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Summary. Injection of exogenous barley donor DNA into
grains of barley recipient plants at the milk maturity stage,
with a specially designed syringe, led to the appearance of
transformed plants. The transformation (in rare cases) was
caused by the unsheared DNA since the DNA passing
through the syringe needle remained relatively stable
(10° to 107 daltons) as was confirmed by DNA sedimen-
tation analysis.

14 plants grown from seeds injected with highly poly-
meric DNA containing close to 30 per cent protein had
transformed pollen grains. In the 2nd generation only 2
plants from the 8 studied preserved these changes. In the
progeny of these two plants, i.e., in the 3rd seed genera-
tion after injection, 82.1 per cent of plants preserved the
transformed characters. The next, 4th generation, pre-
served a transformed phenotype in 89.6 per cent of plants.

It was also shown that reversion to a recipient-like
state was not always constant. We found the reversion of
transformed properties (i.e., normal starch and two-rowed
spikes) in 40 per cent of the 4th generation descendants
of one of the plants which had lost the phenotypical ex-
pression of these properties in the 3rd generation but had
them in the 2nd generation.

The study of the morphological properties of trans-
formed plants showed that with respect to phenotypic ex-
pression some characters were changed towards the donor
type, some remained as in the recipients and some were of
the intermediate type.

Key words: Genetic transformation — Reversion — Barley
— Unfractionated DNA — Pedigree analysis

Introduction

Attempts to induce genetic transformation in higher plants
have been undertaken in recent years. Such investigations

with exogenous DNA have been performed both at the
level of whole plants and of isolated protoplasts. After ex-
ogenous DNA is added to germinating seeds a correction
of different mutations can be observed. Thus, the treat-
ment of the seeds of a white-flowering pure mutant line of
Petunia hybrida unable to synthesize anthocyanin with
the DNA isolated from a red-flowering true-breeding pure
line of the same species resulted in a genetically stable cor-
rection of anthocyanin synthesis (Hess 1969). Correction
of nutritional mutants of Arabidopsis thaliana (deficient
in the synthesis of the pyrimidine moiety of thyamine
and thiazole) was achieved in experiments with Arabidop-
sis seeds treated with bacterial but not bacteriophage
DNA (Ledoux et al. 1974). Similar effects were obtained
with seeds of Capsicum annuum (Nawa et al. 1975) and
with seeds and shoot tips of Pisum (Holl et al. 1974),
however, the details of these two groups of experiments
were not described.

Of some interest was an observation of a simultaneous
transformation of more than one character in changed
plants. In experiments with Pefunia a change of the leaf
shape was found together with a correction of anthocyanin
synthesis (Hess 1970) while in the experiments by Holl et
al. (1974) with a Pisum mutant which was unable to form
nodules or to fix nitrogen, double correction for both
characteristics was achieved.

Another interesting result of the above-mentioned
works is the absence of an F,-segregation by selfing of
transformed plants both in experiments with Petunia and
with Arabidopsis and Pisum.

Earlier we have reported that injection of wild type
barley DNA into grains of waxy barley mutants at the
milk stage maturity induces locus-specific changes (Turbin
et al. 1973; Soyfer and Turbin 1974). These changes have
been demonstrated only with DNA preparations isolated
from milk material (Soyfer et al. 1974), and the DNA
from barley leaves, Escherichia coli DNA, saline buffer,
distilled water, and mechanical puncture of grains were
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found to be ineffective (Turbin et al. 1975b). The fre-
quency of changes was the highest in the case of slightly
deproteinized highly polymeric DNA (Turbin et al. 1975b),
and the isogenic DNA isolated from the waxy mutant and
then injected into grains of the same strain of barley did
not result in transformation (Turbin et al. 1975a). The
changes of the waxy character were heritable in a portion
of the progeny of the initially altered plants (Soyfer et al.
1976a) although many of initially changed plants reverted
into a recipient state in the second and later generations.
Beginning with the second generation those plants which
conserved the waxy character (alteration of the starch
structure) also revealed such other alterations as the type
of spike morphology (hexastichous plants became dis-
tichous as it was in the donor plants). Besides, delayed
manifestation of the synthesis of normal starch was noted
in successive generations. Certain plants which did not
show any changes in the first generation yielded wild-
type pollen grains in the second generation (Soyfer et al.
1976a). Further analysis of transformed plants have
revealed that plants with altered starch and spike morphol-
ogy are characterized by specific electrophoretic changes
in the alcohol soluble fraction of seed storage proteins
(hordeins), as was found with polyacrylamide gel electro-
phoresis (Soyfer et al. 1978).

In the present communication we present the further
analysis of the transformed plants.

Material and Methods

Study on Degradation of DNA During its Injection into Grains
Through a Syringe

To check up on the possible degradation of the transforming DNA
during its injection into barley grains, with the aid of a syringe, we
performed experiments with T4D bacteriophage DNA. Escherichia
coli K12 (strain AB 2500) cells were grown in 100 ml of M-9 me-
dium supplemented with 5 g casamino acid (Difco), 10 g casein
hydrolyzate (Difco), and 1 uCi/ml of ® H-thymidine (spec. act. 485
mCi/mM, S-methyl-> H-TdR) to a titer of 10® cells/ml. The bacteria
were infected with prelabelled phage at a multiplicity of infection
of 0.1. After 4 hours incubation bacteria were treated with 3 ug/
ml indole, followed 30 min later with chloroform to lyse bacteria.
The resultant suspensions were centrifuged for 10 min in a SW-27
rotor at 13,000 r.p.m. in a Spinco L2-65B centrifuge (Beckman);
the supernatant was twice centrifuged for 60 min at 17,000 r.p.m.
in a SW-27 rotor; the pellet was resuspended in 0.5 ml 0.1 M NaCl
at neutral pH and cleaned at 5,500 r.p.m. for 15 min. The phage
was purified by gel-chromatography: the phage suspension was
added to a column with Biogel P-300 (Calbiochem, 100 to 200
mesh, 1 cm X 10 ¢cm) and eluted with 0.1 M NaCl (pH 6.3). Ten-
drop fractions were collected. The phage was found in fractions
5 to 6. In some experiments the purification included not only
the gel-filtration procedure but also CsCl centrifugation. 0.5 ml
of the purified phage suspension (10'? particles/ml) was incubated
with 1 mg/ml of pronase (Calbiochem) for 1 hr at 37°C and then
transferred into a plastic tube together with an equal volume of
freshly recrystallized phenol saturated with 0.15 M NaCl and con-
taining 0.015 M EDTA, pH 8.6. A plastic tube was attached to the
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axis of a peristaltic pump (LKB, Sweden) and rotated with at a
low speed around the axis (gear-box 1:200) for 1.5 hr at 4°C,
the angle between the tube and horizontal line being equal to
30°. The water phase was gently removed with a wide plastic
tubing (diameter 2.5 mm) connected to the peristaltic pump and
poured into a laboratory-made syringe which enabled the slow
injection of the DNA (0.5 to 1.0 ul) through the needle into the
grains of barley at milk maturity stage. Fractions of these DNA
preparations (0.075 ml) were layered at a low speed (0.1 ml/min)
either through the syringe needle or without it onto a 5 to 20 per
cent gradient of sucrose containing 0.1 M NaCl; 0.01 M Tris and
0.01 M disodium sait of EDTA. One ml of 28.7% sucrose served
as a ‘cushion’. Centrifugation was performed in a SW-50.1 rotor at
18°C for 55 min. at 35,000 r.p.m. Radioactivity of fractions was
measured in a Mark II (Nuclear Chicago) counter using a dioxane
scintillator. All syringes, centrifuge tubes, and tubings were pre-
treated with sodium dodecylsulfate.

Plants Used for Transformation

We used wild type barley (Yuzhny var.) and a waxy mutant of
spring barley obtained by Dr. G. Eriksson (Sweden) and kindly
supplied to Prof. N.V. Turbin by Prof. A. Gustafsson from Lund
University, Sweden. The starch of the waxy mutant contains only
amylopectin. The description of the original lines of donor and
recipient plants, the methods of isolation of DNA and their
study, as well as the methods of injection of the DNA into grains
at milk stage of maturity, the methods of pollen analysis, and other
used methodology are described elsewhere (Turbin et al. 1973;
1975).

Study of Transformants

Following DNA injection into all fertile grains, spikes (infertile
spikelets were removed) were bagged and left on the field until
complete maturation. The seeds of each spike were harvested and
stored separately. The following year all the grains were sown and
pollen of one anther from each flower was analyzed. After re-
moving the anthers from the flowers of the spike the latter was
bagged. The pollen was stained by a solution of iodine in potas-
sium iodide and examined under a light microscope. Mutant pol-
len became brown after this staining (or red-brown) whereas the
pollen from the wild type plants used as a source for DNA isola-
tion was characterized by black staining. In some cases we found
black pollen in plants grown from mutant seeds injected with wild
type DNA preparations. These plants were referred to as presu-
mably transformed ones (F,-generation) and we continued their
analysis in following generations (Fig. 1). All seeds of changed
spikes were grown separately and the resulting F, -plants were al-
lowed to self-pollinate to produce F,-seeds. Pollen staining was
studied at the stage of flower opening, and the F,-seeds of each
spike were harvested and stored separately. The same method of
analysis was used for further seed generations.

Results

Study on Possible Degradation of the DNA When Injected
into Plant Seeds

Usually in experiments involving genetic transformation
of plants seeds or other plant material, the material is
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Fig. 1. The outline of transformational experiments

treated in DNA solutions. In these experiments we in-
jected DNA into grains of barley at the milk maturity
stage. It was done to facilitate the DNA penetration into
embryonic cells since at this stage the embryos contain
only a few cells (some dozen), and all these cells are ac-
tively dividing. It cannot be excluded also that embryonic
cells at this stage might be more competent or susceptible
to exogenous DNA due to marked physiological differ-
ences between this and other stages of plant development.

Thus, the injection of exogenous material into endo-
sperm at this stage of maturity might lead to more ef-
fective transformation but it could also possibly lead to a
degradation of the DNA due to hydrodynamic shear in
the needle of the syringe or during injection. To avoid

such a degradation, a special syringe was designed. This
syringe allowed the injection of very small amounts of
DNA (0.5 to 1.0 ul) into each grain. Therefore, the speed
of DNA injection was markedly reduced and hydrodynam-
ic shear was expected to be eliminated. To check this
we studied both double- and single-stranded breaks in
DNA by appropriate sucrose gradients. We have found
similar sedimentation profiles (Fig. 2) both for the DNA
injected through a needle and injected without the needle.
This means that the designed syringe either did not in-
crease the amount of breaks in DNA injected or the num-
ber of breaks was too insignificant to be revealed by ultra-
centrifugation. Hence, the transformation capacity of
DNA preparations used may relate to the preparations per
se but not to degradation products.

Study on Genetic Stability of Changes Obtained by
Exogenous DNA Injection

Preparations with pollen containing one to three or more
iodine black staining grains per slide (containing, on the
average, 1240 pollen grains) have been found in some
plants of the first generation after injection. Since the ex-
pression of the waxy gene was investigated at a haploid
level, the effect of dominance (complete or partial) was
excluded. In total, 82 plants with changed pollen was
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Table 1. Analysis of characteristics of plants Nos, 506/19 and 506/22 transformed by exo-

genous wild type DNA

Character

Characteristics of transformed plants and their progeny

The 1st seed generation The 2nd seed generation

(e.g. plant 506)

(e.g. plant 506/19 and 506/22)

Pollen stained with
a solution of iodine

95 to 99.5 per cent of
pollen became black;
remainder remained
red

Amount of seed
rows in a spike

All plants are hexasti-
chous like a recipient
Electrophoretic Not studied
patterns of reserve

proteins in grains

(hordeins)

Transformed plants
had starch similar to

Molecular structure
of starch in grains

87 per cent of pollen became black. The dis-
tribution of plants is the following: one half
of the pollen are black; in one-third there are
mixed pollen (99 per cent is black and 1 per
cent is red); and about 18 per cent reverted to
a recipient (mutant) state

Transformed plants are distichous while the
revertants are hexastichous

The patterns of proteins in transformants
differed from those in both donor and reci-
pient whereas the patterns of the revertants
were similar to those in recipient plants

Transformed plants had a starch similar to
that in donors while the revertants had a

that in donor plants

starch similar to the recipient one

found after the DNA injection in the F,-generation.
Among them 14 plants were received after the injection
of slightly deproteinized and highly polymeric DNA from
endospermal milk. For further analysis 8 plants have been
used, and only two plants, 506/19 and 506/22 had a
large proportion of changed pollen cells in the first and
second generations. We studied the characteristics of
these plants in the next generations.

Earlier it has been found (Soyfer et al. 1976a) that
many of the 82 plants initially characterized by a small
amount of donor-type changed pollen grains lost these
changes in the second generation. However, after self-
pollination the progeny of the above-mentioned two
plants in which 95 to 99.5 per cent of pollen was changed
already in the first self-pollinated generation preserved
these changes in the second self-pollinated generation
(Table 1).

In the first generation of these plants, up to 99.5 per
cent of pollen was stained black. In the second generation
such black staining pollen amounted to 87 per cent (of
654,710 pollen grains examined 83,543 were of the re-
cipient type), and segregation for the waxy character had
taken place. In this generation half of all plants produced
only wild-type pollen. In about one-third of the plants the
proportion of ‘black’ and ‘red’ polien grains was the same
as in the first generation (over 99 per cent became black-
staining and only individual grains had the colour of the
mutant plants, i.e., recipients), and nearly 18 per cent of
plants reverted to the original recipient type. Similar re-
sults were obtained in the progeny of plant No. 506/22.

Thus, these experiments demonstrated the stable fixa-
tion of changed characteristics in a significant proportion
of the progeny of those plants which initially showed al-
most complete transformation of the waxy character in-
duced by exogenous wild type DNA.

Pleiotropic Action of Exogenous DNA

Barley plants used for isolation of the donor DNA had
distichous spikes. Recipient plants were of the hexastichous
type. In the first generation all plants grown from the in-
jected seeds (characterized by both changed and unchanged
pollen) had hexastichous spikes. However, in the second
generation the progeny that had fully or almost fully
altered starch of the pollen became distichous (Table 1).
In the next generations all plants which conserved the
transformed waxy character had distichous spikes, and all
plant which lost the Wx phenotype had lost the distichous
type of spikes (Tables 2, 3).

Besides, it was found that the electrophoretic patterns
of the reserve proteins of the grains (hordeins) of donors,
recipients and transformants (in the second generation)
had marked differences (Fig. 3). The transformants had
some patterns similar to the recipient and some similar to
the donor. Spectrophotometric studies in a large scale of
wavelengths allowed the determination of differences in
absorption spectra of grain starch from donor plants, re-
cipients, transformants, and revertants to mutant type.
Figure 4 depicts typical absorption spectra of the starch.
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Fig. 3. Gel electrophoresis of storage proteins (hordeins) of barley
grains (schematic representation of groups of proteins). R = re-
cipient plant; D = donor plant; T = transformant; R + D = the
proteins isolated from the mixture of flour of recipient and donor
seeds. The main differences were found in g-zone of electro-
phoregram. For details see Soyfer et al. (1978)

Spectrophotometric analysis of the starch showed that the
transformants contained starch, the structure of which
was very similar to that of wild type plants. Furthermore,
it was shown that reversion to the mutant type resulted
in such changes in starch structure that it was not pos-
sible to differentiate them from the mutant ones (see Fig.
2 in Soyfer et al. 1978).
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Fig. 4. Absorbance profiles of donor and recipient seed starch.
89/17 is donor; 92/5 is recipient; the transformants had absorban-
ce profiles similar to the donor plants

Segregation of Transformed Characters in Further
Generations

Taking into account that a number of the transformants
reverted to a mutant state, we analyzed in detail the third
and the fourth generations of primary transformed plants.
The results of this analysis are shown in Table 2. All plants

Table 2. Characteristics of the third and the fourth generations of transformed plants®

Plant Nos. The 3rd generation The 4th generation
Todine Type of Type of Quantity Number of pollen grains? Frequency of appearance
staining of spikes spikes of studied of changed pollen
pollen grains plants Black Red
Red among Black among
black red
12 Black Two-rowed Only 14 665,000 5 7.5 X10°°
two-rowed
16 » ' ' 15 45,500 16 3.5 X107
21 . » » 20 129,200 24 1.9 x10°*
22 ’ ' » 38 148,200 21 1.4 X 10
25 - ’ 1 18 41,400 5 1.2 x10°*
12 Black Two-rowed  Two-rowed 24 186,200 244 1.3x10°?
- Six-rowed 9 167 40,000 3.8 %X 10°?
14 ’, » Two-rowed 25 46,900 8 1.7 X 10-*
Six-rowed 1 Unmature pollen
15 ' " Two-rowed 20 41,400 1 2.4 X10°°
Six-rowed 1 7 2,300 3.0 X103
19 ' " Two-rowed 28 101,500 0 <10°°
Six-rowed 1 0 1,672 <107
20 . " Two-rowed 29 66,700 8 1.2 X 107
Six-rowed 3 11 6,900 1.6 X 10?
28 ’ " Two-rowed 3 20,900 24 1.1 X 1072
Six-rowed 1 4 2,300 1.7 X 10-°

2 All plants indicated in this table are the descendants of the 506/19 plant

b In each case two preparations of pollen were scored
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analyzed were the descendants of the two initially stable
transformed plants, 506/19 and 506/22. The progeny of
plants which had no revealed transformation phenotype in
the first seed generation have not been analyzed in the
next generations. The left column of Table 2 represents
the number of these plants in the second generation, each
line represents the results of pedigree analysis of each
plant. In the third generation, all plants which gave black
staining pollen had distichous spikes. As was mentioned,
the segregation analysis of the second generation revealed
(Soyfer et al. 1976a) that 82.1 per cent of the plants pre-
served the transformed characters unchanged; of these
32.1 per cent were stable since all their pollen grains
stained black.

In the fourth generation, the segregation was conti-
nued. However, in a predominant number of the plants
with black-staining pollen one could find a small amount
of red pollen. The segregation in the fourth generation
was related not with one but with two characters at once,
namely, with the prevalence of a certain pollen type
(black over red, or vice versa) and linked with it, row
numbers in spikes (distichous and hexastichous, resp.) A
part of plants (105 of 249 studied, or 42.2 per cent of the
total plant number) did not show segregation regarding
spike type. These 105 plants were the progeny of 5 two-
rowed plants. The frequency of red poilen among black
was relatively constant in these plants (the mean value was
1.75 x 107™).

In the progeny of the other 6 plants segregation in
spike morphology was seen. Of 144 plants of the fourth
generation, 129 preserved the two-row character and pre-
dominantly the black staining of the pollen while 15 plants
reverted to the recipient type regarding both starch stain-
ing and spike type. There were 89.6 per cent of segregating
plants which preserved their genotype unchanged. The
mean frequency of red pollen grains among black ones in
these two-rowed plants was 5.4 x 10™. Among the plants
of this variant, 10.4 per cent became six-rowed; a great
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proportion of the pollen in revertants stained red by
iodine. Nevertheless, the reversion was incomplete since
the frequency of black polien among red pollen was re-
latively high (the mean value is 2.1 x 107%).

Recovery of Transformational Properties in a Part of Plants
of the Fourth Generation

Similar to the events occurring in the second generation,
in the third one about 10 per cent of all the plants re-
verted to a recipient, i.e., the mutant state. Plant No. 27
can serve as a good example. Its ancestor in the second
generation (plant No. 506/19) was distichous and had pol-
len stained black by iodine, while in the third generation
the phenotypical expression of both these characteristics
was simultaneously lost.

One could think that the loss of the transformational
properties was irreversible. However, the analysis of the
fourth generation of plant No. 27 showed that the exo-
genous genetic material introduced into the plant grains
which was expressed in the first and second seed genera-
tions, but not in the third was not completely lost. In the
fourth generation, 40 per cent of the daughter plants mani-
fested the properties which were seemingly lost earlier.
Sixteen plants became distichous again, and at the same
time their polien again contained normal starch (Table 3).
The frequency of red pollen among black pollen was equal
to 8.0 x 107™*. The remaining 60 per cent of plants pre-
served a phenotype similar to that in recipient plants
although they also contained a larger quantity of pollen
grains (2.3 x 10™*) with normal starch when compared to
control plants.

Changes in Morphological Characters of Transformed
Plants

The exogenous DNA induced changes not only of the
above-mentioned characters but also of some morphologi-

Table 3. Recovery of transformed properties of plant No. 506/19/27 in the 4th generation?

The 2nd generation The 3rd generation The 4th generation

Plant  lodine Type of  Plantno. Iodine Typeof Typeof  Quantity Number of pollen Frequency of appear-
no. staining of spike staining of spike spike of progeny grains ance of changed pollen
pollen pollen plants
grains grains studied Black Red Red among Black
black among red
Predomi- Two- Predomi- Two- Two-rowed 16 43,600 35 8.0 X 10-*
506/19 nantly rowed 27 nantly rowed Six-rowed 24 19 81,400 2.3xX10°*

3 The genetic linage in these experiments is as follows: the 1st generation is plant No. 506; the 2nd generation is the plant No. 506/19,
the descendant of plant No. 506; the 3rd generation is the plant No. 27, the descendant of plant No. 506/19, i.e., 506/19/27 plant; the
4th generation is the descendant of plant No. 27

b In two preparations of pollen grains
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Table 4. Morphological characteristics of transformants in the 4th generation

Characteristic Recipient Donor Transformants
‘Waxy-mutant’  “Yuzhny
(six-rowed) cultivar’ The 2nd generation Two-rowed
(two-rowed) The 3rd generation Two-rowed Six-rowed
The 4th
generation: Two-rowed Six-rowed Two-rowed Six-rowed
Height of plants 72.0 + 9.1 53.5+12.3 50.7+ 134 749 £ 9.5 54.7 £+ 11.5 83.2 + 16.0
Length of upper
internode 14.6 + 3.9 11.7+ 3.4 11.1+ 29 13.5: 4.2 14.0x 4.1 18.9+ 5.1
Length of upper
leaf 8.0t 1.6 6.4+ 3.0 6.3+ 2.1 9.4+ 1.7 3.7+ 0.8 9.7+ 2.2
Width of upper
leaf 0.7+ 0.1 0.6+ 0.2 0.4+ 01 0.9+0.2 0.4+ 0.01 0.8+ 0.2
Length of spike 8.4+ 1.3 74+ 23 7.8+ 1.8 9.0+ 1.1 5.7+ 2.6 6.6+ 2.0

cal patterns, namely, height of plants, amount of inter-
nodes, length of upper internode, length of upper leaf,
tillering, length of spikes, amount of grains per one plant,
etc. The results concerning the transformants of the third
seed generation of plants (I4-generation) were published
earlier (Soyfer et al. 1976b). The study of these morphol-
ogic characters was continued in the fourth seed genera-
tion. The analysis was performed with two- and six-rowed
descendants of plants which had two- and six-rowed spikes
in the third generation. The results showed that many
characters of the two-rowed transformants resemble those
in the donor plants more than those in the recipient ones
(Table 4). However, some of the characters, namely, the
quantity of internodes, grain number per one plant,
weight of 1,000 seeds, more closely resemble the charac-
ters of recipient plants. In the plants where such trans-
formational properties as starch structure and number of
spike rows remained unchanged for four generations we
have found morphological expression of some donor-like
characters. On the contrary, in the plants which had the
donor-like phenotype in the second generation and then
lost it in the third one, we have not found such donor-
like peculiarities and moreover we have observed an inter-
mediate pattern between the donor and the recipient of
a number of quantitative characters, for instance, for
such a character as the length of the upper internode.

Discussion

A. Genetic Transformation in the World of Higher
Organisms Including Higher Plants

The phenomenon of genetic transformation in the world
of prokaryotes is well studied and does not give rise to
any doubts. In relation to higher animals such distinct
evidence for the occurrence of transformation was not ob-

tained for a long time (cf. Kraus 1961; Szybalska and
Szybalski 1962; Merril et al. 1971; and negative data by
Volkova et al. 1969; Otroshenko and Lavrentjev 1968).
However, the induction of hereditary changes of cells of
animals has now been shown for various DNA prepara-
tions, both vector DNA and unfractionated DNA (Horst
et al. 1975; Wigler et al. 1979).

Concerning higher plants such distinct information has
not been obtained up to now, and extreme precautions in
the interpretation of the results in transformation of plants
are necessary. If the question of hereditary variability of
such lower plants as fungi is definitely and positively solved
(Struhl et al. 1979), the data on transformation of higher
plants are contradictory. There is obvious evidence for
easy induction of crown-gall calli by both plasmid and to-
tal DNA preparations of Agrobacterium tumefaciens con-
taining appropriate plasmids (Schell and Montague 1978;
Murton et al. 1979). But, although some authors have
obtained positive data on possible changes of hereditary
traits of higher plants after the treatment of seeds by
exogenous plant DNA (Hess 1969; Holl 1975; and some
others, see a review by Hess 1977) or bacterial DNA
(Ledoux et al. 1974), in other experiments negative re-
sults have been obtained (Coe and Sarcar 1966; Carlson
1972; Scowcroft 1977).

In our experiments with barley (Turbin et al. 1973;
Soyfer and Turbin 1974) we found that the transforma-
tion of the waxy character took place after the injection
of exogenous DNA into the caryopses of barley. However
the transformation effect was obtained only with DNA
isolated from endospermal milk and only in those cases
when the DNA was injected into grains at the milk ma-
turity stage. Several experiments of genetic transforma-
tion of the waxy character in barley, wheat and maize, or
other biochemical and morphological characters in grass
pea (Lathyrus sativus L.), red beet and sugar beet apply-
ing different kinds of exogenous DNA gave negative re-
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sults (our unpublished data). Similarly negative results
were obtained in experiments dealing with necrosis genes
in spring wheat (Soyfer and Titov 1980).

In this communication we present new data on the
characteristics of DNA injected into barley, type of in-
heritance of changed characters in the successive genera-
tions and discuss new and earlier published data on the
rare positive effect of transformation in barley.

B.  Stability of Transformed Characters

Black-staining pollen was found in an F, -generation among
the pollen preparations of 82 plants grown from DNA-
injected seeds (Turbin et al. 1973). Fourteen changed
plants were revealed in the experiment using the injection
of highly polymeric but slightly deproteinized DNA. In
the second generation we analyzed 8 plants from these 14
initially transformed plants and found that only 2 plants
preserved their transformation characteristics. A similar
picture was found in other variants of the experiments
(Soyfer et al. 1976a) when we discovered that from 17
studied descendants of F,-changed plants only four had
preserved their changed phenotype. But it should be
emphasized here that these four plants carried only rare
black-staining pollen grains, as was also found in the par-
ents of these plants, while the two plants obtained in the
variant using highly polymeric slightly deproteinized
DNA were characterized by a high per cent of wild type
pollen grains.

Thus, a large proportion of changed plants had lost
their transformed characteristics already in the first seed
generation. But all these initially changed plants had only
solitary changed pollen grains. At the same time, two
plants which had a high proportion of changed pollen had
preserved these changes at a relatively high level: 87 per
cent of their pollen grains were stained black in the sec-
ond generation. Therefore, we may say that in spite of a
marked loss of changed features in a great number of the
plants under study, some of the relatively stable changed
plants retained their transformed character. Unfortunately,
the rate at which stable-transformed plants arose in ex-
periments using unfractionated DNA preparations was
very low.

C.  Segregation in the Successive Generations

As is known, the waxy character is coded by one gene lo-
cated in the barley chromosome 1 (Nilan 1964). There-
fore, it was reasonable to expect that the segregation of
characters in the successive generations would follow the
Mendelian laws. However, a non-mendelian segregation
for the waxy character was revealed in our experiments
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(Tables 2, 3). The reason for such a segregation may be
connected with the abnormal character of realization of
exogenous information in the cells of recipient plants. In
this respect the data obtained by us differ from those of
Hess and Ledoux who didn’t find any segregation among
the descendants of transformed plants.

D. Pleiotropic Action of Exogenous DNA

Beginning with the F,-seed generation, the progeny of
plants transformed with respect to the waxy character
have revealed another donor-like characteristics, namely,
two-rowedness of spikes. All plants preserving the wild-
type phenotype of the wx gene in the second and succes-
sive generations showed two-rowed spikes. Those plants
which lost their transformed waxy character in the second
(or successive generations) reverted to the six-rowed spike
character.

A similar phenomenon of co-ordinated origin and loss
of transformed characters was revealed in relation to an-
other characteristic studied, i.e., electrophoretic mobility
of reserve proteins of seeds (hordeins) (Soyfer et al.
1978). The transformants had a spectrum of hordein
similar in some bands to both that of the recipient and
donor plants (Fig. 3). But under the reversion of the waxy
character to the recipient state the spectrum of hordeins
in some of descendants of transformed plants completely
reverted to the recipient type.

Some additional changed characteristics, besides the
above-mentioned, were found in the third generation.
These changes were related to those morphological char-
acteristics which had a quantitative type of inheritance
(Soyfer et al. 1976b). The data presented in this commu-
nication demonstrate that all these changes were found in
the fourth generation as well (Table 4). Thus, the pleio-
tropic action of exogenous DNA was revealed in the off-
spring of the constantly transformed plants.

E. Multiple Character of the Realization of Foreign
Genetic Information and Arguments Against Seed or
Pollen Contamination

The simultaneous appearance of several donor character-
istics in transformed plants is a most important but also
a most questionable feature of our results since alleles of
wx and row-number lie in different chromosomes (Nilan
1964). Hence, it might be thought that the simplest ex-
planation of these data is seed contamination or accidental
outcrossing. However, some reasons speak against such
an interpretation.

First, the study of genetical control of rowedness in
barley revealed a complex inheritance of this character-
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istic. At least two loci appear to be involved in the in-
heritance of two- and six-rowedness in barley: the V
locus on chromosome 2 and the 7 locus on chromosome
4; and both loci are represented by multiple allelic series
(Woodward 1949). These are four well studied alleles of
one locus and three of another. Therefore, ‘there are some
60 theoretical combinations; of these, six would produce
six-rowed phenotypes and six would produce deficient
phenotypes; the rest would be phenotypically two-rowed
or show various degrees of fertility of the lateral spikelets’
(Harlan 1979). Besides, we cannot exclude the possibility
of the presence of any modificator(s) of the character of
rowedness in the first chromosome which might manifest
their action, under the influence of exogenous DNA on
the wx locus, for example, in the form of specific position
effect.

Second, it was very important that we observed in the
progenies of transformed plants the transfer from six-
rowedness to two-rowedness. The fact is that the muta-
tions from two-rowed to six-rowed barley have been re-
ported by Gustafsson (Nybom 1954) and many other
investigators but ‘no good cases of six-rowed to two-rowed
mutations are reported in the literature’ (Harlan 1979).
Thus, this result, too, indicates that an unusual genetic
process has appeared in these experiments.

Third, the strongest argument against the supposition
of seed contamination is the restoration of a set of trans-
formed patterns in the fourth generation of changed
plants, the third generation of which had lost the pheno-
typical expression of these patterns. So, the plant No. 506
was six-rowed and after DNA injection had a high propor-
tion of wild type pollen grains. Part of the progeny of the
plant No. 506 became two-rowed, with black-staining
pollen in the second generation after self-pollination, as
indicated in Table 1. Then, in the third generation, a
number of the descendants of these transformed plants
(namely, plant No. 27, i.e. 506/19/27) became six-rowed
with red-staining pollen, or, in other words, they lost the
transformed phenotype. But, in the next, the fourth,
generation a proportion of the progeny of this 506/19/27
plant, also after self-pollination, restored the two-rowed-
ness and the black-staining of pollen, i.e., restored a pre-
viously lost transformed phenotype (Table 3). Such a
reversion is impossible if we had seed contamination or
accidental outcrossing. And this is, in my point of view, of
great interest and importance. Taking this into account,
we may draw the conclusion that the genetic information
injected into maternal plants is not absolutely excluded
from the cells of this and further generations of the cells
which lost this information but may be temporarily
supressed in its expression, although later the transcription
and the translation of the whole set of this information
may be restored.

Finally, another argument against simple contamination

is the non-mendelian type of segregation of the mono-
genically-determined waxy character in the progenies of
the second (Table 2 in: Soyfer et al. 1976a), the third
and the fourth generations in all variants of the experi-
ments (Tables 3, 4). Such quantitative data on segregation
which we have in our experiments cannot be explained by
simple seed contaminations.

F. Possible Molecular Explanations for the Transformant
Appearance

The molecular nature of the transformation effect in barley
still remains unclear. Earlier, in discussing the reasons of
hereditary variability caused by the exogenous DNA
treatment, we suggested (Soyfer and Turbin 1974; Soyfer
et al. 1976a) that this phenomenon might be explained in
several ways: 1. a regulator effect due to external DNA
action in situ or on regulator genes and modifiers of
definitive characters; 2. mutagenic action of foreign DNA;
3. specific DNA action both at the chromosomal and the
cytoplasmic level; or 4. due to a result of unspecific action
of DNA treatment. The sum total of the results in the
transformation of barley cannot be explained by a stable
insertion of exogenous DNA into chromosomal DNA as
suggested by Ledoux et al. (1974) and Hess (1969).

This exogenous DNA may have a regulatory effect on
gene activity in the cells of barley (Hess 1977) but the
mechanism of such reversible effect of exogenous DNA
introduced into the cells of recipient plants (a simulta-
neous ‘switch-on and switch-off of the whole set of
transformed characters which take place) is as yet un-
known.

It does not seem probable that the data presented in
this paper and in our other publications could be explain-
ed by the mutagenic action of exogenous DNA due pri-
marily to the observation of pleiotropic action and revers-
ible type of manifestation of the transformed characters
in the successive generations.

The discovery of insertion elements entering the chro-
mosomal DNA and relatively easily leaving it, as well as
jumping genes (see Starlinger and Saedler 1972; Rasmuson
and Green 1974; see also Cohen 1976; Klecker 1977) may
serve as a basis for further studies of transformation
phenomena in plants but we have no distinct information
on the role of these elements in higher plants.

The study of different extrachromosomal elements
acting on such different levels, as exosomes (Fox et al.
1971), episomes and plasmids (Cohen 1976), minichro-
mosomes (Struhl et al. 1979) have opened the possibilities
for further analysis of transformation.

However, we must again emphasize that the effect of
stable transformation was revealed in our experiments 1.
only in relation to a few plants; 2. only with DNA prepa-
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rations isolated from milk endospermal material; 3. under
the injection of this DNA into grains at milk maturity
stage, and 4. with slightly deproteinized highly polymeric
DNA containing no less than thirty per cent protein.
Many attempts to find transformation with other prepa-
rations of DNA, or with using the model of seeds soaking
in the DNA (the model used by Ledoux, Hess and some
other investigators) were unsuccesful in our hands (Soyfer
and Titov 1980). We must study the physical-chemical
structure of different preparations of DNA giving positive
transformation effects, the competence stage of plants
and organs, the process of elimination of exogenous
material from cells and its manifestation in the phenotype
before we will be able to receive a high proportion of
transformed plant cells. We strongly believe that the dif-
ficulties in interpretation of the data on transformation
call for repetition of the experiments on this phenomenon
in higher plants and we are currently planning just such
experiments.

In conclusion we must state that, in spite of how and
in what manner exogenous DNA penetrates the plant cells,
whether or not it is inserted into the chromosomal DNA
(Kleinhofs et al. 1975; Kleinhofs, 1977; Hemleben et al.
1975), whether it has a biological action itself, or whether
the observed phenomena are a consequence of biological
contamination (see Cocking 1977 and the controversal
view of Ledoux et al. 1977), there are no doubts that this
interesting phenomenon requires further experimental
analysis.
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quillo) DNA (9 complete and 3 incomplete awned plants
among 542 studied) and after treatment with hetero-
logous donor DNA when the Marquillo seeds were germi-
nated in the Balaganka DNA (11 complete and 7 incom-
plete awned among 606 plants under study). At the same
time, the observed changes of awn character were herita-
ble, i.e. awned plants, after the treatment with a homo-
fogous and a heterologous DNA, retained the changed
characters up to the F,-seed generation.

The attempt to reveal a complementation between the
Ne,-genes of plant chromosomes and the Ne,-genes in-
troduced into cells with the exogenous DNA were un-
successful. In several experiments using DNA preparations
of different purity and polymerity we studied thousands
of treated plants but no examples of an interaction be-
tween Ne; and Ne, was found, although some non-
specific effects (the decrease in number of germinating
plants, the increase in height of plants and length of spikes,
etc.) were revealed. In many instances the changes induced
were similar to the character observed in the donor.
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