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Abstract
Resistance and susceptibility of the flea beetle Phyllotreta nemorum (P. nemorum) to the
toxic G-type Barbarea vulgaris (B. vulgaris) is caused by the presence or absence of a
β-glucosidase gene. It has been anticipated that the P. nemorum needs a resistant gene
β-glucosidase for detoxification of the saponin hederagenin cellobioside, a toxin present in
the G-type of B. vulgaris. Additionally, it was predicted that including the
β-glucosidase gene some other genes are involved in this resistance pathway. To investigate
the presence of more genes involved in this resistance, a genome walking technique was
performed to sequence more regions around the β-glucosidase gene, with which a small part
of

the

new

sequence

(34

bp)

was

revealed

at

the

upstream

of

the

β-glucosidase gene. β-glucosidase gene(s) of two lab lines YE (male (Y) Resistant Ejby)
and ST (Susceptible Taastrup) were studied to search for more alleles of the
β-glucosidase gene. It was found that the YE males contain both glu-B and glu-C
β-glucosidase genes while ST male and female both have only glu-B; however no alleles
were found. Moreover, a hybrid sequence of glu-B and glu-C was found only in clone 35 of
the YE male (resistant). A part of the β-glucosidase gene was used as a probe to identify the
green fluorescent probe signals as well as the locations of this gene on the chromosomes by
FISH (Fluorescent In Situ Hybridization). At least two signals per chromosome set
(chromosomes of one cell) were observed in both YE and ST male. However, due to the
insufficient spreading of the chromosomes; the specific chromosome(s) was not
distinguished where the signals were appeared on the chromosome(s).
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1. Introduction
Phyllotreta nemorum (P. nemorum) a Danish flea beetle is an oligophagous herbivore that
can use a limited number of crucifer plants as their host (Nielsen, 1977). Barbarea vulgaris
(B. vulgaris) is one of those crucifer species. In their natural environment two types of B.
vulgaris have been reported, the P-type which is a suitable host for the P. nemorum and the
G-type which is not. Hence the P-type and G-type are considered as susceptible and
resistant to P. nemorum respectively (Agerbirk, 2001). B. vulgaris contains several chemical
compounds e.g. glucosinolates and different types of saponins. According to Agerbirk et al.,
(2001) glucosinolates are the compounds specific for cruciferous species and favourable for
cruciferous specialist insects; Nielsen et al., (2010) has found that the saponin causes the
resistance against flea beetles.

This saponin is the triterpinoid chemical compound,

hederagenin cellobioside which is predominately found in G-type B. vulgaris. It contains
two sugar molecules at the end of its hederagenin core molecule that cause the resistance
against P. nemorum and the toxicity is lost when those two sugar moieties are removed.
(Agerbirk et al., 2003, Nielsen et al., 2010).

The flea beetle P. nemorum is polymorphic in its feeding behaviour on B. vulgaris. On the
one hand most of the beetles are only able to use the P-type plants; not the G-type and are
thus considered as susceptible beetles, on the other hand some of the beetles are able to use
both the P- and the G-type and are considered as resistant. This susceptibility and resistance
of P. nemorum are influenced by the absence or presence of major R-genes respectively
(Nielsen, 1997a, 1997b). It represents a genetic variation between two types of P. nemorum
(resistant and susceptible) (De Jong and Nielsen, 1999). This variation and combined with
the genetic variation of the resistant and susceptible B. vulgaris makes the interaction
between P. nemorum and B. vulgaris special and complex (Nielsen, 1997a; Agerbirk et al.,
2001 ). It is known that plants try to avoid a pest attack by using morphological and
chemical defences (Gross, 1993; Pare and Tumlinson, 1999; Dicke et al., 1999; Farmer and
Ryan, 1990) such as presence of trichome (Fordyce and Agrawal, 2001), induction of
defensive proteins (Haruta et al., 2001), emission of volatile or by secondary metabolites
production (Kliebenstein et al., 2001). Pests also try to overcome those defences by using
different strategies; for instance, avoidance mechanisms (Zangerl, 1990) or detoxification
of toxic metabolites of host plant (Scott and Wen, 2001). According to Ehrlich and Raven
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(1964), in the host plant-insect interaction these defences and counter defences are the basis
of the co-evolution. It was described by Stowe (1998) that the natural enemies challenge the
host plant defences which laid a selection pressure onto that host plant. As a result a counter
defence performed by the host plant to those natural enemies is considered as a response to
that selection pressure. Additionally adaptation of a pest population to their host plant
deterrent also considered as a defence caused by the host plant selection pressure. For
example, nicotine is a toxic compound present in the Nicotiana tabacum (tobacco plant)
which makes this plant toxic to most of the insects. Only the specialist herbivore; tobacco
horn worm is adapted to this toxin to become a successful pest. Moreover, it accumulates
this nicotine in their own body to use as a deterrent against to their parasitoids (De Bruxelles
and Roberts, 2001). Thus the consequence of this defence and adaptation within the hostpest interaction shows that it is a continuous co-evolutionary process essentially governed
by the co-adaptation of the surviving species. In this study flea beetle P. nemorum and their
one of the host B. vulgaris showed a similar pattern of co-adaptation in their interaction.
Therefore, in this co-evolutionary context the genetic and molecular consequences of the
interaction between the two types of B. vulgaris (toxic vs. non-toxic) and the two types of P.
nemorum (susceptible vs. resistant) is interesting to study.

There are different modes of inheritance of the resistance present in different populations of
the flea beetles. Previously it was showed that the F1 generation resulted a cross between
resistant beetles from Ejby (E) and susceptible beetles from Taastrup (T) yielded more than
90% survivability on the G-type of B. vulgaaris which indicated that the resistant genes
were dominant homozygous genes (R-genes) and present in the E-population (Nielsen,
1997b; De Jong et al., 2000). The backcross of the F1 male and female with the female and
male of the T-population respectively showed that F1 male which had a resistant mother
produce the resistant daughter and which had a resistant father produce the resistant son.
This suggests that at least in these populations the R-gene(s) are linked with the female
determining ‘X’ and the male determining ‘Y’ chromosome (Nielsen, 1997b). Further
crossing experiments showed that the resistance can also be autosomally inherited like in
populations AE (a line containing an Autosomal gene from Ejby), AK (a line containing an
Autosomal gene from Kvaerkeby) and AD (a line containing an Autosomal gene from
Delemont, under laboratory condition) (Nielsen, 1997b; De Jong et al., 2000 ).
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In the laboratory of Entomology two lines of flea beetles are reared; a susceptible (ST:
Susceptible Taastrup) line and a line where only males are resistant (YE: male (Y) Resistant
Ejby) to the G-type of Barbarea vulgaris (Nielsen, 1997b). This YE male resistance line is
maintained in the laboratory by crossing the resistant males YE with susceptible ST females
and let their offspring feed on the G-type B. vulgaris. This selection pressure ensures that
the resistance is maintained in the YE line.

Previously, it was showed that, by employing a candidate gene approach in combination
with 5’RACE PCR, resistance to B. vulgaris has a strong correlation with a gene encoding
for a protein that has a strong homology with a β-glucosidase, an enzyme from the glycosyl
hydrolase family 1 (GHF1) (G. Ikink thesis report, 2008 ). This gene, designated glu-C, is
present in the autosomal line from Kvaerkeby and in the YE line but not in the ST line. A
homologous sequence of glu-C, designated glu-B, was found in the ST line and in the YE
line as well. The hypothesis is that resistant flea beetles use the β-glucosidase enzyme(s) for
saponin detoxification. In this detoxification pathway β-glucosidase gene(s) encoding
protein(s) can hydrolyze the β1> 4 glycosidic bonds from the glucose molecules to remove
them from the hederogenin (Fig 1) (Nielsen et al., 2010, G. Ikink thesis report, 2008).

Figure (Fig.) 1 Possible break down of saponin by removing two glucose molecules and
resulted products.
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Two or more resistant genes are likely to be involved in this detoxification pathway if both
sugar molecules would have to be removed in order to obtain resistance against the toxic B.
vulgaris. Previously, a PCR reaction was designed to distinguish the glu-B and the glu-C
genes from each other by the use of two different forward primers Fsus(F) and Fres(F) with
one reverse general primer Rcm2 (Appendix 2A). That was able to discriminate between
two types of β-glucosidase i.e. glu-B (present in both ST and YE) and glu-C (present in YE)
(G. Ikink thesis report, 2008). However this discrimination was not observed in the fieldcollected isolates where numerous beetles where determined to be susceptible in a bio-assay
in spite of having glu-C present (P. Verbaarschot per. Comm). In our lab conditions it is
hypothesized that ST and YE both have one unknown gene in common and their resistance
or susceptibility is implemented by glu-C. So both the unknown common gene and glu-C
are necessary to be resistant. Like in our laboratory lines, field collected beetles need both
the unknown gene and the glu-C to be fully resistant. Therefore, the presence of that so far
unknown gene with glu-C gives resistance in YE males and absence of that gene in some of
the field collected beetles in spite of glu-C causes susceptibility. This is also a logical reason
to think that there are more genes involved in this resistance pathway. This described
unknown gene is not always present leading to the discrepancy in the PCR reaction.

The large sequence similarity between glu-B and glu-C suggests that most likely they
originated from one gene (parental) and separated in to two by gene duplications. This is
logical to think for the field population also. Thereby conceivably with the natural selection
for the adaptation with the plant defence or some other unknown reasons, mutations
occurred on one or both of those genes. Mutation on both of the genes would have impaired
the gene function and that would be lethal for the beetle then mutation occurred on one of
those genes is reasonable to think.

Previous crossing experiment shows that crossing between heterozygous resistant beetles
with the susceptible ST gave a 50% survivability on toxic B. vulgaris. It was suggested that
a single R-gene is involve in the resistance to B. vulgaris (Nielsen, 1997a; De Jong et al.,
2000). If the hypothesis regarding requirement of two genes is true then according to this
crossing experiment it can be shoulder that they (two genes) are more likely present in close
vicinity on the chromosome and inherited to the next generation together; like a single gene.
Hence the presence of another hydrolyzing enzyme encoding gene close to the β8

glucosidase gene might be logical to think. Additionally, in a distant related beetle species
Tribolium castaneum up to 8 different β-glucosidase genes were found on one single
chromosome, one pair within less than 1 kb from each other (Genbank, P. Verbaarschot
pers. comm.). This is consistent with our hypothesis that two genes play a role located in
close vicinity of one another so they are inherited as a single gene. To prove this hypothesis
a genome walking strategy was decided to perform to sequence more regions upstream and
downstream of the β-glucosidase gene. More sequence information will help in searching
for more homologous genes in the genome with a function in the resistance of P. nemorum
against G-type B. vulgaris.

The YE males have been maintained in our lab by continuous backcrossing with ST
females. The resistant β-glucosidase gene sequences of YE male is different from the
homologous sequence of ST line. These homologous gene sequences are categorized as gluC and glu-B according to their resistance and susceptibility respectively (P. Verbaarschot,
pers. comm.). It is an indication that the glu-C is responsible for resistance to saponin (from
lab line). Thereby the susceptible P. nemorum (ST) should have β-glucosidase sequence
similarity with glu-B but not glu-C. In our lab YE males contained both glu-C and glu-B as
they got glu-C always from their father (YE resistant) and glu-B from their mother (ST
susceptible). Previously, more alleles of glu-C and glu-B were found within the autosomal
R-gene resistant AK line from the Kvaerkeby population (M. Kamimura, unpublished
results). To investigate the involvement of different alleles of glu-B and glu-C in the
resistance of G-type B. vulgaris within our lab lines; we decided to study the β-glucosidase
gene(s) in both YE and ST lines. This might explore whether presence or absence of
different alleles of glu-B and/or glu-C leading to the resistant or susceptibility in YE and
ST lines.
Association of the β-glucosidase genes of P. nemorum in hederagenin cellobioside
detoxification has been discussed before based on its functional interpretation of sequence
similarity with fungal β-glucosidase gene encoding glycosyl hydrolytic enzymes. The
enzymes of this group (glycosyl hydrolytic enzymes) have been reported in several fungal
species like Gaeumannomyces graminis, Stagonospora avenae, Septoria lycopersici and
Botrytis cinerea where they are involved in the detoxification process of different saponins
(G. Ikink, thesis report, 2008; Bowyer et al. 1995; Osbourn, 1996; Morrissey et al., 2000;
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Morant et al., 2008). In molecular aspect it was suggested that β-glucosidase is located on
the Y chromosome of the YE line; however the physical presence on the chromosome was
not shown before. Therefore it would be interesting to localize the glu-C on the Ychromosome of the YE line of P. nemorum. To achieve this we decided to use a Fluorescent
In Situ Hybridization (FISH) technique with (part of) the β-glucosidase gene glu-C from YE
as a probe and hybridize it with the meiotic chromosomes of YE males to identify the
chromosome where the gene is located. Since the ST line doesn’t have this gene on any of
its chromosomes it is useful to compare with ST male meiotic chromosomes.
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2. Materials and Method
2.1 Flea beetle (Phyllotreta nemorum)
In this study adult P. nemorum from two lab lines YE and ST were used. Both lines were
developed from the field population, ST from the susceptible beetles collected from
Taastrup and the YE line is established from the Y-link resistant beetles collected from
Ejby. For genome walking, β-glucosidadse gene amplification and for FISH the YE male
beetles were used. ST beetles were reared in lab on Raphanus sativus (radish) and YE
beetles were reared on toxic B. vulgaris G-type. Adult male form YE and female from ST
were crossed and their offspring were kept on toxic B. vulgaris. Only males are able to
survive as they got Y-linked resistant gene from their father. These males are then crossed
with ST females thereby establishing a stable line.

2.2 gDNA isolation
Genomic DNA (gDNA) was isolated from approximately 2 weeks old YE and ST adults. 12
beetles from each of the lines were collected separately and frozen into liquid nitrogen and
subsequently crushed by mortar and pestle. Then, genomic DNA was isolated by the
Puregene Genomic DNA purification kit (Gentra systems) according to the manufacturer’s
instructions (Appendix 1A). In addition, to further purify the DNA an extra phenolchloroform extraction step was performed. Isolated gDNA was stored at -20 °C.

2.3 Cloning
Gel purified DNA fragments were used for cloning. The purified fragments were first
ligated into pGEM-T. Ligation mixture was made by using 5 μl of 2x rapid ligation buffer, 1
μl of T4 DNA ligase, 1 μl of pGEM-T (easy) and 3 μl of PCR purified fragment. The
ligation mixture was incubated for overnight at 4° C. 20 μl of electro-competent XL2-blue
cells (Stratagene) were mixed with 2 μl of the ligation mixture and incubated on ice for 30
minutes. Heat shock was performed for 30 seconds exactly at 42 °C and the mixture was
immediately placed on ice for 2 minutes. 950 μl of SOC medium (Appendix 1B) was added
with the mixture and incubated by shaking with 225rpm at 37 °C for 1 hour. After the
incubation 100 μl of reaction mixture was plated on ampiciline containing AXI/LB medium
agar plates (Appendix 1C). Plates were incubated at 37 °C overnight. pGEM-T has
11

ampiciline resistant gene but the electro-competent cell has not therefore only pGEM-T
incorporated electro-competent cells were able to grow on those plates. The LB plates
contained the X-Gal that provide coloured colony without insert and colour less (white)
colony with the insert. White colonies were taken by a tooth pick and cultured into
ampiciline containing LB liquid medium and cultured at 37 °C with shaking by 225 rpm
overnight. Plasmid isolation (miniprep) from the culture was performed with the Sigma
genelute plasmid miniprep kit according to the manufacturer’s instructions.

2.3 Genome walking
The genome walker universal kit, Clontech (2007) was used according to the manufacturer’s
instructions for genome walking. Genome walking is a PCR and subsequent sequencing
technique with which sequence information can be obtained upstream and downstream of a
known sequence in the genome. First, primers were designed on the known part of the
sequence to amplify the unknown (both up and downstream) regions. More β-glucosidase
gene sequences like glu-A, glu-B and glu-C were known for P. nemorum from different
lines. Therefore a common part of the sequences of different lines was used to design the
known primers. The primers were designed on both sides of this gene to progress more new
sequence from both up and downstream regions from any of the lines. The known primers
(Appendix 2A) GSPA1 and GSPA2 (nested primer) were located at the upstream of βglucosidase gene and GSPB1 and GSPB2 (nested primer) were located at the downstream of
β-glucosidase gene (Fig. 2). Two adaptor primers AP1 and AP2 (nested primer) (Appendix
2A) were also used combined with the known primers according to the genome walker
universal manufacturer’s instructions.

Fig. 2. Schematic representation of the positions of the primers on the known part of the βglucosidase gene used in the Genome Walking experiment.
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According to the manufacturer’s instructions of the Genome walking kit, YE gDNA was
used for restriction digestion with four different restriction enzymes Dra1, EcoRV, Pvu ll,
and Stu1 to construct four digested gDNA libraries, i.e. DL1, DL2, DL3 and DL4. Each of
the libraries was used separately to ligate the adaptors to the digested gDNA fragments (Fig.
3). Four adaptor-ligated libraries were used separately as a template for the primary PCR
(PCR1) using GSPA1/GSPB1 combined with AP1. Products from the PCR1 were used as a
template for the nested PCR (PCR2) using GSPA2/GSPB2 combined with AP2. For both
PCR1 and PCR2 (Appendix 2B), advantage 2 polymerase mix (50X) (Clontech) was used at
the same annealing temperature 72°C and different cycles 32 and 20 respectively. Three sets
of PCR (PCR1 and PCR2) reactions were carried out during the Genome walking (GW) and
were represented by GW1, GW2, and GW3. Thus each of the GW was conducted with the
known sequence primers with the combination of adaptor primers to amplify the unknown
sequence from each of those libraries (Fig 3 ‘A’ and ‘B’). During GW1 upstream primers
GSPA1 combination with AP1 was used (PCR1) and the nested PCR (PCR2) was
conducted with GSPA2 and AP2;

for GW2 both upstream and downstream primers

(GSPB1 and GSPB2) combined with the adaptor primers were used and for GW3 newly
designed upstream primers GSPA4 and GSPA5 combined with the adaptor primers were
used (Appendix 2A and 2B). The PCR products were separated by gel-electrophoresis on a
1.5% agarose gel with ethidium bromide as a staining dye. Visible bands were cut from the
gel and then purified by the Minelute gel extraction kit (Qiagen) according to the
manufacturer’s instructions. Purified fragments were cloned as mentioned in the cloning
section.

The plasmid isolated from the culture was diluted with required amount of

nuclease-free water (QIAGEN) to prepare 15 μl of plasmid with the concentration of 50100ng/μl and sent for sequencing (Macrogen). Amplified new sequences were used to
design new known primers. This process was continued to amplify and sequence more
unknown region up and –downstream of the β-glucosidase gene on the genome.
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Fig 3. Schematic representation of genome walking: Red colour diamond representing the
ligated adaptors at the end of the digested DNA fragments. Known sequence of βglucosidase gene includes known primers (GSPA1, GSPA2, GSPB1 and GSPB2). Digested
fragments A and B contain both known and unknown sequence. Light blue and red arrows
are indicating known and adaptor primers respectively; deep blue regions on the digested
DNA are the unknown part of the sequence.

2.4 β-glucosidase gene amplification
The β-glucosidase gene was amplified with the primer pairs

ASP1420

and

SP811(Appendix 2A) from gDNA of YE male and ST male and female by PCR reaction.
PCR mix consisted of: 5 μl of 5x Go tag buffer (PROMEGA); 1.5 μl of MgCl 2 (25mM)
(PROMEGA); 0.125 μl of Go tag (PROMEGA); 0.5 μl of dNTP (10 mM); 0.5 μl of each
primers (forward and reverse, 25uM); 1 μl of gDNA and the volume was adjusted up to 25
μl with the nuclease-free water. The PCR program was carried out with the initial
denaturation at 95 °C for 3 minutes, then 30 cycles at 94°C for 3 seconds, 57°C for 30
seconds and 72 °C for 1 minute followed by additional 5 minutes at 72°C. Primer pairs B/C
R1+Fsus (F) and B/C F1+ Fres (R) (Fig 4 and Appendix 2A) were used to identify the
presence of a hybrid of glu-B and glu-C in both male and female YE and ST lines with a
previously stated PCR condition only by changing the annealing temperature at 59°C. PCR
products were separated by gel-electrophoresis on a 1.5% agarose gel with ethidium
bromide as a staining dye. Visible expected bands were cut from the gel and purified by the
Minelute gel extraction kit (QAIGEN) according to the manufacturer’s instructions. Purified
fragments were cloned as mentioned in the cloning section. The plasmid isolated from the
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culture was diluted with required amount of nuclease-free water (QIAGEN) to prepare 15
μl of plasmid with the concentration of 50-100ng/μl and sent for sequencing (Macrogen).
Sequence alignment was performed with Geneious software (version 5.4.6).

Fig. 4 Schematic representation of hybrid primers (B/C F1 and B/C R1) combined with
respective primer pair (Fsus and Fres) on the glu-B and glu-C. Arrows are indicating
primer's directions. Rcm2 is a general forward primer for both glu-B and glu-C.

2.5 FISH (Fluorescent in-situ hybridization)
FISH was performed on meiotic chromosomes that were collected from the testis of adult
male P. nemorum about 1-2 weeks old. At first the slides with spread chromosomes of the
testes were prepared. Slide preparation was done according to the Frantisek Marec (2001)
(Appendix 3A). Glass slides were incubated in acid ethanol solution (1% HCL: 96%
Ethanol) 1 hour before use. Testes were dissected out in the physiological solution
(Appendix 3B) and incubated in 0.075 M KCL for 1 hour. During incubation the fatty outer
layer was removed from all testes. The testes without fat were incubated in Carnoy' fixative
(6:3:1 ethanol-chloroform-acetic acid) for 15-30 minutes. Two of the testes were transferred
into a droplet (10-15 µl) of 60% acetic acid on a slide. Testes cells were then macerated
with tungsten needles in that droplet. Slides were placed on a heating plate at 45°C and
during this time the acetic acid drop was moved over the slide with a needle for 10 seconds.
Then all slides were incubated in an ethanol series (70%, 80%, 90%) for 30 seconds each
and air-dried. Prepared slides were then stored at 4°C until further use.
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To make a probe for the FISH the primer pairs Rcm2 and F2 (Appendix 2A) were used that
cover a part of 1.8 kb on the β-glucosidase gene. Fluorescein-dUTP-PCR (Jena Bioscience
bio connect) was used to label the probe by means of a PCR reaction (Appendix 3C). In this
PCR reaction different amounts of each of the dNTP’s (dATP, dCTP, dGTP, dTTP) were
used with advantagetaq 2 Polymerase Mix (50X) (Clontech) The PCR product was purified
with the Purelink PCR purification kit (Invitrogen). Purified probe was dissolved into HB70
(hybridisation buffer with 70% formaldehyde) and stored in -20ºC until further use.

For each of the slides two of the testes were used. Stored slides were used in FISH by
following a series of steps (Appendix 3D). Slides were hybridized with the pre-prepared
fluorescently labelled gene probe (Appendix 3D).

To stain the whole chromosome a

mixture of DAPI (4',6-diamidino-2-phenylindole) and Vectashield (1:20) was made to use
to visualise the chromosomes under the fluorescent microscope with the DAPI filter. For
each of the FISH slides 12 µl of the mixture was put on the top of the slide and was covered
with a 24X32 cover-slib. Pictures of the chromosomes were made under the fluorescent
microscope (Axioplan2 imaging, ZEISS) by using stain specific filters. Two pictures were
taken for each image, one with a DAPI filter and one with a green fluorescent filter. The two
pictures were optimized (contrast, levels and sharpened) and merged with Adobe Photoshop
CS3.
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3. Results
A complex intersection between the flea beetle P. nemorum and the toxic G-type plant B.
vulgaris has been described before in the natural environment (Agerbirk, 2001; Agerbirk et
al., 2003; Nielsen et al., 2010). Within this interaction the G-type B. vulgaris contains a
saponin hederagenin cellobioside which is used to be resistant against susceptible P.
nemorum and the resistance of the P. nemorum to the G-type B. vulgaris is regulated by an
R-gene

β-glucosidase. The presence of an unknown gene(s) with the resistant β-

glucosidase gene, the involvement of more genes in the saponin detoxification pathway or
the exact position of the identified β-glucosidase gene on the chromosome, are the
hypothesises, that were not determined before. Therefore as a first initiative; the genome
walking technique was performed to obtain more sequence information around the known
β-glucosidase gene. Subsequently a study of the β-glucosidase gene among the different lab
lines YE and ST was also conducted. A chromosomal study on the two lab lines YE and ST
(male) was done to demonstrate the location of the known β-glucosidase gene on the beetle
chromosome.

3.1 Genome walking: to get more sequence information around
the β-glucosidase gene
The first part of the genome walking consists the GW1 which was included the upstream
primers GSPA1 and GSPA2 combination with the adaptor primers in PCR1 and PCR2
(nested PCR) respectively. Only the PCR2 showed the bands on the gel for DL1 and DL3
>600 base pair (bp) and >400 bp respectively (Fig.5a). In the second part the GW2 was
conducted with both the upstream and the downstream primers GSPA1, GSPA2, and
GSPB1,GSPB2 separately in combined with the adaptor primers respectively in PCR1 and
PCR2 accordingly. Only PCR2 gave one band >2 kilo base (kb) for DL2, two bands (650
bp and >1.5 kb) for DL4 with the upstream primers (Fig. 5b) and one band (about 1.5kb)
for DL3 where downstream primers were used (Fig. 5c ). In the third part, the GW3 was
done with the newly designed upstream primers GSPA4, GSPA5 (Fig. 6c) combined with
the adaptor primers
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Fig. 5 Gel pictures of the PCR product of four libraries (DL1-DL4). a. GW1(using upstream
primers): bands are in DL1(>600bp) and DL3 (>400bp); b. GW2 (using upstream primers):
bands are one in DL2 (>2kb), two in DL4; one about 650bp (lower band) and one >1.5kb
(upper band); c. GW2 (using downstream primers): one band in DL3

Alignment of the sequences of the clones DL1A, DL3A and DL3B from GW1 almost
overlapped at the 5' of glu-B and glu-C (Fig. 6a) and were too short to design a new primer
on it. In GW2 clones from DL2 and the long fragment from DL4 ( Fig. 5b) did not give any
good alignment. A large mismatch of those sequences with the glu-B and glu-C were
found, in some cases forward and reverse sequences of a clone was unable to make any
contig; thus some of the clones were failed to provide any sequence. The possible reasons
could be the low concentration of the plasmid samples or the contamination. Only 2 of the
clones (clone 52 and 57) from DL4 short fragment (Fig. 5b) were gave an good alignment
with glu-B and glu-C (Fig. 6b). These sequences were partially aligned at the 5' part of the
glu-B and glu-C sequence. Clone 57 and 52 was resembled with the sequence from glu-B. A
pair of new primers GSPA4 and GSPA5 was designed at the upstream region of the aligned
sequences (Fig. 6b and c). However the new set of primers did not give any product in the
PCR1 or PCR2.
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a
3’
5’

b
3’
5’

c
3’
5’

Fig.6 Sequence alignment: a. clones are from GW1 aligned with apart from 5' of glu-B and
glu-C. b. clone 52 and 57 from GW2 aligned with the glu-B and glu-C at the 5' long part.
They also cover the intron at the middle. New sequence found at the 5' end, 34bp. c. New
primers GSPA4 and GSPA5 designed on the new part of the sequence from GW2 to
perform WG3.
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3.2 Variability of β-glucosidase gene sequence among different lab
lines
β-glucosidase gene was amplified from YE male and ST male and female by using primer
pairs ASP1420+ SP811(Fig. 7). Among 23 clones of YE male most of them aligned with
glu-B, one of the clones, 48 aligned with glu-C (Appendix 4: Fig.2) and clone 35 showed a
sequence part at the 5' end that aligned with glu-B and a part at the 3' end that aligned with
glu-C (Fig 8). It was considered that clone 35 consists the hybrid of glu-B and glu-C.

Fig. 7 Bands for β-glucosidase gene (about 800 bp) from YE male (left) and ST male (right:
A and B) and ST female (right: C and D).

5’

3’

Fig. 8 Alignment of a part of the 23 clones of YE males by using primers ASP1420+SP811:
Close view of the alignment of clone 35 with glu-B and glu-C. Red boxes indicate sequence
similarity with glu-B and the black box with glu-C.
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All clones from ST male aligned with the glu-B gene; from ST female also aligned mostly
with the glu-B only clones 58 and 59 from ST female, each showed one nucleotide
substitution (Fig. 9).

5’

3’

Fig.9 Parts of the sequence alignment of ST male and female: clones 58 and 59 of ST
female and 60 and 61 of ST male. Nucleotide substitutions are indicating with blue boxes.
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Hybrid primers B/C R1 and B/C F1 combined with forward and reverse primers Fsus (F)
(on glu-B) and Fres(R) (on glu-C) (See Fig. 4 and the primer’s table: β-glucosidase gene
amplification in Appendix 2A) respectively were confirmed in the PCR reaction that,
studied YE male, female and ST male have the hybrid of the glu-B and glu-C in their
genome (Fig. 10: band on the land B and C according to the primers). In this PCR reaction
primers Fres(R) + Fsus(F) ( Fig. 10, lanes: A ) did not give any band on the gel from the
gDNA of the male or female of ST and YE lines. However the prime pairs B/C R1 +
Fsus(F) and B/C F1+Fres(R) gave bands for both male and female of ST and YE ( Fig.10;
lanes: B and C) considered a hybrid PCR product. Only ST female showed a band for the
primer pair B/C F1+Fres(R) (Fig. 10; lane: C) different than others (ST male, YE male and
female). If the primer pairs B/C R1 + Fsus(F) and B/C F1+Fres (R) are able to give bands
then for the primer pair Fres(R)+ Fsus(F) also a band was expected.

The primer Rcm2(R) is a general reverse primer for both glu-B [Fsus(F)] and glu-C [Fres
(F)]. In this study Rcm2 (R) was given product combined with the forward primer Fsus(F)
in ST male, YE male and female; as all of those have glu-B in their genome (Fig. 10, lanes:
D). This primer pair represents the presence of glu-B in the genome therefore a band was
expected for ST female as well; however no band was found for ST female and the reason
was not known (Fig. 10, lane: D of ST female).

Prime pair Rcm2(R)+B/C (F) gave band for ST male, YE male and female however not for
the ST female (Fig. 10, lanes: E). According to this gel picture, the absence of any band on
the lanes D and E of ST female is representing that the studied ST female might not has the
glu-B gene in its genome.

From this experiment only YE male hybrid sequences were cloned to investigate whether
the resistant of YE male in our lab is a result of the hybrid of glu-B and glu-C. Of four
clones clone 62 and 63 resulted from the primers B/C F1+ Fres(R) and clones 64 and 65
resulted from the primers B/C R1+ Fsus(F) aligned with the glu-B and glu-C sequences.
None of the clones gave the exact same sequence result of clone 35.
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Moreover, from the sequence alignment it was found that the primer B/C F1 binds with
Clone 62 and 63 representing the part of glu-B; however rest of the sequence of clone 62 is
identical to the glu-C and the resistant primer Fres (R) also bind at the 3’ end. For clone 63
rest of the sequence resembles with glu-B except for one ‘G’ (Fig 11b: highlighted with
yellow colour on clone 63); primer Fres(R) binding site of this clone is similar to glu-C only
one nucleotide at the 3' end of the sequence matched with glu-B. For the clones 64 and 65,
primers Fsus(F) and B/C R1 both bind at the 5’ and 3’ end of the sequence respectively.
Between those primers all sequences aligned with glu-B except clone 65 which has only one
nucleotide difference (not shown here) (Fig. 11a and 11b)

Fig.10 β-glucosidase gene amplification by hybrid primers (see table in Appendix 2A).
Template DNA is from males and females both from ST and YE lines. Lane A: PCR
product of primer pair Fres(R) + Fsus(F); lane B: B/C R1 + Fsus(F); lane C: B/C F1+Fres
(R); lane D: Rcm2(R)+ Fsus(F); lane E: Rcm2(R)+B/C F1 .

23

a
5’

b
3’

Fig. 11 Two parts [ “a”(5’ primer binding site) and “b”(3’ primer binding site)] of the
sequence alignment of β-glucosidase gene of YE male amplified with hybrid primers.
Hybrid primers were designed on the clone 35 according to the glu-B and glu-C sequence.
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3.3 Physical identification (or localization) of β-glucosidase gene on
the chromosome of different lab lines by FISH
15 chromosomes (2n=30) were found in both YE (Fig. 12a-c) and ST lines (Fig. 12d-f). A
part of the β-glucosidase gene was used as a probe to detect a green fluorescent signal of the
gene on the chromosomes. Images were studied under the fluorescent microscope and it was
found that the probe signals were not always present on the chromosomes and occasionally
background signals were also observed. At least two signals were observed within the
chromosomes from one cell of both YE and ST male (Fig. 12a-f). Additionally, each of the
signals appeared like a double signals. Infrequently a signal was observed on a small
chromosome like structure (Arrow on the Fig 12c and d). The spreading of the
chromosomes was not good enough to determine the FISH signals on the specific
chromosomes. No remarkable differences were found in the chromosome number, giving
signals or observed chromosome structure between YE and ST.

Fig 12. Meiotic chromosomes of YE males (a-c) and ST males (d-f) observed under the
fluorescence microscope. Green dots represent the signal from the fluorescent green probe.
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4. Discussion
Resistance of G-type B. vulgaris against the flea beetles P. nemorum is caused by the
saponin hederagenin cellobioside (Nielsen et al., 2010). According to the G. Ikink thesis
report, (2008) it was found that the resistance of P. nemorum to the G-type B. vulgaris,
which is caused by an R-gene (Nielsen et al., 2010), is strongly correlated with the βglucosidase gene.

Agerbirk et al., (2003) described that the saponin can lost its toxicity whenever the two
sugar moieties are removed by cleaving their glycosidic bonds. It was known that the βglucosidase gene encoding protein can hydrolyze the β1> 4 glycosidic bonds from the
glucose molecules (Nielsen et al., 2010). Then it can assume that the β-glucosidase gene
encoding protein, present in the resistant P. nemorum can remove the glucose molecules
from the saponin and become resistant to G-type B. vulgaris.
However, the saponin detoxification pathway or the mode of action of the β-glucosidase
gene in P. nemorum has not been described before. The possible action; the removal of one
or two of the glucose molecules from the saponin hederagenin cellobioside by hydrolyzing
the glucosidase bond between the glucose molecules, is a prediction (Agerbirk et al., 2003;
G. Ikink thesis report, 2008; Nielsen et al., 2010). It has been reported before that the
resistance of the P. nemorum is caused by an R-gene (Nielsen et al., 2010). However
according to our previous lab experiments, the described R-gene was considered as the gluC (caused resistance) a β-glucosidase gene and a homolog of this gene glu-B (caused
susceptibility) was found both in the lab lines and in the field collected beetles.

Our lab lines YE and ST showed resistant and susceptibility at the presence or absence of
the glu-C respectively. Perversely, the susceptibility to the G-type B. vulgaris was found at
the presence of glu-C gene in some of the field collected beetles, therefore it was
hypothesized that the resistance of P. nemorum required more genes including glu-C; while
only presence of glu-C gene caused susceptibility (field collected beetles) and combined
with that unknown gene caused resistance (lab lines). Then the prediction is, at least two
genes are involved in P. nemorum resistant pathways.
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The possible presence of two β-glucosidase genes to be resistant to the G-type B. vulgaris
and their interaction in this detoxification pathway to remove glucose molecules are not
known. Previous crossing experiment showed that a single R-gene is involved in the P.
neromorum to be resistant to the G-type B. vulgaris ( Nielsen, 1997a; De Jong et al., 2000);
according to that experiment if the presence of at least two resistant genes including glu-C
are thought to be then they might be considered as a single gene. This can be only happen if
those genes are located in a close vicinity on the chromosomes and transferred to the
offspring together like a single gene.
Therefore the investigation of the presence of one or more other β-glucosidase or βglucosidase like hydrolyzing genes or any other genes related to the resistance on the
genome of P. nemorum was one of the objectives of this study. To achieve this more
sequence information is needed and therefore the genome walking technique was used to get
more sequence around the β-glucosidase gene. During genome walking (GW2) a part of
new sequence was found (Fig. 6b), where most of the sequence part at the middle is covered
the intron (135 bp) (Appendix 4: Fig.1). Therefore only a new part, 34 bp at the upstream of
β-glucosidase was discovered (Fig. 6b). The large fragments > 2 kb and > 1.5 kb, found in
GW2, possibly would give a long new sequence; however their sequences were unable to
match with any of the glu-B or glu-C; probably the pGEM-T vector regardless the normal
efficiency was not suitable enough to clone those big fragments. Using a different vector for
example pTOPO which is efficient to clone a large fragment (>4 kb), might be a possibility
to clone those big fragments, that might provide a large part of unknown sequence
information. Even the primers GSPA4 and GSPA5 designed on the new known part of the
sequence (Fig.6c) did not give any product in the PCR1 or PCR2. Changing annealing
temperature or designing a new primer pair might be useful to get a product in the genome
walking PCR reactions.

According to the previous work more alleles of glu-B and glu-C were found in the
autosomal resistant AK beetles

(M. Kamimura, unpublished results). To investigate

whether more alleles of glu-B and/or glu-C present in our lab lines YE and ST, a βglucosidase gene cloning was done. No alleles of glu-B or glu-C were confirmed among YE
or ST lines. Among 23 of the clones of YE males obtained with the primers ASP1420 +
SP811 only one clone (clone 48) showed similarity with glu-C sequence, all others were
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similar to glu-B (Appendix 4: Fig. 2). The presence of both glu-B and glu-C in the YE
males was previously reported in our lab. In ST males and females only the glu-B was found
(Fig. 9) ; apart from the clone 58 and 59 where one nucleotide substitution was observed
(Fig. 9). Difference in one nucleotide might be a sequencing error and was not confirmed
by the additional cloning and sequencing. The impact of the nucleotide changes on the
amino acid translation was not investigated as well. Moreover the presence of the glu-B and
absence of the glu-C in the ST line is representing the basis of their susceptibility to the
toxic G-type B. vulgaris. In this case, the possible presence of the second gene in ST line
would not be discard, since without glu-C that unknown gene would not have any function
in resistance thereby ST remain susceptible.

In addition a hybrid of the glu-B and glu-C genes was found in one of the clones, clone 35
(Fig. 8) of the YE male. To investigate the presence of more hybrids in the male and female
of both ST and YE two sets of hybrid primers were designed. These primers gave bands
with the same size in both ST males, and YE males and females as expected (Fig. 10). In ST
females only one hybrid primer pair [B/C R1+Fsus(F)] gave a band identical to the
corresponding band in the other lines (ST and YE). According to this gel picture; if the
hybrid is truly present in both ST and YE then the presence of this hybrid of glu-B and gluC possibly has an advantage in resistance in YE line; thereby only hybrid products of the
YE male were sequenced . In the susceptible ST line the presence of such a hybrid of glu-B
and glu-C

and its possible impact was not investigated in this study; as they have

susceptible phenotype and their sequence alignment was not studied as well.

In this hybrid primer incorporated PCR reaction, the primer pairs B/C R1 + Fsus(F) and
B/C F1+Fres(R) gave bands for both male and female of ST and YE (Fig.10, lanes: B and
C) considered as a hybrid except ST female. Then a band for the primer pair Fres(R) +
Fsus(F) was also expected (see Fig. 4) which was not found; to get a PCR product with this
primers Fres(R) + Fsus(F) probably an optimization of the PCR condition is needed. Primer
pairs Rcm2(R)+ Fsus(F) and Rcm2(R)+B/C F1 would give product while the glu-B gene is
present in the genome (see Fig.4); however in ST female none of these primer combinations
gave any PCR product (Fig.10D and E). It might be due to the absence of glu-B in the ST
female genome or any other causes that were not known in this step of the study.
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It has been described that the PCR products of the hybrid prime pairs B/C R1 + Fsus(F) and
B/C F1+Fres(R) were considered as a hybrid and according to the resistance phenotype
only YE male hybrid PCR products (Fig. 10) were sequenced. It was found that they are not
the true hybrid as were considered in the PCR product. It showed that the hybrid primers
designed on the glu-B and glu-C both were binds on 5’ and 3’ end accordingly, however the
sequence between those primers were either glu-C or glu-B. It seems that they are not a true
hybrid like clone 35. Therefore the difference in the sequences were only found at the
primer binding sites. That could be happened due to an unspecific binding of the primers
and then subsequent sequencing. This unspecific primer binding is very likely as they are
not very unique at the 3' end (see Fig. 11a,b and Appendix 2A). Furthermore if the presence
of this partial hybrid is true then they might be involved in the resistance in YE beetles as
those YE beetles are resistant to G-type B. vulgaris in our lab.
PCR amplification of YE males with the β-glucosidase gene specific primers (ASP1420 +
SP811) and the hybrid primers were performed with the same template of gDNA that was
isolated form an one set of YE males. They have shown the sequences of the glu-B, the gluC, the hybrid and also the partial hybrid (predicted) in their genome (Fig.8, 11 and
Appendix 4: Fig 2) . Presence of both glu-B and glu-C in our YE male lab line was reported
before. The presence of hybrid and the partial hybrid was newly found in this YE male line.
Therefore it can be assume that in YE male genome contains both the glu-B and glu-C gene
and also contains a combination of a true or a partial hybrid of glu-B and glu-C. Moreover,
it can be predicted that the partial hybrids might be an another copy of the glu-B or glu-C
gene (if those hybrid primers were thought to be specific) in which this hybridization was
occurred; subsequently the intact glu-B and glu-C are still remained in the genome (Fig. 8,
11 and SeeAppendix4: Fig.2). It can also be predicted that the partial hybrids might be the
different alleles of glu-B and/or glu-C that was not conformed in this study.
β-glucosidase gene probe was used in Fluorescent In Situ Hybridization (FISH) to identify
the presence of the β-glucosidase gene on the specific chromosome(s). At least two green
fluorescent probe signals were detected on a set of chromosomes (chromosomes of one cell)
of YE and ST male. As the glu-B and glu-C have a large sequence similarly then the βglucosidase gene probe will show less discrepancy between glu-B and glu-C; hence
presence of at least two signals on one chromosome set were likely represented the presence
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of at least two genes; glu-B and glu-C (glu-B from ST mother and glu-C from YE father) in
YE male. Furthermore, it was known before that ST has only glu-B then in ST male the
reasons to presence of more than one signal was not explored in this study. From this it can
be only hypothesised that the more copies of glu-B and/or glu-C might be present at least in
ST male and it can be presumed for YE male also, as in YE more than two signals were
found. Additionally, each of the signals was seems like a double signals on a chromosome.
It is known that the chromatids (two copies of a single chromosome; without dividing the
centromere) of a single chromosome (sister chromatid) are the replicates. Thereby, signal in
one chromatid means that the other chromatid of that particular chromosome should have
the same signal. Thus a double signals of each of the signal possibly the signals from its two
chromatids; which can ensure the possibility of a true signal. It was not possible to identify
each of the chromosomes from one set of chromosome; as the spreading of those
chromosomes were not good enough, thereby the signals found on the chromosomes were
unable to deduce that particular chromosomes.

However, in some cases the presence of much more background signals was perhaps made
the actual signals on the chromosome unlikely or coincidental than likely on the
chromosomes (Fig 12). It was not possible to distinguish every chromosome separately; thus
the signals found on the chromosomes could not be dedicated to a specific chromosome.
Sometimes a small chromosome like structure was found (Arrow on the Fig 12 c and d)
which gave a strong signal. However, as the total chromosome number was found 15
excluding that small chromosome like structure then the possibility of that small part to be a
chromosome was discarded. It was also observed that possibly some parts of the densely
packed or closely situated chromosomes were not stained properly with DAPI, which made
those parts of the chromosomes invisible under the fluorescent microscope (Appendix 4:
Fig. 3). If that true then in some cases, the signal found at the close edge of the
chromosomes likely had given signal from an unstained part of the chromosomes (Appendix
4: Fig. 3).
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Future work
It was found previously that some of the field collected beetles are susceptible however do
have the glu-C is present in their genome (P. Verbaarschot per. Comm). In this study
comparison between field-collected beetles was not explored. It would be a possibility to
study the field collected beetles in the bio-assay followed by PCR with the hybrid primers.
Where the PCR products by using the hybrid primes might have shown the possibility of the
hybrid in the genome of the field-collected beetles, then sequencing is needed to confirm the
presence of that hybrid. Then a comparative analysis would be performed between the
presence and absence of the hybrid with the resistance and susceptibility of those fieldcollected beetles. The hybrid sequences of the studied ST males, found in the PCR were not
sequenced; therefore further it would be good to investigate their sequences also. To see the
copy number of the β-glucosidase gene a southern blot would be a good possibility to
accomplish. To do a southern blot a large sequence part is needed in both upstream and
downstream of the β-glucosidase gene for searching a suitable restriction cutting site,
therefore more sequence information is still remained a requirement. Hence genome
walking should be continuing by designing new primers both on the upstream and the
downstream of the β-glucosidase gene. To identify the location of the β-glucosidase gene on
the chromosome well spreading of the chromosomes is required, thus the improvement of
the slide preparation procedure with a good spreading is needed.
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Appendixes
Appendix 1 A
Genomic DNA (gDNA) isolation
For Puregene(R) Kits catalog number D-5500A, D-5000A, D-50KA, D-40KA, D-7000A, D70KA, D-7000B, D-70KB
DNA Purification from 5 mm (5-10mg) Mouse Tail Tissue
Expected Yield: 10-75μg DBA
Cell Lysis
1. Place 5 mm (5-10mg) fresh or frozen mouse tail tissue (minced if possible) into a 1.5
ml microfuge tube containing 300 μl Cell Lysis Solution.
2. 2. Add 1.5 μl Proteinase K solution (20 mg/ml) to the lysate and mix by inverting 25
times. Incubate at 55 °C overnight or until tissue has dissolved. If possible, invert
tube periodically during the incubation.
Rnase Treatment (Optional)
1. Add 1.5 μl Rnase A Solution to the cell lysate.
2. Mix sample by inverting the tube 25 times and incubate at 37°C for 1-60 mintes.
Protein Precipitation
1. Cool sample to room temperature by placing on ice for 1 minute.
2. 2. Add 100μl Prottein Precipitation Solution to the cell llysate.
3. Vortex at high speed for 20 seconds to mix the Protein Precipitation Solutin
uniformly with the cell lysate.
4. Centrifuge at 13.000-16000 x g for 3 minutes. The precipitated proteins will form a
tight pellet. If the protein pellet is not tight, repeat step 3 followed by incubation on
ice for 5 minutes, then srepeat step 4.
DNA Precipitation
1. Pour the supernatant containing the DNA (leaving behind the precipitated protein
pellet) into a clean 1.5 ml microfuge tube containing 300 μl 100% Isopropanol (2propanol).
2. Mix the sample by inverting gently 50 times.
3. Centrifuge at 13,00-16,000 x g fro 1 minute; the DNA will be visible as a small
white pellet.
4. Pour off the supernatant and drain tube on clean absorbent paper. Add 300 μl 70%
Ethanol and invert tube to wash the DNA pellet.
5. Centrifuge at 13,000-16,000 x g for 1 minute. Carefully pour off the ethanol.
6. Invert and drain the tube on clean absourbent paper and allow to air dry for 5-10
minutes.
DNA Hydration
1. Add 50 μl DNA Hydration Solution (50 μl will give a concentration of 500 μg/ml if
the total yeild is 25μg DNA)
2. Rehydrate DNA by incubating sample for 1 hour at 65 ° and /or overnight at room
temperature. Tap tube periodically to aid in dispersing the DNA.
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3. Store DNA at 4 °C. For long term storage, place sample at -20°C or -80°C

Appendix 1B
SOC medium
2 g Bacto-Tryptone
0.5 g Yeast-Extract
1 ml 1M NaCl
0.25 ml 1M KCl
2 ml 1M Mg++Stock*
2 ml 1M Glucose (Filter starilized)
Add Tryptone, yeast, NaCl, KCl to 97 ml water. Autoclave and cool to room.
* 1M Mg++Stock: 10,165 MgCl2. 6 H2O and 12,325 g MgSO4. 7 H2O . Add distilled water
to 100 ml. Filter sterilize throw 0.22 μfilter.

Appendix 1C
AXI/LB plates: LB-plates with the following ingredients for 25 ml medium,
Ampiciline: 25 μl from stock 100 mg/ml
X-Gal:
50 μl from stock 20 mg/ml
IPTG:
25 μl from stock 100 mM
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Appendix 2A
Primers
Primers: Genome walking
Primer names
Nucleotides
GSPA1
CTTCTGGGACCGCAACTGCCTCTTACC
GSPA2 (nested)
GCACGAGCTGCAGCACTGTCAACAAC
GSPA3
GTTATCGTTGGCACGAGCTGCAG
GSPA4
GGTTAQTCGTTGGCACGTAAGTATTGAT
GSPA5(nested) CTGGTCTGACAAGGTGTGAATTAATTC
GSPB1
AGGCCACTTGAGTGGAGTTAGAGAT GCTCTTG
GSPB2 (nested)
TATTGGTTACACGGCTTGGAGCATGATGG
AP1
GTAATACGACTCACTATAGGGC
AP2 (nested)
ACTATAGGGCACGCGTGGT
Primers: β-glucosidase gene amplification
Primer names
Nucleotides
ASP1420 (Reverse) GAATGGACTCGTGGATACTCAG
SP811 (Forward)
TTGATACAGCTTGGGGTGAG
B/C (Reverse)
TCGGAATCCTGATCATAGCCTATTTCT
B/C (Forward)
AGATGAGGATGACGTACTTGCTGC
Fsus (Forward)
CAGGTAGCCTAGATGAGGATGAC
Fres (Reverse)
CTTCGGGAATCCTGATCATAGCCT
Rcm2 (Reverse)
GACGATGGCGTCAATGTTATTGG
Primers: Probe preparation
Primer names
Nucleotides
Rcm2 (Reverse)
GACGATGGCGTCAATGTTATTGG
F2
TGG GAC AGA GCC TGC CAC ACT

Use
Upstream
Upstream
Upstream
Upstream
Upstream
Downstream
Downstream
Adaptor
Adaptor

Use
β-glucosidase (gluC)
Hybrid of glu-B
and glu-C

Use
β-glucosidase gene
(apart)

xxxviii

Appendix 2B

GW: PCR mix
40 μl deionized H2O
5 μl 10X Advantage 2 PCR Buffer
1 μl dNTP (10 mM each)
1 μl AP1 (10 μM)
1 μl Advantage 2 Polymerase Mix (50X)
1 μl of respective template
GW: PCR1 program
• 7 cycles: 94°C 25 sec 72°C 3 min
• 32 cycles: 94°C 25 sec 67°C 3 min
• 67°C for an additional 7 min after the final cycle

GW: PCR2 (nested PCR) program
• 5 cycles: 94°C 25 sec 72°C 3 min
• 20 cycles: 94°C 25 sec 67°C 3 min
• 67°C for an additional 7 min after the final cycle.
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Appendix 3A

Preparation of Insect Meiotic Chromosomes for FISH
Preparation of slides (SUPERFROST):
 Incubate slides for at least 1 h in acid ethanol (1% HCl in 96% ethanol : 0.5 ml Hcl+
50 ml 96% ethanol ) before making chromosome spreads
 Dry slides with cleaning paper for eye-glasses or with lens-cleaning tissue.
1. Dissection: Dissect out testes or ovaries in physiological solution
2. Hypotonic pretreatment : Transfer testes into a drop of 0.075 M KCl and let it for 1
hour. During the pretreatment remove fat using tungsten needles or a pair of fine
tweezers.
3. Fixation: Fix the gonads in freshly prepared Carnoy's fixative (6:3:1 ethanolChloroform-Acetic acid) for 15-30 minutes.
4. Maceration: Transfer the gonads on a slide into a drop (10-15 µl) of 60% acetic acid
using a tungsten needle (prong the gonads with the needle) and torn them into fine
pieces with tungsten needles; then add again 10-25 µl of 60% acetic acid.
5. Spreading: Put the slide on a heating plate at 45 °C and move the drop over the slide
(in area smaller ten 24X40) with a needle until the acetic acid almost evaporateds.
Discard the rest of the drop.
6. Dehydratation: Pass the slide through an ethanol series to remove water (70%, 80%,
96%; 30 second each) and let it air-dried)
7. Inspectin: Inspect quality of the slide in a phase contrast microscope.
8. Stroing: Store slides in a slide-box at -20 °C till further use.
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Appendix 3B
Physiological solution
Bidistilled or deionized H2O

1000 ml

NaCl
KCl
CaCl2

9 g (0.9%)
0.42 g (0.042%)
0.25 g (0.025%)

NaHCO3
0.2 g (0.02%)
Glucose
2.5 g (0.25%)
Mixture was stored in a refrigerator at + 4°C

Appendix 3C
Probe: PCR mix
2 μl Advantagetag 2 PCR buffer
2 μl dATP
2 μl dCTP
2 μl dGTP
1.2 μl dTTP
0.8 μl Fluorescein-dUTP-PCR
0.4 μl probe F2
0.4 μl Rcm2
0.4 μl template (0.1x) C1 plasmid
0.4 μl Advantagetag 2 Polymerase Mix (50X)
8.4 μl H2O
Probe: PCR program







95°C
95°C
60°C
68°C
70°C
4°C

1 minute
30 seconds
30 seconds
3 minutes
10 minutes
forever

35 cycles
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Appendix 3D
FISH (with directly labeled probe)
1) Slides in Abs. EtOH 3’ (extra fix)
2) 50% EtOH 3’
3) MQ 3’
4) 1% formaldehyde 10’ (5 ml 10xPBS (cupboard up left), 5 ml 10x MgCl2 (500mM), 1,5
ml 37% Formaldehyde (chem. cupboard), 38,5 ml MQ)
5) MQ 5’ 3x
6) 30’ at 65 ℃ (stove) in tube rack
7) RNAse A (freezer, box: )1:100 (1 µl in 100 µl, 2x SSC) at 37 ℃ 60’. pipet 100 µl on
cover-slide (24 x 50) and put the slide on the droplet. put slide upside down in glass holder
and in white plastic box with blue lid (+ moist paper on the bottom)
8) 2x SSC (cupboard up left) 5’, 3x
9) 0.01M HCl (shelf next to chem. cupboard) 2’
10) Pepsin (freezer, box: )1:100 (2 µl + 200 µl 0.01M HCl) at 37 ℃ for 10’ on hot plate.
pipet 200 µl on cover-slide (24 x 50) and put the slide on the droplet.
11) MQ 2’
12) 2x SSC 5’, 2x
13) 1% Formaldehyde 10’ (5 ml 10xPBS, 5 ml 10x MgCl2 (500mM), 1,5 ml 37%
Formaldehyde, 38,5 ml MQ)
14) 2x SSC 5’, 3x
15) Ethanol: 70%, 90%, 100% 3’ each (every time fresh)
16) 20 µl Hybridization mix per slide (Vortex!!!)
10 µl 20% Dextran sulfate in HB50 (ep, “20%DS”, freezer) (10’ at 65 ℃ before use)
3 µl Fluorescein-dUTP Probe (dissolved in HB70)
4 µl blocking DNA (= Salmon DNA)
3 µl HB70 (freezer) (10’ at 65 ℃ before use)
17) Denature Hybridization mix 5’ at 95 ℃ (thermal cycler) and 2’ on ice
18) 20 µl Hyb mix on slide, cover with 24x40 mm slide
19) On 80 ℃ hot plate for 2-2,5’
20) Hybridize o/n (or two days) at 37 ℃ in white plastic box with blue lid (+ moist paper on
the bottom)
21) Remove cover-slide in 2x SSC
22) 2x SSC 5’, 1x
23) 50% formamide/2x SSC at 42 ℃ 5’, 3x (SF50 in fridge)
24) 2x SSC 5’, 3x
25) Ethanol: 70%, 90%, 100% 3’ each (every time fresh)
26)12 µl DAPI in Vectashield (50 µl/ml) (1:20) (cover-slide 24x32)
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Appendix 4

Fig. 1 Genome walking (GW2): clones 52 and 57 at the middle cover the intron of glu-C
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Fig. 2 Sequence alignment of 21 out of 23 clones of YE males

Fig. 3 One of the FISH image of the chromosome indicating by the arrow, the signal not on
the chromosome might be on the unstained part of that chromosome.
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