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SHORT COMMUNICATION

Mulberry improvements via plastid
transformation and tissue culture engineering
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The in vitro tissue culture and micropropagation studies for Morus spp., a pivotal sericulture plant, are well established.
The rapid and reproducible in vitro response to plant growth regulator treatments has emerged as an essential
complement of transformation studies for this plant species. A major area of study is the use of protoplast culture
and fusion techniques where advantages to mulberry improvement can be applied. The advancements in genetic
transformation of mulberry are reviewed, and a section on strategy for transforming plastids (chloroplasts) of mulberry
is included. A role for mulberry in “molecular farming” is envisioned. The conclusions and future prospects for
improvement of this economically important tree species are proposed.

The importance of silk production is well recognized in seri-
culture industry that involves cultivation of host plants for silk-
worm rearing. India is one of the countries where sericulture
is an important agro-based cottage industry involved in pro-
duction of five different silk types—mori, muga, eri, tasar and
oak types. This classification comes from type of host plant that
act as feed for silkworm, and thus sericulture industry largely
depends on the availability of host plant species. Bombyx mori
(mulberry silkworm) feeds on mulberry leaves, Philosomia ricini
(eri silkworm) on castor leaves, Anthraea assama (muga silk-
worm) on som and soalu leaves, Anthraea proylei (temperate/oak
tasar silkworm) on oak leaves, and Anthraea mylitta (tropical
tasar silkworm) on Terminalia leaves. A systematic and proper
cultivation of novel primary and/or secondary host plants show-
ing high yield, suitability to silkworm rearing, and resistance
to different abiotic stress conditions i.e., tolerance to water
stress, alkalinity and salinity are recommended for sericulture
improvement.

The genus Morus (commonly known as mulberry) belongs
to the family Moraceae, is a group of dioecious woody trees/
shrubs. Many varieties of these species are cultivated on a com-
mercial scale in India, China, Japan and Korea for the sericul-
ture industry.' In India, six species are found, namely, M. alba
L., M. indica L., M. nigra L., M. atropurpurea Roxb., M. serrata
Roxb. and M. laevigata Wall.? Due to higher economic return
and greater employment potential, attempts are been made to
increase productivity by developing high yielding mulberry vari-
eties. At present, Mysore local, Bomaypiasbari, Kanva-2 (K2),
Bilidevalaya, Kajli, Sujanpur-1 (S1), BC (2) 59, C776, RES-175,
S36 and Victory-1 are being cultivated extensively in different
parts of India.
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Studies on Protoplast to Plant Regeneration
in Mulberry

The experiments were performed to improve protoplast yield
from mesophyll cells of three mulberry genotypes, K2, S13 and
$36.> We have identified important parameters that contribute
to the maximum protoplast yield in these mulberry genotypes.
The protoplast yield in mulberry was genotype-dependent with
12-13 h of enzyme incubation found to be favorable for the
genotype S36 whereas, 9 h of incubation was sufficient for the
release of maximum number of intact protoplasts from the geno-
types, K2 and S13.% The concentration of osmoticum mannitol
was 0.5 M in the enzyme mixture containing cellulase (2%) and
macerozyme (1%). These enzyme concentrations and the level of
osmoticum were found to be optimal for the isolation of proto-
plasts from all mulberry genotypes that were studied. A protocol
has also been described for rapid isolation of protoplasts (4 h)
from callus cultures of mulberry.

A protocol for regenerating plants from mulberry protoplasts
was established for the genotype S36.° The first cell divisions were
observed at day 4 with cell division frequency (CDF) ranging
from 1 to 29% as on day 6. With the density of approximately 1.0
x 10° protoplasts, the combination of zeatin and 2,4-D induced
highest percentage of cell divisions (29%) followed with zeatin
and NAA (10%). Although the mesophyll protoplasts underwent
high initial CDF, their sustained divisions were arrested. The
protoplast cultures grown in media supplemented with 13.5 uM
dicamba were capable of further cell divisions and colony forma-
tion. We have shown a more specific role of the auxin dicamba
in inducing cell divisions in mulberry that is different from other
auxins like NAA and 2,4-D. The protoplast derived colonies
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Figure 1. (A) Protoplast alignment following application of AC electric
field and (B) DC electric field results into closer membrane contact of
the fused protoplast pair, resulting in appearance (C) of distinct cyto-
plasmic connection (arrow) and fused protoplasts (D).

formed microcalli which further proliferated into larger calli on
the medium containing TDZ and TAA. After third subculture
on this medium, up to 2 shoots were regenerated. These shoots
were rooted on MS medium with 4.9 uM IBA. A low survival
rate of the regenerated shoots was observed under the greenhouse

conditions.’

Studies on Protoplast Fusion in Mulberry

The success in plant somatic hybridization depends on availabil-
ity of suitable technique for protoplast fusion. Different methods
have been tried to fuse plant protoplasts. Of these, only poly-
ethylene glycol (PEG) has received widespread acceptance as a
fusogen of plant protoplasts. The electric field can be used to fuse
protoplasts and moreover it is superior to PEG-induced proto-
plast fusion in the following aspects: simplicity, less toxicity, less
physical damage to the protoplasts, large fusion volume and fine
control of the fusion process.®

The work on protoplast fusion in mulberry was demonstrated
by using chemical fusogens like the PEG and high pH-Ca?*’
We have tested the possibility of using electrofusion technique
for protoplast fusion in mulberry. For this, protoplasts isolated
from axenic shoot cultures of two mulberry genotypes, S13
and S36 were fused under electric field conditions. An elec-
tric AC field of 50 V/cm (15 sec duration) was necessary for
proper alignment of the protoplasts (Fig. 1A). The closer mem-
brane contact resulted from application of DC, 400-450 V/cm
(70 us duration) (Fig. 1B). The post-fusion AC field (10 V/cm)
was maintained for the duration of 5 sec. The fused protoplasts
(hybrids/heterokaryons) regenerated a cell wall following 2-3
days of culture in dark.
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We have tested the possibility to fuse protoplasts of differ-
ent sizes that could facilitate monitoring the fusion events. The
protoplasts of small size (genotype S36) were fused with larger
size protoplasts (genotype S13). A 1:1 mixture (1 to 2 x 10°/ml)
of mesophyll protoplasts isolated from genotypes S36 and S13
was pipetted into electrofusion chamber under sterile conditions.
The electrode system had a 3-mm distance between parallel plate
electrodes, mounted on a glass microscope slide and this was
placed in 9 cm Petri dish. Protoplasts were allowed to settle and
left undisturbed for 10 min in the chamber. The electric fields
used for fusion were generated by BTX Electro Cell Manipulator
(ECM) 2001, Electro cell fusion and Electroporation System;
BTX, Inc., San Diego, CA. Individual heterokaryons were iden-
tified by microscopic observation for the appearance of distinct
cytoplasmic connection formed between protoplasts in contact,
or from the phenomenon of cell sphering®® (Fig. 1C and D).

Studies on Genetic Transformation in Mulberry

The genetic engineering by DNA-mediated gene transfer requires
efficient transformation systems for the introduction of useful
genes into specific mulberry cultivars. Only few attempts were
made to transform mulberry plants. Among these were studies
on mulberry plants transformed with Agrobacterium tumefaciens,
A. rhizogenes, particle bombardment mediated gene delivery and
electroporation.

Plastid Transformation in Mulberry:
Future Perspectives

Plant genetic engineering via the nucleus is a mature technology
that has emerged as a major approach for cultivar improvement
as well as for studying gene functions in plants. In contrast, the
ability to engineer chloroplast as an alternative site for the expres-
sion of foreign genes, proteins, reactions and products has gained
prominence relatively recently. Genetic transformation of chloro-
plast is advantageous because proteins in chloroplast accumulate
to high levels, multiple genes may be expressed as polycistronic
units, and lack of pollen transmission in most crops results in
transgene containment.'

Chloroplast transformation is accomplished through a
multistep process. The transformation vector used contains
selective plastid markers, spectinomycin-streptomycin and kana-
mycin resistance, conferred by the expression of chimeric aadA"
(Fig. 2) and aphA6,"* genes, respectively. The gene has to be
equipped with appropriate expression signals in the new genetic
background, in the case of plastid transformation (a) with an
appropriate plastid promoter and (b) a transcription terminator.
The construct has then to be equipped with flanking sequences
(each 600-1,000 bp) at 5' and 3' ends, respectively. These flank-
ing sequences are derived from chloroplast DNA from the place
in the chromosome where insertion of the selection cassette is
desired. The flanking sequences allow for homologous recom-
bination (gene disruption or replacement) in chloroplast. The
drugs used in the selection inhibit chlorophyll accumulation and
shoot formation on plant regeneration medium. The transformed
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Figure 2. The design of aminoglycoside-3'-adenyltransferase (aadA) construct for plastid transformation containing 16S rDNA promoter (from Nico-
tiana tabacum) and rbcl terminator signal (from Chlamydomonas reinhardtii) cloned into pUC18 vector backbone. Restriction sites are indicated. The
aadA gene confers spectinomycin and/or streptomycin resistance to the transformed cells.

lines can be identified by their ability to form green shoots on
bleached wild-type leaf sections.'*!?

One of the most exciting potential applications of chloroplast
transformation in mulberry will be the production of recombi-
nant proteins for industrial, pharmaceutical or other value-added
uses. In addition to mulberry being an important sericulture
crop, it is also becoming clear that it could play a major role in
“molecular farming”. The following agronomical features make
it an excellent target to aid studies of molecular farming:

(a) High yield of leaf biomass and multiple harvests

(b) Sustainable production of the aimed biomolecules for long
time without replanting

(c) Compared to annual crops, relatively high resistance to
environmental conditions and pest attacks

(d) Low input cost for growth maintenance

Conclusions and Future Directions
for Mulberry Improvement

The biotechnology has now provided tools which allow us to
select and engineer superior mulberry varieties with much the
same speed and efficiency as can be applied to other organisms.
Great efforts were made to study different in vitro cultivation
methods for mulberry. The several of these protocols already
served as useful experimental systems for cell culture and trans-
formation studies in mulberry. Although used for tissue culture
and nuclear transformation studies, the use of mulberry for chlo-
roplast transformation has not been reported. Consequently, the
next few years are likely to see large and rapid changes in mori-
biotechnology.
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