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ABSTRACT Analysis of 11 genomic clones containing the
S-adenosylmethionine synthetase 1 gene (saml) of Arabidopsis
thaliana revealed the presence of a 431-base-pair (bp) insertion
in the 3’ end of saml in one of these clones. The inserted
sequence, called Tatl, shows structural features of a transpo-
son. It is flanked by a 5-bp duplication of the target site DNA
and has 13-bp inverted repeats at its termini. Two highly
homologous elements situated in a different genomic context
were isolated from a genomic library. Genomic Southern
analysis indicates that there are at least four copies of Tatl
present in the A. thaliana ecotype Columbia genome. Different
hybridization patterns are observed with DNAs derived from
different ecotypes of Arabidopsis thaliana, indicating that the
element has moved since the divergence of these ecotypes. In
two populations of A. thaliana, linear extrachromosomal Tatl-
homologous DNA has been observed. The presented data are
consistent with the hypothesis that Tat! is an active transpos-
able element.

Transposable elements and transposon-like elements have
been isolated from an increasing number of plant species over
the last decade. These elements are characterized by the
presence of terminally inverted repeats and the apparent
ability to generate duplications of the target site upon inte-
gration (for reviews, see refs. 1 and 2). Many elements
isolated from several plant species contain homologous in-
verted repeats. On this basis the elements Tam! and Tam2
from Antirrhinum majus (3), Tgml from soybean (4), SpmI8
from maize (5), and Pis! from pea (6) belong to one class of
transposons starting with the sequence 5' CACTA-- 3/,
whereas Ac/Ds from maize (7), Tam3 from Antirrhinum
majus (8), Tpcl from Petroselium crispum (9), Ips-r from
Pisum sativum (10), and Tatl from Arabidopsis thaliana
(described in this paper) constitute a second class of trans-
posons showing mutual homology in their inverted repeats.

This paper describes three copies of an Arabidopsis trans-
poson-like element, designated Tat!.} Evidence is presented
that Tatl is an active (nonautonomous) transposon.

MATERIALS AND METHODS

Plant Material. A. thaliana seeds were obtained from the
Max-Planck-Institut fiir Ziichtungsforschung (Koéln, F.R.G.)
(collection number K85), from M. Jacobs (Vrije Universiteit
Brussel, Brussels) (collection number C24), from G. Rédei
(University of Missouri) (ecotype Columbia), from K. Feld-
mann (DuPont) (ecotype Wassilewskija), and from M.
Koornneef (Wageningen, The Netherlands) (ecotype Lands-
berg erecta).

Subclones and Preparation of DNA and Riboprobes. From
the original genomic phage clone ASAM3 containing the sam/
gene with a Tat! insertion in its 3’ end, a 0.7-kilobase (kb) Pst
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I-HindIII fragment containing the Tat! insertion was cloned
in pGEM-2 yielding plasmid pTAT1A-2. From A phage clones
ATATD and ATATc, a 0.5-kb BamHI-Xho 1 fragment and a
4.0-kb EcoRlI fragment, respectively, containing the Tatlb
and Tatlc isolate, were subcloned into pGEM-2 yielding
plasmids pTAT1B-2 and pTATI1C-1.

For the preparation of the different DNA probes, the DNA
fragments were eluted from agarose gels, and probes were
prepared by using the multiprime DNA-labeling system from
Amersham.

Riboprobes were prepared according to the Promega pro-
tocol using T7 polymerase.

Elution of DNA Fragments from Agarose Gels. After elec-
trophoresis in gels prepared with ultrapure agarose (BRL),
the DNA fragment was cut out. The agarose piece was
pushed through a Millex-HV 0.45-um, 13-mm filter unit
(Millipore) by using a 2-ml syringe. The filter was washed
once with 200 ul of water. After extraction with phenol, the
fragment was precipitated with ethanol and dissolved in
water, and the concentration of the fragment was estimated
on agarose gel.

Screening of a Genomic Library. The genomic library used
for screening has been described (11, 12). The library was
screened by plaque hybridization by the procedure of Maniatis
et al. (13) with Riboprobes transcribed from the 0.7-kb Pst
I-HindIll fragment of pTAT1A-2. Prehybridization and hy-
bridization were carried out as described by Peleman et al.
(14).

Preparation of DNA. Arabidopsis, Brassica, Nicotiana,
and Oryza DN A were isolated by the procedure of Dellaporta
et al. (15).

Southern Blots. Genomic Southern hybridizations were
carried out as described by Peleman et al. (11).

Miscellaneous Techniques. All recombinant DNA tech-
niques not described above were as described by Maniatis et
al. (13). The DNA sequence was determined on both strands
by the procedure of Maxam and Gilbert (16). Nucleotide
comparison analysis was done with the IntelliGenetics soft-
ware package for molecular biologists.

RESULTS

Isolation and Sequence Analysis of an Insertion Sequence in
the 3’ End of the saml Gene. Eleven genomic clones contain-
ing the S-adenosylmethionine synthetase (saml) gene were
isolated from a Charon 35 library of Arabidopsis by using the
0.78-kb Bgl I1-Sal 1 fragment of the sam/ gene as a probe (11).

Restriction and hybridization analysis showed that the
saml gene in A phage clone ASAM3 was present within a
4.5-kb EcoRlI fragment instead of a 4.0-kb EcoRI fragment as
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FiG. 1. Restriction map of the saml gene and indication of the

insertion position of Tat! in the genomic phage clone ASAM3 (see
text). The hatched box indicates the coding region of saml. E,
EcoRI; H, Hindlll; P, Pst 1; S, Sal 1.

in the 10 other saml-containing clones (data not shown).
Detailed restriction analysis of the 4.5-kb EcoRI fragment
and comparison with the restriction map of the original sam/
gene revealed that the ASAM3 clone contained an insertion of
=~400 bp in the 3’ end of the saml gene (Fig. 1). Sequence
analysis of the 0.7-kb Pst I-HindIII fragment containing this
insertion shows that a 431-base-pair (bp) sequence element is
inserted 330 bp downstream from the stop codon of the sam!
gene (Fig. 2). This insertion, called Tatl, shows the structural
characteristics of transposable elements. It is flanked by a
5-bp duplication of the target site DNA: ACGAT. The ends
of the element contain a perfect 13-bp or an imperfect 16-bp
inverted repeat of the sequence 5'-TGTGGATGTCG-
GAXTG-3'. The inverted repeat shows homology with the
terminally inverted repeat sequences of the Ac/Ds elements
in Zea mays (7), the Tam3 element of An. majus (8), the Tpcl
element of Pe. crispum (9), and the Ips-r element of Pi.
sativum (10) (Fig. 3). The element contains internally a
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perfect 20-bp palindrome 65 nucleotides from the left border
of the element (Fig. 2).

Sequences flanking the Tatl element are 100% identical
with the 3’ end sequences of saml/ isolates lacking the Tat!/
insertion. This observation suggests that the Tat/ insertion
has occurred recently.

Isolation of Two Additional Tatl Copies. Hybridization of
Arabidopsis DNA digests with the Tatl element as a probe
reveals several hybridizing bands (see below). To isolate
additional sequences homologous to the Tat/ element out of
the Arabidopsis genome, the genomic Charon 35 library was
screened with the 0.7-kb Pst I-HindIII fragment containing
the Tatl element as a probe. For convenience, the Tat/
insertion in the 3’ end of the saml gene will be referred to
further as the Tatla isolate. Twenty-five clones hybridizing
with Tatla were isolated for further analysis. Restriction
analysis and subsequent hybridization with the Tat/a isolate
as a probe revealed two phage clones, ATATb and ATATc,
containing Tatl-homologous DNA situated in a different
genomic context than the Tat/a isolate. These isolates will be
further referred to as Tatlb and Tatlc, respectively. Hybrid-
ization analysis revealed that the region homologous to the
Tatla element was confined to a 0.5-kb BamHI-Xho 1
fragment for the Tatlb isolate and a 0.95-kb Bgl II-Pvu 11
fragment for the Tatlc isolate. These fragments were used for
sequence analysis. The sequences of Tatlb and Tatlc are
compared with the Tatla sequence in Fig. 2. The Tatlb
isolate is 430 bp long and shows 92.5% and 96.0% identity

1

1

CTGCAGTAACAGAGTATTTTCTTCCTTTTCAAGTCCCAAGAGG TCAAAACAGAGTATCATCET:
I R R AR

CTGCAGTAACAGAGTATTTTCTTCCTTTTCAAGTCCCAAGAGGTCAAAACAGAGTATCATCGT[TGTGEATE TCGGTCCACTTCGGACTAATCCGCATTCAATGE6C T TCAAGGTEAATTGGECCCAATTCAC

2 1 6
IIHIIIIIIII lIIHIIIIIIIHIIIIIIIII [ U Ry
3 1 TGGEATCCACTAGCTAATTAAAAAGTAGTCGCTTTGAAATGTATAGGAACGAGACCAATGAAGTGTGGATGTCGGAT TC66 TCCACTTCGGACTAATCCETATTCAATGE6CC TCAAGGTGAATTEGECCCAATTCAC
IlHlllIlIll IIIIHIIHIIIIIIIIHIII TEECRREREEE T Rt i
4 1 ACAATCATTTAAGTTGATTTTATGGAGAATACAAGCTATCATETTTTTCAGTTAACCGETCAQTGTGGATGTCGGATTCGE TCCACTTCGEACTAATCCECATTCAATGG6CT TCEAGETGAATTGG6CCCAATTCGL
1 64
2 133 AGCCCAGCETGAGCCTEGCCETTTAAAGAATAATCCEACATTAATACAGAAACGGAAGGATCACGACTTAAACCACGCAT TAAAGTCCCGAGT TGAAGATTCETAACGTACGACGT TAATAACGCGAGATCCACAGCE
EELELEEUEE HEE R e e e e e e e e b e e e e e ey i P e e IIII!IIIIIIIIIIIIIIIIIIIHIIIIIIIHIIII (L
3 139 AGCCCAGCETGGAACTEECCE TTTAAAGAATAATCCEACAT TAATACAGAAACGGAAGAA TCATGACT TAAACCATGCA T TAAAGTCCCGAACTGAAGATTCE TAACGTACGACGTT CCBC66C6
FELCEEEEORE T e e e e e e e e e e e i e e e et enr Arn e eer e IIlllllIIIHIIIIIIIHIIIIIIIIIIIIIIIIIIHIIII
4 133 AGCCCAGCETE AGCTEGCCETTTAAAGAATAATCCGACATTAATACAGAAACGGAAGGATCACGACTTAAACCACGCATTAAAGTCCCGAATTGAAGATTCETAACGTACGACG T TAATAACGCGAGATCCELG6CE
1 64
2 277  TGAAGTCGGCAAGTATTTTAATACGTTTGATTCGATGTATTGAGTATAAATATGAGTCEATGACATTTGTAA AGGGGACGETTAAGAATACACTAATACTATACACAAAATTAAAAGACGCTTTCTTCTTGETTCGA
R RN NN o e e e NN NN NN NN RN NN N A e R RN A A R A
3 277  TGAAGTCGGGAAGTATTTTAATACGTTTGATTCGATGTATTGAGTATAAATATGAGTCGATEACATTTGTAA  GGGGAGEATCGAAAAAACACTAATACTAAACACAAACTTCAAAAGCACTTTCCTCTCTTTTCGA
FEECEEREE D0 E e e et e b e e v e n e b e en e e | PR LOEeeee b et e
4 276  TGAAGTCGGCAAGTATTTTAATACGTTTGATTCGATGTATTGAGTATAAATATGAGTCEATGACATTTGTAAAGTGGACGA TAAAAGAAAACACTAATACTATACACAAAATTCAAAAGCACTTTCTTCTCTTTTCGA
1 64 CATCTATCATTTTTATGATTCTTCTATACATTTTATACTAAAATTCAAAAA
I AR AR
2 414 TTCGATTATTETTCGTTTAACAAGACCAAAGATCCCCETAAAAACA, ACCACAAGA TCTAATTGCGGATTCCGACATCCACARTCGTCATCTATCATTTTTATGATTCTTCTATACATTTTATACTAAAATTCAAAAA
FEEEEE TRR R e e e e e e e e e e e e e e e e
3 413 TTCGATAGTTGTTCGTTTAACAAGACCAAAGATCCCCGTAAAAACAACCACAAGATTCTAATTGCG6A CCACATGAACGAGGTATAAGTAATCCGACGATGTATCTACTAGACTACTACTCECTTTGCT
LEEEEERRRE R e e b e e b e e e e e n e e e e e e r e i
4 414 TTCGATAGTTGTTCGTTTAACAAGACLAAAGATCCCCETAAAAACAACCACAAGATTCTAATTGCGGATTCCGACAT! TTT66C6C TAGAAGGAGGGCAACTTTAGTCTTTTACTTCAGAGCAACGATCAATC
1. 115 GAAAAACTAACCATGTACATCTCTGCAATTTCATATCTAGTACCAGACAAGAGTTAGGGAAATGTGATCTTTGECAAATTGTCATGATCCECTTGATE6CACTTCTTCAAGATTCTCEAACTCTCTTACGATCTGCTT
PEECCEECER R e e e e et e e e e et e e e e e e e e e e e e e e e e e e e
2 552  GAAAAACTAACCATGTACATCTCTGCAATTTCATATCTAGTACCAGACAAGAGTTAGGGAAATGTGATCTTTG6CAAATTGTCATGATCCECTTGATGGCACTTCTTCAAGATTCTCGAACTCTCTTACGATCTGCTT
3 551  TTATAGGCAAAATTGGCAATGGCATTETGTTCACGTCTCTCTAATTTGCATATTAACTCGAGGGTTAGGT66AACTACGGAAATATAT TTACAACTACACGAATCAACATTCCCGTTTAAGTATCTTCCCCAAAACTE
4 552  CACCATGAGCAACACCGACGATCAGAGTTCCG6CG6CCAAGCTTCCACTCTCGACGACATCAAGCAGCTGCTTCGCACTTTCTGAGAAACCGACAGACAGCAGCTCGCCETAACGACGLTTTTCCEATCAGCTCECCE
1 253 TATATCATCCTCACTAATCCTCCCACTTTCTCTA
I
2 690  TATATCATCCTCACTAATCCTCCCACTTTCTCTA
3 689  CAACGTTGAAAACCAAAGAAACTGAAAAAGAAGA
4 690  AGATCAGETCAGCACACAATGCGTATGCGA6C66

FiG. 2. Comparison of the sequences of the Tatla, Tatlb, and Tatlc isolates. Lines: 1, sequence of the Pst I-HindlIlI fragment in the 3’ end
of saml; 2, sequence of the Pst I-HindIII fragment containing the Tatla insertion in the 3’ end of saml of phage clone ASAM3; 3, sequence
of the 0.5-kb BamHI-Xho I fragment of pTAT1B-2 containing the Tatlb isolate; 4, sequence of a 0.5-kb fragment of pTAT1C-1 containing the
Tatlc isolate. Nucleotide homologies between the different sequences are indicated with vertical lines. Target site duplications are underlined
with an arrow. The 13-bp inverted repeats of the Tat! elements are boxed. The 20-bp palindrome in Tat! is double-underlined.
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FiG. 3. Comparison of the inverted repeats of the transposons
Tatl of A. thaliana, Tpcl of Pe. crispum (9), Ac/Ds of Z. mays (7),
Tam3 of An. majus (8), and Ips-r of Pi. sativum (10).

with the Tatla and Tatlc sequences, respectively. Tatlc is
431 bp long and shows 95.5% identity with Tatla. The
terminally inverted repeats are completely conserved in the
three isolates. The Tatla and Tatlb isolates are flanked by
different direct repeats, respectively ATCGT (Tatla) and
TGAAC (Tatlb). By contrast the Tatlc isolate is not flanked
by a direct repeat.

Genomic Southern Analysis. To determine whether the Tat]
element is present in multiple copies in the Arabidopsis
genome, the element was hybridized with DNA prepared
from small populations of different ecotypes and collection
numbers of A. thaliana (Wassilewskija, Landsberg erecta,
Columbia, C24, and K85). The DNA was digested with
different enzymes and hybridized with the 0.5-kb BamHI-
Xho 1 fragment containing the Tatlb isolate as a probe (Fig.
4). For each digest, multiple bands (4 to >10) with different
intensities appeared, indicating that the Arabidopsis genome
contains several copies of the Tat! element. The hybridiza-
tion patterns are very different between the different Arabi-
dopsis ecotypes with all of the enzymes tested. By contrast,
only =20% of randomly chosen cosmid clones of Arabidopsis
containing DNA with a low-copy number show restriction
fragment-length polymorphism between Columbia and
Landsberg erecta ecotypes when using one restriction en-
zyme (17). Therefore, the genomic positions of at least some
of the Tatl elements must have changed since the divergence
of the different tested Arabidopsis ecotypes.

The poorly hybridizing bands may represent DNA frag-
ments with low or dispersed homology. If we consider the
sequences in the bands giving strong hybridization signals as
being highly homologous to Tatl, we estimate that a haploid
A. thaliana ecotype Columbia genome contains at least four
copies of the Tatl element. However, the number of hybrid-
izing bands seems to vary in the different ecotypes.

DNA from other genera than Arabidopsis (Brassica, Nico-
tiana, Oryza) does not hybridize with the Tarl element (data
not shown).

Identification of Extrachromosomal Tatl DNA. To examine
the distribution of the Tatl element in the genome of single
plants, DNA was prepared from 24 individual plants grown
from the seeds of one self-fertilized Arabidopsis ecotype
Columbia plant. Subsequently, Bg! II digests of these DNAs
were hybridized with the 0.5-kb BamHI-Xho 1 fragment
containing the Tatlb isolate. The hybridization pattern of
eight of these plants is shown in Fig. 5A. Four strongly
hybridizing bands of 10, 5.0, 4.0, and 2.0 kb appeared in all
plants. A band of =0.4 kb, hybridizing with variable inten-
sity, was visible in only 6 of the 24 plants. The nature of this
band, with a size in the range of that of the Tat! element, was
examined more closely on a 1.5% agarose gel. When undi-
gested DNA of plant 3 (Fig. SB) was hybridized with the Tat!
element as a probe, a 0.43-kb band was still present, indi-
cating that this DNA is extrachromosomally present. Judging
from the relative hybridization intensities of this band, the
extrachromosomal Tat! DNA is present in variable concen-
trations. In several plants this extrachromosomal Tat/ DNA
is present at a higher concentration than the chromosomal
Tatl-hybridizing bands. Despite this, none of the chromo-
somal Tatl bands has disappeared, suggesting that there is an
amplification step involved in the generation of this extra-
chromosomal 7at! DNA.
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Fi1G. 4. Genomic Southern hybridizations with the Tat! element
asaprobe. Bgl 11, Hindlll, and EcoRV digests of total DNA prepared
from different ecotypes of A. thaliana (K85, C24, Columbia, Lands-
berg erecta, and Wassilewskija) were hybridized with the 0.5-kb
BamHI-Xho 1 fragment of pTAT1B-2 (Tatlb isolate) as a probe.

To determine whether the extrachromosomal Tat! DNA is
present in a linear or circular form, plant 3 DNA was digested
with Apa 1. This enzyme cuts in the middle of the 20-bp
palindrome of Tatl, which is located 65 nucleotides from the
left border of the Tatl element (Fig. 2). After hybridization
with the Tat! element as a probe, there is a 0.36-kb band
present instead of the 0.43-kb band. This observation shows
that the extrachromosomal Tarl DNA is present as a linear
molecule.

To examine whether the extrachromosomal Tat! DNA is
transmitted through meiosis, progenital plants were grown
after self-fertilization of the plants. From this progeny, a
population of =15 plants was used for DNA preparation and
subsequent hybridization analysis. The hybridization pat-
terns are compared with those of the parental plants in Fig.
SA. None of the progenital plants contains the 0.43-kb
extrachromosomal Tat/ DNA. Moreover, no new chromo-
somal locations of the Tarl element can be detected.

To find new populations of plants containing extrachro-
mosomal Tatl DNA, DNA was prepared from the progeny of
35 independently in vitro regenerated A. thaliana collection
number C24 plants. Tissue culture-derived plants were used
because there are indications that tissue culture may activate
transposable elements (for a review, see ref. 18). For each
DNA preparation, 15-20 individuals were harvested. Subse-
quently, undigested, Bgl II-digested and Apa I-digested DNA
of these populations was hybridized with the Tat! element as
a probe (Fig. 5C). Only one population (R14) contained Tat!/
homologous extrachromosomal DNA. This extrachromo-
somal DNA is =850 nucleotides long. Digestion of the DNA
of this population with Apa I reduced the length of this
fragment to 700 nucleotides. This observation indicates that
this extrachromosomal DNA consists of a dimer of the Tat!/
element oriented in an inverted repeat. However, this dimer
is not present in the genome of these plants, since the other
examined populations of the same variety do not show a
700-nucleotide-long hybridizing band after Apa I digestion.
Therefore, the dimer must have been generated during or
after the process of excision.

DISCUSSION

In this paper, the sequence is presented of three independent
isolates of a 430-bp insertion element of A. thaliana, called
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FiG. 5. Detection of extrachromosomal Taz/ DNA by genomic Southern hybridizations. (A) Genomic Southern analysis of eight individual
plants and their progenies. Total DNA was prepared from single A. thaliana ecotype Columbia plants grown from the seeds of one self-fertilized
plant. After Bgl 11 digestion and gel electrophoresis, the DNA was hybridized with the 0.5-kb BamHI-Xho I fragment of pTAT1B-2 as a probe
(lanes a). In the same hybridization experiment, Bg! II-digested DNA was included which was prepared from small populations (+15 plants)
of the different progenies obtained after self-fertilization of the individual plants. After Bgl II digestion, the DNAs were loaded next to the
respective parental DNA (lanes b). (B) Southern analysis of the 0.43-kb extrachromosomal Tat/ homologous DNA. DNA obtained from plant
3 (see A, lane 3a) was run on a 1.5% agarose gel and hybridized with 0.5-kb BamHI-Xho 1 fragment of pTAT1B-2. Only the lower part of the
filter containing the extrachromosomal DNA is shown. Lane ‘‘—" contains undigested DNA. (C) Detection and analysis of 0.85-kb
extrachromosomal Tat/-homologous DNA. Total DNA was prepared from small populations (15-20 individuals) of in vitro grown A. thaliana
(collection number C24) plants. This DNA was run on a 0.8% agarose gel in the undigested (lanes —), Bgl 1I-digested, or Apa I-digested form

and was hybridized with the 0.5-kb BamHI-Xho 1 fragment of pTAT1B-2.

Tatl. Tatl has two structural characteristics of transposable
elements: the presence of a 5-bp duplication of the target site
DNA flanking the element and a 13-bp inverted repeat at the
ends of the element. This inverted repeat sequence shows
homology with the inverted repeats of Ac/Ds elements in
maize, Tam3 in An. majus, and Tpcl of Pe. crispum (7-9).
Tatl does not show striking similarities with the Tal retro-
poson-like element that has been isolated from Arabidopsis
(19). Genomic Southern hybridization with Tarl indicates
that there are at least four copies of Tatl present per haploid
genome of A. thaliana ecotype Columbia.

The Tatl elements do not contain any significant open
reading frame and, therefore, are unlikely to transpose auton-
omously. Possibly, Tatl is, like many Ds elements in maize,
a defective deletion derivative of a larger element (7, 20). In
this context, however, it is atypical that the three different
isolates of Tat! presented in this paper have almost exactly the
same length and that they are highly homologous. Maybe, Tat!
is an independent element that moves within the genome by
utilizing existing nuclear enzymes. On the other hand, Tatl/
may represent a long terminal repeat (LTR) of a retroposon-
type element. Solitary LTRs can originate from a retroposon
by direct recombination between the terminal LTRs. Solo
delta sequences in yeast, for example, are believed to originate
by recombination between the LTRs of the Ty element (21,
22). It should be mentioned here that the two external base
pairs of Tatl are 5’ TG---CA 3’, which is characteristic for
retroposon-type elements. However, the flanking regions of
the different Tatl isolates do not show significant homology
with any known retroposon-type elements.

Despite the apparent inability of Tat! to transpose auton-
omously, there are some lines of evidence indicating that
Tatl is an actively transposing element. Genomic hybridiza-
tions show that the Tat/ copies have changed their positions
in the genome at least since the divergence of the different

ecotypes of Arabidopsis tested (Wassilewskija, Landsberg
erecta, Columbia, C24, and K85). Moreover, within one
ecotype of A. thaliana there seems to exist heterogeneity in
the positions of the Tatl element. Within 11 saml gene
isolates from a genomic library prepared from a population,
only 1 saml isolate contained a Tat/ insertion in its 3’ end.
This observation was confirmed in genomic Southern anal-
ysis with Arabidopsis DNA from the same ecotype as the
library was derived from. A probe containing the Tat/
element plus 288 bp of flanking sequences from the 3’ end of
saml gave a stronger hybridization signal with sam/ DNA
fragments lacking the Tatl insertion than those containing
Tatl (data not shown). The sequences flanking the Tat/
insertion in the 3’ end of saml are 100% conserved with the
3’ end sequences of the sam! isolates without Tat! insertion,
indicating that the Tat/ insertion has occurred recently.

A particular feature of the Tat/ element is the occurrence
of linear extrachromosomal Tat/-homologous DNA, which
has been observed in 2 of 36 examined populations of A.
thaliana. The first examined population consisted of 24 plants
(ecotype Columbia) derived from the seeds of one self-
fertilized parental plant. Six of these plants contained extra-
chromosomal Tatl-homologous DNA. This high-occurrence
frequency of this state within one progeny suggests that the
generation of the extrachromosomal Tat/ DNA has been
initiated in the parental plant. The concentration of the
extrachromosomal Tat/ DNA was variable and in some
plants was higher than one copy per genome. Therefore,
there must be an amplification step involved in the generation
of this free Tat/ DNA. Another population of plants (collec-
tion number C24) contained 850-nucleotide-long Tatl-
homologous extrachromosomal DNA. Restriction and sub-
sequent hybridization analysis indicated that this DNA con-
sisted of a dimer of the Tat/ element in inverted orientation.
Since this dimer as such is not present in the genome of the
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corresponding Arabidopsis ecotype, it must have been
formed during or after the generation of the extrachromo-
somal Tatl DNA.

It is unclear how this extrachromosomal Tat! DNA is
generated and what its possible function is. Analysis of the
progeny of the plants containing the extrachromosomal Tat]
DNA showed that this extrachromosomal DNA was not
inherited in the progeny of these plants. Additionally, no new
chromosomal Tat! positions could be observed in the prog-
eny. This does not exchide, however, the possibility that the
extrachromosomal state of Tat! represents a transposition
intermediate, since transposition may have occurred in a
sector of the plant that does not lead to the production of
seeds. However, the presence of free transposon DNA shows
that the Tat! element can be actively involved in processes
of DNA flux in the cell.

Extrachromosomal transposon DNA in plants has only
been observed for the Mu element of maize (23). However,
this DNA is present only in the circular form. Circular
extrachromosomal transposon DNA has also been observed
in animal systems for the retroposon-like elements (refs. 24
and 25; for a review, see ref. 26). To our knowledge Tcl of
the nematode Caenorhabditis elegans is the only transposon
for which the presence of a linear extrachromosomal form
has been reported in addition to a circular form (27).
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