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BBEJEHUE

pubsI pozma Monilinia — ortacHbIe aTO-
TeHbI TIJIOMIOBBIX KyJbTyp. HambGoiiee
SKOHOMMYECKM 3HAUYMMBbIE IIPEICTa-
BuTenu popa — M. fructicola (Winter)
Honey, M. laxa (Aderh. & Ruhland)
Honey, M. fructigena (Pers.) Honey. I3 Hux Hauboyee
OTIACHBIM cuuTaeTcs M. fructicola — KapaHTUHHBIN IS
EBpasuiickoro sKOHOMUYeCKoro corsa (EAIC) 06beKT
[2]. Danubpili B npoHuk B EBpory u3 CeBepHOU AMe-
PUKH, TIIe TAKXKe SIBJISETCS BPEIOHOCHBIM BUIOM. KpyT
pPacTeHUM — X0351€B IAaTOre€HOB JIOCTATOUYHO IIMPOK —
OOJIBIIMHCTBO ILIOLOBLIX IEpPeBbeB ceMelicTBa Po30-
Bele (Rosaceae), OOHAKO BPEIOHOCHOCTb BUIOB pPas-
JIMYHA Ha pasHbIX KyJabTypax. Tak, M. laxa v M. fructicola
ITOPa’Kar0T B OCHOBHOM KOCTOYKOBBIE KYJIbTYPhI — pac-
Tenus poma Ciausa (Prunus), Takue Kak rmepcux (Prunus
persica), cnuBa (Prunus domestica), abpuxoc (Prunus
armeniaca), BUIIHS (Prunus cerasus), depeins (Prunus
avium), HeKTapuH (Prunus persica var. nucipersica), ajaprda
(Prunus cerasifera). M. fructigena Hanbojee BpeJOHOCHA
Ha CEMEUYKOBBIX KYJIbTypaX, TaKuUX Kak sg60Ha (Malus
domestica) v rpyma (Pyrus communis) [8].

OcobeHHOCTBIO M. fructicola SBISI€TCS TPOMOJI-
JKUTEJbHBIY IePUOJ, JIATEHTHOM NHQEKIIUH, KOTIa Ha
PaCTEHMU U IJIOHAX OTCYTCTBYIOT BUAVMbBIE CUMITTOMBI
TTOPakeHUs.

JaHHBIA BUJ, MPeICcTaBJseT 0OJbIIYI OMac-
HOCTbD JIJIs TLIOJOBBIX HACAXKAECHUM HAa TEPPUTOPUU

SCIENTIFIC RESEARCH

UDC 632.4.01/.08

Identification of fungi
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during phytosanitary
diagnosis
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Abstract. The article presents traditional, as well as
modern techniques of identification of fruit crop monili-
osis — fungi of the genus Monilinia — used in phytosanitary
diagnosis, such as conventional PCR, qPCR, and multiplex
PCR. The new MALDI-ToF MS mass spectrometry technique
is described, as well as techniques of latent pathogen infec-
tion detection.

Keywords. Moniliosis, Monilinia, brown rot, identifica-
tion, quarantine object, PCR, MALDI-ToF MS.

INTRODUCTION

ungi of genus Monilinia are dangerous patho-
gens of fruit crops. The most economically
important representatives of the genus are
M. fructicola (Winter) Honey, M. laxa (Aderh.
& Ruhland) Honey, M. fructigena (Pers.) Ho-
ney. The most dangerous of them is considered to be
M. fructicola, a quarantine object for the Eurasian Eco-
nomic Union (EAEU) [2]. This species has entered into
Europe from North America, where it is also a harm
species. The host plant range of pathogens is wide
enough — the majority of fruit trees of the Rosaceae
family, but the harmfulness of species differs on vari-
ous cultures. Thus, M. laxa and M. fructicola mainly af-
fect stone fruits — plants of the genus Prunus, such as
peach (Prunus persica), plum (Prunus domestica), apricot
(Prunus armeniaca), sour cherry (Prunus cerasus), cherry
(Prunus avium), nectarine (Prunus persica var. nucipersi-
ca), cherry plum (Prunus cerasifera). M. fructigena is the
most harmful to pome fruits, such as apple (Malus do-
mestica) and pear (Pyrus communis) [8].
The peculiarity of M. fructicola is a long period of
latent infection, when there are no visible symptoms
of lesions on the plant and fruit.
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Puc. 1. Konnguum Monilinia sp.  Fig. 1. Conidia of Monilinia sp.

(choto O.U. LyxuHa) (photo by D.I. Shukhin)

Poccutickoit defiepanyiu, mo3TOMy paHHee 06HapyKe-
HUe rpuba IBJseTCS BaXHeHel 3ajadeit mpu GuUTo-
CaHUTApPHOU JUArHOCTUKE.

TPAJUIIVOHHBIE METO/IbI
UJEHTU®UKALIUU

TpaguIlMOHHBIM METOAOM IPU MUKOJIOTMYECKUX HC-
CJIeIOBAHUSX SIBJISIETCSA METO], BJIaKHON KaMephl. CyThb
MEeTO/1a 3aKJIF0YAETCS B CO3aHUU ONTUMAaJIbHBIX YCJIO-
BUH BJIQKHOCTU M TEMIIEPATYPHI AJisg rprba B yalike
ITeTpu. YacTu pacTeHUH CTEPUIU3YIOT, ITPOMBIBAIOT
¥ MMOMENIAI0T Ha YBJAXXHEHHYI (DUIbTPOBAJIbHYIO
6yMmary B yaiku [IeTpu u MHKyOUPYIOT B TEPMOCTATE
5 cyTok rpu 23-25 °C [2]. [Ipu TTogBIeHUY XapaKTep-
HOTO CEpPOro ujau 6yporo Muieaus rpuba mpoBOAST
MUKPOCKOITMPOBaHue o6pasiia. JaHHbINd METO, IOCTa-
TOYHO IIPOCT B UCITOJIHEHUY, DKOHOMUYECKU TIPUEM-
JIEM U HaJIeXKEH IPU UAEHTUDUKAIIUY IO pPaHTa POjia,
IPY 3TOM UAEHTU(GUKAIIUS 0 BULA TPEOGYET BHICOKOM
KBaJIM(UKAIIMU CIIEIIUAJIVCTA U He SABJISIETCS HaJexX-
HOW, MOCKOJIBKY I'PUOBI poga Monilinia UMeIOT CXOIHbIE
MopdoJioruyeckye mpusHakuy (puc. 1).

Ilnsa 6oyee ToUHOM ueHTU(OUKAIIUY TPUOOB poza
Monilinia nprMeHseTCs KyJIbTypajlbHO-MOpQoornyie-
CKUI METOJ, C UCIT0JIb30BaHNEM CUHOIITUYECKOTO KJII0-
ya JletiHa [10]. JlaHHBIN MeTOJ, IT03BOJISIET Pa3IUvaTh
BUJIBI MEXIY COOOM, UCXOMST U3 KyJbTYPaJbHBIX TPHU-
3HAKOB. [IJI 9TOTO KycOUYeK 4-THEBHOU KOJIOHUU T'PU-
6a, BeIpallleHHOU Ha KapTo(eIbHO-TJII0OKO3HOM arape
(KTA) mpu 22 °C B TEMHOTE, TIOMEITAIOT Ha arapu30BaH-
Hy0 nuTaTesbHy0 cpeny (KI'A) B TpeXKpaTHOM! I0B-
TOPHOCTH, a 3aTeM MHKYOUPYIOT 1mpu 22 °C B TeueHUe
10 mHelt B ycnoBuUgx 12-4acoBOTO IIUKJIA OCBEIIEHYS.
3aTeM IPOBOIAT UAEHTU(MUKAIIMIO, NCXOII 13 7 Xapak-
TEPUCTUK KOJIOHUU:

1) BET KOJIOHUU: CePBIi (A), xKeThlH (B), KpeMo-
Bo-6eblit (C);

2) cCpemHuY AuaMeTp KOJOHUM: >80 MM — GBICTPbBIH
poct (D); 70-80 MM — cpepuuii poct (E); <70 MM —
MemIeHHbIH pocT (F);

This species is very danger-
ous for fruit plantations in the
Russian Federation, therefore,
early detection of the fungus is
the most important task in phy-
tosanitary diagnosis.

TRADITIONAL
IDENTIFICATION
TECHNIQUES

The traditional technique in my-
cological studies is the wet cham-
ber. The essence of the technique
is to create optimal humidity and
temperature conditions for the
fungus in a Petri dish. Parts of
plants are sterilized, washed and
placed on moistened filter paper
in Petri dishes and incubated in a
thermostat for 5 days at 23-25 °C
[2]. When the characteristic grey
or brown mycelium of the fungus
appears, the sample is micro-
scoped. This technique is simple
enough, affordable and reliable
for identification to genus level,
thus identification to species le-
vel requires high qualification of a specialist and is not
reliable, because fungi of genus Monilinia have similar
morphological characteristics (Fig. 1).

For more precise identification of fungi of the ge-
nus Monilinia, a cultural and morphological technique
with the Lane’s synoptic key is used [10]. This tech-
nique makes it possible to distinguish species from
each other based on their cultural characteristics. For
this purpose, a piece of a 4-day fungi colony grown
on potato dextrose agar (PDA) at 22 °C in the dark, is
placed on agarized nutrient medium (PDA) in a triple
repetition, and then incubated at 22 °C for 10 days in
a 12-hour lighting cycle. Then identification is made
based on 7 characteristics of the colony:

1) color of the colony: grey (A), yellow (B), cream-
white (C),

2) average diameter of the colony: >80 mm — rapid
growth (D); 70—80 mm — average growth (E); <70 mm —
slow growth (F),

3) sporulation: abundant sporulation (G), poor
sporulation (H),

4) concentric sporulation circles: present (I), ab-
sent (J),

5) colony margin (viewed from the bottom of the
dish): lobed margin is visible (K), margin is not lobed (L),

6) rosette (on top of the colony): mycelium has
clear lobes (or petals) similar to open rose petals (M),
none (N),

(7) dark arcs (from the bottom of the colony): dark
arcs or rings similar to rosette isolate (O), dark point
zones or brown arcs or rings (P), no arcs or rings are
visible (Q).

The resulting letters of the key make up a complex
of characteristics of the species:

M. fructicola: A, D, (E), G, I, (J), L, (M), N, (P), Q.
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3) cnopynsanus: obunbHOe criopoHoIinenue (G),
CKyZmHOe criopoHoinenue (H);

4) KOHIIEHTPUYECKUE KPYTY CIIOPYJISAIUN: TIPU-
cyTcTByIoT (I), oTCYyTCTBYIOT (J);

5) Kpa¥ KOoJOHUM (IIPOCMATPUBAIOT C HUXKHEM
CTOPOHBI YallIKW): BUJIEH JonlacTHOU kpau (K), kpai
He jontactHou (L);

6) PO3ETOYHOCTH (Ha BepXHEel CTOPOHE KOJIOHUMN):
MUIIEJUN MMeeT YeTKUe JIOMACTU (UK JelleCTKH),
IIOXO0KKE Ha PaCKPbIThIE JIeTIeCTKU Po3bl (M), TAKOIr0
get (N);

7) TeMHbIe nyTu (C HUKHEN CTOPOHBI KOJIOHUN):
BU/IHBI TEMHBIE IYTH WJIM KOJIbITa, TIOXOKKE Ha JIeTIECT-
KU1 po3eToYHOro nuzosaTta (0), TeMHbIe TOUEUHbIE 30HbI
60 KOPUYHEBBIE AYTH MU KoJiblla (P), OTCyTCTBUE
nyr unu kogiett (Q).

[TonyuyeHHbIE OYKBBI KJIHOUYa COCTABJISIOT KOM-
TJIEKC ITPU3HAKOB BUJA:

M. fructicola: A, D, (E), G, I, (J), L, M), N, (P), Q.

M. laxa: A, (C), (E),F, H, J, K, M, (N), O.

M. fructigena: B, (C), (D), E, (F), (G), H, (), J, L, N, Q.

d®oTorpadum KynbTyp rpuboB poma Monilinia
IIpeCcTaBJeHbl Ha PUC. 2.

CTOUT OTMETUTD, YTO BUBI poza Monilinia MOTYT
CHJIBHO BapbUPOBAaTh B 3aBUCUMOCTHU OT IITaMMa, KC-
X0 HOTO cybcTpaTa, IMOSTOMY JaHHBIE TIPU3HAKY He
JIaIOT CTOITPOIEHTHO TOYHOU UIEHTU(DUKAITAN.

M. laxa: A, (C), (E), F,H, J, K, M, (N), O.

M. fructigena: B, (C), (D), E, (F), (G), H, (1), J L, N, Q.

Photos of Monilinia fungal cultures are on Fig. 2.

It should be noted that species of the genus Moni-
linia can vary greatly depending on the strain, the ini-
tial substrate, so these characteristics do not provide
100% accurate identification.

MODERN IDENTIFICATION TECHNIQUES

Currently, the most accurate techniques for identifica-
tion of fungi of the genus Monilinia are molecular ones.
The molecular techniques include conventional PCR
with universal primers followed by sequencing, con-
ventional PCR with specific primers, multiplex PCR as
well as qPCR.

Conventional PCR with universal prim-
ers is based on detection of nucleotide sequence
of the internal transcribed spectator (ITS) site.
For this purpose, DNA is extracted from pure fun-
gal culture and then PCR with universal primers
ITS5 (5-GGAAGTAAAGTCGTAACAAGG-3’) and
ITS4 (5’-TCCTCCGCTTATTGATATGC-3’) is carried
out [13].

After amplification electrophoresis is performed
(Fig. 3), then samples are cleaned and sequenced. The
obtained sequences are compared with reference se-
quences from GenBank NCBI, MycoBank or another

Puc. 2. KonoHuu rpubos popa Monilinia Ha 2%-m KIA:  Fig. 2. Monilinia fungi colony grown on 2% PDA:

1 - M. laxa, 2 — M. fructicola, 3 — M. fructigena
(choTo O.U. LWyxuHa)

1 - M. laxa, 2 = M. fructicola, 3 — M. fructigena
(photo by D.I. Shukhin)
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COBPEMEHHBIE METO/IbI
UIEHTU®UKALLUU

B HacTos1ee BpeMs HarboJjiee TOUHOM ABJISIETCS UIEH-
tuduKaya rpubos poga Monilinia ¢ IIOMOIIIBIO MOJIE-
KyJIIPHBIX METOJIOB. V13 MOJIEKYISIPHBIX METOJIOB BBIZIE-
JIIIOTCSI MeTog, kjaccuueckol TP ¢ yHuBepcaJibHbIMU
npaiMepaMu C MOCJEeAYIIIUM CEKBEHUPOBAHUEM,
MeToJ kjtaccuyeckoi TP co crienmpuIHbIMU ITPaki-
Mepamu, MmysibturiekcHada [P, a Takxe metog ITLHP
B peaJIbHOM BPEMEHMU.

MeTopn kjaccuueckoit TP ¢ yHUBepCcaJbHBI-
MU TIIpaliMepaMu OCHOBAH Ha OIpPeesIeHNY HYKJIeo-
TUIHOM IMOCJIeN0BaTEbHOCTY YUaCcTKa BHYTPEHHETO
TpaHcKpubupyemoro creiicepa (ITS). [ljist 3TOro U3
YHCTOU KyJNbTYphI Tpuba BoigensdwT JHK, a 3atem
npoBogaT I[P c yHUBepCaJbHBIMU TIpaliMepaMu
ITS5 (5'-GGAAGTAAAAGTCGTAACAAGG-3’) u ITS4
(5’-TCCTCCGCTTATTGATATGC-3’) [13].

[Tocne aMIauuKaIuy IPOBOLAT dJIeKTpodopes
(puc. 3), 3aTeM OUKUCTKY 06pas3I[0B U CEKBEHUPOBaHUE.
[MTostyueHHbIEe TTOCIEIOBATEIbHOCTY CPAaBHUBAIOT C 3Ta-
JIOHHBIMU IIocJiefoBaTesibHOCTIMU U3 GenBank NCBI,
MycoBank wim Apyroit 6a3bl JaHHBIX. [IpU IOCTAaTOYHO
BBICOKOI TOUHOCTHU METO/IA, CJIeAyeT OTMETUTH ITPOL0JI-
JKATEJIbHOE BPEMS MCCIIEIOBAHUS, TIOCKOJIBKY JJIS METO-
Jla IOAXOIUT TOJIbKO YMCTasI KyJIbTypa rprba (111 BbIpa-
IIVBaHUS KOJIOHUY HEO6X0AMMO MUHUMYM TPOE CYTOK).

Mertop, kiaccuueckoii I11IP ¢ ncmoib30BaHUEM
crienu(pUUHBIX ITPaMepPOB OCHOBAH Ha aMIIU(U-
Kauum yuactka ITS, crierquuuHOro TOJbKO IJg Of-
Horo Bupa. lng unentudukanuu M. fructicola, M. laxa
u M. fructigena UCIIONIb3YIOTCS IpaliMepsl, pa3zpaboTaH-
Hbie loos u Frey (cM. Tabnuiry) [9].

[Tocye aMIIn(UKAIIMY ITPOBOIAT 3JIEeKTpodopes
npopykra I[THP 1 Busyanusaiunio pes3yjabTaToB ¢ IIOMO-
LIHI0 TeJTb-AOKYMEHTUPYIOUUX CUCTEM. JlaHHBI METO]T
I03BOJISIET PA6OTATh HE TOJIBKO C YMCTHIMU KYJIbTYypa-
MU, HO ¥ C MUIIEJIMEM, B3SITHIM C [TIOBEPXHOCTHU IT0pa-
’KEHHOT'0 pacTeHMs WU IJIojla, a TakxKe ¢ JHK rpuba,
BBHIJIEJIEHHON HEMOCPEACTBEHHO U3 ITOBPEXIEHHON
TKaHU mioza [9].

IpyruM MeTo[IoM MIeHTU(UKAIUY rpuboB pona
Monilinia sBnsieTcs MynbTuiiekcHas ITLP. B otnuyue
oT Kjaccuueckoy ITIIP, mpu MyabTUILIeKCHON TTLIP
B OJIHOM U TOM Xe peaKIIMOHHOM cpejie ITPOUCXOAUT
npoliecc KoaMaudukauy HecKoabkux JHK-maTpuis
C y4acTHeM HEeCKOJIbKUX ITap MpPaMepoB. ITO TO3BOJIS-
€T OTHOBPEMEHHO AUarHOCTUPOBAaTh HECKOJIBKO I1aTO-
TE€HOB B OJJHOM 3KcriepuMeHTe. [l BUnoB M. fructicola,
M. laxa v M. fructigena pa3paboTaHbl KaK KJaccuyecKas
myJsibTUIIeKcHad [11IP, Tak v B peajibHOM BpeMeHU. Me-
TOJI, KJIACCUYECKOU MyNbTUILIeKCHOU IT1IP Coté mo3Bo-
JIIET OTIPeIeINTh TaKue BUbI, Kak M. laxa, M. fructicola,
M. fructigena v M. polystroma, He TOJIbKO U3 UNCTHIX KYJIb-
TYP, HO ¥ M3 THUIIIUX TIOAOB SI6JI0K, TaXke eciv obpa-
3€I] COIEPKUT cMemtaHHy o JIHK HeCKOTbKUX BUIOB [3].

MeTog MynbTUIIIIeKCHOM [TLIP B pealbHOM BpeMe-
HU, IpeIJIoKeHHbIH Guinet (2016), I03BOJISET OIIpee-
nuthb M. laxa, M. fructicola, M. fructigena B CMellIaHHOM
obpa3siie. PazpaboTanbl cnenuuuHble IpaliMephl
¥ 30HZIBI Ha KXJBIU U3 3 BUAOB. MyJbTUILIEKCHAS
[1IIP B peaJlbHOM BpeMeHU OKa3ajiaCb YYBCTBUTEJIb-
Hee, UeM KJIaCCMUYECKUU BapUaHT, IPeAJIOKeHHbIN
Ccoteé [7].

HawuboJsee pacnpocTpaHeHHbIM METOZOM UIEHTY -
ukanuu M. fructicola snsiercs Mmetog, [1LIP B peasib-
HOM BpPeMeHU C BUAOCIEIM(PUUYHBIMY IIpaliMepaMu

M 9 10 1112 14 15 16 K-y M

Puc. 3. ®oTorpagusa Fig. 3. Photo of agarose gel
arapo3sHoro rens nocne NUP  after PCR using ITS5 and

¢ nparimepamu ITS5 n ITS4: ITS4 primers:

1-16 - obpasupbl, 1-16 — samples,

K-u — oTpuuaTenbHbIin K-u — negative control,
KOHTpOJsb, M — Mapkep M — marker

(choTo O.U. WyxuHa) (photo by D.I. Shukhin)

database. The accuracy of the technique is high enough,
however it should be noted that the time of the study is
long, because only pure fungal culture is suitable for it
(minimum three days are required to grow the colony).

Conventional PCR with specific primers is based
on the amplification of the ITS site specific for only one
species. To identify M. fructicola, M. laxa and M. fruc-
tigena primers, developed by loos and Frey are used
(see table) [9].

After amplification electrophoresis of PCR pro-
duct and visualization of results by means of gel-docu-
menting systems are carried out. This technique allows
working not only with pure cultures, but also with my-
celium taken from the surface of the affected plant or
fruit, as well as with DNA of the fungus isolated directly
from the damaged tissue of the fetus [9].

Another technique to identify fungi of the genus
Monilinia is multiplex PCR. In contrast to conventional
PCR, during multiplex PCR the same reaction medium
is used to coamplify multiple DNA-matrix with seve-
ral pairs of primers. This allows several pathogens to
be simultaneously diagnosed in a single experiment.
For M. fructicola, M. laxa and M. fructigena, both conven-
tional multiplex PCR and gPCR have been developed.
Conventional multiplex PCR by Coté allows identifying
species such as M. laxa, M. fructicola, M. fructigena and
M. polystroma not only from pure cultures but also from
rotting apple fruits, even if the sample contains mixed
DNA of several species [3].

Multiplex qPCR proposed by Guinet (2016) allows
identifying M. laxa, M. fructicola, and M. fructigena in a
mixed sample. Specific primers and probes for each
of the 3 species have been developed. Multiplex qPCR
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Tao6auia

IIpaiiMepsl A1 uaeHTU(GUKALY rpru6oB poaa Monilinia
MeTOoIoM KJaccuueckoii ITIP [9]

was more sensitive than its con-
ventional version proposed by
Coté [7].

The most common identifi-

Bupg ITapa npaiimepos IlocjegoBaTeJbHOCTD 5’ = 3’ cation technique of M. fructicola is
M. fructicola ITS1Mfcl TATGCTCGCCAGAGGATAATT &iﬁ ;"’91;11( g”ec"‘/;ggg;?&?g?;f
ITS4Mfcl TGGGTTTTGGCAGAAGCACACT TACTTTGTTGCTT-3’) and

M. laxa ITS1MIx TATGCTCGCCAGAGAATAATC Monl139R (5’-CAAGAGATC-
ITS4MIx TGGGTTTTGGCAGAAGCACACC CGTTGTTGAAAGTTTTTAA-3’)

. f and a kit of P_fc and P2-fgn/Ix/ps

M. fructigena ITSlegn CACGCTCGCCAGAGAATAACC probes developed by van Brou-
ITS4Mfgn GGTGTTTTGCCAGAAGCACACT wershaven et al. [12]. This tech-

Mon139F (5’-CACCCTTGTGTATYATTACTTTGTTGC
TT-3") m Mon139R (5’-CAAGAGATCCGTTGTTGAAAGT
TTTAA-3’) u HabopoMm 30H7IOB P_fc u P2-fgn/1x/ps, pas-
paboranHbIMU Van Brouwershaven u gp. [12]. JaHHBIHT
METO/I, TI03BOJISIET IOCTOBEPHO OTJINYUUTD M. fructicola oT
IPyTrux BULOB poja Monilinia, B yacTHOCTU M. fructigena,
M. laxa v M. polystroma [5, 12].

Ona npentudukanuu M. fructicola B ®TBY
«BHUWKP» B HaCTOSIIIMY MOMEHT UCII0JIb3yeTCs Ha-
6op pearenToB «duTocKprH Monilinia-PB» (3A0 «CuH-
TOJI», MOCKBAa), OCHOBAHHBIN Ha OIMCAHHBIX BBIIIE
npaiiMepax u 30H7axX. C Ha6OPOM ITOCTaBJISIETCS T10JI0-
JKUTEJIbHBIN KOHTPOJIB, comepxkatuiit IHK M. fructicola,
a TakXke KOHTPOJIb, comepxamuit [HK M. fructigena,
M. laxa u M. polystroma. TTpu Hanuuuu B obpa3siie JHK
M. fructicola mpubop meTeKTUpyeT PoCT HIyopeciieH-
1Y 1Mo KaHasy FAM, nmpu Hanuuuu B ob6pasie JHK
OCTAJIbHBIX 3 BUJIOB ITPOUCXOLUT POCT (PJIyopeciieH-
nuu o kaHasy ROX. Kanan HEX gaBngercda BHYTpeH-
HUM KOHTPOJIEM peakiiuu (puc. 4).

HecMOTps Ha MUPOKYI PacOpoOCTPAaHEHHOCTH
meTtoza ITIIP B pealbHOM BpeEMEHH, B JaHHBI MOMEHT
BeIyTCS Pa3paboTKY M0 YCOBEPIIEHCTBOBAHMWIO METO-
IoB uneHTuduKanuuu M. fructicola.

NAEHTUPUKALIUA TPUBOB POJA
MONILINIA C IIOMOIIIbIO MALDI-TOF MS

[TepCeKTUBHBIM METOJIOM UEHTUGMUKAIIUY BPETHBIX
OPTaHU3MOB SIBJISETCS TEXHOJOTUS MAaTPUUYHO-aKTH-
BUPOBAHHOU Jia3epHOU AecopbIIMOHHO-NOHU3AIU0H-
HOM BPEMSIIPOJIETHON Macc-clieKTpoMeTpuu (Matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometry — MALDI-ToF MS).

IlaHHBI METOJ MPUMEHSIETCS

o upenTudukanuy 6akrepuit, Table

nique allows to reliably distin-

guish M. fructicola from other
species of the genus Monilinia, in particular, M. fructige-
na, M. laxa, and M. polystroma [5, 12].

To identify M. fructicola, FGBU “VNIIKR” currently
uses the Fitoskrin Monilinia-RV kit (ZAO Syntol, Mos-
cow) based on the primers and probes described above.
The kit is supplied with positive control containing DNA
of M. fructicola as well as control with DNA of M. fructige-
na, M. laxa, and M. polystroma. If the DNA of M. fructicola
is present in the sample, the device detects the fluores-
cence growth through the FAM channel; if the DNA of
the other 3 species is present in the sample, the fluo-
rescence growth through the ROX channel occurs. The
HEX channel is an internal reaction control (Fig. 4).

Despite the widespread use of PCR, there are on-
going developments to improve M. fructicola identifica-
tion techniques.

IDENTIFICATION OF FUNGI OF THE
GENUS MONILINIA BY MALDI-TOF MS

A promising technique of pest identification is the
technology of matrix-assisted laser desorption/ioni-
zation time-of-flight mass spectrometry — MALDI-ToF
MS. This technique is used for bacterial identification
as well as in medical research. In phytosanitary re-
search, this technique has not yet been widely used
due to expensive equipment and the need to train
qualified personnel. The essence of the technique is
ionization of biological molecules (peptides, proteins,
DNA, oligonucleotides, etc.) by a special matrix under
laser exposure without their fragmentation and de-
struction. Matrix is a substance which under the influ-
ence of a laser pulse provides transfer of laser energy

a Takke B MeauLuHCKUX uccne-  Primers for identification of fungi of the genus Monilinia

IOBAHUAX. B GUTOCAHUTAPHOM by conventional PCR [9]

KUCCIeN0BaHUY NAHHBIA METOZ,

ellle He HALIEN WXPOKOrO mpu- SPecies Primer pair
MEHeHUs BBULY IOPOTOCTOAIETO 17 o il ITS1Mfcl
obopymoBaHus, HEO6XOLVMOCTH ITS4aMfcl
MTOJITOTOBKY KBaIU(UIIMPOBAH-

Horo mepconana. Cyte Mmetoma M. laxa ITS1IMIx
3aKJII0YaeTCsl B MIOHU3ALUY 610- ITS4MlIx
JIOTUYECKUX MOJIEeKYJ (TernTu- .

0B, 6esikoB, THK, oJTUToHYyKJIE€0- M. fructigena g:iﬁ%ﬁ

TUJIOB U IP.) 0CO00M MaTpPUIEH
107 BO3JelicTBUEM Jiasepa 6e3

Sequence 5’ - 3’

TATGCTCGCCAGAGGATAATT
TGGGTTTTGGCAGAAGCACACT

TATGCTCGCCAGAGAATAATC
TGGGTTTTGGCAGAAGCACACC

CACGCTCGCCAGAGAATAACC
GGTGTTTTGCCAGAAGCACACT

ux hparMeHTaluy U paspyiieHus. MaTpuiia — Belie-
CTBO, KOTOPOE TIPY BO3AEUCTBUM JIA3€PHOTO UMITYJIbCA
obecrieumBaeT nepeauy SHePruu jjasepa MOJIEKyIaM
HCCIIelyeMOTO 00beKTa, NOHUBUPYSI UX U TIEPEBOIS
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Amplification

1000 +

800 +

600 +

RFU

400 +
| A
200 + / /
ol &g = \,5/ @/
0 1}0 2:0 3}0 4B
Cycles

Puc. 4. Bup, kpuBoii amnnandukaumm npu nposegeHum MNLP Fig. 4. Shapes of qPCR amplification curves with Fitoskrin
B peasibHOM BpeMeHu ¢ HabopoM «PuTtockpuH Monilinia-PB».  Monilinia-PBkit. Diagram in blue — fluorescence growth
Ipachmk rony6oro uBeta — hiyopecueHuus no kaHany FAM, through the FAM channel, orange — through the ROX

opaHeBoro — no kaHany ROX, 3eneHoro — no kaHany HEX
(choTo O.U. WyxuHa)

channel, green — through the HEX channel
(photo by D.I. Shukhin)

B rasoByio (¢asy. [Tociie mecopOIimy MOJIEKYJIbI 06pasiia
YCKOPSIIOTCS B BJIEKTPUYECKOM TI0JIE U JOCTUTAIOT Jie-
TeKTOopa rmpubopa. CKOPOCTh JBMIKEHUS M BPeMSI IIPO-
XOXKIEHUS PACCTOSHUS OT TOUKY NOHU3ALWH JI0 JETEK-
TOpa 06paTHO MPOTOPI[MOHAJbHBI Macce MOHOB. 3HAs
JJIMHY Iy TU TIEPEeMeIIeHU NOHA OT MIOHU3AaTOopAa [0 fIe-
TEKTOPA, a TaKXKe BpeMs 3TOTr0 ITepeMeIleHNsI, MOXKHO
BBIUYMCJIUTH CKOPOCTD IBVMIKEHUS MOHA Y HA OCHOBAaHUU
ee 3HaUeHU S PACCUUTATh MaCCy YaCTHII, TPUCYTCTBYIO-
mYx B 06paslie, a TakXKe reHEPUPOBaTh CIIEKTD, Xapak-
TEePUIYIIUA KaUYeCTBEHHBIN COCTAB UCCJIELYEMOT0
ob6bekTa. [IaHHBIM COCTAB OTJIMYAETCS Y OPraHU3MOB,
YTO IIO3BOJISIET CPABHUTH ITOJyYEHHBIN PE3yJIbTaT ¢ 6a-
301 LaHHBIX TPOU3BOAUTEISI 060pyAoBaHMA [1].

Freimoser u Ap. yAaJioch JOCTOBEPHO UJEHTHU-
¢unuposats M. fructicola v M. laxa n3 06pasIioB, MO-
JIYYEHHBIX U3 YUCTBIX KYJIbTYP, 4 TAK)KE U3 MULIEJUS
C TIOBEPXHOCTY MH(MUIIMPOBAHHBIX IJI0I0B. [Ipu 3TOM
pasnuuuTh BULBI M. fructigena v M. polystroma He yna-
Jiock. Ilpu aHanu3e Tpubop He BhIIBUII PAa3JINUUN B UX
cocTaBe, IT03TOMY OHU OBLIIY CTPYIIIIMPOBAHBI B OIUH
kyacTep. [Tof06HbIe Pe3yIbTaThI ITOJYUYEHBI IPU aHa-
JIN3€e MUIIEJIVsI, OTOOPAHHOTO C ITOBEPXHOCTU ITOBpeE-
JKJIeHHBIX ILJIONOB [4].

CoryjacHO pe3yJibTaTaM SKCIIEPUMEHTA, JaHHbIHI
MEeTO/[I TI03BOJIIET NOCTOBEPHO OTIUYUUTD M. fructicola
u M. laxa oT gpyrux BULOB poma Monilinia, 0OmHAaK0, Kak
yoKe OBbIJIO OTMEUEeHO, 3TOT MeTO, TPeBYyeT JOPOTOCTO-
SIEro 060pynoBaHUs, KBATU(DUITUPOBAHHOIO ITEPCO-
HaJa, a Tak)ke 6a3bl JaHHBIX (UTOIATOTEHOB, KOTOPbIE
Ha HaCTOSAIINY MOMEHT OTCYTCTBYIOT.

BBISIBJIEHUE JIATEHTHOI NMHPEKIINN
Cepbe3HOU MPo6JIeMOoit ITPY BBIABJIEHUY IPUOOB Po/ia
Monilinia aBIsSeTCS IIUTENbHBIN TePUO, JIaTEHTHOU
UHGEKIINYU, TIPU KOTOPOM OTCYTCTBYIOT BUIUMbIE

to molecules of the object under study, ionizing and
translating them into a gas phase. After desorption
the sample molecules accelerate in an electric field
and reach the detector of the device. The speed and
time of travel from the ionization point to the detec-
tor are inversely proportional to the mass of the ions.
Knowing the length of the path of movement of the ion
from the ionizer to the detector, as well as the time of
this movement, it is possible to calculate the speed
of movement of the ion and based on its value to cal-
culate the mass of particles present in the sample, as
well as to generate a spectrum that characterizes the
qualitative composition of the object under study. This
composition differs in organisms, which allows com-
paring the obtained result with the database of the
equipment manufacturer [1].

Freimoser et al. managed to reliably identify
M. fructicola and M. laxa from samples obtained from
pure cultures as well as from mycelium taken from the
surface of infected fruits. However, he did not succeed
in distinguishing between M. fructigena and M. polystro-
ma. The analysis did not reveal any differences in their
composition, so they were grouped into one cluster.
Similar results were obtained in the analysis of myce-
lium taken from the surface of damaged fetuses [4].

According to the results of the experiment, this
technique allows to reliably distinguish M. fructicola
and M. laxa from other species of the genus Monilinia,
but, as it has already been noted, it requires expensive
equipment, qualified personnel, and databases of phy-
topathogens, which are currently absent.
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CUMIITOMBI ITIOPa’keHus rpuboM KakK Ha MJIojax, Tak
U Ha IOCAJI0OYHOM MaTepuaJie.

Ha ceropHsAMHUYN JeHb CAMBIM PAaCIIPOCTPaHEH-
HBIM METOIIOM BBISIBJIEHUS JIaATEHTHOU MHQEKInuu
B IJIOZAX U I[BeTKax sBisieTcsa Overnight freezing-
incubation technique (ONFIT). CyTbl0 3TOr0 MeTOza
SIBJISIETCS IIPOBOKAIIMS Iprba K IPOpPaCcTaHUIO IOCPEI-
CTBOM BO3/IeHICTBUS HU3KUX TeMIiepaTyp [11].

[ToBEPXHOCTB [TOJIO3PUTENbHBIX TIJIOLOB CTEPUIIN-
3YIOT pacTBopoM xJjopa (32 mi 0,5%-ro ruImoxJyjiopuTa
HaTpud, 32 MJI 95%-ro stanHosa u 0,01 My Tween 20
B 2 JI BOZbI), 3aT€M IIPOMBIBAIOT 3 pasa CTePUIbHOU
BOJOI ¥ MOMEIIAIOT Ha CTEPUJIbHBIE DKPAHBI B CTE-
PUJIbHBIE TIJIaCTMACCOBble KOHTeHHEPHI co 150 Ma
IUCTUJJIMPOBAHHOM BOJBI Ha JHE (MJIU KCIIOJIb30-
BaTh YBJIQXKHEHHYI0 (DUIBTPOBAJIBHYIO OyMary). 3aTeM
KOHTEHHEePHI TOMEIIAl0T B MOPO3UJIbHYI0 KaMepy Ha
—16 °C oT 10 1o 24 4yacos. Ilocjie 3TOro KOHTEHHEPBI
[I0OMeIaloT B TepMocTaT Ha 23-25 °C Ha 5 cyTok. K aT0-
My BpeMeHU NHQEKIIMS TTPOSIBIISIETCS B BULE CITOPOJIO-
XUeB Ha TTIOBEPXHOCTH TI0J0B [11].

HecMoTpsa Ha [OCTaTOYHO BBICOKYI0 9D (HEKTUB-
HOCTB U IIPOCTOTY METOJIa, aHAJIU3 ITPOAYKIIUU HA Ha-
Jrune JaTeHTHOU nHQeKIIY 3aHUMaeT OT 7 10 9 LHel.
[Tpy mOSBJIEHUM CIIOPOHOIIEHNS HENIb3s OJTHO3HAYHO
cKasaTb, KAKOU U3 BUIOB Monilinia BbI3BaJI THUIb, I10-
9TOMY He0ob6xonuM 1160 KylbTypaJbHBIN MeTO, JI160
MOJIEKYJISIPHAS UAEHTU(DUKAIIASA TaTOTEHOB [5].

CyIIeCTBYIOT OIIBITHI IO UCKYCCTBEHHOMY 3apa-
JKEeHUI0 TIJIOOB U 1IBETKOB HEKTApUHOB M. fructicola
u M. laxa v Beigenenuto JHK Bo36ynuTess Herocpei-
CTBEHHO 13 TKAHEH pacTeHusd, C TTOCIeAyI0Iell ITocTa-
HOBKoOM ITLIP B peaJlbHOM BpeMeHH [6].

Ilns 3apakeHus IIBETKOB U IIJIOJOB UCIIOJb30-
BaJIX CYCII€H3UI0 CIIOP C KOHIleHTpaluei 10° KoHU-
OUM/MJI 05 1IBETKOB 1 105 KOHUAMMN/MI AJis I1J0-
IOB. 3aTeM 06pasibl MHKyO6MpoBasu 24 vaca mpu
25 °C. ITocje 3TOrO MOBEPXHOCTb 06pPasIoB MIPO-
CTePUJIN30BAJU U ITIOMECTUNU B XOJONUIbHUK Ha
4 °C Ha 5 mHEN )i yCTAaHOBJIEHUS JIaTeHTHOU (Gop-
Mbl nHMeKuu. Jlajgee 06pasiibl 3aMOPO3UIU IIPU
—80 °C, nuo(puar30BaJii ¥ TOMOTeHU3UPOBAJIN. V3 10-
JIyuyeHHBIX 00pa31oB Beigenuau JHK u nposenu [P
B peaJibHOM BpeMeHU. B 3T0 ke BpeMs 6bLI TPOoBeIeH
OTIBIT T10 UCKYCCTBEHHOMY 3aPaKeHUI0 IIBETKOB U T1JI0-
IIOB HEKTApUHOB, IIPU 3TOM [JIsI BhISBII€HUS JIATEHT-
HOY MH(PEKIUN UCII0JIb30BaJICS YIIOMSIHYTHIN BbIIIE
meTom ONFIT [6].

B pesynbTaTe OnbITOB GBLJIO TOKA3aHO, UTO METOT,
ONFIT mo3BoJuJ BBISBUTH JIATEHTHYI UHQEKIIAIO
TOJIBKO B 67% 06pas1ioB, Toraa Kak I11IP B peallbHOM
BPEMEHHU C BBICOKON TOYHOCTBHIO ITIO3BOJIMJIA BBISA-
BUTH JIaTeHTHYI0 nHPeKIU0 B 100% ob6pasiioB. [Tpu
3TOM mcrnoJib3oBaHue 1P B peaJlbHOM BpeMeHU I10-
3BOJIMJIO COKPATUTh BpeMs aHaiu3a ¢ 7-9 mHel 10
24-48 yacos [6].

3AKJIIOYEHUE

CBOeBpeMeHHAad U TOUHAs UAeHTUDUKALMS TPU6GOB
pozna Monilinia — HeTTpocTas 3a7jayua, TOCKOJIbKY OHU 06-
JIalal0T CXOOHBIMY PaCTEHUSIMU-X035€BaMU, CUMIITO-
MaMU [IOPaXeHUS U KyJIbTYyPaJIbHO-MOP(OIOTUYECKU -
MU npusHakamu. [y uieHTudurKanuy rpubos posa
Monilinia Ha JaHHBIKX MOMEHT pa3paboTaHO HECKOJIBKO
METO/I0B, CAMBbIM HaJI€’KHBIM U OBICTPBIM U3 KOTOPBIX
asiigeTcd [P B pealbHOM BpeMeHU. TaKkxe [epCcrek-
TUBHBIM sBJsgeTcsa MeTon MALDI-ToF MS, KOTOpPBIH,

LATENT INFECTION IDENTIFICATION

A serious problem in the detection of fungi of the genus
Monilinia is a long period of latent infection, in which
there are no visible symptoms of damage by fungus,
both on the fruit and planting material.

To date, the most common technique to identify
latent infection in fruits and flowers is Overnight freez-
ing-incubation technique (ONFIT). This technique pro-
vokes the fungus to germinate by exposure to low tem-
peratures [11].

The surface of suspicious fruits is sterilized with
a chlorine solution (32 ml 0.525% sodium hypochlo-
rite, 32 ml 95% ethanol and 0.01 ml Tween 20 in 2 li-
ters of water), then washed 3 times with sterile water
and placed on sterile screens in sterile plastic contain-
ers with 150 ml of distilled water at the bottom (or hu-
midified filter paper is used). The containers are then
placed in the freezer at —16 °C for 10 to 24 hours. After
that containers are placed in a thermostat at 23-25 °C
for 5 days. By this time the infection appears in the
form of sporodochia on the surface of fruit [11].

Despite rather high efficiency and simplicity of the
method, analysis of products for latent infection takes
from 7 to 9 days. When sporulation occurs, it is not pos-
sible to unambiguously state which of the Monilinia spe-
cies caused the decay, so either a cultural or molecular
identification technique of pathogens is necessary [5].

There are experiments on the artificial infection of
nectarine fruits and flowers by M. fructicola and M. laxa
and the extraction of the pathogen DNA directly from
plant tissues, with subsequent gPCR [6].

A spore suspension with a concentration of 10°co-
nidium/ml for flowers and 105 conidium/ml for fruits
was used to infect flowers and fruits. The samples were
then incubated for 24 hours at 25 °C. Then the speci-
mens were sterilized and placed in a refrigerator at 4 °C
for 5 days to establish the latent form of infection. The
samples were then frozen at —80 °C, lyophilized and
homogenized. DNA was isolated from the obtained
samples and qPCR was performed. At the same time,
an experiment was conducted in artificially infecting
nectarine flowers and fruits, and the above-mentioned
ONFIT technique was used to detect latent infection [6].

Experiments have shown that ONFIT only detect-
ed latent infection in 67% of samples, while qPCR with
high accuracy detected latent infection in 100% of sam-
ples. gPCR reduced the analysis time from 7-9 days to
24-48 hours [6].

CONCLUSION

Timely and accurate identification of fungi of the genus
Monilinia is not an easy task as they have similar host
plants, symptoms of lesions and cultural and morpho-
logical characteristics. Several techniques have been
developed so far to identify the fungi of the genus Moni-
linia, the most reliable and fastest of which is qPCR.
MALDI-ToF MS is also promising, which, according to
the literature, can distinguish M. laxa from M. fructicola,
but not other species.

The problem of latent infection in fruits and plant-
ing material remains important. At present, new patho-
gen detection and identification techniques are being
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COTJIACHO JINTEPATYPHBIM JJAHHBIM, [T03BOJISIET OTJIHU-
uuThb M. laxa ot M. fructicola, HO He IPYTUE BUIBL.
BakHOl1 ocTaeTcs mpobieMa JiaTeHTHOU MHpeK-
IIMY B IUIOJIaX M [TOCAJIOYHOM MaTepualie. B HacTos-
Y MOMEHT BeIyTCsI pa3paboTKU HOBBIX METO/IOB BbI-
SABJIEHUS U UJeHTU(PUKALIUY TTATOTeHOB, OCHOBAHHbBIE
Ha BeigeneHun JHK rpuba us pacTeHUA-X03sIMHA U I10-
cliemyroneli moctaHoBke [P B peajlbHOM BPpeMEHU.
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AuHoTauusa. Pod Begomovirus exawuaem 6oJiee
190 eudog supycos, S6AAUUXCS BPEJOHOCHLIMU NAMO-
2EHAMU 0B0UWHBLYX U NOJEBbLX Kynomyp. Lllupoko pacnpo-
cmpanenHblii 8 Espone 6e20mM08uUpyc Heamot Kypuasocmu
Jaucmoves momama (Tomato yellow leaf curl virus, TYLCV)
ABNAEMCS KAPAHMUHHbIM 00B5eKmoM dns Poccutickotli de-
depayuu, EASC u EOK3P. Hdenmugbuxayus 6e20mM08uUpycos
do 6u008020 yPOBHS CONPANEHA C ONpedeneHHbLMU Mmpy0-
HOCMAMU, 06YCJIO8JIEHHbIMU BbICOKOTE UOEHMUUHOCbBIO UX
2eHOMa. B cmambe npusoismces pesynvmamaol UCNblMaHUS
19 nap yHUBepcanvHulX U CNeyu@uyuecKux npatimepos s
duaerocmuru 6e20M08UPYCOB: BUPYCA HENMOL KypUasocmu
Jqucmves momama TYLCV, supyca sceimotil Kypuasocmu Jiu-
cmwves momama Capdunus (Tomato yellow leaf curl Sardinia
virus, TYLCSV) u Hvw-/Jenu supyca Kypuasocmi JUCMbes
momama (Tomato leaf curl New Delhi virus, ToLCNDV) me-
modamu kaaccuueckotl ITLP u ITIIP 8 peaibHOM 8PEMEHLL.

KiroueBble cji0Ba. 5e20MOBUPYCHL, BUPYC HENMOT
Kypuagocmu aucmves momama (TYLCV), nonumepasras
YenHas peaxyus, yHusepcaavHvle u cneyugduieckue npaii-
Mepbl, CNEYUPUUHOCTIb, YYBCNEBUMELbHOCTL, 80CTPOU3B0-
dumocmo.

on Begomovirus BXOOUT B ceMeli-
ctBo Geminiviridae. TeMuHUBUPY-
ChI — OJHO 13 HEMHOTUX CEMENCTB
BUPYCOB pacTeHUi, reHoM KOTO-
PBIX COCTOUT W3 ONHOMW WJIU ABYX
MOJIEKYJI KOJIbIleBOM omHolleroueunHon JHK. Bupuo-
HbI TeMUHUBUPYCOB TaK)XXe UMEIOT YHUKAJIbHYI0 MOP-
(hosoruo, Tak KaK COCTOST M3 BYX HETIOJHBIX UKOCA-
5IIPOB pa3MepoM 0KoJio 38 x 22 HM (puc. 1).

Ponm Begomovirus sIBJseTCd CaMbIM KPYITHBIM
B ceMelicTBe Geminiviridae u B HacTosllee BpeMs
BKJIIOUaeT 388 BUOB, PacCIIPOCTPAHEHHBIX [IPEUMY-
1IeCTBEHHO B CTPaHaX ¢ TPOMUUECKUM U cy6Tponrye-
CKUM KJIIMAaTOM. [IpefcTaBUTENIM STOTO POA 3apaskaioT
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Abstract. The genus Begomovirus includes more
than 190 species of viruses, which are harmful pathogens
of vegetable and field crops. Tomato yellow leaf curl virus
(TYLCV), which is widely spread in Europe, is a quarantine
object for the Russian Federation, EAEU and EPPO. Identi-
fving begomoviruses to the species level involves certain dif-
ficulties due to the high identity of their genome. The article
presents the results of testing 19 pairs of universal and spe-
cific primers for the diagnosis of begomoviruses: tomato leaf
curl virus (TYLCV), tomato yellow leaf curl Sardinia virus
(TYLCSV), and tomato leaf curl New Delhi virus (ToLCNDV)
by conventional and real-time PCR methods.

Keywords. Begomoviruses, tomato leaf curl virus
(TYLCV), polymerase chain reaction, universal and specific
primers, specificity, sensitivity, reproducibility.

he genus Begomovirus is part of the Gemi-

niviridae family. Geminiviruses are one of

the few plant virus families whose genome

consists of one or two molecules of a single-

chain circular DNA. Virions of geminiviruses

also have a unique morphology, as they consist of two
incomplete icosahedrons about 38 x 22 nm (Fig. 1).

The genus Begomovirus is the largest in the Gemi-

niviridae family and currently includes 388 species,
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