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We have exploited the repetitive and dispersed nature of many long terminal repeat (LTR)-retrotransposon families 
for characterizing genome constitutions and classifying cultivars of the genus Musa. Insertional polymorphisms of the 
elements were studied using seven published and two newly designed primers facing outwards from the LTRs and 
reverse transcriptase (RT) domain of the retrotransposon. The primers generated specific amplification patterns show- 
ing the universal applicability of this marker type. The Inter-Retrotransposon Amplified Polymorphism (IRAP) markers 
distinguished the A and B genomes of the banana species (Musa acuminata Colla and Musa balbisiana Colla) and 
between banana cultivars. The IRAP markers enabled phylogenetic analysis of 16 Malaysian banana cultivars and 
determination of the genome constitution of hybrid banana (AAB, ABB, AABB, and AAAB), and gave information about 
ancestral genotypes of the hybrids. In addition, the IRAP detected new retrotransposon insertions into the genome of 
tissue culture regenerants. This PCR-based IRAP assay is amenable to large-scale throughput demands in screening 
breeding populations and is applicable for any crop. 
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Retrotransposons are highly abundant and dis- 
persed components of most plant genomes (Flavell et 
al., 1992; Voytas et al., 1992; Kumar and Bennetzen, 
1999). Ubiquitous distribution, high copy number 
and widespread chromosomal dispersion of these 
mobile elements provide excellent potential for 
developing DNA-based marker systems. 

Retrotransposons flanked by long-terminal repeats 
(LTR-retrotransposons) are abundant in plants (Pearce 
et al., 1996) and propagate within the genome via 
RNA intermediates in the cycle of transcription, 
reverse transcription, and integration (Kumar and 
Bennetzen, 1999). Integration of new copies typically 
produces a 5-10 kb genomic insertion in which the 
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LTRs, conserved within a retrotransposon family, lie 
next to anonymous host sequences. These new cop- 
ies are inserted but, unlike DNA transposo~ls, not 
transpositionally removed, which facilitates phyloge- 
netic analyses (Shimamura et al., 1997). Over time, 
accumulation, fixation and incomplete excisior~ of ret- 
rotransposon insertions causes genomic diversifica- 
tion. 

Retrotransposon insertional polymorphisms can be 
detected by a variety of PCR-based techniques in 
which outward-facing primers are designed for con- 
served domains such as LTRs within the elements 
(Waugh et al., 1997; Flavell et al., 1998; Kale~dar et 
al., 1999). The polymorphisms may then be used to 
model the temporal sequence of insertion events in a 
lineage and to establish phylogenies (Kalendar et al., 
1999). Retrotransposons of differing activity profiles 
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have varying degrees of phylogenetic resolution, 
allowing choice of the marker system to match the 
task. 

Of the various techniques available, IRAP and 
REMAP (Kalendar et al., 1999) detect high levels of 
polymorphism without the need of DNA digestion, 
ligations or probe hybridization to generate marker 
data, thus increasing the reliability and robustness of 
the assay. The LTRs of retrotransposons contain 
sequences that are essential for expression (promoter 
and processing signals) and integration. From the con- 
served LTR regions, primers for PCR amplification are 
designed to amplify the DNA fragment between the 
closely dispersed members of a retrotransposon fam- 
ily. The use of RT primers matching highly conserved 
domains (Flavell et al., 1992; Voytas et al., 1992; Teo 
et al., 2002) allows the detection of insertions in virtu- 
ally any copia-like retrotransposon. 

In principle, retrotransposons may integrate in 
either orientation (sense or antisense) into the genome, 
and hence any two members of a retrotransposon 
family may be found head-to-tail, head-to-head, or 
tail-to-tail. Thus, intervening genomic DNA can be 
amplified from the elements sufficiently close to one 
another using either 5' or 3' LTR primers. A single 
primer is sufficient to generate PCR products from 
elements close to one another in either the head-to- 
head or tail-to-tail orientation. A combination of LTR 
and RT primers can be used to track nested insertion 
events: whether a retrotransposon is integrated into 
the LTR or internal region of another retrotransposon. 
Such nested patterns of insertions are common at 
least in barley and maize (SanMiguel et al., 1996; 
Shirasu et al., 2000). Methods have been developed 
for rapidly isolating native retrotransposons based on 
conserved domains within retrotransposons (Pearce et 
al., 1999). Primers derived from retrotransposons 
have recently been exploited to study biodiversity 
and phylogeny in the genus Brassica (Tatout et al., 
1999), Hordeum (Waugh et al., 1997; Kalendar et al., 
1999), Oryza (Iwamoto et al., 1999), Spartina (Baumel 
et al., 2002), Pisum (Pearce et al., 2000) and Musa 
(Teo et al., 2002), and to construct recombinational 
maps in Hordeum (Manninen et al., 2000) and Triti- 
cure (Boyko et al., 2002). 

In this study, we aimed to test the transferability of 
retrotransposon markers from one crop to another, 
and in particular, barley-derived sequences for identi- 
fication and characterization of banana cultivars and 
classification of Musa genome constitutions. Banana is 
the fourth most important staple crop in developing 
countries (FAO, 2003) and a foundation of subsis- 

tence agriculture in many of the poorest. The genus 
Musa can be divided into four sections: Callimusa, 
Australimusa, Eumusa and Rhodochlamys (Horry et 
al., 1997). The Eumusa section is the largest in the 
genus and the most geographically widespread with 
species being found throughout India, South East Asia 
and the Pacific Islands (Horry et al., 1997). The most 
important cultivated bananas arose from this section. 
Bananas consist of two groups of plants; the cultivars 
which are clones maintained exclusively through veg- 
etative propagation and the wild plants. The wild 
plants are seeded diploid and are classified into two 
main species (M. acuminata Colla and M. balbisiana 
Colla). 

Systematic scoring of characters diagnostic of the 
two parental species together with chromosome 
counting suffices to diagnose the main cultivated 
groups (Stover and Simmonds, 1987). They are desig- 
nated by genome constitution: AA, AAA, AB, AAB, 
and ABBB. The other groups (ABB, AAAB and AABB) 
have yet been fully classified but should present no 
great difficulty. Here, we aimed to apply IRAP meth- 
ods to generate molecular markers which characterise 
the genome constitution and diversity of species in 
the banana genus (fvlusa) and banana cultivars. We 
also evaluated the method for analysing the relation- 
ships of Malaysian banana cultivars. 

MATERIALS AND METHODS 

Plant Materials and DNA Extraction 

Sixteen banana cultivars were used (Table 1). 
Twelve cultivars were from the germplasm collection 
of Dr. Siti Hawa Jamaluddin from Malaysia Agricul- 
tural Research and Development Institute (MARDI), 
Malaysia. Four cultivars (Berangan, Abu Baru, Gold 
Finger, and Mas), propagated by tissue culture, were 
kindly provided by Tropbio Research Sdn. Bhd., Tech- 
nology Park Malaysia, Serdang, Malaysia. Genomic 
DNA of the banana cultivars was extracted from young 
leaves as previously described in Teo et al. (2002). 

Inter-Retrotransposon Amplified Polymorphism 
(IRAP) 

The IRAP method was carried out as previously 
described, using LTR primers derived from barley 
(Hordeum vulgare) (Kalendar et al., 1999; Kalendar et 
al., 2000; Manninen et al., 2000; Vicient et al., 2001; 
Boyko et al., 2002). The primer sequences, retrotrans- 
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Table 1. The accession, ploidy level and genome constitution of 16 cultivars of banana. 

Accession Ploidy Genome Constitution 

Musa ornata Roxburgh 

Musa acuminata Colla subsp, malaccensis 

Pisang Kra (7732) 

Pisang Bulin 

Pisang Lemak Manis Terengganu 

Pisang Mas tissue culture 

Musa balbisiana Colla subsp. Gala 

Pisang Montel 

Pisang Berangan 

Pisang Berangan tissue culture 

Pisang Nangka Pulau Tioman 

Pisang Nipah 

Pisang Abu Siam Selangor (7765) 

Pisang Abu Baru 

Pisang Abu Baru tissue culture 

Gold Finger tissue culture 

2x Ornamental 

2x AA (Seeded) 

2x AA (Seeded) 

2x AA (Edible) 

2x AA (Edible) 

2x AA (Edible) 

2x BB 

3x AAA 

3x AAA 

3x AAA 

3x AAB 

3x ABB 

4x ABBB 

4• AABB 

4x AABB 

4x AAAB 

Table 2. Primers for IRAP. 

Name Tm Retrotransposon Sequence Accession, 
source, orientation position 

LTR 6149 61 BARE-1 -.~ 

LTR 6150 62 BARE-1 ~-. 

5' LTR1 63 BARE-1 

5' LTR2 58 BARE-1 @.- 

3' LTR 69 BARE-1 .-~ 

Sukkula 66 Sukkufa 

Nikita 58 Nikita .-~ 

Reverse TY1 42 Wl ,  W3, W7, W8 

Reverse TY2 36 W1, W3, W7, W8 

CTCGCTCGCCCACTACATCAACCGCGTTTATT 

CTG GTTCG GCCCATGTCTATGTATCCACACATGTA 

TTGCCTCTAG GGCATATTTCCAACA 

ATCATTGCCTCTAGGGCATAATTC 

TGTTTCCCATGCGACGTTCCCCAACA 

GATAGGGTCGCATCTTGGGCGTGAC 

CGCATTTGTTCAAGCCTAAACC 

CCYTGNAYYAANGCNGT 

TRGTARAGRAG NTGRAT 

Z17327 
199) -2012 

Z17327 
418.439 

Z17327 
1-26 

Z17327 
314-338 
741 7-7441 

Z17327 
211 2-2138 

AY034376 
4301-4326 

AY078073 
AY078074 
AY078075 
1-22 

AF416815 
AF416816 
AF416817 
AF416818 
1-17 

AF416815 
AF416816 
AF416817 
AF416818 
252-269 
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poson source, and orientation are shown in Table 2. 
Two additional IRAP primers (Reverse TY1 and 
Reverse TY2) were designed facing outward from the 
highly conserved reverse transcriptase (RT) priming 
sites of the banana Tyl-copia-like retrotransposons 
(Teo et al., 2002) and corresponded to the TAFLHG 
and YVDDML conserved regions of RT priming sites, 
respectively. 

Genomic DNA samples were diluted with sterile 
and deionized H20 to 50 ng/l~L. The IRAP PCR was 
performed in a 20 tIL reaction mixture containing 
50 ng DNA, 1X PCR buffer (Promega, USA), 2 mM 
MgCI2, 5 pmol of each primer, 200 ~M dNTP mix, 1 
U Taq polymerase (Promega, USA). Amplification was 
performed using PTC-225 DNA Engine Tetrad (MJ 
Research, USA). The PCR reaction parameters con- 
sisted of: 95~ 2 min; 30cycles of 95~ 60 s, 
annealing at the Ta specified in Table 3 for 60 s, ramp 
+0.5~ s -1 to 72~ and 72~ for 2 min+3 s per 
cycle; a final extension at 72~ for 10 min. PCR prod- 
ucts were analyzed by electrophoresis on 2% (w/v) 
agarose gel and detected by ethidium bromide stain- 
ing. The IRAP banding pattern was scored using Quan- 
tity One version 4 for Windows (Bio-Rad, USA). 

Phylogenetic Analyses 

Phylogenetic trees were constructed by a distance- 
based method. Evolutionary distances were calcu- 
lated, using RAPDistance Package Version 1.04, from 
tables consisting of scores for presence or absence of 
bands of particular mobility in accessions. Only clear 
and distinguishable bands were scored. A value of '1' 
indicates the presence of a band of a particular 
mobility compared to a DNA ladder, and '0' indicates 
the absence of that particular band. Phylogeny was 
analysed using neighbour-joining method (Saitou and 
Nei, 1987)implemented in a DOS-based program, 
NTSYS-pc, version 1.80 (Exeter Software, Australia). 

RESULTS 

Amplification of Genomic DNA with IRAP Primers 

All 16 PCR universal primer combinations (Table 4) 
generated multiple fragments of defined sizes from 
the genomic DNA of all banana cultivars (Fig. 1, Table 
4). On average, single LTR primer yielded 12 bands, 
two LTR primers from the same retrotransposon fam- 

Table 3. IRAP primer combinations and the respective annealing temperatures. Q indicates unsuccessful primer combinations 
for amplification screening of designated varieties. 
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Figure 1. Poiymorphism patterns from sixteen banana varieties generated by IRAP (A) IRAP with a single 3' LTR F:rimer. The 
arrows represent new bands only found in tissue-cultured material. (B) IRAP with 6150 LTR primer and 3' LTR primer. The 
arrowhead represents the unique band only found in M. omata Roxburgh. The arrows represent new bands only found in tis- 
sue-cultured material. (C) IRAP with 6150 LTR primer and Nikita LTR primer. The arrows represent new bands only fl)und in tis- 
sue-cultured material. (D) IRAP with 3' LTR primer and LTR primer 5' LTR2. 

ily yielded 13 bands, a combination of LTR primers 
from different families yielded 15 bands, and an LTR 
primer in combination with a degenerate RT prim- 
eryielded 10 bands. There were 118 polymorphic 
bands among the cultivars; with shorter fragments 
amplified from most or all cultivars, suggesting conser- 
vation of the internal organization of parts of retroele- 
ments. These results show the transferable nature of 
the retrotransposon-based marker system. 

Analysis of the cultivars showed groupings in accor- 
dance with known relationships. M. omata Roxburgh, 
taxonomically distant to the M. acuminata Colla and 
M. balbisiana Colla species in section Eumuss, showed 
smaller number of fragments of different sizes from the 
A and B genomes (MO track in Fig. 1). Five unique 
bands were identified (arrowheads in Fig. 1). There 
was a high level of polymorphism between the A and B 
genome accessions. The IRAP analysis of all tl~e hybrid- 
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Figure 1. continued 
(E) IRAP with 6149 LTR primer and Sukkula LTR primer. The arrowheads represent the unique bands only found in M. omata 
Roxburgh. The arrows represent two bands that were absent in all AAA varieties but present in Gold Finger (AAAB). + indicates 
the -833 bp bands. (F) IRAP with 6150 LTR primer and 5ukkula LTR primer. The arrowhead represents the unique band only 
found in M. omata Roxburgh. The arrows represent new bands only found in tissue-cultured material. (G) IRAP with 3' LTR 
primer and reverse transcriptase primer RTY1. The arrowhead represents the unique band only found in M. omata Roxburgh. 
The arrows represent new bands only found in tissue-cultured material. The sixteen banana varieties are: W-~Vlusa acuminata 
Colla subsp, malaccensis, Bu=Bulin, B9-Mas tissue culture, K=Kra 7732, L=Lemak Manis Terengganu, B3=Berangan tissue 
culture, B=Berangan, Mt=Montel, N=Nipah, Na=Nangka Pulau Tioman, As=Abu Siam Selangor 7765, B5=Abu Baru Tissue 
Culture, Ab=Abu Baru, G=Musa balbisiana Colla subsp. Gala and MO=Musa omata Roxburgh. Commercial standards used 
are: M, 1 kb DNA ladder from Promega; DLM, GeneRuleff u DNA ladder mix from MBI Fermentas, USA. Both * and # indicate 
the 500 bp and 1000 bp bands of the commercial standard. 

origin accessions included products from both the A 
and B genomes, allowing them to be correctly classi- 
fied. The relative proportion of A and B genomes 

seemed to affect the banding pattern, perhaps due to 
template competition during PCR or to differences or 
heterozygosity in the retrotransposons in ancestral 
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Table 4. The degree of polymorphism of the IRAP products within the banana accessions. *indicates primer combinations 
that used in Fig. 1. 

Primer combination Total bands Polymorphic bands Degree of polymorphism (%) 

LTR 6149 + LTR 6149 16 15 93.75 
*3' LTR + LTR 6150 24 23 95.83 
3' LTR + Nikita LTR 21 20 95.24 

5' LTR2 + LTR 6150 17 17 100.0 
*LTR 6149 + Sukkula LTR 24 23 95.83 
LTR 6149 + Nikita LTR 21 21 100.0 

*LTR 6150 + Nikita LTR 16 16 100.0 
*LTR 6150 + Sukkula LTR 19 18 94.74 
5' LTR2 + Sukkula LTR 17 17 100.0 
3' LTR + LTR 6149 18 17 94.44 
5'LTR1 + 5' LTR2 20 20 100.0 
LTR 6150 + LTR 6150 24 23 95.83 

*3' LTR + Reverse TY1 17 15 88.24 
3' LTR + Reverse TY2 16 15 93.75 

"3' LTR + 5' LTR2 17 14 82.35 
*3'LTR + 3' LTR 14 9 64.29 

TOTAL 301 283 94.02 

genomes leading to the A/B varieties. Lower ramping 
rate of annealing temperature and longer annealing 
time during the PCR probably reduced the possibility 
of template competition during amplification. The dif- 
ferences or heterozygosiLy in the retrotransposons in 
ancestral genomes provided advantages to retrotrans- 
poson-based markers for distinguishing the product of 
cross between different ancestral genomes. An exam- 
ple of such differences can be traced for a particular 
IRAP band: a fragment ( -  833 bp, Fig. 1E) was 
present in all the pure A (AA and AAA) and A/B (AAB, 
AABB, ABBB and AAAB) cultivars tested except for M. 
acuminata Colla subsp, malaccensis (AA) and Kra 
7732 (AA), suggesting an integrational event after the 
divergence of Kra 7732 and All. acuminata Colla 
subsp, malaccensis (see also Fig. 2). 

Phylogenetic Analyses of Genome Diversity 

Phylogenetic analyses of IRAP polymorphisms sepa- 
rated M. balbisiana Colla subsp. Gala and M. ornata 
Roxburgh from A//. acuminata Colla subsp, malaccen- 
sis and provided a fairly good discrimination between 
species with dissimilarity values (RAPDistance Pack- 
age) ranging from 0.446 to 0.792 (Fig. 2). 

All A/B cultivars used in this study were not 
included in the phylogenetic tree due to the fact that 
the tree construction only assumes dichotomous 

branching but no hybrids. The identification (.f ances- 
tral banana genotypes was carried out by comparing 
the banding pattern of the IRAP fragments and recon- 
firmed with the description of Stover and Simmonds 
(1987). Further development of analytical methods is 
required to show positions of interspecies hybrids and 
to quantify their ancestral relationships in phyloge- 
nies. 

Different subgroups of bananas are clustered based 
on the genotypes and ploidy level. When t~le IRAP 
fragments were analysed from the accessions, known 
to include both the A and B genomes, inferences on 
their likely ancestral genotypes can be obtained. Abu 
Baru (AABB) and Abu Baru (AABB, tissue cultJre) and 
Gold Finger (AAAB), which are new intcrspecies 
hybrids produced by the Honduran Foundation for 
Agricultural Research (FHIA), formed a sister group to 
subgroup III (Fig. 2). The MB1 interspecie~-hybrid 
Gold Finger (AAAB, FHIA-01), produced in the Hon- 
duras and introduced in 1977, originated from multi- 
ple crosses between the female Brazilian apple- 
flavored "Prata Ana" (AAB) clone with a wild South- 
east Asian banana (AA, SH-3142) as the recurrent 
parent. The absence of two bands ( -688  bp and N 
750 bp, Fig. 1 E) in all the AAA genome cultivars and 
the presence of these two bands in the Gold Finger 
(AAAB) is consistent with Gold Finger (AAAB, FHIA- 
01) being the product of multiple crosses beLween a 
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M. acuminata Colla (AA, SH-3142) derivative and 
AAB-bearing plant. This furthermore suggests that 
Abu Baru (AABB, FHIA-03) may have a similar origin. 
Nangka Pulau Tioman (AAB) was a sister group in 
subgroup II suggesting that Nangka Pulau Tioman 
(AAB) was derived from diverse edible M. acuminata 
Colla cultivars and M. balbisiana Colla (Fig. 2). This 
was supported by the close relationships found in this 
study between the different M. acuminata Colla culti- 
vars (Bulin, Mas, and Lemak Manis Terengganu). 
Nipah (ABB) and Abu Siam Selangor 7765 (ABBB) 
formed a sister group to group B (Fig. 2). Nipah and 
Abu Siam Selangor 7765 had similar band patterns to 
M. balbisiana Colla subsp. Gala (BB) on the one side 
and to Kra 7732 (AA) on the other, suggesting possible 
ancestral genotypes for these triploid and tetraploid 
varieties. Using pedigree analysis of the IRAP band 

_ _  I tfu,~u ~ c ~ . n i n a l a  

~,' IAA) Subgrou[1 
Kra 7732, K I (Seeded) 
(AA) 

{ A A I 

I .  ~,las ]'issue Subgroup 
ul/in e, B9 fAA) l] {Edible) 

L~nl~ik Mm~is / 
( c t e n g g a n u ,  l, ( A A ) )  

B~ranga~], B 

Bcrangsn Tissue ~ Stlbgl~ 
Culture. B3 (AA,M HI 

MontcL Nit (&AA) 

>" Group i\ 

- -  r 1 6 2  b ~ l O c s i ~ l l a  s~p �9 Group B 
Gala. G (BB) 

(Omal:~enmh 
0,840 0 . 7 2 0  (I .600 0 . 4 8 0  0360 02,-10 0.120 

I, Group (' 

Figure 2. Phylogenetic model of the IRAP data based on six- 
teen primer combinations for 16 Malaysian banana cu]tivars. 
This phylogenetic model suggests that M. ornata Roxburgh is 
the taxon most distantly related to M. acuminata Colla subsp. 
malaccensis (AA) followed by M. balbisiana Colla subsp. Gala 
(BB). Group A comprises the largest set of cultivars includin~ 
seeded bananas Kra 7732 (AA) and M. acuminata Col[a 
subsp, ma]accensis [n Subgroup I. SLlbgroup II contains all 
the edible bananas (AA) and Nangka Pu[au Tioman (AAA). 
The triploid A-genome cultivars Montel, Nangka Pulau 
Tioman and Berangan cluster into Subgroup III. Group B 
comprises the diploid B banana M. balbisiana Colla subsp. 
Gala. Group C comprises M. ornata Roxburgh from 
Rhodochlamys section of Musa that used as outgroup taxon 
in this study. Consistent with their origins, the tissue culture 
derivatives showed high bootstrap or low level of dissimilarit~ 
values around the nodes separating them from their parental 
stocks. 

patterns, it appears that Abu Siam Selangor 7765 
(ABBB), which may be the product of Kra 7732 (AA) 
and M. balbisiana Colla subsp. Gala (BB), may have 
preceded Nipah (ABB). Kra 7732 itself might be 
derived from M. acuminata Colla subsp, malaccensis 
under human selection for parthenocarpy and seed- 
sterility. 

The association of bands with particular genome 
types carl be explained as the result of the integration 
of new retrotransposon copies after divergence of the 
ancestral genomes. The power of ]RAP to identify the 
genome type was confirmed by comparing our results 
with genome classifications of local bananas based on 
morphological techniques (Stover and Simmonds, 
1987). While the conventional phylogenetic analysis 
assuming divergence from a common ancestor can- 
not correctly identify the relationships of individual 
genomes in hybrids, individual bands from retrotrans- 
posons analysed here are clearly of value in character- 
izing the genomes present (Fig. 1 ), and close analysis of 
larger numbers of genome-specific bands may enable 
the relationships of the individual genomes to be 
ascertained. This will help breeders to clearly identify 
and screen the genotypes with better production 
value and manage the genotype resources of bananas 
that sometime made difficult by synonym names. 

Comparison between Tissue Culture and Field (ex 
Situ) Materials 

The two accessions of Berangan from different 
sources had dissimilarity value of 0.180 showing their 
close relationship but divergence during culture. Tissue 
culture of plants is an important means to propagate 
genetically identical individuals asexually and to pro- 
duce transgenic plants. However, tissue culture- 
induced mutations have been reported in many plant 
species and seem to be ubiquitous (Hirochika et al., 
1996). The first active retrotransposon to be identified 
in plants, Tnt-1 of tobacco, was isolated by virtue of 
its mutagenicity in tissue culture (Grandbastien et al., 
1989), and this property of retrotransposons was also 
reported in rice (Hirochika et al., 1996). Here, we 
have used IRAP with BARE-1 and RT primers to track 
the integration of new retrotransposons into the 
genome of bananas during tissue culture. Total 
genomic DNA was isolated from tissue-cultured 
banana plantlets of Berangan and Abu Baru, and new 
bands were observed compared to the source mate- 
rial (arrows in Fig. 1A, B, C, F and G). This was similar 
to the results reported by Nakayashiki and coworkers 
(2001) in Magnaporthe grisea that showed new bands 
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appeared during the tissue culture process. Not only 
did the IRAP marker system distinguish Musa culti- 
vars, it also detected new insertions in lines regener- 
ated from tissue culture. Retrotransposons are generally 
thought to be activated by tissue culture. Among the 
ToslO, Tos17 and Tos19 elements of rice (Hirochika et 
al., 1996), Tos17 is in fact only active in tissue culture 
and its copy number increased with prolonged cul- 
ture. The copy number of tobacco retrotransposon 
Ttol, normally an inactive element, can increase 10- 
fold during tissue culture (Hirochika, 1993). 

DISCUSSION 

The degree of polymorphism of the IRAP products 
using barley primers in Musa was high (-94.02%, 
Table 4), similar to that observed in sixteen species of 
Hordeum (Kalendar et al., 1999). Table 3 shows that 
all the primer combinations gave high degree of poly- 
morphism, except for the 3'LTR-3'LTR combination. 
This suggests that the integration level of copia-ret- 
rotransposons in tail-to-tail orientation in Musa is 
lower than the other two orientations (head-to-tail 
and head-to-head). Although retrotransposon markers 
have previously been applied in the study of cereals 
(Kalendar et al., 1999; Kalendar et al., 2000; Man- 
ninen et al., 2000; Boyko et al., 2002) and Poaceae 
(Baumel et al., 2002), the work reported here is the 
first application for banana or non-grass monocots. 

The utility and polymorphism of barley-based prim- 
ers within the Musa genome are perhaps surprising. 
One might expect that retrotransposons sufficiently 
ancient to be conserved between such divergent gen- 
era would not be recently active and therefore not 
display insertional polymorphism within non-native 
genome such as in Musa. However, a recent survey of 
transcribed retrotransposons represented within the 
expressed sequence tag (EST) databases (Vicient and 
Schulman, 2002) indicates that grasses, and therefore 
monocots more generally, may share active and con- 
served families of retrotransposons. The insertion of 
new BARE-1 elements in the Berangan and Abu Baru 
regenerants demonstrates that a retroelement family 
is active in Musa as well, consistent with its wide- 
spread translation in the grasses (Vicient et al., 2001), 
and provides a means of isolating newly inserted 
active members for further analysis. The practical 
implication is that retrotransposon-based primers may 
be applied directly across divergent genera in orphan 
crops. 
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