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Abstrakt

Predkladand disertacni prace predstavuje navrh vysvétleni ptivodu nadpocetnych
pohlavnich chromosomt $ténice Cimex lectularius (Hemiptera: Heteroptera: Cimicidae)
pomoci kombinace analyzy velikosti genomu a klasické cytogenetiky. Pro srovnavaci ucely
bylo obdobné analyzovano dalSich pét ptibuznych druhti z ¢eledi Cimicidae a 12 druha
z Celedi Nabidae. Prace zahrnuje i popisy metodik zpracovani vzorkt C. lectularius,
cytogeneticky a prutokovou cytometrii.

Soucasné evropské populace C. lectularius z lidskych hostiteld vykazaly 12
rozdilnych cytotypt s rozdilnym poétem pohlavnich chromosomti X, od dvou do 20 (2nd =
26+X1X2Y az 26+X120tY). Hypotéza o pivodu nadpocetnych pohlavnich chromosomi X C.
lectularius pomoci fragmentace byla formulovana ve druhé poloviné 20. stoleti. Nicméné
analyza velikosti genomu naznacuje, ze by se mohlo jednat spiSe o smés chromosomalnich
prestaveb typu duplikace ¢i delece, které fragmentaci provazeji. Samci se zakladnim
cytotypem 2n = 26+X;XoY méli velikost genomu 2C = 1,94 pg, naproti tomu samec s 2n =
26+Xi.7+Y dosahl 2C = 2,26 pg, ale objevili se i jedinci se snizenou velikosti genomu 2C =
= 13+Y, kdy jedinci s vy$§im poc¢tem chromosomui vykazovali navySeni relativni velikosti
genomu pouze u spermii nesoucich X chromosomy.

Obdobna analyza chromosomt a velikosti genomu dalSich péti druht z celedi
Cimicidae pfinesla nové zadznamy variability po¢tu pohlavnich chromosomi u Sténice C.
lectularius z netopytich hostitelll 2n = 26+X1X2(X3)Y a C. pipistrelli 2n = 28+X1X2(X3)Y.
AvSak v porovnani se situaci u C. lectularius z cClov€ka tyto nadpocetné chromosomy
vznikaly prevazné jen fragmentaci pohlavnich chromosomu X a jedinci z obou cytotypi méli
velmi podobné velikosti genomu. Mimo to, velikost genomu vSech péti druhi byla
zaznamenana vubec poprvé: C. hemipterus 2C = 1,47 pg, C. hirundinis 2C = 1,61 pg, C.
lectularius z netopyra 2C = 1,80 pg, C. pipistrelli 2C = 1,68 pg and Paracimex cf. chaeturus
2C=1,22 pg.

Analyza velikosti genomu zastupci celedi Nabidae podpofila v soucasnosti
neakceptovanou teorii o autosomové polyploidizaci. Druhy rodu Himacerus s 2n = 32+XY
dosahly dvojnasobku jaderné DNA (2C = 9-10 pg) oproti druhtim rodu Nabis s 2n = 16+XY
(2C = 4-6 pg). Vedle velikosti genomu studovanych zastupcii Celedi Nabidae, byl poprvé
popsan 1 karyotyp N. biformis, N. maoricus 2n = 16+XY a 2n = 26+XY pro Prostemma
aeneicolle.



Abstract

The present thesis deals with the phenomenon of additional sex chromosomes in
Cimex lectularius (Hemiptera: Heteroptera: Cimicidae) using genome size analysis combined
with the classical cytogenetic approach. Also, five other cimicid species and 12 species from
the family Nabidae were analysed identically for comparative purposes. The thesis also
pursues a description of methodical approaches of cytogenetics and flow cytometry in the
study of C. lectularius.

Recently analysed European specimens of C. lectularius from human host exhibited
12 distinct cytotypes, with a variable number of chromosomes X from two to 20 (2nd =
26+X1X2Y to 26+Xi20tY). The fragmentation hypothesis of C. lectularius additional
chromosomes X origin was established in the second half of the 20" century. However, the
present genome size measurements suggest that various chromosomal rearrangements as
duplication or deletion besides the fragmentation could occur. Males with basic cytotype 2n =
26+X1X2Y had average genome size of 2C = 1.94 pg, in contrast male with 2n = 26+X;.7+Y
yielded 2C = 2.26 pg and also specimens with genome size decrease 2C = 1.69 pg appeared.
The most informative turned up to be the relative genome size of sperm cells n = 13+XX>
and n = 13+Y, where specimens with higher chromosome number showed relative genome
size increase in sperm cells with chromosomes X.

The similar cytogenetic and genome size analysis of the other five cimicid species
brought the new record of variability in sex chromosome number of C. lectularius from bat
hosts and C. pipistrelli, 2n = 26+X1X2(X3)Y and 2n = 28+X1X>(X3)Y respectively. However,
in comparison with C. lectularius from human, these additional chromosomes X originated
mostly by fragmentation and both cytotypes possessed specimens with very similar genome
size. Moreover, genome size of all five species analysed was measured for the first time: C.
hemipterus 2C = 1.47 pg, C. hirundinis 2C = 1.61 pg, C. lectularius from bats 2C = 1.80 pg,
C. pipistrelli 2C = 1.68 pg and Paracimex cf. chaeturus 2C = 1.22 pg.

Genome size analysis in family Nabidae supported the autosomal polyploidization
theory, currently sidelined. Himacerus species with 2n = 32+XY reached twice as much
nuclear DNA content (2C = 9-10 pg) than Nabis species with 2n = 16+XY (2C = 4-6 pg).
Besides genome size data for all nabid species studied, also the karyotype of N. biformis, N.
maoricus 2n = 16+XY and 2n = 26+XY for Prostemma aeneicolle was recorded for the first
time.



Uvod

Heteroptera patii mezi jeden z nejpocetnéjSich hemimetabolnich taxont hmyzu Citajici
vice nez 42 000 druhd s mnoha riznymi potravnimi strategiemi. Jsou mezi nimi bylozravci,
Reduviidae (podceled Triatominae) a Cimicidae. VétSina zéastupcii téchto dvou skupin
parazituje na voln¢ zijicich zvifatech, ale zejména v celedi Cimicidae se tfi druhy
specializovali vyhradné na Clovéka — Cimex lectularius v mirném pasu, C. hemipterus v
tropickych oblastech a Leptocimex boueti v Africe.

Cimex lectularius pavodné parazitovala na netopyrech, a az pozd¢ji se ¢ast populace
specializovala na cloveka, ktery v té dobé zaCal obyvat jeskyné spolu s netopyry. Nyni
rozlidujeme dva oddélené kmeny netopyii a lidské C. lectularius. Sténice nepfenasi na
Clovéka zadné patogenni organismy (na rozdil od zastupci podceledi Triatominae
prenasejicich Chagasovu chorobu), ale i pfes to pusobi velké ekonomické Skody spojené
s naklady na jejich hubeni a maji i vyrazny negativni psychologicky efekt na obyvatele
zamotenych obydli.

Pres vSechna negativa jsou Sténice velmi zajimavymi objekty védeckého vyzkumu
zmnoha Uhli pohledu. Zaméfeno na cytogenetiku, sdili se vSemi ostatnimi Heteroptera
holokineticky typ chromosomi — bez lokalizované centromery (kinetochor/y je rozprostien po
celé délce chromosomu). Tato vlastnost umoziuje ,,prezivani* chromosomalnich fragmentti
nebo fuzovanych chromosomi. Zakladni pocet chromosomi samce C. lectularius je 2n =
26+X:1X,Y, ale byli zaznamendni 1 jedinci s az 13 nadpocetnymi chromosomy. Na zakladé
pozorovani chovani téchto chromosomii v meiose (pohlavni chromosomy se déli jinak nez
autosomy) bylo navrzeno, Ze se jedné o fragmenty chromosomi X.

Priitokova cytometrie (FCM), metoda bézné pouZzivand v botanice, miize byt pouzita
také pro ur€eni velikosti genomu u hmyzu. BohuZzel velikost genomu v rdmci Heteroptera je
prostudovana zcela nedostatecné, je zndma pouze pro 40 druhl. Z celého infrafadu
Cimicomorpha bylo analyzovano 25 druht z ¢eledi Reduviidae, ¢tyfi druhy z celedi Miridae a
také C. lectularius. Tudiz, zddné rozsahlé srovnani mezi taxony neni mozné.

Cile prace

Nejprve jsem se ve svém vyzkumu snazil zmapovat variabilitu v poctu chromosomu
ve sbérech C. lectularius z ndhodnych evropskych lokalit. V dalsi ¢asti mého vyzkumu jsem
se snazil odhalit variabilitu v po¢tu chromosoml u dalSich studovanych druhl z Celedi
Cimicidae — C. hemipterus, C. hirundinis, C. pipistrelli a Paracimex cf. chaeturus. Hlavnim
cilem disertacni prace bylo objasnéni ptivodu nadpocetnych chromosomt u C. lectularius,
protoze vysledky ptedchézejicich praci zaloZzené pouze na pozorovani Giemsou barvenych
chromosomil nebyly dostacujici. Za zdroj téchto chromosomu byla povazovana fragmentace
chromosomil X a tato teorie potiebovala byt ovéfena.



Vyzkum byl pozd¢€ji obohacen o méteni velikosti genomu lidské C. lectularius, aby se
zjistilo, co se déje s mnozstvim jaderné DNA u jedincii s odliSnym poctem chromosomu. Byly
analyzovany velikosti genomu n¢kolika dalSich druhii ¢eledi Cimicidae za ti¢elem srovnani
cytogenetickych a cytometrickych rozdila lidské C. lectularius, netopyii C. lectularius a
ostatnich druhti z této celedi.

Déle byly podobnym kombinovanym pfistupem analyzovany, S$ténicim blizce
pfibuzné, druhy celedi Nabidae za ucelem srovnani mechanisml variability poctu
chromosomil téchto dvou celedi. Taktéz se ocekdvalo, ze by analyza velikosti genomu
zastupcti ¢eledi Nabidae mohla pfinést dalsi podklady pro konkurenéni cytogenetické teorie o
vzniku rodG Nabis a Himmacerus, ktery stale nebyl zcela jasny. Navic techniky méfeni
velikosti genomu a 18S rDNA FISH byly pouzity ve vyzkumu ¢eledi Nabidae uplné poprvé a
ukazalo se, ze mohou vyznamné ptispét i k determinaci studovanych druhti.

Material a metodika

Sbér materialu C. lectularius z lidskych obydli byl koordinovan s mnoha deratizatory
z Ceské republiky a dalsich evropskych zemi, ktefi zasilali Zivé jedince v zabezpedenych
lahvickach. Ostatni zkoumané druhy z ¢eledi Cimicidae ¢i Nabidae byly ziskany od kolegd,
nebo jsem je sbiral piimo ja.

Zakladni metoda vyzkumu je ptiprava chromosomovych preparath a klasické barveni
Giemsou, aby se zjistil pocet chromosoml a jejich morfologie u kazdého zkoumaného
jedince. Ve vyzkumu druhii ¢eledi Nabidae byla pouzita i pokrocilejsi cytogeneticka metoda
FISH s 18S rDNA sondou a méfeni délky chromosomill. Genova sonda 18S rDNA byla
pfipravena z celogenomové DNA C. lectularius. 18S rDNA je velmi efektivni nastroj ke
studiu holokinetickych chromosomil s absenci morfologickych znakt jako jsou centromery.

Velikost genomu vSech druhil ¢eledi Cimicidae a Nabidae byla analyzovana stejnym
pratokovym cytometrem. Pfipravené vzorky byly rozd€leny na dvé ¢asti, jedna cast byla
obarvena PI a druhd DAPI. To umoZnilo vypocteni poméru AT/GC, jakozto dalSiho znaku
charakterizujici dany druh. Byla to pravé kombinace cytogenetického a cytometrického
ptistupu, kterd poskytla unikéatni soubor dat a novych informaci. Zejména pak pomohla
objasnit teorii vzniku nadpocetnych chromosomti C. lectularius.

Vysledky a diskuze

Béhem mého vyzkumu se podafilo shrnout nékolik metodickych poznatki, které by
mély usnadnit praci budoucim vyzkumnikiim vyuzivajicim stejné metody. Porovnal jsem nasi
techniku pfipravy chromosomovych preparatl na teplé histologické plotynce s roztlakovou
technikou, kterou pouzivaji jiné vyzkumné tymy. Také jsem otestoval vhodnost riznych typt
tkani pro cytogeneticky a cytometricky vyzkum. U zéstupc Celedi Cimicidae jsou pro
piipravu chromosomovych preparatii nejvhodnéjsi testes, ale dospéli samci Celedi Nabidae
vykazovali nedostateCny pocet d€licich se bunck. Misto toho byly nalezeny velmi kvalitni
mitosy na chromosomovych preparatech z ovarii dospélych samic. Pro FCM studie se ukazaly



stejné dobfe analyzovatelné tkan¢ hlavy, hrudi i zadecku, ale tkan stfeva neposkytla zadné
udaje. Velmi Gspésné bylo pouziti spermatickych bunék, pii jejich FCM analyze bylo mozné
rozliSit hodnoty pro oba typy spermii n = 13+X;X> a n = 13+Y. Také bylo testovano rizné
uchovavani FCM vzorki. VysuSené vzorky ¢i vzorky fixované v ethanolu neni mozné
prutokovou cytometrii analyzovat, ale dlouho zmrazené vzorky byly v poradku métitelné.

Vyzkum chromosomt lidské Cimex lectularius ukadzal 12 raznych cytotypti od
zakladniho 2n = 26+X;X2Y az k nejodvozenéjSimu 2n = 26+Xi20+Y, coz je podobné
vysledkiim ptedchazejicich studii z poloviny 20. stoleti. Ale proporce jednotlivych cytotypi
jsou zcela odlisné. Mij vyzkum zaznamenal okolo 45% jedinct se zakladnim cytotypem, ale
ve star§ich studiich prezentovali témét vSechny jedince s vyS$im poctem chromosomd.
Ostatni druhy zkoumanych zastupcti Celedi Cimicidae vykazovaly wvariabilitu v poctu
chromosomtl pouze u netopyii C. lectularius s 2n = 26+X1Xo(X3)Y a C. pipistrelli s 2n =
28+X1X2X3)Y. Cimex hemipterus a C. hirundinis s 2n = 28+X1X2Y a Paracimex cf.
chaeturus s 2n = 41 vykazovaly pouze zakladni po¢ty chromosoml.

Technika pritokové cytometrie byla velmi efektivni nastroj pro vyzkum variability
poctu chromosomti lidské §ténice C. lectularius. Analyza velikosti genomu riznych cytotypl
(s vice chromosomy nez 2n = 26+X;X:2Y) indikovala smés adicnich a delecnich
chromosomovych piestaveb spolu s prostou fragmentaci chromosomil. Riizné cytotypy
zahrnovaly jedince s vyraznym poklesem ¢i zvySenym obsahem jaderné DNA spolecné
s jedinci o primérném obsahu DNA. Pokud by byla pfitomna pouze fragmentace, jak bylo
ptedpokladano v predchozich studiich, byla by velikost genomu ve vSech cytotypech stejna, ¢i
alespoit velmi podobna bez ohledu na pocet chromosomu. Velikost genomu zkoumanych
zastupct ¢eledi Cimicidae byly zméteny viibec poprvé (s vyjimkou lidské C. lectularius, ale
mn¢é se podafilo naméfit lehce odliSné hodnoty). Primér samce se zdkladnim cytotypem:
lidska C. lectularius 2C = 1,94 pg, netopyii C. lectularius 2C = 1,80 pg, lidska C. hemipterus
2C = 1,47 pg, netopyii C. pipistrelli 2C = 1,68 pg, vlaStov¢i C. hirundinis 2C = 1,60 pg a
rorysi Paracimex cf. chaeturus 2C = 1,20 pg.

Vyzkum zastupct celedi Nabidae ptfinesl novy zdznam karyotypu 2n = 16+XY pro
druhy Nabis biformis a N. maoricus a 2n = 26+XY u Prostemma aeneicolle. Také vysledky
FISH analyz, métfeni chromosomi a velikosti genomu vSech analyzovanych druhti Celedi
Nabidae byly prezentovany viibec poprvé. Na rozdil od zastupct z ¢eledi Cimicidae, je zdroj
variability v poctu chromosomi v ¢eledi Nabidae vétSinou pfisuzovan fragmentaci autosomu
¢i B chromosomtim. Na druhou stranu se mi podatilo zaznamenat i jednoho samce N. rugosus
s jednim nadpocetnym pohlavnim chromosomem ve vSech bunikach, 2n = 19. Velmi zajimavé
vysledky poskytla FISH analyza s 18S rDNA sondou. Cimex lectularius nese dva signaly,
jeden na X a druhy na Y chromosomu, a zcela stejny systém maji také zastupci Celedi
Nabidae. Nicméné se mezi nimi vyskytly 1 druhy se zdvojenym signdlem na X ¢1 Y
chromosomu, ba co vic, 18S rDNA signal zcela chybél na Y chromosomu u N. maoricus.
Analyza velikosti genomu nabidla nové feSeni mezi dvéma konkuren¢nimi hypotézami. Prvni
hypotéza povazuje karyotyp 2n = 32+XY jako odvozeny zplvodniho 2n = 16+XY
polyploidizaci autosomt. Druha hypotéza povazuje karyotyp 2n = 32+XY za pivodni a 2n =



16+XY jako odvozeny fuzi vSech autosomt. Muj vyzkum ukazal, ze dva druhy rodu
Himacerus (2n = 32-36+XY) maji dvojnasobnou velikost genomu 2C = 9-10 pg nez pét
druhtt rodu Nabis (2n = 16+XY) s pouze 2C = 4-6 pg. Proto byla polyploidie autosomti
navrzena jako nejpravdépodobnéjsi nastroj karyotypové evoluce téchto dvou rodi celedi
Nabidae.

Zavéry

Béhem mého vyzkumu jsem odhalil velmi vysokou variabilitu po¢tu chromosomu
pouze u lidské C. lectularius, dalsi dva druhy z ¢eledi Cimicidae ukézaly jen minimalni
variabilitu v rozpéti jednoho chromosomu. Spolecné vysledky analyzy velikosti genomu a
poctu chromosomil ukéazaly jako nejpravdépodobnéjsi scénaf nekolika typlh chromosomadlnich
ptestaveb vedoucich k riznym cytotypim C. lectularius, coz byl hlavni cil pfedkladané prace.
Navic studium volné Zijicich druhi z celedi Cimicidae ukézalo odliSny zplsob vzniku
nadpocetnych chromosomi — pouze fragmentaci.

Analyzované druhy z celedi Nabidae ukdzaly zcela odlisné mechanismy variability
po¢tu chromosomii. Ty zahrnovaly predevSim autosomy, ale pfilezitostné i1 pohlavni
chromosomy. Vysledky méteni velikosti genomu jsou zcela unikatni a ptiklangji se k teorii o
polyploidizaci autosomtl. Analyza chromosomt metodou FISH ukazala u studovanych druht
vyraznou variabilitu v po¢tu 18S rDNA signalda.
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Introduction

The Heteroptera is one of the largest hemimetabolous taxa consist of more than 42,000
species with many diverse feeding strategies. There are herbivores, predators, and also blood-
feeding ectoparasites of vertebrates, very important are two families: Reduviidae (subfamily
Triatominae) and Cimicidae. Most of the members of these groups are parasitizing wild
animals, but especially in Cimicidae, evolved three species which are specialised for human
as the only host — temperate Cimex lectularius, tropical C. hemipterus, and African
Leptocimex boueti.

Cimex lectularius probably originally parasitized bats and distinct strain shifted to the
humans inhabiting caves - now we can distinguish two strains of C. lectularius: from bats and
from human. Bed bugs do not transmit any human pathogen (in contrast to the Chagas disease
from Triatominae), however, they cause a large economic damage for their eradication cost
and distinct psychological discomfort for inhabitants of infested dwellings.

Nevertheless, they are very interesting from many points of scientific research.
Focused on cytogenetics they share with all other Heteroptera holokinetic type of
chromosomes — without localized centromere (kinetochore/s is spread along a whole
chromosome). This feature enables “surviving” of chromosome fragments or fused
chromosomes. The basic chromosome number of C. lectularius male is 2n = 26+X;X2Y,
however, specimens with up to 13 additional chromosomes were recorded. Based on the
observation of these chromosomes behaviour during meiosis (sex chromosomes divides
differently from autosomes) it was suggested they are fragments of the sex chromosomes X.

Flow cytometry method (FCM), mostly used in botany, can be also used for genome
size determination of insects. Unfortunately, genome sizes in Heteroptera species are greatly
understudied, only 40 species in total. From whole infraorder Cimicomorpha 25 analysed
species belong to the Reduviidae, four species to Miridae, and also C. lectularius was
analysed. Therefore, any large comparison is not possible.

Aims of the study

At first, my research tried to map current C. lectularius chromosome number
variability from random European samples. Another part of my research tried to unveil the
chromosome number variability of other studied cimicid species — C. hemipterus, C.
hirundinis, C. pipistrelli and Paracimex cf. chaeturus. The main aim of the dissertation thesis
was to clarify the origin of additional chromosomes in C. lectularius, because the former
results based on observation of Giemsa-stained chromosomes only were not sufficient. Their
source was reported to be a fragmentation of X chromosomes and it needed to be verified.

The research was later enriched with genome size measurement of C. lectularius from
human to show what happened to nuclear DNA volume in specimens with different
chromosome number. More cimicid taxa genome size was analysed for comparative purposes
to show differences in cytogenetic and cytometric features of C. lectularius from human and
other cimicid species and C. lectularius from bats.
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Then the species of closely relative family Nabidae was analysed with a similar
combined approach to compare mechanisms of chromosome number variability in Cimicidae
and Nabidae. Also, it was expected, that genome size analysis should add additional
arguments to Nabis and Himacerus species origin which was still quite unclear. Moreover,
genome size measurement and 18S rDNA FISH techniques were used for the first time in
Nabidae research and also add some important features for the species determination.

Material and methods

Collection of the material of C. lectularius from human dwellings was coordinated
with many extermination specialists from the Czech Republic and other European countries
who send me the living specimens in secured vials. Other analysed cimicid species or nabids
were acquired from colleagues or I collected them myself in the field.

The basic research method is the preparation of chromosome slides and classical
Giemsa staining to find out the number of chromosomes and their morphology of each
analysed cimicid and nabid specimen. In Nabidae research was involved also more advanced
cytogenetic method of FISH with 18S rDNA probe and chromosome length measurement.
Gene probe of 18S rDNA was prepared from C. lectularius genomic DNA. 18S rDNA is a
very efficient tool for the study of holokinetic chromosomes which lack of other
morphological features as the centromere.

The genome size of all Cimicidae and Nabidae specimens was analysed by the
identical flow cytometer instrument. Prepared sample was divided into two parts, one part was
stained with PI and another with DAPI which enabled the AT/GC ratio calculation as another
feature characterising the species. It was the combination of cytogenetic and cytometric
approaches that provided a unique data set which brought much new information, especially
to the theory of C. lectularius additional chromosomes origin.

Results and discussion

During my research efforts, I manage to put together several methodical findings
which should help future researchers to follow the methods I used. The comparison of our hot
plate spreading chromosome slides preparation technique to the squashing method used by
other research teams. I also tested different tissues suitable for cytogenetical and FCM study.
For chromosomes of Cimicidae are the most suitable testes, however, Nabidae adult males did
not show a sufficient amount of dividing cells, instead of it females exhibited very useful
mitosis on slides from ovaries. For FCM analysis was the tissue of head, thorax, or abdomen
sufficient equally, but the tissue of midgut provided no data. Very successful was the use of
sperm cells where could be distinguished values for both types of sperm n = 13+X;Xz and n =
13+Y. Also, FCM sample treatment was tested. Dried or ethanol fixed samples are not
analysable, but long-frozen samples worked.

The screening for Cimex lectularius from human cytotype variants brought 12
different cytotypes from basic 2n = 26+X;X>Y to the most derived 2n = 26+X;.20+Y which is
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similar to findings of former studies in the half of the 20" century, but the proportions of
cytotypes within the dataset is completely different. My research recorded about 45% of
specimens with basic cytotype but older studies had almost all specimens with a higher
number of chromosomes. Other species of analysed Cimicidae showed variability in
chromosome number only in C. lectularius from bats and C. pipistrelli, 2n = 26+X1X2(X3)Y,
and 2n = 28+X1X2(X3)Y respectively. Cimex hemipterus, C. hirundinis, and Paracimex cf.
chaeturus exhibited only basic chromosome numbers, 2n = 28+X;X>Y and 2n = 41
respectively.

FCM technique was found as a very efficient tool for research of chromosome number
variability in C. lectularius from human. The genome size analysis in various cytotypes
(especially with more chromosomes than basic 2n = 26+X;X>Y) indicated the mix of additive
and deleterious chromosome rearrangements besides sole chromosome fragmentation.
Various cytotypes showed specimens with a distinct decrease or increase of nuclear DNA
content together with specimens of average DNA content. If only fragmentation would be
present, as supposed in former studies, the genome size would be in all cytotypes the same or
at least very similar regardless of the number of chromosomes. Cimicid genome sizes were
recorded for the first time (except C. lectularius from human, but I reached a slightly different
values). Average male with basic cytotype: C. lectularius from human 2C = 1.94 pg, C.
lectularius from bats 2C = 1.80 pg, C. hemipterus from human 2C = 1.47 pg, C. pipistrelli
from bats 2C = 1.68 pg, C. hirundinis from swallows 2C = 1.60 pg and Paracimex cf.
chaeturus from swifts 2C = 1.20 pg.

In research of Nabidae was the male karyotype 2n = 16+XY for Nabis biformis and N.
maoricus and 2n = 26+XY for Prostemma aeneicolle recorded for the first time. Also, data
from FISH, chromosome measurements, and genome sizes were recorded for the first time. In
contrast to cimicid species, the source of nabid variability is mostly proposed as autosomal
fragmentation or B chromosomes. However, a single N. rugosus male with stable additional
sex chromosome in all cells 2n = 19 was recorded. A very interesting feature showed the
FISH analyses with the 18S rDNA probe. Cimex lectularius possess two signals, on the X and
Y chromosome, the very same pattern had also Nabidae species. However, Nabidae showed
also species with a doubled signal on the X or Y chromosome, moreover, the 18S rDNA
signal was completely absent on the Y chromosome in N. maoricus. Genome size analysis
suggested the solution between two competing hypotheses. The first hypothesis considers the
karyotype of 2n = 32+XY as derived from ancestral 2n = 16+XY by polyploidy of autosomes,
and the second hypothesis suggests the karyotype of 2n = 32+XY as ancestral and 2n =
16+XY as derived by fusions of all autosomes. My research showed two Himacerus species
(2n = 32-36+XY) with twice as large genome size as 2C = 9—10 pg in contrast to five Nabis
species (2n = 16+XY) which showed only 2C = 4-6 pg. Therefore, the autosomal polyploidy
event was suggested as the most probable tool of differentiation in the karyotype evolution of
these two genera of Nabidae.
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Conclusions

Within my research I found very high variability in chromosome number only in C.
lectularius from human, another two cimicid species exhibited only minor variability of one
sex chromosome. Genome size data together with chromosome number analysis suggested the
most probable scenario of multiple chromosomal rearrangements leading to various cytotypes
of C. lectularius, which was the main aim of the study. Moreover, the study of free-living
cimicids suggested different mechanism of additional chromosomes origin — fragmentation
only.

Nabidae species revealed a completely different mechanisms of chromosome number
variability which involve mainly autosomes, but occasionally sex chromosomes are involved.
Genome size analysis data are completely unique and suggesting the theory of autosomal
polyploidy to be correct. The FISH analysis showed distinct 18S rDNA signal number
variability among analysed species.
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