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A B S T R A C T

A reliable protocol was developed for in vitro micro propagation of Morus alba L.cv. Chinese white.
Initially, friable callus was induced (242.8 and 128.5 mg) from in vivo leaf and nodal explants on
Murashige and Skoog’s (MS) medium amended with 4.0 mM/L of 2,4-Dichlorophenoxyacetic acid (2,4-D)
and 3.0 mM/L of Naphthalene acetic acid (NAA) respectively within 3 weeks. Shoot regeneration (12.2 and
8.6) was obtained from leaf and node derived callus on 6-benzylaminopurine (BAP) + Thidiazuron (TDZ)
at 2.5 + 2.0 and 7.5 + 2.0 mM/L concentrations respectively, after 4 weeks of incubation. In vitro shoots
were rooted (90 %) on half strength MS medium with 7.5 mM/L indole-3 butyric acid (IBA) and plantlets
were hardened in plastic pots contained farmyard manure, sand and garden soil in 1:1:2 ratio. The
genetic stability of plantlets were confirmed by start codon targeted (SCoT) and inter simple sequence
repeats (ISSR) primers based molecular analysis.
© 2020 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Mulberry (Morus sp.) is a fast-growing deciduous woody
perennial tree in the family Moraceae with global distribution
over varied agro-climatic conditions [1]. Genus Morus (with more
than 68 species) is being used from ancient times for practicing the
sericulture activities across the world [2,3]. Hence, this plant
considered as most economical concerning its utilization in
revenue generation and the empowerment of rural communities
through silkworm rearing [4,5] and other activities [6].

Among the various species of Morus (M. alba, M. atropurpurea,
M. australis, M. cathayana, M. japonica, M. ihoukoidz, M. indica,
M. laevigata, M. mongolica, M. multicaulis, M. nigra, M. notabilis,
M. serrata, M. trilobataand M. rubra); M. alba is widely used in the
mori silk production in most of the silk-producing countries like
China and India [7,8]. This is due to the superiority of M. alba leaves
over other species in terms of yield, moisture content and
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biochemical contents such as protein, carbohydrate and chloro-
phyll contents [9].

Besides its usage as a feeding material for silkworms [10] and
other animals [11] recently, this plant gained attention of
environmentalists as it is good in carbon sequestering and
restoration of degraded environments [12]. Mulberry is considered
as a wonderful plant of the planet due to its multiple uses such as
feeding material for silkworms and domesticated animals [13],
edible berries [7], source of pharmaceutically important com-
pounds [14], role in green synthesis of nanoparticles [15],
environmental protection [16] and availability of this plant all
over the world (Yuan and Zhao [17]).

The mulberry can be cultivated as bush, dwarf or tree types of
plantations across the world based on the suitable agro-climatic
and agro-ecological zones [18]. In India, sericulture is being
practiced in tropical, subtropical and temperate zones [19] but the
major share of the mori silk production is coming from the tropical
regions, due to multiple crops practices (5–8 crops) in a year [20].
Whereas, the sericultural practices are limited in temperate
regions due to predominant cold conditions [21–24]. In general,
most of the superior mulberry varieties (Goshoerami, Chinese
white, Ichinose) of temperate region are good in the other
C BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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parameters except poor rooting ability [25–27]. Therefore, the
propagation of mulberry is costlier and time consuming (takes 2–3
years in raising mulberry saplings) in the temperate areas as
compared to the tropical regions.

Hence, attempts have been made to raise these varieties
through other conventional techniques such as root grafts, bag
grafts and wedge grafts. However, the survival through these
techniques ranges from 33 to 40 % only. Moreover, these
techniques are time consuming, costly and require skilled man
power. Therefore, in vitro propagation techniques were used in the
present study to raise the saplings of this variety. One of the major
advantages of this technique, particularly under temperate
climatic conditions, is that a long winter dormancy period (October
to March) can be effectively utilized to raise the plantlets under
controlled conditions in the laboratory. As soon as the winter
period is over, the saplings can be transferred to the field.

In mulberry, micro propagation can be carried out either by
direct propagation through axillary bud and shoot tip explants
based cultures ([28–30]) or through indirect regeneration methods
[31]. The frequency of raising multiple shoots/number of plantlets
through nodal and shoot tip explants based micro propagation was
Fig. 1. Flow chart showing stepwise protocol for in vitro c
generally reported as low. On the other hand propagation through
callus mediated regeneration can produce large number of
plantlets [32]. Moreover, callus based micro propagation of
plantlets is regarded as the most feasible alternative to other
types of in vitro based cultures methods [33], as callus mediated
regeneration produces higher frequency of shoots ([34–36]) and
callus can be sub-cultured/preserved for carrying the regeneration
studies at later stages based on requirement.

Therefore, a reliable and reproducible protocol was developed
for the induction of callus and indirect regeneration in M. alba L. cv.
Chinese white through this study (Fig.1). The genetic fidelity
analysis of acclimated plantlets of Chinese white variety through
SCoT and ISSR marker based molecular was also performed to
check the homogeneity of the plantlets.

2. Material and methods

2.1. Plant material and collection of explants

Morus alba L. cv. Chinese white plants (10 years old) were
maintained in the mulberry field of the Central Sericultural
lonal propagation of Morus alba L. cv. Chinese white.
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Research & Training Institute (CSR&TI), Pampore, Jammu and
Kashmir, India. Nodal segments (2�3 cm) and leaves (7�8 cm)
were collected from the healthy mother plants during April month
after on setting of spring season and were used as explants in the
present study.

2.2. Surface sterilization of explants

The leaf and nodal explants were initially washed under
running tap water and then soaked in 4 % sodium hypochlorite
solution for 15�30 min (i.e.15 min for leaf and 30 min for nodal
explants). Both the explants were treated with Tween-20 solution
(Himedia) for 2 min followed by 45 % ethanol for 2 min and 0.1 %
mercuric chloride (HgCl2) solution for 2 min. After every treatment
explants were washed with sterile distilled water to remove the
traces of detergents and disinfectants.After sterilization, leaf
explants were cut into small segments of 0.5 � 0.5 cm in length
andbreadth by using sterile scalpel blades.Additional treatment of
0.5 g/L Bavistin (BASF India Ltd.) for 20 min duration was given to
nodal explants.

2.3. Culture media preparation

MurashigeandSkoog’smedium[37]supplementedwith3%sucrose
was used as basal medium in this study. Full strength MS medium
supplemented with different concentrations (0.10–5.0 mM/L) of auxins
(2,4-D and NAA) was prepared for callus induction from leaf and nodal
segments. Full strength MS medium augmented with different
concentrations (BAP/Kn-2.5, 5.0, 7.5, 10.0, 12.5mM/L; TDZ-1.0, 1.5, 2.0,
2.5, 3.0, 5.0mM/L; (IAA/IBA-2.5–12.5 mM/L) of cytokinins (6-Benzyl
amino purine, Kinetin and Thidiazuron) and auxins (Indole-3-Acetic
acid andIndole-3-butyricacid)wasusedforregeneration androotingof
in vitro raised shoots. Medium was gelled with either 0.8 % agar (for
Table 1
Effect of auxins on callus induction from leaf explants of Morus alba L. cv. Chinese whi

Plant Growth Regulators (mM/L) Type of Callus induced

2,4-D NAA 2,4-D + NAA

0.10 – 

0.25 – 

0.50 – 

0.75 White & Friable 

1.00 White & Friable 

2.00 White & Friable 

3.00 White & Friable 

4.00 White & Friable 

5.00 White & Friable 

0.10 – 

0.25 – 

0.50 White & Friable 

0.75 White & Friable 

1.00 White & Friable 

2.00 White & Friable 

3.00 White & Friable 

4.00 White & Friable 

5.00 White & Friable 

0.10 + 2.00 White & Friable 

0.25 + 2.00 White & Friable 

0.50 + 2.00 White & Friable 

0.75 + 2.00 White & Friable 

1.00 + 2.00 White & Friable 

2.00 + 2.00 Green & Friable 

3.00 + 2.00 Brown & Friable 

4.00 + 2.00 Brown & Compact 

5.00 + 2.00 Dark Brown & Compac

Medium: MS medium with 3 % sucrose & 0.8 % agar supplemented with different conc
Data represent the mean + SE of three randomly selected readings of ten replicates per tre
and values. Within columns, means followed by the same letter did not differ significa
callus induction, sub culturing and regeneration studies) or 0.6 %
agar (rooting of in vitro raised shootlets). The pH of the medium was
adjusted to 5.6 by using NaOH or HCl and sterilized in an autoclave at
121 �C at 15 lbs. pressure for 15�20 min.

2.4. Inoculation and incubation

The surface sterilized leaf and nodal explants were inoculated
on MS medium (supplemented with 2, 4-D, NAA) with the help of
sterile forceps. During inoculation, the abaxial side of leaf explants
was inoculated in contact with the surface of media and nodal
explants were inserted 0.5 cm into the media. Culture tubes with
inoculated explants were maintained in a culture room at 26 � 2 �C
under 16 h photoperiod at light intensity of 3000 lx provided by
cool fluorescent tubes with 60 % relative humidity. All the cultures
were maintained under the controlled conditions as described
above, for a period of 3 weeks duration.

2.5. Callus induction

The leaf and nodal explants were inoculated on full strength MS
medium supplemented with 2, 4-D or NAA either alone or in
combination (Table 1 and Table 2) for callus induction. The data
with regard to percent response of explants to callusing, type of
callus induced (Friable, compact, white, pale brown and bark
brown) and the fresh weight of induced callus (in mg) from three
randomly selected samples and ten replicates per treatment were
recorded at the end of 3 weeks of incubation.

2.6. Multiple shoot regeneration from callus

The organogenic calli (friable type) obtained from leaf and
nodal explants were separated from the explants and were
te.

 Percent of callusing (%) Mean fresh weight of Callus (mg)

0.00 � 0.00i 0.00 � 00.00l

0.00 � 0.00i 0.00 � 00.00l

0.00 � 0.00i 0.00 � 00.00l

68.1 � 5.02e 86.1 � 06.02h

85.4 � 3.22c 100.4 � 04.22g

88.3 � 4.14c 122.3 � 12.14f

92.4 � 0.28b 182.6 � 06.84c

100.0 � 0.00a 242.8 � 12.20a

82.3 � 5.12c 232.7 � 16.18a

0.00 � 0.00i 0.00 � 00.00l

0.00 � 0.00i 0.00 � 00.00l

53.6 � 3.22f 62.3 � 04.16i

62.2 � 4.12e 74.5 � 06.14h

68.4 � 3.56e 88.6 � 08.20h

100.0 � 0.00a 164.6 � 05.08d

82.6 � 5.45c 138.2 � 14.24e

74.8 � 3.08d 134.8 � 08.46e

68.8 � 6.25e 128.6 � 14.12f

34.5 � 2.28h 48.6 � 05.33k

44.6 � 4.60g 52.3 � 04.18j

64.2 � 9.80e 65.8 � 10.16i

78.6 � 6.36d 104.3 � 06.22g

100.0 � 0.00a 162.4 � 08.12d

88.0 � 5.38c 168.8 � 07.64d

84.9 � 3.40c 182.7 � 09.04c

68.8 � 7.10e 214.4 � 10.83b

t 30.4 � 4.26h 246.2 � 09.46a

entration of 2, 4-D and NAA.
atment at the end of 3 weeks of culture. Bold characters denote significant response
ntly according to Tukey’s test of SPSS Version 17 at P = 0.05.



Table 2
Effect of auxins on callus induction from nodal explants of Morus alba L. cv. Chinese white.

Plant Growth Regulators
(mM/L)

Type of Callus
induced

Percent of callusing
(%)

Mean fresh weight of Callus
(mg)

2,4-D NAA 2,4-D + NAA

0.10 – 0.00 � 0.00i 0.00 � 0.00j

0.25 – 0.00 � 0.00i 0.00 � 0.00j

0.50 – 0.00 � 0.00i 0.00 � 0.00j

0.75 – 0.00 � 0.00i 0.00 � 0.00j

1.00 White & Friable 25.6 � 2.48g 38.6 � 04.20i

2.00 White & Friable 33.8 � 5.35f 44.2 � 03.44h

3.00 White & Friable 38.5 � 4.64f 45.7 � 04.22h

4.00 White & Friable 68.2 � 6.18d 94.8 � 08.16f

5.00 Pale Brown& Friable 44.0 � 5.42e 62.8 � 05.42g

0.10 – 0.00 � 0.00i 0.00 � 0.00j

0.25 – 0.00 � 0.00i 0.00 � 0.00j

0.50 – 0.00 � 0.00i 0.00 � 0.00j

0.75 – 0.00 � 0.00i 0.00 � 0.00j

1.00 White & Friable 38.6 � 4.54f 22.2 � 03.55i

2.00 White & Friable 48.6 � 6.48e 54.4 � 04.10g

3.00 White & Friable 84.4 � 3.34b 128.5 � 10.32d

4.00 White & Friable 62.7 � 4.48d 104.2 � 04.66e

5.00 Brown&Compact 46.2 � 5.56e 56.4 � 05.08g

0.10 + 2.00 White & Friable 12.2 � 2.12h 22.4 � 02.40i

0.25 + 2.00 White & Friable 18.4 � 3.10h 28.6 � 02.20i

0.50 + 2.00 White & Friable 45.6 � 5.22e 58.4 � 05.23g

0.75 + 2.00 White & Friable 64.8 � 6.62d 88.6 � 04.54f

1.00 + 2.00 Brown & Friable 100.0 � 0.00a 148.6 � 03.34c

2.00 + 2.00 Pale Brown& Friable 84.0 � 4.46b 158.2 � 02.16c

3.00 + 2.00 Pale Brown & Friable 70.8 � 6.20c 174.6 � 05.38b

4.00 + 2.00 Dark Brown & Compact 62.8 � 4.38d 192.6 � 06.44a

5.00 + 2.00 Dark Brown & Compact 60.8 � 2.15d 202.8 � 08.12a

Medium: MS medium with 3 % sucrose & 0.8 % agar supplemented with different concentration of 2, 4-D and NAA.
Data represent the mean + SE of three randomly selected readings of ten replicates per treatment at the end of 3 weeks of culture. Bold characters denote significant response
and values. Within columns, means followed by the same letter did not differ significantly according to Tukey’s test of SPSS Version 17 at P = 0.05.
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made into small portions of 0.5 cm and were cultured on full
strength MS medium amended with various concentrations of
BAP or Kn (2.5, 5.0, 7.5, 10.0, 12.5 mM/L),TDZ (1.0, 1.5, 2.0, 2.5,
3.0, 5.0 mM/L) and combinations of cytokinins (Table 3). TDZat
2.0 mM/L was taken as constant with increasing concentrations
Table 3
Effect of cytokinins on shoot regeneration from leaf and node derived callus cultures i

Plant Growth Regulators (mM/L) 

BAP Kn TDZ BAP + TDZ 

2.5 – – – 

5.0 – – – 

7.5 – – – 

10.0 – – – 

12.5 – – – 

15.0 – – – 

– 2.5 – – 

– 5.0 – – 

– 7.5 – – 

– 10.0 – – 

– 12.5 – – 

– 15.0 – – 

– – 1.0 – 

– – 1.5 – 

– – 2.0 – 

– – 2.5 – 

– – 3.0 – 

– – 5.0 – 

– – – 2.5 + 2.0 

– – – 5.0 + 2.0 

– – – 7.5 + 2.0 

– – – 10.0 + 2.0 

– – – 12.5 + 2.0 

– – – 15.0 + 2.0 

Medium: MS medium with 3 % sucrose & 0.8 % agar supplemented with different conc
Data represent the mean + SE of three randomly selected readings of ten replicates per tre
and values. Within columns, means followed by the same letter did not differ significa
of BAP (TDZ-2.0 mM/L + BAP-2.5, 5.0, 7.5, 10.0, 12.5 mM/L). Ten
replicates were maintained for each treatment for 4 weeks. The
regeneration data were collected after 4 weeks of cultures on
cytokinin supplemented media from randomly selected three
cultures.
n Morus alba L. cv. Chinese white.

No. of shoots regenerated after 4 weeks of Culture(X*� S.E)

From Leaf Callus From Nodal Callus

0.6 � 0.10j 0.00 � 0.00f

2.1 � 0.34h 0.00 � 0.00f

2.4 � 0.59h 1.8 � 0.16e

1.4 � 0.32i 1.6 � 0.38e

1.6 � 0.18i 3.2 � 0.64d

1.0 � 0.12i 1.0 � 0.08e

0.00 � 0.00k 0.00 � 0.00f

1.4 � 0.16i 1.2 � 0.10e

1.2 � 0.24i 1.6 � 0.28e

3.8 � 0.42c 3.0 � 0.48d

2.6 � 0.34h 2.4 � 0.22e

2.2 � 0.62h 2.1 � 0.36e

2.2 � 0.52h 2.0 � 0.18e

3.4 � 0.32g 3.2 � 0.42d

5.8 � 0.44e 4.6 � 0.32c

3.6 � 0.56g 3.2 � 0.55d

1.8 � 0.38i 2.4 � 0.40e

1.4 � 0.24i 1.2 � 0.32f

12.2 � 0.68a 3.2 � 0.67d

10.4 � 0.56b 4.2 � 0.52c

08.2 � 0.46d 8.6 � 0.72a

07.4 � 0.82c 5.8 � 0.58b

04.6 � 0.67f 3.7 � 0.36d

02.4 � 0.38h 2.8 � 0.42e

. of BAP, Kn and TDZ.
atment at the end of 4 weeks of culture. Bold characters denote significant response
ntly according to Tukey’s test of SPSS Version 17 at P = 0.05.
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2.7. Rooting of the regenerated shoots

The healthy and elongated shoots (with minimum 1 cm) were
separated from the culture vessels and transferred on half strength
MS medium with different concentrations (2.5–12.5 mM/L) of IAA
or IBA alone or in combination with 0.6 % agar (Table 4). Data on
root induction was recorded after 3 weeks of cultures.

2.8. Hardening and acclimatization of rooted plantlets

The rooting experiments were incubated for 7 weeks in rooting
medium. The rooted shoots were separated carefully from the
media and washed with tap water to remove the adherent traces of
agar and media. The separated plantlets were kept in half strength
MS salt solution for 2 h, and then transferred to the small plastic
pots containing farmyard manure, sand and garden soil in the ratio
of 1:1:2.

2.9. DNA isolation and assessment of genetic stability using SCoT and
ISSR markers

To assess the genetic fidelity of regenerated plantlets, total
genomic DNA was isolated from 500 mg of fresh leaf of mother
plant and from nine randomly selected acclimated plantlets of
M. alba L. cv. Chinese white (4 from each type of leaf callus and
nodal callus) by following modified cetyl trimethyl ammonium
bromide (CTAB) method [38]. The quantityof isolated DNA was
analyzed by spectrophotometric analysisand quality of DNA by
comparing the band intensities on 1 % agarose gel.

To assess the genetic stability, start codon targeted (SCoT) and inter
simple sequence repeats (ISSR) primers (10 numbers from each type)
were used in the present study (Table 5 and Table 6). Initially, the
polymerase chain reaction experiments were standardized by using
various primers, template DNA, appropriate quantity of master mix
(GCC biotech), and varied temperatures of annealing and extension to
determine the optimum results. The final amplification reaction
mixtures with total volume of 20 ml contained 50 ng DNA, 1X PCR
master mix (GCC biotech), and 10 p mole primer after standardizing the
experiment. The reaction was cycled for 35 times with an initial
denaturation at 94 �C for 5 min, denaturation of template DNA at 94 �C
for30 s,annealingofprimerat50 �Cfor45 s,extensionat72 �Cfor2 min
Table 4
Effect of auxins on root induction from the regenerated shoots in Morus alba L. cv.
Chinese white.

Plant Growth Regulators mM/L) Rooting Percentage (X*� S.E)

IAA IBA IAA + IBA After 14 days of culture

2.5 – – 42 � 02.4e

5.0 – – 46 � 04.3e

7.5 – – 62 � 04.2d

10.0 – – 68 � 03.4c

12.5 – – 56 � 06.6d

– 2.5 – 38 � 02.6f

– 5.0 – 48 � 06.2e

– 7.5 – 90 � 05.4a

– 10.0 – 76 � 04.4b

– 12.5 – 68 � 05.8c

– – 2.5 + 7.5 32 � 02.8f

– – 5.0 + 7.5 54 � 02.6e

– – 7.5 + 7.5 69 � 05.8c

– – 10.0 + 7.5 48 � 03.2e

– – 12.5 + 7.5 40 � 04.6e

Medium: Half strength MS medium with 3 % sucrose & 0.6 % agar supplemented
with different concentration of IAA and IBA.
Data represent the mean + SE of three randomly selected readings of ten replicates
per treatment at the end of 3 weeks of culture. Bold characters denote significant
response and values. Within columns, means followed by the same letter did not
differ significantly according to Tukey’s test of SPSS Version 17 at P = 0.05.
and final extension at 72 �C for 5 min in a thermal cycler (Eppendorf,
Germany). The amplified products were initially allowed to cool down
withaholdingtemperatureof4 �Candwereresolvedbyelectrophoresis
through 1 % agarose gel using TAE (Tris acetic acid EDTA) buffer (pH 8.0)
withconstantvoltage(60v).Thegelswerevisualizedandphotographed
using gel documentation system (Bio-Rad, USA) after staining with
ethidium bromide. The size of amplified DNA (amplicons) was
estimated by comparing with the bands on Gene Ruler of 1 kb DNA
ladder (Thermo Scientific). Amplification reactions with SCoT and ISSR
primers were repeated at least three times to assess the consistency of
the banding profiles generated by primers.

2.10. Statistical analysis statistical analysis

All the experiments were repeated at least for three times with
a minimum of ten replicates for experiment/treatment. The data
obtained from the research study was subjected to one-way
analysis of variance (ANOVA) in SPSS Version 17 (SPSS Inc. Chicago,
USA) and means were compared using Tukey’s tests at the 5 % level
of significance.

3. Results and discussion

3.1. Effect of auxins on callus induction

Leaf and nodal explants cultured on MS medium supple-
mented with auxins (2, 4-D, NAA) started callus formation from
the cut ends within week at lower concentrations of auxins
(0.50 mM/L). White friable organogenic callus was induced after
3 weeks of incubation with all concentrations (0.10–5.0 mM/L)
of 2, 4-D and NAA alone (Fig.2A & C); whereas, same type of
callus was induced at lower concentrations of combined use of
auxins (< 3.0 mM/L of 2, 4-D + 2.0 mM/L of NAA) and compact type
calli with dark brown color formed (Fig. 2B & D) at higher
concentrations of auxins (> 3.0 mM/L of 2, 4-D + 2.0 mM/L of NAA)
after 3 weeks of cultures.

Maximum frequency (100 %) and amounts (242.8 and 164.6 mg
of fresh weight) of callus (white and friable type) induction from
leaf explants was obtained at 4.0 mM/L and 2.0 mM/L concen-
trations of 2, 4-D and NAA respectively after 3 weeks of incubation
(Table 1). Less amounts (94.8 and 128.5 mg of fresh weight) and
low frequency (68.2 % and 84.4 %) of calli was obtained at 4.0 mM/L
and 3.0 mM/L concentrations of 2,4-D and NAA respectively after 3
weeks of culture (Table 2). Comparatively higher amounts of callus
(246.2 and 202.8 in. mg) was induced on 2,4-D (5.0 mM/L) + NAA
(2.0 mM/L) containing MS medium (Table 2).

In mulberry, there is scanty information about the callus
induction, as most of the previous researcher’s micro propagated
other mulberry varieties through axillary buds, shoot tips and
nodal explants on cytokinin amended media. Among the few
reports available, the reporters used combination of media which
were amended with plant growth regulators (2,4-D and BAP)
supplemented with casein acid hydrolysate and coconut water
[39,40]. Additionally these earlier reporters have used plant
growth regulators at milligram per liter concentrations. Whereas
in our study, we have induced good amount of white and friable
callus by using micro molar concentrations (0.10–5.00 mM/L) of
auxins only and more importantly without using any additional
supplements.

Prolonged incubation of callus for more than 4 weeks turned
the callus from white and friable to brown and compact type which
is a common feature of tree species [41]. As brown and compact
type of callus is not suitable for further in vitro studies, attempts
were made to prevent turning of callus from friable to non-friable
type therefore, friable and organogenic callus could be available for
regeneration studies.



Table 5
List of ISSR Primers used for genetic fidelity studies.

S. No Primer code Primer sequence (50–30) Number of bands Range of DNA Bands (bp)

1 R1 AGAGAGAGAGAGAGAGG 5 300-1100
2 R2 TCTCTCTCTCTCTCTCC 3 300-900
3 R3 AGAGAGAGAGAGAGAGYT 3 500-1500
4 R4 AGAGAGAGAGAGAGAGTC 4 300-1800
5 R5 GAGAGAGAGAGAGAGAYT 8 300-1500
6 R6 CTCTCTCTCTCTCTCTRA 2 600-1200
7 R7 GAGAGAGAGAGAGAGAC 4 300-1500
8 R8 ACACACACACACACACT 4 600-1500
9 R9 CTCCTCCTCCTCCTCCTC 2 1100-1400
10 R10 GAGAGAGAGAGAGAGAT 5 250-1000

Table 6
List of SCoT Primers used for genetic fidelity studies.

S. No Primer code Primer sequence (50–30) Number of bands Range of DNA Bands (bp)

1 S1 CAACAATGGCTACCACCA 4 1100-2500
2 S2 CAACAATGGCTACCACCC – –

3 S3 CAACAATGGCTACCACCG – –

4 S4 CAACAATGGCTACCACCT 1 2200
5 S5 CAACAATGGCTACCACGA – –

6 S6 CAACAATGGCTACCACGC – –

7 S7 CAACAATGGCTACCACGG – –

8 S8 ACGACATGGCGACCAACG 3 750-2000
9 S9 ACCATGGCTACCACCGAC – –

10 S10 CCATGGCTACCACCGCAG – –

Fig. 2. Friable callus induction from various explants of Morus alba L. cv. Chinese white.
A) Friable white callus induced from leaf explants cultured on MS + 2,4-D (4mM/L).
B) Friable brown callus induced from leaf explants cultured on MS + 2,4-D (4 mM/L) + NAA (2 mM/L).Friable white callus induced from nodal explant cultured on MS + 2,4-D
(4mM/L).
C) Friable brown callus induced from leaf explants cultured on MS + 2,4-D (1 mM/L) + NAA (2 mM/L).
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Fig. 3. In vitro plant regeneration from leaf explant in Morus alba L. cv. Chinese white.
A) Friable white callus induction from leaf explants cultured on MS + 2,4-D (2,4-D (4 mM/L).
B) Shoots (3 no) regeneratedfrom leaf callus on MS + BAP (7.5 mM/L). C) Shoots (5 no) regenerated from leaf callus on MS + TDZ (2.0 mM/L).
D) High frequency of shoots (12 no) regenerated from leaf callus on MS + BAP (2.5 mM/L) + TDZ (2.0 mM/L).
E) Transfer of individual micro shoot on 1/2 MS + IBA (7.5 mM/L).
F) Root induction in single shoot cultured on MS + IBA(7.5 mM/L).
G) Complete plantlet separated for hardening.
H) Hardened complete plantlet in a plastic pot.
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3.2. Effect of cytokinins on shoot regeneration

Highest number of shoots were regenerated when the callus
was cultured on combination of cytokinins (BAP and TDZ)
supplemented full strength MS medium after 4 weeks of culture
(Figs. 3A and 4A). Among the three types of cytokinins (BAP, Kn and
TDZ) used individually, good response in shoot regeneration was
observed on TDZ with the maximum regeneration frequency of 5.8



Fig. 4. In vitro plant regeneration from nodal explant in Morris alba L. cv. Chinese white.
A) Friable white callus induction from nodal explants cultured on MS + 2,4-D (2,4-D (4 mM/L).
B) Shoots (5 no) regenerated from nodal callus on MS + TDZ (2.0 mM/L).
C) Shoots (3 no) regenerated from nodal callus on MS + BAP (12.5 mM/L).
D) High frequency of shoots (9 no) regenerated on MS + BAP (7.5 mM/L) + TDZ (2.0 mM/L).
E) Root induction in single shoot cultured on MS + IBA (7.5 mM/L).
F) Complete plantlet separated for hardening.
G) Hardened complete plantlet in a plastic pot.
H) One month old acclimatized plantlet in a plastic pot.
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Fig. 5. ISSR profiles of mother plant (Lane-2) and tissue culture raised plantlets (Lane 3–11) of Morris alba L. cv. Chinese white using R5-ISSR primer.
Lane 1 & 12: DNA ladder of 1Kbp size.
Lane 2 & 11: DNA banding pattern of mother plant.
Lane 3-6: DNA banding pattern of acclimated plants which were raised from leaf explants.
Lane 7-10: DNA banding pattern of acclimated plants which were raised from nodal explants.
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and 4.6 at 2.0 mM/L concentrations from leaf and node derived calli
respectively after 4 weeks of culture (Figs. 3B and 4B). Similarly, on
the media amended with BAP and Kn small number of shootlets
(1–3) were regenerated (Figs. 3C and 4C). Overall, the highest
frequency (12.2 and 8.6) of shoot regeneration (Figs. 3D and 4D)
was observed from leaf and nodal callus on combinational media of
BAP + TDZ at 2.5 + 2.0 and 7.5 + 2.0 mM/L concentrations respec-
tively after 4 weeks of culture (Table 3).

In previous study, the authors reported good number of shoots
on the combined use of BAP + TDZ in mulberry variety PPR-1 [42],
therefore, this study was restricted to the use of only one
combination i.e. BAP and TDZ (hence, other combinations of
BAP + Kn and TDZ + Kn were not considered). Thidiazuron and BAP
either alone or in combination were used by several researchers as
potent cytokinins in regeneration of highest number of shoots from
different types of explants based calli [36,43]. It is reported that
TDZ possesses more cytokinin like activity than other commonly
used cytokinins [44] and gives good response of shoot regeneration
in woody tree species [45].

Similarly, good number of shoots were regenerated by
combined use of TDZ + BAP in Luffa cylindrica, [46]; Aloe vera
[47], Rauwolfia tetraphylla [48,49]; Mirabilis jalapa [50] and
Stachytarpheta jamaicensis [51] etc. There are reports on use of
TDZ at higher concentrations in regeneration of shoots and roots in
different species of Morus [52], but in this study, the shoots were
regenerated at micro molar level concentrations of TDZ.

3.3. Rooting of in vitro regenerated shoots

The regenerated in vitro shoots were rooted when transferred
(Fig. 3E) on half strength MS media supplemented with either
individual or in combinations of auxins. The highest response of
rooting (90 %) was observed on the media augmented individually
with IBA at 7.5 mM/L concentration (Figs. 3F, 4E). On the other
hand, low rooting response was observed (<70 %) on the medium
containing IBA alone or with IAA (Table 4). Similar results of
highest rooting (96 %) are reported in temperate mulberry variety
PPR-1 at 7.5 mM/L concentration of IBA in our previous report [42].

3.4. Hardening and acclimatization of plantlets

The roots were induced from the shoots within 3 weeks of
cultures on the rooting medium but the rooted shoots were
allowed to grow up to 7 weeks in incubation room to maximize the
formation of roots and to grow the shoots into healthy plantlets.
The fully grown plantlets of M. alba L. cv. Chinese white were
separated after 7 weeks of culture (Fig. 3G and 4F) and hardened in
plastic pots (Figs. 3H, 4G and H) as discussed in the materials and
methods section. The hardened plantlets were initially kept in
culture room and irrigated with half strength MS salts for 2 weeks
and then transferred to the field conditions with 84 % survivability.

3.5. Genetic fidelity analysis using ISSR markers

As the raised in vitro plantlets were passed through callus stage,
always there is a chance of having soma clonal variants among the
population of regenerated plantlets [53]. Hence, now-a-days it is
mandatory to carry the genetic stability studies of indirectly
regenerated and acclimated plantlets by primer/marker based DNA
analysis to confirm their genetic fidelity with that of mother plant
[54]. There are several markers or primers to confirm the genetic
stability; among them the most advanced and reliable with high
reproducibility rates are ISSR and SCoT. Among these SCoT markers
are most advanced type which can anneal and amplify certain
expressive sequences of the genome [55].

In order to assess the genetic stability of in vitro regenerated
Morus alba L. cv. Chinese white plantlets, ISSR and SCoT primers
based DNA fingerprinting was carried out in 9 randomly selected



Fig. 6. SCoT profiles of mother plant (Lane-2) and tissue culture raised plantlets (Lane 3–11) of Morris alba L. cv. Chinese white using S1-SCoT primer.
Lane 1 & 12: DNA ladder of 1Kbp size.
Lane 2 & 11: DNA banding pattern of mother plant.
Lane 3-6: DNA banding pattern of acclimated plants which were raised from leaf explants.
Lane 7-10: DNA banding pattern of acclimated plants which were raised from nodal explants.
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regenerated plantlets and their mother plant. Among the 10 ISSR
primers (R1-R10) used, good response of amplification with clear,
distinct and scorable DNA bands in the range of 300bp-1500bp
were obtained with R5 ISSR primer (Table 5). Among 10 type of
SCoT (S1-S10) primers used, only 3 primers has shown amplification
with good response of amplification with clear, distinct and
scorable DNA bands in the range of 1100bp-2500bp were obtained
with S1 SCOT primer (Table 6). With all amplified primers of ISSR
and SCoT, obtained DNA bands were found as monomorphic across
the nine randomly selected in vitro raised plantlets and the mother
plant (Figs. 5 and 6). Hence, the in vitro regenerated Morus alba
L. cv. Chinese white mulberry plantlets were confirmed as
genetically stable and clonally uniform.

ISSR and SCoT primers were already reported for their accuracy,
reliability, superiority and better resolvability over other markers
[55,56]. ISSR primer based genetic stability were reported in in
vitro regenerated plantlets of Musa spp. [57]; Rauwolfia tetraphylla
L. [48]; Zea mays (Ramakrishnan et al., 2014); Morus alba [58],
Cornus alba [59], Cucumis melo L. [60] and Solanum trilobatum [61].
Similarly, SCoT primer based genetic stability were reported in
regenerated plantlets of Albizia julibrissin [62]; Pittosporum
eriocarpum [63] and Rauwolfia tetraphylla [64]. This is the first
report of using SCoT primers for the assessment of genetic stability
of regenerated plantlets in mulberry (Morus spp.)

4. Conclusion

The developed protocol can be used effectively for the mass
propagation of Chinese white mulberry variety under temperate
conditions (during winter dormancy period from October to
March) and raised plantlets can be transferred to the field
conditions after the onset of spring season (April). This practice
could reduce the time period of raising the saplings from existing
3–5 years to 1-11/2year. Further, there was no detection of any type
of polymorphisms in the DNA bands across the randomly selected
micro propagated and mother plants, which confirms the genetic
uniformity of in vitro raised plantlets.
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