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INTRODUCTION 
 

Mulberry, it's the host for silkworm (
originating in China,  reporting to be existing in various ploidy 
level and diploid chromosome number is  2n=24, but black 
mulberry has a high polyploidy level (2n=22x=308) (Ottman, 
1987). The plants obtained through conventional breeding has 
certain limitations for attaining the desirable traits, the use of 
recombinant DNA technology has been taking advantage in the 
development of transgenic mulberry. The whole process of 
introduction, integration, and expression of foreign genes in the 
host is called genetic transformation helps to the understanding 
of the recombinant gene function and resistance reaction has 
helped in designing the strategy for the development of 
transgenic mulberry for both qualitative and quantitative growth 
parameter, developing resistant to biotic and abiotic stress.  
Gene transfer methods viz., 1.Vector-mediated gene transfer 
which includes Agrobacterium-mediated gene transfer and 
DNA viruses as vectors. 2. Vector less gene transfer includes 
Chemical mediated gene transfer, Electrop
Microinjection and Micro projectile bombardment (Fig 1). 
Vector-mediated gene transfer, foreign genes are transported 
into recipient cells; protoplast or intact plant through a vector 
got the highest efficiency of gene transfer in mulberry crop 
improvement.  
 

Vector-mediated gene transfer 
 

Agrobacterium-mediated gene transfer: Various vectors used 
in plant transformation, the Ti plasmid of Agrobacterium 
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ABSTRACT 

Mulberry, a perennial crop belongs to Moraceae family; its leaves are the major source of food for 
Silkworm (BombyxmoriL.). In this epoch gene transfer techniques aided to transfer genes from 
unrelated species to complement the conventional plant breeding.
transfer vital accomplishments encompass barley HVA1 salinity tolerant gene expressing in ST8 was 
salt tolerant and also ST30 and ST31 were drought tolerant mulberry transgenic lin
expressing mulberry leaves has improved leaf surface wax content and reduces post
without any adverse effect on larval growth and cocoon yield. Similarly, the particle inflow gun was 
efficient for the production of β-glucuronidase.  These biotechnological tools have enormous value in 
generating genetical information to be used to hasten the breeding process through transgenic mulberry 
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DNA viruses as vectors. 2. Vector less gene transfer includes 
Chemical mediated gene transfer, Electroporation, 
Microinjection and Micro projectile bombardment (Fig 1). 

mediated gene transfer, foreign genes are transported 
into recipient cells; protoplast or intact plant through a vector 
got the highest efficiency of gene transfer in mulberry crop 

Various vectors used 
in plant transformation, the Ti plasmid of Agrobacterium 

tumefaction's has been widely used because it has natural 
ability to transfer T-DNA of its plasm
upon infection of cells at the wound site. Ti plasmids are used 
as gene vectors for delivering useful foreign genes into target 
plant cells and tissues. The foreign gene is cloned in the T
DNA region of Ti plasmid. To transfer the for
plants, leaf discs, embryogenic callus or other suitable explants 
are collected and infected with Agrobacterium carrying 
recombinant disarmed Ti plasmid vector. (Reviewed by Shabir
et al., 2013). Agrobacterium-mediated transformation of HV
demonstrated the gain of tolerance against drought, salt and 
cold stress; in this study they proved that Arabidopsis rd29A 
promoter can function in mulberry (Checker 
 

Achievements 
 

 Delhi University group has developed transgenic 
mulberry expressing HVA1, LEA3 group stress
responsive gene from barley.

 Over expression of HVA1 gene from barley generates 
tolerance to salinity and water stress in transgenic 
mulberry. The HVA1 gene from barley encodes a group 
3LEA protein and is induced by absci
water deficit conditions. Overexpression of 
mulberry under a constitutive promoter via 
Agrobacterium-mediated transformation. Molecular 
analysis of the transgenic plants revealed the stable 
integration and expression of the trans
transformants. The transgenic plants showed better 
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upon infection of cells at the wound site. Ti plasmids are used 
as gene vectors for delivering useful foreign genes into target 
plant cells and tissues. The foreign gene is cloned in the T-
DNA region of Ti plasmid. To transfer the foreign DNA in host 
plants, leaf discs, embryogenic callus or other suitable explants 
are collected and infected with Agrobacterium carrying 
recombinant disarmed Ti plasmid vector. (Reviewed by Shabir 

mediated transformation of HVA1 
demonstrated the gain of tolerance against drought, salt and 
cold stress; in this study they proved that Arabidopsis rd29A 
promoter can function in mulberry (Checker et al., 2012). 

Delhi University group has developed transgenic 
expressing HVA1, LEA3 group stress-

responsive gene from barley. 

Over expression of HVA1 gene from barley generates 
tolerance to salinity and water stress in transgenic 
mulberry. The HVA1 gene from barley encodes a group 
3LEA protein and is induced by abscisic acid (ABA) and 
water deficit conditions. Overexpression of HVA1 in 
mulberry under a constitutive promoter via 

mediated transformation. Molecular 
analysis of the transgenic plants revealed the stable 
integration and expression of the transgenic in the 
transformants. The transgenic plants showed better 

International Journal of 

Current Innovation 

Research  

DOI: 10.24327/IJCIR 

is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 



International Journal of Current Innovation Research Vol. 4, Issue, 6(A), pp. 1261-1264, June, 2018 

 

 1262 

cellular membrane suitably, photosynthetic yield, less 
photo-oxidative damage and better water use 
efficiency as compared to non-transgenic plants under 
both salinity and drought stress. Amongst the lines 
analysed for stress tolerance transgenic lines ST8 was 
relatively more salt tolerant, ST30 and ST31 were 
more drought tolerant (Lal et al., 2008). 

 Expression of Arabidopsis SHN1 in Indian Mulberry 
(Morusindica L.) increases Leaf Surface Wax Content 
and Reduces Post-harvest Water Loss. Leaf surface 
properties regulate direct water loss through the 
cuticular layer. Leaf surface waxes, contribute to 
cuticular resistance and protect mesophyll cells from 
desiccation (Sajeevan et al., 2017). 

 

DNA viruses as vectors: The genomes of Caulimoviruses 
such as cauliflower mosaic virus (CaMV) and geminivirus 
such as tomato golden mosaic virus (TGMV) are double-
stranded DNA which makes these viruses as potential 
transformation vectors. Methotrexate resistant dihydrofolate 
reductive (DHFR) gene of E. coli has been successfully 
cloned into an intergenic region of CaMV. This engineered 
CaMV was used to infect turnip plants (Reviewed by Shabir 
et al., 2013). 

 
Fig 1 Gene transfer methods 

 

Vector less gene transfer 
 

Chemical mediated gene transfer: Cells or protoplasts can 
be stimulated to take up foreign DNA using some chemicals. 
Polyethylene glycol (PEG) is the most commonly used 
chemical for this purpose. It helps in precipitation of DNA, 

which can then be taken up by the calls through the process 
of endocytosis (Roland bilang, et al., 1994). 
 

Liposome-mediated gene transfer: Plasmid containing foreign 
desired gene can be enclosed in small lipid bags called 
liposomes, which can then be fused with protoplasts using 
chemicals like PEG. 
 

Silicon carbide method: In this method, fibres of organic 
material like silicon carbide are used for gene transfer. These 
fibres, when mixed with plasmid DNA and plant tissue or 
cells, help in penetration of the foreign DNA into the plant 
tissue. 
 

Electroporation: Gene transfer by electroporation into 
protoplasts isolated from mulberry for callus induction, 
explants were excised from the roots of mulberry seedlings 
grown in a medium containing benzyl aminopurine, 
dichlorophenoxy acetic acid and thidiazuron. The isolated 
calli were repeatedly subcultured in the liquid medium.  
Protoplasts were enzymatically isolated from clumped cells 
and transfer of the β- glucuronidase (GUS) gene by 
electroporation was carried out at various pulse voltages 
ranging from 500-750 V/cm with a capacitance of 330 µFd. 
A typical result showed that survival rate of protoplasts 
decreased with increasing pulse voltage in electroporation. 
Transient expression of the GUS gene was operative in 20 -
30% of protoplast electroporated at 500 and 750 V/cm. 
which is the first time this has been done in mulberry 
protoplasts. This success may open new possibilities in the 
analysis of various constructs using genes isolated from 
mulberry trees and in the production of transgenic mulberry 
clones as well (Reviewed by Shabir et al., 2013). 
 

Microinjection: The DNA is directly injected into plant 
protoplasts or cells (especially into the nucleus or 
cytoplasm) using fine tipped (0.5-1.0 micrometer diameter) 
glass needle or micropipette. This method of gene transfer is 
used to introduce DNA into large cells such as oocytes, eggs 
and the cells of early embryo. The process is observed and 
controlled under the microscope. The DNA is then integrated 
into the plant genome-probably during the cells own DNA 
repair processes (Reviewed by Shabir et al.,2013). 
 

Particle bombardment gun: As the term denotes, it shoots 
foreign DNA into plant cells or tissue at a very high speed. 
This technique is also known as particle bombardment, the 
apparatus consists of a chamber connected to an outlet to 
create vacuum. At the top, a cylinder is temporarily sealed 
off from the rest of chamber with a plastic rupture disk. 
Helium gas flows into the cylinder. A plastic microcarrier is 
placed close to rupture disk. It contains DNA coated 
tungsten particle, the microscopic pellets (i.e. coated 
microprojectiles). When to work the apparatus is placed in 
Laminar flow just to maintain sterile conditions. The target 
cells/tissue is placed in the apparatus. A stopping screen is 
put between the target cells and microcarrier assembly. 
Helium gas is flown in the cylinder at high velocity. When 
pressure of cylinder exceeds the bursting point of plastic 
disk, it gets ruptured. Helium shock waves propel the plastic 
microcarrier containing DNA coated micro pellets. The 
stopping screen allows the micro pellets to pass through and 
deliver DNA into target cells. The transformed cells are 
regenerated onto nutrient medium.  
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 Major improvements in gene delivery into mulberry 
leaf cells by particle inflow gun. The efficiency of 
gene delivery into mulberry leaf cells using a particle 
inflow gun for the production of β-glucuronidase 
(Yukie et al., 1999). 

 

Transgenic mulberry 
 

Step 1: Nucleic acid (DNA/RNA) Extraction: The initial 
step is the disruption of the desired organism, which may 
be viral, bacterial or plant cells, in order to extract the 
nucleic acid. After a series of chemical and biochemical 
steps, the extracted nucleic acid can be precipitated to 
form a thread-like pellet referring to the DNA/RNA. 
 

Step 2: Gene Cloning: Upon DNA extraction, all DNA 
from the desired organism is extracted at once. Through 
gene cloning, the desired gene/s can be isolated from the 
rest of the DNA extracted, which is then mass-produced 
in a host cell to make thousands of copies of the desired 
gene.  
 

Step 3: Gene Design and Packaging: Once the gene of 
interest has been cloned, it has to be linked to pieces of 
DNA that will control how the gene of interest will work 
once it is inside the plant genome. These pieces of DNA 
will switch on (promoter) and of the expression of the 
gene inserted. Gene designing/packaging is done by 
replacing an existing promoter with a new one and 
incorporating a selectable marker gene. 
 

Step 4: Transformation: Using the gene gun or 
Agrobacterium-mediated transformation. The main goal 
in any transformation procedure is to introduce the gene 
of interest into the nucleus of the cell without affecting 
the cell's ability to survive. If the introduced gene is 
functional, and the gene product is synthesized, then the 
plant is said to be transformed. Once the gene inserted is 
stable, inherited and expressed in subsequent generations, 
then the plant is considered a transgenic. 
 

Step 5: Backcross Breeding: This is done by crossing the 
transgenic plant with elite lines using conventional plant 
breeding methods. This enables the combination of the 
desired traits of the elite parents and the transgenic into a 
single line. The offspring are repeatedly crossed back to 
the elite line to obtain a high yielding transgenic line.  
 

Mulberry transgenic plants expressing AtSHN1 displayed 
significant improvement in leaf moisture retention 
capacity even 5 h after harvest and there was a slow 
degradation of total buffer soluble protein in detached 
leaves compared to wild-type. Silkworm bioassay did not 
indicate any undesirable effects on larval growth and 
cocoon yield. This clears that expression of AtSHN1, can 
increase surface wax load and reduce the post-harvest 
water loss in mulberry. 
 
 
 
 
 

CONCLUSION 
 

As we perceive mulberry leaves are vital food source of 
the silkworm, we can improve the plants for biotic and 
abiotic stress tolerance, leaves yield along with 
enhancing the protein and carbohydrate quality. To 
enhance mulberry improvement Marker associated with 
trait of interest is helping in mapping gene of interest 
and marker assisted selection (MAS). With the above 
pieces of evidence, we can definitely conclude that, 
gene transfer technologies mainly Agrobacterium-
mediated gene transfer method is a decisive tool for 
transgenic mulberry breeding. Valuable number of 
work is going on transgenic mulberry breeding and 
even other gene transfer techniques need to be fully 
exploited in the future to achieve remarkable mulberry 
production. 
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