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ABSTRACT:
In the present study, effect of various factors was studied for the isolation of protoplasts from the mesophyll
cells of four superior temperate mulberry varieties viz. Morus albaChinese white, Morus alba var. Ichinose.
Morus multicaulis var. Goshoerami and an interspecific hybrid i.e. PPR-1 (Pampore-1). Among all the factors,
concentration and combination of enzymes used, concentration of osmoticum and duration of enzymatic
treatments were found to be major factors effecting the isolation of viable protoplasts in maximum number.
Among the different combinations of enzyme solutions tested, the maximum yield of viable protoplasts
(5.171±0.354x106 g-1 fresh weight and 6.051±0.424x106g-1 fresh weight ) was obtained from the enzymatic
combination of 2% Cellulase, 0.5% Macerozyme and 0.2% Pectinase for incubating the leaf peices for 8 Hrs
and 10 Hrs duration with 80 RPM (Rotations Per Minute) on rotary shaker at 26° C from Goshoerami& PPR-1
varieties respectively. Similarly among the different concentrations of osmoticum (Mannitol) tested, 13% of
Mannitol (CPW-13M) has given the maximum viable protoplasts

of 72%, 77%, 88%, & 92% in Ichinose,

Chinese white, Goshoerami and PPR-1 respectively. Viability of isolated protoplasts was carried out by using
0.2% Evans Blue stain.
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1. Introduction
In plants producing full hybrids is not easy because of sexual incompatibility barriers between desired
individuals. This has often proved to be a serious threat in crop improvement programs through conventional
breeding programmes.Whereas in somatic hybridization, protoplasts of any two mulberry varieties can be fused
irrespective of their species type and breeding season, from the fused protoplasts a somatic hybrid can be raised
due to their totipotency nature.
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Protoplasts are the naked plant cells from which cell wall has been removed, but the plasma membrane is
intact. Both from the isolated protoplasts and from their fusion product, a somatic hybrid, can be regenerated
into whole plantlets through the regeneration studies.In somatic hybridization due to fusion of protoplasts
derived from different mulberry varieties, there is high possiblity of genomic c ombinationswhich can lead to the
production of somatic hybrids with more desirable charcaters [1]. It allows us to combine entire genomes from
the sexually incompatible parents and expected to result in hybrids which are superior in characters [2, 3].
In recent days, as much success was reported in isolation of protoplasts from different plant species by
enzymatic method [4-9], we have also carried the enzymatic method and identified the effect of various factors
for the isolation of protoplasts from the mesophyll cells of four superior temperate mulberry variet ies: Morus
alba var. Ichinose; Morus alba var. Chinese White, Morus multicaulis var. Goshoeramiand an interspecific
hybrid i.e. PPR-1 (Pampore-1).
So, through this research paper we are reporting about theeffect of various factors onprotoplast
isolation from the superior temperate mulberry varieties by enzymatic method.

2. Materials & Methods
2.1 Plant Material
Fully expanded le avesfrom the in vitro shootlets of Goshoerami, Ichinose, Chinese white and PPR-1 were used
in this research study.

2.2 Enzymes:
Cellulase Onozuka R-10, Macerozyme R-10 and Pectinase enzymes were procured from Himedia and

used in

this study.

2.3 Isolation of Protoplasts:
Fully expanded leaves of 40- 50 days old were excised from the

in vitro shootlets of Ichinose, Chinese

white, Goshoerami and PPR-1 mulberry varieties with a sterile scalpel blade in asceptic conditions

under

laminar air flow cabinet and they were cut into small pieces of 1-2 mm in size. Leaf pieces of about 1 gram
fresh weight were incubated in sterile conical flask

(100 ml capacity) with 15 ml of filter sterilized enzyme

solution (2% cellulase, 0.5% macerozyme and 0.2% pectinase ) which were prepared in CPW-13M solution with
5.6 pH for 6-12 hrs duration on rotary shaker at 80 RPM in dark conditions at 26°C (Table-1 &Table-2). During
the incubation period, pectin material present in the intracellular spaces get degraded by macerozyme and
pectinase enzymesand cellolusic material of cellwalls by cellulase enzyme leading to release of protoplasts from
the mesophyll cells.
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2.4 Purification of Isolated Protoplasts:
The isolated protoplasts were initially filtered by using steel mesh with a pore size of

45µ. The obtained

filterate was collected in a 20 ml sterile srew cap centrifuge tube and centrifuge at 1000 RPM for 5 minutes.
After centrifugation, supernatant was discarded .Impurities like cell debris

were removed from the pellet of

protoplasts by carrying out centrifugation at 600 rpm for 5 Minutes after the addition of 10 ml of 20% sucrose
solution (CPW-20S) (Table-3). After centrifugation, protoplasts w ere obtained as a distinct band, which were
were collected into a seperate sterile screw cap centrifu ge tube with the help of a pasteur pipette. The collected
protoplasts were suspended in 5ml of CPW-13 M solution to maintain the m in viabile state.

2.5 Yield and Viability of Isolated protoplasts:
Initially to determine the yield of pr otoplasts, 10 μl of suspended protoplasts soultion was taken on a clean
glass slide and observed under the compound light microscope in different maginfiable lenses and results were
expressed as number of protoplasts per gram fresh weight of leaf. For checking the viability and yield of viable
protoplasts, to the suspended protoplasts solution (1 ml),20 μl of 0.2 % Evans blue (20 mg/10 ml sterile distilled
water)solution was added and incubated for 2 minutes. T hen 10μlof 0.2% Evans Blue stain treated protoplast
solution were placed on a haemocytometer slide and observed under compound light microscope and theyield
results were expressed as number of protoplasts per gram fresh weight of leaf. Viability results were expressed
as percentage which is determined by the number of viable (unstained) protoplasts to that of non-viable (stained)
protoplasts.

2.6 Statistical Analysis:
The data obtained from this research study was the mean of 3 replications and the data was statistically
analyzed by using SPSS Version 17 (SPSS Inc., Chicago, USA). The mean values were compared by Tukey’s
tests at the 5% level of significance. All means are represented with standard error.

3. Results & Discussion:
In this research study, we have identified the effect of various factors in isolation of protoplasts from
the mesophyll cells of four superior mulberry varieties viz. Morus alba var.Chinese white, Morus alba var.
Ichinose.

Morus

multicaulis

var.

Goshoeramiand

an

interspecific

hybrid

i.e.

1).Severalauthorshavereported about the isolation of protoplasts from the mesophyll cells of

PPR-1

(Pampore-

tropical and sub-

tropical mulberry[10-19],but there is scanty information on the isolation of protoplasts from the temperate
mulberry varieties. And to the best of our knowledge this is the first report on protoplast isolation from
temperate mulberry varieties.
Initially when different combinations of enzyme solutions tested, the maximum yield of viable
protoplasts (5.171±0.354x10 6 g-1 fresh weight and 6.051±0.424 x10 6g-1 fresh weight) was obtained from the
combination of 2% Cellulase, 0.5% Macerozyme and 0.2% Pectinase for incubating the leaf peices for 8 Hrs

in
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Goshoerami and for 10 Hrs in PPR-1 respectively (Fig.1). Other two varieties (i.e. Chinese White and
Ichinose)also yield the protoplast with the same set of factors and conditions as PPR-1 but the count of
protoplasts in these two varieties is not comparable as that of PPR-1 (Table-4). Similar to our findings ,other
researchers [12, 16 &19] also used 2% cellulase

in isolation of maximum number of protoplasts from

mesophyll cells of different tropical and sub-tropical mulberry varieties.
As the intactness of plasmembrane and viability of isolated protoplasts depends on the appropriate
concentration of osmoticum used, we have tested several concentrations of mannitol as osmoticum in our study.
Among the different concentrations tested, 13% of Mannitol (CPW-13M) has given the maximum viable
protoplasts of 72%, 77%, 88%, & 92% in Ichinose, Chinese white, Goshoerami and PPR-1 respectively.
Viability of isolated protoplasts was ascertained by using 0.2% Evans Blue stain, after staining the viable
protoplasts have excluded the stain and remained unstained, where as the non-viable or dead protoplasts has
retained the stain and stained blue in colour (Fig-2A& Fig-2D).
Enzymatic incubation for more than 10 hrs has resulted in the increase of yield of protoplasts from all
the varieties but the viability has reduced.Similar to our findings,

more than9 hours of enzymatictreatment

duration has decreased the viability of isolated protoplasts in three cultivars of mulberry i.e. K2, S13 and
S36[20].

4. Figures and Tables

A

B

C

D

Fig.1:Microscopic views (under 40 x objective lenses) of isolated protoplasts from mesophyll cells of
temperate mulberry varieties viz. A) PPR-1 B) Chinese White C) Ichinose D) Goshoerami

by

using enzymatic combination of 2% cellulase, 0.5% macerozyme and 0.2% pectinase
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A

C

B

D

Fig.2:- Microscopic views of evaluation of viability of isolated protoplasts with evan’s blue (0.2%) under
40 x objective lenses
A) Viable (unstained) and Non-viable (stained) protoplasts of PPR-1
B) Viable (unstained) and Non-viable (stained) protoplasts of Chinese White
C) Viable (unstained) and Non-viable (stained) protoplasts of Ichinose
D) Viable (unstained) and Non-viable (stained) protoplasts of Goshoerami

Table-1: Composition of CPW-13M solution
Sl.No

Chemical

Quantity
(mg/L)

1

KH2PO4

28.00

2

KNO3

108.00

3

NH4NO3

50.00

3

CaCl2.2H2O

1500.00

4

MgSO4.7H2O

240.00

5

KI

0.14

6

CuSO4.5H2O

0.025

7

D-Mannitol

130000

8

Sterile D.W
pH

1000 ml
5.6
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Table-2: Composition of Standardized Enzyme Solution
Sl.No

Enzyme

Quantity
(Grams/100ml)

1

Cellulase Onozuka R-10

2.00

2

Macerozyme R-10

0.50

3

Pectinase

0.20

3

CPW-13M

100 ml

pH

5.6

Table-3: Composition of CPW-20S solution
Sl.No

Chemical

Quantity
(mg/L)

1

KH2PO4

28.00

2

KNO3

108.00

3

NH4NO3

50.00

3

CaCl2.2H2O

1500.00

4

MgSO4.7H2O

240.00

5

KI

0.14

6

CuSO4.5H2O

0.025

7

Sucrose

200000 (200 Grams)

8

Sterile D.W
pH

1000 ml
5.6
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Table-4: Isolation of protoplasts from three superior mulberry varieties with 2% cellulase,
0.5% macerozyme and 0.2% pectinase
Sl.No

Mulberry

D-Mannitol

Incubation Time

Total

Variety

(%)

(Hrs)

ofProtoplasts
(×

Yield

10

6

-1

g Fresh

Viable yieldof

Viability

Protoplasts

(%)

6

-1

(× 10 g Fresh Weight)

Weight)
06

1.032±0.112a

0.612±0.024a

59.30±1.46a

08

1.134±0.343a

0.704±0.041a

62.08±1.28b

10

2.212±0.154

b

b

55.61±1.89a

06

1.462±0.243a

0.744±0.054a

50.88±1.19a

08

2.546±0.312

b

b

1.843±0.146

72.39±2.11c

10

1.890±0.234a

1.045±0.117b

55.29±2.15a

06

1.573±0.156a

1.004±0.222b

63.82±1.20b

08

2.465±0.268

b

b

1.720±0.240

69.77±1.21b

10

2.664±0.342b

1.584±0.326b

59.45±1.45a

06

1.824±0.282

a

a

0.982±0.045

53.94±1.38a

08

1.877±0.214a

1.399±0.124b

74.57±1.44c

Chinese

10

1.645±0.188

a

b

1.004±0.182

61.03±1.65b

White

06

1.254±0.213a

0.852±0.124a

67.94±1.73b

08

2.123±0.342b

1.644±0.321b

77.46±1.22c

10

2.415±0.270

b

b

67.32±1.92b

06

1.845±0.208a

1.204±0.206b

65.25±1.52b

08

2.812±0.324

b

b

68.77±1.42b

10

2.923±0.423b

2.006±0.214c

68.62±1.79b

06

1.946±0.170

a

b

1.420±0.204

72.97±1.95c

08

2.982±0.248b

2.224±0.362c

74.58±1.04c

10

3.385±0.426c

2.795±0.188c

82.58±1.53d

06

2.167±0.322

a

b

76.69±1.94c

08

4.148±0.184d

3.024±0.266d

72.90±1.26c

10

e

6.574±0.508

e

92.04±1.04d

06

2.515±0.312b

1.845±0.226b

73.35±1.92c

08

3.265±0.384

c

c

77.91±1.75c

10

5.864±0.422c

4.811±0.326d

82.05±1.39d

06

2.041±0.278 c

1.645±0.332b

80.15±1.93f

08

4.462±0.120

f

d

3.775±0.409

84.62±2.44f

10

4.534±0.156 f

2.741±0.201c

60.47±1.32d

06

2.864±0.218

d

c

83.16±2.02f

08

5.867±0.237 g

5.171±0.354f

88.14±1.38f

10

5.963±0.125

g

d

3.246±0.312

54.45±2.35b

06

2.837±0.336 d

2.188±0.261c

77.13±1.81e

08

4.082±0.165 f

3.257±0.108d

79.81±1.42e

10

f

b

47.03±1.91b

12

01

Ichinose
13

14

12
02

13

14

12
03

PPR-1

13

14

12

13
04

Goshoerami

14

4.097±0.110

1.230±0.212

1.626±0.344

1.934±0.328

1.662±0.145

6.051±0.424

2.544±0.214

2.381±0.123

1.926±0.021
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Represented Data is the mean and standard error of three replication. Mean±standard errors followed by same letter is not significantly
different at P=0.05 according to SPSS Version 17 (SPSS Inc., Chicago, USA) and means were compared using Tukey’s tests at the 5%
level of significance

Conclussion:
Overall by considering all the factors the combination of enzyme solution (2% Cellulase, 0.5%
Macerozyme and 0.2% Pectinase ), duration of enzyme treatment (8-10 Hrs) and osmoticum concentration (13%
Mannitol) were found to be the major factors influencing the isolation of protoplasts in maximum number from
the mesophyll cells of temperate mulberry varieties. The developed protocol with standardized parameters will
be utilized in isolation of protoplasts from temperate mulberry, which can be used as raw materials for somatic
hybridization studies and improvement of mulberry through genetic engineering approaches.
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