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ABSTRACT

Melon plants (Cucumis melo L) are susceptible to disease attacks primarily caused by viruses. One of the viruses often attacking melon plants is Cucumber
mosaic virus (CMV). Previous studies have shown that melon callus produced from in vitro culture is detected to have CMV resistance gene (Creb-2). However,
the trait of resistance to CMV in that melon (F2) is still segregated. To know the stability of the Creb-2 gene, further research is needed to detect the
gene in the differentiated callus. This study aims to callus induce and callus differentiate melon. Firstly, melon seeds were grown on Y% MS medium with
addition of 2 mg/ L 2.4-Dichlorophenoxyacetate and 1 mg /L BAP (Benzyl Amino Purine) to grow callus. Secondly, the callus was differentiated in MS
medium with the addition of 2,4-D, BAP and IAA in different doses. Omg/L; 0.01 mg/L 24-D and 0.1 mg/ L BAF, and MS medium with 0.01 mg /L, 0.1
mg/L; 1 mg/LIAA (lodole Acetic Acid) and 0.7 mg/ L BAR The results showed that callus was successfully differentiated into root and it grew optimally
in MS medium with 0.01 mg/L 24-D: 0.1 mg/L BAPand 1 mg/ L IAA: 0.1 mg/ L BAP. Therefore the roots can be used as isolation samples and DNA
amplification to detect stability of the Creb-2 gene.
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ABSTRAK
Tanaman melon (Cucumis melo L) rentan terhadap serangan penyakit yang terutama disebabkan oleh virus. Salah satu virus yang sering menyerang
tanaman melon adalah Cucumber mosaic virus (CMV). Penelitian sebelumnya telah menunjukkan bahwa kalus melon yang dihasilkan dari kultur in vitro
dideteksi memiliki gen ketahanan CMV (Creb-2). Namun, sifat resistensi terhadap CMV dalam melon (F2) masih terpisah. Untuk mengetahui stabilitas gen
Creb-2, penelitian lebih lanjut diperlukan untuk mendeteksi gen dalam kalus yang berbeda. Penelitian ini bertujuan untuk menginduksi kalus dan kalus
membedakan melon. Pertama, biji melon ditanam pada medium MS dengan penambahan 2 mg / L 2,4-Dichlorophenoxyacetate dan 1 mg / L BAP (Benzy!
Amino Purine) untuk menumbuhkan kalus. Kedua, kalus dibedakan dalam medium MS dengan penambahan 2,4-D, BAP dan IAA dalam dosis yang berbeda.
0mg/L;001 mg/L24-Ddan0,1 mg/L BAP dan media MS dengan 0,01 mg/L; 0,1 mg/L; 1 mg/LIAA (lodole Acetic Acid) dan 0,1 mg / L BAP. Hasil
penelitian menunjukkan bahwa kalus berhasil dibedakan menjadi akar dan tumbuh optimal dalam medium MS dengan 0,01 mg /L 2,4-D: 0,1 mg /L BAP
dan 1 mg/LIAA: 0,1 mg/LBAP.Olehkarena itu akar dapat digunakan sebagai sampel isolasi dan amplifikasi DNA untuk mendeteksi stabilitas gen Creb-2..

Kata Kunci: Cucumis melo L, Kalus, CMV, In Vitro

INTRODUCTION

Melon plant (Cucumis melo L.) is a horticultural
crop that has long been developed in Indonesia
since in the early 80’s. Melon is usually consumed
as fresh fruit, but it can also be served as beverages,
and even melons are sometimes used as flavorings
in various food and beverage products. The nu-
tritional content of melon fruit is calcium, phos-
phorus, iron, Vitamin C, Vitamin A and Vitamin
B1 as well as protein. Meanwhile, high content of

carotenoid in melon fruit can protect the body cells

from free radicals (Daryono dan Maryanto, 2017).

Melon comes from the Mediterranean areas
(Asian border with Europe and Africa). Until now,
melon varieties originating from different countries
such as Taiwan, China, Japan, France and Den-
mark have been widely developed. In the 1990s,
various new varieties have also been developed,
and melon cultivation centers have also spread
in several areas in Indonesia, namely: Jakarta,

West Java, Yogyakarta, Central Java and East Java.
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However, these melon plants are susceptible to
pest infections and disease so that appropriate care
and suitable environmental conditions are needed
(Somowiyarjo et al., 1993).

Disease attacking melon plants derived from
imported seeds are often caused by viruses, one of
which is Cucumber mosaic virus (CMV). Among
viruses causing the plant diseases, CMV is one of
the dangerous viruses in Indonesia that causes a
decrease in production of melon as well as other
Cucurbitaceae plants. In addition, the virus attacks
can be in the form of Zucchini yellow mosaic virus
(ZYMV), Watermelon mosaic virus (WMV), and
Papaya ring-spot strain Virus of the watermelon
(PRSV-W) (Somowiyarjo et.al., 1993).

The offspring obtained from hybridization
between cultivar Yamatouri and Vakharman are
reported to have resistance to CMV (Daryono
and Natsuaki, 2003). Those melon cultivars have
a resistance gene against CMV (Creb-2) inherited
to its F, offspring. However, the resistance to CMV
in this F, melon is still segregated. On the other
hand, in vitro culture techniques are often used
to produce seeds to produce a uniform character.

Rahmat (2009) proves the detection of re-
sistance genes against Cucumber Mosaic Virus
(Creb-2) on melon callus cells (C. melo L.) produced
from in vitro culture. According to Wetter and
Constabel (2011), induction of differentiation can
be done by adding growth regulators of auxin and
cytokinin to the culture medium. The optimum
concentration of growth regulator to induce cal-
lus formation in the study was 2 mg / L 2.4-D
(2,4-dichlorophenoxyacetic acid): 1 mg / L BAP
(N6-benzylaminopurine). Detection of resistance
gene to CMV (Creb- 2) in the differentiated cell
in the form of buds, roots and plantlets of melon
produced from in vitro culture had not been done.

The objectives of this study were (1) to deter-

mine the optimum concentration of growth regula-

tor substances to induced melon cotiledons, and (2)
to determine the optimum concentration of growth

regulator substances to differentiate melon callus.

MATERIALS AND METHODS

In vitro culture of melon, DNA isolation and
data processing were conducted at the Plant Tis-
sue Culture Laboratory and Genetics Laboratory
of the Faculty of Biology, Gadjah Mada Univer-
sity (Latitude: -7.7663471933499 - Longitude:
110.37653248888). F, melon seeds resulted from
the hybridization between Yamatouri and Vakhar-
man were obtained from Genetics Laboratory, Fac-
ulty of Biology UGM (Latitude: -7.7663471933499
- Longitude: 110.37653248888)

In Vitro Culture

F, melon seeds were germinated in %4 MS
(Murashige & Skoog) medium. Callus induction
from cotyledon was performed in germination
medium added with 2,4-D: BAP=2: 1 mg/ L.
Cotyledon was induced for up to 2 weeks. Callus
differentiation was then performed on MS medium
with the addition of BAP and NAA at 0-2 mg /
L concentration level. According to Tabei et al.
(1991), there was also differentiation of callus on
MS medium with addition of 2,4-D by 0 to 0.01
mg / L and BAP 0.1 mg / L, and addition of [AA
of 0.0l mg/L; 0.1 mg/L; 1 mg/ L and BAP of
0.1 mg / L. All media were arranged to be in the
pH range of 5.6-6.3 and sterilized by autoclave at
120 ° C for 2 hours.

RESULTS AND DISCUSSIONS
Callus induced

Rahmat (2009) reported that MS medium with
addition of 2.4-D: BAP = 2: 1 mg/ L is the opti-
mal medium for induction of melon callus using
cotyledon explants. So in this research also used

the comparison of hormone concentrations.



Callus morphology observed includes the color,
size and texture of the callus. The combination of
various growth regulators has resulted in white,
brownish, diverse, and crumbly to compact tex-
tures. The best callus with callus size, color and
texture parameters in Rahmat (2009) study is a
variation of the growth regulators addition of 2
mg/ L 2.4-D: 1 mg / L BAP. Callus treatment in
2 mg/l1 2.4-D: 1 mg / | BAP has a slightly green-
ish green callus morphology, callus grows well and
covers explants all over the surface so that eksplan
is not visible anymore and callus looks compact.
In addition of 2 mg / L 2,4-D: 1 mg / L BAP, the
optimum callus growth was developed, the callus
was formed rapidly.

To induce this callus used source explant of coty-
ledon from sprouts melon plants grown in vitro.
From one cotyledon is divided into four parts then
planted into MS medium which has been added
variation of growth regulator treatment. Cotyledon
is a food reserve for the growth of sprouts that are
young organs so it will be easy to be dedifferent
to callus. Dedifferentiation allows adult cells to
return to a youthful state that is meristematically
active dividing. In young cells it can be intensive
cell division and the growth potential is higher
than in adult cells. In young cells can also occur

regeneration to form organs and embryos.

Callus Differentiation

In this study, two experiments were applying ad-
dition of growth regulators. In the first experiment,
differentiation was performed by adding cytokinin
and auxin that is BAP: NAA at a concentration
level of 0-2 mg / L. Observations were made after
5 weeks of planting. The result showed that there
was no differentiated callus in response to the ad-
dition of the growth regulator. Response was in the

form of callus growing continuously. Except for MS

medium with BAP: NAA = 0: 0 which is considered

as control in which callus differentiated into root.

In Table 1, it can be seen that melon callus in
medium containing cytokinin (BAP) without auxin
(NAA) had strong (compact) callus morphology
and green callus. Besides, the callus grew more
slowly compared to the growth of callus given
auxin . Meanwhile, giving a single auxin makes the
callus growth faster so that the callus has larger size
and white color . Cytokinin is only active if there
is auxin, cytokinin together with auxin to culture
medium can spur cell division and morphogenesis.
Cytokinin affects the auxin transport, lateral bud
growth (breaking apical dominance), leaf develop-
ment, leaf aging process inhibition and chloroplast

development (Neumann et al., 2009).

Table 1. Morphology of Melon Callus Growth Produced from In
Vitro Differentiation (5 Weeks)

NAA / BAP 0 0.5 1 1.5 2

0 hk** Hhkk Hhkk hhkk hhkk
0.5 +pr +phr Phr phr phhr
1 ++pr +pr Phr phrr phrr
1.5 ++pr ++pr +prr +prr prrr
2 +++4pr ++4pr +prr +prr +prrrr

Note:

+ :callus size

p :white

h :green

¢ :hbrown

k :hard

r :scatter

*

: root growing

No response of differentiation from the addi-
tion of growth regulator gives the supposition that
the concentration of growth regulating agent given
is too high to induce the callus. George and Sher-
rington (2004), mention that common synthetic
auxin is used with a maximum concentration of 2
mg / L, a very high auxin is herbicide for plants,
but the effect is different in each plant species. Not
only the concentration of auxin is too high but also
the concentration of cytokinin that is too high, in
this case BAP. Giving high BAP resulted in green
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colored callus since the function of cytokinin is to

influence the formation of chloroplast.

Figure 1. Growth of Melon Callus on MS Medium 2.4-D: BAP =
2: 1 mg/ L for 3 Week

Based on Figure 1, it can be seen that callus on
media without growth regulator substances can
differentiate into root because there is influence of
callus endogenous hormone (Auxin). Neumann et
al. (2009) explain that in tissue culture, endogenous
hormones contained in a plant also play a role in
growth and development of the plan including dif-
ferentiation. Adding certain exogenous hormones
is done to get specific goals such as growth of buds,

root growth and regeneration into plants.

Figure 2. Root growth of callus in MS medium without
addition of growth regulator (BAP: NAA = 0: 0)

Roots start appearing 2 weeks after planting.
The differentiation process from callus to root is
slow. After 5 weeks the roots do not grow anymore
and the root morphology is just a cell bulge like
a root hair or called protuberance. The differen-

tiation in the form of protuberance cannot be
said to be a true root. Protuberance is a form of
morphological variation seen on the callus. Some
experts believe that protuberance is formed only
as a mechanical consequence due to the develop-
ment of intercellular space which has no apparent
function (Machado, 2000). Therefore the form of
differentiation cannot be used for DNA isolation.

To obtain the differentiation form of callus,
the study continued with the addition of growth
regulators at smaller concentrations, in addition
the auxin groups were replaced by 2,4-D and IAA.
According to Table et al. (1991), addition of auxin
and cytokinin at low concentrations can regenerate
calluses into plantlets. The result obtained was the
differentiation of callus into root.

Based on Figure 3, callus planting was done on
MS medium with addition of 2.4-D: BAP = 0: 0.1
mg / L and 2.4-D: BAP = 0.01: 0.1 mg / L. Dif-
ferentiation could occur 2 weeks after planting.
In both types of medium there was callus differen-
tiation response. However, callus differentiation
stopped after 2 weeks in MS medium containing
2,4-D: BAP = 0: 0.1 . While in MS medium 2.4-D:
BAP = 0.01: 0.1, callus kept differentiating into
root . So the roots used for DNA isolation were

only roots derived from MS medium containing

2.4-D: BAP = 0.01: 0.1.

Figure 3. Callus differentiation into root on MS medium with

addition of growth regulator (1 = MS 2.4-D: BAP = 0: 0.1 mg /

Land 2 =MS 2.4-D: BAP = 0.01: 0.1 mg /L) for 2 weeks. The
arrows point to the growing roots
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Figure 4. Callus differentiation into root in MS medium with addition of growth regulator (1 = IAA:BAP=0.01:0.1mg /L, 2
= IAA:BAP =0.1:0.1 mg/Land 3 = IAA: BAP = 1: 0.1 mg / L) for 2 weeks. The arrows point to the growing roots.

Figure 4 shows the differentiation of callus into
root in MS medium with addition of IAA: BAP =
0.01: 0.1 mg/ L, MSIAA: BAP=0.1: 0.1 mg/ L
and MS IAA: BAP = 1: 0.1 mg / L. Roots grown
from callus in MS medium containing IAA : BAP
= 0.01: 0.1 and IAA: BAP = 0.1: 0.1 stopped
growing after two weeks so the roots could not be
used for DNA isolation. While roots that grew on
MS medium containing IAA : BAP = 1: 0.1 could
continue to grow until the real root was formed.

The root used for DNA isolation was the grow-
ing root from MS medium with the addition of
2.4-D: BAP = 0.01: 0.1 mg / L and IAA: BAP =
1: 0.1 mg / L that is roots that grew and had true
root morphology which was not just the root hairs.
MS medium with addition of 2.4-D : BAP = 0.01:
0.1 mg/ L and IAA: BAP = 1: 0.1 mg / L was the
most optimum medium to differentiate melon
callus into root organ.

According to Neumann et al. (2009), auxin such
as NAA, [AA and 2,4-D are differentiated based
on their chemical and metabolic resistance in in-
activating cells. IAA is the most labile hormone to
temperature and most rapidly experiencing photo
oxidation. Meanwhile NAA has more stable prop-
erties and 2,4-D is the most stable to temperature.

However, some melon cell culture research (Sel-

varaj, 2006; Tabei et al., 1991 Moreno et al., 1985)

state that the use of IAA as one component of
growth regulator substances can regenerate callus
into plantlet. The results of this study prove that
the use of IAA can differentiate callus into root.
Soma-clonal variation can be defined as clonal
variation that occurs in culture cell due to epigen-
etic factors. In cell culture of the plant there are
10,000 to 15,000 cells or more that have genetic
mutation so that they can be different from the
stem cell. Changes in ploidy levels in cell culture
and some epigenetic variations such as mutations,
alteration of arrangement and number of chromo-
somes, gene amplification and transposing activa-
tion can be categorized as soma-clonal variations. A
form of cell differentiation will decrease the degree
of soma-clonal variation and a mechanism of di-
rectional genetic stability (Larkin and Scowcroft,
1981). In this study, it can be said that roots have
lower soma-clonal variation rates because the cells
are already organized and have directional growth.
The existence of directed genetic mechanism at the
differentiation process leads to the occurrence of
genetic stability. Therefore the roots can be used as
isolation samples and DNA amplification.
According to Hiray and Amemiya (1989), CMV
resistance gene expression is produced in multicel-
lular phase rather than single cell. Resistance gene

expression can be known after the cell is infected
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with the virus and it requires the presence of other
adjacent cells to be able to provide a defense re-
sponse. It takes intercellular space between one cell
and another cell to be able to provide an inhibitory
response of virus replication. Hirai and Amemiya
(1990) added that defense may also involve cel-
lular membrane changes that block the diffusion
and transport of virus particles from cell to cell.
However, the mechanism of inhibiting the spread
of the virus in a resistant cultivar until now is not
known for certain and is still investigated further.

F, of melon used in this study was the result
of a crossing between melon cv. Yamatouri and
Vakharman. Based on the results of Daryono et
al. (2003), research on the resistance of honeydew
to the virus revealed that from the total of 63
honeydew cultivars studied, there were 5 cultivars
namely Yamatouri, Miyamauri, Mawatauri, Sanuki-
shirouri, and Shinjong were resistant to CMV-B2.
cultivar Yamatouri was resistant to CMV-B2 and
CMV-ace. In contrast, cultivar Vakharman was
not resistant to either CMV-B2 or CMV-lace nor
even resistant to other Cucurbitaceae viruses such
as CGMMYV, KGMMYV and PRSV-W. The crossing
between the two cultivars aimed to get a melon
plant that was resistant to the virus producing

qualified fruit.

CONCLUSIONS

1. Callus produced from melon seeds on MS me-
dium is optimally obtained with the addition
of 2.4-D:BAP=2:1 mg/L.

2. The differentiated callus in the form of root is
optimally obtained with the addition of 2,4-D:
BAP =0,01: 0,1 mg/ L and [AA: BAP=1:0,
1mg/ L.
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