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Abstract

Wolbachia is a common intracellular endosymbiontic bacteria found in up to 65% of
insects. Wolbachia infections have been detected in all major insect orders. Wolbachia
manipulate the reproduction by inducing male killing, parthenogeneis, feminization and
the most frequently effect is cytoplasmic incompatibility (Cl). CI is an incompatibility
between sperm and egg and occurs when infected males mate with uninfected females or
females infected with a different Wolbachia strain. The genus Rhagoletis belongs to the
dipteran family Tephritidae and contains several economically important pest species
worldwide. Recently, it was shown that the European Cherry Fruit Fly, R. cerasi,
harbours five different Wolbachia strains containing at least two strains which have the

potential to be used in biological control of insect pests.

In this thesis two Rhagoletis species were screened by conventional PCR with wsp
primer for Wolbachia. These amplicons were directly sequenced. Further the PCR
products have been cloned and about 20 plasmids per species were sequenced. After that
the detected strains were characterized by the multilocus strain markers MLST: hcpA,
COXA, gatB, ftsZ and fbpA.

The two species screened were the Eastern Cherry Fruit Fly, Rhagoletis cingulata,
and the Apple Maggot, Rhagoletis pomonella. R. cingulata is a pest in sweet and sour
cherries in North America which was recently introduced in Europe. It has a similar
biology as R. cerasi. R. pomonella, is a serious pest in apple orchards in North America
and a model species for sympatric speciation. R. pomonella on hawthorn and apple are

genetically and ecologically different.

The PCR data revealed that R. cingulata and R. pomonella are infected with
Wolbachia. Sequence data proved that R. cingulata contains two different Wolbachia
strains, wCinl and wCin2. They are ident to the Wolbachia strains wCerl and wCer2 of
R. cerasi comparing the five different nuclear MLST markers.

R. pomonella collected from apple are infected with one Wolbachia strain wPom
which was ident to the wCer2 strain based on the wsp gene. Analysis with MLST

primers showed one single mutation on the hcpA locus not being detected before.



Zusammenfassung

Wolbachia ist ein intrazellular lebendes Bakterium, das in bis zu 65% der Insekten
symbiontisch lebt. Wolbachia Infektionen wurden in allen gréReren Insektenordnungen
nachgewiesen. Wolbachia manipuliert die Vermehrung der Insekten durch male-killing,
Parthenogenese, Feminisierung und zytoplasmatische Inkompatibilitait (Cl). CI
bezeichnet eine Inkompatibilitat zwischen Spermium und Ei und wird verursacht, wenn
sich infizierte Mannchen mit nicht infizierten Weibchen kreuzen.

Die Gattung Rhagoletis gehort zu der Zweifllgler-Familie der Fruchtfliegen
Tephritidae, Arten dieser Gattung gehoren weltweit zu den wichtigsten 6konomischen

Pflanzenschédlingen.

In dieser Diplomarbeit wurden zwei Rhagoletis Arten mit einer konventionellen PCR
mit wsp Primern auf Wolbachia untersucht. Die untersuchten PCR-Produkte wurden
direkt sequenziert. Weiters wurden die PCR Produkte kloniert und ca. 20 Plasmide pro
Art sequenziert. Die entdeckten Stdmme wurden mit den MLST-Markern - hcpA, CoxA,
gatB, ftsZ und fbpA -charakterisiert.

Es wurden zwei Arten der Gattung Rhagoletis untersucht. Einerseits die
Amerikanische Kirschfruchtfliege Rhagoletis cingulata, einem Schadling bei SuB- und
Sauerkirschen in Nordamerika, der kirzlich nach Europa eingeschleppt wurde. Zum
anderen handelt es sich um die Apfelfruchtfliege R. pomonella, einem Schédling bei
Weildorn und Apfel in Nordamerika. Bei R. pomonella wurde zum ersten Mal
sympatrische Artbildung beschrieben: Arten an Wei3dorn und Apfel unterscheiden sich
Okologisch und genetisch.

PCR-Daten bestétigten eine Wolbachia-Infektion bei R. cingulata und R. pomonella.
Die Sequenzierung der PCR-Produkte ergab, dass R. cingulata mit zwei
unterschiedlichen Wolbachia Stdmmen wCinl und wCin2 infiziert ist. Eine genaue
Analyse mit fiinf verschiedenen MLST-Markern bestétigte, dass Wolbachia in R.
cingulata genetisch ident der Wolbachia in der europaischen Kirschfruchtfliege R. cerasi
ist.

Von Apfelbdumen gesammelte R. pomonella Individuen sind mit einem Wolbachia-
Stamm, wPom, genetisch ident dem wCer2 Stamm in R. cerasi, infiziert. Genauere

Analysen mit den MLST Primern zeigten eine Mutation am hcpA locus.
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1. Introduction

1.1  The genus Wolbachia

Wolbachia is a gramnegativ endosymbiontic bacterium. Hertig and Wolbach
described this endosymbiont in the year 1924 (HERTIG & WOLBACH 1924). They
were the first to find this Ricketsia Like Organism (RLOs) in Culex pipiens
(Diptera). HERTIG (1936) named it endosymbiont, Wolbachia pipiens.

Results from different studies show an infection rate from 15 to 75% of all insect
species (JEYAPRAKASH & Hoy 2000, WEST ET AL. 1998, WERREN ET AL. 1995,
WERREN & WINDSOR 2000). Recently, HILGERBOECKER ET AL. (2008) concluded
from a metapopulation study that 65% of all insects are infected with this
endosymbiont. Low titre infections and low frequency infections mostly lead to

an underestimation, e.g.

ARTHOFER ET AL. (2009A)
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Figure 1.1 Transmission electron micrograph of Wolbachia in a and low frequencies. Based on
developing spermatid of the moth Ephesia cautella (taken from

O’NEILL & RIEGLER 2006) a study with wild populations

of Drosophila innubila,
UNCKLESS ET AL. (2009) showed that there is substantial (20.000-fold) variation
in Wolbachia density and that within host Wolbachia, density is positively
correlated with both the efficacy of male killing and maternal transmission
fidelity.

Infections have been detected in all major orders of insects and some other
arthropod classes like the arachnids or the isopods. Further Wolbachia was
detected in nematodes (SIRONI ET AL. 1995, BANDI ET AL. 1998). Wolbachia is
supposed to switch frequently between different species (BRAIG ET AL. 1994). In



most cases Wolbachia changes the reproduction abilities of the hosts to enhance
its vertical transmission (WERREN 1997). In some cases Wolbachia can have
positive effects on fertility, sperm competition and can be essential for oogenesis
(DEDEINE ET AL. 2001). The transmission occurs transovarial through the
cytoplasm of host eggs like the mitochondrial DNA and that is the reason why

Wolbachia always infects female germlines (SERBUS & SULLIVAN 2007).

On the basis of nuclear 16S ribosomal sequences, Wolbachia has been grouped
into 7 supergroups. In the supergroup A and B are the major Wolbachia strains of
the arthropods and supergroup C and D include the most Wolbachia strains of
filarial nematodes. Supergroup E includes Wolbachia that infects wing-less
insects like the Collembola and Wolbachia strains of the supergroup F are mostly
detected in termites. Supergroup G includes Wolbachia strains from Australian

spiders (for review see WERREN ET AL. 2008).
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Figure 1.2 Map of the wMel genome (Wolbachia in Drosophila
melanogaster) with the location of the five MLST loci and the wsp
locus (taken from BALDO ET AL. 2006); see also Table 3.1.



Three Wolbachia surface proteins wsp have commonly for screening: wsp, wspA
and wspB (BRAIG ET AL. 1998, ZHOU ET AL. 1998). wsp is divided into four
hypervariable regions (HVRs) (WERREN ET AL. 2008) and is quite polymorphic
(BALDO ET AL. 2006) and prone to recombination (WERREN & BARTOS 2001).
Thus this locus is not ideal for the phylogenetic characterization of Wolbachia
(BALDO ET AL. 2006). Still, it is a good marker to be used for detection

(ARTHOFER ET AL. 2009B).

In consequence, a supplemental typing system to the wsp genes was developed
by BALDO ET AL. (2006): The Multilocus Sequence Typing System MLST.
MLST uses five housekeeping genes gatB, coxA, hcpA ftsZ and fbpA (for details
see table 3.1) that are broadly distributed across the wMel genome of Drosophila
melanogaster (Figure 1.2). Strains with similar wsp sequences often have
different MLST allelic profiles (BALDO ET AL. 2006). The MLST alleles can be
submitted to the Wolbachia MLST database (http://pubmist.org/wolbachia/) a
site hosted at “The Peter Medawar Building for Pathogen Research® at the
University of Oxford, UK.

Wolbachia can precipitate parthenogenetic induction, feminization of males,
male killing or cytoplasmic incompatibility (Cl). Multipotent Wolbachia strains
can induce different effects on different hosts (for review see WERREN ET AL.
2008). In the following I will concentrate on CI as it the most frequent effect

detected in insects and plays a major role in that thesis.

Cl can be detected when a cross between Wolbachia infected males and
uninfected females results in none or in limited offspring (Fig 1.3). This
incompatibility is unidirectional as the reciprocal cross i.e. between an uninfected
male crossed with a Wolbachia infected female results in normal Wolbachia
infected offspring. O’NEILL & KARR (1990) differentiate unidirectional
mechanism by a bifactorial mechanism for the first time in Drosophila simulants:
Wolbachia modifies the sperm and the sperm can only be rescued if the female
has the rescue mechanism. If the female is not infected by the same Wolbachia

strain the eggs will remain unfertilized.



Wolbachia can be involved in speciation (BORDENSTEIN ET AL. 2001). The
authors reported about reproductive isolation between the sibling species
Nasonia vitripennis and Nasonia girauli. A single Wolbachia infection of N.
vitripennis is bidirectional incompatible with a single Wolbachia infection of N.
girauli. These different strains have independent origins. They are required as

example for horizontal Wolbachia transfer between different species.

Wolbachia has been suggested
as a potential tool for

environment-friendly

strategies for the control of
arthropod species, the major
agricultural pests or disease

vectors (BEARD ET AL. 1993,

BourTzIsS & O’NEILL 1998,
BOURTZIS & BRAIG 1999). A

similar  way is  using

Wolbachia-induced CI for pest

Figure 1.3 The phenotype of Wolbachia inducing cytoplasmic

incompatibility Cl. Wolbachia infected males (red) crossed with control. ~ Crosses  between
not infected females result in no offspring (indicated by black ]

cross) in contrast to the reciprocal crossing which results in a vital  Uninfected females  and

Wolbachia infected offspring.

1.2

infected males result in an egg
mortality for nearly 100%. Incompatible Insect Technique (IIT) (BOLLER &
BusH 1974, BOLLER ET AL. 1976) is the use of the mechanism of Wolbachia-
induced CI for the control of populations of pest insects. Wolbachia
transinfection experiments from infected R. cerasi to uninfected medflies
Ceratitis capitata (ZABALOU ET AL. 2004) showed the potential of Wolbachia as
a means for insect pest population control. The problem for the practical
approach is besides others the difficulty of mass rearing Wolbachia infected

males only (BourTzis 2008).

Wolbachia in the dipteran family Tephritidae

Tephritidae is one of two fly families referred to as "fruit flies". There are almost

5,000 species of tephritids, categorized into almost 500 genera. Tephritid fruit



flies are of major importance in agriculture. Various species of fruit fly cause
damage to fruit and other plant crops (WIKIPEDIA 2009).

Wolbachia is described in several tephritid species including the Caribbean fruit
fly Anastrepha suspensa (WERREN ET AL. 1995), the South American fruit fly
Anastrepha fraterculus (SELIVON ET AL. 2002), six species of the genus
Anastrepha: A. grandis, A. striata, A. pickeli, A. oliqua, A. serpentina, A. amita
(CoscrATO ET AL. Gene bank), Rhagoletis cerasi (BLUMEL & Russ 1989,
RIEGLER & STAUFFER 2002, ARTHOFER ET AL. 2009B), Ceratitis capitata
(LINCOLN ET AL. 2005), the oriental fruit fly Bactrocera dorsalis (SUN ET AL.
2007) and in 12 other species of Bactocera in Thailand (SUN ET AL. 2007,

JAMNONGLUK ET AL. 2002).

1.2.1 Wolbachia in the tephritid genus Rhagoletis
The extensive historic data set on distribution of the geographic complexes

(BOLLER ET AL 1976) coupled with field collections over the entire distribution
range of the host species for the last decade (RIEGLER & STAUFFER 2002,
ARTHOFER ET AL. 20098B) make R. cerasi to one of the most attractive field
models of Wolbachia dynamics. Unidirectional incompatibilities occurred when
males from southern and central European populations mated with females from
northern European populations (BOLLER ET AL. 1976). BLUMEL & Russ (1989)
detected Rickettsia Like Organisms (RLOs) in the ovaries of individuals in all
populations. RIEGLER & STAUFFER (2002) found an infection with two different
Wolbachia strains namely wCerl and wCer2 in the European R. cerasi
populations. Infections with the Wolbachia strain wCerl were found throughout
Europe whereas the southern and central Europe was found to be superinfected
with wCer2. A comparison of the two different Wolbachia strains with the
mating incompatibilities found by BOLLER ET AL. (1976) suggested that most
likely wCer2 induces Cl. The fact that wCerl was present in each individual
caused the guess, that wCer2 is the cause of CI. A follow up project funded by
the Austrian Science Foundation (FWF) revealed that European R. cerasi
populations are infested by at least five Wolbachia strains (wCerl1-5) (ARTHOFER
ET AL. 20098) (Fig. 1.5). Recently, K. KoppLER (JKI, Dossenheim, personal



communication) confirmed that wCer2 most likely is the CI inducing strain by

performing further crossing studies with wCer defined populations.

Figure 1.4 Distribution of the unidirectional incompatibility trait between populations of
Rhagoletis cerasi. Populations from the south (®) and the north and east (A) exhibited strong
cytoplasmic incompatibility ClI of 98% in single pair crossings (BOLLER ET AL. 1976).
Distribution of wCerl and wCer2 of R. cerasi in Europe according to RIEGLER & STAUFFER
(2002). Transition zone is indicated by blue line.

:l wCerl
I wcer2
I wcer3

S
- wCer4 ° -
B vcors gy

Figure 1.5 The distribution of wCerl-5 of Rhagoletis cerasi in eight European populations,
2007. Only wCerl was detected in all individuals analysed. Figure taken from ARTHOFER ET.

AL (20098).



1.3 Biology of Rhagoletis spp.
The genus Rhagoletis belongs to the family tephritids and contains important

pest species like R. cerasi, the Apple Maggot, R. pomonella, and the Eastern
Cherry Fruit Fly, R. cingulata. The biology of these different Rhagoletis species
is quite similar (Fig. 1.6).

Figure 1.6 Biology of Rhagoletis species: Adult females lay eggs singly in host fruit and after hatching
the larva feeds on the pulp. Mature larvae drop to the ground where they pupate and hibernate in the soil
(BOLLER & PROKOPY 1976)

Adult females move to larval host plants for mating and oviposition. Various
reasons for host detection play the foliage colour, tree shape and tree size.
Further, the odour of the host fruits act as kairomone attracting flies (MOERICKE
ET AL. 1975). Males are waiting on the host plants for females and defend the
territories for concurrent males (ALINIAZEE 1974, Boyce 1934). In order to
attract virgin females they emit a highly concentrated pheromone (PROKOPY &
BusH 1972). In order to copulate, males jump or fly on the female’s abdomen
and prepare for the fertilization (BROOKS 1921, BusH 1969). After fertilization
females fly to the maturing fruits to deposit mostly one egg per fruit e.g. R.
cerasi or more eggs per fruit e.g. R. completa who is laying 15 or more eggs at
each fruit (Boyce 1934, DEAN 1969). Under ideal conditions Rhagoletis spp. lay
up to 300-400 eggs per female.



A few days after the oviposition the larvae hatch and start feeding in the pulp of
the fruits. The larval development is completed in about two to three weeks.
Sugar contents and acidity play an important role for the development (BOLLER
1966, DEAN & CHAPMAN 1973). At last larval instars bore through the fruit skin
and drop to the ground. They burrow into the soil and pupate (FRICK ET AL. 1954,
LATHROP ET AL. 1932). Most Rhagoletis species undergo an obligate diapause in
the pupal stage and remain in the soil till the next spring (NEILSON 1962). Under
unfavourable conditions they can stay in the litter of the soil for several years
(BALDUF 1959).

In R. pomonella diapause is regulated mainly by photoperiod (PROKOPY 1968).
R. pomonella has a flexible diapause strategy. After a few weeks pupae can
develop to adults. The second generation is often unable to perform a complete
development and will be wiped out by low temperatures during winter
(CHAPMAN 1941).



1.3.1 The Eastern Cherry Fruit Fly R. cingulata
The Eastern Cherry Fruit Fly R. cingulata infests cherry orchards, particularly

sour cherries, Prunus cerasus, but also wild cherrys P. avium in North America.
R. cingulata is a close relative to the Western Cherry Fruit Fly R. indifferens,
which infests also P. avium and Chinese plum, P. salicina (EPPO, CABI 1996).
Morphologically these two species are hardly distinguishable (BusH 1966).
Genetically, however, they could be clearly distinguished (MCPHERON & HAN
1997, SMITH & BUSH 1997).

R. cingulata has a similar biology as R. cerasi. R. cingulata pupae requires a
higher temperature to reach maturity and emergence of adults from the soil starts
later than the one of R. cerasi. Adults are quite sessile as they fly only short

distances (LAMPE ET AL. 2005).

R. cingulata is a serious pest on cherries, plums and even
olives mainly in North American regions (WEemS Jr., 2001).
In 1983, R. cingulata was discovered on cherry trees in

Europe, namely in Switzerland for the first time (MERz 1994).

Between 1991 and 1993 R. cingulata was found many times in
the south of Switzerland. Adults were collected by

';i:qgi;z ﬁ-l;tidult fly of yellow sticky traps. Attacked cherries were collected and
hatched in the laboratory (BOLLER & MANI 1994). Later,

R. cingulata was detected in Germany (LAMPE ET. AL 2005), in northern Italy
(EPPO 1996) and in the Netherlands (EPPO 2004). In Germany, R. cingulata

was detected in Rhineland in the area of Kassel (Hessen) (LAMPE ET. AL 2005).

In the latter case, it is reported that 18% of collected maggots were R. cingulata.
Recently individuals of R. cingulata were detected in Slovenia (EPPO 2007) and

two individuals in Austria (EGARTNER ET AL. 2008).

R. cingulata infests cherries later than R. cerasi (BOLLER 1966, JuBB & CoOXx
1974), which indicates, that R. cingulata has the potential to fill an ecological

niece namely infesting later ripening cherries (LAMPE ET. AL 2005).



1.3.2 The Apple Maggot R. pomonella
The Apple Maggot, R. pomonella, is an important pest species on several orchard

species in North America (EPPO 1996). Adults lay their eggs on the fruits and

larvae begin to feed on the pulp of ripening fruits. The natural host plant of this

species is hawthorn, Crataegus spp. In 1860, WALSH described a shift from

hawthorn to apple, Malus domestica. Since then, R. pomonella was recorded on

several Prunus species like apricot, Prunus armeniaca, peach, P. persica, and

cherry, P. avium and P. cerasus (ALLDRED & JORGENSEN 1993). Larvae (but no

adults) have been found in pears (P. communis), medlars (Amelanchier),

chokeberries (Aronia),

Figure 1.8 Adult fly of R. pomonella

cranberry (Vaccinium macrocarpum) cotoneasters

(Cotoneaster atropurpureus) and roses (Rosa) (EPPO
1996). Apple orchards appear to have the highest
density rate of R. pomonella in the geographically
range of North America. So far this pest is absent in
the EU. Due to it is potential aggressivity on apple
species, R. pomonella has been classified as
quarantine pest in the EU (EPPO 1996).

Besides it’s economically importance, R.
pomonella is a model organism for sympatric

speciation. Sympatric speciation is the genetic



differentiation of populations without geographic isolation. In contrast, allopatric
speciation is the genetic differentiation caused by geographic isolation (MAYR 1963 or
for recent review see BERLOCHER & FEDER 2002). BusH (1969) described sympatric
speciation for the first time in R. pomonella as genetically differentiated host races exist
on apples and hawthorns. The author hypothesized that this differentiation was caused
by the shift from hawthorn to apple (BusH 1969). Host fidelity prevents gene flow
between populations from apple and hawthorn. Host associated fitness trade offs cause
post zygotic barriers to gene flow (FEDER 1998) (Figure 1.9). Species collected of
hawthorn and samples from apples show genetic differences on three different regions of
the genome (BERLOCHER & SMITH 1983, FEDER ET AL. 1989). Studies on the oviposition
of the different races reveal that there are differences on the host preference. Females of
both host races prefer to oviposit on hawthorns. Females originating from hawthorn are
indisposed to lay eggs on apples in contrast to apple originating females, which can lay
eggs on both hosts (PROKOPY ET AL., 1972, 1988).
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Figure 1.9 The life cycle of R. pomonella emphasing the roles of host fidelity and fitness trade-offs
play in isolating apple- and hawthorn-infesting races of the fly (taken from from FEDER 1998)



2. Aims

In this thesis the aim was to search for the presence of Wolbachia in R.
pomonella and R. cingulata. R. cingulata was analysed as this species was
introduced in Europe recently and co-infests cherries together with the European
Cherry Fruit Fly, R. cerasi. R. cerasi is known to host up to five Wolbachia
strains (ARTHOFER ET AL. 2009B) and the question was if these strains were

transferred to the introduced species.

R. pomonella was taken, as this prominent species for sympatric speciation was
never analysed for the existence of Wolbachia to my knowledge. As
BORDENSTEIN ET AL. (2001) showed, Wolbachia can cause speciation and thus
the presence of Wolbachia raises a new aspect in this story (for review see

HOWARD & BERLOCHER 1998).

Initially also Rhagoletis mendax, Rhagoletis completa and two different

psyllid species, Cacopsylla picta and Cacopsylla melanoneura were
analyzed. Latter two psyllid species are important orchard pests as
they are vectors for phytoplasmas.
R. mendax proved to be infected with Wolbachia but will be
elaborated in a later stage.

R. completa and the two Cacopsylla species revealed no
f;gc‘;;fpi-;Adu“ flyof  amplicon by conventional wsp PCR. Thus they were neglected

for further studies.

The Wolbachia detection was done with general wsp primers Y

described by BRAIG ET AL. (1998). These amplicons from R.
cingulata and R. pomonella were sequenced directly.
Further, wsp amplicons were cloned in order to detect
if more than one Wolbachia strain was present.

All Wolbachia strains detected were characterized by five

additional MLST markers (BALDO ET AL. 2006). For all

Figure 2.2 Adult fly of

loci a phylogenetic analysis was done.
phylog y R. mendax



3. Methods

3.1

3.2

Samples
Rhagoletis pomonella adults were collected by Prof. Dr. Luis AF Teixeira

(Michigan State University, Department of Entomology, East Lansing, USA) on
apple trees (Malus domestica) from a population collected in Michigan in 2006.
Rhagoletis cingulata pupae were collected by Dr. Kirsten Képpler and Dr.
Heidrun Vogt (Julius Kihn Institute JKI, Dossenheim, Germany) in Heidesheim
in Germany in 2008. All samples were stored in absolute ethanol, sent to the
Institute of Forest Entomology, Forest Pathology & Forest Protection, Vienna,
Austria and stored at -20°C.

Further blueberry pupae of R. mendax collected by Prof. Dr. Luis AF Teixeira
(Michigan State University, Department of Entomology, East Lansing, USA)
were sent from populations collected in Michigan in 2006. Further walnut husk
pupae, Rhagoletis completa, collected from immature walnuts were collected at
the garden of the Institute of Forest Entomology, Forest Pathology & Forest
Protection, Boku Vienna in autumn 2008. Two psyllid species, Cacopsylla picta
and Cacopsylla melanoneura were collected by Mag. Manfred Wolf from the
Land- und Forstwirtschaftliches Versuchszentrum Laimburg in Italy, stored in
absolute ethanol and brought to Vienna and stored there at -20°C.

Extraction of the DNA

From each of the species the DNA of two individuals was extracted using the
DNA Mini-Prep SIGMA Kit (Appendix I). The insects were put in an Eppendorf
tube and overlayed with 180 pl lysis solution, homogenized thoroughly, 20ul
SIGMA proteinase K were added and put in the heating block at 55°C. After
adding 20 pl of RNAse, the tubes were incubated for 2 min and 200 pul of lysis
solution were added. The solution was incubated for 10 min at 70°C. 200 pl
absolute ethanol were added to the samples with and transferred to the prepared
binding columns. After a few washing steps with a washing solution, the DNA

was eluted in 50pl elution buffer and stored at 4°C.

3.3 PCR with general wsp primer



To analyse the samples for a Wolbachia infection, the wsp primers 81F and 691R
described by BRAIG ET AL. (1998) were used. The reactions were set up in 20 pl
volumes containing, 1x NH, buffer (Fermentas), 4mM MgCl,, 200 uM dNTPs,
0,4 uM of each primer, 0,5 U Taqg polymerase (Fermentas) and 2 ul of the
template DNA. PCR was started for 2 min at 95°C and followed by 32 cycles at
94°C for 30 sec, 60°C for 45 sec, 72°C for 1 min and a final extension at 68°C
for 15 min.

For detection 10 pl of DNA fragments were used a submarine horizontal gel
system using a 1x TAE running buffer. Gels with a 1 to 2% agarose
concentration supplemented with 0,5 pg/ml ethidium bromide were used. DNA

was Vvisualized on a UV transilluminator

3.4 PCR with MLST

For a supplemental analysis the five housekeeping genes gatB, coxA, hcpA ftsZ
and fbpA from the MLST described by BALDO ET AL. 2006 were used.

Loax Primer Gene  ATPE b oy
Clmder Locr oot g, Tlentile
on (wMcl) Disiznation Sequence (-3 (o) '(;gf size (bp)
a-Prccbactoiz WD 0146 got ClotmgHRNA{GIn} @il Fl  GAETTAAAYOGYGCAGGRGIT 1A 42180 390
amidotraesforse, sabonit B

il R1 TEOYAAYTCRGOYAAAGATGA

Crtochrome ¢ cidwe, st 1 omA F1 - TIGGROCRATYAACTTTATAG L35 491977 02
AAAGACTTTEACROCAGT

Evcherichiz colf oA
asA BRI LT

Excherichic cof WD 84 Jepd  Comsorved Iypothctical protcie. lspA F1 - GAAATARCAGTTGCTGCAAA TR P R T
pA Rl GAAAGTYRAGCAAGYTCTG

Escherichio coli WD 0723 ¥ Cell difeision paotoin fisZ Fi ATYATGGARCATATAAARGATALG 1,197 274-T98 435
s R1 TCRAGY AATGOATTRGATAT

Rirkeitdoley WD 123 @pd F Trieplmsph el , F1 GCTGCTOCRCTITGGYWTGAT L H1-Mg 429
fpA Rl CCRCCAGARAAAAYYACTATIC

Bl WD I3 e Outer auface prowin Pl T4 S8 6

UTOCAATARSTGATGARGAAAL
wap Rl CYGCACTAAYAGYRCTRTAAA

Table 3.1 MLST primer names and length described by BALDO ET AL. (2006). Table taken from BALDO
ET AL. (2006).

The reactions were set up in 10 ul volume containing, 1x NH,; buffer
(Fermentas), 2mM Mg,Cl, 100 uM dNTPs, 0,2 uM of each primer. 0,25 U Taq
polymerase (Fermentas) and 1 pl of the template DNA. PCR was started for 2
min at 95°C and followed by 32 cycles at 94°C for 30 sec, 60°C for 45 sec, 72°C



3.5

3.6

for 1 min and a final extension at 68°C for 15 min. With the primer ftsZ who did

not work at a Tm of 60°C PCR was successful only with a Tm of 50°C.

Purification of DNA

Plasmid purification was achieved by an alkaline lysis procedure (SAMBROOK ET
AL. 1989), with a peqGOLD Cycle-Pure Kit. DNA Product were mixed with the
same volume XP1 buffer, vortexed and pipetted in columns and centrifuge for 1
min at 10.000 rpm. Afterwards columns were washed two times with 650 pl
SPW-washing buffer and centrifuged for one min on 10.000 rpm. For drying the
empty column were centrifuged for 1 min on 10.000 rpm. Purified DNA was

resolved in 20 ul elution buffer and centrifuged for 1 min at 10.000 rpm.

Cloning

The working protocol of this procedure is also listed in appendix I. For cloning
an 0,8 ul aliquot of the PCR product was mixed with 0,2 ul of the vector pTZ57R
(InstarClone PCR, Fermentas), 0,3 ul polyethylenglycol (PEG3350), 0,2 ul T4
buffer and 0,2 U T4 ligase and constantly held at 15°C over night.

For the transformation competent JM109 E. coli cells were used. Preserved in a
freezer at -80°C these cells were placed on ice. On each sample 50 pul of E. coli,
were pipetted, vortexed carefully and placed on ice for 20 min. The samples were
heated for 50 sec at 42°C. 950 pul of a SOC-media were added placed at 37°C in
the oven for 60 min. The samples were centrifuged for 5 min at 4°C at 2.500
rpm. Most of the supernatant was taken off and the bacteria were discarded in a
Petri dish. To select the positive bacteria, the agar contained 100 pg/ml
ampicilin, 160 pg/ml xGal and 48 pug/ml IPTG. Plates were stored on 37 degrees
over night. The next day plates were controlled for white bacteria colonies. They
were marked and transformed with a toothpick on another Petri dish containing
agar. After another day, these bacteria were inoculated in LB broth (SAMBROOK
ET AL. 1989) (Appendix I1) A PCR was done with M13 primers. An agarose gel
electrophoresis showed which bacteria contained plasmids with PCR products
and which ones without. The plasmid purification was undertaken by an alkaline

lysis mini prep procedure (Appendix I). For sequencing the purified DNA was



sent to the Cancer Research Centre DNA Sequencing & Genotyping Facility in
Chicago (IL, USA).

— - -

coxA gatB

Figure 3.1 Agarose gel showing the MLST products of R. cingulata and R. pomonella. Samples of the
positive amplicons were purified and sequenced.



3.7 Phylogenetic analyses of the sequence data
Retrieved sequences were edited and aligned with Codon Code Aligner

(CodonCode Corporation, USA). Further ClustalX (THOMPSON ET AL. 1997) was
used for tree construction using the neighbor-joining (NJ) algorithm with

Kimura-2-parameter distances as implemented in MEGA4 (TAMURA ET AL.

2007).



4. Results & Discussion

4.1

The aim of my master thesis was the detection of Wolbachia strains in species of
the genus Rhagoletis and in the two psyllid species Cacopsylla picta and
Cacopsylla melanoneura. Rhagoletis cerasi proved to carry several high and low
titre wCer strains (ARTHOFER ET AL. 20098B). Some of these strains expressed
high CI after transinfection into the economically important medfly species,
Ceratitis capitata, making Wolbachia a potential means in biological insect
control (ZABALOU ET AL. 2004). Other Rhagoletis species have been not analysed
for Wolbachia and thus | aimed to detect Wolbachia by applying general wsp
primers (BRAIG ET AL. 1998) and to characterize these strains with five nuclear
loci described by BALDO (2006).

Detection of Wolbachia by PCR using wsp primers
The PCR analyses with the wsp81F and wsp691R primers developed by BRAIG

ET AL. (1998) showed positive amplicons with Rhagoletis mendax (1, 2),
Rhagoletis cingulata (3, 4) and Rhagoletis pomonella. (5, 6) The amplicon + was
the positive sample Rhagoletis cerasi and is about 500bp long. Rhagoletis
completa (7, 8, 9, 10), Cacopsylla picta (11, 12, 13, 14) and Cacopsylla

melanoneura (15, 16) did not result in visible amplicons (Figure 4.1).

5% 167 C7VNES 0 NIOT W'1F AL27 NLg N1 NS .16 W -

Figure 4.1 Agarose gel showing the wsp products of R. mendax (1, 2) R. cingulata (3, 4) and R. pomonella
(5, 6). The amplicons were at the same size as the positive control, R. cerasi. The negative probe was a
Mastermix sample. R. completa (7, 8, 9, 10), Cacopsylla picta (11, 12, 13, 14) and C. melanoneura (15,
16) did not result in an amplicon.



4.2,

ARTHOFER ET AL. (20098B) report low densities of the wCer3 and wCer4 strains in
R. cerasi populations. In that species, hybridisation of the amplicon with a wsp
probe was used as this method is more sensitive than conventional PCR. The
bark beetle Pityogenes chalcographus was analysed with nested PCR lowering
the detection limit also some potencies and also here two low density strains
were detected — wChal, wCha2 (ARTHOFER ET AL. 2009A). Thus negative results
by conventional PCR like here in R. completa and the two psyllids C. picta and
C. melanoneura do only show that there are not high titre Wolbachia strains.
Sensitive detection methods like Southern blot or nested PCR should be applied
and also more individuals should be analysed as the density might also vary
widely between individuals as suggested by HILGERBOECKER ET AL. (2008) or

UNCKLESS ET AL. (2009).

Wolbachia in Rhagoletis cingulata

4.2.1 Phylogenetic characterization of wCin strain by wsp

Purifying and sequencing the wsp products of the two individuals of R. cingulata,
the sequences were edited and aligned. Further, the wsp products were cloned
with a TA vector and about 20 plasmids were sequenced. These sequences were
100% ident to the ones from direct sequencing (Appendix I11). The alignment of
the sequences revealed two types of sequences - wCinl and wCin2 differing by
0,25% (for distances see Appendix IX).

The most similar sequences were retrieved from the Genbank by the BLAST
search option. These were included in the alignment and a phylogenetic tree was
constructed with both distance and parsimony method. Here the Neighbour-
Joining NJ tree applying Kimura-2-parameter distances and bootstrapping is
shown (Fig. 4.2). The phylogenetic analyses revealed that wCinl and wCin2
were ident to wCerl (AF418556) and wCer2 (AF418557) of R. cerasi,
respectively (Appendix 1X).
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Figure 4.2 Phylogenetic analysis of wCinl and wCin2 of R. cingulata, wPom of R. pomonella and other
Wolbachia strains retrieved from the Genbank. Analysis was done with Neighbour Joining method using
the wsp sequences. Bootstrap analysis was done with 100 replicates and are the numbers above the node.
wCer= R. cerasi, wDwi= Drosophila willistoni (AY620229), wSpt= D. septentrionalis (AY620214),
wAso= Asobara tabida (AY581186), wDbo= D. borealis (FJ415468), wMel= D. innubila (AY552553)

wCin2 is ident to the wCer2 strain and the wAu strain of Drosophila simulans
(DQ235407) (Fig 4.2). wCinl is ident to wCerl, a Wolbachia strain detected in all
European R. cerasi populations analysed (ARTHOFER ET AL. 20098, RIEGLER &
STAUFFER 2002). Until now, eight supergroups A to H have been designated based on
clustering patterns of 16S-DNA and the genes ftsZ and wsp (WERREN ET AL. 1995,
BANDI ET AL. 1998, ZHOU ET AL. 1998, LOET AL. 2002, WERREN ET AL. 2008). wCinl and

wCin2 belong to the supergroup A according.

4.2.2 Characterization of the wCin strains by MLST
In the following, the wCin 1 and wCin2 were characterized by the five MLST

loci (BALDO ET AL. 2006). These five loci are listed in Table 1.1. Figure 4.3



shows the agarose gel electrophoresis and reveals the successful amplification of
all 5 loci: gatB, coxA, hcpA, and fbpA. ftsZ did not amplify with a Ty
temperature of 60°C but with 50°C (data not shown).

men. pom. cin. men. pom. cin. men.

- . - —

gatB coxA

men. pom. cin. men. pom.

S —

ftsZ fbpA

Figure 4.3: Agarose gel showing the products amplified with the primers of the five MLST loci (Table
1.1). Four loci’s worked well whereas the locus ftsZ did not result in an amplicon. This locus was
successfully amplified with a Tm of 50°C.

The amplicons of the five gene products from two individuals of R. cingulata were
directly sequenced after purification. Further, they were cloned with a TA vector and
after transformation into bacterial cells about 8 positive plasmids from each of the loci
were picked and sequenced. These sequences revealed 100% identity to the sequences
from the direct product (Appendix Ill). The MLST loci revealed also two different
sequences confirming the existence of wCinl and wCin2. Only coxA and gatB revealed
the wCinl. In these loci wCin2 might be ident with wCinl or have mismatches in primer
sites or might be present in too low titre for detection. In latter case more plasmids
should be taken in order to characterize that strain by all MLST loci.

Most similar sequences were retrieved from the Genbank by the BLAST search
option. These were included in that alignment and phylogenetic trees from each loci
were constructed with distance method using Neighbor-Joining NJ tree applying

Kimura-2-parameter distances and bootstrap analysis (Fig. 4.4-4.8).
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Figure 4.4 Phylogenetic analysis of wCinl and wCin2 of R. cingulata, wPom of R. pomonella and other
Wolbachia strains. Analysis was done with Neighbour Joining method using the ftsZ sequences. Bootstrap
analyses were done with 100 replicates and are the numbers above the node. wCer = R. cerasi, wDsi=
Drosophila simulants (EF423735), wDia= Diabrotica barberi (AY136554), wAso= Asobara tabida
(AY567704), wAu= D. simulants (AY227739), wMel= Drosophila melanogaster (AE017196)

The alignment and distance matrix of the ftsZ gene is shown in appendix IV and
IX, respectively. The NJ tree based on the ftsZ gene showed that wCinl is
genetically ident to the wCerl (AY227737) strain and wCin2 (AY?227738) to
wCer2 of R. cerasi and to Wolbachia detected in D. simulans (EF423735) and
Asobara tabida (AY567704) (Fig. 4.4).
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4.5 Phylogenetic analysis of wCinl and wCin2 of R. cingulata, wPom of R. pomonella and other
Wolbachia strains. Analysis was done with Neighbour Joining method using the coxA sequences.
Bootstrap analyses were done with 100 replicates and are the numbers above the node. wCer= R. cerasi,
wMel= Drosophila melanogaster, wBo= Drosophila borealis (FJ415470), wNa= Nasonia longicornis
(FJ390239), wAna= Drosophila ananassae (EF611963), wNvi= Nasonia vitripennens FJ390240), wSol=
Solenopsis spp.(EU127565), wMono= Monomorium chinense (EU127553), wCal= Calyptratae sp.
(EU126210)

The alignment and distance matrix of the coxA gene is shown in appendix IV,
and 1X, respectively. Here only wCinl was detected and the NJ analysis showed
that wCinl is ident to wCerl. With a genetic distance of 0,05% wCinl is related
to a Wolbachia strain detected in the fire ant, Solenopsis spp. (EU127565) (Fig.
4.5).
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Figure 4.6 Phylogenetic analysis of wCinl and wCin2 of R. cingulata, wPom of R. pomonella and other
Wolbachia strains. Analysis was done with Neighbour Joining method using the hcpA sequences.
Bootstrap analyses were done with 100 replicates and are the numbers above the node. wCin= Wolbachia
in Rhagoletis cingulata, wPom= R. pomonella. wCer= R. cerasi, wMel= Drosophila melanogaster
(AE017196), wCap= Camponontus leonardi (EU127639), wNvi= Nasonia vitripennis (DQ842407),
wMuni= Muscidifurax uniraptor (DQ842404), wCal= Calyptrata muscoid fly (EU126321), wDbo=
Drosophila borealis (FJ415472),

The alignment and distance matrix of the hcpA gene is shown in appendix XI
and IX, respectively. The NJ tree based on the hcpA gene confirmed that wCinl
and wCin2 is ident with wCerl and wCer2. The wCinl strain differs by 0,17%
compared to the Wolbachia detected in the ant Camponontus leonardi
(EU127639). The wCin2 strain is genetically ident to Wolbachia in Drosophila
melanogaster (AE017196) and D. borealis (FJ415472).
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Figure 4.7 Phylogenetic analysis of wCinl and wCin2 of R. cingulata, wPom of R. pomonella and other
Wolbachia strains. Analysis was done with Neighbour Joining method using the gatB sequences.
Bootstrap analyses were done with 100 replicates and are the numbers above the node. wCer= R. cerasi,
wMel= Drosophila melanogaster (DQ842452), wDmun= D. munda (EU126167), wDbo= D. borealis
(FJ415471), wDana= D. anassae (EF611906), wDsim= D. simulans (DQ842433), wNgi= Nasonia giraulti
(DQ842442)

The alignment and distance matrix of the gatB gene is shown in appendix VII
and X, respectively. The sequences analysis revealed only wCinl. The
phylogenetic analysis by NJ showed wCinl ident wCerl of R. cerasi. With a
genetic difference of 0,14% wCinl is related to wCer4 of R. cerasi on that locus.
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Figure 4.8 Phylogenetic analysis of wCinl and wCin2 of R. cingulata, wPom of R. pomonella and other
Wolbachia strains. Analysis was done with Neighbour Joining method using the fbpA sequences.
Bootstrap analyses were done with 100 replicates and are the numbers above the node. wCer= R. cerasi,
wMel= Drosophila melanogaster (AE017196), wDSim= D. simulans (AE017196) wNas= Nasonia
vitripennis (DQ842370), wChl= Chloropidae sp. (EU126395), wAna= Drosophila anassae (EF611894)

The alignment and distance matrix of the fopA gene is shown in appendix VIII
and IX, respectively. The NJ tree based on the fbpA gene revealed wCinl and
wCin2 ident to wCerl and wCer2 of R. cerasi, respectively. As shown before

wCin2 is closely related to the Wolbachia detected in D. melanogaster.



4.2.3 Wolbachia in Rhagoletis cingulata and consequences
R. cingulata harbours at least two Wolbachia strains named wCinl and wCin2.

They seem to be ident to the wCerl and wCer2 detected in the European Cherry
Fruit Fly, R. cerasi (RIEGLER & STAUFFER 2002). In latter species ARTHOFER ET
AL. (20098B) detected five strains, recently. wCer3 and wCer4 could be only
detected with blotting methods, a method which is more sensitive compared to
conventional PCR - detection limit for single copy wsp genes of 10  ng plasmid
DNA could be lowered to 10" ng. However, in this thesis only conventional PCR
was applied and thus it cannot be excluded that other Wolbachia strains are in R.
cingulata. Low titre strains are frequently detected in insects (HILGERBOECKER
ET AL. 2008, UNCKLESS ET AL. 2009).

In this thesis two individuals were analysed and one of those was infected only
with wCin2, the other one with both strains. More individuals and more
geographic different populations have to be analyzed to detect the distribution
pattern of infection in Europe. The R. cingulata individuals analyzed were
collected in Germany. We did not have access to an American population. The
question arises if also the American species contain wCinl or wCin2. The
infection would be originating from Europe if the American populations do not
harbour these two strains and the infection would be quite young as R. cingulata
was introduced to Europe quite recently. The possibility of a horizontal transfer
was shown by ZaBaLou ET AL. (2004) by infecting artificially uninfected med
flies with wCer2 and wCer4 and by RIEGLER ET AL. (2004) by transferring wCer2
into D. simulans and establishing 5 Drosophila lines expressing different CI. As
RAYCHOUDHURY ET AL. (2009) OR RIEGLER (2002) proposed the most likely
transfer in field might be done by parasitism. Another possibility might be that
during competition in the cherry R. cingulata larvae feed and kill the competing
R. cerasi larvae. Migration of Wolbachia from sexual to autosomal cells has been
reported by FRYDMAN ET AL. (2006).

If American populations of R. cingulata are infected with wCinl and wCin2 this
would support the hypotheses that wCinl and wCin2 are common strains being
quite omnipresent in dipteran species. wCin2 belongs to the wMel group, who is
present in different Diptera, Homoptera and Lepidoptera species (JEYAPRAKASH
& Hoy 2000).



4.3. Wolbachia in Rhagoletis pomonella

4.3.1 Phylogenetic characterization of the wPom strain by wsp
The amplicons of R. pomonella were sequenced after purification of the PCR

products. The sequences were edited and aligned with Codon Code Aligner. For
that purpose also the most similar sequences obtained after a BLAST search in
the Genbank were compared.

R. pomonella was infected with one Wolbachia strain in the following named
wPom. The wsp sequence was 100% ident to wCer2 of R. cerasi. The wPom
strain belongs to the supergroup A and with a genetic divergence of 0,08% (see
Appendix IX) is closely related to the wMel-group (Fig. 4.2).

The following trees were constructed using the Neighbour Joining (NJ) algorithm
applying Kimura-2-parameter distances and bootstrapping as implemented in
MEGA4 (TAMURA ET AL. 2007) Further the wsp PCR products were cloned with
a TA vector and after transformation into bacterial cells 20 plasmids were picked
and sent for sequencing. These sequences revealed 100% homologous sequences
as shown in the alignment (Appendix 1X).

Two individuals from R. pomonella were sequenced plus 20 plasmids from one
individual. Alignment of the sequences revealed one Wolbachia strain ident to
the wCer2 (AF418557) strain of R. cerasi. (Appendix 111).

4.3.2 Characterization of the wPom strains by MLST

wPom was also characterized by the five MLST loci (BALDO ET AL. 2006). The
amplicons of the five gene products from two individuals of R. pomonella were
directly sequenced after purification. Further, they were cloned with a TA vector
and after transformation into bacterial cells about eight positive plasmids from
each of the loci were taken and sequenced.

The analyses of R. pomonella with the five MLST loci confirmed the results on
the wsp gene. Each locus detected the wPom strain, ident to the wCer2 of R.
cerasi (Fig 4.4, 4.5, 4.7, 4.8). Only the hcpA locus revealed one single mutation
on the codon position 2 indicating that the amino acid is changed. All eight
sequences of two different individuals had the same mutation compared to wCer2
(Fig. 4.6 and Fig 4.9).
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with four wCer strains of R. cerasi and the Wolbachia strain of D. melanogaster.

4.3.3 Wolbachia in R. pomonella and consequences

Here | analyzed only one single population collected from apple trees. R.
pomonella harbours at least one Wolbachia strains named wPom which seem to
be closely related to the wCer2 detected in the European Cherry Fruit Fly, R.
cerasi (RIEGLER & STAUFFER 2002). However, in this thesis only conventional
PCR was applied and thus it cannot be excluded that other Wolbachia strains
might be harboured by R. pomonella. Low titre strains are frequently detected in
insects. ARTHOFER ET AL (20098B) reported a detection limit for single copy wsp
genes of 10 ng plasmid DNA and the same author reported in ARTHOFER ET AL
(2009A) that by nested PCR the detection can be lowered from 10™ to 10 ng. So
it might be that R. pomonella is infected with other Wolbachia strains.

The individuals of R. pomonella analyzed were collected in apple trees, only. A
population from hawthorn should be analyzed in a follow up work in order to
detect if also in that population wPom can be detected. Unless, wPom will add a
new aspect on the process involved in sympatric speciation. Wolbachia can be
involved in processes of speciation (LAVEN 1959, 1967). BORDENSTEIN ET AL.
(2001) described that microbes act in producing reproductive isolation between
Nasonia wasps. In that case, different Wolbachia strains in a defined population
or species can cause Cl. As a consequence the gene flow of the two species was
reduced. Sympatric speciation is described as splitting one evolutionary lineage
into two without the occurrence of geographic isolation (BERLOCHER & FEDER
2002). Wolbachia is described to be restrictive for sympatric speciation (WERREN
2002).
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6. Appendix

Appendix | Working Protocols

- Extraction after SIGMA kit

e pipette 180 pl of lysis solution T (B-6678) in a 1,5 ml Eppendorf tube

e add the insect specimen and mince with the drill — put the samples on ice
e add 20 pul of proteinase K

e vortex (ca. 15 sec.) and put on the heating block at 55°C/450 rpm for 2 hrs
e add 20 pl RNAse and let tubes stand for 2 min at room temperature

e add 200 pl of lysis solution C (B-8803)

e vortex carefully and incubate at 70° for 10 min

e during incubation prepare the tubes and columns - add 500 pul column preperation
Solution to the column and spin at 13.000 rpm for 1 minute

e discard flow- through and put column back into the same tube
e add 200 pl absolute ethanol to the sample

e vortex for 15 sec

e transfer the samples to the binding columns (approx. 650 pl)
e spin at 8.000 rpm for 1 min

e discard tube with flow-trough and put column in a fresh tube
e add 500 pl of wash solution

e spin at 8.000 rpm for one minute

e discard flow-trough and put column back into the same tube



e add 500 pl wash solution

e spin at 13.000 rpm for 3 minutes

e discard flow-through and put column back into the same tube

e spin again for 1 min at 13.000 rpm to get rid of any remaining alcohol
e put column in a fresh tube

e add 50 pl of elution solution and let column stand for 5 minutes

e spin at 8.000 rpm for 1 min

e store DNA in the fridge

- DNA Purification

e mix DNA product with the same volume XP1 buffer
e vortex carefully

e pipette the mixture in the columns

e centrifuge for 1 min at 10.000 rpm

e wash columns with 650 pl SPW-Wash buffer

e centrifuge for 1 min 10.000 rpm

e wash columns with 650 pul SPW-Wash buffer

e centrifuge for 1 min 10.000 rpm

e centrifuge the empty column for 1 min at 10.000 rpm
e add 20 pl elution buffer

e incubate for 2 min

e centrifuge 1 min at 10.000 rpm



Appendix Il Cloning

Day 1

Day 2

Day 3

mix PCR product with 1,4 ul H,0, 0,1 pl ptZ57R, 0,3 pl PEG3350, 0,3ul T4
Buffer, 0,1 pl T4 ligase

add 0,8 pl DNA

incubate over night

thaw 35 pl competent cells per reaction on ice

pre-cool ligation reaction mixtures on ice in 0.5 ml reaction tubes
add competent cells to the ligations

incubate on ice for 20 min

heat shock bacterial suspensions in a 42 °C hot water bath for 50 sec
put reactions back on ice for 1-2 min immediately

add 300 pl of SOC medium were added to each tube

incubate at 37 °C for 1-2 hrs

prepare LB-Amp plates in the meantime: plate 40 ul X-Gal (20 mg/ml) and 40 pl
IPTG (24 mg/ml) on each plate with a a Drigalski spatula

plate transformation reactions on the plates

incubate upside down over night at 37 °C

transfer 0.5 ml up to 2 ml of overnight E. coli cultures into 1.5 ml reaction tubes.

tip with a sterile toothpick



Day 4

transfer into Eppendorf tubes (containing Mastermix for PCR) and a cap-o-test
vial containing 3 ml LB broth containing 50 pg/ml ampicillin.

vials were incubated at 37 °C overnight under vigorous shaking (180 — 200 rpm).

transfer 0.5 ml up to 2 ml of overnight E. coli cultures into 1.5 ml reaction tubes.
pellet cells by centrifugation: 10.000 rpm, 4 min

discard supernatant and re-suspend pellets in 100 pl resuspension solution
add 1ul RNAse

incubate for 2-5 min

add 200 pl NaOH-SDS

vortex at 1.400 rpm

add 150 pl ice cold Kac-solution, vortex 10 sec

put samples 5 min on ice

centrifuge 5 min on 4°C at 15.000 rpm

pipette supernatant in a new tube

add 900 pl EtOH and vortex carefully

incubate for 2 min and centrifuge for 5 min at 4°C on 15.000 rpm

discard flow-through and dry the tube

add cold 70% EtOH vortex carefully and centrifuge for 5 min at 4°C on 15.000

rpm
discard ethanol and air-dry pellets for approximately 2 hours

re-suspend pellet in 10 mM Tris



LB broth (SAMBROOK ET AL. 1989)

Per Liter

Bacto-tryptone 10.0g
Bacto-yeast Extract 509
NaCl 10.0¢g
Agar 15.0¢

Adjust the pH to 7,0 with 5N NaOH, adjust the volume of the solution to 1 liter with
deionized H20 and sterile by autoclaving



Appendix 111 Alignment of the wsp sequences of R. cingulata
(H5, H6) and R. pomonella (H3, H4)

zg;iAAGTTGATGGTATTACCTATAAGAAAGACAAGAGTGATTACAGTCCATTAAAACCA
:g;iAAGTTGATGGTATTACCTATAAGAAAGACAAGAGTGATTACAGTCCATTAAAACCA
:g;iAAGTTGATGGTATTACCTATAAGAAAGACAAGAGTGATTACAGTCCATTAAAACCA
zg;iAAGTTGATGGTATTACCTATAAGAAAGACAAGAGTGATTACAGTCCATTAAAACCA

EEAEEAXEAEITEAAAEAAXAEAAXAEAAXAAXAXAAXTXAAAXAAXAXAAXAXAAXAAAXAXAAXAXAAXAXAXAAAXAAAX)Ad*x

#g}%TTATAGCTGGTGGTGGTGCATTTGGTTACAAAATGGACGACATCAGGGTTGATGTT
?g;%TTATAGCTGGTGGTGGTGCATTTGGTTACAAAATGGACGACATCAGGGTTGATGTT
?g;%TTATAGCTGGTGGTGGTGCATTTGGTTACAAAATGGACGACATCAGGGTTGATGTT
?g}%TTATAGCTGGTGGTGGTGCATTTGGTTACAAAATGGACGACATCAGGGTTGATGTT

EEAEXEAEXEAAAAXAEAAXAEAAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAAAXAXAAXAXAAAAAAAAAXAd*X

giAéGAGTTTATTCATACCTAAACAAAAATGATGTTAAAGATGTAACATTTGACCCAGCA
giAéGAGTTTATTCATACCTAAACAAAAATGATGTTAAAGATGTAACATTTGACCCAGCA
giAéGAGTTTATTCATACCTAAACAAAAATGATGTTAAAGATGTAACATTTGACCCAGCA
giAéGAGTTTATTCATACCTAAACAAAAATGATGTTAAAGATGTAACATTTGACCCAGCA

B R R e S e e S R e S e e R e

zi;iCTATTGCAGACAGTGTAACAGCAATTTCAGGATTAGTGAACGTGTATTACGATATA
:X%&CTATTGCAGACAGTGTAACAGCAATTTCAGGATTAGTGAACGTGTATTACGATATA
zi;iCTATTGCAGACAGTGTAACAGCAATTTCAGGATTAGTGAACGTGTATTACGATATA
zi}iCTATTGCAGACAGTGTAACAGCAATTTCAGGATTAGTGAACGTGTATTACGATATA

FEEAEXEAEITEIAAEITEAAXAAAXAEAXAAEAXAXAEAXXAAXTXAAXAXAAXAXAAXATXAAXTXAAITXAAXATXAAXA XA IThAddhAdhiid*kx

gg;iTTGAAGATATGCCTATCACTCCATACATTGGTGTTGGTGTTGGTGCAGCGTATATT
gg;iTTGAAGATATGCCTATCACTCCATACATTGGTGTTGGTGTTGGTGCAGCGTATATT
gg;iTTGAAGATATGCCTATCACTCCATACATTGGTGTTGGTGTTGGTGCAGCGTATATT
gg;iTTGAAGATATGCCTATCACTCCATACATTGGTGTTGGTGTTGGTGCAGCGTATATT

AEEAAAAAAAAAAAAALAAAAAAALAAAAAAXAAAXAAAAAAAXAAAAAAAXAAAAAAAXAAAAAXX



:gEiCTCCTTTGGAACCCGCTGTGAATGATCAAAAAAGTAAATTTGGTTTTGCTGGTCAA
XgéiCTCCTTTGGAACCCGCTGTGAATGATCAAAAAAGTAAATTTGGTTTTGCTGGTCAA
:gEiCTCCTTTGGAACCCGCTGTGAATGATCAAAAAAGTAAATTTGGTTTTGCTGGTCAA
:gEiCTCCTTTGGAACCCGCTGTGAATGATCAAAAAAGTAAATTTGGTTTTGCTGGTCAA

nnnnnnnn

g?AiAAGCTGGTGTTAGTTATGATGTAACTCCAGAAGTCAAACTTTATGCTGGAGCTCGT
g#AiAAGCTGGTGTTAGTTATGATGTAACTCCAGAAGTCAAACTTTATGCTGGAGCTCGT
g?AiAAGCTGGTGTTAGTTATGATGTAACTCCAGAAGTCAAACTTTATGCTGGAGCTCGT
g$;iAAGCTGGTGTTAGTTATGATGTAACTCCAGAAGTCAAACTTTATGCTGGAGCTCGT

AEAE A A A A A A A AAAAAAAAAXAAAAXAAXAXAAAAXAAXAXAAAAXAAAXAAAAAAXAAAAAAAAAAAAAX

?2;%TCGGTTCTTATGGTGCTAATTTTGATGGAAAAAAAACAGATCCTAAAGATTCAACC
?i%%TCGGTTCTTATGGTGCTAATTTTGATGGAAAAAAAACAGATCCTAAAGATTCAACC
?2;%TCGGTTCTTATGGTGCTAATTTTGATGGAAAAAAAACAGATCCTAAAGATTCAACC
?i%%TCGGTTCTTATGGTGCTCATTTTGATGGAGAAAAAGTAGATCCTAGAGATGCAAAC

*kk *

H3-1 AGACAGGTTACTGATGCAGGCGCATACAAAGTT
H4-1 AGACAGGTTACTGATGCAGGCGCATACAAAGTT
H5-1 AGACAGGTTACTGATGCAGGCGCATACAAAGTG

H6-1 AAAAAGGTTGCTGATAAAGGCGCATATAAAGTC

* K KAxAAk KhAkhkk E R e = S e



Appendix IV Alignment of the ftsZ sequences of R. cingulata
(Rcf) and R. pomonella (Rpf)

ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé#ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé#ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigézACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggiéé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé%ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé#ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC
ggigé?ACTGGAACCGGTGCAGCACCGGTAATTGCAAAAGCAGCCAGAGAAGCAAGAGCC

ggzg}iAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;%AAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
EEIS}EAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg}ﬁAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;%AAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
gg:é%#AAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA



ggzg;iAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
g?Ig;zAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
22:2%?AAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
gg:é%?AAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
28:2;%AAGGATAGAGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg}%AAGGATAGGGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGGGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGGGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;ﬁAAGGATAGGGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA
ggzg;iAAGGATAGGGCGCCAAAAGAAAAAAAGATATTGACTGTTGGAGTTGTAACTAAA

* FhIrIkAAkhAiikk

FTEAEXEAXEXAXTEAAXAEAAXAEAXAXAAAXAAXAXAAXTXAAXAXAAXAXAAXAXAAXA XXX )hAdx



Eggi;gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
ggg?%éGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggi;gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggi;éGGTTTTGAAGGTGTGCGCCGTATGCTCATTGCAGAGCTTGGACTTGAAGAATTG
gggﬁ%éGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggi;éGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
ggg?%gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
ggg$;ZGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
gggi;gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggi}gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggi;gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggﬁ%gGGTTTTGAAGGTGTGCGTCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggg;gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
gggﬁ%gGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
Eggi;éGGTTTTGAAGGTGTGCGCCGTATGCGCATTGCAGAGCTTGGACTTGAAGAACTG
ggg?%éGGCTTTGAAGGTGTGCGCCGTATGCGTATTGCAGAGCTTGGACTTGAAGAACTG
28g$}gGGCTTTGAAGGTGTGCGCCGTATGCGTATTGCAGAGCTTGGACTTGAAGAACTG
52:?%26GCTTTGAAGGTGTGCGCCGTATGCGTATTGCAGAGCTTGGACTTGAAGAACTG
ggg?%gGGCTTTGAAGGTGTGCGCCGTATGCGTATTGCAGAGCTTGGACTTGAAGAACTG
522?%26GCTTTGAAGGTGTGCGCCGTATGCGTATTGCAGAGCTTGGACTTGAAGAACTG

FEAIAAAXAAAA XAXAXAAAXAAAAXxAAd dhiiihik

*x

EzzigiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EﬁzigiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EKIiAiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EXIXAXTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EKIiAiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EXIﬁAiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
ggzigiTACGTGGATACACTTATTGTCATCCCAAATCAGAATTTATTTAGAATTGCAAAT
52I2AZTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
gﬁ:igiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT



EﬁzigiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EXIXA%TACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EXIXAiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EKI?A?TACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EKIiAiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EﬁzigiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
gﬁ:ﬁ&iTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
gﬁzigiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
gﬁ:ﬁAiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EﬁzigiTACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT
EKI?A?TACGTGGATACACTTATTGTCATTCCAAATCAGAATTTATTTAGAATTGCAAAT

B R o e R R R R e e




gzzigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁ:igiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATCGGCATC
gﬁ:iAiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gzzigiACTACNTTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gxzi;iACTACGTTCTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gxzi;iACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁ:i&iACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁ:ﬁAZACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁzigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁ:igiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gxzigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gg{igiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gKIiAiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
EXIigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gzzigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gxzigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gg{igiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁzigiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC
gﬁ:ﬁAiACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATN
gﬁ:ﬁAﬁACTACATTTTCTGATGCATTTAAACTTGCTGATAATGTTCTGCACATTGGCATC

AEAEXAXAXAAXAKXAA KA AXAXAXAAAXAXAAXAXAAAAAAXAXAAAAAAXAAAAAAAXAAAAAAX

R

igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéZGTACCTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA



igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igIgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATCAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATTAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATTAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATTAATCTTGACTTCGCTGATATA
EgzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATTAATCTTGACTTCGCTGATATA
igzgéiGTAACTGACTTGATGGTCATGCCAGGGCTTATTAATCTTGACTTCGCTGATATA

FEAIEAKXAAAKA FAAAAAXAXAAAXAAAAAAAAAAAAAhhhikd




gg{iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gﬁ:ﬁéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gﬁ:iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gzziéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gg{iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
EKIXEXGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gﬁ:iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
EKISEZGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gﬁ:ﬁEiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gﬁ:iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
ggziéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gg{iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gKIiEiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
EXIXéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
EXIiEiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACCGGAGAGGCAGAAGGAGAA
gxziéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACTGGAGAGGCAGAAGGAGAA
gg{iéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACTGGAGAGGCAGAAGGAGAA
22:2526TAATGAGCGAGATGGGCAAAGCGATGATCGGCACTGGAGAGGCAGAAGGAGAA
gﬁ:ﬁéiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACTGGAGAGGCAGAAGGAGAA
gﬁ:ﬁEiGTAATGAGCGAGATGGGCAAAGCGATGATCGGCACTGGAGAGGCAGAAGGAGAA

AEAEXAAAAAXAAAXAXAAAXAXAAAXAAAAAAXAAAAAAAXAAAAAAAXX

Rcf3-3 GATAGAGCAATTAGT
Rpf5-1 GATAGAGCAATTAGT
Rpf5-3 GATAGAGCAATTAGT
Rcf3-4 GATAGAGCAATTAGT
Rcf4-1 GATAGAGCAATTAGT
Rcf4-4 GATAGAGCAATTAGT
Rpf5-2 GATAGAGCAATTAGT
Rpf6-7 GATAGAGCAATTAGT
Rpf5-5 GATAGAGCAATTAGT
Rpf5-8 GATAGAGCAATTAGT
Rcf3-2 GATAGAGCAATTAGT
Rcf4-3 GATAGAGCAATTAGT
Rpf5-6 GATAGAGCAATTAGT
Rcf4-2 GATAGAGCAATTAGT
Rcf3-1 GATAGAGCAATTAGT
Rpf6-1 GATAGAGCAATTAGT
Rpf6-2 GATAGAGCAATTAGT

Rpf6-3 GATAGAGCAATTAGT



Rpf6-4 GATAGAGCAATTAGT
Rpf6-5 GATAGAGCAATTAGT

SRR S R Sk o R e



Appendix V  Alignment of the coxA sequences of R. cingulata
(Rcx) and R. pomonella (Rpx)

igégééACAAAAGGAATGTCATTAACTAAGATGCCACTGTTTGTTTGGTCTGTCTTGCTA
i?égégACAAAAGGAATGTCATTAACTAAGATGCCACTGTTTGTTTGGTCTGTCTTGCTA
i?égééACAAAAGGAATGTCATTAACTAAGATGCCACTGTTTGTTTGGTCTGTCTTGCTA
i?ééégACAAAAGGAATGTCATTAACTAAGATGCCACTGTTTGTTTGGTCTGTCTTGCTA
i?égégACAAAAGGAATGTCATTAACTAAGATGCCACTGTTTGTTTGGTCTGTCTTGCTA
igégééACAAAAGGAATGTCATTAACTAAGATGCCACTGTTTGTTTGGTCTGTCTTGCTA
i$égé%GCGAAAGGCATGTCGTTGACTAAGATGCCACTATTTGTTTGGTCTGTCTTGCTA
igégé%GCGAAAGGCATGTCGTTGACTAAGATGCCACTATTTGTTTGGTCTGTCTTGCTA

Rk = ECE = o = I o o S A R R e S e

R R R R R R R e e R e

igzgéiTTTATGTTGATTGTTGCCTTACCAGTGCTTGCCGGTGCTATAACTATGCTTCTT
igzgéiTTTATGTTGATTGTTGCCTTACCAGTGCTTGCCGGTGCTATAACTATGCTTCTT
igngiTTTATGTTGATTGTTGCCTTACCAGTGCTTGCCGGTGCTATAACTATGCTTCTT
igxgéiTTTATGTTGATTGTTGCCTTATCAGTGCTTGCCGGTGCTATAACTATGCTTCTT
igzééiTTTATGTTGATTGTTGCCTTACCAGTGCTTGCCGGTGCTATAACTATGCTTCTT
igzgéiTTTATGTTGATTGTTGCCTTACCAGTGCTTGCCGGTGCTATAACTATGCTTCTT
igzgéiTTTATGTTGATTGTTGCCTTACCGGTGCTTGCCGGTGCTATAACTATGCTTCTT
igzgéiTTTATGTTGATTGTTGCCTTACCGGTGCTTGCCGGTGCTATAACTATGCTTCTT

R R R e R e R R R AR R R R R R R S

ig¥g;$CGCAATATTGGTACTTCCTTTTTTGATCCTGCCGGTGGCGGCGATCCTGTGTTA
i€¥g;$CGCAATATTGGTACTTCCTTTTTTGATCCTGCCGGTGGCGGCGATCCTGTGTTA
ig¥g;%CGCAATATTGGTACTTCCTTTTTTGATCCTGCCGGTGGCGGCGATCCTGTGTTA
Eg¥g;$CGCAATATTGGTACTTCCTTTTTTGATCCTGCCGGTGGCGGCGATCCTGTGTTA
ig¥g;$CGCAATATTGGTACTTCCTTTTTTGATCCTGCCGGTGGCGGCGATCCTGTGTTA
ig¥g;%CGCAATATTGGTACTTCCTTTTTTGATCCTGCCGGTGGCGGCGATCCTGTGTTA
igﬁg;%CGCAATATTGGTACTTCCTTTTTTGATCCTGCAGGTGGTGGTGACCCTGTGTTA
§E¥SA$CGCAATATTGGTACTTCCTTTTTTGATCCTGCAGGTGGTGGTGACCCTGTGTTA



FTEAEXEXAXTEAAXITAAXAEAAXAAAXAAXAXAAXAXAAXAXAALAXAAITXAAXAXAX dFxdkid *k *%

R o e

??#ggiCATCTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
$$¥SA2CATCTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
$$¥g;iCATCTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
$$¥g;2CATCTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
$$¥é;§CATCTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
??#g;iCATCTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
??#g;iCATTTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA
$$¥g;§CATTTATTTTGGTTTTTTGGTCATCCAGAAGTTTACGTAATTATTTTTCCTGCA

AR R R e
EAEEAEAEAXAEAAXAEAAXAXAXAAXAXAXAXAAXLXAAXAXAAXAXAAXAXAAXAXAAXAAAAAAXXAX

??#gégATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
$$¥gégATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
$$¥gééATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
??#gégATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
$$¥gégATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
??#gééATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
$$¥gééATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA
??#gégATCATAAGTCAGGTTGTATCAACTTTTTCTCACAGACCTGTATTTGGTTACATA

EEAEXEAEXEAAEAAXAEAAXAEAAXAEAAXAAXAA XXX AAXAAXAXAAXAAAXAXAAXAXAAXAXAAXAXAAAAAXAXAAAXAX*



ggéi;éGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCACCAT
2222;26TTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCACCAT
ggéi;éGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCACCAT
ggéi;gGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCACCAT
ggéi%éGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCACCAT
ggéi;éGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCACCAT
ggéi}éGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCATCAT
ggéi;éGTTTATGCAATGATAGGTATAGCAGTATTTGGCTTTATGGTTTGGGCTCATCAT

AEAEAAAAAAEAAAAAAALAAAAAAAXAAAXAAAAXAAXAXAAAXAAAXAAAAAAAXAXAAAAAAXKXNA Kkik

Rpx3-2 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT
Rpx3-3 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT
Rpx4-1 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT
Rpx4-3 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT
Rpx4-2 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT
Rpx3-1 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT
Rcx6-1 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT

Rcx6-2 ATGTTCACTGTTGGGCTTAGTGCTGACGCTGCTGCATTTTTT

R R R R R e R e R e




Appendix VI  Alignment of the hcpA sequences of R. cingulata
(Rch) and R. pomonella (Rph)

22226éGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
gﬁ?éEéGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
2222E36AACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
gﬁggEgGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
gg?iégGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
gX?éEgGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
gﬁ?éégGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
gK?éEgGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
E$2gEgGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
2?2gEéGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
5?2gégGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA
2$2gEgGAACTCAACCCGCGCCTTCGCTCTGCTATATTTGCTGCACGCAAGGAAAATCTA

EAAEEAEXEAAEAAXAEAXAXAAXAXAAXAXAAXAXAAXXAAXAXAAXAAAAAAXAXAAXAXAAXAXAAAXAAAXAAAXAXx

Eggi;iGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
Egzi;iGCTAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
ggzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
ggzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
EggigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
EgzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
ggzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
Eggi;iGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
EgzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACGTTGCTGGAGAAAAT
EggigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACATTGCTGGAGAAAAT
EgzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACATTGCTGGAGAAAAT
EgzigiGATAAAATAGAAACAGCAATAAAAAATGCAACTGGTAACATTGCTGGAGAAAAT

*

Rph3-1
TACGAGGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT



$ng;éGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
$222AEGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
$ngggGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
$Kgg;éGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
?RggggGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
$ngggGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
?KggggGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
$ngggGAAATCCAATATGAAGGTCATGGGCCTTCTGGCACTGCACTCATTGTCCATGTT
$nggéGAAATACAATATGAAGGTCATGGGCCTTCTGGTACTGCACTCATTGTCCATGCC
$EggggGAAATACAATATGAAGGTCATGGGCCTTCTGGTACTGCACTCATTGTCCATGCC
$nggéGAAATACAATATGAAGGTCATGGGCCTTCTGGTACTGCACTCATTGTCCATGCC

FEIEAAXAAAKXKAA KAAAAAAAXAAAAAAAAAAAAAAAAddk

??226%AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
??giE%AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$226$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$2i6$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$226$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$2§6$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$2iE$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$2iE$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
??22&$AATAATCGCAACCGAACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
??226%AATAACCGCAACCGTACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
$$226$AATAACCGCAACCGTACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT
??giéiAATAACCGCAACCGTACTGCTTCTGAGGTACGTTATATATTTTCTCGCAAGGGT

ECE R o o e I S
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gﬁRﬁAéTTGGGAGAAGCAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
gﬁzigéTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
gﬁRﬁAgTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
gﬁgiggTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
ggziggTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
EKRXAETTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
gﬁRiAéTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
EKRXAgTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
gggiggTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTCGATCATGTAGGCTTAATCGTC
ggzigéTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTTGATCATGTAGGTTTAATTGTC
ggziggTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTTGATCATGTAGGTTTAATTGTC
gggﬁAgTTGGGAGAAACAGGAAGTGTTAGTTACCTTTTTGATCATGTAGGTTTAATTGTC

* FThEAIAAAIAXAAAAAX FAXxkxAdhiAdhiikx
*AhkkKh Kkhkk

$R$i;i6CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$K$i;i6CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
?K?igiGCAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$X?2;26CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$2$2;16CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$R$i;i6CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$2$i;26CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
?R?i;iGCAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$X?2Ai6CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
$K$2;16CAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
?X?iAiGCAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA
?X?igiGCAGAGGGTGTGAATTTTGATGATTTATTCAGTCATGGAATCGAATTAGAAGTA

* %

Rph3-1
TTGAATGTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
Rph4-1
TTGAATGTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
Rph3-2
TTGAATGTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT



$$22;$GTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
$$22;$GTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
$$QXA$GTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
$$2i;$6TTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
$$gi;$6TTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
$$22;$GTTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
$$22A%ATTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT
??gigiATTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAGGAT
??22;$ATTGAGGAAAATGACAAAGAAGGATTACACGTTATAACTTGTGAAATAAAAGAT

E R o

FTEAEEAXTEIAAXITEIAAAEAXAAEAXAXAAXAXAAXXAAXTXAAXTXAAITXAAXATXAITXAAXTXAXAhAddhkh *kk

Rph3-1 TTTGGTAAAGTACGCGATGCCTTT
Rph4-1 TTTGGTAAAGTACGCGATGCCTTT
Rph3-2 TTTGGTAAAGTACGCGATGCCTTT
Rph3-3 TTTGGTAAAGTACGCGATGCCTTT
Rph3-4 TTTGGTAAAGTACGCGATGCCTTT
Rph4-2 TTTGGTAAAGTACGCGATGCCTTT
Rph4-3 TTTGGTAAAGTACGCGATGCCTTT
Rph4-4 TTTGGTAAAGTACGCGATGCCTTT
Rch6-5 TTTGGTAAAGTACGCGATGCCTTT
Rch6-1 TTTGGTAAAGTACGCGATGCCTTT
Rch6-3 TTTGGTAAAGTACACGATGCCG--
Rch6-2 TTTGGTAAAGTACGCGATGCCTTT

Appendix VII Alignment of the gatB sequences of R. cingulata
(Rcg) and R. pomonella (Rpg)

52226%6CAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
gﬁggéiGCAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
gﬁggE%GCAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
gﬁggéiGCAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
2222616CAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
ggggé?GCAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
2222&%6CAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT
gxggéiGCAGAATGCATGAAAAAATTGAGGCAGATTTTGCGTTACATTGGTTCGTGTGAT

EEAEEAEXEAAAAAAAXTEAAXAAAXAAAXA XXX AXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAXAXAAAAAAAAAXAX*



gggg;#ATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggg;iATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggg;%ATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggggiATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggg;ﬁATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggggiATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggggiATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC
gggg;%ATGGAAAAGGGATCACTTCGTTGTGATGCAAATGTTTCTGTCCGCCTAAAAGGC

iggié%ACATTTGGCACTCGTTGTGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggiéiACATTTGGCACTCGTTGTGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggié%ACATTTGGCACTCGTTGTGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggiéiACATTTGGCACTCGTTGTGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggiéﬁACATTTGGCACTCGTTGCGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggiéiACATTTGGCACTCGTTGTGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggiéiACATTTGGCACTCGTTGTGAAATAAAAAATCTGAACTCGATACGTTATATTGTG
iggiééGCACTTGGCACTCGTTGTGAGATAAAAAATCTGAACTCGATACGTTATATTGTG

R *x *x

KX xXkhx

EﬁggE%ATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
EﬁggéiATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
EﬁggE%ATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
EﬁggéiATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
EﬁigéﬁATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
EK%gEEATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
gﬁggéiATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGAGAAGAAATA
EﬁggE%ATAGACTATGAAATACAAAGACAAATTGAAATTTTAGAAAGTGGGGAAGAAATA

*xxXk

B R

Rpg3-1
AGTCAAGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA



iggggiGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA
iggggiGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA
iggg;iGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA
iggggiGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA
iggg;iGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA
iggggiGATACCTTATTGTTTGACGTTGCTTCGGGAAAAACAAAAGTGATGAGAAGCAAA
iggg;iGATACCTTATTGTTTGATGTTGCTTCGGGAAAAACAAAAGTGATGCGAAACAAA

xxxxx

*Ahkx

*kx



gﬁgg;%GCAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
2282;36CAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
gﬁgg;%GCAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
gﬁgggiGCAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
gggg;ﬁGCAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
gﬁgggiGCAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
gﬁgggiGCAAGCGATTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC
gxgg;%GCAAGCGACTATAGATACTTCCCTGAGCCTGATTTATTACCTGTTGAGGTAAGC

ECE R o o

AEAEXAAXAAAXAXAAXAXAXAAXAAAAXAAAAAAXAAAAXAAAAXAAAXAAAXAAAAXX

Rpg3-1 CAGGATAAA
Rpg3-3 CAGGATAAA
Rpg4-1 CAGGATAAA
Rpg3-2 CAGGATAGA
Rpg3-4 CAGGATAAA
Rpg4-3 CAGGATAAA
Rpg4-2 CAGGATAAA

Rcg5-1 CAGGATAAA

E R = o o S



Appendix VI Alignment of the fopA sequences of R. cingulata
(Rcp) and R. pomonella (Rpp)

$gﬁgégTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
?gﬁiégTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gxiégTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gﬁiégTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$8228gTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$ggiégTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gﬁiééTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gﬁiégTGGCGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gﬁiégTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gﬁiééTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
?gﬁiééTGGTGCTGCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC
$gﬁiééTGGTGCTTCAACTTATGCTGGAATGCTCCCACTTATTTTGAAACTTAATAGTTC

E R = e o

EXK?%@TTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
EKRE}ETTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
EKRé;gTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
gﬁﬁg}gTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
EKKS}STTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
gﬁﬁg;gTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
gxﬁg}éTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
EXRS%?TTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
Eﬁﬁg}gTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
EKKé;éTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTTTTCTGTGAAAGA
gﬁﬁg;éTTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA
EXX?%%TTTACATTCAAAGGATCTAACCTCTGATCAGGCAATAACCTCTTCTGTGAAAGA

AEAEAXAAAAAAAXAAAXAXAAXAXAAAXAXAAXAAAAXAAAXAAAAAAAXAAAAAAXAKX

R R e

Rcp6-6
TGCGCTGCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG



$8886$GCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
?gggéiGCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
?gggéﬁGCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
?gggéiGCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
?gggéiGCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
?gggE%GCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
$8826$GCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
$8836$GCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
$ggéE%GCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
?gggé%GCGTTTGGGATGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG
$8886$GCGTTTGGGCTGCTTAGCTGTCGGATTTACTATATATCCTGGTTCTGCTAAGTG

B R e S e e e

???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
$$$géZTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???ééiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géXTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
$$$252TATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???ééiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTATGGACTTGC
???géiTATGATGGAGGAAGCCCGTGGAATCATAGCTGAAGCCAAATCTTACGGGCTTGC

EEAEXEAEXEXAXAEAAXAAAXAAXAXAAXAXAAXAXAAXAXAAAXAAXAXAAXAXAAXAXAAAXAAAXAAAAAXX *Kk

R R =

ig$2é?GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$2é?GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
iggié%GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$ié#GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT



iggié?GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
§g$2é%GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$2é%GCTATGATCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$2é?GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$ié?GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
iggié%GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$ié%GCTACGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT
ig$2é%GCTATGGTCTTATCCACGCGGTGAAGGGATTTCCAAAGAAGGTGAAACAGCAGT

ECEE S o

AEAEXAAAAAAXAAAXAAAXAXAAXAXAAAXAAAXAAAAAAAAAAAAAAXAAAAXAXKk

$gﬁ$é$TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$82$ézTATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
?giﬁé%TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
?gﬁié#TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
?gﬁié?TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$82$é%TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$82$é%TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$gK$é?TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
?gﬁié?TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$ER$5%TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$22$é%TATTGCCTATGCTGCGCACATGGCAGCTTTGCTTGGCGCTAATATAATAAAAGT
$82$é%TATTGCCTATGCTGCACACATGGCAGCTTTGCTTGGCGCTAATATAATCAAAGT

ECRAE R R R R R R R R R R AR R R AR R
*AhLkx

§2226$TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT
iﬁﬁié?TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT
iﬁﬁié%TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT
iﬁﬁié#TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT
iﬁﬁié?TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT
ERKiE%TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT
iﬁﬁ?E%TCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT



Rcp6-8

AAAACTTCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT

Rpp4-3

AAAACTTCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT

Rpp4-1

AAAACTTCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT

Rpp3-1

AAAACTTCCAACTAAATATTTGGAAAGGGAGAAAATAGAAACAGAAAATATTGAATCATT

Rcp6-2

AAAACTTCCAACTAGATATTTGGAAAAAGAAAAAATAGAAACAGAAAATATTGAATCATT

ECECE R R R R o R o o o I R R AR R o S **x

FEAEIAAAAAIAAAXAAAXAAAXAAAXAAAXAAX)kX

Rcp6-6
Rcp6-7
Rpp4-2
Rpp3-4
Rpp3-3
Rpp3-2
Rcp6-1
Rcp6-8
Rpp4-3
Rpp4-1
Rpp3-1
Rcp6-2

ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATACGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAGGTCTTGTTTTGCAGGGAAAA
ATCTAAAAGAATTGAATATGTTAAAAAATCTTGTTTTGCAGGAAAAA

RS S S Sk S Sk o S S R ECE R Sk ok o S



Appendix IX  Kimura-2-parameter distances calculated with
MEGA4 (Tamura et al. 2007)

- WS

[ 1] #wCinl [ 2] #wCerl [ 3] #wPom
[ 4] #wCer2 [ 5] #wCin2 [ 6] #wSpt

[ 7] #wDwi [ 8] #wMel [ 9] #wBo
[10] #wDin [11] #wAso [12] #wCer4
[1]

[ 2] 0.000

[ 3] 0.025 0.025
[4] 0.025 0.025 0.000

[5] 0.025 0.025 0.000 0.000

[6] 0.0340.034 0.008 0.008 0.008

[ 7] 0.027 0.027 0.002 0.002 0.002 0.010

[8] 0.029 0.029 0.008 0.008 0.008 0.017 0.010

[9] 0.0290.029 0.017 0.017 0.017 0.025 0.019 0.025

[10] 0.027 0.027 0.015 0.015 0.015 0.023 0.017 0.023 0.002

[11] 0.027 0.027 0.015 0.015 0.015 0.023 0.017 0.023 0.002 0.000

[12] 0.1150.1150.120 0.120 0.120 0.130 0.122 0.120 0.122 0.125 0.125

- gatB

[ 1] #wCinl [ 2] #wCerl [ 3] #wCer4
[ 4] #wMel [ 5] #Dmun [ 6] #wPom
[ 7] #wDbo [ 8] #wCer2 [ 9] #Dana
[10] #Dsim [11] #Ngi [12] #wCer5
[1]

[ 2] 0.000

[3] 0.0140.014
[4] 0.028 0.028 0.025

[5] 0.028 0.028 0.025 0.000

[6] 0.028 0.028 0.025 0.000 0.000

[ 7] 0.028 0.028 0.025 0.000 0.000 0.000

[8] 0.028 0.028 0.025 0.000 0.000 0.000 0.000

[9] 0.0360.036 0.028 0.014 0.014 0.014 0.014 0.014

[10] 0.036 0.036 0.028 0.014 0.014 0.014 0.014 0.014 0.000

[11] 0.0310.031 0.028 0.019 0.019 0.019 0.019 0.019 0.022 0.022

[12] 0.149 0.149 0.156 0.143 0.143 0.143 0.143 0.143 0.157 0.157 0.142



- COXA

[ 1] #wCinl [ 2] #wCerl+4 [ 3] #wSol

[ 4] #wMono [ 5] #wCal [ 6] #wNa

[ 7] #wDbor [ 8] #wBo [ 9] #wPom
[10] #wMel [11] #wCer2 [12] #wAna
[13] #wNvi [14] #wCer5

[ 1]

[ 2] 0.000

[ 3] 0.005 0.005

[4] 0.005 0.005 0.000

[5] 0.005 0.005 0.000 0.000

[6] 0.0360.036 0.036 0.036 0.036

[ 7] 0.036 0.036 0.036 0.036 0.036 0.000

[8] 0.036 0.036 0.036 0.036 0.036 0.000 0.000

[9] 0.036 0.036 0.036 0.036 0.036 0.000 0.000 0.000

[10] 0.036 0.036 0.036 0.036 0.036 0.000 0.000 0.000 0.000

[11] 0.036 0.036 0.036 0.036 0.036 0.000 0.000 0.000 0.000 0.000

[12] 0.028 0.028 0.028 0.028 0.028 0.008 0.008 0.008 0.008 0.008 0.008

[13] 0.023 0.023 0.028 0.028 0.028 0.013 0.013 0.013 0.013 0.013 0.013 0.015
[14] 0.1390.139 0.143 0.143 0.143 0.139 0.139 0.139 0.139 0.139 0.139 0.133 0.139

- fopA

[ 1] #wCinl [ 2] #wCerl [ 3] #wChl

[ 4] #Nas [ 5] #wDSim [ 6] #wMel

[ 7] #wCin2 [ 8] #wPom [ 9] #wCer2
[10] #wAna [11] #wCer4 [12] #wCerb
[1]

[ 2] 0.000

[3] 0.027 0.027

[4] 0.027 0.027 0.000

[5] 0.027 0.027 0.000 0.000

[6] 0.027 0.027 0.000 0.000 0.000

[ 7] 0.027 0.027 0.000 0.000 0.000 0.000

[8] 0.027 0.027 0.000 0.000 0.000 0.000 0.000

[9] 0.027 0.027 0.000 0.000 0.000 0.000 0.000 0.000

[10] 0.034 0.034 0.022 0.022 0.022 0.022 0.022 0.022 0.022

[11] 0.060 0.060 0.052 0.052 0.052 0.052 0.052 0.052 0.052 0.034

[12] 0.1530.153 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.147 0.160



- ftsZ

[ 1] #wCinl [ 2] #wCerl [ 3] #wCin2
[ 4] #wPom [ 5] #wAso [ 6] #wAu

[ 7] #wCer2 [ 8] #wDsi [ 9] #wDia
[10] #wDmel [11] #wCerd [12] #wCerb5
[1]

[ 2] 0.000

[3] 0.0130.013

[4] 0.0130.013 0.000

[5] 0.0130.013 0.000 0.000

[6] 0.013 0.013 0.000 0.000 0.000

[ 7] 0.013 0.013 0.000 0.000 0.000 0.000

[8] 0.013 0.013 0.000 0.000 0.000 0.000 0.000

[9] 0.0130.013 0.004 0.004 0.004 0.004 0.004 0.004

[10] 0.010 0.010 0.002 0.002 0.002 0.002 0.002 0.002 0.002

[11] 0.021 0.021 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.010

[12] 0.1110.1110.1110.1110.1110.1110.111 0.111 0.111 0.108 0.106

- hcpA

[ 1] #wCinl [2] #wCerl [ 3] #wCin2
[ 4] #wPom [ 5] #wAso [ 6] #wAu

[ 7] #wCer2 [ 8] #wDsi [ 9] #wDia
[10] #wDmel [11] #wCer4d [12] #wCerb
[ 1]

[ 2] 0.000

[ 3] 0.0130.013

[4] 0.013 0.013 0.000

[ 5] 0.013 0.013 0.000 0.000

[6] 0.0130.013 0.000 0.000 0.000

[ 7] 0.013 0.013 0.000 0.000 0.000 0.000

[ 8] 0.0130.013 0.000 0.000 0.000 0.000 0.000

[9] 0.013 0.013 0.004 0.004 0.004 0.004 0.004 0.004

[10] 0.0100.010 0.002 0.002 0.002 0.002 0.002 0.002 0.002

[11] 0.021 0.021 0.013 0.013 0.013 0.013 0.013 0.013 0.013 0.010

[12] 0.1110.1110.1110.1110.1110.1110.1110.1110.111 0.108 0.106



Appendix X Sources of Figures and tables

Fig 1.1: http://scilogs.be/starttoknow/gallery/5/Wolbachia.jpg
Fig 1.2: BALDOET AL. 2006

Fig 1.3: Fly from www.bugguide.net

Fig 1.4: RIEGLER & STAUFFER 2002

Fig 1.5: ARTHOFERET AL. 20098

Fig 1.6: (from up to right) www.biohelp.at, www.inra.fr, www.Ifl.bayern.de,
www.nd.edu

Fig 1.7: www.bugguide.net

Fig 1.8: www.bugguide.net

Fig 1.9: FEDER 1998

Fig 2.1: Forestryimages.org

Fig 2.2: www.virgignafruit.ento.vt.edu
Table 3.1: BALDO ET AL. 2006
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Zusammenfassung Wir berichten (iber zwei Wolbachia Isolate in einer européischen
Population der amerikanischen Kirschfruchtfliege Rhagoletis cingulata,. Die Isolate
wCinl und wCin2 wurden durch Amplifikation, Klonierung und Sequenzierung des
Wolbachia surface protein (wsp) Gens identifiziert. Eine phlyogenetische Analyse der
wsp Region ergab, dass wCinl und wCin2 ident mit wCerl und wCer2 sind, welche in
der Europaischen Kirschfruchtfliege, R. cerasi, gefunden wurden. Potentieller

horizontaler Wolbachia Transfer und mogliche Folgearbeiten werden diskutiert.

Key Words: Rhagoletis, Wolbachia, invasive species
Christian Stauffer E-Mail: christian.stauffer@boku.ac.at

Introduction

Wolbachia is a gram negative endosymbiotic bacterium found in up to 65% of insect
species (HILGERBOECKER & al. 2008). Infections have been detected in all major orders
of insects and some other arthropod taxa (WERREN & al. 2008). Although it’s main path



of transmission is transovarial through the cytoplasm of host eggs Wolbachia is
supposed to occasionally jump horizontally among species (BALDO & al. 2008).
Wolbachia can change the reproductive traits of its hosts to enhance colonization of the
germline and vertical transmission (WERREN & al. 2008). Cytoplasmic incompatibility
(CI) is the most common phenotype in insects. It leads to embryonic death of fertilized
eggs when infected males mate with uninfected females, while matings between infected
males and females are compatible. This results in a reproductive advantage of infected
over uninfected females and leads to increased infection rates in host populations over
generational cycles (HOFFMANN & TURELLI, 1997).

Based on extensive single pair crossing experiments, BOLLER & al. (1976) concluded
that populations of the European cherry fruit fly, Rhagoletis cerasi, are divided into two
geographic complexes which exhibit unidirectional incompatibility. BLUMEL & RuUsS
(1989) detected Rickettsia Like Organisms (RLOSs) in the ovaries of individuals in all
populations. By applying PCR techniques with Wolbachia specific primers, RIEGLER &
STAUFFER (2002) detected two different Wolbachia strains, wCerl and wCer2 in cherry
fruit fly populations. Transinfection experiments with wCer2 revealed complete Cl in the
Mediterranean fruit fly, Ceratitis capitata and cage experiments demonstrated that
Wolbachia-induced CI could be used as a tool for population control (ZABALOU & al.
2004).

It has recently been reported that the American cherry fruit fly, R. cingulata, is present in
Europe. So far, the species has been found in Austria, Germany, Hungary, Slovenia and
Switzerland (BoLLER 2000, DANIEL & WYss 2007, EGARTNER & al. 2008, EPPO 2006,
EPPO 2007a, EPPO 2007b, VOGT & al. 2009). R. cingulata has a similar biology as R.
cerasi with the exception of required higher temperatures for R. cingulata pupae to reach
maturity and delayed emergence of adults from the soil (VoGT & al. 2009). R. cingulata
IS a serious pest in cherries in Northeast American regions (BusH 1966, ROTHWELL & al.
2006).

Here we investigated Wolbachia infections in R. cingulata from a German population.
We discuss potential horizontal Wolbachia transmission between R. cingulata and R.
cerasi, as both species might co-occur in the same cherries. The Wolbachia detection

was carried out by PCR using wsp primers and subsequent cloning and sequencing of the



amplicons.

Materials & Methods

R. cingulata flies were collected from yellow sticky traps in Heidesheim, Germany, in
2008 and stored in absolute ethanol at -20°C. DNA of two individual flies was extracted
using the Sigma GenElute Mammalian DNA extraction Kit (Sigma) following the
protocol of the manufacturer. DNA was eluted in 50 pl TE (10 mM Tris, 1 mM EDTA,
pH=8.0) and stored at -20°C. All PCR reactions were performed on a 2720 thermal
cycler (Applied Biosystems) in a total volume of 10 ul containing: 1x Mg-free buffer
(Fermentas), 2 mM MqgCl,, 100 uM dNTPs, 0.2 uM of each primer, 0.25 U Taq
polymerase (Fermentas) and 0.8 ul template DNA. Cycling conditions for universal wsp
amplification using the primers wsp81F and wsp691R (BRAIG & al. 1998) were 95°C for
2 min followed by 32 cycles at 94°C for 30 sec, 60°C for 45 sec, 72°C for 1 min and a
final extension at 68°C for 15 min. For cloning, a 0.8 ul aliquot of PCR product was
ligated into the pTZ57R vector of the InstaClone PCR cloning kit (Fermentas) according
to the instructions of the manufacturer. The ligated plasmids were used for
transformation of competent JM109 E. coli cells and after overnight growth white
colonies were picked and transferred to liquid LB medium. Insert size was determined
by PCR with M13 vector primers and plasmid DNA was extracted by alkaline lysis.
Sanger sequencing was performed by a commercial provider. Retrieved sequences were
edited manually, aligned using ClustalX (THOMPSON & al. 1997) and compared with

Wolbachia sequences from GenBank by BLAST analysis.

Results

PCR with the Wolbachia specific primers resulted in positive amplicons in the two
analysed German individuals. These two amplicons were cloned and from each 21
plasmids were sequenced. Sequence analysis revealed that both individuals are infested
by two Wolbachia variants which were named wCinl and wCin2. A BLAST search and
subsequent alignment revealed that wsp sequnces of wCinl and wCin2 are identical to

those from wCerl and wCer2 detected in R. cerasi.

Discussion
We report about two Wolbachia sequence variants in the American cherry fruit fly R.

cingulata. wsp of wCinl and wCin2 are identical to wCerl and wCer2 detected in R.



cerasi. This suggests a horizontal strain transfer between the two cherry fruit fly species.
To further test this hypothesis we will need to characterise more loci of the wCin isolates
by Multi Locus Strain Typing (MLST) as described by BALDO & al. (2006) and compare
with the MLST loci of wCer. This characterization will give deeper insight into the
genomes of the strains and might reveal differences between the Cin and the Cer-strains.
In order to interpret the direction of transfer it has to be tested whether American

populations of R. cingulata are also infected by wCinl and wCin2.
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