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: SUMMARY
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Transposable elements have Long been associated with certain unstable
Locl 4Ln maize and have been Aintemsively studied by McCLintock and others.
It {8 known that a transposable element can contrnol the expression of the
stweturnal genes at the Locus where Lt resdides. These controlling elements
in malize are now beginning %o be studied at the mofecular Level. Usdng
recombinant molecular probes we have been able to describe Lhe changes Ln-
duced by the controlling element Ds at the shiunken Locws. Ds elements
appear to be Large and dissimilar insertions into the wild-iype Locus --
two elements actually map within the transerdibed reglion of the gene.

Genetic instabilities have been described in other economically im-
porntant plants but the bases forn these phenomena have not been understood.
We believe that it .is Likely that some of these Lnstabilities are the re-
sult of transposable element activity much as in the case of malize.

INTRODUCTION OISTRIBUTION OF THIS DOCUMENT 1S UNLIMITED :I:Hg

In this paper we would like to briefly describe our work
with the maize controlling element 0s (Dissociation) and then
turn to a more general discussion of genetic instabilities
that have been observed in other crop plants. We have partic-
ularly selected instances which suggest strong analogies to
transposable element phenomena in eukaryotes. There are three
types of genetic instabilities that are especially intriguing:
1) The first concerns recurrent variants that continue to

[0 £ASABLYE
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a3 appear in established inbred lines, often of long standing.

oo o Such behavior could be expected, for example, if the excision
R [l of a transposable element from a selected mutant locus occurred
g%QJE’T leading to a restoration of "wild-type" activity. (2) Crosses
‘EﬂQVLE S between teosinte and maize and crosses betweenNicotiana species
ﬁ 2 B frequently result in a high rate of spontaneous and often un-
E\\ Z8 stable mutations.

These effects show distinct parallels to
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what has been termed "hybrid dysgenesis" in Drosophila which

is now known to be associated with transposable elements. (3)
The process of plant tissue culture has been used to produce

a wide gamut of variants. It may be that plants regenerated
from culture have been subjected to a "shock” to the genome
sufficient to cause controlling elements to spontaneously trans-
pose and might account for some of these variants.

THE MAIZE CONTROLLING ELEMENTS

Emerson's account of variegated pericarp that appeared in
1914 comprises the first published account of an unstable locus
in maize (EMERSON 1914). It was, however, McCLINTOCK (1950)
who showed (for the first time in any organism) that the in-
stabilities were caused by transposable units that were asso-
ciated with the loci in question. 2 lucid and well-illustrated
summary of the two best-studied maize transposable element
systems, Ac-0s (Activatorn-Dissocliation) and Spm (Suppressor-mutator) ,
appears in McCLINTOCK's 1965 paper. Transposable elements have
subsequently been discovered and described in bacteria, yeast,
and Drosophila; DNA sequences with similar properties have also
been reported in a number of animals. At the present time a
great deal more is known about the molecular structure of the
transposable elements in organisms other than maize. Neverthe-
less, the maize elements retain their attractiveness and im-
portance because of the intensive genetic studies that have
finely dissected their behavior and their ability to control
the activities of structural genes.

1. THE MOLECULAR DESCRIPTION OF 0

We elected to begin our studies of the maize controlling
elements by examining Ds-induced mutations at the Shaunken (Sh)
locus. This locus encodes the enzyme sucrose synthetase
(CHOUREY and NELSON 1976) and conditions a collapsed crown of
the kernel in the recessive condition. Several 0Us-induced
mutations were selected at this locus by McCLINTOCK (1952,
1953). 1In the presence of a trans-acting regulatory component,
Ac , D5 elements break chromosomes at the site of their inser-
tion, cause adjacent deletions, and give rise to infrequent
germinal Sh revertants. If Ac is removed from .the genome, the
Ds mutations behave as stable alleles.

We initially constructed and identified a cDNA clone from
a fraction enriched for sucrose synthetase mRNA. The probe
was used to show that the gene was unique and that structural
changes in the locus were associated with 04 intervention
(BURR and BURR 1981). 1In unpublished work we have since cloned
the genomic sequence for sucrose synthetase as a 19 kilobase
BamHI restriction fragment from the McClintock standard wild-
type DNA. The transcribed region and the direction of tran-
scribed region and the direction of transcription in the cloned
insert were determined. Examination of heteroduplexes of the
genomic clone with sucrose synthetase mRNA reveal that there
are no large intervening sequences although several small ones
may exist. Subclones of the genomic clone were used to analyze




GENETIC INSTABILITIES

four U4 -induced mutations. Two Ds's are insertions of 20 kilo-
bases that map within the transcribed region of the gene; two
others map at the 5' end of the gene (Fig. 1l). There appear
to be no other structural rearrangements of the locus asso-
ciated with these mutations other than the very large inser-
tions. All of the 04 's examined show a BamHI site close to
each end which may be indicative of short terminal repeats.
Aside from this, however, the four 04 's analyzed show profound

FIGURE 1. Structure of a wild-type Shaunken locus of maize.
The heavy bar delimits the transcribed region; transcription
is from right to left. The arrows indicate the sites of
insertion of D4 elements.

differences in their restriction maps. This was unexpected as
these D4 's share a common genetic origin and have been sepa-
rated from one another by only a few generations. Comparison
of one pair of closely related 74's suggests that the differ-
ences might be due to extensive internal rearrangements. Non-
reciprocal exchanges with other silent copies residing in the
genome, however, cannot be ruled out. We believe that the
rearrangements occur during transposition or "change-of-state"
and are mediated by Ac .

2. GENETIC PROPERTIES OF THE MAIZE CONTROLLING ELEMENTS

The maize genetic elements exhibit two major functions:
transposition and control of gene activity. We have been able
to show that D4 elements, like other transposable elements,
are discrete sequences that insert into a locus. In so doing
they apparently inhibit or modulate gene activity. The maize
elements clearly transpose by a different mechanism than that
which has been envisaged thus far for prokaryotic transposons.
Mu and Tn3 are »robably the best characterized prokaryotic
elements. Although the actual mechanism of their transposition
is still under debate (SHAPIRO 1979; HERSHEY and BUKHARI 1981),
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both apparently transpose by replication. When transposition
occurs between two replicons they fuse to form an intermediate
cointegrated structure. After "resolution" is completed,
copies of the element are found at both the new and the .old
positions.

McCLINTOCK (1951) followed Ds genetically and cytoclogic-
ally and showed that when it moved from one location to another
no genetically active material could be detected at the orig-
inal site. In maize, therefore, unlike the prokaryotic exam-
Ples just considered, transposition appears to be accompanied
by excision of the element. McCLINTOCK (1951) also described
two abnormal transposition events that resulted in a dupli-
cation of the chromosomal sequences between the original Ds
site and the new site of insertion. From this she concluded
that transposition normally occurs during chromosomal repli-
cation. Furthermore, the structures described by McCLINTOCK
(1951) also require breakage of both chromosomal strands on
either side of 74 . Studies on variegated pericarp involving
Ac at the P locus have supported the idea that excision ac-
companies transposition and that transposition takes place
during replication of the chromosomes (GREENBLATT and BRINK
1962).

McCLINTOCK (1956) coined the term "controlling elements"
for the maize transposable entities because of their ability
to both positively and negatively modulate gene activity.
Perhaps the most remarkable illustration of this feature is
provided by an allele of Bronze (Bz) under 05 control (DOONER
1981). 1In bz-m4 mutant plants (grown in the absence of Ac ) the
kernels exhibit much higher than normal levels of the Bz enzyme
UFGT (uridine flavonoid glucosyl transferase) early in devel-
opment but lower than normal levels later in development. The
enzyme 1is involved with anthocyanin biosynthesis which in the
kernel is located in the outermost layer of the endosperm, the
aleurone, and pigment production ensues appearance of the
enzyme. In the case of bz-m4, however, coloration of the ker-
nels does not accompany the enzyme synthesis even though
enzyme activity was greater in bz-m4 at a time when normal ker-
nels begin to show color. Dooner found that in the mutant the
enzyme was being expressed not in the aleurone, as it nor-
mally is, but in the internal cells of the endosperm. Asso-
ciation of 0s at the Bz locus had thus changed both the time
and the tissue in which the enzyme was being made. Further-
more Bz is normally not expressed when the plant is homozy-
gous for mutant alleles at either the C or R loci. 1In the
case of bz-m4 this epistatic control no longer exists.
McCLINTOCK (1961) has pointed out how the regulation of struc-
tural gene activity by controlling elements can lead to new
developmental patterns of gene expression. The maize control-
ling elements that have been so intensively studied as genetic
entities currently provide the best examples of gene control
by transposable elements. This aspect is only just beginning
to receive attention in other organisms (ROEDER et al. 1980;
BINGHAM 1981, and unpublished data).
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RECURRENT OFF-TYPES IN INBRED STRAINS

JENSEN (1965) and PEARSON (1969) have reviewed a problem
that has long perplexed plant breeders -- namely the repeated
appearance in long established lines of particular off-types
or "rogues". These have sometimes been ascribed to seed con-
tamination even though the accompanying unaffected characters
resemble those of the parental lines. Moreover as the bio-
logical basis for this phenomenon has not been understood, it
is suspected that many instances have gone unreported. In
asexually reproducing plants, or in plants with several inflo-
rescences, the "mutational" character is often detected as a
change in morphology during development. These events occur
at high frequency, usually at the rate of 1 x 10”3 and cannot
be eliminated from a population even by assiduous roguing.
Strain variation is often a factor in the frequency with which
such rogues appear.

Some of these cases clearly have a chromosomal rather than
a mutational basis. RILEY and KIMBER (1961), for example,
showed that nondisjunction leading to aneuploidy was commonly
found in wheat lines and resulting off-types were often mono-
somics. Other rogues were noted to appear following environ-
mental stress. An example of this is the loss of apical domin-
ance which shows up in certain European varieties of tomato in
response to high temperatures during germination (LEWIS 1953).
Although the trait is not heritable, the predisposition to
apical dominance loss may be a recessive character.

In commercial sorghum lines in the United States, short
stature has been selected to facilitate mechanical harvesting.
The dwarf nature of the plant is conditioned by recessive

alleles at four major loci. In plantings of some varieties
of sorghum, tall rogue plants are observed repeatedly (QUINBY
and SCHERTZ 1970). These rogues have been found to be caused

by the mutation of the unstable recessive dw3 allele to a dom-
inant form. Another dwarf gene, either dw2 or dw3, is unstable
in certain sorghum lines (SCHERTZ, personal communication).
The very high rate at which spontaneous mutants for resistance
to the toxin of the root rot organism Perlconia cirelnata appear
in many varieties of sorghum (SCHERTZ and TAI 1969) may indi-
cate another unstable locus in the species.

Snap bean varieties exhibit several common types of dele-
terious off-types that affect quality. The "flat pecd" rogue
occurs at a frequency of 0.1 to 0.2% in some varieties and
constitutes a serious problem for seed producers. "Flat pod"
is a simple dominant allele with F; plants showing an inter-
mediate phenotype (ATKIN and ROBINSON 1972). Because snap bears
are naturally self-pollinated, the rogue plants are typically
homozygous but the factors behave as simple mendelian traits
and segregate 1:2:1 in an Fp generation. KERR (1971) observed
mutations of the rogue-type back to round-type but at a much
lower frequency than mutations to rogue. The "stringy pod"
rogue (ATKIN 1972) and another rogue with mosaic-like crinkled
leaf variegation in the Stringless Refugee variety (COYNE 1969)
are less commonly encountered off-types. Both behave as simple
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recessive alleles. The frequency of the mosaic rogues 1s sup-
pressed by temperatures above 80° F or when reciprocal crosses
of the rogue in the Stringless Refugee background are made with
the Bush Blue Lake variety.

One of the best known recurrent off-types is the "rabbit
ears"” rogue of garden peas that produces plants with pointed
leaflets, upward-curving pods with fewer seeds, and narrow
stipules (BATESON and PELLEW 1920). Self-fertilized rogue
plants produce only rogues and all progeny of reciprocal
crosses of rogue to "crop-type" are rogues. Selfs of these
progeny continue to maintain the rogue phenotype. Progency of
backcrosses, however, begin development with an intermediate
phenotype but progressively change to "rabbit ears" in suc-
cessively higher nodes. 1In most cases the change to rogue
character is completed before formation of the floral nodes but
in occasional plants flowers from the basipetal inflorescences
transmit both the rogue and crop-type traits. In the same
flower transmission of the crop-type phenotype is more fre-
quently nassed through the female gametes than by the pollen.

In 1923 BROTHERTON crossed "rabbit ears” rogues in the
variety "Gradus" by the "English Mummy" wvariety, a line which
never produces rogues. From these crosses and subseguent Fs
generations it became evident that the rogue plants were dis-
tinguished from crop-type plants by a single dominant mendelian
factor. Even in heterozygotes with "English Mummy" there was
some indication of a conversion of the recessive allele to the
rogue character but at a much lower rate that observed in
"Gradus". The tendency of the second allele to be converted
following mutation of the initial allele is a common feature
of some recurrent off-types in other species.

MANGELSDORF (1974) listed a number of reports of recurrent
mutations that had been noted in established inbred strains of
maize. As Mangelsdorf had studied mutations that arose as a
result of corn-teosinte hybrids, he ascribed these mutations
to introgressed teosinte germplasm residues remaining in the
maize lines. SINGLETON (1943) studied a reduced stature variant
identified in P39, a well-established sweet corn inbred. Al-
though he did not stipulate that it was a recurrent mutation
in P39, our own observations suggest that this is likely to be
the case. The variant appeared to behave as a simple recessive
trait but it showed an unexpected heterotic effect compared
with the parental line when outcrossed to two other lines.
SINGLETON (1914) also reported that when new inbred lines were
"extracted" from crosses of reduced plants back to P39, a num-
ber of novel mutations were found -- all showed mendelian in-
heritance. Similar variants with simple inheritance were also
examined by JONES (1945) in other inbred lines. It is unclear
whether any of these were recurrent mutations, but at least
one inbred, CI Kr 187-2, had a high propensity for producing
variants. Jones found that all six variants he studied ex-
hibited a heterotic effect when backcrossed to the parental
line. Later SCHULER (1954) re-examined the question of hetero-
sis resulting from single gene differences and concluded that
in all cases the variants were likely to have also differed
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from their parents at other loci.

In the majority of cases we have considered, the recur-
rent mutation affects a character selected as an agronomically
desirable trait and the mutation often restores the wild-type
phenotype. The rogues are therefore behaving as genetic re-~
vertants of selected mutants. The spontaneous reversion of
mutant alleles is not unexpected if transposable elements had
inserted at these loci and were the original mutagenic agent.
As an example of this the standard colorless allele at the A
locus of maize was used as a stable recessive for years before
RHOADES (1938) discovered that it reverted to full color in the
presence of the Dt controlling element. In an analogous sit-
wation BINGHAM and JUDD (1981) have found that the white-apricot
eye color mutant of Drosophila, discovered by Heustis in 1923,
is the result of the insertion of a copia transposable element
into the White locus. Insertional mutations may revert to wild-

type if the element transposes away and leaves the locus intact.

At least in maize, transpositions may be under the control of
other thans —acting elements in the genome. Their presence in
some stocks and not in others may explain why mutant alleles
show marked instability in some strains while maintaining sta-
bility in others.

The recurrence of recessive mutations can also be explained
by the action of transposable elements. An example is pro-
vided by the work of LIEBMAN et al. (1981) who investigated a
mutator strain of yeast that frequently lost three linked loci.
It was found that these loci were flanked by Tyl elements that
repeatedly caused deletions of the intervening genes but not
the flanking sequences. These deletions were associated with
rearrangements of the transposable elements themselves. The
genes that were deleted could be transposed to another chromo-

somal location (STYLES et al. 1981). It is now known that
maize transposable elements can also cause deletions of adja-
cent loci (DOONER 1981; BURR and BURR 1981). Certain inter-

convertable states can be controlled by transposable element
inversion as occurs in the alteration of expression of
Salmonella flagellar antigens (2IEG et al. 1977) or host range
of bacteriophage Mu (KAMP et al. 1978).

GENETIC INSTABILITIES IN HYBRID PLANTS

In an earlier paper in these Symposia series McCLINTOCK
(1978) pointed out that wide species crosses were among the
stresses that might trigger reorganization of parental genomes.
Demonstration of this comes from extensive work on interspe-
cific hybridization in the genus Nicotiana . SMITH (1968) has
reviewed the literature on this subject and only a few aspects
will be mentioned here. One of the most remarkable conse-
quences of interspecific crosses between different sections
of the genus Nicotiana is the formation of genetic tumors on
aerial parts of the plant. Tissues excised from these tumors
and grown in tissue culture are able to synthesize their own
phytohormones in contrast to comparable cultures of normal
tissues which require hormonal supplementation. (Unlike the

A
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crown gall tumors induced by Agrobacterium tumefaciens , these gen-
etic tumors do not appear to have any bacterial, viral, or
plasmid agent associated with the transformed tissues.) Tumors
develop in all cases when reciprocal crosses are made. AHUJA
(1968) discovered that by repeatedly backcrossing a hybrid of
N. Longiflora x N. debneyi-fabacum to the N. debneyi-tabacum parent
tumor formation could be shown to be correlated with a specific
fragment of a single {£ongifflora chromosome. In backcrosses to
the other parent he found that tumor formation was lost when
only a few debneyl-tabacum chromosomes were left in a LenglfLorun
background. Ahuja suggested that N. fLongiforum and other mem-
bers of the Alatae section of the genus possessed a factor,

I, that caused tumor formation when put into a favorable gen-
etic background. Such backgrounds that would allow expression,
he suggested, exist in species in other sections of the genus.
SMITH (persocnal communication ), however, has found that a
single N. glauca (Section Paniculate) chromosome in an other-
wise N. Langsdonfii (Section Alatae) background causes tumor
formation. This finding is contrary to what had been predicted
by Ahuja. The basic idea is nonetheless interesting because
it anticipates the mechanism of hybrid dysgenesis occurring

in Drosophila (KIDWELL et al. 1977; PICARD 1979).

SMITH (1968) has cited many other manifestations of in-
stabilities arising in interspecific hybrids in the genus
Nicotiana . These include variability in the pigmentation and
shape of flowers and the lack of uniformity in the growth and
habit of Fj plants. Mutable alleles at two loci controlling
flower color have been described (SMITH and SAND 1957; SAND
1976) . Three alleles at one locus appeared to reversibly
change state but did not mutate to either a stable recessive
to a stable full color condition. 1In the presence of a reg-
ulatory element at the second locus, however, the timing of
somatic sector formation is modified and germinal mutations
to full color can be found. For unknown reasons the unlinked
regulatory element could not be recovered from the revertants.

In hybrids of N. fabacum x N. otophona and subsequent back-
crosses to N. tabacum, the dominant allele from N. cfophora
specifying carmine flower color becomes unstable and can mu-
tate to coral (BURNS and GERSTEL 1967). Somatic sectoring
and loss of carmine color was associated with the partial
or complete loss of a heterochromatic block by chromosome
breakage. 1In addition to chromosome breakage large mega-
chromosomes are occasionally observed in these hybrids (GERSTEL
and BURNS 1976).

Teosinte ( Zea mexicana) is the closest relative of maize.
In studying possible evolutionary schemes for maize MANGELSDORF
(1958) and his colleagues found that maize-teosinte hybrids
and their backcrosses to maize were mutagenic with over 2% of
the F; progeny and later generations exhibiting mutations.
Even 1n plants containing a single teosinte chromosome, mut-
ations were induced on both the maize and teosinte homologues
as well as on other maize chromosomes. Both stable and un-
stable mutations were found that affected the endosperm as
well as other plant characters and all were recessive, simply




GENETIC INSTABILITIES

inherited traits. BIANCHI (1958) had found that a number of
mutations occurred repeatedly from different teosinte crosses
prompting Mangelsdorf to express the opinion that a limited
number of loci might be targets.

The induction of unstable mutations in interspecific
crosses of Nicotiana and maize-teosinte hybrids resembles cer-
tain aspects of the hybrid dysgenesis syndrome in Drosophila
(KIDWELL et al. 1977). This phenomenon has recently received
considerable attention. The principal consequence of the
syndrome is that when crosses of laboratory strains of Droso-
phila are crossed to flies captured in the wild, female infer-
tility frequently results in the F; generation. Other aber-
rations include male recombination, chromosomal abnormalities,
and a high rate of mutagenesis. The mutations generated are
often unstable. Such phenomena were observed even if only a
portion of a wild strain chromosome in an otherwise laboratory
strain genome was used in a cross (ENGELS 1981). The direction
in which the cross is performed determines whether or not the
dysgenic symptoms are expressed -~ they are only observed when
wild flies are used as the male parents and laboratory strains
as the female parents. Genetic studies have shown that the
chromosomes of the wild strains carry two independent families
of factors called I and P. When I and P males are crossed to
laboratory females lacking these elements, and designated R
or M, hybrid dysgenesis results. BINGHAM (personal communi-
cation) and his colleagues have recently found that P factors
are discrete insertions of 300 to 3000 nucleotides present as
repeated copies in P, but not M, strains. These P elements
~are found at unstable loci induced by hybrid dysgenesis and
are at the break points of inversions and translocations in
dysgenic hybrids. The effect of maternal cytoplasm in this
phenomenon has been likened to zygotic induction of temperate
phages in prokaryotes (ENGELS 1979).

Another way of looking at hybrid instability in general
comes from the study of nomadic genes in Drosophila (YOUNG
and SCHWARTZ 198l1). These transposable elements constitute
many families. Although they are found at different chromo-
somal locations in various strains, they manage to preserve
a constant number of copies (except in tissue cultures) that
is characteristic of each family. The implication of this
finding is that if one or a few members of a transposable
element family is introduced into a new genome, it will con-
tinuously replicate and transpose until it reaches a maximal
number. Depending on the mechanism by which these elements
limit their number, the cytoplasm can have a greater or lesser
effect on transposable element activity.

SOMATICALLY INDUCED VARIANTS FROM TISSUE CULTURE

Variants and mutant lines are often found in plant tissue
culture and in plants regenerated from these cultures (SKIRVIN
1978). Occasionally agronomically or horticulturally inter-
esting cultivars have been identified among these regenerates.
NICKELL and HEINZ (1973) reported that cultivars of sugar cane
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derived from plants regenerated from single cells differed mor-
phologically and developmentally and some exhibited resistance
to mosaic virus, a trait not found in parental lines. SHEPARD
et al. (1980) established clones from potato plants regener-
ated from leaf cell protoplasts that displayed a more compact
growth habit, earlier tuber set, different tuber morphology,
shorter daylength requirements for flowering, and novel re-
sistance to blights caused by Altewnarnia soland and Phytophthora
ingestans . These variants were stable for at least three
somatic generations in different environments. A more detailed
analysis (SECOR and SHEPARD 1981) indicates that field grown
clones differed from the progenitor Russet Burbank line in 22
characters. The expression of some of these characters was
influenced by environmental conditions. BAll clones were dis-
tinguished from the parental line in at least one character

and some showed as many as seventeen. The basis for this vari-
ation is not known although aneuploidy does not appear to be
the cause (SHEPARD et al. 1980). The Burbank potato is a tet-
raploid and has been maintained by asexual propagation for more
than a century. The meristems of higher plants give rise to
two ontogenetically distinct layers. The funica is represented
by one or more superficial layers that ultimately forms the
epidermis and a portion of the cortical tissues. The corpus
differentiates into the fascicular and ground tissue systems.
Since both are present in apical meristems, asexually prop-
agated cuttings or buds can maintain tissue chimeras indef-
initely. Therefore many possibilities can exist for the seg-
regation of inherent heterozygosity or clonal differences.

We do not intend to minimize the effect of aneuploidy in
causing variability. Chromosome imbalance is a frequent trait
of regenerated plants (ORTON 1980). Even in diploids such as
Datwra (BLAKESLEE 1934) the primary trisomics of each of the
chromosomes lends a unique phenotype to the seed capsule.
Nevertheless, there are cases where gene mutation may be the
basis for somatically induced variability. Plants regenerated
from maize callus are typically diploid (GREEN and PHILLIPS
1975) . Among progeny of regenerated maize plants numerous
simply inherited mutations have been observed for plant and
endosperm characters (EDALLO et al. 198l). These variants re-
semble those previously observed in spontaneocus mutations of
maize. It is interesting to note that plants derived from the
same subculture did not bear the same mutations indicating that
once released, mutational activity continued. Despite the fact:
that only 2 out of 110 regenerates were aneuploid, most showed
some degree of pollen sterility possibly as a manifestation of
chromosomal rearrangements. TING et al. (1979) also reported
some variation in maize plants derived from anther culture.
Haploid plantlets are obtained by this process but after chromo-
some doubling fertile plants can be regenerated. Ting and his
associates also noted a high degree of pollen sterility, frag-
mentation of the nucleolus in the microsporocytes and sporocyte
fusions. Bridges and fragments at the first, but not the
second, anaphase division of meiosis were also observed sug-
gestive of possible chromosomal inversions.

McCLINTOCK (1950), BIANCHI et al. (1969), and DOERSCHUG
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(1973) have shown that the maize controlling elements exist as
stable components of the genome until a shock is applied that
allows them to transpose and be expressed. In the cases stud-
ied this shock has always been associated with chromosome
breakage, but other agents are not excluded. It seems quite
possible that the processes of tissue culture and regeneration
that we have considered here may constitute similar shocks to
the genome and liberate previously silent copies of transpos-
able elements. As a consequence they may leave loci or re-
insert themselves into functional genes and thereby give rise
to new mutations. The activated transposable elements could
also effect changes by bringing about deletions, inversions,
translocations and duplications of chromosomal segments.
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