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Abstract Retroelements are ubiquitous features of
eukaryotic genomes, often accounting for a substantial
fraction of their total DNA content. One major group of
retroelements, which includes the gypsy and copia-like
elements, is distinguished by the presence of long
terminal repeats (LTRs). We have identified and
partially characterized a sequence from banana (Musa
acuminata cv. Grand Nain) which shows significant
homology to gypsy-like LTR retroelements from other
species. The element, named monkey, shows a high
degree of homology to the reverse transcriptase, RNa-
se H and integrase genes of retroelements from plants,
fungi and yeast. However, several stop codons are pre-
sent in the major ORF of this element, suggesting that
this copy of monkey, if functional, is non-autonomous.
Southern analysis indicated that monkey is present in
both the A and B genomes of Musa, and that it is found
in 200-500 copies per haploid genome in cv. Grand
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Nain. Chromosomal localization by fluorescent in-situ
hybridization indicates that copies of monkey are con-
centrated in the nucleolar organizer regions and colo-
calize with rRNA genes. Other copies of monkey appear
to be dispersed throughout the genome.
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Introduction

It has become clear in the last few years that retroele-
ments are major constituents of most plant genomes. An
early report identified a gypsy-like element in lily (Smyth
et al. 1989), and LTR (long terminal repeat) retroele-
ments have since been characterized from a number of
plant species, including maize, tomato (Su and Brown
1997) and pine (Kossack and Kinlaw 1999). In maize,
over half the ~2500-Mb genome is accounted for by
characterized LTR retrotransposon families (SanMiguel
et al. 1996). Plants with smaller genome sizes (e.g. Ara-
bidopsis — approximately 150 Mb) tend to accumulate
fewer copies of this type of element. However, Arabi-
dopsis does contain members of the two major classes of
LTR retroelements commonly found in plants — copia-
and gypsy-like retroelements (Tutois et al 1999).

LTR retrotransposons are thought to be closely
related to retroviruses. Retroviruses possess an RNA
genome which encodes the genes responsible for com-
pletion of its replication cycle. The gag domain encodes
proteins that form the nucleocapsid core. The protease
(pr) domain encodes a protein responsible for the mat-
uration of the different proteins from an initial poly-
protein. The product of the reverse transcriptase (RT)/
RNase H domain transcribes the RNA genome into
DNA prior to insertion in the host genome, and the endo
domain encodes the integrase protein which has endo-
nuclease activity and is required for the integration of



the reverse-transcribed element into the host genome
(Kunze et al. 1997, Grandbastien 1998). The main
difference between retrotransposons and retroviruses
seems to be that retrotransposons do not possess an env
domain, which is responsible for the production of
envelope proteins needed for the formation of extracel-
lular infectious virions. Thus, LTR retrotransposons can
perform all the functions of classical retroviruses, save
for the fact that they cannot move between cells. Clas-
sical retroviruses have not yet been identified in plants.
Plant pararetroviruses differ from retroviruses in that
they do not encode an integrase function (for an
exception, see Richert-Poggler and Shepherd 1997) nor
do they produce long terminal repeats necessary for
integration in the host genome. Recently it was discov-
ered that the genomes of many Musa cultivars contain
integrated copies of the banana streak badnavirus (a
pararetrovirus) genome. There is compelling evidence to
suggest that, during tissue culture, these integrated
copies can give rise to full-blown banana streak disease
(Harper et al. 1999; Ndowora et al. 1999).

We report here on an LTR retrotransposon, monkey,
that constitutes up to ~0.5% of the Musa genome.
Banana (Musa sp.) has a relatively small genome at
about 500-600 Mb/haploid genome (Lysak et al. 1999).
Baurens et al. (1997) previously reported on a copia
homolog which was repetitive and highly polymorphic
between different banana accessions. However, this is
the first report of an LTR retrotransposon of the gypsy
class in Musa spp.

Bananas are a clonally propagated crop and
somaclonal variants are often encountered during
propagation. It has been suggested that the activation
of retrotransposons during tissue culture may account
for somaclonal variation in plants, and furthermore,
that active retroelements may serve as a tool for
the functional analysis of genes by insertional muta-
genesis (Hirochika et al. 1996). The identification and
characterization of banana retrotransposons is a sig-
nificant step towards investigating these hypotheses in
Musa spp.
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Materials and methods

Plant materials

All Musa species and clones used in the characterization of the
monkey retrotransposon were obtained from the INIBAP Transit
Centre (Katholieke Universiteit, Leuven, Belgium) as in vitro
rooted plantlets. After transfer to soil, plants were maintained in a
greenhouse. For the in situ hybridizations the diploid M. acuminata
cv. Niyarma Yik (ITC 0269) and M. balbisiana cv. Singapuri (ITC
0248) species were used.

Genomic library screening

A M. acuminata cv. Grand Nain (AAA) genomic library was con-
structed in the AFIX cloning vector (Stratagene, La Jolla, Calif.)
according to the manufacturer’s instructions. Using heterologous
probes, a number of genomic isolates were characterized, including
clone T46, which was determined to contain sequences homologous
to previously characterized retroelements from phytopathogenic
fungi and plants using the BLASTX search algorithm to search
GenBank (Gish and States 1993). Similar results were obtained
using the BLASTN search algorithm (Altschul et al. 1990).

Mapping, subcloning, sequencing

T46 contained an insert of approximately 25 kb. The region around
the putative retroelement was mapped with restriction endonuc-
leases. Three subclones were generated in pBluescript (Stratagene):
containing a 1.5-kb and a 1.8-kb Sa/l fragment, and a 4.0-kb EcoRI
fragment, respectively (see Fig. 1). Together these subclones span
the region containing the retroelement homology.

Fig. 1 A schematic representation of the characterized fragment
containing the retroelement monkey. The gene structure of the banana
element is compared to the skippy retrotransposon from F. oxysporum
f sp. lycopersicii. The 6.369 kb of monkey sequence is represented as a
solid line, while regions homologous to functional domains are
represented as open boxes. The dotted line indicates the extent of
skippy sequence for which no corresponding monkey sequence has
been determined. The limits of skippy/monkey homology are
indicated. The relative positions of the subcloned 1.5- and 1.8-kb
Sall and the 4.0-kb EcoRI fragments from the original T46 lambda
clone used as probes for the genomic Southern analysis and FISH are
indicated below the line as double-ended arrows. The recognition
sequences for the restriction enzymes HindIll and Xhol are also
indicated. The approximate positions of stop codons within the major
OREF are indicated (x)
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Plasmid DNA for sequencing was prepared using a midi-prep
kit (Qiagen, Valencia, Calif.). Sequencing was performed following
the manufacturer’s recommendations using the BigDye terminator
cycle sequencing kit and an ABI 373A automated sequencer (PE
Applied Biosystems, Foster City, Calif.).

Isolation of genomic DNA

Genomic DNA was isolated from banana leaves, either from
greenhouse-grown plants or from green shoots propagated in vitro,
using a cetyl trimethylammonium bromide (CTAB) isolation pro-
tocol. Leaves or shoots were ground to a fine powder in liquid
nitrogen using a mortar and pestle. The frozen powder was added to
2x CTAB buffer [100 mM TRIS-HCI pH 8.0, 1.4 M NacCl, 20 mM
EDTA, 2% (w/v) CTAB and | pl/ml -mercaptoethanol] at a ratio
of approximately 5 ml buffer per gram (fresh weight) of tissue. The
slurry was incubated at 65 °C for 1 h, then extracted with one
volume of chloroform. After the phases were separated by centrif-
ugation (3000 xg for 10 min at room temperature), DNA was pre-
cipitated from the aqueous phase by the addition of one volume of
isopropanol. The nucleic acids were either spooled out using a glass
rod or pelleted by centrifugation (3000 xg, 10 min at 4 °C). The
DNA was air dried and resuspended in 2 ml of TE; RNase A was
added to a final concentration of 10 mg/ml and the mixture was
incubated at 37 °C for at least 30 min. The DNA was extracted
gently with one volume of phenol:chloroform (1:1), then with one
volume of chloroform, and precipitated by the addition of 0.1 vol-
ume of 3 M sodium acetate (pH 4.5) and two volumes of ethanol,
again spooling the DNA out if possible or pelleting by centrifuga-
tion. Finally the DNA was resuspended in TE and stored at 4 °C.

Southern hybridization

For genomic Southern analysis, 20 pg aliquots of DNA were
digested with restriction endonucleases, fractionated on a 1%
agarose gel, and transferred to Nytran Plus membrane (Schleicher
and Schuell, Keene, N.H.) as described in Sambrook et al. (1989).
Probes (~50 ng) were labeled with [*?PJdCTP (NEN, Boston,
Mass.) using the Rediprime II kit (Amersham, Piscataway, N.J.).
Hybridization conditions were as described by Church and Gilbert
(1984). Slot blots were prepared using an Evenflow capillary slot
blot apparatus (Laboratory Product Supplies, Rochester, N.Y.)
and Nytran Plus membrane (Schleicher and Schuell, Keene, N.H.),
following the manufacturer’s instructions. Hybridization condi-
tions were as described by Church and Gilbert (1984). High-strin-
gency washes were carried out at 65 °Cin 1% SDS, 40 mM sodium
phosphate buffer pH 7, 1 mM EDTA.

Chromosome preparations

Metaphase spreads were prepared as described by Dolezel et al.
(1998). Root tips were collected in 50 mM phosphate buffer (pH
7.0) containing 0.2% p-mercaptoethanol. The roots were fixed in
3:1 ethanol:acetic acid after a pre-treatment in 0.05% 8-hydroxy-
quinoline for 3 h. Fixed roots were washed in 75 mM KCI-7.5 mM
EDTA (pH 4). Meristem tips were digested in an enzyme mixture
(2% pectinase and 2% cellulase) for 90 min at 30 °C. The pro-
toplast suspension was then filtered through a 150 pm nylon mesh
and pelleted. The pellet was resuspended in 75 mM KCI-7.5 mM
EDTA (pH 4) and incubated for 5 min at room temperature. After
pelleting, the protoplasts were washed three times with 70% etha-
nol, and 5 ul of the suspension was applied to a slide. Shortly
before the drop dried, 5 pl of 3:1 fixative was added to induce
protoplast bursting. Finally, the slide was rinsed in 100% ethanol
and air-dried.

In situ hybridization

Localization of DNA probes was performed according to
Dolezelova et al. (1998). Plasmids containing 1.5-kb, 1.8-kb and

4.8-kb fragments of monkey and the plasmid VER17 containing the
18S-5.85-25S rDNA of Vicia faba (Yakura and Tanifuji 1983) were
labeled either with biotin or digoxigenin, using a Random Primed
DNA Labeling Kit (Boehringer Mannheim, Mannheim, Germany).
The probe VER17 has been found to be specific for secondary
constrictions (NORs) of several species, including Musa (Doleze-
lova et al. 1998). Chromosome preparations were denatured in a
solution of 70% formamide in 2x SSC for 2 min at 72 °C, and
20 pl of hybridization mixture was applied to each slide. The hy-
bridization mixture consisted of 50% formamide, 10% dextran
sulfate in 2x SSC, 250 pg/ml sheared calf thymus DNA, and
2 ng/ml labeled probe. The mixture was denatured at 76 °C for
15 min shortly before use. Hybridization was carried out at 37 °C
overnight. After removing the cover slips, slides were subjected to
high-stringency washes. High-stringency washes were performed at
42 °C in 0.1x SSC and 35% formamide, allowing only target se-
quences that are more than 95% homologous to remain hybridized.
The sites of digoxigenin-labeled probe hybridization were detected
using anti-digoxigenin-FITC, and the signal was amplified using
anti-sheep-FITC. Sites of biotin-labeled probe hybridization were
detected using avidin-Cy3 and the signal was amplified using bio-
tinylated anti-avidin and avidin-Cy3. Chromosome preparations
were counterstained with 0.2 pg/ml DAPI (4’,6-diamidino-2-
phenylindole) and mounted in Vectashield antifade solution (Vec-
tor Laboratories, Burlingame, Calif.).

Fluorescence microscopy

The slides were examined with an Olympus BX 60 epifluorescence
microscope and the images of DAPI, FITC and Cy3 fluorescence
were acquired separately with a black and white CCD camera. The
camera was interfaced to a PC running the ISIS software (Meta-
systems, Belmont, Calif.). Image processing consisted exclusively
of signal intensity, contrast, and background adjustments that
affected the whole image.

Results
Sequence of monkey

A ~25 kb lambda clone insert from a M. acuminata
genomic library was sub-cloned and a contiguous region
of 6369 bp was entirely sequenced (GenBank Accession
No. AF143332 ). BLAST analysis (Altschul et al. 1990;
Gish and States 1993) and the deduced gene structure
within the retroelement revealed homology to the gypsy
class of LTR retrotransposons. We named this banana
retrotransposon homolog monkey. The highest homol-
ogies were found to sequences from various unrelated
plant and fungal species (see Table 1), including the
plants pineapple, tomato, Arabidopsis and lily, and
the plant pathogenic fungi Fusarium oxysporum,
Cladosporium fulvum and Magnaportha grisea.

The most extensive homology identified was to the
LTR retrotransposon skippy from F. oxysporum. (Anaya
and Roncero 1995). Homology ranging between 25 and
48% identity at the amino acid level was identified be-
tween monkey and skippy in the reverse transcriptase,
RNase H and integrase domains. Furthermore, monkey
and skippy were essentially colinear along their ~3.5 kb
length of homology (see Fig. 1). This colinearity, and
comparison with the skippy sequence, also suggested
that the original A clone did not contain the entire
monkey sequence but was missing ~2 kb of 5" sequence,
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Table 1 Sequences in Genbank that display the highest homology to the entire 6.369-kb fragment of the banana retroelement monkey

Description® Species Smallest sum probability ~ Genbank Accession No.
1. Polyprotein Lycopersicon esculentum 7.0 ¢ '8 AF119040
2. Polyprotein Ananas comosus 45¢1% Y12432
3. Putative reverse transcriptase Arabidopsis thaliana 93¢ 62 AC005398
4. Endonuclease Magnaporthe grisea 9.8 ¢! L35053
5. Putative reverse transcriptase A. thaliana 23¢ AF077407
6. skippy retrotransposon Fusarium oxysporum f. sp. lycopersicae 2.1 ¢4 L34658
7. Pol polyprotien Fugu rubripes 6.0¢ ' AF030881
8. Retrotransposon del1-46 Lilium henryi 8.8 ¢ % prf 1510387A
9. Cft-1 retrotransposon Cladosporium fulvum 3.0 12 711866
10. Putative POL3 protein A. thaliana 9.0¢ ' AC005561

4The search was performed using the BLASTX search algorithm
(Gish and States 1993). The putative gene (product) identity, spe-
cies of origin, and the GenBank Accession No. are listed, together
with the probability of the match occurring by chance (Altschul

including the 5" LTR. No significant homologies were
found in the database to bases 1-670 or 4053-6369 of
the monkey sequence.

Analysis of the putative ORFs in monkey showed that
several stop codons were present in what should be the
major ORF of this element (Fig. 1). This particular copy
of monkey is therefore a non-functional element, though
theoretically it might be activated in frans via the
expression of other functional copies of monkey present
in the genome.

Copy number of monkey in the M. acuminata genome

A common feature of retrotransposons is their extremely
high copy number in host genomes. Southern hybrid-
ization analysis of M. acuminata DNA using a probe
from the major ORF of the monkey sequence revealed
that monkey is indeed present in multiple copies in the
M. acuminata genome (Fig. 2). Regardless of the re-
striction enzyme used, there were always several clearly
distinguishable bands against a background of relatively
much weaker hybridization running the entire length of
the lane. These results suggest that there are groups of
highly conserved, highly repeated monkey-like sequences
in the Musa genome, but that there is also considerable
sequence variation amongst monkey elements. Rapid
sequence divergence is another common feature of plant
retrotransposons (Kunze et al. 1997).

Slot-blot analysis under high stringency was carried
out to estimate the copy number of monkey in the
M. acuminata genome. The strength of the hybridization
signal of a monkey probe (encompassing most of the
major ORF; see Fig. 1) obtained with a known number
of M. acuminata genomes was compared the intensity of
hybridization of the same probe to a known number of
plasmids containing the probe sequence. It was
determined that monkey was present in approximately
200-500 copies per haploid genome (data not shown),
corresponding to between 600 and 1500 copies per
triploid nucleus. Assuming that most of the hybridizing
copies of monkey were full length (i.e. about 6 kb),

et al. 1990; Gish and States 1993). In all cases the homologies were
extensive — greater than 30% amino acid sequence identity over at
least 2 kb of nucleotide sequence
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Fig. 2 Genomic Southern analysis. Aliquots (20 pg) of M. acuminata
genomic DNA were digested with the restriction enzymes indicated
and probed with a labeled 1.8-kb Sa/l subcloned fragment encom-
passing the majority of the putative major ORF (see Fig. 1), which
includes the RTase, RNase H and integrase domains. The fragment
used as a probe contains internal restriction sites for Xhol, and
HindIIl as indicated in the inset. The positions of molecular weight
markers are indicated on the left
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copies of monkey constitute about 1.2-3 Mb per haploid
genome or about 0.2-0.5% of the M. acuminata genome.

monkey is ubiquitous and polymorphic
in Musa genomes

The genomes of cultivated bananas and plantains are
generally triploid. While banana genomes tend to consist
of three A genomes from M. acuminata (AAA genomes),
plantain genomes (AAB or ABB) often contain one or
more B genomes from the closely related M. balbisiana
(Osuji et al. 1997). DNA was isolated from various
banana and plantain cultivars representing both A and
B genomes, as well as from an ornamental banana spe-
cies (M. vellutina; non-A, non-B genome), and subjected
to Southern hybridization analysis using the major ORF
region of monkey as a probe. The monkey probe
hybridized to genomic DNA from all the cultivars and
species used, indicating that monkey was introduced into
Musa prior to the divergence of M. acuminata,
M. balbisiana and M. vellutina (Fig. 3).

There appears to be a close association between a
Hindlll fragment that hybridizes to the monkey major
ORF probe and the B genome, while another monkey
fragment is associated with the A and B genomes but not
with the M. vellutina genome (Fig. 3). The hybridization
pattern for one cultivar, cv. Chakrakeli (AAB), appears

<
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B AAA
C AAB
N AAB
NR AAB
KM AEB
M ABB
BB

w
mv

A+B
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Fig. 3 Southern analysis of genomic DNAs from nine different
banana cultivars, digested with HindIIl and probed with the 1.8-kb
fragment of the major ORF (see Fig. 1). GN, cv. Grand Nain
(genomic composition AAA); B, cv. Basrai (AAA); C, cv. Chakrakeli
(AAB); N, cv. Nendran (AAB); NR, cv. Rasthali (AAB); KM, cv.
Karibali Monthan (also known as Bluggoe, plantain, ABB); M, cv.
Monthan (plantain, ABB); W, M. balbisiana (BB); MV, M. vellutina .
The polymorphic A and B genome-associated fragments are indicated
by the arrows

»
»

Fig. 4a—f Localization of monkey retrotransposon components on
chromosomes of diploid (2n = 2x = 22) Musa species using fluores-
cence in situ hybridization: a, c—f M. acuminata cv. Niyarma Yik (ITC
0269). b M. balbisiana cv. Singapuri (ITC 0248). Chromosomes were
counterstained with DAPI (blue fluorescence). In a and b the 4.0-kb
subclone of monkey was labeled with biotin and detected using Cy3
(red signals). In both Musa species, the probe hybridized preferentially
to nucleolus organizer regions (NORs) on one pair of chromosomes.
Note that the homologs differ in signal strength, indicating differences
in the number of monkey copies. ¢, d Double in situ hybridization
using a biotin-labeled probe for 18S-5.8S-25S rDNA genes and a
digoxigenin-labeled 4.0-kb subclone of monkey. In ¢ the probe for
rDNA genes hybridized strongly to NOR regions on one pair of
chromosomes (red signals obtained after detection with Cy3). d The
probe for monkey hybridized to the same sites (green signals obtained
after detection with FITC), confirming the preferential localization of
monkey to NORs. Note that the signal strength correlates with the
amount of hybridized rDNA probe. e Distribution of sequences
homologous to the 4.0-kb subclone of monkey observed after signal
amplification (the probe was labeled with digoxigenin and detected
using FITC). Note that the signal appears to be homogeneously
distributed, apart from preferential binding to NOR. f The 1.8-kb
subclone of monkey was labeled with biotin and detected using Cy3
(red signals). The probe hybridized preferentially to NORs on one pair
of chromosomes. Bar 5 pm

to be inconsistent with this hypothesis, as it lacks the
putative B-specific fragment. It is possible that cv. Cha-
krakeli is actually of AAA constitution. This possibility
is made more likely by the observation that hybridization
patterns with an unrelated genomic probe reveal a sim-
ilar set of A and B genome-associated restriction frag-
ments, with cv. Chakrakeli again being the only
inconsistency (P. Balint-Kurti, unpublished results).

Genomic DNAs from several other plant and fungal
species, including tomato, strawberry, pea, Mycosphae-
rella fijiensis (the causative agent of black Sigatoka dis-
ease of banana) and F. oxysporum f. sp. cubense (the
causative agent of Panama disease of banana), were
subjected to Southern analysis using the monkey major
ORF region as a probe under a range of different
stringencies. No significant hybridization was detected
(data not shown).

FISH analysis of monkey localization

The three subclones of the monkey element (1.5 kb,
1.8 kb and 4.0 kb; see Fig. 1) were used as probes for
FISH on M. chromosomes. The largest clone (4.0 kb)
hybridized strongly to the secondary constriction of a
pair of NOR-bearing chromosomes in diploid M. ac-
uminata and M. balbisiana (Fig. 4a, b). Localization to
the NOR region was confirmed by a dual-color FISH
analysis in which the probes for monkey and for 18S-5.8S-
25S rRINA genes were localized simultaneously (Fig. 4c,
d). At high signal amplification, minor sites of monkey
were detected on all chromosomes (Fig. 4¢). These sites
were dispersed through the whole genome and no clear
pattern of distribution could be established. The medium-
sized clone (1.8 kb) showed virtually the same pattern of
distribution in both Musa species as the 4.0 kb clone
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(Fig. 4f). Clear differences in signal intensity between
homologs were observed after FISH with the probe for
rRNA genes. The same differences were observed with the
probes for monkey (clones 1.8 kb and 4.0 kb). Although
these differences were estimated only semi-quantitatively,
the signal intensities of the two were clearly correlated.
In contrast to the 1.8 kb and 4.0 kb clones, only
weak signals were observed with the smallest (1.5 kb)
clone. These signals were observed only at high signal
amplification and no clear pattern of chromosome
distribution could be established. Furthermore, no
labeling was found at NOR loci. The sequence of the
1.5 kb clone shows none or very low homology with
known retrotransposon sequences over most of its
length. This clone may carry a large amount of

sequence not shared with most of the other copies of
monkey in the genome. This would explain the weak
hybridization observed.

Discussion

We report the identification and initial characterization
of a gypsy-class LTR retrotransposon element from
banana. The sequence of monkey exhibits strong
homology to the reverse transcriptase, RNase H and
integrase genes of gypsy-like retroelements identified in
fungi and plants. gypsy retrotransposons were recently
shown to exist in a wide variety of different plant species
(Suoniemi et al. 1998); however, the elements monkey
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most closely resembles are from plant pathogenic fungi
and unrelated plant species (Table 1).

The sequence with the most extensive homology to
monkey is the skippy retrotransposon from F. oxysporum
f. sp. lycopersicii. F. oxysporum f. sp. cubense, which is
associated with Panama disease in banana, is an
extremely important banana pathogen with complex
evolutionary origins (O’Donnell et al. 1998). The obser-
vation that monkey shows highest sequence homology to
retroelements from plants and fungi unrelated to banana
suggests that monkey was introduced into Musa spp. by
horizontal transfer of DNA from another species, pos-
sibly from a F. oxysporum pathogen during the intimate
pathogenic interaction. The fact that retroelements share
so many similarities with infectious RNA viruses makes
this possibility all the more compelling. In this case we
have no direct evidence for horizontal transfer of DNA
between plant and fungal or viral pathogens besides the
highly suggestive sequence similarities; however, move-
ment of retrotransposons between species has been doc-
umented (Jordan et al. 1999).

Southern hybridization analysis indicated that monkey
was present in multiple copies in both the A and B ge-
nomes of Musa, and also in a more distantly related
species, M. vellutina (Figs. 2 and 3). Furthermore, a
fragment corresponding to the major ORF of monkey is
polymorphic in Musa species, notably between cultivars
that carry or lack B genomes (Fig. 3). Such analysis may
be useful in determining the genetic composition of poorly
characterized cultivars. While it is clear that the monkey
sequence was first introduced into the Musa genome prior
to the divergence of M. acuminata and M. balbisiana,
there remain highly repeated sequence variants of monkey
that are specific to each of the species. Estimates from slot-
blot analysis suggested that 0.2-0.5% of the M. acuminata
genome is made up of monkey-like sequences, suggesting
that monkey may have had a substantial impact on the
evolution of the cultivated banana.

FISH with the probes for monkey confirmed that
monkey 1s present in multiple copies and showed that
these copies are preferentially localized within the NOR
regions of Musa chromosomes. This is in contrast to
many observations reported to date; plant retroelements
that have been physically mapped exhibit relatively
uniform distributions over all chromosomes, with the
exception of centromeres, telomeres or the NORs. This
is the case for Tyl/copia-like elements in Avena (Katsi-
otis et al. 1996), Beta vulgaris (Schmidt et al. 1995), Pi-
nus elliottii (Kamm et al. 1996) and Allium cepa (Pearce
et al. 1996). A similar distribution was found also for the
copia-like retroelement BARE-1 in Hordeum vulgare
(Suoniemi et al. 1996) and the Ty3/gypsy-like element in
Lilium henryi (Sentry and Smyth 1985). However, the
concept of dispersed localization of retroelements within
plant genomes may be misleading, as only a few ele-
ments and few species have been studied so far. For
instance, Brandes et al. (1997) found clustering of Tyl/
copia-like elements in AT-rich regions at the centro-
meres of Cicer arietinum and Arabidopsis thaliana.

In a recent report, Presting et al. (1998) described
preferential localization of a Ty3/gypsy retrotransposon-
like sequence named cereba to centromeric regions of
cereal chromosomes. Our results add a second chro-
mosome domain to the list of sites of preferential
retroelement accumulation in plants. Brandes et al.
(1997) speculate that in the case of species with small
genomes that contain only a small proportion of repet-
itive DNA sequences (e.g. 4. thaliana), retrotransposons
have a limited number of sites at which they may insert
without disrupting genes that confer a selective advan-
tage. However, while centromeric repeats represent ge-
netically silent heterochromatin, the NOR contains
many copies of rRNA genes. It is thus not clear how the
monkey sequences are organized within the rDNA
repeats. It should be noted that, although our data
suggest preferential localization of monkey to NOR
regions of Musa, dispersed minor sites observed at high
signal amplification may represent single elements in-
serted along the chromosome arms. However, we cannot
exclude the possibility that these sites represent back-
ground due to non-specific binding of probes and not
additional copies of the retroelement.

The differences in the size of the secondary constric-
tion and in the intensity of signals obtained after FISH
with the probe for 18S-5.85-25S rRNA genes have been
described previously (Dolezelova et al. 1998). These
differences were observed also in this study. It is inter-
esting to note that the same differences were observed
with the monkey element. The localization of many
copies of monkey in NORs, and the correlation between
the number of copies of rRNA genes and the number of
monkey retroelements, suggests the simultaneous evolu-
tion and amplification (e.g. by unequal recombination)
of monkey and rRNA genes. It is noteworthy that sim-
ilar localization patterns are observed in the A and B
genomes. This suggests that either this localization was
established prior to the divergence of the genomes or
that monkey is preferentially inserted in the NOR.

Several reports indicate that expression of plant
retrotransposons is induced during tissue culture (for
review see Kunze et al. 1997). It has been proposed that
this activation and the subsequent insertion of new
retrotransposon copies in the genome can account for
the phenomenon of somaclonal variation seen in plants
propagated via tissue culture (Pouteau et al. 1991). So-
maclonal variation is a particularly important concern in
commercial banana propagation; however, we were not
able to detect, by northern analysis, expression of nion-
key in tissue culture cells or in mature plants. It is pos-
sible that further work, using RNA isolated from plants
that have been subjected to various kinds of stress (e.g.
UV light, pathogenesis) and using more sensitive assays,
will help to characterize monkey expression.
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