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PE3IOME
OnasBaHeTo Ha pacTuTenHute

BMOOBE, OCODEHO Ha Te3n, CbeC
CbLLIECTBEHO CErCcKOCTOMaHCKO
3Ha4yeHne e peluaeaLlo 3a
OTrOBOPHOTO nsnonssaHe Ha
ouonornyHnTe  pecypcm n 3a
npegoTepaTaBaHe Ha no-
HaTaTbLUHOTO HamansiBaHe Ha
pacTMTENHOTO pa3Hoobpasue.
CbxpaHsiBaHeETO Ha
pacTUTENHUTE TEHETUYHU pPecypcu

ocurypsiea aganTtMBHOCTTa Ha OUBUTE
nonynaumMn M CcCopTtoBe 3a 6baewa
yCTOIZLIMBOCT B CEIICKOTO CTOMaHCTBO,
nognomara ouoTexHonornnTe n
TbproBmdatTa W nNo4YnUTa KynTypHOTO
3Ha4eHune.

B Covpbus  eBponelickata
cnvBa (Prunus domestica L.) e
n3npaeeHa npeq

SUMMARY

The conservation of plant
species, especially those vital for
agriculture, is crucial to responsibly
use biological resources and prevent
further losses in plant diversity.

Preserving plant genetic
resources ensures the adaptability of
wild populations and cultivars for
future sustainability in agriculture,

supports biotechnology and
commerce, and honors cultural
significance.

In Serbia, the European plum
(Prunus  domestica L.) faces
challenges from climate change and
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npean3sukarencrTeara Ha
KnMMaTn4HnTE npomMeHn n
NOCTOAHHNA HATUCK OT MNaToreHu,
KOeTO 3acTpauwlaBa UeHHU MeCTHU
reHoTnnoBe CInMBU.

OcHoBaHuTE Ha
OuoTexHonornm MetToam 3a onasBaHe,
KaTo KpMOKoHCcepBaLms npwu

CBPBXHUCKM Temneparypu, npegnarat
BaXXHW ObITTOCPOYHN PELLEHUS.

Kpuotepanuata, egHO HOBO
NpUNoxeHue, nomara 3a
npemMaxBaHeTO Ha nartoreHuTe oT
3apaseHnsi pacTuTeneH Marepwvarn,
BbMpeKn 4ye edmkacHOCTTa 1 Bapupa
npu pasnuyHNTE reHoTUNoBe.

Kato ce wvma npegsug, u4e
BMpYCHUTE ©Oonectn npeacraensasat
3HauMTenHa 3annaxa 3a CenckoTo
CTOMaHCTBO, HamansBavku gobusuTe
M Ka4yecTBOTO Ha pekonTaTa, Osixa
oueHeHn aBa mMetoaa Ha
kpuoTtepanua (D 1 V kpuonnaka ) 3a
NMKBMOUpaHe Ha BUpYyca Ha Lapka no
cnuBata (PPV) OT aBTOXTOHHUTE
copToBe (Crvena Ranka u Belosljiva).

KpuokoHcepBauusaTa ycnewwHo
ermvumnHmpa PPV ot copta Crvena
Ranka, pokato HWTO eguH oOT
MeToguTe He e goBen 4o
enMmuHupaHe Ha PPV B copTta
Belodljiva, Bbnpeku npunoxeHute
BapuaHTu.

Kato ce wuma npeasug
pasnpoctpaHeHneto Ha PPV B
Copbus, KpnotepanusaTa e
obewaBawa 3a 3ana3BaHe Ha
3acTpalleHuTe CNUMBOBW TEHOTUMOBE
ypes enMMUHUpaHe Ha BUpYCUTE.

Knio4yoBu aymu:
KpunokoHcepBauus, aBTOXTOHHM
CNuBM, BMPYC Ha LIapka No crveara,
KpuoTtepanus, epeKTUBHOCT

yBOa4

Penybnvka Covpbusa ce cuuta
3a e\H OT CBETOBHUTE LIEHTPOBE Ha
OuopasHoobpasmeTo. OcHoBHUTE
€NIEMEHTN, KOWUTO BIMUSAST  BbPXY

persistent pathogen pressure,
endangering valuable local plum
genotypes.

Biotechnology-based
conservation methods, such as
cryopreservation at ultra-low

temperatures, provide important long-
term solutions.

Cryotherapy, a novel
application, helps in eliminating
pathogens from infected plant

material, though its efficacy varies
among genotypes.

Considering that viral diseases
pose a significant threat to agriculture,
reducing yields and crop quality, two
cryotherapy methods (D and V cryo-
plate) were assessed for plum pox
virus (PPV) eradication from
autochthonous plums (Crvena Ranka
and Belosljiva).

Cryopreservation successfully
eliminated PPV from the Crvena
Ranka variety, while neither method
achieved PPV elimination in the
Belodljiva  variety  despite the
treatments applied.

Given the prevalence of PPV
in Serbia, cryotherapy shows promise
for preserving endangered plum
genotypes by eradicating viruses.

Key words: Cryopreservation,
autochthonous plums, plum pox virus,
cryotherapy, efficiency

INTRODUCTION

The Republic of Serbia is
regarded as one of the world's
biodiversity hubs. The key elements
influencing plant diversity are the
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pacTUTenHoTo pasHoobpasve, ca
NCTOPUYECKMAT npomusxos Ha
POpMMpPaHETO Ha pPacTUTENHOCTTA,
reorpadoCkoTo MONOXEHUE, KNMMaTbT,
penedbT W HaNMMYMETO Ha BOLHU
TeYeHus.

Cnusute ca Han-
TpaguuMoHHMAT nnog B Cbpbusa c
okono 48 wmwunuoHa pAgbpeBeta. B
cTpaHaTa ce cpelar MHOrobponiHM
COpTOBE — OT aBTOXTOHHM [0
HOBOCENEKUMNOHNPaHN. ABTOXTOHHUTE
COpTOBE Ce cpelar npeauMHO B
cTtapute €KCTEH3MBHU OBOLLIHK
rpaguHn M npeactaBnsBaT  OKOMo
eHa TpeTa OT BCUYKM OAbpPBETA.

UHTepecbT KbM
npouM3BOACTBOTO Ha  nocagbyeH
mMaTepuan oT aBTOXTOHHWU CIVBU
HapacHa npes nocnegHoTo
necetunetue, Tbi KaTo
OeCTunepunTe paswmpmuxa Hyxaute
CV 3a NPON3BOACTBO Ha paKkusi.

3a na ce 3ano4yHe
NpoM3BOACTBOTO  Ha  MoOcagbyeH
mMaTepnan 3a Te3M COpTOBe, €
HeobOxooum cBobodeH OT BUpYCHU
n3xogeH Martepuan. Cbllo Taka e
HaNoOXWUTENHo Tesn 3HaYMMK
FrEHETUYHN  pecypcu, KouTo ca
N3KIMIOYMTENHO BaXKHW 3a CTpaHara,
na 6baaT 3anaseHu.

Han-onyctowmtenHata 6onect
Mo CrMBOBUTE ObpBETA € BUPYCHT Ha
wapkaTa no crmeara (PPV), konto ce
cpewa B Cbpbus ot 30-Te roamMHu Ha
MWUHanMa  Bek. [pyru  U3BECTHU
BMpYCcHM U cutonnasmu, 3apassBaliu
BuaoBeTe Prunus, ca OTKpUTU MHOrO
psgko npu cniveute. M3cnenpaHunsaTa
Bbpxy PPV, nposBegeHn npes
nocnegHuTe [nOBe [AeceTuneTns B
Cbpbus, gonpuHecoxa HOBM 3HaHUSA
3a HanMyMeTo, pasnpOCTPaHEHUETO,
reHETUYHOTO pa3sHoobpasue n
enngemMmumonoruara Ha PPV
(Jevremovi¢, 2013). Cnopeq HawuTe
oueHkn okono 70% oOT cnuBoBUTE
ObpBeTa ca 3apaseHu C  Tpute

historical background of vegetation
formation,  geographical location,
climate, relief, and the existence of
streams.

Plums are Serbia's most
traditional fruits, with around 48
million trees. Numerous cultivars are
present in the country, from
autochthonous to newly bred ones.
Autochthonous cultivars are present
mainly in old extensive orchards and
represent about one third of all trees.

The interest in producing
planting material of autochthonous
plums has grown over the last decade
as distilleries have expanded their
need for brandy production.

To begin producing the planting
material for these cultivars, virus-free
starting material is required.

It is also imperative that these
significant genetic resources, which
are extremely essential for the
country, be preserved.

The most devastating disease
of plum trees is plum pox virus (PPV)
that is present in Serbia since 1930s.

Other known viruses and
phytoplasmas infecting Prunus
species were very rarely detected in
plums. Research on PPV conducted
in the last two decades in Serbia
brought new knowledge on PPV
presence, distribution, genetic
diversity and epidemiology
(Jevremovi¢, 2013).

According to our estimates, about
70% of the plum trees are infected
with three major PPV strains (PPV-M,
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OCHOBHM Wama Ha PPV (PPV-M, -D un
-Rec). PPV npeactaensBa ocHoBHaTa
3annaxa 3a NpouM3BOACTBOTO MU
CblLIECTBYBaHETO Ha CNBOBMK
reHoTunose B HacaxgaeHus. 3a ga ce
CbXpaHU BCEKW pacTUTENeH reHoTun,
BKIOYMTENHO cnuBeara, e
U3KMYMUTENHO BaXHO Aa Ce OLUEHAT U
nsbepaT 3a cbxpaHeHue 6e3BUPYCHU

(Mnm TEeCTBaHU 3a BMpYC)
eK3emnnspu.

Ona3BaHeTO Ha pacTUTenHuUTe
BMOOBE MO>e na 6vae

pa3Hoobpa3Ho. Bcekn reHotun Moxe
na 6bae CbXpaHeH in situ u ex situ.

Konekuuunte in situ ca
N3MoXeHn Ha  3apassiBaHe  OT
MHOXECTBO naToreHu " ca
Tpygooemku. Konekumute ex situ umar
HSAAKOU orpaHuyeHus, KOUTO
HamansBaT TsAxHaTa Mones3HocT 3a
cbXxpaHeHne. CemeHaTa He moraTt fa
Ce 3anassiT 3a HeonpegerneH nepuog
OoT Bpeme UK TpsibBa pa ce
pereHepupat. Te3n onepauum ca
CKbMU W MOMynaunoHHWTe npobu B
ceMeHHM 0OaHkM OoDOWKHOBEHO ca
Marku. BeretaTtuBHO
pa3MHOoXaBalluTe ce OBOLLHM BUOOBE
ce cCbxpaHsaBaT B  KOJEKLMWUOHHM
rpagnHn, KOETO U3UCKBA MaTepuarnHu
n vyoBeLkn pecypcu. OCBEH ToBa Te3un
pacTeHus ca N3MoXeHn Ha
3apassiBaHe C NaToreHu.

HanpeabkbT, nocturHat B
pacTutenHuTe BGroTexHonornu,
0ocobGeHO TO3M, CBbp3aH C in Vvitro
KynTypuTe " MonekynspHara
Grnonorus, npepocTaBss HOBM
Bb3MOXHOCTU 3@  HenpekbcHaTo
cHabasaBaHe c pactuTenHa

3apoguvllHa nnasma  3a  MNOBTOPHO
3acaxgaHe, cenekuMsi Ha EenUTHU
nHONBUAN, NUKBUOnpaHe Ha
CUCTEMHN  MHdeEeKuMn, CcbbupaHe,
KpaTKOCPO4HO " ObArOCPOYHO
CbXpaHeHne Ha pacTUTENHU
FEHETUYHN pPECypCH.
Hain-cbBpeMeHHaTa TexHUKa 3a

-D and -Rec).

PPV represents the main threat to the
production and existence of plum
genotypes in an open field.

To conserve any plant genotype,
including plum, it is critical to assess
and select virus-free (or virus-tested)
specimens for conservation.

Preservation of plant species
can be diverse.

Each genotype can be
preserved in situ and ex situ.

In situ collections are exposed
to infestation by numerous pathogens
and are labor intensive.

Ex situ collections have some
limitations that restrict their utility for
conservation.

Seeds cannot be stored for indefinite
time and must be regenerated.

These operations are costly and the
population samples in seed banks are
usually small.

Vegetatively propagative fruit species
are preserved in collection orchards,
demanding material and human
resources.

Also, these plants are exposed to
pathogen infestation.

Advances achieved in plant
biotechnology, especially  those
associated with in vitro culture and
molecular biology, provide new
options for continuous supply of plant
germplasm for re-planting, selection
of elite individuals, eradication of
systemic infections, collection, short
and long-term conservation of plant
genetic resources.

The most advanced technique
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onasBsaHe Ha pacTeHndaTa e
KPUOKOHCepBaUunAaTa — CbXpaHEeHNETO
Ha noaxoadul pactuteneH marepuan

npuM ynTpaHucka TemnepaTtypa B
TeuveH a3oT (LN, - 196°C).
Ob6esBupycsiBaHeTO Ha

pacTuTeneH MaTepuan Moxe Aa ce
MOCTUrHE Ype3 MpuraraHeTo Ha
HSIKOIKO meTona, KaTo
TepMoTepanusi, MepucTemHa Kynrypa,
XMMUOTEpanus caMoCTOATENHO UM B
komGuHaumsa.  Kpuotepanusata e
rnoaxopn 3a envMMUHMpPaHe Ha naToreHx
OT 3apaseH pacTuTeneH Matepwan
ypes WU3MNOMN3BaHe Ha CBPBLXHUCKM
TemnepaTypu. Cnen paspaboTBaHETO
Ha NpOTOKOMN 3a OafeHusl TFeHoTun,
TexHMKaTa W3NCKBa CamMO OCHOBHO

obopyaBaHe, Hann4yHo B
nabopaTtopusiTa 3a TbKaHHW KynTypu.
CbobLyeHun ca HSIKOJKO

npoTokona € pasnuyHn MeToau 3a
KpuoTepanusa 3a MHOXeCTBO BUAOBE.

EdekTnBHOCTTA nMm ce
pasnuyasa B pasnuyHnTe
nabopartopun (HMBa Ha oLlensiBaHe,
pereHepauns " Hannume  Ha
naToreHm). KpuoTepanusta
CaMOCTOSITENHO UNM B KOMBUHaums ¢
APYrM TEXHWKU ce mpurara yCreLwHo
MNPV HSKOM OBOLIHM BWMAOBE, KaTo
a6bnkn (Wang et al., 2003; Wang et
al., 2018; Zhao et al., 2018; Liu et al.,
2021), HO He ycnaBa ga nukeBMaMpa
Bupyc npu gpyrm (manuHa) (Wang et
al., 2009). MetoabT Ha 6aBHOTO
oxraxgaHe KaTto KpuoTeparneBTUYeEH
noaxop cpewy PPV e npunoxeH npu
MexgaysuagoBaTa nognoxka Prunus
Fereley-Jaspi (Brison et al., 1997).

To3n nogxog e 6un yacTuyHO
eeKkTMBeEH Mpu enUMMHUPAHETO Ha
BUpYca.

B ToBa npoy4BaHe oueHsiBamMe
edeKkTUBHOCTTa Ha aBe
KpnoTepanesBTU4HU TEXHWUKN 3a
obesBnpycsiBaHe Ha cnuem oT PPV

for plant conservation is
cryopreservation — the storage of
proper plant material at ultra-low
temperature in liquid nitrogen (LN, -
196°C).

Virus eradication from plant
material can be achieved by the
application of several methods, as
thermotherapy, meristem-tip culture,

chemotherapy alone or in
combination.
Cryotherapy is an approach for
pathogen elimination from infected
plant  material using ultra-low
temperatures.

After the development of the protocol
for the given genotype, the technique

requires only basic equipment
available in a tissue culture
laboratory.

Several protocols with different
cryotherapy methods have been
reported for numerous species.

Their efficiency differs between

laboratories  (levels of survival,
regeneration and pathogen
presence).

Cryotherapy alone or in combination
with other techniques has been
successfully applied in some fruit
species, as apples (Wang et al., 2003;
Wang et al., 2018; Zhao et al., 2018;
Liu et al., 2021), but failed to
eradicate virus in others (raspberry)
(Wang et al., 2009).

Slow cooling method as
cryotherapy approach against PPV
has been applied in Prunus
interspecies rootstock Fereley-Jaspi
(Brison et al., 1997).

This approach was partially
efficient in virus elimination.

In this study we evaluated the
effectiveness of two cryotherapy
techniques for the eradication of PPV
from plum.
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MATEPWAINI U METOOU

[MbpBOHaYanHUAT martepuan 3a
nacrnegBaHeTto e u3bpaH OT cTapwu
CMMBOBM [PaguMHN C  aBTOXTOHHM
coptoBe oT 3anagHa Cvpbus. [se
ObpBeTa OT aBTOXTOHHUTE CIUBU
Belosljiva u Crvena Ranka, kounto
nokaseaTt CunHM cumnTomu Ha Lllapka
no nuctata, 6axa nsbpanu n cebpaHu
3a nabopatopeH aHanun3 (CHumka 1).

MATERIAL AND METHODS

The initial material for the study
was selected from old plum orchards
with autochthonous cultivars from
west  Serbia. Two trees  of

autochthonous plums BeloSljiva and
Crvena Ranka showing strong Sharka
symptoms on leaves were selected
and collected for laboratory analysis
(Photo 1).

CHumMKa 1. CumnTOoMM Ha BMpyca Ha Wwapka no cnusara (Sharka) Bbpxy

nucTaTta Ha cnuBaTta Crvena Ranka

Photo 1. Plum pox virus (Sharka) symptoms on plum Crvena Ranka leaves

3a na ce OLEeHN
30pPaBOCIIOBHOTO  CbCTOSIHAE  Ha
n3bpaHuTe abpeeTa, bele n3BbpLLEH
aHanu3 3a HanuuMeTo Ha cedem
Bupyca (Plum Pox Virus, Prune Dwarf
Virus, Prunus Necrotic Ringspot
Virus, Apple Chlorotic Leafspot Virus,
Apple Mosaic Virus, Plum Bark Stem
Pitting  Associated  Virus  and
Myrobalan Latent Ringspot Virus) u
.Ccandidatus phytoplasma prunorum®,

kakto Gewe onucaHo  Mo-paHo
(Jevremovi¢ et al., 2021).
KpnoTepanusara Gelie

npoesegeHa Bbpxy 3apaseHun ¢ PPV

To evaluate the health status of
the selected trees the analysis for the
presence of seven viruses (Plum Pox

Virus, Prune Dwarf Virus, Prunus
Necrotic Ringspot Virus, Apple
Chlorotic Leafspot Virus, Apple

Mosaic Virus, Plum Bark Stem Pitting
Associated Virus and Myrobalan
Latent Ringspot Virus) and
‘Candidatus phytoplasma prunorum’
was performed, as described earlier
(Jevremovi¢ et al., 2021).

Cryotherapy was conducted on
PPV-infected plum shoot tips (on
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BbpxyeTa (CbC cpegHa AbkuvHa 1.5
mm) OT 4-cegMnyHu pacTteHus,
oTrnexaaHn Bbpxy cpena Murashige
and Skoog (MS). OTkpuBaHeTO Ha
PPV 6GelLle n3BbpLUEHO BbPXY in Vitro
N3ObHKN, pereHepupaHu oT
KOHTPOIHN EKCMNMaHTK (HeTpeTnpaHm
C Kpuotepanus, -LN) n tpetnpanu c
KpuoTepanua ekcnnantu (+LN).

HauvanHuat matepuan, 3apaseH
c PPV, NOAroTBEH 3a
KpMOKOHCepBaLus, e TecTBaH npeau
ekcnepumeHta 4dpe3 Real-time PCR
(Olmos et al, 2005), 3a pa ce
rapaHTupa, 4Ye 3apaseHuaT matepuan
Bnun3a B npouegyparta Ha
KpuoTtepanusi.

KpunoTtepanusata e nposegeHa B
OeBeT pasnuMyHu  BapuaHta. 3a
Kpuonnaka D Gsixa npunoxeHun Tpu
BapuaHTa:

1) 2 vaca wuscywaBaHe -LN/2
yaca uscylwasaHe +LN;

2) 2.5 vaca wuscywasaHe -
LN/2.5 yaca uscywasaHe +LN;

3) 3 yaca uscywaBaHe -LN/3
Yyaca uscywasaHe +LN.

3a «kpuonnaka V  OGsaxa
NpUNoXeHn LWecT BapuanTa: 1) PVS2
20 min -LN/ PVS2 20 min+LN; 2)
PVS2 40 min -LN/ PVS2 40 min +LN;
3) PVSA3 20 min -LN/ PVSA3 20 min
+LN; 4) PVSA3 40 min -LN/ PVSA3
40 min +LN; 5) PVS3 60 min -
LN/PVS3 60 min +LN; 1 6) PVS3 80
min -LN/ PVS3 80 min +LN.

MogpobHata npouegypa e
onucaHa B Jevremovic et al. (2023a).

3OpaBHMAT cTaTyc Ha in vitro
M3ObHKM  OT  KPWOKOHCEpBMPaHU
eKCMraHTn oT ABaTa CfMBOBM copTa €
nacrnegsaH ypes Real-time RT-PCR ¢
n3nonseaHe Ha npavMepu u CcoHan
TagMan (Olmos et al., 2005). Tllo
BpEMe Ha 4eTupuTe eTana Ha
pasMHOXaBaHe BCWUYKM MPOU3BEOEHU
pacteHus (in vitro) 6axa aHanuaunpaxu
3a Hanuuue Ha PPV.

Cobuwo Taka BKOpEHEeHUTE

average 1.5 mm long) from 4-week-
old plantlets growing on Murashige
and Skoog (MS) medium.

Detection of PPV was performed on in
vitro shoots regenerated from control
explants (non-cryo-treated, -LN) and
cryo-treated explants (+LN).

Starting PPV-infected material
prepared for cryopreservation was
tested prior the experiment by Real-
time PCR (Olmos et al., 2005) to
ensure that infected material entered
cryotherapy procedure.

Cryotherapy was conducted in

nine different treatments. Three
procedures for D cryo-plate were
performed:

1) 2 h desiccation -LN/2 h
desiccation +LN;

2) 2.5 h desiccation -LN/2.5 h
desiccation +LN;

3) 3 h desiccation -LN/3 h
desiccation +LN.

For the V cryo-plate six
procedures were performed: 1) PVS2
20 min -LN/ PVS2 20 min+LN; 2)
PVS2 40 min -LN/ PVS2 40 min +LN;
3) PVSA3 20 min -LN/ PVSA3 20 min
+LN; 4) PVSA3 40 min -LN/ PVSA3
40 min +LN; 5) PVS3 60 min
-LN/PVS3 60 min +LN; and 6) PVS3
80 min —LN/ PVS3 80 min +LN.

Detailed procedure is described
by the Jevremovi¢ et al. (2023a).

Health status of in vitro shoots
of cryopreserved explants of both
plum cultivars was investigated by a
Real-time RT-PCR using primers and
TagMan probes (Olmos et al., 2005).
During four multiplication stages all
produced plants (in vitro shoots) were
analyzed on the presence of PPV.

Also, rooted plants were further
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pacTteHus bsixa AOMbIHUTENHO
TecTBaHU 60 OHn cnen
aKnumarun3aums B opaHxepus.

AHanuaupann ca obwo 1285
pacteHua ot Belodljiva n Crvena
Ranka.

PE3YNTATU N OBCBXXOAHE

W npu gBete abpeeTa, n3bpaHu
3a u3xogeH  martepwuan, belwe
NnoTBbpAEH PeKOMOMHAHTEH LWam Ha
BMpyca Ha wapkaTta (PPV-Rec).

Opyrm lect  Bupyca 7
.Candidatus phytoplasma prunorum®
He ©6axa oTkpuTW. Hanuumeto Ha
MHOXECTBO BUPYCU B TpeETUpaHMUS
MaTtepuan Moxe fa MoBnusie Ha
ehekTMBHOCTTa Ha KpuoTepanusaTa u
OpyruTe MeTou 3a eNMMUHMPaHe Ha

BMpYyCUTE.
PereHepupaHuTte in vitro
n3gbHKM  OAxa  TecTBaHM  cneq

n3BbpLUeHa KpuoTepanua cneg aeseT
pasnuyHM BapuaHTa C MnomoLlTa Ha
Real-time RT-PCR (durypa 1) cnepg
BCSIKA OT 4eTupute CyokynTypu w
cneq aknumaTusaumsa Ha pacteHusTa
B OpaHXxepus.

ARn

tested 60 days after acclimatization in
the greenhouse.

In total, 1285 plants of
Belosljiva and Crvena Ranka were
analyzed.

RESULTS AND DISCUSSION

In both trees that were selected
as a starting material recombinant
plum pox virus strain (PPV-Rec) was
confirmed.

Other Six  viruses and
‘Candidatus phytoplasma prunorum’
were not detected. Occurrence of
multiple viruses in treated material
can influence the efficiency of
cryotherapy and other methods for
virus elimination.

Regenerated in vitro shoots
were  tested after performed
cryotherapy following nine different
treatments using Real-time RT-PCR
(Figurel) after each of four
subcultures and after acclimatization
of the plants in the greenhouse.

Amplification Plot

®wur. 1. OtkpuBaHe Ha PPV upe3 PCR B peanHo BpeMe B aHanu3npaHu

npo6u ot cnuBwu Belosljiva

Fig.1. Real-time PCR detection of PPV in analyzed samples of plum

Belosljiva
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3a aHanu3a e n3bpaH meToabT
Real-time PCR nopagu no-Bucokata
MYy 4YYyBCTBMTEMHOCT B CpPaBHEHME C
KOHBEHLMOHanHus RT-PCR
(Jevremovi¢ et al., 2023b).

AKO BCUYKM M3crengaHu npobu
cnes  W3BbpLUEHO TpeTupaHe ca
oTpuyuartenHu 3a Hanumune Ha PPV,
TOBa TpeTMpaHe ce cuyiTa 3a
edmKacHo.

AHanuabT Real-time RT-PCR
noTebpan Hanmumeto Ha PPV BbB
BCUYkM 555 TecTBaHM Npobu OT cnvBa
BeloSiva. B nmbpBatra cybkyntypa
cneq u3pacTBaHeTO pacTeHusiTa BbB
BCMYKM BapuaHTu Osixa oTpuuaTtenHu
3a Hannume Ha PPV. [lbpsute
3apaseHn pacTeHusi 0sxa OTKpPUTU
BbB BTOpaTa CyOKynTypa BbB BCUYKU
BapunaHTK, Kakto BbB V, Taka n B D
Kpuonnaku . B TpetaTta u 4YeTBbpTaTa
cybKynTypa BCMYKM  aHanuaupaHu
npobn Gsxa  MNOMNOXUTENHM  3a
Hannuue Ha PPV.

Cnen aknumaTtusauuaTa
BCUYKM  TecTBaHM npobu  Osixa
3apaseHn ¢ PPV. [lo Bpeme Ha
aHann3a He ca HabniogaBaHu
nogo6Hu Ha Lapka cumnToMu BbpXy
HATO egHo in vitro pacTeHue. [Ba
Meceua cneg  aknMmarvsaumdara
3apaseHnTe pacteHust 0Ogaxa ©Ges
CUMNTOMMW, HO eHa roguHa no-KbCHO
ce nosiBuxa nbpBuTe nekn PPV
CUMMTOMM BbpXY pacTeHudaTa
BeloSiva. OtpuuartenHuaTt pesyntar
OT aHanusa, nonydeH npu nbpeaTa
cybkynTypa, ce [ObJDKA Ha HUCKUSA
TUTBP Ha BUpYyca B aHanuMsuvpaHuTe
npobu. PPV e 6un HeoTkpuBaem, Ho
npwu BTOpara cybkynTypa
KOHLeHTpauusaTa Ha BMpyca B in Vitro
netopactute ce yBenuvyasa u PPV
necHo ce oTkpuBa u4pe3 Real-time
PCR.

MNpu KpmnotepanuaTa Ha cnuea
Crvena Ranka oT geBeT npoBefeHw,
TPM  KPUOTEPANEBTUYHM  BapuaHTa
(PVS2 20 min+LN, PVS3 60 min+LN

Real-time PCR method was
selected for the analysis because of
its higher sensitivity in comparison to
conventional RT-PCR (Jevremovi¢ et
al., 2023b).

If all tested samples after a
performed treatment were negative
for the presence of PPV that
treatment was considered efficient.

The Real-time RT-PCR
analysis confirmed PPV presence in
all 555 tested samples of plum
Belosljiva. In the first subculture after
regrowth plants in all treatments were
negative for PPV presence.

The first infected plants were
detected in the second subculture in
all treatments both in V and D cryo-
plate.

In third and fourth subculture all
analyzed samples were positive on
the PPV presence.

After acclimatization, all tested
samples were PPV infected.
During analysis, no Sharka-like
symptoms were observed on any in
vitro plant.
Two months after acclimatization
infected plants were symptomless, but
one year later first mild PPV
symptoms appeared on BeloSljiva
plants.

The negative result of the analysis
obtained in the first subculture is
caused by the low virus titer in
analyzed samples.

The PPV was undetectable, but in the
second subculture virus concentration
in the in vitro shoots increased and
PPV was easily detected by Real-time
PCR.

In cryotherapy of plum Crvena
Ranka, out of nine performed, three
cryotherapy treatments (PVS2 20
min+LN, PVS3 60 min+LN and PVS3
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n PVS3 80 min+LN) 6sxa ycnewHn
npy enuMuHMpaHeTo Ha PPV. Beudku
111 aHanuampaHu nNpobu OT Te3n Tpu
npouenypv ce okaszaxa cBoGOAHM OT
PPV. Ot aHanuaupaHuTe in Vvitro
pacTeHuss Mo BpemMe Ha BCUYKUTE
yeTupmn cybkynTypu He 6sixa OTKpUTH
nonoxuTenHn npodu. . [ea meceua
cnegq aknMMaTtMsaumsita  BCUYKM
pacteHna 0Osxa cBobogHu ot PPV
(CHumka 2).

80 min+LN) were successful in PPV
elimination. All 111 analyzed samples
from these three treatments proved to
be PPV-free.

No positive samples were found
analyzing the in vitro plants during all
four subcultures. Two months after
acclimatization all plants were PPV-
free (Photo 2).

CHuMKa 2. AKnumaTusnpaHm pacteHusi, ceobogHu ot PPV, ot Crvena

Ranka

Photo 2. Acclimatized PPV-free plants of Crvena Ranka

[pyrvTe wecT BapuaHTa He ca
ounn ecpukacHn Npu eNMMMHUPAHETO
Ha PPV, kakto ce nonyun npwu
KpunoTtepanusaTa Ha crnmea BeloSiva.

KpuoreHHute TEXHUKU c
n3nornasaHe Ha anymMnHUeBm
Kpuonnakm ce ocHoBaBaT Ha PVS2-
BUTPUdMKALMOHHA Adexvgpatauus u
Bb3AyLUIHa aexugparauus Ha
eKkcnnaHTuTe, CbOTBETHO \%
Kpuonsaka " D Kpuonnaka
(Matsumoto, 2017).

Te3n TexHUKU ca paspaboTeHun
M edekTMBHO Cce npunarat 3a
3ana3BaHe Ha MHOXECTBO TPEBUCTU U
ObpBecHn pacteHus. lNpunaraHeTo Ha

Other six treatments were not

efficient in PPV elimination, as
obtained in cryotherapy of plum
Belosljiva.

Cryogenic techniques using

aluminum cryo-plates are based on
PVS2-vitrification dehydration and air
dehydration of explants, V cryo-plate
and D cryo-plate, respectively
(Matsumoto, 2017).

These techniques were
developed and efficiently applied for
preservation of numerous herbaceous
and woody plants. The application of
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KpMOKOHCepBaLuusaTa KaTo cTpaTteruns
3a NuKBMOMpaHe Ha  naTtoreHa
(Bupyca) ce ocHoBaBa Ha (pakTa, 4ye
TpeTMpaHeTo C TevyeH as3oT Ha
3apas3eHn BbPXOBE Ha U3ObHKM € Mo-
CMBbPTOHOCHO 3a AudbepeHuupaHnTe
KNeTKWU, KOUTO ca No-pasBUTU U CUMHO
nogaTtnvBu Ha BUPYCHa UHMDEKLNS.

Helliot et al. (2002) 3asiBsiBar,
Yye GE3BMPYCHUTE MEPUCTEMU KIETKU
B paMKUTE Ha anuKanHusi Kyrnon uim B
6nusocT [0 Hero ouenseaTt npwu
TpeTMpaHe C TeyeH as30T W ce
pereHepupar B ©e3BupycHH
pacTeHus.

KpnoTepanusata e oueHsaBaHa
BbpPXYy MHOrO pacTuUTernHu BMAOBE C
no-ronsM WAM  no-manbkK  ycnex
(Jiroutova and Sedlak, 2020).

YcnexsT Ha KpuoTepanudaTta 3a
NUKBMOMpaHe Ha BuMpyca 3aBUCKM OT
HsIKOMKO (pakTopa.

OcHoBHUTE OT THX ca: MeToA U

npouegypa 3a KpMOKOHCepBauus,
YYBCTBMTENHOCT Ha reHoTuna, KOMTO
TpsibBa na oboe TpeTnpaH,

nokanusauus Ha BUpYca B
pacTUTENnHUTEe TbKaHW, YCINOBUS Ha
pactex u gpyrv (Brison et al., 1997).

EdekTnBHOCTTa Ha
KpuoTepanuata 3a IuKBMaMpaHe Ha
BMpYyCca Bapupa 3Ha4YuUTENHO npwu

pacTUTenHUTe BUAOBE, TPETUpPaHU C
TeyeH a3oT. [NMpoBeaeHn ca 06CTONHM
Hay4Hu nacregsaHums 3a
YHULLIOXXaBaHe Ha AOBLMNKOBM BUPYCH,
KOUTO npuynHaBaT naTeHTHa
MHEKUNS npu  rofnsiMa  YacT  oT
COpPTOBETE, KAaTO MHOMO 4ecTto ce
cpewar B CMeCeHU WHdekunn ¢
Bupycute Apple Stem Pitting Virus,
Apple Stem Grooving Virus and Apple
Chlorotic Leafspot Virus (Bettoni et
al., 2018, 2019; Zhao et al., 2018; Liu

et al., 2021).

Cbwo Taka KpuotepanusTa
ype3 TEexXHUKa Ha KancynuMpaHe U
aexugpatupade ce oKa3Ba
edekTuBHa 3a in vitro

cryopreservation as a strategy to
eradicate pathogen (virus) is based
on the fact that liquid nitrogen
treatment of infected shoot tips is
more lethal to differentiated cells that
are more developed and highly
susceptible to virus infection.

Helliot et al. (2002) stated that
virus-free meristematic cells within or
close to the apical dome survive liquid
nitrogen treatment and regenerate
into virus-free plants.

Cryotherapy was evaluated on
many plant species with more or less
success (Jiroutova and Sedlak, 2020).

The success of cryotherapy for
virus eradication depends on several
factors.

The main are: cryopreservation
method and procedure, susceptibility
of the genotype that should be
treated, virus localization in plant
tissues, growth conditions and other
(Brison et al., 1997).

The efficiency of cryotherapy

for virus eradication varies greatly
among plant species treated with
liquid nitrogen.
Comprehensive  research  studies
were conducted for eradication of
apple viruses that cause latent
infection in great majority of cultivars,
very often occurring in  mixed
infections with Apple Stem Pitting
Virus, Apple Stem Grooving Virus and
Apple Chlorotic  Leafspot Virus
(Bettoni et al., 2018, 2019; Zhao et
al., 2018; Liu et al., 2021).

Also, cryotherapy by
encapsulation-dehydration technique
proved to be effective for in vitro
eradication of apple latent viruses
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obe3BnpycsiBaHe Ha AOBIKOBK
nateHTHn Bupycu (Bettoni et al,
2018). KpnoTtepanusata Ha BbpxoBeTe
Ha netopacTuTe e nonesHa TexHuKa,
KOATO MOXe JfJa ce npunara 3a
obe3BupycsiBaHe NpuM  ManvHOBM
pactenuna (Wang et al., 2009).

EQMHCTBEHOTO npoydBaHe 3a
obesBnpycsiBaHe Ha cnveBu oT PPV
(nognoxka 3a cnvea) C W3MNon3BaHe
Ha KPMOTEHHU TEXHUKWN € LOKINaABaHO
ot Brison et al (1997). Te3an aBTOpM
ca u3nonssanu metoga Ha 6aBHO
oxnaxgaHe 3a [MpeynucTBaHe Ha
noanoxkara Prunus Fereley-Jaspi ot
PPV 1 ca nonyyunu pacteHus,
cBobogHu ot PPV, c BMcOKa YecToTa
(45-60%).

OnnTbT 3a 0be3BMpycsABaHe Ha
Kancma ot PPV, ypes nsnonseaHe Ha
mMeToaa Ha 6aBHO oxnaxgaHe B
KoMOGMHauUMa € xummuoTepanus e
goknagsaH ot Koksal et al. (2014).

MonyyeHute pesynTatm ca
obelwjaBali, HO MNPOLEHTLT Ha
ouensiBaHe € MHOMO HUCBK 1 TpsibBa
Ja ce yBenuuum 4Ypes3 OonTUMU3NpaHe
Ha MPOTOKONWUTE M C M3MON3BaHe Ha
TEXHMKKN 3a Obp30 3aMpassiBaHe.

Pesyntatnte, nonydeHn B
HaweTo npoydYBaHe, NpeacTaBAT
MbpBMTE pe3ynTatu OT onuta 3a
yHuwoxaBaHe Ha PPV c nomoluTta Ha
TexHuknte V u D kpuonnaku.

MonyyeHute pesyntatm ca
pobpa ocHoBa 3a MO-HaTaTbLUHO
n3non3eaHe Ha KpuoTepanusata 3a
obe3BnpycsiBaHe Ha BaXXHU
reHoTUnoBe, KoraTo ApYrM MeToau He

ca HanMyHM wunM  ce  okasear
HeeEKTUBHN.

n3sogu

KpnoTepanusata moxe ga 6vae
obeluaBaLy WHCTPYMEHT 3a
envMMUHMpPaHe Ha BUpYca OT 3apaseH
MaTepuan. [okasaHo e, ye

epagukaumara Ha PPV e 3HauuTenHo
orpaHuyeHa oT NPUNOXEHUsT BapUaHT

(Bettoni et al., 2018).

Cryotherapy of shoot tips is a useful
technique that can be applied for virus
eradication from raspberry plants
(Wang et al., 2009).

The single study on PPV
eradication from plums (rootstock for
plum) using cryogenic techniques was
reported by Brison et al. (1997).
These authors used slow cooling
method to eradicate PPV from Prunus
rootstock Fereley-Jaspi and obtained
PPV-free plants with high frequencies
(45-60%).

The attempt to eradicate PPV
from apricot using slow-cooling
method in combination with
chemotherapy was reported by
Kdksal et al. (2014).

Obtained results were
promising, but survival rates were
very low and should be increased by
optimization of the protocols and with
the use of rapid freezing techniques.

The results obtained in our
study presents the first results of the
attempt to eradicate PPV using V and
D cryo-plate techniques.

Obtained results are a good
base for further utilization of
cryotherapy for virus eradication from
important genotypes when other
methods are not available or prove
inefficient.

CONCLUSIONS

Cryotherapy  can be a
promising tool for virus eradication
from infected material.

It was demonstrated that the
eradication of PPV is significantly
limited to the applied treatment and
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N TPETUPAHUS reHOTUN.
Pesyntatute ca okypaxasaliu
M ToBa npoyyBaHe TpsAOBa Oa Obae
paswmpeHo A0 Apyry copToBe ChnBU
n BuaoBe Prunus, kato ce u3nonssa
KpuoTepanusi CamMOCTOSITENHO UNU B
KOMOUHAaLMS C APYrn TEXHUKU.

BITArOOAPHOCTMU

ToBa n3cnegBaHe e
nogkpeneHo ot HaydHus doHg Ha
Penybnuka Cobpbus, PROMIS,
#6062279, npoekTt ,CbxpaHsaABaHE WU
oGesBmpycaBaHe OT plum pox Ha
CpbbCKMTE  aBTOXTOHHM  CMMBOBWU
reHoTunoBe, 4pes WU3Non3BaHe Ha
kpuotexHonorun® — CryoPlum un ot
MwuHMCTEPCTBOTO Ha HaykarTa,
TEXHOMOTMYHOTO pasButne "
nHoBauuuTe Ha Penybnuka Cbpbus,

genotype treated.

The results are encouraging
and this study should be expanded to
other plum cultivars and Prunus
species using cryotherapy alone or in
combination with other techniques.
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