VILNIUS UNIVERSITY
INSTITUTE OF ECOLOGY OF NATURE RESEARCH CENTRE

Jekaterina Basilova

BIOSYSTEMATIC STUDY OF THE APHID (HEMIPTERA,
STERNORRHYNCHA: APHIDIDAE) GENUS CRYPTOMYZUS OESTLUND, 1922
IN LITHUANIA

Summary of doctoral dissertation

Biomedical sciences, zoology (05 B)

Vilnius, 2010



Dissertation research was carried out at the Department of Zoology, Vilnius University in
2006-2010.
Scientific supervisor:
prof. habil. dr. Rimantas Rakauskas (Department of Zoology, Vilnius University,
biomedical sciences, zoology — 05 B)
The defence of the doctoral dissertation is held at the Vilnius University Council on
Zoology:
Chairman
Prof. dr. Sigitas Podénas (Vilniaus University, biomedical sciences, zoology — 05B)
Members:
Assoc. prof. dr. Eduardas Budrys (Institute of Ecology of Nature Research Centre,
biomedical sciences, zoology — 05B)
dr. Asta Krizanauskien¢ (Institute of Ecology of Nature Research Centre, biomedical
sciences, zoology — 05B)
Prof. dr. Virginijus Sruoga (Vilnius Pedagogical University, biomedical sciences,
zoology — 05B)
Prof. dr. Algimantas Paulauskas (Vytautas Magnus University, biomedical sciences,

zoology — 05B)

Opponents:
Prof. habil. dr. Jonas Rimantas Stonis (Vilnius Pedagogical University, biomedical
sciences, zoology — 05B)
Assoc. prof. dr. Rolandas MeSkys (Institute of Biochemistry of Vilnius University,
physical sciensies, biochemistry — 04 P)
The official defence of the dissertation will be held at public meeting of the Council at
Faculty of Natural Sciences, Vilnius University, on 8 October 2010 at 14.00.
Address: M. K. Ciurlionio str. 21, LT-03101, Vilnius, Lithuania
The summary of the doctoral dissertation was distributed on 8 September 2010.
The dissertation is available at the libraries of Vilnius University and Institute of Ecology of

Nature Research Centre.



VILNIAUS UNIVERSITETAS
GAMTOS TYRIMU CENTRO EKOLOGIJOS INSTITUTAS

Jekaterina Basilova

CRYPTOMYZUS OESTLUND, 1922 GENTIES AMARU (HEMIPTERA,
STERNORRHYNCHA: APHIDIDAE) BIOSISTEMATINIAI TYRIMAI
LIETUVOJE

Daktaro disertacijos santrauka

Biomedicinos mokslai, zoologija (05 B)

Vilnius, 2010



Disertacija rengta 2006-2010 metais Vilniaus universiteto Zoologijos katedroje

Mokslinis vadovas:
Prof. habil. dr. Rimantas Rakauskas (Vilniaus universitetas, biomedicinos mokslai,
zoologija — 05 B)

Disertacija ginama Vilniaus universiteto Zoologijos krypties taryboje:

Pirmininkas
Prof. dr. Sigitas Podénas (Vilniaus universitetas, biomedicinos mokslai, zoologija — 05
B)

Nariai:
Doc. dr. Eduardas Budrys (Gamtos tyrimy centro Ekologijos institutas, biomedicinos
mokslai, zoologija — 05B)
Dr. Asta Krizanauskiené (Gamtos tyrimy centro Ekologijos institutas, biomedicinos
mokslai, zoologija — 05B)
Prof. dr. Virginijus Sruoga (Vilniaus Pedagoginis universitetas, biomedicinos mokslai,
zoologija — 05B)
Prof. dr. Algimantas Paulauskas (Vytauto DidZiojo universitetas, biomedicinos

mokslai, zoologija — 05B)

Oponentai:
Prof. habil. dr. Jonas Rimantas Stonis (Vilniaus Pedagoginis universitetas,
biomedicinos mokslai, zoologija — 05B)
Doc. dr. Rolandas Meskys (Vilniaus universiteto Biochemijos institutas, fiziniai
mokslai, biochemija — 04 P)

Disertacija bus ginama vieSame Zoologijos mokslo krypties tarybos posédyje 2010 m.

spalio 8 d. 14.00 val. Vilniaus universiteto Gamtos moksly fakulteto DidZiojoje auditorijoje
Adresas: M. K. Ciurlionio g. 21, LT-03101, Vilnius, Lietuva.

Disertacijos santrauka iSsiuntinéta 2010 m. rugsejo 8 d.

Disertacija galima perziuréti Vilniaus universiteto ir Gamtos tyrimy centro Ekologijos

instituto bibliotekose.



INTRODUCTION
Relevance of the study

Aphids (Hemiptera, Sternorrhyncha, Aphidoidea) are mostly sedentary colonial
phytophagous insects, some of their species are well-known as pests of agriculture,
horticulture and forestry. Complex life cycles of aphids are characterized by several
different adult morphs emerging during the season and well-defined host specificity.
Moreover, there are plenty of aphid species shifting host plants during the season. Genotype
that in other groups of animals would be characteristic only for one individual considerably
increases due to diploid parthenogenesis and fast rate of reproduction in aphids (Heie,
1987). Aphids not only damage the plants directly by feeding on phloem or parenchyma
sap, but also transfer virus diseases (Minks and Harrewijn, 1987). For this reason precise
aphid species identification, data on their species composition and host plant specificity in
particular region are very important before decisions on measures of plant protection from
pests can be made.

There are about 4700 aphid species registered in the world (Remaudiere and
Remaudiere, 1997), 18 of them belong to the genus Cryptomyzus (Remaudiere and
Remaudiere, 1997; Holman, 2009). The representatives of this genus are important both
from practical as insects associated with agricultural plants and theoretical point of view as
the model of sympatric speciation in aphids (Guldemond, 1990a, 1992; Guldemond and
Dixon, 1994). Genus Cryptomyzus is of Palaearctic origin, though some species invaded
Nearctic region (Nieto Nafria et al., 2004). Ten species from two subgenera, Ampullosiphon
and Cryptomyzus s. str., are registered in Europe (Nieto Nafria et al., 2004). One species
belongs to the subgenus Ampullosiphon and other nine are representatives of the subgenus
Cryptomyzus s. str. comprising of fourteen species known in the world. In the middle of
20th century it was suggested to divide subgenus Cryptomyzus s. str. into two subgenera
(Borner, 1930) and later on into two genera (Borner, 1952) according to the morphological
differences of described species. Similar grouping of European species was obtained by J.

A. Guldemond (1990a) after host specificity and enzyme electromorphs of almost all (9 of



10) European species of this genus were investigated. There are still no data whether these
morphological and biological differences are also reflected by partial DNA sequences.

Species of the genus Cryptomyzus reported from Europe are well investigated, as
majority of their morphs are described, their host plants and life cycles are known and
numbers of chromosomes in diploid set are also detected. Nevertheless, there are still not
enough data on their life cycles under field conditions, karyotype structure and DNA
sequences. Moreover, there are some still unresolved questions. One of them concerns the
subspecies of C. galeopsidis. In main catalogues (Remaudiere and Remaudiere, 1997,
Holman, 2009) three subspecies of C. galeopsidis are mentioned (C. galeopsidis
galeopsidis, C. galeopsidis citrinus and C. galeopsidis dickeri). They were described by
Hille Ris Lambers (1953) according to the peculiarities of their life cycles. The separation
of monoecious and heteroecious subspecies of C. galeopsidis turned out to be doubtful
when aphids with different life cycle strategies were used for enzyme electromorph and
hybridological analysis (Guldemond, 1991a). Partial DNA sequences have not been
previously applied to investigate this problem. The other unresolved question concerns the
life cycle of C. leonuri. It is often noted that life cycle of this species is unknown
(Guldemond, 1991a; Blackman and Eastop, 2006). Identification keys to the genus
Cryptomyzus contain morphological characters of C. leonuri apterous viviparous females
(Guldemond, 1991a; Blackman and Eastop, 2006) or this species even is excluded from
identification keys (Heie, 1994).

Six species of the genus Cryptomyzus were recorded in Lithuania before 2004
(Rakauskas et al., 1992; Nieto Nafria et al., 2004). The biology of C. ribis is investigated
the best (Pakayckac, 1986), there are some data on life cycle of C. galeopsidis (Pakayckac,
1983), while monoecious species associated with herbaceous plant have not previously been
studied in Lithuania.

Aim and tasks of the study
The aim of this study was to investigate biology, taxonomy and phylogenetic relationships

of aphids of the genus Cryptomyzus distributed in Lithuania. The following tasks were set
up:



. To investigate the species contents of aphids of the genus Cryptomyzus in Lithuania.

To explore biological features of aphids of the genus Cryptomyzus in Lithuania: host
plants, life cycles, number of generations per season, mean time needed for one
generation to mature.

To carry out morphometric study of aphids of the genus Cryptomyzus, to construct
discriminant functions for the separation of apteous and alate viviparous females
belonging to morphologically similar species and to evaluate the effectiveness of
these functions.

To study karyotypes of cloned species of the genus Cryptomyzus.

To compare partial sequences of mitochondrial (COI) and nuclear (EF-1a) DNA
from the aphids of the genus Cryptomyzus.

To perform phylogenetic analysis of European species of the genus Cryptomyzus
based on their partial DNA sequences.

To perform phylogenetic analysis of Palaearctic species of the genus Cryptomyzus
based on their morphological characters and biological features.

To compile identification key to European species of the subgenus Cryptomyzus s.

str. based on their morphological characters and biological features.

The statements being defended

1.

The majority of European species of the genus Cryptomyzus are recorded in
Lithuania.

Life cycle strategies of two facultatively heteroecious species distributed in
Lithuania, C. galeopsidis and C. ribis, are different.

C. leonuri is a holocyclic monoecious species in Lithuania.

Canonical discriminant functions constructed for apterous and alate viviparous
females of C. alboapicalis and C. leonuri and C. galeopsidis, C. maudamanti and C.
ulmeri are offered.

Chromosome number in diploid set is the same for all studied species of the genus

Cryptomyzus (2n=12), and their karyotype structure is similar.



The values of within-species divergences for partial sequences of mitochondrial
(COI) and nuclear (EF-la) DNA are low in studied species of the genus
Cryptomyzus.

The values of between-species divergences for partial sequences of mitochondrial
(COI) and nuclear (EF-1a) DNA are different.

Phylogenetic reconstructions of the genus Cryptomyzus based on partial sequences of
mitochondrial (COI) and nuclear (EF-1a) DNA do not contradict phylogenetic
reconstruction based on morphological characters.

The separation of C. galeopsidis subspecies, heteroecious C. galeopsidis galeopsidis
and monoecious on black currants C. galeopsidis dickeri, was not supported by the
results of life cycle study and analysis of partial sequences of mitochondrial (COI)

and nuclear (EF-1a) DNA.

Scientific novelty of the study

1.

Two aphid species of the genus Cryptomyzus, C. ulmeri and C. maudamanti, new to
Lithuania were found during this study.

Life cycles of C. alboapicalis, C. ulmeri, C. korschelti, C. leonuri and C.
maudamanti were examined in Lithuania for the first time.

The life cycle of C. leonuri as well as previously unknown morphs, alate viviparous
females, males and oviparae, were described and the description of apterous
viviparous female was renewed.

Characters and their combinations for discrimination between apterous and alate
viviparous females, males and oviparae of morphologically similar species were
found due to morphometric and subsequent discriminant analysis of cloned aphids
carried out using the same scheme.

Karyotype idiograms of seven European species of the genus Cryptomyzus were
constructed, and karyotypes of C. leonuri and C. ulmeri were described for the first
time.

Partial sequences of mitochondrial (COI) and nuclear (EF-1a) DNA of eight

European species of genus the Cryptomyzus were obtained for the first time, their



within- and between-species divergences were estimated and phylogenetic trees
based on the partial DNA sequences were constructed.
7. Phylogenetic scheme was constructed when biological and morphological data on 17
species of the genus Cryptomyzus were summarized.
8. Identification keys to apterous and alate viviparous females, males and oviparae of

European species of the subgenus Cryptomyzus s. str. were compiled.
Scientific and practical significance

Aphid cloning under field conditions ensured that their biological features were
recorded and samples for morphometric, cytogenetic and molecular research were collected.
Morphometric analysis of aphids with known life cycles and subsequent discriminant
analysis will allow improving of available identification keys to European species of the
genus Cryptomyzus. The analysis of partial DNA sequences will serve for selection of
molecular markers suitable for the discrimination between morphologically close species as
well as for the assessment of within-, between-species divergences and phylogenetic
relationship in aphids of the genus Cryptomyzus.
The presentation and approbation of the results

Three scientific papers on the topic of the dissertation were published in ISI Master
Journal List issues.
The structure and volume of the dissertation

The dissertation contains the following chapters: Introduction, Review of the
literature (3 subchapters), Methods of the study (6 subchapters), Results of the study (8
subchapters), Conclusions, References (83 positions), List of publications and Supplemental
material. The dissertation and supplemental material consist of 172 pages, with 130 pages of
the main text and 26 tables and 39 figures. The supplemental material contains 14 tables.
The dissertation is written in Lithuanian with the summary in English.
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THE REVIEW OF THE LITERATURE
This chapter contains three subchapters, where the general characteristic of aphids of
the genus Cryptomyzus is given, the present state of knowledge about this genus in the

world, in Europe and in Lithuania is discussed.

MATERIALS AND METHODS
Study of fauna

To summarize the data on aphids of the genus Cryptomyzus in Lithuania microscope
slides stored at the collection of the Department of Zoology (Faculty of Natural Sciences,
Vilnius University) were checked. Aphids were sampled by the following researches (the
names are grouped in alphabetic order): J. BaSilova (since 2003), R. Grigalitinaité (1997), R.
Kairaityt¢ (2008), E. Kananovicitute (2007), V. Kudirkaite (2004-2005), R. Rakauskas
(since 1974), Z. Strumskyté (1978-1979) and J. TrukSinaité¢ (2006-2007). Samples were

collected in the following counties (number in parenthesis indicates the number of sampling
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localities): Klaipeda (8), TelSiai (2), Siauliai (4), Paneveézys (27), Kaunas (6), Marijampole
(3), Utena (22), Vilnius (21) and Alytus (9). Publications concerning distribution and host
plants of aphids of the genus Crypfomyzus in Lithuania (Pynaiic, 1966; Pymnaiic and
Oponuc, 1983; IOponuc, 1984) were also used. Morphological identification of aphids was
performed with the keys compiled by J. A. Guldemond (1991a) and R. L. Blackman and V.
F. Eastop (2006).
Study of life cycles

Life cycle studies were carried out in PakalniSkés, Vilnius distr., in 2007-20009.
Seven species of the genus Cryptomyzus belonging to the subgenus Cryptomyzus s. str.
found in Lithuania were used. Isolated aphid colonies were kept under outdoor conditions.
The state of host plants and aphid colonies was checked two times a week, each 3-4 days.
Plants of the family Lamiaceae were collected in the field and then grown potted and
isolated. Branch tip isolators were put on currants after their thorough examination. When
host plants were infested with aphids, groups of 5-10 individuals were transferred into new
isolator depending on the size of aphids and plants. When alate viviparous females were
emerging, the migration was simulated by transferring groups of 5-15 individuals onto new
host plants. Aphids samples were collected and placed into 70 % (for the preparation of
microscope slides) and 96 % (for molecular analysis) ethanol. The numbers of generations
per season and mean time and standard deviation for one generation to mature (in days)
were calculated for each aphid line studied.
Study of morphology and morphometry

Samples of cloned aphids collected in 2007-2009 were used for morphological and
morphometric studies. Microscope slides in Canada balsam from the aphids stored in 70 %
ethanol were prepared using a modified method described by R. L. Blackman and V. F.
Eastop (2000). Characters for morphometric analysis (Table 1) were selected from three
identification keys (Hille Ris Lambers, 1953; Guldemond, 1991a; Heie, 1994) with morph
description. Measurements were performed using Olympus BX40 microscope with an
interactive measurement system Microlmage. Initial data analysis was done with Excel

2003, for other calculations Statistica (version 5.5) was used.
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Table 1. Characters used for the morfometric analysis of each morph (X) and their abbreviations.

1 lentelé. PoZymiy, panaudoty kiekvienos morfos (X) morfometrinei analizei, pavadinimai ir

santrumpos.
[Full character name Apterous Ovipara |Alate viviparous
/Abbreviationjviviparous female female, alate male
Measurements
Body length, excluding cauda, mm body X X X
Hind tibia length, mm htibia X X X
Length of antennal segment 3, mm ant3 X X X
Length of antennal segment 4, mm ant4 X
Length of basal part of antennal segment 5, mm antSa X
Length of processus terminalis, mm t X X X
Length of distal part of antennal segment 5, mm ant5b X
Length of the base of antennal segment 6, mm bant6 X X X
Length of cauda, mm cauda X X X
Length of siphunculus, mm siphon X X X
Minimal width of the proximal part of siphunculus, mm |miwsi X X X
Maximal width of the distal part of siphunculus, mm mawsi X X X
Length of the last rostral segment, mm Irs X X X
Length of segment 2 of hind tarsus, mm tars2 X X X
Maximal width of hind tibia, mm dhtibia X
Diameter of the base of antennal segment 3, mm dbant3 X X X
Length of the longest hair on antennal segment 1, mm  hant1 X X X
Length of the longest hair on antennal segment 3, mm  |hant3 X X X
Length of the longest hair on abdominal tergites 2-4, mmiabhair X X X
Counts
Number of dorsal hairs on abdominal segments 1-4 dhas1-4 X X X
Number of secondary rhinaria on antennal segment 3-5 [srhin3-5 X X X
Number of additional hairs on the last rostral segment  |hlrs X X X
Number of scent plaques on hind tibia scent X
plaques
Relative lengths
Minimal width of the proximal part of siphunculus / miwsi/mawsi X X X
Maximal width of the distal part of siphunculus
Length of the last rostral segment / Length of segment 2 [lrs/tars2 X X X
of hind tarsus
Processus terminalis/ Length of antennal segment 3 t/ant3 X X X
Processus terminalis/ Length of the base of antennal pt/bant6 X X X
segment 6
Length of the longest hair on antennal segment 3/ hant3/dbant3 X X X
Diameter of the base of antennal segment 3
Length of the longest hair on antennal segment 1/ hant1/hant3 X X X
Length of the longest hair on antennal segment 3
Length of the longest hair on abdominal tergites 2-4/ abhair/dbant X X X
Diameter of the base of antennal segment 3 3
ILength of the longest hair on abdominal tergites 2-4/ abhair/bant6 X X X
Length of the base of antennal segment 6
ILength of siphunculus / Body length, excluding cauda |siphon/body X X X
Length of siphunculus / Length of cauda siphon/cauda X X X
Length of cauda / Length of siphunculus cauda/siphon X X X

12



Measurements, counts and relative lengths of aphids with studied life cycles were
used for discriminant analysis of different morphs. Pearson correlation coefficients (r) were
calculated for the whole data set of every morph and characters with medium, strong and
very strong statistically significant (p<0,05) correlation (correlation coefficients | r | >0,5)
with body length were removed from the analysis. Data set was divided into two subsets
and one of them was used to construct canonical discriminant function, and another one to
evaluate its effectiveness. Data set containing measurements, counts and relative lengths
was used to perform forward stepwise discriminant analysis. Then relative lengths were
removed and the procedure was repeated. The most effective function was selected from
these two types of functions obtained. Statistica (version 5.5) was used to perform these
calculations.

Study of cytogenetics

Seven species of cloned aphids of the genus Cryptomyzus were used for cytogenetic
study. Modified cell suspension technique (Blackman, 1985; TurCinavi¢iené et al., 1997)
was applied to make preparations of chromosome spreads. Microscope slides were analyzed
using Olympus BX40 microscope with 100x objective under immersion oil without cover
glass. Metaphase plates were photographed, and digital pictures of 25 metaphase plates of
each species were selected for measurements. Interactive measuring system Microlmage
was used to perform the measurements.

Aphid chromosomes are holocentric and lack clear morphological features, therefore
they were grouped in descending order by their relative length (chromosome length *100% /
total length of chromosomes in a diploid set): the pair of longest chromosomes was named
as Ist and so on. Mean chromosome pair lengths were used to construct idiograms of
presumably homologous pairs. To illustrate between-species differences of relative
chromosome lengths, cluster analysis was performed. The matrix of squared Mahalanobis
distances between group centroids for cluster analysis (linkage method: UPGA) was
obtained by a forward stepwise discriminant analysis. Statistica (version 5.5) was used for

these calculations.
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Study of partial DNA sequences

Two DNA fragments were used in this study: 616 bp length partial sequence of
mitochondrial COI (Cytochrome Oxidase subunit I) gene, and 499 bp length partial
sequence of nuclear EF-la (Elongation Factor-la) gene. Fifty two samples from eight
countries were analyzed and eight European species of the genus Crypfomyzus belonging to
the subgenus Cryptomyzus s. str. were studied.

DNA was extracted from the single aphid with DNA Blood & Tissue Kit (Qiagen)
following the manufacture’s protocol. Primers and PCR conditions were as in
TurCinaviciené et al. (2006). PCR products were cleaned with QIAquick PCR Purification
Kit (Qiagen) following the manufacture’s protocol. Cleaned PCR products were dissolved
in nuclease free water (Fermentas). Sequencing reactions were performed at the Sequencing
Centre of the Institute of Biotechnology (Vilnius, Lithuania).

Nucleotide sequences were aligned with BioEdit version 7.0.9.0 (Hall, 1999). To
estimate within- and between-species sequence divergences p-distances were calculated.
MEGA 4 (Tamura et al., 2007) was applied to compute distances between sequences and to
construct phylogenetic trees. For each DNA fragment studied phylogenetic tree was
constructed by maximum parsimony method. Bayesian analysis using MrBayes 3.1.2
(Huelsenbeck & Ronquist, 2003) was also performed, and Model test (Posada, 2008) was
exploited to select the model. Consensus trees with posterior probabilities were visualized
with TreeView (Page, 2001).

Study of phylogeny based on biology and morphology

Thirty characters were used (15 morphological and 15 biological) to obtain
phylogeny scheme for 17 species of the genus Cryptomyzus based on their morphology and
biology. Maximum parsimony phylogenetic tree was constructed with PAUP*4.0b10
(Swofford, 2003), and the characters defined as specific to subgenera were given additional

weight.
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RESULTS AND DISCUSSION
Fauna of the aphids of the genus Cryptomyzus in Lithuania

Six species of the genus Cryptomyzus are listed in the checklist of Lithuanian aphids
(Rakauskas et al., 1992; Nieto Nafria et al., 2004): C. alboapicalis, C. galeopsidis, C.
korschelti, C. leonuri, C. ribis and C. stachydis. Data on their host plants, sampling
localities and dates were published mainly before 1986 (Rakauskas et al., 1992). When the
new identification key to FEuropean species of genus Cryptomyzus was published
(Guldemond, 1991a), the microscope slides stored at the collection of Department of
Zoology (Faculty of Natural Sciences, Vilnius University) had to be checked. Summarized
data on aphids of the genus Cryptomyzus collected in Lithuania in 1974-2008 is presented
in this chapter. Host plants, sampling localities and dates as well as the researchers, who
collected the aphids, are noted in the checklist.

After the checklist of Lithuanian aphids was published (Rakauskas et al., 1992), two
species of the genus Cryptomyzus new to Lithuania were found: C. ulmeri (in 2004) and C.
maudamanti (in 2007). Therefore, 8 of 10 species of genus Cryptomyzus were registered in
Lithuania by 2008. C. ballotae and C. heinzei also are expected as the host plants (Ballota
nigra and Stachys officinalis) needed for their development are distributed in Lithuania
(Butkus et al., 1976).

Life cycles of seven species of the genus Cryptomyzus in Lithuania.

Life cycles of two Cryptomyzus species, C. ribis and C. galeopsidis, were previously
studied in Lithuania (Pakayckac, 1983, 1986). The biology of C. ribis is investigated the
best: the peculiarities of its phenology, fecundity and lifespan rates, and species of
entomophagous arthropods observed in colonies are known (Pakayckac, 1986). The data on
C. galeopsidis biology in Lithuania is concerned with two life cycle strategies used by this
aphid species (Pakayckac, 1983). The results of experiments carried out in PakalniSkés,
Vilnius distr., Lithuania, are presented in this chapter. The life cycles of C. alboapicalis, C.
korschelti, C. leonuri, C. maudamanti and C. ulmeri were not previously studied in
Lithuania, and repeated study of C. galeopsidis and C. ribis life cycles contributed to the
knowledge of their biology.
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Seven species of the genus Cryptomyzus were studied in 2007-2009. Three of them
(C. alboapicalis, C. leonuri and C. ulmeri) were holocyclic monoecious on the plants of
family Lamiaceae, one (C. maudamanti) was obligatively heteroecious and three (C.
galeopsidis, C. korschelti and C. ribis) were facultatively heteroecious. The life cycle of C.
stachydis in Lithuania remained unstudied. This aphid species is rare in Lithuania, and few
sampling localities are recorded by now. During the life cycle studies of seven species of the
genus Cryptomyzus it was observed that up to 12 generations of aphids could mature in
Lithuania per one season (from the middle of April to the beginning of November) and from
9 to 28 days were needed for one generation to mature.

The life cycle study of C. galeopsidis revealed that there were both obligatively and
facultatively heteroecious aphid lines in this species. In facultatively heteroecious lines of C.
galeopsidis only the first generation of alate viviparous females from black currants could
successfully use both winter and summer hosts, contrary to obligatively heteroecious lines
with first generation of alate viviparous females migrating only to summer hosts. The fact
that no obligatively monoecious aphid lines were observed during this study indicates that
the separation of monoecious on black currants subspecies of C. galeopsidis, C. galeopsidis
dickeri Hille Ris Lambers, 1953 is doubtful. The other facultatively heteroecious species C.
ribis was observed to use the life cycle strategy different from that of C. galeopsidis during
the experiment: alate viviparous females of C. ribis from red currants could migrate only to
summer hosts. According to references (Hille Ris Lambers, 1953; Pakayckac, 1986)
amphigonic generation of C. ribis (oviparae, alate and/or apterous males) can emerge on
Ribes rubrum. Probably, this is not quite a frequent event as during the study in 2007-2009
only oviparae were observed on R. rubrum.

This study was the first to examine the life cycle of C. leonuri and this aphid species
proved to be a holocyclic monoecious species with its amphigonic generation emerging on
Leonurus cardiaca. Lamium album and Lamium purpureum were detected as host plants of

C. leonuri under experiment conditions, where no choise of host plants was available.
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The application of discriminant analysis to separate morphologically close species of
the genus Cryptomyzus

To discriminate between apterous viviparous females of C. alboapicalis and C.
leonuri function AL1A was obtained (- 0,630 * (dhas1l-4) + 0,381 * (srhin3) + 4,360 *
(siphon/cauda) — 52,150 * (Irs) — 0,369 * (pt/bant6) — 58,093 * (mawsi) + 11,814; C.
alboapicalis, if AL1A<O0, C. leonuri, if AL1A>0). This function separates all individuals of
C. leonuri (n=37) and C. alboapicalis (n=60) (100 % effectiveness) from the data set used
for this function construction. When function AL1A was applied to the data set for
evaluation of its effectiveness (Figure 1), all individuals of C. alboapicalis (n=60) and C.
leonuri (n=39) were classified correctly (100 % effectiveness).

C. leonuri alate viviparous females are not included in the identification key to
European species of genus Cryptomyzus (Guldemond, 1991a) as when this key was
compiled the only available morphological description of C. leonuri was that of apterous
viviparous female. Obtained function ALIB (- 65,464 * (antSb) + 57,515 * (tars2) +
208,394 * (mawsi) — 0,185 * (srhin3) — 86,360 * (hantl) — 2,450; C. alboapicalis, if
AL1AB>-0,5, C. leonuri, if AL1AB<-0,5) allowed discrimination between all individuals
of C. leonuri (n=25) and C. alboapicalis (n=35) (100 % effectiveness) from the data set for
function construction. When function AL1B was applied to the data set for evaluation of its
effectiveness (Figure 2) all individuals of C. alboapicalis (n=34) and C. leonuri (n=26) were
identified correctly (100 % effectiveness).

The application of discriminat analysis to apterous viviparous females of C.
alboapicalis and C. leonuri showed that some characters from the function ALI1A
corresponded to those from the identification key: srhin3, siphon/cauda and pt/bant6. Some
other characters also turned out to be important in separation of these two aphid species:
dhas1—4, Irs and mawsi. Moreover, characters suitable to distinguish between alate
viviparous females of C. alboapicalis and C. leonuri were detected for the first time through

the application of discriminant analysis.
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Figure 1. The application of canonical function AL1A to apterous viviparous females of Crypromyzus
alboapicalis (m) it Cryptomyzus leonuri (0). C. alboapicalis, if AL1A<0; C. leonuri, if AL1A>O0.
1 paveikslas. Kanoninés funkcios AL1A taikymas Cryptomyzus alboapicalis (m) ir Cryptomyzus leonuri (Q)

besparnéms partenogenetinéms pateléms. C. alboapicalis, jei AL1A<0; C. leonuri, jei AL1A>O0.
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Figure 2. The application of canonical function ALIB to alate viviparous females of Cryptomyzus
alboapicalis (m) ir Cryptomyzus leonuri (0). C. alboapicalis, if AL1AB>-0,5; C. leonuri, if AL1AB<-0,5.
2 paveikslas. Kanoniniy funkcijy AL1B taikymas Cryptomyzus alboapicalis (m) ir Cryptomyzus leonuri (0)
sparnuotoms partenogenetinéms pateléms. C. alboapicalis, jei AL1AB>-0,5; C. leonuri, jei ALIAB<-0,5.
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To ensure more precise identification of C. galeopsidis, C. maudamanti and C.
ulmeri J. A. Guldemond (1991a) offered two canonical discriminant functions, one of them
(LDF-1) allowed separation between C. ulmeri and C. galeopsidis with C. maudamanti, and
the other (LDF-2) was constructed for discrimination between C. galeopsidis and C.
maudamanti. When the function LDF-1 (0,5 * (dhas3) + 697,6 * (tars2) — 0,7 * (srhin3); C.
ulmeri < 49,4 < C. maudamanti + C. galeopsidis) was applied to the measurements of
cloned aphids, 82,1% individuals of C. galeopsidis (174 from 212), 85,7 % individuals of C.
maudamanti (42 from 49) and 85,4 % individuals of C. ulmeri (35 from 41) were classified
correctly. When the function LDF-2 (181,1 * (abhair) + 113,0 * (bant6) + 1,3 * (dhas3) —
327,6 * (hantl); C. galeopsidis < 20,0 < C. maudamanti) was applied to measurements the
of cloned aphids 64,6 % individuals of C. galeopsidis (137 from 212) and 98,0 %
individuals of C. maudamanti (48 from 49) were classified correctly.

Two functions, GMU1A and GMU2A, were obtained to distinguish between
apterous viviparous females of C. galeopsidis, C. maudamanti and C. ulmeri. Function
GMUI1A (86,930 * (cauda/siphon) + 18,273 * (siphon/cauda) — 0,089 * (dhas1-4) + 2,241 *
(siphon) + 44,405 * (siphon/body) + 7,290 * (abhair/bant6) — 73,645 * (miwsi) — 90,760; C.
ulmeri, if GMUIA>S5, C. galeopsidis+C. maudamanti, if GMUIA<S) separates all
individuals of C. galeopsidis (n=106) and C. maudamanti (n=25) from all individuals of C.
ulmeri (n=20) (100% effectiveness) and function GMU2A (13,230 * (cauda/siphon) + 6,935
* (siphon/cauda) —0,924 * (dhas1-4) — 7,170 * (siphon) + 58,009 * (siphon/body) + 1,909 *
(abhair/bant6) — 135,983 * (miwsi) — 32,505, C. maudamanti, if GMU2A>2; C. galeopsidis,
if GMU2A<2) discriminates between all individuals of C. galeopsidis (n=106) and C.
maudamanti (n=25) (100% effectiveness) from the data set used for function construction.
When function GMUI1A was applied to the data set for evaluation of its effectiveness
(Figure 3), all individuals of C. maudamanti (n=24, 100% effectiveness) and C. galeopsidis
(n=106, 100% effectiveness) were separated from 20 of 21 individuals of C. ulmeri (95,2 %
effectiveness). When function GMU2A was applied to the data set for evaluation of its
effectiveness (Figure 4), all individuals of C. maudamanti (n=24, 100% effectiveness) and

104 individuals of 106 C. galeopsidis (98,1% effectiveness) were classified correctly.
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Figure 3. The application of canonical function GMUIA to apterous viviparous females of Cryptomyzus
galeopsidis (0), Cryptomyzus maudamanti (m) and Cryptomyzus ulmeri (A). C. ulmeri, if GMU1A>5; C.
galeopsidis+C. maudamanti, if GMU1A<S.

3 paveikslas. Kanoninés funkcios GMUI1A taikymas Cryptomyzus galeopsidis (0), Cryptomyzus maudamanti
(m) ir Cryptomyzus ulmeri (A) besparnéms partenogenetinéms pateléms. C. ulmeri, jei GMUIA>S; C.

galeopsidis+C. maudamanti, jei GMU1A<S.
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Figure 4. The application of canonical function GMU?2A to apterous viviparous females of Cryptomyzus
galeopsidis (0) and Cryptomyzus maudamanti (m). C. maudamanti, if GMU2A>2; C. galeopsidis, if
GMU2A<2.

4 paveikslas. Kanoninés funkcios GMU2A taikymas Cryptomyzus galeopsidis () ir Cryptomyzus
maudamanti (m) besparnéms partenogenetinéms pateléms. C. maudamanti, jei GMU2A>2; C. galeopsidis,

jei GMU2A<2.
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Two functions, GMUI1B and GMU2B, were obtained to discriminate between alate
viviparous females of C. galeopsidis, C. maudamanti and C. ulmeri. Function GMU1B
(0,940 * (dhas1-4) — 0,040 * (srhin3) + 147,389 * (miwsi) — 158,074 * (hantl) + 0,525 *
(hlrs) — 8,373; C. maudamanti, if GMU1B>3,5, C. galeopsidis+C. ulmeri, it GMU1B<3,5)
separates all individuals of C. galeopsidis (n=61) and C. ulmeri (n=2) from all individuals
of C. maudamanti (n=26) (100% effectiveness) and function GMU2B (- 0,138 * (dhas1-4)
— 0,130 * (srhin3) + 241,602 * (miwsi) + 123,167 * (hantl) + 0,141 * (hlrs) — 1,456; C.
ulmeri, if GMU2B>4; C. galeopsidis, if GMU2B<4) discriminates between all individuals
of C. galeopsidis (n=60) and C. ulmeri (n=2) (100% effectiveness) from the data set used
for function construction.When function GMU1B was applied to the data set for evaluation
of its effectiveness (Figure 5), 26 of 29 individuals of C. maudamanti (89,7% effectiveness)
were separated from 61 of 62 individuals of C. galeopsidis (98,4% effectiveness) and all
individuals of C. ulmeri (n=2, 100 % effectiveness). When function GMU2B was applied to
the data set for evaluation of its effectiveness (Figure 6), all individuals of C. ulmeri (n=2)
and C. galeopsidis (n=62) were classified correctly (100 % effectiveness).

C. galeopsidis, C. maudamanti and C. ulmeri species group was previously examined
morphologically to find out the characters making the discrimination of these species easier
and more precise (Guldemond, 1991a). If one compares characters (dhas3, tars2, srhin3,
miwsi, abhair, bant6, hantl) used in the functions LDF-1 and LDF-2 (Guldemond, 1991a)
with those from the functions GMUIA and GMU2A, one will easily note that they share
some of these characters (dhas1-4, miwsi, abhair/bant6) together with other two characters
(siphon/body and dhas3) from the identification key (Guldemond, 1991a). Furthermore,
through the discriminant analysis relative lengths of cauda and siphon (cauda/siphon and
siphon/cauda) proved to be important for separation of C. galeopsidis, C. maudamanti and

C. ulmeri.
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Figure 5. The application of canonical function GMUIB to alate viviparous females of Cryptomyzus
galeopsidis (0), Cryptomyzus maudamanti (m) and Cryptomyzus ulmeri (A). C. maudamanti, if
GMUI1B>3,5, C. galeopsidis+C. ulmeri, if GMU1B<3,5.

5 paveikslas. Kanoniniy funkciju GMUI1B taikymas Cryptomyzus galeopsidis (0), Cryptomyzus maudamanti
(m) ir Cryptomyzus ulmeri ( A) sparnuotoms partenogenetinéms pateléms. C. maudamanti, jei GMU1B>3,5,
C. galeopsidis+C. ulmeri, jei GMU1B<3,5.
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Figure 6. The application of canonical function GMU2B to alate viviparous females of Cryptomyzus
galeopsidis (0) and Cryptomyzus ulmeri (A). C. ulmeri, if GMU2B>4; C. galeopsidis, if GMU2B<4.

6 paveikslas. Kanoniniy funkciju GMU2B taikymas Cryptomyzus galeopsidis (0) ir Cryptomyzus ulmeri (A)
sparnuotoms partenogenetinéms pateléms. C. ulmeri, jei GMU2B>4; C. galeopsidis, jei GMU2B<4.
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Karyotypes of the seven aphid species of genus Cryptomyzus

The analysis of microscope slides with chromosome spreads of seven cloned aphid
species of the genus Cryptomyzus revealed that metaphase plates with the diploid
chromosome number 2n=12 were dominant (from 71,67 to 86,83 %). Karyotypes of all
studied species of the genus Cryptomyzus were made up of one pair of long, three pairs of
medium-sized and two pairs of short chromosomes (Figure 8). The earlier published
idiogram of C. ribis (Robinson & Chen, 1969) presented one chromosome pair distinctly
longer than others, approximately twice the length of the second pair while other
chromosomes decreased gradually in size. Such inconsistence to the idiogram based on
relative chromosome lengths could be explained by differences in methods used for
idiogram construction. In this study the mean values of relative chromosome lengths were
used, whereas previously published idiogram (Robinson and Chen, 1969) seems to be

constructed using direct measurements from photographs.

C. alboapicalis _I

C. galeopsidis —I

C. leonuri

C. ulmeri

C. korschelti

C. maudamanti

C. ribis

0 1 2 3 4 5
Linkage distance
Figure 7. Differences of relative chromosome lengths in haploid sets among seven species of the genus
Cryptomyzus (squared Mahalanobis distances between group centroids, linkage method: UPGA).
7 paveikslas. Chromosomy santykiniy ilgiy skirtumai haploidiniame rinkinyje tarp septyniu Cryptomyzus

genties amary risiy (kvadratiniai Mahalanobis atstumai tarp grupiy centry, jungimo biidas: UPGA).
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Figure 8. Karyotypes of seven species of the genus Cryptomyzus. A — metaphase plates; B — chromosomes
grouped by their relative lengths in descending order; C — idiograms of haploid sets based on relative
chromosome lengths (column height indicates the mean value, and whiskers show standard deviation).

8 paveikslas. Septyniu Crypfomyzus genties amary rusiy kariotipai. A — metafazinés plokStelés; B —
chromosomos sugrupuotos pagal santykinius ilgius mazéjimo tvarka; C — haploidiniy rinkiniy idiogramos

sudarytos santykiniy ilgiu pagrindu (stulpeliy aukstis rodo vidurkj, o tGseliai — standartinj nuokrypj).
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Cluster analysis was performed to reveal between-species differences of relative
chromosome lengths in haploid set. Two main clusters were obtained (Figure 7). One
cluster consisted of one species heteroecious between R. nigrum and Galeopsis sp., C.
galeopsidis, and three monoecious species from herbaceous plants, C. alboapicalis, C.
ulmeri and C. leonuri. The other cluster contained three species related to R. rubrum and R.
alpinum as winter hosts and Stachys (C. korschelti and C. ribis) and Lamiastrum (C.
maudamanti) as summer hosts. This scheme is in some agreement with available
phylogenetic reconstruction of the genus Cryptomyzus, based on morphological, biological
(host plants and life cycles) and certain enzyme electrophoresis (Guldemond & Eggers-

Schumacher, 1989; Guldemond, 1990a).

Partial COI and EF-lo DNA sequences of the eight European species of genus
Cryptomyzus

The alignment of partial COI sequences contained 616 bp, 48 sites were variable and
33 of them were parsimony informative. Nucleotide frequencies were the following: A —
34,8 %, T- 39,9 %, C — 13,0 %, G —-12,3 %. When within-species divergences of partial
COI sequences were calculated, their values for all individuals of C. alboapicalis, C.
galeopsidis, C. leonuri and C. maudamanti turned out to be identical (p=0,000). Moreover,
there were no differences detected between partial COI sequences of C. galeopsidis and C.
maudamanti (p=0,000). The values of between-species divergences were low for C. ribis
and C. korschelti (p=0,002).

The alignment of partial EF-1a sequences cotained 499 bp, 48 sites were variable
and 39 of them were parsimony informative. Nucleotide frequencies were the following: A
-30,3 %, T-30,7 %, C—-17,6 %, G — 21,5 %. When within-species divergences of partial
EF-1a sequences were calculated, their values for all individuals of C. korschelti, C.
alboapicalis, C. galeopsidis, C. leonuri and C. maudamanti appeared to be identical
(p=0,000). Partial EF-1a sequences of C. alboapicalis and C. galeopsidis showed low

values of between-species divergences (p=0,002).
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Samples of C. galeopsidis and C. ribis from 5 countires, including individuals from
different host plants and with different life cycle patterns, samples of C. korschelti from 4
countries and samples of C. alboapicalis and C. ulmeri from 2 countries were analyzed,
nevertheless, the values of within-species divergences in all Cryptomyzus species examined
were 0,000-0,003 for partial COI and 0,000-0,002 partial EF-1a sequences. As the genus
Cryptomyzus, genus Megoura belongs to the tribe Macrosiphini (Remaudiere &
Remaudiere, 1997). When species of the genus Megoura were studied, the values of within-
species divergences were 0,000-0,004 for partial COI and 0,001-0,003 for partial EF-1a
sequences (Kim & Lee, 2008b). Therefore, the values of within-species divergences
detected in Cryptomyzus aphids fall into the same interval for both DNA fragment studied.

The values of between-species divergences in studied species of the genus
Cryptomyzus were 0,000-0,049 for partial COI and 0,002-0,068 for partial EF-1a sequences.
Similar results were observed in species of the genus Megoura, as the values of between-
species divergences were 0,001-0,052 for partial COI and 0,002-0,080 for partial EF-1a
sequences (Kim & Lee, 2008b). Mean value of between-species divergence for partial COI
sequences (0,024) in all analyzed species of the genus Cryptomyzus turned out to be lower
than that for partial EF-1a sequences (0,033).

Partial COI sequences are proposed as the tool for aphid species identification
(Foottit et al., 2008, 2009). However, the application of this method was limited for some
genera of tribe Macrosiphini, Uroleucon and Macrosiphum (Foottit et al., 2009). The same
trend seem to be valid for aphid species of the genus Cryptomyzus. Partial COI sequences
analyzed in this study were not suitable for discrimination between morphologically similar
species with different life cycles, C. galeopsidis with C. maudamanti and C. ribis with C.
korschelti. Although these pairs of species can be separated if partial EF-1a sequences
analyzed in this study are used. Similar trends are also characteristic of other representatives
of tribe Macrosiphini: Macrosiphum rosae and M. knautiae — M. sylvaticum (TurCinaviciené

& Rakauskas, 2009).
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Phylogeny schemes of aphid species of the genus Cryptomyzus based on partial COI
and EF-1a DNA sequences, morphological and biological characters.

Examined species of the genus Cryptomyzus formed clusters of morphologically
similar species in phylogenetic reconstructions based on partial COI sequences (Figure 9).
One cluster consisted of C. heinzei with C. ribis and C. korschelti, and there were no clearly
defined groups within C. ribis-C. korschelti clade. The other cluster was comprised of C.
galeopsidis, C. maudamanti, C. ulmeri, C. alboapicalis and C. leonuri with two clades
formed by these species. One clade consisted of two species associated with currants, C.
galeopsidis and C. maudamanti, while the other clade contained monoecious species from
herbaceous plants of family Lamiaceae, C. alboapicalis, C. leonuri and C. ulmeri.

Analyzed species of the genus Cryptomyzus formed two main clusters in phylogenic
reconstructions based on partial EF-1a sequences (Figure 10). One cluster was comprised of
C. heinzei, C. ribis and C. korschelti with the latter two species clearly separated. The other
cluster containing C. galeopsidis, C. maudamanti, C. ulmeri, C. alboapicalis and C. leonuri
was partitioned into two clades. One clade was made up of C. galeopsidis, C. alboapicalis
and C. ulmeri, and the other one consisted of C. maudamanti and C. leonuri. C. galeopsidis
and C. maudamanti were clearly separated in this phylogenetic reconstruction, contrary to
that based on partial COI sequences (Figure 9).

Generally, phylogenetic reconstructions based on partial DNA sequences did not
contradict with each other, and eight species of the genus Cryptomyzus analyzed form the
same main clusters containing morphologically similar species (Figures 9 and 10).
However, species situation within clusters is not identical, and the correlation with life cycle
(monoeciousy and heteroeciousy) was observed in phylogenetic reconstructions based on
partial COI sequences, but not in those based on partial EF-1a sequences. The relations of
C. leonuri to the other representatives of the genus Cryptomyzus was not identical in
phylogenetic reconstructions based on partial DNA sequences: its partial COI sequences
were closer to those of C. alboapicalis, while partial EF-1a sequences were similar to those

of C. maudamanti.
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In phylogenetic reconstructions based both on mitochondrial and nuclear DNA
obtained 8 species of the genus Cryptomyzus divided into two main clusters. One cluster
consisted of species corresponding to subgenus (Borner, 1930) or genus (BoOrner, 1952)
Mbyzella, that is C. galeopsidis and other morphologically similar species, C. maudamanti,
C. leonuri, C. alboapicalis and C. ulmeri. The other cluster contained species corresponding
to C. Borner’s subgenus (Borner, 1930) or genus (Borner, 1952) Cryptomyzus.

Phylogenetic reconstruction of European species of the genus Cryptomyzus offered
by J. A. Guldemond (1990a) combined peculiarities of biology, morphology and enzyme
electromorphs. Several new Asian species of the genus Cryptomyzus belonging to three
subgenera (Cryptomyzus s. str., Phlomimyzus and Alataumyzus) were described
(Kadyrbekov, 1993, 2000) after the publication of this phylogenetic scheme.

The dendrogram showed in Figure 11 was constructed through summarizing the data
on biology (host plants, life cycles and their strategy) and morphology (the main characters
from the identification keys to discriminate between these species) of all species of the
genus Cryptomyzus. All subgenera (Ampullosiphon, Alataumyzus, Phlomimyzus and
Cryptomyzus s. str.) were separated from each other. The subgenus Cryptomyzus s. str. was
divided into two clusters with European species forming the same groups as in the
phylogenetic reconstructions based on partial DNA sequences (Figures 9 and 10), that is,
one cluster consisted of C. ribis, C. korschelti, C. heinzei and C. ballotae, and the other one
contained C. alboapicalis, C. leonuri, C. ulmeri, C. galeopsidis and C. maudamanti.

Aphid species C. stachydis definitely differs from all, as it is morphologically similar
to the representatives of other genera (Hyperomyzus and Nasonovia). They share the same
features of life cycle (host alternation between currants and the plants of family Lamiaceae)
with all other representatives of the genus Cryptomyzus. C. malkovskii is the other species
with morphological characters not common for other species of subgenus Cryptomyzus s.
str.. Therefore, molecular study of C. stachydis and C. malkovskii together with detailed
examination of morphology and biology of the latter species will be useful in revealing

whether these species should be included in genus Cryptomyzus.
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Figure 9. Phylogenetic reconstructions of species belonging to the genus Cryptomyzus based on partial COI
sequences. Left — constructed by maximum parsimony method (1000 bootstraps, branch support > 20 % is
showed), right - constructed by Bayesian inference in phylogeny (posterior probabilities of branch support
and substitutions per site are showed).

9 paveikslas. Cryptomyzus genties rusSiy filogenetiniai medZiai daliniy COI seky pagrindu. Kairéje —
sudarytas maksimalios parsimonijos metodu (1000 pakartotiniy imties jkélimy, parodytos Saky palaikymo
reik§meés > 20 %), deSinéje — sudarytas atlikus Bajesing analizg (parodytos Saky aposteriorinés tikimybeés ir

pakaity skaiCius vienai sekos vietai).
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Figure 10. Phylogenetic reconstructions of species belonging to the genus Cryptomyzus based on partial EF-
la sequences. Left — constructed by maximum parsimony method (1000 bootstraps, branch support > 50 %
is showed), right - constructed by Bayesian inference in phylogeny (posterior probabilities of branch support
and substitutions per site are showed).

10 paveikslas. Cryptomyzus genties riiSiy filogenetiniai medziai daliniy EF-1a seku pagrindu. Kair¢je —
sudarytas maksimalios parsimonijos metodu (1000 pakartotiniy imties jkélimy, parodytos Saky palaikymo
reik§meés > 50 %), deSinéje — sudarytas atlikus Bajesing analizg (parodytos Saky aposteriorinés tikimybeés ir

pakaity skaiCius vienai sekos vietai).
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C. (Ampullosiphon) stachydis

44 — C. (Phlomimyzus) tadzhikistanica
—c (Phlomimyzus) multipilosus

C. (Alataumyzus) malkovskii

C. (Cryptomyzus) alatavica

14 19 ——— C. (Cryptomyzus) ballotae
L—c (Cryptomyzus) heinzei

20 54 C. (Cryptomyzus) korschelti
68 49 _: C. (Cryptomyzus) ribis

20 b——C. (Cryptomyzus) taoi

C. (Cryptomyzus) behboudii

12 C. (Cryptomyzus) alboapicalis
64 25 27 _: C. (Cryptomyzus) transiliensis

C. (Cryptomyzus) leonuri

C. (Cryptomyzus) ulmeri
31 — C. (Cryptomyzus) galeopsidis
22 L—c (Cryptomyzus) maudamanti

Figure 11. Phylogeny of seventeen species of the genus Cryptomyzus based on biology and morphological
characters of apterous viviparous females obtained by maximum parsimony method with 1000 bootstraps.
11 paveikslas. Septyniolikos Cryptomyzus genties rusiy filogenijos schema pagal biologija ir besparniy
partenogenetiniy pateliy morfologija sudaryta maksimalios parsimonijos (MP) metodu, 1000 pakartoniy

im¢iy ikélimy (bootstrap).

The examination of biology and morphology of C. (Phlomimyzus) multipilosus, C.
(Phlomimyzus) tadzhikistanica, C. (Alataumyzus) malkovskii, C. (Cryptomyzus) alatavica,
and C. (Cryptomyzus) transiliensis is important to obtain phylogenetic reconstruction of all
species belonging to the genus Cryptomyzus. Samples of other species of the genus
Cryptomyzus not included in this study are required to find molecular markers suitable both
for identification of morphologically similar species and phylogenetic analysis.
Identification key to the European species of the genus Cryptomyzus belonging to the
subgenus Cryptomyzus s. str..

In this chapter identification keys to apterous and alate viviparous females, oviparae
and males are provided. They were compiled using the results of morphometric and
discriminant analysis of seven cloned aphid species of the genus Cryptomyzus.

Summary of the study results

In this chapter the main results of the study are briefly discussed.
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CONCLUSIONS

1. Eight of ten European species of genus Cryptomyzus are now registered in Lithuania.

2. Among species examined in 2007-2009 three were holocyclic monoecious (C.
alboapicalis, C. leonuri, C. ulmeri) on the plants of family Lamiaceae, one was
holocyclic obligatively heteroecious (C. maudamanti) and three were holocyclic
facultatively heteroecious (C. galeopsidis, C. korschelti, C. ribis).

3. During the life cycle studies of three monoecious and four heteroecious species of
the genus Cryptomyzus it was observed that up to 12 generations of aphids could
mature in Lithuania per one season and from 9 to 28 days on average were needed
for one generation to mature.

4. Facultatively heteroecious lines of C. galeopsidis and C. ribis use two different life
cycle strategies in Lithuania. The first generation of alate viviparous females of C.
galeopsidis from Ribes nigrum could successfully live both on R. nigrum and
Galeopsis tetrahit, while alate viviparous females of C. ribis could live only on
Stachys palustris and other herbaceous plants, but not on R. rubrum, where the
descendants of apterous viviparous females lived till autumn.

5. C. leonuri proved to be a holocyclic monoecious species with its amphigonic
generation, alate males and oviparae, emerging on Leonurus cardiaca. It was also
detected that Lamium album and Lamium purpureum were used as host plants by C.
leonuri under experiment conditions.

6. Canonical discriminant functions constructed to distinguish between C. alboapicalis
and C. leonuri and between C. galeopsidis, C. maudamanti and C. ulmeri both
apterous and alate viviparous females have effectiveness of 90-100 %.

7. Karyotypes of seven species of the genus Cryptomyzus have 2n=12 chromosomes in
diploid set and are made up of one pair of long, three pairs of medium-sized and two
pairs of short chromosomes.

8. The values of within-species divergences are low both for partial COI (p=0,000-
0,003) and EF-1a (p=0,000-0,002) DNA sequences in seven studied species of genus
Cryptomyzus.
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9. Partial COI sequences did not allow discrimination between morphologically similar
species with different life cycles, C. galeopsidis and C. maudamanti, and C.
korschelti and C. ribis. Although these species pairs could be separated if partial EF-
la sequences were used.

10. Phylogenetic reconstructions based on partial COI and EF-1a DNA sequences did
not contradict with each other and eight species of the genus Cryptomyzus analyzed
formed the same main clusters containing morphologically similar species.

11.In the phylogenetic reconstruction based on morphological and biological features
the subgenus Cryptomyzus s. str. was divided into two clusters with European species
forming the same groups as in the phylogenetic reconstructions based on partial COI
and EF-1a DNA sequences

12. The separation of C. galeopsidis subspecies, heteroecious C. galeopsidis galeopsidis
and monoecious on black currants C. galeopsidis dickeri, is not supported in this
study as no obligatively monoecious line were observed and partial mitochondrial
(COID) and nuclear (EF-1a) DNA sequences of cloned C. galeopsidis with different

variations of life cycles were identical (p=0,000).
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IVADAS

Darbo aktualumas

Amarai (Hemiptera, Sternorrhyncha, Aphidoidea) yra mazai judris kolonijiniai
augaledziai vabzdziai, kai kurios ju ruSys gerai Zinomos kaip Zemes iikio, sodininkysteés,
darZininkystés ir miSkininkystés kenkéjai. Amarams budingas sudétingas gyvenimo ciklas,
kai per sezona atsiranda kelios skirtingos suaugeliy morfos, ir gerai iSreikSta mitybiné
specializacija. Be to, yra nemaZzai amary rii$iy, kei¢ian¢iy mitybinius augalus sezono metu.
Diploidinés partenogenezés ir greito dauginimosi déka genotipas, kuris kitose gyvinu
grupése bty biidingas tik vienam individui, Zymiai pagaus¢ja (Heie, 1987). Maitindamiesi
augaly karnienos sultimis arba parenchimos skys¢iu (Minks ir Harrewijn, 1987), amarai ne
tik tiesiogiai pazeidZia augalus, bet ir perneSa virusiniy ligy sukéléjus (Minks ir Harrewijn,
1987). Dél Sios priezasties tikslus amary rii§iy atpazinimas, Zinios apie ju rasing sudétj ir
mitybing specializacija regione yra labai svarbiis priimant sprendimus dél augaly apsaugos

nuo kenkéjy priemoniy panaudojimo.

Pasaulyje registruota apie 4700 amary riisiy (Remaudiere ir Remaudiere, 1997), iS ju
18 priklauso genéiai Crypromyzus (Remaudiére ir Remaudiere, 1997; Holman, 2009). Sios
genties atstovai yra svarbiis tiek praktiniu poZziiiriu, kaip vabzdziai, susij¢ su Zemes iwkio
kultiromis, tiek teoriniu poZzilriu, kaip simpatrinio amary rasiy susidarymo modelis
(Guldemond, 1990a, 1992; Guldemond ir Dixon, 1994). Cryptomyzus yra Palearktikos
gentis, nors kai kurios riisys pateko i Nearkting sritj (Nieto Nafria ir kt., 2004). Europoje
registruota 10 rasiy, priklausan€iy dviems pogenciams: viena pogencio Ampullosiphon rusis
ir 9 Cryptomyzus s. str. pogencio ruSys (Nieto Nafria ir kt., 2004) 1§ 14 Zinomy pasaulyje.
DvideSimto amZiaus viduryje remiantis tuo metu aprasSyty risiy morfologija buvo sitiloma
pogenti Cryptomyzus s. str. skelti i$ pradziy 1 du pogencius (Borner, 1930), o véliau — 1 dvi
gentis (BoOrner, 1952). PanaSy rasiy suskirstyma gavo J. A. Guldemondas (Guldemond,
1990a), iStyres daugumos (9 1S 10) europiniy Cryptomyzus genties ruSiy mitybing
specializacija ir baltymy elektromorfas. Kol kas nepaskelbta jokiy duomeny, ar Sie pastebeti

morfologijos ir biologijos skirtumai taip pat atsispindi dalinése DNR sekose.
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Europoje registruotos Cryptomyzus genties riiSys yra iStirtos geriausiai: apraSyta
dauguma juy morfy, Zinomi mitybiniai augalai ir gyvenimo ciklai, nustatytas daugumos rusiy
chromosomy skaicius diploidiniame rinkinyje. Taciau truksta Ziniy apie Sios genties amary
gyvenimo ciklus lauko salygomis, kariotipy struktiira ir DNR sekas. Be to, iki Siol lik¢ kai
kurie neiSspresti klausimai. Vienas ju yra del C. galeopsidis porisiy. Pagrindiniuose
kataloguose (Remaudiere ir Remaudiere, 1997; Holman, 2009) minimi trys C. galeopsidis
poriiSiai (C. galeopsidis galeopsidis, C. galeopsidis citrinus ir C. galeopsidis dickeri),
kuriuos iSskyré D. Hille Ris Lambersas (Hille Ris Lambers, 1953), remdamasis $iy amary
gyvenimo ciklo ypatybémis. C. galeopsidis ruSies amary linijy, turin¢iy skirtingus
gyvenimo ciklo variantus baltymy elektromorfy ir hibridologiniy tyrimy pagrindu, J. A.
Guldemondas (Guldemond, 1991a) parodé¢, kad dvinamiy ir vienanamiy poriiSiy iSskyrimas
néra pagristas. Tai iki Siol nebuvo patikrinta daliniy DNR seky tyrimais. Kitas neiSsprestas
klausimas yra C. leonuri gyvenimo ciklas. DaZniausiai nurodoma, kad Sios amary rusies
gyvenimo ciklas neZinomas (Guldemond, 1991a; Blackman ir Eastop, 2006). Cryptomyzus
genties atpazinimo raktuose naudojami tik besparniy partenogenetiniy pateliy morfologiniai
1 atpazinimo raktus (Heie, 1994).

Lietuvoje iki 2004 mety buvo registruotos 6 Cryptomyzus genties amary rusys
(Rakauskas ir kt., 1992; Nieto Nafria ir kt., 2004). IS ju geriausiai iStirta tik C. ribis
biologija (Pakayckac, 1986), yra duomeny apie C. galeopsidis gyvenimo cikla (Pakayckac,
1983), o vienanamés rusys, gyvenancios ant Zoliniy augaly, Lietuvoje anks¢iau nebuvo
tirtos.

Darbo tikslas ir uzdaviniai

Sio darbo tikslas yra idtirti Lietuvoje sutinkamy Cryptomyzus genties amary
biologija, taksonomija ir filogenetinius rySius. Tikslui pasiekti iSkelti tokie uzdaviniai:

1. ISsiaiskinti Cryptomyzus genties amary rasing sudétj Lietuvoje.
2. Istirti Lietuvoje sutinkamy Cryptomyzus genties riuSiy biologijos ypatybes:
mitybinius augalus, gyvenimo ciklus, karty skaiciy per sezona, vidutini vienos kartos

subrendimo laika.
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. Atlikti Cryptomyzus genties rusSiy morfometrinius tyrimus, sudaryti diskriminantines
funkcijas morfologiskai artimy rusiy besparnéms ir sparnuotoms partenogenetinéms
pateléms atskirti ir patikrinti Siy funkcijy veiksminguma.

. I8tirti klonuoty Cryptomyzus genties rasiy kariotipus.

. Palyginti Cryptomyzus genties rusiy dalines mitochondrinés (COI) ir branduolio (EF-
1a) DNR sekas.

. Atlikti Europoje registruoty Cryptomyzus risiy filogeneting analiz¢ daliniy DNR
seky pagrindu.

. Atlikti Palearktikoje Zinomu Cryptomyzus riisiy filogeneting analiz¢ morfologiniy
poZymiy ir biologijos ypatybiy pagrindu.

. Remiantis morfologiniais poZymiais ir biologijos ypatybémis sudaryti Europiniy
Cryptomyzus s. str. pogencio riiSiy atpaZinimo rakta.

Ginamieji teiginiai

. Lietuvoje registruota dauguma Europoje Zinomy Cryptomyzus genties amary rusiy.

. Lietuvoje gyvenanciy fakultatyviai dvinamiy rasiy C. galeopsidis ir C. ribis
gyvenimo ciklo strategijos yra skirtingos.

. Lietuvoje C. leonuri yra holocikliné vienanameé rusis.

. Pasitlytos kanoninés diskriminantinés funkcijos sudarytos C. alboapicalis ir C.
leonuri bei C. galeopsidis, C. maudamanti ir C. ulmeri besparnéms ir sparnuotoms
partenogenetinéms pateléms remiantis morfologiniais poZymiais.

. Tirtoms Cryptomyzus genties ruSims budingas vienodas chromosomy skaicius
diploidiniame rinkinyje (2n = 12) ir panas$i kariotipo struktiira.

. Tirty Cryptomyzus genties riSiy mitochondrinés (COI) ir branduolio (EF-1a) DNR
daliniy seky vidurtSiniai skirtumai neZymiis.

. Tirty Cryptomyzus genties risSiy mitochondrinés (COI) ir branduolio (EF-1a) DNR
daliniy seky tarprii§iniy atstumy reikSmes yra skirtingos.

. Filogenijos schemos, sudarytos mitochondrinés (COI) ir branduolio (EF-1a) daliniy
DNR sekuy pagrindu, neprieStarauja morfologiniy poZymiy pagrindu sudarytai

Cryptomyzus rusiy filogenijos schemai.
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9. Gyvenimo cikly ir daliniy mitochondrinés (COI) ir branduolio (EF-1a) DNR sekuy
tyrimy rezultatai parode, kad C. galeopsidis porusiy, dvinamio C. galeopsidis
galeopsidis ir vienanamio ant juoduyju serbenty C. galeopsidis dickeri, 1Sskyrimas
neturi pagrindo.

Darbo mokslinis naujumas

1. Tyrimy metu rastos dvi Lietuvai naujos Cryptomyzus genties amary rusys: C. ulmeri
ir C. maudamanti.

2. Pirma karta istirti C. alboapicalis, C. ulmeri, C. korschelti, C. leonuri ir C.
maudamanti gyvenimo ciklai Lietuvos salygomis.

3. ApraSytas C. leonuri gyvenimo ciklas ir anks¢iau neZinomos Sios rasies morfos:
sparnuotos partenogenetinés patel€s, sparnuoti patinai ir oviparos, bei atnaujintas
besparnés partenogenetinés patelés apraSymas.

4. Pagal bendra schema atlikti klonuoty amary riiSiy morfometriniai tyrimai ir
diskriminantinés analizés taikymas leido surasti poZymius ir ju kombinacijas
morfologiSkai artimy rusiy besparnéms ir sparnuotoms partenogenetinéms pateléms,
oviparoms ir patinams atskirti.

5. Sudarytos septyniy europiniy Cryptomyzus genties amary rusiy kariotipy idiogramos,
dviejy rusiy, C. leonuri ir C. ulmeri, kariotipai apraSyti pirma karta.

6. Pirma karta gautos aStuoniy europiniy Cryptomyzus genties amary rusiy dalinés
mitochondrinés (COI) ir branduolio (EF-1a) DNR sekos, jvertinti vidurii§iniai ir
tarpriSiniai gauty seky skirtumai bei sudarytos filogenijos schemos daliniy DNR
seky pagrindu.

7. Apibendrinus Zinias apie 17 Cryptomyzus genties rusSiy biologija ir morfologija,
sudaryta ju filogenijos schema.

8. Sudaryti Europoje registruoty Cryptomyzus s. str. pogencio rusiy atpaZinimo raktai
besparnéms ir sparnuotoms partenogenetinéms pateléms, patinams ir oviparoms.
Moksliné ir praktiné darbo reikSmé
Klonuojant amarus stacionare lauko salygomis buvo surinkti duomenys apie ju

biologija, sukaupta medZziaga morfometriniams, citogenetiniams ir molekuliniams
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tyrimams. Atlikta amary su Zinomais gyvenimo ciklais morfometrin¢ analiz¢ kartu su
diskriminantinés analizés panaudojimu leis patobulinti dabar Zinomus europiniy
Cryptomyzus genties rusSiy atpazinimo raktus. Daliniy DNR sekuy tyrimuy rezultatai
pasitarnaus molekuliniy Zymeny, tinkanc¢iy morfologiSkai artimoms rasims atskirti,
parinkimui bei vidurtSiniy, tarprisiniy skirtumy ir filogenetiniy rysiy jvertinimui.

Rezultaty pristatymas ir aprobavimas
Disertacijos tema paskelbti 3 moksliniai straipsniai ISI Master Journal List saraso
Zurnaluose.

Disertacijos apimtis ir struktiira
Disertacija sudaro Sie skyriai: [vadas, Literattiros apZvalga (3 poskyriai), Tyrimy metodai (6
poskyriai), Tyrimuy rezultatai (8 poskyriai), ISvados, Literatiiros saraSas (83 Saltiniai),
Publikacijy disertacijos tema saraSas ir Priedai. Disertacijos su priedais apimtis 172 psl.,
pagrindinio teksto apimtis 130 psl., yra 26 lentelés ir 39 paveikslai, priedus sudaro 14
lenteliy. Disertacijos tekstas paraSytas lietuviy kalba su santrauka angly kalba.

Padékos

Noréciau padéekoti savo mokslinio darbo vadovui prof. hab. dr. Rimantui Rakauskui
uz vertingus patarimus ir pagalba planuojant ir atliekant tyrimus, ruoSiant publikacijas ir
rengiant disertacijos rankrasti. Taip pat dékoju doc. dr. Jurgai TurCinavicienei uz paraginima
atlikti citogenetinius tyrimus, visokeriopa pagalba isisavinant molekuliniy tyrimy metodus
ir gauty duomeny apdorojimo budus. Esu dékinga dr. Jaroslavui Holmanui ir dr. Janui
Havelkai i§ Cekijos moksly akademijos Biologijos centro Entomologijos instituto uz
galimybeg dirbti amary kolekcijoje. Dékoju Eglei Kananovicilitei uz amary meéginius i$
Kédainiy r., kurie buvo panaudoti gyvenimo cikly tyrimams. Poniai Eglei Rudokienei i$
Sekvenavimo centro (Biotechnologijos institutas, Vilnius) noréfiau padékoti uz
sekvenavimo reakcijy atlikima. Taip pat dékoju visam Zoologijos katedros personalui uz
gera atmosfera darbe.

Tyrimai buvo dalinai finansuojami Lietuvos Valstybinio mokslo ir studijy fondo,

projekto registracijos Nr. C 08023.
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Dékoju Salia stacionaro jisikurusioms BaniuSevi¢iy ir BareiSy Seimoms uz
tolerantiska pozitir] { amary gyvenimo cikly tyrimus ir Kaljumie Seimai uZ svetinguma
ekspedicinio vizito Estijoje metu. Taip pat dékoju visiems giminai¢iams ir draugams, kurie
visa laika nuoSirdZiai doméjosi mano darbu. Ypatinga padéka mano mamai Larisai uz jos

kasdieng parama ir palaikyma.

LITERATUROS APZVALGA
Skyriy sudaro trys poskyriai, kuriuose pateikta Cryptomyzus genties amary bendra

charakteristika, pristatyta Sios genties tyrimy biiklé pasaulyje, Europoje ir Lietuvoje.

MEDZIAGA IR METODAI
Faunos tyrimai.

Ruosiant apibendrinima apie Cryptomyzus genties amary faung Lietuvoje, buvo
patikrinti VU GMF Zoologijos katedros kolekcijoje saugomi amary mikroskopiniai
preparatai. Méginiai buvo rinkti Siy tyréjy (pagal pavardes abéceles tvarka): J. BasSilovos
(nuo 2003 m.), R. Grigalitnaités (1997 m.), R. Kairaitytés (2008 m.), E. Kananovicittes
(2007 m.), V. Kudirkaites (2004-2005 m.), R. Rakausko (nuo 1974 m.), Z. Strumskytés
(1978-1979 m.) ir J. TrukSinaites (2006-2007 m.). Meéginiai surinkti Siose apskrityse
(skaiCiai skliaustuose yra vietoviy skaiCius): Klaipedos (8), TelSiu (2), Siauliy (4),
Panevézio (27), Kauno (6), Marijampolés (3), Utenos (22), Vilniaus (21) ir Alytaus (9).
Apzvalgai taip pat panaudotos publikacijos (Pymaiic, 1966; Pymnaiic ir FOponuc, 1983;
IOponuc, 1984), kur yra duomeny apie Cryptomyzus genties amary paplitimg ir mitybinius
augalus Lietuvoje. Amary atpaZzinimui pagal morfologinius poZymius naudoti J. A.
Guldemondo (Guldemond, 1991a) bei R. L. Blackmano ir V. F. Eastopo (Blackman ir
Eastop, 2006) sudaryti raktai.

Gyvenimo cikly tyrimai.

Gyvenimo cikly tyrimai atlikti stacionare PakalniSkése, Vilniaus rajone, 2007-2009
metais. Tyrimams panaudotos septynios Lietuvoje randamos Cryptomyzus genties amary

rusys, priklausanc¢ios pogenciui Cryptomyzus s. str.. Amary kolonijos buvo laikomos
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izoliatoriuose lauke. Mitybiniy augaly ir amary kolonijy buiklé tikrinta du kartus per savaite,
kas tris—keturias dienas. Lauke surinkti notreliniy Seimos augalai véliau buvo auginami
izoliuotuose vazonuose. Kruopsciai patikrinus serbenty tglius ant Saky buvo uzdedami
tgliniai izoliatoriai. Kai amary kolonijos pasidarydavo labai tankios, ant naujo mitybinio
augalo buvo perkeliamos 5-10 individy grupés, priklausomai nuo amary ir augalo dydzio.
Atsiradus sparnuotoms partenogenetinéms pateléms, buvo imituojama migracija, tai yra, 5—
15 individy grupés, priklausomai nuo amary ir augalo dydzio, buvo perkeliamos i kita
izoliatoriy. Amary méginiai buvo renkami | 70 % (morfologiniy preparaty gamybai) ir 96 %
(molekuliniams tyrimams) etanolj. Kiekvienai tirtai amary linijai buvo paskaiciuotas amary
karty skaiCius per sezong ir laiko (dienomis), reikalingo vienai kartai subresti, vidurkis ir

standartinis nuokrypis.

Morfologiniai ir morfometriniai tyrimai.

Morfologiniams ir morfometriniams tyrimams buvo panaudoti klonuoty amary
méginiai, surinkti 2007-2009 metais. IS amary, surinkty { 70 % etanolj, buvo ruoSiami
mikroskopiniai preparatai Kanados balzame pagal modifikuota metodika, apraSyta R. L.
Blackmano ir V. F. Eastopo (Blackman ir Eastop, 2000). I§ trijy atpaZinimo rakty su morfu
apraSymu (Hille Ris Lambers, 1953; Guldemond 1991a; Heie, 1994) buvo atrinkti poZymiai
morfometrinei analizei (1 lentel¢). Matavimai atlikti naudojant mikroskopa Olympus BX40
ir matavimo programa Microlmage. Pradinis matavimy apdorojimas atliktas naudojant
Excel 2003, kitiems skai¢iavimams atlikti naudota programa Statistica (versija 5.5) .

Amary su Zinomais gyvenimo ciklais morfy diskriminantinei analizei buvo
naudojami matuojamieji ir skaiCiuojamieji pozymiai bei kai kuriy poZymiuy santykiniai
ilgiai. Pearsono koreliacijos koeficientai (r) paskai€iuoti kiekvienos morfos visam duomeny
masyvui, ir 1§ analizés paSalinti poZymiai, turintys vidutinio stiprumo, stipry ar labai stipry
statistiSkai reikSminga ryS$i (p<0,05) su kiino ilgiu (koreliacijos koeficientas | r | > 0,5).
Duomeny masyvas buvo padalintas i dvi dalis: viena dalis buvo panaudota kanoninés
funkcijos sudarymui, o kita dalis Sios funkcijos veiksmingumui {jvertinti. Atliekant
pazingsning diskriminanting analizg ,,i prieki“ (angl. forward stepwise) pirmiausia buvo

naudojamas visas duomeny masyvas i§ matuojamyjy, skai¢iuojamyjy pozymiy ir santykiniy
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ilgiy. Po to procedira buvo kartojama i§ duomeny masyvo paSalinus santykinius ilgius. IS
dvieju tipy funkcijy iSsirinktos veiksmingiausios. SkaiCiavimams atlikti panaudota
programa Statistica (versija 5.5).

Citogenetiniai tyrimai.

Citogenetiniams tyrimams buvo naudojami septyniy Cryptomyzus genties ruSiy
klonuoti amarai. RuoSiant chromosomy preparatus buvo panaudotas modifikuotas lasteliy
suspensijos metodas (Blackman, 1985; TurCinavicien¢ ir kt., 1997). ParuoS$ti preparatai
analizuojami Olympus BX40 mikroskopo 100x objektyvu su imersiniu aliejumi be
dengiamojo stikliuko. Metafazinés plokstelés buvo fotografuojamos, matavimams atrinktos
kiekvienos riiSies 25 metafaziniy plokSteliy skaitmeninés nuotraukos. Matavimai atlikti
naudojant interaktyvig matavimo sistema Microlmage.

Amary chromosomos yra holocentrinés ir neturi rySkiy morfologiniy bruozy, todél
jos grupuojamos pagal santykinius ilgius (chromosomos ilgis*100% /bendras chromosomy
ilgis diploidiniame rinkinyje) maZ¢jimo tvarka: pora ilgiausiy chromosomy pavadinama
pirma ir taip toliau. Vidutiniai chromosomy pory ilgiai buvo panaudoti sudarant galimai
homologiniy chromosomy pory idiogramas. Kad bity parodyti santykiniy chromosomy
ilgiy skirtumai tarp rusiy, buvo atlikta klasterin¢ analizé. Kvadratiniy Mahalanobis atstumy
tarp grupiy centry matrica klasterinei analizei (jungimo budas: UPGA) gauta atlikus
pazingsning diskriminanting analizg ,,i prieki“ (angl. forward stepwise). Skai¢iavimams
atlikti panaudota programa Statistica (versija 5.5).

Daliniy DNR seky tyrimai.

Daliniy DNR seky tyrimams panaudoti du fragmentai: 616 baziy poru ilgio
mitochondrinés DNR COI (Cytochrome Oxidase subunit I, citochromoksidazes 1
subvienetas) geno ir 499 baziy pory ilgio branduolio DNR EF-1a (Elongation Factor-1a,
elongacijos / ilginimo faktorius 1a) geno dalinés sekos. Analizei panaudoti 52 meéginiai iS 8
Saliy, ir iStirtos 8 europinés Cryptomyzus genties amary ruSys, priskiriamos pogenciui

Cryptomyzus s. str..

DNR buvo isskiriama i$ vieno amaro naudojant rinkinj DNeasy Blood and Tissue Kit

(Qiagen) pagal gamintojo protokola. Pradmenuy sekos ir PGR reakcijos salygos kaip
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nurodyta TurCinavicienes ir kt. (2006). Gauti PGR produktai véliau buvo valomi naudojant
rinkini QIAquick PCR Purification Kit (Qiagen) pagal gamintojo protokola. ISvalytas PGR
produktas iStirpinamas vandenyje be nukleaziy (Fermentas). Sekvenavimas atliktas
Biotechnologijos Instituto Sekvenavimo centre (Vilnius, Lietuva).

Gautos nukleotidy sekos sulyginamos naudojant programa BioEdit (versija 7.0.9.0.)
(Hall, 1999). ViduriiSiniam ir tarpraSiniam seky kintamumui vertinti buvo paskaiciuoti p-
atstumai. Atstumams tarp seky paskaiCiuoti ir filogenetiniams medZiams sudaryti naudota
programa MEGA versija 4 (Tamura ir kt., 2007). Kiekvienam tirtam DNR fragmentui
sudarytas filogenetinis medis maksimalios parsimonijos metodu. Taip pat buvo atlikta
analizé Bajeso teoremos pagrindu naudojant programa MrBayes 3.1.2 (Huelsenbeck ir
Ronquist, 2003), o modelis parinktas su programa Model test (Posada, 2008). Konsensuso
medZiy su aposteriorinémis tikimybémis grafiniai vaizdai gauti naudojant programa
TreeView (Page, 2001).

Filogenijos tyrimai biologijos ir morfologijos pagrindu.

Sudarant septyniolikos Cryptomyzus genties ruSiy filogenijos schema pagal
morfologija ir biologija panaudota 30 poZymiu: 15 morfologiniy ir 15 susijusiy su amary
gyvenimo ciklais. Filogenetinis medis maksimalios parsimonijos metodu sudarytas
naudojant PAUP*4.0b10 (Swofford, 2003). Papildomai sureik§minti poZymiai, kurie buvo

iSskirti kaip specifiniai atskiriems pogenciams.

REZULTATAI IR JU APTARIMAS
Faunos tyrimai

Lietuvos amary risiy sarase (Rakauskas ir kt., 1992; Nieto Nafria ir kt., 2004)
nurodomos $esios Cryptomyzus genties rusys: C. alboapicalis, C. galeopsidis, C. korschelti,
C. leonuri, C. ribis ir C. stachydis. Duomenys apie Sias rusis (mitybiniai augalai, rinkimo
vietos ir datos) buvo paskelbti daugiausia iki 1986 mety (Rakauskas ir kt., 1992), tod¢l
pasirodZius naujam europiniu Cryptomyzus genties risiy atpazinimo raktui (Guldemond,
1991a), reikéjo patikrinti VU GMF Zoologijos katedros kolekcijoje saugomus amary

mikroskopinius preparatus. Siame skyriuje pateikti apibendrinti duomenys apie

42



Cryptomyzus genties amarus, surinktus Lietuvoje 1974-2008 metais. Sudarytame rusiy
sarase nurodomi mitybiniai augalai, rinkimo vietoves ir datos bei Siuos meginius surinke
tyréjai.

Po Lietuvos amary rasiy saraSo paskelbimo (Rakauskas ir kt., 1992), buvo
registruotos dvi Lietuvai naujos Cryptomyzus genties amary raSys: C. ulmeri (2004 metais)
ir C. maudamanti (2007 metais). Taigi, iki 2008 mety Lietuvoje buvo registruotos astuonios
Cryptomyzus genties amary risys i§ deSimties Zinomy Europoje. Dar dvi amary riisys, C.
ballotae ir C. heinzei, taip pat gali buti aptiktos, nes mitybiniai augalai (Ballota nigra ir
Stachys officinalis), reikalingi jiems vystytis, yra paplit¢ Lietuvoje (Butkus ir kt., 1976).
Gyvenimo cikly tyrimai

Lietuvoje anksCiau buvo tirti tik C. galeopsidis ir C. ribis gyvenimo ciklai
(Pakayckac, 1983, 1986). C. ribis riiSies amary biologija iStirta geriausiai: Zinomi jy vislumo
ir gyvenimo trukmés rodikliai, fenonologijos ypatybés bei amary kolonijose pastebétos
entomofagy rusys (Pakayckac, 1986). Apie C. galeopsidis biologija Lietuvoje Zinoma tai,
kad §ios rii§ies amarai gali naudoti dvi gyvenimo ciklo strategijas (Paxayckac, 1983). Siame
skyriuje pateikti stacionare (Pakalniskés, Vilniaus r., Lietuva) atlikty tyrimy rezultatai. C.
alboapicalis, C. korschelti, C. leonuri, C. maudamanti ir C. ulmeri gyvenimo ciklai
Lietuvoje anksCiau nebuvo tirti, o pakartotiniai C. galeopsidis ir C. ribis tyrimai papilde
Zinias apie Siy rusiy biologija.

IS 2007-2009 metais tirty Cryptomyzus genties amary rusiy trys (C. alboapicalis, C.
leonuri ir C. ulmeri) yra holociklinés vienanameés ant notreliniy Seimos augaly, viena (C.
maudamanti) yra obligatyviai dviname ir trys (C. galeopsidis, C. korschelti ir C. ribis) yra
fakultatyviai dvinamés. Liko neiStirtas tik Cryptomyzus stachydis gyvenimo ciklas Lietuvos
salygomis. Sita amary rasis yra reta misy Salyje, iki iol Zinomos tik kelios jos radimo
vietos. Tiriant septyniy Cryptomyzus genties amary riasiy gyvenimo ciklus, pastebéta, kad
per sezona, tai yra, nuo balandZio vidurio iki lapkricio pradzios, Lietuvoje gali subresti iki
12 amary karty, o vienai kartai subresti reikia vidutiniskai nuo 9 iki 28 dieny.

Istyrus C. galeopsidis gyvenimo cikla paaiSkéjo, kad tarp Sios rusies amary gali biiti

obligatyviai dvinamés ir fakultatyviai dvinamés linijos. Sie gyvenimo ciklo variantai skiriasi
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tuo, kad fakultatyviai dvinamiy C. galeopsidis linijy pirmoji sparnuoty partenogenetiniy
pateliy karta nuo juodyjy serbenty gali apsigyventi ir ant Zieminiy, ir ant vasariniy mitybiniy
augaly, o obligatyviai dvinamiy — tik ant vasariniy mitybiniy augaly. Obligatyviai
vienanamiy linijy nebuvimas ver€ia abejoti vienanamio C. galeopsidis poriSio, C.
galeopsidis dickeri Hille Ris Lambers, 1953 iSskyrimo pagristumu. Tyrimy metu buvo
pastebéta, kad kita fakultatyviai dviname rasis, C. ribis, naudojasi kitokia nei C. galeopsidis
gyvenimo ciklo strategija: sparnuotos partenogeneting€s patelés nuo raudonyjy serbenty gali
migruoti tik ant vasariniy mitybiniy augaly. Literatiiroje yra duomenu, kad ant Ribes
rubrum gali susidaryti C. ribis amfigonin¢ karta, tai yra, oviparos bei sparnuoti ir/ar
besparniai patinai (Hille Ris Lambers, 1953; Pakayckac, 1986). Tikriausiai, tai néra labai
daZnas reiSkinys, nes 2007-2009 metais atlikty tyrimy metu ant R. rubrum pastebétos tik
oviparos.

Pirma karta buvo iStirtas C. leonuri gyvenimo ciklas. PaaiSkéjo, kad tai yra
vienanamé holociklin¢ riisis, kurios amfigoniné karta susidaro ant Leonurus cardiaca. Taip
pat nustatyta, kad eksperimento metu, kai nesuteikiama galimyb¢ rinktis, C. leonuri kaip
mitybinius augalus naudojo Lamium album ir Lamium purpureum.

Diskriminantinés analizés taikymas morfologiskai artimoms risims atskirti

C. alboapicalis ir C. leonuri besparnéms partenogenetinéms pateléms atskirti gauta
funkcija AL1A (- 0,630 * (dhas1-4) + 0,381 * (srhin3) + 4,360 * (siphon/cauda) — 52,150 *
(Irs) — 0,369 * (pt/bant6) — 58,093 * (mawsi) + 11,814; C. alboapicalis, jei AL1A<0, C.
leonuri, jei AL1A>0). Sita funkcija atskiria visus C. leonuri (n=37) ir C. alboapicalis
(n=60) individus (100 % veiksmingumas) i§ duomeny masyvo, skirto kanoninés funkcijos
sudarymui. Taikant AL1A funkcija duomeny masyvui, skirtam jos veiksmingumui jvertinti
(1 paveikslas), taip pat buty teisingai apibudinti visi C. alboapicalis (n=60) ir C. leonuri
(n=39) individai (100 % veiksmingumas).

C. leonuri sparnuotos partenogenetinés patelés néra jtrauktos | europiniy
Cryptomyzus genties amary rusiy atpazinimo rakta (Guldemond, 1991a), nes tuo metu, kai
jis buvo sudaromas, buvo Zinomas tik Sios amary riiSies besparnés partenogenetinés patelés

morfologijos apraSymas. Gauta funkcija ALIB (- 65,464 * (ant5b) + 57,515 * (tars2) +
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208,394 * (mawsi) — 0,185 * (srhin3) — 86,360 * (hantl) — 2,450; C. alboapicalis, jei
AL1AB>-0,5, C. leonuri, jei AL1AB<-0,5), atskirianti visus C. leonuri (n=25) ir C.
alboapicalis (n=35) individus (100 % veiksmingumas) i§ duomeny masyvo, skirto
kanoninés funkcijos sudarymui. Taikant AL1B funkcija duomeny masyvui, skirtam jos
veiksmingumui jvertinti (2 paveikslas), taip pat biity teisingai apibudinti visi C. alboapicalis
(n=34) ir C. leonuri (n=26) individai (100 % veiksmingumas).

Atlikta C. alboapicalis ir C. leonuri besparniy partenogenetiniy pateliy
diskriminantiné analizé parodé, kad kai kurie poZymiai i§ atpaZinimo rakto (Guldemond,
1991a) sutampa su pozZymiais, sudarnciais funkcija ALTA: srhin3, siphon/cauda ir pt/bant6.
Taip pat paaiskéjo, kad Siy dviejy amary rusiy atpaZinimui svarbis ir kiti poZymiai: dhas1—
4, Irs ir mawsi. Be to, atliktos diskriminantinés analizés déka pirma karta buvo surasti
pozymiai C. alboapicalis ir C. leonuri sparnuotoms partenogenetinéms pateléms atskirti.

Kad C. galeopsidis, C. maudamanti ir C. ulmeri atpaZinimas biity tikslesnis, J. A.
Guldemondas (Guldemond, 1991a) pasitilé kanonines diskriminantines funkcijas, viena ju
(LDF-1) leisty atskirti C. ulmeri nuo C. galeopsidis ir C. maudamanti, o kita (LDF-2) — C.
galeopsidis ir C. maudamanti. Taikant Sias funkcijas klonuoty amary matavimams, pirmoji
(LDF-1) teisingai klasifikavo 82,1 % (174 i§ 212) C. galeopsidis, 85,7 % (42 i§ 49) C.
maudamanti ir 85,4 % (35 1S 41) C. ulmeri rusiy individy. Antroji funkcija (LDF-2)
teisingai klasifikavo 64,6 % (137 i§ 212) C. galeopsidis ir 98,0 % (48 i§ 49) C. maudamanti
rasiy individy.

C. galeopsidis, C. maudamanti ir C.ulmeri besparnéms partenogenetinéms pateléms
atskirti gautos dvi funkcijos, GMUIA ir GMU2A. Funkcija GMUIA (86,930 *
(cauda/siphon) + 18,273 * (siphon/cauda) — 0,089 * (dhas1—4) + 2,241 * (siphon) + 44,405
* (siphon/body) + 7,290 * (abhair/bant6) — 73,645 * (miwsi) — 90,760; C. ulmeri, jei
GMUI1A>S, C. galeopsidis+C. maudamanti, jet GMU1A<S) nuo C. ulmeri (n=20) atskiria
visus C. galeopsidis (n=106) ir C. maudamanti (n=25) individus (100 % veiksmingumas), o
funkcija GMU2A (13,230 * (cauda/siphon) + 6,935 * (siphon/cauda) — 0,924 * (dhas1—4) —
27,170 * (siphon) + 58,009 * (siphon/body) + 1,909 * (abhair/bant6) — 135,983 * (miwsi) —
32,505; C. maudamanti, jei GMU2A>2; C. galeopsidis, jei GMU2A<2) atskiria visus C.
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galeopsidis (n=106) ir C. maudamanti (n=25) individus (100 % veiksmingumas) i$
duomeny masyvo, skirto kanoninés funkcijos sudarymui. Taikant GMUIA funkcija
duomeny masyvui, skirtam jos veiksmingumui jvertinti (3 paveikslas), bty atskirti visi C.
maudamanti (n=24) individai (100 % veiksmingumas) ir C. galeopsidis (n=106) (100 %
veiksmingumas) nuo 20 C. ulmeri (n=21) individy (95,2 % veiksmingumas). Taikant
GMU2A funkcija duomeny masyvui, skirtam jos veiksmingumui jvertinti (4 paveikslas),
buty atskirti visi C. maudamanti (n=24) individai (100 % veiksmingumas) ir 104 C.
galeopsidis (n=106) individai (98,1 % veiksmingumas).

C. galeopsidis, C. maudamanti ir C. ulmeri sparnuotoms partenogenetinéms
pateléms atskirti gautos dvi funkcijos, GMUIB ir GMU2B. Funkcija GMUIB (0,940 *
(dhas1-4) — 0,040 * (srhin3) + 147,389 * (miwsi) — 158,074 * (hantl) + 0,525 * (hlrs) —
8,373; C. maudamanti, jet GMU1B>3,5, C. galeopsidis+C. ulmeri, jei GMU1B<3,5) nuo C.
maudamanti (n=26) atskiria visus C. galeopsidis (n=61) ir C. ulmeri (n=2) individus (100 %
veiksmingumas), o funkcija GMU2B (- 0,138 * (dhas1-4) — 0,130 * (srhin3) + 241,602 *
(miwsi) + 123,167 * (hantl) + 0,141 * (hlrs) — 1,456; C. ulmeri, jei GMU2B>4; C.
galeopsidis, jeit GMU2B<4) atskiria visus C. galeopsidis (n=60) ir C. ulmeri (n=2) individus
(100 % veiksmingumas) i§ duomeny masyvo, skirto kanoninés funkcijos sudarymui.
Taikant GMUI1B funkcija duomeny masyvui, skirtam jos veiksmingumui jvertinti (5
paveikslas), buty atskirti 26 C. maudamanti (n=29) individai (89,7 % veiksmingumas) nuo
61 C. galeopsidis (n=62) (98,4 % veiksmingumas) ir visu C. ulmeri (n=2) individy (100 %
veiksmingumas). Taikant GMU2B funkcija duomeny masyvui, skirtam jos veiksmingumui
vertinti (6 paveikslas), biity atskirti visi C. ulmeri (n=2) ir C. galeopsidis (n=62) individai
(100 % veiksmingumas).

C. galeopsidis, C. maudamanti ir C. ulmeri riasiy grupé jau ir anksCiau buvo tirta
morfologiskai, siekiant surasti poZymius, palengvinancius $iy triju raSiy atskyrima
(Guldemond, 1991a). Jei palyginsime J. A. Guldemondo (Guldemond, 1991a) pasiiilytose
funkcijose naudojamus pozymius (dhas3, tars2, srhin3, miwsi, abhair, bant6, hantl),
pamatysime, kad funkcijose GMUIA ir GMU2A taip pat yra kai kurie i§ jy (dhasl-4,

miwsl, abhair/bant6) kartu su dviem kitais atpazinimo rakte (Guldemond, 1991a) nurodytais
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poZzymiais (siphon/body ir dhas3). Be to, atlikus diskriminanting analiz¢ paaiské¢jo, kad C.
galeopsidis, C. maudamanti ir C. ulmeri ruSiy amarams atskirti yra svarbus uodegeles ir
sifono santykiniai ilgiai (cauda / siphon ir siphon / cauda).

Citogenetiniai tyrimai

IStyrus septyniy klonuoty Cryptomyzus genties amary rusiy chromosomy preparatus,
nustatyta, kad dominavo metafazinés plokstelés su diploidiniu chromosomy skaiciumi
2n=12 (71,67-86,83 %). Visu tirty Cryptomyzus riiSiy kariotipus sudaro viena pora ilgy, trys
poros vidutinio ilgio ir dvi poros trumpy chromosomuy (8 paveikslas). Anksciau
publikuotoje C. ribis idiogramoje (Robinson ir Chen, 1969) viena chromosomy pora Zymiai
ilgesné uz kitas, beveik dvigubai ilgesné uz antra pora, o kitos chromosomos palaipsniui
maZz¢ja. Toks neatitikimas santykiniy ilgiy pagrindu sudarytai idiogramai galéty buti
paaiskintas tuo, kad jos buvo sudarytos skirtingais metodais. Siame darbe buvo panaudotos
vidutinés chromosomy santykiniy ilgiy reikSmés, o anksciau paskelbta idiograma (Robinson
ir Chen, 1969) sudaryta panaudojus tiesioginius matavimus i§ nuotraukuy.

Santykiniy chromosomy ilgiy haploidiniame rinkinyje skirtumams parodyti, atlikta
klasterin¢ analizé. Gauti du pagrindiniai klasteriai (7 paveikslas). [ viena klasteri pateko
dvinameé rusis C. galeopsidis, migruojanti tarp R. nigrum ir Galeopsis sp., ir trys
vienanames rusys nuo zoliniy augaly: C. alboapicalis, C. ulmeri ir C. leonuri. Kitame
klasteryje yra trys dvinames rusys, naudojancios R. rubrum ir R. alpinum kaip Zieminius
mitybinius augalus ir Stachys (C. korschelti ir C. ribis) bei Lamiastrum (C. maudamanti)
kaip vasarinius. Tai i§ dalies atitinka Siuo metu Zinomas Cryptomyzus genties filogenetines
schemas, sudarytas pagal morfologinius, biologinius (mitybiniai augalai ir gyvenimo ciklai)
ir kai kuriy baltymuy elektromorfy tyrimy duomenis (Guldemond ir Eggers-Schumacher,
1989; Guldemond, 1990a).

Daliniy DNR seky tyrimai

Tirtuose 616 baziy pory ilgio COI fragmentuose yra 48 variabilios seky vietos, 33 i$
ju parsimoniskai informatyvios. Nukleotidy daZniai yra tokie: A — 34,8 %, T- 39,9 %, C —
13,0 %, G —12,3 %. Palyginus tos pacios riiSies individu COI dalines sekas, pastebéta, kad

visy tirty C. alboapicalis, C. galeopsidis, C. leonuri ir C. maudamanti rusiy individy jos yra
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vienodos (p=0,000). Be to, nepastebéta skirtumy tarp C. galeopsidis ir C. maudamanti
daliniy COI seky, nedideli skirtumai yra tarp C. ribis ir C. korschelti (p=0,002) tirty
individy sekuy.

Tirtuose 499 baziy pory ilgio EF-1a fragmentuose yra 48 variabilios seky vietos, 1§
ju 39 parsimoni$kai informatyvios. Nukleotidy dazniai yra tokie: A — 30,3 %, T — 30,7 %, C
- 17,6 %, G — 21,5 %. Palyginus tos pacios rusies individy EF-1a dalines sekas, pastebéta,
kad visy tirty C. korschelti, C. alboapicalis, C. galeopsidis, C. leonuri ir C. maudamanti
rusiy individy jos yra vienodos (p=0,000). Maziausia tarpruSinio kintamumo reikSme
pastebéta tarp C. alboapicalis ir C. galeopsidis (p = 0,002) daliniy EF-1a seku.

Nors tyrimams buvo panaudoti C. galeopsidis ir C. ribis méginiai i§ 5 Saliy nuo
[vairiy mitybiniy augaly ir su skirtingais gyvenimo ciklo variantais, C. korschelti méginiai i$
4 Saliy ir C. alboapicalis ir C. ulmeri méginiai i§ 2 Saliy, visy tirty Cryptomyzus genties
ruSiy COI ir EF-1a daliniy seky viduriiSinio kintamumo reik§més yra atitinkamai 0,000—
0,003 ir 0,000-0,002. Panasiis rezultatai buvo gauti ir gentyje Megoura, kuri kaip ir gentis
Cryptomyzus priklauso tribai Macrosiphini (Remaudiere ir Remaudiere, 1997). Tiriant
Megoura genties rusis nustatytos tokios daliniy seky viduruSinio kintamumo reik§mes: COI
daliniy seky jos sieke 0,000-0,004, o EF-1a — 0,001-0,003 (Kim ir Lee, 2008b). Taigi,
Cryptomyzus genties amary Sity dvieju geny fragmenty viduriiSinio kintamumo reikSmeés
patenka | ta patj reikSmiy intervala.

Tirty Cryptomyzus genties amary daliniy COI seky tarpriasinio kintamumo reikSmes
yra nuo 0,000 iki 0,049, o EF-1a daliniy seky — nuo 0,002 iki 0,068. PanasSis rezultatai buvo
gauti ir su Megoura genties riiSimis: COI daliniy seky tarpruSinio kintamumo reikSmés yra
0,001-0,052, o EF-1a daliniuy seku jos siekia 0,002-0,080 (Kim ir Lee, 2008b). Tiriant
Cryptomyzus genties risis taip pat nustatyta, kad vidutinio daliniy COI seky kintamumo
reik§mé (0,024) yra Zemesné uz ta pati EF-1a daliniy seky rodiklj (0,033).

COI dalinés sekos sitilomos naudoti kaip priemon¢ amary riiSims atpazinti (Foottit ir
kt., 2008, 2009), taciau Sio metodo taikymo galimybés yra ribotos kai kurioms Macrosiphini
tribos gentims, pvz., Uroleucon ir Macrosiphum (Foottit ir kt., 2009). PanaSu, kad toks

désningumas galioja ir Cryptomyzus genties amarams. Analizuotos dalinés COI sekos

48



netinka morfologiskai artimoms ruSims su skirtingais gyvenimo ciklais atskirti: C.
galeopsidis ir C. maudamanti bei C. ribis ir C. korschelti. Sias rasiy poras galima atskirti
naudojant analizuotas dalines EF-la sekas. PanaSus désningumas budingas ir kitiems
Macrosiphini tribos amarams: Macrosiphum rosae ir M. knautiae - M. silvaticum
(Turc¢inaviciene ir Rakauskas, 2009).

Cryptomyzus genties amary rusiy filogenijos schemos, sudarytos COI ir EF-1a daliniy
DNR seky, morfologiniy bei biologiniy poZymiuy pagrindu

COI daliniy seky pagrindu sudarytose filogenetinése schemose (9 paveikslas), tirtos
Cryptomyzus genties ruSys sudaro dvi aiSkias kladas, kur pateko morfologiSkai artimos
rusys. Vienai priklauso C. heinzei su C. ribis ir C. korschelti, o kitai — C. galeopsidis, C.
maudamanti, C. ulmeri, C. alboapicalis ir C. leonuri. C. ribis—C. korschelti kladoje néra
aiSkiai iSsiskirian¢iy grupiy. Kitoje kladoje galima iSskirti dvi pagrindines grupes. Vienoje
yra dvi su serbentais susijusios rii§ys, C. galeopsidis ir C. maudamanti, kuriy sekos sudaro
bedra klada, o i kita pateko nemigruojancios rasys nuo zoliniy augalu, C. alboapicalis, C.
ulmeri ir C. leonuri.

EF-1a daliniy seky pagrindu sudarytose filogenetinése schemose (10 paveikslas),
tirtos Cryptomyzus ruSys sudaro dvi aiSkias kladas. Vienoje yra C. ribis ir C. korschelti
kartu su C. heinzei, o kitoje — C. galeopsidis, C. maudamanti, C. ulmeri, C. alboapicalis ir
C. leonuri. Sioje kladoje galima iSskirti dvi pagrindines grupes. Viena sudaro C.
galeopsidis, C. alboapicalis ir C. ulmeri, o 1 kita pateko C. maudamanti ir C. leonuri. Siame
medyje aiSkiai iSsiskiria C. ribis ir C. korschelti bei C. galeopsidis ir C. maudamanti,
prieSingai nei medyje, sudarytame panaudojus dalines COI sekas.

IS esmés abiejy fragmenty pagrindu sudarytos schemos neprieStarauja viena kitai, ir
aStuonios tirtos Cryptomyzus genties riiSys sudaro tas pacias pagrindines kladas, sudarytas i§
morfologiskai artimy riisiy (9 ir 10 paveikslai). Rusiy iSsidéstymas pagrindiniy klady viduje
néra vienodas: COI pagrindu sudarytoje filogenetinéje schemoje pastebimas rySys tarp
gyvenimo ciklo strategijos (vienanamiSkumas ar dvinamiSkumas), ko néra EF-1a pagrindu
sudarytoje schemoje. Daliniy DNR seku pagrindu sudarytose filogenijos schemose C.

leonuri padétis kity Cryptomyzus genties atstovy atzvilgiu skiriasi: COI daliniy seky
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pagrindu sudarytame medyje Sios riiSies sekos yra panaSesnés | C. alboapicalis sekas, o EF-
la pagrindu sudarytame medyje — 1 C. maudamanti sekas.

Visose filogenijos schemose (9 ir 10 paveikslai) tirtos Cryptomyzus genties ruSys
sudaro dvi kladas. Vienoje atsidiiré riisys, atitinkancios C. Bornerio iSskirta pogenti (Borner,
1930), véliau net atskira genti Myzella (Borner, 1952): C. galeopsidis ir morfologiskai
artimos kitos rusys, C. maudamanti, C. ulmeri, C. alboapicalis ir C. leonuri. Be to, tos rasys
susigrupavo pagal juy biologijos ypatybes, kaip ir 9 paveiksle esancioje filogenijos schemoje.
Kitoje kladoje yra riiSys, C. Bornerio priskirtos Cryptomyzus pogenciui (Borner, 1930) ar
genciai (Borner, 1952).

J. A. Guldemondo (Guldemond, 1990a) pasitulyta Cryptomyzus genties filogenijos
schema apima Europoje registruoty rusiy biologijos, morfologijos ir baltymuy elektromorfy
ypatybes. Po Sitos schemos paskelbimo buvo apraSytos kelios naujos Cryptomyzus genties
rusys, priklausancios trims pogenc¢iams: Cryptomyzus s. str., Phlomimyzus ir Alataumyzus
(Kanpipbexos, 1993, 2000).

Apibendrinus Zinias apie visu Cryptomyzus genties amary biologija (mitybiniai
augalai, gyvenimo ciklai ir jy strategija) ir morfologija (pagrindiniai poZymiai i§ atpaZzinimo
rakty Sioms rusims atskirti) buvo sudaryta 11 paveiksle esanti dendrograma. Joje iSsiskiria
visi keturi pogenciai: Ampullosiphon, Alataumyzus, Phlomimyzus ir Cryptomyzus s. Str..
Pastarajam pogenciui priklausancios riSys sudaro dvi kladas, kuriose Europoje registruotos
rusys susigrupavo panasiai kaip ir filogenetinése schemose daliniu DNR sekuy pagrindu: i
viena klada patenka C. ribis, C. korschelti, C. heinzei ir C. ballotae, o 1 kita — C.
alboapicalis, C. leonuri, C. ulmeri, C. galeopsidis ir C. maudamanti.

IS visy iSsiskiria C. stachydis riSies amarai, kurie morfologiSkai yra artimesni kity
genciy, pavyzdZziui, Hyperomyzus ar Nasonovia atstovams. Su kitomis Cryptomyzus genties
ruSimis juos sieja gyvenimo ciklo ypatybés, tai yra, migracija tarp serbenty ir notreliniy
Seimos augaly. Kita riiSis, C. malkovskii, taip pat turi morfologijos bruozy, nebudingy
pogencio Cryptomyzus s. str. atstovams. Taigi Siy dviejy rusiy molekuliniai tyrimai kartu su
C. malkovskii detalesniais morfologijos ir biologijos tyrimais padéty iSsiaiSkinti, ar tikrai

Sios rasys turi priklausyti genciai Cryptomyzus.
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Visu Cryptomyzus genties amary rusiy filogenijos schemos sudarymui svarbu isStirti
kai kuriy rasiy biologija ir morfologija: C. (Phlomimyzus) multipilosus, C. (Phlomimyzus)
tadzhikistanica, C. (Alataumyzus) malkovskii, C. (Cryptomyzus) alatavica ir C.
(Cryptomyzus) transiliensis. Taip pat reikeéty surinkti trilkstamus pasaulyje Zinomuy rasiy
meginius DNR analizei ir surasti molekulinius Zymenis, kurie tikty ir morfologiskai artimy
rusiy atskyrimui, ir filogenetinei analizei.

Europiniy Cryptomyzus genties amary, priklausanciy pogenciui Cryptomyzus s. str.
atpazinimo raktas.

Siame skyriuje pateikti atpaZinimo raktai besparnéms ir sparnuotoms
partenogenetinéms pateléms, oviparoms ir patinams sudaryti panaudojus Lietuvoje klonuoty
Cryptomyzus genties amary rusiy morfometriniy tyrimy duomenis ir diskriminantinés
analizés rezultatus.

Tyrimy rezultaty apibendrinimas

Siame skyriuje trumpai aptariami pagrindiniai visy tyrimy rezultatai.

ISVADOS

1. Siuo metu Lietuvoje registruotos astuonios Cryptomyzus genties amary rasys is
deSimties Zinomy Europoje.

2. Tarp 2007-2009 metais tirty Cryptomyzus genties amary rusiy trys (C. alboapicalis,
C. leonuri ir C. ulmeri) yra holociklinés vienanameés ant notreliniy Seimos augaly,
viena (C. maudamanti) yra obligatyviai dviname ir trys (C. galeopsidis, C. korschelti
ir C. ribis) yra fakultatyviai dvinames.

3. Klonuojant Lietuvoje tris vienames ir keturias dvinames Cryptomyzus genties amary
rusis, 2007-2009 metais per sezona gal¢jo susidaryti iki 12 amary karty, o vienai
kartai subrgsti reikéjo vidutiniskai nuo 9 iki 28 dieny.

4. Lietuvoje C. galeopsidis ir C. ribis fakultatyviai migruojancios linijos naudojasi
skirtingomis gyvenimo ciklo strategijomis: C. galeopsidis pirmoji sparnuoty

migranty karta nuo Ribes nigrum gali sékmingai apsigyventi tiek ant Galeopsis
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tetrahit, tiek ant R. nigrum, o C. ribis sparnuoti migrantai gali apsigyventi ant
Stachys palustris, o ant Ribes rubrum iki rudens gyvena tik besparniy pateliy
palikuonys.

5. C. leonuri yra gyvenanti ant Leonurus cardiaca holocikliné¢ vienaname rasis, kuriai
budingi sparnuoti patinai; eksperimento metu kaip mitybinius augalus C. leonuri
galéjo naudoti Lamium album ir Lamium purpureum.

6. C. alboapicalis ir C. leonuri bei C. galeopsidis, C. maudamanti ir C. ulmeri
besparnéms ir sparnuotoms partenogenetinéms pateléms sudarytos diskriminantinés
funkcijos pasizymi 90-100 % veiksmingumu.

7. Tirty septyniy Cryptomyzus genties rusiy diploidini rinkini sudaro 12 chromosomuy:
viena pora ilgy, trys poros vidutinio ilgio ir dvi poros trumpy chromosomuy.

8. Tirty septyniy Cryptomyzus genties rusiy daliniy DNR seky vidursisiné jvairové yra
Zema: p atstumy reikSmés siekia 0,000-0,003 COI ir 0,000-0,002 EF-1a.dalinése
sekose.

9. Dalinés COI sekos neleido atskirti morfologiskai artimy risiy C. galeopsidis ir C.
maudamanti bei C. ribis ir C. korschelti, kurioms biidingi skirtingi gyvenimo ciklai,
taCiau Sios rusiy poros atsiskiria, kai naudojamos dalinés EF-1a sekos.

10.COI ir EF-la daliniy DNR seky pagrindu sudarytos filogenijos schemos
nepriestarauja viena Kkitai, ir aStuonios tirtos Cryptomyzus genties rusys sudaro tas
pacias kladas.

11.Filogenijos schemoje morfologijos ir biologijos pagrindu Cryptomyzus s. str.
pogenciui priklausancios riiSys sudaro dvi kladas, kuriose Europoje registruotos rusys
grupuojasi panasiai kaip ir filogenijos schemose COI ir EF-1a daliniy DNR seky
pagrindu.

12.C. galeopsidis porusiy iSskyrimas, dvinamio C. galeopsidis galeopsidis ir
vienanamio ant juoduju serbenty C. galeopsidis dickeri, neturi pagrindo, nes tyrimy
metu nepastebéta Sios riiSies amary obligatyviai vienanamiy linijy, ir klonuoty C.
galeopsidis su skirtingais gyvenimo ciklo variantais dalinés mitochondrinés (COI) ir

branduolio (EF-1a) DNR sekos yra vienodos (p = 0,000).
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