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Abstract. Ardiyani F, Utami ESW, Purnobasuki H, Paramita SA. 2020. Development and regeneration of somatic embryos from leaves-
derived calli of Coffea liberica. Biodiversitas 21: 5829-5834. Coffea liberica is an important and potentially commercial plant with a high
economic value from the Coffea genus. Therefore, the availability of planting material is needed to increase productivity and ensure the
sustainability of its farming. Somatic embryogenesis is a powerful propagation method used to produce clonal plants from limited genetic
material. In the present research, we have shown that Coffea liberica could be successfully regenerated in vitro via somatic embryogenesis
from leaves derived embryogenic callus. These calli were cultured on Murashige Skoog (MS) medium added with 1 mgL* BAP or in
combination with 2.4 D (0.5, 1.0, 1.5 and 2 mgL-1) for embryo development induction. Furthermore, the medium containing only BAP was
best for embryo development induction after culturing for 12 weeks, with the highest number of cotyledonary stage embryos (17.8%) and
producing a total of embryo (20.2). Following cotyledonary stage embryo were cultured on new MS medium containing 0.5 mgL-* BAP, 0.5
mgL?t 1AA, 0.5 mgL NAA only, and 0.5 mgL* BAP in combination with 0.5 mgL* IAA or 0.5 mgL™* NAA. Interestingly, the results
showed that cotyledonary stage embryos were converted into complete plants at all treatment, but the MS medium containing 0.5 mgL!
BAP was found to be the most effective in promoting regeneration with 2.6 leaves per-plantlet and height of 5.2 mm. Based morphological
analysis confirm that the development of somatic embryo from leaves-derived calli of C. liberica started with the formation of embryo

globular, heart, torpedo, cotyledonary stages, and finally conversion of cotyledonary embryo into complete plant.
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INTRODUCTION

Coffea liberica belongs to the family Rubiaceae, and it
is one of the important commodities in the global market
besides Coffea canephora, Coffea arabica, and Coffea
excelsa. Initially, C. liberica was largely distributed in
Africa, from lvory Coast to the east of Uganda, and from
north and south of Cameroon to Angola (Davis et al. 2006).
This commodity has many advantages, which include
tolerance to drought and high salinity, as well as has the
ability to thrive in peat soil (N’Diaye et al. 2005). The
Indonesian center of agricultural land research and
development, as well as the soil research Institute in 2011
estimated that there were 14.9 million hectares of peat land
in Indonesia. This land area spreads across the island of
Sumatra 6.4 million hectares (43%), Kalimantan 4.8
million (32%), and Papua 3.7 million (25%), hence a great
potential to cultivate in large areas in the future. Certainly,
this will require large amounts of planting material.

Coffee can be reproduced generatively with seeds and
vegetatively. One embryo seed will produce only one plant,
therefore the supply plant is limited. Furthermore, the
seedlings produced through seeds have non-uniform
characteristics and are not the same as their parent (Aga
and Khillare, 2017). Plants produced by conventional
vegetative propagation, such as cutting are genetically

stable, but are very slow and limited in producing large
numbers and require a lot of labor (Etienne et al. 2002).

One of plant propagation methods is through embryo
regeneration via somatic cells that can grow into bipolar
plants possessing the same characteristics as their parents
without gamete fusion (Jimenez et al., 2001). Besides
aiming to produce superior seeds in bulk, this technique
also aims to improve plant quality. In fact, it can produce
large numbers of true-to-type plant seedlings in a short
time (Etienne et al. 2006). In addition, somatic
embryogenesis can be used in germplasm or endangered
genotype conservations (Yang and Zhang, 2010).

Somatic embryogenesis is a powerful tool that is widely
used in coffee for biotechnological applications, including
propagation and genetic transformation (Etienne et al.
2018). Furthermore, Giridhar et al. (2004) and Herrera et
al. (2008) reported successful regeneration of plantlet-
forming embryos through somatic embryogenesis in C.
canephora. In fact, different authors have recognized their
success in inducing and regenerating embryos in C.
arabica (Gatica-Arias et al. 2008 and Kahia et al. 2016). In
addition, Ardiyani (2015) reported embryogenic callus
induction in C. liberica, but it failed to develop into
somatic embryos.

Some factors such as the type of explant, nutrient, and
growing environmental conditions affect the success of the
somatic embryogenesis (Campos et al. 2017; Nic-Can et al.
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2015). Meanwhile, according to Mira et al. (2016) and
Jimenez (2005), another crucial factor that influences
somatic embryogenesis is the plant growth regulators. Each
stage of the development in vitro process is influenced by

the presence of growth regulators in the media
(Vondrakova et al. 2016).
Plant growth regulators often used in somatic

embryogenesis are the auxin and cytokinin groups. Auxin
plays an important role in the induction of embryogenic
callus and initiation of somatic embryo formation (Chithra
et al. 2005; Arnold et al. 2002), while cytokinins play a role
in stimulating somatic embryo growth and development
(Padua et al. 2018). The combination of growth regulators
that are appropriate for both type and concentration is
specific for each type of plant (Santana-Buzzy et al. 2007).
Therefore, this study aimed to evaluate the effects of plant
growth regulators on induction and development of somatic
embryos C. liberica.

MATERIALS AND METHODS

Preparation of embryogenic callus as a source of
explants

Young leaves of C. liberica were sterilized using a 30%
sodium hypochlorite solution and 70% alcohol. The leaves
were then cut to a size of + 0.5 cm x 0.5 cm? and cultured
on Murashige and Skoog (Murashige and Skoog, 1962)
medium added with 1 mgL* 2.4 dichlorophenoxyacetic
acid (2.4 D) (Merck, Made in Germany). Also, it was
added with 30 gL sucrose (Merck, Made in Germany),
and solidified with 4 gL* gelling agents (Gelrite-Gelzan).
The cultures were incubated for 8 weeks, then embryonic
calli ( Figure 1) (Ardiyani, 2015) were used as the explant
in the induction and development of somatic embryo C.
liberica.

Induction and development of somatic embryos from
embryogenic callus

To evaluate the effect of plant growth regulator on
development of somatic embryos, the embryogenic calli
were cultured on Murashige and Skoog's medium
supplemented with only 1 mgL™? Benzyl Amino Purine
(BAP) (Sigma Chemical Co., St. Louis, MO) or in
combination with 0.5, 1.0, 1.5, and 2.0 mgL* 2.4 D
(Merck, Made in Germany). Furthermore, all the media
were supplemented with 30 g/L sucrose (Merck, Made in
Germany), solidified with 3 gL gelling agents (Gelrite-
Gelzan), and set into pH 5.7 before being sterilized at
121°C for 15 mins. For each treatment, about 10 mg calli
were cultured in ten Petri dishes (50 mm in diameter) that
contained 10 mL of the medium. Also, the cultures were
maintained under 16/8 h day/night at 23+2°C. After 6, 8,
10, and 12 weeks of inoculation, the number of somatic
embryos in different development stages was calculated
using a binocular microscope, Nikon SMZ-1, Japan to
define the role of plant growth regulator BAP and 2.4 D on
the induction and development of somatic embryos. The
processes of the development were classified into four
stages according to Dicotyledoneae patterns (Ibrahim et al.
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2015), which are: globular stage: the embryos grow round;
heart stage: having a heart shape; torpedo stage: the top-
end of the embryos start forming small cavities and have
elongation; and the cotyledon stage: embryos growing
longer and visible have cotyledons. In addition, at the end
of the 12 weeks after culture, the percentage of somatic
embryos in different developmental stages was calculated
by dividing the number of embryo in each stage by the total
number of embryos x 100.

Regeneration of somatic embryos

After 12 weeks of culture, the somatic embryos of the
cotyledon stage obtained from the induction were used for
induction regeneration. Particular embryos of cotyledon
stage characterized by = 2 mm in length were cultured
individually on MS medium containing 0.5 mgL? BAP,
0.5 mgL* Indole acetic acid. (IAA), 0.5 mgL* Naphthalene
acetic acid (NAA) alone, and 0.5 mgL! BAP in
combination with 0.5 mgL* IAA or 0.5 mgL* NAA. Each
treatment has ten replicates, and all the cultures were
maintained at 23+2°C under 8/16 h day/night photoperiod.
After 12 weeks, the number of root, number of leaves per-
shoot, and plantlet height were recorded.

Experimental design and data analysis

All the experiments were laid out in a completely
randomized design (CRD). Furthermore, the data were
statistically analyzed using analysis of variance (ANOVA).
The mean values were separated using Duncan's multiple
range test (DMRT) with level of significance at P <0.05
(Duncan 1955). In addition, the statistical package SPSS
(Version 21) was used for analysis.

RESULTS AND DISCUSSION

Induction of embryogenic calli development

The development of C. liberica embryogenic calli was
shown in (Figures 1.A-1.G). Meanwhile, the embryonic
callus of C. liberica used as explants sources in this
experiment had light yellow color and granular in texture
(Figure 1.A). Initially, the somatic embryogenesis started
with the formation of globular embryos on the surface of
calli about 6 weeks after culture (WAC) (Figure 1.B). The
embryos in this stage were round in shape and white in
color. Furthermore, globular embryos would develop into
heart stage (Figure 1.C) with suspensor-like structure (sls)
that connects it to the media and clear notch (not) within 8
WAC. At 10 WAC, the heart stage embryos developed into
elongated shapes and become torpedo stage (Figure 1.D).
In the 12 WAC, the torpedo stage embryo became
elongated and transformed into cotyledonary stage having
two cotyledons and notch (Figure 1.E). Somatic embryos of
C. liberica can regenerate into plantlets through in vitro
culture techniques, however, sometimes differences in
embryogenesis stages are found (Figure 1.F). This showed
that the somatic embryo development process is
asynchronous. Similar results have been found in Hibiscus
sabdariffa (Konar et al. 2018), Akebia trifoliata (Zou et al.
2019), Helianthus annuus L. (Fu et al. 2017), and
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Capsicum baccatum (Venkataiah et al. 2016). Finally,
when the cotyledonary stage embryos were sub-cultured in
MS medium containing 1 mgL™ BAP at 12 WAC, they
were converted into complete plantlets (Figure 1.G).

Somatic embryo development in varied media
containing varying concentrations and type of plant
growth regulators.

After 6, 8, 10, and 12 culture weeks (Figure 2), globular
stage somatic embryos were formed at the 6™ week in all
treatments. Meanwhile, at the 8" week, it was noted that
heart stage embryos were formed only added with 1mgL™*
BAP. Furthermore, the formation of embryos in the torpedo
and cotyledonary stages was only on the added with a
single plant growth regulator, namely 1mgL* BAP at the
10" week. Formation of somatic embryos at various stages
(globular, heart, torpedo, and cotyledon) was seen at the
12" week after culture in all treatments. This indicated that
added with a single BAP or combined with 2.4D with
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various concentration variations gave a positive response to
development, such as accelerating the embryo
development. This is in accordance with Verma et al.
(2018), that embryogenic calli can develop into somatic
embryos on media containing a single cytokinin or added
with auxins. In fact, Vondrakova et al. (2011) stated that
the embryogenic calli Abies alba Mill cultured on media
without auxin were able to develop into somatic embryos.

Based on the total embryos formed in various
treatments at the 12" week (Table 1.), the highest of total
embryos (20.2) were found at 1 mgL* BAP, followed by
(13.4; 11.0; 8.9; and 7.7) in the 1 mgL* BAP + 0.5 mgL™
24D;1mgL*BAP +1.0mgL?24D; 1 mgL!BAP+ 15
mgL? 2.4 D; and 1 mgL? BAP + 2.0 mgL? 24 D.
Furthermore, the added with a single BAP growth regulator
and its combination with 2.4 D affected the percentage of
somatic embryos formed at each stage of development
(Table 1).

Figure 1. Pattern of somatic embryo development and regeneration in Coffea liberica. A. Light yellow granular embryogenic (ec) calli
were used as the explant; B. Formation of globular (gb) embryo which appeared on the surface of calli 6 WAC; C. Heart stage somatic
embryo with a clear notch (not) and suspensor like structure (sls) 8 WAC; D. Torpedo stage somatic embryo was formed 10 WAC; E.
Final development at cotyledonary stage embryo with distinct cotyledons 12 WAC in MS medium added with 0.5 mgL* BAP; F.
Asynchronous somatic embryo development i.e globular (gb), heart (ht), and torpedo (tr) stage on 12 WAC; G. Formation of plantlets
from cotyledonary stage embryos 12 WAC in MS medium added with 1 mgL* BAP. Scale bars: A. 20 mm, B. 1 mm, C. 500 um, D.

375 um, E. 200 um, F. .1 mm, G. 1 mm
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Also, the highest percentage of cotyledonary-stage
somatic embryos (17.8%) was found in the 1 mgL™ BAP,
followed by (14.7%; 13.2%; 9.4% and 7.2%) recorded at
the 1 mgL* BAP + 0.5 mgL! 2.4 D; 1 mgL! BAP + 2.0
mgL?! 2.4 D; 1 mgL!BAP + 1.5 mgL? 2.4 D; and 1 mgL!
BAP + 1.0 mgL? 2.4 D. This showed that the added with a
single growth regulator BAP provided a better response to
embryo development. This is supported by Arnold et al.
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(2002), that a way to stimulate development of somatic
embryos is by added with cytokinins and reducing or
eliminating auxin use. In this research, single cytokinins
stimulated the somatic embryo maturation to the
cotyledonary stage with the highest percentage. This is in
accordance with Verma et al. (2018) that embryogenic calli
can develop into somatic embryos when the media
containing cytokinins without auxins.
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Figure 2. The effect of plant growth regulator on somatic embryos development of C. liberica at A. 6, B. 8, C. 10, and D. 12 weeks after
invitro culture. B : 1 mgL2BAP +0mgL22.4D; I : 1 mgL2BAP +05mgL22.4D; M. 1mgL1BAP+1mgL124D; IR
1 mgL!BAP +15mgL*2.4 D and (I mgL* BAP +2mgL* 2.4 D. A= 6 WAC; B=8 WAC; C =10 WAC; D = 12 WAC.

Table 1. The effect of BAP only or in combination with 2.4 D at various concentrations on somatic embryo development of C. liberica

for 12 culture weeks.

BAP 24D Total number The average number of embryos (%) at each stage of development
(mgLY) (mgLh) of embryo Globular Heart Torpedo Cotyledon
1.0 0.0 20.2 56.4+5.2a 11.9+2.5a 13.8+2.9b 17.845.6d
1.0 0.5 13.4 60.8+7.9a 13.4+3.9a 11.1+3.2ab 14.7+3.3cd
1.0 1.0 11.0 73.6+4.9b 10.9+2.9a 8.2+3.0a 7.2+3.8a

1.0 15 8.9 61.2+6.0a 19.1+4.5b 10.3+4.0ab 9.4%5.1ab
1.0 2.0 7.7 61.8+7.7a 13.1+6.0a 11.9+4.5ab 13.2+5.4bc

Note: Means * SD followed by the same letters on the same column were not significantly different at (p<0.05) determined by Duncan’s

Multiple Range Test
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Table 2. Influence of various plant growth regulators (PGRs) on regeneration of somatic embryos

BAP 1AA NAA Number of leaves Number of roots Plantlet height Root length (mm)
(mgL™h) (mgL™Y) (mgL™) per-plantlet (mm) 9

0.5 0.0 0.0 2.60 £ 0.52b 1.10 £ 032ab 5.20 £ 0.17d 0.81+0.18a
0.0 0.5 0.0 1.90 £0.57a 1.20 £ 0.42ab 4.00 £ 0.35¢ 1.11+0.23b
0.0 0.0 0.5 1.60 £ 0.70a 1.80 £ 0.42c 2.98 £ 0.20a 3.13+0.2%
0.5 0.5 0.0 2.40 £ 0.52b 0.90 £ 0.32a 5.02 +0.20d 1.32 £0.16¢
0.5 0.0 0.5 1.80 £ 0.42a 1.30 £ 0.48b 3.22 +0.09b 2.12+0.19d

Note: Means + SD followed by the same letters on the same column were not significantly different at (p<0.05) determined by Duncan’s

Multiple Range Test.

Somatic embryo regeneration in media supplemented
with different concentration and type of plant growth
regulators

In somatic embryogenesis process, the conversion of
embryos into plantlets is an important stage. Previously,
Ardiyani (2015) successfully induced embryogenic calli C.
liberica, however, plantlet regeneration from somatic
embryo has not been studied. Table 2 showed the influence
of plant growth regulators on cotyledonary embryo
development. The cotyledonary embryos measuring about
2 mm in length were cultured on MS medium given with
BAP, IAA, NAA alone or BAP + NAA and BAP + IAA.
The results (Table 2) showed that during conversion, all
cotyledonary embryos regenerated to form plantlets. MS
medium containing 0.5 mgL* BAP was found to be the
most effective to promote regeneration with 2.6 leaves per-
plantlet. Also, there was enhanced plantlet height i.e. 5.2
mm, however, there was no significant difference with 0.5
mgL! BAP + 0.5 mgL? IAA. This information is in line
with Ahmed et al. (2013) that the presence of BAP in
culture medium promoted embryo conversion into plantlet
C. arabica L. Also, Etienne and Bertrand (2003) published
similar results in C. arabica using relatively high
concentration of BAP.

In the present study, among the five tested plant growth
regulators, the 0.5 mgL' NAA was found to be more
effective in increasing the root formation with an average
1.8 roots per-plantlet, and significantly different from other
treatments. Here also, enhanced root length was observed,
but showed a low number of leaves and plantlet height. In
addition, the MS medium given with NAA alone produced
highest root number and root length, and is significantly
different from other treatments. We reported here
successful in vitro plantlets regeneration of C. liberica
from leaves-derived embryogenic calli via somatic
embryogenesis. This regeneration consisted of two steps,
which are: somatic embryo development from embryogenic
calli and plantlet regeneration from somatic embryos. This
invention would be useful for developing protocol of in
vitro propagation of liberica coffee via somatic
embryogenesis.
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