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[I. ABSTRACT

Viruses of the honey bedgis melliferaLinneaus) have been known for a long time.
However, recently the attention of researchers badkeepers has turned towards the
relationship between these viruses and the paramite Varroa destructor(former namev.
jacobson). Although clinical symptoms indicated the presemé some of the bee specific
viruses in Hungary, none has previously been isdlatr identified in our country. In July,
1997 unusual adult bee and brood mortality was rebdgein some colonies of an apiary in
Budapest known to be infested witfarroa destructor Large amounts of virion particles
were detected in honey bee pupae experimentallulated with bacterium-free extracts of
diseased adult bees. Crystalline arrays of 30 mticfes were seen in ultrathin sections of the
tissues of injected pupae and naturally infectadtdzbes. The virus was purified by gradient
ultracentrifugation and was identified as acute Ipegalysis virus (ABPV) by agar-gel
immunodiffusion (AGID) tests.

Since ABPV is considered to be a common infectagesnt of the honey bee, and it is
present in high proportions of bee colonies worttByia two years survey was undertaken to
determine its occurrence in field samples of addes and the parasitic midarroa
destructor in Hungary. Considering the difficulties in theolation of ABPV, we used
polymerase chain reaction following reverse trapsion (RT-PCR) to detect the viral
nucleic acid in bee samples. We demonstrated tesepce of ABPV RNA in 14 of 114
seemingly healthy colonies collected from eightaaps. The investigation revealed that two
third of the apiaries were infected with ABPV atla.2 % infection rate. In seven other
apiaries out of eight investigated (87.5 %) thespnee of the virus was also detected from
colonies following a sudden collapse; these colniere simultaneously infected with
Nosema apisor infested withVarroa destructor Virus specific nucleic acid was also
identified in the mites collected from two apiariéling into the latter category. The
amplicon of RT-PCR was sequenced and the nucledt sequence was aligned to the
complete ABPV sequence deposited in the GenBaradbdae revealing a 93 % identity.

Regarding the wide distribution of ABPV in Centfalrope with various clinical
manifestations, phylogenetic analysis was perfororegsolates to reveal the variability of the
ABPV genome, and the molecular relationship betwasrs strains of different geographic
origin. A 3071 nt fragment of the ABPV genome irtthg the entire structural protein gene
region, has been amplified from one Austrian, tlieeeman, three Polish and four Hungarian
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bee samples employing six different RT-PCR assBys.amplicons were sequenced, and the
nucleotide sequences were compiled and alignedsé&tpgences showed identity rates of 94%
to 95% compared to the reference strain. The pleyletic analysis revealed three distinct
genotypes: the ABPV samples from Austria and Geymarre grouped together in one
branch, while the Polish and the Hungarian strionsed two other distinct clusters. Another
comparative and phylogenetic analysis was carrigdoa a shorter (401 nt) fragment of the
ABPV structural protein gene; in this analysis, ABPV sequences available to date have
been included (eleven sequences of probable UKnodgposited in the GenBank database,
partial sequences of the samples mentioned abowkadditional ten sequences amplified
from nine Hungarian and one Polish ABPV specimemflg nucleotide sequences of these
virus strains showed identity rates between 89% 6%, respectively. In the phylogenetic
tree constructed with these sequences, the ABPAInstiwere separated into at least two
major branches. One is composed of the British esecps deposited in GenBank, while the
other branch comprised the isolates from contindfueope; however, every branch could be
sub-divided into several distinct clusters. The RTR assays represent the methodical basis
for phylogenetic analysis and classification of nf®BPV isolates.

To reveal the genetic variability of the non-sturat protein genes, the helicase and
protease regions of one Hungarian and one PolisR\ABolates were analyzed. A 4338 nt
long sequence was determined, which covers 45.7%hefgenome. The sequences were
aligned to the reference complete ABPV genome. S&srpianalysis revealed 93% identity to
the reference strains, while the two Central Euanpstrains have shown 97% identity to each
other. By the comparison of the deduced amino segiences 96% identity to the reference
strain and 99% identity within the Central Europstmins were observed. The investigations
supported that the helicase and protease genesm@served genomic regions of ABPV, with
similary low level of sequence divergence as it whserved in the structural protein gene
regions of the investigated strains.

Within the survey on the occurrence of ABPV in Hanga virus designated as Hu-
B1/97 was isolated from an acute disease outbreak iapiary causing high mortality among
adult bees. In the identification procedure of ¥ires with ABPV specific immune-serum in
AGID test, interestingly, a double precipitationdioccured, indicating the presence of two
antigenically related but not identical virusess®iminating primer pairs designed in the
structural protein-coding region of ABPV were usedRT-PCR investigations. Sequencing
of the amplicons proved that the virus suspensiontains indeed a mixture of two

genetically distinct viruses. Homology search dest@ated a new variant of Kashmir bee



virus (KBV) as one of the components (nucleic adentity 83.6 %) while the other virus
was closely related to the prototype ABPV straid.§9 nucleic acid identity).

The sensitivity and the easy application of RT-RZ&ved to be extremely useful in the
diagnostics of the viral infections of bees. Therefa diagnostic RT-PCR method was
developed and tested for the detection of four i@ bee viruses in field samples. Specific
primer pairs were selected for the amplificationS&V, BQCV, ABPV and KBV genomic
fragment in one amplification panel. The amplifgdducts are well-distinguishable by their
sizes. The described method is useful for the garuk reliable detection of bee viruses from

field samples.



lIl. INTRODUCTION

Honey bees have remarkable ecological impact asd hBhve great importance in
agricultural economy, as they play the most sigaiit role in the pollination of field crops.
Bee products (i.e. honey, wax, propolis, royalyjelhd bee venom) have been used since the
prehistoric times for consumption and for therajgeptirposes. Honey bees exist all over the
world at different climates. The habitat Apis melliferaranges from the tip of southern
Africa to southern Scandinavia, and from contineBt@rope to western Asia. Since bees are
highly adaptable insects, they are able to adjust Wwide variety of climates and geographic
regions.

The vital role of bee pollination in ecology andagriculture is hardly realized by the
general public due to the lack of adequate infolwnain most countries. Bees are essential
for pollination of nearly 40 different crops, of wh most are self-incompatible (i.e. apples,
pears), because they need cross pollination fgr production. Bees are also important for
partially self-incompatible crops (i.e. field beamsd are beneficial for self-fertile crops but
not for self-pollinating crops (i.e. oil seed rap&he benefit of pollination is seen in increased
fruit yields (i.e. apples, clover), improved frgtiality (i.e. strawberry), synchronized seed
ripening (i.e. oilseed rape), improved oil contéré. sunflower) or increased hybrid vigor in
seed crops due to an increased germination antlisetaent. Since over the years huge
amounts of insecticides and pesticides have beeth insthe agricultural industry, which has
killed or decimated lot of insect species, extimgtihem as pollinators, nowadays bees are the
most valuable pollinators.

Hungary has advantageous geographic and enviroaimeonditions for beekeeping.
Approximately 850 000 bee colonies of 30 000 bep&eeproduce honey at the moment in
the country. Besides other very important nectadpcing plants, the two third of the locust
tree Robinia pseudoacadgopulation of Europe is located in Hungary. Lddusney is of
high quality, popular and it is in demand in theernational trade.

The appearance of the parasitic Mii@roa destructorin the country in the early '80s
caused serious losses and made profitable beekeeyare difficult. Although within the last
twenty years more and more effective drugs and isbpdited treatments were developed
against varroosis and the beekeepers learned tastogith the mite infestation, novel

consequences of the presence of the Varroa mitdseé colonies have been observed



recently. Varroosis is a severe problem worldwale] the scientific interest is increasing in
the mite-induced diseases, in particular the wirigctions.

Several viruses have been isolated from honey hmest of them belong to the
Picornaviridaefamily. Hence they are difficult to identify by tinenorphology, since most of
them have a size of about 30 nm. The exceptionsharéilamentous virus, which is much
bigger (150x 450 nm), and thé\pis iridescentvirus with a size of about 150 nm, while
chronic paralysis associated and the cloudy wingseis belong to the smaller sized bee
viruses with a diameter of 17 nm. Besides beinglaimn size and shape most of them posses
ssSRNA except the filamentous virus which is theydmown bee virus with a dsDNA genom.

The virological diagnostic methods have limitedueain the case of bee viruses. The
similarities in the clinical symptoms and in viriomorphology make the identification of the
viruses rather complicated. The virus isolationeolasn the serial passages of the viruses in
cell cultures and serological characterization giserumneutralization is not possible on bee
viruses, due to the lack of bee specific cell aeku Therefore the novel molecular techniques
in the nucleic acid investigations (i.e. polymerabain reaction) are extremely promising in
this field, since they created the opportunity ehetic identification and characterization of
bee viruses.

This study presents the results of four years'stgations on the honey bee viruses.
The first isolation of an acute bee paralysis vstrain from a case of increased bee mortality
focused our interest to the occurrence of virakatibns of honey bees in Hungary and also
the molecular characterization of the later isalafiehe investigations were performed at the
Department of Microbiology and Infectious Diseadesculty of Veterinary Science, Szent
Istvan University, Budapest; and at the Institufe Mirology, University of Veterinary
Science, Vienna. The results of the studies hawm [prblished in international scientific
journals. In this dissertation | have compiled publications in a chronological and logical
order, which presentation method has advantagesliaadvantages as well. One of the main
handicaps is, that some parts (i.e. introductiomsterials and methods) unavoidably contain
repetitions. The six chapters of the "Investigadlopart represent six scientific reports which
were already published or are submitted for pubboa Since these articles all deal with viral
infections of the honey bee and in each article hae to introduce our work and the
background of the certain viral infections, occasiorepetitions were unavoidable. On the
other hand, each report was written on indepensienés of investigations, even if based on
the results of the previous ones. Therefore in ead® new aspects of the same facts are
emphasized depending on the actual investigatinodgtee aim of the study. Wishing to save

the original text, | did not change the articleseatly published, | simply standardized their
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format. This led to some unavoidable inconsistendi® the nomenclature and in the
conclusions. | would like to ask the reader to take consideration, for example, that the
first article was published in 1999, when the piéiasite Varroa destructorhad its former
name V. jacobson)i having been reclassified ¥s destructodater (Anderson et al., 2000), or
that complete genome sequences of the bee virusesnet available in the beginning of our
studies. Several diagnostic methods (i.e. diagnd®Ti-PCR assays to certain bee viruses)
have been developed by us and other research gsoupfaneously. The statements of the
different chapters are often based upon the prevames. | hope, that the abstract and the

general conclusions help to integrate the chaptévsa coherent work in the readers' mind.
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IV. INVESTIGATIONS
Chapter 1

Occurrence of acute paralysis virus of the honey lee
(Apis melliferd in a Hungarian apiary infested with

the parasitic mite Varroa jacobsoni

1.1. INTRODUCTION

Viruses can replicate in all types of living celianging from bacteria to cells of
invertebrates and various cell types of higher matanirhe first non-occluded insect virus,
sacbrood, was first recognized by White in 191 hamey bee larvae and later isolated and
characterized by Bailey et al. (1964). Intensivalgtsince that time has shown the honey bee
to be the primary source of picorna-like virusesnsects, with 18 viruses detected so far
(Allen and Ball, 1996). Viruses persist in the hmmpulation at a low level of inapparent
infection: clinical symptoms appear only when vimgplication is initiated and infection
becomes systemic. Infected cells can no longeppartheir essential function and their mass
destruction leads to disturbances in the functibwital organs. Outbreaks of severe disease
due to virus infection are relatively uncommon hesesatransmission is limited by the death of
infected individuals away from the colony, by thws life span of bees during summer and
by various defense mechanisms (e.g. hygienic behgviConversely, virus spread can be
facilitated by range of other factors such as diegn infection withNosema apisand
overcrowded conditions. In recent years the spaadarroa jacobsonialmost world wide
has focused attention on the viruses of bees adaksociation with colony mortality (Ball
and Allen, 1988; Kulincevic et al., 1990; Hung bt £995).
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1.2. MATERIALS AND METHODS

From late July 1997, a Budapest beekeeper obsspaddic adult bee mortality in his
colonies. Eight to ten-days-old bees undertakingntation flights were the first to show
symptoms of crawling and paralysis and some indiaisl had distended abdomens and
appeared dysenteric.

An agueous homogenate of 30 dead bees collectedtfre apiary was heat fixed and
tested forN. apisinfection by staining first with 0.4% methyleneublfor 15 min and then
with 0.6% fuchsine solution for several seconds.

Subsequently, bacterium-free extracts were prepdreth diseased living bees
according to the method described by Bruce etl@B%). The bees were collected from three
affected colonies (112, 93, and 121 living beespeetively) and exterminated with an
overdose of C@ At the end of the process the three samples weaspended in 1 ml
phosphate buffered saline (PBS) and 0.5 ml of @adhunited (combined stock suspension).
Tenfold serial dilutions of the combined suspensi@re filtered through 200 nm pore size
Nalgene filters and three groups of 40, eight tedays-old, white or light brown eyed pupae
from symptomless colonies of the same apiary wgexied intra-abdominally with 10 of
the stock suspension, the 1:10 and the 1:100 olisti The pupae were maintained in an
incubator at 35C and each day three of them were fixed for higjickl examination. The
samples were pre-fixed with 4% paraformaldehydest-imed with 1% osmium tetroxide,
embedded in Durcupan, and ultrathin sections wexrgem

On the fourth day after inoculation 20 pupae froachegroup were homogenized in
PBS, and a suspension was prepared according toetteod described above. The samples
were ultracentrifuged at 130,000 g for 3 hour Baavall Combi Plus ultracentrifuge, and the
pellets were resuspended in 2 ml PBS. This suspengas layered onto a caesium chloride
gradient (1.2-1.5 g/ml), and centrifuged at the samlocity for 24 hours. At the end of this
period two well-visible bands were formed in thedjent (1.32-1.33 and 1.37-1.38 g/ml,
respectively). The bands were separated by fraatjoand dialysed overnight against PBS.
The purified virus suspensions were tested by gghrimmundiffusion (AGID) against
antisera to six different 30 nm honey bee virugde and Ball, 1996). Samples taken from
the above two bands were counterstained with uracstiate and lead citrate and examined in

a JEM-JEOL 100S transmission electron microscope.
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1. 3. RESULTS

On dissection of naturally diseased bees, the @athological finding was the
distension of the honey sac and large intestineNNapisinfection could be detected in these
bees. During detailed colony health inspectioniedrout at the end of August many dead
larvae were found and numerous adult feméalgacobsoniwere seen on the adult bees. By
the end of September the bee population in thetaffiecolonies had dramatically declined.
Despite the application of an acaricide treatmést,out of the 45 colonies were in poor
condition before wintering.

Ultrathin sections of various organs of the affdcbees and experimentally infected
pupae revealed the presence of virus particlesn3dhrdiameter, in crystalline arrays, in the

cytoplasm of cells (Figure.1).

Figure 1.: Group of 30 nm virus particles in crystalline grra the cytoplasm of

a cell an experimentally infected pupa. Bar = 100nm

Masses of virus particles of similar size were obse in the extracts of experimentally
infected pupae purified by caesium chloride gradmantrifugation and negatively stained
(Figure 2). The upper band of the caesium chlogidelient (band A: 1.32-1.33 g/ml) gave no
reaction when tested by immunodiffusion againstgiferent honey bee virus antisera and no
virus particles were visualized by electron micapsc The material was probably of host
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origin. The lower band (band B: 1.37-1.38 g/ml) g@avstrong positive reaction only against
acute bee paralysis virus (ABPV) antiserum by imatiffusion.

d; *%‘3"{.& 9**

5 .“; e, ‘-_:a'ﬁ.

Figure 2.. Acute bee paralysis virus (ABPV) particles exteactfrom
experimentally infected pupae purified in a caesthtoride gradient. Bar = 100
nm (Insert bar = 50 nm)

1.4. DISCUSSION

Information on the incidence and world distributisinhoney bee viruses is still patchy
and incomplete (Allen and Ball, 1996). Of the vidikeases, chronic bee paralysis and,
according to earlier data, sacbrood, have long Isespected to be present in Hungary based
on clinical symptoms, however, due to the limitegikbility of specific antisera it has not
been possible to confirm their presence serologi¢&ziics, 1973; Koltai, 1985; Békési and
Rusvai, 1998).

Acute bee paralysis virus (ABPV) was originallyatisered during laboratory infection
experiments (Bailey et al., 1963) and, until rebgnivas never associated with disease or
mortality of bees in nature. However, the virusc@enmonly present in small amounts in
apparently healthy bees, especially in the sumtogt,it may normally only be detected
indirectly, by sensitive infectivity tests (Bailet al., 1981). By this means ABPV has been
detected in live adult bees in France, Italy, Canatew Zealand and Australia. In contrast,
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large amounts of ABPV have been detected direbyyserology, in individual dead adult
bees and brood from colonies in several countndsurope and in the USA severely infested
with V. jacobsoni The evidence from a number of different sourcaggest that ABPV
infection is linked to the mortality of mite-infest colonies (Kulincevic et al., 1990).
Laboratory experiments have also demonstratedttigamite acts as a virus vector and can
transmit infection from severely infected individisito healthy bees and brood.

In the investigations reported here ABPV was ndécted directly by serology in dead
or diseased adult bees or brood from affected eedoand unequivocal proof of the cause of
the observed mortality has not been establishedieMer, ultrathin sections of the tissues of
naturally infected bees revealed the presence ystalline arrays of virus particles of the
same size as ABPV. The field symptoms also sugdesparalytic disease.

Like most virus diseases, the virus diseases of baenot be controlled by medication.
Treatment of the underlaying problem may bring ioyement in viral infections that occur in
close association with specific pathogens or syméso Thus, the control oN. apis
diminishes the severity of infection caused by klgaeen cell virus (BQCV), bee virus Y
(BVY) and filamentosus virus (FV), and the preventiof dysentery or elimination of its
cause has a similar effect on infection by beesviXuBailey and Ball, 1991; Allen and Ball,
1996) In laboratory experiments the mitejacobsonihas been shown to transmit a number
of unrelated honey bee viruses (Ball, 1989), big likely that those which predominate and
which are economically important in nature are ¢tifee for both adult bees and pupae by
introduction into the haemolymph. Therefore, eifextcontrol of the parasitic mite is
essential to reduce colony mortality due to assediairus infections (Békési and Rusvai,
1998).

As V. jacobsoniis regarded as a source of major economic lossésungary, it is
important that the factors aggravating these loaselspotentially contributing to severe bee
mortality to be elucidated. An effective contralagegy can be developed only by establishing
a precise diagnosis and by ruling out other causatgents in all cases. Further studies are
needed to determine the incidence and prevalenceeefviruses in Hungary and their

contribution to the mortality of colonies infestetth the mite.
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Chapter 2

Detection of acute bee paralysis virus by RT-PCR ihoney bee
and Varroa destructoffield samples: Rapid screening of

representative Hungarian apiaries

2.1. INTRODUCTION

Acute bee paralysis was diagnosed first by Baileyale (1963) as an inapparent
infection of adult honey bees. Since that time ghesence of the virus has been detected in
several countries throughout Europe, including Hupg(Békési et al., 1999). ABPV is
considered to be a common infective agent preseathigh proportion of apiaries, causing
hidden infections (Hung et al., 1996c) but resgltim losses only in colonies heavily infested
with the parasitic mit&arroa destructor(Ball 1985, Ritter et al., 1984). This mite hacbe
previously identified ad/arroa jacobsoni but the type infesting\. melliferawas recently
taxonomically changed t@. destructorfAnderson, 2000; Anderson and Trueman, 2000). The
mite is considered to act as an activator of tla@parent infection and also as a virus vector
transmitting ABPV (Ball and Allen 1988, Bowen-Waiket al., 1999). This supposition was
supported by the detection of the virus in the sniig the use of indirect ELISA (Allen et al.,
1986). The role o¥arroa destructoras a predisposing factor and vector was also regan
the case of other honey bee pathogens (Abrol 1B8fijsgaard et al., 2000). The term “bee
parasitic mite syndrome” has been used for theadseomplex, that is observed in colonies
infested with mites and infected with viruses sitanéously (Shimanuki et al., 1994, Hung et
al., 1995) and accompanied with high mortality.

Several hypothesises has been formed to explaichwéifects are responsible for
causing the symptoms. The feeding activitie¥/otlestructorcan reduce the protein content
of the hemolymph (Glinski and Jarosz, 1985), causight loss, and reduce longevity in the
parasitized bee (De Jong and De Jong, 1983). Furtre there are hypotheses directly
involving the ABPV. Faucon et al. (1992) showedt tfa destructorcould transmit ABPV
into a bee’'s haemolymph when the mite feeds. BHI89) showed thaV. destructor
collected from naturally infested colonies transeatABPV and other viruses to healthy test
pupae. Adult bees in which the virus has been aietd/ or injected by. destructorare
probably able to infect young larvae by secretimg ¥irus in gland secretions that are fed to
the larvae before the adult bee succumbs (Ballfdied, 1988).
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Studies on inapparent infections of ABPV (and KaistBee Virus) by Shimanuki et al.
(1994) suggest that the impact of the mite is nyaadtivation and not transmission of the
virus. Their work also indicated that mere piercingthe mite did not activate an infection.
Referring to the laboratory experiments by Ball§@pand Shimanuki et al. (1994) opens for
the possibility that the detection of ABPV in thentrol pupae could have been the result of
an activation of an inapparent infection, elicitby the feeding of the mite and not a
transmission.

Besides the role of the mite (whethérdestructortransmits the virus or just activates
an inapparent infection), the pathogenicity of theus and its relationship to the mite
infestation seems to be far from being understdbe importance and consequences of the
viral infections of the honey bee, among which ABRVone of the most frequent one in
many countries (Vecchi et al., 1990, Ruzicka 198&l|so not fully appreciated. For example
in Britain where the parasitic mitéarroa destructorhad not occurred in the time of their
investigations, Bailey and Ball reported (1991)ttABPV had never been associated with
disease or mortality in nature. The virus appeaoelde contained within the tissues that are
not directly essential to the life of the bee. tti@ty tests made by Bailey and Gibbs (1964)
estimated that live adult bees in the summer ceolttain as much as 4@irus particles
without showing signs of paralysis and without angrease in mortality. In such an
inapparent infection the virus must be containedan-vital tissues i.e. fat-body cells, and the
replication of the virus must be suppressed. Ttatement is supported by the fact that in
other tests, where the virus is injected direattpithe blood, as few as l0irus particles can
cause acute paralysis (Ball, 1985). Activation &V may happen by piercing the body wall
of the bee, which then soon after will become systelly infected and succumb.
Alternatively, when the mite pierces the tissuesaiises damages which might enhance the
release of the virus and allow it to replicate. tav hypothesis is that the mite activates the
virus by the introduction of foreign proteins suaf the mite’s digestive enzymes released
into the blood while sucking.

Studies from Eastern Europe and America, revealAB#V may be a major cause of
death in bee colonies infested wNarroa destructor(Batuev, 1979, Carpana et al., 1991,
Osterlund, 1998). What is more, according to regdrdm Belize and Nicaragua ABPV was
detected in large amounts in dead adult bees aehskd brood and yet it is reported that
Varroa destructoris absent from both countries (Allen and Ball, 1996 Hungary large
amounts of ABPV were detected in 1998 during ab@aik when characteristic symptoms of
paralysis were observed and other causes leadingcteased mortality were excluded
(B€kési et al. 1999).
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The difficulties of the diagnosis of ABPV may alsontribute to the contradictory
opinions on the significance of the infection. Tdaventional diagnosis of ABPV infection,
like in the case of the other bee viruses, is basedhe detection of the virus from
homogenates of bees using electron microscopy thirec from homogenates of pupae
following inoculation with the test material (Vecdat al., 1990). The latter diagnostic method
is labour and time consuming and also season depéergince pupae can be collected only in
spring and summer. Electron microscopy generally cemplemented by agar-gel
immunodiffusion (AGID) test, since several bee pgtén viruses are morphologically similar
to ABPV. This procedure has a low sensitivity, riegsl the costly development of immune-
reactive sera, and is not suitable for large-seakeening. The method of indirect ELISA
worked out by Allen et al. (1986) was very sensitiut also immune-serum dependent.

Recently the use of PCR in the direct diagnosisesf virus infections was shown to be
a very appropriate tool, to overcome the aforenoeeti difficulties of the diagnosis of bee
virus infections: it is not dependant on immuneasserthere are no cross-reactions and the
diagnosis can be supported by genetic identificatising the amplicons. These advantages
were utilized by Benjeddou et al. (2001) when thleyeloped an RT-PCR method, which
was used for testing laboratory specimens contgi@iBPV in high concentration. Field
samples were not included in their investigationd &he sensitivity of the system was not
compared to any other classical method of viruatifleation and/or diagnosis.

To collect information on the connection betweernuwiinfection, mite infestation and
clinical symptoms observed in a colony or amonggiary, it is necessary to trace the spread
and circulation of ABPV. For this work a sensitiveliable and high throughput approach is
needed. The polymerase chain reaction followingenmss transcription (RT-PCR) has been
successfully applied for the diagnostics of sactrarus (Grabensteiner et al., 2001),
Kashmir bee virus (Hung and Shimanuki, 1999), aacemntly on black queen cell virus
(BQCV) and ABPV as well (Benjeddou et al., 2001).this latter report stock virus from
artificially infected pupae was tested. In the prasstudy, we report on a RT-PCR method for

the detection of the ABPV genome in field specimens
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2.2. MATERIALS AND METHODS

2.2.1. Samples and sampling

Three categories of samples were investigated:

A: Apparently healthy adult bees, melliferawere sent by twelve volunteers from the
five regions of Hungary. The volunteering beekeepead 30 to 150 colonies, and sent
samples during the test period from three rand@algcted colonies. The same three colonies
of the apiaries were tested in the spring (MarchAMand in the autumn (August-October) of
1999 and 2000. All together 114 colonies were sathpl'hese samples contained 100-500
adult bees.

B: In addition, samples sent by beekeepers follgnensudden collapse of several
colonies (six apiaries: five pooled samples fromwe fiapiaries each collected from four
colonies, and ten individual colony-samples senbiy apiary), and following unusually high
winter mortality (further two apiaries, one poolsgimple from four colonies of each apiary)
were analysed. The amount of dead and moribund dmesfor investigation varied between
0.5-2.5 kg per apiary.

C: Four further symptomless apiaries not partianuain the survey were also sampled
(pooled samples, each collected from four randoselgcted colonies). These samples also
contained 100-500 adult bees.

All samples were personally transported or senexgress mail in carefully wrapped
paper sacks or boxes.

Cesium chloride gradient purified virus suspengrom 100 white or light brown eyed
pupae artificially infected with 1Ql of the ABPV isolated by our group in 1998 (Békeési

al., 1999) served as positive control.

2.2.2. Parasitological investigations

The samples were checked for the presence of Vamibes, and mites from the

different samples were collected separately for R&RNg.
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2.2.3. Preparation of specimens for the PCR

Following parasitological investigations 50 adukebs were homogenized in 10 mi
phosphate buffered saline (PBS), centrifuged at01§0for 10 min. Supernatants were
transferred into sterile tubes and centrifugedragail2 500 g for 15 min to clean them from
cell debris and bacteria. Mite homogenates (if sniteuld be collected from the samples)
were tested by PCR, and prepared according to ahe protocol using 0.5 ml PBS. The
number of mites collected from one sample varigd/éen 1 and 300.

The viral RNA was isolated from the clear supemtstaising QIAamp viral RNA Mini
Kit (Qiagen, Germany) according to the manufactsrgrstructions, and reverse-transcribed
into cDNA using oligo(dT) primer method with Rewkid™ First Strand cDNA Synthesis
Kit (MBI Fermentas, Vilnius, Lithuania).

2.2.4. Titration

The sensitivity of the RT-PCR was tested on tenftildtions of the gradient purified
virus suspension. The same suspension was alsd iesagar-gel immuinodiffusion (AGID),
but in the latter test twofold dilutions of the samirus suspension were reacted with the
ABPV specific rabbit serum.

2.2.5. Agar-gel immunodiffusion

Bee homogenates were measured into theul3%vells of 0.8% agar-gel produced
according to standard methods (Hoskins, 1967) aadted with ABPV specific antisera
raised in rabbits and kindly provided by dr. G. dlgka (Warsaw Agricultural University,

Warsaw, Poland). Results were read after 48 howrsoation at 37C.

2.2.6. Primers

A pair of oligonucleotide primers were designednirthe partial sequence of ABPV
genome published by Ghosh et al. (1999) in GenB&@BI, http://www.ncbi.nlm.nih.gov,
accession number AF126050), using Primer 2.0 softw@cientific and Educational
Software, Serial No. 50178). The code and the mtide sequences of the selected primers
were: ABPV1 (5-CATATTGGCGAGCCACTATG-3") and ABPV2 (5'-
CCACTTCCACACAACTATCG-3).
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2.2.7. Amplification conditions

Amplification was performed in 50ul reaction mixture containing 10 pmol
deoxynucleozide triphosphate (ANTP) mix, 1.5 mM NMg®&GO0 pmol of the appropriate
primers, 2ul cDNA and 1.5 U Taq DNA polymerase (MBI Ferment¥dnius, Lithuania).
This reaction mixture was subjected to 40 cyclas an initial incubation at 94°C for 3 min,
followed by heat denaturation at 94°C for 1 minpar annealing at 55°C for 1 min, and
DNA extension at 72°C for 1 min. Thereafter the gke® were maintained at 72°C for 2 min
for the final extension.

We used the cDNA of the purified Hungarian isolasepositive control (the strain was
propagated by inoculation of PCR-negative pupageasribed above) and a reaction mixture

without cDNA as negative control.

2.2.8. ldentification of the PCR product

Following the RT-PCR reaction, 10 of the amplicon was electrophoresed in a 1% Tris
borate-EDTA buffered agarose gel containing ggdml ethidium bromide, at 80 V for 1
hour. The bands were visualized by UV translumorait 312 nm and photographed by a
Kodak DS Electrophoresis Documentation and Anal@ystem using the Kodak Digital
Science 1D software. Product sizes were determwiéid the reference td phage DNA

cleaved withPst restriction enzyme.

2.2.9. Nucleotide sequencing and computer analyses

The PCR product amplified by ABPV1 and ABPV2 prisiéiom inoculated pupae was
electrophoresed in a 0.8% Standard LowAgarose Gel (Bio-Rad, Richmond, CA, USA) at
80 V for 2 hours. The position of the amplicon veagcked with short translumination, and
than it was excised from the gel and extractedguiAquick Gel Extraction Kit (Qiagen,
Germany). Fluorescence-based sequencing PCR whamed at the Biological Research
Centre of the Hungarian Academy of Sciences in &tegmploying an AbiPrism 2.1.0
automated sequencing system. The primers use@doieacing were identical to those in the
RT-PCR reaction.

21



The nucleotide sequences were compared using FASIZBI) and BioEdit 4.7.8

software programs and verified by visual inspectiime multiple alignments were performed
using BioEdit 4.7.8 and Clustal W 5.a software paogs.

2.3. RESULTS
2.3.1. Electrophoresis of the PCR product

Following the RT-PCR reaction with the ABPV1 and P& primers on the isolated
RNA of the purified ABPV suspension an approxima#d0 bp product was detected. By the

amplification the virus signal was always detedtethe artificially infected pupae but not in
the non-infected ones (Figure 1.).

Mw | A B C D E +K | -K

400 bp - -
Figure 1.: Diagnostic RT-PCR in agarose gel electrophoresis.dvandard Rst

cleavedA-phage DNA), A, B, C, E: negative field samples; fusitive field

sample, +K: positive control (ABPV inoculated irgopae), -K: negative control.

2.3.2. Titration

The results of the titration by RT-PCR are shownFmyures 2/A and 2/B. Shortly: in
the AGID tests the suspension of artificially irtfestt pupae gave positive reaction only with
the concentrated and with the 1:2 to 1:16 dilutiohthe homogenate. With the 1:32 diluted
homogenate no visible precipitation line could le¢edted. The same virus suspension gave a

clear, well visible band by PCR even if it was thlh 13 times (Figure 2/B). Two strongly
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positive samples were also titrated (Figure 2/A) dake of testing the sensitivity on field
samples too: neither of them was positive with AGEyen the sample Nol155. giving the
strongest signal in RT-PCR and showing a well \esbiand in 1:100 dilution was negative by
AGID, as all field samples tested by AGID for comipan. The majority of these positive
samples (like No80, KATKI/G, May 2000) when titrdtavith RT-PCR were positive in the

not diluted and in the tenfold dilution.

No 155 No 80 ABPV (+K)
Cc|-1|-2] 3] -K| M| Cc| -1| 2| K M -1 -2 -3 -4 -5 -6 K| M

l“**:ﬁm “Bon

Figure 2.: RT-PCR titration A: positive field samples: Nolffrong positivity)

No80 (lower positivity), B: positive control: ABPYhoculated into pupae, Cc:
undiluted homogenate, -1: tenfold dilution, -2: 1fa@d dilution, -3: 1000 fold

dilution, etc., M: standard&t cleavedh-phage DNA ) -K: negative control

]
]

- |
!
11 s |
P eE |

2.3.3. Nucleotide sequencing and computer analysis

The fragment amplified with the ABPV1-ABPV2 primpair was sequenced and a 398
base long sequence was identified. The sequencahlgaed to the GenBank database and
the highest identity (93%) was found with the ABBdmplete genome (Govan et al., 2000;
AF150629) (Figure 3). The sequence was depositéteiltcenBank database under accession

number AY059372.
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AF150629 ( 8115) CATATTGGCGAGCTACTATGIGCTATCGTATAGCTATAGITAAAACAGCTTTTCACACTGGTAGGT TAGGAATTTTCTTCGGACCTGGTAAGATTCCAAT
AY059372 e o C...... AL TA....... G..... G.

AF150629 ( 8215) AACGACGACGAAAGATAATATTTCCCCGGACTTGACTCAGT TAGATGGAATTAAAGCGCCT TCTGATAACAATTACAAATACAT CTTGGATCTAACTAAT
AY059372 LT Co AL CC........ C.C.C....... T A..T.G.....

AF150629 ( 8315) GATACGGAGATCACCATAAGGGTACCTTTTGITTCAAACAAAATGT TCATGAAAT CTACGGGAAT TTATGGTGGAAATTCTGAAAATAATTGGGATTTCT
AYOS 0372 s Co..oi

AF150629 ( 8415) CTGAATCATTTACTGGATTTTTGIGCATAAGACCTATTACAAAATTTATGTGTCCAGAGACTGTATCCAATAATGT GTCGATAGT TGTATGGAAGTGG
AYD59372 C....... Ao G.A.......... AL G........

Figure 3.: Nucleotide sequence of the amplicon of the diaind3CR product
(AY059372) aligned with the complete sequence dégabsin the GenBank
(AF150629, Govan et al., 2000)

2.3.4. Survey on the occurrence of ABPV in Hungariaapiaries

Besides investigations on artificially infected pepusing this diagnostic primer-pair, a
survey was started on field samples collected framtunteering apiculturists living at
different locations in Hungary. The samples wereckled for the presence &farroa
destructor and were tested by RT-PCR to detect ABPV speniifideic acid, first only in the
bees but later also in the mites.

Twelve apiaries had sent samples on a regular f@aiegory A, no clinical symptoms
or losses) and eight of them (66.6 %) proved tinfected at least once within the test period
of 2 years (Table 1). Considering the individualaroes, the infection rate was less: 14 from
114 colonies (12.2 %). Since not all colonies samph an apiary in a certain season were
positive, the infected and non-infected coloniey i@ present simultaneously. Furthermore,
presence of the virus in a certain apiary was isisb@nt, some colonies and apiaries were
found negative in one season and became posititreeinext. For example apiary PT/B sent
bees from colony No 62, 63 and 98 throughout threstigation period, of which No 98 was
infected in spring and autumn of 1999, but not@@ Contrary to that SzL/Zs was sending
samples from colonies No 24, 33 and 43 and in ghing of 1999 colonies No 33 and 43
were infected, but in the spring of 2000, No 33 weagative. In the autumn of 1999 and 2000
all three colonies were negative.

The eight apiaries sending samples for aetiologivagstigations (Category B) were
infected in a much higher ratio. The virus-speaficleic acid was detected in samples from
seven apiaries (either in the bees, or in the mdesn both), what means a positive rate of
87.5 % (Table 11.). In one apiary colonies werdddsndividually: five out of ten (50 %) were
positive, a rate higher than the 12.2 % found amtwegcolonies of symptomless, regularly
tested apiaries. The samples sent from these egiatruggling with high mortality and

clinical symptoms had been pooled by the bee kedpem four colonies (see Methods) and
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arrived for aetiological investigations (includimgpsema infection, insecticide-intoxication,
which latter was excluded by parallel investigasiam each case). In the “problematic” cases
seven of eight apiaries proved to be infected (8%)5vith ABPV, and the viral nucleic acid
was also detected in mite homogenates. Altoughsémepling was different in Category A
and B (apparently healthy bees and low number &¢smon one side, dead and moribund
bees, high number of mites on the other), the e¥gpresence of the virus in the
“problematic” apiaries is remarkable. The randondglected colonies of the four
symptomless apiaries not participating in the rag@ampling, but also tested on request

within the period (Category C) were negative.

Table I.: Results of the survey of the RT-PCR test on sasnpént by volunteering bee
keepers. Numerators indicate how many samples growebe positive (infected/infested)
from a total indicated by the denominators. N = tested (For various reasons: i.e. samples
were not sent, one volunteer had to give up bepikgedue to health problems, etc.).
Samples from which mites were collected and tesiddRT-PCR are signed with asterisk.

Code Samples

of the 1999 spring 1999 autumn 2000 spring 2000 autumn

apiary | Virus Mite Virus Mite Virus Mite Virus Mite
PT/B 13 0/3 13 1/3 0/3 0/3 0/3 0/3
KF/K 0/3 2/3 0/3 2/3 13 1/3 13 2/3*
PL/D 0/3 2/3 0/3 2/3 2/3 3/3 N N
PF/B 0/3 1/3 0/3 0/3 0/3 0/3 N N
BI/L 0/3 1/3 0/3 2/3 N N 0/3 0/3
HD/K 0/3 2/3 0/3 1/3 N N 0/3 0/3
CsP/K 13 3/3 0/3 0/3 N N N N
SzL/B 0/3 0/3 0/3 1/3 0/3 0/3 N N
SzL/Zs 2/3 2/3 0/3 3/3 13 2/3 0/3 3/3*
SzB/M N 0/3 0/3 3/3 0/3 3/3 13 3/3*
PJ/K N 2/3 13 3/3 0/3 1/3 0/3 3/3*
HM/K N 3/3 2/3 2/3 0/3 0/3 0/3 0/3
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Table II.: Results of the aetiological investigations by ABRV-PCR test on samples sent
by bee keepers struggling with problems due to anknreason, but not participating in the
survey (Category B). Samples from which mites warkected and tested with RT-PCR are

signed with asterisk.

Code of the| Sampling | Cause of investigation  Result of RT- Auxilliary diagnosis
apiary PCR

CsSzM/K | Apr.1999 Depopulation Positive NosemasisVarroa infestation

KATKI/G [May 2000 | Depopulation 5 positive in 10 Hegavarroosis in 6 from 10*

HTGyY/T Febr. 2001 | Poor wintering Positive Heavyruasis, Varroa PCR
positive*

GA/H Febr. 2001 | Poor wintering Negative Heavy vasis,Varroa PCR
positive*

SzI/Kh May 2001 | Paralysis, depopulatign Positive s@&osis, no Varroa infestation

KI/K May 2001 | Paralysis, depopulation Positive Nossis, no Varroa infestation

MI/Kh May 2001 | Depopulation Negative

SzGy/Kh May 2001 | Paralysis, depopulation Positive oséinosis, no Varroa infestation

From 6 samplesyarroa destructorwere analysed for the presence of the virus. én th
last phase of the survey (2000 autumn, 2001 spiag)oa mites were also tested for the
presence of ABPV. From the “regular” adult bee sangCategory A) containing 200-500
bees sent by the volunteers, a rather low numbenitfs could be collected (1-15), and the
virus was not detected in their homogenates. I phablematic” cases (Category B) a mass
of dead bees sometimes swept from the bottom ofiitress and weighing between 0.2 — 2.5
kg was sent, from which 200-300 mites could easdycollected. Although the presumed role
of Varroa destructommite as a virus carrier and a possible vectorliees supported by the
demonstration of the virus in the mites by our RTRPmethod and previously by ELISA
(Allen et al., 1986), the presence of virus speaificleic acid could not be demonstrated in
some of the mite homogenates by our RT-PCR invatstigs, even if the colonies were
heavily infested with mites, and simultaneousiyiganfected with ABPV.

Only in 2 samples (pooled samples of 4 coloniewluth all bees had died during the
winter) was the virus detected. In the negative @as(Table I.) the number of the mites
collected varied between 1 and 15, while from eaicthhe 2 positive samples (Table I1.) 300
mites were retrieved. This indicates that not b# tnites are carrying the virus, and the
rearing number of mites tested will increase thrabpbility of detection.
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In addition toVarroa destructoinfestation, nosema disease was also regularigroed
in the “problematic” apiaries (Category B) togethath ABPV infection. Heavy varroosis
was observed in two whildosema apiZander was detected in four of the eight apiahas

sent samples for aetiological investigations ancevieund ABPV positive (Table 11.).

2.4. DISCUSSION

The diagnosis of viral infections in the honey bes been rather complicated compared
to other fields of veterinary virology. The lack oharacteristic clinical symptoms and
pathological alterations makes the recognition ostdiseases difficult. Since cell cultures of
bee origin are not available, the only way of ifiola and artificial propagation of viruses is
the experimental infection of pupae. Furthermoeepees do not produce antibodies against
pathogens, the indirect determination of viral atilens (widely used in other fields of
veterinary praxis) is not possible. Electron micaysy and serological methods to detect
sometimes very low amounts of viral antigen indislmples contribute to the difficulties
described in the introduction. Therefore the RT-P@&thod worked out to amplify unique
regions of the viral nucleic acid present in thengkes seems to be very promising in the
diagnosis of bee virus infections.

The RT-PCR method worked out by our group is basea primer pair (ABPV1 and
ABPV2) designed within the structural protein ragiof the viral genome, producing an
amplicon between base pairs 8107 and 8504. Tothesteliability of our RT-PCR in the
diagnostic work, the sensitivity of our system wasmpared to AGID, the only other
widespread diagnostic method. It was not surprjdimgt the same virus suspension gained by
artificial infection of pupae and giving a positik@sult up to 1:16 in the AGID test, proved to
be positive up to 1:Tadilution in RT-PCR.

Using this very sensitive, fast and specific method survey we have detected ABPV
infection in apparently healthy bee colonies aslvasl in colonies with high mortality.
Furthermore the virus was also detecteW@nroa destructorsamples collected from the mite
infested colonies.

Besides varroosis, nosema infection was also fratualetected in the apiaries
struggling with severe losses (Category B). Thet faises the possibility that virus infections
may be activated or the losses caused by thesetiorfe may be enhanced by other
predisposing factors in insects too. This phenomeasadrequently observed among the virus
infections of vertebrates, where predisposing factf.e. shipping, immunosuppression,

crowding, etc.) or co-infections (chlamydia, myarha) activate virus infections followed
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by bacterial secondary infections (Yates, 1982 ddngrahn et al., 1996). None of the factors
alone will lead to severe disease or economic fpduéd the cumulative effect of the factors is
frequently fatal. It seems, that the existenceheké “polyfactorial” disease complexes may
not be excluded in the case of invertebrates eitber survey does not help to find an answer
to the question whether the virus or the cofactaarrposis, nosema disease) is more

important, and which of them may be consideredrizsgry agent.
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Chapter 3

Phylogenetic analysis of acute bee paralysis virg$rains

3.1. INTRODUCTION

The acute bee paralysis virus (ABPV) was first dbsd as inapparent infection of the
honey beeApis melliferg (Bailey et al., 1963). The presence of the vinas been reported
from several countries worldwide (Carpana et @911 Faucon et al., 1992, Hung et al.,
1995, Nordstrom et al., 1999, Topolska et al., J998BPV is considered to be a common
infective agent of bees, which is frequently detdah apparently healthy colonies. However,
it has been presumed that this virus plays a mleases of sudden collapagis mellifera
colonies infested with parasitic mit&arroa destructonBékési et al., 1999, Nordstrom et al.,
1999) (former nameVarroa jacobsoni. ABPV was suggested to be a primary cause of bee
mortality in such colonies in Germany (Ball andeX| 1988), Yugoslavia (Kulincevic et al.,
1990), France (Faucon et al., 1992), and the Uritaties of America (Hung et al., 1996a),
respectively.The world wide spread ®&farroa destructorin honey bee colonies has
significant influence on virus infection of beesa e one hand the Varroa mite is a possible
vector for the virus (Ball and Allen, 1988, Boweralker et al., 1999), on the other hand, the
mite weakens the bees and activates the viral tinfecleading to clinical symptoms and
severe losses in the apiaries (Ball and Allen, 19®&dsgaard et al., 2000, Ritter et al.,
1984). Some scientists however, doubt the essentabf both the mites (Allen et al., 1986,
Hung et al., 1995) and the viruses (Hung and Shiukiai999, Hung et al., 1999) in the so-
called "bee parasitic mite syndrome” (joint infeatiof virusesAcarapis woodiandVarroa
destructoj (Shimanuki et al., 1994). In the UK, whereas, ABPV but slow paralysis virus
(SPV) was found as an agent responsible for thid dgeline and death of many Varroa mite
infested colonies (Ball, 1997). The contrary firgBron the role of ABPV in the mortality of
honey bee colonies might be, to some extent, exgdiaby the presence of genetically diverse
virus strains with different virulence.

ABPV has a single stranded, positive sense, potyddeed RNA genome comprising
of 9,491 nucleotides (nt). The complete nucleotdguence was determined recently (Govan
et al., 2000). The genome encodes for two openinmgddames (ORFs). ORF1 encodes the
non-structural proteins (RNA-dependent RNA polyrserahelicase, protease), while ORF2
encodes the three major structural proteins (35a88 24 kDa) and a minor protein (9.4 kDa)
transcribed together in a capsid polyprotein (Goearal., 2000). ABPV belongs to the
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Picornaviridae family, although its genomic RNA is considerablgndger than that of
picornaviruses (approx. 9,500 nt vs. 7,500 nt), imtiffers also in its genome organization
compared to other picornaviruses. It was theresoiggested to classify ABPV together with
some other picorna-like viruses infecting insectt® ia novel taxonomically group called
cricket paralysis-like viruses (Govan et al., 200@htigenic relationship (Allen and Ball,
1996) and sequence similarities can be observedebat ABPV and the Kashmir bee virus,
another picorna-like virus infecting honey bees.

Several studies are discussing the importance rases in diseases of bees. To date
already 18 different honey bee viruses have besaribed (Allen et al., 1986, Grabensteiner
and Nowotny, 2001). Most of them often cause inagpainfections. Such infections are
sometimes exacerbated and activated by subsergintonmental factors. Besides mite
infestation and bacterial infections, pollution andmprehensive use of chemicals and
insecticides in agricultural technology triggeryvieonmental stress in bees (Bromenshenk et
al., 1991, Fleche et al., 1997, Kevan, 1999). itat® cases even the acaricides used against
Varroa mites have to be blamed for the suppressidhe bee’s immune system (Brgdsgaard
et al., 2000). In addition, the notable decreasenaitiral pollinator species - also due to
environmental pollution - emphasizes the signifeaamf honey bees in the pollination of
plants, thus the importance of healthy bees ibégond honey production (Spira, 2001).

The evaluation of the significance of bee viruseBampered by diagnostic problems. It
is difficult to isolate bee viruses due to the lackpermanent cell lines of bee origin. The only
way for propagation of honey bee viruses is theegrpental infection of bee pupae or newly
emerged bees. Since honey bee virus infectionswaglespread, often without causing
symptoms, an experimental infection may activatesipgent infections with other viruses
present in the apparently healthy pupae resultm@ imixture of different viruses in the
pupae-extracts. Furthermore, the morphological apee and physico-chemical features of
most of the honey bee viruses are quite similar;use of some classical virological methods
such as electron microscopy is therefore diffidoittthe identification of bee viruses. Several
methods have been developed to detect viral argtigen clinical samples, such as
immunodiffusion, enzyme-linked immunosorbent asgayiSA), chemiluminescent Western
blotting, and radioimmunassays (Allen and Ball,3.98llen et al., 1986, Stoltz et al., 1995).
The disadvantage of these techniques is that spegifisera are required. Raising specific
antisera is complicated regarding to the diffi@stin the production of large amounts of pure

virus suspension.
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Reverse transcription-polymerase chain reactionP®R) assays have been developed
for the detection of virus-specific RNA of certaimney bee viruses such as SBV
(Grabensteiner et al., 2001), Kashmir bee virusn@Hat al., 1996c), black queen cell virus
and ABPV (Benjeddou et al., 2001), respectively-RRIJR proved to be a quick, specific,
sensitive and reliable technique for the detectibhoney bee virus infections. The method
can be easily established in independent laboest@nd standardized using identical primers
and protocols. A further advantage of RT-PCR is$ ¢femetic comparison and classification of
different virus strains can be rapidly carried duyt sequencing of the appropriate PCR
products (Grabensteiner et al., 2001).

The aim of this study was to establish RT-PCR as$aythe sensitive direct detection
of ABPV in clinical samples, to reveal and comptre nucleotide sequence of the ABPV
capsid polyprotein gene region of different Europesolates, and to assess the genetic

relationship between ABPYV strains of distinct gexquinic origin.

3.2. MATERIALS AND METHODS

3.2.1. Samples

The ABPV isolates originated from infected honeyedeollected in four different
European countries. The samples from Austria (caed, Germany (three) were collected
from outbreaks of acute bee paralysis, the Hungaaiad Polish samples were taken from
colonies showing clinical symptoms (Hungary — $teJand — one), but also from obviously
healthy colonies from apiaries participating in &BPV survey (seven and three,
respectively). The strains were isolated withinigefyears period (1996 - 2000). Virus
identification was carried out by agarose gel imdiffinsion (AGID) test and electron
microscopy (EM). The samples were also tested tugrgpicorna-like honey bee viruses such
as sacbrood and black queen cell virus. Each saoguitained 50 to 60 dead honey bees,

which were transported at -20°C and were store8@C until investigated.

3.2.2. Isolation of RNA

The bees were homogenized either in liquid nitrogern sterile glass potters using
sterile phosphate buffered saline (PBS). The homaigs were centrifuged at 20,00@ for
10 min, and the supernatant was used for RNA ettradn some cases the virus-containing

samples were propagated by inoculation of virus-frapae, and purified by cesium chloride
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gradient ultracentrifugation followed by dialysiganst PBS. RNA was extracted from 140
ul virus suspension using the QlAamp viral RNA Mt (Qiagen, Germany) according to

the manufacturer’s instructions.

3.2.3. Primer design

Six different primer pairs were selected based loa tomplete ABPV sequence
(accession number AF150629) deposited at the GdnBatabase with the help of a Primer
Designer program (Scientific and Educational Sofeyaersion 3.0). The oligonucleotides
were designed in order to amplify overlapping PG&dpcts comprising the entire structural
protein gene region of ABPV (Figure 1). The seqesnorientations, locations and product
sizes are shown in Table I. Nucleotide positiomsraferring to the ABPV sequence deposited
under the accession no. AF150629. The oligonudestwere synthesized by GibcoBRL Life
Technologies, Ltd. (Paisley, Scotland, UK).

CAPSID PROTEIN GENE REGION

Start ORF 2 End ORF 2
6509 9253

6242 - 7014 7447 - 8133 8694 - 9381
( ] | ] [ ]

6848 - 7626 7927 - 8546
| ) | |

8118 - 8976

Figure 1.: Locations of the amplified RT-PCT products withine capsid
polyprotein region (ORF 2) of the ABPV. Amplicon$*X17f-18r, APV21f-22r,
APV25f-26r, APV19f-20r, APV 23nf-24nr, and APV2788 respectively.
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Table I. Oligonucleotide primer pairs selected for ABPV RTR

Nucleotide Length of the

Primers® Sequence (5" to 3") positions’ amplified
product (bp)

APV 17f | TAT CAG AAG GCC ACT GGA GA 6242 - 6261
APV 18t | TCC ACT CGG TCA TCA TAA GG 6995 - 7014 722
APV 19f | TCT TGG ACA TTG CCT TCA GT 6848 - 6867
APV 20r | ATACCATTC GCCACCTTIGTT 7607 - 7626 78
APV 21f | TGC AGT TCC AGA AGT TAA GA 7447 - 7466
APV 22t | ATA GTR GCT CGC CAA TAT GA 8114 - 8133 686
APV 23nf| GTG CTATCT TGG AAT ACT AC 7928 - 7947
APV 24nr| AAG GYT TAG GTT CTACTACT 8527 - 8546 618
APV 25f | GGA ACA TGG AAG CAT TAT TG 8694 - 8713
APV 261 | AAT GTC TTC TCG AAC CAT AG 9362 - 9381 687
APV 27f | ATT GGC GAG CYA CTATGT GC 8118 - 8137
APV 281 | CGC GGT AYT AAG AAG CTA CG 8957 - 8976 858

2§, forward: r, reverse

® Nucleotide positions refer to the published ABR¥jsence (GenBank accession no.

AF150629).

3.2.4. RT-PCR

Reverse transcription and amplifications were peréxd in a continuous RT-PCR
method by employing the QIAGEN OneStep RT-PCR Kitagen, Germany). Each 318

reaction mixture contained|8 of 5 x buffer (final MgCL concentration 1.5 mM), 0.4 mM of

each deoxynucleozide triphosphate (dNTP), 10 U <®ia RNase Inhibitor (Promega,

USA), 0.8 uM of the appropriate forward and reverse primerspllof enzyme mix

(containing Omniscripf and Sensiscript Reverse Transcriptases and HotStafTagNA

polymerase) and 23 of template RNA. Reverse transcription was cadroet at 50°C for 30

min. Following an initial denaturation at 95°C ftff min, the reaction mixture was subjected
to 40 cycles of heat denaturation at 94°C for 3@rener annealing at 55°C for 30 s, and
DNA extension at 72°C for 1 min, completed by afiextension of further 10 min at 72°C.
The samples were kept at 4°C until electrophoress carried out. The reactions were

performed in a Perkin EImer GeneAmp PCR System 2d4&@nocycler.
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3.2.5. Gel electrophoresis

Following RT-PCR 3ul of the amplicons were electrophoresed in a 1.2% dcetate-
EDTA-agarose gel at 6 V/cm for 80 min. The gel wtsned with ethidium bromide and the
bands were visualized by UV translumination at 8&Pusing a TFX 35M UV transluminator
(Life Technologies, UK) and photographed with a EkdS Electrophoresis Documentation
and Analysis System using the Kodak Digital SciehBesoftware program. Product sizes
were determined with reference to a 100-bp molecnkEght ladder (Amersham Pharmacia
Biotech).

3.2.6. Nucleotide sequencing and computer analyses

The total amount of the amplicons was electropleateés agarose gel (as described
above), the fragments were excised from the gel, A was extracted using the QIAquick
Gel Extraction Kit (Qiagen, Germany) accordinghe supplier’s instructions. To control the
extraction efficiency and for estimation of the DNadntent, 2ul of the extracts were
electrophoresed in agarose gel. Fluorescence-lzhssad sequencing was performed on the
PCR products. The sequencing PCR was carried mg tise ABI Prism Big Dye Terminator
cycle sequencing ready reaction kit (Perkin Elmeith AmpliTag DNA polymerase. The
reaction mixture contained fl of Big Dye Terminator Reaction Mix, (comprisinget
necessary components in an appropriate bufferisn)ut4 pmol of oligonucleotides (the
same as for RT-PCR), 10 - 15 ng of template DNA@54) and distilled water to a final
volume of 20ul. Sequencing PCR was performed in 30 amplificatigcles of 96°C for 30 s
(denaturation), 50°C for 10 s (primer annealing)d &0°C for 4 min (DNA extension).
Thereatfter, the products were precipitated with 7&¥anol containing 0.5 mM Mg&by
incubation at room temperature for 10 min, andptezipitates were centrifuged at 20,000
g for 25 min. Each pellet was resuspended inuB@f ABI Prism template suppression
reagent denaturing buffer (Perkin Elmer), and $hdrefore sequencing the samples were
heated to 100°C for 2 min and quickly cooled by i€ke products were sequenced in both
directions by the ABI Prism 310 genetic analyzeeriih Elmer) automated sequencing
system.

The nucleotide and deduced amino acid sequencesasenpiled and aligned with the
help of the Align Plus program (Scientific and Edtignal software, version 3.0, serial no.
43071). Discrepancies were revised by visual inspec Phylogenetic analysis was
performed using the Phylogeny Inference Programkdpe (PHYLIP) version 3.57c.
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Bootstrap resampling analysis of 100 replicatesevgemerated with the SEQBOOT program
to prove the stability of the trees. Distance neaBi were generated by the
DNADIST/Neighbor-Joining and Fitch programs, usagganslation/transversion ratio of 2.0.

3.2.7. Nucleotide sequence accession numbers

The ABPV sequences described in this paper wenmmisigol to the GenBank database
under accession numbers AY053366 - AY053385.

3.3. RESULTS

3.3.1. Analysis of ABPV samples by RT-PCR

Six different RT-PCR assays have been developeplogimg primer pairs designed for
the amplification of overlapping fragments, whidver the entire capsid protein gene region
of ABPV (Table 1, Figure 1). To ensure that the RTR assays detect nucleic acid from
diverse ABPV strains, the reactions were perforroadeleven samples, which originated
from different European countries: besides one warstand three German samples three
samples from Poland and four from Hungary werestesAll samples proved to be positive in
all RT-PCR assays. The amplicons could be obseagedlear and distinct bands of the
expected molecular weight (Figure 2), even in tlasecof one German sample, which
contained a mixture of ABPV and black queen cetusi Amplification products never
occured in the negative controls. For the amplifoca of the ABPV genomic region from
nucleotide pos. 8044 to pos. 8512, the initiallgigeed forward (APV 23 f) and reverse
(APV 24 r) primers gave only weak signals in RT-PEyure 2) and failed at sequencing.
Therefore a new primer pair (APV 23 nf and APV 24 was designed covering the same
region. The new oligonucleotides operated propgigure 2), thus they were applied instead
of the initially designed primer pair. The RT-PCRBsay employing this newly designed
primer pair (APV 23 nf and APV 24 nr) amplifies &BPV genome region, for which
sequence data of eleven (probably UK) isolates baea deposited in the GenBank database.
In order to make the comparison of ABPV strains@®sprehensive as possible, we used this
RT-PCR assay for the amplification of the remainBPV samples, which we have received
for analysis, i.e. one additional Polish and niddigonal Hungarian samples. The RT-PCRs

resulted again in pure products with identical size
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M 12 3 4 56 7N

Figure 2.: Gel electrophoresis of RT-PCR products on the idapslyprotein
region of ABPV (Lane 1: APV 17f-18r, 2: APV 19f-2@: APV 21f-22r, 4: APV
23f-24r, 5: APV 23nf-24nr, 6: APV 25f-26r, and 7PX 27f-28r). Lane M: DNA

size marker (100-bp ladder), lane N: negative @ntr

3.3.2. Sequence analysis and comparison

In total, 72 RT-PCR amplification products were w&uced in both directions. The
sequences were identified as ABPV sequences by BLA&arch (National Center for
Biotechnology Information, National Institutes ofe&lth, Bethesda, MD, USA). The
sequences derived from the six overlapping PCR ymtsdof all analysed ABPV samples
were compiled and aligned, using the published det@pABPV sequence (Govan et al.,
2000) as a reference. In total, sequence informatfa 3071 nt fragment was available from
every investigated isolate, which covers 32.4%hef ABPV genome including the entire
capsid protein gene region. The isolates showed 9%% identity compared with the
reference strain. When analysing the sequencdsedittains, two German isolates proved to
be fully identical, thus only one of them was usedhe further studies. In Figure 3 the

nucleotide alignment is presented (nt pos. 628§%8 9353 of the ABPV reference strain).

AF150629 (6283) TAATGGTTATGCTCAGGAGAGATTCCTAAATTACTACT TGTAATTTGGGAAT CGCAACACAACAT GGTTACCCATAGATTGAGGAAATTTCCAATAAACT

Germanyl L T T AA T G.. ... G

Germany2 T T AA T G.. ... G

Austria L T T AT G.......ooi G

Polandl ... T L I AA T G G

Poland2 ... T L I AA T G G

Poland3 .. T T AA T
Hungaryl ... T T AA T A
Hungary2 ... G..T.......... T AA T A
Hungary3 T T AA T A
Hungary4 ... T T AA T A
AF150629 (6383) CAGTATTAAGGCTTGITGIGT TGGACAAGGT GCCCTATTTAGGGT GAGGAGCCT TACT GGCAGCCCCAGT GAAT CCTCCATTGGATAGGAACAGCTATAT
Ger manyl A G.. T
Ger many2 A G.. T
Austria A G T
Pol and1 A G T
Pol and2 A G G T
Pol and3 T T
Hungary1l A T T
Hungary2 A T T
Hungary3 A T T
Hungar y4 A T T



AF150629 (6483) TGGGTAGITGTAGCAGT TGTATTCAAATGAATGCAGCGT TCCGAAATAT CATACCTGCCGAT CAAGAAACAAATACT TCCAACGTACATAATACGCAACT
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629 (6583) CGCGTCGACCTCTGAAGAAAACT CAGT TGAAACGGAACAAATCACCACCTTTCATGATGTGGAAACT CCAAATAGGAT CAATACCCCCATGGCTCAAGAC
Ger manyl G

Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

A A A A A A~

AF150629
GBr MBNY L A
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4



AF150629 (7383) CAATGGTTGCATTAAGGAAAAATAATAAATCAACTTACGACTATATAGTGCAAGCTTTATCTTCTGCAGI TCCAGAAGT TAAGAATGTAACTATGCAGAT
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

S S

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

.. C..
.. C..
.. C..
.C..



AF150629 (8283) ACAATTACAAATACATCTTGGATCTAACTAATGATACGGAGATCACCATAAGGGTACCTTTTGT TTCAAACAAAATGT TCATGAAATCTACGGGAATTTA
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

SEEEEEEEEE

AF150629
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger many1l
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629 (9083) AAATTACCAGTAGCATCTACAACCGACAAAGGGTATGATGCATCTTTGATGTATTATTCTAATGTI TGGTACCAATCAAATTGT TGCTCGAGCTGGTAATG
Ger manyl .G....G T.. .C.

Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

OOOOOOOOOO




AF150629 (9183) ATGATTTCACTTTTGGATGGCT CATAGGAACACCGCAAACT CAAGGAATAACGAGAACGGAAACT AAATAAAT GAATGAAGATGTACTTTAGAGGACAGA

GBr MBNY L A
GEIMBNY2 ot e A
AUSETI @ Ao A
Pol andl A
Pol and2 C...... CA .
Poland3 ....... T C...... CA . A ..
HUNGAr YL G...... See- A
HUNGAr Y2 G......... A LA L
HUNGAr Y3 G......... A LA L
HUNGAr Y4 G......... A LA L
AF150629 (9283) CATACCCTCTTTTGTATGGCTATAGTCTAAATTTTTCAGATAATTTCAATTTGGACCGAAAAACCGAGCAA Identity

Germanyl A 95%

GerMBNY2 A 95%

AuStTia A 95%

Polandl ... A 95%

Poland2 .. A 95%

Poland3 L A 95%

Hungaryl A 94%

Hungary2 A 94%

Hungary3 A 94%

Hungary4d A 94%

Figure 3.: Multiple alignment of the nucleotide sequences tbé capsid
polyprotein region of ABPV isolates with differegéographic origin (nucleotide
positions 6283 to 9353 according to the referentains AF150629). The
sequences are deposited in GenBank database umgdessi@on numbers
AY053366 - AY053375.

Deduced amino acid sequences were generated ioatfgd protein gene region (nt
6509 to nt 9253), resulting in 914 amino acid (ka)g polypeptide sequences. The aa
sequences were also aligned and compared to #xemek strain. They exhibited an identity
rate of 97 to 98% (Figure 4).

Phylogenetic trees were constructed using the atidke sequences of the various
isolates, and the stability of the tree was testgdbootstrap analysis of 100 replicates. The

optimizing tree reconstruction method (Fitch) pregad the phylogenetic tree presented in

Figure 5.

AF150629 (aa 1) MNAAFRNI | PADQETNTSNVHNTQLASTSEENSVETEQ TTFHDVETPNRI NTPMAQDTSSARSMDDTHSI | QFLQRPVLI DHI EVI AGSTADDNKPLNR
Germanyl ... L D
Germany2 ... L D
Austria ... T D
Polandl ....... T D
Poland2 ..., T D
Poland3 ... T D
Hungaryl —  ....... T D
Hungary2 ....... T D
Hungary3d3 ..., T D
Hungary4 ..., T D
AF150629 (aa 101) YVLNRONPQPFVKSWILPSVVLSAGGKGOKLANFKYLRCDVKVKI VLNANPFI AGRLYLAYSPYDDRVDPARSI LNTSRAGVTGYPG El DFQLDNSVEM
Germanyl ... R R Voo
Germany2 .. R R Voo
Austria ... R R Voo
Pol and1 LoDl R Voo
Poland2 ... ..., R Voo,
Poland3 ..., R
Hungaryl ... R
Hungary2 ..., R
Hungary3 ... R
Hungary4 ... R

AF150629 (aa 201) TI PYASFQEAYDLVTGTEDFVKLYLFTI TPl LSPTSTSASSKVDLSVYMALDNI SLVI PTYRVNTSI VPNVGTVWQTVQNMI TRDSETI RKAMVAL RKNN
Gar MBNY L
GEIMBNY2 e
AUSETI @ e
Pol andl
Pol and2
Pol and3
HUNGAr Y L
HUNGAr Y2
HUNQAary3
HUNGAr Y4

ARARAARARITAOUIXID



AF150629 (aa 301) KSTYDYl VQALSSAVPEVKNVTM NSKKNNSNKMATPVKEKTKNI PKPKTENPKI GPl SELATGVNKVANG ERI PVI GEMAKPVTSTI KW/ADKI GSV
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629
Ger manyl
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629 (aa 501) MPCYSKI | RTTENDTTRTNTElI MDPAPCEYVCNMFSYWRATMCYRI Al VKTAFHTGRLG FFGPGKI Pl TTTKDNI SPDLTQLDG KAPSDNNYKY! LDL

Ger manyl E .R
Ger many2 E .R
Austria E.R..
Pol and1 E.R.
Pol and2 E.R..
Pol and3 E.R..
Hungaryl E.R..
Hungary2 E.R..
Hungary3 E.R..
Hungar y4 E.R..
AF150629

Ger many1l

Ger many2

Austria

Pol and1

Pol and2

Pol and3

Hungaryl

Hungary2

Hungary3

Hungar y4

AF150629 (aa 701) | DASMQ) l\l.AN(ADEM/VTFFDSI])AEERN\/EALLK(BGEQ M\LRSLLRTFRTI SENWNLPPNTKTAI TDLTDVADKEGRDYMSYLSY! YRFYRGGRRY
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629 (aa 801) KFFNTTALKQSQT CYVRSFLI PRYYTADNTNNDGPSHI TYPVLNPVHEVEVPYYCQYRKLPVASTTDKGYDASL MYYSNVGTNQ VARAGNDDFTFGALI
Ger many1l
Ger many2
Austria
Pol andl
Pol and2
Pol and3
Hungaryl
Hungary2
Hungary3
Hungar y4

AF150629 (aa 901) GTPQTQGE TRTETK Identity
Ger manyl 97%
Ger many2 97%
Austria 97%
Pol andl 97%
Pol and2 97%
Pol and3 98%
Hungaryl 97%
Hungary2 97%
Hungary3 97%
Hungar y4 97%

Figure 4.. Multiple alignment of amino acid sequences dedudedn the
nucleotide sequences of the capsid polyprotein gahé@BPV isolates with
different geographic origin (amino acid positionstd 914 according to the
reference strain AF150629, protein_id AAG13119.1).
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o Germany 2

Germany 1
i
Austria
AF150629
100 Poland 3
Hungary 3
- 100 2
Hungary 2
100 |fud 100 100 95
Hungary 4
Hungary 1
== Poland 2
100
Poland 1

Figure 5.: Phylogenetic tree illustrating the genetic relasioip among ABPV
strains based on the genomic region 6283 to 935%)ergted by the
DNADIST/Fitch program. Numbers at nodes represéet percentage of 100
bootstrap pseudoreplicates that contained theeclubstal to the node. Genetic

distance is indicated by the bar at lower right.

The sequence analysis of the capsid protein gegierradisclosed a slightly higher
degree of sequence divergence of the ABPV isolapgsox. between nucleotide positions
8000 and 8600. Since additional (shorter) ABPV segas in this genomic region have been
deposited in the GenBank database by other resgancips (AF126050, Ghosh et al., 1999;
AF263724, AF263733 - AF263736, AF264688 - AF264682ng), the remaining eleven
ABPV isolates were sequenced also in this regioncoemmpose a shorter, but more
comprehensive comparison of the different isolaié®se shorter nucleotide sequences were
evaluated by the same principles as described dadiototal, 32 isolates were aligned using a
401 nt stretch from nt position 8121 to 8521. Tealdtes exhibited identity rates between
89% and 96% compared to the reference strain (Eigur

Deduced amino acid sequences were also compiledabgled. The 133 aa long
polypeptide sequences showed identity rates of @96% in comparison with the reference

strain (Figure 7).
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Phylogenetic trees were constructed and bootstraglysis was performed. A

representative tree generated by the Neighborralpmiethod is shown in Figure 8.

AF150629 (8121) GGCGAGCTACTATGTGCTATCGTATAGCTATAGITAAAACAGCTTTTCACACTGGTAGGTTAGGAATTTTCTTCGGACCTGGTAAGAT TCCAATAACGAC
AF126050 C. A A G

AF263724
AF263733
AF263734
AF263735
AF263736
AF264688
AF264689
AF264690
AF264691
AF264692
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Pol and4
Hungaryl
Hungary2
Hungary3
Hungar y4
Hungar y5
Hungar y6
Hungary7
Hungary8
Hungar y9
Hungary10
Hungary11l
Hungary12
Hungary13

AF150629 (8221) GACGAAA(‘ATAATATTTCCCCGGACT TGACTCAGT TAGATGGAAT TAAAGCGCCT TCTGATAACAAT TACAAATACAT CTTGGATCTAACTAATGATACG
AF126050 A A C.A
AF263724 LG A
AF263733 G
AF263734 .. .. LG
AF263735 .. .. G T T
AF263736 G
AF264688 LG A
AF264689 .. R . LA
AF264690 .. c - AL
AF264691 .. R . LA
AF264692 .. R . LA
Ger manyl
Ger many2
Austria
Pol andl
Pol and2 - ...C
Pol and3 .. e AL
Pol and4 .. A
Hungaryl
Hungary2
Hungary3
Hungar y4
Hungar y5
Hungar y6
Hungary7
Hungar y8
Hungary9
Hungary10
Hungary11
Hungary12
Hungary13

>>>>>>>>>>

0000000000000

AF150629 (8321) GAGATCACCATAAGGGTACCTTTTGTTTCAAACAAAATGTTCATGAAATCTACGGGAATTTATGGTGGAAATTCTGAAAATAATTGGGATTTCTCTGAAT
AF126050 .G C...A

AF263724
AF263733
AF263734
AF263735
AF263736
AF264688
AF264689
AF264690
AF264691
AF264692
Ger many1l
Ger many2
Austria
Pol and1
Pol and2
Pol and3
Pol and4
Hungaryl
Hungary2
Hungary3
Hungar y4
Hungar y5
Hungar y6
Hungary7
Hungary8
Hungary9
Hungary10
Hungary11l
Hungary12
Hungary13

OOOOOOOOOO




AF150629 (8421) CATTTACTGGATTTTTGIGCATAAGACCTATTACAAAATTTATGTGICCAGAGACTGTATCCAATAATGTGTCGATAGT TGTATGGAAGTGGGCTGAAGAT I dentity

AF126050 ... A G.T....
AF263724 G....A. G CC...
AF263733 LGLLLAL G CC. ..
AF263734 .GLLLAL GCC ..
AF263735 ..G.CC A T.GC. ..
AF263736 .G AL G CC...
AF264688 .GLLLAL T.GC...
AF264689 .G AL T.GC. ..
AF264690 .G AL T.GC. ..
AF264691 .GLLLAL T. GC.
AF264692 .G AL T. GC

Ger many1l P T
Ger many2 P T
Austria e T
Pol and1 P T

Pol and2 e .. T
Pol and3 e AL
Pol and4 P AL
Hungaryl P A
Hungary2 P A
Hungary3 B LA
Hungar y4 P AL
Hungary5 L Ao
Hungary6 L Ao
Hungary7 oG A
Hungary8 P A
Hungary9 PR .. A ...
Hungary10 B AL
Hungary11l P A
Hungary12 B L. AL
Hungaryl3 Ao

Figure 6.: Multiple alignment of the nucleotide sequence®\BPV isolates with
different geographic origin obtained with primerirpa@PV 23nf-24nr and
originated from GenBank (nucleotide positions 81818521 according to the
reference strain AF150629). The sequences are idleghas GenBank database
under accession numbers AY053366 - AY053385.

AF150629 (aa 539) RATMCYRI Al VKTAFHTGRLG FFGPGKI Pl TTTKDNI SPDLTQLDG KAPSDNNYKY! LDLTNDTEI TI RVPFVSNKMFMKSTG YGGNSENNWDFSES
. V. P.

AF126050 ... E. .R

AF263724 E..E.R..
AF263733 E..E.R..
AF263734 ... P....... E..E.R.
AF263735 ... G............ E..E.R.
AF263736 L. P E..E.R..
AF264688 .. E..E.R

AF264689 e E...E.R

AF264690 E...E.R

AF264691 L E..E.R

AF264692 E...E.R

Germanyl E...E.R

Germany2 e E...E.R

Austria L E..E.R..
Polandl .. E..E.R..
Poland2 .. E..E.R..
Polandd .. E..E.R.
Poland4 .. E..E.R..
Hungaryl L E..E.R..
Hungary2 L E..E.R..
Hungary3 L E..E.R..
Hungary4 L E..E.R..
Hungary5 L E..E.R..
Hungary6 ... E..E.R..
Hungary7 L E..E.R..
Hungary8 L E..E.R..
Hungary9 L E..E.R..
Hungaryl0 ... E..E.R..
Hungaryll ... E..E.R..
Hungaryl2 L E..E.R..
Hungaryl13 L E..E.R..

44

94%
91%
90%
89%
89%
90%
91%
91%
91%
91%
91%
95%
94%
94%
93%
94%
96%
96%
94%
93%
93%
93%
93%
94%
94%
94%
93%
94%
94%
94%
94%



AF150629 (aa 639) FTGFLCI RPI TKFMCPETVSNNVSI VWKWAED Identity

AF126050 ... VoL S 94%
AF263724 L. Vo.Lo.o.o.o... S 95%
AF263733 B I VooLo.o.ooo.. S 94%
AF263734 R N V..L Y.L S 91%
AF263735 e VLG Ll S 90%
AF263736 B I VooLo.o.ooo.. S 93%
AF264688 P I L....... S 95%
AF264689 P I L....... S 95%
AF264690 B Lo...... S 95%
AF264691 P I L....... S 95%
AF264692 P I L....... S 95%
Germanyl ..., 122 96%
Gernmany2 ..., 122 96%
Austria ... Y2 95%
Polandl ..., VooLooooooooooooooo 95%
Poland2 ... ... Lo 96%
Polandd ... VoL S 95%
Poland4 ...l Lo 96%
Hungaryl ..., Lo 95%
Hungary2 ..., Lo 95%
Hungary3 ... Lo 95%
Hungary4 ..., Lo 95%
Hungary5 ...l Lo 95%
Hungaryé ..., Lo 95%
Hungary7 ... ... Lo 95%
Hungary8 ...l Lo 95%
Hungary9 ...l Lo 95%
Hungaryl0 ... ..., Lo 95%
Hungaryll ..., Lo 95%
Hungaryl2 ..., Lo 95%
Hungary13 ..., Lo 95%

Figure 7.: Multiple alignment of amino acid sequences dedufmedn the
nucleotide sequences obtained with primer pair ABRVWf-24nr and originated
from GenBank (amino acid positions 1 to 133 accmdio the reference strain
AF150629, protein_id AAG13119.1).

3.4. DISCUSSION

The scientific interest in honey bee viruses igeasing. The majority of bee viruses
have been formerly characterized by classical egichl methods (Allen et al., 1986,
Newman et al., 1973), and their presence was rmegosorldwide; our knowledge of the
molecular properties and genome organization ofesofrthese viruses is the result of recent
studies (Ghosh et al., 1999, Govan et al., 2000grd is still very limited information
available on the taxonomic classification of hoheg viruses, on the existence of serotypes
or virulence-variants within one species, as welba the role of the viruses in bee diseases.
The molecular comparison of various isolates isegact and reliable method to study the
relationships between and within different specsasce it detects directly the changes of the
genetic information in the course of evolutiond@mploys statistical evaluation of the data.

This study presents a phylogenetic analysis ofdtinectural protein gene region of
ABPV strains. Eleven European ABPV isolates wergnald and compared to the reference
strain of probable UK origin deposited in the GenBadatabase. We focused our
investigations on the structural protein gene negibecause this genomic region shows

usually a higher divergence than non-structuraices.
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Figure 8.: Phylogenetic tree illustrating the genetic relasioip among ABPV
strains based on the genomic region 8121 to 852nergted by the
DNADIST/Neighbor-Joining program. Numbers at nodespresent the
percentage of 100 bootstrap pseudoreplicates trtioed the cluster distal to

the node. Genetic distance is indicated by theabkower left.

The analysed isolates showed 94% to 95% sequemceitid compared to the UK
reference strain. The nucleotide exchanges werteihdited fairly evenly over the entire
region that we have sequenced, in some parts, few@g. from nt position 7000 to 8000,
8100 to 8300, and 8400 to 9000) a slightly higlegjuence divergence was observed between
the isolates.

The probable relationship between the isolatedlustiated by a phylogenetic tree
(Figure 5). The strains are forming at least tlyeips. The Austrian and German isolates are
clustering together in one branch; the Hungariaairst belong to a second distinct cluster,
while the Polish ABPV samples exhibit a higher doity. The reference strain from the UK
shows a relatively lower genetic relationship te @entral-European ABPV strains.

In the comparison of the partial capsid proteineggezgion (nt pos. 8121 to 8521) we

included partial sequences of the above-mentior@B\Astrains as well as the sequences of
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one additional Polish and nine additional Hungasémains, and also eleven sequences of
viruses of probable UK origin, which had been déedsin the GenBank database. On the
401 nucleotide long overlapping part of the seqasrtbe strains have shown identity rates
between 89% and 96%, respectively, in comparisdin thie reference UK strain.

The phylogenetic tree comprising a total of 32ased suggests the separation of at least
two distinct genetic linkages of ABPV (Figure 8)n®major branch is composed of the
British strains' sequences originated from the GaB while the other contains the
continental European isolates. Within the Britigmgtype the isolates sequenced by different
research groups are detached to separate clu$terscontinental European genotype also
subdivided into at least three distinct subtypdse Austrian and German isolates are showing
the similar, low extent of divergence as in thevpes tree, but two Polish strains are
showing a relative closer relationship with thehart with the other isolates. The Hungarian
strains are forming a distinct, homogeneous clusthile two, closely related Polish isolates
are in seclusion.

The deduced amino acid sequences have shown hagrty in both analyses (97-
98%, and 90-96%, respectively) and within the ggpes the degree of amino acid variability
was even lower. Nonsense mutations were not obdelmsed a four nucleotides deletion
detected in one Hungarian strain was downstream ffe end of the coding region, so did
not affect the transcribed polyprotein.

The results of this study revealed, that althodghABPYV capsid polyprotein gene is a
relatively conserved genomic region in the invesig isolates, the observed diversity is a
convenient indicator for the identification andsddication of ABPV isolates with different
geographic origin. The molecular comparison gavénaight of the variability of the ABPV
isolates and exhibited genomic relationships betwmtee strains. Similar genetic divergence
was observed in the case of sacbrood virus (Grédiees et al., 2001), supporting the
geographical segregation of bee virus strains.

Since the ABPV is a worldwide distributed honey &es, the genomic analysis of
isolates from other continents may supplement owawkedge on the diversity of this virus.
The RT-PCR assays described in this paper are primvée sensitive and reliable methods
for the detection and classification of ABPV iselsitthey provide an appropriate manner for

further investigations.
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Chapter 4

Nucleotide sequence analysis of the non-structurgrotein gene

region of ABPV strains

4.1. INTRODUCTION

Acute bee paralysis virus (ABPV, Bailey et al., 3p& a common infective agent of
honey beesApis melliferg, which is frequently present world-wide in appdhg healthy
colonies (Allen and Ball, 1996), but in severalesag causes sudden collapse of bee colonies.
In these cases the colonies are usually infestél the miteVarroa destructor(Ball and
Allen, 1988), which may act as a virus vector asdherefore an important predisposing
factor in the clinical manifestation of the diseé&brol, 1996).

ABPV has a single stranded, positive sense, potyddeed RNA genome comprising
of 9,491 nucleotides. The complete nucleotide secpief the virus has been determined
(Govan et al., 2000). The genome encodes for tvem opading frames (ORFs). ORF 1 starts
at nucleotide 605 and extends to 6325 and ORFr&s stnucleotide 6509 and ends at 9253.
By comparison of the deduced amino acid sequentdeecABPV ORF 1 to related viruses of
Picornaviridae, Caliciviridae, Comoviridaand Sequiviridag it was found to contain three
conserved domains. These non-structural proteinatftsrare the RNA helicase, the cysteine
protease and the RNA-dependant RNA polymerase (RdRye putative helicase domain of
ABPV starts at amino acid position 533 and extetedposition 654. The putative cystein
protease domain is located between amino acidiposil163 and 1327. The putative RARp
domain starts at amino acid position 1565 and elst¢a position 1840 (Govan et al. 2000).
ORF2 encodes three major structural proteins (35a8d 24 kDa) and a minor protein (9.4
kDa) transcribed together in a capsid polyprotein.

The ABPV was grouped to the insect-infecting pieslike viruses ofPicornaviridae
(Moore et al., 1985). Insect viruses belonginghi® $ame group d?icornaviridaein general
show only minor sequence similarities. The ABPVw8@9 % identity to Drosophila C virus
(DCV), 28 % to Cricket paralysis virus (CrPV), 29tedlauti staliintestine virus (PSIV) and
31 % to the Himetobi P virus (HiPV) on amino a@sél (Evans and Hung, 2000).

More recently it has been recognized that manyhefinhsect infecting RNA viruses
have genome structures different from the onesiadrpaviruses and similar to those of

caliciviruses. Picornaviruses possess monocistrgarmmes with the structural genes at the
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5' end, and the replicase proteins at the 3' entieofjenome. Caliciviruses have bicistronic
genomes with replicase proteins at the 5' end headstructural proteins at the 3' end of the
genome. Superficial genomic similarity to the dalitises has been found after sequencing of
the CrPV, DCV, PSIV, HiPV andRhopalosiphum padvirus (RhPV) which all have
bicistronic genomes with replicase proteins athgart, and structural proteins at the 3' part
of the genome. However, although they share thes gggnomic structure, the insect infecting
viruses, contrary to the caliciviruses, do not pice subgenomic RNA. The translation
initiation in these viruses is found to be factkid by an internal ribosomal entry site. This
difference accounts for the CrPV, PSIV, HiPV, DARHPV which at present are classified
into a novel group of "Cricket paralysis-like viass distinct from the familyicornaviridae
(van Regenmortel et al., 1999). Analysis of theralfeggenomic structure of ABPV showed
similarities to those of DCV, PSIV, RhPV and HiPWerefore it was suggested that the
ABPV belongs to the group of “Cricket paralysisdikiruses” (Govan et al., 2000).

Concerning the distribution of the virus, it hasbeletected in Britain, France, Italy,
Canada, New Zealand and probably Australia witremt associated disease or mortality
(Allen and Ball, 1996). In central part of Europedain America on the other hand, the
findings are different (Osterlund et al., 1998, Bay et al., 2002). In these areas ABPV has
been found in large numbers of diseased brood aad ddult bees from colonies infested
with Acarapis woodiandVarroa destructorand the virus has also been detected within the
Varroa mite itself (Allen et al., 1986). Regarditite interactions betweeA. woodj V.
destructorand bee viruses including ABPV, and potentiallsyoabther microorganisms, the
term "Bee—Parasitic Mite Syndrome" was establisfiddng et al., 1995). This term is
pertaining to the unknown mechanisms by which tleeganisms cause large colony losses,
especially in Central Europe and America.

The observations support the premise of the presencsirulence-variants amongst
ABPV strains. Since the conventional virus classtiion and characterization methods (i.e.
isolation in cell cultures, serotyping) are unaédpib bee viruses, novel and reliable methods
are necessary for the identification of distincaisis within ABPV. Investigations of the viral
nucleic acid provide the opportunity of genetic reltgéerization of the isolates and
genotyping. Polymerase chain reactions followingerse transcription (RT-PCR) have been
developed recently for the identification of ABPV purified virus suspension (Benjeddou et
al., 2001), for the detection of ABPV from bee séasp(Bakonyi et al., 2002) and also for
phylogenetic analysis. Genotyping is in accordawié the virulence, antigenic properties
and geographical distribution of the different stsa(Lomniczi et al., 1998). These findings
have led to increased interest for the phylogenaiationship within ABPV isolates. The
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complete structural protein gene region of ten @dmuropean strains was investigated
recently. The isolates showed 94% to 95% idenéitgs compared to the reference strain, and
the phylogenetic analysis revealed three distiratogypes within the Central-European
strains. A comprehensive analysis on a partial esecgl within the structural protein region of
several ABPV isolates found identity rates betw8886 and 96%, and the isolates from
Britain and from continental Europe were separateztwo major branches, which were sub-
divided into distinct clusters.

The relative high level of identity of the diffettestrains in the structural protein region
prompted us to investigate other parts of the ABfeviome. This paper presents the partial
sequencing and sequence analysis of the non-gtalgrotein gene region of a Hungarian
and a Polish ABPYV isolate.

4.2. MATERIALS AND METHODS

4.2.1.Viruses

The two investigated ABPV strains were isolatedrfroases of increased bee mortality
in Hungary (Békési et al., 1999) and in Poland @iska et al., 1995). The viruses were
propagated in bee pupae, purified by gradient edin&rifugation and identified by agarose gel

immundiffusion (AGID) test and electron microscdi@M).

4.2.2. RNA purification and reverse transcription

Viral RNA was isolated from the ultracentrifuge deapurified and dialyzed virus
suspensions employing QlAamp viral RNA Mini Kit @en, Germany). The RNA was
reverse-transcribed into cDNA (complementary DNA)ng oligo (dT) primer method with
RevertAid" First Strand cDNA Synthesis Kit (MBI Fermentas,Inilis, Lithuania),

following the manufacturer's instructions. RNA aii2NA was stored at -8TC.

4.2.3. Primer design

Amplifications were performed using ABPV specifiogonucleotide primer sequences.
Six pairs of primers were selected based on thdigheal complete genome sequence of
ABPV (accession number: AF150629) in GenBank daakfattp://www.ncbi.nlm.nih.gov)

with the help of Primer 2.0 and Oligo 3.4 softwaregrammes. The primers were designed
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to produce overlapping amplicons for sequencinguig 1.). The sequences, orientations,
locations and product sizes are shown in Tableukclébtide positions are referring to the
ABPV complete sequence (AF150629). The oligonudlest were synthesized by Creative
Labor Ltd. (Szeged, Hungary).

NON-STRUCTURAL PROTEIN GENE REGION

Helicase Protease RNA polymerase
2204-2567 4094-4584 5300-6125
Start ORF1 End ORF1
605 6325
5- ~&
1044-2282 2500-3113 3365-4778
[ ] [ | |
1445-2692 2948-4356 4673-5426

Figure 1.: Schematic representation of the non-structuraleprogene region of
ABPV (ORF1). The amplified RT-PCR products are esgnted with open boxes.
Numbers indicate the nucleotide positions of thedhenzyme encoding regions

and the six amplicons.

4.2.4. Polymerase chain reaction

The reaction mixture containedub of 10 x reaction buffer, 1.5 mM Mggl 10 pmol
deoxynucleozide triphosphate mix (dNTP), 20 pmofrfrthe appropriate primers, 2ul cDNA,
1.5 U Taq DNA polymerase (MBI Fermentas, Vilniughuania) and distilled water up to the
final volume of 50ul. After an initial incubation at 94C for 3 min, the PCR mixture was
subjected to 40 cycles. One replication cycle iediof heat denaturation step at’@4for 1
min, primer annealing at 5% for 1 min and DNA extension at 7€ for 1 min. Thereafter

the samples were maintained at®@for 2 minutes for the final extension.
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Table I. Oligonucleotide primer pairs selected for ABPV RTR

Nucleotide Length of the
Primer? Sequence (5" to 3") . amplified
positions’ oroduct (bp)
ABPV 1044f| GTG GCT CAT GGA CTG ACA TA 1044 - 1063
ABPV 2282r| CTA TTG CTA GAG GCC AAG TC 2263 - 2282 1238
ABPV 1445f| TGT GTA GAT TTG ATT AGT GC 1445 - 1464
ABPV 2692r| TTT TCC TGC TGA TTT AGA CC 2673 - 2692 1247
ABPV 2500f| CAT GGC TCA CCT CGA AGA TA 2500 - 2519
ABPV 3113r| CAG CTA TTC CTT CAT ACG TG 3094 - 3113 613
ABPV 2948f| GCA CGT ACT ATG GAT GAA GC 2048 - 2967
ABPV 4356r| ACT GGA AGA GTG ACC TCA CA 4337 - 4356 1408
ABPV 3365f| TGG AAA TGG TTA TGT AGT GG 3365 - 3384
ABPV 4778r| GTG AAG GCA AAT CGC AAA AA 4759 - 4778 1413
ABPV 4673f| CAA TTG GAC CTA GAT CAG AC 4673 - 4692
ABPV 5426r| CCA TAA GGT GTG CTA TGA AG 5407 - 5426 753

af: forward; r: reverse

P Nucleotide positions refer to the published cortelBPV sequence (GenBank accession

No. AF150629).

4.2.5. Gel electrophoresis

Following the RT-PCR reaction, 3@ of the amplicons was electrophoresed in a 1%
Tris borate—-EDTA-agarose gel (Seakem FCM BioPrajud®ockland Maine, USA)

containing 0.5ug/ml ethidium bromide, at 80 V for 1 hour. The banekre visualized by UV

translumination at 312 nm and photographed by aaKdaS Electrophoresis Documentation

and Analysis System using the Kodak Digital Scied€® software. Product sizes were

determined with the referencesk@hage DNA cleaved witRst restriction enzyme.

4.2.6. Nucleotide sequencing and computer analysis

The PCR products amplified from Hungarian and MRol&BPV strains were
electrophoresed in a 0.8 % Standard Low-mr AgaslgBio-Rad, Richmond, CA, USA) at

80 V for 2 hours. The amplicons were excised framdel and extracted using QIAquick Gel
Extraction Kit (Qiagen, Germany). Fluorescence-taskrect sequencing PCRs were
performed at the Biological Research Centre of lthangarian Academy of Sciences in

Szeged, and the products were sequenced in bathtidinis employing an AbiPrism 2.1.0
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automated sequencing system. The primers use@doiescing were identical to those in the
RT-PCR reaction.

The nucleotide sequences were complied and compasied) FASTA (NCBI) and
BioEdit 4.7.8. softwares, and were verified by wisunspection. Deduced amino acid
sequences were generated and multiple alignments performed using BioEdit 4.7.8,
DNASIS 7.04 and Clustal W 5.a softwares.

Nucleotide sequence accession numbers: The ABPW¥esegs described in this paper
were submitted to GenBank database under accassiobers AF486072 and AF486073.

4.3. RESULTS

4.3.1. Amplification of selected genomic regions

Specific oligonucleotide primers were applied floe amplification of the helicase and
protease domain region of a Hungarian (Hungaryntl) a Polish (Poland 1) ABPV strain by

RT-PCR. The amplifications yielded clear and didtiproducts of the expected molecular

weight with both strains. Products and productsere demonstrated in Figure 2.

Figure 2.: Gel electrophoresis of RT-PCR products on the stamctural gene
region of ABPV (Lane 1: ABPV1044f — ABPV 2282r, RBPV 1445f — ABPV
2692r, 3: ABPV 2500f — ABPV 3113r, 4: ABPV 2948ABPV 4356r , 5: ABPV
3365f — ABPV 4778r, 6: ABPV 4673f — ABPV 5426r). n&a M: DNA size
marker Pstl cleaved\-phage DNA), N: Negative control
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4.3.2. Sequence analysis and comparison

The amplicons produced by different primer pairsensequenced in both directions. In
total, 24 sequences were determined and ident@fsedBPV by using FASTA search against
the GenBank database. The sequences of the silappery PCR products were complied
and aligned to the published complete ABPV sequéAgd50629, Govan et. al., 2000.).
Continuous nucleotides sequences were determingeede nt positions 1063 and 5406 of
the Hungary 1 (AF486072) and Poland 1 (AF486078)irss. The 4338 nt long sequence
covers 45.7% of the genome and contains the heliaad protease gene regions. Multiple
alignments of the sequences are shown in Figuién&.Hungary 1 strain has 93.1% identity,
while the Poland 1 strain has 93.0% identity toréference strain. The two Central-European
strains show 97.3% sequence identity. The diffexsrare mainly separate point mutations
and lower level of sequence divergence was obsemitath the helicase and protease domain
regions than the other parts of the reading frarme@ary 1-Ref. strain: 96% identity, Poland
1 — Ref. strain: 94-96% identity). Nucleotide deles in the Central-European strains (or
insertions in the reference strain) were obserae positions 1730, 1751, 1752, 1851, 1852
and 1855, respectively.

AF150629 (1063) ATTGTTGTTGITGTCTGGAGAT GTAGAAACCAATCCAGGACCT GTTGAAACGTATAAAGACT TATGCAGAAGGAAAAATAT TCGTAAGAGAAAAT CTCGA
AF486072 T ... A .G T ... T G.T AL
AF486073 ..., A T ... To..... A G.T.............. C.. A .

AF150629 (1163) ATTCGAGAAGAAATCAAAATGCAACAACATATTGATAAGATAATAGGGCAGGAGAAT GAAGAGT ATAAGAT TATAAACGT CAATATGCAGGGAATCTTTA
AF486072 . CC.
AF486073 L.CCo. T C........ A T .7

AF150629 (1263) GT TTTAATG%AGAAAAAG%AATAATTAAAAGT ACGGCTTGGAAAT TCAATAGCACT CTAGACAAAACAAATTCT. ATAATA@CAATTTAATACCCCAATT

AF486072  .......C.......... G..........C G.T..... G..........G.T.....G....T.....
AF486073 C .......................... G.T..... G.......... G.T..... G....T .....
AF150629 (1363) AGAAGAAACTTTAGCAGGT TTCAGAAAAACATATTCAAAATGT GAATCAAAAATTTTTGGTACTATAAGT GTGGTTGATGTGTGTGTAGATTTGATTAGT
AF486072 G T G AA.C...o.o G....
AF486073 G T G A G....
AF150629 (1463) GCTTTATTACAAGTITAGTTTTGCTAAACCAGCAATGAAGATAGCT TCATTAGCAGTAGAAGTTTTTAGATTAATTAAGAAATATGTTAGCAATATTAATA
AF486072 LG C L G A C....... G......oo T ... G
AF486073 LLBCLC LG A C....... G........o T CG
AF150629 (1536) TCAATATCGATAAGATTAAAGAATTGTTATCTTATGGTAAGGTAGCT CTTAACAATAATAATCCAATTATTCATGTAACAAT GCAATCTAATTCTCCCAT
AF486072 T G........ G.......... A C.... C....
AF486073 B A C.... C....

AF150629 (1663) TCTTGAAGTTTTATTACAACCCAACATTATAGTTAG:G:CATATTTATAG:ATTAAG:GTAGTGTTCCACAAAAAATTTACCTACAAAAAACTGGGAATT
AF486072 . T..... e o T T T msCAL
AF486073 . TA .................................... T ................. T ......... P --CA ......

AF150629 (1763) GAAGCAATGATTAAAAGACT TGGAGATTTGGGAAGAGCAGCCAAAGGCT GT TCAGAT TTGAATGT GGT GCTCAACCAGGCTATAACCAACCACATGT TAG
AFAB6072 G....... G.......... AL T . T A .-

AF486073 ... G G A L .- C— .......
AF150629 (1863) AACATTTTGGGAAGAATGTTCTTGGTTTAAAACAAGAAGAT GAACTCAAAGT CCTAGT GGAAGGATATAGAAAT TGGT GTGATGAAGT CAGAGATTTAGT
AF486072 LG G..... ATT.......... T T.G.......
AF486073 L G........... ATT.......... T ... G.............. T
AF150629 (1963) AGGACATAAAATCAATTCAGATGGGGAATTAGACAGCAAAAGTATCGT TGAAAATATAATGAAGGATGT TTATGAGATACAAAGAATTGAGAATATGTAT
AF486072 ... T.C..oo T T ALl
AF486073 ... T.C....... AL G.T..T........ T T Ao
AF150629 (2063) AAGAAAGGTTTGGAGATTTCTCGTAACATAGCTGAATTAAAGT TACCAACAAAATTAACAATTAGT TTTAATACGCACATGAGATACTTGACTGAAGTTT
AF486072 ... ALA L. C.... T G....... G............. C.... B C......... C
AF486073 ... AL C.... T T C

AF150629 (2163) TCAAATCAGITGACACATCTGGAGCTTTTGGAAACAAACCT CGAACGCAACCAATAGT TATTTGGCTTTTTGGAGAAT CAGGAAGAGGAAAAT CGGGGAT
AF486072 O
AF486073 e C....... Coo G.......ooian
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AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

AF150629
AF486072
AF486073

(2263)

(2363)

(2463)

(2563) TAATGTT

(2663)

(2763)

(2863)

(2963)

(3063)

(3163)

(3263)

(3363)

(3463)

(3563)

(3663)

(3763)

(3863)

(3963)

(4063)

(4163)

(4263)

(4363)

(4463)

(4563)

(4663)

(4763)

(4863)

GACTTGGCCTCTAGCAATAGATCTAAATAACAGCT TACTTGATAAT GTAGATGAAATGAGGAAT TTTTCAAAGAACAT CTATATGAGAAATGT TGAACAG

T.T..C...... G..G....G....... G.A ... Co.oo i AT A G..............
T . T G....... G .AA ..... C........ A ............ T ....... A ......... G..............
GTCTTAGITCCAAAAGT TACTAAGTATATTCTTACAACTGT TGAGAACCAT GCTAAAATATCAGATAAAAT CATTTTGATTACAAGAAATAGATATTTGA
T ... A .G C.... AC..... TA . .. C..... o
T ... A .G C.... AC..... TA . .. C..... o

TG T.T..T.G.G..... G G T.



AF150629 (4963) GGACACACCCTATGTGTCAAAAGAAATGACT GAAGAAGCT TTTCAGT TAGT TAAATCAGT CTGGT TAAAGGGAAT GOGTAATGAATTGAAGAAAGT TTTG

AF486072 e C.... AL C....... T ... G........... GC..CA...........
AF486073 C.... AL C....... T CC..C.............
AF150629 (5063) ACTTATGAGGAAGCTATTTGTGGAAATGATTCAAGT GAATTTATATCAGCAATAAATAGAT CTAGT TCACCGGGT TTCCCATGGATACGCGATAGAATTA
AF486072 ... .. A.G.C.A....CG...GT...... G AL T
AF486073 ... A.G.C.A....CG...GT...... G AL T T
AF150629 (5163) AAGGAACTAAAGGGAAGCAAGGT TGGT TTGGT GCGGAAGGCGAATATAT TCTGGATGAAGATGTCTTTGAAGCGGT TAAAACACGTATTCAGAATGCAAA
AF486072 AL T ... TA.... G....T........... Cooiii T
AF486073 ...l A T A.C.G....T........ A.C............. T
AF150629 (5263) GAATGGTGTGAGAACACCTGTAATGTGGGT GGATACAT TAAAGGATGAGAGAAGACCAAT TGAAAAAGT AGATCAACT GAAAACACGT GTGT TTTCTAAT
AF486072 .. G....... A c.C..
AF486073 ... G....... A G C..
AF150629 (5363) GGGCCTATGGACTTTTCTATCACTTTTAGAATGTACTATTTGGG ldentity

AF486072 ... T 93. 1%

AF486073 93. 0%

Figure 3.: Multiple alignments of the nucleotide sequenceshef helicase and
protease protein regions of ABPV isolates Hunga(AE486072) and Poland 1
(AF486073). Nucleotide positions 1063 to 5406 areoeding to the reference
strain (AF150629). Helicase and protease domamsirgderlined.

Deduced amino acid sequences were generated fremutleotide sequences of the
Hungarian and Polish strains. The 1447 amino a&{l long polypeptide was also aligned to
the replicase polyprotein region of the referentairs revealing 96.3% sequence identity
between the Hungary 1 and reference strain, ardP®&dentity between the Poland 1 and
reference strain (Figure 4). The Hungarian andsRaBolates showed 98.7% aa identity. The
aa sequences of the helicase domain region aréigathcidentical in the three analyzed
sequences. (In the case of the reference stra@ iposition 600 the amino acid could not
been determined, because in the nucleotide sequenpesition 2402 a pyrimidine base
indicated. In the Hungarian and Polish isolatelyanidine could be found in this position.)
Within the protease domain region one amino acigrgience was observed in the Polish
strain in aa position 1211. Amino acid deletiongev®und in the Central-European isolates
in aa positions 381 and 416.

AF150629 (aa 154) LLLLSGDVETNPGPVETYKDLCRRKNI RKRKSRI REEI KMQQHI DKI | GQENEEYKI | NVNMQG FSFNEEKEI | KSTAWKFNSTLDKTNSI | DNLI PQL

AF486072 W T M.
AF486073 ... Lo T R M.
AF150629 (aa 254) EETLAGFRKTYSKCESKI FGTI SVWDVCVDLI SALLQ/SFAKPAM(I ASLAVEVFRLI KKYVSNI NI NI DKI' KELLSYGKVALNNNNPI | HVTMQSNSPI
AF486072 e Voo R
AF486073 V .................................. Vo
AF150629 (aa 354) LEVLLQPNIIVSAI Fl ALSVWFHKKFTYKKLG EAM KRLGDL GRAAKGCSDLNVVLNQAI TNHM.EHFGKNVL GL KQEDEL KVL VEGYRNWCDEVRDLV
AF486072 Foo TNLP-T.T. .o ST..DoL Lo
AF486073 Yoo TNLP-T. T ST..Do oo S

AF150629 (aa 454) GHKI NSDGELDSKSI VENI MKDVYEI QRI ENMYKKGLEI SRNI AELKLPTKLTI SFNTHVRYLTEVFKSVDTSGAFGNKPRTQPI VI W.FGESGRGKSGM
AFABBOT2
AFABBO0T 3

AF150629 (aa 554) TWPLAI DLNNSLLDNVDEMRNFSKNI YNRNVEQEFWDNYQGONI VCXDDFGQ\/RDSSSNPNPEFNELI RTANI APYPLHVAHL EDKRKTKFTSKVI | MI'S
AFABBOT72 e Y

AF486073 Y .....................................................
AF150629 (aa 654) N\/FEQDVNSLTFPDAFRRR\/DLCAEVKNKDEFTKNCV\SKSAG(M\/QQLDKGKVKKI TGDI HSTVPY! VDLI DPESGEVYKTGLEYEEFL DMCLEKTSQCR
AF486072 S B oo Do
AFAB6073 E ............ Lo Do
AF150629 (aa 754) DDSAKLNDFLMDYAEKRANRSREI DEVCARTMDEAFVDAYDDVI DVNMQ ETVDEMELI EPNKLREM EQXZSNKI VYTYEG AVKI TSLAFKLATLNYEE
AF486072 ... E S...K......D..... D. ..
AF486073 ..., E............ Koo S Koo D ...........................
AF150629 (aa 854) Q/\EQ KEMKYYVKVSSGVNYLKRVL SQGVKVCEEWWKEM NYVKEHPWMIVSLI LGTLI G LTVWGFWKW.CSGDKKKNPI KRHFI NTGNVLI LPDRELN
AF486072 R.... T S Co..oi Voo
AF486073 ..., Koo Loooo.. G........ L Voo



AF150629 (aa 954) TFWKNQESLDLRDMYI NRVEEHI | SLLKLQ—!KWLVPKVTKYI LTTVENHAKI SDKI | LI TRNRYLNYCXBKFVELI CGEl NQFFI DPETLDTNVEAFASA

AF486072 Lo Se NH.Q..... N H e
AF486073 ..l NH.Q..... N H .......... Loooooooo I ...........................
AF150629 (aa 1054) DLKTFVQRKPI VI EGPEFVEAQISGDQ TLRKQTQKVI EAFASSDAI TMARKTPKFVESDDVWEVSMOMAKDQVAQKL T TNRVLTNL YKI CLVKENGDW
AF486072 e PO S R.....

AF486073 P. . I ................ S R.....

AF150629 (aa 1154) PLLNGLFVRSNI MLAPGHLVGFLSDSDTI El RNL FDVVFRVPWKDVKKVDVVNAFGESKEAVL L CFPKFVCCQHT DL VKHFQDSESMSKFKRCEVTLPVLR
AFABBOT2
AF4A86073 e L

AF150629 (aa 1254) YSDKMNRFLATLI ECDKVEAYDRPYTLNDSSKGQY! LRQGLEYTMPTTNGDCGAPLVI NETQVI RKI AGL HVAGDARGKAYAES| SQKDLI RAFSKI DVS
AFABBOT2 e e e e e

AFABBOT3
AF150629 (aa 1354) MQ Q_DLDQTLNFNCmXI | PPNAEFGPEDL DFCDLPSLKM PVGRLSEPLFEPGKTDI RPSLVYGKI SEI KTKPAI LRNVI VDGKI VNI KHKNLKKCAM
AF486072 L K L Voo
AF486073 . R .............................................. L Voo
AF150629 (aa 1454) DTPYVSKEMIEEAFQLVKSVW KGVRNELKKVLTYEEAI CGNDSSEFI SAI NRSSSPGFPW RDRI KGTKGKQGWFGAEGEY! L DEDVFEAVKTRI QNAK
AF486072 Do............. S Ve H
AF486073 Hoooooooooon SV H. .
AF150629 (aa 1554) NGVRTPVMAVDTLKDERRPI EKVDQLKTRVFSNGPMDFS|I TFRMYYL Identity

AF4A86072 96. 3%

AF4A86073 96. 4%

Figure 4.: Multiple alignments of the deduced amino acid segas of the

helicase and protease protein regions of ABPV issl&lungary 1 (AF486072)
and Poland 1 (AF486073). Amino acid positions 14801 are according to the
ORF1 of the reference strain (AF150629). Helicasd protease domains are

underlined.

4.5. DISCUSSION

Several factors contribute in the development wiichl symptoms of ABPV infection.
Besides the susceptibility of the host speciesgtiveronmental predisposing factors and the
virulence of the pathogen also influence the cooffstne disease. The honey bee is not the
only host of ABPV. The virus has been detected mismumblebeesBombus spp in Britain,
and it is the only bee virus known so far to haneatiernative host in the nature (Bailey and
Ball, 1991). On the other hand, there are no dawilable on the differences in the
susceptibility and sensitivity to ABPV in the diféat subspecies or breeds of the honey bee.
The individual biological status of certain beesolonies (i.e. age, immune-response, colony
population) may also be important in the coursehef disease. Weakening factors, such as
intoxication or infestation with parasites (esp#githe presence o¥. destructoy facilitates
the development of virus-induced diseases.

Natural virulence-variants have been observed wisieiveral virus genera (i.e. porcine
enterovirus, avian paramyxovirus...). The diffeenm the virulence are the consequences of
mutations resulting in changes of the viral pradeiin some cases the changes of the
structural proteins lead to modified surface resepof the virions, and therefore modified
tissue specificity in the host organism. In otheses non-structural proteins change,

influencing the multiplication of the virus in tHeost cell and also the effect of the virus
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infection on the cell, on the organ or on the lavganism. Virulence is an inherited property
of the virus with genetic background, and its clemngre the results of virus evolution.
Therefore the differences in the viral genome aeful indicators helping the detection and
characterization of virus strains with diverse lence.

The aim of our investigations was to detect vagaklgions in the ABPV genome and
describe the differences in virus strains with @asi geographic origin. An earlier study
revealed a relatively low level of sequence divaogeof ABPV strains in the structural
protein gene region (Bakonyi et al., unpublishd&dis time we focused on the non-structural
protein region of two ABPV isolates. Since the RNé&pendant RNA polymerase is usually a
very conserved genomic region in RNA viruses, taees of the other two enzymes, helicase
and protease were analysed in this work.

The investigations revealed a sequence divergandkei non-structural protein gene
region similar to the one observed in the struttyratein genes (93%). The Central-
European strains share higher identity to eachr @@#%) than to the reference strain (most
probable of British origin). Most part of the nualele changes result "silent mutations”, they
do not influence the amino acid sequence. Partiguthe amino acid sequences of the
putative helicase and protease domains are priygtioachanged coding for identical
enzymes.

Although our findings do not prove the presenceviafilence-variants within ABPV
strains, they do not refute it either. On one hidn@dvirus strains investigated in this study are
originated from clinical cases of outbreaks of theease, so both of them may be “more
virulent” strains. The results described in thipgrasupport the exact differentiation within
the diverse strains and provides the methodicat bashe phylogenetic analysis of the non-

structural protein gene region of new ABPV isolates
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Chapter 5

Detection of a new variant of Kashmir bee virus irHungary

5.1. INTRODUCTION

Kashmir bee virus (KBV) was first isolated frofpis cerangBailey and Woods, 1977)
but later was also detected Apis mellifera The virus seems to cause inapparent infections
throughout Australasia, and is also present onAtimerican continent (Bruce et al., 1995).
However, in Europe it has only been detected inrSgpafar (Allen and Ball, 1995).

In laboratory experiments, KBV appears to be thestnpathogenic of the honeybee
viruses, killing brood and adult bees within thidgys following injection of only a few
infective particles (Bailey et al., 1979).

Employing the AGID test, which is the most widesmtemethod used in bee virus
identification, KBV cross-reacts with acute bee ghgsis virus (ABPV); thus it was
suggested, that KBV and ABPV are variants of theesairus, and different names for these
viruses might be inappropriate (Allen and Ball, 39T his antigenic relationship may also
lead to misdiagnosis, especially in the case gbpasent infections, which demonstrates the
importance of more specific assays.

The recently introduced genetic methods of virusmalestration (RT-PCR) are useful
not only in the diagnosis but also in the idensifion and classification of viruses. The
polymerase chain reaction (PCR) enables the edadatification of viruses even if they are
closely related to each other, supposing thatast Ipartial nucleotide sequences are known
from a certain virus. (RT-) PCR is relatively fasparing virus propagation and purification,
and thus avoids the difficulties in honeybee vigs@ation, which are caused by the lack of
species- specific cell cultures. This method i® &stremely sensitive and specific compared
to AGID. PCR also provides the opportunity to perigohylogenetic analysis by sequencing
the amplification products and comparing them tqus@ces of different other viruses
deposited in the GenBank database. This allowsdognize the relatedness of viruses, which
is important for viral epidemiology and taxonomyhefefore nowadays the taxonomical unit
“serotype” is frequently complemented by “genotypeferring to the characteristic changes
in the viral genome, which are important for viregolution, but may not reflected the
antigenic properties in all cases (Harrach and Beh®98). Mostly, however, are “genotype”
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and “serotype” not contradictory, but complete aondfirm each other (Harrach and Bénk
1998).

This paper presents the partial sequencing andesegucomparison of two honeybee
viruses isolated in Hungary from a disease outbezgkmpanied with high mortality of adult

bees.

5.2. MATERIALS AND METHODS

5.2.1. Specimens

A virus strain designated Hu-B1/97 was isolatednftioneybee samples. The virus was
propagated in pupae and purified by caesium-chdogichdient ultracentrifugation (Békeési et
al., 1999, Bakonyi et al., 2002). The pupae usedifois propagation were previously tested
and have been found negative for the presenceuoftfee pathogenic viruses: ABPV, KBV,
black queen cell virus (BQCV) and sacbrood viruB\($ The virus was identified as ABPV
by AGID test.

5.2.2. Agar gel immunodiffusion test

The purified virus suspension was tested agairtstA®PV reference immune-serum in
wells punctured into 0.9 % (w/v) agar plates. Refiee ABPV virus suspension and reference
serum applied as controls originated from the ctib@ of the Faculty of Veterinary
Medicine, Warsaw Agricultural University. Twofoldlations of the antigen were made in
PBS.

5.2.3. Nucleic acid isolation and reverse transcrtpn

The viral RNA was extracted from 140 of the gradient purified and dialysed virus
solution by employing the QlAamp viral RNA purifiban kit, following the manufacturer’s
instructions. Pure RNA was eluted in gDof appropriate buffer. The reverse-transcription
was performed on 1fil of viral RNA extract using RevertAid First Strand cDNA Synthesis
Kit (MBA Fermentas, Vilnius, Lithuania).
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5.2.4. Oligonucleotides

Primer pairs were designed for the amplificatiordsttinct genomic regions of ABPV
and KBV. The oligonucleotides were selected from dlailable and most conservative parts
of the nucleotide sequences of the aforementioneses deposited in GenBank database
(ABPV: accession numbers AF126050, AF150629; KBWF283732, AF034541) (Hung et
al., 2000). The oligonucleotides were designedguiie Primer 2.0 and Oligo 3.4 programs.
The primers used in the RT-PCR reactions are pteden Table 1., and their location on the

viral genome is illustrated in Figure 1.

ABPV complete genome (AF150629)

ORF1 ORF2

ik > < 6509-9253 R
L1
11

A

i i l: 1-3'

APV23-APV24 1
7928-8546

Sequenced amplicon from ABPV genome

Sequenced amplicons from KBV genome KBV1-KBV2 [ ABPV4-ABPV2 [
5306-5720 7895-8504

KBV partial genome sequences AF034541 = AF263732 [
5306-5720 8116-8517

Figure 1.: The location of the sequenced products amplifigdtie different
primer pairs from the ABPV and the KBV like compaheof the virus
suspension. Shaded boxes represent the ABPV cangdetome and the partial
KBV sequences available in the GenBank. Open rgddame 1 (ORF1) encodes
the non structural proteins, and ORF2 the strutfanateins of the virion. Open
boxes represent the amplicons, numbers refer totlokeotide positions on the
complete ABPV genome (AF150629).

5.2.5. PCR, nucleotide sequencing and sequence asals

The nucleic acid multiplications, sequencing andus@ce analysis procedures were

performed as described previously (Bakonyi et241Q2).
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Table I.: Primers selected for RT-PCR of ABPV and KBV

Oligo® Sequence (5’ to 3’) Nucleotide positions Product
ABPV2r | CCACTT CCA CAC AAC TAT CG 7895-7914 609
ABPV4f | TGC AAG TGT TAT CAC CGT TA 8485-850%4
APV23f | GTG CTATCT TGG AAT ACT AC 7928-7947 618
APV24r | AAG GYT TAG GTT CTACTACT 8527-8546

KBV1f | GAT GAA CGT CGA CCT ATT GA 5305-5324 415

KBV2r | TGT GGG TTG GCT ATG AGT CA 5701-5720

&f: forward; r: reverse primers
Nucleotide positions refer to the publisHedomplete ABPV sequence (GenBank accession

number: AF150629¥,partial KBV sequence (AF034541).
5.3. RESULTS

5.3.1. AGID test

Well visible double precipitation lines were seeetvieen the wells containing the

ABPV-specific immune-serum and 1:2 - 1:8 dilutiaghe purified virus suspension (Figure

2).

Figure 2.: The agarose gel precipitation of the isolate dairtg two viruses that
react with anti-ABPV rabbit serum. Serum was appligo the central reservoir
(S); the serial twofold dilutions of the antigenreaneasured clockwise (2-16),

two wells contain reference ABPV virus (Rc) andtwefold dilution (R2).
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5.3.2. Electrophoresis of the PCR products

Following RT-PCR with the APV23f - APV24r primerip@n the isolated RNA of the
purified virus suspension, a 618 bp product wasdetl. Using the ABPV4f and ABPV2r
oligonucleotide primers, a 609 bp band was visiblehe gels after electrophoresis. After
PCR amplifications, signals were only detectechim artificially infected pupae and never in
the non-infected controls (Figure 3). The Kashnee lvirus specific primers (KBVf and
KBVr) produced an amplicon of 415 bp following RTGR performed on the isolated viral
RNA (Figure 3). None of the other ABPV strains &el so far by our group (Bakonyi et al.,
2002) gave positive results with the KBV-specifiager pair.

Figure 3.: The agarose gel electrophoresis of the amplicooduged by different
primer pairs. M: 100 bp ladder, 1. APV23f-APV24r, RBPV4f-ABPV2r, 3:
KBV1f-KBV2r, N: negative control.

5.3.3. Nucleotide sequencing and computer analysis

The PCR products amplified by different primer paiwwvere sequenced, and the
nucleotide sequences were compared with the segsi@®posited in the GenBank database.
The amplicon produced by the primer pair APV23f P\R4r (AY053377) showed the
highest identity with the ABPV genome (Govan et 2000; AF150629). In case of the PCR
products amplified by the oligonucleotide primer8RA/4f and ABPV2r (AF346301) the

highest identity was found with a partial sequent&ashmir bee virus structural protein
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gene (AF263732) followed by the sequence of the YABBmplete genome (Govan et al.,
2000; AF150629).

The KBV1f - KBV2r amplification product exhibitedighest identity with a partial
sequence of the polymerase gene region of a KBesexp (AF034541) deposited in the
GenBank database.

In the structural protein gene region two amplicOh¥053377 and AF346301) were
aligned to the ABPV complete genome sequence. Woeaimplicons overlap in a 394 bp
region, and they also overlap with a partial KBVustural protein sequence (AF263732)
(Figure 4.). In this overlapping region the prodgenerated with primers APV23f-APV24r
shows 93.6 % identity to ABPV and 72.4 % identdy<BV. These data prove that one of the
components present in our virus suspension is aR\ABariant. The amplicon produced by
ABPV4f-ABPV2r shows 79.0 % identity to KBV and oni1.9 % to ABPV. This indicates
that the other virus isolate is closer to KBV thanABPV. (The reference ABPV and KBV

sequences have 69.4 % identity to each other siréigiion.).

AF150629 (8058) AATACTGAAATTATGGATCCTGCCCCTTGTGAATATGT TTGCAATATGT TTTCATAT TGGCGAGCTACTATGT GCTATCGTATAGCTATAGT TAAAACAG

AY053377 C G T Gt
AF346301  ..... G....C.C..GA.T..C............ GCA. .CC. A .CAGT........... C.A.......... A.TACGT..C......
AF263732 e e Covtee e TAGG...... G...

AF150629 (8158) CTTTTCACACTGGTAGGT TAGGAATTTTCTTCGGACCT GGTAAGATTCCAATAACGACGACGAAAGATAATATTTCCCCGGACTTGACT CAGT TAGATGG
AY053377 ... C...... ALl TA....... G..... G...T............ Coo A

AF346301 ... C.A.GAG....... TA..... ACA A .T........ A. . ACCTAC. . CALALTUTOOAL A GACAAA
AF263732 ... A.C.... GA..C....TA..A AGTI....C..GGTAGA .C&C....... T.AGGA..A..TCAATA AC.GA. C..

AF150629 (8258) AATTAAAGCGCCTTCTGATAACAATTACAAATACATCTTGGATCTAACTAATGATACGGAGATCACCATAAGGGTACCTTTTGTTTCAAACAAAATGTTC
AY053377 LCCo C.C.C....... L A.T.G.ooo A
AF346301 LGACTT...Cooool C.T..... T.ACT..... G....C.... A.AGT..T..CAA.T..AA. . A.T.T..G....T
AF263732 LACCT...T.. A .T..C.T.....C.A.A..T....A.......T...GT.. GTAA AALLLL.GLUT. .G T

Identity
to ABPV to KBV
AF150629 (8358) CATGAAATCTACGGGAATTTATGGTGGAAATTCT GAAAATAATTGGGATTTCT CTGAATCATTTACTGGATTTTTGTGCATAAGACCTATTACA  100. 0% 69. 4%
AYO53377 e G C.. 93.6% 72. 4%
AF346301 T .... GAC.A.C.C.......... CAA...G....C...A.C..T ........ C.C.C.... C.... T ... AG...T 71.9% 79. 0%
AF263732 T ... GA. CGIT..C..C..C....CG.TGAC..G .C......AC .TGAC..... C.C.C.... CC............ AL T  69.4% 100. 0%

Figure 4.: The nucleotide sequences of amplicons alignedeterence ABPV
(AF150629) and KBV (AF263732) sequences. The tweplmons were produced
by oligos APV23f and APV24r (AY053377) and ABPV4fnch ABPV2r
(AF376301). AY053377 is the ABPV like componenttioé isolate, AF376301 is
the one amplified from the KBV like component. Tingcleotide identity rates are

shown at the end of the alignment.

In the non-structural protein gene region, the eokitle sequence of the amplicon
produced by the primer pair KBV1f - KBV2r (AF46896#as also aligned to reference KBV
and ABPV sequences (Figure 5). It shows an 83.@léatity to the partial KBV sequence,
and 78.6 % identity to ABPV. (The reference ABP\WakBV sequences exhibit 76.6 %
identity to each other in this region.) This is adiditional proof that one component of the

isolate is genetically closer to KBV.
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AF150629 (5336) CAACTGAAAACACGTGTGTTTTCTAATGGGCCTATGGACTTTTCTATCACTTTTAGAATGTACTATTTGGGCT TCATAGCACACCT TATGGAAAATCGAA

AF468967 AC. T. LT A LA AA L. T..C.A.T......CG....T........ T.T..... C..T.A.... G.C...
AF034541 ...T .......... A.A.C.A ... A LA L. T..C ..... AG....C...... T T ... T.TT.A ...,
AF150629 (5436) TAACCAATGAAGTATCCATAGGAACTAATGTTTATTCCCAAGATTGGAATAAGACAGT TAGAAAACT TAAAACTATGGGACCCAAGGT TATTGCAGGAGA
AF468967 7T T..T..T.....G.C..G....T..G...... G T.G.GCAA .. ... AGT..A .A .C..T..T..
AF034541 T To...G L T T G....G....T..G.C...G..A.T...CC..T.GCC AAT. T. . . AAT. . A . ...... G.T..
AF150629 (5536) TTTCTCAACCTTTGATGGATCTTTGAATGTTTGCATTATGGAAAAATTTGCTGACCTAGCGAATGAAT TTTATGATGACGGATCAGAGAATGCATTAATT
AF468967 LT T ACT..Cooiviii i A.T.T..T..... G..... A...T...CC.A...........
AF034541 L To T AC ...... AT oo G.TT.......... G....C.... T.TGT...... TGCC. G . .

Identity

to ABPV to KBV

AF150629 (5636) CGACATGITTTGCTTATGGATGTATATAACT CAACACACATTTGTGGTGATTCCGTATATATGATGACACACAGTCAACCCTCT — 100. 0% 76. 6%
AF468967  ........ A AT.G....... G.C.T...Gl...... C.... AL AT T.T..C..... AAA 78.6% 83. 6%
AF034541 AG....G.AT.G....... G....T..TGI......... CAA...C..T..C........... T.T..C..... A A 76. 6% 100. 0%

Figure 5.: The nucleotide sequence of the amplicon produgedKBV1f and
KBV2r oligos (AF468967) aligned to reference ABPXHL50629) and KBV
(AF034541) sequences. The aligned product is amglifrom the KBV like

component. The nucleotide identity rates are shatithe end of the alignment.

The deduced amino acid sequences are shown alignédjure 6 (structural protein
gene region) and Figure 7 (non-structural prot@&negregion), respectively. The differences
in the amino acid sequence identities are less ipenty the identity of the HuB1/97 variant
in the structural protein gene region (ORF2) was8 82 to KBV and 83.8 % to ABPV. The
ABPV variant shows in the same region 95.5 % idgnt ABPV and only 79.3 % to KBV.
The KBV and ABPV reference sequences share 76 de¥ity at the amino acid level.

AF150629 (aa 539) RATMCYRI Al VKTAFHTGRLG FFGPGKI Pl TTTKDNI SPDLTQLDG KAPSDNNYKY! LDLTNDTEI Tl RVYPFVSNKMFMKSTG YGGNSENNVDFSES
AY053377 E..E.R..M......... T

AF346301 ..., TV E...E.Q..... PT......... TKDL. ... V. CKLYooo To...... N....N...
AF263732 ..., TV E...E.SS.MWRADLG.QS. . NTl.................. VoKLY oo TV....AD...ND.
Identity %
to ABPV to KBV
AF150629 (aa 639) FTGFLCIRPIT 100.0 76.6
AY053377 95.5 79.3
AF346301 ... V. 83.8 82.8
AF263732 L 76.6 100.0

Figure 6.: The alignment of the deduced amino acid sequerafeghe
corresponding amplicons in the structural proteiname region. The amino acid

identity rates are shown at the end of the aligrimen

AF150629 (aa 1779) Q_KTR\/FSNGPNDFSI TFRMYYLGFI AHLMENRI TNEVSI GTNVYSQDWNKTVRKLKTMGPKVI AGDFSTFDGSLNVCI MEKFADLANEFYDDGSENAL |

AFABBI67 T S Q.S N.P.....
AF034541 L. A S...... TKE. N .o A .C..
ldentity %
to ABPV to KBV
AF150629 (aa 1879) RHVLLMDVYNSTH CGDSVYMMTHSQPS 100.0 91.4
AF468967 ... Voo K 93.7 91.4
AF034541 ... VoooNoo T 91.4 100.0

Figure 7.: The alignment of the deduced amino acid sequerafeghe
corresponding amplicons in the non structural pnogenome region. The amino
acid identity rates are shown at the end of thgnatient.
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In the investigated ORFL1 region, the HuB1/97 isoktares 91.4 % amino acid identity
with KBV and 93.7 % with ABPV; the ABPV and KBV mfence sequences also exhibit 91.4
% identity to each other.

5.4. DISCUSSION

Our results suggest, that ABPV and KBV seem to lremeemmon ancestor, and have
developed since then through serial point mutatiordifferent directions. Whether they now
may be considered to be different viruses or onlysv variants will be a matter of
international discussions and agreement. The @asigenic relationship of ABPV and KBV
is also demonstrated by their serological crosstigty in AGID. The traditional
classification of viruses at the species level fiero based on antigenic properties of the
viruses resulting in the proposal of different &gpes”. Serotyping, however, seems to be
inappropriate method to classify honeybee virusee tb several reasons. The most
widespread method of serotyping, the virus-newasibn is not possible in the case of
honeybee viruses due to the lack of cell culturedhianey bee origin. Hemagglutination
inhibition is not possible in the case of non heghainating viruses to which group most bee
viruses belong. The specificity of AGID, complemédmx@ation and immunofluorescence is
insufficient to rely on when exact taxation of \Was is the aim. Therefore, in case of
honeybee viruses, genotyping seems to be a vesgtei® and appropriate method for virus
classification. The characteristics of genomic argation and the ratio of identity between
different viruses can be the basis of classificgtim determine whether a virus is only a
variant among several others, or a different pathog

Since in our investigations, the alignment of thelaotide sequence has revealed an
identity of 79.0 % to the KBV and only 71.9 % teethrototype ABPV in the first sequenced
part within ORF2, we concluded, that our isolateather a variant of KBV rather than of
ABPV. The results prompted us to check our samyille KBV specific primers, which were
designed against the sequences deposited in theaBkrlatabase. The discriminating primer
pair (KBV1f and KBV2r) annealed to our new variafmit not to the ABPV related
component of our virus suspension or to any othBP¥ strain from our collection. The
amplicon was also sequenced, and the sequenceskgered.

Sequence alignment and analysis revealed that iffieretices are mainly point
mutations in both, the structural and in the nooedtral regions. Some of the nucleotides
present in Hu-B1/97, and not identical in the thvaeises, are common with ABPV and
others with KBV, so most probably our new virugasher an intermediate variant between
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ABPV and KBV and not a result of recombination l{aligh this possibility may also be

given by the simultaneous presence of the two ggus bee populations). Furthermore our
finding supports the theory, that ABPV and KBV shibnot be considered to be separate
viruses, but variants of the same pathogen. Thipasition is strengthened further by the
results of the alignment of the deduced amino aeiiences. Despite of the higher identity
of the HuB1/97 with KBV at the nucleic acid levelyr new variant’s deduced amino acid
sequence shows higher identity to ABPV due to tleatsmutations.

Unfortunately the further sequencing of Hu-B1/97swandered up to now by the
inability of the primers designed against the pngie ABPV genome to anneal to the Hu-
B1/97 genome. KBV partial sequences from regiofifer@int from the sequenced ones are
not deposited in the GenBank database; therefazezould not design further KBV specific
primers. Though we are aware of the fact that theB#/97 sequence is too short to make
final conclusions, this low level of homology woultean a high diversity in the genome of
different ABPV/KBYV strains. This diversity is diffult to prove by AGID due to the strong
cross reaction caused by the similar protein strec{indicated by the high identity of the
amino acid sequence). It is also difficult to rdviep sequencing of PCR products, because
primers may not attach to the different varianegmes due to the relatively higher diversity
at the nucleic acid sequence level. If this varyilegree of identity is valid for the whole
genome, the possibility of variation in the biologi properties (pathogenicity, virulence, etc.)
of the virus cannot be excluded. This premise mapfaén the contradiction, that the ABPV
usually causes inapparent infection, but sometisiesported to be a major cause of mortality
especially in mite-infested colonies (Ball and All€988, Bakonyi et al. 2002).

To summarise, our results show, that at least tather different genotypes of
ABPV/KBV are present simultaneously in the Hungarépiaries, and the later seems to be
genetically closer to the partially sequenced KBMia than to ABPV. The differences in the
nucleotide sequence of the ABPV reference straum ldn-B1/97 prompted us to start a
thorough and detailed sequence analysis on our ®G& positive samples. Further studies
should reveal the occurrence rate of the Hu-B1#8&irsin Hungary, and help to decide
whether the different genotype is connected witffedences in pathogenicity or any other

characteristics of an infection caused by the iffeévirus strains.
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Chapter 6

Development of reverse transcription-polymerase cha reactions

for the detection of four honey bee viruses.

6.1. INTRODUCTION

The scientific and practical impact of the reseamohhoney bee viruses is emerging
worldwide. Although 18 different viruses have besolated from honey bees so far (Allen
and Ball, 1996), our knowledge on the distributiand economical or animal health
importance of these viruses is still incomplete.siof them do not cause clinical symptoms,
but in several cases viral infections induce seweiseases (Bailey and Ball, 1991).
Pathognomical symptoms of the disease can be adaberv worker bee larvae, for example,
in the case of sacbrood virus (SBV, White, 1917|dyeet al., 1964; Bailey and Ball, 1991),
or on queen-cells infected with black queen-cetusi(BQCV, Bailey and Woods, 1977,
Bailely and Ball, 1996). Other viruses, like acptalysis virus (ABPV, Bailey et al., 1963;
Ball et al., 1985) or Kashmir bee virus (KBV, Bgiland Woods, 1977; Hung et al., 1996b)
may induce sudden collapse of bee colonies infestéd the parasitic miteVarroa
destructor Since cell cultures of bee origin are not avddadt the moment, the detection of
bee viruses is based on the propagation of virbgesxperimental infection of bee pupae or
newly emerged bees followed by electron microsc@pyl) and agargel-immunodiffusion
(AGID) or ELISA using specific sera (Allen et al986; Vecchi et al., 1990).

The development of the new molecular diagnostibrigpies gave the opportunity for
the detailed investigation of the nucleic acid e in several honey bee viruses (Evans and
Hung, 2000). Complete genome sequences have beamdeed in the case of SBV (Ghosh
et al., 1999), BQCV (Leat et al., 2000) and ABPWby@n et al., 2000), while from KBV
partial genome sequences were determined (Hungd.,e2@00). Sensitive and reliable
diagnostic methods were developed for the detedaifornral nucleic acid of KBV (Stoltz et
al., 1995), SBV (Grabensteiner et al., 2001), AB&w BQCV (Benjeddou et al., 2001)
applying reverse transcription polymerase chaiotrea (RT-PCR).

This scientific note presents a diagnostic metlaydtie detection and identification of

four RNA viruses of the honey bee using RT-PCRna amplification panel.
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6.2. MATERIALS AND METHODS

6.2.1. Viruses

The viruses tested by RT-PCR were isolated in Hyn¢@BPV, KBV) and in Poland
(SBV, BQCV, Topolska et al., 1995) from field saegl Viruses were propagated in honey
bee pupae, purified by gradient ultracentrifugatmal identified using EM investigations and
AGID tests (Békési et al., 1999; Topolska et 999).

6.2.2. RNA purification and reverse transcription

Viral RNA was isolated with QlAamp viral RNA Mini iKand reverse transcription was
performed using oligo(dT) primers applying Reved® First Strand cDNA Synthesis Kit
(MBI Fermentas, Vilnius, Lithuania) following theanufacturer's instructions.

6.2.3. Oligonucleotides

Four primer pairs were designed upon from the ghbkli genome sequences of BQCV
(accession number: AF183905), KBV (AF034541), SBWAF(@92924) and ABPV
(AF150629) for the amplification of distinct genamiegions of the viral RNA with distinct
size in the different viruses. Primer 2.0 softwgBeientific and Educational Software, Serial
No. 50178) was used for the design. The primer esecgs, orientations, locations and
product sizes are shown in Table I. The oligonuales were synthesized by Creative Labor

Ltd. (Szeged, Hungary).

6.2.4. PCR

Amplifications were performed in 5@ reaction mixtures containing 1.5 mM Mg{10
pmol deoxynucleozide triphosphate (ANTP) mix, 50opwf the appropriate primers, (2
cDNA and 1.5 U Tag DNA polymerase (MBI Fermentasnids, Lithuania). After the initial
incubation step at 94°C for 3 min, the reaction tom& was subjected to 40 cycles of heat
denaturation step at 94°C for 1 min, followed biymar annealing step at 55°C for 1 min, and
DNA extension step at 72°C for 1 min. The reactia@se terminated with a final extension
step at 72°C for 5 min for the. The amplificatiamsre performed in MJ Research MiniCycler

(MJ Research, Inc. Watertown, Massachusetts, USA).
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Table I.: Primers selected for RT-PCR of BQCV, KBV, SBV ax@PV

Length of the
Primer? Sequence (5" to 3") Nucleotide positions amplified
product (bp)
BQCV76f GTATGC TTG GAG ACCAGG TT 76 - 95
BQCV299r | CAT GCT TCA GGT AGT ACA GG 280 - 299 223
KBV 1f GAT GAA CGT CGA CCT ATT GA 5305 - 5324 415
KBV2r TGT GGG TTG GCT ATG AGT CA 5701 - 5720
SBV1f ATA CCAACC GATTCC TCAGT 218 - 237
SBV2r TCATTCCTTTTACCATTT AC 844 - 863 645
ABPV 4673f| CAATTG GAC CTA GAT CAG AC 4673 - 4692
ABPV 5426r| CCA TAA GGT GTG CTA TGA AG 5407 - 5426 753

& f. forward; r: reverse primers
Nucleotide positions refer to the published con®I8BQCV (AF183905), “ABPV
(AF150629) andSBV (AF150629) sequences.

6.2.5. Gel electrophoresis

The products (1@ul) were electrophoresed in 1% Tris borate-EDTA brdtl agarose
gel containing 0.%ug/ml ethidium bromide, at 6 V/cm for 1 hour. Thenta were visualized
by UV translumination at 312 nm and photographed aébyKodak DS Electrophoresis
Documentation and Analysis System using the Kodagit& Science 1D software. Product
sizes were determined with the reference to GenRulleé bp DNA Ladder (MBI Fermentas,

Vilnius, Lithuania).
6.3. RESULTS AND DISCUSSION

The genomic RNAs of four bee viruses were detebtedpecific primer pairs in four
separate RT-PCR reactions using the same amplificganel. The amplifications resulted
distinct products appearing as definite bands efdkpected molecular weights (Figure 1).
The BQCV specific primers amplified a product ab280 bp in size from the BQCV strain
and also in the case of 7 out of 8 field samplaese€g pupae from blackened cells) from
Poland. Queen cells showing clinical symptoms wereavailable from Hungary so far, and
the tested apparently healthy pupae were negayi\RTbPCR. A Hungarian bee virus isolate
(Hu-B1/97) was tested with the KBV specific primeiide oligonucleotides amplified an
about 410 bp long product from this isolate, but fnom other genetically related isolates.
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The SBV specific primers generated an approxima®ély bp long product with the Polish
SBV virus strain, but not with the other templatéaze Hungarian field samples (gondola-
shaped pupae) have been also tested, but theyfowere to be negative by RT-PCR and by
electron microscopy as well. Amplifications withettABPV specific primer pair resulted
products with approximately 750 bp in size fromugified Hungarian ABPV isolate, from 10
tested Hungarian field samples and also from ssR@BPV isolate as well. In the case of the
KBV and ABPV primers, the specificity of the ampidtions were also verified by the
sequencing of the PCR products (accession numliet68967, AF486072 and AF486073).

Figure 1.: The agarose gel electrophoresis of the RT-PCRugtsdof BQCV,
KBV, SBV and APPV isolates with the correspondipgdfic primer pairs. M:
100 bp ladder, 1: BQCV76f-BQCV299r (223 bp), 2: KBAKBV2r (415 bp), 3:
SBV1f-SBV2r (645 bp) 4: ABPV4673f-ABPV5426r (753)bp

The RT-PCR methods described in this paper proaidgick and easy technique for
the detection of the four most important bee visu3dnis system exceeds the previous ones in
the practical point of view. Since the amplificatieonditions are the same for all eight
primers, it is possible to perform the reactionghwdifferent primers using the same
amplification programme, sparing time and workirgyyer. The primers were selected to
provide well distinguishable products with diffetenolecular weight (BQCV: 223 bp, KBV:
415 bp, SBV: 645 bp, ABPV: 753 bp), which makesitlentification easier. Further attempts
are being performed to establish the optimal coatibn of the different primer
concentrations, to establish a multiplex RT-PCResyisbased on the aforementioned specific

primers.

71



V. CONCLUSIONS AND NEW RESULTS

This work represents the results of a four yeang lvork on the occurrence of honey
bee viruses in Hungary and also reveals the relstiip and divergence of acute bee paralysis
virus (ABPV) strains. Although honey bee viruseg alistributed world-wide, and the
presence of some viruses was also suspected inadynigvestigations focused on these
viruses have not been performed before.

A clinical case with sudden collapse of bee colsrigrned our interest towards the
virus infections of the honey bees. The first ifola of the ABPV in Hungary was the
beginning of diverse and comprehensive series wdstigations. Besides epidemiological
studies, development of new diagnostic methodscantparative molecular and phylogenetic
investigations on certain bee viruses were cardgetl within the frames of our research
programme. Taking the specialities of the host iggeinto consideration, we had to broaden
our knowledge to beekeeping, bee pathology andspal@gy as well. In the last few years
remarkable international scientific developmentlddoe observed in the field of bee virus
research. For example, all the complete genomeesegs and molecular investigation
methods on bee viruses have been described inastetiree years. These new results
rendered significant help to our research, and ptempted us to do all efforts to save our

position in the vanguard of bee virus research.

Our investigations resulted the following new stif@results:

1. We have detected, propagated, identified and de=strior the first time the
acute bee paralysis virus in diseased bees calléam a Hungarian apiary.

2. We have developed rapid and sensitive diagnostithads based on RT-PCR
for the detection of ABPV, KBV, SBV and BQCYV in henbee samples.

3. We had started a survey on the occurrence of thegs\vin Hungary, and
demonstrated the presence of ABPV in two thirdhef investigated apiaries.
The comparison of the occurrence rate of the vimukealthy colonies and in
colonies with symptoms of the disease supportedntipact of the virus in bee

diseases.
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4. We have demonstrated the presence of the virakimuatid of the ABPV in the
parasitic mitevVarroa destructoy supporting the theories on the role of the mite
as a vector of the virus.

5. We have analyzed the genetic relationship betweentr@ European ABPV
strains. Phylogenetic trees based on the alignnuérikee structural protein gene
region revealed at least two distinct genetic Igdsof ABPV, which are sub-
divided into several genotypes reflecting the gepfgic origin of the isolates.
The methods provide a basis of phylogenetic arabyshew ABPV isolates.

6. We have determined the partial nucleotide sequemcd the sequence
divergence of the non structural protein gene mregioa Hungarian and a Polish
ABPV isolate.

7. We have detected and isolated a new virus varmaathoney bee sample from
Hungary. The phylogenetic analysis of the new vdriegndicated close
relationship with KBV and ABPV strains.

Since all of our new results raise several furtheestions, we plan to carry on the
research on bee viruses. We would like to sequinmgger parts from the new Kashmir-like
virus variant and also would like to continue teguencing of the ABPV isolates. We would
like to develop new diagnostic methods for the cl&ta of other bee viruses and with the
help of these new techniques, we would like toaofurther viruses from Hungarian honey
bee samples.
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