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Abstract

The Gymnocalycium mihanovichii LB2178 Agua Dulce is a popular variety of cactus, known for its slightly raised
skin known as “stripes” or bone pattern. It is also in high commercial demand. Therefore, the objective of this study were
to study the effect of plant growth regulators and various explants fragmentation on callus induction and plant regeneration
of G. mihanovichii LB2178 Agua Dulce and assessment genetic stability by SSR markers. The 1 cm seedlings of G.
mihanovichii LB2178 Agua Dulce explant and callus were used as plant material. After 3 months of culture, the results
showed that the explant sectioned longitudinally were cultured on MS medium supplemented with 2 mg/L 2,4-D, which
gave the highest survival rate, 100 %, the highest callus induction, 100 % and the highest callus fresh weight, 2.72 g. The
explant sectioned transversally were cultured on MS medium supplemented with 1 mg/L 2,4-D gave the highest
anthocyanin contents, 0.00149 mg/gFW. The anatomical features of the callus derived from the tissue properties of the
callus generated from transversely sectioned plant tissue culture, the epidermis layer is clearly visible, and there are
vascular bundles arranged around the stem. The callus fragments were cultured on MS medium supplemented with 0.5
mg/L NAA and 3.5 mg/L BA gave the highest survival rate, 100 %, shoot induction, 90 %, a number of shoots, 2.20
shoots/explant and the shoot length, 0.28 cm. Assessment of genetic fidelity was performed on the G. mihanovichii
LB2178 Agua Dulce micro propagated plantlets using SSR analysis with 8 SSR primers. The range of the chosen primers
was 100 - 1,500 bp. The 4 of the 8 examined primers exhibited no polymorphism, whereas primer 4 displayed 83.33 %
polymorphism.

Keywords: Gymnocalycium mihanovichii LB2178 agua dulce, In vitro, Genetic stability, SSR markers, 2,4
Dichlorophenoxyacetic acid, Anthocyanin, Histological

Introduction

Cactus or cactus family (Cactaceae) is one of the Canada [4]. About 641 species of cactus [5] are
plant groups with high morphological diversity. There cultivated as ornamental plants with high market value
are 127 genera and approximately 1,430 - 2,000 species [6]. In addition, some cactus genera are used as food
reported worldwide [1-3]. Most of them are densely plants and eaten as fruits. And used as plants in the
distributed in South America, especially in Mexico, and livestock feed industry [7].

in North America, including the United States and
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Cactus has special characteristics. It has its own
unique characteristics, namely the morphology of the
succulent stem, round, cylindrical or serrated stem,
which grows as a single stem or a clumping stem,
especially the leaves that have evolved into thorns to
reduce plant transpiration. In addition, cacti are plants
with beautiful flowers of various shapes, such as funnel-
shaped, bell-shaped, dish-like and tubular, as well as
stems and flowers of various colors, such as yellow,
purple, pink, red, white, cream, etc. [8]. Due to their
unique qualities, cacti have gained popularity as
ornamental plants that can be grown in homes and
offices. As a result, 130 different species of cacti are
imported and exported from 182 countries [9,10],
especially Gymnocalycium mihanovichii [11] or
Gymnocalycium  mihanovichii is one of the
Gymnocalycium genus, the cactus family, which is very
popular (average 55 %) among cactus lovers (Cactus
lovers) compared to other types of cactus (45 %). It has
a total value of up to 2 million baht. This is because the
plant has unique characteristics of the stem, stem color,
thorn characteristics, shape and color of the flowers
which are very diverse. It has a round stem. The number
of lobes of LB2178 is usually from 9 up to 13 lobes. The
lobes are thin. Another highlight is the skin texture. It
will be seen as a green pattern alternating with dark
green or black. It will be slightly raised. This pattern is
called “stripes” or bone pattern. Because it is easy to
grow and beautiful, G. mihanovichii LB2178 Agua
Dulce is a popular cactus. It is considered one of the
easiest cactus species to grow in Thailand and is a type
that is popular all over the world. Some species are
popular and have higher prices than normal [12].

This cactus has been cultivated and improved
for a long time until it has hybrids that are different
from the original, such as variegated Gymnocalycium
or some plants have longer and larger thorns than
before, resistant to hot weather. In addition, the cactus
species G. mihanovichii LB2178 Agua Dulce is still
in demand in the market because it is an ornamental
plant with beautiful colors [13]. Currently, plant
tissue culture techniques have been introduced to help
increase the number of plants in a short period of
time, including being applied in plant breeding to
expand commercial plants [14].

The propagation of cacti by tissue culture
technique has a faster propagation rate than natural
propagation, which is very important, especially for
cacti, which are slow-growing plants [15]. The
propagation of cacti by tissue culture technique has
many advantages, such as the control of humidity, sugar
concentration and amount of plant growth regulators
(PGRs), etc., resulting in a growth that is several times
faster than natural [16]. In addition, the tissue culture
technique allows propagation throughout the year,
regardless of the season [17].

From the study of callus induction in cacti, 2,4-D
is commonly used, such as Gymnocalycium
mihanovichii  [18,19], Parodia magnifica syn.
Notocactus magnificus [20] and Opuntia ficus-indica.
The 2,4-D is an important substance for plant growth in
the auxin group, affecting cell division and cell size
expansion when auxin is used together with cytokinin in
callus [21]. Cultivation of various types of cactus parts
and the use of growth regulators, which are plant
hormones in the auxin and cytokinin groups are
effective in accelerating the growth of plant parts. When
examining the genetic variability, it was found that there
was a high rate of shoot multiplication, but the resulting
shoots had a morphology similar to the mother plant and
had a low risk of genetic traits different from the mother
plant [22]. However, there is limited information on the
cultivation of various types of cactus parts to study
genetic variability.

As molecular markers, SSRs are more informative
than the biallelic single nucleotide polymorphism (SNP)
markers as the former tend to have many alleles per
locus [23]. Further, being co-dominant means that SSRs
are valuable over dominant molecular markers as they
will be relatively variable and may easily differentiate
between homozygous and heterozygous individuals
[24,25]. Additionally, SSRs are able to identify cultivars
that are morphologically similar [26] and even
determine gene flow incidents among individuals of
different populations or closely related species [27,28].

This research therefore chose to use the cactus
parts of the species G. mihanovichii LB2178 Agua
Dulce because it is a popular species and has high
commercial demand. The objectives of this study were
to propagate and develop new plants of the cactus G.
mihanovichii 1LB2178 Agua Dulce. The cactus G.
mihanovichii LB2178 Agua Dulce’s genetic variability
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was examined through the use of molecular markers and
the cultivation formula.

Currently, there are no studies related to in vitro
shoot production of G. mihanovichii LB2178 Agua
Dulce. Therefore, basic studies are needed so that future
studies can explore the ornamental and economic
potential of the species. This protocal developed in this
research study increase the number of plantlets that were
mass in short time and no variation between mother
plant and in vitro plantlets. Causing another cactus
species to adapt for export. Therefore, in order to
investigate the ornamental and economic possibilities of

another cactus species, basic research is required.

Materials and methods

Effect of different explant fragmentation and
different concentrations of 2,4
Dichlorophenoxyacetic acid (2,4-D) on callus
induction of G. mihanovichii LB2178 Agua Dulce

1) The 1 cm seedlings of G. mihanovichii LB2178
Agua Dulce were cut off the shoot and divided into 2
types of parts: A cross-sectional piece with a height of 3
- 4 mm and a longitudinal cut.

2) The 0.5 cm shoot explants were cultured on MS
medium supplemented with 0, 1 and 2 mg/L 2,4-D. All
culture mediums were supplemented with 30 g/L of
sucrose and 8 g/L. of agar. The pH was adjusted to 5.7.
The culture was kept in 3,000 lux light intensity for 14
h per day at 25 + 2 °C and subcultured every 4 weeks on
the same medium component for 3 months. The survival
rate, percentage of callus induction and callus fresh
weight were recorded after 3 months of culture. The
experiment design was a completely randomized design
(CRD), and the mean differences were compared using
Duncan’s multiple range test (DMRT).

Quantification of anthocyanin

The induced callus explant, 0.5 g of fresh weight
were extracted for anthocyanin content according to the
method of Ereifej et al. [29]. Each vial included 3
randomly selected callus samples, which were then
submerged in 0.1 M hydrochloric acid, 5 mL of
methanol and incubated at 4 °C for 24 h. After that, they
were centrifuged at 1,000 rpm for 10 min. The
supernatant was then measured for absorbance at 530

and 657 nm to calculate anthocyanin content according

to the method of Rabino and Mancinelli [30].
Calculation of anthocyanin using the formula:

AC = (absorbancex449.2xDF)/(29,000xsample weight (g))

where AC is anthocyanin contents (mg/gFW).
absorbance (A) = (A530 — 0.25 A657)
Dilution factor (DF) = final volume/initial volume (mL)

Histological study of G. mihanovichii LB2178
agua dulce

Histological study of G. mihanovichii LB2178
Agua Dulce by collecting callus samples derived from
shoot cultured of cactus after cultured for 3 months by
collecting 3 replicates each. The plant tissues were cut
longitudinally and transversely with a razor blade. Using
a paintbrush, select pieces of plant tissue and place them
on a slide. Add a little water to prevent drying. Examine
them under a microscope with the lowest objective lens.
Then, stain with safranin O for about 20 - 30 s and wash
off the color by dropping water on the plant tissue and
blotting it with tissue paper or using a paintbrush to
wash it in distilled water in a petri dish. Add a little
water. Cover with a coverslip. Use a tissue to blot up the
water and stain and wipe the bottom of the slide dry. The
prepared slides were examined under a microscope,
starting with the lowest objective lens and going up to
40x%. Compare the differences in the callus structures of
G. mihanovichii LB2178 Agua Dulce.

Effect of NAA and BA concentrations on shoot
induction of G. mihanovichii LB2178 agua dulce

The 0.5 cm callus explants obtained from
experiment 1.1 were cultured on MS medium
supplemented with 0 and 0.5 mg/L NAA and 0, 2.5 and
3.5 mg/L BA. The culture was kept in 3,000 lux light
intensity for 14 h per day at 25 + 2 °C and subcultured
every 4 weeks on the same medium component for 3
months. The survival rate, percentage of shoot
induction, number of shoots per explant and shoot
length were recorded after 3 months of culture. The
experiment design was a completely randomized design
(CRD), and the mean differences were compared using
Duncan’s multiple range test (DMRT).
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Genetic variability of the G. mihanovichii
LB2178 agua dulce using SSR markers

Plant DNA extraction

Callus samples of G. mihanovichii LB2178 Agua
Dulce cultured on medium containing various
concentrations of growth regulators, fresh weight 0.2 g
each 3 samples. The callus samples were ground in a
mortar and pestle, added 750 pL of CTAB (Cetyl
Trimethyl Ammonium Bromide) (before use, incubated
at 60 °C), ground until homogeneous, poured into a
microcentrifuge tube, incubated in a water bath at 60 °C
for 1 h (invert the tube every 15 min), added 750 pL of
chloroform, inverted the tube 200 - 300 times,
centrifuged at 12,000 rpm for 10 min, aspirated the
supernatant into a new tube, added 750 pL of
isopropanol (isopropanol on ice), inverted the tube until
DNA precipitate was seen, spin to precipitate DNA,
pour isopropanol, discard and wash the DNA precipitate
with 70 % ethyl alcohol twice (refrigerate the 70 % ethyl
alcohol before using). Pour out the 70 % ethyl alcohol
and let it dry for 2 h. Add 20 - 30 pL of TE buffer and
measure the DNA content using a NanoDrop

Microvolume Spectrophotometer.

Polymerase Chain Reaction (PCR) amplification

The PCR technique was used to amplify DNA
using 8 pairs of forward and reverse primers: L10464 F,
L10464 R, L5354 F, L5354 R, L28477 F, L 28477 R, L
161092 F, and L 161092 R. The DNA was amplified by
PCR reaction from a total volume of 13 pL, consisting
of 6.25 pL of 2x PCR, 0.5 pL of F-primer, 0.5 pL of R-
primer, 1 puL of sample DNA, and 4.75 pL of sterile
distilled water. The total volume was 13 pL. The
reaction temperature was set as follows: Pre-
denaturation. The initial temperature was 95 °C for 1
min, the denaturation temperature was 95 °C for 30 min,
the annealing temperature was 72 °C for 1 min, the
extension temperature was 72 °C for 1 min, and the steps
2 - 4 were repeated for 35 cycles. The final extension
temperature was 72 °C for 10 min. The DNA bands were

then separated using an automatic DNA sizing machine.

Gel electrophoresis and genetic analysis

The synthesized DNA products were examined by
electrophoresis in 1 % agarose gel in 1x TBE buffer
using 100 V potential for 45 min. The gel was then
stained with fluorescence dye for 15 min and washed

with distilled water for 5 min. The gel was examined
under ultraviolet light using an image recorder and
compared with a 1 kb DNA ladder and a 100 bp DNA
ladder plus standard DNA. The appropriate primers and
temperatures were selected that could increase the

amount and give clearly distinguishable DNA bands.

Statistical analysis
A completely randomized design with 3 replicates
was performed for experimental design and statistical

analysis. Data was analyzed using ANOVA.

Results and discussion

Effect of explant fragmentation and different
concentrations of 2,4 Dichlorophenoxyacetic acid
(2,4-D) on callus induction of G. mihanovichii
LB2178 agua dulce

The explant cross-sectional piece with a height of
3 - 4 mm and a longitudinal cut were culture on MS
medium supplemented with 0, 1 and 2 mg/L 2,4-D. The
result found that the explant sectioned longitudinally
were cultured on MS medium supplemented with 0
mg/L 2,4-D, the explant sectioned transversally and
longitudinally were cultured on MS medium
supplemented with 1 mg/L 2,4-D and the explant
sectioned longitudinally were cultured on MS medium
supplemented with 2 mg/L 2,4-D gave the highest
survival, 100 %, followed by the explant sectioned
transversally were cultured on MS medium
supplemented with 2 mg/L 2,4-D and the explant
sectioned transversally were cultured on MS medium
supplemented with 0 mg/L 2,4-D, 93.33 and 86.67 %
respectively, not significant difference at p < 0.05.

For the callus induction, the result found that the
explant sectioned transversally and longitudinally were
cultured on MS medium supplemented with 2 mg/L 2,4-
D gave the highest percentage of callus induction, 100
%. The explant sectioned longitudinally and
transversally were cultured on MS medium
supplemented with 1 mg/L 2,4-D, 96.67 and 93.33 %,
respectively, followed by the explant sectioned
transversally and longitudinally were cultured on MS
medium supplemented with 0 mg/L 2,4-D gave the same
percentage of callus induction, 33.33 %. significant
difference at p < 0.05.

For callus fresh weight, the result found that the
explant sectioned longitudinally were cultured on MS
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medium supplemented with 2 mg/L 2,.4-D gave the
highest of callus fresh weight, 2.72 g. followed by the
explant sectioned transversally and longitudinally were
cultured on MS medium supplemented with 1 mg/L 2,4-
D, the explant sectioned transversally were cultured on
MS medium supplemented with 2 mg/L 2,4-D, the
explant sectioned longitudinally were cultured on MS
medium supplemented with 0 mg/L 2,4-D and the
explant sectioned transversally were cultured on MS
medium supplemented with 0 mg/L 2,4-D, 2.39, 2.34,
1.85, 0.27 and 0.24 g, respectively, significant
difference at p < 0.05 (Table 1 and Figure 1).

The result found that the explants sectioned
longitudinally were cultured on MS medium
supplemented with 2 mg/L 2,4-D gave the highest
percentage of survival. Because the longitudinally
sectioned explant will have a high surface area in contact
with the culture medium when placed on it, allowing for
a considerable quantity of medium absorption, callus
induction and callus fresh weight to be possible. In
addition, the addition of 2,4-D hormone, a crucial
component for plant growth in the auxin group, to the
culture medium causes cell division and expansion.
Callus induction from shoot cultured with 2,4-D is a
propagation technique that stimulates the division of
somatic cells to form a loose group of parenchyma cells.
Callus can be induced and developed into new plants
and roots later, which is a process of propagating cacti
to produce a large number of new plants. The callus
induction step is an important step because callus can
increase in volume quickly and is a starting cell for
inducing new plants. According to reports, the results
indicated that callus formation was induced in all
treatments 6 days after culturing. There were significant

differences in growth parameters, including fresh
weight, volume, moisture, tissue firmness, total phenols,
total flavonoids and antioxidant activity of the callus (p
< 0.01) and dry weight of callus (p < 0.05). Explants
containing a segment of central tissue, yielded the least
favorable results in most of experimental treatments,
and the application of 2,4-D in the absence of BA had
an inhibitory and toxic effect on the San Pedro cactus
explants. Habibeh er al. [31]; Martiinez et al. [32]
reported that callus formation from embryos culture of
O. streptacantha, O. Megacantha, and O. ficus-indica
was observed in all media supplemented with 2,4-D but
not in media containing only BA. The combination of 3
mg/L 2,4-D and 0.5 mg/L BA produced the best
response, with 70 % of callus induction in O.
streptacantha and 100 % in O. megacantha and O.
ficus-indica explants at day 15 of culture. similar to
those reports from Ho et al. [33]. Different
characteristics of callus were found in different
concentrations of 2,4-D. CIM containing 2.0 mg/L 2,4-
D gave the best response in callus formation (64.38 %)
and desired morphology of embryogenic callus as
yellowish white color with globular structure similar to
those reports from Libin et al. [34]. In addition, petal,
single flower and mix flowers of rubber tree derived
calli were achieved on MS medium supplemented with
2.0 mg/L BA and 1.5 mg/L 2,4-D. The callus grew
rapidly on this medium. After culturing the callus on this
medium for 12 weeks with subculture at 4 weeks
intervals, EC were formed from all 3 types of floral
explants except ITCL which failed to form EC. Floral
EC provided SEs which developed from peripheral cells
of the callus [35].

Table 1 Effect of explant fragmentation and different concentrations of 2,4-Dichlorophenoxyacetic acid (2,4-D) on callus

induction of G. mihanovichii LB2178 agua dulce.

Culture Callus Callus
medium Explant fragmentation Survival (%) Induction (%) fresh weight (g)

MS Sectioned transversally 86.67 33.33b 0.24°

Sectioned longitudinally 100.00 33.33b 0.27¢

MS + Sectioned transversally 100.00 93.332 2.39%

1 mg/L 2,4-D Sectioned longitudinally 100.00 96.67° 2342

MS + Sectioned transversally 93.33 100.00? 1.85%

2mg/L 2,4-D Sectioned longitudinally 100.00 100.002 2.722

F-test Ns * *
C.V. (%) 18.00 38.00 56.00

* = significantly difference at p < 0.05.
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Figure 1 Characteristics of callus formation derived from exnlant fragmentation of G. mihanovichii 1LB2178 Agua Dulce

were cultured on MS medium supplemented with various concentrations of 2,4-D after culturing for 2 months (A) MS:
Sectioned transversally, (B) MS: Sectioned longitudinally, (C) MS + 1 mg/L 2,4-D: Sectioned transversally, (D) MS + 1
mg/L 2,4-D: Sectioned longitudinally, (E) MS + 2 mg/L 2,4-D: Sectioned transversally, (F) MS + 2 mg/L 2,4-D:

Sectioned longitudinally (bar = 1 cm).

Quantification of anthocyanin

The induced callus fragments, weighing 0.5 g were
extracted for anthocyanin content according to the
method of Ereifej et al. Three callus samples were
randomly sampled in each bottle and the callus were
immersed in 0.1 M hydrochloric acid, 5 mL of methanol
and incubated at 4 °C for 24 h. After that, they were
centrifuged at 1,000 rpm for 10 min. The supernatant
was then measured for absorbance at 530 and 657 nm to
calculate anthocyanin content according to the method
of Rabino and Mancinelli. The result found that the
explant sectioned transversally were cultured on MS
medium supplemented with 1 mg/L 2,4-D gave the
highest anthocyanin contents, 0.00149 mg/gFW,
followed by the explant sectioned transversally were
cultured on MS medium supplemented with 2 mg/L 2,4-
D and the explant sectioned longitudinally were cultured
on MS medium supplemented with 2 mg/L 2,4-D,
0.00110 and 0.00109 mg/gFW, respectively. The
explant sectioned transversally and longitudinally were
cultured on MS medium supplemented with 0 mg/L 2.4-
D gave Anthocyanin contents 0.00108 mg/gFW, the
explant sectioned longitudinally were cultured on MS
medium supplemented with 1 mg/L 2,4-D, 0.00076

mg/gFW, respectively, significant difference at p < 0.05.
(Table 2 and Figure 1).

The result found that the explant sectioned
transversally were cultured on MS medium
supplemented with 1 mg/L 2,4-D gave the highest
anthocyanin contents because anthocyanin production is
related to plant development and cellular metabolic
processes. Both processes are influenced by both
extrinsic and extrinsic factors such as the type and
source of plant parts, culture medium, plant growth
regulators, cell culture conditions, and pH of the
medium. In addition, the source of nitrogen or carbon,
as well as the type and concentration of sugar, also affect
anthocyanin production in vitro. It is important to study
the comparative anthocyanin production between plant
cells in vitro and ex vitro to confirm whether the
anthocyanins produced are similar in quantity or
properties [36]. According to reports, there seems to be
a positive relationship between callus formation and
anthocyanin content. It was observed that treatments
which promoted higher callus formation produced
higher anthocyanin. It is worth mentioning that among
the interactions between 2,4-D and BA, the
concentration of 2.5 ppm of both plant growth regulators
produced the highest percentage of callus formation.
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The same treatment combinations produced the highest
anthocyanin at 448.66 mg/g. The anthocyanin content
decreased along with the callus formation [37].

Table 2 Effect of explant fragmentation and different concentrations of 2,4-Dichlorophenoxyacetic acid (2,4-D) on

anthocyanin production of G. mihanovichii LB2178 Agua Dulce.

Culture medium

Explant fragmentation

Anthocyanin contents (mg/gFW) £ S.D.

MS Sectioned transversally 0.00108 =+ 0.00022%
Sectioned longitudinally 0.00108 £ 0.00015%
Sectioned transversally 0.00149 + 0.00059*
MS+1 mg/L 2,4-D ) o
Sectioned longitudinally 0.00076 + 0.00004°
Sectioned transversally 0.00110 = 0.000242
MS+2 mg/L 2,4-D )
Sectioned longitudinally 0.00109 = 0.000042
F-test *
C.V. (%) 25.00

* = Significantly difference at p < 0.05.

Histological study of G. mihanovichii LB2178
agua dulce

Histological study of G. mihanovichii LB2178
Agua Dulce by collecting callus samples derived from
the shoot cultured of cactus after cultured for 3 months.
The tissues were cut longitudinally and transversely
with a razor blade. Compare the differences in the callus
structures of G. mihanovichii LB2178 Agua Dulce. The
result found that the callus’s anatomical features were
derived from the tissue properties of the callus created
from sectioned transversally plant tissue culture, with
vascular bundles grouped around the stem and the
epidermal layer plainly visible (Figures 2(A) and 2(C)).
Spines are clearly evident around the callus that was
created by sectioning plant tissue culture both
longitudinally and transversally (Figures 2(A) and
2(B)). The characteristics of callus obtained from
sectioned transversally and longitudinally cultures on
MS-free medium and sectioned transversally plant
tissue cultured on MS medium supplemented with 1
mg/L 2,4-D are compact callus, and the callus obtained
from sectioned transversally and longitudinally cultures
on MS-free medium, Sectioned longitudinally were
cultured on MS medium supplemented with 1 mg/L 2,4-
D, and sectioned transversally and longitudinally were
cultured on MS medium supplemented with 2 mg/L 2,4-
D are loosely adherent callus (friable callus). Callus

formed from both sectioned transversally and

longitudinally of plant tissue showed cells containing
green pigment (Figures 2(A) - 2(E)) and purple
pigment, which is anthocyanin (Figure 2(F)).

The results found that sectioned longitudinally
plant tissue cultured on MS medium supplemented with
1 mg/L 24-D and sectioned transversally and
longitudinally were cultured on MS medium
supplemented with 2 mg/L. 2,4-D. Loosely adherent
callus (friable callus) was formed because [38]. 2,4-D is
known as a strong synthetic auxin and popular as a
growth regulator in plant tissue culture [39]. 2,4-D alone
was often used for callus induction. According to
reports, the explants of M. herrerae developed
yellowish-green watery callus or green friable callus on
nutrient medium MS containing TDZ (10.0 mM) and
2,4-D (5.0 mM) or TDZ (10.0 mM) and NAA (5.0 mM),

respectively.
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Figure 2 Histological study of G. mihanovichii LB2178 Agua Dulce by collecting callus samples derived from of shoot-
cultured of cactus after cultured for 3 months. (A) MS: Sectioned transversally, (B) MS: Sectioned longitudinally, (C)
MS + 1 mg/L 2,4-D: Sectioned transversally, (D) MS + 1 mg/L 2,4-D: Sectioned longitudinally, (E) MS + 2 mg/L 2,4-
D: Sectioned transversally, (F) MS + 2 mg/L 2,4-D: Sectioned longitudinally (bar = 1 cm).

Effect of NAA and BA concentrations on shoot
induction of G. mihanovichii LB2178 agua dulce

The 0.5 cm callus fragments from experiment 1.1
were cultured on MS medium supplemented with 0 and
0.5 mg/L NAA and 0, 2.5 and 3.5 mg/L BA. The culture
was kept in 3,000 lux light intensity for 14 h per day at
25 £ 2 °C and subcultured every 4 weeks on the same
medium component for 3 months. The result found that
callus explants cultured on MS medium supplemented
with 0.5 mg/L NAA and 3.5 mg/L BA gave the highest
survival, 100 %, followed by MS medium supplemented
with 0.5 mg/L NAA and 2.5 mg/L BA, MS medium
supplemented with 0 mg/L NAA and 3.5 mg/L BA, MS
medium supplemented with 0 mg/L NAA and 2.5 mg/L
BA, MS medium supplemented with 0.5 mg/L NAA and
0 mg/L BA and MS medium supplemented with 0 mg/L
NAA and 0 mg/L BA, 80.00, 73.33, 66.67, 60.00 and
53.33 %, respectively, with a significant difference at p
< 0.05. For the shoot induction, the result found that
callus explants cultured on MS medium supplemented
with 0.5 mg/L NAA and 3.5 mg/L BA gave the highest
shoot induction, 90 %, followed by MS medium
supplemented with 0.5 mg/L NAA and 2.5 mg/L BA,
MS medium supplemented with 0 mg/L NAA and 3.5
mg/L BA, MS medium supplemented with 0 mg/L. NAA
and 2.5 mg/L BA, MS medium supplemented with 0.5
mg/L NAA and 0 mg/L BA and MS medium
supplemented with 0 mg/L NAA and 0 mg/L BA, 80.00,
70.00, 53.33,46.47 and 0.00 %, respectively. significant
difference at p < 0.05. For the number of shoots, the

result found that callus explant were cultured on MS
medium supplemented with 0.5 mg/L NAA and 3.5
mg/L BA gave the highest number of shoots per explant,
2.20 shoots/explant, followed by MS medium
supplemented with 0.5 mg/L NAA and 2.5 mg/L BA,
MS medium supplemented with 0 mg/L NAA and 3.5
mg/L BA, MS medium supplemented with 0 mg/L NAA
and 2.5 mg/L BA, MS medium supplemented with 0.5
mg/L NAA and 0 mg/L BA and MS medium
supplemented with 0 mg/L NAA and 0 mg/L BA, 1.80
shoots/explant, 1.47 shoots/explant, 1.00
shoots/explant, 0.80  shoots/explant and 0.00
shoots/explant, respectively, with a significant
difference at p < 0.05. For the shoot length, the result
found that callus explant were cultured on MS medium
supplemented with 0.5 mg/L NAA and 3.5 mg/L BA
gave the shoot length, 0.28 cm, followed by MS medium
supplemented with 0.5 mg/L NAA and 2.5 mg/L BA,
MS medium supplemented with 0 mg/L NAA and 3.5
mg/L BA, MS medium supplemented with 0 mg/L NAA
and 2.5 mg/L BA, MS medium supplemented with 0.5
mg/L NAA and 0 mg/L BA and MS medium
supplemented with 0 mg/L NAA and 0 mg/L BA, 0.22
cm, 0.17 cm, 0.13 cm, 0.11 cm and 0.00 cm respectively,
with a significant difference at p <0.05. (Table 3 and
Figure 3) The result found that callus explants cultured
on MS medium supplemented with 0.5 mg/L NAA and
3.5 mg/L BA gave the highest survival, the highest shoot
induction, the highest number of shoots per explant and
the highest shoot length because BA is a cytokinin
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growth stimulant that can stimulate cell division and
new shoot growth, help create chlorophyll and
strengthen the plant cell wall, which is necessary for cell
division to create shoots, and NAA is an auxin growth
regulator that stimulates cell elongation and root
formation. The concentrations of both growth regulators
are related, affecting the expression and growth of
different plant parts [40]. According to reports, the
higher number of shoot value obtained for M.
glaucescens in the treatment of NAA (1.34 uM)
combined with BAP (17.76 uM) may be related to the
production of multiple shoots supplementary material).

The % E value obtained in this treatment (45.8 %) was
only half of what was seen in the control (95.8 %), the
latter with an average NS of 1.3 and a maximum of 3
(Willd.)

Kuntze, 2 types of explants, including leaf and stolon

shoots/explant. In Launaea sarmentosa
were applied to induce the multiple shoots by culturing
on Murashige and Skoog (MS) medium supplemented
with BA (0, 1 and 2 mg/L) and 2,4-D (0, 1, 2 and 4

mg/L). The optimal shoot induction medium for both

explants was MS medium containing 2 mg/L BA
(presented 100 % shoot induction) [41].

Figure 3 Characteristics of shoot induction of G. mihanovichii LB2178 Agua Dulce were cultured on MS medium
supplemented with various concentrations of NAA and BA after culturing for 3 months. (A) MS + 0 mg/L NAA + 0 mg/L
BA, (B) MS + 0 mg/L NAA +2.5 mg/L BA, (C) MS + 0 mg/L NAA +3.5 mg/L BA, (D) MS + 0.5 mg/L NAA +0 mg/L
BA, (E) MS + 0.5 mg/L NAA +2.5 mg/L BA, (F) MS + 0.5 mg/L NAA +3.5 mg/L BA (bar =1 cm).

Table 3 Effect of NAA and BA concentrations on shoot induction of G. mihanovichii LB2178 agua dulce.

Culture Survival Shoot Number of shoots per explant Shoot Length
medium (%) Induction (7o) (shoots/explany) (cm)
MS + 0 mg/L NAA + 0 mg/L BA 53.33° 0.00°¢ 0.00¢ 0.00¢
MS + 0 mg/L NAA + 2.5 mg/L BA 66.67° 53.33° 1.00¢¢ 0.13¢
MS + 0 mg/L NAA + 3.5 mg/L BA 73.33%® 70.00% 1.47° 0.17%
MS + 0.5 mg/L NAA + 0 mg/L BA 60.00° 46.47° 0.80¢ 0.11¢
MS + 0.5 mg/L NAA +2.5 mg/L BA  80.00® 80.00* 1.80% 0.223®
MS + 0.5 mg/L NAA +3.5mg/L BA  100.00* 90.00* 2.207 0.28*

F-test * * * *

C.V. (%) 56.00 59.00 60.00 65.00

* = significantly difference at p < 0.05.
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Genetic variability of the G. mihanovichii
LB2178 agua dulce using SSR markers

Assessment of genetic fidelity was performed on
the G. mihanovichii 1LB2178 Agua Dulce micro
propagated plantlets using SSR analysis with 8§ SSR
primers (Table 4; Figure 4). The selected primers gave
DNA banding ranged from 100 - 1,700 bp. The DNA
banding were varied from 1 to 6 bands of primer 3, 5, 7,
8 and primer 4, respectively. With the exception of
primers 3, 4, 5, 7 and 8, the SSR amplification pattern
observed with all primers showed that all bands
generated by  micropropagated  plants  were
monomorphic and comparable to those of the mother
plant. Primers 3, 5, 7 and 8 amplified only one
monomorphic band (100 bp). Primer 4 was amplified 1
monomorphic band and 5 polymorphic bands (100 -
1,500 bp) produced by in vitro propagated clone 8, 9 and
10. The 8" clone was sectioned longitudinally, it formed
a DNA banding with a moleculasr size of 300 and 1,400
bp. It was cultured on MS medium supplemented with 0
mg/L 2,4-D. The 9% clone was sectioned transversally
and grown on MS medium supplemented with 1 mg/L
2,4-D produced a DNA banding with a molecular size
of 200, 300, 400 and 500 bp. The 10™ clone was

sectioned longitudinally and grown on MS medium
supplemented with 1 mg/L 2,4-D produced a DNA
banding with a molecular size of 200, 300, 400 and 500
bp. Of the 8 primers analyzed, 4 primers showed 83.33
% polymorphism, respectively (Table 4). According to
reports, it was not possible to establish a relationship
between morphological and genetic variation in in vitro-
regenerated shoots of M. glaucescens. Several shoots
with morphological alterations did not present genetic
polymorphism, but shoots without morphological
alterations presented genetic polymorphisms when
compared with their respective mother plants. Shoots
produced in PGR-free media showed normal
morphology (Supplementary material). In addition, the
3 SSR primers were reported to use in verification of
genetic variation among early induce clones of rubber
tree collected from different areas in southern
Thailand. All primers showed polymorphism among
rubber clones tested. However, these primers provided
monomorphic bands in this present study indicated that
somaclones obtained by this technique are uniformity.
Hence, these primers could be used to verify genetic
uniformity of in vitro regenerated plantlets [42].

Table 4 Primer type, total of number DNA pattern, polymorphic fragment and percentage of polymorphic fragment
obtained from SSR analysis.

Number of Number of
. Total of number . .
Primer DNA pattern monomorphic polymorphic
P banding banding

Monomorphic  Polymorphic DNA
banding (%) banding (%) ladder (bp)

Primer 1
(L10464-F, L10464-R) - - - - - -
callus

Primer 2
(L5354-F, L10464-R) - - - - - -
callus

Primer 3
(L28477-F, L28477-R) 1 1 0 100 0 100 bp
callus

Primer 4 (L161092-F,
L161092R) 6 1 5 17.71 83.33
callus

100 - 1,500 bp

Primer 5
(L23031-F, L23031-R) 1 1 0 100 0 100 bp
callus

Primer 6
(L37320-F, L37320-R) - - - - - -
callus
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Primer Total of number mlj:ll:ll:s:polfic plo\lll; l:lnl;i;ﬁfc Monomorphic  Polymorphic DNA
1 o, 3 o,
DNA pattern banding banding banding (%) banding (%) ladder (bp)
Primer 7
(L38909-F, L38909-R) 1 1 0 100 0 100 bp
callus
Primer 8
(L86067-F, L86067-R) 1 1 0 100 0 100 bp
callus
Total 10 5 5 52.21 10.42
DNA

DNA

LanderM2 7/1 7/2 7/3 8/1 &/2 &3 91 9/2 9/3 101102103 WA 11/211/312/112/212/3 | ander M2 7/1 /2 /3 8/1 8/2 8/3 9/1 9/2 9/3 10/1 10/2 10/3 11/1 11/2 11/3 12/1 12/2 12/3

L)

Wil

I

Primer 3 Primer 4
DNA o

Lander M2 7/1 7/2 7/3 &1 872 8/3 9/1 9/2 9/3 10/1 10/2 10/3 1V/1 1172 1V3 12/1 122 12/3
Lander M2 /1 7/2 7/3 8/1 &2 83 /1 9/2 9/310/110/210/3 11/1 11/211/3 12/1 12/2 12/3

Primer.5 Primer. 6

DNA

DNA

et M2 T T2 2 83 U / M 112 13 121 1272 12
Linder: M2 W12 1/3 GL 8248 ¥ S50 10020 1A 12 143 1L A2 125 Lander M2 771 T2 U3 B &2 &3 94 92 93 101 102 10/3 11112 113 121 1272 1273

Primer 7 Primer 8

Figure 4 DNA Amplification pattern obtained with SSR primers. Lane Lander- DNA ladder; Lane-M2 DNA from mother
plant; Lane 7/1-13/3 DNA from micropropagated plants.
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Conclusions

The results showed that G. mihanovichii LB2178
Agua Dulce can be propagated using in vitro techniques.
After 3 months of culture, the results showed that the
explant sectioned longitudinally were cultured on MS
medium supplemented with 2 mg/L 2,4-D, which gave
the highest survival rate at 100 %, the highest callus
induction at 100 % and the highest callus fresh weight,
2.72 g. The explants sectioned transversally were
cultured on MS medium supplemented with 1 mg/L 2,4-
D gave the highest anthocyanin contents 0.00149
mg/gFW. The anatomical characteristics of callus from
the tissue characteristics of the callus formed from
sectioned transversally plant tissue culture, the
epidermis layer is clearly visible, and there are vascular
bundles arranged around the stem. The callus fragments
were cultured on MS medium supplemented with 0.5
mg/L NAA and 3.5 mg/L BA gave the highest survival
rate at 100 %, shoot induction at 90 %, a number of
shoots, 2.20 shoots/explant and the shoot length, 0.28
cm. Assessment of genetic fidelity was performed on the
G. mihanovichii LB2178 Agua Dulce micro propagated
plantlets using SSR analysis with 8 SSR primers. The
selected primers gave ranged from 100 - 1,500 bp. Of
the 8 primers analyzed, primer 4 showed 83.33 %

polymorphism, respectively.
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