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ABSTRACT By the application of basic genetic knowl-
edge, the artificlal regeneration of woody plants is a very
imporiant component in the reforestation programmes in
receni years, Large gaps of knowledge still exisi regarding
the arrangement and functions of plast chromosomal DN A
In this review, priority has been of fered 1o the need and use
of plant genetic material in the mapagement of natural for-
ests deploying the Enowledge of gene expression and their
successful manipulation. The basic principles, scope of ap-
plication, prospects and probable shonocomings in the wee
of nuchkeic acid hybridisation, protoplast fusion asd gene
transfer by recombinant DNA techoology have besn lo-
cussed.

GENE MANIPULATION AND FOREST
MANAGEMENT

In many wropical zones, reforestation of dry
of moist degraded lands is the most important
management objective. If there i1s going tobe a
reforestation programme, why not plant the
best rees possible 7 The same is true when an
artifical regeneration is an imporant compo-
nent of the management of natural forests. A
proven method of increasing forest productivi-
ty is the careful application of basic genetic
knowledge. When properly established and car-
ried out, such genetic activities are standard
forest management practice for increasing pro-
ductivity of timber, fiber and fuel.

Terrestrial ecology is directly concerned
with forestation and plantation programmes
which require extensive research in tree im-
provement. The knowledge regarding the un-
derstanding of nuclear metabolism and plant
genetics is growing rapidly in recent years, The
armangement of DN A sequence in chromosomes
in various plant species has been revealed. An
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inzight conceming the number and molecular
arrangement of plant genes is understandable
from the general manner in which the genetic
material is arranged in plant chromosomes. In
plant species as a whole, large gaps of knowl-
edge still exist concerming the arrangement of
plant chromosomal DNA. To understand the
functional meaning of the pattern of sequence
organisation, we must have information con-
cermning which DNA sequences are transcribed
in plant nuclei and the extent of differential
tramscription in plant development. Breaking
the riddle of cellular and molecoar basis of con-
trolling functions in wrees will be a breakthrough
in forest genetics. The mosi likely technologies
which will wd the understanding of tree genome
and its functions are gene manipulation, gene
transfer and recombinant DN A technology, and
the most desirable application is the insertion of
markers in treg species, as this would help the
forest geneticist in regulating tree breeding pro-
grammes over a shor rotation period.

THE NEED AND USE OF PLANT
GENETIC MATERIAL

Understanding the expression of genes and
their successful manipulation is one of the fron-
tier areaof research in recent science. The func-
tiomal chord of DNA (deoxyrnboncleic acid) is
termed 45 gene, and the quality and quantity (C-
value) of the DNA of haploid chromosome
complement is termed as genome. The quality
of the IXNA is charactenised by the number and
frequency of the nucléotide bases. The quanti-
ty of DN A is very important in many aspects of
cell function such as 1ts direct correlation with
the period of mitotic (Jones and Brown, 1976)
and meiotic (Bennett, 1971) cell division, Pe-
rennial species have higher nuclear DNA con-
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tent than annuals and it has been hypothesized
that in plants minimum generalion tme is cor-
related with nuclear IDNA content (Benneit,
1972)

Eukaryotic genome differs from the
prokaryvotic one by its larger size, more imfor-
mabon content as well as non-coding repetitive
DMA and association of DNA with acidic and
basic proteins. As revealed by renaluration ki-
netics, eukaryotic DN A is composed of single
and repetitive sequences, The active penes are
present in the single copy fraction of DNA
where many non-coding sequences may re-
main inserted. Generally the reiterated fraction
containg intermediately repetitive seguences,
highly repetitive sequences, and inverted re-
peats or palindromes. The intermediately repet-
itive sequences comprise varying degrees of re-
iteration such as gene regulatory function cod-
ing forr RNA, IRNA and a few m RNAs. Upto
an excess of 10F copies of simple or highly
repilitive Sequences may occur per genome
which play a structural role in chromosomes.
When centrifuged in a CsCl gradient, the repet-
itive DMNA fraction exhibits one or more satel-
lite bands from nuclear DNA main band.

Genetic engineering is the isolation of use-
ful genes from a donor organism or tissue and
their incorporation into an organism that does
not normally possess them, Purified nucleic
acid samples can be used w study o number of
umportant questions about ree genomes. This
chapler describes some modem technigues and
instances on reannealing, hybridisation and
recombinant manipulation or engineering of
nucleic acid organisation that are applicable to
forest genetics research. Recombination stud-
ies can be gimed at different aspects of tree
improvement and hybrdisation studies can be
aimed at elucidating genetic relatedness of tree
species at molecular level.

Population studies and genetic field tests are
practiced foronly arelatively few of the impor-
tant tropical tree species (Zobel and Talbert,
1954}, In spite of this lack of actual field ex-
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perience in tree improvement, the basic genetic
principles still apply {Namkoong et al., 19805,
The list of tropical species undergoing genetic
improvement will increase as more countries de-
cide to grow their native species.

GENE MANIPULATION: PROCEDURES
AND FINDINGS

NUCLEIC ACID HYBRIINSATION

Hyhbridization of nucleic acids is potentially
valuable in the determination of relationship
between organisms and in the estimation of the
percentage of a genome that produces a partic-
ular RNA, The method consists of uniting
strands of DMNA and RNA and guantifying the
degree (o which the nucleic acid strands reasso-
ciate or are complementary. Two complemen-
tary strands should from a double helix and the
degree to which the strands do not reassociale
should indicate the degree to which the two
strands differ in base pair composition and ge-
netic relatedness, In this way, it is possible o
determing the amount of difference in the genet-
ic message coded by two different species or the
percentage of DNA that is comlementary (o a
particular RNA_ Using this technique, promis-
ing results in molecular hybridisation of DNA
have been found among Ficea glauca, P. sitch-
ensis and P, abies. Greater complementarity of
the nucleotide bases was demonstrated between
P. glawca and P. sitchensis (Miksche and Hot-
ta. 1977).

DVA - RNA Hybridisation

The formation of duplex DNA-ENA hybrid
molecules is accomplished by exposure of dena-
tured DNA to a RNA solution under annealing
conditions. The DNA may be immaobilised on a
filter (Gallespie and Spigelman, 1965); inan agar
column (Bolton and MoCarthy, 1962); or frec in
solution (Marmur et al., 1968). The conditions
that facilitate annealing are high cation concen-
tration (0L.01M Na*), elevated temperatures, ap-
proximately 25° C below the thermal profile or
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Tm of DNA w weaken intrastand sccondary
structure, and sufficient concentrations and -
cubation times o permit collisions for hybrid-
isations o eccur. Filter formed hybrids (Gille-
spie and Spigelman, 1965 ) are assayed by radio-
activity scintillation methods. In caze of agar
column, the amount of RNA bound o the col-
umn is measured (Bolton and MceCarthy, 1962).
Hybrids formed in free solution can be assayed
by CsCL density gradients (Hall and Spigel-
man, 1971), MAK chromatography (Hayashi et
al., 1965 and filtration on mirocellulose filters
{MNygard and Hall, 1963). Hotta and Miksche
(1974 ) utilised CsCI density grodient method 1o
ascertain that for several conifer species the 28
Sand 18 S RNA genes are located next o each
other on a relatively short DNA strand.

DNA - DNA Hybridisation

The mitrocellulose Glter technigue may be
used here also, but method must be used that
facilitate the removal of added DNA which has
not annegled with the initially bound DN A, The
single stranded DNA is removed with a buffer
of low ionic streng th and a ligh pH after hybrid-
isation is complete (Warnaar and Cohen, 1966),

The amount of labeled DNA that bas an-
nealed to the DNA on the filter is determined by
liguid scintillation counting. Hybridisation is
guantified as the percentage of membrane-
bound DNA that has become assocuated with
labeled DNAL

FPROTOFPLAST FUSION AND GENE
MANIPULATION

The genetic manipulation using protoplasts
as a ol has proved very promising in tree sci-
ence (Kirby, 1982). As the protoplasts are toti-
potent and are able to regenerate entire plant,
this should enable studies on gene transfer and
uptake of foreign genes through plasmids. In
trees, protoplasts are oblained from young parts
and callus cultures, Since now, regeneration of
complete plant has been obtained in citrus (Var-
di etal., 1975).

Somatic hybridisation through protoplast
fusion opens up avenues for synthesizing char-
aclensics, Somatic hybndisation isan alterna-
tive o sex in order o combine the entire pe-
nomes from incompatible parents, and resull in
hybrids which are otherwise impossible w ob-
tain (Fig. 1)

Cyioplasmic hybrids or cybrids possess nu-
clear penes from only one parent and cyvtoplasm
froom both, Male sierility is thus transferred by
chloroplast DNA (Cp DNAJ and mitochondri-
al DNA (mit DNA), The protoplast fusion at in-
terspecific and imergeneric level offers nmech-
anism [or genetic exchange between species
that is not possible using other transformation
technigues (Cocking etal.. 1981). The transfer
of disense resistance and herbicide resistance by
protoplast fusion have been reported in tobac-
co(Evansetal,, 19817 and potato (Gressel et al,
1984), respectively. As haploids possess only
one set of alleles, it is possible for ecessive
characters to be exhibited and mutants con be
easily detected in haploid protoplasts (Bajaj,
1983).

The potentiality of protoplast fusion echnol-
ogy in the synthesis of novel germplasm, there-
fore, seems o be highly promizmng in tree um-
provement,

GENE TRANSFER IN PLANTS

Besides the conventional methods of gene
transfer by hybridisation experiments (Steb-
hinsg, 19501, transgenic plants have been pro-
duced in a number of plant species by employ-
ing Agrobacterinm mediated or direct gene
transfer. Dominant selectable markers like kan-
amycin resistance, herbicide tolerance and in-
secticidal pencs have been cloned in bactena
and transferred and expressed in plants, Unex-
pected penctic variability may be associaed
with foreign gene ransfer in plants.

Ax gene (rimsfer has been described mainly
in herbaceous plants than in woody plants, it
seems convenient o discuss general principles
of gene transfer by drawing references from
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GEME MANIPULATION - ITS IMPACT ON TREE IMPROVEMENT 215

work on herbaceous plants,
Direct Gene Transfer

Genes can be transferred directly into totipo-
tent protoplasts by a vector or delivery system
possessing protection against cellular endonu-
cleases, Plasmid DMA has been fused with bac-
terial spheroplast and then transferred to Micon-
ania protoplasts (Hain et al ., 1934). Liposomes,
the artifically made lipid vesicles, have also
been uzed for targeting [DNA in plant proto-
plasts (Caboche and Deshayes, 1984,
Ohgawara etal., 1983).

Besides the development of stable transgenic
Nicoriana plant, direct gene tranfer has also
described in Loliwm mulriflorum (Potrykus et
al., 1985), Triticum monococcum (Loorzstat.,
1985) and (ryza sativa (Uchimiya, 1986).

Direct gene transfer has also been tried by
microinjection of DMNA into protoplasts. Ran-
dom portions of plasmid DMNA have been found
to be integrated into tobacco protoplasis follow-
ing microinjection (Crossway, 1986). In tree
species, the protoplasts are generally recalci-
trant where chance of integration and expres-
sion of foreign DNA is very less; therefore, the
method of direct DNA microinjection might
possess limited efficiency in tree improvement.

Microcell or Chromosome Mediated Gene
Transfer

A portion of nuclear genome is transfermed
from a donor to a recipient cell line. A gene
present in the donor genome is selected as a
marker and some other as beneficial genes,
Mitotic division is arrested in the donor cell ling
o produce metaphase chromosome Or mirconu-
clei. These amrested cells are lysed and the se-
lected gene bearing particular chromosomes or
micronucled are isolated. The purified chromo-
somes or micronuclei are then mixed and fused
chemically with the recipient cell line. Afterin-
cubating, the fused cells are plated and the fu-
sion products containing the marker gene are
identified by subsequent growth, and the colo-
nies are culored and are observed for stability

of the donor characters (Fig. 2). Griesbach
{1987) transferred genes from Petunia alpico-
la into Petunia hybrida by injecting isolated
chromosomes into protoplasts. Hervas et al.
(1985} and Schlarbaum { 1987) have been soc-
cessful o induce micronuclei in Allium and
Pinus strobus, respectively, Saxenaetal (1987)
have well described the recent and modified
procedures for isolation of microcells.

Gene Transfer by Recombinant DNA Tech-
nology

Agrobacterium- mediated plasmid vector
system:

Plasmids in Agrobacterium ;

Ti plasmid is carried by Agrobacrerium
tumefaciens which induces tumor formation in
different plant species. The Ri plasmid is car-
ried by A. rhizogenes and causes hairy root dis-
ease in plants. The Ti plasmid of A. rumefaciens
has been largely exploited for gene transfer in
plants. The T-DNA of Ti plasmid is transferred
to the genome of plant cell and capses wmor
formation. After integration o the genome, the
T-DMA is stably maintained in the lineage of
transformed cells (Chilon, 1977, Lemmers,
1980).

For the initiation and maintenance of tumor-
igenic state, the Ti plasmid contains several
genes (Schell, 1984; Schilperoort, 1986), espe-
cially genes involved in the biosynthesis of phy-
tohormones, auxins and cylokinins. The genes
igaM and jaalf encode for ryplophan mono -
ygenase and indole-acetamide hydrolase (Th-
omashow et al., 1984) enzymes and are in-
volved in indole-acetic acid synthesis. The ipt
gene encodes isopenteny] transferase (Akiy-
oshi, 1984) which is involved in cytokinin (iso-
pentenyl adenosine) synthesis.

For the maintenance of tumorn genic state, the
T-13NA controlled biosynthetic machinery pro-
duces high levels of phytohormones in the trans-
formed cells (Braun, 1958). In addition to the
phytohormone genes or oac genes, T-DINA also
contains genes coding for opines (nopaline,
octopine and agropine) which are utilised by
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hacteria for their growth. The opines are ami-
no-acid derivatives which con not be ensily uti-
lised by plants,

The presence of virulence region (vir) is an-
other part of Ti plasmid, activation of which by
some specific phenolic compounds like aceto-
syringone is required for the transferof T-DNA
from Ti plasmid to the plant cell genome
(Swchel et al., 1985),

The borders of T-DNA containing 25 base
pair imperfect repeats (Schell, 1984; Nester et
al., 19&0) are very important in gene ransfer,
All genes originally present in T-I0MA can be

‘removed and any genetic sequence may be in-
serted between the borders of T-DNA and this
engineered gene sequence can be successfully
integrated in the plant genomes following trans-
formation with Agrobacterinm (Schell, 1984;
Schilperoort, 1986), By employing disarmed Ti
plasmid, gene transfer and recovery of normal
plants have been demonstrated in a number of
plant species (Hain, 1985; Horsch, 1984, 1985;
Lloyd, 1986; Ooms et al., 1987) (Fig. 3).

transfer

Vector Systems for Gene Transfer

Two types of vector systems have been em-
ployed for gene transfer mediated by Agrobac-
reriwm viz. the cointegrating vectors and the
himary vectors.

The essential prerequisite in the cointegral-
ing vector system is a homologous region be-
tween the vector plasmid carrying the select-
able marker gene and the Ti plasmid; this ho-
mology allows the integration of the vector into
the Ti plasmid. By employing recombinant
DMA echnology, two types of comntegrating
vectors have been constructed.

1. The phytohormone genes have been re-
placed in the Agrobacrerinm Ti plasmid
pUiV3IES0 (Zymbryski, 1983) by vector plasmid
pBR322 sequences, Here the cointegrating vec-
tor is placed between the T-DNA borders along-
with the nopaline synthase gene from the Ti
plasmid (Hemrera and Strella, 1985).

2. Another construction of o cointegrating
vector has mvolved the removal of the right
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border and phytohormone genes from the T-
DNA. A vector with the right border, a select-
ahle marker, and the region of homaology is then
cointegrated into the disarmed Ti plasmid con-
taining the left border (Fraley, 1985). The new
cointegrating vector has both T-DNA borders
and is functional s a gene-transfer vectorin the
acceptor plant cell.

The selectable marker genes in A, fumefio-
ciens Ti plasmid are 1. the phytohormone genes,
the ransformed cells can grow on hommone-free
miedia in vitro, wherens untransformed cells re-
guire phytohormone for their growth.

2. the opine genes; the presence of genes can
he detected in the transformed cells,

As this umorigenic selectable penes are
undesirable traits, their is a pressing need for
the search for other non-virulent selectable
markers which should perform the following
qualities:

1. showld allow o clear distinetion between
the ransformed and untransformed cells;

2. growth vs growth inhibition in vitre,

3, presence or absence of an enzyme or a
cheinical.

Some of the available selection systems
employ chemical compounds like antibiotics,
which exclusively inhibit the growth of untrans-
formed cells or gradually kill them,

In contrast to the cointegrating vector sys-
tem, binary vector systems have no region of
genetic homology between the Ti plasmad and
the vector plasmid. The binary vectors contain
a region for the origin of replication from a
broad host-range plasmid (Klee et al., 1985),
The frequency of introducing vector plasmid
into Agrobacterium for consiruction of binary
vector is higher as compared to the cointegrot-
ing vector, Here the vector plasmid is not de-
pendent on a specific Ti plasmid for a binary
vector construct, and therefore, these vectors
carrying specific genes may be introduced in
any Agrobacrerinm sirain containing a dis-
armed or an wmorigenic Ti or Ri plasmid.
Therefore a wide range of binary vector inay be
constructed for plant species where transforma-
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tion is limited by the host range of the Agrobac-
terium strain,

But in contrast to the stability of the coinle-
grating vector system, the binary vectors are
unstable and may be lost from Agrobacterium
since the vector plasmids do not cointegrate;
rather survival of the hinary vector system de-
pends on the mutual coexistence of the two
types of plasmids in Agrobacrerium (Ahuja,
1988).

Transformation in Trees and Genetics of
Transgenic Plants

Generally in woody plants it is difficult o
transform following infection with A. tumefi-
ciens; this may be due to genotypes of ree spe-
cies or the host range of an A. fumefaciens
strain, Amongst 112 forest trees tested, 65 spe-
cies developed wmors of varying sizes and in-
cidence following inoculation with A. tumefu-
ciens (De Cleens and De Ley, 1976; Ahuja,
1967, especially in Pinws feads, Pinus sylves-
triz, Picea abies, Picea nordmanniana,
FPsendotsuga mengiesii, Betula verrucosa and
B. mandsehurica, Populus tremula and P. trrem-
wla x P, tremuloides.

It was found earlier that T-DNA carrying the
tumorigenic genes is excluded during meiosis
(Braun and Wood, 1976). Later investigations
with the deletions of those genes have revealed
that T-DNA may be stably transmitted through
both male and female gametes and thus can
cross the meiosis barmier (Ouen, 1981). The se-
lectable marker kanamycin resistance gene is
dominantly inherited in the sexual crosses of
Nicotiana tabacusm, N. plumbaginifolia, Pelu-
nia, Lycopersioon esculanium. However, it has
been noticed that genetics of the ransformants
is more complicated than was anticipated, No-
paling expression has been found in 12 of 25
plants in s0il and 17 of 25 in callus coltures
(Horsch, 1985).

In . rabacum transgenic plants have been
produced to carry the highly toxic insecticidal
gene b2 originally coined from Bacilluy thn-
rigiensis (Vaeck, 1987). A total of 85 ransgenic
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tobacco genes transformed by four types of
chimeric M2 genes expressed various levels of
active insect toxin when tested on the lepi-
dopteran larvae of Manducta sexia. The toxin
levels of the F1 progeny varied between 20 to
S0 ngimg of otal protein, as compared to 30 ng!
mg in the two parental transgenic plants,

GENE TRANSFER IN WOODY PLANTS:
FROBLEMS AND PROSPECTS

A number of approaches have been em-
ployed for the transfer of foreign genes into
different plant species, Besides the very effec-
tive hybridisation experiment in plants, most of
the gene transporiation designs in the sophisti-
cated area have been innovated by récombinant
DM A technology. Genes with promaoter region
for recognition of transcriptional signal and
with terminator region can now be isolated,
sequenced, cloned, put in transporting vectors
and transferred from one plant to another at
will. A number of transgenic planis have been
produced in Nicotiana species. The herbicide
tolerance gene Arg g has been transferred and
expressed in transgenic Popualus plants (Fillat-
1i, 1987). In future, like in agriculture réseéarch
today, there remains the possibility of transfer
of nitrogenase gene system (Mazur et al.,
1980%; Ruvkun and Auswbal, 1980) (responsi-
ble for nitrogen fixation) from prokaryoles w
trees,

There are many lmitations, of course. Most
of the economically important traits such as
growth, vigour, yield, beight and biomass are
the quantitative traits that are controlled by
polygenicinheritance. These complex sysiems
have been poorly understood at the molecular
level upto the recent research scenario. We
would be limited to single or few gene transfer

at the present time, since genetic engingering
technology offers better prospects for a single
or a block of closely linked gene transfer,

We should continue (o search for new vari-
ants by gene technology methods in the forest
tree species. But how far it is really necessary

to introduce foreign gene in the ree species?
The guestion finds its reality in the fact that we
have not 50 Far effectively wtilised the enormaous
existing variabili, o o forest trees. In addition,
forest trees have long generation cycles with an
extended vegetative phase ranging from ten 1o
humdred years or more. The wansferred foreign
genes may not be immediately expressed or
may remain ingotive fora long ume; again they
may cause genetic changes by imposing posi-
tion effect. This detection is critical if the mile-
stone for the gene expression takes a long time
in the vegetative phase or dunng the Mowering
phase, L e. after matrity. Therefore, there re-
main genuine hesitations and concems in the
application of genetic engineering o forest
trees,
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