
 

 

 University of Groningen

Ac-induced disruption of the doubleDs structure in tomato
Rommens, Caius M.T.; Biezen, Erik A. van der; Ouwerkerk, Pieter B.F.; Nijkamp, H. John J.;
Hille, Jacob
Published in:
MGG Molecular %26 General Genetics

DOI:
10.1007/BF00260639

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
1991

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Rommens, C. M. T., Biezen, E. A. V. D., Ouwerkerk, P. B. F., Nijkamp, H. J. J., & Hille, J. (1991). Ac-
induced disruption of the doubleDs structure in tomato. MGG Molecular %26 General Genetics, 228(3).
DOI: 10.1007/BF00260639

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 10-02-2018

http://dx.doi.org/10.1007/BF00260639
https://www.rug.nl/research/portal/en/publications/acinduced-disruption-of-the-doubleds-structure-in-tomato(f6a773d3-5c0c-458f-b193-0ff817b9284c).html


Mol Gen Genet (1991) 228:453-458 
0026892591002650 

© Springer-Verlag 1991 

Ac-induced disruption of the doubleDs structure in tomato 
Caius M.T. Rommens, Erik A. van der Biezen, Pieter B.F. Ouwerkerk, H. John J. Nijkamp, and Jacques Hille 

Free University, Department of Genetics, De Boelelaan 1087, NL-1081 HV Amsterdam, The Netherlands 

Received February 4, 1991 

Summary. The maize doubleDs element is stably main- 
tained in the tomato genome. Upon the subsequent in- 
troduction of Ac into a plant containing doubleDs, dis- 
ruption of the doubleDs structure and DNA rearrange- 
ments at the site of the doubleDs element were observed. 
No indications were obtained for excision of the com- 
plete doubleDs structure. The consequences of transacti- 
vation of doubleDs in these experiments are different 
from those described for transactivation of single Ds 
elements in tomato. The mechanisms by which such rear- 
rangements could have occurred in tomato are discussed 
in relation to complex insertions containing doubleDs 
in maize. 
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Introduction 

The maize doubleDs element is, both in structure and 
in function, one of the most complex Ds elements char- 
acterized until now. DoubleDs consists of two identical 
Ds elements with a size of 2040 bp (D6ring et al. 1984). 
One of the elements is inserted into the approximate 
centre of the other in inverse orientation. Therefore, the 
doubleDs structure consists of sequences which are pres- 
ent as inverted repeats. 

The behaviour of doubleDs has been examined with 
genetic and cytogenetic techniques in maize. These stu- 
dies showed that the doubleDs element can transpose, 
i.e. excise from its original position and reintegrate else- 
where in the genome (McClintock 1948). This property, 
shared by all Ds elements, is under the control of the 
maize Ac element. Unlike other Ds elements, transposi- 
tion of doubleDs can be accompanied by duplication 
of DNA segments or can otherwise result in chromosom- 
al rearrangements (McClintock 1950). Furthermore, 
doubleDs can be a site for chromosome breakage 
(McClintock 1945). Although the occurrence of this 
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event has been well documented, induced breakage at 
doubleDs has not yet been molecularly analyzed. Such 
an analysis is complicated by the abundance of maize 
DNA sequences resembling doubleDs (Fedoroff et al. 
1983). 

Some insight into the possible mechanisms which lead 
to rearrangement or breakage has been obtained from 
the molecular analysis of two unstable maize alleles 
which contain doubleDs structures. These alleles carry 
insertions with a size of 30 kb (sh-m5933) and 45 kb 
(sh-m6258), respectively. The insertions are partly in- 
verted duplications with doubleDs structures at the ends 
of the duplicated segment. The origin of both insertions 
can be explained by postulating that cleavage occurred 
correctly at only one terminus of the doubteDs element 
while the second cleavage occurred at a distance of sever- 
al kilobases within the flanking DNA (Fedoroff 1989; 
D6ring et al. 1990). 

To facilitate the analysis of the behaviour of dou- 
bleDs, this element was introduced into tomato. It is 
shown that doubleDs is stably maintained in the tomato 
genome. Furthermore, evidence is provided that the sub- 
sequent introduction of Ac into a doubleDs-containing 
plant leads to alterations at the doubleDs structure. 
These rearrangements will be discussed in relation to 
the structures of the maize sh-m5933 and sh-m6258 al- 
leles. 

Materials and methods 

Construction of plant vectors. The binary plasmid vector 
pTT250, which was used to introduce doubleDs into 
tomato, contains, apart from doubleDs, the selectable 
marker genes encoding hygromycin phosphotransferase 
(HPT II) and neomycin phosphotransferase (NPT II). 
The vector was constructed in two steps. First, a I kb 
BamHI fragment containing HPT II was inserted into 
the BamHI site of the expression cassette pRoM (Baul- 
combe et al. 1986). After filling-in the BamHI site be- 
tween HPT II and the polyadenylation signal, the result- 
ing plasmid was named pTT212. Then, plasmid 



454 

a LB Ap double Ds HPT NPT RB 

E E 
I i 

6.6 

~ excision of doubleDs 

E E 

b LB Ap Ac CAT RB 

E E E 
I I I 6.1 2.4 

~[ excision of Ac 

E E 

Fig. 1 a and b. Structure of the T-DNA region of pTT250 (a) and 
pTT252 (b) and the predicted structure of these regions upon ex- 
cision of doubleDs and Ac, respectively. The arrow represents the 
origin for replication of pBR322. LB, left border; RB, right border; 
E, EcoRI; Ap, ampicillin resistance gene; HPT, hygromycin phos- 
photransferase gene; NPT, neomycin phosphotransferase gene; 
CAT, chloramphenicol acetyltransferase gene 

pBRK218, containing doubleDs isolated from the maize 
allele sh-m5933 (D6ring et al. 1984) was inserted into 
the EcoRI site near the left border of pTT212. The T- 
DNA region of this plasmid is presented in Fig. I a. In 
this diagram, the expected empty donor site fragment 
for doubleDs is indicated as well. 

The binary vector which was used to introduce Ac, 
designated pTT252, was derived from a vector contain- 
ing NPT II and a functional chloramphenicol acetyl- 
transferase (CAT) gene between the borders of the T- 
DNA (Haring and De Block 1990). The NPT II gene 
was disrupted by deletion of a 1 kb PstI fragment. Sub- 
sequently, the Ac-containing plasmid pJAC (Behrens 
et al. 1984) was inserted into the EcoRI site. Both the 
T-DNA region of pTT252 and the expected empty donor 
site fragment for Ac are presented in Fig. 1 b. 

Transformation of transgenic plants. The constructed bi- 
nary vectors were introduced into Agrobacterium tume- 
faciens LBA4404 (Hoekema et al. 1983) by triparental 
mating (Fraley et al. 1985). The tomato genotype Msk9 
(Koornneef et al. 1986) was transformed as described 
previously (Rommens et al. 1991). 

Southern blot analysis. Genomic DNA was isolated from 
greenhouse-grown plants (Haring et al. 1989). Ten mi- 
crograms of DNA was digested with restriction enzymes 
according to the manufacturer's recommendations 

(Bethesda Research Laboratories), separated by 0.8% 
agarose gel electrophoresis and transferred to Hybond 
N membranes (Amersham) by vacuum blotting with 
10 x SSC (LKB). Hybridization with randomly primed 
labeled probes was carried out in 10% dextran sulphate 
(Pharmacia), I M NaC1, 1% SDS and 200 gg/ml dena- 
tured salmon sperm DNA at 60 ° C. After washing down 
to 0.1 x SSC at 60 ° C, blots were autoradiographed using 
Kodak X-omat AR films. Before reprobing, filters were 
stripped with 0.4 N NaOH and neutralized with 1 x SSC, 
0.1% SDS and 0.2 M TRIS-HC1 at a pH of 7.5. 

Three fragments of Ac were used as probes to allow 
the identification of, and discrimination between, geno- 
mic DNA fragments containing Ac or doubleDs. These 
fragments were isolated from pJAC (Behrens et al. 1984) 
as a 4.3 kb BamHI-ClaI fragment containing almost the 
entire Ac sequence (designated Ac), a 2.2 kb AccI-HincII 
fragment containing an internal Ac sequence which is 
not homologous to doubleDs (intAc) and a 1.5 kb Bam- 
HI-HindIII fragment from the 5' side of Ac (frAc). Apart 
from the Ac fragments, the ampicillin resistance gene 
(Ap, a 1.1 kb BglI fragment from pUC19) and the 
HPT II gene (Gritz and Davies 1983) were used as 
probes. 

Plasmid rescue. Part of our study on the behaviour of 
doubleDs and Ac in transgenic tomato plants was carried 
out by restriction mapping of rescued circularized geno- 
mic DNA fragments. To prepare DNA for this purpose, 
20 lag of an EcoRI digest was circularized in 1 ml of 
ligase buffer (BRL) in the presence of 10 units T4 DNA 
ligase (Pharmacia). To prepare electrocompetent cells, 
200 ml of an Escherichia coli NM554 culture (Raleigh 
et al. 1988) was grown to early log phase ( 0 D 6 o o = 0 . 5 )  
in LB broth and then pelleted by centrifugation 
(4000 rpm for 10 rain at 4 ° C). Subsequently, cells were 
washed twice in distilled water at 4 ° C (in 1 volume and 
1/5th volume, respectively) and then washed in 1/20th 
volume of 10% glycerol. After the final centrifugation, 
approximately 3 x 10 l° cells were resuspended in 400 gl 
of 10% glycerol and 10% polyethylene glycol (molecular 
weight = 3350) and stored in 40 gl aliquots at - 7 0  ° C. 

To determine the transformation efficiency, 40 lal of 
electrocompetent cells were mixed with 1 pg of pUC19 
and subsequently electroporated with a Biorad Gene 
Pulser (12.5 kV/cm for 5 ms). Next, cells were grown 
(by incubating cells with 1 ml of LB broth at 37 ° C for 
30 min) and plated on agar plates containing 100 mg/1 
ampicillin for selection of transformants. If the transfor- 
mation frequency was between 5 x 108 and 2 x 109 trans- 
formants/gg of plasmid DNA, eiectrocompetent cells 
were used for the recovery of genomic DNA fragments. 
Under these conditions, up to 50 circularized DNA frag- 
ments containing Ap and the origin for replication of 
pBR322 could be recovered per 20 l.tg of genomic plant 
DNA. 

Sequence analysis. DNA sequences were determined 
from double-stranded plasmid DNA with Sequenase 
Version 2.0 (United States Biochemicals) according to 
the manufacturer's protocol. 



Results 

Stability of doubleDs in tomato 

Tomato plants were transformed with an Agrobacterium 
strain harbouring the binary plasmid vector pTT250 
(Fig. 1 a). This vector contains bacterial plasmid se- 
quences next to the doubleDs element within its T-re- 
gion. The presence of the bacterial origin sequences en- 
ables the structure of the T-DNA insertion to be ana- 
lyzed by plasmid rescue. Also, the NPT II and HPT 
II genes are present between the borders of the T-region. 
The NPT II gene allows selection for transformants; 
the HPT II gene was not used in the present experiments. 

The maize doubleDs element contains two Ds ele- 
ments which are in inverted repeat configuration. There- 
fore, this structure might give rise to events like recombi- 
nation in tomato. To ascertain whether doubleDs is sta- 
bly maintained in tomato, four independent transfor- 
mants were analyzed. A Southern blot, prepared from 
EcoRI-digested DNA was probed with Ac, stripped and 
subsequently reprobed with Ap. The size of the single 
fragment which was visualized on this blot is 6.6 kb and 
is identical to the size of an internal T-DNA fragment 
which contains Ap and doubleDs (Fig. 2). This result 
was confirmed using BamHI digests (data not shown). 
No additional signals were observed on the Southern 
blots even after prolonged exposure times, indicating 
that no major rearrangements occurred at the site of 
doubleDs at this stage. 

Characterization of a transgenic tomato plant containing 
a single doubleDs element and a mobile Ac element 

A transgenic tomato plant, designated AAT1915, con- 
tains one T-DNA insertion of pTT250. This was de- 
duced from Southern blots prepared from HindIII-di- 
gested plant DNA. One band showing homology with 
Ap, doubleDs and HPT II represents the left border 
fragment. This band has a size of 18 kb (Fig. 3 a, lanes 
1). Another band, with a size of 20 kb, contains the 
NPT II gene and represents the right border fragment 
(data not shown). Reasoning that the presence of one 
doubleDs-containing T-DNA insertion will facilitate the 
analysis of the behaviour of doubleDs in the presence 
of Ac, plant AAT1915 was selected for the subsequent 
introduction of Ae. For this purpose, an Agrobacterium 
strain containing pTT252 (Fig. l b) was used. Like 
pTT250, this vector contains sequences between the 
borders of the T-region which can be used for plasmid 
rescue experiments. The presence of the CAT gene in 
this T-region allowed double transformants to be se- 
lected for on chloramphenicol. 

The behaviour of doubleDs was studied by compar- 
ing the hybridization patterns of DNA isolated from 
AAT1915 and from a double transformant containing 
a mobile Ac element, designated AAT1915-24. In 
Fig. 3 a, a Southern blot prepared from HindIII digests 
and probed with several constituents of the T-DNA re- 
gion is presented. From the Southern blot, it can be 
deduced that Ac is predominantly present at its original 
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Fig. 2. Stability of doubleDs in transgenic tomato plants. A South- 
ern blot containing EcoRI-digested DNA isolated from four inde- 
pendent transformants (lanes 1-4) was probed with Ac, stripped 
and reprobed with Ap. The size of the observed fragment is identi- 
cal to the size of an internal fragment of the T-DNA region of 
pTT250 containing Ap and Ac. E, EcoRI 

position between the borders of the T-DNA. This is 
evident from the presence of a 1.3 kb band and a 16 kb 
band on probing with Ac (lane 2). The 16 kb band hybri- 
dizes also to Ap and weakly hybridizes to the intAc 
probe (due to the small overlapping sequence (100 bp) 
between fragment and probe; lanes 2). An additional 
1.6 kb band is homologous to Ac and represents an in- 
ternal Ac fragment. 

The presence of an empty donor site fragment for 
Ac in the genome of AAT1915-24 indicates that Ac is 
active in this plant. The empty donor site fragment, with 
an expected size of 14.3 kb (16 kb minus a 1.7 kb HindIII 
fragment containing Ac), is difficult to detect on this 
blot but can more easily be visualized as a 3.9 kb band 
on Southern blots prepared from EcoRI digests (data 
presented in the next section). 

Disruption of  the doubleDs structure in the presence of Ac 

Compared to the relative stability of Ac, doubleDs is 
very unstable. This is evident from our inability to detect 
the full donor site fragment for doubleDs in DNA of 
AAT1915. As mentioned previously, this fragment is 
present in DNA of AAT1915 as an 18 kb band. It con- 
tains, apart from doubleDs, sequences flanking dou- 
bleDs at the left side (Ap) and sequences flanking dou- 
bleDs at the right side (HPT II). Instead of the original 
18 kb fragment, two new fragments containing doubleDs 
sequences (i.e. bands hybridizing to Ac but not to intAc) 
can be detected on the blot prepared from DNA of 
AAT1915-24 (Fig. 3a, lanes 2). These fragments have 
a size of 13 kb and 5.5 kb, respectively. The 13 kb frag- 
ment is also homologous to Ap but does not contain 
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Fig, 3a  and b. Behaviour of doubleDs in AAT1915-24. Southern 
blots were prepared from equal amounts (10 I~g) of HindIII- (a) 
or BarnHI- (b) digested DNA isolated from AAT1915 (lanes 1) 
or AAT1915-24 (lanes 2). The Ae fragments which were used as 
probes are represented with a dashed line. Also, the HPT II gene 
was used as a probe, a The original 18 kb HlndIII fragment hybrid- 
izing to Ap, Ac and HPT II cannot be detected in DNA of 
AAT1915-24. The disappearance of this band correlates with the 
appearance of two new predominant bands with sizes of 13 kb 
and 5.5 kb. The 13 kb band hybridizes to Ap and Ac while the 
5.5 kb band hybridizes to Ac and HPTII .  Since the separated 
sequences, which originally flanked doubleDs at the left and right 
side still hybridize to doubleDs, the DNA rearrangement probably 
occurred at this element itself. Several fragments which can be 
visualized in the DNA of AATI915-24 represent the presence of 
Ac at its original position in the T-region of pTT252. These frag- 
ments have a size of 16 kb, 1.6 kb and 1.3 kb. As expected, the 
16 kb fragment only weakly hybridizes to intAc, b The intensity 
of a 2.6 kb internal doubleDs fragment decreases after introduction 
of Ac, indicating that the presence of Ac results in disruption of 
the doubleDs structure. Probably, "transactivation" of doubleDs 
leads to cleavage at the internal terminus located between the two 
BamHI sites present in doubleDs. A 6.1 kb fragment in lane 2 
represents the full donor site fragment for Ac in plant AAT1915-24. 
Fragment sizes are indicated in kb and were determined from 2 
DNA size markers 

H P T  II  sequences. Conversely, the 5.5 kb fragment  hy- 
bridizes to H P T  II  but does not contain Ap sequences. 
The origin of  both  fragments can be explained by post- 
ulating that  Ac-induced cleavage occurred at the site of  
doubleDs, thus leading to disruption of  this element. 
Additional support  for this hypothesis was obtained by 
hybridizing a Southern blot containing BamHI-d iges ted  
D N A  with the frAc probe (Fig. 3 b). This blot shows 
that  the introduction of A c  leads to a strong decrease 
in intensity of  an internal 2.6 kb doubleDs band, indicat- 
ing that  cleavage events occurred somewhere within this 
region. 

Since AAT1915-24 is a pr imary (double) transfor- 
mant ,  the occurrence of  several independent events at 
doubleDs can be expected. However,  apar t  f rom the 
clearly detectable disruption of  doubleDs, the Southern 
blots presented provide no indications of  other events 
at doubleDs. For  instance, an empty donor  site f ragment  
for doubleDs cannot  be visualized. Such a (HindII I )  
fragment  should have a size of  13.8 kb (18 kb minus 
the size of  doubleDs). Possibly, events other than the 
described disruption at doubleDs are not frequent en- 
ough to allow detection on Southern blots. Therefore, 
the technique of plasmid rescue was used to investigate 
the possible occurence of these rare events. 

Plasmid rescue to analyse " transactivation " o f  doubleDs 

Surprisingly, the full donor  site fragment  for d o u b l e D s  
was recovered not only f rom E c o R I  digests of  AAT1915 
(with high frequency) but also f rom digests of  AAT1915- 
24 (though with lowered frequency; Fig. 4). This frag- 
ment  has a size of  6.6 kb and can be visualized on a 
Southern blot prepared f rom D N A  of  AAT1915 (Fig. 2) 
but not  on a similar blot prepared f rom D N A  of  
AAT1915-24 (Fig. 4). This result indicates that  rescue 
experiments are, indeed, a more sensitive tool than 
Southern blot analysis for the examination of  chimaeric 
plants. 

As expected, both  the 6.1 kb full and the 3.9 kb empty 
donor  site f ragment  for Ac were rescued f rom the ge- 
nome of  AAT1915-24 as well. These fragments can also 
be visualized on the corresponding Southern blot 
(Fig. 4). 

Based on Southern blot experiments, the recovery of  
a 7.8 kb E c o R I  fragment  was also expected. This frag- 
ment  is homologous  to Ap (Fig. 4) and doubleDs (i.e. 
that  the fragment  hybridizes to Ac but  not intAc; data  
not shown). However,  the 7.8 kb fragment  could not 
be rescued f rom the genome of  AAT1915-24. Also, at- 
tempts to rescue the corresponding 13 kb Hind-I I I  frag- 
ment  were unsuccessful (data not shown). These experi- 
ments indicate that the region occupied by doubleDs 
and pBR322 sequences might not contain the complete 
functional Ap gene (see Discussion). 

Apar t  f rom the previously described fragments, a 
2.9 kb fragment  was rescued f rom the genome of  
AAT1915-24. This fragment,  which could not  be de- 
tected on Southern blots, contains the sequence flanking 
doubleDs at the left side. However,  on the right side, 
it does not contain any other constituents of  the T - D N A  
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Fig. 4. Plasmid rescue from transformants AAT1915 and 
AAT1915-24. The table on the left shows the total number of 
independent EcoRI fragments which were recovered from the ge- 
nomes of AAT1915 (lane 1) and AAT1915-24 (lane 2). A Southern 
blot prepared from similar DNA digests and probed with Ap is 
shown at the right. A comparison between the table and the autora- 
diogram of the blot demonstrates that fragments which were res- 
cued with a low frequency from the genome of AAT 1915-24 cannot 
per se be visualized on the blot. The fragments which were not 
visible on the autoradiogram (lane 2) have sizes of 6.6 kb and 
2.9 kb 

(Fig. 5). Instead, it contains a single-copy plant D N A  
sequence. This was demonstrated by hybridizing this se- 
quence with genomic D N A  of  non-transformed tomato  
plants (Fig. 5 b, lane 2). The plant D N A  sequence starts 
at 9 bp f rom the original site of  doubleDs (Fig. 5). This 
implies that  the 2.9 kb rescued fragment  derives f rom 
a D N A  rearrangement  which occurred at doubleDs. In 
contrast  to the previously described disruption of  dou- 
bleDs, the rearrangement  probably originated f rom a 
cleavage event at, or near, the end of  doubleDs. 

The plant D N A  fragment  fused to the sequence flank- 
ing doubleDs at the left side is not  related to the plant 
D N A  fragment  which flanks the right border  of  the T- 
D N A  insertion. The latter fragment,  rescued f rom D N A  
of  AAT1915 digested with B a m H I  and BglII, hybridizes 
to repetitive plant D N A  sequences (Fig. 5, lane 1). 

D i s c u s s i o n  

In this report  we demonstrate  that  the introduction of  
Ac into a tomato  plant containing doubleDs leads to 
D N A  rearrangements at the doubleDs structure. The 
fact that  stability of  doubleDs in tomato  plants which 
do not contain Ac could be demonstrated as well, implies 
that the observed rearrangements in AATIg I5 -24  are 
a consequence of  transactivation of  doubleDs by Ac. 

Previous reports have shown that  single Ds elements 
can also be transactivated by Ac in tomato  (Lassner 
et al. 1989). Transactivation of  these Ds elements leads 
to excision of  the element f rom its original position, an 
event which is commonly  followed by reintegration of  
the Ds element elsewhere in the genome, as has now 
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Fig. 5a and b. Analysis of a 2.9 kb EcoRI fragment rescued from 
the genome of AAT1915-.24. a Comparison of sequences at the 
point of divergence between a 6.6 kb fragment rescued from 
AAT1915 and the 2.9 kb fragment recovered from AAT1915-24. 
The point of divergence, indicated with a zig-zag line, is present 
at 9 bp to the left of the original site of doubleDs. Plant DNA 
sequences are indicated with a thick dashed line. b A Southern 
blot was prepared from HindIII-digested DNA of a non-trans- 
formed tomato plant. The blot was hybridized with the plant DNA 
fragment flanking the left border of the T-DNA (lane 1), stripped 
and reprobed with the plant DNA sequence present in the 2.9 kb 
plasmid (lane 2). Hybridization patterns show that the fragments 
are homologous to repetitive and single copy plant DNA se- 
quences, respectively. E, EcoRI 

been documented in many  plant species (for a review, 
see Haring et al. 1991). Excision of  doubleDs, however, 
could not be demonstrated in the genome of  AATI915-  
24. Therefore, al though the ability of  doubleDs to excise 
in other tomato  plants cannot  yet be excluded, our stu- 
dies show that  the behaviour of  doubleDs in tomato  
is different f rom that  of  single Ds elements. 

In most  of  the transgenic tomato  plants containing 
Ac and Ds that  have been analyzed, until now the full 
donor  site of  Ds is comparable  in hybridization intensity 
to the empty donor  site (Lassner et al. 1989; C.M.T. 
Rommens,  unpublished results). In plant AAT1915-24, 
the full donor  site of  doubleDs is not detectable on 
Southern blots. This suggests that  either the timing of  
transactivation of  doubleDs is earlier during plant devel- 
opment  or that the frequency of  late transactivation 
events is higher than that  common  for single Ds ele- 
ments. Because only one plant was examined in detail, 
it is not clear whether this phenomenon is a general 
feature. 

Instead of  excision of  doubleDs f rom its original loca- 
tion, different rearrangements were observed in the ge- 
nome of AATI915-24.  The predominant  rearrangement  
implies disruption of  the doubleDs structure: two new 
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fragments, still containing one side of  doubleDs, each 
hybridize only with one of  the doubleDs flanking se- 
quences. Disruption of  doubleDs is possibly due to the 
configuration of  this element, which potentially leads 
to complex secondary structures upon transactivation. 

Excision of  single Ds elements is a consequence of  
cleavage events at both  ends of  the element. Since dou- 
bleDs consists of  two Ds elements, each of  which con- 
tains two terminal sequences, the cleavage events at dou- 
bleDs can occur at any of  these four terminal repeats. 
The observation that  disruption of  doubleDs correlates 
with a strong decrease in intensity of  an internal BamHI 
fragment  of  doubleDs suggests that  one cleavage oc- 
curred at a terminus of  the inner Ds element, which 
is located between the two BamHI sites of  doubleDs. 

A transactivation event which is restricted to cleavage 
events within doubleDs, followed by com m on  repair 
processes, cannot  account for the observed rearrange- 
ments present in plant AAT1915-24. The observed D N A  
rearrangements in this plant  suggest that  cleavage events 
at doubleDs coincide with additional cleavage events in 
flanking DNA.  A similar hypothesis has been proposed 
to explain the origin of  the maize sh-m5933 and sh- 
m6258 alleles (D6ring et al. 1989; 1990; Fedoroff  1989). 
There are no clear indications for the positions of  the 
cleavage events outside doubleDs in the tomato  genome. 
However,  the inability to rescue D N A  fragments con- 
taining a disrupted doubleDs structure and Ap (a 7.8 kb 
EcoRI fragment  or a 13 kb HindIII fragment  which can 
be visualized on Southern blots) suggests that, with re- 
spect to this event, an additional cleavage occurred with- 
in the Ap gene. 

Another  rearrangement,  examined by analyzing a res- 
cued 2.9 kb EeoRI fragment,  contains a sequence origi- 
nally flanking doubleDs at the left side, fused to a plant 
D N A  sequence. The origin of  this rearrangement  can 
be explained, as in the previous case, by postulating that  
cleavage at the left terminus of  doubleDs coincides with 
cleavage to the right of  the T - D N A  insertion, within 
plant DNA.  This would lead to loss of  the intervening 
sequence containing the right par t  of  the T-region. Alter- 
natively, this rearrangement  could have occurred via a 
mechanism which is different f rom that  associated with 
the two major  events causing disruption of  doubleDs. 
It  can be envisaged that, in this case, a pr imary cleavage 
event occurred on the left terminal repeat of  doubleDs, 
but that  transposit ion of  doubleDs was aberrant,  leading 
to a deletion at the site of  excision. The occurrence of  
a deletion coinciding with an aberrant  transposit ion 
event has been described previously in maize for the 
Dsl  element (Peacock et al. 1984). 

The finding that  doubleDs can be transactivated in 
tomato  and that  transactivation leads to events which 
are compatible  with those observed in maize, justify a 
further examinat ion of  the behaviour of  doubleDs in 
tomato.  Further experiments may  contribute to an un- 
derstanding of  the mechanism of  transactivation of dou- 
bleDs and Ds. 
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