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Detection of plant viruses by PCR using group or virus specific
primers (potyviruses, bymovirusc—:s)1

by D. COLINET, J. KUMMERT, O. DUTERME and P. LEPOIVRE

Laboratoire de Pathologie Végétale, Faculté des Sciences Agronomiques, 13 av. Maréchal Juin,

5030 Gembloux (Belgium)

A combined assay of reverse transcription and the polymerase chain reaction (RT-PCR)
utilizing degenerate primers derived from conserved regions in the genome of potyviruses was
designed in order to amplify the 5' terminal part of the coat protein cistron, which can differ
greatly in length between distinct potyviruses. Amplification on total RNA extracted from
one sweet potato clone from China yielded three fragments of different lengths, and sequence
analysis of these fragments indicated mixed infections by three distinct potyviruses in the
sweet potato clone investigated. Two degenerate primers were also designed in order to
amplify the 5' terminal part of the coat protein cistron of either potyviruses or bymoviruses.
A third degenerate primer was sclected from a region conserved in potyviruses and
bymoviruses and used with primers specific for two different bymoviruses, barley yellow
mosaic bymovirus (BaYMYV) and barley mild mottle bymovirus (BaMMV). These primers
allowed the identification of BaYMV and BaMMYV barley plants from the field with single or
mixed infection. and were used to clarify the etiology of a viral agent inducing mosaic
symptoms on several barley cultivars considered so far as resistant to BaYMV and BaMMV.
Amplification of fragments, including the variable 5’ terminal region of the coat protein
cistron, thus provides a convenient method for the detection and characterization of
potyviruses and bymoviruses, without fastidious preliminary work of separation and
purification of the components of viral complexes.

Introduction

The polymerase chain reaction (PCR) has emerged as a powerful method for the identification
of virus infections. The use of oligonucleotide primers corresponding to highly conserved
regions of the viral genome has enabled the detection of plant viruses belonging to gemini-
viruses (Rybicki & Hughes, 1990; Rojas et al., 1993), luteoviruses (Robertson et al., 1991) and

")otyviruses (Langeveld er al., 1991; Nicolas & Laliberte, 1991; Colinet et al., 1994a).
I3

We report here on the use of a combined assay of reverse transcription and PCR with
degenerate primers for the detection and the characterization of potyviruses and bymoviruses
as demonstrated by two examples concerning potyviruses infecting sweet potato, and viruses
responsible for the yellow mosaic disease of barley.

The potyvirus group, which includes viruses responsible for severe economic damage to
various crops, is characterized by flexuous rod-shaped particles, 630-900 nm long and 11—
15nm wide, made up of about 2000 units of a single structural protein surrounding one
molecule of single-stranded positive sense RNA of approximately 10000 nucleotides. The
monopartite genomic RNA is expressed as one polyprotein which is processed by endogenous
virus-coded proteases to give seven different proteins, schematically represented in Fig. 1.

Bymoviruses are distinguished from potyviruses by the fact that they are transmitted by a soil
fungus to a limited number of cereal host plants, and that their single-stranded RNA genome is
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Fig. 1. Schematic representation of the genetic map of potyvirus and bymovirus (RNAT) genomes, showing.
the relative positions of the degenerate primers based on selected conserved regions (Potl, Pot2, Pot3, Pot4,
MYPI. MYP2) or regions specific for only one virus (M1, Y1).

Représentation schématique de la carte génétique du génome des potyvirus et de TARNT des bymovirus et
positions relatives des differentes amorces sélectionnées.

divided in two fragments, which are separately encapsidated into particles of 290 and 600 nm.
The genomic organization of RNAI of bymoviruses is comparable to that of the 3’ terminal
part of potyvirus genomic RNA (Fig. 1).

Sweet potato may be affected by five major potyviruses among which sweet potato feathery
mottle potyvirus (SPFMV) is the most thoroughly characterized. SPFMV has been frequently
identified worldwide as a component of viral complexes. and the ubiquitous nature of SPFMV
complicates the isolation and identification of the other sweet potato viruses. The aim of our
work was to detect, differentiate. and identify potyviruses infecting sweet potato in China.

Barley yellow mosaic discase results from the infection by one or both bymoviruses: barley
yellow mosaic bymovirus (BaYMYV) and barley mild mosaic bymovirus (BaMMYV) which,
generally, are simultaneously present in infected barley plants from the field.

The evolution of both viruses in the fields is complex, depending on the year, the stage of the
culture, and the barley cultivar used. Moreover, mosaic symptoms were observed, in one field in
Huccorgne on several cultivars considered so far as resistant to BaYMV and BaMMYV, and
which did not react with monoclonal antibodies currently used in our laboratory for detection
and identification of BaYMV and BaMMYV in field plants (Kummert, 1993). Therefore, we
decided to study the possible use of RT-PCR for the detection and the characterization of
BaYMV and BaMMYV isolates.

Materials and methods

Virus isolates and plant material

Several sweet potato clones from Guangdong Province (CN) (kindly provided by Dr Feng Zu
Xia, Upland Crops Research Institute, Guangzhou) were maintained in Gembloux, under
glasshouse conditions. The Chinese isolate of sweet feathery mottle potyvirus (SPFMV-CH;
Colinet & Kummert, 1993) was multiplied by mechanical inoculation to Ipomoea purpurea ot I.
nil. Type strain of sweet potato latent potyvirus (SPLV) was received from Dr Brunt (AFRC,
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Institute of Horticultural Research, Littlehampton, GB), and propagated in Nicotiana
benthamiana and N. clevelandii.

Potato virus Y (PVY), used as a potyvirus reference strain was propagated in N. tabacum cv.
Samsun.

Barley plants from two experimental fields, located in Gembloux and Huccorgne, were
collected: cvs Arton and Express were collected at Huccorgne but only cv. Arton from
Gembloux. Control material consisted of plants of the sensitive cv. Travelling. either healthy
or mechanically inoculated with characterized isolates of barley yellow mosaic bymovirus
(BaYMYV) and/or barley mild mosaic bymovirus (BaMMV), and grown under controlled

conditions.

RNA extraction and cDNA synthesis
Total RNA was extracted from leaves with symptoms by the method of Chirgwin et al. (1979).
Single-stranded cDNA was synthesized from 5 g of total RNA using the Amersham cDNA

‘;ynthcsis kit. and was diluted 10-fold with sterile water.
Five ul from these preparations were used for the PCR amplifications.

PCR experiments

PCR experiments were performed as described previously (Colinet & Kummert, 1993).
Thermal cycling scheme was: template denaturation at 94°C for 30s, primer annealing at
40°C (cycles 1-5) or 50 °C (cycles 6-37) for 1 min, and DNA synthesis at 727 for 2 min. A final
15 min elongation step at 72°C was performed at the end of the 37 cycles. For primers MYPI
and MYP2, annealing was at 40°C for 10 cycles and at 50°C for 32 cycles; a secondary
amplification was conducted in some cases, for 30 cycles at a primer-annealing temperature of
50°C, from 1% of the product purified from the first amplification by agarose gel electrophor-
esis and QIAEX gel extraction (QIAGEN). Amplification products were analysed by electro-
phoresis of 10 pl from each reaction mixture in a 1% agarose gel in Tris-acetate-EDTA buffer
(Sambrook et al., 1989). Bands were visualized by ethidium bromide staining.

Cloning and sequencing of the amplified fragments

Amplification products were extracted twice with phenol-chloroform. precipitated by addition
of 0.1 volume of 3M sodium acetate, pH 5.8, and two volumes of ethanol. The pellets were
-esuspended in 50 pl of water and digested with BamH]1 and EcoR1. After electrophoresis in

7 ‘l % agarose gel, the bands of the expected lengths were excized and eluted with the QITAEX gel

extraction kit from QIAGEN. The DNA fragments were directionally cloned into a BamHI1-
EcoR1 site of the Bluescript plasmid. Recombinant plasmids were monitored for appropriate
size inserts by cleavage with Pvull.

Nucleotide sequence was obtained either by subcloning the amplified fragments by cleavage
with restriction enzymes or by using specific primers derived from the sequences. Double-
stranded DNA sequencing by the dideoxy chain termination method was performed using the
T7 DNA polymerase (Pharmacia) according to manufacturer’s instructions.

Dot-blot hybridization

Digoxigenin labelling of cDNA probes, and hybridization on Hybond N membrane (Amer-
sham) were performed using the DIG DNA labelling and DIG luminescent detection kits from
Boehringer according to manufacturer’s instructions.
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Results and discussion

Design of PCR primers

The amino-acid sequences of the polyproteins of several aphid-transmitted potyviruses (Allison
et al., 1986; Domier et al., 1986; Lain er al.. 1989; Robaglia et al., 1989; Johansen et al., 1991)
and the amino-acid sequences of the coat protein of additional potyviruses (Shukla & Ward,
1989) were compared. Four regions presenting a high percentage of homology, and encoded by
codons of low degeneracy, were selected. Four degenerate primers that represented all possible
nucleotides found in the respective potyviruses were synthesized (Colinet & Kummert, 1993). A
first set of primers (Potl and Pot2) was designed to amplify the 5’ terminal part of the coat
protein cistron; the nucleotide sequence between the two other primers (Pot3 and Pot4) spans
part of NIa and NIb cistrons of the potyvirus genome (Fig. 1).

Sequence data existing for the RNAT1 of BaYMV (Kashiwazaki et al., 1990; Peerenboom et
al., 1992) was compared with that of BaMMYV (Kashiwazaki er al., 1992), and also with
sequences of several potyviruses. This led us to select three other sets of primers (Fig. 1). Two
degenerate primers, MYP1 and MYP2. were chosen in order to amplify the 5’ terminal part o/
the coat protein cistron of both potyviruses and bymoviruses. The previously selected primer
Pot4, which also corresponds to a region conserved in potyviruses and bymoviruses, has been
associated with a second primer which is specific for either BaYMYV (primer Y1) or BaMMYV
(primer M1).

In order to facilitate the subsequent cloning of the PCR products, sequences containing
EcoR1 or BamH]1 restriction sites were added at the 5’ end of the primers.

Table 1 gives the sequences of the degenerate primers used.

Identification of distinct potyviruses in sweet potato with mixed infection

Sequence comparisons and biochemical analysis showed that the N-terminal of the coat protein
of distinct potyviruses may vary considerably in length and sequence, whereas the C-terminal
two-thirds of the protein are highly conserved. The degenerate primers Potl and Pot2 were thus
specially designed to amplify the variable 5' terminal part of the coat protein cistron in order to
study the diversity and the identification of potyviruses infecting sweet potato clones from
China.

The combined assays of reverse transcription and PCR (RT-PCR) were carried out on total
RNA extracted from leaves of N. tabacum cv. Samsun showing symptoms of potato Y
potyvirus used as the potyvirus reference strain, of I. purpurea with symptoms of a Chinese
isolate of SPFMV (SPEFMV-CH) alone (Colinet & Kummert, 1993), and of two sweet potat
clones from China. Amplification with primers Potl and Pot2 on PVY and SPFMV-CH yielded
a 1.2- and a 1.35-kb fragment, respectively (Fig. 2). Amplification on different sweet potato
clones from China yielded the SPEMV-CH 1.35 kb fragment associated with one or two other
fragments of 1.30 and 1.45kb (Fig. 2), suggesting the presence of one or two other potyviruses
in these sweet potato clones (Colinet ef al., 1994a).

The 1.30- and 1.45-kb amplified fragments were cloned into the Bluescript plasmid and
partially sequenced. Comparison of the deduced partial amino-acid sequences derived from the
amplified fragments with those of the C-terminal region of the nuclear inclusion b protein and
the N-terminal region of the coat protein of SPEMV-CH and of several other potyviruses lead
us to conclude that the 1.30-, 1.35- and 1.45-kb fragments were amplified from distinct sweet
potato potyviruses in mixed infections (Colinet et al., 1994a).

Specific hybridization of the 1.30-kb fragment with crude sap extracted from N. benthamiana,
infected with the sweet potato latent virus isolate from Taiwan (SPLV), identified the
corresponding virus as being closely related to SPLV. A 1.30-kb fragment has been also
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Table 1. Sequence of the selected primers
Séquence des amorces sélectionnées

MYP1: conserved amino acids N G D D
5 3
primer (with adapter) cgacgaattc AAT GGT GAT GA
C G C
MYP2: conserved amino acids N G T S
3 5
primer (withadapter) TTA CCG TGG AG cctaggtcag
T T
A A
G
Y1l: amino-acid sequence I o F P D Q
5' 3
‘ primer (with adapter) cgtgaATT CAA TTT CCT GAC CAA
C
M1l: amino-acid sequence F N P T T N
5' 3’
primer (with adapter) cgtgaaTTC AAC CCC ACC ACG AAC
Potl: conserved amino acids W € I E N
D
3’ 5’
primer (with adapter) ACC ACG TAT CTT TTA cctaggtcag
A G G
A C

Pot2: conserved amino acids
C D A D G S

5 3’
primer (with adapter) gacgaattc TGT GAT GCT GAT GGT LE
C C G G
C
Pot3: conserved amino acids W K H W I
Q
5 3/
primer (with adapter) gacgaattc TGG ARA CAT TGG AT
cC G C
Potd: conserved amino acids W N G S L
3’ 5/
primer (with adapter) ACC TTA CCA AGA AAC cctaggtca
G C T
G
T
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Fig. 2. Agarose gel stained with ethidium bromide, showing the results of amplification carried out on
transcripts of total RNA from infected plants. Lane 1: DNA markers fragments with sizes (in kb) indicated
on the left: lane 2: amplification on PVY-infected tobacco plants: lane 3: amplification on SPFMV-CH-
infected 1. purpurea; lane 4: amplification on sweet potato clone 530; lane 5: amplification on sweet potato
clones 1 (from Colinet et al., 1994a).

Analyse des résultats d'amplifications réalisces a partir de transcrits d’ARN totaux de plantes infectées par
différents potyvirus, par électrophorése sur gel d'agarose et coloration au bromure d’¢thidium.

amplified from SPLV-infected N. benthamiana and then cloned for partial sequencing (results
not shown). The high level of homology observed in the 5" terminal part of the coat protein
cistron between SPLV and the 1.30-kb product amplified from extracts of some Chinese sweet
potato clones indicated that they were infected by a strain of sweet potato latent potyvirus
(Colinet er al., 1994a).

Table 2. Expected size (bp) of amplified fragments obtained by PCR reactions for extracts of barley plants
infected with BAMMYV or BaYMV, using the three selected sets of primers

Taille attendue (pb) des fragments obtenus par RT-PCR a partir d'extraits de plantes dorge infectées par le
BaYMYV ou le BaMMYV, en utilisant les trois couples d’amorces sélectionnés

Primers
MI-Pot4 Y1-Pot4 MYPI-MYP2
PVY* — — 900
BaMMV 805 — 842
BaYMV — 1128-1135 960-962

*Potato Y potyvirus used as control for potyviruses/Potato Y poty-
virus utilisé comme témoin pour les potyvirus.
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Fig. 3. Analysis of amplification products obtained from transcripts of total RNA preparations from

healthy barley leaves (6, 13), leaves
(BaYMV alone) (2,9), or naturally in

in Gembloux (4, 11) and cv. Express
and Potd (1-7), or Y1 and Pot4 (8~

inoculated with isolates MF (BaYMV and BaMMYV) (1, 8). MD
fected leaves collected from cv. Arton in Huccorgne (3. 10), cv. Arton
in Huccorgne (5, 12). Primers used for DNA amplification were M1
14). M = molecular weight marker DNAs. Wells 7 and 14 received

aliquots of PCR reaction mixture incubated in absence of template cDNA.

Analyse des produits d'amplification

obtenus & partir de transcrits de préparations d’ARN totaux d’orges

saines (6. 13) ou infectées par différents isolats de BaYMYV et/ou de BaMMV (1-5, 8—12). Les amorces

utilisées étaient M1 et Potd (1-7) ou

Y1 et Potd (8-14).

The virus corresponding to the 1.45-kb amplified fragment still awaits further characteriza-
tion, but sequencing of the coat protein gene indicates that this virus should be considered as
being closely related to sweet potato feathery mottle potyvirus, though distinct (Colinet et al.,

1994b).

Characterization of mosaic virus isolates from infected barley plants from the field

Analysis of published sequences

existing for BaYMV and BaMMV allows us to estimate the

expected size of the amplified fragments obtained by PCR reactions conducted with the three
selected sets of primers (Table 2). Whatever the set of primers used, the size of the amplified
product is different for BaMMYV and BaYMV, which should allow us to develop tests for

detection and differentiation of
generally occurs.
After optimization of the nu

both viruses. even in the case of the mixed infection which

mber of cycles and the hybridization temperatures for the

different sets of primers, with cDNA preparations from healthy and mechanically inoculated

plants (isolate MF containing
conducted with the different bar

both BaYMV and BaMMYV), amplification reactions were
ley origins described in ‘Materials and methods’.

Fig. 3 shows that in the presence of primers M1 and Pot4, a DNA fragment of nearly 800 bp

is amplified from samples MD
Arton Huccorgne. The size of t

(inoculated with BaYMV only). MF, Arton Gembloux and
his fragment is compatible with that of 805 bp, expected for

BaMMYV (Table 2). We can thus suppose that these different samples are infected with

BaMMYV. By contrast, no DNA
(as for healthy barley).
When primers Y1 and Pot4

was amplified for the samples of cv. Express from Huccorgne

were used (Fig. 3). a DNA fragment of estimated size of

+ 1130 bp is amplified for preparations from Arton Gembloux, Arton Huccorgne and Express
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M1 23 4256

Fig. 4. Analysis of the products obtained after 2 successive PCR amplifications using primers MYP1-
MYP2. Transcripts of total RNA preparations from plants inoculated with MF (BaYMYV and BaMMV) (1)
and MD (BaYMYV alone) (2) or of naturally infected plants of the cultivar Arton at Gembloux (3, 4) and of
the cv. Express at Huccorgne (5). M = molecular weight markers DNAs. PCR reaction mixture incubated
in absence of template DNA (6).

Analyse des produits obtenus aprés 2 amplifications successives d partir de transcrits de préparations
d’ARN totaux de plantes d’orge infectées par différents isolats de BaYMV et/ou de BaMMV.

Huccorgne. The size of this amplification product corresponds with that established on the
basis of the sequences published for German and Japanese strains of BaYMYV.

The hybridization temperature of primers MYP1-MYP2, being lower than that of primers
Y1, M1 and Pot4, generates generally less efficient amplification reactions. Analysis of aliquots'
of reaction products shows indeed the presence of one or two fragments of estimated size of 840
and 960 bp, according to the sample considered.

A secondary amplification reaction conducted with 1 to 5% of the products of the primary
amplification, after electrophoresis and purification by QIAEX, allows an increase of the
annealing temperature during the first thermic cycles, with a correlative increase of amplifica-
tion efficiency. Fig. 4 shows that, in this case, the different amplification products are clearly
visible on the gel.

Analysis of sequences published for BAMMYV and BaYMYV indicates that the sizes of the
amplification products obtained with primers MYP1 and MYP2 must be 842 and 960-962 bp,
respectively, for these two viruses. These are compatible with those we observed. We can thus
conclude that samples of barley inoculated with MF, like those of cv. Arton collected at
Gembloux and Huccorgne, are infected by a mixture of strains of both viruses (presence of two
bands corresponding to =840 and 960 pb). On the contrary, only BAMMYV (one band at =840
bp) is found for samples of plants inoculated with MD, and only BaYMV (one band at =960
bp) is detected for symptomatic plants of cv. Express from the field of Huccorgne.
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All these results show that the use of the different selected sets of primers allows us to display
allisolates of BaYMYV and BaMMYV from transcripts of total RNA preparations from infected
barley leaves. They also suggest that the viral agent infecting cv. Express at Huccorgne is an
isolate of BaYMV.

Part of the 960-bp amplified fragment obtained for preparations from cv. Express with
primers MYP1 and MYP2 has now been sequenced. 464 nucleotides have been determined
from the 5" end of the coat protein gene, and the putative translated amino-acid sequence
shares 98% homology with that published for the German isolate of BaYMV (Peerenboom er
als;, 1992):

These results confirm that the isolate capable of overcoming the resistance of cv. Express at
Huccorgne is a BaYMYV isolate.

In conclusion, amplification of fragments including the 5’ terminal region of the coat protein
cistron provides a convenient method for the detection and characterization of potyviruses and
bymoviruses, without fastidious preliminary work of separation and purification of the
components of viral complexes.

. @
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Détection de virus de plantes par PCR utilisant des amorces spécifiques pour
des virus ou des groupes de virus (potyvirus, bymovirus)

Un protocole combinant la transcription inverse et la réaction de polymérisation en chaine,
utilisant des amorces dégénérées derivées de régions conservées dans le génome des potyvirus, a
été défini de maniére a permettre I'amplification de la partie 5" terminale du cistron de la
protéine enveloppe qui peut présenter des différences de taille importantes pour différents
potyvirus. L'amplification réalisée a partir d’extraits '’ ARN totaux d'un clone de patate douce
provenant de Chine a révélé la présence de trois fragments d’ARN de longueur différente et
P'analyse des séquences de ces trois produits a montré que ce clone était infecté par trois
potyvirus distincts. Deux amorces dégénérées ont également été congues en vue de permettre
I'amplification de la partie 5’ terminale du géne de la protéine enveloppe des potyvirus ainsi que
des bymovirus. Enfin, une troisiéme amorce dégénérée, correspondant a une sequence
conservée chez les potyvirus et les bymovirus, a été utilisée en combinaison avec des amorces
spécifiques de I'un ou I'autre des deux bymovirus, BaYMV ou BaMMYV. Ces amorces nous ont
permis d’identifier le BaYMV et/ou le BAMMV 4 partir de plantes d'orge du champ; elles ont
¢galement été utilisées pour clarifier I'étiologie d'un agent viral capable d'induire des symp-
tomes de mosaique sur différents cultivars d’orge considéres préecédemment comme résistants
au BaYMV et au BaMMV. En conclusion, 'amplification de fragments d’acide nucléique
incluant la partie variable 5" terminale du cistron de la protéine enveloppe constitue une
méthode adéquate pour la détection et la caractérisation des potyvirus et des bymovirus, ne
nécessitant pas la séparation et la purification préalable des composantes du complexe viral.

IleTeKTHpOBaHHe BUPYCOB PacTeHHH MeTOIOM NO/THMePasHOH LeMHOH peakIHH
CHHTe3a ¢ HCTI0/Ib30BaHHeM IPYII BHpYCc-CrielpHYHbIX MpaiiMepoB (IOTHBHPYCHL,
6MMOBHpYCBI)

KoM6HHHPOBaHHbI}! aHATH3 O6PATHON TPAHCKPHIIIMH M NO/HMMEPAsHON LEMHOM PEaKIHH CHH-
Tesa (OT-TTLIP) mpH KCIIOMIb30BAHMH eTeHEPHPOBAHHBIX IPaHMepOB H3 COXPAHEHHBIX yaCTKOB
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TeHOMa TIOTHBMPYCOB ObUI paspaloTaH JUIA aMIUTHbHKaLHH 5'KOHIEBOTO YYaCTKa LHCTPOHA
Gemka 060OIOUKH, KOTOPBIA MOXeT 3HaIHTEIbHbIM 06pa3oM OTIHYATBCA O [IHHE MEXJY pas-
JTMYHBIMH TIOTHBHPYCaMH. AMminpHKAIHA nonHopasmepHo#t PHK, BrileneHRON U3 OfHOTO
JUTOHa 6aTaTa KHTa}CKOTO COPTa M03BOTH/IA MOy THTE TpH HparMeHTa Pas/IHIHOM JITHHBL. AHa-
/M3 TIOCIeNOBATENbHOCTH 3THX GParMeHTOB BBLABH/ HATHHIHE CMelIaHHBIX HHeKUHH, BHI3BaH-
HBIX TpeMs HCUTeMyeMbIMH TOTHBHPYCaMi 6aTaTa. BpUIH TaKKe MOTydeHBI Ba [leTeHEpHPOBAH-
HBIX ITpariMepa L1 aMIUTHHKAI[HH 5'KOHI[EBOTO yHaCTKa IUCTpOHa 6e/ka 060M0UKH MOTHBHPY-
ca wix 6UMoOBHUpYyCa. Tpetun IereHepHpOBaHHBIA mpanMep 6bUT BbIENeH M3 COXpaHEeHHON 06-
JIACTH TIOTHBHpYCA M GHMOBHPYCa H HCIOMB30BAH C pafMepoM, CTIEITHGHIHBIM UL NBYX pas-
JHMHBIX 6uMoBHpycos, barley yellow mosaic bymovirus (BaYMV) u barley mild. mottle
bymovirus (BaMMV). 31H paiMephl feaoT BO3MOKHON HAEHTHUKAIHIO PACTEHHN SUMEHA,
nopaxerHsx BaYMV 1 BaMMYV Ha 1o/X, 3apakeHHbBIX ONHHOUHOH HIH cMemIaHHON HHeK-
1redt, OHH TaxoKe GBUIH HCTIOMIB30BAHDL VLA BBIACHEHHA STHOIOTHH BHPYCHOTO areHTa, BKIOYas
MOSaMIHble CHMITOMBI Ha HECKOTBKHX KyTbTHBapax AHMEHd, CYMTABLIMXCA OO HACTOALLETO
BpeMEHH Pe3HCTEHTHBIMH K BaYMV 1 BaMMV. Ammindukauusa GparMeHToB, BKIIOHAsA BapHa-
GenbHyIO 5'KOHIEBYIO 0GIaCTh LHCTPOH2 Genka 0GOMOUKH, TPEfOCTAaB/IeT, TAKHM 00pasoM,
yIOGHBIN METON [eTeKTHPOBAHHA H OTIHCAHMA TTOTHBUPYCOB M GHMOBHPYCOB €3 TPYROEeMKOH

IIpeNBapHTEIbHON PaboThI pasienenia i OWHCTKH KOMIIOHEHTOB BHPYCHBIX KOMIIIEKCOB. .
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