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TRANSFER OF SALINE TOLERANCE FROM
ONE STRAIN OF RICE TO ANOTHER BY
INJECTION OF DNA

K. S. PRAKASH and J. D. PADAYATTY
Department of Biochemistry, Indian Institute of Science,

Bangalere 560 012, India

SALINITY and drought are regarded as the major
problems facing rice production in the world. The
moderately saline-tolerant variety of rice, Pokkali, is
widely cultivated in the brackish water areas of
Kerala, India and the sensitive variety of rice 1R-20,
is cultivated in the irrigated areas of the country.
The tall and long-duration nce varicty Pokkali
cannot be adopted for cultivation under upland
conditions.

Direct injection of genomic DNA of Pokkalt into
developing foral tillers of varicty IR-20 produced
transgenic seeds that were similar to Pokkali tn husk
colour, germinated well in 0.2 M NaCl, and had a
4-6-fold higher proline content, Transgenic seeds
expressing chimeric genes have practical use in plant
breeding to improve the quality and yield of cereal
Crops.

Genomic DNA (75 pp) isolated from rice variety
Pohhali'! and purified by gel filtration through a
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Biogel ASm column?, in 1 ml of 10mM Trns-HCl,
twM EDTA, pH 83, was injected into each of 4
floral nllers of rice variety IR-20 about 75 days after
transplantation at the zero auricular stage when the
inflorescence is about 2cm. After about 45 days,
mature seeds from injected and uninjected tillers
were collected, dehusked, and spread on germination
papers soaked in water or 0.2 M NaCl at 30°C for
36 h in the dark. About 13% of Pokkali and 17 out
of 623 seeds from the injected tillers of IR-20,
germinated. None of the 603 IR-20 seeds from
uninjected tillers germinated in 0.2 M NaC(l, Individual
seeds were homogenized in 0.5ml of 3% (v/v)
sulphosalicylic acid, and an equal volume of a
mixture of glacial acetic acid and 6 M orthophos-
phoric acid in the ratio 3:2 (v/v) containing 2.5%
(w,7) ninhydrin was added. The mixture was heated
on a boiling water bath for 1 h and cooled on ice.
The proline-ninhydrin complex was extracted with
1 ml of toluene, and proline was estimated from
absorbance at 520 nm>.

The amino acid proline is known to act as osmo-
protectant in cellular adaptation of plants to
osmotic stress caused by drought or salinity* .
Tolerance tc salinity was tested by the ability of rice
s¢eds to germinate and accumulate proline when
kept in high concentration of NaCl solution. Over
66, 30 and 13% of the seeds of the rice variety
Pokkali germtinated in 0.1, 0.15 and 0.2M Na(Cl
vespectively at 30°C in the dark. Only 5% of the IR-
20 seeds germimmated in 0.1 M NaCl, above which

there was no germination. However, the vigour of

germination as shown by the weight and shoot and
root length of Pokkali seeds germinated in 0.2 M
NaCl was lower than that of those germinated 1n the
absence of salt, showing the stress caused by salinity
on germination. The amount of proline was more
than three-fold higher in Pokkali-seeds germinated
in 0.2M NaC(Cl than in seeds germinated in the
absence of salt, while the variety IR-20 did not show
such an increase (table 1),

Table 1 Probne content of seeds of rice
varieties 1R-20 and Pokkali and of transgenic

seeds

Proline (nmoles)

Variety 0 M NaCl 02M NaCl
IR-20 139106 143+15
Pokkali 284136 97.1£8.5
Transgenic — 90.6+7.5

Each value 1s the average for 6 seeds.
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Direct delivery of DNA into living plant tissues
has been developed to circumvent the problems of
generation of plants from transformed protoplasts
and the host-range restrictions of Agrobacterium
tumefaciens. Use of high-velocity microprojectiles for
delivery of DNA into Allium cepa epidermal cells
was tried successfully’. DNA from Sea island cotion
injected into axial placenta of glandless upland
cotton about a day after pollination seems to have
been expressed and inherited®. A plasmid centaining
aminoglycoside phosphotransferase gene under the
control of nopaline synthase promoter was injected
into developing floral tillers of rye plants; a few
transgenic kanamycin-resistant seedlings which ex-
pressed the enzyme activity were obtained®., We
obtained 927 mature seeds from IR-20 rice tillers
that received Pokkali DNA by injection. These seeds
were smaller than those of normal IR-20, and the
colour of the husk of about 50% of the seeds was
similar to that of seeds of Pokkali (figure 1). The
aleurone layer of the seeds from injected IR-20 was
darker than that of normal IR-20 seeds, but not as
dark as that of Pokkali seeds. Of 623 such seeds, 17
germinated well in 0.2M NaCl. The vigour of
germination was comparable to that of Pokkali
seeds germinated in 0.2 M NaCl. None of the 603
seeds from IR-20 tillers that did not receive Pokkali
DNA germmated in 0.2 M NaCl. The amount of
proline in six germinated (0.2 M NaCl) seeds from
injected IR-20 was 124, 53, 120, 95, 60 and 89 nmoles,

Figure 1. Seeds of (I} IR-20 plants that received
Pokkali DNA, (2) normal IR-20, (3) Pokkali. Top
row, with husk; bottom row, dehusked.
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which are 4-8-fold higher than that of normal IR-20
seeds (table 1).

In various organisms, like bacteria, algae, crusta-
ceans and higher plants, accumulation of proline in
cells during water stress was found to prevent cell
dehydration. The gene for y-glutamyl kinase, which
is the key enzyme in the biosynthesis of proline, may
become insensitive to feedback inhibition by proline,
resulting in overproduction of proline in Pokkali
and transgenic rice seeds. Transfer of DNA from the
same or a different species of plant by direct
injection into floral tillers may find wide application
in the generation of transgenic plants with specific
qualities.

This work was supported by the Department of
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BOOK REVIEWS

Topics in Eapert System Design: Methodogies and
Tools, (ed.) G. Guida and C. Tasso (Pubhshed by
North-Holland Elsevier Science Publishers BY,
Amsterdam, the Netherlands), 1989, pp. 442, Price:
US$97.25,Dfl. 185.00.

This book has tried to bring out the potential
applications of expert system technology and
artificial intelligence in decision making, planning,
design, control, supervision and diagnosis. The
editors have tried to address the fact that the lack of
a sound reliable design methodology is responsible
for the limited industrial impact of expert system
designs. The book examines important emerging
topics, advances in methodology and applications to
specific practical problems. It consists of the
following contributions: life cycle; domain evaluation;
design techniques; development tools; knowledge
acquisition and modelling; and validation and
evaluation.

The book has covered in a lucid manner the
major design aspects of expert system design and 1|
am sure that it will make vital reading material for
professionals. The book offers concrete guidelines to
designers of expert systems and promotes basic and
applied research on methodologies and tools. The
collection also includes results of research carried
out in the USA and Europe in expert system design.

M. R. NAYAK

Instrumentation and Computer Divn
National Institute of Oceanography

Dona Paula
Goa 403 004

Laboratory Techniques in Cytogenetics and Plant
Breeding, by S. S. Choudhary and Prabha Choudhary,
(Published by Kalyani Publishers, 1/t Rajender
Nagar, Ludhiana 141 008, India), 1989, pp. 38, Price:
Rs. 35.

This is a concise book on the practical aspects of
experimental work in the field of cytogenetics and
plant breeding. It meets the requirements of under-
graduate and graduate students intcrested in pursuing
cytogenetics in their career. The book serves espetially

as a ready reference for making cytological prepara-
tions. However, plant breeding, including mutation
breeding, is dealt with very briefly. In the chapter on
btostatistics, F test should also have been included
since it is commonly used in yield evaluation experi-
ments. The photographs of cytological preparations
arec of very poor quality and there is need for
improvement. There are t00 many errors of spelling
etc. which should be corrected in future editions.

I hope the authors’ aim to encourage and
stimulate experimental work in classical cytogenetics
by the younger generation will be realized by this
book. Present-day students aspire to work in the
newly emerging areas of molecular biology and
biotechnology. However, we will always require
people willing to work in the classical fields of cyto-
genetics and plant breeding in order to continue our
efforts to make further genetic improvements of crop
plants and farm animals. From this viewpoint, the
present book provides basic techniques required by
students and researchers in the field of cytogenetics
and plant breeding.

M. V. PRABHAKARA RAO

Nuclear Agriculture Divn
Bhabha Atomic Research Centre
Bombay 400 085

Zoosporic Fungi of India, by R. Dayal and Usha
Kiran, (Published by Inter-India Publications, D-17,
Raja Garden Extension, New Delhi 110 015), 1988,
pp- 297, Price: Rs. 250.

Zoosporic fungi have not been popular objects of
research, particularly with Indian mycologists. A
book on zoosporic fungt highlighting the research
that has been carried out in India has therefore been
long overdue. The authors should be praised for
attempting this. The zoosporic fungi have been dealt
with in two sections, on uniflagellate and biflagellate
fungi. In each section the important morphological
characters have been outlined. The detailed descrip-
tions would have been more useful if complemented
by figures. The methodology part has been dealt
with extensively and reflects the experience of the
authors. The chapters on the work done in India,



