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1 Taasubiil 6omatuueckuil cad umenu H. B. Luyuna PAH,
Mockaa, Poccus.

2 Beepocculickuli HayuHo-uccAedosameAbcKull UHCMUMym
ceAbckoxo3alicmaerHoil buomextoozuu, Mocksa, Poccus.

B cTaTbe 06Cy>XaatoTCs BOMPOChI OLLeHKN
nepcrneKTUBHOCTU BbISIBJIEHUSI CKPbITOA BUPYCHOM
MHbEKLMN AN MOHUTOPUHIA BUPYCHbIX
naToreHoB C UCMOoJIb30BaHWeM LdpoBoi
06paboTKu N306pakeHnm, NoJIy4eHHbIX NpyU
MCNOJIb30BaHUU ONTUYECKOM LUPpPOBOM KaMepbl
M rMnepcneKTpasbHbIX U3o6pakeHUN. NMpueeaeHbl
cBefgeHus 0 13 Buagax BUpycoB Ha Ky/bType

Syringa L. MpepacTaBneHbl aHHbIe O BUA0BOM
cocTaBe BUpYCOB Syringa B akocuctemax N6C

1M MOCKOBCKOro permoHa u cuMnTomMaTmka nx
npossieHns. Ha 0CHOBaHMW BUPYCONOTrNYeCKOM
3KCNepTu3bl HA CUPEeHU 6bIIN ANArHOCTUPOBAHDI
cneuuvanusupoBaHHble naToreHsl Lilac ring mottle
ilarvirus (LRMV), Lilac leaf chlorosis ilarvirus
(LLCV), a TakxXe BriepBble HeCBOMCTBEHHbIe

Ana cnpenm Carnation mottle carmovirus,
Cucumber mosaic cucumovirus, Alfalfa mosaic
alfamovirus v Potato Y potyvirus. B pesynbTate
CUCTEMHOIr0 MOHMUTOPUHIA onpejesieHa YacToTa
BCTPEYaeMoCTU A5l 7 BUPYCOB.

KntoueBble cnosa: Syringa L., RGB, NDVI, PRI,

GUTOBUPYChI, MOHUTOPUHT, BUAOBOW COCTAB,
aflanTUBHOCTb
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The article discusses the issues of assessing

the prospects for detecting latent viral

infection for monitoring viral pathogens

using digital processing of images obtained by
an optical digital camera and hyperspectral
images. Information on 13 types of viruses

that have been registered in some regions
where Syringa L. grows is provided. Data on the
species composition of Syringa viruses in the
ecosystems of the Main Botanical Garden and
the Moscow region and their symptoms are
described. Based on the virological examination,
specialized pathogens Lilac ring mottle ilarvirus
(LRMV), Lilac leaf chlorosis ilarvirus (LLCV), as
well as Carnation mottle carmovirus, Cucumber
mosaic cucumovirus, Alfalfa mosaic alfamovirus
and Potato Y potyvirus, which are not typical
for lilacs, were diagnosed on lilac. As a result of
system monitoring, the frequency of occurrence
of seven viruses was determined.
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BBEAEHWE

Hawubosbliiee pacripocTpaHeHue AJIs 03e/leHeHHS TOpo-
IIOB 3aBOE€BaJIa BBICOKOJEKOpaTHBHAasE CUPeHb 0OBIKHO-
BeHHas Syringa vulgdris L., mposiBisiromasi obuIbHOe
LBeTeHUEe B TedeHHe 3-4 Hele/lb B 3aBHCUMOCTH OT
COpPTa M KIMMAaTH4YeCKHX YCIOBHH. [IJIs1 COXpaHeHHUS
LIeHHBIX TEeHOTHMIIOB MCIIO/NB3YIOT [eHJpoJioruye-
CKHe KOJUIeKIJMOHHBIe Y4acTKH, KOJUIeKIUH in vitro
Y1 MeTOOHKY KPUOCOXPaHeHHUS.

B OTKpBITOM IpPYHTe pacTeHHsI CUPEeHH CTaJIKHUBa-
IOTCSA C IIMPOKHUM KPYTOM IIaTOT@HHBIX OPraHH3MOB.
OcobeHHO TPYAHO CIIPAaBUTBHCS C IOCAeACTBHSIMH
3apaskeHHs QUTOIIa3MaMM, BHpPyCaMU H BHPO-
ugaMmu. KadyeCcTBeHHBble METOMbI I/IH,III/IBI/I,ILya)'IbHOI;I
OUArHOCTUKU C IpUMeHeHHeM HMMYHOpepMeHT-
HOTO aHa/iu3a, MetomoB IIIP M Jaske CeKBeHHPOBa-
HUS JOBOJIBHO JOPOTH U He BCerfa JAIOT afleKBaTHBIH
OTBET O TOM, KAKMM MMEHHO BHPYCOM 3apaskeHO pac-
TeHHe. Pa3HooOpasue >Ke BHPYCOB, ITOBPeKIAIOIIMX
pacTeHus, TOBOJIBHO BEJIMKO. MeXXay TeM, H3ydeHUe
[aToreHesa BUPYCOB I10Ka3bIBAET, YTO OHH BhI3BIBAIOT
M3MeHeHHUsI B COCTaBe XJIOpPOQHIIJIOB, KaPOTHHOUIOB
M AaHTOLIMAHOB.

B Hacrosmer paboTe MBI IIPEAIIONIOKH/IM, UTO
BUDYCHasi MHQEKUHSA NO/DKHA ITPOSBIATBHCA B H3Me-
HeHUH OKPaCKH, IPU HHCTPYMEHTA/JIbHOM aHajH3e
doTor300pasKEHU U H300paskeHHH, I10J1yUYeHHBIX
THUIePCIeKTPaIbHON KaMepor. MBI JeMOHCTpHUPyeM
pasnuuus B COCTaBe IIMTMEHTOB B JIMCTBAX C YeTKO
UAeHTUQUIIMPOBAHHBIM BHUPYCHBIM IIOBPeXIEHHEeM
U BIIepBble COOOLIaeM O TOM, YTO Pa3jIH4Us B 3eje-
HOM YaCTH TaKUX JIMUCTbEB MOTYT IIPeACTABIISATh OO0
CyILIeCTBeHHBIN MTOTeHLMA sl pa3paboTKU MeTOmoB
OIITHYeCKOr0 MHCTPYMEHTA/IbHOIO MOHUTOPHUHTIA.

MATEPUAJIbl U METO/bl

HccmemoBaHue IPOBOAUIOCE HA TEPPUTOPHM KapaH-
THHHOIO y4aCTKa OTAe/la 3alUMThl pacTeHHUMN [1aB-
Horo boranuueckoro Cazma PAH (I'BC PAH), r. MockBsa.
TecTHpoBaHHEe IIPOBOAUIOCH METOLOM HMMYHOdep-
MeHTHoro aHanusa (JAC-M®A Ha ocHoBe CTaHZApT-
HOM MeTOJHKH) C UCII0Tb30BaHeM Habopa Kit Neogen
Europe Ltd. OnTH4YecKyIO IUIOTHOCTb ITPOJIYKTA OKHC-
JIeHUSI OIpefe/si/Ii C IIOMOIIBI0 MMMYHOpepMeHT-
Horo aHanu3aTopa AM2P-01 YHUITJIAH TM.

Iina OT-TILP Bupyca XJIOpo3a JIHCTheB CHPEHHU
(LLCV) ucnones3oBaiu PHK, BBIIE/IEHHYIO M3 JIMCTheB
CHPEHH C IOMOINbI0 Habopa MarHUTHBIX YaCTHI]
PhytoSorb (CumuTon). Hcmonp3oBanu IIpariMepsl

=

The most widespread for urban landscaping is the
highly decorative common lilac Syringa vulgdris L.,
which blooms abundantly for 3-4 weeks depending
on the variety and climatic conditions. To preserve
valuable genotypes, dendrological collection sites, in
vitro collections and cryopreservation techniques are
used. When grown outdoors, lilac plants are exposed
to a wide range of pathogenic organisms. It is espe-
cially difficult to cope with the consequences of infec-
tion by phytoplasmas, viruses and viroids. Qualita-
tive methods of individual diagnostics using enzyme
immunoassay, PCR methods and even sequencing
are quite expensive and do not always provide an
adequate answer about what kind of virus the plant
is infected with. The diversity of viruses that dam-
age plants is quite large. Meanwhile, the study of the
pathogenesis of viruses shows that they cause changes
in the composition of chlorophylls, carotenoids and
anthocyanins.

In this work, we hypothesized that viral infec-
tion should be manifested by a change in color, dur-
ing instrumental analysis of photographic images
and images obtained by a hyperspectral camera. We
demonstrate differences in pigment composition in
leaves with clearly identified viral damage and report
for the first time that differences in the green part of
such leaves may represent significant potential for
the development of optical instrumental monitoring
methods.

MATERIALS AND METHODS

The study was conducted in the quarantine area of
the Plant Protection Laboratory of the N.V.Tsitsin
Main Botanical Garden of the Russian Academy of Sci-
ences (MBG RAS), Moscow. Testing was performed by
enzyme-linked immunosorbent assay (ELISA based on
standard methodology) using the Kit Neogen Europe
Ltd. The optical density of the oxidation product was
determined using the AIER-01 UNIPLAN TM enzyme
immunoassay analyzer.

For RT-PCR of lilac leaf chlorosis virus (LLCV), RNA
isolated from lilac leaves using the PhytoSorb mag-
netic particle kit (Synthol) was used. Primers to con-
servative regions of the Ilarvirus (Lilac Leaf Chlorosis
Virus - LLCV) transport protein were used. IlaCPF:
5’-gcaatcgaacggagctagtg-3’ IlaCPF: 5’-cacaaagctga-
cagaaggca-3’. The reaction products were separated by
electrophoresis in 1% agarose gel.

HSI (hyperspectral imaging) data were obtained
using the hyperspectral camera of the Syner-
gotron M.Ck (hyperspectral research module). Image
analysis of LLCV-damaged leaves was carried out at
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K KOHCepBaTHUBHBIM Yy4YacTKaM TPaHCIOPTHOTIO
6enka Bupyca Ilarvirus (Lilac Leaf Chlorosis Virus -
LLCV). IlaCPF: 5'-gcaatcgaacggagctagtg-3' IlaCPF:
5'-cacaaagctgacagaaggca-3'. IIpooyKThl peakUHH pas-
JleJISIIA 371IeKTpodope3oM B 1% arapo3sHom rese.

HSI maHHBIe OBLIH II0JIyY€HBI C IIOMOIIbIO T'HIIEP-
CIIeKTpaJIbHON KaMmepbl CHHeprorpoHa M.I'K (Momymib
CHITepCIIeKTPAIbHBIX UCCIeNOBAaHKE). [IpoBelieH aHa-
K3 M300pKEeHHUI B TOUKax IIocilemyromero orbopa
npob mus  CHeKTPOoOTOMETPHUUYECKOTO aHaIH3a
JTUCTBEB, IIOBPEXAEHHBIX BHpycoM LLCV. s obpa-
60TKM CHHMKOB HCIIONB30BAICI UHAEKC GOTOXUMU-
YeCcKoM oTpaskaTenpHOM criocobHoctH (PRI) [1] 1 Hop-
Ma/IM30BaHHBIN BereTallMOHHBIE HHAeKC (NDVI) [2].
Obmas popmyna:

Hupexc=(pAl-pA2)/(pAl+pA2)

PRI=(p531-p570)/(p53L+p570)

NDVI=(p800-p680)/(p800 +p680)

T'me A o603HauaeT KOHKPETHBIE AJIMHBL BOTH, p 060-
3HavaeT KO3QOUIIMeHT OTpakeHUs, a Lubpel 1 u 2
0003HAYaIOT pasHble IJIMHBI BOITH. 3HAUYeHHUS HUHIEK-
COB BapbUpYIOTCS OT -1 Ao 1. [lMama3oH 3HaueHUH
uHaekca PRI ot -0,2 go 0,2, muamasoH 3HayeHUH
uHgekca NDVI ot 0,5 mo 0,95.

NDVI roMoraet jayvile OTAeNATh GOH U BBISIBIISET
BhIpaskeHHbIe oYard nHdexkuuu. NDVI, B mepByio oue-
penb, 4YyBCTBUTeNIEH K CofiepkaHMIo xjaopoduiiia [3].
Hupexc PRI gaeT BO3MOXKHOCTE OIpene/saTh IIopaske-
HUS JIMCTa Ha Oojlee paHHHX 3Tallax, OH YyBCTBHUTeE-
JIeH K HM3MeHeHHSM B KapOTHHOMAHBIX ITMTMeHTax
U TI0JIe3eH s OLleHKU 3QPeKTUBHOCTU GOTOCUHTE3A
U CTpecca y pacTeHHUH.

CHUMKM IonydeHbl RCB KaMepol ¢ MaTpHulleH
Imx 415 Sony 8.0 Mmn. Hcronb3oBajsachk IIBeTOBas
mogmens HSV (Hue, Saturation, Brightness), roe Bce
LIBeTa BHUAKMMOIO CIIeKTpa MOXKHO OIIHMCAaTh 3Haue-
HHeM LIBeTOBOI'0 TOHA B Ipenenax 0-360° mIs IoCTpo-
€HHS KOPpedaLiMU IIOoKasaTess ILBeTa CO 3HaUeHHeM
xjopoduiia [4].

PE3YJ/IbTATDbI

Ha cerogHSIHUN OeHb M3BeCTHO 13 THUIIOB BHPYCOB,
[IOPLKAIKUX CHPeHb, OTHOCAIIUXCA K 6 ceMem-
ctBaM [5]. B cupeHHU ObUIM BBHISIBJIEHBl TaKHe I1aTO-
reHbl, KaK BHPYC Kpam4aTocTd Bsiza (EMoV), BupyC
Mo3aMKH apabuca (ArMV), BHpPyC CKPy4YHBaHHUS
nucteeB BUMmIHU (CLRV), BUPYC KOJBLIEBOM Kpall-
yaTocTu cupeHd (LRMV), BHpyC UepHOro Kojbliad
Tomata (ToBRV), BHpPyC KYyCTHCTOIO OIJIyIIeHHS
tomata (ToBSV), Bupyc Mo3aumku Tomarta (ToMV),
BHUPYC TabauHOI Mo3auku (TMV), BUpYC IUTyCTpyMa
A (LVA), Bupyc xJopo3a IuCTbeB cupeHH (LLCV). [lig
BHpyca Kpam4daTocTy cupeHH (LMoV), BUpyca Kojblie-
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subsequent sampling points for spectrophotometric
analysis. To process the images the photochemical
reflectance index (PRI) [1] and the normalized vegeta-
tion index (NDVI) [2] were used. The general formula
for both indices is:

Index =(pAL-pA2)/ (pAL+pA2)

PRI =(p531-p570)/ (p531+ p570)

NDVI=(p800-p680)/(p800 +p680)

Where A denotes specific wavelengths, p denotes
the reflectance, and the numbers 1 and 2 denote
the different wavelengths. The values of both indi-
ces vary from -1 to 1. The range of PRI index values
is from -0.2 to 0.2, the range of NDVI index values
is from 0.5 to 0.95.

NDVI helps to better separate the background and
reveal pronounced foci of infection. NDVI is primar-
ily sensitive to chlorophyll content [3]. The PRI index
allows earlier detection of leaf damages, is sensitive
to changes in carotenoid pigments, and is useful
for assessing photosynthetic efficiency and stress in
plants.

The images were taken with an RGB camera with
an Imx 415 Sony 8.0 MP matrix. The HSV (Hue, Satu-
ration, Brightness) color model was used, where all
colors of the visible spectrum can be described by the
hue value within the range of 0-360°, to construct
a correlation of the color index with the chlorophyll
value [4].

RESULTS

To date, 13 types of viruses are known that affect lilacs,
belonging to six families [5]. The following patho-
gens have been identified in lilac: elm mottle virus
(EMoV), arabis mosaic virus (ArMV), cherry leafroll
virus (CLRV), lilac ringspot virus (LRMV), tomato
black ring virus (ToBRV), tomato bushy stun virus
(ToBSV), tomato mosaic virus (ToMV), tobacco mosaic
virus (TMV), ligustrum virus A (LVA), lilac leaf chlo-
rosis virus (LLCV). For lilac mottle virus (LMoV), lilac
ringspot virus (LRSV) and lilac chlorotic leaf spot virus
(LCLV), data are limited [5; 6].

As a result of systematic monitoring of lilac plant-
ings in the Main Botanical Garden and Moscow Region,
pathogens of viral etiology that are not typical for lilac
culture have become widespread [7]. In the tested
Syringa populations, we recorded a variety of symp-
toms characteristic of the phenotypic manifestation of
viral diseases: chlorosis, ring spotting, linear pattern,
mosaic, lightening of veins, necrosis, mottling, and
various types of deformation. Symptoms appear in
early spring and are extremely varied and change dur-
ing the growing season. The most common and char-
acteristic signs of the viral manifestation on lilacs are
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BOM IATHUCTOCTH cupeHH (LRSV) 1 BHpyca X/JI10pOTH-
YeCKOH IISITHHUCTOCTH NUCTheB cupeHU (LCLV) naHHBIE
orpaHHYeHH [5, 6].

B pesynbTaTe CHCTeMaTH4YeCKOTO MOHHUTOPHHIA
B mocaakax cupeHU B I'BC M MOCKOBCKOM obnacrtu,
IIMPOKOe PACIPOCTPaHeHUe IOYIUIN BO36yIUTenH
BUPYCHOM STHOJIOTHUH, HexapaKTepHble MJIsI KYJb-
TypEl CHUpeHH [7]. B HcClIeloBaHHBIX IMOMYISLUIX
Syringa Hamu 3adHUKCHPOBAHBI pa3HOOOpa3HBIe CHM-
IITOMBI, XapaKTepHble Iy (GEeHOTHIIMYeCKOro IIPOo-
SIBIEHUSI BUPYCHBIX 3a60/I€BaHHUI: XJIOPO3, KOJIblLie-
Bas MSATHHUCTOCTb, JTHUHEMHBIM PHUCYHOK, MO3aHKa,
OCBeT/IeHHe >KHUJIOK, HeKpOo3, KpaIlyaTocTb KU pas-
JMUYHBle BUAB OedopMalvu. CHUMIITOMBL IIOSIBJISI-
I0TCSI paHHe! BeCHOM U Upe3BbIYakiHO pa3HOOOPa3HBI,
HM3MEHSIOTCS B TeueHHe BereTallMOHHOIO IIepHOAa.
Hanbornee pacrnpocTpaHeHHBIMH M XapaKTePHBIMH
NpPHU3HAaKaMHU IIPOSIBI€HHUS BHPYCOB Ha CHPEHH
ABJAIOTCS Pa3/MYHble BHUABL MO3aHKH, L7 KOTO-
PBIX XapaKTepHO U3MeHeHHe OKPaCKH JIUCTbeB (LIBET-
KoB). Hampumep, 3T0 MOTYT OBITh MeJIKHE >KeJThble
[ISITHA, KOTOphle IIOCTeIleHHO CIMBAIOTCA. Mo3aHka
MOKeT OTPaHMUYHBAThCAd OTHEJIBHBIMH YYaCTKaMH
WJIM IIOKPBIBaTb BeChb JHCT, HAIlOMHHAas MpaMop-
HOCTb. BesIbli PUCYHOK YacTO COIIPOBOKAAETCS CHUIIb-
HBIM XJIOPO30M. JIUCTBbSI MOTYT CTaTh IIOYTH 6ebIMU
C OTHe/NbHBIMHU 3eJIeHbIMH Yy4YacTKaMH. Mo3auka
MOSKET IIPOSIBIATLCS M Ha MOJIOJBIX JIUCThIX B BUIE
CBETJ/IBIX, PA3MBITBIX IATeH MeXKIy >KUIKaMH. Kpam-
YaTOCTh Ha CHPeHH BCTpPedaeTcs AOBOJBHO 4acTo,
HO CHUMIITOMBl OOBIYHO HEYeTKO BBIPasKeHbl. OHU
IIOSIBJISIIOTCSL BeCHOM, BUIHBI B TedueHHe [BYX-Tpex
Hele/lb. XapaKTepHBIM IIPOSB/IeHHEeM HeKOTOPBIX
BUPYCOB sIB/IsieTCs obpa3oBaHMe Kojell, IIOTyKoJel]
U MATeH, KOTOphle BIIOCIAeACTBMH MOTIYT HeKPOTH3M-
poBaThcsi. O6BIYHO MMeeT MeCTO KOMIUIEKCHOe 3apa-
JKeHHe, B pe3ysbTaTe KOTOPOro BHEIIHHe IIPU3HAKHU
MOIUOULHUPYIOTCS. [IposiBlIeHHe OJHMHAKOBBIX BHUPY-
COB Ha Pa3HBIX COPTax WU BHUAAX CHPEHH MOXKeT pas-
JIMYaThCsl, TOTAA KaK BHPYCBHl Pa3sHbIX BH0B MOTYT
BBI3BIBATh CXOKHe QeHOTHIIMYecKHe IIpHU3HaKHU
UM UX 371eMeHThl. HanmpuMmep, kpome ArMV, CLRV,
EMoV (puc. 1), HaMH AHUAarHOCTUPOBAHBlI Ha CHPEHU
Crelnyaau3vpoBanHble BHpPychl LRMoV u LLCV.
A TaKcKe, IIOMHMO Y>Ke U3BeCTHBIX, HOBbIe M HeobbId-
Hble BUPYC KpPaIT4aToCTH IBo3guKku (CarMoV), BUpycC
Mo3auKku orypua (CMV), BUpPYC MO3auKH JIIOL€PHBI
(AMV) u Bupyc kapTodens «Y» (PVY). LLCV Tarke
OBLTT BIIEpBbIe 3apeTHCTPUPOBAH B MOCKOBCKOM 0671a-
¢ty Poccuu ¢ mcronb3oBaHueMm mertona IIIP. Bupyc
[IOJIy4YMJI IIHMPOKOe PaCIpPOCTPaHEeHHEe B MOJIOABIX
[I0CaIKaX TOpoJa. B Ko/IeKIUY CUPeHH U B JPYrUX
skocrcTeMax [BC Bupyc He o6HapysKeH.

various types of mosaic, which are characterized by
a change in the color of the leaves (flowers). For exam-
ple, these may be small yellow spots that gradually
merge. The mosaic can be limited to individual areas
or cover the entire leaf, reminiscent of marbling. The
white pattern is often accompanied by severe chloro-
sis. Leaves may become almost white with occasional
green areas. Mosaic can also appear on young leaves
as light, blurred spots between the veins. Mottling
on lilacs is quite common, but symptoms are usually
vague. They appear in the spring and are visible for
two to three weeks. A characteristic manifestation of
some viruses is the formation of rings, semi-rings and
spots, which can subsequently become necrotic. Usu-
ally a complex infection occurs, as a result of which
the external signs are modified. The manifestation of
the same viruses on different varieties and species of
lilac may vary, while viruses of different species may
cause similar phenotypic traits or their elements. For
example, in addition to ArMV, CLRV, EMoV (Figure 1),
the specialized viruses LRMoV and LLCV on lilac were
diagnosed. And also, in addition to the already known
ones, new and unusual viruses: carnation mottle
virus (CarMoV), cucumber mosaic virus (CMV), alfalfa
mosaic virus (AMV) and potato virus “Y” (PVY) were
detected. LLCV was also first registered in the Moscow
region using the PCR method. The virus has become
widespread in the city’s young plantings. The virus
was not detected in the lilac collection or in other GBS
ecosystems.

To evaluate the sampled leaves the spectral analy-
sis methods were applied. In this case, areas with
a green color (point 1), areas with signs of chlorosis
(point 2) and areas with less pronounced or borderline
damage (point 3) were analyzed for the quantitative
content of pigments (chlorophylls a, b and carot-
enoids). At the sampling sites, an analysis of the color
characteristics of the red, green and blue (RGB) spec-
trum indicators was carried out, as well as the calcula-
tion of H °, after which a correlation analysis of the
entire volume of data was carried out and selectively
for the data obtained in zones without damage, with
chlorosis and intermediate (see Table).

The revealed correlation is valid for values greater
than |0.7]. The obtained data demonstrate the possibil-
ity of analyzing damage to photosynthesis in infected
plants specifically by the undamaged part of the
leaves, where a correlation between the expression of
the RGB color parameters and chlorophyll a was found.
A correlation was also found between carotenoid con-
tent and blue range digital values.

For hyperspectral analysis, samples were taken
from lilac bushes that had characteristic manifesta-
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Puc. 1. BHewHue cumnmombl nposiéAeHus 8UpYyco8 U mo4KU ombopa npob 0451 cnekmpogpomomempuyeckoz2o onpedeneHus
06pasuoe U oueHKU onmu4eckux 3Ha4eHuli RGB (red, green, blue): a) — Arabis mosaic virus; b) - Cherry leaf roll virus; c) - Lilac
leaf chlorosis virus; d) - Lilac ring mottle virus; e) - Tobacco mosaic virus; f) - Tomato mosaic virus; g) - Carnation mottle virus;
h) - Elm mottle virus; i) - Lilac ring mottle virus + Tobacco mosaic virus (Kpy>Kkamu ommedeHbl Mecma 83s5mus npo6)

Fig. 1. External symptoms of virus manifestation and sampling points for spectrophotometric determination of samples and
evaluation of RGB (red, green, blue) optical values: a) — Arabis mosaic virus; b) - Cherry leaf roll virus; c) - Lilac leaf chlorosis
virus; d) - Lilac ring mottle virus; ) — Tobacco mosaic virus; f) - Tomato mosaic virus; g) — Carnation mottle virus; h) - ElIm mottle
virus; i) - Lilac ring mottle virus + Tobacco mosaic virus (the circles indicate the sampling locations)
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CreKTpaJibHBle MeETOABl aHaaH3a OBUIM IIpH-
MeHeHBl [JIs OLleHKH OTOOPaHHBIX JTHUCTheB. IIpu
35TOM Y4YacTKH, HMMeIoIHe 3eleHyl OKpPacKy
(Touka 1), y4acTKH, KMMeBIIHe NPHU3HAKH XJIOPO3a
(TOo4Ka 2), ¥ y4aCTKH, HUMeBIIHe MeHee BEIpaskeHHbIe
WM IOUPaHUYHBle IOBPeXAeHHUs (Touka 3), aHa-
JTU3UPOBAIM Ha IpeIMeT KOJIHYeCTBEHHOIO COZIep-
SKaHUSI ITUTMEHTOB (X0podH/IIOB a, 6 U KapOTHHO-
unoB). B Mectax orbopa mpob NpOBOSUIN aHAIH3
I[BETOBBIX XaPaKTePUCTHUK II0Ka3aTelel KPacHOTO,
3eneHoro u ronyboro crmekrpa RGB, a Takke pac-
4yeT H°, mocsie yero 6511 IpoBefieH KOPpesLiOHHbII
aHaIu3 Bcero o6beMa AAHHBIX U BBIGOPOYHO JJ1sI AAH-
HBIX, IIOJIyYeHHBIX B 30HaX 6e3 MOBpeXXIeHUH, 30HaX
C XJIOPO30M M ITPOMEKYTOUHBIX 30HAX (CM. TabI.).

BeIsIBlIeHHAst KOPpensIusl HeHCTBHUTeNIbHA IIPU
3HaueHusx 6osee |0,7|. ITonydeH-
Hble [JaHHBle [IeMOHCTPUPYIOT
BO3MOXXHOCTb aHa/lIH3a II0BPEeXK-
meHUsT GOTOCHHTe3a y 3apaskeH-
HBIX PacTeHHUHM HMeHHO II0 HeIrlo-
BPeXKIeHHOM YaCTH JIUCTLEB, e
6pl1a  BBISIBIEHA KOPPeIsiLus
BBIPa’KEHHOCTH I[BETOBBIX I1apa-
MmeTpoB RGB M xjopoduuna a.
Taxke 6bLTa ObHapyskeHa Koppe-
JSILMS COJEPsKaHHUsl KapPOTHHOH-
IOB U IUPOBBIX 3HAUEHHUH TOTY-
6oro guarmasoHa.

JIJIsT THUIIepCIIeKTPAJIBHOTO aHa-
nu3a orobpanu obpasisl ¢ KycTap-
HHUKOB CHPEHHM, HUMeBIIHUX Xapak-
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tions of chlorosis in varying degrees of severity and
which were probably infected with several viruses. In
further work, the samples that had confirmed Lilac
Leaf Chlorosis Virus (LLCV) infection were used (Fig. 2).
Thus, six samples were selected for further analysis.

The obtained data indicate the possibility of using
the Synergotron M.Gk hyperspectral camera for moni-
toring and analysis of viral pathogens. A comparative
analysis should be carried out at 3-4 points that will
characterize the development of infection (Fig. 3).

We consider the use of the PRI index to be more
promising, since the leaf damage zones were not obvi-
ous when using NDVI.

The results confirm that the use of hyperspectral
images can significantly facilitate the work of plant
pathologists and be used both for monitoring the con-

Ta6nuua. Tennosas kapTa KO3GOUUMEHTOB KOPPeNsLMA NS U3MepPeH-

HbIX 3Ha4eHMn RGB 1 NokasaHWi M3MepeHmnin MMrMeHTOB B y4acTKax anMcTa
cornacHo puc. 1. CyMMapHO no Toukam 1, 2, 3, cymMapHo no Todkam 1 (nnuctosas
NAacTMHA XapaKTepHOM OKPACKK), TOUYKaM 2 (MMCTOBAA NAaCTMHA, MMeloLwas
ABHbIE NoBpexaeHMa (x10p03)), ToukaM 3 (IMcToBas NNacT1Ha, MMeroLLas
MorpaHUYHbIe MOBPEXAEHMSA C OCTaTKaMM 3e/IEHOT0 NMUTMEHTA)

Table. Heat map of the correlation coefficients for the measured RGB values
and the readings of pigment measurements in the leaf areas according to Fig. 3.
Total for pointsT, 2, 3, total for points 1 (leaf blade of characteristic color),

points 2 (leaf blade with obvious damage (chlorosis)), points 3 (leaf blade with
border damage with green pigment residues)

TepHble IIpPOSBJIEHHUS XJ0po3a
B Pa3sHOM CTeleHHU BhIPAsKeHHO-

CTH, U KOTOpHIe, BEPOSITHO, OBUIH

34pa’KeHbl HECKOJIbKHMMH BHDPY-

caMu. B manpHemmel pabote MBI

HCIIOJIb30Ba/IHA O6p8.3LII>I, Yy KOTO- CLE L T

Cchla, mg/g

PBIX MMeJach IOATBepPKAeHHAs Cchlb, mg/g

Cchlb, mg/g

vunpexuus Lilac Leaf Chlorosis

1 C(Car),
Virus - LLCV (puc. 2). TakuM (Can), mg/g

C(Car), mg/g

obpasom, [ HANbHEHINero aHa-
nu3a 6s110 0TO6paHO 6 06pa3IIOB.
[lony4eHHble [JAHHBIE CBU-

HAEeTeJIbCTBYIOT (o] BO3MO>KHO-

CTH  HCIIOJNb30BAaHUSL  THUIIep-
CIIeKTpaJbHOM KaMephl

CuneprorpoHa M.TK a1 MOHH- He

TOPDUHIA M aHa/JK3a BUPYCHBIX
Cchla, mg/g

Cchla, mg/g

IIaTOIreHOB. CJ'IE,ELYET IIPpOBO-

IOUTH CPAaBHUTE/IBHBIN aHAIU3 II0 Cchlb, mg/g

Cchlb, mg/g

3-4 TouKkaM, KOTOpble 6yAyT Xapak-

C(Car), mg/g

C(Car), mg/g

TepH30BaTh Pa3BUTHe HHOEKLIHHU
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Fig. 2. PCR identification of viral nucleic acid: MR — molecular weight markers (100+ bp DNA Ladder; a) 1-8 accessions (images
of LLCV-infected leaves obtained by overlaying a heat map of the NDVI index (b-k). The first row of images displays the area in
the range from 0.5 to 0.95 (b, c, d, e), showing both diseased and healthy areas. In the first case, the images demonstrate areas
in leaves with an index from 0.5 to 0.75 (f, i). In the second case, the index from 0.75 to 0.95 (h, i), the figure shows healthy areas
in leaves
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Puc. 3. Vicnoab3osaHue PRI 0as aHanu3a u3obpaxkeHull AUCMbes UHUULPOBAHHbIX
supycom LLCV, noay4eHHbIX Npu UCN0Ab308dHUU 2UNEPCNeKmMpanbHol Kamepbi:

Ha 2paduke 1-A u 2-A 0603Ha4eHbl 0AUHbI 80/AH, UCN0Ab308AHHbIX 048 PRI; 3-A u 4-A
o4epedb OAUHbI 80AH, UcnoAb3yemblx 0ns NDVI; Ha 2paduke B — pacnpedeneHue
KoAuYecmaa nukceAell Ha U306PAXKeHUU NPU HAAOXKeHUU uHdekca PRI (8udHo, Ymo
NUK KoAUuYecmea npuxodumcsl Ha HyAesoe 3HaueHue UHAeKca); u306paskeHus 00H020
Aucma (C, D, E) ¢ HanoxkeHHoli Ha Hezo menaosoli kapmoli uHdekca PRI; pucyHok F -
OpU2UHAAbHOE U306pa>KeHue AUCMA C 8bI0eAEHHbIMU HA HeM 30HaMU UHmepeca

Fig. 3. Using PRI to analyze images of LLCV-infected leaves obtained with a hyperspec-
tral camera. Graphs 1-A and 2-A show the wavelengths used for PRI; 3-A and 4-A are the
wavelengths used for NDVI. Graph B shows the distribution of pixel counts in the image
with the PRI index superimposed, showing that the peak of the count occurs at the zero
index value. Images of a single leaf (C, D, E) with the PRI heat map superimposed on it.

: -

f) Figure F is the original leaf image with the areas of interest highlighted on it

(pI/IC. 3). Ucmonp3oBaHue HUHAeKca PRI MBI cuUTaeM
6osee MEpCIEeKTHBHBIM, TaK KaK 30HBI IIOBpPeXK7e-
HUS JIMCTa OBUIM HEeSIBHBIMHM IIPH HCIIO/NIb30BaHHU
NDVI.

Pe3ynbTaThl MHOATBEPXKAAKOT, YTO MpPHMeHeHHe
THIIePCIIeKTPaJIbHBIX CHUMKOB MOXKeT 3Ha4YHTeIbHO
obimerdyuth PpaboTy GUTONATONOrOB U HCIIONIB30-
BaThCS KaK [AjI1 MOHHTOPHUHIA COCTOSAHUS HaCaXKae-
HHI, TaK U A1 BBIOPAKOBKU I10CAJOUHOIO MaTepH-
aj7la B IMTOMHHKKAX Pa3MHOXEHHS, a TaKKe MOXKeT

dition of plantings and for culling planting material
in propagation nurseries, as well as preventing the
placement of infected material in collection banks for
invitro clonal micropropagation.

DISCUSSION

The genus Syringa L. (Oleaceae) includes many intra-
specific and interspecific varieties, the number of
which reaches 2300. Lilac is one of the most common
shrubs for landscaping in the world, including both
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IIPeOTBPATUTh 3aKIaAKy 3apaskeHHOIO MaTepHasa
B KOJJIEKLIMOHHBIE 6aHKU [JIsI KIIOHAJIBHOTO MHKPO-
Pa3MHOXKeHHS in vitro.

OBCY>XXAEHUE

Pop Syringa L. (ceMelcTBO MaciauuHble) BKIIOYaeT
MHOYKEeCTBO BHYTPHUBU/OBBIX U MEXKBHUIOBbIX COPTOB,
KOJIMYECTBO KOTOPhIX mocturaetr 2300. CupeHb -
OJHH M3 CaMBIX PaCIpPOCTPaHEHHBIX KYCTapHUKOB
/s O3e/leHeHUs MHpA, BKIOYasg KaK CeBepHhIe,
TaK U IOKHbIE PeruoHBl. IJTO JeKOpaTHBHOe pac-
TeHHEe TaKKe SBJISeTCS MCTOYHMKOM MHOTHX IIpU-
POOHBIX QUTOXMMHUYECKUX U PapMaKOJIOTHUYEeCKHUX
coenrHeHUH [8]. CHUpeHb SBJISETCS BereTaTHBHO-
Pa3sMHOXaeMOM Ky/IbTYpPoH, II03TOMYy Heobxoguma
BBIOpAaKOBKA 3apakeHHBIX 00paslLioB B HeHAPAPHUSIX
MU CO3[aHHe yCTOMYHMBBEIX KOJUIEKLIUH B KYJIBTYpax
invitro [9; 10].

BupycHBle IaTOTeHBI e MOHCTPUPYIOT CUCTEMHBIH
XapakTep MHQeKLHMH K 3apa’keHHOe pacTeHHe OCTa-
eTcs 60/IbHBIM Ha MPOTSKEHUH BCe CBOEH SKHU3HHU.
[Toka3aHO H3MeHeHHe BUO0BOTO COCTaBa BUPYCOB,
COOTHOIIEHUS U CTPYKTYPBl UX MOMY/ISALHMH, PAcIpo-
CTpaHeHHe HOBBIX MHQeKL KM, HeXapaKTepHBIX IJIS
KOHKPeTHOM Ky/AbTypHl [11].

[Tpy MOHHTOPHHIE BUPYCHBIX [IaTOT€HOB B IIOILY-
nauusax Syringan B TBC BbIABIeHO, 4TO Haubonee
3aMeTHOHM TeHJeHIMeH sBsgeTcs IpeobragaHue
BHUPYCOB C HIMPOKHM CIIEKTPOM PpacTeHHH-X03s5eB
(ToMV, CMV, ArMV) u crnenUQUUHBIX [/ APYTHX
Ce/IbCKOXO03SIMCTBeHHBIX KYIbTYp (AMV, CarMV, PVY,
EMoV). Ha cupeHHU Takke oOHapyskeHO BOCEMb aTH-
IIMYHBIX U [Ba CIelHaJU3HPOBAHHBIX [TaToreHa [6].
Haubonpmue mokasaTead 4YacTOThl BCTPeYaeMOCTH
B Ipenenax 55-70% obpa3noB ormedeHbl mist CMV,
Janee ciaenywoT ArMV, TMV, EMoV, PVY, CarMV
(45%, 43%, 37%, 28%, 13%). Hanuume LRMoV obHa-
PY>KeHO TONBKO B 7% 06pasLoB. BblIO BBHISICHEHO,
YTO B MONYIALMSAX Syringa IpPeHMMYIIecCTBeHHO pac-
IIPOCTPaHeHBl KOMIIIEKCHBIe 3a00/1eBaHHS, BBI3BAH-
Hble HEeCKOJABKHMMH BHpycaMH. MOHOHMHEKIIMI
obHapyskeHa TONMBKO Yy 40% MPOTECTHPOBAHHBIX
06pasoB. BHIOBOM IIOCTOSHHO TPaHCHOPMUPO-
Bascg. IIpu B3aMMOJEHNCTBUHU [ABYX U Oosee BUPY-
COB B OJHOM XO3siMHe IIOJaBJ/ISIONIas aKTHBHOCTb
OFHOIO M3 BHUPYCOB CIIOCOOHA OKa3bIBATh KOMILIE-
MeHTapHoOe [elCTBHe Ha BHPYCHl, BXOASLIKNE B KOM-
IJIeKC, X IPUBOAUTH K 3apakeHUIO0 PacTeHHs BCeM
HUX KOHIJIoMepaToM [12].

OCHOBHOI Ie/Ibl0 HAIIUX HCCAeOBaHUM OBLIO
M3Y4YUTb CIIeKTP BHPYCHBIX Bo30OyauTenen Syringa L.
CpaBHHUBas IOAy4YeHHbIe HM300paskeHHsI C HaTOXKeH-
HBIMH Ha HHX TeIlJIOBBIMH KapTaMH BblIILIeIlepedrc-
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northern and southern regions. This ornamental plant
is also a source of many natural phytochemical and
pharmacological compounds [8]. Lilac is a vegetatively
propagated crop, so it is necessary to cull infected
accessions in arboretums and create stable collections
invitro cultures [9; 10].

Viral pathogens demonstrate a systemic nature of
infection and the infected plant remains sick through-
out its life. Changes in the species composition of
viruses, the ratio and structure of their populations,
the spread of new infections that are not characteris-
tic of a particular plant are shown [11].

Monitoring of viral pathogens in Syringa populations
in the MBG revealed that the most noticeable trend is
the predominance of viruses with a wide host range
(ToMV, CMV, ArMV) and specific to other crops (AMY,
CarMV, PVY, EMoV). Eight atypical and two special-
ized viral pathogens were also found on lilac [6]. The
highest frequency rates within 55-70% of accessions
were noted for CMV, followed by ArMV, TMV, EMoV,
PVY, CarMV (45%, 43%, 37%, 28%, 13%). The presence
of LRMoV was detected in only 7% of accessions. It
was found that complex diseases caused by several
viruses are predominantly common in Syringa popu-
lations. Monoinfection was detected in only 40% of
the accessions tested. The species composition was
constantly transforming. When two or more viruses
interact in one host, the suppressive activity of one
of the viruses can have a complementary effect on the
viruses included in the complex and lead to infection
of the plant by their entire conglomerate [12].

The main objective of our research was to study
the spectrum of viral pathogens of Syringa L. Compar-
ing the obtained images with the superimposed heat
maps of the above indices, we can conclude that NDVI
helps to better separate the background (non-living
objects, on a painted field or on a sheet of paper), but
also helps with the definition of pronounced foci of
plant disease. NDVI is primarily sensitive to chloro-
phyll content and is widely used to estimate biomass,
leaf area index and total vegetation canopy [3]. At the
same time, the PRI index makes it possible to identify
diseases or leaf damage at early stages; it is sensitive
to changes in carotenoid content and responsive to
changes in photosynthesis and stress in plants.
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JIeHHBIX UHIEKCOB, MBI MOXKEM CIeJIaTh BBIBOJ, YTO
NDVI moMoraer jy4liie oTAeasITh GoH (He>kuBBIe 06b-
eKTHI, Ha OKpAIlleHHOM I10JIe M/IH Ha JTHUCTe Oymaru),
HO TaK>Ke IIOMOTaeT C oIlpefe/ieHreM SIPKO BhIpaskeH-
HBIX 04aroB 3aboeBaHus pacTeHUI. NDVI B mepByio
oyepesb YYBCTBUTEIEH K COLEPKaHHUI0 XJI0poduiia
M IIMPOKO HKCIIONB3yeTcsl AJIsl OLleHKHM OHOoMacchl,
HMHJeKCa I[OBEPXHOCTH JIHUCTbeB MU 0b6Iero pacTu-
TeJIHOTO IMOKpoBa [3]. B To >xe Bpems uHuekc PRI
IaeT BO3MOKHOCTb OIIpefeNHTh 3aboneBaHHEe HIH
IIOpaskeHHe JIMCTAa Ha PaHHHX 3TallaX, OH YYBCTBHU-
TeJIeH K U3MEeHEHHU M B COJepPKaHHUH KaPOTUHOH/IOB,
OT3BIBYMB Ha M3MeHeHHs QOTOCHMHTe3a U cTpecca
Y PacTeHHUH.
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