
A Transposable Element of Maize Emerges 
A long-sought transposable element of maize has been isolated; it may permit 

the development of a gene transfer system for this crop plant 

During the past few years transposable 
elements from bacteria, yeast, and the 
fruit fly have been isolated and cloned, 
but the elements of maize remained elu- 
sive even though Barbara McClintock of 
Cold Spring Harbor Laboratory discov- 
ered these bits of movable DNA in maize 
more than 30 years ago. That deficiency 
is now being overcome, according to W. 
James Peacock of CSIRO's Division of 
Plant Industry in Canberra, Australia. 

Peacock told the Fifteenth Miami Win- 
ter Symposium, which was held in Mi- 
ami Beach on 16 to 21 January, that he 
and his colleagues had cloned a maize Ds 
element when they were doing experi- 
ments aimed at developing a gene trans- 
fer system for this important crop plant. 
The Ti plasmid, which is now ready to 
apply as a gene transfer vector (see box 
on p. 830), may not be useful for maize 
and other grains because these plants are 
monocots, and Agrobacterium tumefa- 
ciens, the bacterium that transmits Ti 
plasmids, normally infects only dicotyle- 
denous plants. 

One of the requirements for a gene 
transfer system is a method for identify- 
ing those cells that have acquired the 
new gene. The Canberra group's ap- 
proach is to use maize cells that lack the 
enzyme alcohol dehydrogenase (ADH). 
The enzyme-deficient cells cannot grow 
in the absence of oxygen, whereas cells 
that have the enzyme can grow anaerobi- 
cally. The idea then is to transfer the adh 
gene for this enzyme together with some 
other desired gene into deficient plant 
cells and use the ability to grow anaero- 
bically to select those cells that have 
acquired the transferred genes. 

To transfer the adh gene, the Peacock 
group first had to clone it. They cloned 
the genes coding for both of the two 
types of ADH enzyme found in corn; 
these genes are designated adhl and 
adh2. They also had available a Ds- 
induced mutant of the adhl locus that 
was identified by John Osterman and 
Drew Schwartz of Indiana University. 
As described by McClintock, the Ds 
transposable element remains stationary 
in the bronze locus of maize unless a 
second element, designated Ac, is also 
present in the genome. Then the Ds 
element moves, causing a variety of 
chromosomal abnormalities, including 
insertions, rearrangements, deletions, 
and breakages. To obtain the mutant, 

Peacock says, Osterman and Schwartz 
used an Ac-positive strain and "just sat 
there and waited until the bus stopped at 
adhl ." 

The CSIRO workers then compared 
the DNA of the mutated adhl locus with 
that of the cloned normal gene. They 
found in the mutant an insertion of 402 
base pairs (bp) of DNA that terminated 
in inverted repeats of 11 bp. The insert is 
bounded at each end by an 8-bp direct 
repeat of preexisting adhl DNA. In oth- 
er words, the insert has the characteris- 
tic features of a transposable element. 

A reversion of the mutant, which was 
also identified by Osterman and 
Schwartz, had lost the insert, the CSIRO 
workers found. "The insert goes out by a 
fairly precise excision, leaving the dupli- 
cated region," Peacock says. 

Other investigators have found inserts 
that may also be Ds elements, although 
they are much longer than the relatively 

In other words, the insert 
has the characteristic 

features of a 
transposable element. 

short one cloned by the Peacock group. 
For example, Mavis Shure, Susan 
Wessler, and Nina Fedoroff of the Car- 
negie Institution of Washington (Balti- 
more) have found a 2500-bp insert in the 
waxy locus, which codes for an enzyme 
needed for amylose synthesis. This in- 
sertion is excised in revertants of the 
mutation, Federoff says, although not 
precisely. The protein product is some- 
what larger than normal. 

In previously published work,* Benja- 
min Burr and Frances Burr of Brookha- 
ven National Laboratory reported that 
they found very large inserts in the 
shrunken locus of maize, which codes 
for the enzyme sucrose synthetase. The 
Burrs examined four Ds-induced mu- 
tants of the shrunken locus that had been 
isolated by McClintock. The inserts they 
describe are around 20,000 bp in length 
and differ from each other in structure, 
as determined by restriction mapping, 
even though they had a common genetic 
origin. The investigators hypothesize 
- -- -- 

*B Burr and F.  A. Burr, Cell 29, 977 (1982). 

that the four inserts may be derived from 
one DNA sequence that underwent rear- 
rangements. 

Variation in length would not be un- 
precedented for a transposable element, 
although a variation as wide as 400 to 
20,000 bp might be unusual. There are 
several parallels between the Ac-Ds ele- 
ment system of maize and the P element 
system of the fruit fly, which also has 
two types of elements (Science, 22 Octo- 
ber 1982, p. 364). The smaller type of P 
element, which ranges in size from about 
500 to 1500 bp, is apparently the equiva- 
lent of the Ds element. It moves about 
the fruit fly genome but only in the 
presence of the large, complete P ele- 
ment, which is about 3000 bp long and 
corresponds to the Ac element of maize. 
Fedoroff predicts, "Ds will probably 
turn out to be as variable in length as the 
P elements." 

The smaller P elements are derived 
from the large one by the loss of interior 
sequences; all the elements terminate in 
the same inverted repeats of 31 bp. If the 
Ac-Ds system follows the same structur- 
al pattern as the P system, then the Ds 
elements of various lengths should termi- 
nate in the same 11 bp repeat as that seen 
in the adhl locus insert. And it should be 
possible to use the cloned Ds elements as 
probes to identify and clone the Ac ele- 
ment. 

However, there still remains a puzzle 
concerning the nature of the Ds-induced 
mutations of the shrunken locus. Peter 
Starlinger's group at the University of 
Cologne has cloned the DNA of the 
shrunken locus of one of the same mu- 
tants studied by the Burrs. The mutant 
clone, Starlinger says, "contains a piece 
of DNA that is not present in the wild- 
type locus." But, according to Fedoroff, 
who is also studying the Ds-induced mu- 
tations of the shrunken locus and who 
has collaborated with the Starlinger 
group on some of the work, the alter- 
ation appears to be more complex than 
the simple, although large, insertions de- 
scribed by the Burrs. The mutation re- 
sults, she explains, in a break in the 
DNA of the gene as well as a duplication 
of part of the broken gene and the newly 
introduced sequence adjacent to it. 

When the mutation reverts to the wild 
type, breakage continues to occur. "Re- 
version to the wild type puts the gene 
back together, but keeps the duplicated 
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segment," Fedoroff says. The sequence 
of newly introduced DNA adjacent to 
the duplicated gene segment is the site of 
chromosome breakage in the revertants. 

When that sequence is deleted, the 
developmental timing of the chromo- 
some breakage is altered so that it no 
longer resembles the timing of Ds-in- 
duced breakage; this result suggests that 
the newly introduced sequence corre- 
sponds to at least part of the Ds element. 
This possibility is further strengthened 
by the finding in Starlinger's laboratory 
that the boundary between the newly 
introduced DNA and the gene DNA %on- 
tains the same 11-bp sequence as that 
found by Peacock's group at the ends of 
the adhl insert. 

Peacock hopes to use the Ds element 
to introduce new genes into the genome 
of maize. "It looks potentially useful as a 
vector," he notes, "although the inser- 
tion may not be completely random. The 
Ds terminus in this mutant is very ho- 
mologous to the gene sequence at the 
point of insertion." 

Gerald Rubin and Allan Spradling, 
who are also at Carnegie's Baltimore 
branch, have already used the P element 
system to introduce a foreign gene into 
the fruit fly. The transferred gene was 
expressed and corrected a genetic defect 
in the recipients, which could pass the 
transplanted gene to their progeny. 

The cloned adhl gene can be inserted 
into the Ds element, and this hybrid 
DNA can be tested to see whether it will 
confer ADH enzyme activity on corn 
cells that lack the enzyme. The cells that 
will be used for this are protoplasts, 
plant cells that have been denuded of 
their cell walls and grown in culture. 

So far it has not been possible to grow 
whole corn plants from protoplasts, a 
problem for investigators who want to 
genetically engineer new traits into 
maize. However, C. Edward Green of 
the University of Minnesota described 
some progress toward corn plant regen- 
eration at the Miami meeting. 

Meanwhile, other plants can be regen- 
erated from their protoplasts. Horst 
Lorz of the CSIRO group has produced a 
mutant of one of these, Nicotiana plum- 
baginifolia, a close relative of tobacco, 
that lacks ADH activity. The CSIRO 
workers plan to try to transfer the maize 
adhl gene into this plant. The Ds ele- 
ment may not work in this species but 
other approaches to gene transfer are 
possible. For example, the Ti plasmid 
may be used as a vector for this plant. 
Peacock says of the current gene transfer 
effort, "We now have all the pieces, but 
we need to put them together." 
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