[ Plant protoplast technology has made considerable progress in
the last decade and has opened up new avenues for genetic improve-
ment of higher plants. The possibilities are many, ranging from
isolation of valuable mutants to direct introduction of alien genes,
some of which, though, might seem a bit futuristic ar the moment.
The advances made in this field along with their possible applications
have been brought out clearly by the authors in this article.—~Ed. ]
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INTRODUCTION

HERE has of.late been 2 growing aware-
ness among plant scientists that in order

to ovolve efficient crop plants that can meet
the production and quality requirement of
the future, it will be imperative to incorporate
characters from organisms that are beyond
the barriers of sexual compatibility which
is unattainable through conventional breeding
procedures, Para-sexual geneiic manipu-
lation through the protoplast. technology,
that has developed especially over the last
decade, holds considerable promiss in this
direction. The fact that totipotency (ability
to tregenerate whole plants from isolated
single cells) has been demonstrated in iselated
protoplasts (cells stiipped of their wall) from
an ever-growing list of higher plant species
makes genetic manipulation in higher plants
at the cellular and sub-cellular level a feasible
propsosition. Protoplasts of higher plants
can be mutagenized to obtain useful mutants
that cannot otherwise be isolated, f{used to
yicld interspecific and intergencric  hybrid.
and transformed by exogenous DNA and
possibly by 1solated cytoplasmic genophores,
The progress made in this ficld and the possi-

bilities of the production of novel crop plant
varicties through thi. technique are discussed
below.

ISOLATION OF MUTANTS

The use of cell culture techniques in
selecting mutants has many attractions. It
offers the possibility of handling large
populations in short space and time, a definite
advantage over screening of large plant
populations in the field. Due to the absence
of constraints of differentiation and haplontic
and diplontic competition the recovery of the
locked variation is tremendously improved.
Shepard' has observed & wide specttum of
variation among the potato plants raised
through protoplast culture. The possibility of
raising haploids and diffcrentiating mutant
clones into whole plants further adds to the
utility of the technique.

Most of the published work on induced
mutageresis at cellular Ievel concerns selection
of resistant mutants, as resistant mutations are
generally dominant and are easily detected
even In the diploid state by selecting cell colo-
nies growing on the medium contiining the
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drug. Mutants resistant to over 30 drugs in
more than 58 species have been reported
(Maliga®). A number of them are resistant
to the amino aclds or their analogues, others
show resistance fo anfibiotics, growth inhibi-
tors, base analogues, phytotoxins, herbicides,
chilling and sali. More recently 2 number of
mutants r1é€sistant o 6-azauracild FUARY,
abscissic acid® and Phytophthora infestans
toxin®? have been reported.

In the majority of the amino acid analogue
resistant mutants resistarce i1s due to ovet-
synthesis of the amino acid followed by 1ifs
accumnulation in the cells$-2° 1If the over-
synthesized ammo acid is fourd to get accumu-
lated in the storage organs of the differentiated
planis, suchk mutants will be useful fiom the
point of view of improved protein quality.
Similarly mutants resistant to phytotoxins,
herbicide, chilling, aluminium ard salt would
be of great agricultural irferest,

Apart from their applied value, resistant
mutants are also useful in basic studics. For
example, BUdR resistance in plant cells was
found to exhibit a8 phenomenon different from
the animal cells’l. In animal cells 1esistance
to BUdR is due to Jack of thymidine kirase
which phosphorylates the analogue, as the
first step in its cellular utilization.
the plant cell lines, resistant to BUdR, incor-
porated BUdR into their DNA and somehow
survived® while others did not incorporate
the acalogue due to the over~synihesis of
thymidine monophosphate!l. Similarly Bright
and Northcote!? observed about half the
enzyme, bypoxanthine guanosine phospho-
ribosyl tiansferas¢ (HGPRT) as opposed tc
the animal cells where this enzyme is completely
lacking 1n the mutants.

Resistant mutants have also been used as
genetic markers for selecting hybrid cells ir
studies with somatic fusion (se¢ section on
somatte hybridizatioﬂ). HOWEVEI’, for sele~t-
ing hybrids in vitro auxotrophs are more
important as they permit detection of the

hybrid product through complementation. Yet
the progress with isolation of auxot opht has
been slow. The rezsons for this slow pro-
gress are @ Non-availability of t1ue haploids,
présence of multiple copies of genes, piesence
of tsoepzymes for a number of biosynthetic
pithways and Jack of proper understanding
of th¢ plant biochemical systems™, Thus
attempts to 1solate auxotrophs result in leaki-
ness of the mutants and prevent their easy
detection.

The earlier woikers used the BUdR suicidal
techruque of Puck and Kao’? for jsolating
auxoliophs*®, Later attempts to isolate
auxofrophs through this technique were
unsuccessful’®,  Using selective media for
screening auxotrophs, five auxotrophic variapts
were isolated in haploid cell cultures of
Nicotiana tabacum®. Nuwtrate ieductase auxo-
trophs weie 1solated in N. rtabacum and Pisum
sativum by screening for chlorate resistageer 18
Calcium pantothenate and adenine guxotro-
phic cell lines were isolated in. Datura innoxiq
by non-sclective screening p-ocedure’®0, A

Most of

few auxotrophic mutanis have alsc been used
in identifyirg the hybiid product in somutic
fusion studties (see section on somatic hybridi-
zation). Other classes of variants are the
autotrophs and the visval mutations. These
mutapis have not been of much consequence
as the characters pioved to be unstable.

SOMATIC HYBRIDIZATION

Fusion of protaplasts derived fiom two
distinct plant species presents three different
possibilities for parasexual manipylations :
(i) production of stable amphidiploid plants
after the fusion of protoplasts from two diploid
species, (11) fransfer of partial nuclear genetic
information from one species to another and
(i) transfer of cytoplasmic genetic information,

The fusion of mechanically isolated proto-
plasts has been known since 19092 but these
fustons were uncortrolled, scarce and geuerally
non-reproducible®%23  The first induced inter-
and mtra-specific fusion wag achieved by using
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sadium nitrate®, Later workers have wvsed
high Cat+, high pH (pH 10-5) and high
temperature (37° C)%, and, polyethylene glycol
(PEG)?® to obtain high fusion frequencies.
It should now be possible with the above
procedures to . fuse protoplasts of any two
higher plant species, irrespective of their
faxonomic relationships¥.  However - the
hybrid cells formed after somatic fusion are
usually lost, because the unfused protoplasts
of both the parental species and ihe¢ homo-
karyons, derived from the fusion of profo-
plasts of the same species, outgrow the hybrid
cells. Therefore, the recovery of the hybrid
calli from cultures growing on normal nutrient
media is highly unlikely. Successful fusion
experiments, therefore, deperd on the efficient
screening  systems which facilitate identr-
fication and selection of fusion products,

Different selection schemes for picking up
the hybrid cells are based on gene comple-
mentation involving mnon-allclic chlorophyll
deficiency mutations®-45, auxin autotrophy®,
resistance to antibiotics and aralogues of
amino acids®®, amino acid auxotropbs® ard
nitrate reductase deficiency®:, Selection of
fusion products by individually picking up
heterokaryonsis:5% or by enriching fusior pro-

ducts on density gradient®™ have also been

tried. In addition, heterosis-like growth of
hybrid clones has sometimes aided ther
selection.

These sclective methods, to recover hybrie
cells after plant protoplast fusion, are krown
only in a few in-tances and, therelore, limitt
the progress of somatic hybridization in plants.
The first successfyl attempt to produce somatic
hybrids in higher plants was between Jeaf
protorlasts of Nicotiana glauca and these of
N. langsdorfii by Carlson ef al®®, They used
0-25 M solution of sodium nitrate for 30 min
and reported a fusion frequency of about 257.
The selection was based on auxin autotrophy
of hybrid cells. The hybrid plants regenerated
from the hybrid calli were shown to be the
sameé as the sexual hybrids. A few other

examples, in which selection methods have
been used for the recovery of hybrid cells

and production of whole plant, are listed in
Table 1,

Different sensitivities of the parents to
phytotoxirs as shown by Majid and Cocking
(unpublished) in  Solamem 1uberosum and
S. nigrum vis-a-vis Phytophthora infestans toxin
may be exploited for selecting disease resistarce
cell lines, Another elegant system would be
lo use different toxins, each of which destroy
one¢ parental protoplast type, leaving only
resistant hybrid fusion products as survivorsss,
There 1s a strong need to develop a selection
system, which could generally be applicable
to all plant genera. Among all the selection
systems used for recovering somatic hybrids,
an albino complemeptation system combined
with nutritional mutants holds great promise,

For the formation of stable hybrid cells,
protoplast fusion must be followed by nuclear
fusfon, which occurs during the synchronous
mitosis of the parental nuclei, involving a
common mitotic apparatus®, This is a rare
event because of the natural asynchrony
between the parent protoplasts®®.  Thus
synchronization of the parent cells, which is
possible through an in virro starvation-reple-
nishment technique®, may help in inducing
nuclear fusion in heterokaryons at high fre-
quencies, However, in some animal cell cul-
ture systems, nuclear fusion has been shown
to take place through simultareous eniry
into mitosis of the parental nuclei that were
in different phascs of the cell cycle (e.g., one
at Gy and the other at late G,) by the influence
of one nucleus over the other®™, Such a pheno-
menon Is yct to be discovered in higher plant
sysicms,

Somatic hybrids obtiuined after protoplast
fusion show three kinds of chromosomal
bchavieur @ (i) complete  retention in  the
regencrated hybrid plants of the chromao-
somes  of both parents®, 3632 (51 loss of
chromosomes of either . parent, as in the case
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TABLE ]
Somatic Hybrids Sclection System Reference
A. Sexually Compatible
1. Nicotiana glauca + N. langsdorfii Auxin Autotrophy of Hybrid Cells 46, 47 438
2. N, tabacum 4+ N, tabacum {a} Complementatior of chlorophyll deficiercy 28,29
(4} Genetic complementation of nutritional
auxotrophs 5t
3. Petunia parodii + P, hybrida Complemertatior of chlorophyll deficiercy 30, 31
4. Daucus carota + D. capillifolius do. 32
5. Datura innoxia + D. innoxia do. 33,34
6. N. tabacum + N. sylvestris do. 35
7. N. tabacum + N. knightigna* do. 16
8. P. parodii + P. inflata* Albino complementation with, medium specificity 37
9. N. tabacbm -+ N. glauca Semidominant 2lbino system 38
10. N. rabaaum + N. rustica Complementation of chlorophyll deficiency 39
B. Sexually Incompatible :
1. N. sybvestris + N. knightiana Kanamycin resistance 49
2. D.innoxia 3 D. stramonium Complementation of chlorophyll deficiercy 40
3. D. innoxia -+ D. discolor Comyplementation of chlorophy!l deficiency 40
4. D. innoxia + D. sanguinea do. 41
5. Solarum tuberosum - Lycopersicon
. escilentum do. 42
6. Daucus carcta + Aegopodium
podagraria Albino system Q7
7. Datura innoxia + D. candida Complemerntation of chlorophyll deficiency 43
8., D. innoxia + Atropa belladona do. 44
9. Arabidopsis thaliana -+ Brassica
campestris Mechanical isolation 61
10, P. parodii + P. parvifiora Albino complementation with medium
specificity 45
C. Cytopalsmic Hybrids
1. N. sylvestris + N. tabacum X-ray irradiation with medium specificity 65, 71
2, N. tabacum (N. debreyi
cytoplasm) 4+ N. tabacum Morphological markers 59
3. P, hybrida + P. axillaris Medium specificity 70,72

*Unilaterally compatible.

of Vicia + Petunia fusion®® where most of the chromosomes of ope of the parents as in the

chromosomes of either one or the other parent case of Nicotiana glauca + Glycine max hybrid
were lost and the number of retained chromo- cell lines where all or most of the Nicotiana

some seemed to get stabihized with passage of chromosomes were eliminated’2. 1In this
time; (ill) preferential elimination of the system, analysis of isozyme patterns revealed
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coincidence in the loss of protein bands with
progrgssive chromosome elimination™

Chromosome elimination has also been
observed in hybrid plants produced by inter-
ceneric fusions between Solanum tuberosum -+
Lycopersicon esculentum®?, Arabidopsis thaliana
+ Brassica nrapus®® and  Dapura  infioxid +
Atropa belladong®. Accordir.g 1o Sthieder™,
partial chromosome elimiration In  these
hybrids seems to favouT mofphogenesis. From
the avaifable examples it appears that in fusion
products involving sexually incompatible and
widely separated species, the phenomer.on of
chromosome elimination Is fawly common
Stabjlization of only one or a few chromo-
somes, from one of the parents in somatic
hybrids following chrommosome elimmation, IS,
actually desirable, because the pwsrpose of
somatic hybridization irvolvirg distanily 1¢la-
ted or unrelated plant species is .ot to combine
two alien genomes but to imcorporaie orly a
partial genome from on€ species Irto the
genome of the other. Such a system might
also be useful (just a8 the man -+ mouse cell
hybrids which are routinely used for humar
gene mapping) for location of genes on specific
chromosomes of & plant species, provided iis
individual chromosomes can be identified
through improved banding techriques.

CYBRIDS

The semi-autonomons cytoplasmic organelles
have gepomes of their own, which are 1espor.-
sible wholly or partly for some iraits {eg.,
cytoplasmic male sterility®s, photosynthetic
apparatus and vatbon assimilation enzymes®),
that a plant breeder might like to incorporate
into the nuclear genome backgrournd of another
species, Thus at times it may be desirable to
obtain cytoplasmic hybsids (cybsrids) containing
the cytoplasm of both but the nucleus of only
one of the parents. Such a combination Is
attaivable by any of the followwg means :
(1) X-irradiation of the protoplasts of one of

the parents in proliferating hybrid cellss? and
(3} fusion of nucleated protoplasts of one
perent with enucleated protoplasts of the
oiher Enucleated proipplasts can be pro-
duced in large number by increasing the psmo-

protoplast isolatiopsé®

The mixing of two cytoplasms womnld con-
cetvably offer an opportunity for recombina-
tion and/or complemenitation of genes carried
in the cytoplasmic gerophores, However, the
question of the stability of the two cytoplasms
has not yet been adequately resolved, But
from the few published reports, on the poly-
peptide patteres of Fraction T protein (Ribulose
biphosphate carboxylase/oxygenase, the large
and small sub-units of which are coded by the
plastid and nuclear genomes respetively), it
seems that in somatic hybrids there is 8 strong
tendency to retain orly one of the two plas-
tomes® 73, The fajlure to detect the poly-
peptide pattern of the large sub-unit of Frac-
tion 1 proiein characteristic of one kind of
chloroplast may not be a conclusive evidence
of the latter’s absepce, because the plastid
might be present without its DNA being
expressed in the novel nucleo-tytopiasmic
combination. A more rehiable approach of
comparing the electrophoretic distribution of

resiriction endonuclesse generased fragments of

chloroplast DNA of the somatic hybrid with
those of both the parents has been adopted
by Belliard et al® plthongh amriving at the
same conelusion ds in the above-mentioned
studies nvolving Fraction 1 protein., O the
other hand, through similar finger printing
of the mitochondrial DNA restriction frag-
ments i ¢(he case of Nicorana tabacum +
N. debneyi cytoplasmic hybrids, which derived
the stable cytoplasmic male sterility and flower
malformation 1ralt from the first parent, I¢
was deduced thatl ngt only are the ntifochondria
of betl} the DIrénts present, thers was abo
recombiration between their DNASY  This

the patents leaging to the degeneration of My finding 1§ also of great significurce from the
nuclei in the hybrid cetly®, (2} directiaral and  point ol view of hybrid vigour, which is consi-
total efimination of chromosomes of one of deéred to be the resull of complementation of
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mitochandrial functions™, although whether or
not the presence of both the parental and
recombinant mitochandsia ia the cybrid will
result in heterosis carnot be said with much
confiderce at the moment. At present, the
intet-specific  transfer of coytoplasmic male
sterility in tobacco®: 72 and petunia™ is the
available example of practical applicability of
cybrids. With further understanding of the
functions of the chleroplast and mitochondrial
DNA, in vitro cybrid production might prove
to be a valuable and versatile tool for the
plant breeder, while inter-specific and inter-
generic cybrids themselves would be excellest
systems in the study of the bjology and
evolution of cell orgarelles.

UPTAKE OF ORGANELLES AND DINA

The idea of {ptroducing alien genetic infor-
mation directly into plant protoplasts through
the uptake of Isolated organclles or pure
DNA is indeed very attractive. Supccess has
been reported in the trarsplaniation into higher
plant protoplasts of isolated ruclei™™, higher
plant chloroplasis™, algal chloroplasts™ and
even cells of yeast™ and aigae®®®2, But such
transfers were irneffective as the trapsferrsd
organelles/orgarisms degenerated in the rew
cytoplasmic environment and/or the resultant
protoplasts failed to divide, though formation
of new cell wall was noted in some cases, An
endo-symbiotic relationship recessitates a deli-
cate agreement between a certain number of
genes in both the partners. Thus a forced
intra~cellular relationship will ot be effective
uniess the partners naturally meet or are
‘engineered’ o meet this réquirement. This
effective transfer of organelles may be possible
only within a species®3% or at best betwesn
closely related species while transfer of whole
microorganisms Into higher plant cells to
achieve a stable endosymbiotic relationship is
too futuristic an idea at the moment.

it has been amply derponstrated that iso-
lated and purified DNA, when sujtably pro-

lected against extra~cellular nycleases either
by poly-L-ornithine or by eptrapment in
liposomes, <an enter plant Protfoplasts angd
remain Jargely intact atleast for some time, if
rot Indefinitely®-# but these reposts hi ghlighted
the uptake phenomenon without attempting
to demonstrate genetic transformation of the
recipient protoplasts by the exagenous DNA.
Certain bacterial genes were transferred and
made o express in plant tissue cultures
ihrough specialized transducin g phages™ though
the newly acquired traits were lost after several
passages of sub-culture.

In contrast to bacteriaphages and hacterial
‘R’ plasmids, the DNA of canliflower mosaic
virus (CaMV, ore of the few DNA plant
viruses known) and that of the Ti plasmid of
Agrobacterium tumefaciens (the pathogen tes-
ponsible for the crown gall disease in several
dicot species) are two potertial ard mare
promising vectors for transferring foreign DNA
and epsuring its stabilify, EXPréssior, 2rd repli-
catton in higher plart cells. The CaMV
DNA has been ligated with bacterial plasw,ids
and clored in E. coli cells®®%, Tt has also
been adequately showr that such cloned
CaMV DNA can infect host plants asg
cffectively as the native virus®?, though the
capab'lity of ergireeted CaMV DNA to
cause transformation rémains to be seer,

Stilf more promusing is the Ti plasmid of
Agrobacterivm tumefatiens which has beep
shown to irtegrate irto multiple cites in the
highet plant gerome® a1 1estiicted to the
ruclear DNA® and to express geres carried
by 1t in plant cells® Recently Davey er gfss
have succeeded in trensformirg Peruwia cells
to auxin autotrophy (2 tumour trait) by the
uptake of the Ti plasmid irto the host proto-
plast. The rext step obviously is to attempt
travsformetion of plant cells using an engi-
necred nor-tumour inducing derivative of the
Ti plasmid that can medizte stable integration

and epsure €xpression of alien genes ir higher
plant cells,
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An jdea of transferring the ‘nif’ geres fo
the Ti plasmid through recombinant DNA
techniques sud using such engineered plasmids
to integrate the ‘njf’ geneg into the gemomes
of non-leguminous dicot planis has been put
forth®, Considering the fact thai the nitro-
genase epzymes are irreversibly inactivated by
oxygen, it has been thought more practicable
to introduce the ‘nif’ geres Into 4n <ngi-
neered PS 11 lacking chlorgplast and make 1t
coexXist in & common cytoplasm by comple-
mentation with a photosynthetically complete
chloroplast defective for some other furction®,
Traaster of genes for seed proteirs, mRNA

of which are abundantly available in develop-
ing seeds, from legumes to cereals, with a
view to improve the seed protein quality
of the latter 1S an exciting proposition®,
Results of experiments in these divections are
awalted.

CONCLUSION

From the abave discussion 1t is evident that
in vitrg genetic modification of higher plants
i1s a definite possibility and jt 1s not unreason-
able to expect that in the rear future this
technology can be extended to the majer
crop plant specics. But at the same time we
do not wish to convey the impression that the
aCCess to varidbility, both in qualitative and
quantitative terms, in the context of in vitro
plant improvement is limitless or that all or
mast i wrro manipulations would lead to an
Improvement over the patent, A better under-
standing of the genetic ard molecular basis
of the agronomic traits alongwith further
advances and refirement of techniques will ke
needed before in vitro modification of crop
plant genomes can become g routire tool for
the future plant breader.
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