDZ has
been shown to induce the accumulation of both
endogenous auxins and cytokinins in legumes and
herbaceous species (Murthy et al, 1995;
Hutchinson and Saxena, 1996). Also, treatment of
soybean calli with TDZ stimulates cytokinin
accumulation (Thomas and Ketterman, 1986).
This 1is probably because cytokinins are
inactivated irreversibly by two mechanisms, one
of which is the oxidative cleavage of the N; side
chain of the cytokinin substrate by cytokinin
oxidase (Kende and Zeevaart, 1997). TDZ is
known to non-competitively inhibit cytokinin
oxidase activity (Chatfield and Armstrong, 1986),
thereby enhancing the availability of endogenous
cytokinins. In this study also, TDZ displayed more
effective shoot regeneration ability than other
hormones, supporting these previous hypotheses.
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Table 1. Effect of hormone combination and sample types on callus Plantago major, %

Hormone combination (mgL™)

Type of samples (%, = SD)

Callus induction, % (A)

Young leaf Petiole
Control (hormone free MS) 0.0 (£ 0.0) 0.0 (£ 0.0) 0.0(0.0)e
0.5BA 0.0 (+ 0.0) 0.0 (+ 0.00) 0.0(x0.0) e
1BA 0.0 (+ 0.00) 0.0 (+ 0.0) 0.0 (x0.0) e
2BA 0.0 (+ 0.00) 0.0 (+ 0.0) 0.0 (x0.0) e
0.12,4-D 6.7 (+ 0.00018) 6.7 (+ 0.00018) 6.7 (£ 0.00017) e
0.12,4-D+0.5BA 0.0 (= 0.0) 0.0 (= 0.0) 0.0(x0.0) e
0.12,4-D+1BA 0.0 (= 0.0) 0.0 (+ 0.0) 0.0(x0.0) e

0.124-D+2BA
0.52,4-D
0.52,4-D +0.5BA
0524-D+1BA
0.52,4-D+2BA
12,4-D
12,4-D+0.5BA
12,4-D+1BA
12,4-D+2BA

6.7 (+ 0.00018)
46.7 (+ 0.0107)
53.3 (+ 0.00107)
26.7 (+ 0.00099)
46.7 (+ 0.0011)
73.3 (+ 0.00242)
86.7 (+ 0.00193)
66.7 (+ 0.00198)
46.7 (+ 0.00107)

6.7 (+ 0.00018)
46.7 (+ 0.0107)
40.0 (+ 0.00115)
33.3 (+ 0.00093)
46.7 (+ 0.0119)
60.0 (+ 0.00224)
93.3 (+ 0.00158)
53.3 (+ 0.00107)
46.7 (+ 0.00106)

6.7 (+ 0.00018) e
46.7 (+0.01) cd
46.7 (+ 0.00107) cd
30.0 (+ 0.0009) de
46.7 (+ 0.0107) cd
66.7 (+ 0.00227) b
90.0 (+ 0.00170) a
60.0 (+ 0.00160) bc
46.7 (+ 0.00100) cd

Callus induction on sample types (B, %)

28.8 (+ 0.00167)

27.0 (+ 0.00157)

Pa
Ps

Pas

*%

ns

ns

Note: Means (x SD) of five replicates (Petri dishes) with 10 explants each. Means with same letters indicate no significant
difference by Duncan’s multiple-range test; ns: not significant; ** = significant at 0.01 level
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Figure 1. Effect of different hormone concentrations and combinations

on the percentage of shoot organogenesis of P. major at four weeks after culture

Note: Means (x SD) of 5 replicates with 10 explants per each Petri dish. Means with same letters indicate no significant
difference by Duncan’s multiple-range test; **: significant at 0.01 level
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Table 2. Effect of BA concentration on number of in vitro proliferated shoot of plantain

BA concentration (mgL™)

Number of shoot (+ SD, weeks after cultured)

2 4 6 8
Control (hormone free MS) 1.0 (2 0.0) c 12(0.2)c 14(+01)c 15(:0.2)c
1 15(03)bc 17(+x03)c 22(*07)b 25(x06)b
3 1.7(x05)b 25(07)b 27(*05b 30(+x06)b
5 21(+0.7)ab 32(+05)a 36(x06)a 4.7(x03)a
7 27(+0.6)a 36(x03)a 40(x02a 47(x06)a
p ** ** ** **

Note: Means (x SD) of 5 replicates (jars) with 3 explants each. Means with same letters indicate no significant difference by

Duncan’s multiple-range test; **: significant at 0.01 level

Table 3. Effect of NAA concentration on number of in vitro induced root of plantain

NAA concentration (mgL™)

Number of root (root/plant, £ SD)

Number of root (+ SD, A)

Full strength MS medium  Half strength MS medium

0 57(1)d 846 (x1.4)c 7.0(x1.8)d
0.5 10.0 (£ 1.9) bc 124 (x23)b 112 (x24)c
1 8.9 (x24)c 17.7 (x1.2) a 133 (x4.9) b
2 157 (+1.2) a 157 (+ 1) a 157 (+1.1)a
4 8.4 (x4)c 151 (x1)a 11.7 (+ 4) bc
Number of root on media types (B) 9.7(x4)b 13.8(x3.5)a

Pa
Ps

Pas

*%

*k

*k

Note: Means (x SD) of 5 replicates (Jars) with 3 explants each. Means with same letters indicate no significant difference by

Duncan’s multiple-range test; **: significant at 0.01 level

3.3.

multiplication of plantain

Effect of BA concentration

on

The effect of various BA concentrations on

shoot

proliferation from

the

explants

is

presented in Table 2. It was observed that the

response to a range of concentrations of BA was
statistically different (P < 0.01) with respect to
the number of shoots per explants after eight

weeks cultured. New shoots formed on the MS
medium with 5 or 7 mgL" BA. Those shoots
were healthier (Fig. 2C & G) and could be
readily rooted. They were multiplied on a
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similar medium for over six months and the
shoots obtained in this way were noticed to be
normal. This present result was equivalent to
the others on P. asiatica L. (Tu, 1996), P. major
(L1 and Li, 2005).

3.4. Effect of NAA concentration on rooting
induction of plantain

The combinations of NAA (0, 0.5, 1, 2 and 4
mgL™) with MS media (full and half strength)
were tested to optimize the concentration of the
growth regulator and minerals for rooting.
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According to Makowczynska and Andrzejewska-
Golec (2003), although P. major could be rooted
on MS medium without plant growth
regulators, in our results, we observed the
highest root number was on half strength MS
containing 1 mgL* NAA, and this combination
was significant higher than the other
treatments at the 0.01 level, except the half
strength MS supplemented with 2 mgL™' NAA
and 4 mgL?' NAA or full strength MS plus
2 mgL! NAA treatments (Table 3). No callusing
or browning phenomenon of the samples was
observed during the root formation stage. It has
been reported that different cultivars do not
respond in the same way during establishment,
proliferation and rooting in vitro (Van
Huylenbroeck and Debergh, 1996). As listed in
Table 3, half strength MS medium was more
effective than full strength MS for root
induction, 13.8 roots and 9.7 roots, respectively.
The statistical difference was at 0.01 level. The
results showed that the chemical investment
can be reduced significantly. Optimal growth
and morphogenesis of tissues may vary for
different plants according to their nutritional
requirements. Tissues from different parts of
plants may also have different requirements for
1993). In the

in vitro rooting stage, plantlet quality may

satisfactory growth (George,

be effectively improved by reducing the

macro mineral requirements, especially
lowering nitrogen concentration (Driver and

Suttle, 1987).

3.5. Effect of different

regenerated plants

substrates of

The ultimate success of micropropagation
on a commercial scale depends on the ability to
transfer plants out of culture on a large scale, at
low cost and with high survival rates (Chandra
2010). Bekman and Lukens (1997)
mentioned that the supporting material has a

et al,

crucial role and could influence the survival
percentage, growth and development in the
acclimatization stage. The results showed that
the survival rate and new number of leaves and

shoots were highest with all substrates, with no
significant difference at P = 0.05 (Table 4). High
percentages of plantlets were successfully
transferred into potted soil and developed into
normal plants in the greenhouse with 93.3-
100% survival after four weeks. No phenotypic
variability in morphology in the plants was
observed (Fig. 2). In vitro culture of P. major
can support plant material for phytochemical
analysis. Thus, regenerated shoots of this plant
may  contain such  crucial important
biosubstances as iridoid and other glycosides
(Samuelsen, 2000; Pourmorad et al., 2006; Souri

et al., 2008).

Callus induction, shoot regeneration, and
multiplication from young leaf (A, B, C) and
petiole explants (E, F, G), respectively. D:
Rooted shoot after 4 weeks of culture on MS
medium supplemented with 1-4 mgL™' NAA. H:
Micropropagated P. major plant after 4 weeks of
pot growth.

4. CONCL.USION

We established an efficient regeneration
procedure for Plantago major and found that
the petioles or young leaves of immature stems
induced the highest ratio of calli induction and
compact calli formation on MS medium
supplemented with 1 mgL! 2,4-D and 0.5 mgL-
1 BA
regenerated calli, somatic embryogenesis could

after 4 weeks of culture. From
be induced on MS medium supplemented with
1 mgL! TDZ or 1 mgL™* TDZ and 0.5 mgL™*
NAA. The best medium for shoot proliferation
was MS medium supplemented with BA 5
solid MS
supplemented with 2 gL' activated charcoal
and 2 mgL™' NAA was the most effective for

root induction of plantain. The regenerated

mgL™;  while medium

plantlets were successfully transferred into
pots containing a mixture of decayed straw:
rice husk ashes, (1:1, v/v), sand: soil (1:1, v/v),
soil, or sand. Plantlets showed a high survival
rate and almost plantlets grew normally in the
nethouse conditions.
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Table 4. Effect of different substrates
on the acclimatization of micropropagated Plantago major after 4 weeks of cclimatization

Substrates Survival (%, +SD) No. of new leaves (+SD)
Sand 93.3 (+25.2) 2.3(+0.9)
Soil 100 (+ 0.0) 2.4 (+0.7)
Sand: Soil (1:1, viv) 100 (+ 0.0) 257 (+0.6)
Decayed straw: rice husk ashes (1:1, v/v) 100 (+0.0) 2.6(%0.4)
P ns ns

Note: Means (£ SD) of 5 replicates with 15 plantlets each; ns: not significant
E)
(B) “ F)

(®)

©

Figure 2. Regeneration of Plantago major
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