
Production of virus Free PlantsProduction of virus Free Plants
Tissue culture is an excellent tool for multiplying, Tissue culture is an excellent tool for multiplying, 
maintaining, storing and distributing plants. maintaining, storing and distributing plants. 

Maintaining unique plants for breeding, Maintaining unique plants for breeding, 
propagation, or distribution can be expensive in propagation, or distribution can be expensive in 
terms of the time, space and labor required. terms of the time, space and labor required. 

InIn--vitro propagation of apical meristems is an vitro propagation of apical meristems is an 
important part of virusimportant part of virus--elimination therapy for elimination therapy for 
improving the health of plant collections. improving the health of plant collections. 

Distribution of tissue cultured germplasm often Distribution of tissue cultured germplasm often 
assists breeders and nurseries in meeting assists breeders and nurseries in meeting 
quarantine regulations. quarantine regulations. 



Production of virus Free PlantsProduction of virus Free Plants
Germplasm may be a source of genes for improving such traits Germplasm may be a source of genes for improving such traits 
as insect and disease resistance, improved quality, drought or as insect and disease resistance, improved quality, drought or 
cold tolerance, increased yields, low chilling requirements, cold tolerance, increased yields, low chilling requirements, 
adaptation to mechanical harvesting or longer shelf life in adaptation to mechanical harvesting or longer shelf life in 
distribution and retail channels. distribution and retail channels. 

Foreign pathogens continue to pose a considerable threat to Foreign pathogens continue to pose a considerable threat to 
crops. Prevent introduction of quarantine pathogens in crops. Prevent introduction of quarantine pathogens in 
imported prohibited germplasm using a range of diagnostic imported prohibited germplasm using a range of diagnostic 
techniques to intercept themtechniques to intercept them

Develop improved methods of detecting quarantine pathogens Develop improved methods of detecting quarantine pathogens 
and investigate the etiology of poorly described diseases and and investigate the etiology of poorly described diseases and 
pathogens of quarantine significancepathogens of quarantine significance

Eliminate quarantine pathogens from valuable plant Eliminate quarantine pathogens from valuable plant 
germplasmgermplasm

Complete therapy on sweet potatoes infected with Complete therapy on sweet potatoes infected with 
geminiviruses. geminiviruses. 

Provide tissues from in vitro therapy for PCR detection of Provide tissues from in vitro therapy for PCR detection of 
geminiviruses in sweet potatoesgeminiviruses in sweet potatoes



WHY DEVELOP CERTIFICATION AND WHY DEVELOP CERTIFICATION AND 
INDEXING PROGRAMINDEXING PROGRAM

To stop the distribution of viruses in propagative To stop the distribution of viruses in propagative 
plant materialplant material

To avoid losses due to virusesTo avoid losses due to viruses

An insurance  against distribution of exotic and An insurance  against distribution of exotic and 
destructive virusesdestructive viruses

To lower the inoculum potential of viruses with in To lower the inoculum potential of viruses with in 
the countrythe country

To determine the type of viruses present in a state To determine the type of viruses present in a state 
or countryor country



CERTIFICATION AND INDEXING CERTIFICATION AND INDEXING 
PROGRAM DEPENDS ONPROGRAM DEPENDS ON

Proper identification and detection of virusProper identification and detection of virus

Development of sensitive and reliable indexing Development of sensitive and reliable indexing 
method(s)method(s)

Proper selection of plant material and detection Proper selection of plant material and detection 
methodmethod

Knowledge of host, pathogen and environmentKnowledge of host, pathogen and environment

Maintenance and multiplication of virus free Maintenance and multiplication of virus free 
materialmaterial

Distribution and Propagation of pathogen free Distribution and Propagation of pathogen free 
material under high hygienematerial under high hygiene



Meristem tip cultureMeristem tip culture

Apical meristem tips (domes with 1Apical meristem tips (domes with 1--2 leaf 2 leaf 
primordiaprimordia) were excised in sterile conditions either ) were excised in sterile conditions either 
from from in vivo in vivo oror in vitroin vitro plants or highly proliferating plants or highly proliferating 
meristemsmeristems
Transferred to glass tubes on 10 ml of solid MS Transferred to glass tubes on 10 ml of solid MS 
medium. medium. 
Tubes were maintained in a growth cabinet (culture Tubes were maintained in a growth cabinet (culture 
room) at 24 room) at 24 ±± 11°°C in dark conditions for 3 days, C in dark conditions for 3 days, 
and then under standard illuminated conditionsand then under standard illuminated conditions



Mechanism of virus Elimination in meristemsMechanism of virus Elimination in meristems
Failure to invade meristem is due to:Failure to invade meristem is due to:

1. High auxin concentration in meristematic cells1. High auxin concentration in meristematic cells
2. Competition for nutrients enzymes for virus 2. Competition for nutrients enzymes for virus 

replicationreplication
3. Active metabolic process which is not suitable for 3. Active metabolic process which is not suitable for 

virus multiplicationvirus multiplication
4. Action of growth regulators (Cytokinins)4. Action of growth regulators (Cytokinins)
5. Presence of inhibitors (Phenolamines)5. Presence of inhibitors (Phenolamines)
6. Metabolic disruption of enzymes necessary for viral 6. Metabolic disruption of enzymes necessary for viral 

replication, RNA degradationreplication, RNA degradation



Characteristics of meristem tissuesCharacteristics of meristem tissues
Apical meristemApical meristem--during embryo development, is a dome of during embryo development, is a dome of 
actively dividing cells located at the apex of shoots and actively dividing cells located at the apex of shoots and 
roots.roots.

Plantlets derived from meristemPlantlets derived from meristem--tip culture usually retain tip culture usually retain 
the genetic characteristics of mother plantsthe genetic characteristics of mother plants

Virus elimination from selected  plantsVirus elimination from selected  plants--do not differ do not differ 
phenotypically from mother plantsphenotypically from mother plants

Variants comparable to traditional methods of propagationVariants comparable to traditional methods of propagation

Genetic stability of the germ line is prerequisite Genetic stability of the germ line is prerequisite 

Genetic stability of meristems under the strict control of Genetic stability of meristems under the strict control of 
DNA synthesis.DNA synthesis.

Avoids Spontaneous chromosomal structural changes Avoids Spontaneous chromosomal structural changes 

Undifferentiated tissues such as apical meristems Undifferentiated tissues such as apical meristems 
uniformity of diploid state of cells is maintaineduniformity of diploid state of cells is maintained



MicrograftingMicrografting
Meritem tip can be grafted onto a Meritem tip can be grafted onto a 
rootstockrootstock
Meristem (0.1 to 0.4mm) excised Meristem (0.1 to 0.4mm) excised 
from the infected cultivarsfrom the infected cultivars
Aseptically grafted onto the Aseptically grafted onto the 
vascular ring of a decapitated vascular ring of a decapitated 
virus free rootstockvirus free rootstock
Culture of grafted plantlets in Culture of grafted plantlets in 
vitrovitro
Transfer plants to soil and Transfer plants to soil and 
maintainmaintain
Suitable for woody species (fruit Suitable for woody species (fruit 
crops)crops)
Indexing for viroid, viruses, and Indexing for viroid, viruses, and 
phytoplasmaphytoplasma



Virus elimination through heat treatmentVirus elimination through heat treatment
Preparation for therapy: surface sterilization & culture establishment

Temperature treatment: Three weeks after subculture in 
vitro shoots are transferred to a special growth chamber and 
grown at an increased temperature regime for 14 to 21 days

Regeneration and indexing: Regeneration of small 
plantlets occurs within a few weeks. After indexing virus free 
plants selected and multiplied further

Acclimatization: Plantlets are rooted in vitro and 
transferred to the greenhouse. After careful hardening potted 
plants are re-tested for their pathogen-free status

Multiplication of Virus Free Plants:

For budwood production plants are transferred to an 
insect proof  screenhouse.



ThermotherapyThermotherapy

33 to 3833 to 38ooCCPotato virus Y, S, XPotato virus Y, S, XPotatoPotato

3535ooCCGooseberry vein banding Gooseberry vein banding 
virusvirus

Goose berryGoose berry

35 to 4335 to 43ooCCCucumber mosaic virusCucumber mosaic virusBananaBanana

35 to 4035 to 40ooCCCarnation ringspot virusCarnation ringspot virus
Carnation vein mottle Carnation vein mottle 
virusvirus

CarnationCarnation

35 to 3835 to 38ooCCChrysanthemum B virusChrysanthemum B virusChrysanthemumChrysanthemum

Temp.Temp.Virus eliminatedVirus eliminatedHostHost

• High temperature treatment has been widely used in production of 
virus free plants (30 to 40oC)



ChemotherapyChemotherapy

The use of chemicals to suppress virus symptoms The use of chemicals to suppress virus symptoms 
and multiplication in infected plantsand multiplication in infected plants
Use of antiviral compoundsUse of antiviral compounds-- Ribavirin/Virazole, DTHRibavirin/Virazole, DTH
Growth promoting chemicalsGrowth promoting chemicals--cytokininscytokinins
Antimetabolite chemicalsAntimetabolite chemicals--Azaguanine, ThiouracilAzaguanine, Thiouracil



ElectrotherapyElectrotherapy
The application of electrical pulses to eliminate viruses from pThe application of electrical pulses to eliminate viruses from plant lant 
tissue has recently received much attention. tissue has recently received much attention. 
Quacquerelli et al. [1980] obtained symptomless almond plants anQuacquerelli et al. [1980] obtained symptomless almond plants and d 
LozoyaLozoya--Saldana et al. [1996] reported on the elimination of PVX from Saldana et al. [1996] reported on the elimination of PVX from 
different clones of potato. different clones of potato. 
Using an electrotherapy apparatus developed in Cuba (Patent CubaUsing an electrotherapy apparatus developed in Cuba (Patent Cuba
37/95 AO 1C/08 1524/97), 37/95 AO 1C/08 1524/97), 
Hernandez et al. [1995] treated garlic (Hernandez et al. [1995] treated garlic (Allium sativumAllium sativum L), sugar cane L), sugar cane 
((Saccharum Saccharum sp.sp. hibridohibrido L.), potatoes (L.), potatoes (SolanumSolanum tuberosumtuberosum L.) and L.) and 
araceasaraceas ((XanthosomasXanthosomas and and ColocasiaColocasia) for Potyvirus, ) for Potyvirus, LuteovirusLuteovirus and and 
CarlavirusCarlavirus elimination respectively. elimination respectively. 
For banana (For banana (cvcv. W. . W. BungulanBungulan (AAA)), Hernandez et al.(AAA)), Hernandez et al. [1996] [1996] 
reported BSV elimination in approximately 40reported BSV elimination in approximately 40--80% of regenerated 80% of regenerated 
plants.plants.



Virus elimination in onionVirus elimination in onion--ChemotherapyChemotherapy



Virus EliminationVirus Elimination

Virus elimination Virus elimination 
depends ondepends on::
Meristem sizeMeristem size

Type of virus/PhytoplasmaType of virus/Phytoplasma

Virus strainVirus strain

Plant speciesPlant species

Cultivar typeCultivar type

Physiological condition of Physiological condition of 
mother plants and position mother plants and position 
of meristemof meristem



Virus indexingVirus indexing

Biological assays:Biological assays:
A. A. Indicator hostsIndicator hosts

B. B. Transmission by graft Transmission by graft 
inoculationinoculation
C. C. Transmission by DodderTransmission by Dodder
D. Vector transmissionD. Vector transmission



Virus indexingVirus indexing
Physical assaysPhysical assays: : A. A. Electron microscopeElectron microscope



Virus indexingVirus indexing
Serological assaysSerological assays: : 
A. A. Immuno Electron microscopyImmuno Electron microscopy

B. B. Enzyme linked immunosorbent assayEnzyme linked immunosorbent assay (ELISA) (ELISA) 
C. C. Dot immunobinding assay (DIBA)Dot immunobinding assay (DIBA)
D. Tissue blot immuno assay (TIBA)D. Tissue blot immuno assay (TIBA)



Virus indexingVirus indexing
Molecular assays:Molecular assays:
A. A. Double stranded RNA (dsRNA) analysisDouble stranded RNA (dsRNA) analysis
B. B. Molecular hybridization analysisMolecular hybridization analysis: : 

1. Dot blot assay/ Squash blot1. Dot blot assay/ Squash blot
2. Southern blot assay2. Southern blot assay

3. Northern blot assay3. Northern blot assay
C. C. MicroarraysMicroarrays
D. Polymerase Chain reaction (PCR) D. Polymerase Chain reaction (PCR) 

1. Multiplex PCR 1. Multiplex PCR 
2. Immunocapture PCR (IC2. Immunocapture PCR (IC--PCR)PCR)
3. Nested PCR 3. Nested PCR 
4.Competitive fluorescence PCR (CF4.Competitive fluorescence PCR (CF--PCR) PCR) 



Development of Membrane based nucleic Development of Membrane based nucleic 
acid Protocol for PCR detection of BBTVacid Protocol for PCR detection of BBTV

PCR detection

1 2  3  4  5  M   

1. Blotting of tissue on membrane

2. Dissolving of membrane or mixing
with PCR reaction mixture

3. PCR amplification

4. Visualization of bands



Development of nucleic acid probes for Development of nucleic acid probes for 
thethe Diagnosis of Banana Streak VirusDiagnosis of Banana Streak Virus

Chemiluminesnce detection 
by Dot Blot Assay

PCR Amplification and  labeling of DNA 

H  1  2  3   4  5    6       7 

M   1   2
Colorimetric detection by dot hybridization



Virus indexing by PCRVirus indexing by PCR



Citrus Yellow corky vein ViroidCitrus Yellow corky vein Viroid



Diagnosis of Citrus Witches BroomDiagnosis of Citrus Witches Broom

PCR Amplification of Phytoplasma 
ITS rDNA

0.5 0.5

DC B H NC bd hn



Tissue culture indexingTissue culture indexing



Detection of Viruses in Tissue Culture Detection of Viruses in Tissue Culture 
Banana From M/S Cadilla, AhamdabadBanana From M/S Cadilla, Ahamdabad
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Detection of Viruses in TC Plants from Detection of Viruses in TC Plants from 
Shri Ramco Biotech, BangaloreShri Ramco Biotech, Bangalore
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