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COMPLETE GENOME SEQUENCE
OF PORCINE CIRCOVIRUS TYPE 2 UKRAINIAN ISOLATES

Porcine circovirus type 2 (PCV2) is associated with distinct syndromes and diseases in swine, collectively known as porcine
circovirus-associated diseases (PCVAD), which include postweaning multisystemic wasting syndrome (PMWS), PCV2-associated
pneumonia as a part of the porcine respiratory disease complex (PRDC), PCV2-associated enteritis, PCV2-associated reproductive
failure, and porcine dermatitis and nephropathy syndrome (PDNS) (1-3). PCV2-infection is widespread and essentially all pig herds
are infected with PCV2. Porcine circovirus 2 (PCV2), a member of the genus Circovirus in the family Circoviridae, is a very small sin-
gle-stranded negative-sense DNA virus of approximately 1.7 kb (4). The genome of PCV2 encodes three major open reading frames
(ORFs) encoding the replicase proteins (ORF1), the viral capsid protein (ORF2), and a protein with suggested apoptotic activity
(ORF3) (5). Previous reports showed that there were five PCV2 genotypes, including PCV2a, PCV2b, PCV2c, PCV2d, and PCV2e (6-
9). Here, we report the complete genome sequence of Ukrainian PCV2 jsolates from different regions of Ukraine.

Key words: Porcine circovirus type 2, porcine circovirus-associated diseases, multisystemic wasting.

Introduction. Porcine circovirus type 2 (PCV2) was
first recognized as a causative agent of postweaning multi-
systemic wasting syndrome (PMWS), a multi-factorial dis-
ease in swine in Canada in 1991 (Harding and Clark,
1997). Subsequently, it has been reported in almost all
intensive pig production countries worldwide (Allan and
Ellis, 2000; Chae, 2005). PCV2 causes several clinical and
pathological conditions in pigs including porcine respiratory
disease complex (PRDC), reproductive failures, porcine
dermatitis and nephropathy syndrome (PDNS), proliferative
and necrotizing pneumonia and congenital tremor (Darwich
et al., 2004; Chae, 2005). Currently, these associated dis-
eases and conditions linked to PCV2 are called porcine
circovirus associated diseases (PCVAD).

PCV2 belonging to the family Circoviridae, is a smallest
mammalian, non-enveloped, single-stranded DNA virus
encoding a circular genome about 1.76 kb (Mankertz et al.,
1997). The genome of PCV2 contains 3 major open read-
ing frames (ORFs): ORF1, ORF2 and ORF3. The Cap pro-
tein is the main structural and major immunogenic protein
of PCV2, which is encoded by ORF2. As a result, ORF2 is
commonly used for reconstruction of the phylogenetic tree
similarity to the whole PCV2 genome study (Olvera et al.,
2007) Several studies suggested that PCV2 could be di-
vided into 2 major genotypes (Carman et al., 2006; Cheung
et al., 2007; Ma et al., 2007; Takahagi et al., 2008; Kim et
al.,, 2009). Recently, both genotypes were proposed and
referred to PCV2a (PCV2- genotype 2) and PCV2b (PCV2-
genotype 1). However, PCV2c genotype has been de-
scribed, but only found in Denmark (Segales et al., 2008).
Interestingly, the virulence of PCV2a and PCV2b isolates
was similar in the conventional SPF pig model, but the viru-
lence of the isolates within the same cluster differed
(Opriessnig et al., 2008). Alternatively, PCV2 can be classi-
fied into 8 subgroups 1A to 1C and 2A to 2E (Olvera et al.,
2007), but those were not associated with the disease con-
ditions or geographic areas. Recently, a new type of PCV
referred to PCV1/2a was reported and later found to be a
chimeric virus containing ORF1 of PCV1 and ORF2 of
PCV2a in Canada in 2009 (Gagnon et al., 2010).

In Ukraine, PMWS caused by PCV2 has been reported
from 2000. However, genetic information about PCV2,
spreaded in swine herds of Ukraine has been still unavail-
able. Therefore, the objective of this study was to deter-
mine the genetic characterizations of complete genome of

current PCV2 isolates from Ukraine pigs from different re-
gions of Ukraine (included Cherkasy, Kharkiv, Chernigiv,
Zaporiggia regions).

Materials and Methods.

Field samples: Clinical samples (serum samples and
lymph nodes) from different farms in high pig density prov-
inces of Ukraine submitted to Molecular Diagnostic Labora-
tory at CVD (Center of Veterinary Diagnostics) during
2014-2015 years were included in this study. These sam-
ples were kept at -80°C until performing DNA extraction
and PCR. Viral DNA was extracted from lymphoid tissue
homogenates and serum samples using NucleoSpin Ex-
tract Viral DNA Kit (Macherey-Nagel, Duren, Germany)
according to the manufacturer's instructions.

PCR amplification: A full-length ORF2 gene of PCV2
was amplified by PCR with forward primer, PCV2-f1 (5'-
CCA TGC CCT GAA TTT CCA TA-3') and reverse primer
PCV2-r1 (5-ACA GCG CAC TTC TTT CGT TT-3') pub-
lished by Takahagi et al. (2008), in a 50 pl reaction mixture.
The amplification reaction was performed with an initial
step at 94°C for 2 min, followed by 35 cycles of denatura-
tion at 94°C for 30 sec, annealing at 60°C for 30 sec and
extension at 72°C for 1 min and a final extension step at
72°C for 7 min. The PCV2 positive samples of 702 nt were
used for DNA sequencing.

Viral sequences and phylogenetic analysis: The
PCR products were separated by 1.5% agarose gel elec-
trophoresis and purifiedwith NucleoSpin Extract Il (Ma-
cherey-Nagel, Diren, Germany) for the sequences. DNA
sequencing was carried out with primers used in the previ-
ous PCR reaction. A total of 4 sequences from Ukraine
pigs were obtained and translated intoamino acid se-
quences for analysis. The 4 Ukraine PCV2 sequences
were analyzed together with representative complete ge-
nome sequences reported in GenBank. A phylogenetic
trees was constructed by MEGA 6 software (Tamura et al.,
2007) using the neighbor-joining (NJ) method with 1000
bootstrapping replicates (Saitou and Nei, 1987).

Results and discussion.

Genetic characterization: All 4 Ukraine of PCV2 se-
quences in this study had a genome length of 1768 nt and
revealed nucleotide identities ranged between 100-95%
(Table 1), indicating no significant differences between
PCV2 genotype.

© Dudar L., Polischuk V., Budzanivska l., Balka Gyula, Csagola Attila, 2016
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Table 1. Comparison of Ukrainian isolates (AK and NT sequences of complete genome)
with PCV2 reference strains in the same group
by nucleotide and deduced amino-acid sequences

Isolate PCV2 subgroup AK, % | NT, %
swine_Chernigiv 1A/B 100 100
swine_Zaporigga 1A/B 100 100
swine_Cherkasy 2 87,1 95,2
swine_Kharkiv 2 87,1 94,9
PCV2_Uy 2 Cap 1A/B 91,9 96
PT-15152-03_cap 1A/B 92,7 97,1
NL_Control_1_capsid_protein 1A/B 91,1 96
FJFQ0511_cap 1A/B 91,1 95,7
YZ_cap_protein 1A/B 91,1 95,7
HN1-5_cap 1A/B 91,1 95,7
IL_capsid_protein 1A/B 91,9 96,3
09JX_Cap 1A/B 90,3 95,5
CHST _cap 1A/B 91,1 95,7
09GD_Cap 1A/B 91,9 96,3
C7201-1_capsid_protein 1A/B 90,3 95,2
CH3_capsid_protein 1A/B 100 99,5
PT-34765-06_cap 1A/B 100 99,5
NIVS-5_putative_capsid_protein 1A/B 100 99,5
WB-H-1_capsid_protein 1A/B 100 99,5
ZHZ1 _cap_protein 1A/B 100 99,7
DK442case_capsid_protein 1A/B 99,2 99,5
Fd1_capsid 1A/B 100 99,5
AUT5_ capsid_protein 1A/B 100 99,7
NL_Control_3 capsid_protein 1A/B 99,2 99,2
Henan_cap_protein 1A/B 100 99,5
SXTY14_ORF2 1A/B 100 99,7
ZHZ1_pig_gi1033208412 1A/B 100 99,7
AUT5_gi37791490 1A/B 100 99,7
SXTY_PCV_gi1031916872 1A/B 100 99,7
1397/2011_Vicenza_36_07/07/2011_ 1A/B 100 99,7
SNUVR000463_gi573463974 1A/B 100 99,7
DK558control_gi156193221 1A/B 100 99,7
1C-China 1C 91,1 96,3
PCV2_Gen2-_Hungary 2 89,5 96

Genome consists of at least three ORFs, encoding 2
major proteins, the Rep and Cap proteins. Multiple se-
quence alignment was completed by means of MEGAG6
with other available strains from the GenBank nucleotide
database. Ukraine isolates from Chernigiv and Zaporigga
shares a 100 % identity to each other and high identity
(95% to 99.7%) with the strains from 1A/B subgroup.
Ukraine isolates from Cherkasy, Kharkiv shares near
100 % identity to each other and high identity (94% to 96%)
with the strains from subgroup 2.

Phylogenetic analyses: The phylogenetic analysis in
this study reconstructed from the 4 Ukraine complete se-
quences from Cherkasy, Kharkiv, Chernigiv, Zaporiggia
regions of Ukraine and sequences published in GenBank
database representing all PCV2 genotypes shown in Fig. 1.

The evolutionary history was inferred using the Neigh-
bor-Joining method [1]. The optimal tree with the sum of
branch length = 0.11324677 is shown. The percentage of
replicate trees in which the associated taxa clustered to-
gether in the bootstrap test (100 replicates) are shown next
to the branches [2]. The tree is drawn to scale, with branch
lengths in the same units as those of the evolutionary dis-
tances used to infer the phylogenetic tree. The evolutionary
distances were computed using the Jukes-Cantor method
[3] and are in the units of the number of base substitutions

per site. The analysis involved 29 nucleotide sequences.
All positions containing gaps and missing data were elimi-
nated. There were a total of 387 positions in the final da-
taset. Evolutionary analyses were conducted in MEGAG [4].

Two Ukraine isolate PCV2 sequence belonged to geno-
type 1 (PCV2b) and two Ukraine isolate PCV2 sequence
belonged to genotype 2 (PCV2a) according to the classifi-
cation proposed by Grau-Roma et al. (2008). Based on the
subgroup terminology described previously (Olvera et al.,
2007), nucleotides 262-267 and amino acids 88-89 of
ORF2 were compared and classified. The nucleotide se-
quences "CCCCGC", "CCCCTC" and "AAAATC" are the
signatures motif for PCV2b subgroup 1A/B, 1C and
PCV2a, respectively. The amino acid "PR" was enclosed
with subgroup1A/B, while the PL and KI were related with
subgroup 1C and PCV2a (Cheung et al., 2007). Ukraine
isolate PCV2 from Chernigiv and Zaporiggia genotype 1
were divided into 1A/ B subgroups. Ukraine isolate PCV2
from Cherkasy, Kharkiv were divided into genotype 2.

The sequence and phylogenetic analyses performing
in this study did not show any evidence of recombination
as reported in PCV type 2 isolated in Hong Kong, Korea
and USA (Ma et al., 2007; Choi and Chae, 2008; Hesse
et al., 2008).



ISSN 1728-2748

BIONOrIA. 2(72)/2016

SXTY14 ORF2
AUT5 capsid protein

w
[}

0 | ZHZ1 cap protein
AUT5 gi37791490

— PT-34765-06 cap

100 N

5 Fd1 capsid

53

— PT-15152-03 cap

65| svine Chernigiv
swine Zaporigga
ZHZ1 pig gi1033208412

SXTY PCV gi1031916872

1397/2011 Vicenza 36 07/07/2011 domestic pig gi807072139
1 | SNUVR000463 gi573463974

DK558control gi156193221

NIVS-5 putative capsid protein
26 WB-H-1 capsid protein

NL Control 3 capsid protein
o Henan cap protein

- DK442case capsid protein

71 PCV2 Uy 1 Cap

91 _|—— PCV2 Uy 2 Cap

77

81

96

56 || NL Control 1 capsid protein
62! PT-55935-05 cap
1C-China _] Genotype 1C
] —— PCV2 Gen2- Hungary

Genotypel A/B
C7201-1 capsid protein
FJFQ0511 cap
|swine Cherkasy Genotipe2

99— swine Kharkiv

0.005

Figure 1. Evolutionary relationships of PCV2

However, a few amino acid replacements among
Ukraine sequences in this study were observed. Due to the
high nucleotide substitution rate of PCV2 compared to oth-
er single-stranded DNA viruses, it was estimated approxi-
mately 1.2x103 substitutions/site/year (Firth et al., 2009).
Therefore, the emerging of any new PCV2 genotype is
possible in the future. Since the samples in this study were
collected from the highest pig density provinces, the results
yielded in this study can demonstrate at least 2 introduc-
tions of PCV2 into Ukraine. Imported swine breeders and
semen appear to be the major route or transmission. An-
other evidence of introducing new virus strain into the
swine herds is using improper killed chimeric vaccine in
Canada (Gagnon et al., 2010).
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N. Qyaap, acn., B. Moniwyk, A-p 6ion. Hayk, npod., |. ByasaHiBcbka, A-p 6ion. Hayk, npod.
KuiBcbkuit HauioHanbHUM yHiBepcuTteT imeHi Tapaca LleBuyeHka, KuiB, YkpaiHa,

lF'yna Banka, kaHA. 6ion. Hayk, ATTuna Llarona, kaHa. 6ion. Hayk
YHiBepcuTeT BeTepuHapHoi meauuuHu, Byaanewr, YropwuHa

NOBHONEHOMHUN CUKBEHC YKPAIHCBKOIO I130114TY LUMPKOBIPYCY CBUHEW 2-I0 TUNY

CeuHsyull yupkoesipyc 2 (PCV2) acoyitoembcs 3 pi3HuMu cuHOpoMmamu i xeopobamu ceuHel, siki eidomi nid 3a2anbHOK Ha380H CBUHAYUX YU-
pKogipyc-acouyiliogsaHux 3axeoptoeaHb (PCVAD), siki eknmoyaromb CUHOPOM MysnbmucucmemHo20 posnady (PMWS) PCV2-acoyitiogaHi nHe8MoHii
(PRDC), PCV2, acouitiosaHuli 3 eHmepumom, PCV2, acoyilioeaHuli 3 penpodyKmueHor (hyHKU€EI, a MaKoX CeUHsIYi depmamum i cuUHOpPoM Hedp-
ponamii (PDNS) (1-3). PCV2-in¢hekyisi wupoko nowupeHa i no cymi eci ceuHi cmada 3apaxeHi PCV2. CeuHsiyuli yupkosipyc 2 (PCV2), yneH pody
Circovirus poduHu Circoviridae. Mae on- HK eipycy npu6nusvo 1,7 k6 (4). FeHom PCV2 kodye mpu OoCHOBHUX 8iGKpUMUX PaMOK 34umyeaHHsl
(ORF,), siki kodyromb pennika3y (ORF1), sipycHuli 6inok kancuda (ORF2), i 6inok, i3 3anponoHogaHoto anonmuyHoto akmusHicmio (ORF3) (5). Mo-
nepedHi 0aHi noka3anu, wo icHye n'ams 2eHomunie PCV2, e momy yucni PCV2a, PCV2b, PCV2c, PCV2d i PCV2e (6-9). B Hawili po6omi mu npoeenu
ceKeeHyeaHHs1 T0BHO20 2eHOMY 2eHOMa yKpaiHcbKo2ux i3onsimie PCV23 pi3Hux pezioHie YkpaiHu.

Knrouoei cnoea: ceuHsivuli yupkoeipyc 2, ceuHsivuli yupkoegipyc-acouiliogsaHux 3axeoproeaHb, MysibmucucmeMHuli po3nad.

N. Qyaap, acn., B. Monuwyk, A-p 6uon. Hayk, npod., U. ByasaHuBckas, A-p 6uon. Hayk, npod.
KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpaunHa,

l'yna Banka, kaHa. 6uon. Hayk, ATtuna Llarona, kaHa. 6uon. Hayk

YHuBepcuTeT BeTepuHapHoi meavumHm, Byaanewr, BeHrpusa

MONMHONEHOMHbIU CUKBEHC YKPAUHCKOIO U3ONATA LULMPKOBUPYCA CBUHEW 2-I'0 TUMA

CeuHoli yupkoeupyc 2 (PCV2) accoyuupyemcsi ¢ pa3iu4HbIMU CUHOpoMamu u 6one3HsIMuU ceuHeli KOmMopble U3eecmHbl M00 o6WUM Ha3eaHu-
eM C8UHbIX UYUpKosupyc-accoyuuposaHHbix 3abonesaHuli (PCVAD), komopbie 8k/to4alom CUHOPOM MYyJ/bmucucmeMHbix HapyweHul (PMWS)
PCV2-accoyuupoeaHHol nHeeMoHuu, PCV2, accoyuupoeaHHbIli ¢ 3Hmepumom, PCV2, accoyuupoeaHHbix ¢ penpodykmueHol ¢yHKyuel, a makxe
ceuHble depmamum u cuHOpom Hegpponamuu (PDNS) (1-3). PCV2-uHghekyusi wupoko pacrnpocmpaHeHa u rno cyujecmey ece ceuHbu cmada 3apa-
)xeHbl PCV2. CeuHoli yupkosupyc 2 (PCV2), unen poda Circovirus cemelicmea Circoviridae F'eHoM — oyeHb ManieHbkasi oy- [JHK eupyca npumepHo
1,7 k6 (4). FeHom PCV2 koOupyem mpu OCHO8HbIX OMKPbIMbIX paMok cyumsieaHusi (ORF,), kodupyrowue pennukasyu (ORF1), eupycHsbliii 6enok
kancuda (ORF2), u 6enok, ¢ npednoxeHHol anonmomu4eckol akmueHocmbto (ORF 3) (5). Mpedbidywue OaHHbIe Moka3anu, Ymo cywecmeyem
nsmb 2eHomunoe PCV2, 8 mom yucne PCV2a, PCV2b, PCV2c, PCV2d u PCV2e (6-9). 3decb Mbi coobwjaem nosiHyto nociedoeamesibHocmb 2eHOMa
YKpauHckux u3osiimoe PCV2u3 pa3Hbix pe2uoHo8 YKpauHbl.

Knroyeenie cnoea: ceuHoli yupkosupyc 2, ceUHOU YupKO8UPYC-accoyuupo8aHHbIx 3aboneeaHull, CUHOPOM MyJSIbMUCUCMEMHbIX HapyweHul.
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PREVALENCE OF DRUG RESISTANT HIV STRAINS
IN HIV-INFECTED PATIENTS OF REPRODUCTIVE AGE

The prevalence of drug resistant HIV strains among HIV-positive reproductive aged persons with ineffective antiretroviral
therapy (ART) was assessed. The prevalence of drug resistant strains of HIV was 73.8% in the group of women and 89.29% in the
group of men (totally in 80.0% of patients). In the spectrum of drug resistance mutations (DRMs) the most prevalent mutation
associated with high-level resistance to nucleoside reverse transcriptase inhibitors was substitution M184V (80.36%); in addition,
the high prevalence of K65R (26.79%) was indicated. The most common mutations causing a high-level resistance to non-
nucleoside reverse transcriptase inhibitors were G190S/A (57.14%), Y181C (37.50%), K101E (33.93%). The DRMs to protease in-
hibitors were indicated with significantly less frequent (5.36%).

Key words: HIV, drug resistant mutations, antiretroviral therapy.

Introduction. Antibiotic and antiretroviral resistance has environment. Uncontrolled, inappropriate and overabundant

become a major clinical and public health problem nowa-
days. The selection of resistant forms of pathogens is based
on natural processes of microbes adaptation to conditions of

using of antimicrobial, antiviral and antifungal drugs, ab-
sence of strong clinical protocols of there using, extensive
applying of them in agriculture and animal husbandry, the

© Babii N., 2016
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strong pressure of civilization as a whole lead to the activa-
tion of pathogens genetic variability, the emergence of new
pathogens and fast evolution of existing ones.

The development of resistance HIV to antiretroviral
drugs (ARVs) is the main cause of antiretroviral therapy
(ART) virological inefficiency. Biological properties of HIV —
fast reproduction of new viral particles, high level of genetic
variability connected to features of the reverse transcrip-
tion, archiving of all variants of HIV genoms as proviral
DNAs, high probability of genetic recombination — are the
factors, which determine fast evolution of viral population
and replacement of wild viruses on resistant strains under
selective pressure of suboptimal concentrations of ARVs.

Consequences of HIV resistance development are the
growing of risk of drug resistant HIV strains spreading, the
appearing of the necessity of switch to more expensive
second- and third-line regimens, the loss of ART and
prophylaxis effectiveness. During few last years the main
HIV spreading way in Ukraine is sexual way, connected to
growing risk of HIV vertical transmission. Considering that,
the spreading of drug resistant HIV strains among repro-
ductive aged people can lead to the growing of the HIV-
infection incidence.

The aim of the work was the definition of level of preva-
lence drug resistant HIV strains among HIV-positive repro-
ductive aged people with virological ineffective ART.

Materials and methods. A total of 70 HIV-infected in-
dividuals at reproductive age (a median age 36.4years)
with virological failure of ART were enrolled: among them
42 were female and 28 were male. All men and 24 women
(received ART scheme 2 nucleoside reverse transcriptase
inhibitors (NRTIs)+non-nucleoside reverse transcriptase
inhibitor (NNRTI), 18 (28.57+6.9%) women received
scheme 2NRTIs+1 protease inhibitor (PI).

In 42 (60.0+5.86%) patients there were no substitutions
of ART regimens in anamnesis, 10 (14.29+4.18%) patients
had one replacement of therapy scheme, in 18
(25.711£5.22%) patients the scheme of therapy has been
changed twice or more.

In the group of women indexes of HIV viral loud (VL)
were from 2.4x10° to 3.18 x10°® HIV RNA copies/ml of
plasma; in the group of men — from 4.7x10° to 2.55x108 HIV
RNA copies/ml of plasma.

For the HIV genome sequencing was performed on the
genetic anlizer ABI PRISM 3130 using the test-system Vi-
roSeq®HIV-1 Genotyping System v.2.0 (Celera Corpora-
tion, USA). Data analysis and interpretation were per-
formed using Stanford University Database
(http://hivdb.stanford.edu). Data were analyzed by program
R (version 2.13.1; 2015-06-18).

Results and discussion.

HIV resistance is developing as a result of forming of
specific mutations in the HIV genome, which lead to
changes of amino acids structure of viral proteins — targets
of ARVs. The selection of drug resistant variants of HIV is
carried under the selective pressure of sub-optimal doses
of ARVs, usually as a result of low adherence of patients to
therapy. The test-systems, what were used in that work,
allow determining the DRMs to three classes of ARVs,
which are used in Ukraine: to NRTIs, NNRTIs, and Pls.

Among 70 tested blood samples obtained from HIV-
positive patients with ineffective ART, 56 (80.0+3.7%) were
positive for the presence of drug resistant HIV strains.
DMRs to NRTIs (in 71.43+5.4% of samples) and to NNR-
TlIs (in 75.71£5.13% of samples) were most frequent, and
in 68.57+5.55% of samples the DMRs to both these clas-
ses of ARVs have been detected. The DRMs to Pls were
much rarely —in 4.29+2.42% of samples.

Among 42 blood samples of women 31(73.80£6.78%)
were positive for the presence of HIV strains with re-
sistance to ARVs (Table 1). DMRs to NRTIls and NNRTIs
have been detected with approximately equal frequency —
in 27 (64.28+7.39%) and 28 (66.67+7.27%) samples re-
spectively. In 25 (59.52+7.57%) samples DRMs to both
classes of drugs were detected. Drug resistance strains of
HIV have been detected in samples women's blood, who
received the therapy scheme with 2NRTIs+1NNRTI, and in
38.89+11.45% of women on regimen with Pl
(2NRTIs+1PI). Due to results of the analysis of DRMs
combinations 28 women (66.67+7.27%) needed for therapy
regimen correction; in all cases the presence of DRMs to
NNRTIs determined necessity to change the therapy regi-
men. And in all cases the presence of DRMs to NNRTIs
required for the choice of ART regimen with NNRTI to
scheme with PI.

Table 1. The incidence of drug-resistant strains of HIV in persons of reproductive age

The frequency of detection
Marker Female (n=42) Male (n=28) Total (n=70)
Abs. Rel., Mtm, % Abs. Rel., Mtm, % Abs. Abs, Mtm, %

Any DRMs to ARVs 31 73.80+6.78 25 89.29+5.76 56 80.0+3.7
Necessity in correction of the | ,g 66.67+ 7.27 24 85.71+6.57 52 74.29+5.22
therapy regimen

DRMs to NRTIs 27 64.28+7.39 23 82.14+7.16 50 71.43+54
DRMs to NNRTIs 28 66.67+ 7.27 25 89.2945.76 53 75.71+5.13
DRMs to NRTIs+NNRTIs 25 59.52+7.57 23 82.14+7.16 48 68.57+5.55
DRMs to Pls 3 7.14+3.97 0 0 3 4.29+2.42

Among men the percentage of persons with resistant
strains of HIV was higher: DRMs have been detected in
25 samples of men plasma (89.29+5.76%). The necessity
for ART regimen correction was indicated in 24 cases
(85.71+£6.57%) (tab.1) DRMs associated with resistance
to NRTIs, were detected in 23 samples (82.14+7.16%), to
NNRTIs — in 25 samples (89.29+5.76%), to both classes
of ARVs — in 23 samples (82.14+9.56%). In all cases the
combination of DRMs led to ineffectiveness of all ARVs,
concluded into ART regimen. In contrast to results, ob-
tained in women's group, there were no DRMs to Pls in
the men's group.

DRMs to NRTIs. The mechanism of action of NRTIs is
termination of HIV proviral DNA synthesis by incorporating into

the growing DNA chain [6]. The development of HIV re-
sistance to this class of ARVs can be carried out in two ways:

1. The accumulation of mutations, which make it im-
possible to conclude NTRIs in DNA chain: substitutions
M184V, non-thymidine analogue mutations K65R, K70E/G,
L74V, Y115F and mutations of Q151M-complex.

2. The accumulation of mutations that facilitate exci-
sion of 3'-terminal chain-terminating inhibitors from blocked
DNA chain through phosphorolysis mediated by ATP or
pyrophosphate. These mutations, known as thymidine ana-
logue resistance mutations (TAMs), include M41L, D67N,
K70R, L210W, T215F/Y and K219E/Q [16].

There are two different ways of TAMs forming: first — by
the accumulation of substitutions M41L, L210W, T215Y
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(Type 1 TAMs), second — includes mutations D67N, K70R,
T215F, K219Q/E (Type 2 TAMs). Factors that lead to se-
lection of mutations by first or second way are unknown.
Perhaps this is a random process, or it can be connected
to genetic features of HIV, to immunologic characteristics
of patient, to the list and sequence ART regimens and oth-
er reasons [16]. TAMs of 1 Type have a greater negative
impact on virological response to an ABC-, ddl-, or TDF-
containing regimen than do TAMs of Type 2 [11].

The frequency of detection of different DRMs was calcu-
lated with respect to the total quantity of samples with at
least one DRM. Among mutations connected to first mecha-
nism of NRTI-resistance development the mutation M184V
was dominant in samples obtained from women and men. In
some samples the substitution M184| was detected — muta-
tion that usually appeared before M184V because it results
from a more common HIV-1 nucleotide substitution. M184l
has the similar effect on HIV resistance. Generally, the de-
tection rates of M184V/I were 77.42+5.34% in a group of

women and 80.0+4.74% in a group of men (Tab.2). The
selection of this substitution occurs under the press of thera-
py with 3TC and FTC, and leads to 100-fold decrease of HIV
sensitivity to these drugs. Besides, M184V/| appear at treat-
ing by ABC and ddl causing low-level HIV resistance to
them. In the same time, M184V increases HIV susceptibility
to AZT, d4T and TDF and slows down the development of
resistance to them. M184V/| are associated with reduced
HIV replication in vitro and in vivo. That is why M184V/| are
not contraindications to continued treatment with 3TC or
FTC. The combination of TDF, AZT or d4T + 3TC/FTC inhib-
its HIV with M184V [9].

In addition to this mutation, in the spectrum of DRMs to
NRTIs, detected in women's samples of plasma, non-TAMs
mutations K65R (38.7118.69%), Y115F (22.5817.44%),
L74V/I (19.35+£7.02%) were prevalent. Among TAMs sub-
stitution K219Q/E was dominant (22.58+7.44%), it refers to
Type 2 TAMs.

Table 2. The detection rate of major and accessory mutations in the pol gene of HIV-1 associated with resistance to NRTIs'

The frequency of detection in the spectrum of DRMs
Mutation Female (n=31) Male (n=25) Total (n=56)
Abs. Rel.,M+m,% Rel.,M+m,% Abs. Rel.,M+m,%

M41L 0 0 2 8.045.33 2 3.57+2.22
A62V 3 9.68+3.53 3 12.0+6.42 6 10.71+4.01
K65R 12 38.7145.82 3 12.0+6.42 15 26.7945.29
D67N 2 6.45+2.94 5 20.0+£7.94 7 12.50+3.95
TE69N 2 6.45+2.94 1 4.0+3.78 3 5.36+2.84
K70E 3 9.68+3.53 5 20.0+7.94 8 14.29+4.18
K70R 1 3.23+2.11 2 8.0+5.33 3 5.36+2.84
L74VII 6 19.35+4.72 6 24.0+8.48 12 21.43+4.9
V75l 0 0 4 16.0+7.26 4 7.14+3.29
Y115F 7 22.58+4.5 3 12.0+6.42 10 17.86+4.58
Q151M 0 0 0 0 0 0
M184VI/I 24 77.4245.34 2 80.0+7.94 45 80.36+4.74
L210W 0 0 2 8.045.33 2 3.57+2.27
T215F/Y 1 3.23+2.11 3 12.0+6.42 4 7.14+3.29
K219Q/E 7 22.58+4.5 2 8.045.33 9 16.07+4.80

It is known that mutation K65R leads to 2-fold decreasing
of HIV susceptibility to ABC, TDF, d4T, ddl, and 5-10-fold —
to 3TC and FTC, but increase HIV sensitivity to AZT (accept
of cases of combination with Q151M substitution) [9]. It
should be taken into account for ART regimen changing.

The L74V is selected by therapy of ABC and ddl. In
combination with M184V it is the most common substitution
for patients receiving ART with ABC/3TC; together these
mutations lead to 5-fold decreasing of HIV susceptibility to
ABC and 2-fold — to ddl. Mutation L74l is selected by ther-
apy with the same ARVs and TDF; its effect on the re-
sistance is less pronounced [9].

Y115F is selected by ABC and TDF. Alone, Y115F reduc-
es ABC susceptibility about 3-fold but has a little phenotypic
effect on TDF susceptibility. In combination with K65R or
Q151M, Y115F synergistically reduces ABC and TDF suscep-
tibility [14]. Mutation K219Q/E in combination with other TAMs
reduces susceptibility about 3-fold to AZT and d4T.

In the samples of men, except of dominant M184V/I, the
substitutions L74V/I, K70E and two TAMs (Type 2) — D67N
and K70R were detected with higher frequency (Tab.2).
D67N and K70R reduce of HIV susceptibility to AZT and
d4T. In combination with other TAMs it leads to decreasing
of HIV susceptibility to ABC, ddl and TDF. The frequency of
K65R detection in the samples, obtained from men, was
lower compared to group of women — 12.0+6.42%. Mutation

K70E reduces HIV susceptibility to ARVs only in combina-
tion with other NRTI-resistance mutations.

Except of major DRMs to NRTIs, some accessory mu-
tations have been detected (A62V, T69N, V75I) with low
frequency. Without major mutations they don't influence on
HIV resistance largely. For example, among mutations of
Q151M complex, only additional substitutions were detect-
ed — A62V and V75| — with the frequency 10.71+4.01% and
7.14£3.29% respectively. Without main mutation of this
complex — Q151M — additional substitutions do not affect
the HIV resistance. Mutation A62V is a common polymor-
phic substitution for HIV strain circulating in Russian Fed-
eration which is entrenched in that area due to the "funder
effect" [2]. The prevalence of A62V in HIV strains detecting
in Russian Federation is about 13%.

Interestingly, that analysis of DRMs prevalence has in-
dicated some gender differences: TAMs (Typel1 and
Type2) were detected in men's samples of plasma more
frequent. The connection between the gender and the
prevalence of some DRMS was detected in other investiga-
tions [3, 15]. However, based on our data it is difficult to
draw conclusions on the causes of this phenomenon, the
additional study is necessary.

DRMs to NNRTIs. NNRTIs can block HIV reverse tran-
scriptase by binding to special hydrophobic region of the
enzyme (so-colled "pocket"). That binding leads to the
change of the spatial configuration of reverse transcriptase

" Bold — high-level resistance mutations, plane — reduced HIV susceptibility in combination with other mutations, italics — accessory mu-

tations
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active center. The development of resistance to NNRTIs is
caused by forming of mutations in the "pocket" region.

Among the most frequent major DRMs to NNRTIs in
HIV isolates obtained from women's samples of plasma
were G190S/A (54.84+8.88%), K101E (36.26%8.34%),
Y181C/1 (41.9448.81%) (Tab.3). Mutation G190S is select-
ed during the therapy with NVP and EFV. It 50-fold reduces
HIV susceptibility to specified ARVs. Mutation G190A is
selected by the selective pressure of the same ARVs and
leads to 50-fold and more decreasing of HIV susceptibility
to them. Substitution K101E is forming during the therapy
with NNRTIs and leads to 3-10-fold decreasing of HIV sen-
sitivity to NVP, 1-5- fold — to EFV, 2-fold — to ETR and
RPV. Y181C/I are selected by the therapy with any NNR-
TIls and more-less decreases the susceptibility to every
drug of that class [9].

Among HIV isolates obtained from men, in addition to
aforecited mutations, accessory substitutions V90l
(20.0£7.94%) and V106l (24.0+8.48%) have been indicat-
ed. Both of them increase HIV resistance to NNRTIs, but in
a less degree.

DRMs to PlIs. Pls can block viral protease by binding to
the active center of enzyme [10]. Therefore the resistance to
Pls develops as a result of forming amino acids substitutions
changing spatial configuration of the active center. Pls have
a high genetic barrier to resistance. It means that a signifi-
cant level of resistance to Pls is forming after accumulation
of 3-10 mutations in the HIV genome — major and minor.
Major mutations have an effect on HIV resistance, but at the
same time they decrease the HIV viability and replicative
activity, because lead to structural changes in molecule of
HIV enzyme. Minor mutations don't influence on HIV re-
sistance, but they can restore the viral fitness.

Table 3. The detection rate of mutations in the pol gene of HIV-1 associated with resistance to NNRTIs

Frequency of detection
Mutation Female (n=31) Male (n=25) Total (n=56)
Abs. Rel.,Mtm, % Abs. Rel.,Mtm, % Abs. Rel.,Mtm, %

Vool 3 9.68+5.22 5 20.0+7.94 8 14.29+4.68
A98G 1 3.23+3.01 1 4.0£3.79 2 3.57+2.48
L100I 0 0 0 0 0 0
K101E 10 32.2618.34 9 36.0+9.55 19 33.9346.33
K103N 4 12.9045.94 4 16.0+7.26 8 14.29+4.68
V106! 1 3.23+3.01 6 24.0+8.48 7 12.50+4.42
V108! 2 6.45+4.30 1 4.0£3.79 3 5.36+3.0
V179F 1 3.2343.01 0 0 1 1.79+1.77
Y181C/I 13 41.94+8.81 8 32.0+9.27 21 37.50+6.47
G190S/A 17 54.84+8.88 1 60.0+9.75 32 57.14+6.61
H221Y 0 0 3 12.0+£6.42 3 5.36+3.0
P225H 2 6.45+4.30 2 8.0+5.33 4 7.14+3.44

The major DRMs to Pls were found in three plasma
samples (5.36+3.0%) obtained from women: MA46I/L,
V82F/A, 147A (Tab. 4). In all these samples combination of

substitutions M46l/L and V82F/A was found (Tab.5). And in
all cases the major DRMs to Pls was accompanied by vari-
ous minor substitutions — L10F, L10l, L33F, Q58E, A71V.

Table 4.The detection rate of major mutations in the pol gene of HIV-1 associated with resistance to PI

. Frequency of detection (n=56)
Mutation Abs. Rel., Mtm, %
M46I/L 3 5,3643,0
V82F/A 5,36+3,0
147A 1 1,79+1,77

M46I/L is selected by therapy with IDV, NFV, FPV,
ATV, LPV,; it is often associated with V82A; in combination
with other Pl-resistance mutations M46l/L decrease HIV
susceptibility to ATV, FPV, IDV, LPV and NFV. Substitution
V82F/A appears during the treating with IDV and LPV; it
causes the HIV resistance to ATV, FPV, IDV, LPV and
NFV, accept of that in combination with other DRMs to Pls
— to SQV and FPV. I47A is selected by the therapy with
LPV or DRV and decrease HIV susceptibility to all Pls ac-
cept of ATV and SQV [9]. HIV isolate obtained from the
sample 320304TroAP has two major and two minor muta-
tions; as a result the virus has high level resistance to NFV
and IDV/r and reduced susceptibility to three other drugs
from that class (Tab. 5). In the sample DidKY the HIV strain
was detected what has three major and three minor muta-
tions, and, as a result, was resistant to four Pls and has a
reduced susceptibility to other drugs from that class. Inter-
estingly, that in all cases HIV strains, accept of DRMs to
Pls, have the DRMs to NRTIs included in to the therapy
regimen. It confirms the fact, that the development of re-
sistance to Pls occurs after the forming of resistance to
NRTIs and subsequent selection of other mutations in the
HIV genome connected to decreasing susceptibility to Pls.

It should be emphasized, that in sample DidKY the HIV
strain with DRMs to NNRTIs (K101E, V106l, Y181C) was
detected, although the therapy regimen of that patient
doesn't include that drugs. During analysis of anamnesis
data it was found, that patient DikKY previously received
NNRTI — untii 2011 the therapy scheme was
TDF/3TC+EFV (that is 2NRTI+1NNRTI). In 2011 the
scheme has been changed due to virologic ineffectiveness.
Thus, during four years of therapy without NNRTIs the mu-
tations of resistance to drugs of that class were saved in
the HIV genome. According to results of different investiga-
tions, some mutations disappear quickly after therapy reg-
imen replacement — when the selective pressure of appro-
priate drug terminate. For example, mutation M184V dis-
appears during few weeks after termination of therapy with
3TC or FTC, the less-fitness HIV strain comprising the mu-
tation is replaced by the high-fithess wild strain [8]. In the
same time, mutations that don't affect the HIV fitness can
be saved in the viral genome during a period from few
months to few years after therapy regimen change. In the
plasma samples of men the DRMs to Pls were not detect-
ed because men included into investigation have not re-
ceived the ART with Pls.
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Table 5. Mutations of resistance to Pls
Current DRMSs to Pls DRMs DRMs
Ne Patient treatment Maior Minor to to Drug resistance interpretation
regimen J NRTIs | NNRTIs
826567 | ABC+3TC+Lpv/r High-level resistance to 3TC, low level resistance
1 PopOV (2HI3T+11M) M46IM L10l M184v VooV to ABC, potential low-level resistance LPV/r
D67DG NRTI: high-level .re.s.istance 3TC, ABC, ddl, FTC
5 320304 | TDF/FTC/Lpvir M461 V82A L10F, L74IL ’ none (but hypersusceptibility to TDF coused by M184V).
TroAP 2HI3T+11IMN ’ A7T1AV M184V Pl: high-level resistance to NFV, IDV/r, middle-
level resistance to FPV/r, LPV/r, ATV/r
NRTI: low-level resistance to ddl, d4T, TDF, mid-
dle-level resistance to ABC, high-level resistance
to 3TC and FTC (but hypersusceptibility to ZDV
M46LM L10l, K101E, caused by M184V)
3 | DidkY g?ﬁg}t?fﬁ‘)’"’r V82A L3aF, | KT | V1061, | NNRTI: high-level resistance to NVP, RPV, mid-
147A Q58EQ Y181C dle-level resistance to EFV, ETR.
Pl: high-level resistance to LPV/r, NFV, IDV/r,
FPV/r, middle level resistance to ATV/r, low level
resistance to SQV/r, DRV/r

In women (12 persons, 35.71+7.33%) and men (3 per-
sons, 10.71+5.76%), who have not resistant HIV isolates,
the therapy ineffectiveness, obviously, has developed as a
result of low adherence to ART.

The HIV viral loud levels in patients with ineffective
therapy. Due to results of Wilcoxon rank sum test, there is
a statistically significant difference (p<0.05) between in-
dexes of HIV viral loud (VL) in women, who have HIV drug
resistant strains in the blood (mean VL 75,25x103 RNA
copies/ml of plasma), and women who don't have drug
resistant strains (mean VL 494,25x103 RNA copies/ml of
plasma). It could be explained by the effect of DRMs on the
level of HIV reproduction. DRMs usually lead to conforma-
tional changes of the viral enzymes molecules, that is why
drug resistant strains of HIV are less viable and have less
level of reproduction than wild strains.

In the group of men high level of HIV VL was associated
with the absence of drug resistant strains. Indexes of HIV VL
in the samples without DRMs were from 1.45 to 2.55 x10°
RNA copies/ml of plasma, mean level 2.18 x108 RNA cop-
ies. In samples were DRMs were indicated — from 5.8 x103
to 1.38 x108 RNA copies/ml of plasma, mean level — 185.0 x
103 RNA copies. It should be noted the high levels of HIV VL
in the presence of drug resistant strains could be explained
to prolonged using of ineffective therapy, that leads to accu-
mulation of the accessory resistance mutations in the HIV
genome, which recover HIV replication capacity.

We have compared the spectrum of dominant muta-
tions to different classes of ARVs with the data of other
investigations. Due to the results of A.Rakhmanova with
colleagues, the most often DRMs in the HIV isolates, ob-
tained from the HIV-positive people in Russia, were
M184V, L74V, D67N (associated with resistance to NRTI),
G190S/A and K103N(associated with resistance to NNRTI)
[5]. During the survey of cohort of Indian HIV-positive peo-
ple, it was indicated that the most often DRVs to NRTI
were M184V, T215Y, D67N, K70R, to the NNRTI - Y181C,
G190A, V108I [13].

In the countries of Central America among the patients
with virologic ineffective ART the high prevalence of HIV
strains with mutations M184V, T215Y, M41L, K103N,
V108l were the most dominant. Substitution G190S was
detected less frequently [6].

In aforecited investigations the frequency of mutation
K65R indication was low, whereas it was present in
26.79% of HIV strains, examined in this work, (in women's
samples — 38.71%, in men's samples —12.0%). It could be
explained by the fact that the most of the patients included
in this investigation (73.81% of women, 67.86% of men)
either were obtaining ATR regimens with TDF, or have
obtained of TDF-comprising regimen in anamnesis. Inter-
estingly, mutation K65R is the antagonist of TAMs: they
never appear together in one HIV genome [7]. Really, the

results of the work confirm this fact. Thus, the spectrum of
DRMs depends on primarily from the ARVs included in the
ART regimens of examined cohort of patients.

The high prevalence of HIV strains with DRMs associ-
ated with resistance to two classes of ARVs simultaneously
— to NRTIs and NNRTIs, is connected to the pharmacoki-
netics of reverse transcriptase inhibitors, the duration of
their activity period, low genetic barrier of NRTIs and NNR-
Tls, due to which only one-two DRMs can lead to the loss
of HIV susceptibility to that drugs. The period of half-life of
NRTIs is significantly shorter compared to NNRTIs. That is
why, if the patient messes the doses of ARVs, from time to
time in his blood only one active drug could be — it is, prac-
tically, the monotherapy with NNRTI. Consequently, the
HIV replication is continued during ART leads to the form-
ing of HIV strains resistant to NNRTIs. Further remaining
NRTIs quickly become ineffective due to the fast accumula-
tion of DRMs associated with resistance to them.

Thus, the most cases of virologic ineffectiveness of
ART in reproductive aged persons were connected to de-
velopment of HIV resistance to ARVs: drug-resistant HIV
strains were indicated in 73.8% women and 89.29% (gen-
erally — in 80,0% patients). It should be emphasized, that
the most of indicated DRMs are related to the transmissible
mutations by the WHO; it means, that the HIV strains with
that mutations can be transmitted to other people, leads to
grow the prevalence of primer resistance [10]. That is why,
the monitoring of drug-resistance HIV strains prevalence
among the reproductive aged people is the one of the main
areas of the fight against the spread of HIV by the sexual
and vertical ways.

Conclusions.

1. It was indicated, that the prevalence of drug re-
sistant HIV strains was 73.80% in the group of women and
89.29% in the group of men (80.0% in total group) with
virologic ineffective ART. In 74.29% of incidence of DRMs
the ART regimen correction was needed.

2. Among indicated mutations the DRMs to NRTIs and
NNRTIs were dominant. HIV strains with DRMs to NRTIs
were found in 64.28% of women's plasma samples and
82.14% men's plasma samples; HIV strains with DRMs to
NNRTIs — in 66.67% and 89.29% of samples respectively.
In most cases mutations of resistance to both ARVs clas-
ses were found simultaneously. The DRMs to Pls were
indicated with significantly less frequent — totally in 4.29%
of all tested plasma samples.

3. In the spectrum of drug resistance mutations (DRMs)
the most prevalent mutation associated with high-level re-
sistance to NRTIs was substitution M184V (80.36%); in
addition, the high prevalence of K65R (26.79%) was indi-
cated. The most common mutations causing a high-level
resistance to NNRTIs were G190S/A (57.14%), Y181C
(37.50%), K101E (33.93%). The percentage of most preva-
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lent DRMs to Pls (M46L/I and V82F/A) was much lower
and amounted 5.36% of all detected mutations.
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AY "lHcTuTyT eniaemionorii Ta iHdekuinHMX xBopo6 im. J1.B. 'pomaweBcskoro HAMH Ykpainu", KuiB, YkpaiHa

MOLWMUPEHHICTb NIKAPCbKO CTIMKUX LUTAMIB BIN IHOEKLT Y BIN — IHOIKOBAHUX MALIEHTIB

Bu3Ha4eHo pieeHb nowupeHocmi wmawmie BlJl, peaucmeHmHux 0o aHmupempoegipycHux npenapamis, y Bl/I-no3umueHux oci6é penpodykmue-
HO20 8iKy 3 8ipycos102i4HO HeegheKMUBHOI aHMuUpPempogipycHo mepanito. Yacmoma eusienieHHs1 pe3ucmeHmHux wmamie Bl cmanosuna 73,0%
8 2pyni xiHok ma 89,29% e 2pyni Yonoeikie (80,0% ceped ecix o6cmexeHux nauyieHmis). ¥ cnekmpi Mymauili, acouyiliogaHux 3 6UCOKUM pigHeM
pe3ucmeHmuocmi Bl 0o npenapamie knacy Hykneo3udHux iH2ibimopie 3e6opomHoi mpaHckpunmasu, Halbinbw nowupeHoro 6yna 3amiHa M184V
(80.36%); kpim moeo, euzHayeHO 8ucokull pieeHb nowupenocmi mymauii K65R (26.79%). HalinowupeHiwumu ceped mymauili, wo cnpu4yuHsiroms
pe3ucmeHmMHicmb 8UCOK020 pieHs 0 HeHyKneo3udHux iHzi6imopie 3eéopomHoi mpaHckpunmasu, 6ynu 3amiHu G190S/A (57.14%), Y181C (37.5%),
K101E (33.93%). Mymauii peaucmeHmuocmi 9o iHzi6imopie npomea3u susiensnucsi 3 HUX4or yacmomoro (5,36%).

Knroyoei cnoea: BlJl, Mymauyii MeAukameHmMo3HOi pe3ucmeHmHocmi, aHmupempoeipycHa meparnis.

H. Babun, kaHA. 6uon. Hayk
TY "MHCTUTYT annaemmnonorum u nHgekUnMoHHbIx 6onesHen umenn J1.B. N'pomawmeBckoro HAMH YkpauHbl"”, KueB, Ykpauna

PACIMPOCTPAHHEHOCTb JIEKAPCTBEHHO YCTOWYMBBIX LUTAMMOB BUY MH®EKLIUK
Y BU4-UHPELIMPOBAHHbIX MALUMEHTOB

OnpedeneH ypoeeHb pacnpocmpaHeHHocmu wmammoe BUY, pezucmeHmHbix K aHMupempoeupycHbIM npenapamam, y BUY-
nonoxumersbHbIX J1UYy, PpernpodyKmueHo20 8o3pacma ¢ supycosioauvyecku HeaghghekmusHol aHmupemposupycHol mepanuel. Yacmoma ebisigrie-
Hus1 pe3ucmeHmMHbIX wmammoe cocmasuna 73,0% e epynne xeHWuH u 89,29% e a2pynne myx4uH (80,0% cpedu ecex o6criedo8aHHbIX NayueHmMos).
B cnekmpe Mymauyulii, acCoyuupo8aHHbIX C 8bICOKUM ypOo8HeM pe3ucmenmHocmu BUY k npenapamam knacca HeHyK/1€03UOHbIX UH2ubumopos
o6pamHoli mpaHckpunmasbl, Hau6osnee pacrnpocmpaHeHHolU 6bina 3ameHa M184V (80.36%); kpome mozo, 6bi1 ycmaHo8sIeH 8bICOKUlI ypo8eHb
pacnpocmpaHeHHocmu mymauyuu K65R (26.79%). Hau6onee yacmbimMu cpedu mymauyuti, o6ycnasnusarouyux 8bICOKuUll ypogeHb pe3ucmeHmHocmu
K HEeHyK/1eo3uOHbIM uHaubumopam o6pamuHoli mpaHckpunmassi, 6binu 3ameHbl G190S/A (57.14%), Y181C (37.5%), K101E (33.93%). Mymauyuu pe3u-
cmeHmMHocmu K uHaubumopam npomeassi onpedensanucek pexe(5,36%).

Knroueenie cnoea: BUY, Mymayuu nekapcmeeHHOU pe3ucmeHmMHOCMU, aHmupempo8upyCcHasi mepanusi.
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CARLAVIRUS IN LILY COLLECTION OF GRISHKO' NATIONAL BOTANICAL GARDEN

Screening of Lilium plants on virus diseases in the collections of M.M. Grishko' National Botanical Garden have been con-
ducted. Basing on serological, biological and morphological properties, we suggest that filamentous virus is related to Lily
symptomless virus. Another virus is not completely identified, but symptoms induced on indicator plants suggested that it was

Tomato aspermy virus.
Key words: lily virus, virus of ornamental plants.

Introduction. The genus Lilium is one of the most
valuable commercial market flower bulbs in the world,
mainly owing to its ornamental function as a cut flower or
as a potted plant. Susceptibility of lilies to infectious
diseases limits their popularity as ornamental plants. Fungi
and bacteria are removed during the establishment of in
vitro cultures from standard sterilization of bulb scales,
whereas viruses are not [1].

Virus diseases of lily are of great significance because
even when present in the latent state, the viruses could be
transmitted to healthy plants and cause commercial losses
[2]. In spite of the fact that we could predominantly
diagnose virus infection basing on specific symptoms such
as ring spot, mosaic and necrotic lesions, the identification
of the pathogen is not possible. Sometimes lilies do not
manifest signs of virus infection [3]. Besides, some factors
such as disbalance of mineral nutrition, non-compliance
with the light regime, invasion by insects and mites,
infections coused by bacteria, mycoplasms and fungus, or
genetic disorders could lead to symptoms similar to those
of virus nature. This involves necessity for serological
diagnostics of the collections for preservation of their
commercial value.

Materials and methods. Lilium plants with visual virus-
like symptoms from greenhouse collections of
M.M. Grishko' National Botanical Garden (Kyiv) were the
objects of this research.

Infectious nature of disorders was confirmed proved using
indicators plants typical for viruses normally infecting lilies
such as Cucumis sativue, Cucurbita pepo, Nicotiana tabacum
cv. Samsun, N. Rustica, Licopersicon esculentum, Phaseolus
vulgaris. Virus identification was carried out using TAS- and
indirect ELISA [4]. Same staining samples were analyzed in
electron microscopy at 30,000 magnification.

Results and discussion. Virus diseases are easily
spread with planting material in vegetatively-propagated
crops, including various ornamentals. Several viruses have
been reported to occur wildly in lily plants, often as a mixed
infection, reducing their vigour and sometimes their mar-
ketability [5].

Screening of Lilium plants for viral diseases in the
collections of M.M. Grishko' National Botanical Garden was
conducted. Different virus-like symptoms were detected on lily
plants: mottling, mosaic, color breaking and leaf deformation.
Infectious nature of disorders was confirmed using indicator
plants typical for viruses normally infecting lilies (fig.1).

Fig.1. Virus-like symptoms on lily cultivars: H-Dawn' (A), 'Krema-2' (B)

To define biological properties of the pathogens, we conducted a bioassay using 6 species of indicator plants. Indicator
plants were inoculated with sap obtained from lilies demonstrating virus-like symptoms. Results of the assay are presented

on Table 1.

© Korotyeyeva G., Petrova G., Kykot L., 2016
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Table 1. Response of indicator plants inoculated with sap from symptomatic lily plants

Symptoms on indicator plants
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Krema-2 - - M - - -
Mister Cas - - - - - -
- — negative response; M — mosaic; N — necroses, D-deformation
Mosaic symptoms on Phaseolus vulgaris inoculated with some viruses by mechanical inoculation or with

sap from lily cultivars H-Dawn' and Royal Gold are not typical
for any known lily virus. On the contrary, mosaic symptoms
observed on Cucumis sativus and Cucurbita pepo were
typical for Cucumber mosaic (CMV) and Tomato aspermy
viruses (TAV). Besides necrotic symptoms on nicotiana rusti-
ca were common for TAV and Tobacco rattle virus (TRV).
Thus we conducted the infectious etiology of diseases
on Lilium. Absence of reactions on some indicator plants
post inoculation with sap from diseased plants, in our
opinion, couldn't be explained with non-transmittance of

insusceptibility of definite indicator plants to virus infection.

To determine virus nature of disease we conducted
indirect and DAS-ELISA tests [4]. Same samples were
analyzed in electron microscopy at 30,000 magnification.

Results of ELISA tests showed positive reactions of
Lilium cultivar 'Royal gold', 'H-dawn' and 'Krema-2' with
antiserums to Potato virus S (PVS). We deem it could
indicate contamination of these plants with Lily
symptomless virus (LSV), which is serologically related to
PVS [6].

s o ™™V
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plants

Fig.2. Results of ELISA testing of lily plants from the collection of M.M. Grichko' National Botanical Garden:

1 — Red Alert; 2 — Black Beauty; 3 — Elite (3n); 4 — Sunburst.; 5 — Heroes of Bres fortress; 6 — Magi; 7 — Krema-1; 8 — Kalinka;
9 — Black out; 10 — Conca D'or; 11 — Adelaide; 12 — Ce 6 Dazzle; 13 — Anastasia -2; 14 — Pink Perfection; 15 — Royal Gold;
16 — H-Dawn; 17 — Dream; 18 — Lilium henryi; 19 — Krema-2; 20 — Nymph; 21 — Rondo; 22 — Pagoda Bells; 23 — Touching;

24 — Conca D'or; 25 — Albung; 26 — H-9; 27 — Brigita; 28 — Anniversary; 29 — Anastasia; 30 — Criesdach Tetra Pink;
31 — Corona white; 32 — Yellow Planet; 33 — H-27; 34 — Saltarello; 35 — Mister Cas; 36 — hybrid Schenk; 37 — Kentucky;
38 — Original love; K+ — positive control; K- — negative control (normal plant)
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Filamentous virus particles about 650 x 20 nm in size were observed in the sap of the plants. In addition, icosahedral
particles were also observed, with a mean diameter of approximately 30 nm (Fig.3).

500.0nm

Fig. 3. Electron micrograph of viral particles in plant sap

Basing on serological, biological and morphological
properties, we suggest that filamentous virus is related to
Lily symptomless virus. Another virus is not completely
identified, but symptoms induced on indicator plants
suggested that it was Tomato aspermy virus.

Virus infections, especially latent diseases, are very
dangerous because of the extensive exchange of untested
plants among different botanical gardens and private
collections. Additionally the incidence of such viruses as
LSV which are generally symptomless in field-grown plants
may cause problems while plants infected by other viruses.
Besides, vegetative propagation of lilies without virus
monitoring leads to uncontrolled distribution of viral
infections within the collection.

References

1. Nesi B. Production of Lily symptomless virus-free plants by shoot
meristem tip culture and in vitro thermotherapy/ Nesi B., Trinchello D.,
Lazzereschi S., Grassotti A., Ruffoni B. // Hortscience. — 2009. — 44(1). —
P.217-219.

2. Farzadfar Sh. An investigation on characterization of cucumber
mosaic virus isolated from lily green house in Damavand County, Iran/
Farzadfar Sh., Pourrahim R., Torkian M., Maleki M // Iranian Journal of
Virology. — 2014. — 8(2,3). — P: 36-43.

3. Cees J.A. Control of aphid-borne Lily symptomless virus and Lily
mottle virus in Lilium in the Netherlands/ Cees J.A., Pourrahim R., Torkian M.,
Maleki M // Virus Research. — 2000. — 71 (1,2). — P. 23-32.

4. Clark M.F., Adams A.N. Characteristics of the microplate method of
the enzyme-linked immunosorbent assay for the detection of plant viruses/
Clark M.F., Adams A.N. // J Gen Virol. — 1977. — 34. — P.474-83.

I'. KopoteeBa, kaHA. Gion. Hayk, . MeTpoBa, cTyA.

5. Zheng HY, Chen J, Zhao MF, Lin L, Chen JP, Antoniw JF, Adams MJ.
Occurrence and sequences of Lily mottle virus and Lily symptomless virus in
plants grown from imported bulbs in Zhejiang province, China /Zheng HY,
Chen J, Zhao MF, Lin L, Chen JP, Antoniw JF, Adams MJ. // Arch Virol.
2003 Dec;148(12):2419-28.

6. Genus Carlavirus. In: M.Q. King A., Lefkowitz E., Adams M. J.,
Carstens E. B. Virus Taxonomy. Ninth report of the International committee
on taxonomy of viruses. Academic Press, San Diego, 924-927.

References (Scopus)

1. Nesi B., Trinchello D., Lazzereschi S., Grassotti A., Ruffoni B.
Production of Lily symptomless virus-free plants by shoot meristem tip culture
and in vitro thermotherapy // Hortscience. — 2009. — 44(1). — P.217-219.

2. Farzadfar Sh., Pourrahim R., Torkian M., Maleki M. An
investigation on characterization of cucumber mosaic virus isolated from
lily green house in Damavand County, Iran // Iranian Journal of Virology.
—2014. - 8(2,3). — P: 36-43.

3. Cees J.A. Control of aphid-borne Lily symptomless virus and Lily
mottle virus in Lilium in the Netherlands // Virus Research. — 2000. —
71(1,2). - P. 23-32.

4. Clark M.F., Adams A.N. Characteristics of the microplate method of
the enzyme-linked immunosorbent assay for the detection of plant viruses //
J Gen Virol. — 1977. — 34. — P.474-83.

5. Zheng HY, Chen J, Zhao MF, Lin L, Chen JP, Antoniw JF, Adams MJ.
Occurrence and sequences of Lily mottle virus and Lily symptomless virus in
plants grown from imported bulbs in Zhejiang province, China // Arch Virol.
2003 Dec;148(12):2419-28.

6. Genus Carlavirus. In: M.Q. King A., Lefkowitz E., Adams M. J.,
Carstens E. B. Virus Taxonomy. Ninth report of the International committee
on taxonomy of viruses. Academic Press, San Diego, 924-927.

Received to editorial board 02.12.16

KuiBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBuyeHka, KuiB, YkpauiHa,

J1. KukoTb, kaHA. 6ion. Hayk

HauioHanbHuit 6oTaHiuHMi cap imeHi M.M. Mpuwko HAH Ykpainu, Kuis, YkpaiHa

KAPNABIPYC Nninii B KONEKLYT i
HALIOHAJIbHOIO BOTAHIYHOIO CALLY IM. M.M. F'PULLKA HAH YKPAIHU

lMpoeedeHo ob6cmesxeHHs ninieliHux konekyil HayionanbHo2o 6omaHiyHzo cady im. M.M. Mpuwka Ha HasieHicmb 8ipycHO20 ypaxkeHHs. 3a ce-
posioz2idyHUMuU, 6ios02iYHUMU Mma Mopghosio2iYyHUMU eslacmueocmsiMu eusiesieHuli eipyc, nodi6Huli do 6eacumMmnmomzozo eipycy niniu. Opyauli —
ocmamo4Ho He ideHmugbikosaHo, ane 3a MOPEOIo2iYHUMU XapakmepucmuKamMu, peakyicto pocsiuH iHOUKamopie MOXHa nmpunycmumu, wo uye

8ipyc acnepmii momamis.
Knro4oei cnoea: gipyc ninii, eipyc dekopamueHuUXx pOC/IUH.

I'. KopoteeBa, kaHa. 6uon. Hayk, I'. MeTpoBa, cTyA.

KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHMn Tapaca LlleByeHko, KueB, YkpaunHa,

J1. KbikoTb, kKaHA. 6uon. Hayk

HauunoHanbHbIN 60oTaHnyeckui cag umenn H.H. Mpuwko HAH YkpauHsbl, KueB, YkpavnHa

KAPJIABUPYC NnJiMM B KOJNEKLUU
HALUMOHAIIbHOINO BOTAHUYECKOIO CAOA UM. H.H. FPULUKO HAH YKPAUHbDI

lMposedeHo o6cnedosaHue nunueliHbix 8 Konnekyuu HayuoHanbHo2o 6omaHu4eckozo cada um. H.H. Mpuwko Ha Hanu4ue supycHO20 ropaxe-
Husi. Onupasicb Ha ceposio2uyeckue, buonoz2u4yeckue u Mopgosozuyeckue ceolicmea u3osupo8aHbIli 8UPYC s8/IsieMmcsi e3CUMIIMOMbIM 8UPYCOM
nunuii. Bmopoli eupyc okoH4YamesibHO He udeHmuguyuposaH, HO Mo MopghosIo2UYeCKUM Xapakmepucmukam, peakyuell pacmeHuli uHAukamopoe
MOXHO NpednosoKums, Ymo 3Mo eupyc acnepmMuu MoMamos.

Knrodeenbie cnosa: supyc nunuu, eupyc dekopamueHbIX pacmeHull.
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DETECTION OF THE PATHOGEN OF VIRAL DISEASE IN SAMBUCUS NIGRA PLANTS

For the first time viral disease of elderberry (Sambucus nigra L.) was detected in Ukraine. Symptomatology of the disease and
morphological properties of the virus are studied. Based on scientific literature data, screening of viruses that can infect elder-
berry plants in Ukraine is conducted. Antigens of PVY, PVM, SMV, AMV, and BYMV in elderberry plants with symptoms of viral

disease were not detected.
Key words: elderberry, Sambucus spp., viral diseases.

Introduction. Elderberry (Sambucus nigra L., family
Adoxaceae) is widely used in scientific and traditional med-
icine [Chekman]. Extracts of elder berry flowers are part of
complex drugs as "Novo Passit", "Sinupret”, "Atma", etc
[27]. It is known that the therapeutic activity of elderberry
fruit is second only to chokeberry, which superior elderber-
ry fruit for antioxidant effect. Biologically active compounds
of elderberry fruit, flowers, leaves have antiviral, antibacte-
rial, anti-inflammatory, analgesic, immunomodulatory and
antiproliferative effects. Traditional medicine recommends
taking elderberry fruit with damage to the mucosa of the
stomach, liver and pancreas. Tincture of the flowers and
leaves of black elderberry has anti-inflammatory, antioxi-
dant and hepatoprotective activity [29].

Sambucus nigra L. plants are sensitive to atmospheric
drought. Elderberry propagated mostly by seeds. Elder-
berry flowers contain up to 82 mg% ascorbic acid, glyco-
side sambunigrin, rutin, essential oils, organic acids, an-
thocyanins, phenolic compounds, coumarin, triterpenoids,
micro elements, etc [27]. It is known that the content of
ascorbic acid and essential oil in the raw material de-
pends on the illumination of elderberry growth place.
Ascorbic acid content in the raw material collected at cut-
ting down was higher by 20% and amounted to 75-82
mg% compared with raw materials collected from plants
undergrowth. Essential oil content indicators were also
higher — by 10-15%. Essential oil content within the same
version of the raw material varies depending on the light-
ing stage, from which were collected materials. Essential
oil content can vary from 0.03% to 0.14% depending on
the placement of flowers on the plant. Wild elderberry
plants are good spring and summer honey. One flower
provides 0.16 mg nectar containing 23% sugar. One hec-
tare of continuous planting in open, well-lit areas allocates
about 85 kg of nectar. The fruits of elderberry have a
unique sweet-sour flavor and fresh not edible. But collected
at the stage of full ripeness used as industrial raw materials
for processing and manufacture of confectionery products,
juices, in wine production, textile industry etc.

On the chemical composition and content of biologically
active substances in medicinal plants significantly affect
pests and diseases, including viral [17]. It is known that
various elderberry species infected by viruses that affect
the metabolism of plants, reduce productivity and can de-
grade the quality of medicinal raw materials.

Viral diseases of elderberry plants first described back
in 1925 [15]. Many viruses are known to cause detrimental
symptoms in both American and European elderberry in-
cluding members of the family Bromoviridae: Cucumber
mosaic virus [19]; Secoviridae: Arabis mosaic virus, Cher-
ry leaf roll virus, Cherry rasp leaf virus, Strawberry latent
ringspot virus, Tobacco ringspot virus, Tomato black ring
virus, Tomato ringspot virus [5, 6, 10, 14, 19, 20, 21, 22,
24, 28, 30]; Virgaviridae: Tobacco mosaic virus [18], and

Tombusviridae: Elderberry latent virus, Tobacco necrosis
virus, Tomato bushy stunt virus [8, 9, 19, 25].

Most reports of elderberry infecting are about Cherry
leaf roll virus and carlaviruses. Blueberry scorch virus
(BIScV), Elderberry symptomless virus (EIBSV) and sever-
al other putative members of the genus Carlavirus (family
Betaflexiviridae) have also been reported in elderberry [1,
3, 4, 11, 26]. There is report about infecting of Sambucus
canadensis plants by filamentous virus which similar on
morphological features to carlaviruses [9]. Subsequently,
the virus was detected in the Netherlands and was named
Elderberry virus A [26]. Recent studies of elderberry sam-
ples (Sambucus spp.) from Missouri (USA) showed infect-
ing of these plants with two different viruses, which also
belong to the genus Carlavirus [12]. Five novel carlaviruses
tentatively named as Elderberry virus A-E (EIVA-EIVE,
respectively) were discovered [7, 8]. Elderberry carlavirus
group 1 (EIVA, EIVB, EIVD)and group 2 (EIVC and EIVE)
appear to have emerged from two distinct lineages, con-
taining closely related viruses that infect the same host,
indicative of sympatric speciation [Ho et al, 2016]. This, in
addition to the recombination analysis, imply that elderber-
ry, along with hop, phlox and potato (respectively infected
by Hop latent virus and Hop mosaic virus; Phlox virus B
and Phlox virus S; Potato virus P and Potato virus S), are
major contributors of the carlaviruses evolution.

Despite the considerable amount of the studies of eld-
erberry viruses in the world and particularly in Europe, such
investigations in Ukraine haven't been conducted.

That's why the aim of the research was to obtain the
Sambucus nigra plants on the presence of viral diseases.

Materials and methods. For diagnostics of viruses in
the plants applied the methods of visual diagnostics, ELISA
and transmission electronic microscopy (EM). Contrasting
has been made with 2% solution of phosphorus — tungstic
acid. Virions are investigated using electron microscope
JEM 1230 (JEOL, Japan).

Detection and identification of viruses has been carried
out with enzyme-linked immunosorbent assay (DAS-
modification) using commercial test-systems of firm LOE-
WE (Germany). The results of reaction registered on the
rider Termo Labsystems Opsis MR(THE USA) with Dynex
Revelation Quicklink software at lengths of waves of
405/630 HM. All samples showing values three times higher
than the negative controls are assumed as virus positive.

The extinction values (the optical density) of the samples
were processed by statistical analysis of Student's criterion,
quoted by Lidanski [13]. The confidential intervals were at a
significance rate of P < 0.05 of Student's criterion.

Results and discussion. Under observations of wild
elderberry plants in Poltava (2015-2016) and Kyiv (2016)
regions we detected plants with chlorotic symptoms (a, b)
and rolling of leaf tops (c) and twisting up the edges of the
leaves (Fig.1).

© Mishchenko L., Dunich A., Taran O., Glushchenko L., 2016
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Figure. 1. Symptoms of viral infection on Sambucus nigra plants:
a,b — chlorotic foliage symptoms; c — leaf rolling

Number of affected plants accounted for over 20% of
surveyed wild elderberry.

It should be noted that analysis of world scientific litera-
ture on elderberry viruses showed that the most common
symptom is chlorotic mottling (‘blotching') and induced by
many viruses [3, 20, 22]. But the chlorotic foliage symptom
is not found in any report.

Filamentous virions 650+50 x 12 nm were found in the
elderberry leaves conducting the transmission electron
microscopy method. It was marked higher concentration of
virions in plants with leaf rolling symptom compared with
chlorotic. In addition, earlier PVM and PVY were identified
by us in tomatoes with leaf rolling symptoms for the same
agroecological conditions (in Poltava and Kiev regions)
[16]. Such morphology is characteristic for viruses from the
genus Potyvirus (Potyviridae) and Carlavirus (Betaflexiviri-

dae). It is known that these genuses have a large number
of representatives. So in our research, we settled on poty-
and carlaviruses that are wide spread in Ukraine and have
a wide range of host plants.

Based on the our results and on the data of other scien-
tists we tested elderberry plants with mentioned above
symptoms on the presence of carlaviruses (Potato virus M),
potyviruses (Potato virus Y, Soybean mosaic virus, Bean
yellow mosaic virus) and Alfalfa mosaic virus. Alfalfa mosa-
ic virus was detected in guelder rose (Viburnum), belonging
to the same family with the elderberry [3, 23].

According to the ELISA results antigens of PVY, PVM,
SMV, AMV, and BYMYV in the tested elderberry samples
were not found (tabl.).

Table. Content of the viruses antigens in Sambucus nigra plants, optical density at 405 nm

sample chlorotic foliage leaf rolling Positive control Negative control
antiserum symptoms (commercial) (sap of healthy elderberry plants )
PVY 0,039+0,006 0,040+0,005 1,560+0,009 0,042+0,003
PVM 0,038+0,006 0,042+0,005 1,428+0,005 0,039+0,003
SMV 0,042+0,004 0,046+0,001 1,394+0,015 0,046+0,003
AMV 0,026+0,005 0,024+0,005 1,045+0,012 0,034+0,005
BYMV 0,049+0,005 0,041+0,001 1,800+0,007 0,042+0,004

Thus, literature data indicate circulation of many viruses
in elderberry plants, and other shrubs of this family. Elder-
berry viral disease was for the first time founded by us also
in Ukraine that is potentially dangerous in epidemiological
aspect. Shrubs are reservoirs of viruses and contribute to
the viruses wintering and future spreading to economically
important crops in this region.

Conclusions.

1. For the first time viral disease of elderberry (Sam-
bucus nigra L.) was detected in Ukraine.

2. Symptomatology of the disease and morphological
properties of the virus are studied.

3. Based on scientific literature data, screening of vi-
ruses that can infect elderberry plants in Ukraine is con-
ducted. Antigens of PVY, PVM, SMV, AMV, and BYMV in
elderberry plants with symptoms of viral disease were not
detected.
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KuviBcbkoro HauioHanbHoro yHiBepcuTeTy imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa,

O. TapaH, kaHA. 6ion. Hayk

HauioHanbHuMiA yHiBepcuTeT NpMpoAoKopucTyBaHHSA Ta 6iopecypciB Ykpainu, Kuis, YkpaiHa,

I. FnyweHko, kaHA. 6ion. Hayk

HocnigHa cTaHuUia nikapcbkMx pocnuH IHCTUTYTY arpoeKonorii i N PMPoOAOKOPUCTYBaHHS,

HAAHY, NontaBcbka o6n., YkpaiHa

BUABNEHHA 36YAHUKIB BIPYCHOIO 3AXBOPKOBAHHA Y POCITUH BY3UHU YOPHOI
Bnepwe e YkpaiHi eusiesieHo eipycHe 3axeoproeaHHs1 pociiuH 6y3uHu 4opHoi (Sambucus nigra L.). JocnidxeHo cumnmomamuky xeopobu ma
mopdghonoeito 8ipycy. basyroyucb Ha OaHuUx HayKoeoi limepamypu, NpoeedeHO CKPUHIH2 8ipycis, siki MOXXymb ypa)xyeamu poc/iuHu 6y3uHu 8 YKpa-
iHi. AHmMuz2eHie yux eipycie y pocsuHax 6y3uHu i3 cuMnmomMaMu 8ipycHO20 3axXx80PrO8aHHS He 8USIBIIEHO.

Knroyoei cnoea: 6ysuHa, Sambucus spp., 8ipycHi xeopobu.
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J1. MuweHko, a-p 6uon. Hayk, npod., A. lyHuy, KaHA. 6uon. Hayk

KneBckoro HaunoHanbHoro yHusepcurteta umeHu Tapaca LleByeHko, KueB, YkpauHa,

0. TapaH, kaHA. 6uon. Hayk

HauumoHanbHbIM YHUBEpCUTET NPUPOAONONb3oBaHuA u 6uopecypcoB YkpauHbl, KueB, YkpauHa,

J1. TnyweHKo, kaHA. 6uon. Hayk

OnbITHas CTaHUMA NeKapCTBEeHHbIX pacTeHuit UHcTUTyTa arpoakonorum n npupogonons3osaHna HAAHY, NMonTtaBckasa o6n, YkpauHa

BbIAABINIEHUE BO3BYOAUTENA BUPYCHOIO 3ABOJNNIEBAHUA Y PACTEHUN BY3UHbI YEPHOU
Bnepebie 8 YkpauHe ebisiga/ieHO supycHoe 3abonesaHue pacmeHuli 6y3uHbl YepHol (Sambucus nigra L.). UccnedoeaHa cumnmomamuka 6orne-
3HU u Mopghonozus supyca. basupysicb Ha OaHHbIX Hay4HOU slumepamypsbl, NMPosedeH CKPUHUH2 8UPYCO8, KOMOopbIle MO2ym fnopaxamb 6y3uHy e
YKpauHe. AHmu2eHoe amux eupycoe & pacmeHusix 6y3uHbl ¢ CUMIIMOMaMUu 8UPYCHO20 3ab0s1e8aHuUsl He 8bIsI8/IEHO.
Kntodesnbie cnosa: 6y3uHa, Sambucus spp., eupycHbie 60/1e3HU.

UDK 578.76
K. Naumenko, PhD stud., A. Golovan, PhD.,
G. Baranova, sen. techn., S. Zagorognya, PhD., Yu. Shermolovytch, Dr. Sci.
D.K. Zabolotny Institute of Microbiology and Virology of NAS of Ukraine, Kiev, Ukraine

ANTIVIRAL AND IMMUNOSTIMULATORY POTENTIAL
OF FLUORINE CONTAINING TRIAZOLES

The problem of finding effective antiviral drugs caused high morbidity and wide spread of viral infections. The purpose of this
study was to investigate of antyherpetic activity fluorinated nucleoside G8 and G9 compounds (2-N-substituted-4-tosyl-5-
polyfluoroalkyl-1,2,3-triazole) in in vivo models and determine their immunomodulatory potential. Shown significant inhibition of
virus reproduction under the influence of the compounds at concentrations of 0.4 and 0.5 mg/kg, which was more effective of
acyclovir. Protection ratio amounted to 80%. Increasing level of IFN-y and IL-2 in serum of animals, indicated available immuno-
modulatory effect fluorinated nucleoside compounds. Our studies indicated that there is antiherpetic, immunomodulatory activity

of fluorine containing triazole and there is need to in-depth study of the mechanisms of this process.
Knroyoenle cnoea: HSV-1, fluorinated nucleoside, antiherpetic activity.

Introduction. Herpes simplex virus type 1 (HSV-1) is
member of the Alphaherpesvirinae subfamily within the
Herpesviridae virus family [1]. HSV-1 is a common infection
in developed countries where rates of seropositivity usually
exceed 50%. In both humans and experimental animals,
primary infection of skin or mucosa results in the local rep-
lication of virus, infection of sensory nerve ending, and
spread via retrograde axonal transport to the ganglia of the
peripheral nervous system (PNS) where a productive infec-
tion of neurons ensues. Although infectious virus is even-
tually cleared, a latent infection is established in neurons of
the PNS ganglia [1,2]. In humans, HSV-1 is a common
cause of sporadic viral encephalitis with mortality rates
reaching 20-30% despite treatment [2]. Also the virus plays
an important role in human infectious pathology, causing
diseases such as keratoconjunctivitis, stomato gingivitis,
congenital herpes and others [2].

The problem of finding effective antiviral drugs caused
high morbidity and wide spread of viral infections accom-
panied by the development of protracted and chronic forms
of severe consequences. In clinical practice for treating
these diseases most frequently use nucleosides, modified
in heterocyclic, phosphate or carbohydrate fragment of the
molecule. Today discovered many anti-herpetic drugs.
However, acyclovir and other acyclic nucleosides in it is
purpose and mechanism of action inhibit only those her-
pesvirus actively replicate, so the virus will prevent a latent
state, is one of the problems of treatment of HSV-1. Anoth-
er issue that complicates treatment herpesvirus is the de-
velopment of viral resistance to abnormal nucleosides.
There are many compounds are promising system in vitro,
but only a few remain active in vivo.

In response to a viral infection in the body is activation
of cytokines that modulate the overall immune response. In
this regard, one of the methods of treatment of viral infec-
tions is the use of various drugs — interferon inducers that
stimulate the production of interferon in the body, providing
thus strengthening antiviral response [3, 4].Interferon-
gamma (IFN-y) is a cytokine that plays physiologically im-
portant roles in promoting innate and adaptive immune

responses. The absence of IFN-y production or cellular
responsiveness in humans and experimental animals sig-
nificantly predisposes the host to viral infection, a result
that validates the physiologic importance of this cytokine in
preventing infectious disease [4]. Recently, an additional
role for IFN-y in preventing development of primary and
transplanted tumors has been identified. Focusing on the
data implicating IFN gamma as a critical immune system
component that regulates antiviral immune response is im-
portant question for research [4, 6, 7]. Interleukin (IL)-4 and
IL-2 are lymphokines synthesized primarily by activated T
helper lymphocytes, and both are important regulators for
development of T helper subsets (Th1-like vs. Th2-like) [8,
9]. Th1 cells are involved in cellular immunity (delayed type
hypersensitivity and cellular cytotoxicity) and produce IL-2,
tumor necrosis factor (TNF)-B, and IFN-y. Th2 cells are in-
volved in humoral (antibody-mediated) immunity and pro-
duce IL-4, IL-5 and IL-10 [10]. II-4 is an important regulator of
isotype switching, inducing IgE production in B lymphocytes
and can exhibit anti-inflammatory effects [10, 11, 12]. -2 is
important for invitro growth of cytotoxic T cell (CTL) lines and
can enhance NK cell and B cell responses [13, 14]. The IFN-
y production is the most rapid reaction in response to a virus
infecting cells, as determined immunomodulatory potential
nucleoside compounds at the level of IFN-y and two pro-
and anti-inflammatory cytokine IL-2 and IL-4 [15].

The purpose of this study was to investigate of anty-
herpetic activity fluorinated nucleoside G8 and G9 com-
pounds (2-N-substituted-4-tosyl-5-polyfluoroalkyl-1,2,3-
triazole) in in vivo models and determine their immuno-
modulatory potential.

Materials and methods. Herpes simplex virus type 1
(HSV-1, strain US1), obtained from the Institute of antiviral
chemotherapy, The Center for Clinical and Theoretical
Medicine (Germany). The compounds under study were
G8 and G9 (they are the 2-N-substituted-4-tosyl-5-
polyftoralkyl-1,2,3-triazoles). They were provided by the
Institute of Organic Chemistry of Ukraine. The substance of
acyclovir was used as a reference compound. Their struc-
tural formulas are given on table 1.
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Table 1. Structure of studied compounds
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Animals. Inbread mice (3—4 weeks old) were obtained
from vivarium of D.K. Zabolotny institute of microbiology
and virology NAS of Ukraine. Animals were maintained
under protocols approved by the Institutional Animal Use
and Care Committee. Mice were inoculated with HSV by
intracerebral inoculationwith 1,5-10% PFU HSV-1, which is
a 50% lethal dose for mice. Acyclovir (ACV) at 0,1 pg/kg of
body weight and G8 and G9 at 1 pug/kg of body weight as a
control were administered by intraperitoneal injection.

Cytokines. Levels of cytokines were determined in
blood serum and by isolating splenocytes using the "Pro
immuno" protocol for preparation of murine splenocyte (BD
Biosciences). The level of IFN-y, IL-2 and IL-4 was inves-

tigated. The levels of cytokines were detected by using
"Mouse INF-y ELISA kit", "Mouse IL-2 ELISA kit", "Mouse
IL-4 ELISA kit" (Thermo Scientific, USA).

Statistical analysis.Protective parameters and levels
of cytokines were analyzed by Microsoft Excel. Results
were considered statistically significant at p < 0.05.

Results and discussion. Previously at the system in
vitro was determined cytotoxicity level and antiviral activity
of the compounds. Cytotoxic concentration (CCso), which
was 887 and 990, effective concentration (ECso0) 50 and 7,6
pg/ml, was shown, respectively (table 2). Selective index of
compounds G8 and G9 is 18 and 130.

Table 2. Cytotoxicity and antiviral activity of fluorinated nucleoside in in vitro system

Code The structural formula Mol. The cytotoxicity The effective concentration IS
mass of compounds concentration (CCs), ug/ml (ECs0) pg/ml
Ts
=N
G8 FsC \N,N 0, 395.78 887 50 18
o™
Ts
=N
G9 CaFrNy-Na -0 495.81 990 7,6 130
a

In vivo studies conducted fluorinated compounds on
white outbred mice weighing 16-18 gram. The paper had
12 groups of 10 mice each. Animals were injected 30 ml
intracerebral of virus, LDso which was 1.5 * 103 PFU. The
compounds were administered intraperitoneally at 200 ml,
3 concentrations, G8 — 40, 100 and 500 ug/ml, and G9 for
50, 100 and 500 pg/ml. As a reviewer of the drug was used
acyclovir in concentrations of 10 pg/ml.

The dynamics of animal deaths were recorded daily for
21 days. In the control group, virus death of the animals
took place on 4, 6, 10 and 14 days.

After analyzing the results, were identified 50% of the
death of animals in the control group of HSV-1. In version 8
compounds at concentrations of 500 and 100 pg/ml rec-
orded 10% and 20% of animals deaths (table 2).

Table 2. Analysis of animal deaths in the experimental group

Groups of experimental The Amount of Animals death Protection Effectiveness
animals dose, ml mice Amount % factor Index
Controlof
HSV-1 0,2 10 5 50 - -
ControlG8,
100ug/ml 0,2 10 0 0 - -
G8, 40ug/ml 0,2 10 0 0 - -
G8, 100ug/ml 0,2 10 2 20 2,5 60
G8, 500ug/ml 0,2 10 1 10 - -
ControlG9, 100ug/ml 0,2 10 0 0 - -
G9, 50ug/ml 0,2 10 0 0 - -
G9, 100ug/ml 0,2 10 1 10 5 80
G9, 500ug/ml 0,2 10 0 0 -
Acyclovir, 10pug/ml 0,2 10 0 0

The percentage of deaths of animals in the group G9 at
a concentration of 100 pg/ml indicates high efficiency pro-
tection compound. Based on experimental data was de-
termined protection ratio and the index of efficiency of the
studied compounds. Effectiveness index amounted to 60%
and 80% for G8 and G9 compouds, respectively. Our stud-
ies indicated that there is antiherpetic activity of fluorine

containing triazole and there is need to in-depth study of
the mechanisms of this process.

Previous studies had shown triazole derivatives of anti-
viral properties, but the impact of these compounds on the
launch of major cytokine synthesis is still unknown. There-
fore, was conducted a comparative study of production of
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proinflammatory cytokines, activators of cellular immunity:
IL-2 and IFN-y and their antagonist IL-4.

The level of IFN and IL-2 was investigated in the
blood serum of animals 14 days. In all experimental

groups observed a significant increase in the level of IFN
compared with the control virus. By adding the compound
G9 indicators of interferon were increased with increasing
concentration (fig.1).
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Fig. 1. The levels of interferon y and interleukin-2 in the blood serum of experimental animals were determined

Interferon gamma suppresses viral replication in cells,
my immunomodulatory properties. High levels INF com-
pounds in samples from G8 and G9, may indicate im-
munostimulatory properties of the compound.

In the study of experimental data on levels of IL-2 was
set pretty low. In the control group, HSV-1 levels of IL-2
was 17,8 pg/ml, while in other groups (G8 /1-3, G9/1-2,
acyclovir) index were lower than control.Such data can be

explained by one of the functions of IL-2 is to stimulate
immune cells such as cytotoxic lymphocytes (for example,
fast action in the early days of infection). Since the samples
were selected on day 14, the level of IL-2 decreased in the
groups of compounds. As a control virus observed high
levels of IL-2, indicating that the active development of viral
infection of inflammation (fig. 2).
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Fig. 2. Studying the levels of interferon y and interleukin 2 secreted by isolated splenocytes

It was also determined activity of interferon producing
by isolated splenocytes of mice under the influence of the
studied compounds in vivo. Compared with controls, the
compound G9 caused increased production INFy, indicat-
ing that the interferon-inducing potential.

In the study of IL-2 secreted isolated splenocytes ob-
served a significant increase in both compounds (G8, G9),
as the level of IL-2 significantly higher than the control.

The data point to a slight activation of IL-4 isolated
splenocytes, but this activation was not significant com-
pared to the control. However, when examined serum of
infected and control animals was detected slightly lower
rates of IL-4 (fig. 3).
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Fig. 3. Determining the level of interleukin-4 in the blood serum of animals and secreted by isolated splenocytes.

Thus, the compounds do not activate the production of
IL-4. In turn, this cytokine enhances the proliferation and
differentiation of B-lymphocytes, that contributes to the
development of humoral immune response. Thus, the ef-
fect of these compounds is not directed at the development
of humoral immune response.

In general, control of infection against viruses is linked
to the induction of a Th1 response, while protection against
extracellular pathogens correlates with a Th2 response
[13]. IL-2 is a cytokine that exhibits an impressive number
of different functions largely dictated by the biological con-
text in which it operates. It is pivotal for cellular activation,
important for primary T-cell responses and essential for
secondary T-cell responses. Although, IL-2 specifically
promotes T-cell activation and proliferation of only those
cells that have been stimulated by cognate antigenic inter-
action, downregulation of T-cell responses occurs non-
specifically by facilitating a separate population T cell [10].
IL-4 induces the expression of class Il major histocompati-
bility complex (MHC) molecules on macrophages and den-
dritic cells. IL-4 is a well-documented mediator of Th2 cell
commitment, and induces Ig class switching to the Th2-
associated isotypes IgG and IgE. However, IL-4 can exhibit
anti-inflammatory effects, including suppression of macro-
phage function such as IL-1 and TNF production [12].

Also, the IFN-y antiviral defense mechanism that occurs
very early during the course of infection interferes both with
the early steps of virus invasion and replication, and with the
control of persistent infection. IFN- y has immunomodulatory
effects on T cells, macrophages, NK and B cells [5].

Analyzed data of the levels of cytokines indicate that
significant immunostimulatory potential of the investigated
compounds were determined. It is shown that the G8 and
G9 affect at IFN-y and IL-2, ie on the cellular immunity.
Investigated that the compounds did not affect IL-4, ie on
the humoral immunity. Our studies include compounds
G8 and G9 to a relatively perspective antiviralsHSV-1
with immunomodulatory potential and can be used in fur-
ther research.

Conclusions. The research activity anti-herpetic fluori-
nated nucleoside compounds in model in vivo were estab-
lished. The models of HSV-1 herpes meningoencephalitis
stimulated mice show antiviral activity of the compounds
in minimally investigated concentrations of 0,4 and 0,5
mg/kg, they significantly inhibited the reproduction of the
virus. Showing raising INFy in the blood serum of animals
when administered the compounds HSV-1 infected mice,
which causes additional antiviral protection of animals.

Increasing level of IFN-y and IL-2 in serum of animals,
indicated available immunomodulatory effect fluorinated
nucleoside compounds. The results suggest the presence
antiherpetic, immunomodulatory activity of fluorine con-
taining triazole and the need for in-depth study of the
mechanisms of this process.
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AHTUBIPYCHUU TA IMYHOCTUMYNIOOYUUN NOTEHUIAINT ®TOPBMICHUX TPUA3O0IIB

IMpo6nema nowykKy egheKmueHuUXx NPoOoMueipycHuUX npenapamie 3yMoesieHa 8UCOKOIO 3aX80PI8aHICMIO i WUPOKUM pPO3M08CIOOXXEHHS 8ipyCHUX
iHgpekyiti. Memotro npedcmaeneHoi po6omu 6yno docnidumu aHmueaeprnemuyHy akmueHicmb ¢hmoposaHux Hykneo3udHux crnonyk G8 ma G9
(2-N-3amiuwjeHi-4-mo3un-5-nonigpmopankin-1,2,3-mpua3sonu) Ha modeni invivo maeusHadyumu ix imyHomodynroroyuli nomeHyian.llokazaHo 3HaYyHe
iHeibyesaHHs1 penpodykuyii eipycy nio dieto docnidxysaHux crnonyk 8 KoHUeHmpayisix 0,4 ma 0,5 ma/ke, wjo 6yno e pasu egpekmusHiwe Jii ayukmnosi-
py. KoegbiyieHm 3axucmy cmaHosue 80%. BcmaHoeneHo 36inbweHHs1 pieHsi IH®y ma I/1-2 @ cupoeamuyi kpoei, ujo ekasye Ha HasieHull iMyHoMody-
noroYuli egpekm gpmoposaHux Hykeo3udHux crionyk. llpoeedeHi docnidxeHHs1 Ao380sA0Mb cmMeepoKyeamu Mpo Hasi8HiICMb aHmMuaepnemuyYyHoi,
iMHocmumynoro4oi dif pmopemicmHux mpua3sosnie ma Heob6xiOHicmb no2ub1eHo20 suU8YEeHHsI MexaHi3aMmie 0aHO20 npoyecy.

Knroyoei cnioea: HSV-1, ¢pmopoeaHi Hykneo3udHi cnonyku, anmuzeprnemuyHa akmueHicmes.
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WUHcTuTyT Mukpobuonorumn u supyconorumn um. [1.K. 3a6onotHoro HAH YkpauHsi, Kues, YkpauHa

AHTUBUPYCHbIA U UMMYHOCTUMYJTTUPYIOLLEE NMOTEHLMAN ®TOPCOOEPXALLUX TPUA30JIOB

lMpobnema noucka aghghekmuegHbIX MPOMUEBOBUPYCHbLIX NMperapamos obycrioesieHa 8bICOKOL 3aboile8aeMOCMbI0 U WUPOKUM pacrnpocmpaHe-
HU3M eupycHbIx uHgekyul. Llenbto npedcmaeneHHol pabomsbl 6bi510 uccsiedoeams aHmMuz2eprnemuYyeckue akmueHoCcCmu ¢hmopupo8aHHbIX HyKile-
03UOHbIX coeduHeHul G8 u G9 (2-N-3amew,eHbl-4-mo3un-5-nonugpmopankun-1,2,3-mpua3sona) Ha modenu invivo u onpedenums Ux UMMYyHOMOOY-
nupyrowuli nomeHyuan. lokazaHo 3Ha4umesnbHoe uHaubupoeaHue penpodykyuu supyca nod delicmeuem uccriedyemMbix coeOUHeHUl 8 KOHUeHm-
payusix 0,4 u 0,5 ma/k2, ymo 6bin10 8 pa3bl ahghekmusHee delicmeusi ayuknosupa. KoaghgpuyueHm 3auwyumsl cocmaensin 80%. YcmaHoesnieHo yae-
nuyeHue yposHsi UPHy u UJ1-2 e cbieopomke Kpoeu, Ymo yKa3bieaem Ha uMerowjulicss uMMyHomModynupyrowuli 3ghghekm gpmopupoeaHHbIX HyKIe-
03UOHbIX coeduHeHul. [MpoeedeHHbIe uccriedoeaHusi No3eosisilom ymeepx0amb O Hanuyuu aHmueeprnemuyeckue, UMHOCMUMYyor4You Oel-
cmeusi pmopeMuCmMHUX Mpua3osioe U Heob6xo0uMocms yas1y6/1eHHO20 U3y4eHust MexaHu3mMoe OaHHO20 npoyecca.
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UDK 576.32/.36:612.346
A. Pastyria, PhD stud., V. Polischuk, PhD
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,
|. Sobko, headmaster of center
Center of Veterynary Diagnostics, Kyiv, Ukraine

GENETIC CHARACTERIZATION
OF INFECTIOUS BURSAL DISEASE VIRUS ISOLATES IN UKRAINE

The objective of the investigation was to characterize infectious bursal disease viruses (IBDV) circulating in commercial poul-
try farms in Ukraine between 2014 and 2016. IBDV genetic material was amplified directly from bursa. The nucleotide sequence
for VP2 hypervariable region of 16 IBDVs were determined by RT-PCR method, sequenced and compared to well characterised
IBDV isolates worldwide. Neighbor-joining method was used for phylogenetic analyses. In result of the studyUkrainian IBDVs
represented two genetic lineages: very virulent (vv) IBDVs and classical IBDV closely related to attenuated vaccine stains. The
nucleotide identity among UkrainianvviBDVs ranged between 87.2% and 99,8%. Ukrainian vvIBDV strains clustered together with
very virulent strains from other counties like: United Kingdom, Egypt, China, Netherlands and Spain. In conclusion this report
demonstrates the circulation of vviBDV in commercial poultry farms in Ukraine.

Keywords: Infectious bursal disease virus, vviBDV, VP2, RT-PCR, sequencing, phylogenetic analyses.

Introduction
Infectious bursal disease virus (IBDV) belongs to the
Birnaviridae family Avibirnavirus genus. It has a non-

[2, 5]. Serotype 1 IBDVisolates comprise the variant, clas-
sical virulent (cvIBDV) and very virulent (vvIBDV) strains,
which greatlydiffer in their pathogenicity to chick-

enveloped, icosahedral capsid. Viral genome consists of
two segments of double-stranded RNA. Virus replicates in
immature IgM+ B-cells residing in the bursa of Fabricius of
young chickens and causes infectious bursal disease or
Gumboro disease. Two serotypes of the virus have been
described. Serotype 1 IBDV strains arepathogenic to
chickens, whereasserotype 2 strains are non-pathogenic

ens.VvIBDV strains were detected in Europe in 1986 and
caused 70% mortality in susceptible chickens. These
strains still cause great economical impact in poultry indus-
try worldwide [3]. VvIBDV strains have been characterized
in many countries, but there were no publications about
these strains in Ukraine.

© Pastyria A., Polischuk V., Sobko I., 2016



ISSN 1728-2748

BIONOrIA. 2(72)/2016

~ 25 ~

The IBDV genome is divided into segments A and B:
segments A (3.4kb) and B (2.8kb). The large segment A
encodes 4 viral proteins, the two capsid proteins VP2
(48kDa) and VP3 (32-35kDa), the viral protease VP4
(24 kDa), and a nonstructural protein VP5 (17-21kDa), while
the smaller segment B encodes VP1 (90kDa), an RNA-
dependent RNA polymerase. Expression/deletion studies
have shown VP2 aa positions 206 to 350 to represent a ma-
jor conformational, neutralizing antigenic domain called hy-
per variable region (HVR) [2], which includes the most varia-
ble region important for cell antigenic and pathogenic varia-
tion. Most exchanges of amino acid residues in VP2 occur in
the four hydrophilic loops of the viral capsid [3]. These ex-
changes indicate that selective pressure for the evolution of
IBDV is directly focused on the capsid regions that are im-
mediately exposed to the immune system [4]. Most of the
modern research has been focused on the VP2 gene [7,8,9].

Considering great variety and variability of IBDV strains
and lack of described strains in Ukraine the objective of the
investigation was to determine nucleotide sequence of hy-
pervariable region of VP2 gene of different IBDV isolates
circulating in poultry farms in Ukraine and compare ob-
tained sequences with previously characterized and avail-
able in GenBank.

Materials and methods

For this research bursa samples were collected from in-
fected chickens at the age of 24 — 44 days. RNA was ex-
tracted with silica-based method as recommended by sup-
plier (Ribo-sorb, Amplisens). Reverse transcription was
performed using a set of random primers (Reverta-L, Am-
plisens). The obtained cDNA has been used for the PCR.
The oligonucleotide primers used in this work designated
Bur1F (5-TCACCGTCCTCAGCTTAC-3' nucleotide posi-
tion 587-604) and Bur1R (5-TCAGGATTTGGGATCAGC-
3' nucleotide position 1212-1229) designed to amplify the

hypervariable region of VP2 gene according to Bayliss,
amplicon size — 643 bp [1]. To increase specificity and
sensitivity of the reaction a second set of primers Bur2F
(5'-CGCTATAGCGCTTGACCCAAAAA-3', nucleotide posi-
tion 651 - 673) and Bur2R (5'-
CTCACCCCAGCGACCGTAACGACG-3', nucleotide posi-
tion 1179-1202) designed by Kataria et al [9] has been
used which allows the amplification of the inner region of
the first amplicon obtained after the first round of the ampli-
fication using Bur1lF and Bur1R primers. The resulting
product had the length of 550 bp.First round of amplifica-
tion was carried out for 1 cycle at 95 °C for 2 min, 36 cy-
cles at 95°C for 30 s., 52 °C for 30 s., 72 °C for 30 s., and
1 cycle at 72 °C for 2 min. Amplicons obtained from the first
reaction have been diluted in 20 times and used for second
reaction. Thermal profile for the second reaction was similar
except the primer annealing temperature, which was 63 °C.
PCR products were visualized in 1,5agarose gel. For se-
quencing 552 bpamplicons which contained hypervariable
region of VP2 gene were separated from reaction compo-
nents using the Thermo Scientific GeneJET Gel Extraction
Kit. Purified amplicons were sequenced using Bur2F primer
by Institute of Molecular Biology and Genetics (NAS,
Ukraine). Sequences were analyzed using Mega 6 soft-
ware.Nucleotide alignment was performed using ClustalW
instrument.For phylogenetic analyses partial VP2 se-
quences of well characterized IBDV strains have been
used. Phylogenetic analysis was performed usingneigh-
bour-joining method.

Results and discussion

The nucleotide sequence of the VP2 HVR was deter-
mined for 16 Ukrainian IBDV isolates. Nucleotide identity
between the 16 isolates ranged between 87.2% and
99,8%. Characteristics of the isolates in table 1.

Table 1.Description of IBDV isolates included in this study

Virus isolate Date of collection Region of sample collection Bird age (days) Phylogenetic group
Ukraine 1517 17.04.2014 Lviv 44 VvV
Ukraine 1853 24.04.2014 Cherkasy 48 CV
Ukraine 38_1943 29.05.2014 Cherkasy 38 CcVv
Ukraine 43 1943 29.05.2014 Cherkasy 43 CcVv
Ukraine 2045 29.05.2014 Lutsk 34 CcVv
Ukraine 58 12.06.2014 Ternopil 10 CV
Ukraine 55 17.06.2014 Kiev 26 A%
Ukraine 691_24 23.09.2014 Lviv 24 CcVv
Ukraine 691_35_4 23.09.2014 Lviv 35 A%
Ukraine 691_35_5 23.09.2014 Lviv 35 A%
Ukraine 760_45_4 23.09.2014 Lviv 45 A%
Ukraine 760_45 5 23.09.2014 Lviv 45 CcVv
Ukraine 1147 07.08.2015 Lutsk 37 CcVv
Ukraine 2065 13.11.2015 Kiev 38 A%
Ukraine 934 04.06.2016 Kiev 36 A%
Ukraine 964 04.06.2016 Kiev 36 A%

The phylogenetic relationship between Ukrainian IBDV
isolates sequenced in this study and several well character-
isedvvIBDVs, classical IBDVs, variant strains and attenuated
vaccine strains was inferred using the neighbour-joining
method (fig. 1). The Ukrainian IBDV isolates sequenced in
this study represent two distinct genetic lineages (1) vvIBDV
and (2) classical IBDV strains. EightIBDV isolates were
characterized as very virulent, and eight as classical virulent
strains (fig.1). Ukrainian vvIBDV strains were clustered to-
gether with very virulent strains from other counties like:
United Kingdom, UKG661 (AJ878898); Egypt, K406/89
(AF159218); China, HK46 (AF051838); Netherlands, 1986
(Z225482); Spain, SP/31/02 (AY770593). Detected isolates

were also genetically related to attenuated vvIBDV strains
MB and MB/3. Very virulent isolates formed two subgroups
(VV-1 and VV-2) which indicates on different origin of this
strains. There is not enough data to conclude direct correla-
tion between phylogenetic distance and geographical distri-
bution of analyzed strains, but vwIBDV stains have been only
identified in Kiev and Lviv region. Similar heterogeneity
among vvIBDV strains have been shown by Jenberie et al.
[7] in Ethiopia. Nucleotide identity among vvIBDV strains
detected in Ukraine varied from 99,8% (between strains 934
and 964) to 94,4% (between strains 1517 and 964). Isolates
760_45_5, 691_24 and 1147 were closely related with refer-
ent strains CU-1  (AF362771), Croatia.Cro-Pa/98
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(EU184689) and classical attenuated vaccine strains. Iso-
lates 58, 43 1943, 38_1943, 2045 and 1853 formed sepa-
rate group with vaccines strains V877 and MB/5. This data

vaccine_228E

vaccine_NB 20

CroPa/98

Cu-1

——
0.01

4’Ukmile_2065 W-1
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indicates that these strains were isolated from chickens that
have been previously vaccinated with IBDV vaccines that
contain V877 or MB/5 strain.

Ukraine_%64

Ukraine_6%1_35_5
Ukraine_55 Vv-2
Ukraine_§%1_35_4

Ukraine_1517

Ccv

Ukraine_2045

Fig. 1. Phylogenetic analysis of the VP2 hypervariable coding sequence of 34 IBDV isolates.
The neighbour-joining consensus tree is shown

In this study we also used sequences of several atten-
uated vaccine strains to compare nucleotide identity with
field isolates. There are three types of vaccine strains: in-
termediate-plus (or "hot"), intermediate and mild. Despite
vaccination outbreaks still occure, that's why it is very im-
portant to choose vaccine which is phylogeneticall closer to
field strain [11,12,13]. The most similar to Ukrainian
vIBDV was MB and MB/3 vaccine strain. This data sug-
gest that level of protection against vwIBDV will be higher
than with other vaccine strains used in this study.

Conclusion

In this study we have reported vvIBDV isolates circulat-
ing in Ukraine.UkrainianvvIBDVs cluster phylogenetically
with previously characterized vvIBDVs from other countries
and attenuated intermediate plus or "hot" vaccine strains.
Classical Ukrainian strains were closely related with inter-
mediate attenuated vaccine strains. Amino acid sequence
analyses is needed for feather investigation.Information
from this study could be used to guide IBDV vaccine selec-
tion in Ukraine.

References

1. Bayliss C.D.A comparison of the sequences ofsegment A of four
infectious bursal disease virus strains and identification of a variable region
in VP2/ Bayliss C.D., Spies U., Shaw K. et al. // Journal of General Virology.
—1990. — Vol. 71. — P. 1303-1312.

2. Coulibaly F.The birnavirus crystal structure reveals structural rela-
tionships among icosahedral viruses. / Coulibaly F, Chevalier C, Gutsche |,
et al. // Cell. 2005;120(6):761-772.

3. Durairaj V. Investigation of the antigenic evolution of field isolates
using the reverse genetics system of infectious bursal disease virus (IBDV)/
Durairaj V, Sellers HS, Linnemann EG, Icard AH, Mundt E.// Archives of
Virology.2011;156(10):1717-1728.

4. Jackwood, D.J., 2004. Recent trends in the molecular diagnosis of in-
fectious bursal disease viruses. AnimalHealthResearchReviews 5, 313-316.

5. Jackwood, D.H., Saif, Y.M., 1987. Antigenic diversity of infectious
bursal disease viruses. AvianDiseases 31, 766—770.

6. Jackwood D.J., Sommer-Wagner S.E., Crossley B.M. Identification
and pathogenicity of a naturalreassortant between a very virulentsero-
typelinfectiousbursaldiseasevirus (IBDV) and a serotype2IBDV // Virology.
—2011. —Vol. 420, Ne 2. — P. 98 — 105.

7. Jenberiea S. Genetic characterisation of infectious bursal disease
virus isolates in Ethiopia/ Jenberiea S., Lynchb S.E., Kebedea F. // Acta-
Tropica. — 2014., Vol. 30, P. 39-43.



ISSN 1728-2748

BIONOrIA. 2(72)/2016

~ 27 ~

8. Kegne T. Review on the Incidence and Pathology of Infectious
Bursal Disease/ Kegne T., Chanie M. // British Journal of Poultry Sciences.
—2014.-Vol. 3, Ne 3. - P. 68 - 77.

9. Kataria R.S. Detection of infectious bursal disease virus of poultry in
clinical samples by RT-PCR. / Kataria R.S., Tiwari A.K., Bandyopadhyay S.K.,
Kataria J.M., Butchaiah G. //BiochemMolBiol Int. 1998 Jun;45(2):315-22.

10. Letzel T.Molecular and structural bases for the antigenicity of VP2
of infectious bursal disease virus/ Letzel T., Coulibaly F., Rey F.A. // J Virol.
—2007. - Vol. 81, Ne 23. — P.12827 — 12835.

11. Mawgod S.A. Molecular genotyping of the infectious bursal disease
virus (IBDV) isolated from Broiler Flocks in Egypt/ Mawgod S.A., Arafa A.S.,
Hussein H.A. // International Journal of Veterinary Science and Medicine. —
2014.—Vol. 2, Ne 1. — P. 46 — 52.

12. Mohamed M. A. Genetic Characterization of Infectious Bursal Dis-
ease Viruses Associated with Gumboro Outbreaks in Commercial Broilers
from Asyut Province. / Mohamed M. A., Elzanaty K. E., BakhitB. M. // Egypt
Vet Sci. 2014; 2014: 916412.

13. Xu X-G. Baculovirusvirions displaying infectious bursal disease vi-
rus VP2 protein protect chickens against infectious bursal disease virus
infection./ Xu X-G, Tong D-W, Wang ZS, et al.// AvianDiseases.
2011;55(2):223-229.

References (Scopus)

1. Bayliss C.D., Spies U., Shaw K. et al. A comparison of the sequenc-
es ofsegment A of four infectious bursal disease virus strains and identifica-
tion of a variable region in VP2 // Journal of General Virology. — 1990. —
Vol. 71. - P. 1303-1312.

2. Coulibaly F, Chevalier C, Gutsche I, et al. The birnavirus crystal
structure reveals structural relationships among icosahedral viruses.
Cell. 2005;120(6):761-772.

3. Durairaj V, Sellers HS, Linnemann EG, Icard AH, Mundt E. Investiga-
tion of the antigenic evolution of field isolates using the reverse genetics
system of infectious bursal disease virus (IBDV) Archives of Virolo-
gy.2011;156(10):1717-1728.

A. NacTups, acn., B. Monuwyk, A-p 6ion. Hayk

4. Jackwood, D.J., 2004. Recent trends in the molecular diagnosis of in-
fectious bursal disease viruses. AnimalHealthResearchReviews 5, 313-316.

5. Jackwood, D.H., Saif, Y.M., 1987. Antigenic diversity of infectious
bursal disease viruses. AvianDiseases 31, 766-770.

6. Jackwood D.J., Sommer-Wagner S.E., Crossley B.M. Identification
and pathogenicity of a naturalreassortant between a very virulentsero-
typelinfectiousbursaldiseasevirus (IBDV) and a serotype2IBDV // Virology.
—2011. = Vol. 420, Ne 2. — P. 98 — 105.

7. Jenberiea S., Lynchb S.E., Kebedea F. Genetic characterisation of
infectious bursal disease virus isolates in Ethiopia // ActaTropica. — 2014.,
Vol. 30, P. 39-43.

8. Kegne T., Chanie M. Review on the Incidence and Pathology of In-
fectious Bursal Disease // British Journal of Poultry Sciences. — 2014. —
Vol. 3, Ne 3. - P. 68 — 77.

9. Kataria R.S., Tiwari A.K., Bandyopadhyay S.K., Kataria J.M.,
Butchaiah G. Detection of infectious bursal disease virus of poultry in clinical
samples by RT-PCR. BiochemMolBiol Int. 1998 Jun;45(2):315-22.

10. Letzel T., Coulibaly F., Rey F.A. Molecular and structural bases for
the antigenicity of VP2 of infectious bursal disease virus // J Virol. — 2007. —
Vol. 81, Ne 23. — P.12827 — 12835.

11. Mawgod S.A., Arafa A.S., Hussein H.A. Molecular genotyping of the
infectious bursal disease virus (IBDV) isolated from Broiler Flocks in Egypt //
International Journal of Veterinary Science and Medicine. — 2014. — Vol. 2,
Ne 1. - P. 46 — 52.

12. Mohamed M. A, Elzanaty K. E., BakhitB. M. Genetic Characteriza-
tion of Infectious Bursal Disease Viruses Associated with Gumboro Out-
breaks in Commercial Broilers from Asyut Province, Egypt Vet Sci. 2014;
2014: 916412.

13. Xu X-G, Tong D-W, Wang ZS, et al. Baculovirusvirions displaying
infectious bursal disease virus VP2 protein protect chickens against infec-
tious bursal disease virus infection. AvianDiseases. 2011;55(2):223-229.

Received to editorial board 06.12.16

KuiBcbkuit HauioHanbHUM yHiBepcuTteT imeHi Tapaca LLleBuyeHko, KuiB, YkpaiHa,

|. Co6ko, AMpPEKTOpP LeHTPY
LleHTp BeTepuHapHoOi AgiarHocTuku, KuiB, YkpaiHa

FEEHETUYHA XAPAKTEPUCTUKA IBOJNIATIB
BIPYCY BYPCAIIbHOI XBOPOBU HA YKPAIHI

Memoto docnidxeHHsi 6yno oxapakmepu3syeamu i3onsimu eipyc iHghekyiliHoi 6ypcanbHol xeopobu, w0 YupkKyaoroms y nmaxogabpukax Ykpa-
iHu 3 2014 no 2016. l’enemuy4Hul Mamepian 6yno susienieHo i amnnigikosaHo 3 6ypc. MocnidoeHocmi eipycHux PHK 6yno eueaneHo 3a donomozoto
memody 3M1-I1]1P, cekeeHosaHO ma NMopieHsIHO i3 paHiwe oxapakmepu3oeaHuMu wmamamu eipycy IBX. [insa gpinozeHemuyHo20 aHanisy 6yno euko-
pucmaHo Memod 36nuxeHHs cycidie. B peaynbmami docnidxeHHs eipycu IBX 6ynu npedcmaeneHi deoma 2inkamu: eucokogipyseHmHi wmamu ma
knacuyHi eipycu IBX, 6nu3bko crnopidHeHi 3 ameHyliosaHumMu wmamamu. [oMonozis Mix wmamamu cknadana eid 87.2% do 99,8%. Bucokosipyne-
HmMHi wmamu 6ynu 61u3bKkocnopiOHeHUMU i3 makMu eusiesieHuMu 8 Benuko6pumadii, €2unmi, Kumai, HidepnaHdax ma IcnaHii. BucHoekom daHo20
docnidxeHHs1 € nidmeepdxeHHs1 UUPKYNsiUii eucoko eipyneHmHux wmamie gipycy IBX e YkpaiHi.

Knrouoei cnoea: eipyc iHghekuyilinoi 6ypcanbHoi xeopobu, eeBIBX, 3T-I1]1P, cekeeHyeaHHsI, hino2eHemuyHull aHani3.

A. NMacTtbipsa, acn., B. Monuwyk, a-p 6uon. Hayk

KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleBueHko, KueB, YkpaunHa,
. Co6Ko, AnpeKTop LeHTpa

LleHT BeTepuHapHoW AnarHoctuku, Kues, YkpauHa

FEEHETUYECKAA XAPAKTEPUCTUKA N30NATOB BUPYCA
WHO®EKLMOHHON BYPCANbHOW BONE3HU HA YKPAVUHE

Yenbto uccnedosaHusi 661510 oxapakmepu3oeamb U30JISiMbl 8UPYCca UHGEKYUOHHOU 6ypcanbHOoU 60s1e3HU, YUpPKyupyrouwux 8 nmuyegpabpu-
kax YkpauHbl ¢ 2014 no 2016. N'eHemuyeckuli Mamepuan 6bi1 o6HapyxeH u amnnuguyuposaH ¢ 6ypc. locnedoeamenbHocmu eupycHbix PHK
6b11u 06HapyxeHbl ¢ noMowbio memoda OFl-MILP, cekeeHupos8aHbI U CpasHEHbI C paHee oxapakmepu3oeaHHbIMU wmamMmamu supyca UBb. ns
gusrozeHemuYyecko20 aHanu3a 6bu1 ucnosb308aH Memood cbnuxeHusi cocedel. B pesynbmame uccnedoeaHusi eupycbl MBX 6binu npedcmaeneHb!
J8yMsi 8emesiIMU: 8bICOKOBUPYJ/IEHMHbIE WMmaMMbl U Kraccudeckumu supycamu UBB, komopsble 6binu 651u3kopodcmeeHHbIMU ameHylioeaHbIMU
wmammamu. Fomonozusi mexdy wmammamu cocmaesnsina om 87.2% Ao 99,8%. BbicokosupyrneHmHble wmammbl 6biu 651u3kopodcmeeHHbIMU €
makmu eblisiesieHHbIM 8 BenukobpumaHuu, Eazunme, Kumae, HudepnaHdax u UcnaHuu. BbieoOomM AaHHO20 uccriedo8aHusi siesisiemcsi noomeepik-
OeHue YUpPKysiyuu ebICOKO8UPYIIeHMHbIX wmammoe eupyca UBb e YkpauHe.

Knroyeenie cnoea: supyc uHgekyuoHHol 6ypcanbHol 6one3Hu, eeBUBB, OT-IILP, cekeeHupoeaHue, ghunoceHemu4eckuli aHanus.
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GISTECHNOLOGY FOR THE MONITORING OF SHARKA DISEASE IN THE ODESSA REGION

Plant virus causes many important plant diseases and are responsible for huge losses in crop production and quality in all
parts of the world, and consequently, agronomists and plant pathologists have devoted considerable effort toward controlling
virus diseases. One the most important virus on many Prunus species, causing great economic losses is Plum pox virus
(PPV),casual agent of Sharka disease. Since its discovery, Sharka has been considered as a calamity in stone orchards. The vi-
rus has been detected in almost every country where any significant commercial stone fruit cultivation occurs [1]. The virus is
entered into the list of regulated pests common in Ukraine. In Ukraine, the total area of PPV spread totals 4013,2764 ha. In Odessa
region, 18.5 ha districts are in PPV quarantine. Six hotbeds of PPV infection totalling 28 hectares were found in Odessa region.
For the first time in Odessa region, PPV was found on cherry trees. Peach and plum trees are hit equally. In this study, we use
geographic information systems technology to identify potential locations in a Odessa region for controlling the spread of Plum
pox virus. To our knowledge, this is the first attempt to employ GIS technology for controlling plant diseases in Ukraine. Provided
it is properly maintained, the geospatial data, and the ability to generate detailed maps with it, is key to the success of PPV con-

tainment. Information management will be a key to improving for controlling the spread of Plum pox virus.
Keywords: Plumpoxpotyvirus, Sharkadisease, plantdiseasemonitoring, hotbeds, GIS technology.

Introduction.Plant viruses are group of pathogens that
cause important loses in different fruit croups and they
have great economic importance. This is especially true for
diseases associated with vectored pathogens such as
PPV, an aphid transmitted virus.

Plum pox virus(PPV) is one of the most important
pathogens causing destructive viral diseases in stone fruit
trees such as peach, plum, apricot and cherry. Sharka
was first reported in plum trees in Bulgaria in 1917-1918
and was recognized as a viral disease by Atanasoff
(1932) [2]. Since then, the virus has spread progressively
to most of Europe, around the Mediterranean basin and
the Near and Middle East. It has also spread to South
and North America and Asia [3].

To understand the scope of PPV infection, regular sur-
veys are necessary to determine the presence of the dis-
ease. PPV symptoms may appear on leaves, shoots, bark,
petals, fruits and even stones (Fig. 1) They are usually
distinct on leaves early in the growing season and include
mild light-green discoloration, chlorotic spots, bands or
rings, vein clearing or yellowing and leaf deformation.
Flower symptoms can occur on petals (discoloration) of
some cultivars. Infected fruits show chlorotic spots or lightly
pigmented yellow rings or line patterns. Fruits may become
deformed or irregular in shape, and may develop brown or
necrotic areas under the discolouredrings[4].

Figure. 1. Typical symptoms induced by Plum pox
virus on a domestic plum leaf (A), domestic plum fruits (B), premature domestic plum fruit drop (C), an apricot fruit (D),
an apricot stone (E), peach fruits (F), a peach leaf (G) and Japanese plum leaves (H) [5]

Visual inspection of trees is not a reliable detection
method because of the variability in the expression of
symptoms and many years may pass before an infected
host manifests symptoms. To avoid PPV spread over long
distances by the movement of plant material, reliable de-
tection methods are needed for the accurate detection of
the virus in symptomless nursery plants and propagative

material. Two official and validated international protocols
for the detection and characterization of PPV strains have
been developed [6,7].

We had used enzyme-linked immunosorbent assay
(ELISA) and reverse transcription polymerase chain reac-
tion (RT-PCR) remain the preferred lab tests to screen for
and confirm the presence of PPV in collected samples.

© Pavlova S., Stakhurska O., Budzanivska l., Polischuk V., 2016
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The climate in Odessa region is influenced by the vicini-
ty of the Black Sea and fluctuates from year to year but
typically is characterized as having higher summer temper-
atures, warmer winters and relatively rare rainfalls. Here,
warm spring normally begins in mid-April followed by dry
and hot summer months. Therefore, monitoring of stone
fruit orchards in Odessa region is conducted in spring and
autumn, when the symptoms are more obvious and plant
tissues contain more virus.

This work was aimed at conducting Sharka disease
monitoring of planted stone fruit crops in Odessa region
using traditional visual, serological and molecular meth-
ods, and subsequent coupling of obtained data on virus
spread with geographical information system (GIS)
technology for further use by plant quarantine services,
virologists and producers

Materials and methods.For the 3 years (2014-2016),
plant disease monitoring of 185 hectares of stone fruit or-
chards in Odessa region was conducted, including 68 hec-
tares in Belyaev and 43 hectares in Ovidiopol districts con-
firmed as the areas under PPV quarantine.

{

Visual diagnostics of PPV-specific symptoms was fol-
lowed by serological analysis in the laboratory. Collected
samples were tested for PPV by double antibody sandwich
enzyme-linkedimmunosorbent assay (DAS-ELISA), as de-
scribed previously by Clark and Adams (1977) [8], using
specific polyclonal antibodies purchased from Bioreba
(Switzerland) following the manufacturer's recommenda-
tions. RT-PCR was mainly used as a confirmatory test for
selected samples using probes specific to PPV-D and
PPV-M strains.

Portable navigation system Garmin GPS 60 was used
for accurate recording of geographical coordinates of the
sample collection spots and locations where the Sharka
symptoms were evident.

Results and discussion.In 2014-2015, for the first
time in Odessa region, PPV was found on cherry trees
(Fig. 2) in Khlebodarskoye village of Ovidiopol district (area
2,5 ha). Strain PPV M identified in 2015. Prior to this, sur-
veys of cherry orchards have not been conducted due to
the fact the PPV has never been detected there.

Figure. 2. Symptoms of PPV on cherry trees of Ovidiopol district, Odessa region

Also, new PPV hotbeds were found in Doslidnoe village
(plum orchard, area 2,3 ha) and in Mirnoje village (peach or-
chard, area of 5 hectares; the total area of 80 ha) in Belyaev
district. As of today, we have confirmed six hotbeds of Sharka
disease totaling to 28 hectares in Odessa region(Fig. 3).

Therefore, the results of 3-year PPV monitoring in the
affected areas of Odessa region revealed new hotbeds of
virus spread.

Figure. 3. Pilot GIS-aided map showing plotted quarantine areas for PPV in Odessa region

In turn, these results underline the need for a) regular
screening of stone fruit orchards (commercial, sus-

pect/endangered, and quarantined ones as minimum) for
PPV using EPPO-approved serological and/or molecular
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techniques, and b) a database system combining virus
monitoring, crop, vector, climate and map data.

Plant disease management practices can be improved
by putting epidemiological information in the same format
as other plant pathologistsinformation using a geographic
information system (GIS). The integration of GIS provides a
mean for the refined analysis of traditional and contempo-
rary biological/ecological information on plant diseases.
GIS has been applied in agriculture for the spatial analysis
of insect pests, weed infestations, and plant diseases,
which is particularly true for Sharka disease[8].

To our knowledge, this is the first attempt to employ
GIS technology for controlling plant diseases in Ukraine.
Provided it is properly maintained, the geospatial data, and
the ability to generate detailed maps with it, is key to the
success of PPV containment allowing for the ease of navi-
gation to known sites each survey season but, most im-
portantly, for decision making regarding the:

1) Efficient development of buffer zones and quarantine
boundaries when a PPV-positive tree was identified;

2) Calculation of acreage to predict number of samples
and prepare sample labels before field survey;

3) Calculations and verification of acreage for destruc-
tion of diseased trees;

Another advantage of interest to Odessa region is that
such approach may also combine climate and vector data
— both are of importance for PPV. Altogether, use of GIS
technology for controlling PPV spread allows better plan-
ning of activities, personnel and limited funds

Conclusions.

1. For today six pestholes of PPV, total area of twenty-
eight hectares, is found in Odessa region. Most of infected
trees have peaches and plums.

2. For the first time in Odessa region, PPV was found
on cherry trees: all the pestholes in plum and peach or-
chards the Odessa region identified strain PPV — D; in the
pesthole in sweet cherry orchard the Odessa region identi-
fied strain PPV — M.

3. Modern technology phytosanitary monitoring of viral
diseases, including PPV should be based on the integrated
use of methods that allow you to get information about the
spread of viral diseases in Ukraine and to determine the
general trend of development of the pathological process,
to inform the selection institutions of new invasive races of
pathogens to develop reliable forecast for the development
of the disease.

C. NaBnoea, acn.
OnbITHaA cTaHUMA KapaHTUHa BUHOrpaAa v NNoAoBbIX KyNbTyp
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WHcTuTyTa 3almThl pacTeHM HaLUMOHaNbLHOW arpapHoON akagemMuu Hayk YkpauHbl, Ogecca, YkpauvHa,

0. Craxypckas, acn.

. ByasaHuBckas, a-p 6uon. Hayk, npod., B. Monuwyk a-p 6uon. Hayk, npod.
KueBckouit HauMoHanbHbIM yHUBepcuteT MeHu Tapaca LLleByeHko, KueB, YkpanHa

NMPUMEHEHWE T'MC-TEXHONOI MU ANt MOHUTOPUHIA LUAPKWU CINIUBbI
HA TEPPUTOPUUN OOECCKOU OBJNIACTU

Bupycbl pacmeHuli 8bi3bl8alom MHO20 pa3/luYHbIX 3abosiesaHuli pacmeHul, 4Ymo npueodum K 60/bLWUM MOMSIM U Ka4Yecmea ypo)kasi 80 8cemM
Mupe, U MO3MoOMy, a2pOHOMbI U (humonamosio2uu nocesiwarom 3Ha4yumesbHble ycunus 0711 KOHMPOJIsi 3a 8UPYCHbIMU 3abosiegaHusimu. OOUHUM
U3 caMbiX 8a)KHbIX 8UPYCO8 8bi3blearoujux 6osibuwiue 3KOHOMuUYyeckue nomepu y poda Prunus amo Plumpoxvirus (PPV), eo36ydumens wapku
cnuebl. C MOMeHma ceoe20 OMKPbLIMUs Wapka siesisiemcsi Hacmosiwyum 6edcmeuem O7is1 KOCMOYKOBbLIX cadoe. Amom eupyc ecmb 8 Kaxdol
cmpaHe, 8 komopoli ecmb MPOMbIW/IEHHOE 8blpaujusaHue KOCMo4koebix depeebeas[1]. Bupyc omHocumcsi K Cnucky peaynupyeMbix e8peOHbIX
op2aHu3mMoe YkpauHbl. Ha meppumopuu YkpauHbl 3apaxeHHble eupycom cadbl 3aHUMarom nioujads e 4013,2764 2a. B Odecckoli o6nacmu ama
nnowjadb kKapaHMUHHbIX o4a2oe cocmaessiem 18,5 2a. 3a nocnedHee epemsi 30echb 6bi10 HalideHO 6 HoBbIx o4yazoe obujell niowadbio 282a. Bre-
pebie 8 Odecckoli o6nacmu eupyc PPV o6HapyxeH Ha Oepeebsix YyepewHu. lepcukoeble u criugosbie depeabsi Nnopaxaromcsi 8 o0uHaKogol cme-
neHu. Ha ckonbKko HaM uzeecmHo, Mbl enepebie ucnosb3oeanu MTMC-mexHonoz2uu Ans1 KOHMPOJIsi 8UPYCHbIX 60ne3Hell pacmeHul e Ykpaune. lpa-
8UJILHO20 UCMOJIb308aHUE 2€0MPOCMPAaHCMBeHHbIX OaHHbIX S18JII€MCS1 KITFOHYOM K yCriexy KOHmposisi pacrnpocmpaHeHusi PPV.

Knrovesble cnoea: eupyc wapku cnuebl, pumocaHumaHbIil MOHUMOPUH2, KapaHMUHHbIU o4az, FTMC mexHonozuu.
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IHCTUTYTY 3axMUCTy POCNMH HalioHanbHOI arpapHoi akagamii Hayk YkpaiHu, Opeca, YkpaiHa,
0. Ctaxypcbka, acn.
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KuiBcbkui HauioHanbHbIW yHiBepcuTeT iMeHi Tapaca LLleB4yeHka, KuiB, YkpaiHa

3ACTOCYBAHHSA MC-TEXHONOTIT ANA MOHITOPUHIY LWAPKU CNUBU
HA TEPUTOPII OQECBHKOI OBNACTI

Bipycu pocnuH euknukaromb 6a2amo eaxsiugux xeopobu pocsiuH i Hecyms eidnoeidanbHicmb 3a eesluki empamu i sKicmb 8poXKaro y 6CbOMY
ceimi, i momy, aepoHoMu i gpimonamorsnoau doknadarome 3Ha4YHUX 3ycussb Osisi KOHMPOJIIO 3a 8iPYCHUMU 3axeopro8aHHsIMU. OGuHUM 3 HaUGinbw
nowupeHux eipycie, sikuli eUK/IUKae 3Ha4yHi eKoHoMi4Hi empamu y pody Prunus ye Plumpoxvirus (PPV), 36y0HuUK wapku ciueu. 3 MOMeHmy ceo20
8i0kpumms wapka € cnpasexHim sruxom 0Ons kicmoykoeux cadie Ljeli gipyc npucymHili 8 KOXHil KpaiHi, 8 siKili € npomucsioge supoulygaHHsI Kicmo-
4ykoeux depee[1]. BipyceidHocumbcs o nepernikypezynboeaHuxwkionueuxopaaHismieYkpaiHu. Ha mepumopiiYkpaiHu3apaxeHisipycom cadu 3ali-
marombniowy e 4013,2764 2a. B OdechkiliobnacminnouwjakapaHmuHHUXeo2HUW, cmaHoeumsb 18,5 2a. 3a ocmanHili yac mym 6yno3HalideHo 6
HoeuxeozHuUuW3a2asnbHoronoujero 28 2a. Bnepwe e Odeckkitiobnacmisipyc PPV 6ye eusieneHuli Ha depeeax YepewHi. lepcukoei i cnueoei depeea
ypaxxatombcsioOHakoeoromiporo. Ha ckinbku Ham eidomo, mu enepweesukopucmanu NC-mexHono2uu 05151 KOHMPOJIIO 3a 8iPyCHUMU X80pobamupo-
c/uH e YkpaiHi. [fpasunbHesukopucmaHHs12e0npPocmopo8uxdaHux € K/ro4em Ao ycrnixy KOHmpoJsiro nowupeHHsi PPV.

Knroyoei cnoea: Bipyc eicnu cnueu, wapka cnueu, gpimocaHimapHuli MOHimMopuHea, KapaHMuHHe eo2Huuje, 'IC mexHonoeii.

uUDC 578.01
0. Shevchenko, PhD., S. Petrenko, lead ing., O. lutynska, PhD, A. Bysov, PhD, T. Shevchenko, PhD, Ass.Prof.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

SPREAD OF TURNIP MOSAIC VIRUS IN SUSCEPTIBLE CROPS
IS STRONGLY EFFECTED BY DIFFERENT CULTIVATION PRACTICES

Samples of plants showing symptoms of Turnip mosaic virus (TuMV) were collected from fields planted to Brassicaceae
crops in Kyiv region and different locations in the city of Kyiv. TuMV was detected in the main brassica-crop fields, private gar-
dens and urban locations of Ukraine, with a high overall incidence of 50%. This paper describes the effects of different cultivation
approaches on the incidence rate of viral infection in susceptible crops and confirms the importance of preventive measures for

disease control.
Key words: Turnip mosaic virus, cultivation practices.

Introduction. Turnip mosaic virus (TuMV) is a member
of Potyvirus genus belonging to the largest Potyviridae
family of plant viruses [1]. As many potyviruses, TuMV has
an extremely wide host range but infects mostly plant spe-
cies from the Brassicaceae family and induces persistent
symptoms (mosaics, mottling, chlorotic lesions, etc.). For
domesticated Brassica plants, TuMV is considered one of
the most damaging and economically important viruses [2].
TuMV is mainly transmitted by many aphid species non-
persistently as well as mechanically from plant to plant.
TuMV probably occurs worldwide and has been found in
both temperate and subtropical regions of Africa, Asia,
Europe, Oceania and North and South America. In Europe,
TuMV was reported from the UK, Spain, ltaly, Greece,
Germany, The Netherlands, Czech Republic, Hungary,
Bulgaria, Poland, and Russia [3-9]. Despite Ukraine's geo-
graphical location and wide cultivation of different Brassica
crops for centuries, it's only recently that the authors have
registered TuMV in our country (unpublished data). In the
study reported here, we describe the importance of preven-
tive measures for the control of wide-spread and damaging
pathogen of brassicas.

Materials and methods. Sampling was restricted to
crop-producing areas in Kyiv region and different locations
in the city of Kyiv where Brassicaceae plants were grow-
ing/cultivated. In Kyiv, sampling locations included two bo-
tanical gardens, the city center, Museum of Folk Architec-
ture and Life of Ukraine (open-air location w/o agricultural
activity), and private gardens where different brassica
plants were regularly cultivated. Several large fields in Luka
and Gorenychi villages used for commercial cabbage culti-
vation were chosen for sampling in Kyiv region. Brassica
plants were visually examined, samples were collected
from plants with TuMV-like symptoms typically including
mosaics, mottling, vein banding and/or leaf deformation.

Collected samples were tested for TuMV by double an-
tibody sandwich enzyme-linked immunosorbent assay
(DAS-ELISA), as described previously by Clark and Adams
(1977) [10], using specific polyclonal antibodies purchased
from Loewe (Germany). Briefly, 0,5 g leaf tissue was
ground to a powder with a mortar and pestle in 10 mL
phosphate-buffered saline, pH 7,4, containing 0,05%
Tween 20, 2,0% polyvinylpyrrolidone (MW 40 000) and
0,2% bovine serum albumin. In the meantime, microtitre
plates (Maxisorb, NUNC, Denmark) were coated with
TuMV-specific  broad-spectrum polyclonal antibodies
(1:200) in carbonate buffer according to the manufacturer's
instructions. Leaf extracts were then added to the plates in
duplicate wells and incubated overnight at 4°C. The pres-
ence of TuMV in the samples was detected in 200 pL ho-
mogenate by TuMV-specific antibodies conjugated to alka-
line phosphatase using p-nitrophenyl phosphate substrate
(Sigma, USA). Absorbance values at 405 nm were meas-
ured using a Multiscan-334 microtitre plate reader (Labsys-
tem, Finland). Absorbance values, measured 60 min after
adding the substrate, greater than three times those of the
negative controls were considered positive.

Results and discussion. A total of 54 plant samples
with TuMV-like mosaic and mottling symptoms were col-
lected in different districts of the city of Kyiv and Kyiv re-
gion. Sampling areas included both agricultural sites (two
cabbage producing fields and private gardens) and urban
locations where no agricultural activity was carried out (dif-
ferent sites in the City of Kyiv, two botanical gardens and
open-air Museum of Folk Architecture and Life of Ukraine).

Using ELISA, TuMV was detected in samples from
cabbage, red radish, mustard, radish, white mustard, gold
of pleasure, weed species (hill mustard), etc. (Table 1).

© Shevchenko O., Petrenko S., lutynska O., Bysov A., Shevchenko T., 2016
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Table 1. Double-antibody enzyme-linked immunosorbent assay for the detection of Turnip mosaic virus by hosts

Plant No of samples Positives Incidence of TuMV infection (%)

Brassica oleracea (cabbage) 23 8 35
Brassica sp.
Brassica juncea (mustard) 4 2 50
Sinapis alba (white mustard) 3 3 100
Raphanus sativus (red radish) 12 11 92
Raphanus sp.
Other brassicas 60
Other non-brassicas 0
(Asteraceae, Primulaceae, Papaveraceae, Malvaceae)

TOTAL 54 27 50

TuMV has been detected in 27 samples of plants
(overall 50% incidence rate in symptomatic hosts) including
B. oleracea var. capitata, R. sativus, Raphanus sp., S. al-
ba, B. juncea, C. sativa, Brassica sp., and Bunias oriental-

is. On cabbage plants, TuMV typically induced systemic
mosaics, vein banding and leaf deformation (Fig.1), where-
as systemic mosaics and mottling were common for natu-
rally infected radish and mustard plants.

Figure 1. TuMV-positive cabbage plant (B. oleracea var. capitata) showing virus-like symptoms of vein banding/clearing

TuMV was found in the main brassica-crop fields, pri-
vate gardens and urban locations of Ukraine, with a high
overall incidence of 50%. Importantly, the agricultural sites
used for plant sampling were characterized with different

level of incidence of TuMV infection varying from 17% and
42% for two crop fields, and to as much as 58% for private
gardens (Table 2).

Table 2. DAS-ELISA detection of Turnip mosaic virus by sampling sites continuously used for crop cultivation

Sampling site No of samples Positives Incidence of TuMV infection (%)
Commercial cabbage producing field 1 6 1 17
Commercial cabbage producing field 2 12 5 42
Private gardens 12 7 58

Total for agricultural sites 30 13 39

Several sampling sites within the Kyiv city (i.e. where
no agricultural activity was carried out) demonstrated even
higher incidence rate of TuMV with the minimum value of
33% for symptomatic plants. These results suggest that
TuMV is probably widespread in both agricultural and ur-
ban locations but remained undetected for a long time.

Expectedly, different locations demonstrated high but
varying level of TuUMV occurrence. However, several aspects
were of special interest in this regard. For the two fields used
for commercial cabbage production in Kyiv region and situ-
ated in neighboring villages just 5 km apart, the TuMV inci-
dence rate varied from 17% to 42%. This probably reflects
the efficiency of the confirmed regular eradication of dis-
eased plants in the former case (field 1) and underpins the
significance of long-known simple approach — elimination of
virus inocula — for the disease control.

In turn, rather high rate of TuMV infection in private
gardens (58%) may be explained by both growing of in-
fected plants and repeated cultivation of susceptible crops,
as reported by the landowners. Another approach allowing
to limit virus spread — crop rotation — was also missing in
this case.

Obtained results clearly demonstrate that ftrivial
measures for crop cultivation (known for decades but often
thoroughly disregarded) remain highly efficient in control-

ling the spread of the mechanically and aphid-transmitted
virus and reducing consequential damages.

Conclusions. In summary, the survey indicated high
occurrence of TuMV in urban and agricultural regions in
Ukraine where average infection incidence rate reached
50%. Wide range of infected plant species and high inci-
dence rate in surveyed areas obviously demonstrates both
the lack of virus screening and important role of efficient
cultivation approaches for disease control in Ukraine. Ob-
tained data suggests a long-term coexistence of the virus
and the hosts in Ukraine.
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KuiBcbkui HalioHansHUI yHiBepcuTeT iMm. Tapaca LUeBuyeHka, KuiB, YkpaiHa

NMOLWUPEHHSA BIPYCY MO3AIKU TYPHENCY Y COIPUMHATIIMBUX KYNIbTYPHUX POCJTMUHAX
CUNbHO 3ANEXUTb BIA PI3BHMUX NiaXoAaiB 4O BUPOLLYBAHHA

3pasku pocnux ¢ cumnmomamu eipycy mo3aiku mypHency (TuMV) eid6upanucsi c npoMucsiogux roJsie eupoujyeaHHsi xpecmoueimux Kynbmyp
y Kuiecbkiii 0651. ma Ha pisHux dinsiHkax y micmi Kuee. TuMV 6ye 3HalideHull Ha cix MPOMUC/I08UX MOJIsIX, MPpU8amMHux npucadubHux dinsiHkax ma
Micbkux OinsiHKkax, a cyMapHuli pieeHb iHghekyili cmaHoeue 50%. Y GaHili po6omi onucyrombcsi HaciOKu 3acmocyeaHHsI Pi3HUX a2pPOeKOoJ102iYHUX
nputiomie Onsi NowupeHHs1 eipycy y cnpuliHamaueux Kyibmypax ma niomeepoxeHa eaxusicmsb npoginakmu4Hux 3axodie y 6opomsbbi 3 sipyc-
HUMU xeopobamu.

Knro4oei cnoea: gipycy mo3aiku mypHercy, supouwyeaHHs1 Xpecmouygimux Kynbmyp.

A. LeBuyeHko, KaHAa. 6uon. Hayk, C. MNeTpeHko, BeA. nHx., O. UyTuHckas, kaHa. 6uon. Hayk,
A. Bucos, kaHa. 6uon. Hayk, T. LLleB4eHko, kaHA. 6uon. Hayk
KneBckuin HauMoHanbHbIN yHUBepcuTeT UM. Tapaca LLleBueHko, Kues, YkpaiHa

PACMPOCTPAHEHUE BUPYCA MO3AUKU TYPHENC Y BOCNPUMMYUBDBIX KYJIbTYPHbIX PACTEHUAX
CUNbHO 3ABUCUT OT PA3HbIX NOAXOA0B K BbIPALUMBAHUIO

O6pa3ybl pacmeHuli ¢ cumMnmomamu eupyca mo3auku mypHernca (TuMV) om6upanucb ¢ NPoOMbIWIIEHHbIX MoJel eblpaujyusaHusi Kpecmo-
ysemHbix Kynbmyp 8 Kueeckoli 06/1. u Ha pa3nuyHbix y4acmkax e 2opode Kues. TuMV 6bin HalideH Ha 8cex MPOMbIWIIEHHbIX MOMSAX, YaCMHbIX
npuycadebHbIX y4acmkax u 20podCcKUX yyacmkax, a CyMMapHbil ypoeeHb UHgekyuli cocmaeun 50%. B daHHoU pabome onucbieatomcsi nocreo-
cmeusi MPpUMeHeHUs1 Pa3iuYyHbIX a2pPO3KO/I02UYeCcKuUX npuemoe Osisi pacrnpocmpaHeHusi eupyca @ 80CnpPUUMYUBbIX Kyfbmypax u nodmeepxoeHo
8a)KHOCMb npogusiakmuyeckux Mmeponpussmul e 6opbbe ¢ eupycHbIMU 601€3HSIMU.

Knroueenie criosa: eupyca Mo3auku mypHerica, ebipaujugaHue KpecmouyeemHbiX Kyabmyp.

UDK 581.527 : 581.526.42 : [556.51] (477)
V. Solomakha, DSc., N. Smoliar, PhD.,
0. Smagliuk, PhD stud.
Taras Schevchenko National University of Kyiv, Kyiv, Ukraine

FLORISTIC CLASSIFICATION OF THE FLOODPLAIN ALDER, WILLOW AND POPLAR
FORESTS IN THE BASIN OF THE LOWER SULA (UKRAINE)

The floodplain alder (Alnus glutinosa), willow (Salix alba, rarely S. fragilis) and poplar (Populus nigra, P. alba, outliers of Pop-
ulus x canescens) forests in the basin of the lower Sula were investigated. Mesohygrophilous forests of European black alder
were referred to Alno-Ulmion alliance Querco-Fagetea class (com. Aegopodium podagraria-Alnus glutinosa, D. c. Acer nequndo-
Alnus glutinosa). Swamp forests of European black alder of Alnetea class are mostly common in the floodplains of small rivers
and are represented by two associations (Carici ripariae-Alnetum glutinosae and Carici acutiformis-Alnetum glutinosae). The
floodplain willow and poplar forests were referred to class Populetea albae (order Populetalia albae). Willow forests of flood-
plains of the river Sula and its tributaries and also waterlogged gully talwegs and rarely outliers belong to Salicion albae alliance
and Salicetum albae association. Lower reach poplar forests of the river Sula floodplain belong to Calamagrostio epigei-Populion
nigrae alliance and are divided into two associations that we propose to change in accordance with the requirements of the In-
ternational Code of Phytosociological Nomenclature for Galio veri-Populetum nigrae and Strophiostomo sparsiflorae-Populetum
albae. It is emphasized that the studied groups don’t contain the species from the Red Data Book of Ukraine. The alder, willow
and poplar forests of each association that are least transformed, largest in area and oldest require the nature reserve creation,
that is proved by their significant water conservation role.

Key words: Querco-Fagetea (Alno-Ulmion), Alnetea, Populetea albae, Ukraine, Dnieper left-bank Forest-Steppe, basin of the
lower Sula, syntaxonomy.

Introduction. The floodplain alder (Alnus glutinosa (L.)
P. Gaertn.), willow (Salix alba L., rarely S. fragilis L.) and
poplar (Populus nigra L., P. alba L., Populus x canescens
(Ait.) Smith. forests are located throughout the whole re-

gion of our research of the floodplain of Sula river and its
brances, however on the left bench they are less numer-
ous. Accumulation and generalization the data about its
phytocoenotic diversity according to the methodology of

© Solomakha V., Smoliar N., Smagliuk O., 2016
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G.Brown-Blanche school have been conducted for the last
decades [1, 4-5, 6, 9, 12-14]. The results were included
and critically processed in the monograph dedicated to the
classification of the Northern Black Sea area forests [10].

Concerning the basin of Sula river, floristic and syntax-
onomic content of flooded forest is not studied enough. We
continued and detalized the study of flooded forests ac-
cording to the methodology of G.Brown-Blanche school.
These researches are important considering the fact that
such forests have significant water preservation value and
make up important resource of its ecological network. Also,
the most part of the forests has been cut down or trans-
formed. Integrating new phytocoenotic material into scien-
tific use will help to solve the problems of ecology — floristic
classification of willow, poplar and alder forests of the For-
est-Steppe region of Ukraine.

Physical and geographical features of the re-
searched object. The lower Sula basin is situated in Prid-
niprovskiy lowlands between Poltava and Cherkasy admin-
istrative regions. It spreads from the confluence of Udai
river (northern part of Lubny city) into the mouth of Sula.
Now it is flooded by the waters of Kremenchug reservoir.
The main branches of this part of the river are Sliporid and
Orgytsa and both of them flow into Sula from the right side.
Basin of the Sula river is situated within Obolon-Gradyz
physical-geography region.

The main feature of lower Sula basin climate is gradual
decrease of the amount of precipitations in eastern and
southern directions, which is about 500 mm per year. Aver-
age year temperature estimated about +6°C. The relief is
represented by reduced plain with integrated left tributaries
of the Dnieper throughout the area. Flooded poplar, willow
and alder forests are located throughout the whole region of
our ivestigation of the floodplain of Sula river and its brances,
however on the left bench they are less numerous. They are
characterized by mostly short term flood regime, however
during the last decade, the flood has became a rare phe-
nomenon for this area. Their hydrological regime significantly
impacted drainage reclamation, which covered most of the
floodplains of small rivers and flood waters Kremenchug
reservoir, resulting in decreased fluctuation amplitude of the
water level and alluvium deposits.

Materials and methods. 74 geobotanical descriptions
were used in this work, 53 of them were made by O.Yu.
Smagliuk in the valley of lower Sula and its branches in
2014-2015 and 21 descriptions of N.O.Smoliar during
shared expedition in 2015.

The descriptions were performed and processed ac-
cording to the methodology of G.Brown-Blanche school [8].
The size of descriptive area was about 25x25m, sometimes
the area was within natural phytocenotic boundaries if the
area was small or striped. During the processing, part of
descriptions were discarded as transitions between differ-
ent sub-associations. Abundance points given in the table
correspond to the following indexes of projective cover: + —
< 1%, 1 - 1-5%, 2 — 6-15%, 3 — 16-25%, 4 — 26-50%, 5 —
51-100%. Points of permanence denote: + — < 10%, | — 10-
20%, Il — 21-40%, Il — 41-60%, IV — 61-80%, V — 81-100%.
Layering is shown in parentheses after the name of spe-
cies of trees and bushes: a — the top wood tier; b — shrub
tier; ¢ — grass tier. The names of the species are given
according to S.L.Mosyakin and M.M. Fedoronchuk [15].

Results and discussions

Syntaxon layout of flooded willow, poplar and alder
forests of the lower Sula basin

Cl. Querco-Fagetea Br.-Bl. et Vlieger 1937

Ord. Fagetalia sylvaticae Pawl. in Pawl., Sokol. et Wall. 1928

All. Alno-Ulmion Br.-Bl. et R.Tx. 1943
Com. Aegopodium podagraria-Alnus glutino-
sa (Alno-Ulmion)
D.c. Acer negundo-Alnus glutinosa (Alno-
Ulmion)
Cl. Alnetea glutinosae Br.-Bl. et R.Tx. 1943 em Mull.
et Gors 1958

Ord. Alnetalia glutinosae R.Tx. 1937 em Mull. et Gors 1958

All. Sio latifolii-Alnion glutinosae Vorobyov & I.
Solomakha in |. Solomakha 2015
Ass. Carici ripariae-Alnetum glutinosae Weisser 1970
Ass. Carici acutiformis-Alnetum glutinosae Sca-
moni 1935
Cl. Populetea albae Br.-Bl. 1962
Ord. Populetalia albae Br.-Bl. 1931
All. Salicion albae Klika 1955
Ass. Salicetum albae Klika 1955
Subass. S.a. aegopodietosum podagrariae
subass.prov.
Subass. S.a. urticetosum galeopsifoliae sub-
ass.prov.
Subass. S.a. caricetosum acutiformis sub-
ass.prov.

Com. Ulmus glabra-Salix alba (Salicion albae)

All. Calamagrostio epigei-Populion nigrae
(Shevchyk et Solomakha 1996) Shevchyk et
V.Solomakha in l.Solomakha et. al. 2015 in nomen
novum (Nomenkl. synon. Rubo caesii-Amorphion fruti-
cosae Shevchyk et V.Solomakha 1996; syntax. synon.
Galio veri-Aristolochion clematidis Shevchyk et
V.Solomakha 1996)

Ass. Galio veri-Populetum nigrae nom. nov.
prov. (Syn. Galio veri-Aristolochietum clematidis
Shevchyk et V.SI. 1996)

Ass. Strophiostomo sparsiflorae-Populetum
albae nom. nov. prov. (Syn. Strophiostomo sparsi-
florae-Amorphetum Shevchyk et V.SIl. 1996)

Com. Swida sanguinea-Populus x canescens
(Calamagrostio epigei-Populion nigrae)

Com. Carex hirta-Populus balsaminus (Cala-
magrostio epigei-Populion nigrae)

Characteristic of marked syntaxons

All descriptions of willow forests in the lower Sula basin
are summarized in one table (Table 1). They are divided
into two classes — Querco-Fagetea and Alnetea gluti-
nosae. The first one includes mostly drained alder popula-
tions of nemorial type. Because of its defect, the associa-
tions were not identified and only two groups were sepa-
rated. Swampy black-alder forests classified as Alnetea
glutinosae, which includes two associations. Overall, as-
sociations of alder forests are richer than willow forests in
terms of floristic content but less rich than poplar forests.
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Table 1. Phytocenotic characteristic of alder forests of lower Sula basin

Desnity of wood tier 09 |07 |06 |10 |07 |06 |07 |06 |08 |07 |09 |09|08)|06|03|05| -

Density of shrub tier 01{01[03[01]|02| + |[04]|04 | + |+ |+ 02|+ ]|+ |+ |+ ]|04

Projective cover of grass tier 90 |80 [ 752595 |30[20 |65 |85 (85|90 |85 |95 |55[90]25]| 90

IAmount of species described 16 129 124 (15 (21|13 |14 (25|19 (12|27 |15]|16 [ 14|20 |23 | 24

Number of description 1 2 3145|678 ]9]|10[11]12]13[14 15|16 17

D.s. Com. Aegopodium podagraria-Alnus
glutinosa

Corylus avellana (b) 1
Corylus avellana (c) +
Euonymus europaea (c) .
Aegopodium podagraria 5
Asarum europaeum 1
Stellaria holostea
Pulmonaria obscura .
Stachys sylvatica +
D.s. D.c. Acer negundo-Alnus glutinosa

Acer negundo (a) . . . 5 2

Acer negundo (b) . . . .

Acer negundo (c) R 2

Ulmus laevis (a) 1 . . . 3 2 . . . . . . . . . . .
Ulmus laevis (b) . . . . . + 1 2 . . . . . . . + o+
Acer platanoides (b) . . 2 . . . . . . . . . . . .
Geum urbanum . . . + 0+ o+ . + . . + . . . . . +
Anthriscus sylvestris . . . 1 . . . + . . . . +

Poa nemoralis . . . . 2 + . . .

Festuca gigantea . . . + 4+ . . . +

D.s. All. Alno-Ulmion (Cl. Querco-Fagetea)
Salix alba (a) . 1 . . . 1 . 1 . . . . . . . 1
Fraxinus excelsior (a) . . . 2 . . . .
Fraxinus excelsior (c) . + . . . . . +
Quercus robur (a) .2 .

Quercus robur (c) . . +

Ulmus glabra (a) . . 2

Ulmus glabra (b)
Ulmus carpinifolia (c) . . . . . . . . . . . . . . .
Tilia cordata (b) . . . . . . + . . . . . . . + o+
Tilia cordata (c)
Padus avium (b)
Acer campestre (b)
Acer tataricum (b) . . . . . . . . . . . . .
Swida sanguinea (b) . . 1 + 2 . . . . . 1 . . +
Viburnum opulus (b) . . . . + . . . . . +

Acer platanoides (c) . . + . .
Rubus caesius . . . . +
Ficaria verna + .
Adoxa moschatellina 2 . 1 . . 2
Lamium maculatum

Gagea minima
Anemonoides ranunculoides
Corydalis cava

Corydalis solida

Gagea lutea

Scilla siberica

Paris quadrifolia

Cardamine amara
Crysosplenium alternifolium . .
Geum rivale . . +
Polygonatum multiflorum . . + . .
Millium effusum . . . . + . . . . . . . . . . .
Urtica dioica . . . . . + . . . . . . . . . +
Frangula alnus (b) . . . . . . . . . . . . . . + . .
Scrophularia umbrosa . . . . . . . . . . . . . . . . +
D.s. Ass. Carici ripariae-Alnetum glutinosae
Sambucus nigra (b) 1 1 . . . . + 1 1
Sambucus nigra (c) + . + . . . . . . . .
Glechoma hederacea + . + 1 . + . . 1 . 1
Chelidonium majus . . . . .
Geranium robertianum . . . . . +
Myosoton aquaticum

Eupatorium cannabinum . . . . . . . . . .
Cirsium oleraceum . . . . . . . . . . . . +
Coccyganthe flos-cuculi . . . . . . . . . . +

Myosotis sparsiflora . . . + . . . . +

w
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Ending tabl.1

Desnity of wood tier 09 |07 |06 |10 07|06 |07 |06 |08 |07 |09|[09|08|06|03|05]| —
Density of shrub tier 01/01[03[01]02| + [04[04| + |+ |+ 02|+ |+ |+ ]|+ |04
Projective cover of grass tier 90 |80 [ 752595 |30[20 |65 |85|85|90|85|95|55[90]25]| 90
IAmount of species described 16129124 15121 (|13 [14 (25|19 |12 |27 |15[|16 |14 [20 |23 | 24
Number of description 1 2 314|567 |8]9|10[11[12[13[14 15|16 ]| 17
D.s. Ass. Carici acutiformis-Alnetum glutinosae

Salix cinerea (b) . + o+ o+ o+
Carex acutiformis + + 4 4 3 +
Lycopus exaltatus + + o+ o+ .
Filipendula ulmaria . + o+ +
Carex pseudocyperus . 1 + o+
Stachys palustris + + o+

D.s. All. Sio latifolii-Alnetum glutinosae

Carex riparia + . + 3 1 2+ 1 2 o+ 5
Galium aparine . 1 + 2 + 5 2 1 2 5 5 . . +
Humulus lupulus + + + o+ . 1 + 1 1 1 1 + o+ +
Symphytum officinale + |+ + + 4 + o+

D.s. Cl. Alnetea glutinosae

Alnus glutinosa (a) 5 5 4 2 3 4 5 4|5 5 5 5 5 4 3 4 .
Alnus glutinosa (b) 1 . 3
Ribes nigrum (b) 1 3 + 0+ 1 2
Ribes nigrum (c) .
Salix pentandra (b) . . . . . . . . . 2
Urtica galeopsifolia 3 3 5§65 1 + . 2 +]12 5 3 2 1 1 + 3
Impatiens noli-tangere 2 . 2 + 4 . 2 5 1 5 3 + o+
Thelypteris palustris . . + + 2 1 . + 1 5 1
Equisetum fluviatile . . + + o+ . 1 +
Lysimachia vulgaris . . . + | + + + o+
Dryopteris carthusiana + . + + + + o+

Phragmites australis
Solanum dulcamara
Caltha palustris
Galium palustre

Rarely occurred species: Acorus calamus (8 — +), Ag-
rostis canina (11 — 1), Alopecurus ventricosus (8 — +), An-
gelica sylvestris (5, 17 — +), Arctium lappa (11 — 1), A. mi-
nus (8 — +), Ballota nigra (8 — 1), Betula pubescens (a)
(16 — 1), Carex acuta (11 — +), Carex appropiquata (11 —
+), Chaerophyllum temulum (4 — +), Cirsium acanthoides
(5—+), C. arvense (17 — 1), Dipsacus strigosus (5, 16 — +),
Elytrigia repens (11 — +), Epilobium roseum (17 — +), Equi-
setum palustre (9 — 1, 11 — +), Euonymus europaea (b)
(17 — +), Galeopsis bifida (9 — 1), Geum allepicum (9 — +),
Glechoma hirsuta (14 — +), Impatiens parviflora (10 — 1),
Lycopus europaeus (11 — +), Lysimachia nummularia
(16 — +), Lythrum salicaria (13, 17 — +), Moehringia triner-
via (1 — +), Poa remota (10 — +), Populus alba (a) (16 — 1),
Ranunculus repens (16 — +), Salix aurita (b) (10, 16 — +),
Salix fragilis (a) (12 — 1), Scirpus sylvaticus (11 — 1), Sor-
bus aucuparia (c) (11 — 1), Sium latifolium (2 — +), Typha
latifolia (17 -1), Ulmus carpinifolia (a) (11 —1).

Legend for descriptions

Description 1. N.O. Smoliar 25.05.2015. Flooded forest
between villages Bilousivka and Kozorizi (Cherkasy region
Drabivsky district).

Description 2. 0O.Yu.Smagliuk 30.04.2015. Mixed
deciduous forest in the "Morozivska dacha" in the outscirts of
Lubny city in the valley of meandering stream. Diameter of
alder 0.3 m, poplar — 0,5 m, willow — 0,6 m, height of 27 m.

Description 3. O.Yu.Smagliuk 25.05.2015. Alder on the
floodplain of Chumgak between villages Bilousivka and
Kozorizi. Alder diameter 0,6-0,7 m, height of 28 m.

Description 4-5. O.Yu.Smagliuk 23.05.2014. Trans-
formed alder swamp in the lowland of floodplain of
Orzhytsa river (Poltava region, village Zolotuhi, Orzhytsia
destrict).

Description 6. O.Yu.Smagliuk 03.05.2014. In the ter-
race reduction of Sula river valley (Poltava region, Velyko-
burimske forestry).

+

Description 7. O.Yu.Smagliuk 08.05.2014. On the
floodplain. Orzhitsa at the indigenous banks (Poltava
region, Orzhytske forestry).

Description 8. O.Yu.Smagliuk 24.05.2014. On the

floodplain of Sula (Poltava region, between the villages,
Velykoselytske and Maloselytske, Orzhytsia destrict).

Description 9-12. O.Yu.Smagliuk 25.05.2015. In alder
floodplain of Chumgak river near Bilousivka village. Alder
diameter 0,35-0,4 m, height 20 m.

Description 13. O.Yu.Smagliuk 25.05.2015. In the alder
forest on the floodplain of Gnyla river near village Rudka)
(Poltava region, Hrebinka destrict). The diameter of alder
0,3 m, height is 23 m.

Description 14. O.Yu.Smagliuk 23.05.2014. In lowland
with wet soil on the floodplain of Sliporid river (Poltava region,
near the villages Novoselivka-Pryymivschyna-Voronyntsi).

Description 15. O.Yu.Smagliuk 08.05.2014. On flood-
plain of Orzhutsia river, far from the root bench (Poltava
region, Orzhytske forestry)

Description 16. O.Yu.Smagliuk 03.05.2014. On the
floodplain of Sula river near the root bench (Poltava region,
Velykoburimske forestry).

Description 17. O.Yu.Smagliuk 08.05.2014. In the de-
forestation zone of the floodplain of Orzhytsia river (Poltava
region, Orzhytske forestry).

Aggregation Alno-Ulmion includes hygrophyllic decid-
uous forests. On the research territory it is introduced by
frequently transformed communities as a result alder
drainage. As a result of peat decomposition and nutrients
enrichment we can observe the increase of nemorial mes-
ophytes and nitrophilic species, and also increasing of al-
der populations. Diagnostic list represents its differentiation
from swampy alder forests.

Aggragation Aegopodium podagraria-Alnus glutinosa
(Alno-Ulmion) represented by old natural forests with tree
diameter 0,6-0,7 m 27-28 m heigh. Widely spread on the
floodplains of the streams and small rivers among the mas-
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sives of deciduous forests. Insufficient amount of descrip-
tions does not allow to include the aggregation to a separate
association but allows to classify them to associations of
Ficario-Ulmetum Knapp ex Medwecka-Kornas 1952 or
Rubo caesii-Alnetum Bajrak 1997 because of difference of
its floristic content. Average density of wood tier is 0,7, shrub
— 0,2, grass tier coverage — 80%. index of floristic diversity of
the groups is the highest among alder forests.

Derivative group Acer negundo-Alnus glutinosa (Al-
no-Ulmion) distributed on the floodplains of Orzhetsia and
Sula rivers, and introduced by drained alder forests
(swamped before) where Acer negundo L. growed. Such
groups are found in the valley of river Chorol [6]. Average
density of wood tier estimates 0,7, shrub — 0,2, grass tier
coverage — 50%.

Association of Sio latifolii-Alnion glutinosae is repre-
sented by alder swamps of Forest-Steppe and Steppe areas
with the most nutrient rich soils [10]. On the researched area,
aggregations contain many species of flooded alder and pop-
lar forest class Populetea albae. On the research area there
were no aggregations of Alnion glutinosae (Malc. 1929) Mei-
jer Drees 1936 s. str., association which is typical for forest
zone. Average density of wood tier is higher than alder — 0,75,
shrub — less (0,1), grass tier coverage — 80%.

Association of Carici ripariae-Alnetum glutinosae is
distributed on the floodplains of small rivers — right branch-
es of Sula and represented by mild humidity alder forests
with vivid features of nitrification. It occupies the largest
territories of the alder forests of the region. Micro relief is

often not observed Hygro- and hygrophytes are represent-
ed poorly. Average density of wood tier estimates 0,8,
shrub — 0,1, grass tier coverage — 85%.

Association of Carici acutiformis-Alnetum glutinosae
is distributed on the lowlands of river Sula and its right
branches, floodplains represents well humidified and peat-
ed alder forests without signs of nitrification. Micro relief is
expressed well enough. Association is rarely occurred and
needs preservation because part of its aggregations have
been transformed into previous association. Average den-
sity of wood tier is minor C — 0,45, shrub — 0,1, grass tier
coverage is less than in the previous association — 65%.

Class Populetea albae

During the last decade, aggregation of flooded alder and
poplar forests are considered to belong to the class Salice-
tea purpureae Moor 1958. But not much time ago alder and
poplar forests were attributed to forgotten class Populetea
albae Br.-Bl. 1962 [10]. We support the division of wood and
shrub aggregations on the level of classes. Flooded alder
and poplar forests of the researched region are divided into
two big groups which correspond to the unions — meso hy-
grophyllic and more nutritious aggregations of loamy soil
with predominance of Salix alba and xeromesophyllic short
term flooded aggregations of loam and sandy soils with a
predominance of Populus L. Description of white willow for-
ests from Salicion albae union of the lower Sula basin are
summarized in a separate table (Table 2)

Table2. Phytocenotic characteristic of willow forests of lower Sula basin

Desnity of wood tier 07 | 06 [ 08 | 07 | O7

08

06 | 06 | 07 | 06 06 |06 |04 |06 |04 )10 )06 | 09

Density of shrub tier - |05]|06| — |03

02

0303 | + | + 02 03| + | +]02] + 03|08

Projective cover of grass tier 50199 (90 |70 75

75

75185 |80 | 80 656090 |70 65| 3 |70 | 2

IAmount of species described 17 {20 | 20 | 10 | 17

14

29 [11 121126 25 (17 (16 |18 | 9 | 25| 25| 22

Number of description 112131415

6

71819110 11112113 |14 | 15|16 | 17 | 18

D.s. Subass. S.a. aegopodietosum
podagrariae subass.prov.

Ficaria verna 4 +
Aegopodium podagraria . 5
Urtica dioica + .
Geum urbanum + . . . +
Anemonoides ranunculoides . 1 3 + .
Pulmonaria obscura . + o+ . +
Adoxa moschatellina . .
Scilla bifolia . . . 2
Arctium lappa + . + o+ .
Asarum europaeum . + o+ . +
Galeobdolon luteum . . 1 . 5
Lamium maculatum . +

Festuca gigantea + . . . .
Stellaria holostea . + . . +

NG
- wh

D.s. Subass. S.a. urticetosum

galeopsifoliae subass.prov

Salix triandra (b)

Acer negundo (c)

Fraxinus excelsior (c)

Rubus caesius . .
Urtica galeopsifolia . 1
Impatiens noli-tangere . 1
Symphytum officinale

Caltha palustris

Carex pseudocyperus

Iris pseudacorus

Thelypteris palustris

Glechoma hederacea

Humulus lupulus

Filipendula ulmaria

Urtica kioviensis

Lycopus exaltatus

Phalaroides arundinacea

Mentha pulegium

Galium palustre

++++NOF -
W=a a0
+ NN+ o+

+ -

+ 4+ + A+ F AW+
N

+ + 2N
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Ending tabl. 2

Desnity of wood tier 07106 |08 |07]|07 |08 |06 |06 |07]|06 06 |06 |04 |06 |04 |10 |06 |09

Density of shrub tier - |05|06| — [03]02[03]|03| + | + 02 103 + | +[02] + 03|08

Projective cover of grass tier 50199 |90 |70 | 75|75 |75|85|80| 80 65160 |90|70|65| 3 [70| 2

IAmount of species described 17120120 |10 [17 ({14 |29 |11 [ 21| 26 25 (17 (16|18 | 9 |26 |25 | 22

Number of description 112134 |56 |7 ]8]9]10 111121314 [ 15|16 |17 | 18

D.s. Subass. S.a. caricetosum acuti-
formis subass.prov.

Carex acutiformis . . . . . . . . 2 2| 4 3
Phragmites australis . . . . . . . . .
Scutellaria galericulata . . . . . . . . + + . . +
Lythrum salicaria . . . . . . . . 1 . + . .
Lysimachia vulgaris . . . . . . . . . . . . +
Ranunculus repens . . . . . . + . + + +
Vicia cracca . . . . . . . . . . + . . . .
Eupatorium cannabinum . . . . . . . . . . 2 + . . . . +
Lycopus europaeus . . . . . . . . . . . +
Calystegia sepium . . . . . . . . . . + .
Agrostis stolonifera . . . . . . . . . . . 2
Glyceria maxima . . . . . . . . . . . .
Bidens tripartite . . . . . . . . . . + 2
Mentha arvensis . . . . . . . . . . . . 2
Cirsium arvense ssp. Setosum .
Teucrium scordium . . . . . . . . . . . . . o1
D.s. Subass. S.a. aegopodietosum
podagrariae & S.a. urticetosum
galeopsifoliae

Ulmus laevis (a) 1 . . 2 . . 1 . . . . . . . . .
Ulmus laevis (b) . . . . . . . + . . . . . . . 1
Acer negundo (a)

Acer negundo (b) . . . . . . . . . . . . .
Sambucus nigra (b) . 3 2 . . + o+ . . . . 2 . . . +
Sambucus nigra (c) . . . . . . . . . . . +

Corylus avellana (b) . 3 . . + . . . . . . . . . . . . .
Galium aparine + 2 1 . . 3 1 . + + . . . . . 1 + +
Myosoton aquaticum . + . . .
Myosotis sparsiflora + . . . . +
D.s. Com. Ulmus glabra-Salix alba (Sa-

licion albae)

Ulmus glabra (a) . 2 . . . . . . . . . . 1 1 . 5 .
Ulmus glabra (b) . . . . . . . . . . . . . . . . 1 4
Ulmus glabra (c) . . . . . . . . . . . . . .+ . . .
Swida sanguinea (b) . . . . . . . . . . . . . . . 1 . 2
Swida sanguinea (c) . . . . . . . . . . . + . . . . .
Viburnum opulus (b) . . . . . . 1 . . . . . . . . + 2
Rhamnus cathartica (b) . . . . . . . . . . . + . . . +

Elytrigia repens . . . . . . . . . . . . . . . + . .
Carex hirta . . . . . . . . . . . . 1 1 . . 2+
Artemisia vurgaris . . . . . . . . . . + . . . . . + .
Arctium nemorosum . . . . . . . . . . . . . . . . . +
Taraxacum officinale . . . . . . . . . . . . . . . +

Cucubalis baccifer . . . . . . . . . . . . . . . +

+
N
N
N

+ + =+ a

+ +
+

N =DNN
+ AN

AN -

+

D.s. Ass. Salicetum albae & All. Sali-
cion albae (CI. Populetea albae)

Salix alba (a) 2 5 5 4 1 4 5 5 5 4 3 5 4 4 4 2 . 5
Salix fragilis (a) . . . . . . . . . . . . . . . . 2
Populus nigra (a) 3 . . . 5 . . . . . . . . . . 2

Populus alba (a) . . . . . 1 . . . . .

Populus alba (b) . . . . . . . . . . + . . . . . . .
Populus alba (c) . . . . . . . + . . . . . .+ . . +
Lisimachia nummularia . . . . . . + . . + + . . + . + . .
Scutellaria hastifolia . . . . . . + o+ . . + . . . . . . +
Myosoton aquaticum . . . . + . . . . . . . . . . . .
Althaea officinalis . . . . . . . . . . . . . . . . +

Rarely occurred species: Acer campestre (b) (5 — 1), (b) (5 — +), Cirsium heterophyllum (17 — +), C. oleraceum
A. platanoides (c) (2, 9, 18 — +), A. tataricum (b) (5 -+, 7 — (12 — +), C. palustre (18 — +), Chelidonium majus (1 — +),
1), Alliaria petiolata (1 — 2), Alnus glutinosa (a) (9, 10 — 1), Chenopodium album (11 — +), Corydalis solida (3 — +),
A. glutinosa (c) (7 — +), Alopecurus pratensis (17 — +), An- Daucus carota (11 — +), Dryopteris filix-max (3 — +),
thriscus sylvestris (4 — +), Armeniaca vulgaris (c) (16 — +), Epilobium roseum (11 — +), Euonymus europaea (b) (6 —
Calamangrostis canescens (12 — 3), Carex acuta (17 — +), +), E. europaea (c) (5,6 — +), Frangula alnus (b) (7 — 1,
C. contigua (14 — 1), C. praecox (16 — 1), Carpinus betulus 11 — +), F. alnus (c) (16 — +), Fraxinus excelsior (b) (10 —
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+), Gagea lutea (3 — +), Galium boreale (16 — +), Geranium
robertianum (18 — +), Glechoma hirsuta (3 — 1), Grossular-
ia reclinata (b) (18- +), Heracleum sibiricum (11 — +), Lac-
tuca serriola (11— 2), L. stricta (12 — +), L. tatarica (12 — +),
Lapsana communis (11 — +), Lonicera tatarica (b) (17 — +),
Lythrum virgatum (16 — +), Malus sylvestris (a) (1 — 1),
Mentha longifolia (14 — +), Morus nigra (c) (18 — 1),
Moehringia trinervia (7 — +), Omphalodes scorpioides
(10 — +), Padus avium (b) (9 — +), Polygonatum multiflorum
(3 = +), Polygonum amphibium (7 — +), Populus tremula (a)
(6,121 — 1), P. tremula (b) (11 — +), P. tremula (c) (18 — 1),
Prunus divaricata (b) (17 — +), Ptarmica carthilaginea (13 —
+), Pyrus communis (a) (1 — 3), Quercus robur (b) (16 — 1),
Ranunculus lingua (15 — 1), Rumex aquatica (7 — +),
R. confertus (13 — +), Ribes nigrum (b) (7 — 1), Robinia
pseudoacacia (a) (1 — 1), R. pseudoacacia (b) (5 — +), Ro-
sa sp. (c) (16 — +), Salix caprea (b) (16 — +), S. cinerea (b)
(11 — 2), Scilla siberica (3 — +), Senecio erucifolium
(11 — +), Sonchus oleraceus (12 — +), S. palustris (17 — +),
Stachys sylvatica (2 — 1), Stellaria neglecta (1 — 2), Tilia
cordata (b) (5 — 2), Torylis japonica (17 — +), Typha latifolia
(17 = +), Ulmus carpinifolia (a) (3 — 2, 10 — 1), U. carpini-
folia (b) (9 — +), Viola hirta (1 - +), V. odorata (5 — +).

Legends for descriptions

Description 1. O.Yu. Smagliuk 03.05.2014. In re-
duced beams on the floodplain of Sula river, near
Lyaschivka (Chornobaivsky area Cherkasky district 29
block about 30 quarter).

Description 2. O.Yu. Smagliuk 25.05.2015. In poplar
forest of river Chumgak valley, near Bilousivka (I Prokho-
rov-in Zolotoniyskiy forestry). At the foot of the slope of the
indigenous banks plain area. The diameter 0,3-0,8 m,
height 22 m.

Description 3. O.Yu. Smagliuk 29.04.2015. In osier bed
in thalweg beams Lubenskyi Forestry AIC (tract Vynnytsia
23 quarter). The diameter 0.4 m, height 30 m.

Description 4. O.Yu. Smagliuk 03.05.2014. In the
floodplain of Sula river near Mokhnach (Chernobaevsky
area Cherkasy region).

Description 5. O.Yu. Smagliuk 23.05.2014. In the
plantation of poplar and willow in broadleaf forests around
Aleksandrovka (Lubny Poltava region, 35 quarter 2
division).

Description 6. N.O. Smoliar 25.05.2015. In willow
riparian forests near river Chumgak around. Bilousivka. In
description present green moss — 2% of coverage.

Descriptions 7, 10. N.O. Smoliar 30.04.3015. In willow
forests of botanical nature monument "Mgarska dacha"
(outskirts of Lubni).

Description 8. O.Yu. Smagliuk 26.05.2015. In a
young osier bed floodplain of Chumgak river between
villages Bilousivka and Kozorizi. The diameter 0,1-
0,35 m, height — 16 m.

Description 9-10. O.Yu. Smagliuk 30.04.2015. In a
large array willow forests of "Mgarska dacha". Water is
squeezed. The diameter of 0.4 m, height — 26 m.

Description 11. N.O. Smoliar 26.07.2015. Trench
among the fields to the right from the highway from Lypove
to Kryva Ruda (Poltava region, Semyonov district).

Description 12. N.O. Smoliar 27.07.2015. Trench near the
village. Demianivka (Poltava region, Semyonov district).

Descriptions 13, 14. O.Yu. Smagliuk 27.07.2015. On
the island Vysokyi of Sula river. Implanted willows, diame-
ter 0,2-0,4m, height 25 m.

Descriptions 15. O.Yu. Smagliuk 27.07.2015. On the is-
land Horbivka of Sula river. Diameter 0,2-0,3 m, height 13 m.

Descriptions 16. N.O. Smoliar 26.07.2015. Trench on
the north-east from village Demyanivka poplar diameter
0,2-0,3m, height — 18 m.

Description 17. O.Yu. Smagliuk 26.07.201. Trench on the
north-east of Tukalo village (Poltava region, Semyonov
district). 0.5 m elm diameter, willow — up to 1 m, height — 12 m.

Description 18. O.Yu. Smagliuk 26.07.2015. In the
floodplain of Sula near the ferry of Tarasivka village
(Poltava region, Orzhytsia destrict). Willow diameter 0.3
meters, height — 24 m.

The union Salicion albae includes more humid aggre-
gations of the class which are represented by white willow
forests of the floodplain of Sula and its right branches, wet-
land thalweg ravines on its left bank and, occasionally,
branches of the left bank. They are clearly divided into
three groups — mesophyllic, meso-hygrophyllic and hygro-
phyllic. They do not have much in common in terms of spe-
cies content. We have marked them within the rank of pro-
visor sub-associations of the Salicetum albae association.
After some time, as the phytocenotic material of related
areas will be accumulated, their syntaxonic status must be
updated. It is also typical that these three sub-associations
show complete similarity of species and ecotype conditions
towards listed above syntaxons of alder forests — union
Alno-Ulmion and associations of Carici ripariae-Alnetum
and Carici acutiformis-Alnetum. Average density of wood
tier estimates 0,65, shrub — 0,2, garss tier coverage — 75%.
Willow forests in terms of floristic diversity are inferior to
alber and poplar forests.

Sub-association of S.a. aegopodietosum podagrariae
represents natural and cultivated white willow forestries
mainly in moist thalwegs, sometimes on the higher creek's
areas of Sula and Sula's tributaries that have a lot of min-
eral and organic compounds. Diameter of willow is in range
of 0,1-0,8 m and height is 22-30 m. Scrubbery and herba-
ceous layers mostly consist of nemoralis (forest) species.
Some of the sub-association's territories are used as pas-
tures. Medium tree crown density is 0,7, medium density of
scrubbery layer is 0,3, grass layer — 80%.

Sub-association of S.a. urticetosum galeopsifoliae
represents meso hygrophyllic natural white willow forests in
moist thalweg, in particular on the territory of botanical na-
ture monument "Mgarska dacha" (outskirts of Lubny), the
lower parts of the floodplain Sula and its tributaries (mostly
river Chumgak), on rich mineral and organic nutrients,
somewhat nitrified soils. In summer water lies on the depth
of 0,2-0,3 m or almost near the ground surface; in spring
and after rains flowing water is above the ground level.
Diameter of willow rages from 0,1-0,7 m, height — 16-27 m.
Scrubbery and herbaceous layers include typical species of
swampy alder forests, excluding typical species of Salicion
albae union. In the aggregations of sub-associations of
"Mgarska dacha" was found a very rare species for Forest-
Steppe — Urtica kioviensis. Average density of wood tier
estimates 0,7, scrubbery — 0,2, grass tier coverage — 80%.
Floristic index is high for the willow forests of the region.

Sub-association of S.a. caricetosum acutiformis repre-
sents hygrophyllic, periodically flooded but mostly drained
natural and planted white willow forests on the floodplains of
lower Sula area islands and in the fields on the left bank, and
also in the lower basin of Sula. Diameter of willow ranges
from 0,2-0,4 m, height — 13-25 m. Among shrub and grass
tiers, typical species of Salicion albae union are dominant.
Average density of wood tier estimates 0,5, shrub — 0,15,
grass tier coverage — 70%, it means that density of all levels
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is the lowest for willow forests. In terms of floristic content it
is inferior to other groups of willow forests.

Aggregation Ulmus glabra-Salix alba (Salicion albae)
represent mild transformed white willow-elm groves among
the fields in the outskirts of Demianivka, Tukalo, Obolon,
Semenov district of Poltava region, occasionally flooded
willow forests near Tarasovka village of Orzhyts region. Di-
ameter of elm ranges from 0,5 m, willor 0,2-1 m, height 12-
24 m. Average density of wood and shrub tier is the highest
for willow groups and estimates: wood (0,8), shrub — (0,4),
grass tier coverage — 40% — the lowest index. The floristic
content of the aggregation is the highest among willow for-
ests. Syntaxonic position of the aggregation requires detali-
zation and according to floristic content it is related to the
union Calamagrostio epigei-Populion nigrae.

Twenty yers ago the communities of mesophillic union
Rubo caesii-Amorphion fruticosae were described for
Kaniv Natural Preserve [14] and xeromesophyllic union
Galio veri-Aristolochion clematidis from flooded island
of Forest-Steppe region of Dnieper [14]. Comparsion of

these syntaxons with the aggregations of flooded areas of
Steppe region have shown that there is only one allocated
union [3, 7, 11]. It may be determined as the driest (mes-
oxerophyllic, xeromesophyllic and alsp mesophyllic) flood-
ed poplar forests of the Forest-Steppe and Steppe areas
on sand and sandy soils. Therefore, new name of the union
was chosen in monograph about forest plants classification
of the Northern Black Sea region [10], which is very in-
formative and reflects the environmental and geographical
specificity of the unity.

In wood tier of flooded poplar forests of Calamagrostio
epigei-Populion nigrae union, Populus nigra L. Is a typical
dominant, in the cover — Rubus caesius L., Carex praecox
Schreb., Calamagrostis epigeios (L.) Roth., Glechoma
hederacea L., Elytrigia repens (L.) Nevski. Description of
the union from lower Sula basin is summarized in table 3.
Overall, the aggregation of poplar forests are richer than
alder and willow forests. The highest amount of trees (as
seedlings) and shrubs species comparing to the entire re-
gion was indicated in the aggregations within unity.

Table 3. Phytocenotic characteristic of poplar forests of lower Sula basin

Desnity of wood tier 06 | 08 | 04 | 03

07104 07|07 |07 |10]09 |07 |08 |08 |06 |07 ]| 04

Density of shrub tier 01 /02|04 +

01/01]/04 06|07 |02]01|02|02|03]|03]|08] 06

Projective cover of grass tier 7513080 3

25| 3 [45]|120|25| 1 |85|55|15|65| 75|60 | 60

IAmount of species described 22 124 |17 | 12

15114 |14 |17 |38 |10 |20 | 35|24 |20 | 19|37 | 26

Number of description 1 2134

5|6 |7 ]18]9|10|11]12]13|14[15]16| 17

D.s. Ass. Galio veri-Populetum nigrae nom.
Nov

Populus nigra (a)
Populus nigra (b)
Populus nigra (c) . .
Salix alba (a) . . 3 2
Salix alba (b) . . .
Galium verum +

+
+

D.s. Ass. Strophiostomo

sparsiflorae-Populetum albae nom. nov.

Amorpha fruticosa(b)

Amorpha fruticosa (c)

Achillea millefolium . . .
Populus alba (a) . . 1
Populus alba (b)

Populus alba (c)

Humulus lupulus

D.s. Com. Swida sanguinea-Populus x

canescens

Populus x canescens (a)

Populus x canescens (b)

Populus x canescens (c) . .
Swida sanguinea (b) . +
Swida sanguinea (c) + o+
Viburnum opulus (b)
Rosa sp. (c)
Populus tremula (c)
Quercus robur (c)
Lysimachia vulgaris
Galium aparine
Geum urbanum
Moehringia trinervia
Taraxacum officinale
Artemisia vurgaris
Cucubalis baccifer
Equisetum arvense
Galium boreale
Phragmites australis
Carex otrubae . .
Arctium nemorosum . +
D.s. Com. Carex hirta-Populus balsaminus

Populus balsaminus (a)

Populus balsaminus (c)

+ B8+ =2

S Wl o
N+ N[+ W
+ + + B

+

+

+
+
+.
+ +
+ +
+ o+ + +

+
=4+ + -
-




ISSN 1728-2748

BIONOrIA. 2(72)/2016

~41 ~

Ending tabl. 3

Desnity of wood tier 06 | 08 | 04 | 03

07104 07|07 |07 |10]|09 |07 |08 |08 06|07 | 04

Density of shrub tier 010204 | +

01/01]04 06|07 |02]01]02|]02|03|03]|08]| 06

Projective cover of grass tier 7513080 3

25| 3 [45]20| 25| 1 |85 |55|15|65| 75|60 | 60

IAmount of species described 22 124 |17 |12

15114 |14 |17 |38 |10 |20 | 35|24 | 20| 19|37 | 26

Number of description 1 2 13| 4

5|6 | 7]18]9|10|11]12]13|14[15]16| 17

D.s. All. Calamagrostio epigei-Populion nigrae

Rubus caesius . . 5
Elytrigia repens 3

Poa pratensis 3

Agrostis stolonifera . .
Dactylis glomerata . +
Calamangrostis epigeios 5 . . .
Carex hirta . . . +
Carex praecox . . . .
Lactuca serriola . . . +
Glechoma hederacea .
Anthriscus sylvestris . +
Fallopia convolvulus .
Lactuca tatarica + . .
Aristolochia clematitis . . +
Sonchus arvensis
Alopecurus pratensis

-
+

. 1 . . 5 1
3 .2 . . +
2

N
+ -
+
NWhr-=
N
+

+
+ + + O

+
+
-
N -
+
+

D.s. Cl. Populetea albae

Salix fragilis (a)
Acer negundo (a) . . .
Acer negundo (b) . + 4
Acer negundo (c) + o+ .
Urtica dioica . 1 + .
Lysimachia nummularia . . . +
Symphytum officinale . . +
Carex acutiformis . 2 0+
Lythrum salicaria . .
Ranunculus repens . 2
Mentha arvensis . .
Myosoton aquaticum . +
Scutellaria hastifolia . . .
Stachys palustris . . +
Lycopus europaeus
Solanum dulcamara . .
Calystegia sepium . +
Myosoton aquaticum
Ptarmica carthilaginea
Potentilla reptans
Thalictrum flavum
Asparagus officimalis
Sonchus palustris
Althaea officinalis
Eupatorium cannabinum
Cirsium palustre

+
N
N
+
N
+ 4+ + + A

+ -
+

+

Rarely occurred species: Acer campestre (a) (15— 1),
A. campestre (b) (15 — 1), A. campestre (c) (15 — +),
A. platanoides (b) (2 — 3, 13 — +), A. platanoides (c)
(12 — +), A. tataricum (c) (2, 15 — +), Achillea inundata (1 —
1), Alliaria petiolata (12 -1, 15 — +), Armeniaca vulgaris (b)
(9 — +), Artemisia absinthium (5 — +), Atriplex lucens (17 —
+), Ballota nigra (14 — 3), Brachypodium sylvaticum
(9 -1), Calamangrostis canescens (14 — 1), Campanula
rotundifolia (1 — +), Carduus crispus (11 — +), Carex acuta
(3 —+), C. caespitosa (6 — +), C. contigua (12 — +), C. mel-
anostachya (4, 6 — +), C. vulpina (6 — +), Chaiturus marru-
biastrum (3 — +), Chamaecytisus ruthenicus (7 — +), Cheli-
donium majus (2, 12 — 3, 8 — +), Clinopodium vulgare
(12 — +), Convallaria majalis (15 — 5), Corylus avellana (c)
(15 — +), Crataegus sp. (b) (2, 12, 16 — +), C. sp. (c)
(1, 2,12 — +), Cynoglossum officinale (5 — +), Daucus caro-
ta (11 — +), Dryopteris carthusiana (10 — +), Eleagnus ar-
gentea (b) (13, 14 — +), Conyza canadensis (17 — +), Eu-
onymus europaea (b) (15 -1), E. europaea (c) (2, 15 — +),
Fragaria moschata (9 — 3), Frangula alnus (b) (9 — +, 13,
16 — 1), F. alnus (c) (2 — +), Fraxinus excelsior (b) (2- +),
F. excelsior (c) (2, 15 — +), F. viridis (a) (4 -1), F. viridis (b)
(3, 4 — +), F. viridis (c) (6 — +), Galium palustre (15 — +),

Geranium robertianum (2 — 2, 12 — 3), Heracleum sibiricum
(14 — +), Hieracium umbellatum (9 — +), Hypericum perfora-
tum (1, 16 — +), Iris pseudacorus (15 — +), Ligustrum vul-
gare (b) (9 — +), Linaria vulgaris (1 — +), Lythrum salicaria
(6 — +), Malus praecox (b) (7 — +), Melandrium album (5,
11- +), Morus nigra (b) (1, 2, 4 — +, 9 — 2), M. nigra (c)
(1, 2 — +), Padus racemosa (b) (1, 12 — +), Parthenocissus
quinquefolius (8 — +), Pinus sylvestris (a) (9 -1), P. syl-
vestris (b) (7 — +), Poa nemoralis (6 — +), Populus tremula
(b) (6, 9, 11 — +), Prunus divaricata (c) (16 — +), P. spinosa
(b) (9, 17 — +), Pyrola rotundifolia (9 — 2), Pyrus communis
(b) (1,2 — +), Quercus robur (b) (1, 4, 13 — +), Rhamnus
cathartica (b) (1 — 2), R. cathartica (c) (1, 9, 12 — +), Ribes
nigrum (b) (15 — 2), R. nigrum (c) (16 — +), Robinia pseu-
doacacia (b) (1, 9, 12 — +), Rumex confertus (12 -+), Salix
cinerea (b) (9 — 2, 13 — +), Sambucus nigra (b) (1, 2,
9-+ 11-2, 13,14 — 1), Sambucus nigra (c) (1, 2, 9, 11,
13, 16 — +), S. racemosa (c) (12 — +), Setaria viridis
(17 — +), Sorbus aucuparia (c) (12, 13 — +), Stellaria media
(1 — +), Steris viscaria (9 — 1), Torylis japonica (16 — +),
Trifolium alpesre (17 — +), Trifolium medium (17 -+), Tussi-
lago farfara (9 — +), Ulmus carpinifolia (b) (9 — +), U. glabra
(a) (10 — 5), U. glabra (b) (12, 16 — +), U. glabra (c)
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(12 — +), Ulmus laevis (a) (15— 1), U. laevis (b) (3, 10 — +),
U. laevis (c) (15 — +), Veronica longifolia (17 — +), Vibur-
num lantana (b) (9 — +), V. opulus (c) (7 — +), Vicia cracca
(5, 17 — +), Viola canina (16 — +), Viola elatior (6 — +).

Legends for descriptions

Description 1. N.O. Smoliar 27.07.2015. In the tract
"Horbivka" on Romanov Horb Island in the gulf of Sula.

Description 2. N.O. Smoliar 27.07.2015. In the tract
"Dubina" on the island Lyaschivka in Sula lough. Implanted
poplars in the peripheral zone of the island.

Description 3. O.Yu.Smagliuk 24.07.2014. Areas of
floodplain of Sula river near the bridge across Sula.

Description 4-6. O.Yu.Smagliuk 23.05.2014. Poplar
plantations on the southern part of village. Nesen-Irzhavets
(Poltava region, Orzhytsia district).

Description 7-10. O.Yu. Smagliuk 26.07.2015. Forest
area of the floodplain near Sula upland terraces near Lypove
village. The diameter of poplar 0,3-0,4 m, height — 23 m.

Description 11. N.O. Smoliar 27.07.2015. Trench in the
center of the field, right to the highway from Kryva Ruda to
Lypove.

Description 12. N.O. Smoliar 27.07.2015. On the island
Vysokiy in the gulf of Sula.

Description 13. N.O. Smoliar 26.07.2015. Trench sys-
tem on the fields near Demyanivka village.

Description 14. N.O. Smoliar 26.07.2015. Trench in the
center of the field near Kryva Ruda village (Poltava region,
Semyonov district).

Description 15. N.O. Smoliar 30.04.3015. On the territo-
ry of "Mgarska dacha" near the city Lubny.

Description 16. O.Yu.Smagliuk 26.07.2015. Trench in
the outskirts of Kukoba village (Poltava region, Semyonov
district).

Description 17. N.O. Smoliar 26.07.2015. Trench sys-
tem in the center of the field in the outskirts of Demyanivka
vallage.

Association Galio veri-Populetum nigrae nom. nov. prov.

Diagnostic species: Populus nigra (dom.), Salix al-
ba (dom.), Calamangrostis epigeios, Carex praecox,
Galium verum.

The maijority of poplar forests of the lower Sula basin
are close to association, described as a variant of Populus
nigra (nomenclature type of this association belongs to this
variant) association Galio veri-Aristolochietum clematid-
is Shevchyk et V.SI. 1996 [14]. But this name contradicts to
the International Code of Phytosociological Nomenclature
[17], because it does not contain any type of dominant tier
(trees) in its name, so it must be changed. So, we propose
the new name — Galio veri-Populetum nigrae.

Aggregations of association in the territory of experi-
mental region are natural aggragations of black poplar,
black poplar's croppers aging up to 50 years and sponta-
neous forests in the former agricultural lands. They are
detected on the Sula's flood plains, frequently on the is-
lands of Sula's creeks, sometimes in the form of small for-
estries among the fields on Sula's left shore. These are the
driest aggregations on the experimental territory. Even
though humidity varies according to season, floods in the
experimental region are rare. Diameter of black poplar is in
range of 0,1-0,5 m and height is 6-28 m. Medium density of
tree crowns is lowest among poplars' aggragations (0,55)
and scrubbery (0,1), covering of grass layer is considerable
— 0.55. These aggregations are the poorest in floristical
contingent among poplars' aggragetions.

Association Strophiostomo sparsiflorae-Populetum
albae nom. nov. prov.

Diagnostic species: Populus alba (dom.), P. nigra
(dom.), Amorpha fruticosa, Humulus lupulus.

Most of white poplar forests of the lower Sula basin are
close to association, described as Strophiostomo sparsi-
florae-Amorphetum Shevchyk et V.SI. 1996 [14]. But this
name contradicts to the International Code of
Phytosociological Nomenclature [17], because it does not
contain any type of dominant tier (trees) in its name, so it
must be changed. What we offer here is previously called
Strophiostomo sparsiflorae-Populetum albae. Associa-
tion represents flooded and trench poplar forests of the
valley of Sula river. Diameter of poplars ranges between
0,3-0,5 m, height — 23-27 m. Average density of wood tier
estimates 0,8, shrub — 0,4, grass tier coverage — 35%.

Aggregations of Swida sanguinea-Populus x ca-
nescens (Calamagrostio epigei-Populion nigrae) diag-
nosed in trenches throughout the fields. They have been
formed by hybrid species (Populus alba x P. tremula) and
noticed in the outskirts of villages Kryva Ruda, Demyanivka,
Kukoba, Semenov district of Poltava region. Also, indicated
on the territory of botanical natural monument "Mgarska da-
cha" near Lubny and on the Vysoky island in Sula lough.
Diameter of the poplar ranges from 0,07-0,4 m, height — 15-
18 m. Syntaxonomical position of the aggregation requires
more researches, probably it should be refereed to recently
described class Dactylido glomeratae-Populetea tremulae
Vorobyov et |. Solomakha in [.Solomakha et al. 2015 [10].
Average density of wood tier is 0,8, shrub — 0,35, grass tier
coverage — 45%. In terms of floristic content these communi-
ties are the richest among poplar forests.

Aggregations of Carex hirta-Populus balsaminus
(Calamagrostio epigei-Populion nigrae) was found in
one of the trenches in the fields, left from the highway from
Lypove to Gradyzk near Demyanivka villagte, Semenov
district of Poltava region. Density of wood tier is low — 0,4,
shrub and seedings — 0,6, grass tier coverage — 60%.

Conclusion. Flooded alder (Alnus glutinosa), willow
(Salix alba, 3pigka S. fragilis) and poplar (Populus nigra,
P. alba, Populus x canescens) forests in the basin of lower
Sula occupy a lot of space and characterized by significant
level of cenotic diversity. In particular, meso-hygrophyllic
black alder forests have been assigned to the Alno-
Ulmion union of the Querco-Fagetea class, which is di-
vided into two groups. Swampy black poplar forests, which
are distributed mainly on the floodplains of small rivers,
have been assigned to Alnetea glutinosae class, within
which two associations were identified. One of them — is
the most common among alder forests of the region asso-
ciation Carici ripariae-Alnetum glutinosae — three vari-
ants were selected. Flooded forests with the domination of
Salicaceae family species have been assigned to Popu-
letea albae and order Populetalia albae. Willow forests of
the floodplains of river Sula and its branches, and also
moist thalweg ravines and, occasionally, trenches, belong
to the union Salicion albae and association Salicetum
albae. Within the association, three widespread but very
different sub-associations have been previously allocated
(its rank must be obviously increased), homologous to syn-
taxons of alder forests and one community of unidentified
status. Poplar forests of Sula lower course floodplains in-
cluding those which are situated on the islands of the Sula
lough, occupy less area comparing to alder and willow for-
ests, most part of them was implanted. They belong to the
union Calamagrostio epigei-Populion nigrae, and, ac-
cording to the dominant tree layer is divided into two asso-
ciations, which name we offer to change according to the
International Code of Phytosociological Nomenclature [17]
— Galio veri-Populetum nigrae and Strophiostomo
sparsiflorae-Populetum albae (two options selected).
Trench aggregations of the left bench of Sula lower course
Swida sanguinea-Populus x canescens turned out to be
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very interesting, but, for now, they are described as non-
ranked. Its syntaxonomical status must be specified.
Community of Carex hirta-Populus balsaminus was
found only in one locality. It should be noted that species
from the Red Book were not found in alder, willow and pop-
lar forests of the lower basin of Sula river, however a num-
ber of regionally rare species were revealed and a sepa-
rate publication will be dedicated to this theme.

Considering the risks of damages and adventisation of
the flora, the least transformed, the largest and the oldest
poplar, alder and willow forests of each association require
preservation. Significant water preservation role is the in-
disputable argument for prohibition of its total deforestation.
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B. Conomaxa, a-p 6ion. Hayk, H.Cmonsip, kaHA. 6ion. Hayk, O. Cmarnok, acn.
KuiBcbkuit HauioHanbHUM yHiBepcuteT iMmeHi Tapaca LleBuyeHka, KuiB, YkpaiHa

®JIOPUCTUHHA KNACU®DIKALIS 3AMNABHUX BIITbXOBUX,
BEPBOBUX | TOMOJIEBUX JTICIB Y BACEWHI HWXKHbOI CYNN (YKPAIHA)

HocnidxeHo 3annaeHi sinbxoei (Alnus glutinosa), eepboei (Salix alba, 3pidka S. fragilis) ma mononeei (Populus nigra, P. alba, konku 3 Populus
X canescens) nicu y 6aceliHi HUXHboi Cynu. Me3oziepoghinbHi 4opHoeinbxoei nicu sioHeceHo do coro3y Alno-Ulmion knacy Querco-Fagetea (com.
Aegopodium podagraria-Alnus glutinosa, D.c. Acer negundo-Alnus glutinosa). 3a6onoyeHi YopHoeginbxoei nicu knacy Alnetea nowupeHi nepesax-
HO Ha 3annaeax Masnux pi4yok i npedcmaeneHi deoma acoyiayissmu (Carici ripariae-Alnetum glutinosae ma Carici acutiformis-Alnetum glutinosae).
3annaeHi sep6oei ma mononesi nicu eidHeceHo do knacy Populetea albae (nopsidok Populetalia albae). Bep6oei nicu 3annae Cynu ma ii npumok, a
makox nepe3eosioXeHUXx masnwseezie 6anok ma 3pioka Koskie Hanexams Ao coro3y Salicion albae i acoyiayii Salicetum albae. Tononeei nicu noHu-
335 3annaeu Cynu Hanexamsb 0o coro3y Calamagrostio epigei-Populion nigrae i po3dinsrombcsi Ha dei acoyiayii, Ha3ey sikux MPOMOHYEMO 3MiHUMU
32i0H0 3 euMozamu MixHapoOHo20 Kodekcy ¢himocoyionoziyHoi HomeHknamypu — Galio veri-Populetum nigrae ma Strophiostomo sparsiflorae-
Populetum albae. Haconowyemscs Ha eidcymHocmi 8 docnidxeHux yepynoeaHHsix eudie i3 YepeoHoi kHuau YkpaiHu. HalimeHw mpaHcghopmosa-
Hi, Halibinbwi 3a nowero ma Halicmapiwi einbxosi, eepb6oei ma mononeei nicu KOXHoI 3 acoyiauili nompebyroms 3anoeidaHHs, Ha KOpUcCMb 4020
ceidyumb makox ix 3Ha4Ha 80000XOPOHHA POJIb.

Knroyoei cnoea: Querco-Fagetea (Alno-Ulmion), Alnetea, Populetea albae, YkpaiHa, Jlieo6epexHuii Jlicocmen, 6aceliH HUXHboi Cynu, cuHmak-
COHOMiIs.

B. Conomaxa, a-p 6uon. Hayk, H.Cmonsp, kaHa. 6uon. Hayk, E. Cmarniok, acn.
KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpanHa

DIIOPUCTUHECKAA KHACCI/ICDI/IKALIVIHVI'IOVIMEHHvaX
ONbXOBbIX, MBOBbIX U TOMOJIEBbLIX JIECOB B BACCEMHE HNXXHEW CYIlbl (YKPAUHA)

HUccnedoeann! nolimeHHble onbxoesbie (Alnus glutinosa), usoeslie (Salix alba, 3pidka S. fragilis) u mononeesnie (Populus nigra, P. alba, konku c
Populus x canescens) neca e 6acceliHe HuxHel Cynbl. Me3o2uzpogunbHble onbxoeble jleca omHeceHbl k coto3yAlno-Ulmion knaccy Querco-
Fagetea (com. Aegopodium podagraria-Alnus glutinosa, D.c. Acer negundo-Alnus glutinosa). 3a6onoyeHHble onbxoesble neca knacca Alnetea gluti-
nosae pacrnpocmpaHeHb! MpeumMyujecmeeHHO 8 rnoliMax MaJsibix peK u npedcmassieHbl 08yMsi accoyuayusimu (Carici ripariae-Alnetum glutinosae u
Carici acutiformis-Alnetum glutinosae). lMolimeHHbIe ugoeble u mornoseabie jleca OmHeceHbl K knaccy Populetea albae (nopsidok Populetalia albae).
Heoenble neca noiim Cynbl u ee MPUMOKO8, a Makxe rnepeyeaxHeHHbIX masibee208 6asnok u uspedka Koskoe npuHadnexam K coto3y Salicion albae
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u acoyuayuu Salicetum albae. Tononeesle neca Hu3zosul nolimbl Cynbl omHeceHbl K coto3y Calamagrostio epigei-Populion nigrae u pacnpedens-
romcs Ha dee accoyuayuu, HazeaHue Komopsbix npednazaeM UsMeHUMb coasacHo mpeboeaHuli MexdyHapodHo20 Kodekca ghumocouyuosio2uye-
cKoli HomeHKnamypbl — Ha Galio veri-Populetum nigrae u Strophiostomo sparsiflorae-Populetum albae. Yka3bieaemcs Ha omcymcmeue 8 uccredy-
emMbIx coobujecmeax eudoe pacmeHuli u3 KpacHoli kHuzsu YkpauHbl. HaumeHee mpaHcgopmupoeaHHbie, Haubonbwue no naowadu u 6onee
cmapeble o/IbXx0oeble, Ugoshble U morosieeble ieca kaxdol u3 accoyuayuli mpebyrom 3anoeedaHusi, 8 Mosib3y 4Ye20 ceudemersibcmeyem ux 3Ha4yu-
mesibHasi 80000XpaHHasi Posib.

Knroyesnie crnosa: Querco-Fagetea (Alno-Ulmion), Alnetea glutinosae, Populetea albae, YkpauHa, JlegsobepexHas Jlecocmensb, 6acceliH HUXHeul
Cynbl, CUHMaKCOHOMUS.

UDK 575.28+578.832.1
0. Smutko, PhD stud
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine,
L. Radchenko, JS, A. Mironenko, MD.
Sl "Gromashevsky L.V. Institute of epidemiology
and infectious diseases, NAMS of Ukraine", Kyiv, Ukraine

MOLECULAR AND GENETIC CHARACTERISTICS OF SURFACE
AND NONSTRUCTURE PROTEINS OF PANDEMIC INFLUENZA VIRUSES A(H1N1)PDMO9
IN 2015-2016 EPIDEMIC SEASON

The aim of the present study was identifying of molecular and genetic changes in hemaglutinin (HA), neuraminidase (NA) and
non-structure protein (NS1) genes of pandemic influenza A(H1N1)pdm09 strains, that circulated in Ukraine during 2015-2016 epi-
demic season. Samples (nasopharyngeal swabs from patients) were analyzed using real-time polymerase chain reaction (RT-
PCR). Phylogenetic trees were constructed using MEGA 7 software. 3D structures were constructed in Chimera 1.11.2rc soft-
ware.Viruses were collected in 2015-2016 season fell into genetic group 6B and in two emerging subgroups, 6B.1 and 6B.2 by
gene of HA and NA. Subgroups 6B.1 and 6B.2 are defined by the following amino acid substitutions. In the NS1 protein were iden-
tified new amino acid substitutions D2E, N48S, and E125D in 2015-2016 epidemic season. Specific changes were observed in HA
protein antigenic sites, but viruses saved similarity to vaccine strain. NS1 protein acquired substitution associated with in-

creased virulence of the influenza virus.

Key words: A(H1N1)pdm09 influenza virus, amino acid substitution, antigenic site, non-structure protein.

Introduction. Influenza viruses are antigenicaly varia-
ble pathogens, capable of continuously evading immune
response. Accumulation of mutations in the antigenic sites
is called the "antigenic drift". In circulating influenza viruses
this antigenic drift is a major process, accumulating muta-
tions at the antibody binding sites of receptor proteins, and
enabling the virus to evade recognition by hosts' antibod-
ies, which often translates into periodic epidemics of influ-
enza. To tame the influenza spread a flexible vaccination
WHO's program, based on periodic production of novel
versions of vaccine, is adapted to the actually prevalent
stain(s). For such programs the data on phylogenesis of
circulating versions of pathogens, and genetic stability of
their hemagglutinin (HA) sets data, could help to rationalize
possible epidemiological measures [1].

This year's seasonal influenza risk assessment identi-
fies type A viruses, in particular A(H1N1)pdmQ9, as domi-
nant thus far in EU/EEA countries. There are strong indica-
tions from some EU/EEA countries that the A(H1N1)pdm09
virus is responsible for the hospitalization of a large num-
ber of severe cases. This includes hospitalizations for se-
vere outcomes for both risk groups and otherwise healthy
young adults. A similar pattern of severity is likely to be
observed in other countries as the season progresses [2].

Matherials and methods. Samples were analyzed us-
ing real-time polymerase chain reaction (RT-PCR). Influen-
za viruses subtype A(H1N1)pdmO09 were isolated in MDCK
and MDCK-SIAT cell culture from samples positive in PCR.
Hemagglutinin (HA), neuraminidase (NA) and non-structure
protein (NS1) gene sequences of Ukrainian isolates were
selected to perform phylogenetic comparisons. Phylogenet-
ic analysis was performed using MEGA 7 software [3]. The
influenza A(H1N1)pdm09 sequences are characterized in a
neighbor-joining phylogenetic tree with reference strains
rooted from the current vaccine strain,
A/California/07/2009-like virus. 3D structures were con-
structed in Chimera 1.11.2rc software [4].

Results and discussion. In this study we compared
nucleotide sequences of influenza viruses HA, NA and NS1
proteins.

Comparison of neuraminidase (HA) genes.

Over the last five years the HA genes have evolved and
eight genetic groups have been designated, with
A/California/7/2009 representing group 1, and viruses in
group 6 have formed clusters designated groups 6A, 6B and
6C. Viruses collected in 2015-2016 season fell into genetic
group 6B and in two emerging subgroups, 6B.1 and 6B.2.
Subgroup 6B and subgroups 6B.1 and 6B.2 are defined by
the following amino acid substitutions in HA1 and HA2.

Most of the viruses had amino acid substitutions that
define the new group of viruses in genetic group 6B, now
called group 6B.1. Isolates had a substitution at one of
these sites N162K resulting in loss of glycosylation site,
acquired by the 6B.1 viruses (fig.1).

Also Ukrainian viruses had substitutions S84N and
I1216T. Three isolates from Khmelnitsky, Kiev and Ternopol
had unique mutation in HA2 — 191V. New substitution S83P
was observed in the majority of viruses from 6B.1 group.
Four isolates from Odessa belonged to group 6B.2. lts HA
protein had a substitution at residue 152 of HA1, V152T.
Substitutions in this region, as well as at residue 152, are
often selected in culture and known to affect the antigenicity
of the virus. Viruses from group 6B.2 also had substitutions
R113K D127E (gain of glycosylation site) and E47Q (HA2).

Gain or loss of N-linked glycosylation sites has been
shown to alter HA protein surface topology. A gain in gly-
cosylation could be advantageous to the virus by virtue of a
masking effect on important antibody recognition sites, thus
potentially modulating viral antigenicity [5]. Observations
are based solely on sequence motifs. For the influenza
A(H1N1)pdm09 specimens characterized in this report, two
mutations, S162N (serine to asparagine) and D127E (as-
paragine acid to glycine acid), were observed that could
cause a gain of a glycosylation motif.

© Smutko O., Radchenko L., Mironenko A., 2016
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Fig.1. Phylogenetic tree of the HA gene of influenza A(H1N1)pdm09 viruses isolated during 2015-2016 epidemic season

It is known that the H1 HA molecules have four distinct
antigenic sites: Sa, Sb, Ca, and Cb [6]. As a result, these
sites consist of the most variable amino acids in the HA
molecule of the seasonal human H1N1 viruses that have
been subjected to antibody-mediated immune pressure.
Notably, the Sa and Sb sites that contain many amino ac-

ids involved in neutralizing epitopes near the receptor bind-

ing pockets [6].

In Ukrainian isolates were observed mutations in anti-
genic sites, which emerged in 2015-2016 epidemic season.
The main substitution S162N emerged in Sa antigenic site

and was observed in all isolates from group 6B.1 (fig.2).

S162N
(6B.1 group)

A141T
(A/Khmelnitsky/760/2016,
A/Khmelnitsky/727/2016)

N

e

e

S236P
(AfZaporizza/631/2016)
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? .'t‘i‘) o

g Shiimey
-

Fig.2. 3D structure of antigenic sites on the HA molecule of Ukrainian isolates

Two substitutions were observed in antigenic site Ca,

A141T - had isolates Ne727 and Ne760 from Khmelnitsky,
S236P — in A/Zaporizza/631/2016. Information about chang-
es in antigenic sites very important for prediction next domi-

nant strains. It is well-documented that antigenic changes of
HA occasionally result in the acquisition of carbohydrate side
chains on the HA molecule [7]. Since the carbohydrate side
chains in the vicinity of antigenic sites mask the neutralizing
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epitopes on the HA surface, amino acid substitutions associ-
ated with acquisition of carbohydrate chains are believed to
efficiently generate antigenic variants.

Compatrison of neuraminidase (NA) genes.

Genetic comparison of influenza virus A(H1N1)pdm
neuraminidase genes shown that all investigated isolates

134v,
N44s,
N200s,
1321V,

VO94A g7

were genetically related to reference strain A/South Afri-
€a/3626/2013 and saved high genetic similarity to vaccines
strain A/California/07/2009. On phylogenetic tree of NA
genes was shown that viruses also divided into two sub-
groups — 6B.1 and 6B.2, as on phylogenetic tree of HA
genes (fig.3).
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Fig.3. Phylogenetic tree of the NA gene of influenza A(H1N1)pdm09 viruses isolated
during 2015-2016 epidemic season

All discovered isolates had amino acid substitutions —
134V, N44S, N200S, 1321V, K432E, except reference
strains. Most of Ukrainian isolates belonged to group 6B.1
and acquired substitutions — V13Il, 134V, V2641, N270K,
1314M. Part of these viruses had mutation V94A.

Group 6B.2 included isolates from Odessa, viruses ac-
quired substitutions V671 (valine to isoleucine), T381I
(threonine to isoleucine). Isolate A/Odessa/68/2016 had
unique acid substitution G395E.

All discovered viruses retain susceptibility to oseltamivir
and zanamivir.

Comparison of non-structure protein (NS1) genes.

Viral NS1 protein plays a central role in counteracting
host cell processes that try to interfere with viral replication.

In 2015-2016 epidemic season in Ukrainian isolates
amino acid substitutions D2E, N48S, and E125D were
identified in the NS1 protein. These mutations were absent
in isolates in 2014-2015 epidemic season. Substitutions
D2E and E125D occurred in 70% Ukrainian viruses and
N48S in 12,5% of sequenced viruses.

Ukrainian isolates 2015-2016 season have been di-
vided into two groups. The second group included 6 iso-
lates from Odessa and 1 isolate from Dnepropetrovsk. In
these group substitutions D2E, N48S, and E125D were
absent, but isolates had unique point substitutions — 118V,
V1291, 1182V (fig.4).

An EpiFlu database search revealed that the frequency
of substitutions D2E and E125D in NS1 protein of influenza
A(H1N1)pdmO09 viruses drastically increased in less than 1
year from 10% in 2015 in the Southern Hemisphere epi-
demic season to 74% in 2015/2016 in the Northern Hemi-
sphere epidemic season [8].

Conclusions. Genetic analysis of influenza
A(H1N1)pdmO09 viruses circulating in Ukraine in the
2015/2016 epidemic season showed that all of them were
similar to the vaccine strain recommended by WHO. Virus-
es had acquired amino acid substitutions in HA molecule
antigenic sites, which can lead to antigenic changes at the
next epidemic seasons. Although new genetic subgroups
have emerged in 2015-2016 epidemic season, the
A(H1N1)pdmO09 viruses received were antigenically similar
to the vaccine virus A/California/7/2009 and retain suscep-
tibility to oseltamivir and zanamivir

Detailed analysis of substitutions in the protein encoded
by internal gene NS1 showed that most of Ukrainian virus-
es acquired specific amino acid changes: D2E, N48S and
E125D. E125D in NS1 is known to be one of the key sub-
stitutions involved in shutdown of host mRNA transport,
restoring inherent disability of A(H1N1)pdmQ9 virus to effi-
ciently control human cell gene expression. NS1 of all sea-
sonal human influenza viruses (H1N1 seasonal and H3N2)
contains D125 that interacts with cellular cleavage and
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Fig.4. Phylogenetic analysis of the NS1 gene of influenza A(H1N1)pdm09 viruses isolated
during 2015-2016 epidemic season

The observed rapid spread of influenza A(H1N1)pdm09
viruses with no significant antigenic changes in HA can be
speculatively explained by increased transmissibility, as
well as by increased virulence or by combination of both.
The possible link between transmissibility or virulence and
described changes in NS1 internal gene in influenza
A(H1N1) pdm09 viruses awaits experimental proof [8].
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0. CmyTbKO, acn.

KuiBcbkuit HauioHanbHUM yHiBepcuTteT imeHi Tapaca LleBuyeHka, KuiB, YkpaiHa,

J1. PaguyeHko, mon.Hayk. cniBpo6., A. MipoHeHKo, A-p MeA. Hayk

Y "lHcTuTyT enigemionorii Ta iHdekuinHUXx xBopo6 imeHi J1.B.M'pomaweBcbkoro, HAMH Ykpaiuun", KuiB, YkpaiHa

MOJIEKYNAPHO-FTEHETUYHI OCOBJIMBOCTI NOBEPXHEBUX TA HECTPYKTYPHUX BIJTKIB
NAHOEMIYHUX BIPYCIB rPUMY A(H1N1)PDM09 B CE3OHI 2015-2016 POKIB

Memoro docnidxeHHs1 6ys10 sussieumu MOJIEKYIsIPHO-2eHeMUYHi 3MiHU 8 2eHax 2emazntomuHiHy (HA), HelpamiHida3u (NA) ma HecmpykmypHo-
20 6inky (NS1) naHOemi4HuXx gipycie epuny, wo yupkynroeanu e Ykpaini 6 2015-2016 pokax. 3pa3ku 6ynu npoaHasnizoeaHi MemodoMm nosiimepasHoi
naHytrozoeoi peakuii (MJ1IP) e peanbHoMy 4aci. PinozeHemuyHi depesa 6ydysanu e npoepami MEGA 7. 3D cmpykmypu 6ydyeanu e npozpami Chi-
mera 1.11.2rc. Bipycu, sudineHi 8 YkpaiHi @ ce3oHi 2015-2016 pokie, Hanexamb 0o 2eHemu4Hoi epynu 6B, e siKili 8 ybOMy Ce30Hi 8UHUKIU O8] HO8I
nidepynu 6B.1 ma 6B.2, 3a ceHamu HA ma NA. Lji nidepynu eu3Havyarombcsi cneyugiyHuMu Ons1 HUX aMiHOKUCIOMHUMU 3amiwieHHsaMuU. B 6inky NS1
6ynu eusienieHi Hosi amiHokucsiomHi 3amiweHHs1 D2E, N48S ma E125D e ce3oHi 2015-2016 pokie. B aumuzeHHux calimax HA 6ynu eusieneHi cne-
yudpivHi 3aminu, npome gipycu 36epeanu nodi6bHicmb o sakyuHHO20 wmamy. binok NS1 Habye 3amiweHHsI, Noe'si3aHe 3 NiGsUWEHHSIM 8ipysIeHm-
Hocmi eipycy apuny.

Knroyoei cnoea: eipycu epuny A(H1N1)pdm09, amiHokucriomHe 3aMiwjeHHs, aHmu2eHHul calim, He cmpyKmypHuli 6irokK.

0. CmyTbKO, acn.

KneBckuin HaumoHanbHbIW yHuBepcuteT umeHu Tapaca LLleBuyeHko, Kues, YkpauHa,

J1. PapyeHko, Mnaa. Hay4H. coTp., A. MupoHeHko, A-p meA. HayK

TY "MHCTUTYT annpgemunonorum u nHgekUMoHHbIx 3aboneBaHnin umenu J1.B. Mpomawesckoro, HAMH YkpauHbl", KueB, YkpauHa

MOJNEKYNAPHO-FrEHETUYECKME OCOBEHHOCTU NMOBEPXHOCTHbIX U HECTPYKTYPHbIX BEJIKOB
NAHAEMUYECKMNX BUPYCOB I'PUMMA A(H1N1)PDM09 B CE3OHE 2015-2016 rO1OB

Yenbto uccnedosaHusi 6bi10 onpedesieHUe MOJIEKYISIPHO-2eHeMUYeCcKUX U3MeHeHul 8 2eHax 2emazntomuHuHa (HA), HelipamuHudasbl (NA) u
HecmpykmypHoao 6enka (NS1) naHOemuveckux supycoe 2punna, Komopble YupkKynuposasnu 8 YkpauHe 8 2015-2016 2odax. O6pa3ysbi 6biiu npo-
aHanusupoeaHbl Memodom nosiuMepa3sHol yenHol peakyuu (MYP) e peansHom epeMeHu. dunoz2eHemuYyeckue depeebsi MOCMPOUsIU 8 NpozpamMmmMe
MEGA 7. 3D cmpykmypbi nocmpounu e npoepamme Chimera 1.11.2rc. Bupycbi ebideneHHble 8 YkpauHe 8 ce3oHe 2015-2016 2odoe, npuHadnexam
Kk 2eHemuyeckol 2pynne 6B, 8 komopoli 8 3Mom ce30He 803HUK/U Aee Hoeble nodzpynnbi 6B.1 u 6B.2, no 2cenam HA u NA. 9mu nodzpynnsi onpe-
densiromcs cneyuguyeckuMmu Ois HUX aMUHOKUC/TIOMHbIMU 3ameujeHusimu. B 6enke NS1 6binu o6HapyxeHbl HO8ble aMUHOKUCIIOMHbIE 3ameule-
Husi D2E, N48S u E125D e ce3oHe 2015-2016 2o0oe. B aHmuzeHHbIx calimax HA 6binu o6HapyxeHbl crieyuguyeckue 3aMmeuw,eHusi, Ho eupychbl co-
XpaHunu nodobue k eakyuHHoMy wmamy. Benok NS1 npuobpen 3ameuweHue, cesizaHHOe C MoebIWeHUeM 8UPYSIeHMHOCMU eupyca 2punna.

Knroueenie cnoea: eupycsi 2punna A(H1N1)pdm09, amuHokucriomHoe 3amewieHue, aHmuz2eHHbIl calim, HeCmpPyKmMpypHbIi 6es10K.
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POTYVIRUSES INFECTING VEGETABLE CROPS IN UKRAINE

This paper describes detection of some potyvirus infecting vegetable crops in Ukraine. Collected samples were screened for
the presence of Zucchini yellow mosaic virus and Watermelon mosaic virus-2. Obtained isolates of Zucchini yellow mosaic virus
were clustered with isolates from Slovenia, Hungary, Czech Republic, Austria and France within subgroup Al. According to the
topology of Neighbor-Joining tree based on sequences of NIb-CP genome region obtained WMV-2 isolates showed that belong to

group G1. Viruses infecting cucurbits in Ukraine presented by phylogenetic groups widespread in Europe.

Keywords: viral diseases, Potyvirus, vegetable crops.

Introduction. Watermelon mosaic virus 2 (WMV-2) and
Zucchini yellow mosaic virus (ZYMV) belongs to Potyvirus
genus, Potyviridae family [1]. In experimental conditions,
Watermelon mosaic virus 2 infects more than 170 plant
species from 26 families. However, cucurbitaceous plants
(Cucurbitaceae family) are the major natural hosts for vi-
ruses, which were found in both field and greenhouse con-
ditions. ZYMV infects 15 plant species from 7 different
families. An occurrence of ZYMV was reported from more
than 50 countries. It causes yield losses ranging from 25 to
50 % depending on the pathogenicity of the virus strain [2].

Vegetable crops are widely cultivated in Ukrainian
fields. Through characterization of viral population possible
migration patterns of ZYMV and WMV-2 dissemination
from other countries to Ukraine as well as from Ukraine to
other countries may be determined.

Therefore, current study was aimed at detection and
characterization of viruses infecting vegetable crops in
Ukraine.

Materials and methods. Vegetable plants collected
from different regions of Ukraine with virus-like symptoms
were the objects of this study. Plant sample collection
based on the visual symptoms is considered to be the
simplest and most common method. For this study, we

collected samples with typical viral symptoms under open
ground conditions in Kyiv, Poltava, Zhytomyr, Vinnytsya,
Odesa, Mykolaiv and Cherkasy regions of Ukraine during
2013-2015 years.

For detection of virus antigens, we conducted DAS-
ELISA with commercial test systems of Loewe (Germany)
according to the manufacturer's recommendations in 96-
well polystyrene plates (Labsystem, Finland). For ELISA,
plant samples (vegetative organs and fruits) were homoge-
nized in 0,1 M PBS + 0,001 M EDTA (1:2, v/v) with follow-
ing sedimentation at 4000 rpm for 20 min at 4°C using
PC-6 centrifuge [3]. Such homogenate was used for ELI-
SA. Optical density values were registered using ELISA
reader Termo Labsystems Opsis MR (USA) with Dynex
Revelation Quicklink software at the wavelength of 405/630
nm [4]. Total RNA was extracted from plant samples using
RNeasy Plant Mini kit (Qiagen, UK). RT-PCR was accom-
plished using specific primers to NIb-CP region of WMV-2
and ZYMV (expected product size — 800 bp, 600 bp re-
spectively) [5]. This genome region is variable among dif-
ferent subgroups, and used for determination of group at-
tribution of ZYMV and WMV-2 [2, 6,7].

Then obtained amplicons were purified and sequenced
using Applied Biosystems 3730x1 DNA Analyzer with Big

© Shevchenko T., Tymchyshyn O., | Kosenko., Budzanivska l., Polischuk V., 2016
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Dye terminators, version 3.1 (Applied Biosystems, USA).
Phylogenetic analysis was conducted using Neighbor-
Joining method in MEGA 6.

Results and discussion. Symptomatic plant samples
were collected in different regions of Ukraine. Collected
samples were screened for the presence of Zucchini yellow
mosaic virus (ZYMV) and Watermelon mosaic virus-2

A

(WMV-2). Detection of viral antigens was carried out by
DAS-ELISA using commercial test systems.

ZYMV caused yellow mosaics, leaf blade deformation,
knobs and malformations of fruits (Fig.1). The symptoms of
WMV-2 included dark green mosaic, vein banding and dark
mottle on leafs, deformation of fruits and stunting (Fig.2).

B

Figure 1. The symptoms of Zucchini yellow mosaic virus:
A — Filamentary and dark green mosaic on squash, B — Knobs on pumpkin fruit

B

Figure 2. The symptoms of Watermelon mosaic virus-2:
A — Dark green mottling, leaf distortion, abnormal leaf shapes on pumpkins yellowing,
B-Deformation of squash fruit

For deeper understanding epidemiology of viruses under
study further we conducted the phylogenetic analysis of ob-
tained isolates and previously reported strains from NCBI.

We have sequenced partial Nuclear Inclusion protein
(NIb)-CP sequences of ZYMV (825bp), WMV-2 (605bp)
isolates found in Ukraine. This genome region is variable
among different subgroups, and used for determination of
group attribution of ZYMV and WMV-2.

In 2000, new strains of WMV2 referred as 'emerging'
(EM) strains were detected in South-eastern France. EM
strains are generally more severe and phylogenetically

distinct from those previously reported in this country and
referred as 'classic’ (CL) strains [6].

WMV-2 isolates were also obtained from various plants
in different regions: WMV-2G, WMV-21 (extracted from
Cucurbita pepo L. in Poltava region), WMV-4K (extracted
from Cucumis sativus L. in AR of Crimea, WMV-3ch and
WMV-4ch (extracted from Cucurbita pepo L. in Cherkasy
region), WMV-63 (extracted from Cucurbita pepo L. in Kyiv
region). The homology ranged from 94 to 99%.

The topology of Neighbor-Joining tree based on se-
quences of NIb-CP genome region showed that Ukrainian
isolates of WMV-2 belong to group G1 (Fig. 3).
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Figure 3. Phylogenetic tree of WMV-2 isolates constructed

using Neighbor-Joining method

Group G1 consists of non-recombinant isolates report-
ed from different countries [6,7].

According to the topology of phylogenetic tree built us-
ing the Nib/CP genome region, the ZYMV isolates form
three distinct groups: subgroup A is the most numerous
group, which consists of members of different geographic
origin subgroup B includes five isolates from Reunion and
neighboring islands, subgroup C consists of several Chi-
nese, Polish and Australian isolates [2].

The identification of infected plants in 5 of 9 inspected
agroecosystems suggests quite a high prevalence of the
ZYMV infection in Ukraine.

For ZYMV we obtained following Nib-CP sequences of
Ukrainian isolates: ZYMV-10G, ZYMV 5/13 (extracted from
Cucurbita pepo L. in Poltava region), ZYMV-10P (extracted
from Cucumis melo in Vinnytsia region), ZYMV-38/14 (ex-
tracted from pumpkin (Cucurbita pepo L) in Cherkasy re-
gion),) i ZYMV-B (extracted from Cucumis melo in Cher-
kasy region).

Ukrainian isolates were characterized with high homol-
ogy (98-100%).

Obtained isolates were clustered with isolates from
Slovenia, Hungary, Czech Republic, Austria and France
within subgroup Al (Fig. 4).
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Figure 4. Phylogenetic tree of ZYMV isolates constructed using Neighbor-Joining method

According to the literature data [2]., subgroup Al
includes the most frequently detected strains from different
geographic origin.

Conclusions.

Watermelon mosaic virus and Zucchini yellow mosaic
virus were detected in plant samples from different regions.

Detected isolates belonged to the most frequent
phylogenetic groups, which are common for other
European countries: WMV-G1 and ZYMV-A. To
summarize, viruses infecting cucurbits in Ukraine

presented by phylogenetic groups widespread in Europe.
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T. LWeBYeHko, kaHA. Gion. Hayk, O. TumunwuH, maricTp, KO. KoceHko, maricTp, |. ByasaHiBcbka, A-p 6ion. Hayk, B. Moniwyk, A-p 6ion. Hayk
KuiBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, YkpaiHa

MOTIBIPYCHA IH®EKUIA OBOYEBUX KYJIbTYP B YKPAIHI

Po6oma npucesiyeHa demekuii 8ipycie ogoyesux Kynbmyp Ha mepumopii Ykpaitu. Bidi6paHi 3pa3ku pocnuH 6ynu mecmoseaHi Ha HasieHicmb
8ipycy xoemoi Mo3aiku yykiHi ma eipycy mo3aiku kaeyHa-2. OmpumaHi i3onsimu eipycy xoemoi Mo3aiku UykiHi ymeoproeanu oQuH knacmep i3
nidepynoro Al pa3om i3 izonsimamu 3 CnoeeHii, YeaopwuHu, Yewcnbkoi pecny6bniku, Aecmpii ma ®panuii. 3a monosnozieto ginozceHemu4yHozo depe-
8a, nobydoeaHoz2o Ha ocHoei cukeeHcie NIb-CP dinsiHku 2eHoMy eipycy mo3aiku kasyHa-2, docnidxyeaHi izonsimu Hanexams Ao 2pynu G1. Takum
4UHOM, 8 YKpaiHi, sipycu, wo iHgikyromb pocnuHu poduHu Fapby3osux, ¢inozeHemu4Ho Hanexams Ao epyn npedcmassieHUX WUPOKOPO3MO8CHo-
OeHuMu 8 €eporni i3onamamu.

Knroyoei cnoea: eipycHi xeopobu, Potyvirus, ogoyeei Kynbmypu.

T. leBYeHKo, kKaHA. 6uon. Hayk, O. TeiIMmunwuH, Mmaructp, k0. KoceHko, marnctp, U. ByasaHusckas, A-p 6uon. Hayk, B. Monuwyk, A-p 6uon. Hayk
KneBckuit HaumoHanbHbIW yHUBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpauHa

NOTUBUPYCHAA UHPEKLIUA OBOLLUHBIX KYJIbTYP B YKPAUHE

Pa6boma nocesiujeHa demeKyuu eupycoe 08OWHbIX Ky/IbMyp Ha meppumopuu YkpauHbl. Omo6paHHbie o6pa3ybl pacmeHull 6b11u mecmupo-
8aHbl Ha Ha/u4ue eupyca Xxenmol MOo3auKku UYKKUHU U eupyca Mo3auku ap6by3a-2. [lony4eHHble u3onsambl eupyca Xesamoi Mo3auku UyKKUHU 06-
pa3oesbieasiu 00UH Knacmep ¢ nodzpynnol Al emecme c uzonamamu u3 CnoeeHuu, BeHzpuu, Yewckol pecny6nuku, Aecmpuu u ®paHyuu. Coana-
CHO mornosio2uu ¢hunozeHemuyecko2o depesa, MocmMpoeHHo20 Ha ocHoee nocnedoeamensHocmu NIb-CP zeHoma eupyca mo3auku ap6y3a-2,
uccnedyemsbie usonssmbi omHocsimces k epynne G1. Takum o6pa3omM e YkpauHe eupychl, 3apaxaroujue pacmeHusi cemelicmea mbIK8eHHbIX, husio-
2eHemu4ecKu OmMHOCSMCS K 2pynnam rnpedcmassieHHbIX WupoKopo3noectodxeHuMbl 6 Eepone uzonsamamu.

Knroueenie cnoea: eupycHblie 6one3Hu, Potyvirus, oeowHble Kysibmypbil.
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CHARACTERISTICS OF IMMUNE RESPONSE UNDER EXPERIMENTAL MODELS
OF ACID BURNS OF THE ESOPHAGUS

It is well known that the immune system is actively involved in the regeneration and healing process of burn wounds.
However, unanswered questions remain about the role of humoral immunity in the mechanisms of healing and complications of
burn wounds. We have developed an experimental model of the acid burns of the esophagus (ABE) corresponding esophageal
burns in children 1-8 years. We studied the features of humoral immunity in rats with ABE, with the observed reduction of IgG
and increase levels of medium and low circulating immune complexes (CIC) on the first day after the burn of the esophagus. On
21st day after the burn, we observed an increase in the concentration of IgG and a slight accumulation of medium- and low-CIC.

Studied indicators can be used for the differentiation of ABE.

Keywords: acid burns of the esophagus, IgG level, level of circulating immune complexes (CIC).

Introduction. Burns of the esophagus is one of the
most challenging health problems. According to statistics,
70% of patients — children, whose ages ranged from 1 to
10 years. These statistics associated with the natural curi-
osity of children and their most common habit to try every-
thing that comes in their hands, to taste. Efficiency of com-
plex intensive therapy of burn disease, occurrence of septic
and toxic complications and, mostly, their results depend
on the state of immunological reactivity [12].

In severe burns occurs denaturation of proteins in the
underlying tissues, reduces synthesis of interferon and
opsonization bacteria, inhibits proliferation and reduces
cytotoxic activity and chemotaxis of lymphocytes, disrupts
reticuloendothelial system develops burn disease with fre-
quent development of secondary immunodeficiency, the
severity of which is directly proportional to the depth and
prevalence of burns [10].

This depletes humoral immunity and developing auto-
immune reactions that lead to increased content in serum
circulating immune complexes.

Despite numerous studies of humoral immunity con-
sensus on the nature of the impact of chemical burns of the
esophagus has not been made [2;3]. Need to determine
the age characteristics of the immune system respons to

chemical burns of the esophagus (BE) of different nature
and degree.

The aim of study was to evaluate immune status, which
includes determination of the parts of the humoral immune
system under the experimental reproduction of acid burns
of the esophagus

Materials and methods. In experiments used imma-
ture white nonlinear rats (1-month) weighing 90-110 g, are
kept on a standard diet vivarium. Work carried out in ac-
cordance with the rules of the European Convention for the
humane treatment of laboratory animals (European con-
vention the protection of vertebrate animals used for exper-
imental and other scientific purposes — Consul of Europe.
Strasbourg, 1986) and the "General Principles of experi-
ments on animals", approved National Congress of bioeth-
ics . The animals experimentally simulated acid burns the
esophagus (ABE) solution CCIsCOOH 30% [11].

To obtain IgG fraction from the blood serum,1 ml of
serum was layered on a column with protein- A Sepharose
(total column volume 5 ml). Nonspecifically bound proteins
were washed with 0.05 M Tris-HCI buffer, pH 7.4 in a
volume of tenfold of total column volume (50 ml). Elution
was carried out using a glycine buffer (0.1 M glycine-HCI,
pH 2.2). Samples containing protein were precipitated by

© Koval T., Ischuk T., Raetska Ya., 2016
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ammonium sulfate solution (final concentration 50%) and
were left at 4 °C overnight. The precipitate was centrifuged
at 3000 rpm/min for 30 min. The supernatant was
withdrawn and the precipitate was dissolved in 1 ml of 0.05
M Na-phosphate buffer, pH 7.4 [5]. To remove ammonium
residues, the solution of antibodies was applied to column
G 25 equilibrated with 0.05 M Na-phosphate buffer, pH 7.4
(total column volume 50 ml). Samples containing protein
were concentrated, then absorbance was measured and
the antibody concentration was calculated. The obtained
samples were stored at — 20 °C. The IgG fractions from
serum were isolated on the 15th day of the experiment.

The level of antibodies in the blood of animals studied
was evaluated by enzyme-linked immunosorbent reaction
[4], which was carried out in 96-well microplate (Dynatech,
Sweden). In the hole made microplate 100 ml goat IgG
monoclonal antibodies against mouse (Sigma, USA).

CIC content in blood serum determined by precipitation
of 4.5% solution of polyethylene glycol 6000 (PEG-6000) [8].
The method is based on different solubility |g monomers
composed of IC in the presence of PEG in the environment.
Different concentrations of PEG (2.5%, 3.5%, 7%, 10%)
cause precipitation of different molecular weight and size of
CIC. Low concentrations of PEG precipitated complexes
large, high concentrations cause precipitation of low molecu-
lar weight compounds. Results reaction photometrical de-
termined using ELISA analyzer (Titertek Multiskan, Finland).
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Statistical analysis of the results was performed using the
program OriginLab 8.0. Changes considered reliable indica-
tors at p < 0,05; at p = 0,05 changes into account as a trend.

Results: The degree of the pathological states by vari-
ous organs and results of disease, are depended from se-
verity of inflammation trauma, timely and accuracy of
treatment, and age of victim human [5; 6]. In our research-
es principally was used of inflammation model, which
would meet one, that are characteristically to children
since 1 to 8 years.

Analysis and generalization of received research re-
sults on this model, are allowed reveal a not only factors,
that determine the different level of means, and features of
regulation mechanisms of the child immune system at the
chemical inflammation of esophagus. Mortality from in-
flammation trauma, are dependent from spread, severity
and degree of inflammation.

We were elected under shock and septic -toxemia of in-
flammation, because the biggest of interest of the dead
there in period of septic -toxemia. Causes at the inflamma-
tion trauma: sepsis, pneumonia and on it background pro-
gressing the multiple organ failure [7].

Analysis of conducted researches, was viewed, that
ABE causes of the humoral immunity link change, that
consistent with the dates of references [13]. Was estab-
lished decreased of IgG level, which are the most specific
effector of humoral link, on the 1st day of ABE, that re-
sponsible of shock stage (Figure 1).

Control

W Acid

1 day

21day

Figure 1. The level of IgG in serum of rats under the experimental simulation of acid burns the esophagus
as a percentage relative to control (M m, n = 10)

* — p <0,05 compared with control

The average level of antibodies in this group decreased
by 1.48 times against the intact control. These changes
may indicate that in a chemical burn is the failure of adap-
tation responses.

One of the indicators of immune status is the level of
circulating immune complexes (CIC) in blood. In the pro-
cess of immunocomplex are important dimensions of im-
mune complexes because most pathogenic immune com-

plexes are small and medium-sized, able to activate the
complement system.

Determining the level of immune complexes useful in
burn disease, however, problems related to the rationale
for determination of circulating immune complexes at ABE
have not yet received a clear decision.

We have found that the ABE has been a change of
prices on the first day after the burn (Figure 2).
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Fig. 2. The level of circulating immune complexes in the blood serum of rats under experimental modeling
of acid burns the esophagus as a percentage relative to control at 1 day after the formation of burn wounds. (M = m, n = 10)
1. macromolecular immune complexes
2. The average molecular immune complexes
3. low immune complexes

* — p <0,05 compared with control

In the study of high-CIC in animals which ABE induced
the tendency to increase their level of performance com-
pared to intact controls. Performance exceeded the refer-
ence value of 1.3 degrees in the animals treated with 30%
solution of acetic acid.

The level of average molecular CIC also exceeded the
reference value of 1.3 degrees, indicating the development
of inflammation. At the same time increased the level of
low-CIC group of animals with ABE. Performance exceed-
ed the reference value of 1.4 degrees.
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So, along with a decrease at the level of IgG in 1st day of
ABE seen significant shifts in the molecular composition of
immune complexes that manifested itself primarily increased
concentration of toxigenic most — middle- and low-CIC.

Figure 1 presents data indicate that on the 21st day of
burn disease in rats under experimental modeling of ABE
was a significant increase the level of IgG antibodies in
serum. It was found that in the group of animals with burns
to 30% CCI3COOH, antibody levels exceeded indicators in
the control group 1.43 degrees.

Control

W Acid

1 2

3

Fig. 3. The level of circulating immune complexes in the blood serum of rats under experimental modeling
of acid burns the esophagus as a percentage relative to controls at 21 st day after the formation of burn wounds. (M £ m, n = 10)
1. macromolecular immune complexes
2. The average molecular immune complexes
3. low immune complexes

* — p <0,05 compared with control

At the research of high and average molecular CIC in
the animals on the 21st day after inflammation (Figure 3)
was observed trend to some magnification of this level, in
compared with means of intact control.

The means of low molecular CIC in animals with ABE,
were above than control in 1.25 degrees. In accordance with
references, a long circulation of immune complexes in organ-
ism, even slight increase of this complexes results to appear-
ance of savings of this complexes in tissues, to increase of

aggregation and adhesion of thrombocytes, that results to
violation of microcirculation of blood and necrosis [9].

At the development of immunocomplex process, im-
portant are the dimensions of immune complexes, because
the most pathogenic immune complexes are small and
medium size, which are able to activate the complement
system, which causes the development of inflammation.
Actually, these immune complexes interact with a number
of regulatory systems, causing damage response.
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Features of the immune system in the 21st day lies in
the fact that during our investigation in immature rats
(1-month) with ABE was activation of most indicators. Data
from clinical observations [1] cannot be considered a
change of immunological parameters as evidence of nor-
malization or healing. This can be explained by high lability
of most studied indicators and due to the immaturity of
physiological systems.

Conclusion. So ABE accompanied by considerable
changes in the levels of the humoral immune system. On
the 1 st day of ABE in immature rats (1-month) took place
reduction of IgG and were marked significant shifts in the
molecular composition of immune complexes that mani-
fested itself primarily in increased concentration of toxigen-
ic most — middle- and low-CIC. On the 21 st day of burn
disease in rats under experimental modeling of ABE was a
significant increase in the level of IgG antibodies in serum.
In animals that were burned by 30% solution CCIsCOOH
medium and low CIC tended to increase.
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T. KoBans, acn., T. lwyk., kaHA. 6ion. Hayk, fl. Paeubka, kaHa. 6ion. Hayk
KviBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, YkpaiHa

OCOBJIMBOCTI IMYHHOI BIgNOBIAl
3A YMOB EKCMNEPUMEHTAJIbHOI'O BIATBOPEHHA MOLEI KWCNOTHOIO ONIKY CTPABOXOAY

Ho6pe sidomo, wo iMmyHHa cucmema akmueHo 6epe yyacmb e peaeHepauii i npoyecax 3a2o0eHHs onikoeux paH. [lpome, 6e3 sionoeidi 3anu-
warombCcsi NUMaHHSI MPo PoJib 2yMopasibHO20 iMyHimemy 8 MexaHi3Max 3a20€HHS1 i po3eumkKy ycknadHeHb onikoeoi paHu. Mu po3pobunu ekcne-
pumeHmanbHy mModesib KucsiomHo2o oniky cmpaeoxody (KOC), sikuli eidnosidae oniky cmpaeoxody y dimeii 1-8 pokie. Mu eue4anu ocobnueocmi
2ymopasnbHozo imyHimemy npu KOC y wypis, npu ybomMycrnocmepiaanu 3HWxeHHs1 pieHsi IgG i nidsuuieHHs pigHie cepedHix i HU3bLKOMOJEKYSIPHUX
yupkynroroqux imyHHux komnnekcie (UIK) e nepwuli deHb nicnsi oniky cmpaeoxody. Ha 21-ii deHb nicnsi oniky, Mu criocmepizanu 36inbWweHHs1 KOH-
uyenmpauii IgG i He3HayHe HaKonuYeHHs1 cepeOdHbO- i HU3bKkoMonekynspHux LIK. BueyeHi noka3sHuku Moxyms 6ymu eukopucmati 0ns dugepeHyi-
auyii pozeumky KOC.

Knro4oei cnoesa: kucnomHuli onik cmpaeoxody, pieeHb IgG , piseHb Yupkymoro4ux iMmyHHuUx komnnekcie (LIK).

T. KoBans, acn., T. Mwyk, kaHa. 6uon. Hayk, 5. Paeukas, kaHa. 6uon. Hayk
KueBckuit HaumoHanbHbIW YHMBepcuTeT UMeHn Tapaca LLleBuyeHko, KueB, YkpanHa

OCOBEHHOCTU UMMYHHOIO OTBETA
B YCNOBUAX SKCNEPEMEHTAJIbHOIO KUCJIOTHOIO OXOIA NULWEBOLA

Xopouwo u3gecmHo, Ymo UMMYHHasi cucmema aKmueHoO NMPUHUMaem yyacmue 8 pe2eHepayuu U rnpoyeccax 3axuesleHusi 0)ko2o8bix paH. 00-
Hako, 6e3 omeema ocmaromcsi 0NPOChI O POJSIU 2yMOPasIbHO20 UMMYHUMema 8 MexaHu3Max 3aXuesleHuu U pa3eumuu OCJIOXHeHUl 0xoz2080U
paHbl. Mbl pazpabomanu skcrepuMmeHmarsnbHyt0 Modeslb KUCIOMHO20 oxoea nuujeeoda (KOI), komopwili coomeemcmeayem oxo2y nuujeeoda y
demeii 1-8 nem. Mbi u3y4anu ocobeHHOCcMuU 2ymMopasibHo2o ummyHumema npu KOIl y Kpbic, npu amom Habnodanu cHuxeHue ypoeHs IgG u
noebiweHue ypoeHs cPeGHUX U HU3KOMOJIEKY ISIPHbLIX YUPKYUpyrouux uMMyHHbIx komriekcoe (MNK) e nepebili deHb nocne oxoza nuweeoda. Ha
21-0 deHb nocnie oxoza, Mbl Habnoodanu yeenuyeHue KoHyeHmpayuu IgG u He3Ha4umenbHoe HaKonsieHue cpedHe- U HU3KoMoslieKynspHbix UK.
N3y4eHble nokazamesnu Mmo2ym 6bimb UCMosb308aHbl 0ns1 dugpgpepeHyuayuu pazeumusi KOIT.

Knroyesnie crnosa:kucnomHbili 002 nuuesoda, yposeHb IgG , yposeHb UUPKynupyouwux UMMYyHHbIX komnnekcos (LUUK).
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Z. Burian, PhD stud., V. Trokhymets, PhD.
Taras Shevchenko National University of Kyiv, Kyiv, YkpaiHa

STRUCTURAL AND FAUNISTIC ORGANIZATION OF THE UDAY RIVER'S LITTORAL
ZOOPLANKTON IN THE NATIONAL NATURE PARK "PYRIATYNSKIY"

Results of the investigation of the littoral zooplankton's structural and faunistic organization of the Uday river are pre-
sented. The research was conducted in the National Nature Park "Pyriatynskiy"” in summer 2015. As the result of research 58
zooplankton's species were established. Their density, biomass, ecological spectrum of the community, type and way of the

feeding were analyzed.

Key words: zooplankton, Uday river, National Nature Park "Pyriatynskiy", Ukraine.

Introduction. The influence of anthropogenic factor caus-
es the significant changes and restructuring in the aquatic
ecosystems. In turn, all these processes have a strong impact
on the status of different taxonomical and ecological groups of
hydrobionts. Thus these processes lead to the quantitative
and qualitative changes in hydrobionts' communities and to
the development of adaptive characteristics in different water
organisms [1]. Such transformations are intense and proceed
in a short time, what may lead to the considerable restructur-
ing of the diversity of hydrobionts [2].

The special attention is attracted to the Uday river. Its
valley is located in the National Park "Pyryatynsky" created
in 2009. This pond was considered as one of the cleanest
rivers in Ukraine a few decades ago. However, due to the
active reclamation in recent time, many floodplains of tribu-
taries that fed Uday were drained. Also, toxic substances
extremely impact the ecosystem of the river. This led to a
reduction in the diversity of aquatic organisms, siltation and
overgrowing of the river. Therefore there is an urgent need
for continuous monitoring of the Uday river to examine the
state of hydrobiocenosis, which is a necessary component
of the hydroecological studies.

Material and Methods

The objects of research were representatives of the
three main groups of zooplankton: rotifers (class Eurotato-
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ria), cladocerans (class Branchiopoda, order Cladocera),
different age stages of copepods (class Copepoda). Also,
ostracods (class Ostracoda) and larvae of bivalves (class
Bivalvia) were investigated. Monogonont rotifers, copepods
and crustaceans were identified to the species. For bdelloid
rotifers (subclass Bdelloidea), ostracods and larvae of bi-
valves only the higher taxonomic groups were identified.

As the material for research was used zooplankton
which was collected in late July 2015. Eight experimental
stations in the intertidal zone of the Uday river were inves-
tigated (Fig. 1): outskirts of the Kroty village N 50°23.197"
E 32028.494'; Gurbentsi village N 50°21.314' E 32028.612";
Leliaky village N 50°20.137' E 32°23.700'; Keibalivka vil-
lage N 50018.351' E 32°30.100'; Sumskiy bridge, Pyriatyn
city N 50°13.636' E 32°33.324'; Masalskiy island, Pyriatyn
city N 50°14.365' E 32031.883'; Velyka Krucha village
N 50°11.159' E 32°34.300'; Povstyn village N 50°11.183'
E 32940.283'. Zooplankton was studied within the over-
grown habitat (in the following formations: common reed
Phragmites communis, broadleaf cattail Typha Iatifolia,
yellow water-lily Nuphar Ilutea) and within the freshwater
ones. Collection of zooplankton was performed using coni-
cal nets [3]. 16 samples were collected and analyzed on
the basis of generally accepted methods [3-10].
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Figure 1. Stations of the littoral zooplankton sampling (Uday river, National Nature Park "Pyriatynskiy").
Marks: 1 — outskirts of the Kroty village; 2 — Gurbentsi village; 3 — Leliaky village; 4 — Keibalivka village; 5 — Sumskiy bridge, Pyriatyn city;
6 — Masalskiy island, Pyriatyn city; 7 — Velyka Krucha village; 8 — Povstyn village
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Results and discussion

In the result of research, 58 zooplankton species were
registered. The representatives of the rotatoria and cladoc-
era complex were dominated.

23 species of monogonont rotifers were registered:
Anuraeopsis fissa fissa Gosse, 1851; Asplanchna priodon-
ta Gosse, 1850; Brachionus angularis Gosse, 1851;
Br. calyciflorus Pallas, 1766; Br. quadridentatus Hermann,
1783; Euchlanis deflexa (Gosse, 1851); E. dilatata Ehren-
berg, 1832; E. lyra Hudson, 1886; E. triquetra Ehrenberg,
1838; Hexarthra mira (Hudson, 1871); Lecane bulla
(Gosse, 1851); L. luna (O.F.Muller, 1776); L. lunaris (Eh-
renberg, 1832); L. closterocerca (Schmarda, 1859); Lopho-
charis oxysternon (Gosse, 1851); Mytilina ventralis (Ehren-
berg, 1830); Plationus patulus (O.F.Muller, 1786); Platyias
quadricornis (Ehrenberg, 1832); Polyarthra dolicoptera
Idelson, 1925; Synchaeta pectinata Ehrenberg, 1832; Tes-
tudinella patina (Hermann, 1783); Trichocerca rattus
(O.F.Mdiller, 1776); Trichotria pocillum (O.F.Miller, 1776).
Also bdelloid rotifers (subclass Bdelloidea) were registered.

22 species of cladocerans were discovered: Acroperus
harpae (Baird 1834); Alona guttata Sars, 1862;
A. rectangula Sars, 1862; Alonella nana (Baird 1843);
Bosmina longirostris (O.F.Muller, 1776); Ceriodaphnia af-
finis Lillieborg, 1900; C. pulchella Sars, 1862; C. quadran-
gula (O.F.Mdller, 1785); Chydorus piger Sars, 1862;
Ch. sphaericus (O.F.Mdlller, 1785); Daphnia cucullata Sars,
1862; D. longispina (O.F.Miller, 1776); Diaphanosoma
brachyurum (Lievin, 1848); Disparalona rostrata (Koch,
1841); Eurycercus lamellatus (O.F.Miiller, 1776); Graptole-
beris testudinaria (Fischer, 1848); Lathonura rectirostris
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(O.F.Mller, 1776); Macrothrix hirsuticornis Norman &
Brady, 1867; Pleuroxus aduncus (Jurine, 1820); Pseudo-
chydorus globosus (Baird, 1843); Sida crystallina
(O.F.Mdiller, 1776); Simocephalus vetulus (O.F.Mller, 1776).

Copepods were represented by the 13 species: Becno-
Hori pakonogibHi 6ynu npeacraeneHi 13 Bugamu: Acantho-
cyclops americanus (Marsh, 1893); Cryptocyclops bicolor
(Sars, 1863); Ectocyclops phaleratus (Koch, 1838);
Eucyclops denticulatus (Graeter,1903); E. Macrurus (Sars,
1863); E. serrulatus (Fischer, 1851); Macrocyclops albidus
(Jurine, 1820); Megacyclops viridis (Jurine, 1820); Mesocy-
clops leuckarti (Claus, 1857); Microcyclops varicans (Sars,
1863); Thermocyclops crassus (Fischer, 1853); Th. oi-
thonoides (Sars, 1863); Eurytemora velox (Lillieborg, 1853).

Zooplankton species composition of different habitats
and experimental stations had low similarity, as evidenced
by Jaccard index (J = 4,7 — 44,5).

Littoral zooplankton was characterized by significant
ecological diversity. Three environmental groups were ob-
served in zooplankton composition: pelagic, demersal and
phytophilous.

The ecological spectrum of zooplankton communities
was characterized by a significant prevalence of phytophi-
lous groups over pelagic and demersal. Pelagic represent-
atives included 18 species (31%), demersal — 14 (24%)
and phytophilous — 26 (45%). Rotifers and cladocerans
dominated among the demersal group, while copepods
constituted a significant percentage of pelagic and phy-
tophilous groups (Fig. 2).
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Figure 2. Environmental groups of zooplankton main communities within the district of Uday river.
Marks: | — pelagic, Il — demersal, 11l — phytophilous; 1 — rotifers 2 — cladocerans, 3 — copepods

Zooplankton species are also distinguished by the type
and method of feeding. The representatives of different
zooplankton species are divided in three trophic groups
depending on the type of feeding: peaceful — 44 species
(75.9%), omnivorous — 6 (10.3%) and predators -
8 (13.8%). Among rotifers dominated peaceful species —
22 (95.7%) and only 1 (4.3%) omnivorous representative —
Asplanchna priodonta. Cladocerans were a peaceful group
— 22 (100%), while omnivorous copepods included
7 (53.8%) species and predators — 6 (46.2%).

By method of feeding planktonic invertebrates are di-
vided on the following groups: verticators, suction feeders,
primary and secondary filter-feeders, gatherers, active and
passive hijackers, and parasites. Nine groups were noted
during investigation of the Uday river: vertification —
15 species (25.9%), vertification and suction — 4 (6.9%),
suction — 3 (5.2%), secondary filtration — 12 (20.7%), sei-
zure — 8 (13.8%), gathering — 6 (10.3%), seizure and ab-
sorption — 1 (1.7%), capturing and filtering — 1 (1 7%), prima-
ry filtration — 8 (13.8%). Among rotifers dominated the repre-

sentatives feeding by vertification — 15 species (65.2%),
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vertification and absorption — 4 (17.4%), suction — 3 (13%),
seizure and absorption — 1 (4.4%). Cladocerans were repre-
sented by 12 species (54.5%) of secondary and 8 (36.4%) of
the primary filter feeders and 2 (9.1%) gatherers. Among the
copepods dominated hijackers — 8 species (61.5%), gather-
ers — 4 (30.8%) and filtrators and hijackers — 1 (7.7%).

According to the standard classification [3], overall
dencity parameters of overgrown habitats in the experi-
mental waters were "very low" for stations Leliaki village
(820 ind./m3) and the island Masalskiy (1600 ind./m3),
"low" — Sumskiy bridge(24300 ind./m3), Keybalivka village
(26900 ind./m3), Povstyn village (17,280 ind./m3),
Gurbentsi village (9160 ind./m?), "below average" — Kroty
village (111 600 ind./m3) and Velyka Krucha village
(54,080 ind./m3). In the fresh waters these parameters
can be described as "very low" — 200-2480 ind./m3, ex-
cept density parameters of the station Keybalivka village
— "low" (11700 ind./m?), and Kroty village — "below aver-
age" (109,260 ind./m?3).

Copepods dominated by the density within both habi-
tats in the most of experimental stations (p<0,05). In over-
grown habitats they numbered 22,930 (+ 20698,64) of total
30905 (+ 25665,4) ind./m3, while in the freshwater habitats
—14602,9 (+ 24129,9) of 14297,8 (+ 29842,4) ind./m3. The
only one exception was the station with freshwater habitat
— Povstyn village (Fig.3), where cladocerans prevailed by
the density- 120 of 200 ind./m3. Dominant zooplankton
species by the density were not noted.
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Density prevalence of copepods within the most of ex-
perimental stations of the Uday river can be explained by
the massive development of the larval stages of copepods,
namely nauplius and metanauplius.

According to the standard classification [3] the overall
parameters of the biomass of littoral zooplankton in over-
grown habitat — common reed and yellow water-lily were
"very low" for stations Leliaky village (0.06 g/m®) and the
island Masalsky (0.14 g/md), "low" — Keybalivka village
(0.53 g/m3), Povstyn village (0.58 g/m3), Gurbentsi village
(0.51 g/m3) and "below average" — Sumskiy Bridge
(1.27 g/m3), Kroty village (4.3 g/m3), Velyka Krucha village
(2.35 g/m3). In freshwater biotope parameters of biomass
were "very low" — 0,005-0,13 g/m3, except Kroty village —
"below average" — 2.3 g/m? (Fig.3).

In the majority of the experimental aquatories of both
habitats dominated copepods (p<0,05). In overgrown habi-
tats they amounted to 1,33 (x 1,11) of the total biomass of
zooplankton groups 2,11 (= 1,61) g/m3, while in the fresh-
water habitats — 0,3 (+ 0,49) of 0,4 (+ 0,64) g/m?3. Cladoc-
erans prevailed in overgrown biotope of the Leliaky village
— 0.05, Masalskiy island — 0.08, and in both habitats of the
Povstyn village — 0.32; 0.005 g/m?3, and in the Gurbentsi
village- 0.32; 0.02 g/m? (Fig.4). Cladocerans and copepods
have great individual weight, therefore biomass indices
were higher compared with other groups of zooplankton.
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Figure 3. The ratio of the zooplankton densities of different groups in the two habitats of Uday river.
Marks: 1 — outskirts of the Kroty village; 2 — Gurbentsi village; 3 — Leliaky village; 4 — Keibalivka village; 5 — Sumskiy bridge, Pyriatyn city;
6 — Masalskiy island, Pyriatyn city; 7 — Velyka Krucha village; 8 — Povstyn village; | — rotifers, Il — cladocerans, Il — copepods;
O — overgrown habitat, F — freshwater habitat

For overgrown habitat of the Lelyaki village the domi-
nant by the biomass cladocerans species was distinctly
identified — Eurycercus lamellatus — 66,6% (0,04 total of
0.06 g/m3). Within overgrown habitat of the station Sumskiy
bridge dominated representatives of copepods — Macrocy-

clops albidus — 33,1% (0,42 from 1,27 g/m3). Also,
monodominance of the copepoda Eurycercus lamellatus —
57,1% (0,08 from 0,14 g/m?®) was pronounced on the island
Masalsky within the overgrown habitat.
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Figure 4. The ratio of the zooplankton biomass of different groups in the two habitats of Uday river.
Marks: 1 — outskirts of the Kroty village; 2 — Gurbentsi village; 3 — Leliaky village; 4 — Keibalivka village; 5 — Sumskiy bridge, Pyriatyn city;
6 — Masalskiy island, Pyriatyn city; 7 — Velyka Krucha village; 8 — Povstyn village; | — rotifers, Il — cladocerans, Il — copepods;
O — overgrown habitat, F — freshwater habitat

In freshwater biotope of the station Velyka Krucha vil-
lage dominated the copepoda — Macrocyclops albidus —
37,5% (0,03 from 0,08 g / m®). In both habitats of the Pov-
styn village cladocerans dominated by the biomass, within
the overgrown one — Simocephalus vetulus — 51,7% (0,3 of
0.58 g/m?3) and within the freshwater — Daphnia cucullata —
80% (0,004 of 0,005 g / m3). In the Gurbyntsi village cla-
docera Simocephalus vetulus dominated in both overgrown
biotope — 51% (0.26 from 0.51 g/m3) and the freshwater —
50% (0.02 from 0.04 g/m?3). Within other investigated sta-
tions dominant complex was not determined because of
the low biomass.

Ostracods had "very low" parameters [3] of the density
— 20-2400 ind./m3 and of the biomass — 0,002-0,24 g/m3.
Larvae of bivalves were not found at any station.

Conclusions

1. Within the Uday river in the Park "Pyriatynskiy" 58
species of zooplankton were recorded: rotifers — 23, cla-
docerans — 22, copepods — 13.

2. Zooplankton's species composition of different habi-
tats had low similarity, as evidenced by Jaccard index
(J=4,7-44)5).

3. In the ecological spectrum the prevalence of the phy-
tophilous zooplankton group was discovered — 26 species
(45%) over the pelagic — 18 (31%) and bottom — 14 (24%).

4. By the type of feeding among representatives of zo-
oplankton communities prevailed the peaceful groups —
44 (75.9%) of the 58 species.

5. By the method of feeding littoral zooplankton was as-
signed to 9 groups. The dominant groups were vertication —
15 species (25.9%) and secondary filtration — 12 (20.7%).

6. The parameters of density were "very low", "low" and
"below average" for overgrown habitat — 820-111600 ind. /
M3, and for freshwater — 200-109260 ind. /m3. Copepods
dominated by the density within all research stations, ex-
cept the freshwater habitat of the Povstyn village, where
cladocerans dominated.

7. The biomass parameters were "very low", "low",
"below average" in the overgrown biotope — 0,0596-
4,30392 g/m3, and in the freshwater- 0,00538-2,02556 g/m3.
The complex of cladocerans and copepods dominated.
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lMpedcmaeneHo pe3ynbmamu AocnidxXeHHs1 cmpyKkmypHO-ghyHKUYioHanbHOI op2aHi3auii y2pynoeaHb slimopasnbHO20 300M1aHKMOHY p. Yoali e
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CHANGE IN THE CONTENT OF XANTHONES AND LIGNIN IN BUCKWHEAT
AND WHEAT PLANTS UNDER SALICYLIC ACID AND CADMIUM IONS

Investigated the effect of cadmium and salicylic acid on phenols content (xanthones, lignin) in plants buckwheat (Fagopyrum
esculentum Moench.) and wheat (Triticum aestivum L.). It is established that the action of cadmium ions increases the content of
xanthone and produces lignin. To reduce the impact of stress factors it is expedient to use salicylic acid, which normalize the
amount of xanthones and lignin in plants of buckwheat and wheat. With this stress regulator, phytohormons can significantly
reduce the toxic effects of cadmium ions.

Key words: Fagopyrum esculentum Moench., Triticum aestivum L., cadmium chloride, salicylic acid, lignin, xanthones.

Introduction. Plants organism are extremely sensitive
to the state of the environment and actively respond to
change. The influence a different anthropogenic factors are
seriously damaging for all plants. Plants resistance to
stressful factors are controlled by the hormonal system. In
recent years attention give hormonal compounds, especial-
ly for the induction of plants resistance to different stress
factors. For this compounds include salicylic acid. Salicylic
acid (SA) is considered as an endogenous plant growth
regulator which has been found to generate a wide range
of physiological and metabolic responses in plants [10].
The important role of plant protection under the action of
stressors in necessary for life restored condition, belongs
to the phenolic compounds. Polyphenols — secondary me-
tabolites of the plant organism [6,12], which protect it from
oxidative stress. The synthesis of polyphenols is enhanced
under stressful conditions [8,13]. It is known that polyphe-
nols counteract oxidative stress: neutralize active forms of
oxygen, support the internal environment of cells and have
a positive effect for activity of antioxidant enzymes [13].

In the present work, we made an attempt to explore
whether external treatment of salicylic acid could mitigate
the adverse effect of Cd toxicity on buckwheat and wheat
plants and also investigate changes in the phenol contents
under these conditions.

Matherials and methods. Seeds of wheat (Triticum
aestivum L. cv. Podolianka) and buckwheat (Fagopyrum
esculentum Moench. cv. Rubra) were sterilized and divided
into two groups. First group of seeds were soaked in
0.05 uM SA respectively for 5 h, another group was soaked
in distilled water (control). Then both groups were allowed
to germinate on moist filter paper in the dark. Two-days-old
seedlings were transported in pots filled with washed and
inciderated sand artificially contaminated with Cd
(25 mg/kg substrate). The concentration was chosen by
comparing with the literature sources [5,7]. For our re-

search were the plants are grown without Cd ions and SA
(control), also plants, wich seed are soked SA, and plants
are grown with Cd. The concentration of salicylic acid
(0.05 uM) were chosen experimentally, basis of our previ-
ous studies. For investigation were used 14-days-old and
21-days-old plants.

Determination of xanthons was based on the determi-
nation the main and most common glucoside — mangifer-
in. For investigation were used spectrofotometric assays.
The results of mangiferin was expressed in % of dry
weight (DW) [2,3].

Determination of lignin in stem was based on color re-
action with floroglucine [4]. For investigation were used
optical microscope and program Image Tool. The size was
obtained using the formula A=P/0,8, ne A-size of aperture
(micrometers), P- size of aperture (pixels), 0,8 — the con-
version factor. The conversion factor was determined by
photographing a ruler and then determined the number of
pixels in 1 micrometers.

Results and discussion. Plants are frequently ex-
posed to stress factors, that greatly influence growth, de-
velopment, survival, crop productivity, and species distribu-
tion. Many plants can acquire tolerance in response to this
factors. In this article all attention is for secondary metabo-
lites of the plant organism — phenolic compounds, exactly
xanthones. Many plants for stressful reaction including
changes in physiological and biochemical processes [3].
Information about the change of xanthones contents under
influence of heavy metals doesn't find. Known that xantho-
nes as a phenolic compounds and secondary metabolites
of plant organism has a protective role under stressful con-
dition and oxidative stress, and their synthesis increase
under this conditions [8,12,13]. The most common
C-glucoside — mangiferin. Mangiferin was isolated from
mango (Mangifera indica L.), but known that it is common
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in other flower plants. This substance is known for their
biological activiti.

Changes of xanthons content are represented in
Figure 1. Analyzing the xanthons content of plants under
influence of SA and Cd, we can see increase in 14-days-
old wheat plants and decrease in shoots 21-days-old wheat
plants in all variants, except non-stressed plants (control).
(Fig. 1, A). Pre-treatment with 0.05 pM salicylic acid
stimulated xanthons accumulation, this is due to the com-
mon synthesis of phenolic compounds. Salicylic acid is
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known as the compound which may play a protective role
in stressful conditions. The difference in buckwheat plants
in the content of investigated compounds was not detect-
ed, possibly due to the high total content of phenolic com-
pounds and insignificant xanthon contents in these
plants.We observed increase of this parameters in 21-
days-old buckwheat plants with Cd treatment (Fig.1,B),
because phenolic compounds are a natural stress
metabolite of plants. Also, it can be a variental characteristic.
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Fig.1. Effect of Cd and salicylic acid treatments on xanthone contents in wheat (A) and buckwheat (B) plants, %

Comments: * — significant at P<0.05, (M+SD, n=3)

Except to many internal changes (the contents of im-
portant metabolites, activity of enzymes etc.), the plant
organism can be resistand due to external changes. In
recent years, research on the metabolism of lignin and
plant resistance hasn't been plentiful.

Cellulose, hemicellulose, and lignin comprise the main
composition of cell walls of plants and are important
components of natural lignocellulosic materials. Lignin is one
of the most abundant organic polymers in plants, just behind
cellulose. In the cell wall lignification process, lignin pene-
trates into the cell walls and fills in their framework, which
increases the hardness of the cell wall, enhancing the me-
chanical and the compressive strengths, promoting the for-
mation of mechanical tissues, and consolidating the plant
body and water conduction. Lignin, as a secondary metabo-
lite in plant growth and development, has important biologi-

cal functions in the growth and development and disease
resistance of plants. Lignin metabolism in plants has physio-
logical significance, which was mainly present as the close
relationship between changes of its enzyme activity, the
increase of intermediate and lignin contents and cell differen-
tiation, the resistance to pathogen infection, and other physi-
ological activities in plant development [4]. Many studies
have shown that, when the plant is infected or resistance is
induced, the activity of enzymes related to lignin synthesis
and the content of lignin would both increase, thereby en-
hancing the resistance of plants. Lignin biosynthesis can be
regulated by changing external factors, such as the action of
drought [11]. Heavy metals also influence the formation of
lignin. Different plant tissue would have a different lignin con-
tent, because lignin biosynthesis regulated by changing the
activities of different enzymes [9].

Al

LA AR

Fig.2. Effect of Cd and salicylic acid treatments on localization and the formation of lignin in shoots 14-days-old
and 21-days-old wheat plants (A-Control, B-SA, C-Cd, D-SA+Cd)
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In our case, for detection of lignin we chose different
parts of plant (leaf, stem, node and internode). All research
plants were on the second (14-days-old) or third (21-days-
old) leaf. Presents results (photo) the part of stem, close to
the node, where it was best seen accumulation of lignin (for
14 and 21 days-old) compared to other parts of the plant.
Different parts of plants would have a different lignin con-
tent and composition. For example, the lignin content and
structure are significantly different in the node and inter-
node of reed (Arundo donax); the node has a higher densi-
ty than the internode because of the high content of phe-
nolic acids (p-coumaric acid and ferulic acid) [1,4,9]. The

Vi

reasons for this difference are varied. For instance, methyl
jasmonate can significantly improve the POD activity of
seedlings and the lignin content. Both jasmonic acid and
gaseous methyl jasmonic acid could induce the expression
of chalcone synthase, thereby increasing the lignin content
[9,13]. Our results show differences accumulation in plants,
depending on the conditions of growth [13]. Discovered
species differences, with a predominance of lignin in plants
of buckwheat in comparison with wheat plants (Fig. 2,3).
Also considered, that salicylic acid consumed increased
formation of lignin, through phenolic composition (Fig. 3).

Fig.3. Effect of Cd and salicylic acid treatments on localization and the formation of lignin in shoots 14-days-old
and 21-days-old buckwheat plants (A-Control, B-SA, C-Cd, D-SA+Cd)

Summary. Our results confirm stress protectiv role of
phenolic compounds by the heavy metals action. We can
talk about the involvement of different mechanisms of pro-
tection, as external (the process of lignification) and inter-
nal (changes in the content of xanthons) for the actions of
cadmium chloride. Salicylic acid under these conditions
reduced education (accumulation) of xanthons and stimu-
lated lignification in buckwheat and wheat plants. Compar-
ing data on different plants in species composition, more
visible changes can be observed in the identification of
lignin in plants of buckwheat, in our opinion is associated
species and varietal characteristics, a high content of phe-
nolic compounds in this culture. Also, through the high con-
tent of phenolic compounds was observed a low level xan-
thons. The influence of salicylate is the reason that it is a
substance of phenolic origin, has a common way of syn-
thesis with phenols, activated in stress conditions and sali-
cylic acid is an active growth regulator in plants.

The use of external treatment salicylic acid in a concen-
tration of 0.05 Mm can serve as an important regulator of
the formation of phenolic compounds by the action of
stressors, especially in the variant with the combined effect
of two factors (SA+Cd), and indirect impact on plants
growth and development.
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3MIHA BMICTY KCAHTOHIB TA HATPOMAIDKEHHA NIFCHIHY B POCJIMHAX TPEYKU TA NIWWEHWLI
3A [l CANILUMNOBOI KNCITOTU TA IOHIB KAOMIIO

HocnidxeHo cymicHuli ennue ioHie kadmilo ma caniyunoeoi kuciomu Ha emicm nonigheHonie y pocnuHax epeyku (Fagopyrum esculentum
Moench.) i nweHuuyi (Triticum aestivum L.). BcmaHoeneHo, wo 3a dii ioHie kadmito 3pocmae eMicm KCaHMOHI8 ma MoCcuUsIeHO yMeoPOEMbLCS JlicHiH.
Ans 3HUXeHHs1 ennugy cmpecoeoz2o YUHHUKa OOYiflbHO euKopucmosyeamu casniyusiosy Kucsomy, sika HopMarnisye HazpomaOKeHHs1 (heHONIbHUX
crosyk — emicm KcaHmoHie ma JnizHigpikayito y pocsiuH epeyku ma nuieHuyi. 3a AornomMoz20r0 Yb020 pezysisimopa pPocmy MOXHa MeeHOK Miporo
3MeHWUmMu MoKcuYHuUl eniue ioHie kadmiro.

Knroyoei cnoea: Fagopyrum esculentum Moench., Triticum aestivum L., kadmito xsiopud, caniyunoea Kucsoma, nieHiH, KCaHMOHU.

fA. KaBynuuy, acn., M. Kobbineukas, kaHg. 6uon. Hayk, O. Tepek, A-p 6uon. Hayk
JIbBOBCKMI HaUMOHanbHbIW YHMBepcuTeT UMeHn UBaHa ®PpaHko, JIbBOB, YkpaiHa

M3MEHEHUE COOEPXXAHUA KCAHTOHOB U HAKOMJIEHUE JIMFTHUHA B PACTEHUAX TPEYMXU U NWEHULbI
nPU JENCTBUM CANTULMITIOBOU KUCNOTbl U MOHOB KAOMUA

HccnedoeaHo coemecmHoe enusiHue UOHO8 KaOMUsi U canuyusiogoll Kucsiomsl Ha codepxxaHue ¢heHos108 (KCaHMoHie, IU2HUHA) 8 pacmeHUsIX
epeyuxu (Fagopyrum esculentum Moench.) u nweHuysb! (Triticum aestivum L.). YcmaHoeneHo, ymo 3a delicmeusi uoHoe kadmusi eo3pacmaem
codepxaHue KCaHIMOHO8 U yCusieHHO obpa3yemcsi TU2HUH. [ CHUXeHUs1 e/TUsiHUsi cmpeccoeo2o ¢ghakmopa yesiecoobpa3HoO ucnosib3ogams ca-
JluyuI08YyH0 KUC/Iomy, Komopasi Hopmasau3lyem codepxaHue U CHUXaem codepikaHue KCaHMOHO8 U JIu2HUGhUKauulo 8 pacmeHuUsiX epequxu u nue-
Huybl. C TOMOWbI0 3MO20 peaysisimopa Pocima MOXHO 3Ha4UmesIbHO yMeHbWUMb MOKCUYeCcKoe 8J1UsiHUe UOHO8 KaOMUsl.

Knroyeenie cnoea: Fagopyrum esculentum Moench., Triticum aestivum L., kaOmusi xsiopud, canuyusnosas Kucsoma, 1u2HUH, KCaHMOHbI.
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DIFFERENCES IN AGGRESSIVE BEHAVIOR OF RELATED SPECIES
OF FLYCATCHERS (MUSCICAPIDAE) FAMILY

The article is devoted to the observation of differences in relation between aggressive behavior of related species of Fly-
catchers (Muscicapidae) family and behavior acts in naturally watering places. Observations have reviled the timing separation
between presence and engagement of Flycatchers in morning hours and relation with acts of aggression. Each representative of
Flycatchers family is using the watering place in different ways. The correlation between intraspecific and interspecific contacts
with the predominance of interspecific and highly aggressive interactions has been analyzed. The rating of successfulness of the
acts of aggression has been established for every particular group of Flycatchers. It demonstrates the energetic justification of
aggressive behavior for spotter, red-breasted and pied flycatchers but energetic overspend and failure for collared flycatcher.

Keywords: behavior, aggression, Muscicapidae, watering place.

Introduction. Over the last decade, interest to the fly-
catcher's ecology significantly increased due to their
synanthropic opportunities, habitat area expansion and
population increasing in the southern Europe, as well as
their relationships with the other species. For the social
bird's interaction study, flycatchers are ideal species be-
cause some knowledge regarding the use of non-specific
and cone-specific information in their choice of nesting
place has already been partially disclosed. Besides these
species are flexibly used an intraspecific and especially
interspecific social information (for example, neighborhood
with the great and the blue tits) [26].

Numerous publications of European authors, the ques-
tion of the aggression's reasons and consequences among
the animals are actively appeared. Especially essential at-
tention is spared to behavior's differences investigation on
different territories, its significance for biology, ecology and
social relationships closed and competitive species. Much
attention is paid to aggression study in intraspecific competi-
tion [14], but its significance and consequence in interspecif-
ic competition or other relationships of the closed species
are the newer and not enough learnt issue so far [27, 36],
but its mechanisms and consequences are still not clear.

Interspecific competition is an important factor which
regulates niche overlapping in the resources use by the
closed spices and relative density of the bird's population
[38, 33]. Under natural conditions specimens of many spic-
es are involved to this competition that certainly increases
competition level and aggressive behavior as one of ex-
pression of competition [29].

Interspecific aggression has also an important conse-
quence for ecological processes and provides with an-
swers about the reasons of evolutional strategies behavior
change. For today, there are still exist difficulties in under-
standing how exactly the behavior will influence on the
structure, functions and stability of the ecosystem, interac-
tion difficulties which exist between species and environ-
ment. Information exchange between specimens of the
other species in relation to resources is extremely im-
portant and its mechanism may have impact to consistent
patterns and consequences of species coexistence [21].

For forest and steppe zones of Ukraine breeding is
spotted flycatcher (Muscicapa striata) and pied flycatcher
(Ficedula hytoleuca) which are under protection of Bonn
and Berne conventions and coralled flycatcher (Ficedula
albicollis) and red-breasted flycatcher (Ficedula parva)

© Markova A., Serebryakov V., 2016
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which have no environmental protection status but the
number of which gradually decreased for the last years
[11]. That's why flycatcher's ecological peculiarity and be-
havior study in Ukraine is extremely relevant which may
help to keep them in the original habitats.

The purpose of this work is the investigation and in-
terspecific (further InterS) ratios comparison and intraspe-
cific (further IntraS) aggression for the four species of birds
Muscicapidae family in the breading season at the natural
watering place. The main objectives are:

¢ to detect the presence and significance of aggression
with physiological needs which were determined according
to the results of acts at the watering place and the presence
and number of other species and their aggressiveness as a
direct factor of aggression among flycatchers;

o to establish the justification of energy costs on ag-
gressive behavior expression.

Methods and material. As materials served the data
collected by the author in Kanev Nature Reserve (further
KNR) of Cherkassy region in May and June 2010, 2012
and 2014 at the watering place in Mokry ravine in the
household territory. Investigation territory has environmen-
tal protection status and it is characterized by the low an-
thropogenic influence. The total duration of observation in
KNR is 324 hours. During this time about 1 324 interspecif-
ic and intraspecific contacts were fixed and 1 940 flycatch-
ers' appearances were analyzed at the watering place.

Observations were conducted from 5.00 till 21.00 (here-
inafter hours are corrected to daylight saving time). Light
day period is conventionally divided into three periods:
morning (from 5.00 till 12.00), day (from 12.00 till 17.00)
and evening (from 17.00 till 21.00). Studying the dynamics
of birds' activity at the watering places according to com-
monly applied ethological practices [1], possible variants of
birds' behavior acts at the watering places were separated:
water drinking, food consumption, bathing and cleaning
feathers. Commonly applied ethological methods of "total
observation" and "total record" [12] with author's modifica-
tions for birds observation in nature were applied to study
interspecific behavior. Behavior act when two birds re-
duced the distance between them, obviously changing their

behavior compared to previous period of time, demonstrat-
ing readiness to attack and fight is considered to be an act
of aggressive behavior [9].

Among the data, related to aggressive reaction, follow-
ing information was recorded:

¢ which of species/specimen was the first who arrived
the study area and which was the second one

e which of species/specimen showed initiative to ag-
gression

e which of species/specimen won, i.e. stayed at the
place of observation.

We counted the cases of winning the fight for resources
having reached the place as the first one and cases of win-
ning after having reached the place as a second one.
Based on these data the distribution of specie's success
rating in interspecific aggressive contacts was obtained.

Only the data collected taking into account same
weather conditions is used for analysis. Statistical pro-
cessing of the data is made applying mathematical meth-
ods using software Microsoft Excel and STATISTICA 7.0.
The data is checked for normality, and, accordingly, corre-
lation ratios were defined using parametric and nonpara-
metric methods.

Study was performed as stage of research topic of De-
partment of Zoology, NSC "Institute of Biology," Taras
Shevchenko National University of Kyiv "Saving of the bio-
diversity and comprehensive study of adaptation strategies
of phyto-, zoo- and virobioty of Ukraine using bio informa-
tional technologies, topic number 11BF036-02.

Results and discussion.

Dynamics of birds' engagement in behavioral acts
at watering places. According to the type of food flycatch-
ers are insectivorous birds [2, 5, 6, 7] and therefore their
need for drinking is not so significant as the need of crops
eating birds. So the main purpose of staying at watering
place is cleaning feathers and bathing, although drinking
and search for food still is a large share of behavioral acts
at watering place. We identified maximum need of fly-
catchers for replenishment water balance in the body, bath-
ing and search for food in different areas (Table 1).

Table 1. Peaks of engagement in behavioral acts at watering place during the day

Peaks Muscicapa striata Ficedula albicollis Ficedula hypoleuca Ficedula parva
M D E M D E M D E M D E
presence 6 14 20 8 12 18 6-7 12,14 19 8 12 -
bathing 59 13,15 17,20 8 13 19 6 14-16 - 8 12 -
drinking 6 12 20 8 11 21 6 12 20 8 16 20
search for food 6 11 17 8 - 21 7,9 - 18 6 16 20

Note: "M" — morning, "D" — day, "E" — evening,

It was found out that biological needs of flycatchers at
watering place are slightly separated in time. Especially im-
portant separation was noticed in morning hours. Maximum
activity arrival of collared and red-breasted flycatchers was
noticed at 8% and of pied and spotted flycatcher — at 6.00. It
should be noted that that the place of research was selected
given the lack of other sources of water. So the results about
the separation of close species in time indicate ecological
behavioral adaptation to limited resources. Besides, it indi-
cated the choice of individual behavioral adaptation type.
Collared and pied flycatchers have very similar ration and
linear dimensions, but behavioral strategy of collared fly-
catcher is similar to behavior of spotted flycatcher, the num-
ber of which is large enough in the national park. In return,
the behavior of pied flycatcher is similar to the behavior of
red-breasted flycatcher. However, this trend may be wrong
because the number pied flycatcher in recent years has de-
creased dramatically, and the species is not considered to
be nesting in the area anymore.

"-" — no visible peak

Aggression and behavioral acts. Through the analy-
sis of quantitative acts of aggressive behavior, the indexes
of different behavior acts at the watering place for each
species were defined (Table 2). Generally, the correlation
between the appearance of individuals of their own species
and aggressive reaction was noticed for all flycatchers. For
collared and red-breasted flycatcher this correlation is av-
erage, and for pied and spotted flycatcher this correlation is
low. Only for spotted flycatcher low correlation of aggres-
sive behavior and overall increase of birds number and
average correlation to increasing aggression of all birds at
watering place was noticed. Besides, the watering place
has its strategic importance for each species. Ration od the
species is very similar during the nesting period and if the
resource available is sufficient the birds do not compete [5].
But the watering place is one of the areas of food search-
ing for the collared flycatcher, so due to the limited water
resource nearby its competitive importance significantly
increases. Banding in the ravine facilitates, to some extent,
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the search of flying insects because large specimens of
butterflies and bees have often been meshed in the net for
banding. Therefore, the correlation between the aggression
and food searching at the watering place is high (r=0.842;
p<0.01), and the correlation between the aggression and

drinking is lower, but still considerable. The watering place
has more important role as a place of cleaning feather for
the spotted flycatcher and as a source of after for the red-
breasted flycatcher. The data for the pied flycatcher is still
insufficient for specific conclusions.

Table 2. Relation between the aggression, behavioral acts and other birds on watering places

Muscicapa striata Ficedula albicollis Ficedula hypoleuca Ficedula parva
bathing 0.348* -0.135 0.193 0.449*
drinking -0.028 0.558* 0.229 0.436*
searching for food 0.115 0.842* -0.111 -0.201
their kind 0.387* 0.489* 0.307* 0.544*
all birds 0.339* -0.041 0.036 0.077
general aggression of birds 0.425* -0.011 -0.032 0.217

Note: * p<0.05, ** p<0.01

Detailed research of the aggression of flycatchers with
the presence of massive kinds of KNR on a watering place
revealed a weak inverse correlation between the aggres-
siveness of the collared flycatcher and the number of the
great tit, and the number and the aggressiveness of the
blackcap. Instead, the connection between the aggressive-
ness of spotted flycatcher and the number and the aggres-
siveness of the great tit is direct and weak, but significant
with the common chaffinch (with the quantity r=0.515;
p<0.05 and the aggression r=0.504; p<0.05). The red-
breasted flycatcher actively reacts on the aggressive be-
havior of the Eurasian blue tit (r=0.703; p<0.01), but weakly
reacts on its number (r=0.413; p<0.05). An insignificant
weak correlation is noticed between the pied flycatcher the
aggressiveness of the robin, the great tit and the marsh tit.

In general, in recent years to determine the intercon-
nection between the most explored types of the behavior
the strength of correlations of different possible combina-
tions of features was estimated by meta-analysis. Thus,
based on data from 81 scientific works, the researchers
found that the correlations between the behavior in general
are weak and quite varied because of the variation of the
comparable characteristics. The presence of partial corre-
lation between features indicates that certain connections
do not depend on covariance with other features, while
some connections (in particular aggression or exploration
of new territory) successively decrease after the controlling
of covariance. At the same time, the magnitude of effects
(eg. correlation) is systematically higher when behavior is

analyzed under the same experimental conditions. Differ-
ences in correlations arise not because of differences in
recurrence, which are related to the measuring of different
features, and most often assessed behavioral features do
not necessarily form the same independent intervals (do-
mains). Overall, between any behavioral acts there is a
positive correlation of medium strength.

Data interpretation by such methods indicates that the re-
currence research of certain behavioral acts is not statistically
different, and their value influences more on correlations in the
species-specific behavior than in the individual one [22]. Thus,
the obtained data can be used to establish the behavioral
plasticity of representatives of the Flycatchers.

Distribution of interspecific and intraspecific
aggression. |Interspecific relationships in a particular
grouping of birds are closely related to intraspecific
aggression of existing together species [3]. Usually, the
number of interspecific contacts is considerably greater
than intraspecific [4, 8, 10, 13]. We recorded species, to
which flycatchers revealed the reaction of aggression for
the whole time of observations (Table. 3). Thus, for the
collared flycatcher among 19 species, that were
encountered, there was an aggressive reaction to 9. The
spotted flycatcher expressed an aggression to 7 out of
18 species, the pied flycatcher — to 2 out of 7, and the
read-breasted flycatcher — to 1 out of 10. All flycatchers
more frequently showed the reaction of aggression upon
arrival at the watering place later than the object of attack.

Table 3. Species that are marked by the presence of aggressive behavior during interaction of species

Species Muscicapa striata

Ficedula albicollis

Ficedula hypoleuca Ficedula parva

Dendrocopos medius -

Dendrocopos minor -

Hippolais icterina

Sylvia atricapilla +

Phylloscopus collybita -

Phylloscopus sibilatrix

+

Muscicapa striata +

Ficedula parva

Ficedula hypoleuca

+[+]1
I
|

Ficedula albicollis

+ (1

Erithacus rubecula

Turdus merula

Turdus philomelos

+[+]1

Parus caeruleus

Parus palustris -

+

Parus major

+|+]1

Sitta europaea -

Certhia familiaris -

+
|

Fringilla coelebs +

+
+
+

Chloris chloris

Carduelis carduelis

Coccothrausres coccothraustes -

+ _

Note: "+" — the reaction of aggression is present; "-" — the reaction of aggression is absent; " " — there was no encounter.
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It is known that the amount of interspecific conflicts
(aggressive contacts) in mixed populations is comparable
to or greater than the frequency of intraspecific aggressive
contacts [3]. These data are known for waterbirds, but this
pattern was also confirmed for flycatchers (Table 4). It was
established, that all four species of flycatchers pay a large
share of attention to the interspecific aggressive
interactions, but the percentage of intraspecific aggression

of the collared flycatcher is still higher than of the spotted
one. The total share of interspecific contacts is bigger than
intraspecific, that is associated to the high competition.
This is especially expressed for small flycatchers. In turn,
this confirms recent researches on active and flexible use
of interspecies information and social relations of close and
competitive species by flycatchers [26].

Table 4. Percentage of behavioral reaction to all species’ contacts

Muscicapa striata | Ficedula albicollis | Ficedula hypoleuca | Ficedula parva
InterS IntraS InterS IntraS InterS IntraS InterS | IntraS
Total number of contacts 84.29 15.71 75.39 24.61 69.39 30.61 91.67 8.33
Aggressive contacts 9.32 13.64 8.33 23.40 14.71 0 13.64 0
Non-aggressive contacts 90.68 86.36 91.67 76.60 85.29 100 86.36 100
Share or all aggressive contacts 78.57 2143 5217 47.83 100 0 100 0

Consequences of interspecific interaction, namely using
the information, are asymmetric and they are used for inter-
specific coexistence modelling. Potential competitors are
important component of efficient area use. Sometimes the
presence of potential competitors even attracts birds [30,
31]. The more interspecific niches are overlapped, which is a
case when the resource is limited, the better opportunities
for using interspecific information appear, and strong com-
petitors, for ensuring more accurate information [32, 35].

Importance of certain territory for territory species may
depend not only on environment characteristics, but also
on social structure of the area. Although interspecific com-
petition can be asymmetric, as a rule it results in costs for
all parties [19].

Protection of the territory is an energetically costly pro-
cess [20], so keeping the information about territorial com-
petitors and stable relationship is an additional advantage

for the most part of birds. Birds often respond less aggres-
sively to territorial specimen whom they often tolerate on
their territory, than to distant neighbors or migratory birds
[15, 16, 34, 37]. If the neighbors are less dangerous for
secured recourses (food, individuals of their species,
breeding), the respond is less aggressive in order to use as
less energy as possible for accumulation of territorial com-
petitiveness [19].

In our research the rating of pair aggressive contacts. It
has no dimension but reflects the percentage of success
(+) or loss (-) such interaction. Final calculation of results of
flycatchers' pair collisions with each type separately indi-
cates the competitive position of the flycatcher at some
specific area (tab. 5). A sum of defense and attack indi-
cates the overall justification of energy cost used for the
competition and protecting the territory in a particular
grouping of birds.

Table 5. Rating of aggressive contacts of Flycatchers

Muscicapa striata Ficedula albicollis Ficedula hypoleuca Ficedula parva
Attack -1.63 -3.22 0.50 1
Defense 2.63 -0.78 2.50 1
> 1 -4 3 2

In the natural environment the collared and the spotted
flycatchers typically have a low protection rating of an area,
when they faced with a large number of other types of
birds. This is due to the constant availability of the required
resources. The same trend is noted for the collared fly-
catcher in case of an attack. Conversely, the spotted fly-
catcher is quite successful during attacks in pair interac-
tions. However, for the pied and the red-breasted flycatch-
ers, spending energy on aggression and attack protection
is justified. As a result, there is rating of justification for
energy costs of competitive aggression from the most de-
pleted species of flycatchers — the collared flycatcher — to
the most successful species — the red-breasted flycatcher.
In summary, we note that flycatchers win the attack and
lose protection, especially in contacts with the common
chaffinch, the great tit and the blackbird.

This investigation reveals some possible scenarios of
aggressive behavior on the ground watering to natural areas.
Differences in flycatchers' participation in social interactions
become more important in explaining adaptive individual
differences in the behavior of animals and probably are part
of the evolutionary process [17, 19]. Similar researches were
performed in different areas and at different times on the
example of European marmots. [25] Recent data regarding
aggression among the greylag goose [39] also found that
dominant behavior may depend not only on internal factors
but also on the season and social environment. In addition,
the best choice to achieve or maintain a high ranking domi-

nation can vary significantly between the stages of the life
cycle. This highlights the importance of long-term research
and multivariate approaches for understanding the complexi-
ty of the relations of domination for animals.

Overall, there is an individual right behavioral response
of a group of individuals to external signs and the type of
behavior of its species. For ethological studies such signs
serve as a key to understanding behavioral ecology and
quantitative genetics. Interaction between individuals (so-
cial conditions) is a major factor in changing behavioral
variations at different levels of the hierarchy [18]. Social
interactions lead to a restructuring of complex behaviors
and tend to occur at the level of the group. This mechanism
of behavioral change strategies has unknown evolutionary
consequences, justifying its study.

Conclusions:

1. Detected distribution in time of occurrence flycatchers
at the watering place during the day. A special feature is the
morning dynamics of species: the collared and the red-
breasted flycatchers actively visit the watering place at 8 am,
and the pied and the spotted flycatchers — at 6 o'clock.

2. The spotted flycatcher's aggression correlate with the
general level of birds' aggression and for the collared, the
red-breasted and the pied flycatchers correlation is only
available with the advent of their species in the natural en-
vironment and of the need for resources.

3. Have been revealed that in the ratio of interspecific
and intraspecific contacts prevail aggressive interspecific
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interactions, indicating the importance of establishing an
interspecific hierarchy for flycatchers and active use of
interspecific information.

4. Aggressive interactions for the collared flycatcher are
the most debilitating and energy unjustified. Most
energetically justified is the interaction of the red-breasted
and the pied flycatchers in the reactions of protection and
attack on the watering place. The spotted flycatcher
occupies an intermediate position in the ranking of success
at the natural watering places in Kanev Nature Reserve.

5. Obtained data in respect of the distribution of the
flycatchers' aggressive behavior complement the already
known knowledge and point to the diversity of behavioral
strategies of birds of one family. Basic mechanisms and
causes of differences have still needed further investigation.
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KuiBcbkuit HauioHanbHUM yHiBepcuteT iMmeHi Tapaca LleBuyeHka, KuiB, YkpaiHa

BIOMIHHOCTI Y NPOSABI ArPECIi BIU3bKUMU BUOAMU
POOUHN MYXOJIOBOK (MUSCICAPIDAE)

Po6oma npucesiyeHa sugyeHHIo 8iOMiHHOcmeli 383Ky azpecueHoi noeediHku 6nu3bkux eudie poduHu Myxonoekoei (Muscicapidae) i3 noee-
JiHKosuMU akmamu Ha eodonoi y npupodi. BusienieHo po3nodin y Yaci npucymHocmi ma 3aliHimocmi MyxoJI080K y paHKo8i 200uHU ma 38'A30K i3
nposieom azpecii. KoxxeH i3 npedcmaeHukie Myxos1080Kk eukopucmosye eodonili no-pizHomy. Po3ansiHymo cnieeiOHoweHHs1 Mixxeudoeux ma eHy-
mpiwHbo8udo8uX KOHMaKmie, ceped sIKUX Nnepesaxaromb Mixeudosi, 0cobsueo azpecusHi, 83aemodii. BcmaHoeneHo pelimuHe ycniwHocmi npo-
58y az2pecii Myxos08KkaMu y KOHKPemHoMy y2pynoeaHHi. BiH eka3ye Ha eHepzemuyHy eunpaedaHicmb azpecueHoi noeediHku Ons cipoi, Manoi ma
cmpokamoi MyXxoJs108KuU, asie MaKkcuMalsibHy 3ampamHicme ma npozpaw 07151 MyxXos108Ku Ginowur.

Knrouoei cnoea: noeediHka, acpecisi, Muscicapidae, eodoniti.

A. MapkoBa,acn., B.Cepe6psikoB, A-p. 6uon. Hayk
KueBckuit HaumoHanbI yHuBepcuteT UMeHun Tapaca LlleByeHko, KueB, ykpanHa

OoTNnN4MA B NPOABINEHUN ATPECCUU BIIM3KNMU BUOAMU
CEMEUCTBA MYXOJNOBKOBbIE (MUSCICAPIDAE )

Paboma nocesiweHa u3yyeHuUr0 omuuyquli Mexdy Cesi3bH0 a2peccusHo20 mnoeedeHusi 6nuskux eudoe cemelicmea Myxon08Ko8bIX
(Muscicapidae) u noeedeHyeckumu akmamu Ha eodormnoe 8 npupode. BrisienieHo pa3denieHue 80 epeMeHU NMPUCYMCcmeust U 3aHIMocmu MyXoJ1080K
8 ympeHHue 4acbl U C8513b C nposiesieHueM azpeccuu. Kaxobili us npedcmasumesell Myxos1080K ucrosib3yem eodornol no-pasHomy. Paccmompe-
Hbl COOMHOWeHUs1 Mexxeudoebix U 8Hympueudoebix KOHMaKMos, cpedu Komopbix npeobnadaom Mexeudoeblie, 0CO6eHHO azpeccusHble, 83au-
modelicmeusi. YcmaHoesnieH pelimuH2 ycrnewHocmu rposiesieHuUsi azpeccuu MyXxosioekaMu e KOHKpemHol cpede o6umaHusi. OH yka3bleaem Ha
3Hepzemu4ecKyo onpasdaHHOCMb a2peccusHo20 rnoeedeHusi Ons cepoli, Masoli u necmpoli Myxosl08KU, HO MaKCUMaslbHyI0 3ampamHocmb U
npouzpbiw 0151 MyxosoeKu-6enowelku.

Knrouyeenie cnoea: nosedeHue, azpeccusi, Muscicapidae, eodonoli.
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INTERACTION BETWEEN PHAGES AND BACTERIA AS A TOOL
FOR THE OBTAINING OF IMAGES

The obtaining of images by lytic action of bacteriophage T4 on the Escherichia coli bacterial lawn is considered. Methodical
aspects of the approach are discussed, namely, use of different stencil types, total and partial staining of obtained image by dif-
ferent dyes. The perspectives of the practical use are proposed namely restriction of the action of microorganisms in out-of-the-

way places etc.

Key words: bacteriophage T4, Escherichia coli, lytic action,

Introduction. Creation of images by controllable
culturing of microorganisms in certain patterns (microbial
art) now became a very special branch of skill at the
interface between science and art [2]. In this case agar
plates can be considered as a background, while
pigmented or fluorescent bacteria or yeasts represent the
paint. In the first case it can be performed by the applica-
tion of the microorganisms with the intensively colored col-
onies. Another approach based on the using transgenic
bacteria expressing fluorescent protein genes [3]. In this
case images can be visible in ultraviolet light.

Images as well can be obtained by the growth of mi-
croscopic green alga on the nutrient medium [4]. In this
case exposing different areas of the algal lawn to light
over varying intervals of time changes their colors along
the green spectrum.

In all these approaches the stiff nutrient medium (agar) is
used as a background, where the image can be formed as the
result of the growth of the bacterial colonies as well as by the
change of the color of the medium or by the combination of
these factors. In both cases bacteria appear as a tool.

However the authors did not found any scientific publi-
cation, where bacterial lawn itself was used as the as a
background and the image was formed by the lytic action

Agar 1,50;03

Agar 0,7%+E.coli :

lytic zone.

of the virus (bacteriophage). Whereas the mentioned ap-
proach could be used not only with artistic aim but for the
practical use.

The aim of this work was to demonstrate a possibility to
obtain the image on the bacterial lawn by the Iytic action of
the bacteriophage on the example of the bacteriophage T4
and Escherichia coli.

Materials and methods. For the obtaining of the bac-
terial lawn by the standard metod [1] the 1,5% agar with
the nutrient medium was disposed to the Petri dishes. After
the congelation of the solid medium its' surface was coated
by the 0,7% agar containing Escherichia coli culture (con-
centration about 10° cells per ml).

For the introduction of the virus on the bacterial lawn
the use of the micropipette and the application of the pre-
liminarily autoclaved stencil from printing or filter paper
were combined.

After the chilling of the substrat the stencils were ap-
plied and the preparation of the bacteriophage T4 (concen-
tration 108 PFU (plaque-forming unit) per ml was introduced
at the stencils by micropipette. Samples obtained by such a
way were incubated during the twenty-four hours at +37°C.

The scheme of the experiment is shown on the Fig.1.

~

bacteriophage

s

Paper

Stencil

=

/ l thermostating

Lytic zone

Fig.1.The scheme of the experiment

After the incubation the stencils were removed and
the samples were stained by Coomassie blue R-250
(Coomassie blue 100mg, methanol 50 ml, acetic acid
10 ml, H20 40ml or fuchsine (1 ml of concentrated solution
— 9g of fuchsine in 100 ml of ethanol — diluted in 10 ml of
H20) with further fixation by the 7% acetic acid.

Results and discussion. For the obtaining of the
image by the lytic action of the bacteriophage several
approaches were applied. At the first series of the experi-

ment stencils made from printing paper and filter paper
were compared. It was demonstrated, that generally the
use of filter paper stensil (Fig.2a) allows one to obtain more
accurate and controllable image, than the use of the print-
ing paper stensil (Fig.2b). This result can be explained by
the porous structure of the filter paper which provides more
regular and controllable penetration of the bacteriophage to
the stencil. As the result more uniform distribution of the
bacteriophage to the bacterial lawn can be achieved in

© Boltovets P., Radutny R., Petlyovana V., Shevchenko T., 2016
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comparison with the print paper stencil. The last one can
not absorb virus containing liquid effectively and therefore
can not then distribute it regularly to the bacterial lawn
causing the forming of wide area of lytic zones. Also It was

shown, that the wetting of the whole stencil in the phage
preparation instead of the using the micropipette for the
application of the virus containing liquid leads to the total
lysis of the bacterial lawn (data not shown).

Fig.2. Unstained images, obtained by the lytic action of the bacteriophage T4 on the Escherichia coli:
a — using filter paper stencil, b — using printing paper stencil

In the second series of the experiment the possibility of
the use of the reversed stencil (where the image is formed
not by the lytic zone but by the zone of bacterial growth)
was demonstrated (Fig.3) However this approach is more

restricted because of the fact, that in this case the zone of
lysis is more wide and thereof less controllable. Besides,
this approach is more labor-consuming.

Fig.3. Image obtained by the use of the reversed stencil (stained by fuscine)

Also the possibility of the partial staining of the obtained image (namely, only zone of lysis) was explored (Fig.4). It gives
an opportunity to obtain polychrome images using available colorants (for example, Coomassie blue, fuchsine).

Fig.4. Partially stained by Coomassie blue image
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Summarizing the above it should be noted, that it was
the firs time when the graphical image was obtained by the
Iytic action of the virus on bacteria. This approach could be
used not only for the artistic aims but as well for the practi-
cal use, for example, for the restriction of the action of mi-
croorganisms in out-of-the-way places.
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B3AEMO3B'A30K PArB TA BAKTEPIU AK IHCTPYMEHT OTPUMAHHA 30BPAXKEHb
Po3ansHymo ompumaHHsi 306paxkeHb Wiisixom imu4Hoi Oif 6akmepioghaza T4 Ha 6akmepianbHuli 2a3oH Escherichia coii. 0620eoprorombcsi MemoOdu-
4Hi acnekmu nioxody, 30KkpemMa, UKopucmaHHs1 wabsoHie pi3HuUx murie, NnoeHe ma Yyacmkose ¢hapbyeaHHs1 OIMPUMaHO20 306paXKeHHs1 Pi3HUMU 6apeHUKa-
Mu. 3anpornoHoeaHo MOXJ1U8i MepcrieKmMueu 8UKOPUCMAaHHS, 30KpemMa, o6MexxeHHs1 Oil MikpoopaaHi3mie y eaXKo0ocmynHuUX MiCUsiX.
Knro4oei cnoea: 6akmepiogpaz, Escherichia coii, nimu4Ha 0isi, nimu4Ha 30Ha.
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B3AMMOCBA3b ®AIrOB U BAKTEPUU KAK MHCTPYMEHT NOJNTYYEHUA U3OBPAXXKEHUU
PaccmompeHo nony4eHue usobpaxeHull mymem numuyeckoz2o delicmeusi 6akmepuoghaza T4 Ha 6akmepuanbHbili 2a30H Escherichia coii. O6-
cyx0daromcsi MemoduvecKue acrekmsl noxoda, 8 YaCMHOCMU, UCMo/Ib308aHuUe wWabloHO08 pa3HbIX MUIMOoS, MOJIHOe U Yacmu4yHOe OKpawueaHue
Mosly4eHHo20 u3o6paxeHusl pa3nuyHbIMU Kpacumensmu. [pednoxeHbl 803MOXHbIE MepcrneKmueb! UCMOob308aHUs], 8 YaCMHOCMU, 02paHuYeHue

Jdelicmeusi MUKpPOOp2aHU3Mo8 8 mpyOHOO0CMYNHUX Mecmax.

Knroyeenie cnoea: 6akmepuogpaz, Escherichia coii, numu4eckoe delicmeue, numu4eckasi 30Ha.
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TEST SYSTEM BASED ON ROOT EXUDATES FOR HIGH-YIELDING
COMMON BUCKWHEAT (FAGOPYRUM ESCULENTUM MOENCH.) FORM SCREENING

A new effective non-invasive method of screening of highly productive forms of buckwheat sowing (Fagopyrum esculentum
Moench.) based on rapid testing of buckwheat seedling intensity exudation of organic acids root system in the laboratory is of-
fered. Buckwheat seeds were germinated on agar gel layer which contains in its composition acid-base indicator followed by
visual assessment of the indicator color changes around primary root and plants with the largest area of color change were se-
lected. The effectiveness of the method was confirmed in the field conditions by phenotyping of plants and significant differ-
ences in determining the structure and yield performance of selected plants were found. Statistical analysis of indicators grain
number and grain weight showed that these indicators in selected plants were over 6 times higher than in the control variant with

the degree of reliability of 99%.

Keywords: screening, buckwheat, phenotyping, seedlings, root exudates.

Introduction. Buckwheat is a well known valuable ag-
ricultural cereal culture used traditionally in the food indus-
try of Ukraine. However, due to the peculiarities of the sec-
ondary metabolism this culture can be widely used in the
pharmaceutical and medical industries as a source of a
significant amount of bioactive substances [1]. But buck-
wheat may not have the performance as cereal crops be-
cause of their biological characteristics. At the same time
the potential of buckwheat are not always used sufficiently.
Development of new methods of selection can greatly af-
fect the disclosure of genetic potential of the crop and ex-
pand its use. Taking into account the substantial value of
buckwheat in the food industry the search for effective and
rapid methods for the selection of high-performance forms

of culture do not stop. Development of new methods re-
quires complex analysis and improvement and modification
of previous methods of selection.

Most known methods of selection of high-performance
forms of buckwheat is selection at the stage of budding or
flowering plants [2, 3, 4]. They are held on the last pheno-
logical phases of plant development and aimed at creating
productive large inflorescences. A method of selecting
plants for buckwheat complex features [5] is that plants are
selected for buckwheat sign of breeding and structure
characteristics at the crop ripening phase. Plants selected
are propagated via meristem culture in vitro, encouraging
re-blooming. Seeds from regenerative plants are got by
directed re-pollination with known genotypes. The essence

© Kosyan A., Smirnov O., Taran N., Burdyga V., 2016
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of the method is that buckwheat plants selected visually at
the phase of ripening. From the plants selected isolate axil-
laries buds that are sterilized in aseptic conditions laminar
box, separate axillaries meristems, inoculate in the culture
medium, induce morphogenesis of shoots and the formation
of roots and get plants rooted in vitro. The resulting plants
are planted in containers with unsterile soil in greenhouses
and after acclimatization get plants that are genetically iden-
tical to the selected ones; after flowering plants pollinate with
known genotypes to produce seeds that are subcultured for
breeding in subsequent generations. The disadvantage of
this method is the having of multiple stages and using tissue
culture method, which in turn makes the method complicated
in execution and rather expensive.

The above mentioned methods of selection forms high-
ly focused on functional signs of aerial parts, which are
fixed at the later phases of phenological development. But
root system of plants that performs multiple functions is
neglected thereat, although we know that it plays an im-
portant role in the life of plants and formation of productive
capacity. The surface of the root system is in 50-150 times
greater than the surface of the aerial part. In addition to the
mechanical functions the roots serve important physiologi-
cal processes: transport (providing transportation of sub-
stances in above ground organs), absorption of water and
mineral elements from the soil) and the excretion of various
chemical nature and the biological value substances to the
environment. Their role in the formation of production ca-
pacity is investigated not enough. This is especially true for
such unique culture as buckwheat characterized by specific
peculiarities of the root system.

The prototype developed method of selection of high-
performance forms are selection based on visual assess-
ment of buckwheat seedling root system at the early stages
of development [6]. According whose separate sprouted
seeds planted in a test tube with nutrient medium and
grown until reaching the length of the primary root of major-
ity of seedlings over 10 cm. Specimens of the plants with a
maximum length of root, taken into account the intensity of
lateral roots are selected. The disadvantage of this method
is the need to ensure each plant separate tubes with nutri-
ent medium, which in turn makes the method quite cum-
bersome in performing. In addition, despite the fact that the
selection is made in the early stages of plant roots to reach
a certain length required for some time that something slow
down the selection process.

The purpose of our work was to develop a new non-
invasive method of screening for high-performance forms

NG e )
M !-!\.‘.f\w'\; \Y
]fffl|.|]|.‘ll||\
Whep! B b
Lo Sl il i
R TE TR

|1[|?1

Nl

buckwheat functional characteristics of the root system.
The main criteria were: the search of express-marker for
selection; reducing significantly the time of selection; the
possibility of increasing the samples to handle an increas-
ing number of plants for breeding practices.

Material and methods. Buckwheat seeds of Rubra va-
riety within 3 hours were soaked in distilled water, then
transferred to a Petri dish on wet filter paper and placed in
a thermostat with a temperature of 27°C for germination.
For visual control of root secretions acid-base indicator
color with the transition in the pH range of 3 to 6.8 was
used. Sprouted seeds planted at the bottom of a flat cell on
a layer of 1% agar-agar gel thickness ~ 3 mm, containing
5 mg/100 ml of bromocresol green (variant 1) or bromocre-
sol purple (Variant 2) so that the root was immersed in the
thick gel and kept in an incubator at 27°C without light.
After a visual assessment of root exudate intensity two
versions with 10 plants in each were collected: low intensity
root secretions — control; high intensity of root exudate —
experiment. The selected plants were planted in the field
and grown at conventional farming methods of cultivation
of buckwheat [7]. Phenotyping of plants in the field was
performed according to the recommendations of
V.0.Yeshchenko [8]. Statistical analysis of data was per-
formed by analysis of variance according to Fisher [9].

Results and discussion.

The root system of buckwheat has highly synthetic and
excretory activity — root exudates buckwheat, namely or-
ganic acids, dissolve remote forms of mineral nutrients,
resulting in a relatively small mass of roots characterized
by a high intensity of nutrient absorption. So the average
absorption of minerals by buckwheat is 38.8 mg/g of root,
while millet — 22 mg/g, spring wheat — 14.5 mg/g barley —
7 mg/g and winter wheat — 4,9 mg/g [10]. It is clear that
buckwheat plants that have a high level of root secretions
can provide themselves more fully with mineral nutrients
and consequently have more favorable conditions for the
disclosure of its productive capacity.

Our preliminary research the quality of the root exu-
dates showed extensive excretion of oxalic acid by buck-
wheat plant root system [11]. To visualize the intensity of
root secretions model system was developed based on the
ability of chemical dyes change color depending on the pH.
In a culture in vitro on the medium with the addition of acid-
base indicators sprouted buckwheat seeds begin to form
the primary root, which provides oxalic acid in the root envi-
ronment changing gel color (Fig. 1).

P
N

R—C
\
OH

intensive exudation
of organic acids

Fig. 1. Intensity of root exudates of buckwheat sowing plants (Fagopyrum esculentum Moench.):
1 — low intensity excretion root exudates; 2 — high intensity excretion root exudates
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The intensity of color change was assessed excretion
activity of organic acids not evaluating them biochemically
(quantitative), that reduces significantly the selection term.
In the first phase seedlings were divided into two groups
according to the color change intensity for further field stud-
ies: with low intensity root secretions — the control group,
and with high intensity-experiment.
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In the second phase, during field research observations
of the plants was observed that plants grown from seeds of
buckwheat with a high level of root secretions outstripped
significantly in the development of plants with low root se-
cretion level (Fig. 2).

Fig. 2. The phenotype of buckwheat sowing plants (Fagopyrum esculentum Moench.)
with different secretion intensity of root exudates:
1 — plants with low intensity root secretions; 2 — plants with high intensity root secretions

At the final stage of experiment plant phenotyping was
performed in order to determine the peculiarities of crop
formation structure. The potential productivity of buckwheat
plants is largely determined by the number of vegetative
and generative organs. We revealed a direct correlation

between the performance of plants and their grain number,
determined by the number of inflorescences per plant and
the number of grains in them [12]. In the experimental vari-
ant plants with height 125.7 cm were formed being higher
by 27% than control (Table. 1).

Table 1. Crop structure dependence of plants sowing buckwheat
(Fagopyrum esculentum Moench.) from the intensity of root exudate excretion

Group of Total plant Number, pieces Average weight of grain
investigated plants height, cm Nodes | Branches | Inflorescences | Grains from plant from plant, g

Variant 1 (bromocresol green)

Control 99,7 11,7 4,0 35,2 334 0,97

Experiment 122,6 14,0 4,5 51,2 222,8 6,91

Difference 22,9 2,3 0,5 16,0 189,4 5,94
Variant 2 (bromocresol purple)

Control 97 .1 11,8 4.1 33,6 37,8 1,10

Experiment 128,7 14,1 4.6 53,8 231,8 7,19

Difference 31,6 2,3 0,5 20,2 194,0 6,09

The average

Control 98,4 11,8 4.1 34,4 35,6 1,04

Experiment 125,7 14,1 4.6 52,5 227,3 7,05

Difference 20,3 2,3 0,5 18,1 191,7 6,02

LSDy, 20,7 1,8 1,0 15,8 104,2 3,21

Another important morphological feature is the number
of nodes on the stem, which varies depending of genotype
and growing conditions. Increase of the nodes in the zone
of fruiting contributes to greater stem productivity and
therefore plants in general. The node number in the
branching area is a parameter that defines the precocity of

buckwheat and its growth opportunities [13]. Analyzing the
number of nodes on the stem showed also a significant
difference between the study options. Their number was
14.1 pc in experiment, while 11.8 pc in control.

Concerning plant branching one could see fairly signifi-
cant differences between the variants. Counting the num-
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ber of inflorescences and seeds showed the true ad-
vantage of these indicators in experiment version. Number
of inflorescences and seeds in the control variant was 34.4
and 35.6 pc., while 52.5 and 227.3 pieces in experiment
version. It is worth to note that some plants that never
formed grain in the control variant were observed.

Plant productivity is complex trait resulting from the inter-
action of the aggregate morphological characteristics and
properties that determine the peculiarities of plant growth
and development. The value of each individual complex fea-
tures from a total is different. The result of all components
and features are grain number and weight of grain from the
plant, which exceed in experiment by 6.8 times the control
variant with the degree of reliability of 99%.

Conclusions. Thus, it was proved the efficacy of high-
yielding common buckwheat early screening method of
root exudates using acid-base indicators. Both proposed
indicators proved effective. Our results yield structures in
the field indicate that developed a new non-invasive
screening method is highly effective and achieve the
claimed technical result and can serve as a reliable tool for
creating original material in breeding buckwheat sowing.
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A. KocsiH, kaHpA. 6ion. Hayk, O. CmipHOB, KaHA. 6ion. Hayk, H. TapaH, A-p 6ion. Hayk
KuiBcbkuit HauioHanbHUM yHiBepcuteT imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa,

B. Bypawvra, kaHa. c.-r. HayK

Mopinbcbknit AepXaBHUIA arpapHO-TeXHIYHUI yHiBepcuTeT, Kam'siHeub-Toainbcbkuit, YkpaiHa

TECT-CUCTEMA HA OCHOBI KOPEHEBUX EKCYOATIB Ons CKPUHIHIY
BUCOKOMPOAYKTUBHUX ®OPM NPEYKU NOCIBHOI (Fagopyrum esculentum Moench.)

3anponoHoeaHo Hoeuli egpekmueHull HeiH8a3ueHUli Memod CKpuHiH2y (8i06opy) eucokonpodykmueHux ¢hopm 2peyku rnocieHoi (Fagopyrum
esculentum Moench.), sikuli 6a3yembcsi Ha eKcrpec-mecmyeaHHi NPOPoCcMKie 2pedyku 8 1abopamopHuUX yMoeax Ha iHmeHcueHicmb ekcydauyil op-
2aHi4HUX Kucriom KopeHeeolo cucmemoro. HaciHHsI 2peyku npopowyeanu Ha wapi a2apoeozo 2esto, IKuli Micmums 8 ceoeMy Ckadi KUCIIOMHO-
OCHOBHUL iHOUKamop 3 HacCMynHoOo 8i3yasnibHOI OUiHKOI 3MiHU 3abapesieHHs1 iHOuKamopa HaeKoJ10 MNep8UHHO20 KOPEeHSl, i 8idbupanu pociuHu 3
Halibinbworo 30HO 3MiHU KoNbopy iHOukamopa. B nonbosux ymoeax nidmeepoxeHa egpekmueHicmb Memody wisixoM ¢heHomurnyeaHHs1 POCIIUH
ma eusiesneHi 3Ha4Hi 8iOMiHHOocmi y hopmMyeaHHi cmpyKkmypu eposaro ma npodykmueHocmi gidiépaHux pocsuH. Cmamucmu4Hul aHasi3 nokasHu-
Kie 03epHeHOCMi ma ea2u 3epHa Nnoka3as, w0 y eidibpaHux poc/uHU yi nokasHUKu y noHad 6 pasie nepesuujysasnu KOHMPOJIbLHI 8apiaHmu, 3i cmy-

neHem docmosipHocmi 99%.

Knro4oei cnosa: memod eidbopy, heHomunyeaHHs, MPOPOCMKU, KOPeHeai ekcydamu.

A. KocsiH, kaHA. 6uon. Hayk, A. CMUpPHOB, KaHA. 6uon. Hayk, H. TapaH, a-p 6uon. Hayk
KneBckui HaumoHanbHbIW yHuBepcuteT uMmeHu Tapaca LLleBuyeHko, Kues, YkpauHa,

B. Bypabira, kaHA. c-x. HayK

Moponbckuii rocyaapcTBEHHbIN arpapHo-TexHu4yecku ynusepcuteT, Kamsaneu-Mogonbckui, YkpavHa

TECT-CUCTEMA HA OCHOBE KOPHEBbIX 3KCCYOATOB Ans CKPUHUHIA
BbICOKOMPOOYKTUBHbLIX ®OPM FrPEYUXU MOCEBHOM (Fagopyrum esculentum Moench.)

lpednoxeH Hoeblli 3ghghekmueHbIli HeuHea3ueHbIli Memod CKpuHUH2a (om6opa) ebICOKONPOOYKMUEHbIX (hOpM epeyuxu mnoceeHol
(Fagopyrum esculentum Moench.), komopsbIli OCHO8aH Ha eKCrpPecc-Mecmupo8aHuuU MPOPOCMKO8 2peyuxu e 1abopamopHbIX yCr108USIX Ha UHMEH-
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cueHocmb 3Kccydayuu op2aHUYecKuX Kucsiom KopHeeol cucmemoli. CeMeHa 2pequxu npopawjueasnu Ha cjioe a2apoeozo 2esisi, Komopsbil codep-
JKUm e ceoeM cocmaee KUC/TI0MHO-0CHOBHbIlU UHAUKamop ¢ nocnedyrouwjeli 8usyanbHoU oyeHKolU U3MeHeHUs1 OKpacKu UHOUKamopa 80Kpy2 nepeu-
4HO20 KOPHSl, U ombéupasiu pacmeHusi ¢ Haubosibweli 30HOU U3MeHeHus1 yeema uHOukamopa. B noneesbix ycnoeusix nodmeepxxdeHa aghghekmue-
Hocmb Memoda nymem ¢heHomunupoeaHusi pacmeHull U ebisiefieHbl 3HaYumesibHble omau4usi 8 hopMUPO8aHUU CMPYKMYPbI YPoxasi u npoodyK-
mueHocmu omob6paHHbIx pacmeHull. Cmamucmud4eckull aHanu3 rnokaszamerseli 03epHEeHHOCMU U Macchl 3epHa rnoka3sas, 4Ymo y omobpaHHbIX pac-
meHul 3mu nokasamenu 6osee Yem 8 6 pa3 npeebiWanu KOHMPOJIbHbIE 8apuaHMbl, CO cmeneHbio docmogepHocmu 99%.

Knroveenie crioea: Memod om6opa, ghpeHomunupoeaHue, MPOPOCMKU, KOPHe8bIe IKCCydambl.

UDC [591.524.12:574.5]
V. Trokhymets, PhD, D. Lukashov, DSc
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

SPATIAL-TEMPORAL DYNAMICS OF LITTORAL ZOOPLANKTON COMMUNITY
OF THE OLEKSANDRIVKA RESERVOIR

The analysis results of spatio-temporal dynamics of zooplankton communities from littoral of the Oleksandrivka reservoir are
presented. The features of the seasonal changes in species composition, faunal and ecological spectrums, quantitative indica-
tors (density and biomass) and the dominant species complexes of littoral zooplankton was revealed. The analysis of seasonal
dynamics of qualitative and quantitative development of zooplankton in the littoral zone within the upper, middle and lower parts

of the Oleksandrivka reservoir was conducted.

Keywords: Ecology, the Oleksandrivka reservoir, littoral, zooplankton community.

Introduction. At present, the anthropogenic factors
have ecological importance for aquatic ecosystems [1-2].
Examples of human activities involve the restructuring of
individual components of ecosystems (including groups of
animals) [3], their structural and functional organization [4],
and transforming rivers to reservoirs with different hydro-
logical regime [5]. Many reservoirs were created over the
past 50-60 years [6] and today they are the main type of
water in Ukraine [7]. Special interests have littoral hydrobi-
ocenosis that differ significantly from the pelagic and play
an important role in the functioning of aquatic ecosystems
[8]. They are characterized by high rates of biodiversity [9]
and biological productivity [10] and the complex structural
and functional organization [11]. This littoral zone occupies
a large area of water, such as in the Kiev reservoir it is
38% [9]. Particular attention is drawn to the reservoir of the
South-Ukrainian energy complex, which is an important
part of the Oleksandrivka reservoir.

Zooplankton is an important component of aquatic ecosys-
tems, which plays an important role in the circulation of matter
and the energy transformation [2]. Most of the zooplankton
belongs to the primary and secondary consumers [12]. Zoo-
plankton is the foundational supply base for the young and
planktonophagous fish at higher trophic levels [13].

Purpose — analysis of seasonal dynamics of structured lit-
toral zooplankton communities in the Oleksandrivka reservoir.

Materials and methods. The object of our research
were species of same groups of zooplankton: rotifers (class
Eurotatoria), cladocerans (class Branchiopoda, order Cla-
docera), copepods (class Copepoda) and ostracods (class
Ostracoda). Monogononth rotifers, copepods and cladocer-
ans were determined to the species, bdelloid rotifers and
ostracods — to subclass and class. The dynamics of the
same seasonal changes was analyzed on the basis of data
obtained from the Oleksandrivka reservoir during the differ-
ent seasons (spring, summer and autumn) in 2009-2010.

The material sampled by filtering 50 liters of water
through a conical plankton net [14] from four standardized
sampling stations [15]: | — the left bank of the upper part,
N 47051.429' E 31°907.721’; Il — the right bank of the middle
part, N 47°42.802" E 31°11.267’; Il — the left bank of the
middle part, N 47°44.110" E 31°44.681’; IV — the right bank
of the lower part, N 47942.042’ E 31913.704’. Within each
station, the samples were taken at various points (habi-
tats): in the thickets of higher aquatic plants (overgrown)
and clean areas of littoral macrophytes pond (not over-

grown). At the station of the upper part of the Oleksandriv-
ka reservoir dominated the formations of the common reed
(Phragmites australis (Cav.) Trin. Ex Steud.). At the station
of the middle and lower parts of the reservoir dominated
the formations the claspingleaf pondweed (Potamogeton
perfoliatus L.). The projective cover of higher aquatic plants
increases from the top of the reservoir to its middle reaches
— from 30 to 50%.

For general qualitative analysis 34 samples were col-
lected using the conical net. Further processing of sam-
ples and analysis were performed on the basis of gener-
ally accepted methods. The species composition of zoo-
plankton was identified in the laboratory due to identifica-
tion guide [14, 16-19].

The results and their discussion. In the spring within
all research stations was marked only the sites free of veg-
etation, and diversity of zooplankton was presented with 29
species: rotifers — 13 species, cladocerans — 85, copepods
— 8. During the daily studies in the summer in common
reed sites and in the sites without water plants 73 species
of littoral zooplankton were registered: rotifers — 33 spe-
cies, cladocerans— 26, copepods crustaceans — 14. In au-
tumn 54 species of zooplankton were found in sites without
aquatic plants and with reeds: rotifers — 16 species, cla-
docerans — 26, copepods — 12.

If we consider the representation of the species, during
different seasons the serious reconstruction occurred. Spe-
cies diversity of the littoral zooplankton increased in summer
in 2,5 times in comparison with spring, and decreased in 1,4
times in autumn. Seasonal changes in species diversity of
littoral zooplankton can be explained by the same reasons
[5]. In summer comparing with the spring, the projective cov-
erage and the overgrowness level of the habitat significantly
increased, creating more favorable conditions for the devel-
opment of aquatic littoral. Thus, in the spring samples were
registered cryophilic species of rotifers — Brachionus angu-
laris, Br. nilsoni, Notholca acuminata, N. squamula, which
were absent during the summer and autumn research. In-
stead, a number of thermophilic representatives were met in
the summer: rotifers of the genus Lecane, Leptadella and
Trichocerca, Tripleuchlanis plicata et al.

The similarity of the species composition lists in differ-
ent seasons was characterized by the Jaccard index as the
very low: between spring and summer — J = 30,4; between
spring and autumn — J = 27,2; between summer and au-
tumn — J = 39,3. Especially low was the similarity between

© Trokhymets V., Lukashov D., 2016
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species composition lists of rotifers, while crustaceans,
especially copepods, were characterized by more stable
composition during different seasons (Table 1). Thus
17 species of littoral zooplankton encountered during all
three seasons: rotifers Brachionus calyciflorus,
Br. quadridentatus, Euchlanis deflexa, E. Dilatata and

Keratella quadrata; cladocerans Alona rectangula,
Bosmina longirostris, Chydorus piger, Ch. sphaericus,
Daphnia cucullata and Graptoleberis testudinaria;

copepods Acanthocyclops americanus, Cyclops vicinus,
Eucyclops serrulatus, Eurytemora velox, Mesocyclops
leuckarti and Thermocyclops crassus.

Table 1. The seasonal dynamics of species composition (J) of different groups
of littoral zooplankton in the Oleksandrivka reservoir

G Seasons Spring and summer Spring and autumn Summer and autumn
roups

Eurotatoria 20,4 243 27,6
Cladocera 25,7 24,3 45,0
Coprepoda 48,1 36,7 50,0

The faunal spectrum of littoral zooplankton during differ-
ent seasons was characterized by the prevalence of rotifers
complex in spring, in summer — the prevalence of rotator and
rotifers-cladocerans complexes and in autumn — the preva-
lence of cladocerans complex (Fig. 1). This was due to the

604 S % o1

50 -

40
30 1 27,6 276

20 -

10 -

formation during different seasons favorable conditions for
filter feeders in the Oleksandrivka reservoir, and the prevail-
ing were the rotifers and cladocerans. So, in the original re-
search, the rotifers and cladocerans crustaceans had the
highest species richness in different seasons.

@2 |3

Fig. 1. The seasonal dynamics of faunal spectrum of littoral zooplankton
in the Oleksandrivka reservoir.
Notes: S — number of species; 1 — rotifers, 2 — cladocerans crustaceans,
3 — copepods crustaceans; | — spring, Il — summer, Il — autumn

The ecological spectrum of different littoral zooplankton
groups of the Oleksandrivka reservoir in the spring was
characterized by a predominance of thepelagic group: pe-
lagic — 16 species (55,2% of the total), littoral-phytophilous
— 9 (31,0%), demersal-phytophilous — 4 (13,8%). Summer
pelagic species continued to dominate in the ecological
group (28 species — 38,3% of the total), exceeding slightly
the proportion of littoral-phytophilous (24 species — 32,9%)
and demersal-phytophilous (21 species — 28,8%) groups.
In autumn littoral zooplankton did not have the dominant
group: pelagic — 18 species (33,3% of the total), littoral-

phytophilous — 17 species (31,5%) and demersal-
phytophilous — 19 species (35,2%) groups. The dominance
during different seasons of the pelagic ecological groups
can be explained by the persistence of river conditions
within the littoral zone of the Oleksandrivka reservoir, like in
the Kyiv reservoir [5, 20]. Growth in summer particles of
demersal-phytophilousand littoral-phytophilous groups can
be explained by the formation of overgrown habitat [21].
The summarized value of the ecological zooplankton
groups considering its faunal spectrum in different seasons
is presented in Fig. 2.
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Fig. 2. The ecological spectrum changes of the Oleksandrivka reservoir littoral zooplankton in different seasons.
Notes: S — size of species; 1 — pelagic group, 2 — demersal-phytophilous,
3 - littoral-phytophilous; | — rotifers, Il — cladocerans, Il — copepods

Spring littoral zooplankton in quantitative terms in after-
noon time was characterized by "very low" or "low" devel-
opment. Its density varied within 2,8-19,9 thousand ind./m?3,
and biomass — 0,02-0,21 g/m3. Among quantitative indica-

tors the species of rotifers complex and larvae of copepods
crustaceans mainly nauplia stages of development domi-
nated (Table 2).This trend is normal for communities of
spring littoral zooplankton in reservoirs [5, 22].

Table 2. The seasonal dynamics of density (thousand ind./m®) and biomass (g/m?®) of different groups
of littoral zooplankton in the Oleksandrivka reservoir (Mtm)

Seasons Spring Summer Autumn
Groups n=8 n=16 n=10
Eurotatoria 3,30,9/ 13,614,8/ 0,6+0,2/
0,02+<0,01 0,03+0,01 <0,01+<0,01
Cladocera 0,7+0,2/ 17,845,2/ 1,5+0,3/
0,01+<0,01 0,63+0,21 0,10+0,03
Copepoda 0,4+0,1/ 3,9+1,7/ 1,60,7/
0,02+<0,01 0,21+0,10 0,09+0,03
Copepoda larvae 4,8+1,1/ 21,7+6,5/ 2,8+1,0/
0,04+0,01 0,17+0,06 0,03+0,01
Ostracoda _ 0,3+0,1/ 0,1£<0,1/
0,03+0,01 0,01+<0,01
Bivalvia larvae - 1,0£0,5/ <0,1£<0,1/
<0,01%<0,01 <0,01+<0,01
In general 9,2+2,0/ 58,3+18,6/ 6,7+1,8/
0,09+0,02 1,08+0,39 0,23+0,07

Notes: the numerator — the density, the denominator — the biomass

In summer daytime the littoral zooplankton develop-
ment was "very low", "low", "below average" and "average"
(Table 2). lts density varied within 0,2-282,4 thousand
ind./m3, and biomass — <0,01-5,35 g/m®. Rotifers and co-
pepods' larvae dominated for quantitative indicators, with
the predominance of the copepods' stages of development.
The rotifers prevailed in the upper part of the reservoir, in
other parts of reservoir — cladocerans did. The domination
of cladocerans-copepods complex is customary for the
development of summer zooplankton communities in a
reservoir, that associated with a more complex biotopical
variety, with the ecological and trophic spectrum of zoo-
plankton and the complexity of the living conditions for
small filter feeders. Although representatives of the rotifers
complex had significant density within the upper part of
reservoir, which is associated with the high flow in

Oleksandrivka reservoir and the influence of the complex of
geophilic species from the river Pivdennyi Bug.

The littoral zooplankton was characterized by "very low"
and "low" development in daily time of autumn (Table 2).
Its density varied within 0,4-21,3 thousand ind./m3, and
biomass — 0,01-0,73 g/m3. Among the quantitative indica-
tors larvae of copepods dominated, mainly copepodite
stages of development. Prevalence of rotifers complex
associated with a longer period of the vegetation of higher
aquatic plants, remains of which have formed overgrown
habitat and create conditions for the development of vari-
ous ecological groups of zooplankton [5, 22].

Significant seasonal changes occurred in the dominant
groups of zooplankton communities. Rotifers Brachionus
calyciflorus and Keratella quadratain, and the larval stage
of copepods were the dominant in the spring in different
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parts of the reservoir. Rotifers Brachionus quadridentatus,
Euchlanis dilatata and Trichocerca bidens, cladocerans —
Bosmina longirostris, Diaphanosoma brachyurum and
Disparalona rostrata, copepods — Mesocyclops leuckarti
form the summer dominant complex of species. In autumn
dominant complex was formed of rotifers Euchlanis dilata-
ta, cladocerans — Daphnia cucullata, D. rostrata and Sida
crystallina, and of copepods — Acanthocyclops americanus
and Eurytemora velox.

We used Jaccard dominant index for the comparison of
the dominant species complexes, and very low number of
similarities in different seasons was recorded (Table 3).
Meantime none species was not presented in dominant
complexes for three seasons. The significant restructuring
of dominating complex of littoral zooplankton is linked with
temperature conditions, significant fluctuations in the con-
centration of organic matter in the water [5, 21].

Table 3. The seasonal dynamics of dominante specias complex (J gom.)
of littoral zooplankton in the Oleksandrivka reservoir

Seasons Spring Summer Autumn
Spring X 0,0 0,0
Summer 0,0 X 18,2
Autumn 0,0 18,2 X

The seasonal distribution of littoral zooplankton in dif-
ferent parts of the Oleksandrivka reservoir is characterized
by the middle degree of similarity in the species composi-
tion in spring, but much lower in summer and autumn (Ta-
ble 4). In spring the biotopical diversity was absent, and
littoral was characterized by the presence of sites free of
vegetation. The middle size of the reservoir facilitates mix-
ing littoral and pelagic zooplankton. In the summer and

autumn, the reed formation developed actively, which en-
tered in association with other types of higher aquatic
plants. Zooplankton species composition of the upper and
lower part of the reservoir in the summer had the lower
similarity (J = 8,4 and 36,2), in middle part — higher
(J = 53,3). In the autumn habitats were mild and macro-
phytes began to fall off the bottom.

Table 4. The seasonal dynamics of species composition (J) of littoral zooplankton
in different parts of the Oleksandrivka reservoir

Parts of reservoir | The upper part | The middle part | The lower part
Spring

The upper part X 50,4 55,6

The middle part 50,4 X 40,4

The lower part 55,6 40,4 X
Summer

The upper part X 24,5 16,7

The middle part 24,5 X 31,8

The lower part 16,7 31,8 X
Autumn

The upper part X 26,1 10,5

The middle part 26,1 X 33,4

The lower part 10,5 33,4 X

In spring littoral zooplankton was characterized by "very
low" and "low" density and biomass in hydrobiocenoses
without macrophytes (Table 5). The quantitative indicators
increased from the upper to the lower parts of the reservoir.
The latest trend is clearly seen in summer when density
and biomass of littoral zooplankton were "very low" and
"low" in the upper part of the reservoir. Density and bio-
mass of littoral zooplankton were "very low", "low" and "be-
low average" in the middle part of the reservoir. Density

and biomass of littoral zooplankton were "very low", "low"
and "below average" in the middle part of the reservoir.
Density and biomass of littoral zooplankton were "low",
"below average" and "average" in the lower part of the res-
ervoir. In autumn littoral zooplankton was characterized by
"very low" and "low" density and biomass. The complex of
the dominant species within the intertidal zone of the reser-
voir in a season had changed and most of them have a

similar structure (J dom. = 50-100).

Table 5. The seasonal dynamics of density (thousand ind./m?®) and biomass (g/m?®) of littoral zooplankton
in different parts of the Oleksandrivka reservoir (Mtm (lim))

Seasons
Reservoir

Spring
n=8

Summer
n=16

Autumn
n=10

The upper part

3,8%1,1 (2,86-4,9)/
0,04+0,02 (0,02-0,06)

1,2£0,4 (0,2-1,9)/
0,03+0,01 (0,01-0,04)

4,241,5 (1,5-6,8)/
0,11+0,04 (0,05-0,19)

The middle part

10,6+3,2 (5,4-19,9)/
0,1020,04 (0,05-0,21)

46,4+14,0 (7,8-110,3)/
0,85+0,35 (0,12-2,76)

5,241,5 (0,4-9,6)/
0,22+0,08 (0,01-0,53)

The lower part

11,5+2,8 (8,8-14,2)
0,08+0,03 (0,06-0,11)

140,0+41,0 (42,4-282,4)/
2,59+0,91 (0,59-5,35)

14,0+6,3 (6,7-21,3)/
0,42+ 0,21 (0,11-0,73)

Notes: the numerator — the density, the denominator — the biomass; n — size of sumples

Conclusions. 1.In spring littoral zooplankton of the
Oleksandrivka reservoir comprises 29 species (13 species
of rotifers, crustaceans — 8, copepods — 8), in summer — 73
species (33 species of rotifers, cladocerans — 26, copepods
— 14), in autumn — 54 species (16 species of rotifers, cla-
docerans — 26, copepods — 12). 2. The similarity of the

species lists, obtained in different seasons, was character-
ized by the Jaccard index as the low levels: between spring
and summer — J = 30,4, between spring and autumn —
J = 27,2, between summer and autumn — J = 39,3. Espe-
cially low was the similarity between the species composi-
tion of rotifers (J = 20,4-27,6), while crustaceans were
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characterized by greater stability during different seasons
(J = 24,3-50,0). 3. In spring in the faunal spectrum of the
species composition of littoral zooplankton dominated the
rotifers complex (44,0% of all species of zooplankton), in
summer — rotifers (45,6%) and rotifers-cladocerans com-
plexes (80,8%), in autumn — cladocerans complex (48,2%).
4. The ecological spectrum of different groups of littoral
zooplankton was characterized by a predominance of pe-
lagic group in spring and summer (55,2 and 38,2 %) In
autumn littoral zooplankton didn’t have the dominate group:
pelagic — 18 species (33,3% of the total), littoral-
phytophilous — 17 species (31,5%) and demersal-
phytophilous — 19 species (35,2%) groups. 5. In spring in
afternoon time littoral zooplankton in quantitative terms was
characterized by "very low" or "low" development. Its densi-
ty varied within 2,8-19,9 thousand ind./m3, and biomass —
0,02-0,21 g/m3. In summer in daytime littoral zooplankton
development was "very low", "low", "below average" and
"average". Its density varied within 0,2-282,4 thousand
ind./m3, and biomass — <0,01-5,35 g/m®. The littoral zoo-
plankton was characterized by "very low" and "low" devel-
opment in daily time of autumn. Its density varied within
0,4-21,3 thousand ind./m?, and biomass — 0,01-0,73 g/m?.
6. None species was presented in the dominant complexes
for three seasons. Dominant species complexes were very
low for similarities in different seasons (J gom. = 0-18,2).
7. The seasonal distribution of littoral zooplankton in differ-
ent parts of the Oleksandrivka reservoir is characterized by
middle degree of similarity in species composition in spring
(J = 40,4-55,6), but much lower in summer (J = 16,7-31,8)
and autumn (J = 10,5-33,4). The seasonal dynamics of
density and biomass of littoral zooplankton were similar in
different parts of the reservoir.
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B. Tpoxumeub, kaHA. 6ion. Hayk, [. JlykawoB., a-p 6ion. Hayk
KuiBcbkuit HauioHanbHUM yHiBepcuteT imeHi Tapaca LleBuyeHka, KuiB, YkpaiHa

NMPOCTOPOBO-YACOBA AIMHAMIKA YIPYNOBAHb NITOPAJIbHOIO 300MNAHKTOHY
ONEKCAHAPIBCbKOIO BOOOCXOBULLUA

lMpedcmaeneHo pe3ynbmamu aHanisy npocmopoeo-4yacoeoi GUHaMiKu y2pynoeaHb 300MIaHKMOHY simoparni OnekcaHOpiecbko20 eodocxo-
suwa. BusieneHo ocobnueocmi ce30HHUX 3MiH 8ud08020 ckrady, ¢hayHicmuYyHO20 ma eKoJ102i4HO020 CrieKmpis, KiNlbKiCHUX Nnoka3Hukie (winbHocmi
ma 6iomacu) ma OomiHyroHux Kommsekcie eudie nimopanbHo20 300mn1aHKMoHy. 30ilicHeHO aHani3 ce30HHOi OUHaMiKu sIKICHUX i KinbKiCHUX
nokKa3HuKie po3eumky 300M/1aHKMOHY 8 Mexax Jlimopari eepxHbOi, cepedHbOoi ma HUXHbLOT YacmuH OnekcaHOpiecbko20 8odocxosuwia.

Knrouoei cnoea: exkonozisi, OnekcaHopiecbke eodocxosuule, limoparb, y2pynoeaHHs1 300M/1aHKMOHY.

B. Tpoxumeu, kaHa. 6uon. Hayk, [. JlykawoB, A-p 6uon. Hayk
KueBckuit HauMoHanbHbIW YHMBepcuTeT UMeHn Tapaca LlleByeHko, KueB, YkpanHa

NMPOCTPAHCTBEHHO-BPEMEHHAA OUHAMUKA COOBLLECTB JIMTOPAJZIbHOIO 300MNAHKTOHA
ANEKCAHOPOBCKOIO BOAOXPAHUITULLIA

lpedcmaeneHo pe3ynbmamsl aHanu3a NPocmpaHcMeeHHo-epeMeHHOU UHaMuKu coobuecme 300M1aHKMOHa Tumopanu AnekcaHdpoecKko20
godoxpaHunuua. BbisiesieHo 0co6eHHOCMU Ce30HHbIX U3MEHeHUl eud08020 cocmasa, (hayHUCMUYECKO20 U IKOJI02U4E€CKO20 CIIeKmpos, Konu4e-
cmeeHHbIX noka3amernel (M1omHocmu u 6uomacchbi) U OOMUHUPYHOWUX KOMIIeKcoe eudoe slumopasibHo20 300r1aHKmoHa. OcywecmesneHo aHa-
J1u3 ce30HHOU QUHaMUKU Ka4eCmeeHHbIX U KOJIu4ecmeeHHbIX MoKkaszamerieli pa3gumusi 300M1/1aHKMoOHa 8 npedesnax sumopanu eepxHel, cpedHel u
HuxHel Yacmeli AnekcaHOpPoO8CcKo20 8000XpPaHUUWA.

Knrodeenie cnosa: akonozaus, AnekcaHdposeckoe eodoxpaHunuuje, Jumoparsns, coobujecmea 300M1aHKMOHa.
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G. Shayakhmetova, PhD
Sl "Institute of Pharmacology and Toxicology NAMS of Ukraine" Kiev, Ukraine

COMPARATIVE INVESTIGATION OF ANTI-TUBERCULOSIS DRUGS EFFECTS
ON TESTICULAR CYP2E1 EXPRESSION AND MALE REPRODUCTIVE PARAMETERS
UNDER SEPARATE AND COMBINED ADMINISTRATION IN MALE RATS

Comparative study of anti-tuberculosis drugs anti-androgenic effects and effects on testicular CYP2E1 has been performed.
Testicular CYP2E1 mRNA and protein expression, serum total testosterone level, fertility and spermatogenesis parameters in
male rats under simultaneous and separate administration of ethambutol, isoniazid, rifampin and pyrazinamide have been inves-
tigated. Analysis of the obtained data has proved the prominent role of ethambutol and isoniazid in gonadal toxicity of anti-
tuberculosis drugs combination. Activation of CYP2E1-dependent metabolizing systems in testicular steroidogenic cells could
stipulate at least a part of ethambutol, isoniazid and anti-tuberculosis drugs combination negative effects on testosterone level
and spermatogenesis processes. Mechanisms of spermatogenesis alteration by rifampin and pyrazinamide need to be explored

more extensively, but in the light of our observations they do not depend from testicular CYP2E1.
Key words: anti-androgenic effects, anti-tuberculosis drugs, protein expression, ethambutol, isoniazid.

Introduction.The epidemiological situation of tubercu-
losis in the world keeps worsening [1]. In general, all pa-
tients from countries with a known high incidence of re-
sistant M. tuberculosis strains, all patients who had been
treated previously, and all patients with life-threatening
tuberculosis, receive as initial anti-tuberculosis therapy the
same combination of isoniazid (INH), rifampin (RMP) and
pyrazinamide (PZA), together with at least one additional
medicine (ethambutol (EMB) and/or streptomycin) [2].

In such situation investigation of these compounds ad-
verse effects becomes of vitally importance. We have pre-
viously shown the antifertility effects of anti-tuberculosis
medicines combination in male rats with simultaneous in-
crease in cytochrome P-450 2E1 (CYP2E1) mRNA in their
testes [3, 4]. It is important to note that series of studies
clearly demonstrated inducibility of CYP2E1 in testis,
suggesting its possible role in chemicals bioactivation to
their toxic metabolites directly in male gonads [4, 5, 6, 7].
Among this, it is well known that both toxic intermediates
(which are able to interact with vitally important cells struc-
tures) and reactive oxygen species (ROS) overproduction
(with the further development of oxidative stress) take place
during CYP2E1-mediated xenobiotics metabolism [8].

It remains unclear which one of the four co-
administered (ATD) plays a crucial role in testicular
CYP2E1 expression modulation and the development of
antifertility effects. Thus, in terms of our above mentioned
results [3, 4] analysis of potential effects on male gonads of
each component of the combination are urgently required.

Such data could substantially contribute to our general
understanding of causes of the man subfertility. To get the
answer on this question we have decided to compare tes-
ticular CYP2E1 mRNA and protein expression, serum total
testosterone (TS) level, fertility and spermatogenesis pa-
rameters in male rats under combined and separate admin-
istration of EMB, INH, RMP and PZA.

Materials and methods. Substances of EMB, INH,
RMP and PZA were supplied by the SIC "Borzhagovsky
Chemical-Pharmaceutical Plant" CJSC, Ukraine.

Wistar albino male with initial body weight (b.w.) 150—
170 g (8-9 weeks old) and female rats 150-170 b.w. (9-
10 weeks old), were purchased from Biomodel Service
(Kyiv, Ukraine). They were kept under a controlled temper-
ature (from 22 °C to 24 °C), relative humidity of 40 %
to 70 %, lighting (12 h light-dark cycle), and on a standard
pellet feed diet ("Phoenix" Ltd., Ukraine).

The male rats were divided randomly into 6 groups:
1-control (n=12); 2 — EMB administration (n=12); 3 — INH
administration (n=12); 4 — RMP administration (n=12); 5 —
PZA administration (n=12); 6 — simultaneous ATD admin-
istration (n=12). All ATD were suspended in 1% starch gel
and was administered intragastrically by gavage in doses
used in clinic [9], which for rats (with the coefficient for con-
version of human doses to animal equivalent doses based
on body surface area) were following: EMB — 155 mg/kg
b.w./day, RMP — 74.4 mg/kg b.w./day, INH — 62 mg/kg
b.w./day, PZA — 217 mg/kg b.w./day [10]. ATD were admin-
istered during entire spermatogenesis cycle, which (with

© Shayakhmetova G., 2016
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time of germ cell maturation in epididymis) is 60 days for
rats. The control group received only starch gel in corre-
sponding volumes (5 ml/kg b.w.).

After 46 days of repeated administrations, the males
from both groups were mated with intact females at the
ratio 1 male: 2 females during 14 days (3 oestrous cy-
cles). During this period administrations of ATD to male
rats were continued.

According to generally accepted guidelines for the fertil-
ity study in laboratory rats [11] the first day of pregnancy
was established by vaginal cytology (the first day of sperm
detection in vagina). Most males were mated within the first
5 days of cohabitation (i.e. at the females first available
oestrus), but part of them demonstrated infertility. This fact
was taken into account for evaluation of effects on male
fertilizing capacity, which was determined by the index:

number of pregnant females N
number of females mated with males

The pregnancy was confirmed by necropsy. The fe-
males were sacrificed under mild ether anaesthesia via
cervical dislocation on day 20 of pregnancy.

Males were sacrificed on the morning under mild diethyl
ether anaesthesia by decapitation after 60 days of experi-
ment. The study was carried out according to the national
and international guidelines and the law on animal protec-
tion was observed. All animal studies were performed in
accordance with the recommendations of the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes, the stand-
ards set forth in the eighth edition of Guide for the Care
and Use of Laboratory Animals, and approved by the Insti-
tutional Animal Care and Use Committee.

The expression of CYP2E1 mRNA in testes was de-
termined by a reversed transcriptase polymerase chain
reaction (RT-PCR). After collection of the testes samples
(25 mg), they were quickly frozen in liquid nitrogen, and
stored at -80 °C before RNA extraction. The isolation of
total mRNA was carried out with a TRI-Reagent (Sigma-
Aldrich, Inc., USA). The integrity and concentration of RNA
was analysed in a 2 % agarose gel. First-strand comple-
mentary DNA (cDNA) was synthesized using a First-Strand
cDNA Synthesis Kit (Fermentas, Germany) according to
the manufacturer's protocol. The reaction mixture contents
for PCR, amplification protocol, and specific primers for the
CYP2E1 gene were chosen according to Lankford et al.
(2000). The primer sequences were: sense,
5'-CTTCGGGCCAGTGTTCAC-3' and anti-sense,
5'-CCCATATCTCAGAGTTGTGC-3'. RT-PCR with primers
of B — actin sense, 5' -GCTCGTCGTCGACAACGGCTC -
3' and antisense 5' — CAAACATGAT CTGGGTCATCTTCT
—3') was carried out for internal control. All of the primers
were synthesized by "Metabion" (Germany). The MyCycler
termocycler (BioRaD, USA) was used for amplification.
PCR products (CYP2E1-744 bp and B-actin-353 bp) were
separated in a 2 % agarose gel, stained with ethidium bro-
mide, and visualized under a UV transilluminator (BIORAD,
USA). Data analysis was carried out with Quantity One
Software (USA) and presented in relative units as CYP2E1
mRNA contents / $-actin mRNA ratio.

Immunohistochemical staining for testicular CYP2E1
was performed using 4 pym thick sections of BS-fixed, par-
affin-embedded sections. Briefly, tissue sections were
dewaxed in xylene and were placed in water through grad-
ed alcohols. Antigen retrieval has been performed by mi-
crowaving slides in 10 mM citrate buffer (pH 6.2) for 30 min

at high power, according to the manufacturer's instructions.
Human polyclonal antibody against CYP2E1 (Thermo sci-
entific, USA) were used as primary antibodies. To remove
the endogenous peroxidase activity, the sections have
been treated with freshly prepared 1.0 % hydrogen perox-
ide in the dark for 30 min at 37 °C temperature. Non-specific
antibody binding was blocked by means of blocking serum.
The sections were incubated for 30 min, at 37 °C tempera-
ture, with the primary antibodies against CYP2E1 diluted
1:100 in phosphate buffered saline (PBS) pH 7.2 then a
triple washing with PBS follows. Anti-(rabbit IgG)—
horseradish peroxidase conjugate (1:40000 dilution) has
been fulfilled for the detection of the CYP2E1 primary
antibodies, then the sections were incubated for 20 min,
at 37 °C temperature. The reaction products were visual-
ized with 3,3'-diaminobenzidine tetrahydrochloride (DAB).
Immunohistochemical study of testicular CYP2E1 was
performed in EMB-treated and vehicle-treated rats, re-
spectively. Any intensity of reactivity for CYP2E1 in testes
was considered positive. The proportion of testes staining
positive was scored semiquantitatively as positive, fo-
cal/weakly positive, or negative.

The sperm count in epididymal suspensions was esti-
mated as described Chitra et al. ['2] using Goryaev's
counting chamber and light microscope (200 x).

The determination of the spermatogenic index in testi-
cles was carried out according to four points system. It was
based on the estimation of number of cell layers, types of
cells, and the presence of late spermatids in the seminifer-
ous tubules. The criteria were as follows: 1 — only spermat-
ogonia present; 2 — spermatogonia and spermatocytes
present; 3 — spermatogonia, spermatocytes and round
(early) spermatids present with < 5 late spermatids per
tubule; 4 — spermatogonia, spermatocytes, and round
spermatids present with up to 25 late spermatids per tubule
[11]. Spermatogenic index was calculated as a ratio of
stages of spermatogenesis total to number of examined
tubules. Two hundred seminiferous tubules per testis of
each animal were observed by microscopy.

Blood samples from femoral vein were collected. Se-
rum samples were separated and kept frozen at -70°C.
Serum total testosterone levels were measured using DRC
testosterone ELISA kit (Germany) according to manufac-
turer's instruction.

The obtained data were calculated by one-way analysis
of variance (ANOVA) and compared using the Tukey test.
Differences were considered statistically significant at
p<0.05. Numerical data are represented as means + SEM.

Results and discussion. We have shown that com-
bined administration of ATD caused significant decrease
in serum TS (Fig.1). At this group it was lower 2.8 folds
as compared with control. Separate administration of
EMB and INH also significantly influenced TS level, low-
ering it in average 1.6 folds as compared with control
(Fig.1). At the same time RMP and PZA did not alter this
parameter (Fig.1).
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Fig. 1. Total testosterone level in blood serum of male rats following separate and combined ATD treatment

* — P<0.05 in comparison with control

Thus, our results indicate considerable TS level impairment in EMB, INH and ATD-combination-treated male rats, which,

in turn, caused lowering of sperm count in these groups (Fig.2).
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Fig. 2. Epididymal suspension sperm count following separate and combined ATD treatment

* — P<0.05 in comparison with control

Interestingly that administration (separate and com-
bined) of all ATD caused a development of destructive
changes in spermatogenic epithelium. It is seen from the
data summarized in Table 1 that spermatogenic index at all
experimental groups was significantly decreased in com-
parison with control group. Primary spermatogenesis cell
population also was affected, namely mitotic activity was
inhibited and number of spermatogonia in testes tubules
sections was decreased. In addition, the number of cells at

Xl stage of spermatogenesis (characterizing primary
spermatocytes meiotic division processes) in EMB and
ATD combination-groups was lower than in control. This
parameter was not significantly changed by RMP, INH, and
PZA, but it demonstrated the tendency to decreasing. At
ATD combination-treated group we detected epithelium
exfoliation into the lumen of seminiferous tubules in sub-
stantial quantity too.

Table 1. Parameters of spermatogenic epithelium in testes following separate and combined ATD treatment

Spermatogenic index (stages
of spermatogenesis total /
number of examined tubules)

Groups of males

Number of
spermatogonia (per
tubular cross section)

Cells at XII stage of
spermatogenesis, %

Exfoliation of
epithelium, %

Control 3.615+0.011 69.393+0.742 3.563+0.365 0.313+0.120
EMB 3.484+0.008* 57.840+0.465* 2.000+0.316* 1.000£0.316
RMP 3.530+0.012* 59.540+0.901* 2.200+0.510 0.600+0.400
INH 3.494+0.007* 62.110+£0.936* 2.200+0.663 0.800+0.374
PZA 3.552+0.007* 61.060+£1.016* 2.400+0.245 1.000+0.316
ATD combination 3.535+0.014* 59.573+0.861* 2.412+0.508 1.882+0.363"

* — P<0.05 in comparison with control
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Our data on fertilizing capacity of experimental males was in accordance with TS level and sperm count results (table 2).

Table 2. Male rats’ fertility index following separate and combined ATD treatment

Groups of males Number of mated females Number of pregnant females Fertility index, %
Control 12 11 91.66
EMB 12 4 33.33
RMP 12 10 83.33
INH 12 8 66.67
PZA 12 10 83.33
ATD combination 12 1 8.33

Counting of the number of pregnant intact females
which were mated with experimental males demonstrated a
significant reduction in the fertility of males receiving ATD
combination. Of the 12 mated females only one became
pregnant, while in the control fertility index was 92%. Eval-
uation of fertility index in animals separately treated with

ATD found that all four drugs reduced this parameter to
some extent, but in case of INH (index — 66.67%) and EMB
(index — 33.33%) — most definitely.

In addition, we have recorded fatal decrease of the
number of live fetuses in EMB (6.3 folds) or ATD combina-
tion-treated (36.6 folds) groups (table 3).

Table 3. Number of live fetuses in offspring of males following separate and combined ATD treatment

Groups of males - Parameter -
total number of live fetuses, abs. number of live fetuses per one female, abs.

Control 110 9.16+1.14

EMB 16 1.33+0.62 *
RMP 86 717+1.655#
INH 111 9.25+1.30 #
PZA 112 9.33+1.30 #
ATD combination 3 0.25+0.25 *

* — P<0.05 in comparison with control

# — P<0.05 in comparison with ATD combination-treated animals

RT-PCR was performed to evaluate the effect of sepa-
rate and combined ATD administration on CYP2E1 mRNA
expression in testes.

We have not found statistically significant increase in
testicular CYP2E1 mRNA expression following administra-
tion of RMP and PZA (Fig. 3). At the same time, there was
a significant rise in CYP2E1 mRNA expression after admin-
istration of INH (28 folds), EMB (8.7 folds), and ATD com-
binations (19 folds). Slightly lower CYP2E1 gene expres-

sion level in ATD-treated probably could be due to the
competitive antagonistic relationship of EMB and INH.

The evaluation of the testicular CYP2E1 protein level
was performed using immunohistochemical analysis. The
immunoexpression of CYP2E1 in testes was confirmed by
the presence of brown staining. Figure 4 illustrates broad
expression of CYP2E1 in EMB, INH and ATD-combination
treated rats' testes that were significantly higher than in
PZA, RMP, and control groups (Fig.6).

70 : o Control
M 1 2 3 4 5 6 1 8 EMB
CYP2E1 F . . -H . 60 RMP
744 b.p. (00 : ’ 50 o INH
Relative 0.PZA
Mr 1 2 3 4 5 ¢ uwis 40 8 ATD combination

A .
beta-actin | (e (et (N0 (N0 N9 E 30
353 b.p. il
20

Mr -marker 3 - RMP 10

1 - control L ine

2 _EMB 5-PZA

6 - ATD combination 0-

A

Fig 3. Representative electrophoregrams of CYP2E1 (744 b.p) and reference-gene B-actin (353 b.p.) RT-PCR (panel A);
average rate of CYP2E1 mRNA expression (panel B)
in rats testes following separate and combined ATD treatment

*- P<0.05 in comparison with control.




~84~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka ISSN 1728-3817

Fig. 4. Immunohistochemistry analysis of CYP2E1:
A — negative reaction in testis of control rat; B, D, and F — strongly positive reaction in testis of EMB, INH,
and ATD combination-treated rats; C and E — weakly positive reaction in testis of RMP and PZA-treated rats

It should be noted that adult spermatogenesis consists
of three phases: proliferation of spermatogonia, meiosis of
spermatocytes, and differentiation of spermatids or spermi-
ogenesis. These events are precisely controlled at each
stage to ensure the formation of genetically balanced gam-
etes [13]. Affecting of any step could dysregulate the pro-
cess of spermatogenesis and the spermatozoa may be-
come defective [14]. After analyzing our results, firstly, it
can be seen the definite evidences of the spermatogenesis
impairment in separate and combined ATD-treated male
rats. For instance, the decrease of spermatogenic index
and spermatogonia number confirms depression of sper-
matogenic cells activity. Moreover we have detected inten-
sification of germ cells exfoliation into the lumen of the
seminiferous tubules, as evidence of loss of their adhesion
with Sertoli cells or shearing of Sertoli cells cytoplasm [15].

We also demonstrated that following separate EMB and
INH, as well as combined ATD administration alterations of
spermatogenesis along with low TS level, have led to a re-
duction in spermatozoids production. As a result the fertility
index and number of live fetuses in offspring at these groups
was three folds lower than in control. Also at these groups
we have demonstrated the significant increase of testicular
CYP2E1 mRNA and protein levels. This phenomenon could
be an indication of this iso-enzyme induction.

Our results on testicular CYP2E1 induction following
EMB, INH and ATD combination administration is of im-
portance because this process occure in Leydig cells [6, 7],
which provide the synthesis of androgens necessary for the
maintenance of spermatogenesis and extra-gonadal an-
drogen actions in mammals [16]. Consequently, these
structures, and their microenvironment damage by free
radicals as a result of ATD-mediated CYP2E1 induction
could be one of the reasons of steroidogenesis enzymes
inhibition and spermatogenesis disruption. It is known that
CYP2E1 is an effective generator of hydrogen peroxide
[17], and it acts directly on Leydig cells to diminish TS pro-
duction by inhibiting cytochrome P450 side chain cleavage
enzyme (P450scc) activity and steroidogenic acute regula-
tory (StAR) protein expression [18]. Moreover, recently it
has been reported, that ROS signaling-mediated c-Jun
upregulation suppresses the expression of steroidogenic

enzyme genes by inhibiting Nur77 transactivation (one of
the major transcription factors that regulate the expression
of steroidogenic enzyme genes), resulting in the reduction
of testicular steroidogenesis [19]. The fact that lowered
level of TS can affect Sertoli cells function and also nega-
tively influence spermatogenesis is of importance too [20].

Conclusion. Our findings prove the prominent role of
EMB and INH in male reproductive toxicity of ATD combi-
nation. In our opinion, activation of CYP2E1-dependent
metabolizing systems in steroidogenic cells could stipulate
at least a part of EMB, INH and ATD-combination negative
effects on testosterone level and spermatogenesis pro-
cesses. Mechanisms of spermatogenesis alteration by
RMP and PZN need to be explored more extensively, but
in the light of our observations they do not depend from
testicular CYP2E1. It seems warranted to conclude that the
critical examination of both laboratory animals' and epide-
miological data is required.
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AY "lHcTutyT cbapmakonorii Ta Tokcukonorii HAMH Ykpaiuu", KuiB, YkpaiHa

NOPIBHANBHE AOCNIAXEHHA E®EKTIB HAPI3HOIO | KOMBIHOBAHOIO BBEOEHHA
NPOTUTYBEPKYJIbO3HUX JNIKAPCbKUX 3ACOBIB HA TECTUKYNAPHY EKCIMPECIIO CYP2E1
| PEMPOOYKTUBHI MOKA3HUKK CAMLIB LLYPIB

Byno npoeedeHo nopisHsibHe 8u4YeHHs1 aHMu-aHOPO2eHHUX eghekmie Mpomumy6epKybLO3HUX Npenapamie, a makox ix ennuey Ha mecmu-
kynspHuli CYP2E1. flocnidxyeanu ekcnpecito MPHK i 6inka CYP2E1 e cim'aHukax, pieeHb 3a2anbH020 mecmocmepoHy, ghepmuisibHicmb i NoKka3Hu-
Ku cnepmamogzeHe3y y camuie ujypie npu okpemMomy i cymicHoMy eeedeHHi emamb6ymony, i3oHia3udy, pucgpamniyuHy i nipasuHamidy. AHanis ompu-
MaHux OaHux doeodumb eaxksiugy posib emambymory i i3oHiazudy e 20Hadomokcu4yHoi Oii KoM6iHayil npomumy6epKyIbLO3HUX npenapamise. AK-
museayisi CYP2E1-3anexHux memabonizyro4ux cucmemM 8 mecMmuKy/sipHUX cmepoido2eHHUX KiimuHax Moxe obGymoesiroeamu, woHalMmeHwe,
JacmuHy He2amueHux eghekmie emambymouty, i3oHia3udy i kom6iHayil npomumy6epKyILO3HUX nNpenapamie Ha pieeHb MecmocmepoHy i npoyecu
cnepmamozeHe3y. MexaHi3mu nopyweHb criepmamozeHesy, 8UK/IUKaHi pugpamniyuHom i nipasuHamioom, sumazaroms 6inbw demasnbHo20 AocCIIi-
O)KeHHs1, asle, 8UX00SIYU 3 HaWUX COocMepeXeHb, B0OHU He 3anexamb eid mecmukynsipHo2o CYP2E1.

Knro4oei cnosa: anmu-aHdpozeHHuli e¢hekm, npomumy6epKynbo3Hi npenapamu, ekcnpeciss MPHK, emam6ymon, i3oHia3uo.

A. LLlasixmeToBa, kaHA. 6Guon. Hayk
'Y "MHctutyT cphapmakonorum u Tokcukonorum HAMH Ykpauubl”, Kues, Ykpaida

CPABHUTEJIbHOE UCCNEAOBAHUE 3®®PEKTOB PA3AEJIbHOIO U KOMBMHUPOBAHHOIO BBEAEHUA
NPOTUBOTYBEPKYJIE3HbIX JIEKAPCTBEHHbIX CPEACTB HA TECTUKYNAPHYIO 3KCMPECCHUIO CYP2E1
N PENPOAYKTUBHBLIE MOKA3ATENIX CAMLIOB KPbIC

Bbino npoeedeHo cpasHUMeNbHOe U3y4YyeHUe aHMu-aHOPO2eHHbIX 3ghghekmos nMpomueomy6epKyne3HbIX npenapamos, a makxe ux eo3deu-
cmeusi Ha mecmukynsipHbili CYP2E1. Uccnedoeanu akcnpeccuto MPHK u 6enka CYP2E1 e ceMeHHUKax, ypoeeHb o6uje2o mecmocmepoHa, ghep-
munbHOCMb U MoKa3amesu crepMamozeHe3a y caMyoe KpbIC npu pa3desibHOM U cO8MeCMHOM esedeHuu amambymona, usoHuasuda, pugamnu-
YuHa u nupa3uHamuda. AHanu3 nosly4yeHHbIX 0aHHbIX O0Ka3blieaem 8aXKHy0 pPoJib 3mambymosia U u3oHua3uda 8 20HaBomMoKcu4Ho20 Odelicmeusi
KoM6uHayuu npomueomy6epkyne3Hbix npenapamos. Akmusayusi CYP2E1-3agucumbix Memabosiusupyrouwux cucmemM 8 mecmuKynsipHbIX Cmepo-
udoz2eHHbIX Kllemkax Mo)xem obycriaenueams, Mo MeHbwel Mepe, Yacmb ompuyamesbHbIX 3ghghekmoe amambymosna, usoHuasuda u KombuHayuu
npomueomy6epKyné3HbIX npernapamos Ha ypoeeHb MecmocmepoHa U npoyecckl criepmamozeHesa. MexaHu3mbl HapyweHul criepmamozeHesa,
8bI38aHHbIe pughaMnuyuHoOM u nupasuHamudom, mpebyrom 6osee demasnibHO20 uccsiedoeaHusi, HO, UCX00s U3 Hawux HabnodeHul, OHU He 3asu-
cssm om mecmukynsipHoz2o CYP2E1.

Knroyeenie cnoea: aHmu-aHOpoz2eHHbIe 3ghghekmbl, MpomueomybepKyne3Hsbie npenapamsl, 3kcrnpeccust MPHK, amam6ymon, uzoHua3uo.
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THE INFLUENCE OF KIDNEY BEANS (PHASEOLUS VULGARIS) PODS EXTRACT
ON OBESITY DEVELOPMENT

The influence of kidney beans pods extract on obesity development was investigated. It was found that administration of P. vulgaris
pods extract led to decrease of body weight and body mass index of the animals which were on high-calorie diet. Found changes could
be result of decrease of food intake by rats treated with extract in compare with rats in high-calorie diet group.

Key words: obesity, kidney beans pods extract, high-calorie diet.

Introduction. In our modern world with increasingly
cheap, high calorie food, prepared foods that are high in
things like salt, sugars or fat, combined with our increasing-
ly sedentary lifestyles, increasing urbanization and chang-
ing modes of transportation, it is no wonder that obesity
has rapidly increased in the last few decades, around the
world. Obesity can be the basis for the development of
related diseases and complications that are often the
cause of early death and disablement, including diabetes,
hypertension, coronary heart disease, cancer, etc. [1]. That
is why the search for new treatment approaches of this
disease remains an urgent medical problem, because of
number of patients continues to grow steadily.

In recent years, worldwide scientific interest focuses on
the study of the properties of plant extracts due to the mul-
tifactorial nature of their therapeutic effects on the obesity
and its concomitant diseases. Plant extracts unlike synthet-
ic drugs practically non-available toxic effects [2]. Available
raw for the drugs development is kidney beans (Phaseolus
vulgaris). Kidney bean pods are believed to be helpful in
obesity and weight loss programs, as well as obesity-
related diseases, such as diabetes mellitus type 2 and
heart disease [4]. Bean pods may lower blood sugar level.
Kidney bean pods extract naturally blocks the absorption
and expulsion of the carbohydrates eaten as part of a daily
diet. Bean pods have been proposed as an effective agent
in the fight against weight gain and obesity [5].

For today, the complex investigation about effects of
P. vulgaris extract on obesity development is absent, so
the aim of this study was to investigate the influence of
kidney bean pods on the development of obesity in rats
which were on high-calorie diet.

Materials and Methods. Experiments were carried out
on white nonlinear male rats with initial weighing of 135-
160 g. All animals were at room temperature 19-24 °C,
humidity of less than 50%, natural light mode "day-night" in
plastic cages during the experiment.

During first seven days, all rats received standard food
"Purina rodent chow" and water ad libitum. On the 8™ day the
animals were randomly divided into 3 groups. Animal of the
first group ("Control") have been fed with a standard food and
water during the experiment. Animals of the second group
("HCD") were on a high-calorie diet which consisted of a
standard meal (60%), pork fat (10%), eggs (10%), sugar (9%),
peanuts (5%), dry milk (5%), and sunflower oil (1%) [6], and
drank water ad libitum. Animal of the third group ("HCD+EXx")
were also on high-calorie diet and water ad libitum. After 4
weeks of experiment they started to receive the extract of P.
vulgaris (200 mg / kg). One day all rats of this group have
received the extract and another day they drank water.

Body weights were recorded once a week and feed in-
take was recorded daily in all animal groups. Body mass
index (BMI) (body weight (g) /nose-to-anus length? (cm?))
and Lee index (cube root of body weight (g) /nose-to-anus
length (cm)) were calculate at the end of experiment [7].

Statistical analysis was performed using statistical
analysis applications of Microsoft® Excel. To assess inter-
group differences the parametric Student test was used.
The difference between the parameters was considered
statistically significant at p<0,05.

Results and Discussion. As the result of our experi-
ment it was shown a significant increase in body weight of
rats which received a high-calorie food compared with a
control group of animals that were on standard diet. Also, it
was found that the dynamic of body weight increase of
animals that received the P. vulgaris pods extract simulta-
neously with high-calorie food was not very different from
that of the control rats (Fig.1).

After 10 weeks of experiment body weight of rats in the
control group increased by 110% from an initial value. It
was shown that the body weight of rats in the "HCD" group
was increased by 161% that was significantly higher com-
pared with the "Control". Our results revealed that body
weight in the "HCD+EX" group was not different from the
control and increased by 113% from the initial value.
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Fig.1. The dynamics of body weight increase of rats in the "Control”, "HCD" and "HCD+Ex" groups (M £ m; n = 10)
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During 10 weeks of study daily food consumption by rats But the quantity of daily food that consumed rats of the
of the control group was unchanged and was 28+1,4 g per "HCD+EX" group was even lower compared with the control
day (Fig. 2). The rats that were on high-calorie diet ate an group of animals and composed 24,6+1,2 g per one rat.
average of 30,6+1,5 g of high-calorie food per one animal.

35

30 ;
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15

g/day

10

Control HCD HCD+Ex

Fig.2. Food consumption by rats in "Control", "HCD" and "HCD+Ex" groups (M = m; n = 10)
Note: * — p <0.05 differences credible with respect to the control

extract (Fig. 3). Liquid consumption was in average
38+1,9 ml, 32,5+1,6 ml and 28,7+1,4 ml for the control an-
imals, "HCD" and "HCD+EXx" groups, respectively.

Also, our studies showed the higher liquid consumption
in group of the control rats compared with rats that were on
high-calorie diet and rats that received the P. vulgaris pods

45
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Fig.3. Liquid consumption by rats in "Control", "HCD" and "HCD+Ex" groups (M £ m; n = 10)
Note: * — p <0.05 differences credible with respect to the control

Table 1 represented data that summarized the daily an increase of BMI in "HCD" group on almost 0,07 points
food intake, liquid intake and changes in body weight of and decrease of BMI in "HCD+Ex" group on 0,05 points
animals in the "Control", "HCD" and "HCD+Ex" groups. compared to the control after 10 weeks of experiment. The
Also, Table 1 showed the body mass index (BMI) as a Lee index in "HCD" and "HCD+EXx" groups of animals was
body weight (g) /nose-to-anus length? (cm?) and Lee index increased on 0,07 and 0,05 points, respectively, compared
as cube root of body weight (g) /nose-to-anus length (cm) with "Control" group.
of the control," HCD" and "HCD+EX" groups. It was found

Table1. General characteristics of the rats that were on a high-calorie diet ("HCD")
and animals that received the P. vulgaris pods extract simultaneously with high-calorie food ("HCD+Ex")

Food intake (g/day) | Liquid intake (ml/day) | Initial body weight (g) | Final body weight (g) | BMI (g/cm?) | Lee index
Control 28,1+1,4 38+1,9 183+9,1 393+19,6 0,71 2,58
HCD 30,6+1,5 32,541,6* 171+8,5 443+22,1 0,78 2,65
HCD+EXx 24,6+1,2* 28,7+1,4* 186+9,3 396+19,8 0,66 2,63

*p<0.05 significantly different from the control group
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The main result of current study was the detection the
fact that animals that received the P. vulgaris pods extract
and were on high-calorie diet not gaining weight com-
pared with rats that consumed only a high-calorie diet.
Such result partly could be explained from the position of
kidney beans pods extract influence on digestion of car-
bohydrates in the gastrointestinal tract. Also, our results
confirmed the development of obesity in group of animals
that were on high-calorie diet. Excessive body weight of
these rats was probably associated with the accumulation
of adipose tissue. This accumulation may be the result of
an imbalance between the amount of energy consumed
by rats and the amount of energy spent, because along-
side with the increasing amount of consumed feed by the
animals. The amount of energy received was increased
either due to high caloric content of food. It may be due to
high caloric content of food which in turn may be the re-
sult of accumulation of adipose tissue because of an im-
balance between the amount of energy consumed by rats
and the amount of energy spent.

Conclusion. Thus, our results demonstrated the ability
of the P. vulgaris pods extract to influence the development
of obesity, in particular, to reduce the amount of consumed
food, which were accompanied by decrease of body mass
index and body weight in compare with those for animals,
which were only on high-calorie diet. Noted effects sug-
gested that this extract may be used as functional ingredi-
ent in addition to regular therapy of obesity and its related
complications.
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KuiBcbkui HalioHansHUI yHiBepcuTeT imeHi Tapaca LLleBueHka, KuiB, YkpaiHa

BMNNMNB EKCTPAKTY NYLUMNUHHA KBACOJI 3BUYAUHOI (PHASEOLUS VULGARIS)
HA PO3BUTOK OXXUPIHHA

HocnidxeHo ennue ekcmpakmy nywnuHHsA Keacosi 38uyaliHol Ha Po38UMOK OXUpPiHHSI. BcmaHoeneHo, wo esedeHsi ekcmpakmy cmpy4kie P. Vul-
garis npu3zeodumb 00 3HUXEHHSI Macu mina ma iHOeKkcy Macu mina meapuH, siki Crio)ueasiu 8UCOKOKaslIopiliHy XKy. BusieneHi 3MiHu Moxyms 6ymu
pe3ysibmamom 3HUXKEHHSI CIIOXKUBaHHS1 iXKi ulypamu, siKi ompumMyesasnu eKkcmpakm 8 ropisHsiHHI 3 wyypamu, wo nepebysanu Ha KasopitiHit diemi.

Knroyoei cnoea: oxupiHHs1, ekcmpakm fywnuHHs KeacoJsii 3eu4aliHoi, sUCOKOKasopiliHa diema.

A. FOpueHko, acn., H. Pakwa, kaHa. 6uon. Hayk, O. CaBuyk, A-p 6uon. Hayk

KneBcbkui HauMoHanbHUM YHUBepcuTeT uMeHn Tapaca LleByeHka, KueB, YkpauHa

BITUAHUE 3KCTPAKTA CTBOPOK ®ACOJIN OEbIKHOBEHHOW (PHASEOLUS VULGARIS)
HA PA3BUTUE OXXUPEHUA

UccnedoeaHo enusiHue akcmpakma wenyxu ¢ghaconu ob6bIKHOBEHHOU Ha pa3eumue OXUpPeHUusi. YcmaHoesieHo, Ymo eeedeHue 3KCmpakma
cmpyykoe P. Vulgaris npueodum K CHUXeHUI MacChbl mesa u uHAekca Macchl mesia XUBOMHbIX, KOMOpble NOMpPe6AnU 8bICOKOKaIOPUUHY
nuwy. [JaHHbIe usmeHeHUs1 Mo2ym 6bimb Pe3ybMmamoM CHUXeHUs1 nompe6ieHus1 MUUU KpbICaMu, KOMOopPbIe MoJy4anu 3KCMpPakKm fno cpasHeHur

C Kpbicamu, KOmopbie Haxo0uuCh Ha KasopuliHol dueme.

Knroyesnie crosa: oxupeHue, akcmpakm cmeopok ¢hacosiu 06bIKHOBEHHOU, 8bICOKOKasiopuliHasi 03ema.
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ISOLATION OF BACTERIOPHAGES, CAPABLE TO LYSE SERRATIA MARCESCENS
AND EVALUATION OF THEIR ACTIVITY ON ONION AND GERANIUM

In this study, phages active against S. marcescens, causative agent of onion decay, were isolated from plant material. One vi-
rus isolate was shown to accumulate in high titers and was denoted as phage S. This bacteriophage exhibited a hexagonal head
and tail and was attributed to Myoviridae family. It was shown the ability of bacteriophage S to suppress the development of bac-
teriosis on geranium plants. Investigated virus isolate also inhibited rooting of onion scales. This work focused on a biological
control approach to use bacteriophages for reducing bacterial pathogen populations and disease severity on plants.

Key words: bacteriophages, plant bacteria, phytopathology, phage therapy.

Introduction. Plant pathogenic bacteria cause many
serious plant diseases throughout the world stimulating
intensive research of their ecology, pathology and epide-
miology. Bacterial rot (Erwinia carotovora) and vascular
bacteriosis (Xanthomonas campestris) cause epidemics
and lead to large harvest destruction, resulting in require-
ment of the import of cabbages, tomatoes and pepper [1].
Bacteria of genuses Salmonella, Serratia, Enterobacter
and Enterococcus, more frequently happen in the cases of
nocosomial infections, e.g. food poisonings and sepsises
[2-5]. The last researches, however, prove that these hu-
man pathogenic bacterial species also have ability to colo-
nize a wide spectrum of plants and cause the disease de-
velopment. For the instance Serratia marcescens, common
soil bacteria, was described as causative agent of soft rot
of onion [6]. However, it should be noted that the majority
of these experiments were performed under laboratory
conditions, while the development of crop diseases,
caused by these pathogens in the environment, is still
poorly understood.

Bacteriophages, bacterial viruses, are widely present in
the environment, wherever the host bacterium is expected
to be found. Some bacteriophages are potentially useful
agents in the control of plant pathogens. There is a wide
array of potential candidate phage isolates; hence, investi-
gations are needed to determine which isolates will likely
be the most effective for application in bacterial control
strategies. Our purpose was to search bacteriophages,
specific to S. marcescens and to verify their activity against
this bacterium on the plants of onion and pelargonium.

Materials and methods.

Bacterial strain. Studies were carried out on bacterial
culture Serratia marcescens IMBG291 [5], generously
provided by colleagues from the laboratory of microbial
ecology, Institute of Molecular Biology and Genetics (Na-
tional Academy of Sciences of Ukraine). Working with
phages we used an overnight culture of bacteria, in which
bacteria was in exponential phase of growth. The concen-
tration of bacteria cell culture was 108-10° c.f.u./ml. Bacte-
ria was cultivated on plate count agar or in PC-broth.
Incubation temperature was 25 °C.

Bacteriophage isolation. In order to isolate bacterio-
phages the samples of plant displaying the symptoms of
bacteriosis were used. To amplify putative bacteriophages
in samples enrichment method was applied. Investigated
samples were centrifuged and handled by chloroform. The
objects of research became phage, isolated from samples
of tomatoes with symptoms of rot processes.

Spot-titer assay. The samples or serial dilutions of
samples were applied dropwise on the plates with seeded
bacterial culture. Following 20 minutes they were kept at
room temperature in order to samples diffused into agar
medium. Then plates were overturned and incubated in a
thermostat at 37°C for 12 hours. After that the plates were
analyzed for the presence of phages. Results were record-

ed as the reciprocal of the highest dilution at which clearing
the lawn was evident.

Double agar layer method. 0.2 ml of overnight bacte-
rial culture (108 c.f.u./ml) was put together with 2.5 ml of
0.7% agar (the temperature of agar was 46-49°C). Then 1
ml of the studied sample was added. The resulting mixture
was accumulated on the bottom layer of 1,4% agar [1].
According to the results of spot-test, the concentration of
phage particles in a sample of carrot was very high, so we
diluted the phage lyzate to the 10" degree in order to get
separated plaques. After exposure within 15 minutes at the
room temperature, plates were inverted and incubated at
37°C for 12 hours. After incubation all resulting plaques
were counted. Separate phage plaques were then picked.
Isolated bacteriophages were purified by serial propagation
of single plaques and amplified.

Electron microscopy. Morphology of virions was in-
vestigated using the electron microscope. Formvar films
placed on 400-mesh copper grids were dipped into sample
for 2 min and contrasted in 2% uranyl acetate. The prepa-
rations were dried and viewed under the electron micro-
scope at an instrumental magnification of 20,000.

Investigation of bacteriophages influence on the
expression of pathogenic properties of the bacteria.

In laboratory conditions the infectious process was
modeled with the onion inoculation with investigated bacte-
ria Serratia marcescens. Onion scales were obtained from
sterilized onion bulbs and incubated in plates on paper filter
discs. The onion scales were scratched with sterile scalpel.
Then 10mkl of phage mixture (titer 107) and bacterial sus-
pension (concentration of cells 108 c.f.u./ml) were applied
on the scales. For controlling the initiation of pathogenic
process with bacteria a drop of bacterial suspension was
applied on the scales of onion, placed in other plate. Onion
scales with deposited drop of physiological solution served
as a control of the experiment. All plates were placed in the
incubator at 25°C. For statistical significance of data ob-
tained each experiment was conducted in three repetitions.

In order to research the potential of isolated bacterio-
phages as therapeutic agents another model system was
used. The ability of bacteriophages to suppress the devel-
opment of bacteriosis was investigated on geranium plants.
For this purpose geranium leaves were infected with bacte-
ria in two ways: injection into veins with subsequent incu-
bation in water or adding bacterial suspension to water. We
utilized different ways for the treatment of plant leaves with
bacteriophage preparations. In the first group the leaves
was inoculated in a vein with the suspension of bacterium
and phage, in the second group plant leaves were inocu-
lated with a bacterium into a vein and incubated in water
supplemented with phages.

Results and discussion. Initial studies on the applica-
tion of bacteriophage for control of pathogens require the
identification and isolation of an appropriate phage from the
multitude of phages that exist in the environment. Phages

© Kharina A., Kornienko N., Stavniychuk A., Kot T., Liptuga M., 2016
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specific for pathogenic Serratia marcrscens were isolated
after plating the samples of rotten tomatoes. We have ob-
served the formation of different morphology plagues on
bacterial lawn. Investigated isolates resulted in formation of

large and small negative colonies (fig. 1). Large colonies had
round, smooth shape (d=5-6 mm), while small colonies were
1-2 mm in diameter and characterized with irregular shape.

Fig.1. Bacteriophage plagues on S.marcescens lawn: isolate S (left), isolate L (right)

For subsequent research, we have chosen phages with
small colonies because of their capability to accumulate in
high titers compare to phages with large colonies. These
phages were denoted as "S" in the experiment. To accu-
mulate this isolate separate phage plagues were picked
and transferred to sterile saline. Isolated bacteriophages
were purified by serial propagation of single plaques. Ac-

cording to the results of spot-tests the titer of viruses after
three passages was 107. High titer lysates were routinely
prepared from confluent lysis plates. Then we studied the
morphological features of the selected bacteriophages us-
ing electron microscopy. The isolate S belongs to family of
Myoviridae of order Caudovirales (morphotype A2, fig. 2).

>

W0

Fig.2. Transmission electron microscopy images of S. marcescens phage (S)

The next stage was to verify if the selected bacteriophage isolate S was active against S. marcescens in test-system on
onion scales. In two days after inoculation we observed the development of soft rot on onion scales threated with bacterium
and the absence of bacterial growth in the plate where phage was added.

Thus, our phage isolate was effective against S. marcescens in selected test system.

Fig. 3. Onion scales: inoculated with bacteria (left), inoculated with bacteria and phage (right)
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In order to research the potential of isolated bacterio-
phages as therapeutic agents another model system was
used. The ability of bacteriophages to suppress the devel-
opment of bacteriosis was investigated on geranium plants.
As a result, bacteria cased redness of leaves in five days
after inoculation. The symptoms were the same in both vari-
ants of bacterial infection. Turning red was observed along
the veins while the whole leaf plate remained green. In the
site of bacteriophage inoculation we observed clean area.
This suggested that bacteriophage repressed bacterial
growth. However according to data obtained isolated phage
was limited in the ability to spread through the plant tissue.

Conclusion. Consequently, the probed bacteriophage
repressed the development of phytobacteriosis caused by
S. marcescens on onion scales and geranium leaves. The
use of bacteriophages to combat bacterial infections may
help to solve the current problem of antibiotic resistance.
For successful application of bacteriophages fundamental
issues arising from the ecological dynamic of host, bacte-
rium and phage should be investigated in detail.
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KuiBcbkuit HauioHanbHUM yHiBepcuteT iMmeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

BUAINEHHA BAKTEPIO®ATIB, 30ATHUX NIBYBATU SERRATIA MARCESCENS
TA NEPEBIPKA IX AKTUBHOCTI HA LIMBYII TA NENAPIOHII

Bakmepiogpazu, akmueHi npomu S. marcescens, 36yOHuka 2Huni yubyni, 6ynu eudineHi 3 pocsuHHO20 Mamepiany. OOuH i3 eudineHux i3ons-
mie eipycie Hakonu4yeaecsi y eucokux mumpax i 6ye nosHayeHuli ik 6akmepioghaz S. 3a MopghosociYHUMU Xxapakmepucmukamu (HasieHicmb
2oJslieku i xeocmoeozo eidpocmky) 0aHuli eipyc 6ye eidHeceHuii do poduHu Myoviridae. Byno nokazaHo 30amHicmb 6akmepioghazy S npuzHiyyea-
mu po3eumok 6akmepio3y Ha pocsiuHax nenap2oHii. JocnioxyeaHul i3onam makox iHeibyeae a2HusicHi npoyecu Ha syco4ykax yubyni. B OaHili
pobomi po3ansdaembcs cnoci6 6ios102i4HO020 KOHMPOJIHO himonamozeHie i3 3acmocyeaHHAM 6akmepioghazie Onsi 3HWKEHHs1 YucenbHocmi 6ak-
mepianbHuUXx nonynsayil i cysopocmi nposisy cuMnmomis.

Knro4oei cnosa: 6akmepioghazu, pimonamoezeHHi 6akmepii, pimonamonozisi, pazomeparnis.

A.XapuHa, kaHa. 6von. Hayk. H. KopHueHko, cTya., A. CTaBHUIYYK, acn.,
T. Kor, Bea. nnx., M. Jluntyra, ctya.
KneBckuit HaumoHanbHbIN yHUBepcuteT umeHu Tapaca LlleBuyeHko, Kues, YkpauHa

BbIAENEHUE BAKTEPUO®AIOB, CITOCOBHbIX JIN3BUPOBATb SERRATIA MARCESCENS
N NPOBEPKA UX AKTUBHOCTU HA PACTEHUAX JTYKA U NENAPITOHUU

Bakmepuodgpazu, akmueHble npomue S. marcescens, 8036ydumesns 2HUNU JyKa, 6bi/1u 8bidesieHHbl U3 pacmumesibHo20 Mamepuasa. OOuH u3
u30/11Mo8 HaKan/ueasicsi y 8bICOKUX mumpax u 6bin o603HayeH Kak 6akmepuogpaz S. 3a MopgbosioaudecKUMU xapakmepucmuKkamu (Hanuyue
20J108KU U X80CMO8020 OMPOCMKa) ebidesnieHblli 6akmepuogaz knaccuguyupoeaH Kak npedcmasumerns cemelicmea Myoviridae. Bbino nokazaHo
crnocobHocmb 6akmepuoghaza S nodaensime pazeumue 6akmepuo3a Ha pacmeHusix nenapaoHuu. Mccnedyemsili usonsam eupyca uHaubupoean
maroKke 2HUNIOCMHbIe MPoYecchl Ha Yeuwlylikax syka. B daHHol pabome paccmampueaemcsi crnoco6 6uos02u4ecKko20 KOHMPOJIsi humonamozeHos
C npumeHeHuem 6akmepuogha2oe Os1si CHUXeHUs1 YucelbHOCMuU 6akmepuanbHbIX NONyaAyulli U Cypo8oCcmu nposiesieHusi CUMIIMOMOS8.

Knroueenie crnoea: 6akmepuodpazu, pumonamozeHHble 6akmepuu, pumonamornozausi, hacomepanusi.
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