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ABSTRACT

The Institute of Plant Breeding at the University of the
Philippines, Los Bafios (IPB-UPLB) developed the abaca
hybrid BC2—7 (BANDALA) to tolerate the BTVs that are
prevalent throughout the Philippine archipelago. The
reaction of this abaca hybrid BC2-7 (BANDALA) was
tested with the different isolates of BTVs prevalent in the
Eastern Visayas Region in the Philippines to confirm its
resistance. In this study, the reaction of abaca hybrid
BC2-7 (BANDALA) to four BTV isolates was evaluated
and compared to the abaca varieties Inosa and Pacol.
Based on disease incidence, all BTVs isolates infected
100% of Inosa plants but none of the abaca hybrid BC2-7
(BANDALA) and Pacol. The Leyte BTVs isolate produced
symptoms in Inosa at 26-days after inoculation (DAI),
Southern Leyte at 30—DAI, Biliran at 32—DAl and Samar at
38-DAl, while no symptoms were observed in abaca
hybrid BC2-7 (BANDALA) and Pacol. Both the abaca
hybrid BC2-7 (BANDALA) and Pacol showed high
resistance to BTVs, whereas Inosa was highly
susceptible. BTVs were detected from the plant samples
using Polymerase Chain Reaction (PCR) with primers
BBT-1 and BBT-2. Positive bands were detected from
the Inosa inoculated with Leyte and Southern Leyte
isolates at 5—-DAI, Samar at 6—DAI, and Biliran at 7—-DAI.
The study confirms that abaca hybrid BC2-7 (BANDALA)
and Pacol are highly resistant to all BTV isolates found in
the Eastern Visayas Region of the Philippines.
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INTRODUCTION

Abaca (Musa textilis Nee) is a native of the Philippines and grows well in many
parts of the country due to favorable climatic conditions and volcanic soils. The crop
is primarily grown for its strong and flexible fibers, which are three times stronger
than cotton and sisal fibers (Armecin et al 2014) as well as for pulp used for a variety
of applications, including specialty papers (Parac et al 2020). The Philippines is the
world's leading abaca supplier, meeting 87.5% of global demand. Abaca fiber has
great strength and there are many environmental benefits gained by interplanting
crops with abaca (FAO 2021). However, meeting the increased demand for abaca
fiber has been difficult because of declining abaca productivity, primarily due to virus
diseases. Bunchy top virus (BTV) is the most serious virus disease affecting the
abaca industry. Initially, the disease was understood to be caused by the Banana
bunchy top virus (BBTV) (Bajet & Magnaye 2002). Later, a distinct virus species, the
Abaca bunchy top virus (ABTV), was found to be linked to the disease (Sharman et al
2008). Both BBTV and ABTV are members of the Nanoviridae family, genus
Babuvirus, with genome consisting of six single-stranded circular DNA components
(DNA-R, -U3, -S, -M, -C and -N) of 1.0 -1.1kb (Vetten et al 2005, Sharman et al 2008).
BBTV and ABTV are considered separate species because they have a mean of only
63% overall nucleotide sequence identity across all six DNA components (Sharman
et al 2008), which is less than the species demarcation of 85% identity for
nanoviruses (Vetten et al 2005). Pentalonia nigronervosa (banana aphid) transmits
the virus in a persistent, circulative and non-propagative manner (Magee 1927).

Inthe 1940's, the onslaught of the disease resulted in thousands of abaca farms
being abandoned, wiping out the abaca industry in the Southern Tagalog Region. The
disease continues to devastate many abaca farms in the major growing areas in the
country, such as Bicol and the Eastern Visayas regions (Raymundo et al 2002,
PhilFida 2015). In 2003, the infection reached alarming rates in Eastern Visayas, the
second-largest abaca-producing region, when two of its provinces (Leyte and
Samar) were putin a state of calamity. The disease reportedly wiped out 16,737ha of
a total of 26,374ha of abaca plantations (Nufiez 2013). The uncontrollable
devastation caused by bunchy top disease still aggravates the abaca production
problems of farmers (PCAARRD 2017).

Since 1992, the Fiber Development Authority (FIDA), now known as PhilFIDA,
has increased efforts to manage the disease through the abaca rehabilitation
program that aims to rehabilitate abaca plantations severely affected by the bunchy
top disease through the elimination of diseased plants and through replanting using
disease-free planting materials, or expansion of planting to disease-free areas.
Breeding for virus resistance to the bunchy top virus is another program that aims to
rehabilitate the abacaindustry areas (PhilFIDA 2012).

The development of abaca resistant to viruses has long been the goal of the
breeding program in the Philippines. This resulted in the discovery of wild banana
(Musa balbisinia) var. Pacol that possesses high resistance to ABTV but has poor
fiberyield and quality (Boguero etal 2016). A breeding program for abaca bunchy top
resistance has produced hybrids derived from a cross between wild banana var.
Pacol and the susceptible abacavar.
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Abuab that possesses the high fiber quality trait (Lalusin & Villavencio 2014). Out of
63 lines tested, Hybrid 2 and Hybrid 7 did not express the bunchy top disease and
tested negative for the presence of BBTV using Polymerase Chain Reaction (PCR)
and Enzyme-Linked Immunosorbent Assay (ELISA). However, the resistance of
these hybrids has only been investigated in the Caraga area of the Philippines
(Parac et al 2020).

To address these concerns, the Philippine Government through the Department of
Science and Technology — Philippine Council for Agriculture, Aquatic and Natural
Resources Research and Development (DOST-PCAARRD), funded certain science
and technology interventions. One of these major initiatives is the promotion of
improved Hybrid 7, now known as abaca hybrid BC2-7 (BANDALA), which is resistant
to the BTVs and has high commercial fiber production (PCAARRD 2017). This abaca
hybrid BC2-7 (BANDALA) is now being tested for its performance/stability in
multilocational trials, one area of which is at the Visayas State University (VSU) in
Leyte, Eastern Visayas. Although Parac et al (2020) reported on the resistance of
BC2-7 (BANDALA) in Caraga Region, further investigation into the resistance and
reaction of this abaca hybrid to the Eastern Visayas isolates of BTVs is needed to
determine how this abaca hybrid BC2-7 (BANDALA) responds to BTVs in the region;
hence, this study.

MATERIALS AND METHODS

Test Plant Preparations and Insect Transmission Assay

Thirty of each three-month—-old tissue cultured virus-free plantlets of abaca var.
Inosa, abaca hybrid BC2-7 (BANDALA), and Pacol were obtained from the Tissue
Culture Laboratory of the National Abaca Research Center (NARC-VSU). Inosa was
used as the susceptible test variety, abaca hybrid BC2-7 (BANDALA) and Pacol as
the resistant test varieties. All the plants were maintained virus-free in the
screenhouse before aphid inoculation. Major abaca growing areas in Eastern
Visayas with documented BTV infections were surveyed for BTVs. Abaca plants with
typical bunchy top symptoms (chlorotic, thinning and curving leaf margins, stiff and
upright bunchy leaf appearance) were identified and its vector, black aphids (P.
nigronervosa), were collected. Four abaca plantations were sampled: VSU (Leyte
isolate); Sogod (Southern Leyte isolate); Catarman, Northern Samar (Samar Isolate);
and Naval (Biliran isolate). The collected samples were designated as the isolate
based onthese sources.

Transmission assay was carried out using the viruliferous aphids (P.
nigronervosa), which were collected from bunchy top infected abaca plants using the
protocol described by Parac et al (2020) and Mati-om et al (2022). A portion of the leaf
petiole carrying P. nigronervosa was detached from the infected plant and colonies of
20 insects were transferred using a camel-hair brush to healthy test plants of Inosa,
abaca hybrid BC2-7 (BANDALA) and Pacol at the 3-5 leaf stage for a 4-day
inoculation access period (IAP). The test plants were immediately covered by
2.43mx1.21Tm nylon mesh. At the end of the IAP, test plants were sprayed with
insecticides, (Cypermethrin, 5 EC) in accordance with the manufacturer's
recommendations. Following the IAP, leaf tissues were collected each day for 14 days
at random from each of the test plants, specifically the second and third shoots that
were not too young or too old for the early detection of BTVs. Plants were visually
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inspected daily for the development of BTVs symptoms for 54 days after inoculation
(DAI).

Disease Assessment

At 54 DA, disease incidence was calculated as the percentage of inoculated
plants that were visibly infected. Virus infection was confirmed by detecting the
presence of BTVs from DAI-1 to DAI-14 using PCR analysis. The disease incubation
period was determined by recording the number of days between the time of
inoculation and the appearance of visible symptoms of BTVs. The severity of the
disease was determined using the 1-5 rating scale (Niyongere et al 2011), which
was as follows: 1-dark green streaks on the leaf veins, 2—dark green streaks on leaf
midribs and petioles, 3—marginal leaf chlorosis, 4-dwarfing of leaves and 5-bunchy
top aspect: upright, crowded and brittle leaves at the plant apex/death of plants.
Based on the rating scale, the disease reaction was categorized as 0 for highly
resistant, 1 for resistant, 2 for intermediate, 3 for susceptible, and 4 and 5 for highly
susceptible.

DNA Extraction and Virus Detection

The Dellaporta extraction method was used to extract total DNA from abaca
plants (Dellaporta et al 1983). The presence of bunchy top virus was detected using
the primer pairs BBT-1 and BBT-2 (Thomson & Dietzgen 1995) which were
designed to amplify the 349-bp fragment of the DNA-R (replicase gene of the
virus). The PCR procedure was carried out using the optimized protocol of Mati-om
etal (2022).

RESULTS AND DISCUSSION
Disease Incidence

Inosa showed 100% incidence of disease with all the inoculated BTVs (Table 1).
The Leyte isolate was the most virulent of the BTVs tested. The inoculated plants
exhibited disease with stiff, upright, crowded, brittle leaves, dwarfed and bunched
leaves at the plant's apex, and eventually the plants died. Symptoms caused by the
Samar and Biliran isolates included severe bunching/crowding and dwarfing of
leaves, stiff leaves, dark green streaks on the veins with marginal leaf chlorosis. The
bunchy top symptoms of the Southern Leyte isolate was dark green streaks of
variable length in the leaves, midribs and petioles; stiff upright and crowded leaves
of the plant's apex. As the disease progressed, infected plants became stunted and
malformed with more upright leaves that resulted in a bunchy appearance before
dying. On the other hand, no disease incidence was observed on abaca hybrid
BC2-7 (BANDALA) and Pacol. Lalusin and Villavencio (2014) manually inoculated
and re-inoculated 300 Abaca hybrid BC2-7 BANDALA seedlings with viruliferous
aphids. After two months, there was no evidence of bunchy top virus in any of the
inoculated seedlings. Parac et al (2020) also reported no BTV incidence on the
same hybrid at 1, 3 and 6 months following inoculation, which was confirmed by
ELISAand PCR.
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Table 1. Disease incidence of BTV isolates on abaca genotypes at 54 DAI
Disease Incidence

Genotypes

Biliran Leyte Samar Southern Leyte
Abaca hybrid BC2-7 (BANDALA) 0 0 0 0
Pacol 0 0 0 0
Inosa 100% 100% 100% 100%
Incubation Period

The minimum incubation period of the disease in the Inosa variety ranged from
26-38 days. The Leyte isolate had the minimum incubation period of 26 days,
followed by Southern Leyte (30 days), Biliran (32 days), and Samar at 38 days (Table
2). Earlier studies on the incubation period or the disease onset of BBTV was similar
ranging from 25-37 days (Wu and Su 1990), 21 days (Hafner et al 1995) 25-85 days
(Hooks et al 2008), and 35-42 days (Hooks et al 2009). The shorter incubation
period of Inosa variety could be due to genetic differences in BTVs strains present
acrosstheregion.

Table 2. Incubation period of BTVsisolatesinabaca genotypes

Incubation period

Genotypes
Biliran Leyte Samar Southern Leyte
Abaca hybrid BC2-7 (BANDALA) - - - -
Pacol - - - -
Inosa 32 26 38 30

No BTV symptoms were observed in abaca hybrid BC2-7 (BANDALA) and
Pacol plants. However, a mosaic patternin the leaves of one or two individual plants
was observed. Yellowing and mosaic discoloration patterns in the leaves were
observed in abaca hybrid BC2-7 (BANDALA), possibly because the aphids were
introduced directly into the test plants from the field. Sta Cruz et al (2016) recently
demonstrated that disease symptoms were caused by a mixed infection of two or
more BTV viruses. Mixed infected plants may show symptoms of a single infection
only or a combination of symptoms because of other viruses. For instance, some
plants infected with Banana bunchy top virus (BBTV) and Banana bract mosaic virus
(BBrMV), Sugarcane mosaic virus (SCMV), or Cucumber mosaic virus (CMV) had
bunchy top symptoms alone or in combination with mosaic disease symptoms. In
PCR analysis up to 14 days after innoculation, no BTVs were detected in abaca
hybrid BC2-7 (BANDALA) and Pacol, confirming that the yellowing and mosaic
pattern was caused by another virus that the aphid vector may have carried aside
from BTV. Kenyon et al (1997) found that P. nigronervosa was the more efficient
than the other aphid species (Aphis gossypii and Rhopalosiphum maydis) that
transmitthe mosaic virus of banana.

Severity of BTVs in Abaca hybrid BC2-7 (BANDALA), Pacol and Inosa

Disease severity of infected plantlets was assessed using arating scale of 0-5.
The Inosa was rated on a scale between 4 and5, indicating dwarfing of leaves up to
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bunchy top aspect with upright, crowded and brittle leaves at the abaca plant's apex
(Table 3). In addition, Inosa was found to be highly susceptible since it developed
the typical symptoms starting at 26—38 DAI. The severity score from Biliran isolate
was 4.57, 4.67 from Southern Leyte, 4.73 from Leyte, and 4.77 from Samar. BTVs
infection of Inosa was confirmed by PCR analysis, which revealed that the virus was
present in both asymptomatic and symptomatic samples from all Inosa test plants.
Because Inosa developed severe disease symptoms during the evaluation, the
disease pressure was favorable for disease development. The inoculated plants of
abaca hybrid BC2-7 (BANDALA) and Pacol did not exhibit typical disease
symptoms.The virus was not detectable in any of the abaca hybrid BC2-7
(BANDALA) and Pacol test plants tested by PCR analysis or observed until the end
of the 54-day period.

Table 3. Disease severity rating and reaction of genotypes to BTV isolates

Disease severity . .
Genotypes — Disease reaction
Biliran Leyte Samar  Southern Leyte
Abaca hybrid BC2-7 (BANDALA) 0 0 0 0 Highly Resistant
Pacol 0 0 0 0 Highly Resistant
Inosa 457 473 477 4.67 Highly Susceptible

General Response of Abaca hybrid BC2-7 (BANDALA), Pacol and Inosa to BTVs in
Eastern Visayas

In Inosa, BTVs were detected as early as 5—-DAI. The results of PCR analysis
were used to compare the development of BTVs (Figure 1). The virus was detected
at 5-DAl in Leyte isolate (Figure 1(B): Lane 5) and Southern Leyte isolate (Figure
1(D): Lane 5). These two isolates had the shortest incubation period of 26 and 30
DAI, respectively. BTVs were detected at 6—DAI in Samar isolate (Figure 1(C): Lane
6) and 7-DAI in Biliran isolate (Figure 1(A): Lane 7) with 38—DAI and 32-DAlI of
incubation period, respectively. Likewise, Inosa variety is highly susceptible based
on the response of BTVs. In the screenhouse, Inosa was favorable to BTVs since it
develops severe symptoms as well as high disease incidence and severity. The
virus was not detectable by PCR and no visible infection developed in all abaca
hybrid Bc2-7 (BANDALA) and its parental Pacol test plants, which remained
symptomless until 54-DAl (Figure 2).

In this study, the abaca hybrid BC2-7 (BANDALA) was rated as highly resistant,
with a response similar to the Pacol (resistant test varieties). Since abaca hybrid
BC2-7 (BANDALA) and Pacol did not develop the disease, no incidence, no
symptoms observed, and zero disease severity were recorded. This parameter is
thought to be useful for determining the response of varieties or lines to virus
disease. Furthermore, the absence of BTVs in abaca hybrid BC2-7 (BANDALA) and
Pacol indicates a resistant response to BTVs. Using the BBT—1 and BBT—-2 primer
pairs, abaca hybrid BC2-7 (BANDALA) and Pacol were found to be BTV-free in PCR.
Likewise, by amplifying 349-bp (Lane +), the presence of BTVs in all Inosa test
plants were detected. This primer pair was designed for the Australian isolate and is
used to amplify the DNA-1 (also referred to as DNA-R, replicase) component of all
BBTVisolates, regardless of origin (Thomson & Dietzgen 1995, Sta Cruz etal 2016).
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Figure 1. PCR amplified DNAs (349-bp) of BTV isolates using the primer pairs BBT-1 and
BBT-2 in Inosa: (A) Biliran isolate (Lane 1-6, BTVs negative, Lane 7-14, BTVs positive) (B)
Leyte isolate (Lane 1-4, BTVs negative, Lane 5-14, BTVs positive) (C) Samar isolate (Lane
1-5, BTVs negative, Lane 6-14, BTVs positive) and (D) Southern Leyte isolate (Lane 1-4,
BTVs negative, Lane 5-14, BTVs positive). Lane M 1kb DNA ladder (HyperLadder™, Bioline,
USA); Lane (-), negative control of BTVs, Lane B- Blank (water only), Lane (+), positive control
of BTVs

The findings of this study confirmed the findings of Parac et al (2020), who
found that in the screenhouse evaluation, all inoculated abaca Hybrid 2, abaca
hybrid BC2-7 (BANDALA) previously known as Hybrid 7 and Pacol test plants were
symptomless even when the conditions for disease development were highly
favorable. As symptoms as a basis for virus disease diagnosis are generally
presumptive or insufficient, early detection at the molecular level is critical for
disease management. The abaca hybrid BC2-7 (BANDALA) has been proven to be
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highly resistant in the field based on the experimental set-up at NARC-VSU for six
years. Parac et al (2020) characterized the resistance of abaca hybrid BC2-7
(BANDALA) and selected hybrids of abaca for bunchy top diseases using ELISA and
PCR. They did not detect BTVs in any hybrid test plants which were all symptomless
throughout the six-months post inoculation (mpi). Further to that, Plamonte and
Sta Cruz (2018) did not detect the virus from field samples using their sensitive and
reliable BTVs detection by PCR. The response of the abaca hybrid BC2-7
(BANDALA) can be attributed to resistance itself and it was not due to having
escaped infection. The conditions during this evaluation was favorable for the
development of the disease because the infection of the susceptible check (Inosa)
was severe, where the plant developed severe disease.

R
2000 gy

200 by =3/

Figure 2. Negative amplification result of BTV using the primer pair BBT-1 and BBT-2, in abaca
hybrid BC2-7 (BANDALA): (A) Biliran isolate, (B) Leyte isolate, (C) Samar isolate and (D)
Southern Leyteisolate. Lane M 1kb HyperLadderTM (Bioline, USA); Lane 1 (1DAI)- 14 (14 DAI)
negative of BTV. Lane (=) negative control of BTVs, Lane B Blank (water only), Lane (+)
positive control of BTV
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CONCLUSION

The response of abaca hybrid BC2-7 (BANDALA) and Pacol were highly
resistant to different BTVs isolates infecting abaca in the Eastern Visayas region of
the Philippines, while the Inosa was highly susceptible to the BTVs, based on the
disease incidence, incubation period and severity assessment. The resistant
response of the abaca hybrid BC2-7 (BANDALA) was similar to Pacol, which did not
acquire the disease in the screenhouse experimental conditions. In terms of
disease incidence, BTVs were transmitted to 100% of the Inosa test plants by its
vector P. nigronervosa, and no infection was recorded in both the abaca hybrid
BC2-7 (BANDALA) and Pacol. The results also suggest that the shortest incubation
period was 26—DAI and the longest at 38-DAI for the susceptible variety (Inosa).
Thevirus was detectable at 5-7 DAl in Inosa by PCR analysis. These were evaluated
under the conditions of high disease pressure, indicating that the observed
responses of BC2-7 (BANDALA) and Pacol were due to resistance, and not due to
escape from infection. The absence of virus infection and bunchy top disease
symptoms in these plants is also indicative of disease resistance. PCR analysis
revealed that until 54-DAI, all test plants of abaca hybrid BC2-7 (BANDALA) and
Pacol were BTVs free.

The reaction of this abaca hybrid BC2-7 (BANDALA) to the Abaca mosaic virus
(AMV) must be evaluated. In general, the use of abaca hybrid BC2—-7 (BANDALA)
which is highly resistant to BTVs, will undoubtedly contribute to the long-term
viability of the Philippine abaca industry. This will also aid in proper field deployment
of other promising abaca resistant lines in the region as well as the development of
screening and selection strategies. To summarize, abaca hybrid BC2-7 (BANDALA)
can be planted for pulp production in the Philippines' Eastern Visayas region.
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