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ABSTRACT

Chalkbrood is a contagious brood disease of European honeybees (Apis mellifera
L.) which lead to significant reduction of bee population and colony productivity. It
is caused by the fungus Ascosphaera apis, and its diagnosis in the country
involves inspection of colonies for mummified larvae but does not include
cultivation and identification of the pathogen. The study, therefore, aimed to
isolate, characterize, and identify the organism causing chalkbrood in several
apiaries in the country. It also determined possible genetic variation which may
affect their virulence in honeybee larvae. Mummified brood from eight apiaries in
Luzon and Mindanao, and 21 commercially available local honey were used to
isolate A. apis. A total of 12 mold isolates exhibited phenotypes typical of the
fungus. Molecular identification using the internal transcribed sequence (ITS)-PCR
revealed that all isolates had 100% ITS sequence similarity with A. apis. Genotypic
characterization with repetitive sequence-based PCR using enterobacterial
repetitive intergenic consensus (ERIC) sequences-specific primers revealed that
isolates CALGS, CCLGS, LBLWM, LBLGM, BTCWM, MLBGS, CCLWM and LCBGS
belonged to one cluster while LUDWM, SMRWM, BTCGS, and MLBWM were each
placed in separate groups. Isolates BTCWM and BTCGS coming from the same
apiary were placed moreover, into different groups while CCLGS and LCBGS from
different apiaries clustered in the same group. These results indicate that genetic
variation is observed among the A. apis isolates, and that such variation is not
associated with the location of the chalkbrood-infected apiaries where the isolates
were obtained.

Keywords: Ascosphaera apis, Chalkbrood, European honey bee, genotypic
variation, honey bee disease
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INTRODUCTION

European honey bees (Apis mellifera L.) just like other living organisms,
are susceptible to a variety of diseases (Food and Agriculture Organization [FAO],
2006). Most of these diseases are specific to the brood or adult bees, but the
most virulent diseases are those which affect the brood. Honey bee diseases are
caused by bacteria, fungi, viruses and protozoa (Yadav & Kaushik, 2017).

Migratory beekeeping is a widely extended practice of providing crop
pollination services and increasing yield of honey bee products (Jara et al., 2020).
This, however, can be detrimental to honey bees for it can cause stress which
will make them more susceptible to diseases (Martinez-Lopez et al., 2022). Honey
bee colonies subjected to migratory practice were reported to have higher
infestation rate and abundance of bee pathogens which include Nosema ceranae
(Zhu et al., 2014), and some RNA viruses (Welch et al., 2009). It also allows the
spread of pathogens and parasites between managed colonies and wild
pollinators (Martinez-Lopez et al., 2022). This is demonstrated by the inter-
species transmission of the honey bee RNA virus Israeli Acute Paralysis virus
(IAPV) from infected honey bees to bumble bees and vice versa (Singh et al.,
2010). Migratory practice and transport of colonies over great distances have
caused rapid local, regional and global spread of honey bee pathogens and
parasites such as Vairimorpha ceranae, Varroa destructor and Ascosphaera apis
(Owen, 2017; FAO, 2006).

Chalkbrood is one of the many honey bee diseases observable in many
apiaries worldwide. It is a contagious disease caused by the filamentous fungus,
A. apis which affects the honey bee larvae of queens, workers and drones
(Aronstein & Murray, 2010). It is an invasive mycosis that exclusively affects bee
brood. Chalkbrood is found throughout the world and has been detected in most
beekeeping areas in Chile, Central America, and Japan (Reynaldi et al., 2003). It
was first reported in the Philippines in the 1980s (Nixon, 1982; Heath, 1985) but
the observed cases of chalkbrood infection were not significant to devastate the
colonies (Cervancia, 1997). This disease, however, can cause significant
reduction in bee population and colony productivity (Aronstein & Murray, 2010).
Cervancia (2018) reported that almost all A. mellifera colonies in the country are
infected with the chalkbrood disease.

Conventional methods are commonly used to detect the fungal pathogen
among honey bees which usually involves cultivation on rich culture media.
Cultural, morphological and physiological characterizations are then being done
to determine the identity of the isolates. Molecular methods involving an
amplification of the internal transcribed spacer (ITS) regions of the ribosomal
DNA of the fungal pathogen is also used to rapidly identify it (James & Skinner,
2005).
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Genotyping of A. apis isolates from several countries by Jensen et al.
(2012) revealed seven genetic strains of the bee fungal pathogen. Similarly,
multiple genetic strains of the fungus from Australia were identified (Gerdts et
al., 2021). Strain diversity was reported to be significantly higher in colonies with
higher levels of chalkbrood infection and that some strains were observed as
being dominant in infecting colonies (Roberts & Armstrong, 2021).

Since studies on cases of chalkbrood in the country only reported
incidence of the disease in local apiaries through observation of field symptoms
and presence of mummified larvae, this study was conducted to phenotypically
characterize the causal organism isolated from chalkbrood-infected broods of A.
mellifera which were collected from several apiaries in the country and screen
for genetic variation.

MATERIALS AND METHODS
Sample collection

Honey bee brood samples that are fluffy white, swollen and sponge-like or
look like white or grey mummies were collected from apiaries of eight cooperator-
beekeepers of the UPLB Bee Program who reported case of chalkbrood infection
during the time of sampling. Most of the samples came from A. mellifera apiaries
in Luzon with three from Laguna, two from Batangas and one each from the Rizal
Province and Metro Manila. One apiary from Lupon, Davao Oriental in Mindanao
also provided mummified honey bee broods. The samples were collected from the
bottom board as well as in brood cells with perforated cappings and in unsealed
cells. Mummies obtained were placed in sterile containers which were brought
to the laboratory for processing.

Commercially available local honey samples were also used as possible
sources of the pathogen. Honey samples were obtained from 15 provinces; 10
from Luzon and five from Mindanao. There were no honey samples obtained from
the Visayas. Most of the samples were produced by A. mellifera and the rest by
A. breviligula (Table 1).

The causal organism of chalkbrood disease A. apis, can be isolated from
either fresh or dried mummified larvae coming from the brood frames or the
bottom board (Figure 1). Both white and dark colored mummies can be used for
isolation of the pathogen (Jensen et al., 2012). Chalkbrood mummies appear
white when they are infected by only one haploid mating type idiomorph (either
+ or -) but they turn grey or black when infected by both idiomorphs resulting to
the formation of fruiting bodies or ascomata (Hornitzky, 2001; Aronstein &
Holloway, 2013). Honey, on the other hand, can also be used in the detection of
honey bee pathogens (Ribani et al., 2020). It is one of the bee products that does
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not undergo transformation prior to sale, and is considered as a disease
disperser due to the possible presence of infectious agents (Teixeira et al., 2018).

Table 1. Sources of honey samples screened for Ascosphaera apis and their
producing bee species.

PROVINCE BARANGAY/MUNICIPALITY/ HONEYBEE

CITY SPECIES
Ilocos Norte Batac Apis breviligula

llocos Sur Bantay A. mellifera
La Union Supiden A. mellifera

Benguet Atok A. breviligula
Cabiten A. mellifera

Sapid A. mellifera

Tuba A. mellifera

Mt. Province Catengan, A. breviligula

Tadian A. breviligula

Tubo A. mellifera

Bataan Mariveles A. breviligula

Laguna Bay A. breviligula
Batangas Pulo, Lipa A. mellifera
Quezon Dolores A. mellifera

Oriental Mindoro Victoria A. breviligula
Misamis Oriental Cagayan de Oro A. mellifera
Davao Oriental Hamiguitan A. mellifera

Davao del Sur Bansalan A. breviligula
Cotabato Mlang A. mellifera

South Cotabato Koronadal A. breviligula

Lake Sebu A. breviligula

Figure 1. Mummified larvae of Apis mellifera L. collected from an apiary in
Maraoay, Lipa City, Batangas.
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Isolation and purification

In isolating A. apis from mummies of brood with symptoms of chalkbrood,
the procedure described by Jensen et al. (2012) with minor modification was
followed. Fungal spores which may be present in honey were isolated following
the methods of Anderson et al. (1997) and Reynaldi et al. (2003). Each collected
mummified brood was surface-sterilized with 10 % sodium hypochlorite for 10
min, rinsed thrice with sterile distilled water for 2 min and sliced into three
pieces with a sterile scalpel. These sections were then placed on Potato Dextrose
Agar (PDA) plates supplemented with ampicillin and streptomycin at 6 pg/ml
each and incubated in the dark at 35 °C under microaerophilic conditions. After
a 48-hour incubation, the plates were then incubated aerobically at 35 °C.
Fungal colonies which were visible after five to seven days were isolated, purified
by repeated point inoculation on fresh PDA plates and maintained using the
same agar medium.

For the honey, 50 grams sample was homogenized in a water bath kept at
40 °C. Ten milliliters of the sample were then obtained and mixed with equal
volume of 0.01M sodium phosphate buffered saline, pH=7.2 (PBS). The mixture
was then centrifuged at 3,500 x g for 45 min at 5 °C. The resulting supernatant
was discarded. The pellet was resuspended in 3 ml of PBS and mixed vigorously
prior to spread-plating on PDA plates and incubated under the same conditions.

Morphological characterization

The fungal isolates obtained were observed for the visibility of aerial
mycelia, ascospore formation, growth diameters in cm, and surface texture of
colonies produced. Microscopic examination of the isolates was done by using
the slide culture technique. This examination allowed observation of fungal
growth in its natural state without the risk of disrupting the mycelia during slide
preparation. Agar blocks of 1 cm? area were prepared from sterile PDA and placed
aseptically on glass slides with coverslips positioned on top of the block. Four
sides of each agar block were then inoculated with the isolate before the tissue
paper lining at the bottom of the plate was moistened with sterile water. All slide
culture plates were then incubated at 30 °C for three to five days. The presence
of septate hyphae with dichotomous branching and spherical fruiting bodies as
well as sizes of the spore cysts and spore balls were determined.

Molecular identification

The method developed by Cenis (1992) was used in extracting genomic
DNA from the putative A. apis isolates. About 500 pl of Potato Dextrose Broth
(PDB) contained in a 1.5 ml microcentrifuge tube was inoculated with several
hyphal threads and incubated for three days at 25 °C. The mycelial mat produced
was pelleted by centrifugation at 13,000 rpm for 5 min and washed twice with
500 ul of Tris-EDTA (TE) buffer. The pellet was then treated with 300 ul of
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extraction buffer (200 mM Tris HCI pH 8.5, 250 mM NaCl, 25 mM EDTA, 0.5%
SDS) and subsequently crushed manually with a conical grinder. Following this,
150 ul of 3M sodium acetate (pH=5.2) was added and the tube was placed at -80
oC for 10 min. The mixture was centrifuged again at 13,000 rpm for 5 min and
the resulting supernatant was transferred to a clean tube and diluted with equal
volume of cold isopropanol. The mixture was incubated for 15 min at -20 °C.
After incubation, the mixture was centrifuged at 14,000 rpm for 10 min before
the supernatant was carefully removed with the white pellet washed with 1 ml
of 70 % ethanol. Centrifugation at 14,000 rpm for 3 min was done to remove the
ethanol followed by drying under the laminar hood. Around 50 ul of distilled
water was used to solubilize the extracted pellet.

Detection of extracted DNA from the fungal isolates was done by
electrophoresing 4 ul of the sample mixed with 2 pl loading buffer on 1% agarose
gel immersed in 0.5X Tris-Acetate EDTA (TAE) buffer using a Mupid® submarine
electrophoresis system (Advance Corporation, Chuoku, Tokyo, Japan) set at
100V. Viewing of the agarose gel with the separated DNA fragments was done
under ultraviolet light using a UVP Doc It® gel documentation system (UVP, LLC,
Upland, California, USA) with GoodView™ serving as nucleic acid stain.

A PCR was performed to amplify the internal transcribed spacer (ITS)
region of the ribosomal DNA of the fungal isolates. Two ITS primers, ITS1-F (5*-
TCCGTAGGTGAACCTGCGG-3’) and ITS4-R (5- TCCTCCGCTT ATTGATA TGC-
3’) (White et al., 1990) were used to amplify the ITS regions including the 5.8S
rRNA gene. The DNA fragments were amplified using Veriti™ Thermal Cycler
(Applied Biosystems, Massachusetts, USA). The 50 pl reaction mixture
contained 25 pl Vivantis Mastermix (2X) PCR buffer, 1.5 pl of SOmM MgCl,, 3
pM of each primer, 5 pl of template DNA and 12.5 pl molecular biology grade
water. The thermal cycling program consisted of 3 min initial denaturation at 95
°C, followed by 35 cycles of 40 sec denaturation at 94 °C, 50 sec primer annealing
at 52 °C, 1 min extension at 72 °C, and a final 10 min extension at 72 °C (Lacap-
Bugler et al., 2003). Four ul of amplicon with 2 ul loading buffer were
electrophoresed in a 1.0 % (w/v) agarose gel in 0.5X TAE buffer at 100V and
visualized under UV light using the same nucleic acid stain.

The amplified PCR products were sent to 1lstBase-Asia (Malaysia) for
sequencing. The resulting DNA sequences were then cleaned by excluding the
PCR primer binding sites as well as the overlapping and low signals produced by
nucleotides with Mega6.06 (http://www.megasoftware.net/). In identifying the
closest match, sequences were compared against reference sequences for A. apis
available in the International Nucleotide Sequence Databases using the Basic
Local Alignment Search Tool (BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
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Genotypic characterization

Following the rep-PCR protocol of Redondo et al. (2009) the genotypes of
A. apis isolates were determined. The DNA primers with sequences: 5-
ATGTAAGCTCCTGGGGATTCAC-3’(ERIC1R), and 5~ AAGTAAGTGACTGGGG
TGAGCG-3’(ERIC2) (Hulton et al., 1991) were used. PCR analyses were carried
out in a final volume of 50 pl consisting of 1X of Taq Master Mix (Vivantis) and
a final concentration of 2 mM MgCl: and 1.2 pM primers. The reaction conditions
involved an initial activation step (5 min, 94°C), 40 cycles of denaturation at 94
°C for 1 min, annealing at 52°C for 1 min and elongation at 72°C for 8 min. This
was followed by a final elongation step at 72°C for 10 min. Ten ul of the amplified
samples were analyzed on a 1.6% agarose gel. The DNA bands stained with
GoodView™ nucleic acid dye were visualized under UV light. Manual scoring of
the resulting fingerprints was done and the data were analyzed using
NTSYSpc2.1 program. Isolates which exhibited the same banding pattern were
considered as one genetic variant of the fungal pathogen and clustered as one
group.

RESULTS AND DISCUSSION
Colony characteristics of the isolates

Twelve mold isolates were obtained from the chalkbrood mummies which
came from the eight sampled apiaries. All isolates produced dense white mycelia
having aerial, surface and subsurface hyphae with average colony diameters
ranging from 6.7 cm to 8.2 cm after seven days of incubation (Table 2). A ring of
grey to black mycelia resulting from spore formation was observed beyond the
center after four days of incubation for five of the isolates namely BTCGS,
CCLGS, CALGS, LCBGS and MLBGS (Figure 2). This was confirmed when black
zones of dark ascomata were visible at regions where hyphae of two possible
mating types met (Figure 3). The rest of the isolates only formed thick white
mycelia even after incubation for seven days which indicates that each of the
isolate was probably composed of a single idiomorph. There were no fungal
colonies with characteristics typical of the fungal pathogen obtained from the
honey samples processed although several mold colonies were detected.

Morphological characteristics of the isolates

An observation of fungal morphology specifically, the fruiting bodies as
well as septation and branching of the hyphal filaments are commonly used in
the identification of A. apis. It is reported to produce distinct spherical ascomata
or spore cysts containing the spore balls. Hyphal filaments of the said fungal
pathogen have septations and show pronounced dichotomous branching
(Hornitzky, 2010).
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All of the isolates were observed to produce septate hyphae with
dichotomous branching (Figure 4). In the case of sporulating isolates, average
diameters of the ascomata and spore balls were observed to fall within the range
of 56.4 to 78.3 um and 13.2 to 18.8 um, respectively (Table 3).

Table 2. Cultural characteristics and colony diameter of the twelve mold isolates
on Potato Dextrose Agar (PDA) and incubated for 7 days at 30 °C.

COLONY
LOCALITY ISOLATE CULTURAL DIAMETER
CHARACTERISTICS (cm)
Bicutan, Taguig BTCGS Thick, white, aerial mycelia 8.2
City with a ring of gray,
sporulating mycelia
BTCWM Thick, white, aerial mycelia 7.9
San Mateo, Rizal SMRWM Thick, white, aerial mycelia 7.3
Calamba City, CCLGS Thick, white aerial mycelia 7.2
Laguna with a ring of gray,
sporulating mycelia
CCLWM Thick, white, aerial mycelia 6.7
Calauan, Laguna CALGS Thick, white, aerial mycelia 7.9
with a ring of gray,
sporulating mycelia
Los Banos, LBLGM Thick, white, aerial mycelia 7.3
Laguna
LBLWM Thick, white, aerial mycelia 7.0
Lipa City, LCBGS Thick, white, aerial mycelia 7.3
Batangas with a ring of gray,
sporulating mycelia
Maraoay, Lipa MLBGS Thick, white, aerial mycelia 7.6
City, Batangas with a ring of gray
sporulating mycelia
MLBWM Thick, white, aerial mycelia 7.2
Lupon, Davao LUDWM Thick, white, aerial mycelia 7.1
Oriental
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773 R

Figure 2. Colony of fungal isolate BTCGS grown on Potato Dextrose Agar
showing the ring of grey to black mycelia after 4 days of incubation at 30 °C.
Arrow indicating the area of spore formation.

Figure 3. Characteristic black regions of ascomata at the interface of two
possible mating types of the fungal isolate BTCGS. Arrow indicating the region
of ascomata formation.

Figure 4. Hyphae of isolate LBLGM showing septation and dichotomous
branching (400X). Arrow indicating septation in the hyphal filament.
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Table 3. Average diameters of the ascomata and spore balls of the
sporulating fungal isolates.

ASCOMATA SPORE BALL

ISOLATE DIAMETER (um) DIAMETER (um)
BTCGS 56.4 13.2
CCLGS 78.3 18.6
CALGS 63.8 13.5
LCBGS 62.3 13.5
MLBGS 67.5 13.5

The ascomata produced by Ascosphaera are considered as its most
distinctive characteristic. Their spherical ascomata are about 47 to 140 um in
diameter and contain numerous spore balls having hyaline spores (Aronstein
& Holloway, 2013). Spore balls are 7 to 20 um in diameter while the spores are
less than 2 um wide (Bisset, 1988). Based on the data obtained for the five spore
forming isolates, measurements of the ascomata and spore balls were all in the
range described for the fungal pathogen with isolate CCLGS with the biggest
ascomata and spore ball measuring of 78.3 and 18.6 um diameters, respectively
(Figure 5).

Figure 5. Ascoma produced by isolate CCLGS containing several spore balls
(400X).
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Polymerase chain reaction-based identification

Since Ascosphaera lacks distinguishing characteristics, the genus is
considered as a difficult group to identify. Most identification methods developed
were based on observed characteristics of the ascomata, spore ball and spores.
Overlaps in such characteristics however, were observed among eight species of
Ascosphaera (James & Skinner, 2005).

Polymerase chain reaction (PCR) using primers specific to the internal
transcribed spacer (ITS) regions were also used to identify the species of
Ascosphaera. The ITS regions are sections of the rDNA with non-functional
sequences situated between structural ribosomal RNAs. These are excised as
non-functional by-products and are rapidly degraded during rRNA maturation.
Murray et al. (2005) made use of differences in sequences of the ITS to develop
primers which differentiated four species of Ascosphaera associated with honey
bees.

Using the primer pair ITS 1 (forward) and ITS 4 (reverse), the internal
transcribed spacer (ITS) regions including the 5.8S and small portions of 18S
and 28S rDNA sequences of the fungal isolates were amplified via PCR. Each of
the 12 fungal isolates was observed to form a single band with size falling within
the range of 600 to 800 bp (Figure 6). Possible identities of the isolates were then
determined based on comparison of ITS sequences with those listed in the DNA
database. All of these isolates were observed to have 100% identity match with
several strains of A. apis namely Strain 7405, ST -OR11-A1, m05, m10 and ATCC
MYA-4450.

M 1 2 3 45 6 7 8 9 10 11 12

800 bp
600 bp

Figure 6. PCR products using ITS 1 and ITS 4 primers. Lane M: Hyperladder™
kb, (1) CALGS, (2) CCLGS, (3) LBLWM, (4) LBLGM, (5) BTCWM, (6) MLBGS, (7)
CCLWM, (8) BTCGS, (9) LUDWM, (10) SMRWM, (11) MLBWM, (12) LCBGS.
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Genotypic characterization of Ascosphaera apis isolates

Along with bacteria and archaea, eukaryotic microorganisms possess
repetitive sequences with unknown functions. These sequences however, are
being utilized in PCR to generate unique DNA profiles or fingerprints of individual
microbial strains (Ishii & Sadowsky, 2009). The use of repetitive sequence-based
PCR (rep PCR) technique with either BOX, REP or ERIC sequences-specific
primers can help distinguish different genotypes of A. apis (Reynaldi et al., 2003).

Twelve to 14 amplicons were generated with sizes ranging from slightly
above 2,500 bp to values about 200 bp although one isolate MLBWM, produced
an amplicon having a size below 200 bp (Figure 7). Majority of the isolates
produced 14 amplicons except for isolates LUDWM and SMRWM having 13 and
BIMGS with only 12 amplicons.

1.500/1,517bp

1.000 bp
800 bp
600 bp

400 bp

200 bp : 2 A BN\

Figure 7. Characteristic rep-PCR fingerprint patterns of the fungal isolates
obtained from chalkbrood mummies using ERIC sequences-specific primers.
Lane M: Hyperladder ™ 1: kb; (1) CALGS, (2) CCLGS, (3) LBLWM, (4) LBLGM, (5)
BTCWM, (6) MLBGS, (7) CCLWM, (8) BTCGS, (9) LUDWM, (10) SMRWM, (11)
MLBWM, (12) LCBGS. Arrows indicating absence or presence of bands.

Majority of the 12 isolates exhibited the same DNA fingerprint or band
pattern except for four isolates where there were missing or additional
amplicons. Amplicons with sizes of about 2,000 bp and 600 bp were not
observed in isolate BTCGS while isolate LUDWM lacked an amplicon having a
size of about 1,500 bp. A 200 bp-sized amplicon was also not observed in Isolate
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SMRWM. Meanwhile, Isolate MLBWM lacked a 600 bp amplicon but had an
additional one with a size below 200 bp. Based on the DNA fingerprint generated,
grouping of the isolates was determined using the NTSYS software (Figure 8).

CALGS A
CCLGS A
LBLWM A

LBLGM A

BTCWM A

MLBGS A

CCLWM A

LCBGS A

LUDWM B

SMRWM C

BTCGS D

MLBWM E

Coefficient

Figure 8. Dendrogram showing the similarity of the twelve isolates of
Ascosphaera apis obtained from chalkbrood mummies based on the band
pattern generated using ERIC sequences-specific primers in rep-PCR. Clustering
is based on the UPGMA algorithm and DICE coefficient.

Results showed that the twelve A. apis isolates clustered into five different
groups at coefficient values above 0.97. Eight of the 12 isolates namely CALGS,
CCLGS, LBLWM, LBLGM, BTCWM, MLBGS, CCLWM and LCBGS exhibited
100% similarity in their DNA fingerprints and were clustered into one group
while isolates LUDWM, SMRWM, BTCGS and MLBWM were placed each into four
separate groups. The observed clustering into different groups indicates genetic
variation among the A. apis isolates.

Genetic variation among the 84 A. apis isolates obtained from infected
brood and/or honey samples which were collected from Argentina and Chile were
also demonstrated by Reynaldi et al. (2003) using rep PCR. They reported that
the isolates clustered into six different groups based on the DNA fingerprints
generated. Given the prevalence of one band pattern among the isolates, they
suggested that a limited diversity is observed in the populations of A. apis from
the said countries.
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Twenty isolates of A. apis from Denmark were also reported to exhibit
genetic variation. Using primers for the eukaryotic translation elongation factor
1 a (EF1 a) as well as scaffolds 300 and 1635, Vojvodic et al. (2011) showed that
the Danish A. apis strains clustered into four different groups. Similarly, A.
apis isolates from Australian apiaries with chalkbrood were also reported to
exhibit genetic variation using the same set of primers. Six distinct
groups were identified with two being unique in Australia while the rest were
reported in other countries (Gerdts et al., 2021).

The location of the apiaries from where the isolates were obtained possibly
had no effect on the clustering made based on the DNA fingerprint patterns.
Organisms of similar origin were observed to be placed into different groups such
as the case of BTCGS and BTCWM coming from the same apiary in Bicutan,
Taguig City. Those coming from different locations were placed in the same group
just like isolates CCLGS and LCBGS isolated from Calamba City, Laguna and
Lipa City, Batangas, respectively. A similar case was also observed by Reynaldi
et al. (2003) when they did DNA fingerprinting of several A. apis isolates coming
from different locations in Argentina and Chile. They mentioned however, that
comprehensive studies involving a lot more isolates should be made to prove that
strain variation observed in A. apis is not affected by geographic origin.

SUMMARY AND CONCLUSION

Mummified larvae from eight Apis mellifera apiaries in the country with
reported incidence of chalkbrood disease and 21 commercially available local
honey were collected and used in the isolation of Ascosphaera apis. Sample
processing and subsequent plating on appropriate culture medium led to the
isolation of 12 mold isolates with five having colonies which sporulated and
produced a ring of grey mycelia. This happened four days after inoculation while
the rest had only dense white mycelia. Morphological characterization revealed
that all of the isolates had septate hyphae with pronounced dichotomous
branching. The five sporulating isolates were observed to produce ascomata with
spore balls with sizes ranging from 56.4 to 78.3 ym and 13.2 to 18.8um,
respectively. Such phenotypic characteristics are typical with the fungal
pathogen, A. apis. Molecular identification using the internal transcribed spacer
(ITS) region of the ribosomal DNA revealed that all of the fungal isolates had a
100% identity match with several strains of the said bee fungal pathogen.

Genotypic characterization of the A. apis isolates through rep-PCR using
ERIC sequences-specific primers revealed that the 12 isolates belonged to five
different clusters. Isolates CALGS, CCLGS, LBLWM, LBLGM, BIMWM, MLBGS,
CCLWM and LCBGS were grouped into one cluster while LUDWM, SMRWM,
BIMGS, and MLBWM were each placed in a group of its own. The result also
showed that such variation among the isolates is not associated with the location
of the eight apiaries where the infected brood samples were obtained. Fungal
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isolates BTCGS and BTCWM which originate from the same apiary, were
observed to be placed into different groups. Isolates CCLGS and LCBGS on the
other hand, clustered in the same group but were isolated from different apiaries.

Genetic variation as observed in the local isolates of the bee fungal
pathogen, further investigation should be conducted to determine its possible
effect on their virulence not only to A. mellifera but also to other honey bee
species found in the country. The use of more primers should also be done to
confirm genetic diversity among local isolates of A. apis and to obtain isolates
from more apiaries in the country. This will then determine whether association
exists between the fungal pathogen and the location of the apiary infected with
chalkbrood.

This study conducted has proven to be the first reported molecular
identification and demonstration of genetic variation in A. apis isolated from
populations of the European honey bee, Apis mellifera L. in the country.

ACKNOWLEDGMENTS

The authors would like to acknowledge the Department of Science and
Technology-Accelerated Science and Technology Human Resource Development
and the Philippine Society for Microbiology, Inc. in providing the financial
support of this study along with the UPLB Bee Program for the vigilant help in
collecting samples from apiaries of cooperator-beekeepers in the country.

REFERENCES

ANDERSON D, GIACON H, GIBSON N. 1997. Detection and thermal destruction
of the chalkbrood fungus (Ascosphaera apis) in honey. Journal of
Apicultural Research 36(3-4):163-168.

ARONSTEIN K, HOLLOWAY B. 2013. Honey bee fungal pathogen, Ascosphaera
apis; current understanding of host-pathogen interactions and host
mechanisms of resistance. In: Méndez-Vilas A, ed. Microbial Pathogens and
Strategies for Combating Them-Science, Technology and Education,
Formatex Research Center pp. 402-410.

ARONSTEIN KA, MURRAY KD. 2010. Chalkbrood disease in honey bees. Journal
of Invertebrate Pathology 103 Suppl 1:S20-S29.

BISSETT J. 1988. Contribution toward a monograph of the genus Ascosphaera.
Canadian Journal of Botany 66 (12): 2541-2560.

58



Morphological and Genotypic Characterization of Ascosphaera apis Sabino et al

CENIS JL. 1992. Rapid extraction of fungal DNA for PCR amplification. Nucleic
Acids Research 20(9):2380.

CERVANCIA CR. 1997. Management of pests and diseases of honeybee in the
Philippines. Professorial Lecture. Institute of Biological Sciences, College of
Arts and Sciences, University of the Philippines Los Banos. pp. 44-47.

CERVANCIA CR. 2018. Management and Conservation of Philippine Bees. In:
Chantawannakul P, Williams G, Neumann P, eds. Asian Beekeeping in the
21st Century. Singapore: Springer pPP- 307 - 321.
https://doi.org/10.1007/978-981-10-8222-1_14

FOOD AND AGRICULTURE ORGANIZATION. 2006. Honey bee Diseases and
Pests: a Practical Guide. ISSN 1814-1137.
https:/ /www.fao.org/3/a0849¢/a0849e.pdf

GERDTS JR, ROBERTS JMK, SIMONE-FINSTROM M, OGBOURNE SM, TUCCI
J. 2021. Genetic variation of Ascosphaera apis and colony attributes do not
explain chalkbrood disease outbreaks in Australian honey bees. Journal
of Invertebrate Pathology 180: 107540.

HEATH LAF. 1985. Occurrence and Distribution of Chalk Brood Disease of
Honeybees, Bee World 66 (1): 9-15, doi:
10.1080/0005772X.1985.11098816

HORNITZKY M. 2001. Literature review of chalkbrood a fungal disease of
honeybees. A report for the Rural Industries Research and Development
Corporation.
https:/ /www.hgsc.bcm.edu/sites/default/files/images/review_Chalkb.pd
f

HORNITZKY MA. 2010. Honey bee diseases. Australia and New Zealand
Standard Diagnostic Procedure.
http:/ /www.scahls.org.au/Procedures/Documents /ANZSDP/Honey bee
diseases_ ANZSDP2010FINAL.pdf

HULTON CSJ, HIGGINS CF, SHARP PM. 1991. ERIC sequences: a novel family
of repetitive elements in the genomes of Escherichia coli, Salmonella
typhimurium and other enterobacteria. Molecular Microbiology 5(4): 825-
834.

ISHII S, SADOWSKY MJ. 2009. Applications of the rep-PCR DNA fingerprinting
technique to study microbial diversity, ecology and evolution.
Environmental Microbiology 11(4):733-740. doi:10.1111/j.1462-
2920.2008.01856.x

59



Philipp Ent36 (1): 44-61 ISSN 0048-3753 January-June 2022

JAMES RR, SKINNER JS. 2005. PCR diagnostic methods for Ascosphaera
infections in bees. Journal of Invertebrate Pathology 90(2):98-103.

JARA L, RUIZ C, MARTIN-HERNANDEZ R, MUNOZ I, HIGES M, SERRANO J, DE
LA RUA P. 2020. The effect of migratory beekeeping on the infestation rate
of parasites in honey bee (Apis mellifera) colonies and on their genetic
variability. Microorganisms. 9(1):22. doi:10.3390/microorganisms9010022

JENSEN AB, WELKER DL, KRYGER P, JAMES RR. 2012. Polymorphic DNA
sequences of the fungal honey bee pathogen Ascosphaera apis. FEMS
Microbiology Letters 330(1):17-22.

LACAP-BUGLER DC, HYDE KD, LIEW ECY. 2003. An evaluation of the fungal
“morphotype” concept based on ribosomal DNA sequences. Fungal
Diversity 12: 53-66.

MARTINEZ-LOPEZ V, RUIZ C, DE LA RUA P. 2022. Migratory beekeeping and its
influence on the prevalence and dispersal of pathogens to managed and wild

bees. International Journal for Parasitology: Parasites and Wildlife 18:184-
193. d0i:10.1016/]j.ijppaw.2022.05.004

MURRAY KD, ARONSTEIN KA, JONES WA. 2005. A molecular diagnostic method
for selected Ascosphaera species using PCR amplification of internal

transcribed spacer regions of rDNA. Journal of Apicultural Research
44(2):61-64.

NIXON M. 1982. Preliminary World Maps of Honeybee Diseases and Parasites.
Bee World 63(1): 23-42, doi: 10.1080/0005772X.1982.11097850

OWEN R. 2017. Role of human action in the spread of honey bee (Hymenoptera:
Apidae) pathogens. Journal of Economic Entomology 110(3):797-801.
doi:10.1093/jee/tox075

REDONDO C, CUBERO J, MELGAREJO P. 2009. Characterization of Penicillium
species by ribosomal DNA sequencing and BOX, ERIC and REP-PCR
analysis. Mycopathologia 168(1):11-22.

REYNALDI FJ, LOPEZ AC, ALBO GN, ALIPPI AM. 2003. Differentiation of
Ascosphaera apis isolates by rep-PCR fingerprinting and determination of
chalkbrood incidence in Argentinean honey samples, Journal of Apicultural
Research 42(4):68-76.

RIBANI A, UTZERI VJ, TAURISANO V, FONTANESI L. 2020. Honey as a source
of environmental DNA for the detection and monitoring of honey bee
pathogens and parasites. Veterinary Sciences 7(3):113.
doi:10.3390/vetsci7030113

60



Morphological and Genotypic Characterization of Ascosphaera apis Sabino et al

ROBERTS J, ARMSTRONG J. 2021. Investigating factors that influence
chalkbrood outbreaks in Australia. https://www.agrifutures.com.au/wp-
content/uploads/2021/05/21-034.pdf

SINGH R, LEVITT AL, RAJOTTE EG, HOLMES EC, OSTIGUY N,
VANENGELSDORP D, LIPKIN WI, DEPAMPHILIS CW, TOTH AL, COX-
FOSTER DL. 2010. RNA viruses in hymenopteran pollinators: evidence of
inter-Taxa virus transmission via pollen and potential impact on non-Apis
hymenopteran species. PLoS One 5(12):e14357.
doi:10.1371/journal.pone.0014357

TEIXEIRA EW, GUIMARAES-CESTARO L, ALVES MLTMF, DEJAIR M,MARTINS
MF, DA LUZ CFP, SERRAO JE. 2018. Spores of Paenibacillus larvae,
Ascosphaera apis, Nosema ceranae and Nosema apis in bee products

supervised by the Brazilian Federal Inspection Service. Revista Brasileira de
Entomologia 62(3):188-194. do0i:10.1016/j.rbe.2018.04.001

VOJVODIC S, JENSEN AB, MARKUSSEN B, EILENBERG J, BOOMSMA JJ.
2011. Genetic variation in virulence among chalkbrood strains infecting
honeybees. PLoS One 6(9):€25035. doi:10.1371 /journal.pone.0025035

WELCH A, DRUMMOND F, TEWARI S, AVERILL A, BURAND JP. 2009. Presence
and prevalence of viruses in local and migratory honeybees (Apis mellifera)
in Massachusetts. Applied Environmental Microbiology 75(24):7862-7865.
doi:10.1128/AEM.01319-09

WHITE TJ, BRUNS T, LEE S, TAYLOR J. 1990. Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In: Innis MA,
Gelfand, DH, Sninsky JJ, White TJ, eds. PCR Protocols: A Guide to Methods
and Applications. Academic Press.

YADAV S, KAUSHIK HD. 2017. Diseases and enemies of honeybees. In: Omkar
(eds) Industrial Entomology. Springer, Singapore.
https://doi.org/10.1007/978-981-10-3304-9_4 61-108

ZHU X, ZHOU S, HUANG ZY. 2014. Transportation and pollination service
increase abundance and prevalence of Nosema ceranae in honey bees (Apis
mellifera) Journal of Apicultural Research 53:469-471. doi:
10.3896/IBRA.1.53.4.06.

61





