Protocols for
Cytogenetic Mapping
of Arthropod
Genomes

P
+y

™

Edited by Igor V. Sharakhov

CRC Press
Taylor & Francis Group






Protocols for
Cytogenetic Mapping
of Arthropod
Genomes






Protocols for
Cytogenetic Mapping
of Arthropod
Genomes

Edited by Igor V. Sharakhov

oooooooooooooooooooooo




CRC Press

Taylor & Francis Group

6000 Broken Sound Parkway NW, Suite 300
Boca Raton, FL 33487-2742

© 2015 by Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, an Informa business

No claim to original U.S. Government works
Version Date: 20140805

International Standard Book Number-13: 978-1-4665-9816-4 (eBook - PDF)

This book contains information obtained from authentic and highly regarded sources. Reasonable efforts have been
made to publish reliable data and information, but the author and publisher cannot assume responsibility for the valid-
ity of all materials or the consequences of their use. The authors and publishers have attempted to trace the copyright
holders of all material reproduced in this publication and apologize to copyright holders if permission to publish in this
form has not been obtained. If any copyright material has not been acknowledged please write and let us know so we may
rectify in any future reprint.

Except as permitted under U.S. Copyright Law, no part of this book may be reprinted, reproduced, transmitted, or uti-
lized in any form by any electronic, mechanical, or other means, now known or hereafter invented, including photocopy-
ing, microfilming, and recording, or in any information storage or retrieval system, without written permission from the
publishers.

For permission to photocopy or use material electronically from this work, please access www.copyright.com (http://
www.copyright.com/) or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA 01923,
978-750-8400. CCC is a not-for-profit organization that provides licenses and registration for a variety of users. For
organizations that have been granted a photocopy license by the CCC, a separate system of payment has been arranged.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for
identification and explanation without intent to infringe.

Visit the Taylor & Francis Web site at
http://www.taylorandfrancis.com

and the CRC Press Web site at
http://www.crcpress.com



Contents

PIeface .oooooeiiiieeee e vii
AcKNOWIEdEMENtS .......cccveeviieiiieeiie et ix
BdItOT ceviiiiiieeeee e e e xi
CONITIDULOTS .oeiviieeeiiee e ettt ettt e e e e e ree e e xiii
Chapter 1 Tephritid Fruit Flies (Diptera) .........cccccceeeevieenieenen. 1
Penelope Mavragani-Tsipidou,
Antigone Zacharopoulou, Elena Drosopoulou,
Antonios A. Augustinos, Kostas Bourtzis, and
Frantisek Marec
Chapter 2 Hessian Flies (Diptera).........cccceeeeveenienieniennene. 63
Jeff J. Stuart, Rajat Aggarwal, and
Brandon J. Schemerhorn
Chapter 3 Tsetse Flies (Diptera)......c.ccceecvereverververivesvenenenens 79
Anna R. Malacrida, Francesca Scolari,
Marco Falchetto, and Serap Aksoy
Chapter 4 Mosquitoes (DIptera).......c..coceeeeveeneneeeenieneneenne 93
Maria V. Sharakhova, Phillip George,
Viadimir Timoshevskiy, Atashi Sharma,
Ashley Peery, and Igor V. Sharakhov
Chapter 5 Beetles (Coleoptera) .........cecceeveeneeneeneeneeneenieen. 171
Diogo C. Cabral-de-Mello
Chapter 6 Silk Moths (Lepidoptera) .........cccceevverververevenenns 219
Atsuo Yoshido, Ken Sahara, and Yuji Yasukochi
Chapter 7 Parasitoid Wasps (Hymenoptera)............c.ccoceeue. 257
Jiirgen Gadau, Karsten Riitten, and
Michaela Neusser
Chapter 8 Bedbugs (Hemiptera)........c.ccceeeeveeveeneeneeniennnen. 285

Snejana Grozeva, Boris A. Anokhin, and
Valentina G. Kuznetsova



vi Contents

Chapter 9 Aphids (Hemiptera) .........coceeeevevenenieniencneenns 327

Mauro Mandrioli and Gian Carlo Manicardi

Chapter 10 Spittlebugs (Hemiptera).........coceevvveerereerveenveennnen. 351

Valentina G. Kuznetsova, Anna Maryanska-
Nadachowska, and Tatyana Karamysheva

Chapter 11 Grasshoppers (Orthoptera) ...........ccccvevververvennnnns 381

Juan Pedro M. Camacho,

Josefa Cabrero, Maria Dolores Lopez-Leon,
Diogo C. Cabral-de-Mello, and

Francisco J. Ruiz-Ruano

Chapter 12 Ticks (IX0dida) ......cccceoeevininienenenieicnieneceene 439

Monika Gulia-Nuss, Jason M. Meyer,
and Catherine A. Hill



Preface

Arthropods are the most abundant, diverse, and ubiquitous group
in the animal kingdom. Originating about 500 million years ago,
during the Cambrian period, over 1 million arthropod species are
now playing a major role in terrestrial, aquatic, and marine ecosys-
tems. Moreover, arthropods are important to worldwide agricul-
ture, food safety, human health, and energy production. Besides
their practical significance, various species represent excellent
model systems for biological investigations of evolution, develop-
ment, physiology, reproduction, and social interaction. For these
reasons, arthropod genomics is receiving increasing attention from
researchers around the globe. Ambitious projects to obtain whole-
genome sequences for insect and related arthropod species, such as
the 15K project (http://arthropodgenomes.org/wiki/i5K), have been
initiated. However, genome assemblies obtained by next-genera-
tion sequencing can be highly fragmented. The level of assembly
fragmentation depends on the levels of genetic polymorphism and
the abundance of repetitive elements. Success of genomic analyses
will be limited if researchers deal with numerous sequencing con-
tigs rather than with chromosome-based genome assemblies. If a
genome sequence is associated with real chromosomes, new types
of analyses become possible. For example, association mapping,
which links phenotypes to genotypes using historic linkage dis-
equilibrium, requires chromosome mapping data. In addition, an
interpretation of population genomics data depends on the chro-
mosomal location of markers in the reference genome. Finally, a
number of studies including rearrangement phylogeny, chromo-
some evolution, gene movements, sex-biased expression, epig-
enomic modifications, and chromatin interactions depend on the
availability of chromosome-based genome assemblies. In addition
to increasing the value of genome sequence data to the research
community, chromosome mapping can potentially identify gaps,
misassembled scaffolds, and different haplotypes within assem-
blies. Therefore, the development of high-resolution physical maps
is an important framework for improving the quality of genome
assembly, annotation, and analysis. The main reason for this book
is to bring together the expertise of cytogeneticists working on
diverse groups of arthropods including Diptera (tephritid fruit
flies, hessian flies, tsetse flies, and mosquitoes), Coleoptera (bee-
tles), Lepidoptera (silkmoths), Hymenoptera (parasitoid wasps),
Hemiptera (aphids, bed bugs, and spittlebugs), Orthoptera (grass-
hoppers), and Ixodida (ticks). Because the included arthropod spe-
cies have been studied cytogenetically, they can serve as model

vii



viii Preface

species in efforts to chromosomally map genomic sequences.
Furthermore, the book intends to facilitate the exchange of cyto-
genetic expertise among entomologists working with various taxo-
nomic groups, including species that have medical, veterinary, or
agricultural importance. Each chapter demonstrates approaches
to tissue dissection, chromosome preparation, fluorescence in
situ hybridization, and imaging. This book can be viewed as the
main source of information about detailed protocols for physical
chromosome mapping and their applications for studying genome
organization and evolution in arthropod species.

Igor V. Sharakhov
Virginia Polytechnic and State University
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1.1 INTRODUCTION

1.1.1 Taxonomy and Importance of the Species

Fruit flies of the family Tephritidae with about 4450 species are
classified into six subfamilies and 484 genera (Norrbom et al.
1999; Korneyev 2000; Systematic Entomology Laboratory 2004).
The majority of species attack fruits and other plant crops world-
wide. The five genera, Anastrepha, Bactrocera, Ceratitis, Dacus,
and Rhagoletis, include the most destructive agricultural pests in
the world and are therefore considered pests of global economic
importance (Fletcher 1989; White and Elson-Harris 1992).
Bactrocera with 629 described species is the largest
genus (Drew and Hancock 2000; Drew 2004). It includes
about 40 species of economic importance, mainly found in
Asia, Australia, and the Pacific (White and Elson-Harris



4 Protocols for Cytogenetic Mapping of Arthropod Genomes

1992) with a sole representative in Europe, the olive fruit
fly, Bactrocera oleae. Dacus is also a large genus (248 spe-
cies), closely related to Bactrocera (Drew and Hancock 2000;
Drew 2004). It inhabits the Afrotropical region and includes
11 species of economic importance (White and Elson-Harris
1992). The genus Anastrepha includes about 198 species, 15 of
which are of economic importance (White and Elson-Harris
1992); fruit flies of this genus have a mainly neotropical dis-
tribution (McPheron et al. 2000; Norrbom et al. 2000). The
Afrotropical genus Ceratitis includes more than 89 species
(Barr and McPheron 2006). Eleven of them are important pests
(White and Elson-Harris 1992) with the Mediterranean fruit
fly, Ceratitis capitata, being the best-studied member of the
whole family and a model system for genetic, molecular, and
cytogenetic studies including the development of genetic sex-
ing strains (GSSs) for sterile insect technique (SIT) applica-
tions (Robinson et al. 1999; Gariou-Papalexiou et al. 2002;
Franz 2005). The genus Rhagoletis, finally, contains more
than 60 species, mostly native to North America and only few
of Eurasian origin (Smith et al. 2005). Seventeen species are
considered pests of economic importance (White and Elson-
Harris 1992).

The taxonomy of the Tephritidae family has undergone many
revisions and more can be expected. This is due to the high
diversity and plasticity of this family, as well as to the applica-
tion of new techniques employed to resolve the status of species
complexes, cryptic species, or cases of incipient speciation that are
very common in the Tephritidae. Much attention has been given
to deciphering of the B. dorsalis, Ceratitis FAR (fasciventris-
anonae-rosa), and Anastrepha fraterculus species complexes, as
well as the sympatric speciation through host shift and arthropod
symbiosis in the genus Rhagoletis.

The challenge to reduce the damage caused by tephritid pests
and as a consequence to increase food production led to the
development of many pest management strategies. Although
insecticides are still heavily used for the control of many teph-
ritids, there are also environmental friendly control strategies,
such as the SIT, for the application of which knowledge of the
genetic structure of populations of pests is essential. Such meth-
ods have been gaining more and more attention in the recent
years for use on an increasing number of species (Robinson
et al. 1999; Gariou-Papalexiou et al. 2002; Franz 2005; Ant
et al. 2012). It has become apparent that basic research has led
to a much better understanding of the insect pests and how to
control them effectively.
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1.1.2 Karyotype and Genome Analysis

Cytogenetic studies on tephritid species are greatly facilitated by
the existence, in all dipterans, of two basic forms of chromosomes
with different morphology and function, “standard” chromosomes
(mitotic and meiotic) and polytene chromosomes. Standard chro-
mosomes are found in proliferating tissues, such as the larval ner-
vous system, imaginal discs (IDs), ovaries, and testes, whereas
polytene chromosomes suitable for microscopic analysis are found
in the interphase nuclei of differentiated cells of certain larval tis-
sues (e.g., salivary glands, Malpighian tubules, and fat body) as
well as in the pupal trichogen cells. Cytology of mitotic and mei-
otic chromosomes is essential for identifying the number, relative
size, structure, and rearrangements of the chromosomes of a given
species. Basic questions of chromosome biology can be investi-
gated using standard cytogenetic methods and banding techniques
(e.g., Giemsa staining and C-banding). Moreover, with fluores-
cence in situ hybridization (FISH) and derived methods, such as
whole chromosome painting, genomic in situ hybridization, and
comparative genomic hybridization, targeted sequences can be
mapped to the chromosomes, specific chromosomes or genomic
regions can be characterized, and homologous chromosomal sec-
tions can be identified in different species. Polytene chromosomes
of dipterans are used as excellent experimental material to study
chromosome structure and function, and temporal gene activity
and genomic organization, to assess phylogenetic relationships
among closely related species, to distinguish members of a spe-
cies complex group, and to provide a means for the construction
of detailed genetic—cytogenetic maps through accurate mapping
of genetic loci to the banding pattern (Zhimulev et al. 2004). Not
only genes but also any nonrepetitive DNA sequence can be pre-
cisely localized by in situ hybridization.

The best studied Tephritidae species from the genetic and
cytogenetic point of view are the following: C. capitata, B. oleae,
B. dorsalis, B. tryoni, B. cucurbitae, A. ludens, D. ciliatus, R. cerasi,
R. cingulata, and R. completa. The karyotypes of these species con-
sist of six pairs of chromosomes (2n = 12), with the sex chromo-
somes forming pair no. 1 (Figure 1.1a through e). The autosomal
complement has, thus, five pairs of chromosomes that are designated
as 2—6 in order of descending size. In most of the above-mentioned
species, the autosomes are metacentric or submetacentric, but in A.
ludens acrocentric (Figure 1.1c) (Bedo 1986; Zacharopoulou 1987,
1990; Mavragani-Tsipidou et al. 1992; Zhao et al. 1998; Frias 2002;
Kounatidis et al. 2008; Garcia-Martinez et al. 2009; Drosopoulou
et al. 2010, 2011a,b; Zacharopoulou et al. 2011a,b).
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Tephritid females are the homogametic (XX) and males the
heterogametic sex (XY). Both sex chromosomes are largely het-
erochromatic and in most species are heteromorphic and easily
distinguished. Even though a great variability in the length ratio
of the sex chromosomes has been observed, the Y chromosome
is, in most cases, the smallest and most intensely stained element
of the mitotic set (Figure 1.1a through c) (Zacharopoulou 1987,
1990; Mavragani-Tsipidou et al. 1992; Zhao et al. 1998; Garcia-
Martinez et al. 2009; Zacharopoulou et al. 2011a,b). An exception
is D. ciliatus, where the X chromosome is the smallest (dot-like)
element and Y is almost twice as big (Figure 1.1d) (Drosopoulou
et al. 2011b). Distinguishing female and male karyotypes is dif-
ficult in the three Rhagoletis species, R. cerasi, R. completa, and
R. cingulata, due to the similar length of their sex chromosomes
(Figure 1.1e) (Kounatidis et al. 2008; Drosopoulou et al. 2010,
2011a).

In tephritids, as all dipterans, the most useful tissue for
studying the function and structure of polytene chromosomes

FIGURE 1.1 Mitotic karyotypes of five Tephritidae species: (a) Ceratitis
capitata, Giemsa staining; (b) Bactrocera dorsalis, Giemsa staining;
(c) Anastrepha ludens, Giemsa staining (From Garcia-Martinez V. et al.,
Genome, 52, 1-11, 2009); (d) Dacus ciliatus, C-banding; and (e) Rhagoletis
cerasi, Giemsa staining. X and Y, sex chromosomes.
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is that of the salivary gland cells. The analysis of the salivary
polytene nuclei (Figure 1.2a) of tephritid species showed the
existence of five long chromosomes (Figure 1.2b), which cor-
respond to five autosomes of the mitotic complement. The poly-
tene nuclei lack a typical chromocenter resulting in separation
of chromosomes (Bedo 1986, 1987; Zacharopoulou 1987, 1990;
Mavragani-Tsipidou et al. 1992; Zambetaki et al. 1995; Zhao et
al. 1998; Kounatidis et al. 2008; Drosopoulou et al. 2010, 2011a,b;
Zacharopoulou et al. 2011a,b). The sex chromosomes remain
largely underreplicated and form a granular heterochromatic
network spread in the space between the polytene arms (Figure
1.2a). However, in polytene nuclei of C. capitata pupal trichogen
cells, a distinct sex chromosome body composed of a granular
network together with a compact heterochromatic sphere associ-
ated with the nucleolus is found (Figure 1.3) (Bedo 1986). On
the basis of observations in several Y—autosome translocation
strains, it was suggested that the compact sphere represents the
Y chromosome, while the granular network corresponds to the X
chromosome (Figure 1.3) (Bedo 1987; Bedo and Zacharopoulou
1988; Kerremans et al. 1990, 1992; Zacharopoulou et al. 1991a,b;
Franz et al. 1994; Cladera and Delprat 1995; Franz 2005). Further
evidence for this hypothesis comes from in situ hybridization of
rRNA gene clusters (Bedo and Webb 1989) and X-linked genes
(ceratotoxins) in both mitotic and polytene chromosomes of
C. capitata (Rosetto et al. 2000). Moreover, direct proof for the
location of the X and Y chromosomes in the granular network
and the heterochromatic compact sphere, respectively, was
accomplished in B. oleae salivary gland polytene chromosomes
using FISH with sex chromosome painting probes prepared
by laser microdissection of the respective chromosomes from
mitotic metaphases (Drosopoulou et al. 2012). Taken together,
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FIGURE 1.2 Salivary gland polytene chromosomes of Bactrocera oleae: (a) polytene nucleus and (b) polytene
chromosome map. Arrows in (a) indicate the heterochromatic mass corresponding to the nonpolytenized sex
chromosomes. (From Zambetaki, A. et al., Genome., 38, 1070-1081, 1995.)
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FIGURE 1.3 Trichogen cell polytene chromosomes of a Ceratitis capitata
genetic sexing strain (GSS). H indicates the heterochromatic net representing
the X chromosome, N indicates the nucleolus, and Y indicates the spherical
body representing the Y chromosome. Both the Y chromosome and the nucleo-
lus are attached to the autosome that is involved in the Y—autosome transloca-
tion at the position of the breakpoint.

these results suggest a conserved sex chromosome structure in
polytene tissues of tephritid fruit flies.

The comparison of polytene chromosomes prepared from sali-
vary glands and other tissues showed in some cases (e.g., fat body
and Malpighian tubules) considerable similarities between band-
ing patterns (Kerremans et al. 1990; Mavragani-Tsipidou et al.
1992; Zambetaki et al. 1995; Mavragani-Tsipidou 2002), while in
others (e.g., pupal orbital trichogen cells in C. capitata), a com-
pletely different pattern was observed (Bedo 1986, 1987; Bedo and
Zacharopoulou 1988; Zacharopoulou et al. 1991a; Semeshin et al.
1995). Even though the main reason for these differences is related
to the differential activity of loci, differences in the structural orga-
nization of the chromosomes in these tissues cannot be excluded
(Semeshin et al. 1995).

1.2 PROTOCOLS
1.2.1 Species Culture

1. Rearing on fruits
The studied Tephritidae species (C. capitata, B. oleae,
B. tryoni, B. cucurbitae, B. dorsalis, A. ludens, D. ciliatus,
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R. cerasi, R. cingulata, and R. completa) can be reared in
laboratory cages where they feed, grow, and oviposit on
fruits of their preference. For this purpose, undamaged
fruits are selected, washed (borax solution), and stored at
4°C. For each generation, a sufficient number of fruits is
placed in the cages. After oviposition, the fruits are trans-
ferred to boxes lined with disinfected sand for pupation.
Pupae are collected and used to grow the next generation.
The disadvantages of this method are the quantity of fruits
needed and the declining quality of the fruits after long
storage (Roller 1989; Tsitsipis 1989; Tzanakakis 1989).
Rearing on artificial diet
With the exception of Rhagoletis species, laboratory-
adapted colonies and strains for the above-mentioned
species are routinely maintained in insect cages (wood,
plastic, or plexiglass) and reared on an artificial diet
under specific conditions of temperature, humidity, and
light—dark cycle. For cytogenetic analysis, larvae should
be grown in uncrowded larval medium to provide mitotic
and polytene chromosome materials of sufficient quality.
Equipment, chemicals, and solutions needed for arti-
ficial diets are listed in alphabetical order. Suppliers and
catalogue numbers are given only when specific products
are used.

1.2.1.1 Equipment

0 9N U AW -

. Absorbent wipes

. Cages made from wood, plastic, or plexiglas
. Dry sand

. Filter paper

. Mixer

. Nylon cloth

. Petri dishes

. Plastic bottles

1.2.1.2 Chemicals and Additives for Diet

[u—y
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. Brewer’s yeast

. Carrot powder

. Cholesterol

. Dry yeast

. Egg yolk

. Ethanol

. Hydrochloric acid (HCI) 37%

. Methyl-p-hydroxybenzoate (Nipagin)
. Olive oil

. Paraffin mixture
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11. Potassium sorbate

12. Propionic acid

13. Sodium benzoate

14. Soy hydrolyzate, enzymatic
15. Streptomycin

16. Sugar

17. Sucrose

18. Tween 80

19. Wheat germ

20. Wheat bran

21. Yeast hydrolyzate, enzymatic

1.2.1.3 Media and Mixtures Required

1. B. dorsalis larval medium: 28 g wheat bran, 7 g brewer’s
yeast, 13 g sugar, 0.28 g sodium benzoate, 1.7 mL 37%
HCI and tap water in final volume 100 mL. Mix well.
Store at 4°C.

2. B. oleae larval medium: 300 g cellulose powder, 30 g soy
hydrolyzate, enzymatic, 75 g brewer’s yeast, 20 g sucrose,
20 mL olive oil, 7.5 mL Tween 80, 2 g Nipagin, 0.5 g
potassium sorbate, 30 mL 2 N HCI in 550 mL tap water.
Mix well. Store at 4°C.

3. B. oleae adult diet: 40 g sucrose, 10 g yeast hydrolyzate,
3 g dried egg yolk, 25 mg streptomycin. Mix well. Store
at 4°C.

4. B. tryoni larval medium: 12 g carrot powder, 6.7 g inacti-
vated dry yeast, 4 mL 37% HCI, 2 g Nipagin in 83 mL tap
water. Mix well. Store at 4°C.

5. C. capitata larval medium 1: 15.2 mL 37% HCI, 4 g
sodium benzoate, 42 g yeast hydrolyzate, 115 g dehy-
drated carrot powder in 1 L tap water. Mix well. Adjust
pH to 4.5. Store at 4°C.

6. C. capitata larval medium 2: 10 mL 14.5% HCI, 10 mL
benzoate solution (12.5 g sodium benzoate in 71.2%
ethanol), 30 g yeast hydrolyzate, 30 g sugar, 30 g soft
paper in small pieces, 10 mL cholesterol solution (5.3%
cholesterol in 25% ethanol) in 500 mL tap water. Mix
well. Store at 4°C.

7. D. ciliatus adult diet: 10 g yeast hydrolyzate and 30 g
sugar. Mix well. Store at 4°C.

8. Paraffin mixture: 45 g paraffin wax (melting point
52°C-54°C), 30 g paraffin wax (melting point 46°C—-48°C),
7.5 g bee wax. The mixture is heated to 70°C-90°C and
stored at room temperature (RT).
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1.2.1.4 Culture

1. Ceratitis capitata
Cultures of C. capitata are maintained in the labora-
tory at 25°C and 70% relative humidity with a 12-hour
light—12-hour dark cycle. Adults are maintained in insect
cages and fed on a mixture of sugar and yeast (1:2). The
water is supplied with pieces of absorbent wipe dipped
in boxes with water. Adults oviposit through mesh holes
of a nylon cloth affixed to one side of the box. The eggs
are collected in water and transferred to artificial larval
medium in Petri dishes. Several types of larval medium
are used for medfly; two of them are described in Section
1.2.1.3. Sterilized sand is placed at the bottom of the rear-
ing dishes, about 2 days before the larvae start jumping
out of the larval medium to pupate in the sand.

2. Bactrocera oleae
Cultures of B. oleae are maintained in the laboratory
at 25°C and 70% relative humidity with a 12-hour
light-12-hour dark cycle. The adults live in insect
cages feeding on a solid diet containing sucrose/yeast
hydrolysate/egg yolk (Tsitsipis and Kontos 1983). Water
is continuously supplied using pieces of absorbent wipe
dipped in plastic bottles filled with water. Adults ovi-
posit on cones of oviposition substrates consisting of
nylon cloth covered by a paraffin mixture (Tzanakakis
1989). The eggs are collected from the paraffin cones
by rinsing them off with water and incubated on filter
paper in Petri dishes for 24—48 hours. The filter paper
is soaked with 0.3% propionic acid (Manoukas and
Mazomenos 1977). The eggs are transferred to plastic
containers with artificial larval diet (Tzanakakis et al.
1970) with a brush and left there until pupation. The
pupae are transferred to Petri dishes and placed in cages
for oviposition.

3. B. dorsalis, B. cucurbitae, and Anastrepha ludens
Cultures of these three species are maintained in the labo-
ratory at 25°C and 70% relative humidity with a 12-hour
light—12-hour dark cycle. Adults are maintained in insect
cages and fed on a mixture of yeast, wheat germ, and sugar
(1:2:3). The water is supplied through pieces of absorbent
wipe dipped in bottles with water. Adults oviposit through
mesh holes of a nylon cloth affixed to one side of the box.
The eggs are collected in water and transferred to artifi-
cial larval medium in Petri dishes.
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4. B. tryoni
Wild-type laboratory-adapted strains of B. tryoni are
reared at 25°C and 70% relative humidity with a 14-hour
light—10-hour dark cycle. Adults are feed on a mixture of
sucrose and yeast. Eggs are obtained by allowing flies to
oviposit through a perforated wax film and transferred to
the larval medium.

5. Dacus ciliatus
Laboratory colonized adults are maintained in insect
cages and provided with a mixture of yeast hydrolyzate
and sugar (1:3) (Jeyasankar et al. 2009; Zur et al. 2009).
Water is continuously supplied using pieces of absorbent
wipe dipped in plastic bottles filled with water. The col-
ony, established from field-infested fruits and maintained
under quarantine conditions (in the Agricultural Research
Organization of Israel), is refreshed once a year with wild-
collected flies. Zucchini fruits are used for female ovipo-
sition and larval development.

1.2.2 Mitotic Chromosomes: Karyotype Analysis

The required equipment and materials are listed in alphabetical
order. Suppliers and catalogue numbers are given only when spe-
cific products are used.

1.2.2.1 Equipment

. Hot plate

. Microscope equipped with digital camera
. Microscope slides and cover slips

. Parafilm

. Staining jar

. Stereoscope

. Thin needles

. Well slides

09NN B W=

1.2.2.2 Chemicals

1. Acetic acid, glacial (CH;COOH)

2. Barium hydroxide [Ba(OH),]
3. Calcium chloride hydrate (CaCl, H,0)
4. Chloroform (CHCl,)
5. Colchicine
6. Disodium hydrogen phosphate (Na,HPO,-12H,0)
7. Ethanol
8. Giemsa
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o.
10.
11.
12.
13.
14.
15.

Hydrochloric acid (HCI) 37%

Methanol (CH;0OH)

Potassium chloride (KCI)

Potassium hydrogen phosphate (KH,PO,)
Sodium bicarbonate (NaHCO;)

Sodium chloride (NaCl)

Sodium citrate (CiH;Na,;0,2H,0)

1.2.2.3 Solutions Required

1.
2.
3.

)]

10.

11

12.

13.

Acetic acid 60% in distilled H,O (dH,0).

Barium hydroxide [Ba(OH),] saturated solution.
Carnoy’s fixative: ethanol/chloroform/acetic acid in 6:3:1
ratio.

. Colchicine, 0.1 mM in Ringer’s solution.
. Fixative solution: methanol/acetic acid in 3:1 ratio.
. Giemsa staining—optional solutions:

a. Solution 1: 5% Giemsa in 0.1 M Sorensen phosphate
buffer.

b. Solution 2: 5% Giemsa in 0.1 M sodium phosphate
buffer.

. HC1 0.2 N in dH, 0.
. Hypotonic solutions:

a. Solution 1: 0.075 M KCl in dH,0. Store at 4°C.
b. Solution 2: 1% sodium citrate dehydrate in dH,O.
Store at 4°C.

. Physiological solutions:

a. Solution 1: 0.7% NaCl in dH,0O. Store at 4°C.

b. Solution 2 (Insect Ringer’s solution): 6.5 g NaCl, 0.14 g
KCl, 0.12 g CaCl, 0.2 g NaHCO; in 1 L dH,0. Adjust
the pH to 6.8. Store at 4°C.

Sodium phosphate buffer 0.1 M, pH 6.8: 24.50 mL solution

A (200 mM Na,HPO,), 25.50 mL solution B (200 mM

NaH,PO,), and 50 mL dH,O0.

Sorensen phosphate buffer 0.1 M: 0.05 M Na,HPO,,

0.05 M KH,PO, in dH,0. Adjust pH to 6.8 and store

at 4°C.

Saline sodium citrate (SSC) 20x: 88.2 g sodium

citrate, 175.3 g NaCl in 1 L dH,0O. Adjust pH to 7.0.

Autoclave.

SSC 2x: 1:10 dilution of 20x SSC in dH,0.

1.2.2.4 Chromosome Preparations

Neural ganglia of third instar larvae or young pupae are the tissue
of choice for preparations of mitotic metaphase chromosomes in
all species of Tephritidae fruit flies (Figure 1.1).
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1. Protocol 1. Spreading technique with or without colchicine
The spreading technique using hot plate was originally
developed for pachytene mapping in Lepidoptera (Traut
1976) and later adopted for preparation of mitotic and
meiotic chromosomes from other insects and arthopods
(Sahara et al. 1999). Then, a procedure described in
Frydrychovd and Marec (2002) was applied with minor
modifications for R. cerasi (Kounatidis et al. 2008),
R. completa (Drosopoulou et al. 2010), R. cingulata
(Drosopoulou et al. 2011a), and D. ciliatus (Drosopoulou
et al. 2011b).

Dissection. Dissection is performed in physiological
solution.

Note 1. A third instar larva or one young pupa is trans-
ferred into a drop of Ringer’s solution or physiological
solution on a well slide. The brain is dissected under a
stereoscope using two thin needles. The slide should be
placed on a dark surface (if this is not provided with the
stereoscope, black paper can be placed under the slide).
Usually the brain ganglia remain attached to mouth
parts together with the salivary glands and several IDs.
Therefore, the ganglia must be separated and the unwanted
material must be removed using the needles.

Colchicine treatment. The ganglia are incubated for
15-25 minutes in 0.1 mM colchicine. Colchicine incuba-
tion is used only when a large number of metaphase nuclei
are needed. In most cases, this step is omitted because the
ganglia have sufficient number of metaphases even with-
out colchicine treatment.

Note 2. The ganglia are transferred into a drop of
colchicine placed on a new slide and incubated for 15-25
minutes. It is best to use a well slide or a slide covered with
parafilm. The slide should be placed on a dark surface.

Hypotonic pretreatment. The ganglia are incubated for
15-20 minutes in hypotonic solution 1 (0.075 M KCI).

Note 3. The ganglia are transferred into a drop of hypo-
tonic solution placed on a new slide. It is better to use a
well slide or a slide covered with parafilm. The incubation
time in the hypotonic solution is very critical; sometimes
it must be adjusted to obtain well-spread preparations.
During the treatment, any remaining waste material should
be removed. The slide should be placed on a dark surface.

Fixation. The material is fixed in freshly prepared
Carnoy’s fixative for 15-20 minutes.

Note 4. The material is transferred into a drop of
freshly prepared Carnoy’s fixative. Duration of fixation
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(I15-30 minutes in total) is critical and it must be opti-
mized for every different species. To ensure complete
removal of water at least three changes of the fixative
solution are proposed. It is best to use a well slide or a
slide covered with parafilm. The slide should be placed on
a dark surface.

Maceration. The sample is homogenized in 60% acetic
acid.

Note 5. The fixed ganglia are transferred to a small drop
(~15 pL) of 60% acetic acid placed on a slide. Small drop
helps to minimize lose of material. It is best to use a well
slide. Under the stereoscope, the ganglia must be homog-
enized before spreading. The ganglia are first torn into
fine pieces using a pair of dissecting needles and then the
material is pipetted in and out of a micropipette tip (2-20
pL) or pushed through a syringe needle several times and
released out. Finally, an additional 15 pL of 60% acetic
acid are added to the homogeneous material. Duration of
the maceration step should not exceed 2 minutes. The slide
should be placed on a dark surface.

Spreading. The homogenized material is spread onto a
slide and the preparations are air-dried.

Note 6. The material is transferred with a micropipette
or a syringe onto a clean slide, which is placed on a warm
hot plate (40°C-45°C) for drying. With the help of the
micropipette, the drop is spread gently over an area of
approximately 20 X 20 mm until the acetic acid is almost
evaporated. The preparations can be used immediately or
be stored in suitable containers at RT for a long period.

. Protocol 2. Air-drying technique

This technique was described by Guest and Hsu (1973)
and applied with minor modifications for C. capitata
(Zacharopoulou et al. 1987, 1990), B. oleae (Mavragani-
Tsipidou et al. 1992), A. ludens (Garcia-Martinez
et al. 2009), B. dorsalis (Zacharopoulou et al. 2011a),
B. cucurbitae (Zacharopoulou et al. 2011b), and B. tryoni
(Zhao et al. 1998).

Dissection. Dissection of ganglia is performed in phys-
iological solution (see Note 1).

Hypotonic pretreatment. The ganglia are incubated
for 10-15 minutes in hypotonic solution 2 (1% sodium
citrate), essentially as described in Note 3.

Fixation. The material is fixed in freshly prepared fixa-
tive (methanol/acetic acid, 3:1) for 3 minutes. During this
step, the fixative is changed twice. We use a well slide or
a slide covered with parafilm.

15
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Maceration. The sample is homogenized in 60% acetic
acid (see Note 5).

Spreading. The homogenized suspension is dripped
onto a clean slide, which is placed on a hot plate, let to
spread and then air-dried (see Note 6).

1.2.2.5 Chromosome Staining

1. Giemsa staining
Staining. The preparations are stained in Giemsa solution
for 5—-10 minutes.

Note 7. The air-dried preparations are immersed into a
solution of 5% Giemsa in 0.1 M Sorensen phosphate buffer
in slide staining racks and the slides are left there for 5-10
minutes. Duration of the Giemsa staining must be optimized
with respect to the quality of the spreads. After staining, the
slides are washed with tap water for about 30 seconds and are
left in a vertical position to air-dry at RT. If the chromosomes
are not sufficiently stained, the slide can be restained. If the
chromosomes are overstained, the slide can be destained in
water. The stain residues on the lower side of the slide are
removed with alcohol before microscopic inspection.

2. C-banding
The method was described by Canovai et al. (1994) for
C. capitata and adapted by Selivon and Perondini (1997)
for Anastrepha species.

Chromosome aging. The air-dried preparations are
“aged” either by heating for 3 hours at 60°C or by storing
for about a week at 25°C.

Hydrolization. Slides are immersed in 0.2 N HCI for
10 minutes and rinsed with dH,0.

Depurination. Slides are transferred to a saturated solu-
tion of barium hydroxide, at 50°C for 2 minutes.

Rinsing. Slides are rinsed in acid water (dH,O with a
few drops of acetic acid).

Denaturation. Slides are incubated in 2Xx SSC at 60°C
for 30 minutes.

Staining. Following abundant rinsing in dH,O, the
slides are stained with 5% Giemsa in 0.01 M phosphate
buffer for about 30—40 minutes. The staining time is criti-
cal, and over staining must be avoided.

1.2.2.6 Imaging and Karyotype Construction

For the construction of karyotypes, images of mitotic meta-
phase complements are taken in a phase contrast or bright field
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microscope at 100x magnification using an optical or digital cam-
era, and the best micrographs are selected. Following the label-
ing system used by Radu et al. (1975) for the medfly C. capitata,
the sex chromosomes are labeled as the first pair of the mitotic
karyotype, whereas the five autosomes from 2 to 6 in order of
descending size.

1.2.3 Polytene Chromosomes: Banding Pattern
Analysis—Chromosome Maps

The required equipment and materials are listed in alphabetical
order. Suppliers and catalogue numbers are given only when spe-
cific products are used.

1.2.3.1 Equipment

. Cover slips

. Microscope slides

. Nail polish

. Parafilm

. Phase contrast microscope equipped with digital camera
. Staining jar

. Stereoscope

. Thin needles

9. Well slides

09NN WN =

1.2.3.2 Chemicals

. Acetic acid, glacial (CH;COOH)

. Calcium chloride hydrate (CaCl, H,O)

. Ethanol

. Hydrochloric acid (HCI) 37%

. Lactic acid [CH,CH(OH)COOH]

. Orcein powder (Gurr’s Orcein, BDH, product No. 34210)
. Potassium chloride (KCI)

. Sodium bicarbonate (NaHCO;)

. Sodium chloride (NaCl)
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1.2.3.3 Solutions Required

1. Acetic acid 45% in dH,O.

2. Ethanol/acetic acid solution in 3:1 ratio.

3. HCl 1 N in dH, 0.

4. HC1 3 N in dH, 0.

5. Lactoacetic acid—optional solutions:
a. Solution 1: 80% lactic acid/60% acetic acid in 1:1 ratio.
b. Solution 2: lactic acid/dH,O/acetic acid in 1:2:3 ratio.
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6. Lactic acetic orcein—optional solutions:

a. Solution 1: 1 g orcein powder, 45 mL acetic acid, 25 mL
lactic acid, 30 mL dH,O. Orcein is boiled in the solution
for 45 minutes in a reflux apparatus. Filtration through
filter paper is important before use. Store at RT or 4°C.

b. Solution 2: 2 g of natural orcein in 100 mL of a mixture
of equal parts of 85% lactic acid, glacial acetic acid, and
dH,O. Heat and filter while hot. Store at RT or 4°C.

7. Physiological solutions (Section 1.2.2.3).

1.2.3.4 Polytene Chromosome Preparations

Salivary glands of late third instar larvae or pupae (1-4 days old)
are the tissue of choice for the preparation of polytene chromo-
somes in all species of Tephritidae fruit flies (Figure 1.2). In addi-
tion, in C. capitata the orbital trichogen cells from male pupae can
be used (Figure 1.3). The quality of chromosome spreads depends
greatly on the growth conditions of the larvae. For best prepara-
tions, it is important that the colonies are not crowded and the
larvae reared at 18°C-20°C.

1. Protocol 1. Preparations from salivary glands

This technique has been used for B. oleae (Mavragani-
Tsipidou et al. 1992; Zambetaki et al. 1995), R. cerasi
(Kounatidis et al. 2008), R. completa (Drosopoulou
et al. 2010), R. cingulata (Drosopoulou et al. 2011a), and
D. ciliatus (Drosopoulou et al. 2011b). The best prepara-
tions were obtained from pupae (1-4 days old).

Dissection. Dissection of salivary glands is performed
in physiological solution.

Note 8. A pupa (or third instar larva) is transferred into
a drop of Ringer’s solution or physiological solution on a
well slide. The glands are dissected under a stereoscope
using two thin needles. The slide should be placed on a
dark surface (if this is not available for the stereoscope,
black paper can be placed under the slide). Usually the
glands remain attached to the mouth parts and other lar-
val structures. The glands must be freed of this unwanted
material using a pair of needles. The two glands may
remain attached or can be separated. Attached to the
glands is also a layer of flat fat bodies. Do not try to
remove the fat body from the glands at this step.

Fixation 1. The glands are fixed in 45% acetic acid for
approximately 2-3 minutes.

Note 9. The material is transferred into a drop of freshly
prepared fixative 45% acetic acid. We use a well slide or
a slide covered with parafilm. The fat bodies must now be
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removed from the glands using thin needles. Take care
not to damage the glands. The slide should be placed on a
dark background.

Hydrolyzation. The glands are hydrolyzed in 1 N HCl
for approximately 2 minutes.

Note 10. The material is transferred into a drop of 1 N
HCI. The glands become transparent.

Fixation 2. The glands are passed through lactoacetic
acid solution 1 for approximately 6 seconds.

Note 11. The material is transferred into a drop of lac-
toacetic acid (80% lactic acid/60% acetic acid, 1:1). The
glands are left in this solution only briefly because incu-
bation for more than 30 seconds might destroy the glands.
The glands become more transparent.

Staining. The material is stained in lactic acetic orcein
staining solution 1 for 10-20 minutes.

Note 12. The glands are transferred into a drop of
approximately 10 pL of staining solution, placed on a new
parafilm-covered slide. The parafilm helps to avoid dry-
ing of the stain. On the same slide, many small drops of
the stain can be placed, so that glands of different indi-
viduals can be simultaneously stained. Duration of stain-
ing must be adjusted to the conditions, the quality of the
chromosomes, and the species used.

Washing. The stained glands are then washed in
lactoacetic acid solution 1.

Note 13. Excess stain is removed by briefly washing the
glands in a drop of lactoacetic acid before squashing. Each
salivary gland can be used for one preparation. Alternatively,
each salivary gland can be cut in two or three pieces and
each piece is used for a separate preparation. In the latter
case, the quality of the preparations tends to improve.

Squashing. The material is squashed in lactoacetic acid
solution 1.

Note 14. Each salivary gland or a piece of the salivary
gland is transferred into a drop of lactoacetic acid placed on
acleanslide. A coverslip (18 X 18 mm) is placed on the mate-
rial and the glands are presquashed by moving the coverslip
very gently in a circular motion by a needle. Then, the slide
is fold in filter paper and the preparation is squashed firmly
by the thumb (coverslip must not move sideways). The qual-
ity of chromosome spreading is checked in a microscope. If
the result is satisfactory, nail polish is used to seal the edges
of the cover slip. The preparations are semipermanent; they
can be analyzed immediately or stored in suitable contain-
ers at 4°C until use (for ~2—4 weeks).

19
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2. Protocol 2. Preparations from salivary glands
This technique was used for C. capitata (Zacharopoulou
et al. 1987, 1990), B. tryoni (Zhao et al. 1998), A. ludens
(Garcia-Martinez et al. 2009), B. dorsalis (Zacharopoulou
et al. 2011a), and B. cucurbitae (Zacharopoulou et al.
2011b).

Dissection. Dissection of salivary glands is performed
in 45% acetic acid.

Note 15. A third instar larva is transferred into a drop
of 45% acetic acid placed onto a well slide. The glands
are quickly dissected under a stereoscope using two thin
needles. To facilitate dissection the slide should be placed
on a dark surface (see Note ).

Hydrolyzation. The glands are fixed in 3 N HCI for
1 minute.

Note 16. The material is transferred into a drop of 3 N
HCl placed on a well slide.

Fixation. The glands are fixed with lactoacetic acid
solution 2 for 3—5 minutes.

Note 17. The material is transferred into a drop of lac-
toacetic acid (lactic acid/dH,O/glacial acetic acid, 1:2:3)
on a well slide until it becomes transparent.

Staining. The material is stained in lactic acetic orcein
solution 2 for 5-7 minutes (see Note 12).

Washing. The material is washed in lactoacetic acid
solution 2 (see Note 13).

Squashing. The material is squashed in lactoacetic acid
solution 2 (see Note 14).

3. Preparations from orbital trichogen cells
Male 5-6 days old pupae (with orange eyes, but not bris-
tles or cuticle pigmentation) are used. This technique was
described for C. capitata by Bedo (1986, 1987) and used
for the cytogenetic characterization of numerous Y chro-
mosome—autosome translocation strains constructed for
the development of GSSs of C. capitata (Franz 2005).

Pretreatment. The puparium and pupal cuticle are
removed and the heads are fixed in ethanol/acetic acid
(3:1) and stored at 4°C (for at least 24 hours), until used for
slide preparation.

Dissection. Isolation of the specific cuticle region con-
taining the trichogen cells is performed in ethanol.

Note 18. The head is transferred into a drop of 95%
ethanol. A segment of the head cuticle containing the
trichogen cells (there are two cells in each male pupa) of
the spatulate superior orbital bristles, as well as a part of
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eye tissue from the dorsal part of the cuticle is isolated.
Most of the internal tissues of the dissected segment are
removed, leaving a thin layer of fat.

Fixation. Fixation is performed in 45% glacial acetic acid.

Note 19. The cuticle segment is transferred into a
drop of 45% acetic acid on a clean slide. The fat layer
is removed from the cuticle and macerated, whereas the
clean cuticle is removed.

Staining. The material is stained in lactic acetic orcein
solution 2 for 3—4 minutes.

Note 20. A drop of lactic acetic orcein is added to the
preparation for 3—4 minutes. A coverslip (18 X 18 mm) is
placed on the material and it is pressed very gently. Then,
the preparation is checked at low magnification (10x) for
the presence of the two trichogen cells and the quality of the
chromosome spreads. If the result is not satisfactory, light
thumb pressure is applied using several layers of blotting
paper to absorb excess stain. Chromosome flattening is
carefully monitored to avoid excess pressure, which might
destroy their morphology. The transfer of slides to a hot
plate (30°C—40°C) improves chromosome flattening. It is
preferable to use a bright field microscope.

1.2.3.5 Imaging and Construction of
Photographic Chromosome Maps

For the construction of photographic chromosome maps, images of
polytene nuclei are taken with a phase contrast microscope at mag-
nifications of 40x, 63%, and 100X. The 40X magnification is used
for overall observation of different nuclei of the same individual and
for the identification of different chromosome elements and struc-
tures of each nucleus (Figure 1.2a). Micrographs taken at magnifi-
cations of 63x and 100x are used for the construction of polytene
maps (Figure 1.2b). It should be pointed out that the maps of each
species must be constructed (1) from larvae or pupae of same age
(because the banding pattern changes between different develop-
mental stages, which may lead to inconsistencies as a consequence
of differential gene expression) and (2) from nuclei of approximately
the same chromosome size (because variations in chromosome
polytenization among nuclei of the same fly are extremely high). For
the best analysis of the polytene complements and the construction
of photographic chromosome maps, the largest nuclei of each prepa-
ration of similar aged individuals with well-spread chromosomes
are used. The polytene complement is divided into sections from 1
to 100. The longer arm of each chromosome is designated as left (L)
and the shorter arm as right (R).
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Two different numbering systems have been used for the poly-
tene chromosome of Tephritidae. In the first system, chromosomes
are numbered from 2 to 6 based on the correlation of mitotic and
polytene chromosomes, which was achieved through the analysis of
several Y—autosome and autosome—autosome translocation strains
in C. capitata (Zacharopoulou 1990). For B. tryoni, B. cucurbitae,
B. dorsalis, and A. ludens, the system of C. capitata was used based
mainly on the banding pattern similarity of their polytene elements
(Zhao et al. 1998; Garcia-Martinez et al. 2009; Zacharopoulou et al.
2011a,b). In the second system, chromosomes are numbered from I
to V (see the maps of B. oleae, D. ciliatus, R. cerasi, R. completa,
and R. cingulata) based on size and banding pattern similarities
(Mavragani-Tsipidou et al. 1992; Zambetaki et al. 1995; Kounatidis
et al. 2008; Drosopoulou et al. 2010, 2011a,b).

1.2.4 In Situ Hybridization on
Polytene Chromosomes

The equipment, chemicals, and solutions needed for in situ hybrid-
ization on polytene chromosomes are listed separately for each
step of the technique in alphabetical order. Suppliers and cata-
logue numbers are given only when specific products are used.

1.2.4.1 Equipment

1.2.41.1 Chromosome Preparations

. Coplin jars

. Cover slips 18 X 18 mm

. Insulated flask (Thermos bottle)

. Microscope slides

. Parafilm

. Phase contrast microscope equipped with digital camera
. Razor blade

. Stereoscope

. Thin needles
. Well slides
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1.2.4.1.2  Pretreatment and Denaturation of Chromosomes

1. Slide staining racks
2. Slide carriers
3. Water bath

1.2.4.1.3 Hybridization

1. Absorbent paper
2. Centrifuge
3. Coverslips 18 x 18 and 24 x 30 mm
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4. Freezer (—20°C and —80°C)
5. Incubation oven
6. Plastic or glass boxes with cover
7. Slide staining racks
8. Slide carriers
9. Thermoblock
10. Water bath

1.2.4.1.4 Signal Detection

1. Coverslips 22 X 22 mm
2. Slide staining racks
3. Slide carriers

1.2.4.2 Chemicals and Reagents
1.2.4.2.1 Chromosome Preparations

. Acetic acid, glacial (CH;COOH)

. Calcium chloride hydrate (CaCl, H,O)
. Ethanol

. Lactic acid [CH,CH(OH)COOH]

. Liquid nitrogen

. Potassium chloride (KCI)

. Sodium bicarbonate (NaHCO;)

. Sodium chloride (NaCl)
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1.2.4.2.2  Pretreatment and Denaturation of Chromosomes

1. Ethanol

2. Sodium chloride (NaCl)

3. Sodium citrate (C4H;Na,0,)
4. Sodium hydroxide (NaOH)

1.2.4.2.3 Hybridization

1. Formamide (HCONH,) deionized
2. Sodium chloride (NaCl)
3. Sodium citrate (C4H;Na,0,)

1.2.4.2.4  Signal Detection

1. Detection of digoxigenin-labeled probes by anti-DIG-
alkaline phosphatase conjugates and colorimetric
substrates.

a. Dig Nucleic acid Detection kit (Roche Diagnostics,
Mannheim, Germany, Cat. No. 11 175 041 910).
Alternatively: ~ Anti-Digoxigenin-AP  Fab  frag-
ments (Roche Diagnostics, Cat. No. 082 736
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103), Blocking Reagent (Roche Diagnostics, Cat.
No. 10 057 177 103), 5-Bromo-4-chloro-3-
indolylphosphote p-toluidine salt (BCIP), Nitroblue
tetrazolium chloride (NBT).

Hydrochloric acid (HCI) 37%

Magnesium chloride (MgCl,)
N,N-Dimethylformamide [(CH3),NC(O)H]

Sodium chloride (NaCl)
Tris-(hydroxymethyl)-aminomethane (Tris)

2. Detectlon of biotin-labeled probes with an avidin-/biotin-
based peroxidase system and dimethylaminoazobenzene
(DAB) substrate.

a.

1.2.4.3
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DAB Substrate Kit for Peroxidase (Vector Laboratories,
Inc., Burlingame, CA, Cat. No. SK-4100). The kit includes
four bottles: buffer stock solution, DAB stock solution,
H,0, solution, nickel solution. Alternatively: DAB (Isopac,
Sigma-Aldrich, St. Louis, MO), H,0, 30%.

Potassium chloride (KCI)

Potassium dihydrogen phosphate (KH,PO,)

Sodium chloride (NaCl)

Sodium hydrogen phosphate (Na,HPO,)

Triton X-100

VECTASTAIN ABC kit Standard (Vector Laboratories,
Cat. No. PK-6100). The kit includes two reagents: reagent
A (Avidin DH solution) and reagent B (Biotinylated
peroxidase).

Solutions Required

1.2.4.3.1 Chromosome Preparations

1. Acetic acid 45% in dH,O
2. Lactoacetic acid—optional solutions

a.
b.

Solution 1: lactic acid/dH,O/acetic acid in 2:3:4.5 ratio
Solution 2: lactic acid/dH,O/acetic acid in 1:2:3 ratio

3. Physiological solutions (Section 1.2.2.3)

1.2.4.3.2  Pretreatment and Denaturation of Chromosomes

1. Ethanol 30%, 50%, 70%, and 96% in dH,0.

2. NaOH 0.07 N: Dissolve 0.84 g NaOH pellets in 300 mL
dH,0. Prepare fresh.

3. SSC 20x (see Section 1.2.2.3).

4. SSC 2x: (see Section 1.2.2.3).

1.2.4.3.3 Hybridization

1. SSC 20x (see Section 1.2.2.3)
2. SSC 2x (see Section 1.2.2.3)
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3. SSC 4x: 1:5 dilution of 20x SSC in dH,O
4. Labeled probe (see Section 1.2.6)

1.2.4.3.4 Signal Detection

1. Detection of digoxigenin-labeled probes by anti-DIG-alka-
line phosphatase conjugates and colorimetric substrates.

a.

Antibody solution: 1/500 dilution of Anti-
Digoxygenin-AP Fab fragments in Buffer 2.

b. BCIP solution 50 mg/mL in N, N-dimethylformamide.
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Buffer 1: 100 mM Tris-HCI (pH 7.5)/150 mM NaCl.
Dilution 1/10 of Tris-HC1 1 M (pH 7.5) and 1/20 of
NaCl 3 M in dH, 0.

Buffer 2: 0.5% Blocking Reagent in Buffer 1.

Buffer 3: 100 mM Tris-HCI (pH 9.5)/100 mM NaCl/50
mM MgCl,. Dilution 1/10 of Tris-HCI 1 M (pH 9.5),
1/30 of NaCl 3 M, and 1/40 of MgCl, 2 M in dH,0.
Color solution: 35 pL. BCIP solution and 35 pL. NBT
solution in 10 mL of Buffer 3.

Giemsa staining solution (see Section 1.2.2.3).

MgCl, 2 M in dH,0.

NaCl 3 M in dH, 0.

NBT solution 100 mg/mL in 70% N,
N-dimethylformamide.

Tris-HCI 1 M (pH 7.5): dissolve 121.14 g in 800 mL
dH,0. Adjust the pH to 7.5 with HCI 37%. Add dH,0O
tol L.

Tris-HCI 1 M (pH 9.5): dissolve 121.14 g in 800 mL
dH,0. Adjust the pH to 9.5 with HCI 37%. Add dH,0
tol L.

2. Detection of biotin-labeled probes with an avidin-/biotin-
based peroxidase system and DAB.

a.

Avidin/biotinylated enzyme solution: Add 16 pL
avidin (kit component reagent A) and 16 pL biotinyl-
ated enzyme (kit component reagent B) into 1 mL 1x
phosphate buffered saline (PBS), mix immediately
and allow the reagent to stabilize for about 30 min-
utes before use. (The two reagents are included in the
VECTASTAIN ABC Kit (Standard) PK-6100.)

DAB substrate optional solutions.

i. Solution 1: To 2.5 mL dH,0, add 1 drop (~40 pL)
of buffer solution, mix well, add 2 drops of DAB solu-
tion, mix well, and add 1 drop of H,0, and mix well.
For a gray-black stain add 1 drop of nickel solution
and mix well. The reagents are included in the DAB
substrate kit for peroxidase (Vector Laboratories
SK-4100).
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ii. Solution 2: 100 uL. DAB (Isopac, Sigma) solution
(0.5 mg/mL in 1x PBS) and 2uL. 30% H,0, in 1 mL
1x PBS. Prepare fresh for each experiment.

c. Giemsa staining solution (see Section 1.2.2.3).

d. PBS 10x: 1.37 M NacCl, 0.012 M phosphate, 2.7 mM
KCI, pH 7.4. Add 80 g NaCl, 2 g KCI, 14.4 g Na,HPO,
(or 18.1 g Na,HPO, 2H,0 or 27.2 g Na,HPO, 7H,0),
4 g KH,PO, (monobasic anhydrous) to 800 mL dH,0.
Adjust pH to 7.4 with HCI. Add H,O to 1 L. Autoclave
for 20 minutes on liquid cycle. Store at RT.

e. PBS 1x:1:10 dilution of 10x PBS in H,O.

f. Triton X-100 0.1%/PBS 1x in dH,0: 1 ml Triton X-100
and 100 mL 10x PBS in 1 L dH,0.

1.2.4.4 Chromosome Preparations

Dissection. Salivary glands are dissected in physiological solution
(see Note 8).

Fixation. The glands are fixed in 45% acetic acid for approxi-
mately 30—60 seconds (see Note 9).

Squashing. The material is squashed in lactoacetic acid solution.

Note 21. Each salivary gland or piece of salivary gland is trans-
ferred to a drop of 10—15 pL lactoacetic acid solution 1 or 2 placed
in the middle of a siliconized or ethanol cleaned coverslip (18 x 18
mm). The coverslip should be rest on a flat dark background. After
the glands are fixed (2-3 minutes), a slide is laid onto the coverslip
and turned over. The slide is placed on filter paper under a ste-
reoscope and the material is spread by moving the coverslip very
gently in a circular motion using a needle. The quality of chromo-
some spreads is checked under a phase contrast microscope. If the
chromosomes are well spread, the slide is folded into a piece of
filter paper, and the preparation is squashed (strongly) by thumb
(coverslip must not move sideways). Satisfactory preparations are
placed horizontally at —20°C to flatten overnight.

Coverslip removal. The slide is dipped into liquid nitrogen until
bubbling stops, and the coverslip is immediately removed with a
razor blade. Slides are dehydrated in absolute or 95% ethanol for
10 minutes, air-dried, and kept at RT or 4°C until use (maximum
for 2-3 months).

1.2.4.5 Pretreatment and Denaturation of Chromosomes

1. Protocol 1
This technique has been used in B. oleae (Zambetaki
et al. 1999; Augustinos et al. 2008; Tsoumani et al.
2011; Kakani et al. 2012), D. ciliatus (Drosopoulou
et al. 2011b), R. cerasi (E. Drosopoulou, I. Nakou,
P. Mavragani-Tsipidou, unpublished data) and B. dorsalis
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(A. Augustinos, E. Drosopoulou, A. Gariou-Papalexiou,
K. Bourtzis, P. Mavragani-Tsipidou, A. Zacharopoulou,
unpublished data).

Predenaturation. Slides are incubated in preheated
2% SSC at 65°C for 30 minutes, then washed twice in
2x SSC at RT for 5 minutes, dehydrated in 70% (twice)
and 96% (once) ethanol for 5 minutes and air-dried.

Denaturation. Preparations are incubated in 2X SSC at
RT for 3 minutes and then in 0.07 N NaOH at RT for
90-120 seconds.

Note 22. The 0.07 N NaOH solution must be freshly
prepared. Denaturation time varies slightly depending on
species and the quality of the preparations.

Washes. Preparations are washed twice in 2X SSC at
RT for 5 minutes.

Dehydration. Preparations are dehydrated in 70% (twice)
and 96% (once) ethanol for 5 minutes and then air-dried.
The hybridization procedure must follow within 4 hours.

2. Protocol 2
This technique was used for C. capitata and B. tryoni
(Zacharopoulou et al. 1992; Scott et al. 1993; Banks et al.
1995; Kritikou 1997; Papadimitriou et al. 1998; Zhao et al.
1998; Verras et al. 1999, 2008; Rosetto et al. 2000; Michel
et al. 2001; Theodoraki and Mintzas 2006; Kokolakis
et al. 2008; Schetelig et al. 2009).

Rehydration. Preparations are rehydrated in 70%, 50%,
and 30% ethanol and 2x SSC (2 minutes each).

Predenaturation. Slides are incubated in preheated
2% SSC at 65°C for 30 minutes.

Denaturation. Preparations are incubated in 2X SSC at
RT for 2 minutes and 0.07 N NaOH at RT for 2 minutes.

Washes. Preparations are washed in 2x SSC at RT for
2 minutes.

Dehydration. Preparations are dehydrated in 30%,
50%, 70%, and 96% ethanol for 2 minutes and then air-
dried. The hybridization procedure must follow within
4 hours.

1.2.4.6 Hybridization

Denaturation of the probe. The probe is denatured at 100°C for
5-10 minutes and the tubes are immediately transferred to ice.

Hybridization. A volume of 15 uL of the probe (20-100 ng) is
placed in the center of the preparation and carefully covered with
an 18 x 18-mm coverslip (avoid bubbles). Slides are placed in a
moist chamber and incubated in an oven at the appropriate hybrid-
ization temperature for 16—20 hours.
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Note 23. It is important that the preparations remain moist
during hybridization. A “moist chamber” can be a plastic or
glass box with an airtight cover. Absorbent paper moistened with
4x SSC is placed on the bottom of the box. Slides are placed hor-
izontally in the box (avoid contact with wet paper) and the box
is sealed. The hybridization temperature is selected based on the
homology of the probe and on the hybridization solutions used
(e.g., for homologous probes and aqueous hybridization solution,
the temperature used is about 65°C-67°C, whereas for hybrid-
ization solutions containing 50% formamide it is approximately
40°C-42°C).

Washes. The coverslip is removed in 2x SSC and the prepara-
tions are washed for 3 X 20 minutes in preheated 2x SSC at 53°C
for homologous probes, or 40°C for heterologous probes. Do not
allow the slides to dry from this point on.

1.2.4.7 Signal Detection

The signal detection protocol depends on the label of the probe as
well as on the detection system for each label. Here we describe
protocols that have been successfully used for in situ hybridization
on Tephritidae polytene chromosomes.

1. Protocol 1. Detection of digoxigenin-labeled probes by
anti-DIG-alkaline phosphatase conjugates and colorimet-
ric substrates

Either the DIG DNA Detection kit (Roche) can be used or the
reagents (Blocking Reagent, Anti-Digoxigenin-AP Fab fragments,
BCIP, NBT) can be purchased separately (Section 1.2.4.2.4).
The protocol has been used for B. oleae (Zambetaki et al. 1999;
Augustinos et al. 2008; Tsoumani et al. 2011; Kakani et al. 2012),
D. ciliatus (Drosopoulou et al. 2011b), R. cerasi (E. Drosopoulou,
I. Nakou, P. Mavragani-Tsipidou, unpublished data) and
B.dorsalis (A. Augustinos, E. Drosopoulou, A. Gariou-Papalexiou,
K. Bourtzis, P. Mavragani-Tsipidou, A. Zacharopoulou, unpub-
lished data).

Blocking of unspecific antibody binding. The slides are
briefly incubated in Buffer 1 and then in Buffer 2 for 30 min-
utes. Subsequently, they are washed in Buffer 1 for 1 minute.

Antibody binding. A volume of 200 pL antibody solution
is pipetted on each preparation and covered with a 22 X 22-mm
cover slip. Slides are incubated at RT for 45-60 minutes.

Washes. The coverslip is removed, and the slides are
washed twice in Buffer 1 for 15 minutes.

Color reaction. The slides are briefly placed in Buffer 3. One
milliliter of color solution is applied to each preparation, and the
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slides are incubated horizontally for 30—60 minutes in the dark.
Then the slides are washed with dH,O to stop the color reaction.
Staining and observation. Preparations are stained in 5%
Giemsa solution for 5-10 minutes. Hybridization signals are
observed under a phase contrast microscope (Figure 1.4a).

Note 24. The preparations can be kept at 4°C for several weeks.

2. Protocol 2. Detection of biotin-labeled probes by a biotin-/
avidin-based peroxidase system using DAB

Either the DAB substrate kit for peroxidase (Vector
Laboratories) can be used or the reagents (DAB Isopac-Sigma
and 30% H,0,) can be purchased separately (see Section
1.2.4.2.4). This protocol has been used for C. capitata and
B. tryoni (Zacharopoulou et al. 1992; Scott et al. 1993; Banks et al.
1995; Kritikou 1997; Papadimitriou et al. 1998; Zhao et al. 1998;
Verras et al. 1999, 2008; Rosetto et al. 2000; Michel et al. 2001;

FIGURE 1.4 (See color insert.) (a) In situ hybridization on the polytene
chromosomes of Bactrocera oleae using a homologous probe (ovo gene, cDNA
clone). (b) Fluorescence in situ hybridization on the polytene chromosomes of
a transgenic strain of Ceratitis capitata using as marker the DsRed. Arrows
indicate hybridization signals.
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Theodoraki and Mintzas 2006; Kokolakis et al. 2008; Schetelig
et al. 2009; Gabrieli et al. 2010).

Washes. The slides are washed in 1x PBS twice for 5
minutes and in 0.1% Triton-X/1x PBS for 2 minutes and then
kept in 1x PBS until the next step.

Antibody binding. A volume of 50 pL avidin/biotinylated
enzyme solution is applied to each preparation and then cov-
ered with a 22 X 22-mm cover slip. Slides are incubated at RT
for 60 minutes.

Washes. The coverslip is removed and the washing step is
repeated.

Immunostaining. A volume of 50 pL. DAB solution is
placed on each preparation, covered with a coverslip and incu-
bated for 15-20 minutes in the dark. The slides are washed
twice with dH,O and twice with 1x PBS. They are then kept
in 1x PBS until staining.

Staining and observation. Preparations are stained in 5%
Giemsa solution for 1 minute and hybridization signals are
observed under a phase contrast microscope. Overstaining can
be alleviated by dipping the slides into ethanol.

1.2.5 Fluorescence In Situ Hybridization on
Mitotic and Polytene Chromosomes

The equipment, chemicals, and solutions needed for FISH on
mitotic and polytene chromosomes are listed separately for each
step of the technique in alphabetical order. Suppliers and cata-
logue numbers are given only when specific products are used.

1.2.51 Equipment
1.2.5.1.1 Chromosome Preparations

Equipment for mitotic and polytene chromosome preparations is
listed in Sections 1.2.2.1 and 1.2.4.1.1, respectively.

1.2.5.1.2  Pretreatment and Denaturation of Chromosomes
1. Coplin jars
2. Cover slips
3. Forceps
4. Freezer (—20°C)
5. Oven
6. Plastic foil
7. Slide staining racks
8. Slide carriers
9. Water bath
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1.2.5.1.3 Hybridization
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. Absorbent paper

. Centrifuge

. Coplin jars

. Coverslips 18 x 18 and 24 X 32 mm
. Forceps

. Freezer (—20°C and —80°C)

. Incubation oven

. Plastic or glass boxes with a cover

. Refrigerated centrifuge

10.
11.
12.
13.
14,

Rubber cement
Slide staining racks
Slide carriers
Thermomix
Waterbath

1.2.5.1.4 Signal Detection
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. Centrifuge

. Coplin jars

. Coverslips 22 x 22 and 24 X 50 mm
. Dark plastic boxes

. Filters with 0.45 pm pore size

. Forceps

. Freezer (—20°C)

. Nail polish

. Slide storage boxes

1.2.5.1.5 Observation and Imaging

1.

2.

Color charge-coupled device (CCD) camera and appropri-
ate software for capturing fluorescent images
Epifluorescence microscope equipped with standard fluo-
rescence filter sets

. Peltier cooled, black-and-white CCD camera and appro-

priate software for capturing fluorescent images

. Software for pseudocoloring and processing images such

as Adobe Photoshop

1.2.5.2 Chemicals and Reagents

1.2.5.2.1 Chromosome Preparations

Chemicals for mitotic and polytene chromosome preparations are
listed in Sections 1.2.2.2 and 1.2.4.2.1, respectively.

1.2.5.2.2  Pretreatment and Denaturation of Chromosomes

1.
2.

Ethanol
Bovine serum albumin (BSA)

3. Ficoll (type 400)
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. Formamide (HCONH,) deionized

. Hydrochloric acid (HCI) 37%

. Polyvinylpyrrolidone

. Potassium chloride (KCI)

. Potassium dihydrogen phosphate (KH,PO,)
. Proteinase K

10.
11.
12.
13.
14.
15.

RNase A (DNase free)

Sodium chloride (NaCl)

Sodium citrate (C;H;Na,0O,)

Sodium hydrogen phosphate (Na,HPO,)
Sodium hydroxide (NaOH)

Tween 20

1.2.5.2.3 Hybridization
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. Dextran sulfate

. Ethanol

. Formamide (HCONH,) deionized
. Salmon sperm DNA (sonicated)

. Sodium chloride (NaCl)

. Sodium citrate (C;HsNa;0,)

. Sodium acetate (C,H;NaO,)

. Tween 20

1.2.5.2.4  Signal Detection

L.

Detection of digoxigenin-labeled probes with fluoro-

chrome-conjugated antibodies.

a. DABCO (1,4-diazabicyclo(2.2.2)octane, Sigma-Aldrich,
St. Louis, MO, Cat. No. D2522)

b. Fluorescent Antibody Enhancer Set for DIG Detection

(Roche Diagnostics, Mannheim, Germany, Cat. No. 1

768 506). The kit includes vial 1: Anti-DIG monoclo-

nal antibody against digoxigenin, mouse IgG1 (12.5

pg in 500 pL 1x blocking solution); vial 2: Anti-mouse

Ig-DIG, F(ab), fragment (12.5 pg in 500 pL 1X block-

ing solution); vial 3: Anti-DIG-Fluorescein, Fab frag-

ments (12.5 pg in 500 pLL 1x blocking solution); vial 4:

10x blocking solution.

Glycerol (C;HO;)

Hydrochloric acid (HCI) 37%

Propidium iodide (C,,H;,I,N,)

Sodium chloride (NaCl)

Sodium citrate (C,H;Na;0,)

Tris-(hydroxymethyl)-aminomethane (Tris)

. Tween 20

I SR IO S

. Detection of biotin-labeled probes with the streptavidin—

antistreptavidin system.



Tephritid Fruit Flies (Diptera) 33

a. BSA

b. Biotinylated antistreptavidine (Vector Laboratories,
Inc., Burlingame, CA, Cat. No. BA-0500)

c. Cy3-streptavidine (Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA, Cat. No. 016-160-084)

d. DABCO (1,4-diazabicyclo(2.2.2)octane, Sigma-Aldrich,

Cat. No. D2522)

DAPI (4',6-diamidino-2-phenylindole, Sigma-Aldrich,

Cat. No. D9542)

Glycerol

Hydrochloric acid (HCI) 37%

Kodak Photo-Flo solution

Potassium chloride (KCI)

Potassium dihydrogen phosphate (KH,PO,)

Sodium chloride (NaCl)

Sodium citrate (C{H;Na,O,)

Sodium hydrogen phosphate (Na,HPO,)

Triton X-100

Tris-(hydroxymethyl)-aminomethane (Tris)

Tween 20

o

So5 B —~Fe - T0m -

1.2.5.3 Solutions Required
1.2.5.3.1 Chromosome Preparations

Solutions to be prepared for mitotic and polytene chromosome prep-
arations are listed in Sections 1.2.2.3 and 1.2.4.3.1, respectively.

1.2.5.3.2  Pretreatment and Denaturation of Chromosomes

1. Denhardt’s solution 50%: Ficoll (type 400) 1%, polyvinyl-
pyrrolidone 1%, BSA 1% in dH,0. Sterilize by filtration.
Store in aliquots at —20°C.

. Ethanol 70%, 80%, 96%, and 100% in dH,0.

. Formamide 70% in 2x SSC: 70 pL deionized formamide
plus 10 pL 20x SSC plus 20 pL dH,0.

. HCI 10 mM in dH,0.

. NaOH 0.07 N (see Section 1.2.4.3.2).

. PBS 10x (see Section 1.2.4.3.2).

. PBS 1X (see Section 1.2.4.3.2).

. Proteinase K 1 pg/pL in 1x PBS.

. RNase A—optional.

a. Solution I: 100 pg/mL in 2x SSC.
b. Solution 2: 50 pg/mL in dH,0.

10. SSC 20x (see Section 1.2.2.3).

11. SSC 2x (see Section 1.2.2.3).

12. SSC 0.4%/0.1% Tween 20: 20 mL 20x SSC and 1 mL

Tween 20 in 1 L dH,0.

[SSIN\S]

O 0 9N LB~
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1.2.5.3.3 Hybridization

1

W

7.
8. SSC 20x (see Section 1.2.2.3).

9.
10.
11.
12.

13.

. Dextran sulfate 20%: Add 0.5 g dextran sulfate to 0.5 mL

20x SSC and 2 mL dH,O0. Dissolve at 70°C, vortex, ali-
quot and store at —20°C.

. Dextran sulfate 50%: Add 0.5 g dextran sulfate in 1 mL

dH,0. Dissolve at 70°C, vortex, aliquot and store
at —20°C.

. Ethanol 70% and 100% (ice cold) in dH,O0.
. Formamide 50% in 2x SSC: 50 mL formamide, 10 mL

20x SSC, 40 mL dH,O.

. Master mix: 100 pL dextran sulfate 50%, 100 pL

dH,0, 100 pL 20x SSC, 50 pL salmon sperm DNA
(10 mg/mL).

. Salmon sperm DNA (10 mg/mL): Dilute sonicated salmon

sperm DNA in dH,O to a final concentration of 10 mg/mL.
Aliquot and store at —20°C.
Sodium acetate 3 M in dH,0.

SSC 4x (see Section 1.2.4.3.3).

SSC 2x (see Section 1.2.2.3).

SSC 0.1x: 1/200 dilution of 20x SSC in dH,0.

SSC 4x/0.1% Tween 20: 200 mL 20x SSC and 1 mL
Tween 20 in 1 L dH,0.

SSC 0.4%/0.1% Tween 20 (see Section 1.2.5.3.2).

1.2.5.3.4 Signal Detection

1.

Detection of digoxigenin-labeled probes with fluorochrome-

conjugated antibodies.

a. Antibody solution 1: 1:25 dilution of Anti-DIG mono-
clonal antibody against digoxigenin, mouse IgGl
(vial 1, Fluorescent Antibody Enhancer Set for DIG
Detection) in 1x blocking solution.

b. Antibody solution 2: 1:25 dilution of Anti-mouse
Ig-DIG, F(ab), fragment (vial 2, Fluorescent Antibody
Enhancer Set for DIG Detection) in 1x blocking
solution.

c. Antibody solution 3: 1:25 dilution of Anti-DIG-
Fluorescein, Fab fragment (vial 3, Fluorescent
Antibody Enhancer Set for DIG Detection) in 1x
blocking solution.

Note 25. Aliquot the antibody solutions and store pro-
tected from light: working aliquot at 2°C-8°C, the
remaining at —15°C to —25°C.

d. Antifade-working solution: 0.233 g DABCO, 800 puL

dH,0; 200 pL 1 M Tris-HCI, pH 8.0; 9 mL glycerol;
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g.
h.

filter through 0.45 pm filter and aliquot into 1.5-mL
Eppendorf tubes; store at 4°C.

Blocking solution 1x: 1:10 dilution of blocking solu-
tion 10X (vial 4, Fluorescent Antibody Enhancer Set
for DIG Detection) in 2x SSC. Store under sterile con-
ditions at 2°C-8°C.

Propidium iodide staining solution: 5-10 ng/mL in
dH,0.

SSC 2x (see Section 1.2.2.3).

Wash solution: 0.2% Tween 20 in 2x SSC.

2. Detection of biotin-labeled probes with streptavidin—
antistreptavidin system.

a.
b.

o

Antifade working solution (see Section 1.2.5.3.4).
Biotinylated antistreptavidine stock solution: recon-
stitute 0.5 mg in 1 mL dH,0, add 0.6 mL glycerol,
aliquot and store at —20°C.

Biotinylated antistreptavidine working solution: for
4 slides 10 pL antistreptavidine stock solution in 250
pL 2.5% BSA.

BSA 10% stock solution: Dissolve 1 g molecular biol-
ogy grade BSA in 10 mL of dH,O. Gently move the
capped tube until the BSA has dissolved completely.
Do not stir. Store in aliquots at —20°C.

BSA 2.5%: 1:4 dilution of 10% stock solution in dH,O.
Cy3-streptavidine stock solution: reconstitute 1 mg in
0.6 mL dH,O, add 0.6 mL glycerol, aliquot and store
at —20°C.

Cy3-streptavidine working solution: for 4 slides
0.85 pL Cy3-streptavidine stock solution in 850 pL
2.5% BSA.

DAPI stock solution: 5 mg/mL in dH,O; store at 4°C.
Kodak Photo Flo 1%/1x PBS: 1 mL Kodak Photo Flo
and 10 mL 10x PBS in 89 ml dH,0.

Kodak Photo Flo 1%: 1 mL of Kodak Photo Flo in
100 mL dH,0.

PBS 10x (see Section 1.2.4.3.4).

SSC 20x (see Section 1.2.2.3).

SSC 4x/0.1% Tween 20 200 mL 20x SSC and 1 mL
Tween 20 in 799 mL dH,0

Tris-HCI, pH 8.0: dissolve 121.14 g in 800 mL dH,O.
Adjust the pH to 8.0 with HCI 37%. Add dH,0O to 1 L.
Triton X-100 1%/PBS 1x: 1 mL Triton X-100 and
10 mL 10x PBS in 89 mL dH,0.

Triton X-100 1%/SSC 2x: 1 mL Triton X-100 and
10 mL 20x SSC in 89 mL dH,O0.
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1.2.5.4 Chromosome Preparations

The procedure for preparations of mitotic chromosomes for FISH
is identical to that for karyotype analysis as is described in Section
1.2.2.4. The procedure for preparations of polytene chromosomes
for FISH is identical to that for in situ hybridization on polytene
chromosomes as described in Section 1.2.4.4.

1.2.5.5 Pretreatment and Denaturation of Chromosomes

1. Protocol 1. Mitotic and polytene chromosomes
This method is described by Fukova et al. (2005) and has
been used for FISH in B. oleae mitotic and polytene chro-
mosomes using an 18S rDNA and a satellite DNA probe
(Drosopoulou et al. 2012; Tsoumani et al. 2013).

Chromosome aging: dehydration. Slides with chromo-
some preparations are aged at —20°C for 2 hours or longer
(after dehydration). After removal from the freezer, the
slides are immediately immersed into cold 70% ethanol
for 2 minutes. Then, they are passed through 80% and
100% ethanol, 30 seconds each, and air-dried.

Note 26. Dehydrated slides can be stored at RT (for
a few days) or at —20°C (for several weeks). Long-term
storage at —20°C is not recommended because melting
and refreezing can harm chromosome preparations badly.
Alternatively, slides can be stored at —80°C for long
periods.

Cytoplasm removal (optional). Air-dried slides are
incubated in 10 mM HCI for 10 minutes at 37°C in shak-
ing water bath. Alternatively, slides are baked at 60°C for
2—4 hours.

RNA removal. Slides are incubated in RNase A solu-
tion (100 pg/mL in 2x SSC) for 1 hour at 37°C.

Note 27. RNase treatment serves to remove endogenous
RNA and thus reduce noise in DNA-DNA hybridizations.

Protein re