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Genetic Transformation and “Graft-Hybridization”
in Flowering Plants

K.K. Pandey

Genetics Unit, Grasslands Division, D.S.I.R., Palmerston North (New Zealand)

Summary. Recent pollination experiments with highly irradiated (100,000 r) pollen in Nicotiana have shown
that radiation-'""pulverized'" pollen chromatin can cause genetic transformation of the egg. A new model is
proposed here for integration of chromatin fragments into host chromosomes. It is also proposed that heter-
ochromatin may be involved in the process of gene transfer, and in the phenomena of meiotic drive asso-

ciated with gene transfer.

It is suggested that this discovery throws new light on the phenomenon of "graft-hybridization'. In spite
of many reports to the contrary, "graft-hybrids' have so far been explained only on the basis of their being
chimaeras. A mechanism is suggested here by which they may result from genetic transformation.

Introduction

Recent pollination experiments with ¥icotiana have shown
that specific genes from pollen, which hadbeen exposed
to a high dose of radiation (100,000r), couldbetrans-
ferred to the egg nucleus without actual gametic fusion
(Pandey 1975). The highly irradiated pollen is still able
to germinate and complete pollen tube growth but can-
not effect normal fertilization. It was suggested that
the radiation-'‘pulverised' pollen chromatin is dis-
charged into the egg, and this acts as ''pseudo-fertili-
zation''. The block to cell division in the egg is lifted
as usual and the chromosomes are replicated, but the
presence of disorganized pollen chromatin prevents a
normal mitotic division. This results in a diploid egg
with the "induced" physiology of a zygote. Presum-
ably, atleastin certain cells, the free chromatinfrag-
ments are rapidly degraded or lost, and their disorga-
nizing effects soon overcome to permit subsequent di-
visions to occur normally. The resulting embryo is a

parthenogenetic diploid.

1. Model of gene transfer

It was further suggested that the fragments of pollen
chromatin may occasionally associate with their ho-
mologues in the egg chromatin, and this may lead to
substitution or addition during replication. However,
in the previous model explaining these results (Pan-
dey 1975), no details were given regarding the possi-
ble molecular events leading to addition and substitu-
tion states. Fig.1 provides a more precise model of

gene transfer in which a single molecular mechanism

accounts for both addition and substitution. Additionis
the primary event, and the substituted stateis second-
arily derived by loss of a displaced strand of the ori-
ginal DNA.

One of the intriguing characteristics revealed inthe
testcrossed progeny of the transformed seedlings of
Nieotiana occurred in triallelic plants. Here the pollen
gene, in addition to the maternal gene, was believed
to have been incorporated into the chromosome. How-
ever, it was the original maternal allele, and not the
additional pollen allele, which tended to be lost. The
present model (Fig.1) explains why it should be so.

2. Proposed role of heterochromatin

Another intriguing property revealed by the testcros-
sed progeny concerned a general selection in favour
of gametes containing the transferred gene. It issug-
gested here that a gene transier is usually associated
with a ""heterochromatization effect' in the genomes
which carry it. Firstly, the structural genes which
are transferred may themselves be associated with
heterochromatic regions, thus implying that there is
a selection of genes which may be transferred. Second-
ly, chromatin fragmentation may possibly produce a
heterochromatization effect at the breakpoinis, as
pointed out by Brink (1964). There are reported ef-
fects of heterochromatin on chromosome movement
in maize and other plants (Rhoades and Dempsey1966;
Grant 1975). Genomes carrying a transfer (or asig-
nificant number of transfers) may therefore show ac-

celerated movement on the spindle at meiosis, which
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irradiation breakage
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Fig.1. Suggested series of events leading to gene transfer (Dotted lines indicate the orig-
inal pollen-derived chromatin fragment). (a) Double-stranded DNA fragment with single-
stranded tails generated by irradiation (or other form of pulverization). (b) Fragment
makes initial chance, or directed, contact with homologous segment undergoing replica-
tion, and is held in register by pairing of single-stranded tail. (c) Fragment inserts into
nick associated with replication, displacing original DNA strand. When a new DNA chain
is assembled behind the replication fork the foreign fragment is incorporated in situ in
its double-stranded form. (d) If the original displaced DNA segment is lost, the cell will

have a biallelic substitution state.

(e) If the original displaced segment remains attached

as an "'exosome' the transformed cell will show a triallelic addition state. An addition

may ultimately give tissue producing three types of gametes - normal, substitution and
addition. A substitution chromatid is derived from the addition chromatid by replication
(of the right-hand strand containing no addition), or by loss of the "exosome"

may lead to precocious maturity of the resulting nu-
clei. This may lead in turn to competition within the
common cytoplasm of the spore mother cell and in-
viability of the two later maturing spores which do not
carry the transferred gene. If this were to occur in
both male and female sex organs the progeny wouldbe
homozygous for the transferred gene, as is found re-
gularly in DNA induced transformations in Arabidopsis
(Ledoux, Huart and Jacobs 1971, 1974) and Petunia
(Hess 1969, 1973), but only occasionally in the case
of Nicotiana transformations.

In the Nicotiana transformations the suggested mei-

otic drive in favour of the substituted gene, the usual

loss of the original gene rather than the new gene in a
plant with an addition, and the possibility that thereis
a selection for heterozygosity at the replication level
in the egg, would all seem to be peculiarly advanta-

geous characteristics in plant improvement.

3. "Graft-hybrids'

There is a striking similarity between genetic trans-
formation in Mcotiana and certain cases of ''graft-hy-
bridization' reported by Soviet and Eastern bloc ge-
neticists and horticulturists. These workers persis-

tently claimed that heritable characters couldbetrans-
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mitted by grafting. To take one example, in 1955, the
Belgrade scientist, Glavinic, claimed to have herita-
bly transmitted three single gene Mendelian charac-
ters in tomato (cut leaf rather than potato leaf, yellow
fruit rather than red and short fruit rather than long)
from the variety 'Kartofelisni' used as stock to the
variety 'Golden Trophy' used as scion. Scions were
grafted as young seedlings at the cotyledonary stage.
Significantly, it was the first generation seedlings,
produced from selfed fruits of the scion, and not the
scion itself, that produced various combinations of
stock and scion characters. When one plant of each
combination was selfed, there was a general tenden-
cy to breed true, although considerable segregation
also occurred. These results rule out chimaerism,
the only explanation so far considered, as being the
basis of graft-hybrids (Baur 1919; Jorgensen and
Crane 1927; Darlington and Mather 1949; Cramer
1954). The following working hypothesis is proposed

to account for graft-hybridization phenomena:

When tissues are cut for grafting some cells may
be weakened or have parts of their walls removed.
This may occasionally lead to fusion of stock and scion
protoplasts at the graft interface. If such a fusion in-
volves a stock cell at the S phase and a scion cell at
the M phase, then by analogy to the phenomenon of
premature chromatin condensation in fused animal
cells (Boyd and Harris 1973; Mazia 1974), thechro-
matin of the stock cell may be pulverised. Such frag-
ments may remain in the cell in which they were for-
med or move into neighbouring cells through cyto-
plasmic connections. They may also move through
the vascular tissue of the scion to nearby meriste-
matic tissue. If fragments of stock chromatin are ge-
nerated in, or taken up by, a dividing cell of the scion
they may be integrated into the scion chromosomes in
the same way as has been proposed here for gene
transfer in Nicotiana. If integration occurs in a bud
meristem, the size of the meristem, the position of
the transformed cell, and the behaviour of its des-
cendents in subsequent cell cycles, together with the
developmental phase at which the expression of the
particular gene occurs, will determine the extent to
which the transformed character is expressed in the
scion and transmitted to its progeny. The experimen-
tal system used by Glavinic would appear to have made
effective use of transforming fragments since the scion

was a seedling with an extremely simple tissue sys-

tem, comprising only the hypocotyl, cotyledons and,
most significantly, only a single small apical bud.
Nevertheless, the possibility of sufficient pulverised
chromatin thus being available would normally be ex-
tremely rare, hence the great difficulty of repeatabi~

lity of results.

If transformation occurs at the graft interface un-
der conditions which favour callus or bud formation at
the graft union (e.g. mature scion on mature stock),
then the expression of the transformed character in
adventitious shoots will depend, as above, among oth-
er factors, on the fate of the original cell and its des-
cendents and on the developmental phase at which the
expression of the transformed gene(s) occurs. In
certain cases '"chimaeral" shoots may develop from
the graft union. Some of the unusual characteristics
of graft-hybrids and graft-chimaeras reported in the

past may be better understood in this context.

If 2 "heterochromatization effect'' accompanies
transformation in the graft system, as suggested here
to account for preferential recovery of gametes car-
rying gene transfers in Nicotiana, a change in cell cy-
cle dynamics might favour a transformed cell in com-

petition with neighbouring normal meristematic cells.

The above hypothesis suggests certain refinements
which might enable the breeder to use graft-hybridi-~
zation as a standard technique in plant improvement
programs. For example, somatic cell hybridization
methodology (Gamborg et al. 1974), may be applica-
ble "in vivo"in the graft system. The following refi-
nements might be tested: -

(1) Enhancement of numbers of cell divisions in
the immediate vicinity of the graft by choice of graft
site or chemical pretreatments of stock and scion.

(2) Treatment of cut surfaces with cellulases tore-
move cell end walls from intact protoplasts.

(3) Treatment of cut surfaces with polyethylene gly-
col (or other agent) to stimulate protoplast fusions.

(4) Use of conditions, e.g. mature scion on ma-
ture stock, which favour growth of buds directly from
the graft union or growth of wound callus around the

graft site.

In the field of plant improvement, techniques of gene
transfer from irradiated pollen, and graft "transfor-
mation' may provide simpler alternatives to tn vitro
transformation, mutagenesis, somatic cell hybridiza-

tion and regeneration in tissue culture. These two sim-
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ple techniques not only may reduce the time needed to
produce a new variety, but also, by breaking down
linkage relationships, may allow selective transfer of
desirable genes alone from relatively distantly related
species.

Extract from the Guest Lecture (Transformation,
Politics and Plant Improvement) given at the Annual
Conference of European Association of Atomic Energy
in Agriculture on the 10th September, 1975, in Cadar-
ache, France. Since then the author's attention has
been drawn to a recent paper '"Hereditary changes in
Capsicum annuum L. 1. Induced by ordinary grafting'' by

Y. Ohta and P.V. Chuong (Euphytica 24, 355-368, 1975).

To the author 's knowledge, this is the first report on
"graft-hybrids' by scientists from non~Eastern bloc
countries.The results reported are extraordinarily par-
allel to those obtained by Glavinic through grafting in
tomato and by the present author through egg trans~
formation in ¥icotiana, and furnishes further proof,

if one was needed, of the genuineness of the phenome-
non of "graft-hybrids'', thus strengthening the possi-
bility discussed here that genetic transformation may
be involved.
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