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Protoplast isolation and culture for banana regeneration via somatic
embryogenesis.

Abstract –– Introduction. This protocol describes a method for obtaining protoplasts from
banana leaves, calli and cell suspensions, and their sustainable development via somatic
embryogenesis from embryogenic cell suspensions. The principle, key advantages, starting
plant material, time required and expected results are presented. Materials and methods.
This part describes the required laboratory materials, and media preparation for protoplast
production and culture. Results. The first protoplasts may be seen after 30 min of incubation
in enzyme maceration. With protoplasts from embryogenic cell suspension, complete devel-
opment into a whole plant, through somatic embryogenesis, is observed in 12 weeks. The
first cell divisions occur on feeder layers 3–8 days after protoplast plating. Proembryo forma-
tion is observed 14–21 days after initiation of protoplast culture. The transfer of derived
embryo plantlets, at 8–10 weeks after protoplast plating, onto growth regulator-free medium,
leads to plant rooting and elongation.
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Obtention et culture de protoplastes pour la régénération de bananiers par
embryogenèse somatique.

Résumé –– Introduction. Le protocole décrit une méthode qui permet d’obtenir des proto-
plastes à partir de feuilles, de cals et de suspensions cellulaires de bananiers, ainsi que le
développement, par embryogenèse somatique, des protoplastes issus de suspensions cellulai-
res embryogènes. Le principe, les principaux avantages de la méthode, le matériel végétal de
départ, le temps nécessaire et les résultats attendus sont présentés. Matériel et méthodes.
Cette partie décrit le matériel de laboratoire nécessaire, la préparation des milieux pour
l’obtention de protoplastes, ainsi que leur culture. Résultats. Dès la première demi-heure
d’incubation dans la solution enzymatique, les premiers protoplastes sont libérés. En
12 semaines, les protoplastes, issus de suspensions cellulaires embryogènes, se développent
en plantes entières via l’embryogenèse somatique. Sur les couches nourricières, les protoplas-
tes reconstituent leur paroi ; les premières divisions cellulaires s’observent (3 à 8) jours après
l’étalement des protoplastes. La formation des proembryons se déroule entre (14 et 21) jours
après le début des cultures de protoplastes. Puis, (8 à 10) semaines après l’étalement des pro-
toplastes, leur évolution embryogène conduit à des plantules qui s’enracinent et s’allongent
après transfert sur un milieu dépourvu de facteurs de croissance.
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1. Introduction

Applications

Banana protoplasts may be used for
research purposes in physiology and phy-
topathology, and for banana breeding,
including genetic transformation, through
electroporation or PEG and somatic hybrid-
isation [1–3].

Principle

Samples of embryogenic banana cell sus-
pension, calli or in vitro leaves are digested
with enzyme solution to remove the cell
wall. After maceration, protoplasts are sep-
arated from debris by sieving [4].

Note: protoplasts are washed before control,
with calcofluor white (brightener) [5], of the
presence of the remaining wall, and control
of their viability using fluoresceine diacetate
(FDA) [6]. Protoplasts are then cultivated in
appropriate conditions and form the cell
wall, then undergo divisions leading to
embryos, which develop into plantlets [7].

Key advantages

– Protoplasts provide a real single cell origin
system.

– Such cells, when they are from banana cell
suspension, may give rise to somatic
embryos. 

– A large number of protoplasts can be
obtained [107 to (3 × 107)] from 1 mL of a
packed-cell volume (PCV) cell suspension.

Starting material [8, 9]

The protocol requires:

– an embryogenic banana cell suspension, 

Note: better results are obtained using
embryogenic cell suspension 3–4 days after
the last subculture.

– banana calli,

– in vitro banana young leaves.

Note: in vitro plants freshly subcultured and
transferred in dark conditions 2–3 weeks
before use are used for protoplast isolation.
Only very young leaves from in vitro plants,

still yellow and rolled, are suitable for
protoplasts allowing morphogenetic devel-
opment.

Time required

Four to five hours are required for media
preparation; 10–14 h for enzymatic treat-
ment; 3 h for protoplast purification, stain-
ing and estimation of concentration; 1 h for
plating; 2 h for feeder layer preparation;
2 months for embryo formation; 12–
14 weeks for the production of in vitro
green rooted plants from protoplasts.

Expected results

Depending on the genotype and cell sus-
pension quality, the protocol allows one to
obtain: 
– a variable protoplast yield: approx [107 to
(3 × 107)] protoplasts per mL PCV cell sus-
pension [9],

– protoplasts with size varying between (10
and 35) µm,

– protoplasts with 70–90% viability when
just isolated,

– approximately 70–80% of wall reforma-
tion 6–8 days after protoplast isolation, 

– approximately 0.2% of plated protoplasts
producing embryos, 1.5–2.5 months after
protoplast plating,

– plant regeneration from 45–65% of
embryos, 3–4 months after protoplast plating.

2. Materials and methods

2.1. Laboratory equipment

The protocol requires:
– a culture room illuminated 12 h a day at
65 µmol·m–2·s–1 + a dark compartment at
27–28 °C. 

– sterile Petri dishes (6- and 10-cm diame-
ter),

– sterile cones for Pipetman 5–10-mL
pipettes,

– a centrifuge kept at 16–20 °C, 
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– sterile centrifugation tubes, 

– sterile 500–200-µm sieve systems,

– a sterile 250-µm metallic mesh,

– sterilised nitrocellulose filters (Black AA
type Millipore),

– Millipore Millex GS filters,

– sterilised enzyme solutions,

– sterilised washing solutions,

– plastic film for Petri dish sealing,

– calcofluor white (fluorescent brightener):
2 mg in 200 µL acetone or DMSO + 20 mL
H2O + 0.4 M KCl (30 g·L–1 ) + 45 mM CaCl2
(5 g·L–1),

– FDA solution at 0.01%: FDA 2 mg in
200 µL acetone + 20 mL H2O + 0.4 M KCl
(30 g·L–1) + 45 mM CaCl2 (5 g·L–1),

– a UV microscope,

– a hematocytometer,

– a N6 liquid culture medium for proto-
plasts,

– a PCM medium + sea-plaque agarose.

Note: all media have to be ready before pro-
toplast isolation.

2.2. Preparation of the enzymes 
and washing solutions

Enzyme solution EC1 for protoplast 
isolation from cell suspension

– Add to distilled water: 1.5% cellulase RS
(Yakult Honsha Co., Tokyo, Japan) + 0.15%
pectolyase Y 23 (Seishin Pharmaceutical
Co., Tokyo, Japan) + 0.4 M KCl (30 g·L–1)
+ 45 mM CaCl2 (5 g·L–1).

– After 30 min of agitation, centrifuge the
enzyme solution at 3000 rpm for 1 h; elim-
inate the pellet; then, filter the supernatant
(pH 5.6) through a 0.22-µm sterile Millipore
filter.

Enzyme solution EC2 for protoplast 
isolation from banana calli

– Add to distilled water: 1.5% cellulase RS
(Yakult Honsha Co., Tokyo, Japan) + 1%
macerozyme (Sigma) + 0.15% pectolyase
Y 23 (Seishin Pharmaceutical Co., Tokyo,
Japan) + 204 mM KCl (≅ 15 g·L–1) + 67 mM

CaCl2 (≅ 7.5 g·L–1). Prepare, centrifuge and
sterilise as for the enzyme solution EC1.

Enzyme solution EC3 for protoplast 
isolation from in vitro banana leaves

– Add to distilled water: 1% cellulase RS
(Yakult Honsha Co., Tokyo, Japan) + 1%
macerozyme (Sigma) + 0.15% pectolyase
Y 23 (Seishin Pharmaceutical Co., Tokyo,
Japan) + 0.5 M mannitol (≅ 90 g·L–1), 204 mM

Table I.
Feed layer PCM medium required for banana protoplast and plant
culture.

Chemical elements Formulae Doses
(mg·mL–1)

Murashige and Skoog micro-element salts (× 2)

Ammonium nitrate NH4NO3 3300

Potassium nitrate KNO3 3800

Calcium chloride CaCl2, 2 H2O 880

Magnesium sulphate MgSO4, 7 H2O 740

Potassium phosphate, monobasic KH2PO4 340

Murashige and Skoog macro-element salts (× 2)

Boric acid H3BO3 12.4

Manganese sulphate MnSO4, 4 H2O 44.6

Zinc sulphate ZnSO4, 4 H2O 17.2

Potassium iodide KI 1.66

Molybdic acid (sodium salt) Na2MoO4, 2 H2O 0.5

Cupric sulphate CuSO4, 5 H2O 0.05

Cobalt chloride CoCL2, 6 H2O 0.05

Fe-EDTA

Ferrous sulphate FeSO4,7 H2O 55.6

– Na2-EDTA 74.6

(× 2) Morel and Wetmore vitamins

Meso-inositol – 200.0 

Calcium panthotenate – 2.0

Nicotinic acid – 2.0

Pyridoxine chloridrate(B1) – 2.0

Thiamine – 2.0

Biotin – 0.02

Hormone

2-4D – 4

Additional elements

Glucose – 500 

Maltose – 100 × 10 3

Saccharose – 40 × 103

Meso-inositol – 450 
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KCl (≅ 15 g·L–1), 67 mM CaCl2 (≅ 7.5 g·L–1).
Prepare, centrifuge and sterilise as for the
enzyme solution EC1.

Washing solution (S1)   for protoplasts 
from cell suspension

Add to distilled water: 0.4 M KCl (30 g·L–1)
+ 45 mM CaCl2 (5 g·L–1). Adjust to pH 5.6.
Autoclave for 20 min at 120 °C.

Washing solution (S2)  for protoplasts 
from calli

Add to distilled water: 204 mM KCl
(≅ 15 g·L–1) + 67 mM CaCl2 (≅ 7.5 g·L–1).
Adjust to pH 5.6. Autoclave for 20 min at
120 °C.

Washing solution (S3)  for protoplasts 
from leaves

Add to distilled water: 204 mM KCl
(≅ 15 g·L–1) + 67 mM CaCl2 (≅ 7.5 g·L–1)
+ 0.5 M mannitol (≅ 90 g·L–1). Adjust to
pH 5.6. Autoclave for 20 min at 120 °C.

Note: for preliminary experiments (S2)
washing solution is convenient for all types
of banana protoplasts.

2.3. Preparation of media 
for protoplast and plant culture

Feed layer media (PCM media)

Prepare a (× 2)-concentrated PCM medium
(table I). Adjust it to pH 5.7, then sterilise
through a 0.22-µm Millipore Millex GS filters
(Millipore Corp.).

N6 liquid culture media for protoplast 
culture

Prepare a N6 liquid culture media [10]
(table II). Adjust it to pH 5.7, then sterilise
by Millipore filtration.

Protoplast regeneration medium

Medium with [MS / 2] salts, Morel and
Wetmore vitamins [11] at normal concentra-
tion (× 1), saccharose (30 g·L–1), indol-ace-
tic acid (0.4 mg·L–1), benzylaminopurine
(0.5 mg·L–1), and agarose sea plaque
(7.5 g·L–1) are required for protoplast regen-
eration. Adjust the medium to pH 5.7, then
sterilise by Millipore filtration.

Table II.
N6 liquid culture medium required for banana protoplast culture.

Chemical elements Formulae Doses
(mg·mL–1)

Macro-elements
Potassium nitrate KNO3 2 830
Ammonium sulphate (NH4)2 SO4 463
Potassium phosphate, monobasic KH2PO4 400
Calcium chloride CaCl2, 2 H2O 165
Magnesium sulphate MgSO4, 7 H20 185

Micro-elements
Manganese sulphate MnSO4, H2O 4.4
Zinc sulphate ZnSO4, 7 H20 1.3
Potassium iodide KI 0.8
Boric acid H3BO4 1.6

Fe-EDTA
Ferrous sulphate FeSO4, 7 H2O 27.8

Na2-EDTA 37.3
Hydrosoluble components
                KM vitamins 

Folic acid – 0.4
p-aminobenzoic – 0.02
Riboflavin – 0.2
Ascorbic acid – 1
Choline chloride – 1
B12 – 0.02

              Sugars
Cellobiose – 250
Fructose – 250
Glucose – 70 × 103

Mannose – 250
Rhamnose – 250
Ribose – 250
Saccharose – 250
Sucrose – 40 × 103

Xylose – 250
              Alcohols

Sorbitol – 250
Mannitol – 250

              Organic acids
Na pyruvate – 5
Citric acid – 10
Malic acid – 10
Fumaric acid – 10

Liposoluble components
              Vitamins

A – 0.01
D2 – 0.01
D3 – 0.01

Morel and Wetmore vitamins, normal concentration, (x1)
Calcium panthotenate – 1
Meso-inositol – 100
Nicotinic acid – 1
Pyridoxine chloridrate (B1) – 1
Thiamine – 1
Biotin – 0.01
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Plant culture medium 

Prepare a regulator-free MS medium with
1.2 mM NH4NO3 (100 mg·L–1). Adjust the
medium to pH 5.7, then sterilise by auto-
claving.

Preparation of a nurse cell suspension 
medium

– Sieve approximately 100 mL of banana
cell suspension through a 250-µm sterilised
metallic mesh, in order to select only small
cell aggregates. Wait until cells decant in this
filtrate. 

– When packed cell formation is achieved,
eliminate half of the supernatant. 

– Gently mix 6 mL banana packed cell vol-
ume into 100 mL (× 2-concentrated) PCM
medium (figure 1A).

Note: for PCV cell manipulations, the point
of the pipette or cone has to be cut to
enlarge the section. The proportion of
banana cells included in the feeder layer
may be increased to 10%. 

Preparation of feeder layer system [12] 

– Solubilise 1.2 g of agarose sea plaque
(Sigma) in 100 mL double-distilled water
(pH 5.7) (figure 1B). 

– Autoclave for 30 min at 120 °C. 

– When the temperature of the agarose
solution (100 mL) has decreased to 35 °C,
add PCM medium (≅ 100 mL) containing
feeder cells: it is the nurse cell suspension
(figure 1C). Mix gently and immediately
pour 10–12 mL of this mixture (final con-
centration: 3% banana cells in 6 g·L–1 agar-
ose gelified PCM medium) into small Petri
dishes (6-cm diameter) (figure 1D). Cover
with a sterilised nitrocellulose filter and seal
with plastic film.

Note: feeder cultures may be keep at room
temperature for 1–5 days before use.

2.4. Protocol for protoplast isolation

• Step 1. Protoplast isolation
Protoplast isolation from cell suspension:
– Use embryogenic suspension cultures 3–
4 days after the last subculture, as donor
material for the isolation of regenerating
protoplasts. 

– Sieve the cell suspensions through a ster-
ile double 500-µm and 200-µm stainless
mesh.

Table II.
Continued.

Chemical elements Formulae Doses
(mg·mL–1)

Hormones

2,4-D
(2-4 dichloro-phenoxy-acetic acid )

– 0.2

NAA  (naphthalene acetic acid ) – 0.8

Additional elements

MES 2-(N-morpholino) ethanesulfonic acid – 100

Potassium phosphate, monobasic KH2PO4 – 250

Zeatine – 0.5

Figure 1.
Preparation of feeder layer 
media.
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– Keep the filtrate, and use the packed cell
volume for enzyme maceration.

Enzyme maceration:
– Put 2 mL of EC1 enzyme solution in a
small Petri dish (5.5-cm diameter); add 1 mL
of filtered packed cell suspensions.

– Mix gently.

– Incubate overnight (12–15 h) at 27 °C in
the dark, without shaking.

Note: the first protoplasts may be seen after
30 min of incubation.

Protoplast isolation from banana calli:
– In a small Petri dish, add 4 mL of EC2 solu-
tion to 1 g (fresh material) of callus.

– Cut the callus into pieces (1-mm thick-
ness) into EC2 solution.

– Incubate overnight (15–17 h) at 27 °C in
the dark, shake at 30 RPM.

Protoplast isolation from banana leaves:
– In a small Petri dish, weigh 1 g of very
young leaves; add 4 mL of EC3 solution. 

– Slice young leaves (1-mm thickness) into
EC3 solution.

– Incubate overnight (13–15 h) at 27 °C in
the dark, shake at 30 rpm.

• Step 2. Protoplast purification
– Filter the digestion mixture through a [100-
µm / 25-µm] metallic mesh combination to
remove the debris and large cell colonies. 

– When cell suspension is used as a source
of protoplasts, rinse the mesh with S1 wash-
ing solution; rinse, respectively, with S2 and
S3 washing solutions when calli or leaves
are used as a source of protoplasts. Collect
protoplasts in sterile tube(s), through cen-
trifugation at 66 g for 5 min (650 rpm).

– The pellet has to be washed again two
times (centrifugation at 66 g for 5 min).

– Suspend the pellet in a fixed volume of N6
protoplast culture medium. After calcofluor
staining, cell wall degradation can be visu-
alised, through a UV microscope, on sam-
ples of protoplast suspension. Protoplast
viability is determined using fluoresceine
diacetate. Protoplast yield is estimated using
a Nageotte hematocytometer.

– Dilute (or concentrate) protoplasts with
N6 liquid culture medium for protoplasts to
obtain a 106 protoplasts·mL–1 final concen-
tration.

• Step 3. Protoplast cultivation
– Transfer 0.5 mL of protoplast suspension
onto a nitrocellulose membrane in each
Petri dish containing feeder layer culture
(figure 2). Sealing with plastic film is highly
recommended.

– Cultures are maintained in the dark at
27 °C for 21 days. Controls on cell wall
reconstitution (calcofluor) and protoplast
survey (fluoresceine diacetate), as well as
mitotic activity of protoplast-derived cells,
are done on samples of culture.

Notes: When taking samples of protoplasts
for observations, cultures must be preserved
to avoid risk of contamination. 

The first cell divisions occur on feeder layers
from 3–8 days after protoplast plating. Pro-
embryo formation is observed 14–21 days
after initiation of protoplast culture. Weekly
addition to protoplasts of 0.3 mL N6 liquid
culture medium for protoplasts is recom-
mended. 

Figure 2.
Banana protoplast culture
on feeder layer system.

Figure 3.
Freshly isolated banana 
protoplasts.
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• Step 4. Protoplast regeneration through
somatic embryogenesis

Three weeks after protoplast plating, pro-
embryos are individually picked up from the
feeder layer and gently transferred onto
regeneration medium. Cultures are main-
tained at 27 °C in the dark.

• Step 5. In vitro and soil plant development

Eight to ten weeks after protoplast plating,
transfer derived embryo plantlets onto
growth regulator-free medium for rooting
and elongation. Cultures are maintained at
27 °C under a 65 µmol·m–2·s–1, 12-h illumi-
nation a day photoperiod. After reaching the
size of 10 cm, plants may be transplanted
into soil in a greenhouse for hardening.

2.5. Troubleshooting
Seven main problems can occur:
(a) Protoplast yield from cell suspension is
low because the suspension quality is not
good enough.

Solutions: regularly subculture cell suspen-
sion every 6 days before protoplast extrac-
tion, and plate samples of cell suspension
on appropriate medium to verify it is still
embryogenic. 

(b) Low protoplast yield is obtained from
calli or leaves: the  tissues used as a source
of protoplasts are probably too old.

Solutions: Use only the very young part of
growing calli, and only 1–2-cm-long imma-
ture leaves. 

(c) Protoplasts are not a spherical shape:
cell wall digestion is incomplete.

Solutions: check with calcofluor under a
UV microscope the eventual presence of the
cell wall. Increase  enzyme incubation dura-
tion (+ 2–3 h).

Use EC1’ rather than EC1 or EC2 or EC3: 2%
cellulase RS (Yakult Honsha Co., Tokyo,
Japan) + 0.25% pectolyase Y 23 (Seishin
Pharmaceutical Co., Tokyo, Japan) + 0.5%
macerozyme (Sigma) + 0.2% hemicellulase
(Sigma) + 204 mM KCl (15 g·L–1) + 67 mM
CaCl2 (7.5 g·L–1).

(d) Protoplasts burst during enzymatic
digestion: there was an error in osmoticum
or digestion duration was too long.

Solutions: increase osmoticum or reduce
digestion duration.

(e) No protoplast development is observed
on the feeder layer: the quality of the sus-
pension or of protoplasts is not good
enough.

Figure 4.
Fluoresceine diacetate (FDA) 
staining of banana protoplasts.

Figure 5.
Banana protoplast 
development on feeder layer 
system.

Figure 6.
First division on banana 
protoplast culture (calcofluor 
staining).
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Solutions: check the embryogenic potential
of cell suspension. If protoplasts brown,
control the absence of debris in protoplast
culture.

(f) Development of contaminants is
observed in feeder cell medium: cell sus-
pension is contaminated.
Solutions: use another cell suspension.

(g) Development of contaminants is
observed among protoplasts on the nitro-
cellulose membrane: there was a failure in
the sterilisation process.
Solutions: check the sterility of each
medium, check tool sterilisation.

3. Typical results obtained

The first protoplasts may be seen after
30 min of incubation in enzyme maceration
(figures 3, 4). With protoplasts from embry-
ogenic cell suspension, complete develop-
ment into a whole plant, through somatic
embryogenesis, is observed in 12 weeks.
The first cell divisions occur on feeder layers
3–8 days after protoplast plating [13]
(figures 5, 6). Proembryo formation is

observed 14–21 days after initiation of pro-
toplast culture (figures 7, 8). The transfer of
derived embryo plantlets, at 8–10 weeks
after protoplast plating, onto growth regu-
lator-free medium, leads to plant rooting
(figure 9) and elongation.
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