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Summary

Plant defense mechanisms that have activity against a
specified pest contribute to resistance of trees to that
pest, provided that the defense mechanism is expressed at
adequate levels in the appropriate tissues. Additionally,
the stability and (or) physiological efficiency of the
resistance may be increased by expressing the defense
mechanism only when the tree is threatened by pest
attack or challenge. In studies aimed at understanding and
improving pest resistance of trees, 2 Populus hybrids,
Populus alba L. X P. grandidentata Micux. and P. X
euramericana (Dopg) GuiNniEr, were transformed with

1) Presented at the Workshop of the IUFRO Working Party
52.04-07 — Somatic Cell Genetics — on “Trends in the Bio-
technology of Woody Plants”, in Dehra Dun, India, 25 to 29
November, 1991.
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chimeric plant defense gene constructs based on the po-
tato proteinase inhibitor II (pin2) gene. An Agrobacterium
binary vector system was used to transform these hybrids
with one of the following chimeric genes: 1) a wound-
inducible pin2 promoter linked to a chloramphenicol
acetyltransferase (CAT) reporter gene; 2) a bacterial
nopaline synthase (nos) promoter linked to a PIN2 struc-
tural gene; or 3) a cauliflower mosaic virus 35s promoter
linked to a PIN2 structural gene. All of the transgenic
poplars also were transformed with a selectable marker
gene consisting of a nos promoter linked to a neomycin
phosphotransferase II (NPT II) structural gene which
confers kanamycin resistance.

Tissue-specific expression of the nos-NPT II gene
construct is being evaluated with enzyme-linked im-
munosorbent assays (ELISAs). Transgenic poplar lines
from separate transformation events demonstrate variable

Silvae Genetica 42, 2—3 (1993)



levels of nos-NPT II expression. Expression of nos-NPT II
was detected in leaves, petioles, stems, and roots of one
transgenic poplar (Trl5). Thus, the nos promoter has the
potential to regulate chimeric defense genes in poplar when
constitutive, whole-plant expression is warranted.

Assays of the CAT reporter gene were hampered by a
component of wounded poplar leaf extracts that inhibits
CAT enzyme activity. Nevertheless, inducible expression
of the pin2-CAT gene construct was demonstrated by
northern hybridization, indicating that pin2 has the po-
tential to promote expression of introduced defense genes
in response to pest attack or challenge. An established
field test of transgenic poplars containing pin2-CAT has
completed its third season, and is being evaluated for
transgene expression and effects of gene insertion on
growth.

Efforts to confirm transgene expression in poplars
transformed with nos-PIN2 or 35s-PIN2 currently are
underway. Transgenic poplars expressing PIN2 will be
evaluated for resistance to insects (imported willow leaf
beetle, Plagiodera wversicolora LaicHArTING, and cotton-
wood leaf beetle, Chrysomela scripta F.) and fungal patho-
gens (Septoria musiva Peck. and Melampsora medusae
THUM.).

Key words: Populus, Agrobacterium, proteinase inhibitor, pest
resistance, genetic engineering, neomycin phospho-
transferase.

Introduction

Molecular biological studies of defense gene systems
and their regulation in woody plants offer a unique
opportunity to augment programs aimed at improving tree
growth and survival (Ernst and KLoPrENSTEIN, 1990).
Damage caused by diseases and insects frequently is the
limiting factor in tree growth and survival, especially
when stress acts as a predisposing or interacting agent.
Improvement of pest resistance in trees by conventional
breeding and selection is a long-term process that
frequently requires decades and has difficulty keeping
pace with constantly changing pest problems. Intensive
management of tree pest problems with pesticides typi-
cally is not economically feasible or environmentally
sound. Molecular studies aimed at understanding the
genetic mechanisms of host resistance can facilitate the
development of pest-resistant trees in 2 ways: 1) the
characterization of plant defense genes and regulatory
systems can generate information that allows development
of molecular probes to assist in the rapid selection of
resistance traits, and 2) woody plant defense systems
potentially can be bolstered by genetic transformation
with identified pest resistance genes and regulatory
sequences. These molecular techniques also allow the
comparison or transfer of gene sequences across species
boundaries.

The genus Populus is well-suited to serve as a model
system for molecular genetic studies of woody plants.
Species and hybrids of Populus are grown and valued
worldwide for wood products, fiber, energy, and en-
vironmental protection. Populus spp. demonstrate develop-
mental plasticity in their response to tissue culture mani-
pulations, such as micropropagation of axillary shoots,
and regeneration from protoplasts, calli, leaf, stem, or root
segmehnts (CuHun et al, 1986, 1988a, 1988b; Son and Hali,
1990). In addition, Populus spp. are amenable to trans-
formation by Agrobacterium-based systems (CHuN et al.,
1988a, 1988b; FiLLaTTI et al,, 1987; KLoPFENSTEIN et al., 1991;
Parsons et al., 1986; Pyraoup et al., 1987). The relatively

small genome (c = 0.7 pg) of Populus spp. also greatly
facilitates screening at the molecular level (DuiLLow et al.,
1984; Parsons et al., 1989).

The effectiveness of a plant defense gene depends on its
ability to be expressed in a controlled spatial and temporal
manner with activity against the appropriate pest. Regu-
latory processes of defense genes must be understood
before pest resistance of woody plants can be improved
by identifying, characterizing, or transferring plant
defense-related gene sequences. The initial conditions
that foster defense gene expression, as well as conditions
that suppress such expression, must be determined before
these processes are understood. The relationship of tissue
type and developmental stage to defense gene expression
must also be determined. In addition, specific information
is needed on the action of defense gene products against
pests.

Genes encoding proteinase inhibitors in solanaceous
plants are being studied because of their putative role in
pest resistance. The expression of these inhibitor genes in
foliage was found to be induced by mechanical wounding.
One such gene from potato, proteinase inhibitor II (pin2),
has been well characterized (Ryan and AN, 1988; THORN-
BURG et al.,, 1987a). When the flanking 5° regulatory
sequences of the pin2 gene were fused to a chloramphenicol
acetyltransferase (CAT) reporter gene and transferred to
tobacco or hybrid poplar, the chimeric gene was not
expressed in unwounded foliage but was expressed in
foliage following mechanical wounding. Therefore, a
potato pin2-regulated gene was expressed in a wound-
inducible manner in another herbaceous genus, Nicotiana,
and a woody genus, Populus (KLOPFENSTEIN et al., 1991;
THORNBURG et al., 1987b, 1990).

Work with potato and tobacco also has demonstrated
that pin2 is induced systemically by wounding (THORNBURG
et al, 1987b). Further work has indicated that a trans-
missible factor, termed proteinase inhibitor inducing
factor (PIIF), is formed in wounded leaves of solanaceous
plants and transported to nonwounded leaves, thus allowing
systemic induction of proteinase inhibitor genes (GreeN
and Ryan, 1972; Ryan, 1974). Recently, a polypeptide-sig-
naling molecule that initiates signal transduction to re-
gulate plant defense genes has been characterized from
tomato (Pearce et al., 1991). Whether a woody plant such
as hybrid poplar possesses the appropriate inducing factors
to allow the systemic induction of the pin2 promoter has
not been determined.

Additional work by others with potato and tobacco
has demonstrated that pin2 also is activated by fungal
cell wall components and by plant cell wall components
that are liberated by cell wall degrading enzymes (Ryan,
1988). A similar wound-inducible gene (wunl) isolated
from potato has been shown to be induced following in-
fection by the phytopathogen Phytophthora infestans
(LogeMANN et al., 1989). Thus, a potential role of the pin2
promoter in regulating disease-resistance genes is demon-
strated; however, a role of pin2 in disease resistance is
yet to be established for woody plants.

When considering putative plant defense genes for trans-
fer to woody plants, concerns include target pests and
predicted stability of the imparted resistance trait. The
pin2 gene encodes an inhibitor of the protein degrading
enzymes, trypsin and chymeotrypsin. These digestive en-
zymes are the major endopeptidases of phylogenetically
diverse animals (including herbivorous insects) and micro-
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organisms (including plant pathogens) (Broapway and
Durrey, 1986; MosorLav et al., 1976). Inhibitors of these
proteinases are thought to provide foliage with antinutrient
properties that prevent organisms from obtaining adequate
nourishment from the plant tissues (Broabpway et al., 1986).
In theory, this process should retard development and
reproduction of insects and pathogens without causing
direct mortality. A strong selection pressure that can
cause a rapid buildup of insect and pathogen resistance
to a defense mechanism is thereby avoided (Gourp, 1988;
RAFFA, 1989; THORNBURG, 1990).

We are using genetic transformation of Populus spp. in
our efforts to understand and improve woody plant
defense systems. Studies of promoter activity will deter-
mine environmental, spatial, and temporal regulation of
introduced gene constructs. These transgene expression
studies will provide a basis for developing and selecting
efficient regulation systems for defense genes in poplar.
In addition, poplars transformed with chimeric genes con-
taining the PIN2 structural region will be used to charac-
terize the role of proteinase inhibitors in pest resistance.
Parallel studies of pest biology will evaluate the rela-
tionship between a pest’s ability to cause damage to
poplars and its production of proteinases.

Research Progress
Transformation of Populus

An Agrobacterium binary vector system was used to
transform leaf discs from Hansen and Cranpon clones of
Populus alba X P. grandidentata hybrids, and the Ocy
clone of a P. X euramericana hybrid. Agrobacterium
tumefaciens strains A281 containing the supervirulent
pTiBo542 helper plasmid, or EHA101 containing a disarmed
helper plasmid were used as vectoring agents for the
Populus transformation. Within the ‘transfer DNA, all
binary vector plasmids contained a bacterial nopaline
synthase (nos) promoter linked to the neomycin phospho-
transferase II (NPT II) structural gene to provide a select-
able marker (resistance to kanamycin). In addition, binary
transfer DNA contained one of the following constructs
based on the proteinase inhibitor II gene: 1) a wound-
inducible pin2 promoter linked to a CAT reporter gene;
2) a nos promoter linked to a PIN2 structural gene; or
3) a cauliflower mosaic virus 35s promoter linked to a
PINZ2 structural gene.

Transgenic poplar shoots were regenerated from Ileaf
discs on selective media containing 40 mg/L. kanamycin.
Putatively transformed shoots were subjected to a second-
ary screen for rooting ability on rooting media containing
20 mg/L kanamycin. Regenerated plantlets that had pass-
ed both kanamycin screens were established for green-
house growth. Initial confirmation of transformation was
achieved using an assay for NPT II enzyme activity
following nondenaturing polyacrylamide-gel electropho-
resis. Southern hybridization confirmed the presence of
the transfer DNA in the poplar genome (KLOPFENSTEIN et al.,
1991).

Expression of nos-NPT II in Populus

NPT II expression was initially determined by nondena-
turing polyacrylamide-gel electrophoresis and assays of
NPT II enzyme activity (KLoPFENSTEIN et al., 1991; REiss
et al.,, 1984). Such assays were effective, but were tedious,
frequently difficult to reproduce, and involved relatively
high levels of radioisotopes.
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Subsequent efforts to monitor NPT II expression have

‘used enzyme-linked immunosorbent assays (ELISA’s) to

detect tissue specific expression in three different lines of
greenhouse-grown, transgenic HaNseN. Leaves of three
different physiological ages based on the Leaf Plastochron
Index (LarsonN and Isesranps, 1971) (LPI’s of -1 to 3, 9 to
13, and 19 to 23), petioles (at LPI 9 to 13), stem tips (at
LPI -1 to 3), outer stems (outside of phloem at LPI 9 to 13),
inner stems (inside of phloem at LPI 9 to 13), and roots
were assayed for NPT II expression. Expression of nos-
NPT II was variable among tissues and among plant lines
arising from separate transformation events; however, in
transgenic Hansen poplar Trl5, nos-NPT II expression
was detected in all tissues tested. Thus, the nos promoter
is of potential use for expressing chimeric defense genes
in poplar when a general expression is warranted.

Inducible Expression of pin2-CAT in Populus

The pin2-CAT gene fusion was transferred to hybrid
Populus to produce a woody plant system that contains
an introduced gene under the control of an inducible pro-
moter (KrorrensTEIN et al., 1991). Inducible expression of
pin2-CAT was confirmed in transgenic poplar, Tr15, by
northern hybridization; however, traditional assays of
CAT expression were ineffective because components in
the wounded poplar leaf extract inhibited CAT enzyme
activity.

The inducible expression of the pin2-CAT gene in poplar
demonstrates that the pin2 promoter is able to function
in a woody plant family, Salicaceae, that is quite distinct
from the herbaceous family of its origin, Solanaceae. The
wound inducibility of pin2 in poplar demonstrates the
potential for efficiently regulating resistance genes in
woody plants to augment existing defense systems. Future
work will be directed toward characterizing pathogen elici-
tation of pin2 promoter activity. In addition, systemic in-
duction of the pin2 promoter will be evaluated to allow
comparison with native wound-inducible genes of Populus
spp. (BrabpsHaw et al.,, 1989; Davis et al., 1991; Parsons et
al., 1989).

Field Studies of Transgenic Populus

Multiple propagants of untransformed HANseN controls
and transgenic Hansen Trl5, a transformant with the
nos-NPT II and pin2-CAT constructs (KLopPrENSTEIN et al.,
1991), were outplanted to a field site near Ames, Iowa on
July 28, 1989 in accordance with USDA/APHIS Biotechno-
logy Permit Unit guidelines (Permit number 89-109-03) to
study environmental and developmental effects on gene
regulation and extended (multi-year) growth of these
transgenic trees (McNass et al., 1991). Height and diameter
growth have been monitored at the end of each growing
season. There have been no consistent differences in
height growth between the transgenic and control plants.
At the end of the third growing season, height averaged
517 cm and 519 cm respectively. Diameter growth of the
transgenics has been consistently less than the con-
trols, but the difference is not statistically significant.
In general, it does not appear that this genetic trans-
formation has had much impact on early growth.

Expression of nos-PIN2 and 35s-PIN2 in Populus

To evaluate possible effects of PIN2 on pest resistance of
woody plants, hybrid poplars were transformed with gene
constructs containing the PIN2 structural gene under
the control of two different promoter regions, cauli-
flower mosaic virus 35s or nos. At present, several



putatively transformed plantlets of hybrid poplar have
passed initial screens indicating that a linked selectable
marker gene, NPT II, has been transferred and is func-
tioning (KrorrensTEIN et al., 1989; McNass et al., 1990).
Before pest resistance studies are validated, however,
translation of the transferred pin2 gene must be confirmed
with western analysis or ELISA.

Pest Resistance Studies

Preliminary studies at Iowa State University have de-
monstrated that two poplar insect pests, cottonwood leaf
beetle (Chrysomela scripta F.), and imported willow leaf
beetle (Plagiodera versicolora LaicHarTING) both produce
proteinases that are inhibited by the PIN2 gene product
(R. W. THornsurRG and K. K. ALrLeNn, unpublished data).
Laboratory/growth chamber, single-leaf feeding techniques
have been developed for these insects, allowing tests of
resistance imparted by introduced PIN2 genes in transgenic
poplar. Feeding studies are being conducted with P.
versicolora on transgenic and control Hansen to evaluate
effects on larval development time, pupal weight, and
leaf area consumed. Preliminary evidence indicates dif-
ferences among transgenic and control Hansen; however,
correlations with levels of PIN2 gene expression are still
being verified.

The Septoria leaf-spot and stem-canker pathogen (LuLey
and ‘McNass, 1989, 1991; LuLey et al.,, 1987; Nivo et al,
1986) has been tested to determine if this disease-causing
organism produces proteinases and whether the pro-
teinases are inhibited by purified proteinase inhibitor II
protein (SiLick et al., 1989). Proteinase production was
demonstrated for 2 different pathogen isolates. In addi-
tion, highly purified proteinase inhibitor II protein
inhibited proteinase activity of the Septoria pathogen
under the assay conditions. Studies are underway to
determine the effect of the PIN2 gene system on pathogen
infection and development.

Application of Results

Information generated by the study of the pin2 promoter
and structural gene in poplar can be applied toward the
evaluation and design of defense gene constructs for
transfer into woody species to study and improve pest
resistance. The added understanding of PIN2 gene func-
tion in poplar can provide a basis for the characterization of
additional defense genes in woody plants, as well as
elucidate potential regulatory mechanisms involved in
controlling the expression of such defense genes. The
identification and characterization of suitable plant
defense gene systems will provide information that can
be integrated into conventional breeding programs to
produce more pest-resistant trees.

Acknowledgements

This research was sponsored in part by funds from subcon-
tract #19X-43391C with Oak Ridge National Laboratory under
Martin Marietta Energy Systems, Inc. contract DE-AC05-840R21400
with the US DOE to R. B. H., the USDA (87-CRCR-1-2418) to
R. W. T., the Agricultural Biotechnology Council of Iowa State
University, Mcintire-Stennis Forestry Research Program, and
the Iowa State University Foundation Project 008R, Tree Research
Institute to H. S. M.

Literature Cited

. Brapsuaw, H. D., Jr., Hotrick, J. B., Parsons, T. J., CLarkg, H. R.
G. and Gorpoon, M. P.: Systemically wound-responsive genes in

poplar trees encode proteins similar to sweet potato sporamins
and legume Kunitz trypsin inhibitors. Plant Molecular Biology
14: 51—59 (1989). —— Broapway, R. M. and Durrey, S. S.: Plant
proteinase inhibitors: Mechanism of action and effect on the
growth and digestive physiology of larval Heliothis zea and
Spodoptera exiqua. Journal of Insect Physiology 32: 827—833 (1986).
—— Broabpway, R. M., Durry, S. S., Pearce, G. and Rvan, C. A.:
Plant proteinase inhibitors: A defense against herbivorous insects?
Entomol. Exp. Appl. 41: 33—38 (1986). —— CHun, Y. W., Hau, R. B.
and Steesens, L. C.: Influence of medium consistency and shoot
density on in vitro shoot proliferation of Populus alba X P.
grandidentata. Plant Cell, Tissue and Organ Culture 5: 179—185
(1986). —— CHun, Y. W., KrorrensTEIN, N. B., McNass, H. S., Jr.
and Hair, R. B.: Biotechnical applications in Populus species.
Journal of the Korean Forestry Society 77: 467—483 (1988a). ——
CuuN, Y. W., KrorrensTEIN, N. B.,, McNass, H. S., Jr. and HaLr, R.
B.: Transformation of Populus species by an Agrobacterium
binary vector system. Journal of the Korean Forestry Society 77:
199—207 (1988b). —— Davis, J. M., Goroon, M. P. and Smit, B. A.:
Assimilate movement dictates remote sites of wound-induced
gene expression in poplar leaves. Proceedings of the National
Academy of Science USA 88: 2393—2396 (1991). —— DmuiLLoN, S. S.,
MikscHE, J. P. and CecicH, R. A.: DNA changes in senescing leaves
of Populus deltoides. Plant Physiology (Suppl.) 75: 120 (1984). —
Ernst, S. E. and KuiorrensTein, N. B.: Improvement of woody
plant germplasm using a combination of conventional and
molecular research techniques. pp. 36—40. In: Trees are the
Answer: 42nd Annual Meeting, Forestry Committee, GPAC.
June 18 to 21, 1990. Colorado Springs, CO. Great Plains Agricul-
tural Council Publication 132 (1990). —— Fiirarri, J. J., SELLMER, J.,
McCowN, B., Haissic, B. and Cowmal, L.: Agrobacterium mediated
transformation and regeneration of Populus. Molecular and
General Genetics 206: 192—199 (1987). —— GouLp, F.: Evolutionary
biology and genetically engineered crops. BioScience 38: 26—33
(1988). —— Green, T. and Rvan, C. A.: Wound-induced proteinase
inhibitor in plant leaves: a possible defense mechanism against
insects. Science 175: 776—777 (1972). —— KrorrensTEIN, N. B., McNass,
H. S., Jr., THOrRNBURG, R. W., HaL, R. B.,, HarT, E. R., Cuun, Y.
W., KernNaN, A. and Sui;, N.-Q.: Transformation of Populus —
from system development to field plantings. (Abstr.). International
Union of Forestry Research Organizations Workshop on Somatic
Cell Genetics, 15 to "T& October 1989, Placerville, CA. (1989). —
KrorrensTEIN, N. B., Sui, N.-Q., Kernan, A., McNass, H. S., Jr.,
Hair, R. B., Hart, E. R. and THorNsURG, R. W.: Transgenic
Populus hybrid expresses a wound-inducible potato Proteinase
Inhibitor II-CAT gene fusion. Canadian Journal of Forest Research
21: 1321—1328 (1991). —— LaRrsoN, P. R. and Isesranps, J. G.: The
plastochron index as applied to developmental studies of cotton-
wood. Canadian Journal of Forest Research 1: 1—I11 (1971), =
LoGeMANN, J., LierpuarpT, S., Lorz, H., Hauser, I., WiLmitTzer, L.
and Scuei, J.: 5 Upstream sequences from the wunl gene are
responsible for gene activation by wounding in transgenic
plants. The Plant Cell 1: 151—158 (1989). —— Lutey, C. J. and
McNass, H. S., Jr.: Ascospore production, release, germination,
and infection of Populus by Mycosphaerella populorum. Phyto-
pathology 79: 1013—1018 (1989). —— Lurey, C. J. and McNass, H. S.;
Jr.: Estimation of seasonal ascospore production of Mycosphaerella
populorum. Canadian Journal of Forest Research 21: 1349—1353
(1991). —— Lutey, C. J., Trrrany, L. H. and McNass, H. S.., Jr.: In
vitro production of Mycosphaerella populorum ascomata. My-
cologia 79: 654—658 (1987). —— McNass, H. S., Jr., KLOPFEN-
sTeIN, N. B., HannNa, R. D., Hau, R. B., Hart, E. R.,, HEUCHELIN,
S. A. and TuornsurG, R, W.: A field trial of transgenic hybrid
poplar trees: Establishment and growth through a second
season. pp. 155—159. In: MacKenzie, D. R, and S. C. Henry
(eds): Biological Monitoring of Genetically Engineered Plants
and Microbes. Proceedings of the International Symposium
on the Biosafety Results of Field Tests of Genetically Modified
Plants and Microorganisms. Kiawah Island, SC, USA. 27 to 30
November 1990. USDA/CSRS/ARS and Clemson University,
Bethesda, MD and Clemson, SC (1991). —— McNass, H, S., Jr.,
KuorrensTEIN, N. B., HeucuriIN, S. A., Hart, E. R., Hau,, R. B,,
ArLen, K, K. and THornsurg, R. W.: The integration of genetic
engineering into Iowa State University’s woody-biomass research
program. pp. 66—77. In: SteeNAckiRs, V. and T. Smers (eds).: Pro-
ceedings of the International Energy Agency’s meeting of Task 5
Activity Groups on Exchange of Genetic Material, Joint Trials of
Alnus, Populus, and Salix and Pest/Disease Management. Ghent,
Belgium, 11—15 September 1990. Ministerie van de Vlaamse
Gemeenschap, Aminal, Instituut voor Bosbouw en Wildbeheer,
Geraardsbergen, Belgium (1990). —— Mosorov, V. V., LogcINova,
M. D., Fecurkina, N. V. and Benxen, I.: The biological significance

89



of proteinase inhibitors of plants. Plant Science Letters 7: 77—80
(1976). —— Ni1vo, K. A., McNass, H. S., Jr and Tirrany, L. H.:
Ultrastructure of the ascocarps, asci and ascospores of My-
cosphaerella populorum. Mycologia 78: 202—212 (1986). —— PaARrsoNs,
T. J., SiNkar, V. J., Sterreer, R. F., Nester, E. W. and Gorpon,
M. P. Transformation of poplar by Agrobacterium tumefaciens.
Bio/Technology 4: 533—536 (1986). —— Parsons, T. J., Brapsuaw, H.
D., Jr. and GorpooN, M. P.: Systemic accumulation of specific
mRNAs in response to wounding in poplar trees. Proceedings of
the National Academy of Science USA 86: 7895—7899 (1989). ——
Pearce, G., StrypoM, D., Jonnson, S. and Rvan, C. A.: A poly-
peptide from tomato leaves induces wound-inducible proteinase
inhibitor proteins. Science (USA) 253: 895898 (1991). — PyTHOUD,
F., SINkar, V., Nester, E. W. and Goroon, M. P.: Increased
virulence of Agrobacterium rhizogenes conferred by the wvir
region of pTiBo542: Application to genetic engineering of poplar.

Bio/Technology 5: 1323—1327 (1987). —— Rarra, K. F.: Genetic
engineering of trees to enhance resistance to insects. Bio/Science
39: 524—534 (1989). — Reiss, B., SerenGgeL, R., WiLL, H. and ScHALLER,

H.: A new sensitive method for qualitative and quantitative assay
of neomycin phosphotransferase in crude cell extracts. Gene 30:
211—218 (1984). — Rvan, C. A.: Assay and biochemical properties
of the proteinase inhibitor-inducing factor, a wound hormone.

Plant Physiology 54: 328—332 (1974). — Rvan; C. A.: Oligosaccharide
signalling for proteinase inhibitor genes in plant leaves. Recent
Advances in Phytochemistry 22: 163—180 (1988). —— Ryan, C. A.
and AN, G.: Molecular biology of wound-inducible proteinase
inhibitors in plants. Plant, Cell and Environment 11: 345—349
(1988). ~—— Smrick, J. M., McNabb, H. S., Jr. and THORNBURG, R.
W.: Extracellular proteinases of Septoria musiva. Abstract. Phyto-
pathology 79: 1005 (1989). —— Son, S. H. and HaiL, R. B.: Multiple
shoot regeneration from root organ cultures of Populus alba X P.
grandidentata. Plant Cell, Tissue and Organ Culture 20: 53—57
(1990). —— THorNBURG, R. W.: New approaches to pest resistance in

trees. AgBiotech News Information 2: 845—849 (1990). —— THORN-
BURG, R. W., AN, G., CLeviLanD, T. E., Jounson, R. and Ryan, C. A.:
Wound-inducible expression of a potato inhibitor II — chlor-

amphenicol acetyltransferase gene fusion in transgenic tobacco
plants. Proceedings of the National Academy of Science USA
84: 744—748 (1978b). —— THORNBURG, R. W., AN, G., CLeviranp, T.
E. and Rvan, C. A: Characterization and expression of a wound-
inducible Proteinase Inhibitor II gene from potato. Basic Life
Sciences 41: 121—129 (1987a). —— THORNBURG, R. W., KEernAN, A. and
Morin, L.: CAT protein is expressed in transgenic tobacco in
field test following attack by insects. Plant Physiology 92: 500—
505 (1990).

Somatic Embryo Induction and Germination in Quercus suber L.")

By J. A. ManzaNEra?2), R. AsTorca and M. A. Bueno®)

INIA, Depto. Sistemas Forestales, Apdo. 8111,
E-28080 Madrid, Spain

(Received March 1992)

Abstract

Embryogenic callus was formed on the hypocotyl of
immature zygotic embryos under the influence of 24-
dichlorophenoxyacetic acid (2,4-D) in liquid as well as in
agar medium. Germination was induced by chilling but
not by desiccation treatments. Epicotyl dormancy was
overcome by placing the embryos with elongated radicles
on medium with 6-benzyl-adenine (BA). Normally devel-
oped plantlets were transferred to soil, and acclimated in
a greenhouse.

Key words: cork oak, germination, plant regeneration, Quercus
suber, somatic embryogenesis, tissue culture.

Introduction

Cork oak (Quercus suber L.) is a forest species present
in many countries of the Mediterranean basin, where it
is exploited for cork production. Cork oak is mainly
propagated by seed. However, seedling production from
acorns is sometimes not advisable because of the high
heterozygosity due to wind pollination. Therefore, the
preservation of some characteristics can only be obtained
by vegetative propagation. Nevertheless, conventional
techniques, such as grafting or cutting, have proven
particularly difficult for oaks, and this has encouraged us
to look for alternative propagation methods.
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Micropropagation of juvenile and adult material was
reported previously (Parpos, 1981; MaNzaNERA and PARDOs,
1990). However, a higher amount of explants can be
produced by somatic embryogenesis.

Somatic embryogenesis has been little studied in this
species (EL MaaTtaour and Espacnac, 1987), and plant
regeneration has not been achieved until now.

Material and Methods
Plant material

Samples were collected every two weeks during the
period of fruit development, from June 25 until Septem-
ber 19, 1990. Pollination took place in May. Eight trees
were selected for their good cork and fruit production in
“La Herguijuela” (Céaceres, Spain). Fifty open pollinated
acorns were taken per tree, per collection date. In June,
only a few immature embryos were visible. In July,
embryos were at the heartshaped phase. In August, the
cotyledons grew and filled the ovule cavity. In September,
the embryos were mature. Acorns were sterilized for 20
min with 2% NaOCl plus a few drops of Tween 20, fol-
lowed by three rinses in sterile destilled water for 10 min
each. Complete embryos were extracted from the ovule
and cultured.

Culture medium

The basal culture medium comprised macronutrients of
SomMER et al. (1975) and micronutrients of MurasHiGE and
Skooc (1962), with the following additions: ascorbic acid
(11.3 M), nicotinic acid (8.1 xM), glutamine (3.4 mM),
calcium pantothenate (4.2 M), pyridoxine - HCl (4.9 uM)
and thiamine - HC1 (3 xM). Sucrose (87.6 mM) was used
as carbon source. The following growth regulators were
used: 6-benzyl-adenine (BA) and 2,4-dichlorophenoxyacetic
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