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RESUMEN

ABSTRACT

Los bananos de tipo postre y los de coccién, asi como los platanos, se
originan de dos progenitores: Musa acuminata (AA) y Musa balbisiana
(BB). El genoma de este Ultimo alberga formas alélicas de secuencias
endégenas de Banana streak virus (eBSVs) pertenecientes a las
especies Banana streak OL virus (eBSOLV), Banana streak GF virus
(eBSGFV) and Banana streak IM virus (eBSImV). La expresiéon de los
alelos infecciosos de las eBSVs en los cultivares interespecificos de
banano con genotipo AAB y AAAB, se dispara por la accién de factores
de estrés bidtico y abiético, como el cultivo de tejidos y los cruzamientos
interespecificos y provocan infecciones espontaneas con las especies
de BSV relacionadas, con potencialidad para producir brotes infeccio-
sos. Por tanto, las secuencias endégenas de BSV son actualmente el
principal obstaculo para el mejoramiento de banano, el intercambio de
germoplasma y el cultivo de hibridos interespecificos, aunque el riesgo
de diseminacion de BSV a través del cultivo de estos hibridos no ha sido
evaluado. La caracterizacion molecular de los alelos de las eBSVs en
hibridos que albergan el genoma Musa balbisiana es una herramienta
util para la estimacion de este riesgo. En este trabajo se realizé la ca-
racterizacion de estas secuencias en varios cultivares interepecificos
de bananos y platanos, y accesiones conservadas en colecciones de
germoplasma o que se cultivan en Cuba. Los resultados mostraron que
todos los genotipos analizados albergan el alelo infeccioso GF7 excepto
Manzano INIVIT (AAB) y que varios de ellos presentan perfiles modifi-
cados para la secuencia endégena eBSOLV. Los resultados mostraron
igualmente que los hibridos FHIA 01, FHIA 18, FHIA 20, FHIA 21 y el
cultivar Manzano INIVIT (AAB) no tienen la secuencia endégena eBSImV.

Palabras claves: Banana streak virus (BSV); secuencias endégenas de Ba-
nana streak virus (€BSVs); alelo; Musa balbisiana; hibridos interespecificos.

Dessert and cooking type banana, including plantain, originate from two
progenitors: Musa acuminata (AA) and Musa balbisiana (BB). The last
one specie genome hosts infectious allelic forms of endogenous Banana
streak virus sequences (eBSVs) of viral species Banana streak OL virus
(eBSOLV), Banana streak GF virus (eBSGFV) and Banana streak IM
virus (eBSImV). Expression of infectious eBSV alleles in AAB and AAAB
interspecific banana cultivars is triggered by biotic and abiotic stresses
including tissue culture and interspecific crosses, leading to spontaneous
infections by the related viruses and has the potential to cause BSV
outbreaks. Therefore, infectious eBSVs are currently the main constraint
for breeding, exchanging and cultivating banana interspecific hybrids,
although the risk of spreading BSVs through such hybrids cultivation has
not been assessed yet. The molecular characterization of eBSV alleles in
interspecific hybrids harboring the M. balbisiana genome is instrumental
for assessing this risk. In this paper, the molecular characterization in
several banana and plantain interspecific cultivars and accessions con-
served in germplasm collections and/or cultivated in Cuba is reported.
The results showed that all analyzed genotypes harbor infectious allele
GF7 except Manzano INIVIT, and that several of them displayed modified
eBSOLYV allelic patterns. The results also showed that FHIA 01, FHIA
18, FHIA 20, FHIA 21 hybrids and cultivar Manzano INIVIT (AAB) do not
present eBSImV sequence.

Key words: Banana streak virus (BSV); endogenous Banana streak
virus sequences (eBSVs); allele; Musa balbisiana; interspecific hybrids.

INTRODUCTION

Banana streak viruses (BSVs) infect wild and domes-
ticated bananas (Musa sp.) worldwide [Lockhart
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and Jones, 2000], causing a wide range of symptoms
such as leaf streak and pseudostem splitting in in-
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fected plants [Lockhart & Olszewski, 1993]. BSVs
are mealybug-transmitted badnaviruses (family
Caulimoviridae). They have bacilliform particles
and open-circular double-stranded DNA (dsDNA)
genomes of 7.2 to 7.8 kbp which replicate via a re-
verse-transcription step. Endogenous BSV sequences
(eBSVs) are present in the nuclear genome of diploid
Musa balbisiana (BB), one of the main progenitors of
banana and plantain interspecific hybrids [Iskra-Ca-
ruana et al., 2010; Chabannes et al., 2013]. Integration
is thought to have occurred through horizontal gene
transfer [Teycheney and Geering, 2011], since none of
the viruses of the family Caulimoviridae encode an
integrase and integration is not an essential step in
the replication cycle of these viruses [Harper et al.,
2002; Hohn et al., 2008]. Infectious eBSVs are present
in M. balbisiana genomes [Chabannes et al., 2013;
Duroy, 2012; Duroy et al., unpublished]. They can
lead to spontaneous infections by viral species upon
activation by biotic and abiotic stresses such as in
vitro propagation and interspecific crosses [Cote et al.,
2010; Dallot et al., 2001], which are thought to release
transcriptional silencing repressing their expression
[Teycheney & Geering, 2010]. It has been hypothe-
sized that the emergence of banana streak disease
observed in newly created banana AAB and AAAB
interspecific hybrids within the past 25 years resulted
from the activation of infectious eBSVs [Gayral et al.,
2008, Iskra-Caruana et al., 2010], causing concern that
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large scale cultivation of such hybrids could promote
BSV outbreaks following activation and mealybug
transmission [Meyer et al., 2008]. Thus, eBSVs have
become the main constraint for breeding, exchanging
and growing banana interspecific hybrids [ Lheureux

et al., 2003; Barkry et al., 2005].

The fine molecular structure of eBSVs was recently
elucidated in the model seedy diploid Musa balbisiana
(BB) cultivar Pisang Klutuk Wulung (PKW) by com-
bining molecular, genomic, genetic, and cytogenetic
approaches [Gayral et al., 2008, 2010, Chabannes et
al., 2013]. These authors showed that endogenous
sequences of BSV species Obino I’'Ewai (BSOLYV),
Goldfinger (BSGFV) and Imové (BSIMV) are present
in the genome of PKW. Integration of eBSOLV and
eBSGFV occurs under allelic forms at a single locus
within chromosome 1 and only one allele is infectious,
whereas integration of eBSImV occurs at a single
locus of chromosome 2 but not under allelic forms

(Figure 1).

Specific primers were developed |Gayral et al., 2008, 2010;
Chabannes et al., 2013], based on the sequence of the
eBSVs of PKW, in order to assess the eBSVs patterns
of genetic resources harbouring M. balbisiana genome.
Using these primers, the molecular structure of eBSVs

was established in several seedy diploid M. balbisiana and
interspecific ABB, AAB and AB hybrids and cultivars
[Duroy, 2012; Chabannes et al., 2013].
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Figure 1. Schematic representation of the molecular structure of eBSGFV and eBSOLV alleles and

eBSImV sequence in the genome of PKW.
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Legend to figures

Figure 1. Schematic representation of the molecular
structure of eBSGFV and eBSOLYV alleles and eB-
SImV sequence in the genome of PKW. The position
of PCR primers used for genotyping eBSVs is shown
underneath the representation of each eBSV; all were
developed by Gayral et al., 2010 and Chabannes et al.,
2013. Musa genome sequences are shown is in dark
gray. Diagonal, checked, white and black pattern box-
es show sequences of BSV ORFs I, I1, I1I and inter-
genic region, respectively. Arrowed boxes indicate the
orientation of the viral fragments within each eBSV.

Adapted from Duroy, 2012.

The position of PCR primers used for genotyping
eBSVs is shown underneath the representation of
each eBSV; all were developed by Gayral et al. (2010)
and Chabannes et al. (2013). Musa genome sequences
are shown is in dark gray. Diagonal, checked, white
and black pattern boxes show sequences of BSV ORF's

I, IL, I1I and intergenic region, respectively. Arrowed

boxes indicate the orientation of the viral fragments
within each eBSV. Adapted from Duroy, 2012.

Banana is the third most important fruit crop in Cuba,
with plantain representing 20 % of the production of
all tubers and roots [Pérez-Vicente, 2011]. Interspecific
hybrid cultivars of AAAB, AAB and ABB genotypes are
widely cultivated; therefore, it is essential to assess the
risk of spreading BSVs through the cultivation of such
hybrids. To this aim, a first step for was taken through
the molecular characterization of eBSGEFVs, eBSOLVs
and eBSImVs in a selection of banana and plantain in-
terspecific hybrids cultivars and accessions representing
the diversity of Musa spp grown in the country.

MATERIALS AND METHODS

Plant material

Fresh leaf samples were kindly supplied by the Instituto
de Investigaciones de Viandas Tropicales (INIVIT, Villa
Clara, Cuba) and Capa Rosa farm (Quivican, Mayabeque,
Cuba). A detailed list of the samplesis provided in Table 1.

Table 1. Musa accessions and hybrids cultivars used for the characterization of eBSVs

Acceston/vartety Subgroup Genome Origin

Burro CEMSA Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro amarillo Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro enano Bluggoe ABB Musa collection, INIVIT, Villa Clara
Pelipita Pelipita ABB Musa collection, Quivican, Mayabeque
Burro CEMSA semi enano Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro CEMSA enano Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro Nica Bluggoe ABB Musa collection, INIVIT, Villa Clara
Saba Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro 3/4 Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro criollo Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro CEMSA rayado Bluggoe ABB Musa collection, INIVIT, Villa Clara
Burro CEMSA cenizo Bluggoe ABB Musa collection, INIVIT, Villa Clara
Duvao Bluggoe ABB Musa collection, INIVIT, Villa Clara
Chato Bluggoe ABB Musa collection, INIVIT, Villa Clara
Macho 3/4 Plantains AAB Musa collection, INIVIT, Villa Clara
CEMSA 3/4 Plantains AAB Musa collection, INIVIT, Villa Clara
FHIA 21 FHIA AAAB Musa collection, INIVIT, Villa Clara
FHIA 20 FHIA AAAB Musa collection, INIVIT, Villa Clara
FHIA 18 FHIA AAAB Musa collection, INIVIT, Villa Clara
FHIA 01 FHIA AAAB Musa collection, INIVIT, Villa Clara
FHIA 03 FHIA AABB Musa collection, Quivican, Mayabeque
FHIA25 FHIA AAAB Musa collection, Quivican, Mayabeque
Manzano INIVIT Silk AAB Musa collection, Quivican, Mayabeque
Manzano Vietnamita Pisang awak ABB Musa collection, INIVIT, Villa Clara
Pisang klutuk wulung (PK'W) Balbisiana BB Neufchateau, CIRAD Guadalupe
Grande Naine Cavendish AAA Neufchateau, CIRAD Guadalupe

235



Fitosanidad 19(3) diciensbre (2015)

Total genomic DNA was extracted from fresh leaf
tissue by the method of Gawel and Jarret (1991).
Genomic DNA from control cultivars Pisang Klu-
tuk Wulung (BB) and Grande Naine (AAA) was
supplied by CIRAD (Station de Neufchateau, Gua-
deloupe, France). The quality of DNA was assessed
by electrophoresis in a 0.8 % agarose gel in TBE
0,5X (45 mM Tris-borate, 1 mM EDTA pH 8) and
visualized under UV light after ethidium bromide
staining, and also by PCR with primer pair ActinlF
(5"-TCCTTTCGCTCTATGCCAGT-3") / ActinlR
(5"-GCCCATCGGGAAGTTCATAG-3") targeting
Musa genes encoding actin. PCR reaction mix of 25 pl
contained 20 mM Tris—HCI (pH 8.4), 50 mM KCI, and
100 mM each dANTP, 1.5 mM MgCl,, 10 pmol of each

Higginson et al.

primer and 2U Tag DNA polymerase (Eurogentech,
Seraing, Belgium). PCR cycle conditions were an
initial denaturation step at 94 °C for 5 min, then
25 cycles at 94 °C for 30 s, 58 °C for 30 s, 72 °C for
30s followed by a final elongation step of 5 min at
72 °C. PCR products were analyzed by electrophoresis
as described above.

Molecular characterization of eBSGFV,eBSImV
and eBSOLYV sequences

The sequence patterns of eBSGFV, eBSImV and eB-
SOLV were assessed by PCR-based screening according
to Gayral et al. (2010) and Chabannes et al. (2013). The
list and sequence of primers used are provided in Table 2
and their location on eBSVs is shown on Figure 1.

Table 2. Primers used for eBSV genotyping

Target of primer Name of primer Primer sequence (5°-3°) Exp ;crtz;l;;ze(z_; )PCR
VMIF TTGTCCAAAATCTGCTCGTG 374
VMI1R TGTAATTCCTGCTCCTGCAA
eBSGEV junc- VM2F TTCTCCCTTTTCGATCCGTA
tions with Musa 268
genome VM2R TTTTGATGCATCTCCAGCAG
VM2bis-F GAGGCCCTTATGCATTGTTG .
VM2bis-R TCGACCGTACCGATATCCTC
VVIF ACAGCTCCAGGAGATTGGAA 268
VVIR CTGAAGTGTGCCTGTGGAGA
VV2F TCTGAGATCTCCAGCCAGGT
VV2R GACAGTTCCAGCACAGCAGA 039
VV2bis-F GCTGGCAGTGGAATTCAGTT
VV2bis-R CATGGTGGGAGAAGAGGAAG 39
VV3F TTGCCAAGAATTCCTCCAAG
eBSGFV VV3R AAGTTCTTGTCGGCAAGGTG 310
structure VV4F GAGCAACACGAGTCAACGAA
VV4R TCTCCACAGGCACACTTCAG o
VVi4bis-F GGAAAACTCTGGGTTGGTGA
VVi4bisR GGAGATCGGCATTTTTCTCCA 700
VVoF GCATGAAGCATGACTGGAGA
VV6R AATGCATAAGGGCCTCGAAT 204
VVo6bis-F AGGCCACTACGCATCAGAAT 12
VVo6bis-R GGCCTCGAATTTATCATTGG
VVs5F CCATGGAGGTTGACCTGTCT
eBSGFV-9 (Non VV5R ACCCCTCTGTCTTCCCAACT 028
infectious allele) VV5bis-F CGCACCTTCATCACAGAAGA
VV5bis-R TACCAGATGGGGAGAAATCG o8
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¢BSGFV allelic Dif GFF TTGCAGGAGCAGGAATTACA
differentiation Dif GFR GGATGGAAGATGAGCTCTTTG 070
Musa-Ol Uniénl F (16) | TGCATTAGATGGTCTGGGAAA
eBSOLYV junc- Musa-Ol Uniénl R (17) | ACTTCACGATGCCCATGTTT 203 bp
tions with Musa
cenome Musa-Ol Unién2 F (25) | GAGCTGTTTCCTCCGTGTCT 590 pb
Musa-O1 Unién2 R (26) | CCTGGAAGAAAGCAGACGAG
sigl eBSOLV F (27) | TTCGAGGAGTCAACGGAGTC 606 by
eBSOLYV struc- sigl eBSOLV R (28) | CCTGGTCTGCACAGAGATGA
ture sig2 eBSOLV F (29) | CTTGCTCTGTGGGCAAGACT 126 by
sig2 eBSOLV R (30) | CCATTTTTCTCGCAGATTGTC
Markerl-BSOLV(2) F (18) | ATACGAAGCCCAACGAATTG 601 bp
¢BSOLYV -2 (Non | Marckerl-BSOLV(2) R (19) | ATGGCTTGCCTTCACAGATT
infectious allele) | Marker 2-BSOLV(2) F (20) | ACTCGCACAAAGTGAACTCG 399 bp
Marcker2-BSOLV(2) R (21) | ACAGTACAAGCCCCACCAAT
eBSOLY -1 (in- Marker2-BSOLV(1) F (23) | GTGGTGGTTCTTGATCCGGT 1169 by
fectious allele) Marker 2-BSOLV(1) R (24) | CACGTGGTAGGGGTCCGCCA
Musa/F2-F ACTCAGCAAAGGCAAGCAGT .
Musa/F2-R TCTGGTGTGAGTTTTAATAATACCG
Musa/F2 bis-F AGCTGAAGTGATGCGAACCT
eBSImV junc- Musa/F2-R TCTGGTGTGAGTTTTAATAATACCG T
tions with Musa
gonome F5/Musa-F GTATGGTTCTTGCCCGATGA “o4
F5/Musa-R TCGTGCAGACCCCTTACTCT
F5/Musa bis-F CCACCTGGTATCCCTGAAGA 005
F5/Musa bis -R TGTCAAGCTGTTGGTTGCTC
F1/F3-F TTCGGTATTATTAAAACTCACACCA
F1/F3-R GCTGCTAACTGAGGATAATCGAA 90
F1/F3-F TTCGGTATTATTAAAACTCACACCA
F1/F3 bis-R TTCTTGGGGTACTGGTTTCG 0%
F3/F4-F TCCCACGCAAGCTTACTTCT
eBSImV structure F3/F4-R GAAGCTGTCCAAGCCTATATCA o
F3/F4 bis-F GGTGCAAATCAGAGTCATGC
F3/F4-R GAAGCTGTCCAAGCCTATATCA o
F4/F5-F TGGACAGCTTCTGGTGTGAG
F4/F5-R AGCAGCTACAACCCTGGAGA 0
F4/F5-F TGGACAGCTTCTGGTGTGAG 927
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All PCR reactions were performed in 25 pl reaction
volumes, using five to ten nanograms of genomic
DNA. Reactions mixes contained 20 mM Tris-HCI
pH 8.4, 50 mM KCI, 100 mM of each dNTP, 10 pmol
of each forward and reverse primers and 2U of Taq
polymerase (New England Biolabs, Evry, France).
PCR conditions were: one cycle at 94 °C for 5 min,
followed by 30 to 35 cycles at 94 °C for 30 s, 60 to 65 °C
for 30 s, 72 °C for 15 s to 1 min 30 s and a final ex-
tension step of 72 °C for 10 min. PCR products were
analyzed by electrophoresis as described above.

Differentiation of eBSGFYV allelic forms was achie-
ved by the DifGFF-Taal method of Gayral et al.
(2008), with slight modifications. Five to ten nano-
grams of genomic DNA was subjected to PCR using
primer pair DifGFF/DifGFR. PCR conditions were
one cycle at 94 °C for 5 min, followed by 35 cycles at
94 °C for 30 s, 55 °C for 30 s and 72 °C for 35 s, and a
final extension step of 72 °C for 10 min. Seven micro-
litres of PCR products were digested for 2 hours at
37 °Cwith 5U of HpyCHA4III (New England Biolabs,
Evry, France), an isoschizomer of restriction enzyme
Taal, according to the manufacturer’s instructions.
Digestion products were analyzed by electrophoresis
as described above.

RESULTS AND DISCUSSION

All the hybrids cultivars harboring two copies of the
M. balbisiana genome (ABB, AABB) analyzed in this
work, displayed both infectious (GF7) and non-infec-
tious (GF9) eBSGFV alleles, bearing similar eBSGFV
patterns to that of model species PKW (Table 3).
Triploid AAB varieties Macho % and CEMSA % and
tetraploid (AAAB) hybrids FHIA 20 and FHIA 21
displayed only infectious allele GF'7, whereas cultivar
Manzano INIVIT (AAB) was devoid of eBSGFV.
Surprisingly, tetraploid AAAB hybrids FHIA 18
and FHIA 01 and triploid AAB hybrid FHIA 25
displayed GF7/GF9 patterns (Table 3). This finding
was unexpected considering that they supposedly
carry only one copy of the M. balbisiana genome
and therefore either e BSGFV allele, but not both. A
possible explanation for the presence of both alleles
in these hybrids is that they could be diploid for M.
balbisiana chromosome 1, which carries eBSGFVs
[Chabannes et al., 2013]. Similar assumptions were
made previously by Duroy (2012), for diploid (AB)
cultivars Ney Poovan and Safet Velchi to explain

similar GF7/GF9 patterns.
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All analyzed ABB hybrids, tetraploid AABB hybrid
FHIA 03, triploid AAB hybrid FHIA 25 and cultivar
Manzano Vietnamita displayed an eBSImV pattern
identical to that of PKW,indicating that they carry the
infectious eBSImV sequence. On the opposite, triploid
AAB plantain cultivars Macho % and CEMSA %, te-
traploid AAAB hybrids FHIA 21, FHIA 20, FHIA 18,
FHIA 01 and triploid AAB cultivar Manzano INIVIT,
lacked eBSImV. These results correlate with those by
Duroy, 2012 showing that the majority of ABB acces-
sions carry the infectious eBSImV sequence whereas
AAB plantains do not. These authors also reported
that triploid AAB dessert banana cultivar Prata Ana,
is also devoid of eBSImV, providing an explanation to
why FHIA 01 and FHIA 18 tetraploid AAAB hybrids,
resulting from a cross between Prata Ana and a M.
acuminata parent, lack eBSImV.

The majority of analyzed hybrids and cultivars har-
boring two copies of the M. balbisiana genome were
homozygous for non-infectious allele OL2 (Table 3).
Cultivar Pelipita (ABB) was the only one displaying
an eBSOLV pattern similar to that of PKW. Tri-
ploid AAB varieties Macho % and CEMSA % and
tetraploid (AAAB) hybrids FHIA 20 and FHIA 21
displayed only infectious allele OL1. A substantial
number of the analyzed hybrids and cultivars displa-
yed modified OL2 alleles (OL2") under a homozygous
(OL2°/0L2%) form. Tetraploid AAAB hybrids FHIA
18 and FHIA 01 also displayed modified OL2 alleles,
under an apparently heterozygous (OL1/0L2") form
although they supposedly carry only one copy of the
M. balbisiana genome and should therefore carry only
one eBSOLYV allele. As mentioned above, this situation
may result from the fact that FHIA 18 and FHIA
01 could be diploid for M. balbisiana chromosome 1,
which also carries e BSOLV alleles [Chabannes et al.,
2013]. Overall, these results confirm the important
diversity of eBSOLV patterns among accessions and
hybrids harboring the M. balbisiana genome, as pre-
viously highlighted by Duroy, 2012 who reported at
least 22 allelic forms of this sequence.

The work reported in this paper builds on previous stu-
dies carried out by Gayral et al. (2010) and Duroy, 2012
who explored the molecular diversity of eBSVs in the B
genome of seedy diploids (BB) and interspecific hybrids
with various levels of ploidy for the B genome. These
authors showed that the majority of the plants they
analyzed shared integration patterns similar to that of

PKW, particularly BB and ABB accessions.
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The present study shows that most interspecific hy-
brids and cultivars grown in Cuba, harbor infectious
alleles of at least two of the three BSV species BSOLY,
BSIMYV and BSGFV. Previous studies carried out in
several plant species hosting endogenous viral ele-
ments (EVEs), suggest that the loci containing EVEs
are transcriptionally silenced [Mette et al., 2002; Ku-
nii et al., 2004; Noreen et al., 2007; Staginnus et al.,
2007; Becher et al., 2014; Duroy et al., unpublished].
In the particular case of infectious EVEs, including
alleles OL1 and GF7 and eBSImV sequence of PKW,
it has been hypothesized that infection occurs upon
the release of silencing by exposure of the plant
to biotic or abiotic stresses, such as tissue culture
micropropagation and interspecific plant hybridiza-
tion [Teycheney & Geering, 2011]. In banana, such
activation is documented in interspecific hybrids and
cultivars harboring one copy of the M. balbisiana
genome [Dallot et al., 2001; Cote et al., 2010], but
does not seem to be of concern in ABB and AABB
genotypes [Chabannes & Iskra Caruana, 2013]. The-
refore, among the interspecific hybrids and cultivars
studied in this work, triploid AAB varieties Macho %
and CEMSA %, triploid (AAB) hybrid FHIA 25 and
tetraploid (AAAB) hybrids FHIA-20 and FHIA-21,
which share similar eBSV patterns, seem to be the
only ones at risk of becoming infected by BSVs fo-
llowing activation of infectious eBSVs (Table 3). In
fact BSOLV and BSIMYV were reported in FHIA 21
and FHIA 25, respectively, in several growing areas
in Cuba [Javer et al., 2009], raising suspicion that
these infections might have occurred following the
activation of infectious eBSVs.

Tetraploid (AAAB) hybrids FHIA 18 and FHIA 01
displayed modified eBSOLV and eBSGFV alleles,
which are not currently documented as far as their
infectivity is concerned. It is therefore not possible
at this stage to foresee if these modified alleles could
lead to spontaneous BSV infections upon activation.
On the opposite, none of these two hybrids host eB-
SImV. Among all the cultivars analyzed in our work,
Manzano INIVIT is the only one devoid of infectious
eBSGFV and eBSImV and harbors a modified eB-
SOLYV allele for which it is not known whether it is
infectious or not.

The cultivars and accessions genotyped in this study
are used for fruit production and also as valuable
sources for disease resistance and agronomic traits of
interest in Cuba national banana breeding program.
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Thus, the molecular characterization of their eBSVs
is instrumental for the identification of suitable cul-
tivars and genitors minimizing the risk of spreading
BSVs through the cultivation and/or breeding of
interspecific hybrids. Our work showed that tools
and methodologies are available for achieving this
characterization, although additional work is needed
to characterize modified eBSOLYV alleles and to deter-
mine under which conditions and for which cultivars
infectious alleles are activated at field level.
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