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Virology in 
Micropropagation



Virology in Micropropagation

ÅMicropropagation: Producing 

clones from a single plant 

(mother plant) in a sterile 

environment (lab)

ÅFive steps:

ÇMother plant selection

ÇExplant initiation 

ÇMultiplication

ÇRooting 

ÇAcclimatisation



Importance of selecting a virus-free mother plant

Selecting a virus 
infected mother 

plant

Infected explant 
used for initiation

All clones 
infected

Rooting

Acclimatisation

Multiplication



https://ecampusontario.pressbooks.pub/microbio/chapter/the-viral-life-cycle/
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What is a plant virus and how do they spread?

Sub-microscopic, infectious, non-ƭƛǾƛƴƎ άǇŀǊǘƛŎƭŜέ ǘƘŀǘ ƘƛƧŀŎƪǎ ŀ ǇƭŀƴǘΩǎ ƻǿƴ 

cells to reproduce, using the plant's resources to create more virus particles 



What is a plant virus and why are they so dangerous?

Crop Country Virus Losses

Banana Africa, Asia, India Banana bunchy top virus 100% yield loss

Cassava Africa, India African cassava mosaic virus$3 billion

Maize Africa, Asia, South America Maize chlorotic mottle virus$52 million

Potato US Potato Virus Y $100 million

Potato UK Potato leafroll virus $50 million

Barley UK Barley yellow dwarf virus $14 million

Rice India Rice tungro virus $1.5 billion

Cacao Africa Cacao swollen shoot virus 200 million trees

Stone fruits Europe, Asia, America Plum pox virus 100% yield loss

Devastating effects on yield and quality, leading to extensive financial losses 



ÇTobacco Mosaic Virus (TMV)

ÇTomato Spotted Wilt Virus (TSWV)

ÇTomato Yellow Leaf Curl Virus (TYLCV)

ÇCucumber Mosaic Virus (CMV) 

ÇPotato Virus Y (PVY)  

Top ten most important plant viruses

International Committee on Taxonomy of Viruses (ICTV) 

ÇCauliflower Mosaic Virus (CaMV) 

ÇAfrican Cassava Mosaic Virus (ACMV) 

ÇPlum Pox Virus (PPV)   

ÇBrome Mosaic Virus (BMV)  

ÇPotato Virus X (PVX)  



Tobacco mosaic virus (TMV) ÇThe first virus ever discovered

ÇInfects over 350 species

Å Tomato, Pepper, Potato, Cannabis, Petunia, 

Impatiens, Chrysanthemum, Geranium, Begonia, 

Verbena

ÇTransmitted via

Å vectors (thrips) 

Å contaminated tools 

Å plant debris, surviving years in dead tissue

ÇCausing 

Å mottled, mosaic-patterned leaves, 

Å stunted growth

Å reduced yields 



Tomato spotted wilt virus (TSWV)

ÇTomato and Peppers

ÇTransmitted by thrips

Ç.ǳƭƭΩǎ ŜȅŜ ǇŀǘǘŜǊƴ ƻƴ ŦǊǳƛǘ ŀƴŘ ƭŜŀǾŜǎ 

ÇNecrosis

ÇStunting

ÇDeformed leaves and fruit

ÇCauses huge losses in vegetables



Tomato Yellow Leaf Curl Virus (TYLCV)

ÇTransmitted by whiteflies

ÇLeaf Curling ("cup" shape)

ÇYellowing of leaves

ÇDeformed fruit



Cucumber Mosaic Virus (CMV)
ÇInfects more than 1000 species

Ç²ŀǊǘȅ ŀƴŘ ƳƛǎǎƘŀǇŜƴ ŦǊǳƛǘ όάǿƘƛǘŜ ǇƛŎƪƭŜέύ

ÇStunting and reduced size of fruit

ÇInternal quality issues

ÇFlavor alterations (bitter taste)



Potato Virus Y (PVY)
ÇInfects tomato, tobacco and peppers

ÇMosaic patterns on leaves

ÇStunted growth

ÇLeaf necrosis 

ÇTuber necrotic rings



Cauliflower Mosaic Virus (CaMV)ÇVein clearing (translucent vein)

ÇInternal spotting

ÇLeaf deformaties

ÇNecrosis

ÇReduced yield

ÇStunting



African Cassava Mosaic Virus (ACMV)
ÇLeaf mosaic patterns

ÇLeaf distortion

ÇLeaf narrowing

ÇStunted growth

ÇReduced yield

ÇPremature defoliation

ÇS-shaped leaf stalks

"Candlestick" Syndrome : 
thickened stems that may turn 
purple, extreme reduction in leaf 
size, foliage so limited that the 
plant resembles a "candlestick".



Plum Pox Virus (PPV)

ÇThe most serious viral disease of 

stone fruits

ÇReddish rings/spots on fruit

ÇDeformed leaves and fruit

ÇPremature fruit drop

ÇReduced sugar content



Brome Mosaic Virus (BMV) ÇShrivelled leaves and chlorosis

ÇStunting

ÇQuinoa

ÇSoybean 

ÇMaize

ÇWheat



Potato Virus X (PVX)ÇNot severe symptoms

ÇLeaf crinkling

ÇLow tuber quality

ÇCo-infections

ÇCombined with PVX  

ÇSevere symptoms



ÇSub-microscopic non-ƭƛǾƛƴƎ άǇŀǊǘƛŎƭŜέ 

ÇClassified according to genetic structure 

ÇBuilding blocks ς DNA/RNA

ÇdsDNA or ssDNA and dsRNA or ssRNA

ÇStructure determines shape

What is a virus? 

ÇHelical

ÇFilaments

ÇRigid Rods

ÇBacilliform

ÇSpherical



Why is the shape and size of the virus important?

ÇInfluence movement

ÇLong, filamentous viruses  move slowly 

ÇSmall rod-shaped viruses spread rapidly

ÇViruses spread through the plant via: 

ÇCell-to-cell (local) movement

Å Viruses move between adjacent cells through 

microscopic channels that connect the plant cells

ÇSystemic (long-distance) movement 

Å Virus reaches the vascular tissue and moves rapidly 

through the phloem of the plant, reaching the roots, 

young leaves and fruits



How do we identify viruses?

ÇSerological Methods (Antibody-Based): These detect the coat protein of the virus and 

are highly effective for routine screening. 

ÇMolecular Techniques (Nucleic Acid-Based): These methods detect the viral RNA or 

DNA, offering high sensitivity and precision. 

ÇElectron Microscopy: This is where the physical structure of virus particles is visualised 

under a specialised microscope. 

ÇNext-Generation Sequencing (NGS): Enables comprehensive detection, allowing 

identification of known, unknown, and multiple viruses simultaneously.



Next-Generation Sequencing (NGS)

ÇDetermine exact order of DNA/RNA of virus

ÇSequence millions of fragments simultaneously

ÇIdentify all viruses in plant in one single test

ÇCorrelated with databases

ÇNovel viruses



How to get rid of a plant virus: Virus Elimination

иAdvantages: Most of the virus particles will not penetrate into the 
meristem
иDisadvantages: Meristem excision is tedious and requires skilled labour

Meristem culture

иAdvantages: Antiviral chemicals are effective in disrupting viral replication 
иDisadvantages: High concentrations induce abnormalities or cell deathChemotherapy

иAdvantages: Deactivation and rupture of viral particles
иDisadvantages: Higher temperatures reduce plant survivalThermotherapy

иAdvantages: Requires no specialised equipment or costly chemicals
иDisadvantages: May damage healthy cellsCryotherapy

иAdvantages: Reduces virus virulence by degrading nucleoproteins
иDisadvantages: Costly and shoot may exhibit abnormalitiesElectrotherapy



ChemotherapyThermotherapy

Cryotherapy Electrotherapy

Ç±ƛǊǳǎ 5b!κwb! άŘŜƎǊŀŘŜǎέ ŀǘ ƘƛƎƘ 

temperatures (35-54 ᴈ

ÇExplants temperatures for a certain 

period of time 

ÇChemicals (viricides) prevent virus 

replication 

ÇRibavirin - treatment of viral infections in 

humans such as chronic hepatitis C

ÇFreeze explant in liquid nitrogen 

ÇVirus DNA/RNA will degrade

ÇApplying a controlled electric current

ÇVirus proteins disrupted

Meristem culture



ÇMeristems (growth tips) 

ÇApical dome (AD)

ÇLeaf primordia (LP)

ÇActively dividing 

ÇUndifferentiated cells 

What is the meristem



Meristem culture

ÇMeristems considered virus-free

ÇCells divide faster than virus replicates 

ÇNo vascular connection between 

     meristem and rest of plant

ÇVirus unable to reach the cells at the tip

ÇMeristem sizes differ between crops

ÇUsually about 0.3 to 0.5 mm

ÇMostly effective against long phloem-

based viruses

ÇCombined with other therapies to 

eliminate smaller viruses



Grapevine Meristem Excision

Foundation Plant Services, University of California UCD, Narrator: Susan Sim, Technician: Waclawa Pudlo, Videographer: Nihn Khuu



What has been found in Agapanthus spp.



What do Agapanthus viruses look like?



How to Agapanthus viruses affect plants?
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ÇPilot study by Frontier Laboratory in 2025 

ÇDetermine virus status of stock plants

ÇTen Agapanthus varieties selected 

ÇBased on visual symptoms

ÇGenetic material  of all the plants were 

pooled taken for NGS

What viruses are found in our Agapanthus spp.?

ÇResults: only two viruses were present 

ÇAgapanthus Tungrovirus (AgTV)

ÇAgapanthus Velarivirus (AgVV)



Virus detection in Agapanthus by Frontier Laboratory

ÇTested each variety separately to see what viruses were present

Ç 6 Negative
Ç 3 AgTV
Ç 1 AgVV



ÇTo expand on the study

ÇTested another 40 varieties for these two viruses 

ÇEight out of 40 tested positive for AgTV (20%)

ÇTwo out of 40 tested positive of AgVV (5%)

ÇAble to eliminate these viruses from the plants? 

ÇFive AgTV ς positive varieties

ÇOne AgVV ς positive variety 

Virus detection in Agapanthus by Frontier Laboratory



ÇChemotherapy (Ribavirin as viricide)

ÇViricide = phytotoxic (concentration and time) 

ÇV0 = No viricide

ÇV30 = 30mg/L viricide 

ÇV50 = 50mg/L viricide 

ÇGrow 28 days on viricide

ÇEvaluate plant health

ÇExcise meristem

Agapanthus Virus Elimination at Frontier Laboratory



Agapanthus Chemotherapy Results after 28 days on viricide


