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Passion fruit (Passiﬂora edulis (Sims)) is currently ranked third among fruit exports from Kenya and has great potential since the
demand for both fresh fruit and processed juice is on a continuous increase. Passion fruit production in Kenya is constrained by a
lack of healthy, clean planting material, poor seed viability, and low germination rates. To address this, the present study reports an
in vitro plant regeneration protocol for passion fruit using leaf disc and nodal explants and genetic ﬁdelity analysis of the
regenerated plants. The highest number of shoot regeneration was obtained on Murashige and Skoog (MS) medium supplemented
with 2 mg·L−1 6-Benzyl amino purine (BAP) (shoot induction medium). The multiplication of shoots was optimum in MS
medium supplemented with 3 mg·L−1 BAP. To eliminate the requirement of an additional step of in vitro rooting, exogenous
application of putrescine induced the formation and development of roots on nodal explants. Genetic ﬁdelity analysis of the in
vitro regenerated and macropropagated plants with that of the mother plant was carried out by sequence-related ampliﬁed
polymorphism (SRAP) markers, and monomorphic banding proﬁle for 80% of the regenerants conﬁrmed the genetic uniformity
of the in vitro regenerated and macropropagated plants. The in vitro regeneration system developed can be utilized for mass clonal
propagation for the economic commercial exploitation of this important tropical fruit.

1. Introduction
Passion fruit (Passiﬂora edulis Sims) is an economically
important perennial fruit crop in many tropical and subtropical countries, mainly grown for its edible fruit and
ornamental and medicinal use [1–3]. It is a signiﬁcant
component of the horticulture industry which sustains
millions of livelihoods in Kenya through local and export
markets [4]. Moreover, the crop has great commercial potential in Kenya since the demand for both fresh fruit and
processed juice is on the increase besides the expanding
export markets [5]. The production of passion fruit in Kenya
has remained low at an average of 8 ton·ha−1 compared to a

potential of 24 ton·ha−1 mainly due to pests and diseases and
inadequate clean planting materials [4, 6]. These constraints
have led to the reduction of the lifespan of the plants in the ﬁeld
from 7 years to an average of 1 to 2 years [4, 7]. Among the
diseases limiting passion fruit production is woodiness disease
(PWD)-complex which is mainly transmitted by aphids. This is
a serious disease in all passion fruit production areas in Kenya,
aﬀecting both the purple and the yellow forms [8, 9]. The
disease has been reported to cause up to 100% loss in fruit
yields in Kenya [10]. The mode of propagation entails the use of
seed and grafting which has led to the build-up of diseases
especially of the woodiness virus complex resulting in total
yield losses and lack of clean planting materials.
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The conventional propagation of passion fruit is done
through seeds and stem cuttings. The use of seeds is
hampered by the poor viability, low germination rate, seed
dormancy, and recalcitrant nature of seeds [11]. It is,
therefore, necessary to develop alternative methods of
clonal propagation for the rapid multiplication of clean
planting materials. One of the most appropriate methods
of clonal propagation is the use of tissue-culture technology for the production of high-quality and disease-free
planting material in a short span of time. There are many
reports on in vitro regeneration of diﬀerent Passiﬂora
species using diﬀerent types of explants such as root
segments, nodes, internodes, and leaf discs [12–14]. At
present, there is no report on in vitro regeneration of KPF
4 variety cultivated in Kenya and this hinders genetic
improvement of the fruit through biotechnological
techniques.
Micropropagation of diﬀerent plant species through
stem nodal cuttings is the most popular and oﬀers production of true-to-type plants in a short period of time and
availability of superior individuals for large-scale commercial plantation with quick productive gains [15, 16].
However, the diﬃculty in rooting of stem nodal cuttings is
an obstacle that needs to be overcome [17]. Polyamines are
growth regulators present in all plant tissues and are important for cell division, signal transduction, and protein
synthesis [18]. They can speed up or slow down microshoot
rooting, depending on their type and concentration. The
exogenous use of polyamines on stem cuttings for vegetative
propagation has been successful in desert ash [19], sweet
orange [20], and Indian soybean [21] and to induce rooting.
The role of polyamines in microshoot rooting has also been
reported in diﬀerent plant species [22], of which putrescine
has been reported to show a better response compared to
other polyamine substances in playing a key role in root
growth and development in hard-to-root plants [23].
However, there is no report on the eﬀect of polyamines on
the induction of roots on passion fruit stem nodal cuttings.
An innovative ex vitro rooting protocol that uses in vitro
explants derived from short-term cultures is required to
oﬀer an alternative approach for mass propagation of
healthy planting materials of passion fruit and at the same
time reduces the cost of production of micropropagated
plantlets.
Maintaining the genetic stability of in vitro regenerated
plants is indispensable before adopting the protocol for
large-scale clonal propagation and conservation purposes
[24]. Genetic variability can be induced during micropropagation and macropropagation of plants due to the
environment and culture conditions and, therefore, it is
fundamental to conﬁrm the clonal identity of the regenerated plants using molecular markers [25]. Sequence-Related Ampliﬁed Polymorphism (SRAP) is a novel molecular
marker technique based on two-primer ampliﬁcation that
preferentially ampliﬁes open reading frames (ORFs) of genes
[26]. Due to their unique primer design, SRAP markers are
more reproducible, more stable, and highly simple in terms
of operation in comparison to other molecular marker
techniques [26]. In addition, SRAP markers are more
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powerful than Simple Sequence Repeats (SSR), Inter-Simple
Sequence Repeats (ISSR), or Random Ampliﬁed Polymorphic DNA (RAPD) markers in revealing genetic variation
between diﬀerent varieties within a species [27] and are
easier to assay than Ampliﬁed Fragment Length Polymorphisms (AFLPs) [26]. It has been proven that SRAP is more
eﬃcient for identifying epigenetic variations in in vitro
cultured plants [28].
The present study was, therefore, carried out with the
following objectives: (1) to develop in vitro regeneration
system of KPF 4 and purple-skinned varieties of passion
fruits grown in Kenya, (2) to evaluate the eﬀect of putrescine
on the induction of roots on passion fruit stem nodal
cuttings in order to develop a new protocol for ex vitro
rooting of passion fruit microshoots, and (3) to analyze the
genetic ﬁdelity of in vitro regenerated plants and plantlets
propagated from putrescine-treated stem nodal cuttings
using SRAP markers.

2. Materials and Methods
2.1. Plant Materials and Preparation of Explants. Two passion fruit varieties, namely, Purple and KPF 4, were acquired as ripe fruits as well as potted seedlings from Kenya
Agricultural and Livestock Research Organization
(KALRO), Thika Horticultural Research Center, and Jomo
Kenyatta University of Agriculture and Technology
(JKUAT). Mature seeds were extracted from fruits and
rinsed with tap water before drying them at approximately
room temperature for 3 days. The seeds were surfacesterilized with 70% (v/v) ethanol for 5 min followed by 2.5%
sodium hypochlorite for 20 min and then rinsed four times
with sterile distilled water. Approximately 2 mm cut was
carefully made on the lateral sides of each seed before
germinating them aseptically in honey jars containing
Murashige and Skoog (MS) basal salts [29], 2% sucrose, and
2.4% gelrite, pH 5.8, incubated at 27°C. Leaves from twentyone-day-old seedlings were excised and used as explants for
the regeneration of shoots.
2.2. Regeneration of Shoots from Leaf Disc Explants of Purple
and KPF 4 Varieties of Passion Fruit. Leaf disc segments
(6 mm2) were excised from the ﬁrst two leaves of 21-day-old
seedlings and used for in vitro regeneration of shoots. The
excised leaf segments were placed in honey jars containing
shoot proliferation/induction medium (SIM; MS medium
supplemented with 3% sucrose and 2.4% gelrite; pH adjusted
to 5.8). The eﬀects of diﬀerent concentrations of 6-benzyl
amino purine (BAP; 1.0–3.0 mg·L−1) and 2.0 mg·L−1 BAP in
combination with 0.5 mg·L−1 Kinetin (KIN) were tested on
induction and regeneration of shoots [30]. For the control
treatment, the medium was not supplemented with PGRs.
Cultures were incubated at 28 ± 2°C with a 16-hour photoperiod for 4 weeks. Microshoots were transferred into MS
medium supplemented with 0.1 mg·L−1 BAP, 3% sucrose,
and 2.4% gelrite, pH adjusted to 5.8 for 2 weeks for further
proliferation before transfer to root initiation and development medium.
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2.3. Rooting of In Vitro Regenerated Plantlets and
Acclimatization. The elongated shoots were transferred to the
root induction medium consisting of MS supplemented with a
0.1 mg·L−1 naphthaleneacetic acid (NAA) for 4 weeks [30]. In
vitro regenerated shoots with roots were taken out of the
culture medium and the roots were washed thoroughly, but
with care, under running tap water to remove the agar. The
plantlets were then transplanted in small pots containing
autoclaved garden soil and sand (1 :1). All pots were covered
with polyethylene bags to maintain humidity. The potted
plantlets were kept under greenhouse conditions. After two
weeks, the polyethylene bags were removed and plantlets were
kept in the greenhouse. The plantlets were watered at regular
intervals as per need. Subsequently, the plantlets were transferred onto larger plastic pots (14 × 10.6 cm size) containing the
same potting substrate and kept under greenhouse conditions.
2.4. In Vitro Micropropagation and Multiplication of Plants
Using Stem Nodal Explants of KPF 4 Variety of Passion Fruit.
Sterile nodal explants about 3 cm long with 2 nodes were
inoculated vertically into MS medium supplemented with
diﬀerent concentrations of BAP (0, 1, 2, and 3 mg·L−1), KIN
(0, 1, 2, and 3 mg·L−1), and a combination of 2 mg·L−1 BAP
and 0.5 mg·L−1 KIN for multiple shoot induction [30]. The
cultures were incubated at 28 ± 2°C with a 16-hour photoperiod for 8 weeks. Experiments were set up in a completely
randomized design as described by Compton [31]. Each
PGR concentration contained 10 replicates, and the experiments were repeated three times. The number of shoots,
leaves, and shoot lengths was recorded after a period of 4
weeks and 8 weeks.
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of plants and from the donor mother plants for DNA
isolation.
2.7. Genomic DNA Extraction from Leaves. Genomic DNA
was extracted from young fresh leaves (200 mg) using
cetyltrimethylammonium bromide (CTAB) protocol as
described by Saghai-Maroof et al. [32]. To remove RNA, 2 μL
of RNase A (10 mg/ml) was added to 20 μL of nucleic acidTE buﬀer mixture and incubated at 37°C for 30 min followed
by heating at 65°C for 15 min. Agarose gel (1%; w/v) electrophoresis was used to conﬁrm the quality of genomic
DNA. The electrophoresis was run at 80 V for 45 min. The
bands were viewed using an ultraviolet (UV) transilluminator and photographed by a gel documentation system
(Bio-Rad). The genomic DNA was dissolved in nuclease-free
water and then stored at −20°C for subsequent molecular
analysis.

2.5. Eﬀect of Putrescine on Root Induction of Nodal Explants of
KPF 4 and Purple Varieties under Glasshouse. To determine
the eﬀect of putrescine, a polyamine, in the induction of
roots in passion fruit, the nodal cuttings (2 nodes per explant; approximately 3 to 5 cm long) from passion fruit
seedlings, were treated with diﬀerent concentrations (0.5
and 2% w/v) of putrescine solutions for 4 hours. For the
control treatment, the nodal cuttings were treated with
distilled water for 4 hours. The treated nodal cuttings were
transferred to plastic pots (10 × 7 cm size) containing sterilized soil mixture. The soil was moistened with tap water
and maintained in the greenhouse for root induction for six
weeks. High humidity was maintained by covering each pot
with a clear transparent polyethylene bag throughout the
experimental period. Each treatment had 10 nodal segments
and was replicated ﬁve times. After 6 weeks, the plants were
carefully removed from the pots, soil attached to the plants
was removed, and parameters including the percentage
response in terms of root induction, number of primary
roots per plant, root length, and number of new leaves per
plant were recorded.

2.8. Sequence-Related Ampliﬁed Polymorphism- (SRAP-) PCR
Ampliﬁcation. Twenty diﬀerent combinations of SRAP
markers were initially screened for their ability to amplify
passion fruit genomic DNA. Out of the twenty, seven
markers were selected based on the production of clear and
scorable bands and used for genetic ﬁdelity analysis following ampliﬁcation of DNA from donor mother plants
and in vitro regenerated and macropropagated plants.
Ampliﬁcations were done in a total volume of 25 μL reaction which contained 12.5 μL of premix (OneTaq
Quick-Load 2X Master Mix with Standard Buﬀer), 9.5 μL
of nuclease-free PCR water, 1 μL of 10 μM forward primer,
1 μL of 10 μM reverse primer, and 1 μL of genomic DNA
(100 ng·μL−1). The PCR cycling conditions were initial
denaturation at 94°C for 5 min followed by 5 cycles of 1 min
denaturation at 94°C, 1 min annealing at 35°C, and 1 min
extension at 72°C. This was followed by 30 cycles with 1 min
denaturation at 94°C, 1 min annealing at 50°C, and 1 min
extension at 72°C. The program was completed with one
ﬁnal extension at 72°C for 7 min [26]. Three independent
ampliﬁcation reactions were performed using DNA from
diﬀerent extractions from the same plant to assess the
consistency and accuracy of the reproducible bands. For
accuracy, all experiments were repeated twice. The ampliﬁed DNA fragments were run in 1.5% (w/v) agarose
(Duchefa Biochemie, Netherlands) gel containing 1x TrisAcetate EDTA (TAE) buﬀer. Ethidium bromide
(0.5 μg·L−1) was used for the staining of the DNA. Gels
visualization was done under a UV transilluminator and
photographed by a gel documentation system (Bio-Rad).
The amplicon sizes were estimated through comparison
with a 1 kb ladder (Generuler, Thermo Scientiﬁc). Only
clear and distinct ampliﬁed PCR fragments were scored.
The bands were scored based on their presence (1) or
absence (0) in agarose gels.

2.6. Assessment of Genetic Fidelity Using SRAP Markers.
Five in vitro regenerated plants were randomly selected from
concentrations of PGRs that resulted in the highest number

2.9. Data Scoring and Analysis. From the generated binary
data, the DendroUPGMA server was used in calculating
matrix distances between the regenerants and their
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respective donor mother plants. The distance matrices were
generated based on Jaccard’s similarity coeﬃcient. Similarity
matrices were subjected to cluster analysis of the unweighted
pair group method with arithmetic mean (UPGMA) and
dendrograms constructed using Figure tree software (Version 1.4.2).
Data on in vitro regeneration were analyzed using
analysis of variance (ANOVA) and Tukey’s Honest significance diﬀerence conducted to separate means when
ANOVA was signiﬁcant (P < 0.05). GenStat 64 bit release
15.1 was used for data analysis.

3. Results
3.1. Eﬀect of BAP and KIN on Shoot Organogenesis from Leaf
Disc Explants. Callus was formed from the cut surfaces of
the leaf explants cultured on MS medium without growth
regulators (control) but no shoots were formed (Table 1).
Morphogenetic responses of leaf disc explants were observed
on MS medium supplemented with BAP irrespective of the
concentration of BAP tested. The ﬁrst morphogenetic responses were visible after 21 days of culture when shoot buds
were observed from the leaf explant (Figure 1). Multiple
shoots were obtained from a single leaf explant (Figure 1(a))
and the highest mean number of induced shoots (11.44 per
leaf disc explant) was observed on MS supplemented with
2.0 mg·L−1 BAP and 0.5 mg·L−1 kinetin, which was signiﬁcantly (P < 0.05) diﬀerent from the other tested concentrations of BAP. There was no signiﬁcant diﬀerence
(P > 0.05) in the mean number of explants with a cluster of
shoots in the media supplemented with 2.0 mg·L−1 BAP
compared with that supplemented with 2.0 mg·L−1 BAP and
0.5 mg·L−1 KIN (Table 1).
Leaf disc explants cultured on MS medium containing
3 mg·L−1 BAP had the lowest mean number of shoots (4.5)
and the mean number of explants with clusters of shoots
(0.5) induced (Table 1). Shoots formed on MS medium
supplemented with 3 mg·L−1 BAP were abnormal with short
or no stems and large malformed leaves. Microshoots from
2.0 mg·L−1 BAP developed further when they were transferred to 0.1 mg·L−1 BAP (Figures 1(c) and 1(d)). No shoots
were initiated from leaf disc explants of purple variety placed
on MS medium, supplemented with diﬀerent concentrations
of BAP or a combination of BAP and KIN. All of the leaf disc
explants of purple variety turned brown, and no further
development into shoot buds was observed.
All elongated shoots developed roots after 1 week
(Figure 1(e)) and grew into well-rooted plantlets on MS
supplemented with a 0.1 mg·L−1 naphthaleneacetic acid
(NAA) in 2 weeks (Figure 1(f )). Fully developed rooted
plantlets were hardened for 4 weeks in plastic pots
(Figure 1(g)) followed by acclimatization (Figure 1(h)).
Plants regenerated through leaf discs had normal growth,
and no morphological abnormalities were detected in the
early stages of development as observed on the potted plants.
3.2. Eﬀect of Plant Growth Regulators (PGRs) on Multiplication and Elongation of Nodal Explants of KPF 4 Variety of
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Passion Fruit. Shoot multiplication was tested on MS medium supplemented with diﬀerent concentrations of BAP or
KIN. On MS medium without PGRs (control), an average of
0.44 and 0.61 shoots per explant were recorded on 4th and 8th
weeks of culture, respectively (Table 2). MS supplemented
with 3 mg·L−1 BAP had the highest mean number of shoots
per explant (2.06) while 2 mg·L−1 BAP had the highest average shoot height (0.68). The highest number of leaves per
explant (2.11 and 3.61 after the 4th and 8th weeks of culture,
respectively) was formed when the media were supplemented with 3 mg·L−1 kinetin (Table 2).
The media supplemented with BAP (2 mg·L−1) in
combination with KIN (0.5 mg·L−1) had the highest average
number of shoots per explant (4.44 and 6.39 on the 4th and
8th weeks of culture, respectively) when compared with
various concentrations of either BAP or KIN alone.
All the tested concentrations of putrescine induced
rooting on nodal cuttings of the two passion fruit cultivars
(purple and KPF 4) (Table 3). Putrescine concentration had a
signiﬁcant eﬀect (P < 0.05) on the number of roots formed.
The purple cultivar had 100% rooting response in all putrescine treatments while in absence of putrescine rooting it
was 66.7%. KPF 4 cultivar had the highest rooting response
(100%) when nodal cuttings were treated with 0.5% putrescine. There was no induction of roots on nodal cuttings
of cultivar KPF 4 which were not treated with putrescine
(Figure 2).
3.3. Assessment of Genetic Fidelity of In Vitro Regenerated
Plants. Seven SRAP primer combinations produced a total
of 1,570 scorable bands ranging from 173 to 260 (Table 4),
with an average of 224 bands per primer. The ampliﬁed
products ranged in size from 130 to 2000 bp. The identical
banding pattern in the majority of the in vitro regenerated
plants with the mother plant (Figure 3) for each of the 7
primer combinations conﬁrmed the genetic ﬁdelity of the in
vitro regenerated plants. Dendrogram analysis based on
Jaccard’s similarity coeﬃcient revealed three clusters (A, B,
and C) whose similarity was above 99.96% (Figure 4). The
dendrogram generated from SRAP data showed that the in
vitro regenerated plants SK4, SK5, SK6, SK7, SK8, SK11,
SK12, SK13, SB1, SB3, SB6, SB7, SB8, SB9, SB11, SB12, SBK3,
and SBK4 were identical to the mother plant (SBK1) in
cluster B (Figure 4). A similarity matrix based on Jaccard’s
coeﬃcient showed that the pairwise value between the
mother plants and the in vitro generated plants ranged from
88.5% to 100%.

4. Discussion
The induction of shoot organogenesis from leaf explant was
successfully established for Kenya passion fruit variety (KPF
4) in a medium supplemented with BAP and kinetin. The
supplementation of cytokinins in the growth medium is
fundamental for shoot induction and development in passion fruit plants [14, 33]. The presence of BAP in the induction medium was essential for the induction of shoot
buds and the development of shoots from leaf disc explants
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Table 1: Eﬀect of BAP and KIN on in vitro shoot induction from leaf disc explants of KPF 4 passion fruit variety after 8 weeks of culture.
Plant growth regulator (PGR) Conc. (mg L−1)
0.0
1.0
2.0
3.0
2.0 + 0.5

BAP
BAP + KIN

Percentage of explants with Mean number of shoots per Mean number of explants with
clusters of shootsX
shoots
explantX
0.0 ± 0.0a
0.0
0.0 ± 0.0a
58.0
6.06 ± 0.7b
1.22 ± 0.1bc
86.6
10.72 ± 0.9c
1.38 ± 0.2c
50.0
4.5 ± 0.8b
0.5 ± 0.1ab
88.8
11.44 ± 0.9c
1.44 ± 0.2c

X

Values represent mean ± standard error of 30 explants per treatment in three repeated experiments. Means with the same letter within a column are not
signiﬁcantly diﬀerent at P ≥ 0.05 according to Tukey’s Honest signiﬁcant diﬀerence test.

(a)

(b)

(c)

(d)

(e)

(f )

(g)

(h)

Figure 1: In vitro regeneration of plantlets from leaf disc explants of passion fruit variety KPF 4 cultured on MS medium and acclimatization.
(a) and (b) Initiation of shoots from leaf disc explants cultured on MS + 2 mg·L−1 BAP on the 3rd and 4th weeks after culture, respectively; (c) and
(d) further development of shoots on MS + 0.1 mg·L−1 BAP on the 2nd and 4th weeks after culture, respectively; (e) and (f) rooted plants on
MS + 0.1 mg·L−1 NAA on the 1st and 2nd weeks after culture, respectively; (g) acclimatization stage (2-week- old plant in a plastic pot); (h) onemonth-old acclimatized plant in a plastic pot.
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Table 2: Eﬀect of BAP and KIN on shoot multiplication of nodal explants of KPF 4 variety of passion fruit after 4 and 8 weeks of culture.
4 weeks
Percentage
Conc.
Mean no. of
no. of
PGR
Mean no.
(mg L−1)
shoots per
explants
of leavesX
X
explant
with shoots
(%)
0.0
44.0
0.44 ± 0.1a 0.28 ± 0.1a
1.0
94.4
0.95 ± 0.1ab 1.95 ± 0.3b
BAP
2.0
100.0
1.0 ± 0.0ab 3.44 ± 0.2c
3.0
94.4
2.06 ± 0.3b 1.83 ± 0.3b
1.0
94.4
0.94 ± 0.1ab 1.06 ± 0.2ab
KIN
2.0
100.0
1.0 ± 0.0ab 1.22 ± 0.2ab
3.0
100.0
1.0 ± 0.0ab 2.11 ± 0.3b
BAP + KIN 2.0 + 0.5
94.0
4.44 ± 0.8c 1.89 ± 0.2b

Shoot height
(cm)X
0.04 ± 0.01a
0.16 ± 0.02ab
0.68 ± 0.07d
0.22 ± 0.04ab
0.16 ± 0.03ab
0.23 ± 0.04abc
0.46 ± 0.08c d
0.36 ± 0.09bc

8 weeks
Percentage
Mean no. of
no. of
Mean no. of
shoots per
explants
leavesX
X
explant
with shoots
(%)
55.0
0.61 ± 0.12a 0.72 ± 0.18a
100.0
1.0 ± 0.0a
3.57 ± 0.31c
a
100.0
1.06 ± 0.05
5.0 ± 0.23d
100.0
3.83 ± 0.44b 3.33 ± 0.37c
100.0
1.0 ± 0.0a 1.72 ± 0.34ab
100.0
1.0 ± 0.0a 2.28 ± 0.36bc
100.0
1.0 ± 0.0a
3.61 ± 0.35c
c
100.0
6.39 ± 0.86 3.06 ± 0.30bc

Mean shoot
height (cm)X
0.07 ± 0.02a
0.85 ± 0.16c
1.51 ± 0.11d
0.83 ± 0.11c
0.36 ± 0.08ab
0.57 ± 0.09bc
0.85 ± 0.10c
0.53 ± 0.10abc

X

Values represent mean ± standard error of 10 replicates per treatment in three repeated experiments. Means with the same letter within a column are not
signiﬁcantly diﬀerent at P > 0.05 according to Tukey’s Honest signiﬁcant diﬀerence test.

Table 3: Eﬀect of putrescine on rooting of nodal explants of KPF 4 and purple passion fruit varieties.
Passion fruit
variety
Purple

KPF 4

Conc. of putrescine (%)
0.0
0.5
2.0
0.0
0.5
2.0

Percentage rooting response
(%)
66.7
100
100
0
100
80

Mean no. of rootsX Mean root lengthX
3.33 ± 1.2a
10.6 ± 1.0bc
11.2 ± 0.8bc
0.0a
11.7 ± 2.2c
7.8 ± 3.6b

1.2 ± 0.6a
5.8 ± 0.7c
5.5 ± 0.8bc
0.0a
5.5 ± 0.8bc
3.4 ± 0.3b

Mean no. of new
leavesX
0.0a
3.8 ± 0.3b
3.8 ± 0.3b
0.0a
3.7 ± 0.4b
1.0 ± 0.7a

X

Values represent mean ± standard error of 10 replicates per treatment in three repeated experiments. Means with the same letter within a column are not
signiﬁcantly diﬀerent at P ≥ 0.05 according to Tukey’s Honest signiﬁcant diﬀerence test.

of KPF 4. The in vitro regeneration studies in other passion
fruit species such as P. edulis f. ﬂavicarpa, P. caerulea, P.
alata, and P. setacea described the crucial role of BAP in
shoot formation from leaf explants [33–36]. When leaf disks
of purple passion fruit were cultured on MS with all the
concentrations of BAP tested, no shoot buds were induced.
This ﬁnding supports the assumption that shoot organogenesis in passion fruit is genotype-speciﬁc. The genotypic
eﬀect on the shoot organogenesis of passion fruit varieties
tested in this study was also observed by Amugune et al. [30]
and Mukasa et al. [37].
This suggests that the regeneration process needs to
be optimized and standardized for each passion fruit
variety.
Shoot multiplication from nodal explants of KPF 4
variety of passion fruit grown in Kenya was successfully
established in which inclusion of BAP in the shoot multiplication medium was necessary for nodal explants of KPF 4
variety. This is in agreement with the ﬁndings by Busilacchi
et al. [35] and Ozarowski and Thiem [38] on Passiﬂora
caerulea. BAP has the potential to shift the apical dominance
toward the development of lateral buds, which causes cell
division to occur in meristem cells, hence enhancing the
number of branches and amplifying the rate of cell division
in the lateral buds of nodal explants [39].

Findings from the present study show that 3 mg·L−1 BAP
was also found to be superior to 3 mg·L−1 Kinetin in the
multiplication of shoots after 8 weeks of culture. This is
consistent with ﬁndings documented by Ragavendran et al.
[40] who demonstrated that, compared to TDZ and KIN,
BAP was more eﬃcient in shoot regeneration of Passiﬂora
foetida.
In the present study, rooting was successfully induced on
both concentrations of putrescine suggesting that polyamine
plays a signiﬁcant role in promoting root initiation in
passion fruit varieties. This is in agreement with Couee et al.
[41], Viu et al. [42], Parimalan et al. [43], and Redha and
Suleman [44] who reported the involvement of polyamines
in adventitious and lateral root formation and that putrescine enhances root initiation and development. In the
putrescine-free control treatment, roots were recorded only
on purple passion fruit nodal explants but no roots were
recorded on KPF 4 nodal explants, indicating that root
formation is genotype-dependent or might be due to variation in endogenous putrescine levels. However, the number
and length of roots in the putrescine treatment were signiﬁcantly higher compared to the roots formed in putrescine-free treatment. The present study demonstrates that
nodal explants of in vitro derived shoots of passion fruit can
be exploited for mass multiplication of plantlets
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(a)

(b)

(c)

(d)

Figure 2: Root initiation from passion fruit stem nodal explants treated with diﬀerent concentrations of putrescine: (a) purple-skinned
passion fruit nodal explants not treated with putrescine; (b) purple-skinned passion fruit nodal explants treated with 2% putrescine
treatment; (c) KPF 4 nodal stem explants not treated with putrescine; (d) KPF 4 nodal stem explants treated with 2% putrescine treatment.

Table 4: Details of SRAP primer combinations showing the number and size of ampliﬁed fragments generated in tested plants.
Primer code
me 1–em 9
me 5–em 7
me 2–em 10
me 1–em 12
me 11–em 11
me 1–em 15
me 2–em 12

Forward sequence (5′ to 3′)
TGAGTCCAACCGGATA
TGAGTCCAAACCGGAAG
TGAGTCCAAACCGGAGC
TGAGTCCAACCGGATA
TGAGTCCAAACCGGTCC
TGAGTCCAACCGGATA
TGAGTCCAAACCGGAGC

Reverse sequence (5′ to 3′)
GACTGCGTACGAATTCAG
GACTGCGTACGAATTCAA
GACTGCGTACGAATTCAG
GACTGCGTACGAATTCTC
GACTGCGTACGAATTCCA
GACTGCGTACGAATTGTC
GACTGCGTACGAATTCTC

accompanied by better rooting with the utilization of
polyamines in the glasshouse.
Genetic ﬁdelity of in vitro regenerated plants is an
essential step in the utilization of the protocol for mass
multiplication of planting materials and as a prerequisite
for genetic transformation for improved agronomic traits.
In this study, SRAP proﬁles of 80% of in vitro regenerated
and macropropagated plantlets tested were monomorphic.
This suggests the genetic stability of the majority of the
plantlets. Lack of polymorphism in the majority of the in
vitro regenerated plants indicates that the plants were true-

No. of scorable bands
234
260
205
208
260
230
173

Range of band sizes (bp)
400–800
300–2000
300–2000
250–2000
400–1000
130–650
150–600

to-type, and therefore no signiﬁcant somaclonal variation
resulted from the in vitro regenerated plants. According to
Vidal and Garcia [45], shoots initiated from nodal explants
are superior for clonal propagation due to preserved genetic stability as the plantlets are less prone to genetic
changes that occur during cell development under in vitro
conditions. Since not all in vitro regenerated plants were
identical to the mother plant in this study, we propose the
inclusion of genetic stability as an indicator of the reliability
in the development of passion fruit regeneration
methodologies.
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SK1 SK2 SK6 SK11 SK12 SB6

SB1

SB7 SB11 SB12 SBK1 SBK2

SBK3 SBK4

3000bp
1500bp
500bp

Figure 3: SRAP ampliﬁcation proﬁles of mother plants and randomly selected in vitro regenerated of passion fruit of KPF 4 variety. Lane L is
a 1 kb plus molecular weight DNA marker (Generuler, Thermo scientiﬁc); Lanes, SK1 and SK2, are plantlets micropropagated on
MS + 1 mg·L−1 KIN; SK6 is a plantlet micropropagated on MS + 2 mg·L−1 KIN; SK11 and SK12 are plantlets micropropagated on
MS + 3 mg·L−1 KIN; SB6 represents a mother plant; SB1 is a plantlet micropropagated on MS + 1 mg·L−1 BAP; SB7 is a plantlet micropropagated on MS + 2 mg·L−1 BAP; SB11 and SB12 are plantlets regenerated on MS + 3 mg·L−1 BAP; SBK1, SBK 2, and SBK 3 are plantlets
micropropagated on MS supplemented with 2 mg·L−1 BAP + 0.5 mg·L−1 KIN; SBK 4 represents a mother plant.
SK1
SK2
SB2
SB13
SK3
SK4
SK5
SK6
SK7
SK8
SK11
SK12
SK13
SB1
SB3
SB6
SB7
SB8
SB9
SB11
SB12
SBK1
SBK3
SBK4
SB14
SBK2
0.035

0.03

0.025

0.02

0.015

0.01

0.005

A
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0

Figure 4: Dendrogram illustrating coeﬃcient similarity among in vitro regenerated plants and mother plants (SB6 and SBK4) of passion
fruit KPF 4 by UPMGA cluster analysis of SRAP data set showing a genetic relationship. SK1, SK2, SK3, SK4, and SK5 represent plants in
vitro micropropagated on MS supplemented with 1 mg·L−1 KIN. SK6, SK7, and SK8 represent plants in vitro micropropagated on MS
supplemented with 2 mg·L−1 KIN. SK11, SK12, and SK13 represent plants in vitro micropropagated on MS supplemented with 3 mg·L−1
KIN. SB1, SB2, and SB3 represent plants in vitro regenerated on MS supplemented with 1 mg·L−1 BAP. SB6 is a mother plant; SB7, SB8, and
SB9 represent plants in vitro regenerated on MS supplemented with 2 mg·L−1 BAP. SB11, SB12, SB13, and SB14 represent plants in vitro
micropropagated on MS supplemented with 3 mg·L−1 BAP. SBK 1, SBK2, and SBK3 represent plants in vitro regenerated on MS supplemented with 2 mg·L−1 BAP and 0.5 mg·L−1 KIN while SBK4 represents the mother plant.

5. Conclusions

Data Availability

This study demonstrates an eﬃcient, rapid, and reproducible in vitro plant regeneration protocol for passion
fruit using leaf disc explants. Exogenous application of
polyamine (putrescine) played a key role in promoting the
induction of roots on stem nodal explants of passion fruit.
The results of this study revealed that the majority (80%) of
in vitro regenerated plants were genetically identical to the
mother plant. The protocol can be applied for large-scale
production of tissue-culture passion fruit microplants for
subsequent hardening to generate clean planting material
for farmers.

The data used to support the ﬁndings of this study are incorporated within the article.
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