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ABSTRACT

A tissue culture experiment was conducted to
attain the adventitious buds initiation and growth
from Fragraia x ananassa cv. Festival in vitro
leaves. The leaves were excited from shoot propa-
gated in vitro and cultured on Murashige and Skoog
(MS) medium supplemented with 4.50, 6.75, and
9.00 mmol I'* thidiazuron (TDZ) for six weeks. Then
explants were transferred to MS medium (salts and
vitamins) free plant growth regulators for 8 weeks.
This study included the histological and morpholog-
ical responses of strawberry leaves with TDZ treat-
ments in relation to some biochemical components.
All TDZ treatments resulted in adventitious shoots
development on leaf explants without callus for-
mation. Growth in 6.75 mmol I TDZ led to an incre-
ment in the most morphological parameters com-
pared to the rest treatments. The results showed
that 6.75 mmol I'* of TDZ treatment significantly in-
creases the number of shootlets per explant (5.0),
total shoot (51.3), the number of leaves/explant (12)
as compared with other treatments while the rest of
parameters (the survival percentage, shoot length
(cm), number of leaves/explant, root length (cm),
and number of roots/explant) did not show any sig-
nificant differences. Accumulation of chlorophylls,
total sugars, and total soluble phenols was en-
hanced by 6.75 mmol I* of TDZ. The histological ob-
servations showed that adventitious shoots initiated
from some parenchyma of ground tissue in the
midvein zone of the explant, whereas the paren-
chyma mesophyll and the epidermal cells did not in-
volve in this process. The ontogenesis of adventi-
tious shoots was described by successive stages
with the following distinguishable anatomical struc-
tures: meristemoids, bud primordium, shoot apex

with leaf primordial, branching of adventitious
shoots. After four weeks of culture, cell dedifferenti-
ation was recorded in the midvein parenchyma and
forming small groups of divided cells called meis-
temoid centres. These centres forming new meriste-
matic masses embedded in the ground tissue of the
main vein. After six weeks, further development of
these masses resulted in the formation of bud pri-
mordial with normal organized shoot apical meri-
stems and leaf primordial and arising from the ex-
plant as small protrusions. After two weeks from
subculture on MS free TDZ, the adventitious shoots
continue to elongate with forming new lateral
branches and clearly observed on the adaxial side
of the explant. This procedure provides a simple
and rapid approach to regenerate strawberry plants
via direct organogenesis.

Keywords: Strawberry, Fragraia x ananassa, Ad-
ventitious shoots, Thiodiazuron (TDZ), Histological
Changes.

INTRODUCTION

Strawberry (Fragraia x ananassa cv. Festival) is
a member of Rosaceae family. It considers one of
the most profitable and important crops in Egypt and
many countries, because of its delicious taste, low
energy food and well-known source of vitamin C as
antioxidants and phenolic compounds, mainly an-
thocyanin (Sakila et al 2007). It also contains sig-
nificant levels of anti-carcinogenic. In addition to
fresh consumption, strawberry is widely used in the
food industry and the strong demand existed in Eu-
rope during the months starting from late November
until late March.
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Conventional propagation techniques are labo-
rious and expensive with humerous limitations and
may not be suggested for effective and commercial
multiplication (Dhar 1998).

Plant tissue culture techniques have become a
powerful tool for strawberry propagation on a large
scale using the runner tips. However, these tech-
niques have many problems fronted the production
such as sterilization inefficiency and browning leads
to explant death in the first stage of micropropaga-
tion (Pirttila et al 2008).

Adventitious shoot regeneration is influenced by
some factors including plant genotype, explant type,
components of basal medium and type, concentra-
tion of plant growth regulators (Cosié¢ et al 2015;
Haddadi et al 2013; San et al 2015). Previous re-
ports recommended that cytokinins considered the
most important regulatory factor for the meristem
activities and morphogenesis process (Werner et al
2003). Thidiazuron (TDZ) as a cytokinin was suffi-
cient plant growth regulator in regenerate adventi-
tious shoots from strawberry leaves and sepals
(Debnath 2005).

These are scarce reports recommended using
the in vitro leaf explants as a source of strawberry
regeneration (Haddadi et al 2013). Whereas it is
extensively used in many other plants and produced
normal plantlets (Yepes and Aldwinckle 1994).

There are few precise histological studies on the
development stages during the initiation of direct
strawberry organogenesis were reported (Wang et
al 2015; Bhandari and Roy, 2015).

The purpose of the present study is to use the in
vitro leaves of strawberry cv. Festival as explant to
following the initiation and development of direct ad-
ventitious shoots histologically and provide a good
understanding of this process.

MATERIAL AND METHODS
Culture establishment

The healthy runner's segments with runner tips
of Fragaria x ananassa, cv. Festival were collected
from Al Ahram Nurseries, EI Manashi road, El
Katatba, Qalubia, Egypt. The experiment was car-
ried out in Plant Tissue Culture Lab of Agric. Botany
Dept., Fac. of Agric. Ain Shams Univ., during the
years of 2016—-2018. The runner's segments were
washed under tap water for 20 minutes, and then
were sterilized by dipping in ethanol (70%) for 10
seconds, followed by surface sterilization with 0.1%
HgCl2 with detergent (Tween 20) 2-3 drops/ml for 6

minutes and rinsing at least 3 times with sterile dis-
tilled water. The shoot tips of the runner were di-
rectly inoculated to the tissue culture jar containing
MS medium salts and vitamins (Murashige and
Skoog, 1962) enhanced with 30 g I'* sucrose and
2.2 mmol I* benzyl adenine (BA). The acidity of the
medium was adjusted to pH 5.7 £ 0.1 prior to adding
agar (7 g I'Y), then the medium was administered
into glass jars (100 ml) containing 25 ml of the test-
ing medium. The culture medium was autoclaved at
121°C and 1.1Kg/cm?for 20 min and cultures were
incubated in a growth room 25 + 2-C under the light
condition for 16 h/day photoperiods at an intensity
of 2000 lux from white fluorescent lamps and sub-
culture consistently at 4-week interims.

Adventitious shoot organogenesis

Trifoliate leaves with the petiole (15 mm long)
from one-month-old in vitro plantlets were used as
explants. The edges of the leaves were cut, and
wounds made on the surface and afterward cultured
with the abaxial side down on the MS medium en-
hanced with 4.50, 6.75, and 9.00 mmol |1 thidi-
azuron (TDZ) for shoot induction. After 6 weeks, the
explants were transferred to MS medium free
growth regulator. The survival percentage, the num-
ber of shootlets per explant, total shoots, shoot
length (cm), number of leaves/explant, root length
(cm), and number of roots/explant were recorded af-
ter 14 weeks from culturing.

Biochemical analyses

Total chlorophylls, sugars, and phenolic com-
pounds were extracted by the method described by
Shahidi and Naczk (1995). A half gram of fresh
weight of produced shoots was submerged in etha-
nol (80%) and kept in a brown bottle for 24 h at 4°C.
The samples were re-extracted 3 times then the
completed clarified extract rose to 30 ml with etha-
nol (80%).

Chlorophylls (Chl a & b) and carotenoids (Car)
were performed in the previous ethanolic extract
with UV-Vis spectrophotometer UV 9100 B, Lab-
Tech at the following wavelengths: 664, 647 and
470 nm, for chlorophyll a, b and carotenoids, re-
spectively (Pompelli et al 2013) and the concentra-
tion were calculated by equations as described by
Lichtenthaler (1987).

Total soluble sugars (TSS) were measured ac-
cording to the method recorded by Dubois et al
(1956) and expressed as mg g fresh weight.
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The total soluble phenols in the sample meta-
bolic extracts were analyzed spectrophotometrically
using a modification of the Folin—Ciocalteu colori-
metric by the method of Shahidi and Naczk (1995)
and expressed as pg of Gallic acid per g fresh
weight of the sample.

Histological studies

To investigate the histological changes in in vitro
leaves of Fragaria x ananassa cv. Festival, trans-
verse and longitudinal sections were made in the
leaves after 0, 2, 4 and 6 weeks from culturing.
Samples were killed and fixed immediately in FAA
solution (formalin-acetic acid and 50% ethanol
5:5:90) for 24 h at room temperature. Then, it dehy-
drated using ascending solutions of ethanol. Clear-
ing by xylene and processed using the schedule of
the paraffin method as described by Abdelbar
(2017). Transverse sections (10um) in thickness
were made by LEICA rotary microtome model RM
2125 RTS. Sections were fixed on slides by means
of Haupt's adhesive and stained with safranin-fast
green (Berlyn et al 1976). Anatomical observations
and measurements were attained using a Leica light
Research Microscope model DM-500 provided with
a digital camera LEICA ICC 50 HD with LAS E7 soft-
ware version 2.1.0, 2012.

The experiment was arranged in a complete
randomized design (Gomez and Gomez, 1984)
with three replicates (jars), each replicate has three
explants. The obtained results were subjected to
statistical analysis of variance (ANOVA) in statistics
(8th edition analytical software, USA) by (Steel et al
1997). Differences between means were contracted
by LSD method.

RESULT AND DISCUSSION

1. Morphological and histological parameters

1.1. Explant at culturing time

The young leaves which were excised from one-
month-old in vitro plantlets have an oval shape with
serrated edges, 4-5 mm in length and 6-7 mm in
width. The petiole has 10-15 mm in length, cylindri-
cal in shape, and green in colour (Fig. 1-A). The
leaflet cross-section shows its anatomical structure.
The upper and lower epidermis consists of a single

layer with unicellular trichomes. The mesophyll is
differentiated into two layers of palisade tissue and
loosely-packed cells of spongy parenchyma under-
neath (Fig. 1-B). The vascular tissue is embedded
in the ground tissue; it consists of eight strands of
xylem outwardly and phloem tissue inwardly. The
ground tissue of the midvein consists of large com-
pact thin parenchyma (Fig. 1-C).

1.2. Initiation of the adventitious buds

After two weeks from culturing on MS medium
contains various TDZ concentrations, observations
of the transection revealed that several cell divisions
initiated in the median vascular bundle. These mi-
totic divisions started in the phloem parenchyma fol-
lowed by xylem parenchyma, which cause enlarge-
ment in the lamina and the mid vascular bundle area
(Fig. 1-D).

After four weeks from culturing, the morphogen-
esis process advanced, and the dedifferentiated
cells gradually redifferentiated into two different cell
types: the first redifferentiated into new xylem and
phloem elements forming a nest-like shape embed-
ded in the med vein (Fig. 1-E). The second type has
periclinal and anticlinal cell divisions which ob-
served in some parenchyma of ground tissue in the
midvein zone. Then, it gave rise to form small
groups of meristematic cells called meristemoid
centres (Fig. 1- F, G &H).

After six weeks, high mitotic divisions were ob-
served in the meristemoid centres forming new
masses embedded in the ground tissue of the main
vein area. These masses have small isodiametric
cells, thin-walled, rich in the cytoplasm, and minimal
vacuolated (Fig. 2-A &B). These are the prominent
features for the meristematic cells and considered
bud primordia. Furthermore, the cells located in the
outer peripheral zone of the apical meristem began
to divide, subsequently, it gives rise to forming two
leaf primordial (Figs. 2-C,D) then, the adventitious
shoots can be visible on the adaxial side of the leaf
in the form of a small protrusion (Fig. 2-E).

1.3. Development of adventitious shoots

After two weeks from transferring on free hor-
mones MS medium, the adventitious shoots devel-
oped further (Fig.3-A), its main stem continued to
elongate with forming new lateral branches which
clearly observed on the adaxial side of the leaf (Fig.
3-B).
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Fig. 1. (A) Morphology of in vitro strawberry cv. Festival leaf (explant) before culture. (B) Cross-section in
the blade of the same explant shows the epidermal cells, the abaxial (ab), the adaxial (ad), mesophyll (m)
and the vascular bundle(vb) of the mid vein. (C) Magnification of the midvein showing the structure of
vascular bundle (v.b). (D) Two weeks after culturing on MS medium enhanced with various TDZ
concentrations, note the cell divisions occurred in the phloem and xylem parenchyma of the vascular bunle
(v.b). (E) Four weeks after culturing on the same medium, showing development of some newly vascular
tissue forming a nest-like shape (xylem x). (F) Four weeks after culturing on the same medium, note the
proliferation of newly vascular tissues (arrow) causing distortion for the med vein and degenrate the ground
tissue around it. (G) Magnification of (F). Note the divisions in the ground tissue cells or the meristemoid
centers (arrows) and the degenerated ground tissue (d.g.t.) of the midvein. (H) Magnification for the
rectangle showed one meristemoid center.
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Fig. 2. (A) Six weeks after culture on the same medium, showing the meristematic masses embedding in
the ground tissue of the midvein (Arrows). (B) Magnification of (A). Note a small isodiametric cells, thin-
walled, rich in the cytoplasm and minimal vacuolated, forming the apical meristem (a.m.) of the bud
primordia. (C) Six weeks of culturing in the same medium, the development of the adventitious shoots (sh)
with two leaf primordial. Note the collapsed cells of the explant. (D) Magnification of (C) illustrates the
adventitious shoots. (E) The adventitious shoots arising on the adaxial surface as small protrusions after six
weeks of culture.
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Fig. 3. (A) After two weeks of subculture on free-hormone medium, showing elongation of the adventitious
shoots (adv.sh.). (B) After two weeks, morphology of the explant with newly elongated adventitious shoots
(arrows). (C) After four week of subculture showed the elongated shoots and (D) showed the plantlet after
eight week from subculture (2 subculture)
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The present histological results indicated that
the parenchymatous ground cells of the median
vein of the in vitro leaves can form the adventitious
shoots directly by TDZ. Whereas the epidermises
and the mesophyll cells did not involve in this pro-
cess. This finding matched with (San José et al
2013). Organogenesis is a difficult process that af-
fected by many factors: tissue type, explant age,
and hormonal balance in its tissues as well as the
exogenous application of plant growth regulators in
the culture medium. Many reports pointed that any
normal living cells within the plant body, theoreti-
cally, acquired totipotency and has the capability to
regenerate into an entire organism via formation de
novo organs or somatic embryos. This process in-
cluding cell dedifferentiation and redifferentiation is
mainly organized by auxins and cytokinins (Murthy
et al 1998). It is well-known that cytokinins assume
an essential role in the developmental programs of
the plant cells by inducing cell division and involved
in plant morphogenesis (Werner et al 2001; Sri-
vastava, 2002). In the present study, the adventi-
tious shoots initiated directly from some meriste-
moid centres induced by TDZ. These centres
formed through the dedifferentiation process took
place in the ground tissue of the explant (no meri-
stematic cells) to acquired meristematic activity.
Thidiazuron one of the cytokinins which causes ac-
cumulation and/or synthesis of purine cytokinins. It
able either alone or in combination with other
growth-regulating substances to induce meristem
formation, promotes shoots production in vitro cul-
tures of many species (Murthy et al 1998; Bunn et
al 2005). In strawberry, TDZ led to adventitious
shoot regeneration induction in explants got from in
vitro plantlets (Cappelletti et al 2016; Debnath,
2005; Haddadi et al 2013). Several reports indi-
cated that synthesis or accumulation of endogenous
cytokinins induction is promoted by TDZ (Murthy et
al 1998). Thidiazuron can fulfil both the cytokinin
and auxin requirements of various regeneration re-
sponses (Jones et al 2007). These responses may
potentially occur through a variety of means includ-
ing an increase in synthesis, a decrease in catabo-
lism, or release of biologically active cytokinin mol-
ecules from non-active storage forms (Kefford et al
1968).

At the same time as, cellular dedifferentiation
occurred in the ground tissue of in vitro leaf explant,
the proliferation of the phloem and xylem paren-
chyma cells took place in the main vascular bundle.

These proliferated cells redifferentiated into many
treachery elements forming nest-like shapes and
causes malformed and disorganized in the main
vascular bundle shape. These results were
matched with (De Rybel et al 2014), they noted that
the harmony among auxin and cytokinin in the vas-
cular bundle acts as an organizer for the entire vas-
cular bundle, and increasing the cytokinin activation
rate in all vascular bundle cells increases periclinal
cell division and generates a large disorganized
vascular bundle. These newly treachery elements
may establish vascular connections with the devel-
oping newly shoots.

2. Growth parameters

After 6 weeks from culturing, all the TDZ treat-
ments showed buds formation from strawberry leaf
explants without callus formation (Fig 2-E). In fact, it
affirmed that by using TDZ at low concentration, cal-
lus arrangement could be utilized (Haddadi et al
2013). A regeneration technique with no callus
stage may not be totally liberated from a somaclonal
variation (Husaini et al 2008).

Data clarified in Table (1) showed the effect of
various TDZ concentrations on the survival percent-
age, the number of shootlets per explant, total
shoot, shoot length (cm), number of leaves/explant,
root length (cm) and number of roots/explant after
14 weeks from culturing. The data revealed that
TDZ treatments promoted and significantly in-
creased the growth parameters except for survival
percentage, shoot and root length, and number of
roots/explant. The highest and significant parame-
ters were recorded with 6.75 mmol I'* TDZ. Cappel-
letti et al (2016) reported that using medium sup-
plemented with TDZ induced the best regeneration
efficiency and highest shoots per explant from
strawberry leaves. TDZ alone has additionally been
utilized for strawberry shoot recovery (Debnath,
2005). Murthy et al (1998) demonstrated that TDZ
has the unique property of emulating both auxin and
cytokinin impact on differentiation and growth of cul-
tured explant.

In the present study, following the investigation
of Debnath (2005), root inception was done on MS
medium without PGR, where plantlets rooted well
(Fig 3-D). The non-prerequisite for an auxin at the
rooting stage shows that the plantlets may contain
enough auxin (Murti et al 2012).
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Table 1. Effect of thidiazuron (TDZ) treatments on strawberry leaves explant growth parameters after 14

weeks from inoculation.

) Shoot Root
TDZ Survival | No of shootlets/ | Total No of No of
length length
(mmol I'1) % explant shoot leaves/explant roots/explant

(cm) (cm)

55.00 2.7° 32.0b 5.2 11.02a 4.00 9.0

6.75 88.67 5.02 51.32 55 12,02 4.50 9.3

9.00 77.67 4.0 40.7° 5.8 08.7° 5.17 8.0

LSD N.S 1.762 9.97 N.S 2.4 N.S N.S

Means followed by different letters are significantly different

3. Biochemical composition

It is obvious from data of Table (2) that TDZ
treatments significantly enhancing chlorophyll a, b
and carotenoid concentrations, total soluble sugars,
and phenolic content ratio. The highest content ratio
of the biochemical component was observed with
6.75 mmol I TDZ. In this respect, Genkov et al
(1997) indicated that TDZ enhanced chlorophyll
substance and this corresponded with changes in
chlorophyllase movement. They also mentioned
that the use of phenylurea cytokinins as TDZ
caused an increment in the chlorophyll a/chlorophyll
b ratio. Also, Oliveira et al (2008) reported that

Annoma glabra micropropagated plants showed in-
creasing in carotenoids and total sugars when
treated with TDZ.

Khan et al (2016) mentioned that the higher
amounts of phenolic concentration distinguished in
callus culture of Fagonia indica when contrasted
with those in the control paralleled the inclusion of
TDZ in the organogenesis of callus. TDZ may have
activated stress on the plant cells during the devel-
opment of callus; subsequently, the phenyl pro-
panoid pathway may have turned on to deliver an
adequate amount of phenolic acids and different an-
tioxidants, to adapt to the pressure condition (Bhar-
gava et al 2013).

Table 2. Effect of thidiazuron (TDZ) treatments on biochemical composition of strawberry plantlets after 14

weeks from starting

TDZ Chl a Chlb Cart. Total soluble sugars Phenolic content
(mmol I mg g fw Hg g™ fw

4.50 0.937 ¢ 0.526° 0.185° 14.61° 0.103°

6.75 1.2702 0.696 2 0.222 4 18.38 2 0.207 @

9.00 1.168° 0.629 ab 0.216 @ 16.952 0.152 a

LSD 0.099 0.154 0.035 1.442 0.056

Means followed by different letters are significantly different
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