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THE ROLE OF BIOTECHNOLOGY IN CROP IMPROVEMENT
F.A. Hammerschlag

USDA/ARS PSI Plant Molecular Biology Laboratory
Beltsville, Maryland 20705

ABSTRACT

For thousands of years conventional breeding techniques
have been used to improve crop plants. Emerging bio-
technologies enable us to work at the whole plant as well as
the organ, tissue, cell, protoplast, chromosome and gene
levels in our efforts to modify plants. Biotechnology has
loosely been defined to include a collection of techniques
including gene mapping, recombinant DNA, Agrobacterium-
mediated gene transfer of recombinant DNA, DNA and chromosome
microinjection, microprojectile bombardment, protoplast
fusion, selection for somaclonal variation, embryo rescue,
anther culture and micropropagation. Plants with disease
resistance, pest resistance, herbicide tolerance, drought
tolerance and increased yield have been produced using one or
a combination of these techniques. The application of several
of these techniques to the improvement of peach will be
discussed. Plant breeding in combination with biotechnology
provide a bright future for the improvement of crop plants.

INTRODUCTION

This is the "Age of Biotechnology". To some, this phrase
conjures up images of a Pandora’s box, while to others, it
conjures up images of "super plants" that will be a panacea
for all our agricultural problems. These images are misleading
and can lead to either overexpectations or fear of
biotechnology. The objective of this paper is to present a
more realistic picture of the types of research being
conducted by presenting some of my own research.

Most of my research falls under the heading of "Plant
tissue culture". Just as biotechnology is not one technology,
plant tissue culture is composed of many technologies, i.e.,
embryo rescue, anther culture, protoplast fusion, selection
for somaclonal variation, etc. These techniques enable us to
conduct research at the whole plant, organ, tissue, cell,
protoplast, chromosome or gene levels and can be used
effectively for the improvement, propagation or preservation
of plant species. What makes these techniques applicable to
crop improvement is "totipotency" or the ability of plant
cells, tissues and organs, under controlled conditions, to
undergo morphogenesis. The nature of the problem to be solved
and the amount of groundwork laid with respect to the
technology will determine whether conventional approaches
and/or biotechnological approaches should be utilized.
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Micropropagation

A major obstacle to grop productivity is the occurrence
of plant diseases. Over the years effective control measures
have been developed for many pathogenic fungi and nematodes,
but not for viruses which are present in virtually all food
crop species and cause serious yield losses. Viral diseases in
vegetatively propagated crops, i.e., fruit tree species,
warrant special attention because of the rapidity with which
these diseases spread by means of clonal propagation.
Virus-indexed budwood of temperate fruit tree species is often
in very short supply and the standard method of propagating
these species, bud-grafting, is not an effective method for
producing large numbers in a limited amount of time.
Micropropagation is an extremely effective technique for
propagating a wide range of plant species (Read and Hosier,
1986) and can also be used in conjunction with virus
elimination procedures (Kartha, 1986).

A micropropagation system for peach has been developed
(Hammerschlag, 1982; Hammerschlag et al., 1987) and numerous
cultivars can now be propagated effectively in vitro. Field
studies have demonstrated that tissue cultured, own-rooted
trees produce a marketable fruit crop at least one year
earlier than budded trees (Hammerschlag and Scorza, 1990).
This research demonstrates the feasibility of using tissue
culture techniques for propagation of peach trees and points
out that crop productivity can be influenced by changes in
methods of propagation.

Selection and Screening for Somaclonal Variants with Disease
Resistance

The germplasm base is quite narrow for most commercial
peach (Prunus persica (L.) Batsch) cultivars in the United
States (Scorza et al., 1985) and reports indicate a scarcity
of peach germplasm with resistance to bacterial leaf spot
caused by Xanthomonas campestris pv. pruni (Werner et al.,
1986) and bacterial canker caused by Pseudomonas syringae pv.
syringae (Petersen, 1975). One approach for generating
variation that has received a good deal of attention is to
obtain somaclonal variants generated by the tissue culture
cycle (Larkin and Scowcroft, 1981).

Selection at the cellular level for somaclonal variants
that are insensitive to toxic metabolites produced by plant
pathogens is an example of a tissue culture technique that has
been used successfully to cbtain disease resistant plants
(Daub, 1986; Hammerschlag, 1984a). Cell cultures are exposed
to the toxic metabolite produced by the plant pathogen and
plants are regenerated from the cell(s) that survive the
treatment. If the toxic metabolite is involved in disease
development, then cells surviving the metabolite treatments
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should produce plants that are resistant to the pathogen that
produced the metabolite.

Before applying the above approach to peach cells,
prerequisite studies were conducted to determine the
feasibility of using this approach. Our studies demonstrated
that 1) a toxic metabolite is produced by the pathogen that is
involved in disease development and is active at the cellular
level (Hammerschlag, 1984b): 2) peach plants can be
regenerated from callus derived from immature embryos
(Hammerschlag et al., 1985); and 3) peach plants can be
propagated in vitro (Hammerschlag, 1982; Hammerschlag et al.,
1987) .

Recurrent selection studies were initiated utilizing
embryo callus derived from the bacterial leaf spot-susceptible
peach cultivar Sunhigh and a toxic filtrate (TF) of X.
campestris pv. pruni (Hammerschlag, 1988). Two out of 400
calli survived treatments with progressively higher
concentrations of TF, and two plants were regenerated from
each of the two surviving calli. Each regenerant was
micropropagated and tested for whole plant resistance to X.
campestris pv._pruni. Results from bioassays on
greenhouse—-grown plants indicated that two out of the four
selected clones were significantly more resistant than
cultivar Sunhigh and one was significantly more resistant than
moderately resistant cultivar Redhaven. These plants are
currently being evaluated in the field for leaf spot
resistance and ultimately, fruit production, fruit quality,
and heritability of leaf spot resistance.

Screening unselected regenerants is another approach to
obtaining disease resistance (Daub, 1986; Hammerschlag,
1984a). This approach can be used when either 1) a selective
agent is not available, 2) a selective agent is not involved
in disease development, 3) a selective agent does not act at
the cellular level, or 4) organized tissue is required for the
expression of resistance. This approach is much simpler to
carry out than in vitro selection and may be chosen for this
reason alone. One major disadvantage is that only limited
numbers of regenerants can be screened at any one time.
However, previous studies have indicated that large numbers of
regenerants may not be needed in order to identify a desirable
mutant (Evans et al., 1984; Irvine, 1984; Lorz and Scowcroft,
1983; Zong-Xiu et al., 1983).

Unselected peach regenerants were screened for resistance
to X. campestris pv. pruni utilizing a modified detached-leaf
bicassay (Hammerschlag, 1990; Randhawa and Civerolo, 1985). Of
the 26 regenerants derived from two ‘Sunhigh’ embryos, nine
were more resistant than ‘Sunhigh’. Of the 19 regenerants
derived from three ‘Redhaven’ embryos, one was more resistant
than ‘Redhaven’. Phenotypic stability of bacterial spot
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resistance in regenerants was investigated to determine
whether aging or propagation influences the disease resistance
response (Hammerschlag, 1990). Our results indicate that spot
resistance was retained in some regenerants over time and
following propagation. These results together with the results
from in vitro screening provide evidence that these approaches
can provide much needed useful variation in peach.

Screening Regenerants for Nematode Resistance

Because organized tissue is required in order to detect
the expression of nematode resistance, screening either whole
plants or organ cultures has been used to obtain resistance to
nematodes (Lauritus et al., 1982; Palys and Meredith, 1984).
Recently, screening whole peach plants in vitro has been shown
to be an attractive alternative for identifying plants with
resistance to root-knot nematode (Meloidogyne incognita)
because the procedure facilitates early detection of nematode
resistance (Huettel and Hammerschlag, 1986). Studies are in
progress to use this procedure to screen peach regenerants and
own-rooted cultivars for root-knot resistance,

Agrobacterium-mediated Gene Transfer

Unravelling the nature of host-pathogen interaction in
the crown gall disease syndrome (Chilton et al., 1977) has led
to the use of the crown gall pathogen, Agrobacterium
tumefaciens, as a vector for introducing genes into plant
cells (Fraley et al., 1986). Transformation was once a fairly
complicated procedure, involving regenerating calli from
protoplasts transformed by co-cultivation with A. tumefaciens
(DeBlock et al. 1984; Horsch et al., 1984). Recently,
simpler methods have been devised utlllZlng organized tissues
rather than protoplasts (Fillati et al., 1987; Horsch et al.
1985; Pua et al., 1987).

Peach has been shown to be a host of Agrobacterium (Kerr,
1969), which is an important prerequisite for Agrobacterium-
mediated gene transfer. Transformation of peach cells derived
from mature plants was recently described by Smigocki et al.
(1989). This report demonstrated that peach cells from mature
plants can be transformed. Previous studies on transformation
of woody species have utilized explants from juvenile tissues
(Parsons et al., 1986; Sederoff et al., 1986; Fillati et al.,
1987; McGranahan et al., 1987). Juvenile tissues have been
used because it is often impossible to regenerate plants from
tissues derived from mature plants. Transformation of tissues
from mature plants would facilitate rapid improvement of
commercially important cultivars. The objective of the peach
transformation study was to induce morphogenesis of peach
cells from mature plants by transforming cells with the
"shooty" mutant strain of A. tumefaciens. This strain contains
a gene on the T-DNA region of the Ti plasmid that codes for
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an enzyme responsible for cytokinin synthesis (Barry et al.,
1984) and a mutation in the region coding for auxin synthesis
(Schroeder et al., 1984). Infection with this strain leads to
a shooty phenotype on tumors of tobacco (Ooms et al., 1981).
By using this strain, we hoped to alter the endogenous
cytokinin to auxin ratio to favor shoot regeneration (Skoog
and Miller, 1957). Although in the above study, we were only
able to obtain transformed cells, studies are in progress
utilizing other strains of A. tumefaciens that may induce
shoot organogenesis from cells derived from mature plants.
More recently, we have obtained transgenic peach plants by
co-cultivating immature embryos with the "shooty" mutant and
then culturing the embryos on hormone-free medium (Smigocki
and Hammerschlag, 1990). In future studies, we will
concentrate on transferring genes for disease resistance.
Genes of interest for peach improvement include the gene for
the bacteriocidal peptide cecropin (Jaynes et al., 1987) and
the gene for the coat protein of Prunus necrotic ringspot
virus. The recovery of transgenic plants with tolerance to
lepidopteran larvae (Fischoff et al., 1987) or that are
protected from virus infection (Cuoczzo et al., 1988; Tumer et
al., 1987) suggests that Agrobacterium-mediated gene transfer
can be instrumental in obtaining resistance to pests and
pathogens.

CONCLUSION

In conclusion, the above studies demonstrate how tissue
culture and Agrobacterium-mediated gene transfer techniques
can be used for peach improvement. These studies are
representative of other studies that have been or are
currently being conducted with other plant species. These
approaches will not replace conventional techniques but rather
serve as a useful adjunct to the conventional approaches.

REFERENCES

Barry, G., Rogers, S., Fraley, R., and Brand, L. 1984.
Identification of a cloned cytokinin biosynthetic gene.
Proc. Natl. Acad. Sci. USA 81:4776-4780.

Chilton, M.D., Drummond, M.H., Merlo, D.J., Sciaky, D.,
Montoya, A.L., Gordon, M.P., and Nester, E.W. 1977. Stable
incorporation of plasmid DNA into higher plant cells: The
molecular basis of crown gall tumorigenesis. Cell
11:263-271.

Cuozzo, M., O’Connell, K.M., Kaniewski, W., Fang, R.X., Chua,
H. and Tumer, N.E. 1988. Viral protection in transgenic
tobacco plants expressing the cucumber masaic virus coat
protein or its antisense RNA. Bio/Tech. 6:549-557.

35



Daub, M.E. 1986. Tissue culture and the selection of
resistance to pathogens. Ann. Rev. Phytopathol. 24:159-186.

DeBlock, M., Herrera-Estrella, L., Van Montagu, M., Schell,
J., and Zambryski, P. 1984. Expression of foreign genes in
regenerated plants and their progeny. EMBO J. 3:1681-1684.

Evans, D.A., Sharp, W.R., and Medina-Filho, H.P. 1984.
Somaclonal and gametocleonal variation. Amer. J. Bot.
71:759~-774.

Fillati, J.J., Sellmer, J., McCown, B., Haissig, B., and
Comai, L. 1987. Agrobacterium-mediated transformation and
regeneration of Populus. Mol. Gen. Genet. 206:192-199,

Fischhoff, D.A., Bowdish, K.S., Perlak, F.J., Marrone,
P.G., McCormick, S.M., Niedermeyer, J.G., Dean, D.A.,
Kusano-Kretzmer, K., Mayer, E.J., Rochester, D.E., Rogers,
S.G., and Fraley, R.T. 1987. Insect tolerant transgenic
tomato plants. Bio/Tech. 5:807-813.

Fraley, R., Rogers, S., and Horsch, R. 1986. Genetic
transformation in higher plants. CRC Crit. Rev. Plant Sci.
4:1-45.

Hammerschlag, F.A. 1982. Factors affecting establishment and
growth of peach shoot tips in vitro. HortScience 17:85-86.

Hammerschlag, F.A. 1984a. In vitro approaches to disease
resistance. In: Collins, G.B., and Petolino, J.G. (eds.),
Applications of Genetic Engineering to Crop Improvement.
Martinus Nijhoff/Dr. W. Junk, Dordrecht, pp. 453-490.

Hammerschlag, F.A. 1984b. Optical evidence for an effect
of culture filtrates of Xanthomonas campestris pv. pruni on
peach mesophyll membranes. Plant Sci. Lett. 34:294-304.

Hammerschlag, F.A. 1988. Selection of peach cells for
insensitivity to culture filtrates of Xanthomonas
campestris pv. pruni and regeneration of resistant plants.
Theor. Appl. Genet. 76:865-869.

Hammerschlag, F.A. 1990. Resistant responses of plants
regenerated from peach callus cultures to Xanthomonas
campestris pv. pruni. J. Amer. Soc. Hort. Sci. (in press).

Hammerschlag, F.A., and Scorza, R. 1990. Performance of
tissue-culture propagated peaches under field conditions.
Proc. Int. Cong. Plant Tiss. Cell Cult. 7:177.

Hammerschlag, F.A., Bauchan, G., and Scorza, R. 1985,

Regeneration of peach plants from callus derived from
immature embryos. Theor. Appl. Genet. 70:248-251.

36



Hammerschlag, F.A., Bauchan, G.R., and Scorza, R. 1987.
Factors influencing in vitro multiplication and rooting of
peach cultivars. Plant Cell Tissue Organ Culture 8:235-242.

Horsch, R.B., Fraley, R.T., Rogers, S.G., Sanders, P.R.,
Lloyd, S., and Hoffmann, N. 1984. Inheritance of
functional genes in plants. Science 223:496-498.

Horsch, R.B., Fry, J.E., Hoffmann, N.L., Eichholtz, D.,
Rogers, S.G. and Fraley, R.T. 1985. A simple and general
method for transferring genes into plants. Science
227:1229-1231.

Huettel, R.N., and Hammerschlag, F.A. 1986. Influence of
cytokinin on in vitro screening of peaches for resistance
to nematodes. Plant Dis. 70:1141-1143.

Irvine, J.E., 1984. The frequency of marker changes in
sugarcane plants regenerated from callus culture. Plant
Cell Tissue Organ Culture 3:201-209.

Jaynes, J.M., Xanthopoulos, K.G., Destefano-Beltran, L., and
Dobbs, J.B. 1987. Increasing bacterial disease resistance
in plants using antibacterial genes from insects. BioEssays
6:263-270.

Kartha, K.K. 1986. Production and indexing of disease-free
plants. In: Withers, L.A., and Alderson, P.G. (eds.), Plant
Tissue Culture and Its Agricultural Applications.
Butterworths, London, pp. 219-238.

Kerr, A. 1969. Crown gall of stone fruits. I. Isolation of
Agrobacterium tumefaciens and related species. Aust. J.
Biol. Sci. 22:111-116.

Larkin, P.J., and Scowcroft, W.R. 1981. Somaclonal
variation - a novel source of variability from cell
cultures for plant improvement. Theor. Appl. Genet.
60:197-214.

Lauritis, J.A., Rebois, R.V., and Graney, L.S. 1982. Screening
soybean for resistance to Heterodera glycines Ichinohe
using monoxenic cultures. J. Nematol. 14:593-594.

Lorz, H., and Scowcroft, W.R. 1983. Variability among plants
and their progeny regenerated from protoplasts of Su/su
heterozygotes of Nicotiana tabacum. Theor. Appl. Genet.
66:67-75.

McGranahan, G., Leslie, C., Uratsu, S., Martin, L., and
Dandekar, A.M. 1987. Agrobacterium-mediated transformation
of walnut somatic embryos and regeneration of transgenic
plants. Bio/Tech. 6:800-804.

37



Ooms, G., Hooykaas, P.J., Moolenaar, G., and Schilperoot, R.A.
1981. Crown gall plant tumors of abnormal morphology,
induced by Agrobacterium tumefaciens carrying mutated
octopine Ti plasmids; analysis of T-DNA functions. Gene
14:33-50.

Palys, J.M., and Meredith, D.P. 1984. Dual cultures of grape
Vitis spp.) and the lesion nematode Pratylenchus vulnus for
studies of nematode tolerance. Plant Dis. 68:1058-1060.

Parsons, T.J., Sinkar, V.P., Settler, R.F., Nester, E.W., and
Gordon, M.P. 1986. Transformation of poplar by
Agrobacterium tumefaciens. Bio/Tech. 4:533-536.

Petersen, D.H. 1975. Bacterial canker of peach. In: Childers,
N.F. (ed.). The Peach. Horticultural Pub., New Brunswick,
pPp. 358-359.

Pua, E.C., Mehra-Palta, A., Nagy, F., and Chua, M.C. 1987.
Transgenic plants of Brassica papus L. Bio/Tech. 5:815/817.

Randhawa, P.S., and Civerolo, E.L. 1985. A detached leaf
bioassay for Xanthomonas campestris pv. pruni.
Phytopathology 75:1060-1063.

Read, P.E., and Hosier, M.A. 1986. Tissue culture propagation
of ornamental crops: An overview. In: Zimmerman, R.H.,
Griesbach, R.J., Hammerschlag, F.A., and Lawson, R.H.

(eds.), Tissue Culture as a Plant Production System for
Horticultural Crops. Martinus Nijhoff, Dordrecht, pp.
283-292.

Schroeder, G., Waffenschnidt, S., Weiler, E., and Schroeder,
J. 1984. The T-region of Ti plasmids codes for an enzyme
synthesizing indole-3-acetic acid. Eur. J. Biochem.
138:387-391.

Scorza, R., Mehlenbacher, S.A., and Lightner, G.W. 1985.
Inbreeding and coancestry of freestone peach cultivars of
the Eastern United States and implications for peach
germplasm improvement. J. Amer. Soc. Hort. Sci.
110:547-552.

Sederoff, R., Stomp, A., Chilton, W.S., and Moore, L.W.
1986. Gene transfer into loblolly pine by Agrobacterium
tumefaciens. Bio/Tech. 4:647-649.

Skoog, F., and Miller, C.0. 1957. Chemical regulation of

growth and organ formation in plant tissues cultured in
vitro. Sym. Soc. Exp. Biol. 11:118-130.

38



Smigocki, A.C., and Hammerschlag, F.A. 1990. Transformation of
peach embryo cells and regeneration of transgenic plants.
Proc. Int. Cong. Plant Tiss. Cell Cult. 7:77.

Smigocki, A.C., Owens, L.D., and Hammerschlag, F.A. 1989.
Agrobacterium-mediated transformation of peach cells
derived from mature plants that were propagated in vitro.
J. Amer. Soc. Hort. Sci. 114:508-510.

Tumer, N.E., O’Connell, K.M., Nelson, R.S., Sanders, P.R.,
Beachy, R.N., Fraley, R.T., and Shah, D.M. 1987. Expression
of alfalfa mosaic virus coat protein gene confers
cross-protection in transgenic tobacco and tomato plants.
EMBO J. 5:1181-1188.

Werner, D.J., Ritchie, D.F., Cain, D.W., and Zehr, E.I. 1986.
Susceptibilitv of peaches, nectarines, plant introductions,
and other Prunus species to bacterial spot. HortScience
21:127-130.

Zong-xiu, S., Sheng-zhang, Z., Kang-le, S., Xiu-fang, Q., and

Ya-ping, F. 1983. Somaclonal genetics of rice, Oryza
sativa L. Theor. Appl. Genet. 67:67-73.

39





