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Germplasm Modification and Its Potential for Finding 
New Sources of Resistance to Diseases 1 

RICHARD E. LITZ ~ 

Abstract: In vitro procedures are playing a major role in plant breeding. Embryo rescue, either 
through the culture of  excised embryos derived from incompatible crosses or by means of ovule 
culture, has been a standard procedure for the introgression of genes conferring disease resistance 
into economically important plants. Somatic hybridization (i.e., protoplast fusion) has also been 
demonstrated to have some potential in obtaining hybrids that result from very wide interspecific 
and intergeneric crosses. Wide crosses have also been achieved by means of in vitro pollination of 
excised ovaries or ovules. Tissue culture-induced variability in regenerated plant (i.e., somaclonal 
variation) appears to be an effective way of  obtaining undirected genetic change that can enhance 
disease resistance and yield and alter the growth habit of  crops that are normally propagated 
vegetatively (e.g., potato) or by seed (e.g., tomato). In the near future, the isolation and sequencing 
of genes that confer resistance to specific plant pathogens will be possible, and transfer of  this 
information between species will become a reality. 
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Current  interest in the application of 
biotechnology to plant improvement gen- 
erally has been focused on the potential 
for somatic cell and molecular genetic ap- 
proaches to crop improvement,  although 
other plant tissue culture procedures in- 
volving embryo rescue, cloning, and hap- 
loid plant production have been used quite 
effectively for several years to complement 
conventional approaches to plant breed- 
ing. This review is concerned with the ap- 
plication of in vitro systems to plant im- 
provement,  with particular emphasis on 
enhancing disease resistance in crops. 

Embryo rescue: Perhaps the oldest area of 
research within plant tissue culture has 
been the study of  the growth requirements 
of  excised, immature zygotic embryos rep- 
resenting specific developmental stages. 
Application of these studies to plant breed- 
ing involves excision and culture of  hybrid 
zygotic embryos following hybridization 
between economic plant species and wild 
but sexually incompatible species. This 
p rocedure ,  first r epo r t ed  by Laibach 
(20,21), has been used most effectively for 
rescuing hybrid embryos that would nor- 
mally abort due to failure of endosperm 
development. Embryo rescue is now a stan- 
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dard procedure for the transfer of  genes 
or gene complexes that confer disease re- 
sistance to economic species. The tomato 
(Lycopersicon esculentum) has been hybrid- 
ized with the sexually incompatible L. pe- 
ruvianum. As a result of  this cross, endo- 
sperm does not develop; consequently, 
embryo abortion would normally occur. By 
carefully isolating the hybrid embryo on 
tissue culture medium, normal develop- 
ment can occur (28). In this manner,  re- 
sistance to tobacco mosaic virus, tomato 
spotted wilt virus, root-knot nematode, and 
several fungal pathogens has been trans- 
ferred to the cultivated species. Other  ex- 
amples of successful crosses involving the 
interspecific transfer of  disease resistance 
facilitated by embryo rescue or culture have 
included hybridizations among Hordeum 
species (16). Wild barley (H. bulbosum) is 
resistant to mildew, whereas winter barley 
(H. vulgare and H. sativum) is susceptible to 
infection. The  interspecific hybrids are re- 
sistant to mildew. Resistance to papaya 
ringspot virus has been transferred to pa- 
paya from the incompatible, resistant Car- 
ica cauliflora by embryo rescue (24). By 
making successive back crosses, the unde- 
sirable wild characteristics can be removed 
from the breeding population. 

In vilro pollination and fertilization: Sexual 
incompatibility among species has also been 
overcome by in vitro pollination and fer- 
tilization. This procedure involves the fer- 
tilization of  excised ovule masses by ger- 
minated pollen under  sterile conditions 
(26). It has been successfully demonstrated 
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for interspecific and intergeneric crosses 
within the Caryophyllaceae. Although in 
vitro pollination and fertilization have not 
been used to resolve difficult plant breed- 
ing problems, the technique has consid- 
erable potential, particularly because of  its 
simplicity. 

Protoplastfusion: Recovery of somatic hy- 
brids that would otherwise be impossible 
to obtain using conventional sexual hy- 
bridization has been made possible by the 
development of effective methods for large- 
scale production of  wall-less plant cells or 
protoplasts. Controlled fusion of  proto- 
plasts from different species is possible 
using biochemical  complementa t ion  of  
protoplasts in a selection medium or co- 
culturing protoplasts having distinct cel- 
lular differences, such as pigmentation or 
size of  plastids. Somatic hybrid plants have 
been produced in the following genera: 
Brassica, Datura, Daucus, Nicotiana, Petunia, 
and Solanum. In some cases these hybrids 
represent new genetic combinations that 
can be utilized in conventional plant breed- 
ing programs. Somatic hybrids have been 
recovered  f rom fused protoplasts  of  
eggplant (Solanum melongena) and S. sisym- 
briifoIium, a wild weed resistant to Meloi- 
dogyne incognita. Resistance to the nema- 
tode appears to have been transferred to 
the hybrid since no reproduction was found 
in infectivity tests (13). 

Intergeneric protoplast fusions have also 
resulted in the formation of  unique so- 
matic hybrids that would have been unob- 
tainable using conventional sexual hybrid- 
ization. Somatic hybrids  have been 
recovered following protoplast fusion be- 
tween Solanum and Lycopersicon (23), Atropa 
and Datura (19), Daucus and Aegopodium 
(5), and between Nicotiana and Atropa (12). 
These somatic hybrids are normally aber- 
rant and sterile, although some evidence 
suggests that stable plants can be recovered 
(5) from which gene transfer to economic 
plant species would be possible. 

Clonal propagation: Use of  tissue culture 
procedures such as shoot tip culture, so- 
matic embryogenesis, and organogenesis 
for the rapid clonal propagation of  plants 
has been reported for many species. In 
breeding programs involved with the pro- 
duction of F~ hybrid seed, tissue culture 
propagation has been used to produce large 
numbers of  parental plants, particularly 

male sterile plants, in order  to standardize 
the production of seed as much as possible. 
Generally, plants derived from seed pro- 
duced by F1 plants are inferior to the par- 
ent (F 0 plants. Hence, there is a need to 
continuously monitor hybrid seed produc- 
tion. Increasingly, there is interest in the 
production of artificial hybrid seed, either 
through encapsulation of somatic embryos 
or by direct planting of somatic embryos, 
insuring that certain combinations of  valu- 
able characteristics, such as disease resis- 
tance, in hybrid seed propagated plants can 
be maintained indefinitely. 

Somaclonal variation: Passage of plant tis- 
sue through an in vitro cycle, particularly 
through a callus phase, has long been 
known to produce genetic alterations in 
cells that may become apparent in the re- 
generated plants. For many years, this ap- 
parent instability of the genome in tissue 
cultures was considered to be a major prob- 
lem for clonal propagation because clonal 
fidelity was altered. It is now recognized, 
however, that these tissue culture-induced 
changes represent a unique source of ge- 
netic diversity in crops normally propa- 
gated vegetatively (e.g., potato, fruit trees, 
etc.) and for developing new breeding lines 
in seed-propagated crops. This approach 
is particularly useful for improving crop 
species for which little genetic information 
is available and for unmasking useful genes 
or gene complexes that can be incorporat- 
ed into a conventional plant breeding pro- 
gram. Somaclonal variation has been re- 
ported in many plant species, including 
sugarcane (15), potato (27), and tomato (6). 

Plants regenerated from sugarcane cell 
cultures exhibit considerable variation, in 
part because the plant itself is a chromo- 
somal mosaic but also because of  variability 
induced in culture (17). Regenerated plants 
have demonstrated greater sucrose yield 
and enhanced resistance to Fiji virus dis- 
ease (18), downy mildew (14), eyespot dis- 
ease (14), and culmicolous smut (22).These 
traits have remained stable for several years 
under  field conditions. Somaclonal varia- 
tion in regenerated populations of Russet 
Burbank potato plant included several hor- 
ticultural features such as growth habit, 
tuber color, and uniformity (27). In addi- 
tion, several regenerated plants demon- 
strated greater resistance to both late blight 
(Phytophthora infestans) and early blight (Al- 
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ternaria solanii) (27). Resistance to all five 
races of  Phytophthora infestans was ob- 
served. Variable results, however, have 
been obtained in retention of  root-knot 
nematode resistance in plants reproduced 
through tissue culture (1,8-10). 

At one time it was believed that soma- 
clonal variability in potato could be ob- 
tained only in plants derived from proto- 
plast cultures. Bright (3), however, has 
reported similar somaclonal variability in 
potato plants regenerated from petiole, 
leaf, and rachis explants. Most of  the vari- 
ability in plants derived from potato callus 
is probably caused by cultural conditions 
(2). This has been corroborated by studies 
with sugarcane and by recent evidence from 
Taiwan that banana plants derived from 
shoot tip cultures also exhibit somaclonal 
variation and demonstrate resistance to 
Fusarium (Panama Disease) infection. 

The  genetic basis for somaclonal varia- 
tion is not well understood, particularly in 
plants such as potato and sugarcane that 
are polyploids. However,  changes in chro- 
mosome number  or structure, single gene 
mutations, and in cytoplasmic DNA have 
been observed in seed propagated plants 
(7). Aneuploidy and polyploidy have been 
observed in regenerated plants. Moreover, 
rearrangement of  genes on the chromo- 
somes can also occur as a result of  trans- 
locations, deletions, and inversions. Cyto- 
plasmic genet ic  changes have been  
observed in regenerated plants (11), and 
single gene mutations also have been re- 
por ted in tomato plants regenerated from 
tissue cultures (6). Although there is sub- 
stantial evidence that most somaclonal 
variation is associated with chromosomal 
alterations, there is speculation that trans- 
posable elements may be responsible for 
some somaclonal variation (4). 

Although somaclonal variation in regen- 
erated plants can represent considerable 
savings in time, compared with conven- 
tional approaches, it is still essential that 
plants be grown under field conditions in 
order to determine their response to se- 
lection pressure. In some instances, it has 
been possible to correlate responses to cer- 
tain chemicals at the cellular level with re- 
sponses at the whole plant level. For ex- 
ample, it has been possible to select for 
resistance to pathotoxins at the cellular 
level. Gengenbach et al. (11) selected Zea 

mays cells for resistance to the toxin of 
Drechslera maydis race T, the causative agent 
of  southern corn leaf blight. Plants regen- 
erated from those toxin-resistant cells were 
also resistant to infection by the fungal 
pathogen. This research has interesting 
implications, because toxins are known to 
be involved in many host-pathogen asso- 
ciations. Unfortunately, at this time, very 
few toxins have been purified and postively 
identified. 

Gametoclonal variation: When in vitro 
conditions stimulate variability in cultures 
of  male gametes (microspores), this type of  
variability has been referred to as game- 
toclonal. Both dominant and recessive mu- 
tant genes induced by cultured conditions 
in haploid plants can be expressed because 
only a single copy of each gene is present. 
Anther culture has been widely used in 
wheat, tobacco, and rice breeding, partic- 
ularly in China (29). Usually, anthers are 
cultured from an F1 hybrid. After recover- 
ing haploid plants from these cultures, the 
chromosome complement is restored to the 
diploid number by treatment with colchi- 
cine. Because single gene recessive muta- 
tions can be visible in plants restored to the 
diploid number, this can be a useful ap- 
proach in plant breeding. Oono (25) has 
used this method to recover homozygous 
diploid rice plants that demonstrated vari- 
ation in plant height, morphology, fertili- 
ty, and other characters. Obviously, ga- 
metoclonal variability would be useful also 
for unmasking resistance to certain dis- 
eases and pests. 

Recombinant DNA: Early attempts to in- 
troduce isolated DNA into higher plants 
yielded controversial results; it was usually 
impossible to verify the fate or the expres- 
sion of  the foreign nucleic acid. With the 
improvement of  cell culture techniques 
(e.g., protoplast isolation and culture, high 
frequency somatic embryogenesis from cell 
cultures, etc.) and with greater under- 
standing of the natural transformation of  
plant cells by Agrobacterium tumefaciens, a 
bacterium causing tumor formation in 
many different plants, attention has been 
redirected to the genetic modification or 
transformation of plants. Various different 
vectors have been proposed for facilitating 
uptake of  foreign DNA fragments into 
plant cells or protoplasts, including the Ti 
plasmid of  Agrobacterium tumefaciens. The 
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t u m o r - i n d u c i n g  g e n e s  a r e  f o u n d  o n  t h e  T i  
p l a s m i d .  P a r t  o f  t h e  T i  p l a s m i d  b e c o m e s  
i n t e g r a t e d  d i r e c t l y  i n to  t h e  n u c l e u s  o f  t h e  
i n f e c t e d  h o s t  cel l ,  t hus  s u g g e s t i n g  a p r o b -  
a b l e  m e t h o d  fo r  i n t r o d u c i n g  f o r e i g n  D N A  
in to  p l a n t  cells.  O t h e r  p r o b a b l e  v e c t o r s  in-  
c l u d e  c a u l i f l o w e r  m o s a i c  v i rus ,  t h e  p las-  
m i d - l i k e  D N A  in t h e  m i t o c h o n d r i a  o f  
p l an t s ,  a n d  t h e  p l a s m i d  o f  t h e  b a c t e r i u m  
Pseudomonas  savastanoi.  

T r a n s f o r m a t i o n  o f  p l a n t  cel ls  a lso  has  
b e e n  a t t e m p t e d  in o t h e r  ways ,  i n c l u d i n g  
m i c r o i n j e c t i o n  o f  f o r e i g n  D N A  in to  po l -  
len,  ovar ies ,  o r  p r o t o p l a s t s .  In  s o m e  o f  t h e s e  
s tud ies ,  t h e  p o l l e n  t u b e  i t s e l f  w o u l d  se rve  
as a vec to r .  M u c h  o f  th is  w o r k  a p p e a r s  to  
b e  p r o m i s i n g .  I n e v i t a b l y ,  h o w e v e r ,  t h e s e  
r e m a i n  s h o t g u n  a p p r o a c h e s  f o r  a c h i e v i n g  
t r a n s f o r m a t i o n ,  w i th  l i t t l e  c o n t r o l  o v e r  t h e  
r e c o m b i n a t i o n  a n d  t r a n s f o r m a t i o n  e v e n t .  

P l a n t  cel l  a n d  t i s sue  c u l t u r e  has  a l r e a d y  
h a d  a m a j o r  i m p a c t  on  p l a n t  b r e e d i n g  a n d  
c r o p  i m p r o v e m e n t .  W i d e  h y b r i d i z a t i o n s  
h a v e  b e e n  a c h i e v e d  by  m e a n s  o f  e m b r y o  
r e s c u e .  S e l e c t e d  b r e e d i n g  l ines  a n d  u n i q u e  
p l a n t  s e l ec t ions  c a n  b e  c lona l ly  p r o p a g a t -  
ed .  New,  i m p r o v e d  cu l t i va r s  h a v e  e m e r g e d  
f r o m  p r o g r a m s  m a k i n g  use  o f  s o m a c l o n a l  
a n d  g a m e t o c l o n a l  v a r i a t i o n  in r e g e n e r a t e d  
p o p u l a t i o n s .  T h e  n e x t  d e c a d e  will  a l m o s t  
c e r t a i n l y  wi tness  c u l t i v a r  d e v e l o p m e n t  in-  
v o l v i n g  t h e  use  o f  r e c o m b i n a n t  D N A  t e c h -  
n o l o g y .  
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