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PE3IOME

MpunoxeHa e xemoTepanus c
PuBasnpuH (Bupason) 3a eNUMUHMPaHe Ha

ACLSV, ApMV " ASGV oT
MUKPOPa3MHOMKEHU pacTeHus Ha
abbnkosusi copt ,Pemo”.

BpbxHn  u crpaHwuHu  nwnkm,

n3onupaHu OT WHgEeKTUpaHu abpseTa, ca
NOArOTBEHW, CTEPUNU3NPAHU U BbBEAEHM
B KynTypa KakTo € onucaHo no-paHo
(Munywesa u MeaHosa, 2004).

EAMHWYHM BPBXHW MBAKK (AbIKUHA
okono 1 cMm) ca u30nMpaHu  OT
MUKPOPa3MHOXEHW  pacTeHus u  ca
NPEXBbPNEHW Ha xpaHuTenHa cpepa ¢
pubasnpuH. PubasupuuT (20, 40, 80 and
100 mg.I'"), npeasapuTenHo
CTeépunusmpad ¢ muaunop  uaTup
(0.22uum), e nobaseH KbM
aBTOKMaBMpaHara  xpaHuTenHa cpega
npean BTBbpAABaHETO .

PacteHusaTta ca kyntusupaHu B8
Kamepa npu Temnepatypa 22+2°C wn 16
vaca gotonepuog (40 umol.m-2s-1 PAR)
3a Tpu ceamuumn

EchertuT 0T XemoTepanuaTta 3asucy

OT  KOHUeHTpauwsTa Ha  pubasupuH.

SUMMARY
{ Chemotherapy  with Ribavir:~
(virazole) were applied to elimina:=
ACLSV, ApMV  and ASGV fro~

micropropagated apple plants cv "“Remo
|

The apical and axillary buds isoiate=
from infected trees were prepared, surfacz
- sterilized and placed onto growth mediur-
1as described previously (Milusheva anc
Ilvanova, 2004).

Single apical buds (about 1.0 sr
| length) were excised fron-
micropropagated plants and transferred i~
nutrition medium with Ribavirin.

Filter sterilized Ribavirin (20, 40, 8¢
and 100 mg.l') was added to the
autoclaved medium before solidification.

Plantlets were grown at 22+2°C witr
16h photoperiod (40 umol.m?s” PAR) for
three weeks.

The effect of chemotherapy
depended on concentration of Ribavirin
| Ribavirin in cancentration 20 mg.|” slightly
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Pubasupus B KoHUeHTpauns 20 mgl’
cnabo nosnusaBa pacTexa
MukpopacTeHusta, ©es pga npuyuHasa
xnopo3a unu Hekposa. ELIZA TecTosete
He nokassaTt Hanuine Ha ACLSV, ApMV
nnn ASGV.

Mo-BUCOKUTE  KOHLEHTpauun  Ha
pvbaBupwH ca PUTOTOKCUYHN.
MukpopacTenusTa, TpeTtupanu ¢ 40 un 80
mg,l'1 pubasnpuH umat cnab pacrex wu
Hekposa Ha BpbxyeTaTta. Han-sucokara
KoHUeHTpauus Ha Pubasupux (100 mg.l")

npuuvHaABa 3arvBaHe Ha AO0bMKoBUTE
MUKPOpaCTEHUS.

MwkpopacTeHusTa, nokasanu
oTpuuartenHu pesyntatu npn  ELISA

TecToseTe, ca KIoHupawun v Wwe Bbaar
BKOPEHEHU 1 aknumaTnaupaxu npu ex vitro
ycnosus 3a 6b4el] MOHUTOPUHT.

KnrouoBu aymu: in vitro Kyntypu,
xemoTepanus, pubasupuH, ACLSV, ApMV
and ASGV.

M3non3BaHu CbKpalieHus:

BAP - 6-benzylaminopurine; IAA -
indole-3acetic acid; ACLSV - Bupyc Ha
XNOPOTUYHUTE IMCTHU NeTHa no abbrkara:

ApMV - Bupyc Ha Mo3ankata no
abbnkara, ASGV - BUpYC Ha
HabpasgaBaHeTo Ha  cTbbOnOTO  Ha
abbnkara.

yBOa4

AbbnkoBuar copt Remo e
eQuH 0T NpeacTaBUTenuTe Ha Taka
HapedeHuTe ,Pe” copTose (aHrm.
resistant), ycrtonumBuM Ha Tpwu
dutonaToreHa, NPUYNHABALLN
NKOHOMUYECKHN Hanl-BakHuTe
Bonectn npu sibvnkaTta: Venturia
ineaqualis (cTpynsicBaHe),
Podosphaera leucotricha
(BpawHecTa MaHa) u  Erwinia
amylovora (orHeH npwrop).

Ceponornyxure aHanuau
(DAS ELISA) Ha nHTpoayumpaHuTe
B MHCTMTYyTa MO OBOLIApPCTBO —
MnoBAVB HSKONKO pacTeHus oT

|

Ha |

affect plant growth, did not cause chlorosis
and apex necrosis. ELIZA test of the plants
did not show any presence of ACLSV,
ApMV and ASGV.

The higher concentrations  of
Ribavirin were phytotoxic. Plantlets treated
with 40, 80 mg.I" Ribavirin had poor
growth and apex necrosis.

The highest concentration  of
Ribavirin (100 mg.I"") caused the death of
the apple shoots.

The plantlets which  showed
negative ELISA results were subcloned
and will be rooted and planted in the field
for a future monitoring.

Keywords: in vitro  culture,
chemotherapy, ribavirin, ACLSV, ApMV
and ASGV.

Abbreviations: BAP 6-
benzylaminopurine; 1AA - indole-3acetic

!acid; ACLSV - apple chlorotic leaf spot

virus; ApMV apple mosaic virus; ASGV
apple stem grooving virus.

INTRODUCTION
Remo apple cultivar is one of
the representatives of the so-called

Re-cultivars, resistant to three
phytopathogens that cause the
economically most important

diseases in apple: scab (Venturia
ineaqualis), powdery mildew
(Podosphaera leucotricha) and fire
blight (Erwinia amylovora).

The DAS ELISA serological
analyses of the several plants of
that cultivar introduced at the Fruit
Growing Institute Plovdiv,

130



TO3W COPT nokasaxa HanM4ymero Ha
CMeceHa BupycHa uHMeKkuna oT
ACLSV, ApMV n ASGV.

Muoro aBTopy cbobuiasaT 3a
yCnewHo enuMuHupaHe Ha Bupycu
ypes xemoTepanus ¢ PubaBupuH
npu peauta UKOHOMUYECKA BaXKHU
BUAOBE KaTO KapTodu, (DBCTbUM,
TIOTIOH, rpo3fe, OaHaH, AbbKy,
Kpywin, ManuHu u gpyry (Hansen
and Lane, 1985; Griffiths et al.,
1990; Chen and Sherwood, 1991,
Toussaint et al.,1993; Prasada et

al., 1995; Cieslinska and
Zawadzka, 1999; Nascimento et al.,
2003).

Puwbasupurbt (Virazole, 1-
beta-D-ribofuranosyl -1.2.4-
triazole-3-carboxamide) e
CUHTETUYEH HyKneo3us,
CTPYKTYPEH aHanor Ha ryaHuHa.
EdekTnsHo UHxMbupa
pennukaunmata Ha - MHOro PHK%
BMPYCH, BKIT. 1 npu BosanHuumTe.

LlenTa Ha HacToswarta

paspaboTka € pa ce wuscnensa
BiuaHueTo Ha PubasBupuH BBbpPXY
pactexa Ha in vitro KyntusmpaHu
pacTeHna OoT sA0bMAKOBUA  COPT
Remo w©n pa ce  yCcTaHoBAT
onTUManHuTe 403K, Npu KOUTO He
ce Habnwgasa PUTOTOKCUYHOCT.

MATEPUAN U METOOU

V3cnepgBaHusaTa ca
npoeeneHn B nabopaTtopuute no
BunoTexHonorum 1 BUpPyconorua Ha

WHctutyt no  Osowapctso  —
[NMnosauB.
EkcnnaHty o1 ab0bnkoBus

copt Remo ca BbBegeHn un ce
nooawvpKaTt B In vitro kynTtypa Ha

‘revealed the presence of a mixed

viral infection with ACLSV, ApMV
and ASGV.

Many authors  announcec
ahout successful elimination ¢of
viruses by chemotherapy with
Ribavirin  in a number  of
economically important species
such as  potatoes, peanut-
tobacco, grapes, banana, apr ¢
pear, raspberry, etc. (Hansen anc
Lane, 1985; Griffiths et al., 1990
Chen and Sherwood, 1991
Toussaint et al., 1993; Prasada e:
al., 1995; Cieslinska anc
Zawadzka, 1999; Nascimento et al.
2003).

Ribavirin (Virazole, 1-beta-D-
ribofuranosyl-1,2,4-triazole-3-
carboxamide) is a  synthetic
nucleoside, a structural analogue ¢*

‘guanine. It inhibits effectively the

replication of many RNA viruses
including in mammals.

The aim of the present
investigation was to study the effec:
of Ribavirin on the growth of in vitrc
cultivated plants of Remo apple

‘cultivar and to establish the optima

rates that do not

phytotoxicity.

cause

MATERIAL AND METHODS

The studies were carried out
at the Laboratories of
Biotechnologies and Virology at the
Fruit Growing Institute — Plovdiv.

Explants of Remo apple
cultivar were introduced and
maintained in in vitro culture on a
modified nutrient medium by MS
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moanduumpara xpaHuTenHa cpega | (Murashige and  Skoog, 1962)
no MS (Murashige and Skoog, enriched with 0.5 mg.I"" BAP, 0.01
1962), oboratena ¢ 0.5 mg.I" BAP, mg.I" IAA, 30 g.I'' sucrose, 5,5 g.I
0.01 mg.I" IAA, 30 g.!I"' 3axapo3a, ‘agar, pH 5.6 (before autoclaving) as
55 gl' arap, pH 56 (npeau described before (Milusheva and
asToknaswpaHe), kakto e onucaHo lvanova, 2004). Ribavirin  (at
npeoy  (Munywesa u MWeaHosa, concentrations of 20, 40, 80 and
2004). PubaBupuHBLT (8,100 mg.l') was sterilized with a
koHueHTpauuu 20, 40, 80 and 100 milipore filter (0.22um) and it was
mg.l”) e cTepunuampan ¢ mununop added to the autoclaved medium
duntbp (0.221um) n e gobaseH kbMm before its solidification.
aBToKnaBupaHaTa cpefa npeau

BTBbpAsSBaHETO 1. Kato KoHTpona e A Ribavirin-free medium was
nanonssaHa cpena 6e3 Pubasvpur. used as a control. In each variant
3a Bceku BapuaHT ca 3anaraHu no |20 single tips of 1.0 cm length with
20 eavHUYHW BpbxYeTa ¢ AbmxuHa | two couples of leaves were set for

1.0 cm ¢ ABe ABOMKK NucTa. ‘
PacteHusara ca KyntnsmpaHu

the experiment.
The plants were cultivated in a

BbB  (huTOCTaTHa  kamepa  c|growth chamber at a temperature of
Temnepartypa 22+2°C m‘i22i2°C and a photoperiod of 16/8
doTonepuopn 16/8 yaca (40 umol m’ | hours (40 pmol m™?s™ PAR).
25T OAP). | Three weeks later the number
Cnepn 3 ceamuum ca otdyeteru |and length of the newly formed
BpoaT n AbIKMHaTa Ha shootlets were reported. The apical
HoBOnonyyeHute  netopactyeta. |buds (about 3 mm in length) were
BpbxHaTa nbnka (okono 3 mm) e transferred to ribavirin-free medium
npexsbpneHa Ha cpefa 6esland the rest plant parts were used
PubasupuH, a ocrtaHanara 4acT ot | for a serolcgical analysis.
pacTeHuaTa € W3nonssaHa 3a
ceponornyeH aHanus. The DAS ELISA serological
M3BbplieH e ceponoruder |analysis was carried out for the
aHanns 4ypes DAS ELISA 3a|following viruses: apple chlorotic
cnegHuTe  Bupycn:  Bupyc Haleaf spot virus (ACLSV), apple

XNOPOTUYHUTE NUCTHW nNeTHa Mo
abbvnkata (ACLSV), Bupyc Ha
mMosainkata no sévnkata (ApMV) u
BMpYyC Ha HabpasgaBaHeto Ha
cTbbnoto Ha sbvbnkata (ASGV).
NIMYyHOEH3UMHMAT aHanus 3a ApMV
e nposedeH Mo BapuaHTa [OBOEH
aHTuTano caHasud (DAS) (Clark

mosaic virus (ApMV) and apple
stem grooving virus (ASGV).

The immunoenzyme analysis
(ELISA) for ApMV was conducted
by the double antibody sandwich
method (DAS), (Clark and Adams,
1977), and for ACLSV and ASGV -
by the modified variant cocktail
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and Adams, 1977), a 3a ACLSV n DAS ELISA method (Flegg and
ASGV no moguduumpanusa | Clark, 1979).

BapunaHT cocktail DAS ELISA (Flegg | Diagnostic sets of Loewe
and Clark, 1979). MsnonseaHu ca | Phytodiagnostica GmbH were used
knToBe Ha Loewe Phytodiagnostica with a conjugate labeled with
GmbH ¢ «koHtoraT mapkupad c‘alkallne phosphatase.

ankanHa cocdarasa.

HanpaseHa e cratucrudecka The results obtained were
obpaboTka Ha nonydyenuTe | statistically processed using t — test
pesyntatn kato e wm3nonseaH t - for determining the least significant
TecT 3a onpegensiHe Ha LSD (Least  difference (LSD).

Significant Difference - Haii-manka |
CblLUECTBEHA pasnuka). 7

PE3YJNITATU U OBCBXOAHE RESULTS AND DISCUSSION
MNposeneHnaT Tect 3a The test carried out for
PUTOTOKCUYHOCT ACHO MOKa3sBea, L4efphytoto><ici‘(y clearly revealed that
edpeKkTbT oT xemoTepanuarta the effect of the chemotherapy
3aBucu OT KOHUeHTpauuata Ha depended on the concentration of
PubaBupuH B xpaHutenHata cpefa Ribavirin in the nutrient medium
(churypn 1 1 2). (Figure 1 and 2).

kontrol 20 40 LSD5%

®ur. 1. brkuHa Ha NIeTopacTyeTaTa B 3aBUCUMMOCT OT KOHLEHTPaUMATa Ha
Pu6aBupux (mg.l’ ) B XpaHuTenHara cpeaa

Fig. 1. The length of the shoots depending on the concentration of Ribavirin
(mg.I ) in the nutrient media
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number of 1
shoots 0,8
0,6 -
0,4
0,2
0

/

kontrol 20

“‘:
40

LSD5%

Dur. 2. Bpou HoBOodOpMHUpaHU NeTopacTyeTa B 3aBUCUMOCT OT KOHLIeHTpaumusaTa
Ha PubaBupuH (mg.|'1) B XpaHuTenHara cpeaa
Fig. 2. Number of the newly formed shoots depending on the concentration of

Ribavirin (mg.l") in the nutrient media

C yeBenu4aBaHe [fosaTta Ha
PubasupuH 3HauynTenHo Hamanssa
AbKMHATaA Ha nertopactyeTaTta.
Vima TeHOoeHUns 3a NoHWwKaBaHe Ha
TexHus Opon, HO TS He e
CTaTUCTUYECKN AoKasaHa.

MwukpopacTeHusaTa,
TpeTupaHu c PwnbasupuH B
KoHUeHTpaumnsa 20 mg.l'1 ca CBEXMU,
3eneHn W He ce Habnwpasat
npu3Haum Ha xnopo3a U Hekposa.
Bbnpeku ToBa e OTYETEHO |
O0Ka3aHOo MOHWXEeHMe B AbIMKnHaTa
Ha neTopacTtyeTata C okono 26%

(chur. 1).
[To-BUCOKUTE  KOHUEHTpauuu
Pubasupus ca  QUTOTOKCUYHW.

PacTenusTta, KynTuBupanu ¢ 40 v
80 mg.I'" umaT cnab pactex u ce.
Habntogasa HeKpo3a Ha
BEreTaLMOHHNA BPbX.
Hav-Bucokata KoHUEHTpaums

Ha Pubasupux (100  mg.l’)|

Increasing the Ribavirin rate
caused a significant decrease of
the shootlet length. There was a
tendency to a decrease of their
number but it was not prov~on

statistically.

The microplants treated with
Ribavirin at a concentration of 20
mg.I" were fresh, green, without
any characteristics of chlorosis or
Necrosis.

Despite  that

a significant

‘decrease of the shootlet length by

about 26 % was reported (Fig. 1).

The higher concentrations of
Ribavirin  were phytotoxic. The
plants cultivated with 40 and 80
mg.I" had a poorer growth and
necrosis in the vegetation tip was
observed.

The highest concentration of
Ribavirin (100 mg.I"") caused death
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npuynHaBa 3aruBaHe na | of the apple microplants.

A6 BAKOBUTE MUKPOPACTEHUA. The results of the serologiocal
Pesyntatute oT | analysis by the DAS ELISA method
CceponornYHng aHanus ypes | did not show the presence of any of

meTona DAS ELISA He nokazeaT | the three studied viruses - ACLSV.
HanMuMe Ha HUTO eawH oT Tpute: ApMV and ASGV.
nacnegBaHn  Bupyca - ACLSY,
ApMV n ASGV. The apical buds (about 3 mm
BpbxHata nbnka (okono 31in length) of all the plants that
mm) Ha BCUYKN ouenenn cnen | survived after the treatment were
TPETUPaHETO pacTeHus e transferred to a Ribavirin-free
npexebpneHa Ha  cpena 6e3§medium and cloned for further
PubasupuH 1 KnoHWpaHa 3a studies.
nocnensaLllo HabnoaeHve. { The results obtained were
MonyyeHuTe oT Hac analogous 1o those reported by
pesyntati ca  aHanorn4Hu ¢ Cieslinska and Zawadzka (1999).
[AoKnagBaHnTe OT Cieslinska and The authors mentioned that 50 and
Zawadzka (1999). Astopute 100 mg.l'1 of Ribavirin reduced
nocousat, ue 50 wn 100 mg.I"" strongly the shootlet growth and
PubasupuH  cunHo  peayuvpat ‘caused necrosis of the apical bud in
pacTexa Ha neTopacTyeTara n apple (cv. Jonagold) and pear (cv.
NPUYMHABAT HEKpo3a Ha BpbxHaTa | Pierre Corneille).
nbnka npu s6bnka (cv. Jonagold) n|
kpywa (cv. ‘Pierre Corneille”). Te\ A good effect was achieved
nocturaT no6wLp edekt (81.8% by the authors (81.8 % elimination
enuMmunnpade Ha ACLSV) r\pmi‘of ACLSV) when using 25 mg.l" of
nsnonssaHe Ha 25  mg." Ribavirin.
PubasnpuH. | James (2001) mentioned
James (2001) cwobujasa 3a about successful elimination  of
YCMELLHO eNnUMUHNPaHe Ha ASGV ASGV in apple after 9-week

npu abbnka cneg 9 ceamuydHo  treatment with 10 mg.l'1 of Ribavirin
TpeTupaHe ¢ 10 mg.l” PubasupuH applied separately —or in a
‘6aMOCTOSITENHO UM B KOMBUHaums combination  with 10 mg.I"  of
c 10 mg.I'1 KBEpLETVH (quercetin) . ' Quercetin.

AHaNOrM4HM ca n The results in grapevines
pesyntatute npu 103a (Vitis | (Vitis vinifera L., cv. Zalema) were
vinifera L. Cv. Zalema"). 'analogous. Application of Ribavirin
PubasupwuH B KoHUeHTpauua 20 at a concentration of 20 mg.l
mg.l'1 enuMmmuHupa GFLV !eliminated GFLV (Grapevine fanleaf
(Grapevine fanleaf virus) npu 94% virus) in 94 % of the treated plants
OT TpeTupaHute pacTtexus, tes aa‘without affecting their growth and

Brivse Ha pacTexa u | rooting.
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BKOPEHABAHETO UM.

n3soau CONCLUSSIONS

1. CUHTETUYHUAT HyKneo3mnf 1. The synthetic
PubasupuH U-be&yD-ﬂbohuanoswinudeos@e Ribavirin  (1-beta-D-
— 1.2 4-triazole-3-carboxamide) B | ribofuranosyl—1,2 4-triazole-3-
KOHUEHTpauun no-BnCoKn Ot 40 | carboxamide) applied at
mg.\'1 nMa CUNHO dMTOTOKcquo\ooncentrations above 40 mg I-1 had
nencrasue BBPXY n wﬂo@asﬂongphykﬂomceﬁectonu7VMO
KynTuBMpaHu pacTeHus ot | cultivated plants of Remo apple
abbnkosua copT ,Remo’. L cultivar.

2. KoHueHTpaums ot 20 mg.I" 2. The concentration of
PubaBnpuH ce noxaca Aobpe ot 20 mg.l" of Ribavirin exerted a
MUKpopacTeHusitTa 1 Moxe Aa ceigood effect on the microplants and
Manon3sa 3a xemoTepanus ¢ uen|it could be used for chemotherapy
BUPYCHO eNUMUHVpaHe.  for virus elimination.
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