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enhance the level of HIV resistance to these drugs). Muta-
tions of resistance to Pls were detected in 11 samples, but
mutations associated with high levels of resistance to Pls
were detected in 8 of them (8/60, 13.33%). Among the ma-
jor mutations of resistance to Pls nucleotide substitutions at
position 46 (M46L, M46LI) were detected — in 7 of the in-
vestigated sequences, at position 82 (V82A, V82F) — in 5
samples. M46l/L contribute reduced susceptibility to few
Pls (indinavir (IDV), nelfinavir (NFV), fosamprenavir (FPV),
atazanavir (ATV), and lopinavir (LPV)) [10]. V82A de-
creases susceptibility to IDV and LPV and confers cross-
resistance to ATV and NFV [12]. The mutation 154V and
L76V were detected in 3 and 2 samples, respectively.
Among the minor mutations substitutions at position L10I
dominated, which were found in 13 of the samples.

Conclusions. Thus, HIV strains with mutations of high
level resistance to ARVs were found in the majority (in 39
from 60) of blood samples obtained from children with vi-
rological inefficiency HAART. The frequency of detection of
resistance mutations to NRTIs was 55.0 %, to NNRTIs —
48.33%, to Pls — 13.33 %. In total group 21 children (35.0
%) had treatment failure, probably related to their low ad-
herence to therapy, abnormalities in the mode of taking the
drugs. These results indicate the high relevance of problem
of the formation and spread of resistant strains of HIV
among HIV- positive children in Ukraine and the necessity
for further study of that problem.
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MOLUUPEHHICTb WUTAMIB BIJ-1, CTIMKMX 4O AHTUPETPOBIPYCHUX MNMPEMNAPATIB, CEPE[ OITEW,
AKI OTPUMYKOTb HEE®EKTUBHY BUCOKOAKTUBHY AHTUPETPOBIPYCHY TEPANIO

lMpedcmaeneni pesynbmamu aHanizy nowupeHocmi pesucmeHmHux do APB — npenapamie wmawmie BI/l- 1 ceped dimeli 3 HeeghekmueHorO
BAAPT. [insi npoeedeHHs1 docnidxeHb 3 ausienieHHs1 peaucmeHmHux do APB — npenapamie wmawmie BlJ1 6ynu eidi6bpaHi 3pa3ku kpoei 60 BIJl-
iHgpikoeaHux dimel y eiyi Ao 15 pokie. Hacmoma eusieneHHss wmamie BlJ1 3 Mymauyisimu, wo 3a6e3neyyroms cmilikicmb 8UCOKO20 pigHsI xo4a 6 0o
00HO20 npenapamy, eKIIO4EHOMY 8 cxeMy JliKyeaHHs1, cknana 65,0 %, 51,67 % dimeli nompe6byeanu kopekuii cxemu mepanii. Binbwicme npoaxarni-
3o0eaHux nocnidoeHocmeii PHK BIJ1 (96,67%) Hanexanu do cyémuny A BIJl-1.

Knro4voei cnoea: APB npanapamu wmawmie BIJl-1, BAAPT.

H. Babun, kaHa. 6uon. Hayk, A. LLlep6uHckas, npod.
KHY nmenu Tapaca LLleB4eHko, KueB

PACMPEQENEHUE LUTAMMOB BUY-1, YCTOMYMNBbIX K AHTUPETPOBUPYCHbIM NMPEMNAPATAM, CPEAU AETEWN,
KOTOPBIE MNOJNTYHAIOT HEQ®®PEKTUBHYIO BbICOKOAKTUBHYIO AHTUPETPOBUPYCHYIO TEPAIMNUIO

lMpedcmaeneHsbi pe3ynbmamsl aHanu3a pacrnpocmpaHeHHOCMU pe3ucmeHmHbix k APB-npenapamam wmammoe BUY-1 cpedu demeli ¢ Heagh-
¢pekmusHoli BAAPT. [ins npoeedeHusi uccnedosaHull No ebisie/IeHUl0 pe3ucmeHmHbix K APB-npenapamam wmammos BUY 6binu omobpaHb!
o6pa3sybl kpoeu 60 BUY-uHgpuyupoeaHHbix demeli 8 eo3pacme 0o 15 nem. Yacmoma ebisieneHusi wumammoe BUY ¢ mymayusimu, obecneyuearo-
wumu ycmoli4yueocmb 8bICOKO20 ypO8HSI xomsi 6b1 K OOHOMY rfpenapamy, 6K/IIO4YEeHHOMY 8 cxeMy JiedeHusi, cocmasuna 65,0%, 51,67% demel
Hy¥0anucb 8 KoppeKyuu cxembl mepanuu. bonbwuHcmeo npoaHanusupoeaHHbIx nocnedosamenbHocmeli PHK BUY (96,67%) npunadnexanu k
cy6muny A BUY-1.

Knro4desie cnosa: APB npenapambl wmammoe BUY-1, BAAPT.
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ADVANCED APPROACHES TO IDENTIFICATION OF VIRUSES INFECTING
OF WILD HERBACEOUS PLANTS

Recently, interest in studying viruses in wild flora was gradually increasing. This is connected with necessity of better under-
standing plant virus evolution, ecology, virulence, and even to avoid economic losses due to crop-wild hybridization, followed by
introgression of pathogen-resistant transgenes to wild populations. In this review brief information about last contributions in
development of wild plant virology is given. Different approaches to the researches are present here.

Key words: viruses in wild flora, transgenes to wild populations.

Introduction. Viruses commonly infect wild plants.
However, virus infection is easily overlooked in wild plant
populations. Although infections can be visually unappar-
ent, it is frequently assumed that absence of visual symp-

toms (such as leaf mottling or malformation) indicates lack
of virus infection. Moreover, symptoms of virus infection
are sometimes difficult to distinguish from environmental
stresses. For these reasons, in part, virus ecology in natu-
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ral plant populations is poorly studied [1]. Little is known
about the prevalence or effects of virus infection in wild
plant populations, much of our understanding of plant-virus
interactions comes from economically important plants
(e.g., crops, horticultural varieties, and pasture plants). In
crops, virus infection can reduce plant growth by depress-
ing photosynthesis, changing metabolism, and altering
resource allocation. Virus infections can drastically reduce
crop vyield, resulting in economic losses. Moreover, many
virus vectors are difficult to control, and for this reason, ge-
netic resistance to virus infection is often the most practical
means of controlling crop losses [2]. The use of transgenic
crops with virus resistance offers promise for control of prob-
lematic viruses. The commercial release of virus-resistant
transgenic crops has motivated research on plant-virus ecol-
ogy in natural populations [1]. Knowledge from studies of
viruses of cultivated plants may not be adequate for explain-
ing the ecology and evolution of plant viruses in nature. An-
thropogenic activities such as domestication of crops, travel
and exploitation of natural habitats seem to influence plant
virus spread and evolution in cultivated conditions.

Little is known about plant virus diversity, host specific-
ity and evolution under natural conditions where human
influence is limited. In wild plants, virus infection can affect
plant growth, mortality, and seed production, but these
effects vary among populations, species, and environ-
ments. Although these data indicate that viruses can affect
community dynamics and have fitness impact on many wild
plants, remarkably little is known about virus prevalence in
wild populations [3]. Assuming recent information, which is
connected with investigation of viruses in wild plants, sev-
eral main reasons for further research on the given theme
can be established. Regarding evolution, the phylogenetic
relationships between the viruses in wild and domestic
plants should be clearly assessed. In respect of virulence,
several studies of the plant viruses in natural systems indi-
cate no harmful effects or a mild influence on their host
plant's fitness [4]. Moreover, new species of plant viruses
can probably be found (e.g. Asclepias asymptomatic virus
[5]). High rates of using transgenic crops may cause crop-
wild hybridization, followed by introgression of pathogen-
resistant transgenes to wild plant, which is an ecological
risk of increasing wild population in size or becoming weed-
ier [6]. Viruses are known to be presented in wild fungi and
algae, woody perennials, and herbaceous plants. This re-
view is focused on the recent investigations of the viruses
found in wild herbaceous species.

Discovery of novel viruses from wild plants. During
21 century, the level of concern with viruses, which must

exist in plants under wild conditions, was rising. Several re-
searches directed to find new virus species in wild plants in
Alaska have been accomplished. A new virus named Nootka
lupine vein-clearing virus (NLVCV) was isolated from Lu-
pinus nootkatensis plants that were confined to a relatively
small area in the Talkeetna mountains of south-central
Alaska. There were apparent leaf symptoms of pronounced
vein clearing and mosaic on 3- to 4-week-old plants. The
nucleotide sequence of RNA-dependent RNA polymerase
(RDRP) did not match any known virus, but contained short
regions of identity to several carmoviruses. Only species be-
longing to the Fabaceae were susceptible to NLVCV by me-
chanical inoculation. Based on precise studies of this virus
and similarity of the RDRP gene to that of other carmoviruses,
it is suggested that NLVCV is a member of the family Tom-
busviridae, and tentatively of the genus Carmovirus [12].

A novel potyvirus was discovered in wild celery and
kneeling Angelica (family Apiaceae) in the Matanuska-
Susitna Valley, Alaska, named after its natural plant hosts,
angelica virus Y (AnVY) (Table 1) [13].

Recent studies describe a novel mastrevirus found in
grass Digitaria didactyla in Africa. Analysis of the sequence
shows the virus to be a typical mastrevirus, with four open
reading frames, two in each orientation, separated by two
noncoding intergenic regions. Although it showed the highest
levels of sequence identity to CSMV (68.7%), their sequences
are sufficiently diverse for the virus to be considered a mem-
ber of a new species in the genus Mastrevirus, based on the
present species demarcation criteria. It was proposed that the
name first used during the 1980s be used for this species,
Digitaria didactyla striate mosaic virus (DDSMV) [14].

Yellow oat-grass (Trisetum flavescens L. Beauv) is a
perennial grass native to Europe, West Asia and North
Africa. Yellow oat-grass plants with mild mosaic and pro-
nounced dwarfing symptoms were observed at different
locations in the Czech Republic. Serological assays of in-
fected plant extracts using antiserum specific to the closest
species in the family Potyviridae were negative. Based on
phylogenetic analyses of the coat protein cistron and flank-
ing genomic regions, it was proposed to be a distinct viral
species of the genus Tritimovirus, tentatively named Yellow
oat-grass mosaic virus (YOgMV) [15].

Research in Australia revealed that a range of viruses,
both indigenous and exotic, infect native orchids. A novel po-
tyvirus was identified from a wild plant of Diuris laxiflora that
did not exhibit symptoms. The name Donkey orchid virus A
(DOVA), isolate SW3.1 was applied. Its predicted genome
organization was typical of those of other potyviruses [16].

Table 1. Examples of viruses identified in wild herbaceous plants, presented in chronological order

N . Family and/or Name of wild host | Family of wild host Author(s) and year
ame of virus G L Symptoms L
enus of virus plant plant of indication

Glycine mosaic virus | Comovirus Glycine  clandestina mosaic symptoms | Bowyer et al. 1980
(GMV) and G. tabacina and marginal defor-

mation in leaves
Turnip yellow mosaic | Tymoviridae Cardamine lilacina Brassicaceae mild Guy and Gibbs 1985
virus Tymovirus
Tobacco mild green | Virgaviridae, Nicotiana glauca Solanaceae mild or unapparent Rodriguez-Cerezo et
mosaic virus (TMGMV) | Tobamovirus al. 1991
Kennedya yellow | Tymoviridae Desmodium scorpiurus; | Fabaceae unapparent Skotnicki et al. 1996
mosaic virus Tymovirus Kennedya rubicunda
Beet western yellow | Luteoviridae Brassica oleracea Brassicaceae yellowing of tissue Raybould et al. 1999
virus (BWYV)
Barley yellow Luteoviridae 1) Bromus hordeaceus | Poaceae 1) unupparent Remold 2002
dwarf virus (BYDV) 2) Setaria viridis 2) reduction in panicle

1) Setaria lutescens length

3) increase in panicle

length
Hardenbergia mosaic | Potyviridae, Hardenbergia comp-|Fabaceae unapparent Webster et al. 2007
virus Potivirus toniana
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Closing table 1

N . Family and/or Name of wild host | Family of wild host Author(s) and year
ame of virus G X Symptoms L

enus of virus plant plant of indication
Passion fruit woodi- | Potyviridae, Passiflora aurantia Passifloraceae unapparent Webster et al. 2007
ness virus Potivirus
Angelica virus Y |Potyviridae, Angelica lucida Apiaceae leaf Robertson 2007
(AnVY) Potivirus L. and A. genuflexa Nutt. mottling
Polygonum  ringspot | Buniaviridae, To- | Polygonum convolvulus | Polygonaceae chlorotic or necrotic | Ciuffo et al. 2008
virus (PoIRSV) spovirus ringspots, mosaic and

deformation
Eragrostis curvula | Geminivirigae Eragrostis curvula Poaceae mild streak Varsani et al. 2009
streak virus (ECSV)
Yellow oat-grass | Potyviridae Trisetum flavescens | Poaceae mild  mosaic  and|Hassan 2009
mosaic virus (YOgMV) | Tritimovirus dwarfing
Sweet potato feathery | Potyviridae, Ipomoea sp., Convolvulaceae unapparent Arthur et al. 2010
mottle virus (SPFMV) | Potivirus Hewittia sp., and
Lepistemon sp.
Narcissus late season | Potyviridae, Narcissus sp. Amaryllidaceae leaf streaking and|Wylie et al. 2010
yellows virus Potivirus yellowing,
(NLSYV) leaf distortion and
plant stunting

Digitaria didactyla | Geminivirigae, Digitaria didactyla Poaceae streak Briddon et al. 2010
striate mosaic Mastrevirus
virus (DDSMV).
Asclepias  asympto- | Tymoviridae Asclepias viridis Apocynaceae unapparent Melcher 2013
matic virus (AsAV) Tymovirus
1)Bean yellow mosaic | 1) Potyviridae, Diuris sp. Orchidaceae unapparent Wylie et al. 2013
virus;  Ornithogalum | Potivirus
mosaic virus; Blue | 2)Luteoviridae,
squill virus A Polerovirus
2) Turnip yellows virus

Transgenic crops and viruses. Because not so much is
known about the prevalence or effects of virus infection in
wild plant populations, most of our understanding of plant-
virus interactions comes from economically important
plants. In crops, virus infection can reduce plant growth by
depressing photosynthesis, changing metabolism, and
altering resource allocation. Controlling the virus vectors is
mostly difficult; hence using transgenic crops is one of the
most novel and popular methods to avoid losses of yield.
For example, in the United States, 27 crop species with
virus-resistance transgenes have been issued permits for
field trials, and a handful of crops have been deregulated
for commercial production (i.e., squash, papaya, and po-
tato; Information Systems for Biotechnology, 2012). Deal-
ing with transgenic plants we must be aware of crop—-wild
hybridization followed by the introgression of transgenes
into wild relatives, which located in proximity to crops. This
process may have certain negative consequence: the size
or dynamics of the wild plant population, which is limited by
pathogen attack, may increase, or wild population may
become weedier due to ecological advantages obtained
from virus-resistant transgenes. A research has been con-
ducted to contribute in our awareness of such very prob-
lem. It surveyed wild Cucurbita pepo populations in the
south-central United States over 4 years for five virus spe-
cies. These populations were examined for the presence of
virus-resistance transgenes. Although results of the survey
constitute that the virus-resistance transgene was not pre-
sent in any of the 1256 leaf samples of wild C. pepo col-
lected from 21 sites over 4 years in south-central United
States [2], we cannot still certainly exclude the possibility of
the transgene introgression, for instance, into other wild
plant in the other countries. In addition, prevalence of viruses
in wild C. pepo was examined. Cucumber mosaic virus
(CMV), Squash mosaic virus (SqMV), Watermelon mosaic
virus (WMV), and Zucchini yellow mosaic virus (ZYMV) were
detected. It was also confirmed that RT-PCR is more sensi-
tive than ELISA, and results suggest that neither method is
100% accurate. At least one of these viruses surveyed was
present in 17 of 21 wild C. pepo populations and prevalence

ranged from 4-74%, and the average prevalence for all vi-
ruses was 23%. Another interesting data is that, in field sur-
vey, 80% of infections were visually unapparent [2].
Ecogenomics: advantages and disadvantages. Several
recent metagenomic studies have analyzed prokaryotic
viruses in a variety of unexpected environments [7]. Me-
tagenomics has been very valuable in directing the rethink-
ing of the global 'virome', i.e. there are orders of magnitude
more viruses in nature than previously anticipated, but it
has not been able to link any viruses found in environ-
mental samples to their hosts. Ecogenomics can fill this
gap in our understanding. In addition, almost all metage-
nomics studies of viruses have characterized bacterial vi-
ruses, while the methods described here give us a way to
analyze eukaryotic hosts and their viruses. However, the
sample processing for this type of study is much more la-
bour intensive than what is used in metagenomics, and
hence ecogenomics can simply give a different perspective
on the global virome [8] and, particularly, on investigation
of viruses of wild plants. Clear example of this kind of
method should be noticed. That was remarkable survey of
viruses in wild flora of the Tall Grass Prairie Preserve in
northeastern Oklahoma, and the Area de Conservacio'n
Guanacaste in northwestern Costa Rica. These areas have
low and high level of biodiversity respectively. dsSRNA were
used, as a form of nucleic acids that is generally unique to
viruses, to assess RNA virus infection in plants, by convert-
ing it to cDNA through a process specific for dsRNA. The
resulting cDNA then was amplified with tagged primers that
could cross reference each sample to the sequences ob-
tained by pyrosequencing in pools of 24 to 96 uniquely
tagged samples [8]. As a result, there were discovering
thousands of plant viruses that are generally unique, and
only distantly related to known viruses. The term 'Ecoge-
nomics' to distinguish this study from the metagenomic
studies from environmental samples since given se-
quences are directly linked to the original plant hosts. An-
other essential survey on the same territory (Tall Grass
Prairie Preserve) was accomplished. One considerable
result was discovering novel Tymovirus — Asclepias as-




~16 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurerty imeHi Tapaca llleBueHka ISSN 1728-3817

ymptomatic virus (Table 1) in Asclepias viridis [5]. Plant
samples were screened for virus-like sequences in double-
stranded RNA and in nucleic acids associated with particu-
late fractions of plant homogenates. Furthermore, among
the plant specimens analyzed for amplifiable VLP-VNA,
only 2.3% were noted at collection as having any symp-
toms of disease. In each year of harvest the proportion of
samples that were PCR positive was the same among
plants with and without symptoms. Thus, presence or ab-
sence of amplification was not an indicator of disease,
manifested as symptoms [9]. Therefore this massive se-
quencing cannot allow evaluating of virulence, and gives
information to understand evolutionary and ecological rela-
tionships among plant viruses in wild flora. Similar ap-
proach to identification plant viruses in wild plants is de-
scribed by another research. A remarkable recent advance
in plant virus discovery has been the utilization of mas-
sively parallel pyrosequencing (next-generation sequenc-
ing, 'deep' sequencing), which is capable of yielding
megabases to gigabases of sequence information, coupled
with bioinformatics [10]. It was described the use of a mas-
sively parallel sequencing approach whereby polyade-
nylated plant RNA from multiple plants was pooled and
sequenced together before the output was analyzed for the
presence of viral genomes. This research represents part
of a project to describe the ecological roles viruses play in
the indigenous flora of the south-west Australian floristic
region. After analysis, complete or partial genome se-
quences representing 20 virus isolates of 16 polyade-
nylated RNA species were identified. In three cases, 2-3
distinct isolates of a virus species co-infected the same
plant. Twelve of the viruses identified were described pre-
viously and belonged to the genera Potyvirus, Nepovirus,
Allexivirus, and Carlavirus. Four were unknown and are
proposed as members of the genera Potyvirus, Sadwavi-
rus, and Trichovirus [11].

Nowadays, studying viruses persisting in non-cultivated
plants become more popular. The knowledge allows us to
understand general plant virus ecology better, because, pre-
viously, only viruses of economically essential plants were
discovered, and an ability to make whole picture of ecologi-
cal processes of plant viruses was restricted by lack of in-
formation about viruses in wild plants. Obviously, wild plants
are natural reservoir of plant viruses. Thus, the plenty of
surveys in order to indicate viruses of crops in wild popula-
tions have been done. As a result, it became clear that visual
symptoms in wild plants are mostly unapparent. It could be
suggested that milder symptoms in wild plants are con-
nected with long-term co-evolution with certain virus, which,
obviously, is not present in the population of cultivated

A. Banpaniok, ctya., .ByasaHiBcbka, a-p 6ion. Hayk
KHY imeHi Tapaca LLeB4eHka, Kui

plants. Moreover, studying viruses in wild populations seems
to be useful for biotechnology: to assess a risk of virus-
resistant transgene introgression into wild plant. Develop-
ment of new methods of sequencing, coupled with bioinfor-
matics, caused metagenomics, while metagenomics was
followed by ecogenomics — beneficial to massive simultane-
ous discovery of viruses in wild flora, linked to their hosts.
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HOBI NiAXoau 0o INEHTU®PIKALII BIPYCIB, AKI YPAXAKOTb AUKOPOCII TPAB'AHUCTI POCITUHU
OcmaHHiM 4Yacom 3ayikaeneHicmb y eue4YeHHi eipycie Oukopocsoi ¢ghropu nocmynoeo 3pocmae. Lle noe'sisaHo 3 HeobxidHicmio kpauwjo20
PO3YMiHHSI esosmoyil, ekonoeii, ipyneHmHocmi gipycie pocsnuH, i makox 3adsisi yHUKHEHHSI eKOHOMIYHUX empam 4Yepe3 e83acMHy 2i6bpudu3ayiro
mpaHc2eHHUX MexHIYHUX KyJibmyp ma OuKux poc/luH ma HacmynHol iHmpozpecii eipyc-cmilikux mpaHcaeHie e Ouki nonynsyii. B daHomy oansdi
HadaHa Kopomka iHghopmau,isi NPo ocmaHHi 8HECKU 8 pO38UMOK 8U8YeHHs gipycie dukux pocnuH. [fpedcmaeneHi pi3Hi Nidxodu 0o docnidxeHb.
Knrouoei cnoea: eipycu dukopocioi ¢priopu, mpaHc 2eHu e Qukili nonynsuii.

A. Baipantok, ctya., . ByasaHuscka, a-p 6mon. Hayk
KHY nmenu Tapaca LLleB4yeHko, KueB

HOBbIE NoaxoAbl K UAEHTU®UKALIUK BUPYCOB,
KOTOPbIE MOPAXAIOT AUKOPACTYLUME TPABAHUCTBLIE PACTEHUA

3a nocnedHee epeMsi UHMepPeC K usy4eHuro supycos dukopacmyuweli ¢y1opbl MOCMeneHHo go3pacmaem. IMo cesi3aHO ¢ He06X0OUMOCMbIO
Jly4uwe20 MOHUMaHUs 380J1OUUU, 3KOJI02UU, 8UPYIEHMHOCMU 8UPYCO8 pacmeHull, U makKxe 80 u3bexaHue 3KOHOMUYECKUX Momepb U3-3a 83aum-
Holl e2u6pudu3ayuu MpaHC2eHHbIX MEXHUYECKUX Kynbmyp ¢ OUKUMU pacmeHUsiMuU, U, ernocsedcmeuu, UHMpOo2peccuu 8upyc-ycmoulvusbix
mpaHcaeHoe e dukue nonynsayuu. B daHHoM 063ope daHa Kopomkasi uHghopmayusi o Mocsie0HUX eKknadax e usyyeHue aupycoe GuKUX pacmeHudll.

3decb npedcmasnieHbl pa3Hble N0OX00bI K uccriedogaHUsIM.

Knroyeenie cnoea: supycbi dukopacmyujeli gpsiopbl, mpaHc2eHbl 8 QuKkol nonynsyuu.



