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- Abstract - 

 

 

 

 

Kiwifruit (genus Actinidia) is an important horticultural crop to New 

Zealand.  Since 2003 several viruses have been isolated from Actinidia 

germplasm.  Because the germplasm is difficult to replace it is vital that 

viruses are eliminated from the infected material. 

 

The anti-viral effect of thermotherapy and chemotherapy was tested on 

a selection of viruses that infect Actinidia species (Actinidia virus A 

(AcVA), Actinidia virus B (AcVB), Alfalfa mosaic virus (AMV), Apple stem 

grooving virus (ASGV), Actinidia virus X (AVX), Citrus leaf blotch-like virus 

(CLBV-a), and Cucumber mosaic virus CMV).  Also, the phylogenetic 

relationship of AMV isolated from Actinidia was compared to other 

extant isolates. 

 

It was found that Actinidia chinensis and Actinidia deliciosa shoot tip 

cultures did not remain infected with ASGV, AVX, CLBV-a, and CMV, 

indicating that tissue culturing may have eliminated these viruses or that 

they do not persist in these species.  Exposure of A. deliciosa to a range 

of elevated temperatures (30-40°C) showed that the cultures do not 

survive at 37.5°C or higher.  Application of a temperature cycling regime 

of 25°C for 8 hours and 35°C for 16 hours improved the tolerance of A. 

chinensis and A. deliciosa to incubation at an elevated temperature.  

When the temperature cycling regime was applied to AcVA, AcVB, 

AMV, ASGV, AVX, CLBV-a, and CMV in Nicotiana occidentalis shoot tip 

cultures, the treatment was able to reduce the titre of all the viruses 

studied.   

 



- iii - 

 

The effects  of anti-viral compounds (acyclovir, amantadine 

hydrochloride, 5-azacytidine, oseltamivir, ribavirin, 2-thiouracil, and 

vidarabine) against AMV, ASGV, AVX, CLBV-a, and CMV in N. 

occidentalis shoot tip cultures cultures was determined.  Only ribavirin 

(20mg/L) and ribavirin (10mg/L) combined with quercetin (10mg/L) had 

a significant effect against ASGV and CLBV-a.  These treatments were 

not phytotoxic to Actinidia and, along with thermotherapy, are 

promising candidates for further development of virus elimination 

protocols in Actinidia. 

 

Phylogenetic analysis of RNA 3 and the coat protein sequences of AMV 

isolated from three Actinidia species showed the presence of two 

distinct sequence variants that are dissimilar to other AMV isolates so far 

identified in New Zealand; these isolates likely represent two separate 

introductions, one or both of which may represent an Actinidia strain. 
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-1- 

Introduction 

 

 

 

 

 

 

 

 

Actinidia are native to eastern Asia, concentrated in south-central and 

south-west China between the Yangzi (Chang Jiang) and Pearl (Zhu 

Jiang) rivers (Datson & Ferguson, 2011).  The first introduction of Actinidia 

germplasm into New Zealand from China was in 1904, and 20 years later 

Auckland nurseryman Hayward Wright began cultivating Actinidia 

deliciosa ‘Hayward’, now famous as the traditional “green” kiwifruit that 

is well known for its bright green fruit flesh (refer to Figure 1.1) (Datson & 

Ferguson, 2011; Ferguson, 2004; Ferguson & Bollard, 1990). 

 

Kiwifruit are one of the very few temperate fruit crops to have been 

domesticated in the 20th century, and is now considered an important 

commodity not only in New Zealand, but also Chile, China, Italy, and to 

a lesser extent France, Greece, Iran, Japan, Spain, and the United States 

(Atkinson & Macrae, 2007).  The successful domestication, cultivation, 

and commercialisation of kiwifruit by New Zealand has lead to this fruit 

being regarded as a piece of kiwiana (refer to Figure 1.1) (Atkinson & 

Macrae, 2007; Datson & Ferguson, 2011; Ferguson & Seal, 2008). 

(Yerex & Haines, 1983) 
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In 2010, kiwifruit represented 29.7% of New Zealand’s horticultural exports 

at 995.7 million New Zealand dollars (Aitken & Hewett, 2010).  These 

exports also include other types of kiwifruit that were cultivated more 

recently such as Actinidia chinensis ‘Hort16A’, also known as “gold” 

kiwifruit, and Actinidia arguta, also known as “KiwiBerry” or “Baby Kiwi” 

(refer to Figure 1.2) (Aitken & Hewett, 2010; Datson & Ferguson, 2011; 

Everett et al., 2011). 

 

 



- Chapter 1 - 

 

- 17 - 

 

 

The development of these different types of kiwifruit was possible 

because the Actinidia genus is highly variable, as are each of the 55 

individual species (refer to Figure 1.3) (Datson & Ferguson, 2011; 

Ferguson, 2007).  
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In order for important breeding programs of valuable kiwifruit crops to be 

successful, an extensive collection of genetically variable germplasm is 

required (Ferguson, 2007; Hawkes, 1977).  The New Zealand Actinidia 

germplasm collection is the largest outside of China, occupying 6.2 

hectares at three Plant and Food Research orchards at Kerikeri, Te Puke, 

and Riwaka, comprising of 3,500 genotypes from 310 accessions of 24 

species (Ferguson & Seal, 2008). 

 

Many researchers use this germplasm collection to expand upon existing 

knowledge of the Actinidia genus as a whole, but the collection is 

fundamentally used for kiwifruit breeding and improvement, and the 

production of new cultivars that will give New Zealand the competitive 

edge in the kiwifruit industry (Ferguson, 2007).  The individual accessions 

that constitute the New Zealand germplasm collection have been 

imported by purchase, exchange, or gift from countries where Actinidia 

grow wild (e.g. China, Japan, Korea and Russia), as well as from 

countries to which Actinidia material was sent early last century 

(Ferguson, 2007).  Importing germplasm from overseas can pose a 

biosecurity risk as such material may carry pests or pathogens like insects, 

nematodes, fungi, bacteria, and viruses (Waterworth & White, 1982). 

 

Both bacterial and fungal diseases are known to cause considerable 

damage to kiwifruit crops, the November 2010 outbreak of 

Pseudomonas syringae pv. actinidiae being a recent example.  

However, there are no documented cases of viral diseases causing 

significant losses of kiwifruit (Chavan et al., 2009; Clover et al., 2003; 

Everett et al., 2011).  Viral symptoms had been described in Actinidia in 

China (Lin & Gao, 1995) and during grafting experiments in Japan (Nitta 

& Ogasawara, 1997), but the causal agents were not identified (Chavan 

et al., 2009).  Clover et al. (2003) reported the first definitive identification 

of a virus infecting Actinidia when Apple stem grooving virus (ASGV) was 

detected in A. chinensis, imported from China, that was held in post-



- Chapter 1 - 

 

- 19 - 

 

entry quarantine in New Zealand (Chavan et al., 2009).  A strain of 

Ribgrass mosaic virus (RMV), along with a Citrus leaf blotch-like virus 

(CLBV-a) and two novel vitiviruses were detected in the same 

quarantine containment (Blouin et al., 2012; Chavan et al., 2009; Pearson 

et al., 2007; Pearson et al., 2011).  The detection of these viruses in 

imported Actinidia prompted a survey of the Plant & Food Research 

Actinidia germplasm collection, and to date a total of 11 viruses have 

been identified in Actinidia, including germplasm lines, in New Zealand 

(refer to Table 1.1). 

 

Of these viruses three are novel Actinidia viruses – Actinidia virus A 

(AcVA), Actinidia virus B (AcVB), and Actinidia virus X (AVX).  AVX, a 

novel Potexvirus, was identified from A. chinensis and subsequently 

maintained in Nicotiana occidentalis (Blouin et al., 2010; Pearson et al., 

2011).  Potexviruses typically occur in plants in high concentration and, 

although most potexviruses have no known insect vectors, are sufficiently 

infectious to be transmitted mechanically (Martelli & Rubino, 2012; 

Pearson et al., 2011).  However, when A. chinensis seedlings were 

mechanically inoculated with AVX, although systemic spread was initially 

detected, virus levels in the leaves rapidly declined and could not be 

detected two months after inoculation (Pearson et al., 2011).  

Nevertheless, potexviruses can significantly reduce crop yields, especially 

when they occur in mixed infections with other viruses (e.g. Potato virus X 

with Potato virus Y in potato) (Ahmad et al., 2011; Martelli & Rubino, 2012; 

Scholthof et al., 2011). 

 

Sequence analysis of the two other novel Actinidia viruses, AcVA and 

AcVB, by Blouin et al. (2012) show that they are distinct from each other 

and other members of the Vitivirus genus to which they belong.  A. 

chinensis infected with the vitiviruses showed a wide range of symptoms, 

being most visible in spring, but half of the infected plants were 

asymptomatic (Pearson et al., 2011). 



 

Table 1.1:  Viruses that have been identified in Actinidia in New Zealand 

 

Virus 
Genus 

Family 
Virion Genome Distribution Known Hosts Transmission* 

Actinidia 

virus A 

Vitivirus 

BETAFLEXIVIRIDAE 
Flexuous + ssRNA Unknown New to science 

Mealybugs 

Aphids 

Actinidia 

virus B 

Vitivirus 

BETAFLEXIVIRIDAE 
Flexuous + ssRNA Unknown New to science 

Mealybugs 

Aphids 

Actinidia 

virus X 

Potexvirus 

ALPHAFLEXIVIRIDAE 
Flexuous + ssRNA Unknown New to science Mechanical 

Alfalfa mosaic 

virus 

Alfamovirus 

BROMOVIRIDAE 
Bacilliform + ssRNA Worldwide 

Very wide (>305 

species) 

Aphids 

Seed 

Apple stem 

grooving virus 

Capillovirus 

BETAFLEXIVIRIDAE 
Flexuous + ssRNA Worldwide 

Apple, Citrus, Pear, 

Lilium 

No vector 

Seed 

Cherry leaf roll 

virus 

Nepovirus 

SECOVIRIDAE 
Spherical + ssRNA Worldwide Wide range 

Seed 

Pollen 

Citrus leaf 

blotch-like virus 

Citrivirus 

BETAFLEXIVIRIDAE 
Flexuous + ssRNA New to science? New to science? Seed 

Cucumber 

mosaic virus 

Cucumovirus 

BROMOVIRIDAE 
Spherical + ssRNA Worldwide Widest (>1200 species) 

Aphids 

Seed 

Cucumber 

necrosis virus 

Tombusvirus 

TOMBUSVIRIDAE 
Isometric +  ssRNA 

Canada, China, 

NZ, and USA 
Wide range 

Fungus 

Mechanical 

Ribgrass 

mosaic virus 

Tobamovirus 

VIRGAVIRIDAE 
Rod + ssRNA Worldwide Wide range Mechanical 

Turnip vein 

clearing virus 

Tobamovirus 

VIRGAVIRIDAE 
Rod + ssRNA Worldwide Wide range Mechanical 

 
* based on transmission described for related viruses or other host plant species 
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AcVA and AcVB can be transmitted to A. deliciosa by grafting, but are 

mostly asymptomatic (Blouin et al., 2012; Pearson et al., 2011).  The 

natural vectors of the two Actinidia vitiviruses have not yet been 

identified, but other vitiviruses are spread by mealybugs (Grapevine virus 

A and Grapevine virus B) or aphids (Mint virus 2) and typically require 

helper viruses for transmission (Bertin et al., 2010; Nakaune et al., 2008; 

Pearson et al., 2011; Tzanetakis et al., 2007).  Little is known about the host 

range of AcVA and AcVB but vitiviruses such as Grapevine virus A and 

Grapevine virus B typically have restricted host ranges (Pearson et al., 

2010). 

 

The remaining eight viruses isolated from Actinidia in New Zealand have 

been previously described in other plant species, though it is possible 

that they represent Actinidia strains.  For example, Citrus leaf blotch-like 

virus (CLBV-a) isolated from A. chinensis and A. deliciosa, while clearly a 

member of the genus Citrivirus, shows only ~74% nucleotide similarity to 

Citrus leaf blotch virus (CLBV) across the complete genome, raising the 

question of whether it is a distinct species (R. Chavan, University of 

Auckland, Auckland, New Zealand pers. comm.; Pearson et al., 2010).  

CLBV is the single member of the genus Citrivirus and there are currently 

no guidelines for species differentiation within the genus (Guardo et al., 

2009; Pearson et al., 2010).  The host range of CLBV-a has not yet been 

determined, but CLBV is only known to infect Citrus species, is found in 

Australia, Europe, Japan, NZ, and USA, is not mechanically transmitted in 

the field, and has no known arthropod vectors (Pearson et al., 2010; 

Vives et al., 2002).  CLBV is seed transmissible at a rate of ~2.5% in citrus 

(Guerri et al., 2004) but Pearson et al. (2011) report that there is no 

evidence of seed transmission of CLBV-a in Actinidia. 

 

The ASGV isolate from A. chinensis differed by around 15% over ~2900nt 

of the 3’ end of the genome from selected citrus and apple isolates 

(Clover et al., 2003; Pearson et al., 2010).  It is not known whether the 
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Actinidia ASGV isolate infects citrus and apple and vice versa, but the 

Actinidia ASGV isolate could be graft-transmitted to A. deliciosa to 

produce the same symptoms as in the original host (Clover et al., 2003; 

Pearson et al., 2010).  It is not known how this isolate of ASGV is 

transmitted, other than by grafting, but ASGV has been reported to be 

seed-transmissible in Malus platycarpa, Chenopodium quinoa, and Lilium 

longiflorum (Clover et al., 2003; Wu et al., 2010). 

 

Of the 11 viruses described in Actinidia, Alfalfa mosaic virus (AMV) and 

Cucumber mosaic virus (CMV) have the greatest potential to spread, as 

both viruses have very wide host ranges and are transmitted by multiple 

aphid species (Bol, 2003; Pearson et al., 2011; Zitter & Murphy, 2009).  

AMV was detected in Actinidia guilinensis and both AMV and CMV were 

detected in Actinidia fortunatii and Actinidia glaucophylla; both viruses 

have been shown to cause mild symptoms on A. chinensis (Pearson et 

al., 2011). 

 

Ribgrass mosaic virus (RMV) and Turnip vein clearing virus (TVCV) are 

common and widespread tobamoviruses which infect Plantago species 

and a range of cruciferous hosts (Chavan et al., 2012; Chavan et al., 

2009; Cohen et al., 2012; Pearson et al., 2011).  Both viruses have been 

detected in A. chinensis in co-infection with AcVA and AcVB, suggesting 

a possible helper virus role for the tobamoviruses in the transmission of the 

vitiviruses (Blouin et al., 2012).  However, this remains to be investigated.  

There are no known insect vectors, but tobamoviruses are known to be 

transmitted mechanically (Pearson et al., 2011; Spence et al., 2001). 

 

Cucumber necrosis virus (CNV) and Cherry leaf roll virus (CLRV) were 

detected in Actinidia by the Ministry of Agriculture and Forestry 

Biosecurity New Zealand (MAF) (D. Cohen, Plant and Food Research, 

Auckland, New Zealand pers. comm.; Pearson et al., 2011).  CNV is 

transmitted through the soil by the root-inhabiting Chytrid fungus 
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Olpidium bornovanus (Kakani et al., 2001; Sit & Lommel, 2010).  CNV is 

not widespread and naturally infects Cucumis sativus (cucumber), but 

can be mechanically transmitted to a wide and diverse artificial host 

range (Brunt et al., 1996; Rochon et al., 1991).  The symptoms of this virus 

in Actinidia are not yet clear as CNV was detected in both symptomatic 

and non symptomatic leaves of Actinidia held in quarantine (A. Blouin, 

Plant and Food Research, Auckland, New Zealand pers. comm.). 

 

CLRV on the other hand has been found to cause severe symptoms 

including leaf spotting, leaf necrosis, bark splitting, cane dieback and 

changes in fruit shape in Actinidia (D. Cohen, Plant and Food Research, 

Auckland, New Zealand pers. comm. and E. Woo, University of Auckland, 

Auckland, New Zealand pers. comm.).  CLRV is distributed worldwide, 

naturally infects a wide range plant species, and is transmitted in seed, 

pollen and by mechanical means (Buchhop et al., 2009; von Bargen et 

al., 2009).  The Actinidia CLRV isolate was found to be the same as the 

strain identified by Jones and Wood (1978) from raspberries in New 

Zealand (D. Cohen, Plant and Food Research, Auckland, New Zealand 

pers. comm.).   

 

Actinidia is a natural host to a wide range of viruses, but there is currently 

very little information on the biological properties (e.g. disease 

symptoms, host range, vectors) of most of the viruses isolated from 

Actinidia species; consequently it is not possible to predict the precise 

effects of the various viruses on different Actinidia species and cultivars 

(Pearson et al., 2011).  Emerging diseases in kiwifruit crops have however 

been reported in Italy, caused by CMV and Pelargonium zonate spot 

virus, as well as in New Zealand, attributable to CLRV (M. N. Pearson, 

University of Auckland, Auckland, New Zealand pers. comm.). 
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Viruses are common in most crop species, particularly those that are 

vegetatively propagated, and the effects of viruses on crops can range 

from insignificant (e.g. latent viruses) to severe impacts on crop 

production (e.g. Citrus tristeza virus in Citrus species and Plum pox virus in 

Prunus species) (Bar-Joseph et al., 1989; Levy et al., 2000; Pearson et al., 

2007).  The effects of virus infection often differ between host species or 

cultivars, have some impact on growth, yield or quality of crops, and 

may be exacerbated by the accumulation of multiple viruses and/or the 

selection of more aggressive strains (Pearson et al., 2011; Wang & 

Valkonen, 2008).  It is therefore vital to eliminate known viruses from 

germplasm collections to prevent the spread of viruses through 

propagative material in order to minimise the possibility of serious viral 

disease in kiwifruit in the future (Pearson et al., 2007). 

 

The use of virus-free propagation material is one of the most effective 

methods of controlling virus diseases of vegetatively propagated plants 

(Lozoya-Saldaña & Dawson, 1982a).  The importation of new virus-free 

Actinidia material to replace virally infected germplasm, even if this 

could be found, is effectively prevented by the high cost of quarantine 

fees and rigorous virus testing which can cost millions of dollars (Ferguson, 

2007; Muggleston, 1995).  Consequently, the elimination of viruses from 

existing germplasm accessions is an appealing alternative solution to the 

problem of viruses in important Actinidia germplasm.  There is no 

literature on the elimination of viruses from Actinidia, but the most 

investigated forms of virus elimination in other species are in-vitro culture 

of plant tissue, thermotherapy, and chemotherapy, used either alone or 

in combination (Křižan et al., 2008; Lozoya-Saldaña & Dawson, 1982a; 

Pennazio, 1997; Spiegel et al., 1993). 

 

Plant tissue culture is the aseptic culture of cells, tissues, organs or whole 

plants under controlled environmental and nutritional conditions 

(García-Gonzáles et al., 2010; Thorpe, 2007).  Culturing of plants in-vitro 
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allows for the rapid propagation and maintenance of large numbers of 

plants under sterile conditions in a relatively small amount of space 

(Paprstein et al., 2008).  Actinidia can be micropropagated by the 

conventional method of axillary bud stimulation and also by more 

modern approaches such as shoot organogenesis, somatic 

embryogenesis and embryo rescue (Rugini & Gutiérrez-Pesce, 2003).  

Axillary bud stimulation is the most viable propagation method for large-

scale production of Actinidia species (Revilla et al., 1992; Rugini & 

Gutiérrez-Pesce, 2003), using either nodal segments (Rugini & Gutiérrez-

Pesce, 2003; Velayandom et al., 1985) or shoot tips (Monette, 1986; 

Revilla et al., 1992; Rugini & Gutiérrez-Pesce, 2003).  This method of 

mircropropagation also produces genetically uniform true-to-type 

progeny, though care must be taken to avoid propagation of shoots 

arising from basal callus because Actinidia regenerate easily from un-

differentiated cells and have a high capacity for somatic variation 

(Rugini & Gutiérrez-Pesce, 2003; Thorpe, 2007). 

 

In-vitro tissue culture of plant material is also used for germplasm 

conservation, exchange of vegetatively propagated crops, and 

elimination of viruses either through culturing alone or enabling more 

efficient application of anti-viral treatments (Gella & Errea, 1998; Knapp 

et al., 1995; Paprstein et al., 2008; Spiegel et al., 1993).  In-vitro culture of 

plant tissues has been used extensively to free infected plants from 

viruses for numerous plant species (Walkey, 1991).  The basis of virus 

elimination from plants using in-vitro tissue culture is that the distribution of 

viruses in plants is often uneven (Bhojwani & Razdan, 1996; Holmes, 1948; 

Kassanis, 1950; Wang et al., 2009).  In shoots, for example, the virus titre 

decreases towards the tips of shoots (Bhojwani & Razdan, 1996; Holmes, 

1948; Kassanis, 1950; Wang et al., 2009), with the meristem being 

generally free from virus or infected at a very low concentration 

(Bhojwani & Razdan, 1996; Quak, 1977; Wang & Hu, 1980).  The meristem 

is a dome of actively dividing cells, 100µm in diameter and 250µm in 
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length on average (Quak & Pudoc., 1987; Wang et al., 2009; Wang & 

Valkonen, 2008).  The exclusion of many (but not all) viruses from the 

meristem is most likely due to: 

 

1. The lack of differentiated vascular tissue in the meristem (Bhojwani 

& Razdan, 1996; Grout, 1990; Panattoni & Triolo, 2010).  Plant viruses 

are readily translocated within a plant through the vascular 

system, and other translocation pathways, such as movement 

through the plasmodesmata, are slow and do not match the rate 

of development of the actively growing tip (Bhojwani & Razdan, 

1996; Gambino et al., 2006; Mitchell et al., 1960). 

 

2. The plant defense system of RNA silencing is enhanced in 

meristematic cells, inhibiting the presence and replication of the 

virus in the meristem (Foster et al., 2002; Hull, 2002; Mochizuki & 

Ohki, 2004; Qu et al., 2005; Schwach et al., 2005; Wang & 

Valkonen, 2008).  Furthermore, RNA silencing is significantly 

enhanced at higher temperatures (Chellappan et al., 2005; 

Maliogka et al., 2009; Wang & Valkonen, 2008). 

 

Meristem tip culture is an important and effective method of in-vitro 

plant tissue culture for the production of virus-free plants (Walkey, 1991).  

On a suitable medium meristem tips and the apical part of growing 

shoots can be micro-propagated faster and in larger numbers than 

cultured tissues from other sources (e.g. callus, protoplasts, reproductive 

tissues) (Nasib et al., 2008; Walkey, 1991).  Furthermore, the regenerated 

plantlets are usually genetically uniform, identical to the parent plant, 

which is of great horticultural importance (D'Amato, 1977; George, 1993; 

Nasib et al., 2008; Walkey, 1991). 
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In meristem tip culture for virus elimination, it is important to excise 

meristem tips that are as small as possible for culture and plantlet 

regeneration in-vitro to ensure exclusion of viruses (Wang et al., 2009).  

However, excising and regenerating such small meristems is difficult, 

requiring a high level of skill, time, and patience (Monette, 1986; 

Standardi, 1983; Wang & Valkonen, 2008).  Furthermore, the distribution 

of viruses within infected host plants varies depending on the virus strain 

and virus-host interactions (Labonne et al., 1997; Maliogka et al., 2009; 

Navarro et al., 2004; Takeshita et al., 2004; Wang et al., 2010b).  In many 

plant/virus combinations it is impossible to excise a meristem tip small 

enough to exclude virus and still large enough to be regenerated into a 

healthy plantlet (Faccioli & Marani, 1998; Walkey, 1991; Wang et al., 

2009).  Meristem tip culture of woody species in particular is limited by 

low regeneration rates from small explants (Gella & Errea, 1998; Monette, 

1986; Špak et al., 2010; Spiegel et al., 1993; Standardi, 1983). 

 

In these circumstances larger explants must be used for in-vitro culture 

(e.g. shoot tip culture), and these frequently contain higher 

concentrations of virus (Walkey, 1991).  However, it is still possible to 

eradicate viruses from such material by combining shoot tip culture with 

thermotherapy and/or chemotherapy, which suppresses virus levels and 

enhances virus elimination (Walkey, 1991; Walkey & Cooper, 1975; Wang 

et al., 2009).  Use of shoot tip culture also enables more effective 

application of thermotherapeutic and chemotherapeutic treatments 

compared to application of these treatments to whole plants (Bhojwani 

& Razdan, 1996). 

 

Thermotherapy is one of the earliest methods used in attempts to 

eliminate viruses from plants (Pennazio, 1997).  Thermotherapy works on 

the principle that within an infected plant there is equilibrium between 

virus replication and degradation, and that at temperatures higher than 

optimum for virus synthesis, virus replication is inhibited but virus 
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degradation continues (Harrison, 1956; Kassanis, 1957; Panattoni & Triolo, 

2010; Razdan, 2003; Walkey, 1991).  Consequently, when an infected 

plant or in-vitro culture of plant material is incubated at an elevated 

temperature (30-40°C) virus synthesis is stopped, but young shoots 

continue to grow that are free from virus still present in the older tissues 

(Panattoni & Triolo, 2010; Razdan, 2003; Walkey, 1991).  The virus-free 

shoots or buds can then be removed and grown into virus-free plants, 

and, as a result, viruses are eliminated even though much higher 

temperatures (40-90°C), which would be lethal to most plants, are 

required to inactivate or kill the virus (Walkey, 1991). 

 

Neither the mechanism by which plant viruses are degraded, nor how 

elevated temperatures inactivate viruses, is fully understood (Grondeau 

& Samson, 1994; Panattoni & Triolo, 2010; Walkey, 1991).  Viruses with a 

low optimum temperature for replication are more likely to be 

eradicated by thermotherapy than viruses that replicate readily at high 

temperatures, as time/temperature combinations less elevated than 

those injurious to the host can be applied (Geard, 1958; Grondeau & 

Samson, 1994; Nyland, 1969). 

 

Plants can often be exposed to large and frequent daily fluctuations in 

temperature, as well as heat stress (Levitt, 1980; Wahid et al., 2007; Zheng 

et al., 2011).  Plants have evolved multiple strategies to cope with such 

temperature related stresses which involve adjustments to the plant’s 

physiological and biochemical state (Levitt, 1980; Wahid et al., 2007; 

Zheng et al., 2011).  The expression of heat shock proteins, for example, is 

known to be an important adaptive strategy in response to heat stress 

(Feder & Hoffman, 1999; Schöffl et al., 1999; Wahid et al., 2007).  

However, not all plant species or genotypes within a species have the 

same capacities in surviving heat stress (Wahid et al., 2007).  

Consequently, the application of thermotherapy is reliant on treated 

viruses being sensitive to an elevated temperature that is not lethal to 
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the host plant (Paprstein et al., 2008; Verma et al., 2005; Wang et al., 

2010b).  The duration of the thermotherapeutic treatment is another 

important factor.  If the plant or treated tissues are returned to a lower 

temperature before the virus is completely eliminated, the remaining 

particles will multiply and may produce higher concentrations than in the 

original infected tissue (Walkey, 1991). 

 

Heat treatment of vegetative cuttings has been successfully used to 

eliminate viruses from many crop species, but the protocols are not 

universally applicable (Walkey, 1991).  The virus/host combination and 

experimental conditions adopted impact strongly on the efficacy of 

thermotherapy, making the comparison of results and correlation of the 

effectiveness of thermotherapy to a single virus type difficult (Panattoni & 

Triolo, 2010).  Furthermore, work on the tolerance of potted kiwifruit 

cuttings to elevated temperatures by the New Zealand Department of 

Scientific and Industrial Research (DSIR) in the 1980’s, indicated that 

Actinidia may not readily tolerate the temperatures typically used for 

thermotherapy (D. Cohen, Plant and Food Research, Auckland, New 

Zealand pers. comm.).  Where elevated temperatures are unsuccessful 

in the efficient elimination of viruses, chemotherapy may be used in 

addition to or as an alternative to thermotherapy. 

 

Chemotherapy is the newest and least utilised of the three main 

techniques of plant virus elimination (Spiegel et al., 1993; Walkey, 1991).  

Anti-viral chemotherapy was originally thought to be un-feasible 

because viruses are obligatory intracellular parasites that are closely 

associated with the host; application of anti-viral compounds were not 

selective enough to inhibit virus replication without impairment of vital 

host cell functions (Eggers, 1984; McKinlay & Rossmann, 1989).  However, 

with the 1980’s came an increased understanding of viral genetic 

sequences and structures, viral replication strategies, and chemical 

responses in host organisms (Eggers, 1984; McKinlay & Rossmann, 1989; 
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Streissle et al., 1985).  Such understanding has enabled researchers in 

animal virology to select and, in some cases, design compounds that 

target specific events in virus replication, reducing the deleterious effects 

to the host (McKinlay & Rossmann, 1989; Panattoni & Triolo, 2010).  

Oseltamivir, for example, was specifically designed to inhibit influenza A 

& B viruses by binding to the active site of the viral neuraminidase, 

preventing the release and spread of newly generated virion progeny 

(De Clercq, 2002; Moscona, 2005).  This compound is now marketed 

under the trade name Tamiflu® (Roche AG, Basel, Switzerland) as a 

prescription medicine for the prevention of influenza virus infections. 

 

A variety of natural and synthetic compounds of interest in animal 

virology have been tested for their potential to eliminate plant viruses 

(refer to Table 1.2) (Spiegel et al., 1993).  Unfortunately few chemicals 

have yet been found to eliminate or substantially reduce replication of 

plant viruses; an important limitation of current anti-viral compounds is 

that they are virostatic but not virucidal (Pennazio, 1997).  The few studies 

in the plant literature focus mainly on a class of compounds known as 

purine or pyrimidine analogues (Panattoni, 2003; Pennazio, 1997). 

 

These analogues differ chemically from the natural purines or pyrimidines 

in a limited number of structural features and act as anti-metabolites, 

inhibiting certain biochemical pathways, especially nucleic acid 

synthesis (Pennazio, 1997).  The prominent New Zealand virologist Richard 

Matthews (1921-1995) was the first to investigate such analogues for anti-

viral activity, and suggested that the molecular structure of guanazole 

(1H-1,2,4-Triazole-3,5-diamine) may enable this compound to act by 

replacing guanine in virus replication (Matthews, 1951; Pennazio, 1997).   

 

 

 

 



 

 

Table 1.2:  Examples of anti-viral compounds that may be effective against plant viruses 

 

Anti-viral compound Notes References 

acyclovir 
guanosine analogue; effective against  Bean golden mosaic virus,   

Chrysanthemum virus B, and Indian citrus ringspot virus 

(Biron & Elion, 1980; Caner et al., 1985; De Clercq, 2002; 

Miwa et al.; Ram et al., 2005; Ram et al., 2009; Reardon & 

Spector, 1989; Sharma et al., 2007; Suzuki et al., 2006) 

AHPA 
S-adenosylhomocysteine hydrolase inhibitor; effective against 

Potato virus X and Tobacco mosaic virus 

(De Clercq, 2007; De Fazio et al., 1990; Schuster & Holy, 

1988) 

amantadine 

hydrochloride 

class of  anti-influenza drug; effective against  Chrysanthemum virus 

B,  Chrysanthemum stunt viroid,  Odontoglossum ringspot virus, and 

Tobacco mosaic virus 

(Basler, 2007; Holsinger & Lamb, 1991; Horst & Cohen, 1980; 

Jing et al., 2008; Kim et al., 1997; Pielak & Chou, 2010; Pinto 

& Lamb, 2007; Ram et al., 2005; Wang et al., 1993) 

5-azacytidine 
cytidine analogue; effective against Cowpea chlorotic mottle virus, 

Potato leafroll virus, Potato virus S, Potato virus X, and Potato virus Y 
(Awan et al., 2007; Christman, 2002; Dawson & Boyd, 1987; 

Nascimento et al., 2003; Pariente et al., 2005) 

3’deazauridine 
uridine analogue; effective against Potato virus Y and various 

viruses from  important crops such as potato, peanut, apple and 

Prunus species 

(Dunbar et al., 1993; Nascimento et al., 2003; Shannon et 

al., 1972) 

DHPA 
adenosine analogue;  broad spectrum antiviral activity; effective 

against  Cowpea chlorotic mottle virus, Potato virus X, and 

Tobacco mosaic virus 

(Dawson & Boyd, 1987; De Clercq, 1987, 2005, 2007; De 

Clercq et al., 1978; Schulze & Kluge, 1994; Schuster & Holy, 

1988; Snoeck et al., 1993) 

DHT 
uracil analogue;   effective against several plant viruses from 

various hosts, particularly Potato virus X 

(Bittner et al., 1987; Bol et al., 1990; Christova & Schuster, 

1991; Kondakova & Schuster, 1991; Schulze & Kluge, 1994; 

Schuster & Arenhovel, 1984; Spiegel & Loebenstein, 1995) 

oseltamivir 
neuraminidase inhibitor;  effective against Grapevine leafroll-

associated virus 1 and Grapevine leafroll-associated virus 3 

(De Clercq, 2002; Guţâ et al., 2010; Panattoni et al., 2006; 

Panattoni et al., 2011) 

ribavirin 
most intensively studied antiviral, effective against a broad range of 

viruses including AMV, ASGV & CMV 

(Albouy et al., 1988; Chen & Sherwood, 1991; Cieślińska, 

2007; De Fazio et al., 1990; Fletcher & Fletcher, 2001; Griffths 

et al., 1990; James et al., 1997; Lozoya Saldana & Dawson, 

1984; O'Herlihy et al., 2003; Panattoni, 2003; Sharma et al., 

2007; Simpkins et al., 1981; Toussaint et al., 1993; Verma et 

al., 2005) 

2-thiouracil 

uracil analogue; effective against Apple mosaic virus, 

Chrysanthemum virus B,   Citrus infectious variegation virus,  Citrus 

tristeza virus, Cowpea banding mosaic virus, CMV,   Indian citrus 

ringspot virus, Lily symptomless virus,  Potato virus S, Prunus necrotic 

ringspot virus, Tulip breaking virus, and Turnip yellow mosaic virus 

(Commoner & Mercer, 1951; Conrad, 1991; Greño et al., 

1990; Ralph & Wojcik, 1976; Ram et al., 2005; Sharma et al., 

2007; Verma et al., 2005; Xu & Niimi, 1999) 

vidarabine 
purine nucleotide analogue; effective against Cowpea chlorotic 

mottle virus, Ornithogalum mosaic virus, and Tobacco mosaic virus 

(Breitenbach et al., 2008; Dawson, 1984; Lozoya Saldana & 

Dawson, 1984; Perigaud et al., 1992; Schwartz et al., 1984; 

Shipman et al., 1976; Vcelar et al., 1992) 
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The main modes of action of purine or pyrimidine analogues, as described 

by De Clercq (2002), include: 

 

 Inhibition of inosine monophosphate dehydrogenase, an enzyme that 

catalyses the first step in de novo cellular synthesis of guanine 

nucleotides which are essential precursors for RNA and DNA synthesis.  

Inhibitors of inosine monophosphate dehydrogenase tend to be 

guanine analogues.  

 

 Inhibition of S-adenosylhomocysteine hydrolase, a key enzyme in 

methylation reactions which are required for maturation of viral 

mRNAs.  Inhibitors of this enzyme tend to be adenosine analogues.  

 

 Induction of error catastrophe or lethal mutagenesis:  accumulation 

of mutations (analogue competes with natural purine or pyrimidine 

and is incorporated into viral genome) leading to defective genomes 

and eventual inactivation of the viral population. 

 

Despite the lack of advanced research into the chemotherapy of plant 

viruses, the ability to control plant viral disease with chemicals is considered 

to have great potential for agriculture (Dawson, 1984; Guţâ et al., 2010; 

Panattoni et al., 2007a).  Although not widely used, anti-viral compounds 

have been used successfully to obtain virus-free cultures of economically 

important, vegetatively propagated crops such as apple (James et al., 

1997), grape (Panattoni et al., 2007a), plum (Paunović et al., 2007) 

ornamentals (Fløistad et al., 2011; Lim et al., 1993; Ram et al., 2009; Toussaint 

et al., 1993; Verma et al., 2005), potato (Awan et al., 2007; Cassells & Long, 

1982; Faccioli & Colombarini, 1996) and sugarcane (Balamuralikrishnan et 
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al., 2002).  It is possible that chemotherapy may prove useful in the 

elimination of viruses from Actinidia, and has yet to be investigated. 

 

Given the importance of the kiwifruit industry to New Zealand, the recent 

description of viruses infecting Actinidia, and the lack of knowledge 

regarding elimination of Actinidia viruses, ZESPRI International Ltd required 

information to facilitate the development of in-vitro protocols for the 

elimination of viruses from Actinidia.  Consequently, the research presented 

in this thesis focused on the investigation of the most commonly used forms 

of virus elimination in other plant species to contribute to the body of 

knowledge required in order to develop protocols to eliminate viruses from 

germplasm lines of Actinidia.  There are three main aims to this research: 

 

1. investigate the effect of thermotherapy in conjunction with in-vitro 

shoot tip culture on healthy Actinidia and at least two different 

Actinidia viruses 

 

2. investigate the effect of chemotherapy in conjunction with in-vitro 

shoot tip culture on  healthy Actinidia and at least two different 

Actinidia viruses 

 

3. determine the phylogenetic relationship of Alfalfa mosaic virus 

isolated from Actinidia with other isolates of this virus described from 

overseas and in different host species 
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Accomplishment of these objectives will add to the body of knowledge 

required by ZESPRI International Ltd.  The information obtained will better 

enable the development of protocols for the elimination of viruses from elite 

Actinidia germplasm.  This, in turn, will help prevent the spread of viruses 

and ensure the high health status of the New Zealand Actinidia germplasm 

collection, facilitating the development of new cultivars and ensuring that 

New Zealand kiwifruit production and exportation is not compromised; 

having both epidemiological and economic significance. 
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Materials and Methods 

 

 

 

 

 

 

 

 

2.1  Introduction 

 

The general materials and methods used in the study of the elimination of 

viruses from elite Actinidia germplasm are detailed in this chapter.  These 

are separated into three key sections: a) plant material, b) in-vitro plant 

tissue culture, and c) virus detection.  Additional or specific methodologies 

are described in the appropriate chapters. 

 

2.2  Plant material 

 

N. occidentalis was included in this project as a model system as it readily 

hosts the virus species that were studied, and grows rapidly in tissue culture.  

Healthy and virus infected N. occidentalis plants and Actinidia species 

canes were provided by D. Cohen (Plant and Food Research, Auckland, 

New Zealand).  Further healthy Actinidia material was provided by T. Wang 

(Plant and Food Research, Auckland, New Zealand) in the form of 

established Actinidia chinensis ‘Hort16A’ and Actinidia deliciosa ‘Hayward’ 
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plantlet cultures.  The plant material and viruses studied during the course of 

this project (refer to Table 2.1) was based on material availability. 

 

Table 2.1:  Plant material and viruses studied 

 

Plant species Virus Notes 

Nicotiana 

occidentalis 

Actinidia virus A (AcVA) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated with AcVA from A. chinensis 

‘Eexiang’ from Plant and Food Research, 

Kerikeri. 

Actinidia virus B (AcVB) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated with AcVB from A. chinensis 

‘Russell’ from Plant and Food Research, 

Te Puke. 

Alfalfa mosaic virus (AMV) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated with AMV from A. fortunatii, 

A. glaucophyla, and A. guilinensis, all 

from Plant and Food Research, Kerikeri. 

Apple stem grooving virus 

(ASGV) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated using freeze dried material 

infected with an apple strain of ASGV 

stored at the University of Auckland. 

Actinidia virus X (AVX) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated with AVX from A. chinensis 

‘Russell’ from grower’s property in 

Tauranga. 

Citrus leaf blotch-like virus 

(CLBV-a) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated with CLBV from A. chinensis 

‘Hongyang’ from Plant and Food 

Research, Te Puke. 

Cucumber mosaic virus 

(CMV) 

Grown from seed at Plant and Food 

Research, Auckland and mechanically 

inoculated with CMV from A. fortunatii 

from Plant and Food Research, Te Puke. 

presumed virus-free 
Grown from seed at Plant and Food 

Research, Auckland. 

Actinidia 

deliciosa 

‘Hayward’ 

presumed virus-free 

Established cultures and cane material 

sourced from Plant and Food Research, 

Te Puke. 

Actinidia 

chinensis 

‘Hort16A’ 

presumed virus-free 

Established cultures and cane material 

sourced from Plant and Food Research, 

Te Puke. 
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Actinidia 

chinensis 

‘Lushanxiang’ 

Actinidia virus A (AcVA) Canes with mixed infection of AcVA and 

AcVB, originally sourced from Plant and 

Food Research, Kerikeri. Actinidia virus B (AcVB) 

Actinidia 

chinensis 

‘Eexiang’ 

Actinidia virus A (AcVA) Canes with mixed infection of AcVA and 

AcVB, originally sourced from Plant and 

Food Research, Kerikeri. Actinidia virus B (AcVB) 

Actinidia 

chinensis 

‘Russell’ 

Actinidia virus X (AVX) Canes sourced from Plant and Food 

Research, Kerikeri. Ribgrass mosaic virus (RMV) 

Actinidia 

chinensis 

‘Hongyang’ 

Citrus leaf blotch-like virus 

(CLBV-a) 

Canes sourced from Plant and Food 

Research, Te Puke. 

Actinidia 

fortunatii 

Alfalfa mosaic virus (AMV) Canes with mixed infection of AMV and 

CMV, sourced from Plant and Food 

Research, Te Puke. 
Cucumber mosaic virus 

(CMV) 

Actinidia 

glaucophylla 

Alfalfa mosaic virus (AMV) Canes with mixed infection of AMV and 

CMV, sourced from Plant and Food 

Research, Te Puke. 
Cucumber mosaic virus 

(CMV) 

Actinida 

guilinensis 
Alfalfa mosaic virus (AMV) 

Canes with mixed infection of AMV and 

CMV, sourced from Plant and Food 

Research, Kerikeri. 

 

 

2.3  In-vitro plant tissue culture 

 

In-vitro plantlet cultures were used in this research instead of conventionally 

grown plants because, as discussed in Chapter 1, in-vitro culture techniques 

can be combined with treatments such as thermotherapy or 

chemotherapy to eliminate viruses from plant material.  In addition, plantlet 

tissue culture allows for the rapid propagation, maintenance, and 

treatment of large numbers of plants under sterile conditions using a smaller 

amount of space (Paprstein et al., 2008).  Plant tissue culture protocols used 

were as advised by D. Cohen and T. Wang (Plant and Food Research, 

Auckland, New Zealand). 
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2.3.1  N. occidentalis cultures 

N. occidentalis plantlet cultures were initiated using two or three newly 

expanded leaves from plants that were either healthy or had been 

mechanically inoculated with virus.  Younger material is usually easier to 

surface sterilise and is also more responsive in-vitro (Smith, 2000).  Leaves 

were placed into glass jars and rinsed with 70% ethanol as a wetting agent 

to reduce surface tension and then surface sterilised by submersion in 

sterilising agent consisting of 10% v/v commercial bleach (sodium 

hypochlorite, 3.5-5% w/v available chlorine), with one drop of liquid hand 

soap per litre as a surfactant.  Lids were placed on the jars which were then 

shaken and placed upside down for ten minutes to ensure the lids were 

sterile.  Jars were then placed up-right and left for a further 20 to 30 minutes. 

 

All tissue culture work from this point forward was done in an Esco LHC-4A1 

laminar flow cabinet (Esco Micro Pte Ltd, Singapore).  Leaves were rinsed 

twice with sterile water and then sectioned into small squares (3-5mm) 

across the veins.  The veins contain parenchyma, which are highly 

totipotent (Razdan, 2003).  The explants were then placed with the abaxial 

surface facing upwards to expose the stomata and facilitate respiration in 

sterile vented 90x15mm plastic petri dishes (Labserv, Auckland, New 

Zealand) containing M0 callus inducing media (refer to Table 2.2).  The petri 

dishes were sealed around the edges with cling film and incubated at 

25±1°C under a 16 hour photoperiod with cool white fluorescent light 

(~30µmol m-2 s-1) to develop calli, which subsequently give rise to 

adventitious buds. 

 

Adventitious buds that developed from leaf calli were transferred to sterile 

98mm round plastic tissue culture tubs (Intervet/Schering-Plough Animal 

Health, Boxmeer, The Netherlands) containing M1 growth media (refer to 
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Table 2.2) and incubated at 25±1°C under a 16 hour photoperiod with cool 

white fluorescent light (~30µmol m-2 s-1) in order to further develop into 

plantlets.  Plantlets are considered established in-vitro when explants are 

free from superficial or visible contaminants and exhibit a morphogenic 

response such as multiplication and/or differentiation of the plant tissues like 

shoots, roots, and leaves (Christensen et al., 2008; García-Gonzáles et al., 

2010; Noshad et al., 2009).  Once plantlets were established they were 

maintained by culturing onto fresh M1 growth media (refer to Table 2.2) 

every four weeks with incubation under ambient temperature and lighting 

conditions. 

 

Table 2.2:  Composition of culture media 

 

Name Plant species Additives 

M0 Nicotiana occidentalis 0.1mg/L  NAA + 1mg/L BAP 

M1 Nicotiana occidentalis 0.1mg/L  BAP 

M2 Actinidia species 0.2mg/L zeatin  

 

BAP: 6-benzylaminopurine (Sigma-Aldrich Inc., St. Louis, MO, USA), NAA: 1-naphthaleneacetic acid 

(Duchefa, Haarlem, The Netherlands), zeatin: 6-(4-hydroxy-3-methyl-2-butenylamino)purine 

(Duchefa, Haarlem, the Netherlands) 

 

All media contained full Murashige & Skoog (MS) (Murashige & Skoog, 1962) basal salts and vitamins 

(Duchefa, Haarlem, The Netherlands).  M0 and M1 media were prepared with 3% sucrose, and M2 

with 2% sucrose.  Where media was used for general maintenance of plantlet culture the media was 

supplemented with 0.1% Plant Preservative Mixture™ (PPM™), as per the manufacturer’s instructions 

(Plant Cell Technology Inc., Washington, DC, USA).  Media were adjusted to pH5.8 with 1N sodium 

hydroxide prior to autoclaving and were solidified with 7g/L Agar Type A (Sigma-Aldrich Inc., St. Louis, 

MO, USA).  Plant growth regulators were filter-sterilised and added to the media after autoclaving for 

20 minutes at 121°C. 

 

Plantlets were propagated by cutting the stems and any axillary shoots (i.e. 

shoots originating from an axillary bud at the axil of a leaf on the plantlet) 

into nodal segments, which were then sub-cultured on M1 growth media 

under ambient temperature and lighting conditions (refer to Figure 2.1). 
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This is known as axillary bud stimulation, the simplest form of 

micropropagation that also results in the least genetic variation (George et 

al., 2008; Kane, 2000; Pierik, 1987; Rugini & Gutiérrez-Pesce, 2003).  Plantlets 

that grew from the nodes were then maintained and propagated as 

previously described. 

 

2.3.2  Actinidia species 

Established healthy A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ 

plantlet cultures were maintained and propagated as described in section 

2.3.1, using M2 growth medium (refer to Table 2.2).  Virally infected Actinidia 

species were recalcitrant to tissue culture and the attempts to initiate virally 

infected Actinidia species plantlet cultures are detailed in Chapter 3. 
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2.4  Virus detection 

 

Much of the research for this project involved applying treatments to virally 

infected N. occidentalis plantlets in tissue culture and then screening those 

plantlets to determine whether the virus levels had been reduced or 

eliminated.  In order to accomplish this, three different methods for virus 

detection were used at various points throughout the project; enzyme-

linked immunosorbent assay (ELISA), reverse transcription-polymerase chain 

reaction (RT-PCR), and real time reverse transcription-polymerase chain 

reaction (real time RT-PCR). 

 

2.4.1  ELISA 

ELISA is used widely and successfully in the detection of plant viruses, with 

tests being fast, economical, and capable of screening large numbers of 

samples at one time (Narayanasamy, 1997).  Samples infected with 

Actinidia virus X (AVX) and Citrus leaf blotch-like virus (CLBV-a) were tested 

using Antigen coated plate ELISA (ACP-ELISA) using anti-sera provided by D. 

Cohen (Plant and Food Research, Auckland, New Zealand) and R. Lee 

(USDA-ARS National Clonal Germplasm Repository for Citrus and Dates, 

Riverside, CA, USA) respectively.  Alfalfa mosaic virus (AMV), Apple stem 

grooving virus (ASGV), and Cucumber mosaic virus (CMV) were detected 

using Double antibody sandwich ELISA (DAS-ELISA) with commercially 

available antisera (AMV and ASGV – Bioreba AG, Basel, Switzerland; CMV - 

Prime Diagnostics, Wageningen, The Netherlands).  All ELISA buffers were 

prepared in the laboratory (refer to Appendix 1). 

 

2.4.1.1  ACP-ELISA protocol 

An overview of the basis of the ACP-ELISA detection method, based on the 

protocol provided by Agdia Inc. (Elkhart, IN, USA), is presented in Figure 2.2. 
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For each sample (including controls), fresh leaf tissue was ground in Indirect 

extraction buffer at a 1:10 ratio (tissue weight: buffer volume).  A 100µL 

aliquot of the resulting extract was pipetted into duplicate wells of a 96-well 

polystyrene Sarstedt micro-titre plate (Sarstedt AG., Numbrecht, Germany), 

along with buffer blanks.  The plate was then incubated for one hour at 

37°C inside a humid box, then washed a minimum of five times with Wash 

buffer (300μL/well). 

 

A 100μL aliquot of antibody (diluted 1/1000 in ECI buffer) was added to 

each sample and the plate was then incubated either overnight at 4°C or 

for two hours at 37°C, inside a humid box.  After this second incubation, the 

plate was washed as previously described. 

 

Alkaline phosphatase-labelled secondary antibody (goat anti-mouse IgG; 

Bio-Rad Laboratories Inc., Hercules, CA, USA) was diluted 1/3000 in ECI 

buffer, and 100μL added to each sample.  The plate was then incubated 

for one hour in a humid box at 37°C and then washed as previously 

described.  A 100μL aliquot of 1mg/mL 4-nitrophenyl phosphate (Sigma-

Aldrich Inc., St. Louis, MO, USA) in Substrate buffer was added to each well. 

 

The plate was then incubated at room temperature in a humid box, in 

darkness, for 30 minutes. After this incubation step the optical density (OD) 

of each sample was measured at 405nm using a BIO-RAD 550 micro-plate 

reader (Bio-Rad Laboratories Inc., Hercules, CA, USA).  Where colour 

developed slowly, the plate was further incubated at room temperature in 

darkness and the OD measured at hourly intervals.  Alternatively the plate 

was incubated overnight at 4°C in darkness, and the OD measured the next 

morning. 
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An absorbance reading three times greater than the mean of the negative 

controls was considered a positive result for the presence of virus (Sutula et 

al., 1986).  Samples that tested negative or were ambiguous were then 

screened by RT-PCR (refer to section 2.4.2) for confirmation of virus status. 

 

2.4.1.2  DAS-ELISA protocol 

An overview of the DAS-ELISA detection method, based on the protocol 

provided by Bioreba AG (Basel, Switzerland), is presented in Figure 2.3.  

Specific antibodies were adsorbed to the well surfaces of a polystyrene 

Sarstedt micro-titre plate (Sarstedt AG., Numbrecht, Germany) by adding 

100μL of the antibody (diluted 1/1000 in Coating buffer) to each well and 

then incubating the plate overnight at 4°C inside a humid box.  Following 

incubation the wells were washed a minimum of five times with wash buffer 

(300μL/well). 

 

Fresh leaf material for each sample (including controls) was ground in either 

Extraction buffer (AMV and ASGV), or SEB buffer (CMV) at a 1:20 ratio (tissue 

weight: buffer volume).  A 100µL aliquot of the resulting extract (along with 

buffer blanks) was pipetted in duplicate onto the plate, which was again 

incubated at 4°C overnight inside a humid box.  The plate was then 

washed as described above. 

 

Enzyme conjugate was diluted 1/1000 in either Conjugate buffer (AMV and 

ASGV), or SEB buffer (CMV) and 100μL was added to each well.  Plates 

were incubated inside a humid box for five hours at 30°C.  The plate was 

then washed as previously described.  A 100μL aliquot of 1mg/mL 4-

nitrophenyl phosphate in Substrate buffer was added to each well. The 

plate was then incubated at room temperature in a humid box, in darkness, 

for 15 minutes (CMV) or 30 minutes (AMV and ASGV).  
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After this incubation step the OD of each sample was measured at 405nm 

using a BIO-RAD 550 micro-plate reader (Bio-Rad Laboratories Inc., 

Hercules, CA, USA).  Where colour developed slowly, the plate was further 

incubated at room temperature in darkness and the OD measured at 15 

minute (CMV) or 30 minute (AMV and ASGV) intervals.  Alternatively the 

plate was incubated overnight at 4°C in darkness, and the OD measured 

the next morning.   

 

An absorbance reading three times greater than the mean of the negative 

controls was considered a positive result for the presence of virus (Sutula et 

al., 1986).  Samples that tested negative or were ambiguous were then 

screened by RT-PCR (refer to section 2.4.2) for confirmation of virus status. 

 

2.4.2  RT-PCR 

RT-PCR is a powerful and sensitive technique, with many applications in 

plant virology (Hull, 2002; Osman et al., 2008).  In this project RT-PCR was 

primarily used to confirm the virus status of ELISA negative or marginally 

positive samples.  Details of RNA extraction, the RT-PCR, primer design, and 

the analysis of RT-PCR products on Tris-Borate-EDTA (TBE) buffered agarose 

gels are given in the following sections. 

 

2.4.2.1  Total RNA extraction 

There were two different total RNA extraction methods used, depending on 

the plant material that RNA was being isolated from.  Total RNA was 

extracted from N. occidentalis samples using TRIzol® (Invitrogen Life 

Technologies, Carlsbad, CA, USA), a solution of phenol and guanidine 

isothiocyanate.  Acid guanidine thiocyanate-phenol-chloroform extraction 

is a commonly used and economical method for isolating total RNA from 

plant tissues that was first described by Chomczynski and Sacchi (1987). 
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However, this method does not work well for A. chinensis or A. deliciosa, 

possibly due to high levels of secondary metabolites (R. Chavan, University 

of Auckland, Auckland, New Zealand pers. comm.), so the Spectrum™ plant 

total RNA kit (Sigma-Aldrich Inc., St. Louis, MO, USA) was used for extracting 

total RNA from Actinidia.  The kit is designed for use with more challenging 

tissue samples and utilises a column-based system of lysis, binding, washing 

and then elution of RNA. 

 

2.4.2.1.1  N. occidentalis protocol 

The Trizol® protocol was as described by Invitrogen Life Technologies 

(Carlsbad, CA, USA).  Leaf tissue (80-100mg) was frozen for a minimum of 

eight hours at -80°C and then ground into a fine powder in a 2mL 

microcentrifuge tube with a 5mm stainless steel ball-bearing using a 

QIAGEN TissueLyser II (QIAGEN GmbH, Hilden, Germany) at 30Hz.  The 

powder was then thoroughly homogenized in 1mL TRIzol® (Invitrogen Life 

Technologies, Carlsbad, CA, USA) before being centrifuged for ten minutes 

at 12,000xg in an Eppendorf 5415D tabletop centrifuge (Eppendorf, 

Hamburg Germany).  Guanidinium isothiocyanate is a powerful protein 

denaturant which also inactivates ribonucleases. 

 

The cleared homogenate was transferred to a fresh tube and incubated for 

five minutes at room temperature before 200μL of chloroform was added 

and the sample mixed vigorously.  The mixture was incubated at room 

temperature for three minutes and then centrifuged for 15 minutes at 

12,000xg.  This separated the mixture into three layers, with RNA remaining in 

the uppermost colourless aqueous phase.  This layer (~400μL) was 

transferred to a fresh tube and mixed by pipetting with 500μL isopropyl 

alcohol to precipitate the RNA.  Samples were incubated at room 
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temperature for ten minutes and then centrifuged at 12,000xg for ten 

minutes. 

 

The supernatant was removed and the RNA pellet was washed by adding 

1mL of 75% RNase-free ethanol and then mixing the sample by vortexing 

before centrifugation for five minutes at 7,500xg.  The ethanol was removed 

and the pellet air dried.  The RNA was then re-suspended in 50μL 

diethylpyrocarbonate (AppliChem GmbH, Darmstadt, Germany) treated 

water (0.1% v/v for one hour at 37°C followed by autoclaving) and the 

purity and concentration determined using a Nanodrop ND-1000 

spectrophotometer (Nanodrop Technologies, Wilmington, DE, USA).  The 

RNA was then stored at -80°C. 

 

2.4.2.1.2  Actinidia species protocol 

The Spectrum™ plant total RNA kit was used as per the manufacturer’s 

instructions (Sigma-Aldrich, St. Louis MO, USA).  All buffers and columns were 

provided with the kit.  Leaf tissue (80-100mg) was frozen for a minimum of 

eight hours at -80°C and then ground into a fine powder in a 2mL 

microcentrifuge tube with a 5mm stainless steel ball-bearing using a 

QIAGEN TissueLyser II (QIAGEN GmbH, Hilden, Germany) at 30Hz.  The 

powder was then thoroughly homogenized in 500μL of Lysis buffer 

containing 1% sodium metabisulfite (Sigma-Aldrich Inc., St. Louis, MO, USA) 

as a reducing agent.  The buffer is chaotropic, which promotes the 

disruption of cells, reduces viscosity of cell lysates and inactivates 

ribonucleases.  The homogenate was then incubated at 56°C for five 

minutes, and then centrifuged for three minutes at 16,100xg in an 

Eppendorf 5415D tabletop centrifuge (Eppendorf, Hamburg, Germany) to 

pellet cellular debris.  The lysate supernatant was then decanted into a Filter 
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column seated in a 2mL microcentrifuge tube, and centrifuged for one 

minute at 16,100xg. 

 

The clarified supernatant contains the total RNA.  The column was removed 

and the supernatant mixed with 750μL of Binding buffer which ensures the 

selective adsorption of RNA to the column membrane. The sample (700μL) 

is then applied to a Binding column and centrifuged for one minute at 

16,100xg.  The flow-through was discarded, and any remaining sample was 

added to the column and the centrifuge step repeated. 

 

The flow-through was discarded, and 500μL of Wash solution 1 was added 

to the column, followed by centrifugation for one minute at 16,100xg.  The 

flow-through was discarded and the column was further washed with 500μL 

of Wash solution 2 (containing ethanol), followed by centrifugation for 30 

seconds at 16,100xg.  The flow-through was discarded and this wash step 

was repeated.  These wash steps serve to remove contaminants from the 

sample.  The column was then centrifuged dry for one minute at 16,100xg to 

prevent wash buffer carry over. 

 

The column was placed in a fresh microcentrifuge tube, and the RNA 

eluted by pipetting 50μL of Elution buffer directly onto the column binding 

matrix one minute before centrifugation at 16,100xg for one minute.  The 

purity and concentration of the total RNA was determined using a 

Nanodrop ND-1000 spectrophotometer (Nanodrop Technologies, 

Wilmington DE, USA) and the total RNA was subsequently stored at -80°C. 
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2.4.2.2 Primer design 

The majority of primers used in RT-PCR detection (refer to Table 2.3) were 

either sourced from the literature or obtained from A. Blouin (Plant and 

Food Research, Auckland, New Zealand).  However, primers for the 

detection of AVX, and also primers for later use in real time RT-PCR (refer to 

section 2.4.3), were designed and assessed with various freeware programs 

as described by Ochoa-Corona et al. (2006). 

 

The web-interface software Primer3 was used for oligonucleotide primer 

design (Rozen & Skaletsky, 2000).  The default settings were used except 

where the program was instructed to select a primer size range of 18-24 

nucleotides, an amplicon size range of 300-600bp (70-200bp where primers 

were being designed for use in real time RT-PCR) and a melting 

temperature range of 60-68°C.  Primers returned by the program were 

considered, and the most suitable selected.  Generally these were primers 

that had a combination of low GC content (40-60%), high melting 

temperature, and short nucleotide length.  Primers were then assessed with 

the web-interface program OligoAnalyzer v.3.1 (Integrated DNA 

Technologies Inc., IA, USA), a freeware application for the prediction of 

secondary structure formation. 

 

Primers that exhibited little or no dimerisation, self annealing, or loop 

formation (less than ΔG of ±3kcal/mol) were further analysed with the 

BioMath Tm calculator for oligonucleotides (Promega Corporation, 

Madison, WI, USA) to verify the melting temperature (basic Tm of 55-60°C), 

and then a BLASTn search of the nucleotide database on NCBI GenBank® 

(Benson et al., 2011) to check that primers did not match closely to host 

genes or other plant viruses.  Suitable primers were then synthesised by 

Invitrogen Life Technologies (Carlsbad, CA, USA). 



 

 

Table 2.3:  Primers for RT-PCR detection of Actinidia viruses 

 

Virus Primer name Sequence (5’ – 3’) 

Amplified 

DNA size 

(bp) 

Gene targeted Reference 

AcVA 
VITI BS 4282F  AGAAGAACTGAGAAGGCTCTCC 

269 
RNA-dependent RNA 

polymerase 
A. Blouin, unpublished 

VITI TS-BS 4774R  CTCATTCTCCAMCCRCARAAGAG 

AcVB 
VITIT TS 4286F  AATTCGGACCACTCCTGAGGC 

529 
RNA-dependent RNA 

polymerase 
A. Blouin, unpublished 

VITI TS-BS 4774R  CTCATTCTCCAMCCRCARAAGAG 

AMV 
AMVF   TGTCTCACTGATGACGTG 

415 coat protein Blouin et al., (2010) 
AMVR  CATACCTTGACCTTAATCCAC 

ASGV 
C6396 CTGCAAGACCGCGACCAAGTTT 

524 coat protein MacKenzie et al., (1997) 
H5873 CCCGCTGTTGGATTTGATACACCTC 

AVX 
AVX 1F GAAACTGATGGGCCTTCCTG 

432 
RNA-dependent RNA 

polymerase 
S. J. Cowell, unpublished 

AVX 1R GACTGGTCAAATGCCGTGAA 

CLBV-a 
CLBV 1F AGCCATAGTTGAACCATTCCTC 

423 coat protein Blouin et al., (2010) 
CLBV 5R GCAGATCATTCACCACATGC 

CMV 
CMVF GTAGACATCTGTGACGCGA 

540 coat protein Blas et al., (1994) 
CMVR GCGCGAAACAAGCTTCTTATC 

nad5* 
nad5-s GATGCTTCTTGGGGCTTCTTGTT 

181 
NADH dehydrogenase 

subunit 5 
Menzel et al., (2002) 

nad5-as CTCCAGTCACCAACATTGGCATAA 

 

*nad5 is not a virus, but a plant gene (NADH dehydrogenase subunit 5) that was included as an internal RT-PCR control. 
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2.4.2.3 RT-PCR 

RT-PCR was carried out using the Superscript™ III / Platinum® Taq one-step 

RT-PCR kit (Invitrogen, Carlsbad, CA, USA).  Total RNA (200 to 400ng) was 

combined with an RT-PCR reaction mix containing 0.4µL Superscript™ III / 

Platinum® Taq, 0.2mM of each dNTP, 2.5mM MgSO4, and 400nM of each 

primer to a final volume of 10μL.  Primers used for the RT-PCR detection of 

AcVA, AcVB, AMV, ASGV, AVX, CLBV-a and CMV are detailed in Table 2.3. 

 

The plant-specific nad5-s and nad5-as primers (Menzel et al., 2002) amplify 

part of the plant gene NADH dehydrogenase subunit 5 (nad5) and were 

included as an RT-PCR control to eliminate false negative results.  A virus 

negative N. occidentalis total RNA sample was also included as a control, 

along with a water control and positive control (total RNA extracted from a 

virus positive N. occidentalis plantlet that had not undergone treatment).  

Thermal cycling was undertaken in a Bio-Rad MyCycler™ thermal cycler 

(Bio-Rad Laboratories Inc., Hercules, CA, USA).  The amplification conditions 

were reverse transcription at 50°C for 30 minutes, followed by two minutes 

at 94°C then 35 cycles of 94°C for ten seconds, 53-58°C for 30 seconds, and 

68°C for one minute per 1kb of expected amplicon size. 

 

2.4.2.4 Agarose gel electrophoresis 

Electrophoresis of amplification products was carried out essentially as 

described by Sambrook and Russell (2001).  A 2% 0.5xTBE (45mM Tris-HCl, 

45mM Boric Acid, and 1mM EDTA, pH8.5) buffered agarose (Seakem® LE 

agarose, Cambrex, ME, USA) gel was prepared with 2µL/50mL RedSafe™ 

nucleic acid staining solution (iNtRON Biotechnology, Inc., Kyungki-Do, 

South Korea).  RedSafe™ was chosen as an alternative to the more 

traditional ethidium bromide as it has comparable sensitivity (>50ng DNA), 

but is non-carcinogenic, non-toxic, and non-mutagenic. 
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A 5μL aliquot of amplification product was mixed in a 5:1 ratio with loading 

dye (0.25% bromophenol blue, 0.25% xylene cyanol, and 30% glycerol in 

0.5xTBE buffer), loaded onto the prepared gel and electrophoresed at 

10V/cm for 40-45 minutes in a Hoefer HE33 mini-submarine electrophoresis 

unit (Hoefer Inc., San Francisco, CA, USA).  Once electrophoresis was 

complete, the bands were then visualised under UV light at 302nm using a 

GelDoc 2000 (BIO-RAD, Hercules CA, USA).  Amplicon size was determined 

using a 1kb+ DNA ladder (Invitrogen Life Technologies, Carlsbad, CA, USA). 

 

2.4.3  Real time RT-PCR 

Real time RT-PCR offers greater sensitivity than standard RT-PCR (Vincelli & 

Tisserat, 2008).  This gel-free method of nucleic acid detection is also faster, 

less laborious, can be used quantitatively (qRT-PCR – refer to Chapter 5), 

and is cost effective with high throughput (Mackay et al., 2002; McCartney 

et al., 2003).  Real time RT-PCR was used in this project to test the efficacy of 

virus elimination methods, and also involved the extraction of total RNA 

from N. occidentalis along with the design of primers as previously 

described in sections 2.4.2.1 and 2.4.2.2. 

 

Real time RT-PCR was carried out using the SuperScript™ III Platinum® SYBR® 

Green One-Step qRT-PCR Kit with ROX (Invitrogen Life Technologies, 

Carlsbad, CA, USA).  Total RNA (200 to 400ng) was combined with a real-

time RT-PCR reaction mix containing 0.2µL Superscript™ III / Platinum® Taq, 

500nM ROX reference dye, 0.2mM of each dNTP, 3mM MgSO4, and 200nM 

of each primer to a final volume of 10μL.  A virus negative N. occidentalis 

total RNA sample was included as a control to provide a baseline for 

analysis, along with a water control, negative and positive total RNA virus 

controls. 
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Primers used for the real time RT-PCR detection of AcVA, AcVB, AMV, ASGV, 

AVX, CLBV-a and CMV are detailed in Table 2.4.  These were designed as 

described in Section 2.4.2.2, except for the primers used for the detection of 

CMV, which were provided by T. Wei (Plant Health and Agriculture 

Laboratory, MAF, Auckland, New Zealand).  The amplification efficiencies 

for these primers were determined using LinRegPCR v. 11.0 (Ramakers et al., 

2003; Ruijter et al., 2009). 

 

Amplification was carried out using a MicroAmp™ optical 384-well reaction 

plate (Applied Biosystems, Foster City, CA, USA) in an ABI 7900HT real-time 

PCR thermocycler with SDS version 2.3 software (Applied Biosystems, Foster 

City, CA, USA).  Reverse transcription was carried out at 55°C for three 

minutes and then two minutes at 94°C to release the antibody-bound 

Platinum® Taq.  This was followed by 40 cycles of denaturation at 94°C for 

ten seconds and annealing/extension at 64°C for 30 seconds.  Reactions 

were ended with a dissociation curve step of heating to 95°C for 15 

seconds, cooling to 60°C for 15 seconds and then reheating to 95°C at 

0.2°C per second.  This was done to identify and eliminate false positive 

results due to the presence of primer dimer or contamination. 

 

 

 

 

 



 

 
 

Table 2.4:  Primers designed for real time RT-PCR detection of Actinidia viruses 

 

Virus Primer name Sequence (5’ – 3’) 
Amplified 

DNA size (bp) 

Gene 

targeted 

PCR 

Efficiency 

AcVA 
VITIACPF1 GCAAGCACCATCCAAGCGCTCA 

94 coat protein 1.92 
VITIACPR1 CAGCCTGTTCGCCGACGCTAGATT 

AcVB 
VITIBCPF1 GGCGTTTGACAGGTCACAGGACGA 

160 coat protein 1.90 
VITIBCPR1 TTCGCCCGAGAATCTCATCACAGC 

AMV 
AMVs1F ACTGATGACGTGACGACTGAGGAT 

114 coat protein 1.94 
AMVs1R GAAGACCAACTCAAACCCGAACTT 

ASGV 
ASGVCPF3 CCCAGTTTCCCGCTGTTGGATTTG 

108 coat protein 1.96 
ASGVCPR3 ACGAACCCGCTCTGGCCTTCCTT 

AVX 
AVXcp1F AGGGCAAGACTCCCGAACCAAC 

163 coat protein 1.92 
AVXcp1R TCGATACCCATGCGCTCGTACA 

CLBV-a 
CLBVs1F AATGCCACAACCATCAACTATTGG 

108 coat protein 1.89 
CLBVs1R GGCTACCACAGCCCTAAATCTTTG 

CMV* 
CMV-CPF AATAAATCATAAATCCGCCATCTCTGCTATGTTTG 

97 coat protein 1.93 
CMV-CPR AATAAATCATAAAACGCCAGATGCAGCATACTG 

 

*CMV primers were designed by T. Wei (Plant Health and Agriculture Laboratory, MAF, Auckland, New Zealand), all other primers were 

designed by S. J. Cowell during the course of this project. 
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In-vitro culture of Actinidia species 

 

 

 

 

 

 

 

 

3.1  Introduction 

 

Culturing of plants in-vitro allows for the rapid propagation and 

maintenance of large numbers of plants under sterile conditions in a 

relatively small amount of space (Paprstein et al., 2008).  In-vitro tissue 

culture of plant material is also used for germplasm conservation, exchange 

of vegetatively propagated crops, and elimination of viruses either through 

culturing alone, or enabling more efficient application of anti-viral 

treatments compared with application of treatments to whole plants (Gella 

& Errea, 1998; Knapp et al., 1995; Paprstein et al., 2008; Spiegel et al., 1993).  

The basis of virus elimination from plants using in-vitro tissue culture has been 

discussed in Chapter 1 (pages 26-28). 

 

In order to evaluate the anti-viral effect of the chemotherapeutic and 

thermotherapeutic treatments studied during this project, a large supply of 

virus infected shoot tip cultures was needed.  A model system (N. 

occidenatalis, described in Chapter 2) was available for initial treatment 

testing, but any promising treatments should then be further tested in 
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Actinidia species.  There are two distinct approaches to the production of 

virus infected plantlets in culture, either initiate cultures from virus infected 

field material, or infect healthy in-vitro cultured plantlets with virus. 

 

In-vitro culture of Actinidia, such as A. deliciosa and A. chinensis, is generally 

considered reliable, with plants being easily micropropagated by axillary 

bud stimulation; the most viable propagation method for large-scale 

production of genetically uniform Actinidia species (Ferguson & Seal, 2008; 

Revilla et al., 1992; Rugini & Gutiérrez-Pesce, 2003).  Meristem tip culture, 

while an important method in the elimination of viruses, would have been 

in-appropriate for initiating cultures, as the aim was to obtain virally infected 

Actinidia species cultures for the evaluation of the anti-viral effects of 

thermotherapy and chemotherapy.  Furthermore, there have not been any 

reports of culture initiation from meristem tips, and meristem tip culture 

sometimes induces somaclonal variation in plants (Rani & Raina, 2000). 

 

There is no literature on the mechanical inoculation of viruses into shoot tip 

cultures, but common methods of inoculation in whole plants include 

application of inoculum in conjunction with wounding the plant by rubbing 

with an abrasive (e.g. carborundum) or cutting with a blade, or by injecting 

the inoculum directly into the plant with a needle (Hull, 2002). 

 

This chapter describes the in-vitro culture of Actinidia species from both 

virally infected and healthy shoot material, the mechanical inoculation of 

viruses into A. deliciosa, and the RT-PCR screening of presumed virus-free A. 

chinensis and A. deliciosa plantlets.  Further descriptions of the plant 

material used can be found in Chapter 2, Table 2.1. 
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3.2  Methodology 

 

3.2.1   In-vitro culture of Actinidia species from virally infected material 

The initiation of virally infected Actinidia cultures from infected cane 

material was carried out in order to obtain material for evaluating methods 

of virus elimination from Actinidia.  M2 medium (Table 3.1), which has been 

routinely used for the tissue culture of A. chinensis and A. deliciosa at Plant 

and Food Research, Auckland, New Zealand (D. Cohen and T. Wang pers. 

com.) was used as the initiation medium for virus infected Actinidia species.  

 

Table 3.1:  Composition of culture media 

 

Name Plant species Additives 

M2 Actinidia species 0.2mg/L zeatin  

M3 Actinidia species 0.5mg/L zeatin 

M4 Actinidia species 3mg/L BAP + 0.02mg/L IBA + 0.2mg/L zeatin 

M5 A. glaucophyla & A. guilinensis 2mg/L zeatin + 0.2mg/L NAA 

M6 A. glaucophyla & A. guilinensis 0.5mg/L NAA + 1mg/L BAP  

M7 A. glaucophyla & A. guilinensis 1mg/L BAP + 0.5mg/L zeatin + 0.2mg/L NAA 

 

BAP: 6-benzylaminopurine (Sigma-Aldrich Inc., St. Louis, MO, USA), IBA: indolebutyric acid (Sigma-

Aldrich Inc., St. Louis, MO, USA), NAA: 1-naphthaleneacetic acid (Duchefa, Haarlem, The 

Netherlands), zeatin: 6-(4-hydroxy-3-methyl-2-butenylamino)purine 

(Duchefa, Haarlem, the Netherlands) 

 

All media contained Murashige & Skoog (MS) (Murashige & Skoog, 1962) basal salts and vitamins 

(Duchefa, Haarlem, The Netherlands), with M2 containing full MS and M3-M7 containing half strength 

MS.  Media M3 and M4 were prepared with 3% sucrose, M2, & M5-M7 2% sucrose.  Media were 

adjusted to pH5.8 with 1N sodium hydroxide prior to autoclaving and were solidified with 7g/L Agar 

Type A (Sigma-Aldrich Inc., St. Louis, MO, USA).  Plant growth regulators were filter-sterilised and 

added to the media after autoclaving for 20 minutes at 121°C. 

 

 

Winter dormant canes of virus infected A. chinensis ‘Eexiang’ (AcVA and 

AcVB), A. chinensis ‘Hongyang’ (CLBV-a), A. chinensis ‘Lushanxiang’ (AcVA 
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and AcVB), A. chinensis ‘Russell’ (AVX), and A. guilinensis (AMV) were 

chilled for four to six weeks at 4°C to break dormancy.  Bud break was 

initiated by cutting canes into lengths with three or more nodes and then 

immersing the lower third of the cane in water and then leaving them under 

ambient temperature and lighting conditions in the laboratory. 

 

Newly emerged shoots with at least four nodes were collected (after 

approximately four weeks) and then surface sterilised as described in 

Chapter 2, section 2.3.1.  Newly emerged shoots were also collected from 

glasshouse-grown rooted canes of A. fortunatii (AMV and CMV), A. 

glaucophylla (AMV and CMV), and A. guilinensis (AMV).  Surface 

sterilisation was carried out essentially as described in Chapter 2, section 

2.3.1, except that the shoots were placed in cheese-cloth bags and left 

under running tap water for one hour prior to the application of sterilising 

solution.  This was done since glasshouse-grown material was more likely to 

harbour microbial contaminants (Smith, 2000).  Washing the material under 

running water first promotes germination of any fungal spores that may be 

present, which are then more easily killed by the sterilising solution (D. 

Cohen, Plant and Food Research, Auckland, New Zealand pers. comm.).  

Sterilised shoots were rinsed twice with sterile water in an Esco LHC-4A1 

laminar flow cabinet (Esco Micro Pte Ltd, Singapore) and ~5mm nodal 

sections were cut from the stems. 

 

The sections were then placed horizontally with the nodes facing upwards 

on M2 medium (refer to Table 3.1) in sterile vented 90x15mm plastic petri 

dishes (Labserv, Auckland, New Zealand).  The petri dishes were sealed 

around the edges with cling film, and the explants were incubated at 

25±1°C under a 16 hour photoperiod with cool white fluorescent light 

(~30µmol m-2 s-1).  Any explants that displayed browning were transferred 
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immediately to fresh M2 medium, as described by Preece and Compton 

(1991) and Torres (1989), to protect the nodal sections from the detrimental 

effects of phenolic exudation and oxidative damage. 

 

Shoots (~5mm) that developed from the primary explants were sub-cultured 

onto fresh M2 medium in sterile 98mm round plastic tissue culture tubs 

(Intervet/Schering-Plough Animal Health, Boxmeer, The Netherlands) in 

order to further develop into plantlets.  After this point, any shoots that were 

initiated were sub-cultured every month and incubated at 25±1°C under a 

16 hour photoperiod with cool white fluorescent light (~30µmol m-2 s-1). 

 

The A. chinensis ‘Hongyang’ shoots were cultured first on M2 media for one 

month, with movement of shoots displaying browning to fresh M2 medium.  

This was followed by sub-culturing onto M2 media supplemented with 

100mg/L ascorbic acid (Sigma-Aldrich Inc., St. Louis, MO, USA) for one 

month, followed by one month on M2 media with 150mg/L citric acid 

(Serva, Heidelberg, Germany), followed by one month on M2 media with 

100mg/L activated charcoal (Sigma-Aldrich Inc., St. Louis, MO, USA).  These 

three substances are commonly used to reduce phenolic oxidation (Beyl, 

2000; Bhatia & Ashwath, 2008; García-Gonzáles et al., 2010; Kärkönen et al., 

1999; Noshad et al., 2009; Pan & Staden, 1998; Pierik, 1987; Shekhawat et al., 

1993; Thomas, 2008). 

 

Fungal contamination of A. chinensis ‘Hongyang’ explants was treated with 

Plant Preservative Mixture™ (PPM™), as per the manufacturer’s instructions 

(Plant Cell Technology Inc., Washington, DC, USA).  Explants were cleaned 

with a soft tooth-brush under a stream of tap water, followed by continuous 

stirring on an Orbit™ 1000 platform shaker (Labnet International Inc., Edison, 

NJ, USA) at 100rpm in a 50% PPM™ solution (diluted with sterile water) for 15 
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minutes.  Explants were then cultured without rinsing onto fresh M2 medium 

containing 0.2% PPM™ for one month.  This treatment was also carried out 

on cultures of A. guilinensis displaying fungal contamination. 

 

A. guilinensis and A. glaucophylla were sub-cultured on a monthly basis for 

two months on M2 media.  Plantlets that were un-responsive (e.g. did not 

elongate) to the M2 media were cultured onto M5 media followed by M6 

media and then M7 media for one month each (refer to Table 3.1).  These 

media (M5-M7) were made with half strength Murashige & Skoog (MS) 

(Murashige & Skoog, 1962) basal salts and vitamins (Duchefa, Haarlem, The 

Netherlands).  Although MS medium has been used effectively for the in-

vitro culture of many plant species including some Actinidia, the level of 

salts can be too high or even toxic for some plants (Bairu et al., 2009b; 

Bhojwani & Razdan, 1996).  The M5-M7 media also contained different 

combinations of the plant growth regulators (PGRs) cytokinin and auxin 

(refer to Table 3.1). 

 

In addition, cane material of A. chinensis ‘Eexiang’ (AcVA and AcVB), A. 

chinensis ‘Lushanxiang’ (AcVA and AcVB), A. chinensis ‘Russell’ (RMV), and 

A. chinensis ‘Hongyang’ (CLBV-a) was sent to J. Claridge (Hetherdale 

Hortlab Ltd, Katikati, New Zealand) for establishment of tissue cultures, as 

she has expertise in the in-vitro culture of Actinidia species.  T. Wang (Plant 

and Food Research, Auckland, New Zealand), who is also an expert in tissue 

culture of Actinidia species, attempted to establish cultures of A. chinensis 

‘Hongyang’ (CLBV-a), A. guilinensis (AMV and CMV) and A. glaucophylla 

(AMV and CMV) from shoots initiated as described above. 
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3.2.2  Mechanical virus inoculation of A. deliciosa plantlets in-vitro 

It became apparent that establishing cultures of virally infected Actinidia 

species from cane material was difficult, and it was not certain that if 

cultures were established that the plantlets would also be infected.  As an 

alternative approach extracts of virally infected N. occidentalis plantlets 

were mechanically inoculated on to healthy A. deliciosa ‘Hayward’ 

growing in tissue culture. 

 

A. deliciosa plantlets to be inoculated were incubated without light for 24 

hours prior to inoculation.  Inoculum preparation and application was 

carried out in Esco LHC-4A1 laminar flow cabinet (Esco Micro Pte Ltd, 

Singapore).  Inoculum was prepared by grinding 100mg of leaf tissue from 

AMV, ASGV, AVX, or CLBV-a infected N. occidentalis plantlets in 9.9mL of 

sterile 0.1M sodium phosphate buffer (3.1g NaH2PO4∙H2O and 10.9g 

Na2HPO4 (anhydrous) in 1000mL distilled H2O) containing 5% 

polyvinylpyrrolidone and 0.12% sodium sulphite pH7.5, with a sterile mortar 

and pestle. 

 

Inoculum was applied to eight replicate A. deliciosa plantlets in three 

different ways: 

 

1. virus inoculum (AMV and CLBV-a only) was combined with sterile 400 

mesh carborundum powder and rubbed onto three newly expanded 

leaves, left for one minute and then rinsed off with sterile water 

 

2. virus inoculum was loaded into a sterile insulin syringe with a 26 gauge 

half inch needle (Becton, Dickinson and Company, Rutherford, NJ, 

USA) and injected into fleshy parts of the shoots (e.g. junctions 

between stem and petioles) 
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3. plantlets were submerged in virus inoculum and the stem and 

petioles were cut with a sterile scalpel blade, plantlets were left 

submerged for one minute and then rinsed with sterile water  

 

Plantlets were then cultured and maintained as described in Chapter 2, 

section 2.3.2 and tested periodically by ELISA as described in Chapter 2, 

section 2.4.1.  After five months the plantlets were tested by RT-PCR as 

described in Chapter 2, section 2.4.2. 

 

3.2.3  In-vitro culture technique verification 

The difficulties experienced with the establishment of tissue cultures from 

virally infected Actinidia species raised the question of whether it was virus 

presence or the technique used that was impacting on culture 

establishment.  In order to investigate this, fresh attempts to initiate healthy 

cultures of A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ were made, 

since the healthy cultures used in this project had thus far been provided as 

already established plantlet cultures (refer to Chapter 2, section 2.2). 

 

Canes of A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’, which were 

believed to be free of the viruses in this study, were obtained from Plant and 

Food Research, Te Puke, New Zealand.  Cultures were initiated (refer to 

Figure 3.1) as described in section 3.2.1, except that approximately half of 

the nodal sections were cultured on M3 media instead of M2 media, and 

any shoots that developed were sub-cultured on M4 media for one month 

(refer to Table 3.1).  This was done as a comparison, because the PGRs and 

sucrose levels used in the M3 and M4 media proved effective for Wu (2010) 

in the initiation of five genotypes of A. chinensis (‘Hort16A’and four 

selections from the Plant and Food Research red-fleshed kiwifruit breeding 

program). 
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After initiation all plantlets were maintained on M2 media by sub-culturing 

every month with incubation at 25±1°C under a 16 hour photoperiod with 

cool white fluorescent light (~30µmol m-2 s-1). 

 

In addition, CMV was inoculated in-vivo, onto shoots of A. chinensis 

‘Hort16A’ and A. deliciosa ‘Hayward’ that developed on canes from Plant 

and Food Research, Te Puke, New Zealand.  Inoculum was prepared as 

described in section 3.3.1.  Inoculum was then combined with sterile 400 

mesh carborundum powder and rubbed onto three newly expanded 

leaves of ten newly emerged shoots (at least four nodes long) for each of 

the two species, left for one minute, and then rinsed off with sterile water.  

Inoculated shoots were left on the cane under ambient light and 

temperature conditions.  Two weeks after inoculation newly emerged 

leaves on inoculated shoots were screened by RT-PCR as described in 

Chapter 2, section 2.4.2.  Shoots that tested positive for CMV were selected 

for initiation of plantlet cultures, which was carried out as described above.  

After initiation all plantlets were maintained on M2 media by sub-culturing 

every month with incubation at 25±1°C under a 16 hour photoperiod with 

cool white fluorescent light (~30µmol m-2 s-1).  Established plantlets were 

screened two months after initiation for CMV by RT-PCR as described in 

Chapter 2, section 2.4.2. 

 

3.2.4  RT-PCR screening of healthy Actinidia species plantlet cultures 

The virus-free status of the Actinidia species plantlet cultures provided by T. 

Wang (Plant and Food Research, Auckland, New Zealand) (refer to 

Chapter 2, section 2.2) and initiated from cane material (refer to section 

3.2.3) was tested by screening this material for AcVA, AcVB, AMV, ASGV, 

AVX, CMV and CLBV-a by RT-PCR.  RT-PCR was carried out as described in 

Chapter 2, section 2.4.2. 
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3.3  Results 

 

3.3.1  In-vitro culture of Actinidia species from virally infected material 

A. chinensis ‘Hongyang’: 

Plantlets were initiated for A. chinensis ‘Hongyang’, however these plantlets 

eventually died due to browning (i.e. browning spreading from the cut end 

of the explant accompanied in some cases by browning of the medium) 

and later shoot-tip necrosis (i.e. browning and early abscission of the 

youngest leaves followed by browning of the shoot apex and eventually 

the whole plantlet).  In addition, some plantlets were lost to fungal 

contamination as the explants were either deemed to be too infested for 

the PPM™ treatment outlined in section 3.2.1, and so were discarded, or the 

plantlets became brown and died after treatment. 

 

A. chinensis ‘Eexiang’, ‘Lushanxiang’, and ‘Russell’: 

 The A. chinensis cultivars of ‘Eexiang’ (AcVA and AcVB) and ‘Lushanxiang’ 

(AcVA and AcVB) failed to produce any shoots from the nodal sections, 

which died due to browning.  The A. chinensis ‘Russell’ cultivar (AVX) did 

produce shoots; however these failed to develop enough for excision from 

the nodal section and (along with the nodal section) also turned brown 

and died. 

 

A. fortunatii: 

Most of the A. fortunatii (AMV and CMV) cane material died before any 

shoots were produced and any nodal segments that were obtained and 

put into culture turned brown and died before any shoots developed. 
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A. guilinensis and A. glaucophylla:  

Shoots were produced for A. guilinensis (AMV and CMV) and A. 

glaucophylla (AMV and CMV) but these failed to establish on any of the 

four different media trialed (M2, M5-M7, refer to Table 3.1).  These shoots 

eventually died due to shoot-tip necrosis.  Some A. guilinensis shoots were 

also lost to fungal contamination, with explants being either discarded or 

failing to survive the PPM™ treatment detailed in section 3.2.1. 

 

In summary, none of the virus infected material was successfully cultured on 

M2 medium even though this had previously been routinely used for healthy 

A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’.  Attempts by J. Claridge 

and T. Wang to establish cultures from A. chinensis ‘Eexiang’ (AcVA and 

AcVB), A. chinensis ‘Lushanxiang’ (AcVA and AcVB), A. chinensis ‘Russell’ 

(RMV), A. chinensis ‘Hongyang’ (CLBV-a), A. guilinensis (AMV and CMV) 

and A. glaucophylla (AMV and CMV) was also unsuccessful (data not 

shown). 

 

3.3.2  Mechanical virus inoculation of A. deliciosa plantlets in-vitro 

New growth from all virus inoculated A. deliciosa ‘Hayward’ plantlets tested 

negative for the presence of AMV, ASGV, AVX and CLBV-a by ELISA.  RT-

PCR screening five months after inoculation detected AVX in 4/16 plantlets 

and CLBV-a in 4/24 plantlets.  Of the three methods of inoculation used (i.e. 

rubbing, injection, and cutting), cutting was the easiest to apply, and 6/8 

AVX and CLBV-a positive samples were inoculated in this manner. 

 

Direct sequencing (Macrogen, Seoul, South Korea) confirmed the identity 

of AVX and CLBV-a in these A. deliciosa ‘Hayward’ plantlets.  More of the 

CLBV-a inoculated plantlets may have been infected, but faint banding 

and non-specific products made it difficult to determine this conclusively 
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(refer to Figure 3.2).  AVX and CLBV-a positive (along with suspected CLBV-

a positive) plantlets were maintained and propagated as described in 

Chapter 2, section 2.3.2.  However, when the plantlets and their progeny 

were rescreened by RT-PCR as described in Chapter 2, section 2.4.2 five 

months later, all plantlets tested negative for virus presence. 

 

 

 



- Chapter 3 - 

- 69 - 

 

3.3.3  In-vitro culture technique verification 

Shoots were initiated for both A. chinensis ‘Hort16A’ and A. deliciosa 

‘Hayward’ using either M2 media or the M3 and M4 media combination; 

however the M3 and M4 media combination was more successful.  This was 

most notable for A. chinensis ‘Hort16A’ for which the M2 media had an 

initiation success (number of initiated shoots / number of nodal segments x 

100) of 5.9% compared to 100% for the M3 and M4 media combination 

(refer to Table 3.2).  The initiation success for A. deliciosa ‘Hayward’ was 24% 

using the M2 media and 63.6% for the M3 and M4 media combination (refer 

to Table 3.2).  All shoots became established as plantlet cultures and were 

maintained successfully on M2 media. 

 

Table 3.2:  Actinidia species initiation success of M2 Vs. M3/M4 media 

 

 

A. chinensis ‘Hort16A’ A. deliciosa ‘Hayward’ 

M2 media M3/M4 media M2 media M3/M4 media 

Nodal 

segments 
17 18 25 22 

Initiated 

shoots 
1 20 6 14 

Initiation 

success 
5.9% 100% 24% 63.6% 

 

The inoculation of CMV into shoots on presumed virus-free A. chinensis 

‘Hort16A’ and A. deliciosa ‘Hayward’ canes resulted in three A. chinensis 

‘Hort16A’ and five A. deliciosa ‘Hayward’ shoots surviving the inoculation 

process.  None of the surviving shoots of A. chinensis ‘Hort16A’ tested 

positive for CMV by RT-PCR, while CMV was detected in 4/5 A. deliciosa 

‘Hayward’ shoots (refer to Figure 3.3).  When the CMV infected A. deliciosa 

‘Hayward’ shoots were used to initiate in-vitro tissue cultures, the M3 and M4 

media combination had an initiation success of 41.6%, compared to 0% 

with use of M2 media (refer to Table 3.3).  All shoots became established as 
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plantlet cultures and were maintained successfully on M2 media.  However, 

the plantlets all tested negative for CMV when screened by RT-PCR two 

months later. 

 

Table 3.3:  CMV positive Actinidia species initiation success of M2 Vs. 

M3/M4 media 

 

 

CMV positive A. deliciosa ‘Hayward’ 

M2 media M3/M4 media 

Nodal segments 10 12 

Initiated shoots 0 5 

Initiation success 0% 41.6% 
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3.3.4  RT-PCR screening of healthy Actinidia species plantlet cultures 

Of the virus-free Actinidia species plantlet cultures provided by T. Wang 

(Plant and Food Research, Auckland, New Zealand) (refer to Chapter 2, 

section 2.3.2), all 50 A. chinensis ‘Hort16A’ and 50 A. deliciosa ‘Hayward’ 

that were screened by RT-PCR for AcVA, AcVB, AMV, ASGV, AVX, CLBV-a, 

and CMV were negative for these viruses.  Of the plantlets initiated from 

cane material (Plant and Food Research, Te Puke, New Zealand), all 20 A. 

chinensis ‘Hort16A’ and 20 A. deliciosa ‘Hayward’ that were screened by 

RT-PCR for AcVA, AcVB, AMV, ASGV, AVX, CLBV-a, and CMV were 

negative for 6/7 of these viruses.  ASGV was detected in 3/5 A. chinensis 

‘Hort16A’ samples and 2/5 A. deliciosa ‘Hayward’ samples, with each 

sample representing a pool of four plantlets (refer to Figure 3.4). 

 

Direct sequencing (Macrogen, Seoul, South Korea) of the RT-PCR positive 

samples confirmed the presence of ASGV in A. chinensis ‘Hort16A’ and A. 

deliciosa ‘Hayward’ plantlets.  Refer to Appendix 2 for sequence data.  The 

highest percentage of similarity between the Actinidia ASGV isolates and 

the apple ASGV isolate (positive control) used during this project was 97.6%, 

over 400 nucleotides of the coat protein, showing that the RT-PCR detection 

of ASGV in A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ was not the 

result of PCR contamination (refer to Table 3.4).  Refer to Chapter 6, section 

6.2.5.1 for details on the computation of the percentage of similarity 

between sequences. 
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Table 3.4:  Percentage of similarity between Actinidia ASGV isolates (H1, 

H3, C3, C4, and C5) and apple ASGV partial coat protein nucleotide (400bp) 

sequences  

 

Isolate H1 H3 C3 C4 C5 

ASGV (apple) 97.6 96.0 94.2 97.6 97.6 
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3.4  Discussion 

 

In-vitro culture of Actinidia is generally considered easy and reliable, with all 

genotypes being easily propagated mainly by axillary bud stimulation 

(Ferguson & Seal, 2008; Rugini & Gutiérrez-Pesce, 2003).  However, during 

this project, Actinidia were recalcitrant to tissue culture.  There were three 

problems encountered during micropropagation that contributed to this 

recalcitrance: microbial contamination, tissue browning and shoot-tip 

necrosis. 

 

Contamination is a serious problem in micropropagation, with explants 

frequently harbouring internal microorganisms (Bhojwani & Razdan, 1996).  

Contamination can also occur from poor aseptic technique, with microbial 

contaminants being introduced into cultures by the researcher, insects (e.g. 

mites), media, instruments (e.g. forceps, scalpel), or un-filtered air (Smith, 

2000).  Fungal spores in particular can occur in the air at high 

concentrations and easily infest cultures if stringent aseptic conditions are 

not maintained (Bhojwani & Razdan, 1996).  Poor aseptic conditions are the 

most likely cause of the fungal contamination observed in A. chinensis 

‘Hongyang’ and A. guilinensis, as fungal contaminants were not always 

associated with explants as would be expected if the source of infestation 

was internal.  The explants were not saved by PPM™ treatment, but 

subsequent use of a laminar flow hood in a different room eliminated the 

problem of fungal contamination. 

 

Browning of plantlets and/or culture medium is another problem often 

encountered in the tissue culture of woody plant species (Bhojwani & 

Razdan, 1996; Kärkönen et al., 1999; Krikorian, 1994; Laukkanen et al., 2000).  

Browning is generally attributed to the enzymatic (i.e. polyphenol oxidase 
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and peroxidase) or non-enzymatic (e.g. air) oxidation of phenolic 

compounds exuded by plant tissues in response to wounding that can 

occur through cutting, surface sterilisation, or handling of the explants (Bhat 

& Chandel, 1991; García-Gonzáles et al., 2010).  The products of phenolic 

oxidation are phytotoxic and can cause poor development, necrosis and 

death of explants (Bhojwani & Razdan, 1996; Huang et al., 2002; Razdan, 

2003).  

 

There are a wide variety of techniques for alleviating the problem of plant 

tissue browning that generally involve elimination of exuded phenolic 

compounds or altering the redox potential (Pan & Staden, 1998; Preece & 

Compton, 1991; Torres, 1989).  A simple and effective way of removing 

phenolic substances is to transfer explants to fresh medium at short intervals, 

preventing the accumulation of phenolic compounds (Bhojwani & Razdan, 

1996; Pan & Staden, 1998; Pierik, 1987; Preece & Compton, 1991; Razdan, 

2003; Torres, 1989).  The redox potential can be modified with the use of 

reducing agents or antioxidants, the most commonly used antioxidants 

being ascorbic acid or citric acid (Bhatia & Ashwath, 2008; García-

Gonzáles et al., 2010; Kärkönen et al., 1999; Pierik, 1987; Razdan, 2003; 

Shekhawat et al., 1993; Torres, 1989).  Activated charcoal is another 

substance commonly added to tissue culture media as it can adsorb 

phenolic compounds and inactivate polyphenol oxidase and peroxidase 

(Abdelwahd et al., 2008; Bhat & Chandel, 1991; Bhatia & Ashwath, 2008; 

García-Gonzáles et al., 2010; Huang et al., 2002; Noshad et al., 2009; Pan & 

Staden, 1998; Pierik, 1987; Thomas, 2008; Torres, 1989). 

 

Browning of Actinidia species nodal sections during this project was treated 

with frequent sub-culturing onto fresh M2 medium.  This failed to prevent the 

death of nodal sections, which ultimately resulted in no plantlets being 
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established from A. chinensis ‘Eexiang’ (AcVA and AcVB), A. chinensis 

‘Lushanxiang’ (AcVA and AcVB), A. chinensis ‘Russell’ (AVX) or A. fortunatii 

(AMV and CMV).  Browning of A. chinensis ‘Hongyang’ (CLBV-a) plantlets 

was also treated with frequent sub-culturing onto fresh M2 medium, along 

with monthly sub-culturing onto M2 media supplemented with (in 

succession) ascorbic acid, citric acid and activated charcoal, to no avail.  

The A. chinensis ‘Hongyang’ also displayed symptoms consistent with shoot-

tip necrosis which contributed to the death of these explants. 

 

Shoot-tip necrosis, as described by Bairu et al. (2009b), is a common 

physiological disorder observed in the tissue culture of a wide range of 

plants that manifests as browning and death of the youngest leaves and 

shoot apex.  Shoot-tip necrosis in-vitro can be influenced by a wide range 

of factors such as PGRs, medium composition, phenolic exudation, calcium, 

boron, and the culture environment (Bairu et al., 2009a; Bairu et al., 2011; 

Barghchi & Alderson, 1996; Kataeva et al., 1991; Kulkarni & D’Souza, 2000; 

Martin et al., 2007; Piagnani et al., 1996).  However, there is no definitive 

explanation regarding the cause of shoot-tip necrosis and no universal 

method to prevent it (Bairu et al., 2009b).  Shoot-tip necrosis was also 

observed in A. guilinensis and A. glaucophylla plantlets which were 

unresponsive to in-vitro culture conditions, despite the reduction of MS salts, 

increased concentration of cytokinin, the use of two different cytokinins 

and the inclusion of auxin. 

 

Cytokinins are essential for in-vitro growth of Actinidia, as the endogenous 

levels present in explants are not high enough to support sufficient shoot 

production (Akbaş et al., 2007; Cañal et al., 2000; Moncaleán et al., 1999).  

Harada (1975) found that zeatin was most effective for the differentiation of 

shoot buds in Actinidia, hence its use in the M2 media, but 6-
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benzylaminopurine (BAP) has been shown to stimulate greater shoot 

multiplication and elongation (Akbaş et al., 2007; Moncaleán et al., 2001; 

Rugini & Gutiérrez-Pesce, 2003).  Consequently different combinations of 

the two (refer to Table 3.1) were tried as advised by T. Wang (Plant and 

Food Research, Auckland, New Zealand).  Naphthaleneacetic acid (NAA) 

is a commonly used auxin which was included because low levels of auxin 

can be beneficial in combination with high concentrations of cytokinin 

when shoot proliferation is required (George et al., 2008; Rout, 2004). 

 

The type and concentration of cytokinin and auxin used for in-vitro culture is 

crucial, with plants responding differently to sub- or supra-optimal amounts 

of PGRs (Bairu et al., 2011).  Responses range from failure to grow to various 

types of physiological disorders such as shoot-tip necrosis and tissue 

browning (Bairu et al., 2011), which were observed during this project.  

Responses can also vary according to the species, variety, or cultivar of 

plant as the requirements for optimal growth in-vitro is genetically controlled 

(Bhojwani & Razdan, 1996; García-Gonzáles et al., 2010; Martin et al., 2007; 

Reisch & Bingham, 1988). 

 

Marino & Bertazza (1990), for example, found that A. deliciosa cultivars 

‘Hayward’ and ‘Tomuri’ had different proliferation, growth, and rooting 

responses suggesting an interaction between culture media and different 

endogenous PGR concentrations in the two cultivars.  Famiani et al., (1997) 

later reported in a study of in-vitro generation of A. deliciosa ‘Hayward’, 

‘Tomuri’, ‘Katiuscia’ and an A. deliciosa x A. arguta hybrid that genotype 

influenced shoot organogenesis.  Furthermore, the type, concentration, 

and pH of media, type of gelling agent, levels of sucrose and/or fructose, 

addition of supplementary compounds (e.g. calcium, boron), light intensity 

and quality, aeration of cultures, orientation of the explant in the media, 
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type of explant and sub-culture period also impact on the success of in-vitro 

plant tissue culture (Bairu et al., 2009b; Bhojwani & Razdan, 1996; George et 

al., 2008; Pierik, 1987; Razdan, 2003; Rugini & Gutiérrez-Pesce, 2003; Smith, 

2000; Torres, 1989). 

 

It is possible then that the recalcitrance of Actinidia species to in-vitro 

culture during this project was due to growth disorders caused by the lack 

of culture protocols specific to the Actinidia species studied.  No literature 

detailing tissue culture protocols expressly for A. fortunatii, A. glaucophylla, 

A. guilinensis, or the A. chinensis cultivars ‘Eexiang’, ‘Lushanxiang’, 

‘Hongyang’ and ‘Russell’ was found, with most literature reporting 

techniques for A. deliciosa and other A. chinensis (e.g. ‘Hort16A’) cultivars 

(Akbaş et al., 2009; Akbaş et al., 2007; Arigita et al., 2002; Cañal et al., 2000; 

Harada, 1975; Infante et al., 1989; Marino & Bertazza, 1990; Mezzetti et al., 

1991; Moncaleán et al., 2001; Monette, 1986; Nasib et al., 2008; Nasib & 

Khan, 2009; Rugini et al., 1991; Shen et al., 1990), as well as A. arguta, A. 

kolomiktra, and A. polygama (Harada, 1975; Kovac, 1993; Wang et al., 

2006c; Xiao & Hirsch, 1996).  Species specific protocols would consequently 

need to be developed.  However, the development of such protocols is a 

rigorous process that involves optimising various environmental, chemical, 

and physical growth factors (Bairu & Kane, 2011).  The large amount of 

plant material and time required to carry this out meant that this could not 

be completed within the project’s timeframe. 

 

The application of tissue culture techniques was also considered as a 

possible cause of recalcitrance.  However, establishment of virally infected 

Actinidia species plantlet cultures was also unsuccessful for T. Wang (Plant 

and Food Research, Auckland, New Zealand) and J. Claridge (Hetherdale 

Hortlab Ltd, Katikati, New Zealand), both of whom have experience with in-
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vitro culturing of Actinidia species.  In addition, cultures were initiated and 

established during this project from presumed virus-free A. chinensis 

‘Hort16A’ and A. deliciosa ‘Hayward’ cane material, along with N. 

occidentalis infected with various viruses (refer to Chapter 2), which further 

indicates that the recalcitrance was not caused by the way the researcher 

applied in-vitro culture techniques. 

 

During the course of initiating in-vitro cultures of A. chinensis ‘Hort16A’ and 

A. deliciosa ‘Hayward’ from presumed virus-free cane material and shoots 

mechanically inoculated with CMV, it was found that the M2 media (which 

was also used for initiation of the virally infected Actinidia species) was 

outperformed by the combination of M3 and M4 media.  The primary 

explants on M3 medium received an increased level of sucrose (an extra 

1%) with an increased level of cytokinin (0.5mg/L Vs. 0.2mg/L zeatin), with 

resulting buds on M4 medium receiving increased sucrose (an extra 1%), 

auxin (0.02mg/L indolebutyric acid (IBA)) as well as two different types of 

cytokinin in higher concentration (3mg/L BAP and 0.2mg/L zeatin Vs. 

0.2mg/L zeatin).  This further exemplifies the impact that media constituents, 

particularly the concentrations and types of PGRs, can have on the success 

of plant tissue culture.  Whether or not these media work on other Actinidia 

species and cultivars remains to be investigated. 

 

The success of in-vitro growth of plantlets is also influenced significantly by 

the physiological and phytosanitary condition of the parent plant (Bhojwani 

& Razdan, 1996; García-Gonzáles et al., 2010).  It is known that viruses can 

alter the physiology of a plant (Berger et al., 2007; Maule et al., 2002; 

Sampol et al., 2003).  Espinoza et al. (2007), for example, found that 

numerous genes are induced or repressed in Grapevine leafroll-associated 

virus 3 infected Vitis vinifera, and that these changes in gene expression 
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had an effect on a wide range of biological functions such as sugar and 

hormone transport, protein translation, metabolism, and cell defence.  It is 

possible then that the presence of virus may have contributed to the 

recalcitrance of Actinidia species to tissue culture. 

 

If this is true, however, it is not clear to what extent virus infection impacted 

on the in-vitro culture of Actinidia species.  Furthermore, the establishment 

of tissue cultures from virally infected parent plants in order to obtain virus-

free material is a common application of plant tissue culture (Walkey, 1991).  

No literature was found indicating that the presence of virus hinders this 

application.  Indeed, during this project, in-vitro cultures were established 

from ASGV infected A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ cane 

material and A. deliciosa ‘Hayward’ shoots mechanically inoculated with 

CMV. 

 

The A. chinensis and A. deliciosa plantlets initiated from presumed virus-free 

cane material that were, in fact, infected with ASGV were given to D. 

Cohen (Plant and Food Research, Auckland, New Zealand), to grow into 

plants, as this material was of interest to MAF, Auckland, New Zealand.  

However, ASGV has not been detected in the plantlets since.  Furthermore, 

although mechanical inoculation of CMV into A. deliciosa ‘Hayward’ shoots 

was successful, the virus was not detected in the plantlets established in-

vitro from this material.  Similarly, mechanical inoculation of AVX and CLBV-

a into established A. deliciosa ‘Hayward’ plantlet culture was successful, 

but virus was not detected in these cultures after five months. 

 

The inconsistency of virus detection in Actinidia suggests that after the initial 

detection virus titre dropped below the detection limit of RT-PCR, or that the 

virus was absent.  This could be due to uneven virus distribution, elimination 
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of virus during in-vitro culture, or Actinidia may be a non-optimal or 

incidental host for these viruses.  Viruses are often unevenly distributed 

within a plant (Hull, 2002) and it may be that the material sampled for RT-

PCR was from an un-infected part of the plantlet.  It is also possible that 

uneven virus distribution led to the inadvertent exclusion of virus during the 

initiation or sub-culture of plantlets (refer to Chapter 1 for further discussion 

of uneven distribution of virus within a plant and virus elimination).  Walkey 

(1991) suggests that virus elimination during tissue culture may also occur 

through metabolic disruption caused by cell injury during excision, or by the 

stimulation of host resistance mechanisms by auxin and/or other PGRs 

present in the medium.  However, as with virus exclusion, these modes of 

virus eradication are usually linked to small size of the explant (i.e. 250µm) 

and low virus concentrations (Razdan, 2003; Walkey, 1991). 

 

Caciagli & Lovisolo (1987) have proposed that Actinidia possess some 

degree of virus resistance, however several viruses have since been 

detected in Actinidia (refer to Chapter 1) and little is known about cultivar 

susceptibility and the effects, if any, on plant productivity (Pearson et al., 

2010).  It is more likely that the viruses (ASG, AVX, CLBV-a, and CMV) did not 

persist in the A. chinensis and A. deliciosa shoot tip cultures because these 

plant species are non-optimal or incidental hosts (D. Cohen, Plant and Food 

Research, Auckland, New Zealand pers. comm.).  

 

Caciagli & Lovisolo (1987) conducted mechanical inoculation of young 

glasshouse grown A. deliciosa plants with 17 viruses common in the Italian 

kiwifruit growing areas.  Of these only one virus, CMV, infected A. deliciosa 

systemically.  Caciagli & Lovisolo (1987) also found that mechanical 

inoculation of ASGV and AMV into A. deliciosa plants did not result in an 

infection.  Similarly, during this project, mechanical inoculation of AMV and 
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ASGV into A. deliciosa ‘Hayward’ plantlet cultures failed.  The inability to 

mechanically inoculate A. deliciosa ‘Hayward’ with ASGV could be due to 

the fact that an apple isolate of ASGV was used (refer to Chapter 2, Table 

2.1), and it is not currently known whether the apple isolate of ASGV is 

capable of infecting Actinidia species and vice versa (Pearson et al., 2010).  

Since the AMV used in this project was originally isolated from Actinidia, 

failure to mechanically inoculate this virus into A. deliciosa was unexpected, 

though not inconsistent.  It is possible for both ASGV and AMV that the 

conditions of mechanical inoculation were not conducive to infection (e.g. 

the viral titre in the inoculum may not have been high enough, the use of 

plantlet cultures instead of glasshouse grown plants), and simultaneous 

inoculation of viruses into N. occidentalis plantlet cultures as a control would 

have been useful. 

 

In conclusion, this chapter has described the recalcitrance of virus infected 

A. chinensis ‘Eexiang’, A. chinensis ‘Hongyang’, A. chinensis ‘Lushanxiang, 

A. chinensis ‘Russell’, A. fortunatii, A. glaucophylla, and A. guilinensis to the 

conventional in-vitro culture technique of axillary bud culture.  This is most 

likely due to the lack of tissue culture protocols specific to these Actinidia 

species and cultivars.  The commercially important A. chinensis ‘Hort16A’ 

and A. deliciosa ‘Hayward’ species were shown to respond better to media 

used by Wu (2010), which contained increased levels of sucrose, auxin, and 

modifications to the cytokinin component.  Levels of ASGV, AVX, CLBV-a 

and CMV in infected A. chinensis ‘Hort16A’ and/or A. deliciosa ‘Hayward’ 

cultures appeared to decrease, supporting the idea that these viruses do 

not persist in Actinidia, and also suggesting that the act of initiating and 

propagating plant tissue cultures may be sufficient to reduce or eliminate 

these viruses in these species. 
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Effects of thermotherapy on Actinidia 

cultures and viruses 

 

 

 

 

 

 

 

 

4.1  Introduction 

 

Thermotherapy is one of the earliest methods used in attempts to eliminate 

viruses from plants (Pennazio, 1997).  Heat treatment has been successfully 

used to eliminate viruses from many crop species, but the protocols are not 

universally applicable, and there is usually a fine balance between heat 

treatments that eliminate virus and those that kill the host plant (refer to 

Chapter 1, pages 26-28). 

 

Work on kiwifruit plants in quarantine by the Department of Scientific and 

Industrial Research in the 1980’s indicated that Actinidia does not readily 

tolerate the temperatures typically used for thermotherapy (refer to 

Chapter 1, pages 26-28), but no work has been done on the tolerance of in-

vitro shoot tip cultures of Actinidia species to elevated temperatures.  

Furthermore, the description of viruses infecting Actinidia is very recent 

(Blouin et al., 2012; Chavan et al., 2009; Clover et al., 2003; Pearson et al., 

2011; Pearson et al., 2010), and there are no published heat treatment 
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protocols for some of the viruses isolated from this host.  AcVA, AcVB, and 

AVX, for example, are novel viruses identified from Actinidia species (Blouin 

et al., 2012; Pearson et al., 2011), and there are no descriptions of the 

thermotherapy of in-vitro cultures of any plant host infected with these 

viruses. 

 

Thermotherapy of CLBV, ASGV, AMV, and CMV, however, has been 

described in other host species.  Thermotherapy is reportedly ineffective in 

the elimination of CLBV in citrus (Navarro & Juárez, 2007; Vives et al., 2005), 

and ASGV is reportedly difficult to eliminate by any treatment in apple and 

pear (Wang et al., 2006a).  It is possible that this may also be the case for 

CLBV-a and ASGV from Actinidia.  AMV and CMV, on the other-hand, have 

been described as “easily inactivated” by heat treatment in alfalfa and 

Passiflora sp. respectively (Nyland, 1969), although thermo-resistant strains of 

AMV and CMV have been described in Nicotiana tabacum L. var. Xanthi 

and Nicotiana tabacum var. White Burley respectively(Franck & Hirth, 1976; 

Hitchborn, 1956). 

 

The virus/host combination and experimental conditions adopted impact 

strongly on the efficacy of thermotherapy, as the success of thermotherapy 

is reliant on treated viruses being sensitive to an elevated temperature that 

is not lethal to the host plant (Panattoni & Triolo, 2010; Paprstein et al., 2008; 

Verma et al., 2005; Wang et al., 2010b).  Therefore, when a model system 

(i.e. N. occidentalis) is used for investigation of thermotherapuetic 

treatment for the development of virus elimination protocols, the proposed 

treatment should be non-injurious to the host plant (i.e. Actinidia).  N. 

occidentalis was used as a model system in this study as it readily hosts the 

viruses under study, is easy to manipulate and grow in tissue culture, and 
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also grows quickly in tissue culture; providing a large source of virally 

infected material required for initial screening of potential treatments. 

 

The need to use a model system increased during the course of the project, 

as it proved impossible to establish virus infected Actinidia cultures (refer to 

Chapter 3, section 3.3).  This is because most of the Actinidia material 

available was recalcitrant to tissue culture and, where infected Actinidia 

was cultured successfully, the virus infection did not persist (refer to Chapter 

3, section 3.3).  However, established cultures of virus free Actinidia were 

available to test proposed treatments on (refer to Chapter 2, section 2.2). 

 

This chapter describes the investigation of the effect of elevated 

temperatures on the survival of A. deliciosa tissue cultures, the effect of 

different temperature regimes on the ability of A. deliciosa tissue cultures to 

survive at an elevated temperature, and whether this could be used for 

thermotherapy of viruses (AcVA, AcVB, AMV, ASGV, AVX, CLBV-a, and 

CMV) in N. occidentalis shoot tip cultures. 
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4.2  Methodology 

 

4.2.1  Effect of elevated temperature on A. deliciosa 

In order to assess the effect of elevated temperatures (30, 35, 37.5, and 

40°C) on healthy A. deliciosa plantlets, 20 replicates of healthy A. deliciosa 

plantlets (2-4mm of the shoot tip) were incubated at 23 (control), 30, 35, 

37.5, and 40°C on M2 media (refer to Chapter 2, Table 2.2) for four weeks 

under long day lighting conditions (16 hours light and eight hours dark). 

 

Plantlets were observed during this time, and at the end of the experiment 

assigned a number between 0 and 3 depending on the level of browning 

exhibited (refer to Figure 4.1) so that the average health status could be 

determined quantitatively.  Plantlets incubated at 23, 30, and 35°C were 

then incubated for a further four weeks at 23°C on M2 media (refer to 

Chapter 2, Table 2.2) under long day lighting conditions in order to 

investigate the effect of elevated temperature on plantlet ability to grow 

after the treatment had ended. 
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4.2.2  Effect of pre-treatment and temperature cycling on Actinidia 

Since higher temperatures are more likely to eliminate viruses, and it is 

known that plant cultures can often tolerate higher temperatures for short 

periods or with gradual acclimatisation (Arif et al., 2005; El Far & Ashoub, 

2009; Fløistad et al., 2011; Keller, 1992; Křižan & Ondrušiková, 2009; Lozoya-

Saldaña & Dawson, 1982a, 1982b; Nyland, 1969; Paprstein et al., 2008; 

Robert et al., 1998; Sharma et al., 2008; Tan et al., 2010; Verma et al., 2005; 

Wang et al., 2006a), three different temperature regimes were tested: 

 

1. plantlets were incubated at 37°C for three days prior to four weeks 

incubation at 35°C 

 

2. the plantlet incubation temperature was increased by 1°C every day 

from 30°C up to 35°C, and then plantlets were incubated for a further 

four weeks 

 

3. cycling the plantlet incubation temperature at 25°C for eight hours 

and 35°C for 16 hours for four weeks 

 

Replicates (20) for each heat treatment, as well as controls incubated at 

23°C and 35°C, of A. deliciosa plantlets (2-4mm of the shoot tip) were 

cultured on M2 media (refer to Chapter 2, Table 2.2) under long day lighting 

conditions.  Plantlets were observed during the treatments, and at the end 

of the experiment assigned a number between 0 and 3 depending on the 

level of browning exhibited (refer to Figure 4.1) so that the average health 

status could be determined quantitatively.  The temperature cycling regime 

of 25°C for eight hours and 35°C for 16 hours was also later tested on A. 

chinensis plantlets to see if this regime of treatment would be applicable to 

another species of Actinidia other than A. deliciosa. 
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4.2.3  Effect of temperature cycling on viruses in N. occidentalis 

Since it was found during this project that A. chinensis and A. deliciosa 

plantlets were able to tolerate an elevated temperature of 35°C when this 

was applied as a regime of temperature cycling of 25°C for eight hours and 

35°C for 16 hours under long day lighting conditions, this regime was tested 

to establish the effect on virus levels in N. occidentalis plantlet cultures.  N. 

occidentalis plantlets were used as a model system as it readily hosts the 

virus species under study, grows rapidly in tissue culture, and the virally 

infected Actinidia species were recalcitrant to tissue culture (refer to 

Chapters 2 and 3).  Ten replicates of AMV, ASGV, AVX, CLBV-a, and CMV 

infected N. occidentalis plantlets (2-4mm of the shoot tip) were incubated 

for four weeks on M1 media (refer to Chapter 2, Table 2.2) with temperature 

cycling of 25°C for eight hours and 35°C for 16 hours under long day lighting 

conditions.  Controls consisted of ten virally infected and ten virus-free 

plantlets incubated at 23°C, along with ten virus-free plantlets incubated 

under the cycling regime.  New growth (leaves) from the plantlets was 

tested by ELISA for virus presence immediately after the four week 

treatment, as outlined in Chapter 2, section 2.4.1.  Negative or borderline 

positive samples were then tested with RT-PCR to confirm virus presence or 

absence, as described in Chapter 2, section 2.4.2. 

 

New growth (2-4mm of the shoot tip) from the plantlets was then incubated 

under long day lighting conditions at 23°C for four weeks on M1 media 

(refer to Chapter 2, Table 2.2) and then re-tested by ELISA.  This was 

necessary because if treated tissues are returned to a lower temperature 

before the virus is completely inactivated the remaining virions may 

multiply, sometimes reaching higher concentrations than in the original 

infected tissue (Walkey, 1980).  Negative or borderline positive samples 
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were then tested with RT-PCR to confirm virus presence or absence, as 

described in Chapter 2, section 2.4.2. 

 

4.2.4  Effect of extended temperature cycling on viruses in N. occidentalis 

The duration of thermotherapy is critical, and plants can require several 

months of treatment depending on the virus to be eliminated (Bhojwani & 

Razdan, 1996; Walkey, 1991).  Since it was found during this project that a 

regime of temperature cycling of 25°C for eight hours and 35°C for 16 hours 

under long day lighting conditions for four weeks had an effect on AMV, 

ASGV, AVX, CLBV-a, and CMV, this regime was further tested at durations of 

three and six months.  Ten replicates of AcVA, AcVB, AMV, ASGV, AVX, 

CLBV-a, and CMV infected N. occidentalis plantlets (2-4mm of the shoot 

tip) were incubated for three and six months on M1 media (refer to Chapter 

2, Table 2.2) with temperature cycling of 25°C for eight hours and 35°C for 

16 hours under long day lighting conditions.  Controls consisted of ten virally 

infected and ten virus-free plantlets incubated at 23°C, along with ten virus-

free plantlets incubated under the cycling regime. 

 

New growth (leaves) from the plantlets was tested by real time RT-PCR for 

virus presence immediately after the three and six month’s treatments as 

outlined in Chapter 2, section 2.4.3.  New growth (2-4mm of the shoot tip) 

was then incubated under long day lighting conditions at 23°C on M1 

media (refer to Chapter 2, Table 2.2) and then re-tested by real time RT-PCR 

four, 12 and 24 weeks after the treatments had ended.  This was done to 

monitor for the re-establishment of infection that may arise from remaining 

virions below the detection limit of the real time RT-PCR. 
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4.3  Results 

 

4.3.1  Effect of elevated temperature on A. deliciosa 

After two weeks incubation, all of the plantlets incubated at 37.5 and 40°C 

were dead (refer to Figure 4.2).  All of the plantlets incubated at 23°C and 

30°C were alive after four weeks, though plantlets incubated at 30°C 

scored a slightly lower health status than those incubated at 23°C as a 

degree of browning was evident on some plantlets compared to plantlets 

incubated at 23°C, which all remained completely green (refer to Figure 

4.2). 

 

 

At 35°C 16/20 plantlets survived, with all surviving plantlets displaying signs of 

damage such as browning and shrivelling of leaves, tips, and the plantlet 

itself (refer to Figures 4.2 and 4.3).  The plantlets that were incubated at 30 
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and 35°C for four weeks were able to grow after treatment had ended and 

the temperature lowered to 23°C, with some of the damaged plantlets 

originally incubated at 35°C producing new, green growth (refer to Figure 

4.3). 
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4.3.2  Effect of pre-treatment and temperature cycling on Actinidia 

Pre-treating plantlets at 37°C for three days prior to incubation at 35°C did 

not improve the ability of the plantlets to survive at 35°C (refer to Figure 4.4). 

 

 

 

Neither did pre-treating the plantlets by increasing the temperature 1°C 

every day from 30°C up to 35°C (refer to Figure 4.4).  The average health 

ratings (refer to Figure 4.4) were very similar to control plantlets incubated 

consistently at 35°C (~0.9) and, although none of the plantlets died at 35°C 

in this experiment, 10% died with pre-treatment at 37°C and 5% died with 

gradual acclimatisation from 30°C.  Plantlets that underwent four weeks of 
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temperature cycling of 25°C for eight hours and 35°C for 16 hours have an 

average health status of 2.6, which is close to the average health status of 3 

for the 23°C control (refer to Figure 4.4), despite the death of one plantlet. 

 

The effect of temperature cycling for four weeks at 25°C for eight hours and 

35°C for 16 hours on A. chinensis was similar (refer to Figure 4.5).  All of the 

treated plantlets survived and had an average health status of 2.9, which is 

close to the average health status of 3 for the 23°C control, while 87.5% of 

control plantlets incubated consistently at 35°C died resulting in an average 

health status of 0.6 (refer to Figure 4.5). 
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4.3.3  Effect of temperature cycling viruses in N. occidentalis 

After the temperature cycling treatment of 25°C for eight hours and 35°C 

for 16 hours over four weeks, all plantlets tested negative by ELISA for all 

viruses (refer to Table 4.1).  However, RT-PCR detected AMV in 3/10 treated 

N. occidentalis plantlets, ASGV in 6/10 plantlets, AVX in 5/10 plantlets, CLBV-

a in 2/10 plantlets, and CMV in 7/10 plantlets (refer to Table 4.1). 

 

Table 4.1:  Effect of temperature cycling on viruses in N. occidentalis after 

four weeks treatment, as determined by ELISA and RT-PCR 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 

Number of 

RT-PCR +ve 

plantlets Treated 
Positive 

Control 

Negative 

Control 

AMV 0.035  0.043 1.286  0.145 0.035  0.016 0.105 3/10 

ASGV 0.040  0.029 2.135  0.722 0.043  0.023 0.129 6/10 

AVX 0.250  0.052 1.162  0.245 0.148  0.021 0.444 5/10 

CLBV-a 0.236  0.044 0.897  0.123 0.127  0.021 0.381 2/10 

CMV 0.022  0.015 2.633  0.271 0.028  0.015 0.084 7/10 

 
* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

When the plantlets were returned to a lower temperature of 23°C for a 

further four weeks, all of the replicates for AVX and CLBV-a treatments 

tested positive by ELISA, while all of the replicates for AMV remained 

negative by ELISA (refer to Table 4.2).  ELISA results for CMV and ASGV 

indicated that some replicates were positive, some were negative, and 

some samples gave borderline readings (refer to Table 4.2).  However, all of 

the plantlets were positive for the presence of the five viruses when tested 

by RT-PCR (refer to Table 4.2). 

 

 

 = negative result 
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Table 4.2:  Virus presence in N. occidentalis four weeks after temperature 

cycling ended, as determined by ELISA and RT-PCR 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 

Number of 

RT-PCR +ve 

plantlets Treated 
Positive 

Control 

Negative 

Control 

AMV 0.039  0.014 0.628  0.133 0.021  0.015 0.063 10/10 

ASGV 1 0.136  0.052 

2.323  0.545 0.051  0.044 0.153 10/10 

2 0.123  0.014 

3 1.664  0.031 

4 2.516  0.048 

5 0.102  0.011 

6 0.102  0.004 

7 0.080  0.004 

8 1.081  0.034 

9 2.557  0.029 

10 0.520  0.019 

AVX 1.574  0.203 0.946  0.201 0.183  0.017 0.549 10/10 

CLBV-a 0.896  0.216 0.775  0.149 0.144  0.012 0.432 10/10 

CMV 1 0.228  0.040 

2.620  0.365 0.008  0.005 0.024 10/10 

2 0.016  0.001 

3 0.001  0.000 

4 0.010  0.001 

5 2.438  0.006 

6 0.024  0.003 

7 0.017  0.003 

8 2.437  0.047 

9 0.008  0.003 

10 0.038  0.007 

 
* threshold is determined as three times the average healthy control absorbance reading 

*average of ten duplicated replicates, except for ASGV and CMV where the absorbance 

is the average of duplicate readings for each replicate 

 

 = negative result  = positive result  = borderline result 
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4.3.4  Effect of extended temperature cycling on viruses in N. occidentalis 

After the temperature cycling treatment of 25°C for eight hours and 35°C 

for 16 hours over three months, all plantlets tested negative by real time RT-

PCR for all viruses, except AMV and CLBV-a which was present in 80 and 

40% of the plantlets respectively (refer to Table 4.3).  All of the plantlets 

tested positive for AMV and CLBV-a when tested again by real time RT-PCR 

four weeks after the treatment had ended.  AcVA, AcVB and ASGV tested 

positive for virus presence by real time RT-PCR at 12 weeks post treatment.  

AVX was absent from 80% of plantlets 24 weeks after treatment ended, and 

CMV was absent from 20% of plantlets 24 weeks post treatment. 

 

Table 4.3:  Virus presence in N. occidentalis after three months of 

temperature cycling, as determined by real time RT-PCR 

 

 
Number of real time RT-PCR positive plantlets 

Virus 

immediately 

after end of 

treatment 

4 weeks after 

end of treatment 

12 weeks after 

end of treatment 

24 weeks after 

end of treatment 

AcVA 0/10 0/10 10/10 
 

AcVB 0/10 8/10 10/10 
 

AMV 8/10 10/10  
 

ASGV 0/10 0/10 10/10 
 

AVX 0/10 0/10 0/10 2/10 

CLBV-a 4/10 10/10  
 

CMV 0/10 0/10 1/10 8/10 

 

 = all samples negative   = all samples positive  = mixed results 
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After the temperature cycling treatment of 25°C for eight hours and 35°C 

for 16 hours over 24 weeks, all plantlets tested negative by real time RT-PCR 

for all viruses, except AMV which was present in all of the plantlets (refer to 

Table 4.4).  All plantlets tested positive for CLBV-a and CMV by real time RT-

PCR four weeks after treatment had ended.  ASGV was  absent from 60% of 

plantlets 24 weeks after treatment ended, and none of the plantlets tested 

positive for AcVA, AcVB and AVX 24 weeks post treatment. 

 

Table 4.4:  Virus presence in N. occidentalis after six months of 

temperature cycling, as determined by real time RT-PCR 

 

 
Number of real time RT-PCR positive plantlets 

Virus 
0 weeks after 

treatment 

4 weeks after 

treatment 

12 weeks after 

treatment 

24 weeks after 

treatment 

AcVA 0/10 0/10 0/10 0/10 

AcVB 0/10 0/10 0/10 0/10 

AMV 10/10   
 

ASGV 0/10 0/10 0/10 6/10 

AVX 0/10 0/10 0/10 0/10 

CLBV-a 0/10 10/10  
 

CMV 0/10 10/10  
 

 

 = all samples negative   = all samples positive  = mixed results 
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4.4  Discussion  

 

Thermotherapy is an important tool in the production of virus-free 

germplasm for the propagation of many crop species, many of which are 

woody plants (Grondeau & Samson, 1994; Tomassoli et al., 2008).  The 

description of viruses infecting Actinidia is relatively recent (Blouin et al., 

2012; Chavan et al., 2009; Clover et al., 2003; Pearson et al., 2011; Pearson 

et al., 2010), and there are no published heat treatment protocols for viruses 

in this host, although some work in this area by DSIR in the 1980’s indicated 

that potted cuttings of Actinidia species do not readily tolerate 

temperatures typically used for thermotherapy (D. Cohen, Plant and Food 

Research, Auckland, New Zealand pers. comm.). 

 

Research conducted during this project found that temperatures of 37.5 

and 40°C were lethal to 100% of the A. deliciosa plantlets tested, while 80% 

of plantlets incubated at 35°C survived.  The surviving plantlets displayed 

signs of tissue damage but were able to produce new growth after the 

heat treatment had ended; showing that plant recovery after prolonged 

exposure to the elevated temperature of 35°C was possible.  Consequently, 

methods of applying thermotherapy at 35°C to A. deliciosa, while reducing 

the damage to treated plantlets, were investigated.  It was found that pre-

treatments did not reduce the amount of damage to treated plantlets. 

 

It is possible that the plantlets pre-treated by increasing the temperature by 

1°C everyday for five days up to 35°C required more time to acclimatise.  

For example, Koubouris et al. (2007) and Manganaris et al. (2003) had an 

acclimatisation period of seven days in apricot and nectarine respectively, 

while Maliogka et al. (2009) used a four week acclimatisation period for 

grapevine.  It is likely that pre-treating plantlets with incubation at 37°C for 
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three days was simply too stressful for the plantlets, with the temperature 

being too high for too long, causing tissue damage rather than conferring 

any heat tolerance.  In contrast, the use of a temperature cycling regime of 

25°C for eight hours and 35°C for 16 hours enabled both A. deliciosa and A. 

chinensis to better tolerate incubation at 35°C.  Furthermore, this method of 

thermotherapy was capable of reducing the levels of AMV, ASGV, AVX, 

CLBV-a, and CMV in N. occidentalis below the detection limit of ELISA after 

treatment for four weeks.  However, not all of the plantlets tested negative 

for each of the viruses by RT-PCR, and all plantlets tested positive for virus 

presence by RT-PCR four weeks after the plantlets were returned to a 

temperature of 23°C.  This indicated that a longer treatment time may be 

necessary, as the duration of treatment is critical (refer to Chapter 1).   

 

All plantlets that were treated for six months under the temperature cycling 

regime tested negative by real time RT-PCR for AcVA, AcVB, and AVX 24 

weeks after the treatment had ended.  AcVA, AcVB, and AVX are novel 

viruses identified from Actinidia species (Blouin et al., 2012; Pearson et al., 

2011), and this is the first description of the thermotherapy of in-vitro plantlet 

cultures infected with these viruses.  Thermotherapy is reportedly ineffective 

in the elimination of CLBV (Navarro & Juárez, 2007; Vives et al., 2005), and it 

is possible that this is also the case for CLBV-a.  AMV and CMV, on the other-

hand, have been described as “easily inactivated” by heat treatment 

(Nyland, 1969).  

 

Elimination of AMV has been reported at 32°C in Nicotiana rustica after 16 

to 18 days (Walkey, 1976).  However, Frosheiser (1969) found that 36°C for 

eight days was required to eliminate AMV from alfalfa.  Furthermore, Franck 

& Hirth (1976) discovered that some isolates of AMV were not only thermo-

resistant, but thermophilic as well, producing twice as much antigenic 
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material at 34°C than at 22°C.  It is possible that the AMV used in this project 

(isolated originally from A. guilinensis) is a thermo-resistant strain, and so was 

not affected by temperature cycling at 23°C for eight hours and 35°C for 16 

hours for either three or six months.  Elimination of CMV has also been 

reported at 32°C in N. rustica after 45 days (Walkey, 1976), but Taylor (1959) 

found that 37°C for 14 days was necessary to eliminate CMV from passiflora, 

and Hitchborn (1956) found that different strains of CMV vary in their ability 

to multiply at higher temperatures, with some strains of CMV remaining in 

Nicotiana tabacum var. White Burley plants treated at 37°C for three 

weeks. 

 

During this project it was found that plantlets treated with temperature 

cycling for three months remained negative by real time RT-PCR testing for 

CMV for longer than those treated for six months, with three plantlets still 

negative for CMV 24 weeks after the three month treatment had ended.  

This could be due to differences in starting concentration of the virus, or it 

could be that the shorter period of treatment was more beneficial.  

Treatment of plants with heat can interfere with induced resistance (i.e. 

defence processes that are triggered by an infection attempt), which 

leaves normally resistant plant tissues susceptible (Walton, 1997).  Walkey 

(1991) surmises that the resurgence in virus concentration often observed 

after the application of thermotherapy treatment is likely due to heat in-

activation of host resistance factors, with longer treatments increasing the 

diminishment of this restraining influence on virus multiplication.  Hence, 

shorter treatments are sometimes more effective than longer treatments.  

 

ASGV is difficult to eliminate by any treatment (Wang et al., 2006a).  

Paprstein et al. (2008) found that ASGV infected apple remained infected 

after treatment at 39°C for ten days, and Tan (2010) established that a 
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temperature cycling regime of 34°C for eight hours and 42°C for 16 hours 

over 60 days, combined with the culturing of 0.5-1mm long meristem tips, 

was required for eradication of ASGV from pear.  Knapp et al. (1995) 

described a dramatic increase in titre of ASGV in in-vitro apple plants six 

months after thermotherapy for 33 days with a temperature cycling regime 

of 36°C for eight hours and 38°C for 16 hours.  A similar result was seen 

during this project, with plantlets treated for three months remaining 

negative until 100% of plantlets tested positive twelve weeks after 

treatment, and plantlets treated for six months remained negative until 24 

weeks after treatment when 60% plantlets tested positive.  

 

Therefore, for further investigation of efficient thermotherapy of AMV, ASGV, 

CMV, and CLBV-a in Actinidia, it would be beneficial to examine whether 

Actinidia species can tolerate higher temperatures than 35°C when the 

heat is applied as a temperature cycling regime.  Furthermore, the use of 

temperature cycling in conjunction with meristem tip culture or 

chemotherapy may be necessary, especially where viruses are particularly 

un-responsive to thermotherapy alone (e.g. CLBV-a and AMV). 

 

In conclusion, the work described in this chapter has shown that A. deliciosa 

does not survive at temperatures of 37.5°C or greater, and that both A. 

deliciosa and A. chinensis can survive an elevated temperature of 35°C, 

which is better tolerated when applied as a temperature cycling regime of 

25°C for eight hours and 35°C for 16 hours.  It was also found that this heat 

treatment regime is capable of reducing the virus levels of ASGV, CLBV-a, 

and CMV in N. occidentalis, while AcVA, AcVB, and AVX were 

undetectable 24 weeks after six months treatment. 
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Effects of chemotherapeutic agents on 

Actinidia viruses 

 

 

 

 

 

 

 

 

5.1  Introduction 

 

Valuable contributions have been made by studies of anti-viral compounds 

in clinical medicine, but research in the field of plant virus chemotherapy 

has not been as successful as that of thermotherapy (Panattoni et al., 2013).  

However, some compounds found to be effective in treating animal viruses 

have also been used successfully to obtain virus-free cultures of 

economically important fruit crops such as apple (James et al., 1997), 

grape (Panattoni et al., 2007a), and plum (Paunović et al., 2007).  It is 

possible then that chemotherapy may prove useful in the elimination of 

viruses from Actinidia. 

 

Some of the more commonly used anti-viral chemicals for elimination of 

different plant viruses belong to a class of compounds known as purine or 

pyrimidine analogues and have a known mode of action (refer to Chapter 

1, pages 29-31).  Other compounds with activity against plant viruses, such 
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as the anti-influenza drugs, act by inhibiting pathways specific to the animal 

virus they were designed against (refer to Chapter 1, pages 29-31).  

Oseltamivir, for example, is a neuraminidase inhibitor that prevents the 

release of virions from the cell (Moscona, 2005).  Plant viruses do not possess 

neuraminidase and so the mechanism of action of neuraminidase inhibitors 

in the elimination of plant viruses is unknown (Panattoni et al., 2011). 

 

In order to investigate the chemotherapeutic treatment of viruses from 

Actinidia, several compounds from the plant virus literature with reported 

anti-viral properties were selected and tested against AMV, ASGV, AVX, 

CLBV-a, and CMV in N. occidentalis plantlet cultures.  The choice of anti-

virals included two anti-influenza drugs, amantadine hydrochloride and 

oseltamivir, and five purine or pyrimidine (including guanine, cytidine, uracil, 

and adenosine) analogues, acyclovir, 5-azacytidine, 2-thiouracil, 

vidarabine, and ribavirin. 

 

These compounds were selected to provide representatives of each of the 

different modes of action described in the anti-viral literature (refer to 

Chapter 1, pages 29-31).  In addition, these compounds were readily 

available, and also included compounds described as being effective 

against ASGV in apple (ribavirin) (James et al., 1997), AMV in Nicotiana 

rustica (ribavirin) (Simpkins et al., 1981), and CMV in N. rustica (ribavirin) 

(Simpkins et al., 1981) and Lilium longiflorum (2-thiouracil) (Xu & Niimi, 1999).  

There is no literature relating to the chemotherapy of AVX or CLBV-a. 
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5.2  Methodology 

 

5.2.1  Phytotoxicity of anti-viral compounds 

Anti-viral compounds often have phytotoxic effects (Špak et al., 2010).  It 

was therefore necessary to establish the phytotoxicity of acyclovir, 

amantadine hydrochloride, 5-azacytidine, oseltamivir, ribavirin, 2-thiouracil, 

and vidarabine over a range of concentrations determined from the plant 

virus literature prior to setting up replicated virus elimination experiments. 

 

Ten 1cm N. occidentalis leaf discs were placed on M0 media (refer to 

Chapter 2, Table 2.2) containing 0 (control), 1, 5, 10, 25, 100, 250, 500, 750, or 

1000 mg/L of acyclovir (IPCA Laboratories Ltd, Mumbai, India), amantadine 

hydrochloride (Sigma-Aldrich Inc., St. Louis, MO, USA), 5-azacytidine (Sigma-

Aldrich Inc., St. Louis, MO, USA), oseltamivir (Roche Products Ltd, Auckland, 

New Zealand), ribavirin (Duchefa, Haarlem, the Netherlands), and 

vidarabine (Berry and Associates Inc., Dexter, MI, USA) and incubated at 

23°C under long day conditions (16 hours light and eight hours dark) for four 

weeks.  The 2-thiouracil (Sigma-Aldrich Inc., St. Louis, MO, USA) was tested in 

the same manner but at concentrations of 0 (control), 1, 5, 10, 15, 25, and 

100mg/L. 

 

Anti-viral compounds were filter-sterilised and added to the media after it 

was autoclaved for 20 minutes at 121°C.  Leaf discs were observed during 

the four weeks, and at the end of the experiment assigned a number 

between 0 and 3 depending on the level of yellowing exhibited (refer to 

Figure 5.1) so that the average health status could be determined 

quantitatively.   
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5.2.2  Anti-viral effect on virus levels 

Based on the results of the phytotoxicity test, and the concentrations of 

each anti-viral compound reported as effective in the plant virus literature, 

ten N. occidentalis plantlets (2-4mm of the shoot tip) infected with AMV, 

ASGV, AVX, CLBV-a, and CMV, along with  healthy plantlets, were cultured 

on M1 media (refer to Chapter 2, Table 2.2) containing 25mg/L acyclovir, 

100mg/L amantadine hydrochloride, 40mg/L 5-azacytidine, 60mg/L 

oseltamivir, 20mg/L ribavirin, 10mg/L ribavirin + 10mg/L quercetin, 20mg/L 2-

thiouracil, 5mg/L vidarabine, and 0mg/L anti-viral compound for four weeks 

at 23°C under long day lighting conditions.  

 

New growth (leaves) of plantlets was tested by ELISA for virus presence 

immediately after the four week treatment, as outlined in Chapter 2, section 

2.4.1.  New growth (2-4mm of the shoot tip) of plantlets that tested negative 

for virus infection by ELISA were then incubated under long day lighting 

conditions at 23°C for four weeks on M1 media (refer to Chapter 2, Table 

2.2) without anti-viral compounds added, and then re-tested by ELISA.  This 

was done to examine whether any virions that may have remained multiply 

after treatment has ended, as described in Chapter 4, section 4.2.3. 
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5.2.3  Maximum dosage anti-viral effect on virus levels 

The anti-viral effect of each compound at the maximum concentration 

survived by N. occidentalis, as determined by the phytotoxicity test, was 

investigated by culturing ten N. occidentalis plantlets (2-4mm of the shoot 

tip) infected with AMV, ASGV, AVX, CLBV-a, and CMV, along with healthy 

plantlets, on M1 media (refer to Chapter 2, Table 2.2) containing 500mg/L 

amantadine hydrochloride, 1000mg/L 5-azacytidine, 1000mg/L oseltamivir, 

500mg/L ribavirin, 500mg/L ribavirin + 500mg/L quercetin, 500mg/L 

vidarabine, and 0mg/L anti-viral compound for four weeks at 23°C under 

long day lighting conditions.  New growth (leaves) of plantlets was tested 

by ELISA for virus presence immediately after the four weeks treatment, as 

outlined in Chapter 2, section 2.4.1. 

 

5.2.4  Effect of combined chemo- and thermotherapy treatment on virus 

levels 

The combination of chemotherapeutic treatments with thermotherapy can 

result in more effective virus elimination than chemotherapy or 

thermotherapy alone (Chen & Sherwood, 1991; Hu et al., 2012; Nascimento 

et al., 2003).  Since it was found during this project that temperature cycling 

(refer to Chapter 4, sections 4.2.3 and 4.3.3), 20mg/L ribavirin, and 10mg/L 

ribavirin + 10mg/L quercetin treatments had an effect on ASGV and CLBV-a 

levels, the temperature cycling treatment was combined with either 

20mg/L ribavirin or 10mg/L ribavirin + 10mg/L quercetin to investigate if the 

combination of two treatments resulted in more effective elimination of 

ASGV and CLBV-a in N. occidentalis plantlet cultures. 

 

Chemo- and thermotherapy was combined by incubating ten N. 

occidentalis plantlets (2-4mm of the shoot tip) infected with ASGV and 

CLBV-a, along with healthy plantlets, under a temperature cycling regime 
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of 25°C for eight hours and 35°C for 16 hours under long day lighting 

conditions for four weeks on M1 media (refer to Chapter 2, Table 2.2).  The 

plantlets were then sub-cultured (2-4mm of the shoot tip) onto M1 media 

containing 20mg/L ribavirin or 10mg/L ribavirin + 10mg/L quercetin and 

incubated for four weeks under long day lighting conditions at 23°C.  Ten 

ASGV and CLBV-a infected N. occidentalis plantlets were also incubated 

on M1 media for eight weeks at 23°C under long day conditions.  New 

growth of plantlets was tested by real time RT-PCR for virus presence 

immediately after the eight weeks combined treatment, as outlined in 

Chapter 2, section 2.4.3.1. 

 

The total RNA extracted for real time RT-PCR was then used for quantitative 

real time RT-PCR (qRT-PCR) of four replicates each of temperature cycling 

plus 20mg/L ribavirin and temperature cycling plus 10mg/L ribavirin + 

10mg/L quercetin treated ASGV infected N. occidentalis plantlets, which 

had remained positive after treatment, to investigate whether the addition 

of quercetin had any effect on virus levels. 

 

This was done using quantification against endogenous reference genes.  

An endogenous reference gene is necessary for relative quantification (RQ) 

of virus titres, as it provides a control to correct for differences in RNA 

concentration and integrity, variations in sample loading, RT efficiency 

differences, and can also account for run-to-run variations (Pfaffl, 2001).  

The reference genes nad5 (NADH dehydrogenase subunit 5), COX2 

(cytochrome oxidase subunit 2), and MDH (malate dehydrogenase) were 

used for RQ in this project.  These genes are expressed in the mitochondria 

of plant species, with primers for the amplification of nad5 designed against 

Malus domestica (Menzel et al., 2002), while the primers for the 

amplification of COX2 and MDH were designed against V. vinifera (K. 
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Chooi, University of Auckland, Auckland, New Zealand; unpublished).  The 

primers for the amplification of these genes span exon-exon junctions, 

ensuring that mRNA and not genomic DNA is amplified from the plant 

(Menzel et al., 2002).  qRT-PCR was carried out as described for real time RT-

PCR (Chapter 2, section 2.4.3.1), except reference genes were included 

and each sample and primer combination was repeated in triplicate. 

 

Upon completion of qRT-PCR, the critical threshold (Ct) values for each 

reaction (i.e. the cycle point at which florescence begins to increase) were 

calculated by the Sequence Detection Systems version 2.3 software 

(Applied Biosystems, CA, USA).  In addition, the amplification efficiencies for 

each reaction were determined using LinRegPCR v. 11.0 (Ramakers et al., 

2003; Ruijter et al., 2009), and then averaged for each primer and sample 

combination to lower the possibility of overestimating within-sample 

variation, therefore reducing variance in quantification (Karlen et al., 2007).  

The stability of each of the three reference genes was analysed using 

geNorm v3.5 software as per the manufacturer’s instructions (PrimerDesign 

Ltd, Southampton, UK; Vandesompele et al., 2002).  This was done to ensure 

that all three reference genes had transcript accumulation stability values 

less than 1.5, and could be used for RQ by geometric averaging of multiple 

internal control genes in this experiment (Guénin et al., 2009; Lilly et al., 2011; 

Vandesompele et al., 2002). 

 

RQ values for each sample were calculated as described by Pfaffl (2001), 

whereby RQ is established through the ratio of the efficiency (E) of sample 

transcript amplification multiplied by the power of the change in Ct 

between control and sample transcripts, divided by the same change in 

the reference transcript: 
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RQ = (Esample)ΔCt(control-sample)/(Ereference)ΔCt(control-sample) 

 

 

The RQ values were log-transformed to normalise the non-parametric 

derived data (Fowler et al., 1998) and averaged for each sample and 

primer pair combination.  The differences in reduction of ASGV titre (initial 

titre - titre after treatment) between the 20mg/L ribavirin and 10mg/L 

ribavirin + 10mg/L quercetin treated plantlets were compared by t-test to 

see if there was a significant difference between the two treatments.  An F-

test (P=0.05) was performed on the two sample sets, to determine whether 

the variances were significantly different or not, prior to performing the t-

test.  Since the variances were equal (FTEST=0.729; DF=3; P=0.05) a Student’s 

t-test (two-tailed, P=0.05) was conducted. 

 

5.2.5  Effect of ribavirin and ribavirin + quercetin on A. chinensis ‘Hort16A’ 

and A. deliciosa ‘Hayward’ 

Since it was found during this project that 20mg/L ribavirin and 10mg/L 

ribavirin + 10mg/L quercetin had an effect on ASGV and CLBV-a levels, the 

phytotoxicity of these treatments to A. chinensis ‘Hort16A’ and A. deliciosa 

‘Hayward’ was investigated to ascertain the suitability of these treatments 

for virus elimination from Actinidia species. 

 

Presumed virus-free A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ 

plantlets (2-4mm of the shoot tip), 20 replicates of each, were cultured on 

M2 media (refer to Chapter 3, Table 3.1) supplemented with 20mg/L 

ribavirin and 10mg/L ribavirin + 10mg/L quercetin for four weeks at 23°C 

under long day lighting conditions.  Plantlets were observed during this time, 

and at the end of the experiment assigned a number between 0 and 3 

depending on the level of browning exhibited (refer to Chapter 4, Figure 

4.1) so that the average health status could be determined quantitatively. 
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5.3  Results 

 

5.3.1  Phytotoxicity of anti-viral compounds 

All of the anti-viral compounds, except 2-thiouracil, were non-phytotoxic up 

to 100 mg/L, with leaf discs having an average health status of 3, the same 

as the control leaf discs cultured on M0 media containing no anti-viral 

compounds (refer to Figures 5.2-5.8).  In contrast, all leaf discs died after two 

days exposure to 100mg/L 2-thiouracil, and after four days exposure to 

25mg/L 2-thiouracil (refer to Figure 5.7).  Consequently, media containing 

higher doses of this anti-viral were not trialled.  All leaf discs survived 

treatments of 15 and 20mg/L 2-thiouracil with an average health status of 3 

(refer to Figure 5.7). 

 

Leaf discs cultured on media containing amantadine hydrochloride or 

vidarabine survived levels up to 500mg/L (refer to Figures 5.3 and 5.8), 

although survival was reduced to 40% for amantadine hydrochloride and 

30% for vidarabine at 500mg/L.  The average health status of the surviving 

discs was reduced to 0.5 (close to dead) for leaf discs on 500mg/L 

amantadine hydrochloride and 0.4 for leaf discs on 500mg/L vidarabine 

(refer to Figures 5.3 and 5.8). 

 

Leaf discs did not survive on ribavirin at levels of 250, 750, and 1000 mg/L 

(refer to Figure 5.6), however 20% of leaf discs survived at 500 mg/L with an 

average health status of 0.2.  Leaf discs placed on media containing 

acyclovir, 5-azacytidine, or oseltamivir show 100% survival up to 

concentrations of 1000 mg/L (refer to Figures 5.2, 5.4, and 5.5).  However, 

yellowing on leaf discs at 250 and 500mg/L 5-azacytidine lowers the 

average leaf disc health status to 2.9, and 2.8 at levels of 750 and 1000mg/L 

(refer to Figures 5.2, 5.4, and 5.5). 
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5.3.2  Anti-viral effect on virus levels 

Of the anti-viral treatments tested only 20mg/L ribavirin and 10mg/L ribavirin 

+ 10mg/L quercetin had any effect the viruses tested, and then only on 

ASGV and CLBV-a (refer to Tables 5.1 - 5.8).  Plantlets tested either negative 

or borderline positive for ASGV, while plantlets were either borderline 

positive or positive for CLBV-a (refer to Tables 5.5 and 5.6).  When these 

plantlets were tested again by ELISA four weeks later, after incubation in the 

absence of any anti-viral compound, all plantlets tested positive for CLBV-a, 

while plantlets were negative, borderline positive, or positive for ASGV (refer 

to Table 5.9).  However, all plantlets tested positive for ASGV and CLBV-a 

when tested by RT-PCR (refer to Table 5.9). 
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Table 5.1:  Effect of 25mg/L acyclovir on viruses in N. occidentalis plantlet 

cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

25mg/L acyclovir 

AMV 1.529  0.495 1.839  0.435 0.017  0.016 0.051 

ASGV 1.849  0.758 2.585  0.452 0.016  0.011 0.049 

AVX 2.467  0.489 2.157  0.670 0.015  0.017 0.046 

CLBV-a 1.645  0.487 1.311  0.362 0.026  0.035 0.078 

CMV 2.510  0.364 2.023  0.573 0.013  0.012 0.040 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

Table 5.2:  Effect of 100mg/L amantadine hydrochloride on viruses in N. 

occidentalis plantlet cultures after four weeks treatment, as determined by 

ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

100mg/L amantadine hydrochloride 

AMV 1.468  0.230 1.744  0.197 0.137  0.032 0.410 

ASGV 2.015  0.772 2.144  0.793 0.012  0.008 0.036 

AVX 2.855  0.587 2.267  0.797 0.191  0.037 0.573 

CLBV-a 1.736  0.175 1.857  0.568 0.106  0.017 0.317 

CMV 3.110  0.107 3.050  0.219 0.091  0.006 0.273 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 = negative result  = positive result  = borderline result 
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Table 5.3:  Effect of 40mg/L 5-azacytidine on viruses in N. occidentalis 

plantlet cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

40mg/L 5-azacytidine 

AMV 1.256  0.177 1.176  0.157 0.083  0.013 0.248 

ASGV 2.178  0.648 2.006  0.450 0.220  0.045 0.659 

AVX 2.213  0.526 2.858  0.448 0.228  0.017 0.683 

CLBV-a 2.141  0.385 1.591  0.339 0.145  0.012 0.436 

CMV 2.237  0.344 2.715  0.413 0.080  0.006 0.240 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 

 

Table 5.4:  Effect of 60mg/L oseltamivir on viruses in N. occidentalis plantlet 

cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

60mg/L oseltamivir 

AMV 1.543  0.269 1.744  0.197 0.137  0.032 0.410 

ASGV 2.169  0.714 2.144  0.793 0.012  0.008 0.036 

AVX 2.563  0.571 2.267  0.797 0.191  0.037 0.573 

CLBV-a 1.663  0.236 1.857  0.568 0.106  0.017 0.317 

CMV 2.725  0.584 3.050  0.219 0.091  0.006 0.273 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 
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Table 5.5:  Effect of 20 mg/L ribavirin on viruses in N. occidentalis plantlet 

cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

20mg/L ribavirin 

AMV 1.224  0.206 1.211  0.197 0.089  0.010 0.266 

ASGV 1 0.090  0.002 

0.793  0.187 0.071  0.003 0.214 

2 0.081  0.003 

3 0.08  0.001 

4 0.118  0.003 

5 0.096  0.004 

6 0.074  0.003 

7 0.107  0.004 

8 0.103  0.005 

9 0.124  0.004 

10 0.096  0.004 

AVX 3.017  0.216 2.871  0.584 0.237  0.023 0.710 

CLBV-a 1 0.707  0.033 

2.538  0.382 0.234  0.038 0.703 

2 1.185  0.665 

3 0.716  0.103 

4  0.662  0.025 

5 0.762  0.001 

6 0.724  0.0247 

7 0.791  0.033 

8 1.046  0.021 

9 0.849  0.078 

10 0.987  0.125 

CMV 2.567  0.350 2.510  0.380 0.092  0.015 0.275 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates, except for 20mg/L ribavirin treated ASGV and CLBV-a where 

the absorbance is the average of duplicate readings for each replicate 

 = negative result  = positive result  = borderline result 
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Table 5.6:  Effect of 10mg/L ribavirin + 10mg/L quercetin on viruses in N. 

occidentalis plantlet cultures after four weeks treatment, as determined by 

ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

10mg/L ribavirin + 10mg/L quercetin 

AMV 1.245  0.146 1.211  0.197 0.089  0.010 0.266 

ASGV  0.082  0.007 0.793  0.187 0.071  0.003 0.214 

AVX 3.062  0.369 2.871  0.584 0.237  0.023 0.710 

CLBV-a 1 0.932  0.016 

2.538  0.382 0.234  0.038 0.703 

2 0.671  0.023 

3 0.705  0.003 

4 0.790  0.003 

5 0.478  0.034 

6 0.924  0.013 

7 0.519  0.000 

8 0.677  0.012 

9 0.616  0.021 

10 0.830  0.026 

CMV 1.850  0.546 2.510  0.380 0.092  0.015 0.275 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates, except for 10mg/L ribavirin + 10mg/L quercetin treated 

CLBV-a  where the absorbance is the average of duplicate readings for each 

 

 

 

 

 

 

 

 = negative result  = positive result  = borderline result 
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Table 5.7:  Effect of 20mg/L 2-thiouracil on viruses in N. occidentalis plantlet 

cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

20mg/L 2-thiouracil  

AMV 1.491  0.495 1.839  0.435 0.017  0.016 0.051 

ASGV 2.212  0.255 2.585  0.452 0.016  0.011 0.049 

AVX 1.962  0.304 2.157  0.670 0.015  0.017 0.046 

CLBV-a 1.258  0.293 1.311  0.362 0.026  0.035 0.078 

CMV 2.743  0.079 2.023  0.573 0.013  0.012 0.040 

 
* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 

 

Table 5.8:  Effect of 5mg/L vidarabine on viruses in N. occidentalis plantlet 

cultures after four weeks treatment, as determined by ELISA 

 

 
* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

5mg/L vidarabine 

AMV 1.130  0.178 1.176  0.157 0.083  0.013 0.248 

ASGV 2.936  0.472 2.006  0.450 0.220  0.045 0.659 

AVX 2.346  0.435 2.858  0.448 0.228  0.017 0.683 

CLBV-a 1.811  0.492 1.591  0.339 0.145  0.012 0.436 

CMV 2.277  0.407 2.715  0.413 0.080  0.006 0.240 
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Table 5.9:  Virus presence in N. occidentalis plantlet cultures four weeks 

after anti-viral treatment ended, as determined by ELISA and RT-PCR 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 

Number of 

RT-PCR +ve 

plantlets Treated 
Positive 

Control 

Negative 

Control 

20mg/L ribavirin  

ASGV 1 0.320   0.006 

2.564   0.681 0.018   0.014 0.054 10/10 

2 0.039   0.011 

3 0.011   0.005 

4 0.017   0.005 

5 0.012   0.006 

6 0.014   0.000 

7 0.080   0.003 

8 0.020   0.004 

9 0.668   0.013 

10 0.026  0.000 

CLBV-a 0.637  0.095 0.958  0.288 0.062  0.032 0.185 10/10 

10mg/L ribavirin + 10mg/L quercetin  

ASGV 1  0.011  0.001 

2.564   0.681 0.018   0.014 0.054 10/10 

2 0.110  0.008 

3 0.022  0.001 

4 0.072  0.003 

5 0.046  0.005 

6 0.056  0.003 

7 0.022  0.000 

8 0.037  0.009 

9 0.059  0.008 

10 0.091  0.009 

CLBV-a 0.554  0.211 0.958  0.288 0.062  0.032 0.185 10/10 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates, except for 20mg/L ribavirin and 10mg/L ribavirin + 10mg/L 

quercetin treated ASGV where the absorbance is the average of duplicate readings for each 

replicate 

 = negative result  = positive result  = borderline result 
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5.3.3  Maximum dosage anti-viral effect on virus levels 

Increasing the level of anti-viral to the maximum dosage level, as 

determined by the phytotoxicity test (refer to section 5.3.1), did not improve 

anti-viral activity of amantadine hydrochloride, 5-azacytidine, oseltamivir, or 

vidarabine; all plantlets treated with these compounds tested positive for all 

five viruses (refer to Tables 5.10, 5.11, 5.12, and 5.15).  Ribavirin and ribavirin 

+ quercetin treated plantlets tested borderline positive for ASGV and CLBV-

a (refer to Tables 5.13 and 5.14).  Treatment of plantlets with 500mg/L 

ribavirin and 500mg/L ribavirin + 500mg/L quercetin damaged plantlets to 

the extent that there was not enough material for sub-culturing or to further 

test the samples by RT-PCR for this experiment. 

 

Table 5.10:  Effect of 500mg/L amantadine hydrochloride on viruses in N. 

occidentalis plantlet cultures after four weeks treatment, as determined by 

ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

500mg/L amantadine hydrochloride 

AMV 2.095  0.664 2.557  0.156 0.128  0.039 0.384 

ASGV 1.685  0.611 1.358  0.709 0.050  0.026 0.149 

AVX 2.484  0.101 2.589  0.056 0.180  0.054 0.540 

CLBV-a 2.277  0.185 2.112  0.213 0.203  0.063 0.608 

CMV 2.883  0.081 2.726  0.724 0.071  0.019 0.213 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 
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Table 5.11:  Effect of 1000mg/L 5-azacytidine on viruses in N. occidentalis 

plantlet cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

1000mg/L 5-azacytidine 

AMV 2.381  0.468 2.557  0.156 0.128  0.039 0.384 

ASGV 1.459  0.571 1.358  0.709 0.050  0.026 0.149 

AVX 2.578  0.054 2.589  0.056 0.180  0.054 0.540 

CLBV-a 2.388  0.234 2.112  0.213 0.203  0.063 0.608 

CMV 2.973  0.054 2.726  0.724 0.071  0.019 0.213 

 
* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 

 

Table  5.12:  Effect of 1000mg/L oseltamivir on viruses in N. occidentalis 

plantlet cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

1000mg/L oseltamivir 

AMV 2.822  0.043 2.632  0.476 0.145  0.039 0.434 

ASGV 1.633  0.548 2.452  0.209 0.049  0.056 0.147 

AVX 1.947  0.202 2.161  0.053 0.133  0.081 0.400 

CLBV-a 1.366  0.215 1.453  0.284 0.224  0.053 0.672 

CMV 2.753  0.049 2.817  0.078 0.176  0.048 0.529 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 
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Table 5.13:  Effect of 500mg/L ribavirin on viruses in N. occidentalis plantlet 

cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

500mg/L ribavirin 

AMV 1.607  0.670 2.632  0.476 0.145  0.039 0.434 

ASGV  0.220  0.051 2.452  0.209 0.049  0.056 0.147 

AVX 1.565  0.192 2.161  0.053 0.133  0.081 0.400 

CLBV-a 0.486  0.112 1.453  0.284 0.224  0.053 0.672 

CMV 2.692  0.063 2.817  0.078 0.176  0.048 0.529 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 

 

Table 5.14:  Effect of 500mg/L ribavirin + 500mg/L quercetin on viruses in N. 

occidentalis plantlet cultures after four weeks treatment, as determined by 

ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

500mg/L ribavirin + 500mg/L quercetin 

AMV 1.842  0.400 2.632  0.476 0.145  0.039 0.434 

ASGV  0.134  0.022 2.452  0.209 0.049  0.056 0.147 

AVX 1.878  0.208 2.161  0.053 0.133  0.081 0.400 

CLBV-a  0.579  0.148 1.453  0.284 0.224  0.053 0.672 

CMV 2.713  0.051 2.817  0.078 0.176  0.048 0.529 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 = negative result  = positive result  = borderline result 
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Table 5.15:  Effect of 500mg/L vidarabine on viruses in N. occidentalis 

plantlet cultures after four weeks treatment, as determined by ELISA 

 

Virus 

Absorbance readings (405nm)* 

Threshold* 
Treated 

Positive 

Control 

Negative 

Control 

500mg/L vidarabine 

AMV 2.704  0.318 2.632  0.476 0.145  0.039 0.434 

ASGV 2.607  0.041 2.452  0.209 0.049  0.056 0.147 

AVX 2.198  0.056 2.161  0.053 0.133  0.081 0.400 

CLBV-a 1.667  0.117 1.453  0.284 0.224  0.053 0.672 

CMV 2.796  0.060 2.817  0.078 0.176  0.048 0.529 

 

* threshold is determined as three times the average healthy control absorbance reading 

* average of ten duplicated replicates 

 

 = negative result  = positive result  = borderline result 

 

 

 

5.3.4  Effect of combined chemo- and thermotherapy treatment on virus 

levels 

The combination of temperature cycling with 20mg/L ribavirin or 10mg/L 

ribavirin + 10mg/L quercetin had no effect on CLBV-a, with all plantlets 

testing positive by real time RT-PCR directly after treatment (refer to Table 

5.4).  ASGV was absent from 60% of plantlets treated with 20mg/L ribavirin 

and 40% of those treated with 10mg/L ribavirin + 10mg/L quercetin directly 

after treatment.  However, four weeks after the treatment had ended all 

plantlets tested positive by real time RT-PCR (refer to Table 5.16). 
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Table 5.16:  Effect of combined chemo- and thermotherapy treatment on 
ASGV and CLBV-a levels in N. occidentalis plantlet cultures, as determined 
by real time RT-PCR 

 

 
Number of real time RT-PCR positive plantlets 

Virus 

immediately 

after end of 

treatment 

4 weeks after 

end of treatment 

12 weeks after 

end of treatment 

24 weeks after 

end of treatment 

temperature cycling followed by 20mg/L ribavirin 

ASGV 4/10 10/10  
 

CLBV-a 10/10   
 

temperature cycling followed by 10mg/L ribavirin + 10mg/L quercetin 

ASGV 6/10 10/10  
 

CLBV-a 10/10   
 

 

 = all samples negative   = all samples positive  = mixed results 

 

When the four plantlets that tested positive for ASGV directly after 

treatment with temperature cycling followed by 20mg/L ribavirin were 

tested by qRT-PCR, there were an average of 102.5  100.9 fewer genome 

copies than before treatment (refer to Figure 5.9).  A similar result was seen 

in four of the plantlets that tested positive for ASGV directly after treatment 

with temperature cycling followed by 10mg/L ribavirin + 10mg/L quercetin, 

whereby qRT-PCR showed that there were an average of 102.0  100.7 fewer 

genome copies than before treatment (refer to Figure 5.10).  There was no 

significant difference in the reduction of ASGV titre between the 

temperature cycling plus 20mg/L ribavirin and the temperature cycling plus 

10mg/L ribavirin + 10mg/L quercetin treatments (TTEST=0.404; DF=6; P<0.05). 
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5.3.5  Effect of ribavirin and ribavirin + quercetin on A. chinensis ‘Hort16A’ 

and A. deliciosa ‘Hayward’ 

All of the A. chinensis and A. deliciosa plantlets cultured on media 

containing 20mg/L ribavirin and 10mg/L ribavirin + 10mg/L quercetin for four 

weeks survived with an average health status of 3, which is similar to 

plantlets cultured on media without any anti-viral compounds added (refer 

to Figure 5.11). 
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5.4  Discussion 

 

Use of thermotherapy for virus elimination in some fruit species can be 

limited, due to heat sensitivity and low percentage of plant survival 

(Deogratias et al., 1989; Paunović et al., 2007).  Chemotherapy as an 

alternative, although not widely used, has been used successfully to obtain 

virus-free cultures of economically important, vegetatively propagated, 

crops such as fruit (Arif et al., 2005; Hansen & Lane, 1985; James et al., 1997; 

Panattoni et al., 2007b; Paunović et al., 2007), ornamentals (Fløistad et al., 

2011; Lim et al., 1993; Ram et al., 2009; Toussaint et al., 1993; Verma et al., 

2005), potato (Awan et al., 2007; Cassells & Long, 1982; Faccioli & 

Colombarini, 1996) and sugarcane (Balamuralikrishnan et al., 2002).  The 

investigation of compounds found to be effective in treating animal viruses 

may bring advances in plant virus elimination, although their effect against 

plant viruses may be different (Dawson, 1984; Špak et al., 2010).  

 

Among the various anti-viral compounds reported in the animal virus 

literature, Guţâ et al. (2010) and Panattoni et al. (2006; 2011) have identified 

oseltamivir ((3E, 4R, 5S)-4-acetamiido-5-amino-3-(1-ethylpropoxy)-1-

cyclohexane-1-carboxylic acid) as potentially useful in the elimination of 

plant viruses, achieving 71.4-78% eradication of Grapevine leafroll-

associated virus 1 and Grapevine leafroll-associated virus 3 from V. vinifera 

plantlets.  Research during this project shows that oseltamivir is not 

phytotoxic to N. occidentalis at 1000mg/L, the highest concentration 

tested.  However, this compound at 1000mg/L had no effect on the levels 

of AMV, ASGV, AVX, CLBV-a, and CMV, even when present at levels in 

excess of those tested by Guţâ et al. (2010) and Panattoni et al. (2006; 

2011).  

 



- Chapter 5 - 

- 128 - 

 

Oseltamivir was specifically designed to inhibit influenza A & B virus 

neuraminidase enzymes and is now used in the prevention of influenza virus 

infections (De Clercq, 2002).  Neuraminidase inhibitors act by binding to the 

active site of viral neuraminidase, preventing the release and spread of 

newly generated virion progeny (Moscona, 2005).  Only viruses of the 

Orthomyxoviridae and Paramyxoviridae possess neuraminidase enzymes 

(Drzeniek, 1973).  Consequently, the mechanism of action of neuraminidase 

inhibitors in the elimination of plant viruses is not currently known (Panattoni 

et al., 2011). 

 

Adamantanes, like neuraminidase inhibitors, are a class of anti-influenza 

drug (Jing et al., 2008; Wang et al., 1993).  Amantadine hydrochloride (1-

Adamantylamine hydrochloride) was an effective inhibitor of Influenza A 

virus, blocking the M2 channel and consequently inhibiting both virus entry 

and release of virion progeny (Pielak & Chou, 2010).  Mechanism of action 

in the treatment of plant viruses is not known, yet amantadine 

hydrochloride has been reported to eliminate  Chrysanthemum stunt viroid 

(Horst & Cohen, 1980), Chrysanthemum virus B (Ram et al., 2005), 

Odontoglossum ringspot virus (Kim et al., 1997), and Tobacco mosaic virus 

(Ram et al., 2005).  However, amantadine hydrochloride has also been 

found to be ineffective against Cowpea chlorotic mottle virus (Mancino & 

Agrios, 1984), Grapevine virus A, Grapevine leafroll-associated virus 1, 

Grapevine leafroll-associated virus (Panattoni, 2003), and Tomato aspermy 

virus (Ram et al., 2009).  This project found amantadine hydrochloride to 

also be ineffective against AMV, ASGV, AVX, CLBV-a, and CMV at 500mg/L, 

the maximum concentration which could be applied to N. occidentalis as 

determined by the phytotoxicity screen. 
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Some of the more commonly used anti-viral chemicals for elimination of 

different plant viruses, including the acyclovir, 5-azacytidine, 2-thiouracil, 

vidarabine, and ribavirin anti-virals studied during this project, belong to a 

class of compounds known as purine or pyrimidine analogues (Pennazio, 

1997).  These analogues are mostly modified bases or nucleosides which act 

as anti-metabolites, inhibiting enzymes and biochemical pathways 

(Perigaud et al., 1992).  The modes of action for these compounds, 

described in more detail in Chapter 1, include inhibition of inosine 

monophosphate dehydrogenase, inhibition of S-adenosylhomocysteine 

hydrolase, and the induction of error catastrophe or lethal mutagenesis (De 

Clercq, 2002). 

 

Acyclovir (2-amino-9-((2-hydroxyethoxy)methyl)-1H-purin-6(9H)-one) is an 

acyclic nucleoside analogue (guanosine) (De Clercq, 2002; Suzuki et al., 

2006).  Acyclovir is reported to be effective against Bean golden mosaic 

virus (Caner et al., 1985; Sharma et al., 2007), Chrysanthemum virus B (Ram 

et al., 2005), and Indian citrus ringspot virus (Sharma et al., 2007).  However, 

acyclovir is described as ineffective against Ornithogalum mosaic virus 

(Vcelar et al., 1992), Tomato aspermy virus (Ram et al., 2009) and Potato 

virus S (Park et al., 1994).  This project found acyclovir to also be ineffective 

against AMV, ASGV, AVX, CLBV-a, and CMV in N. occidentalis at 25mg/L.  

 

5-azacytidine (4-amino-1-β-D-ribofuranosyl-5-triazin-2(1H)-one) is a structural 

analog of cytidine.  This compound is reportedly effective against Cowpea 

chlorotic mottle virus (Dawson & Boyd, 1987), Potato leafroll virus (Awan et 

al., 2007), and Potato virus Y (Nascimento et al., 2003).  However, this 

project found 5-azacytidine to be ineffective against AMV, ASGV, AVX, 

CLBV-a, and CMV at 1000mg/L, the maximum concentration which could 

be applied to N. occidentalis as determined by the phytotoxicity screen. 
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2-thiouracil (4-Hydroxy-2-mercaptopyrimidine), a uracil pyrimidine 

analogue, is one of the first plant virus inhibitors to be identified (Commoner 

& Mercer, 1951).  It is reportedly effective against Apple mosaic virus, 

Chrysanthemum virus B (Ram et al., 2005), Citrus tristeza virus and Citrus 

infectious variegation virus (Greño et al., 1990), CMV, Lily symptomless virus, 

and Tulip breaking virus (Xu & Niimi, 1999), Cowpea banding mosaic virus 

and Indian citrus ringspot virus (Sharma et al., 2007), Potato virus S (Conrad, 

1991), Prunus necrotic ringspot virus (Verma et al., 2005), and Turnip yellow 

mosaic virus (Ralph & Wojcik, 1976).  However, 2-thiouracil is reportedly 

ineffective against AMV, Broad bean mottle virus, CMV, and Red clover 

mottle virus, (Dawson & Kuhn, 1972; Matthews, 1953) and Tomato aspermy 

virus (Ram et al., 2009).  Greño et al. (1990) found 2-thiouracil to be highly 

phytotoxic when applied to various species of citrus buds in-vitro (20mg/L), 

as did Verma et al. (2005) when this compound was applied to Begonia 

semperflorens (25mg/L). 

 

A similar result was observed during this project, where 2-thiouracil was 

found to be highly phytotoxic to N. occidentalis at 25mg/L.  2-thiouracil was 

also found to be ineffective against AMV, ASGV, AVX, CLBV-a, and CMV at 

20mg/L, the maximum concentration which could be applied to N. 

occidentalis as determined by the phytotoxicity screen.  There is some 

inconsistency regarding the efficacy of 2-thiouracil against CMV, whereby it 

has been reported as effective in the treatment of Lilium longiflorum 

‘Georgia’ bulb scales (6.41mg/L for eight  weeks) by Xu and Niimi (1999) but 

ineffective in treatment of CMV infected N. occidentalis during this project 

(20mg/L for four weeks), and in cucumber (1281.5mg/L of compound was 

watered on the soil around the base of the plant, or sprayed over the 

surface of all leaves) (Matthews, 1953). 
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The effectiveness of a compound as an anti-viral agent is linked to the 

concentration used, virus species, host species, the type and stage of 

development of the tissue being treated, and the experimental protocol 

(e.g. application of anti-viral, virus detection method) adopted (Ram et al., 

2009; Sharma et al., 2007; Špak et al., 2010; Toussaint et al., 1993).  Thus the 

discrepancy in results could be due to the difference in the type and stage 

of development of the tissues and host plants treated, as well as the 

experimental protocols adopted.  

 

Vidarabine (9-(β-D-arabinofuranosyl)adenosine) is a purine nucleotide 

analogue that is effective against Cowpea chlorotic mottle virus (Dawson, 

1984), Ornithogalum mosaic virus (Vcelar et al., 1992), and Tobacco mosaic 

virus (Lozoya Saldana & Dawson, 1984).  However, this project found 

vidarabine to be ineffective against AMV, ASGV, AVX, CLBV-a, and CMV at 

500mg/L, the maximum concentration which could be applied to N. 

occidentalis as determined by the phytotoxicity screen. 

 

Ribavirin (1-β-ribofuranosyl-1,2,4-triazole-3-carbox-amide) is a purine 

nucleoside analog (resembles guanosine or adenosine) with broad 

spectrum activity against both DNA and RNA viruses (Elia et al., 2008; Graci 

& Cameron, 2006).  The efficiency of ribavirin in the elimination of plant 

viruses is well documented in the literature.  It has been used against many 

plant viruses including AMV and CMV (Simpkins et al., 1981), Arracacha A 

virus, Arracacha virus B, Arracacha latent virus, Papaya mosaic virus, Ullucus 

virus C, Ullucus mild mottle virus, and Ullucus mosaic virus (Fletcher & 

Fletcher, 2001), Apple chlorotic leaf spot virus and Prunus necrotic ringspot 

virus (Cieślińska, 2007; O'Herlihy et al., 2003; Verma et al., 2005), Apple stem 

grooving virus (James et al., 1997), Cymbidium mosaic virus and 

Odontoglossum ringspot virus (Albouy et al., 1988; Toussaint et al., 1993), 
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Grapevine virus A, Grapevine leafroll-associated virus 1, and Grapevine 

leafroll-associated virus 3 (Panattoni, 2003), Indian citrus ringspot virus 

(Sharma et al., 2007), Peanut mottle virus (Chen & Sherwood, 1991), Potato 

virus M, S, X and Y (Griffths et al., 1990; Nascimento et al., 2003), Tobacco 

mosaic virus (Lozoya Saldana & Dawson, 1984), and Tomato spotted wilt 

virus (De Fazio et al., 1990). 

 

However, research conducted during this project found ribavirin to be 

ineffective against AMV, AVX, and CMV at 500mg/L, the maximum 

concentration which could be applied to N. occidentalis as determined by 

the phytotoxicity screen.  These results are contrary to the findings of 

Simpkins et al. (1981), whereby CMV and AMV were eliminated from 

infected N. rustica with 100mg/L ribavirin for 24 - 127 days.  The difference in 

results could be due to the different host species used, or different 

experimental protocols.  Simpkins et al. (1981) eliminated AMV from 

proliferating meristematic tips in a liquid shake culture, and the detection 

method used for both AMV and CMV was biological indexing.  Biological 

indexing is not as sensitive as RT-PCR, and may have failed to detect the 

viruses, resulting in false negative results (Ram et al., 2009). 

 

Ribavirin was found to reduce levels of ASGV and CLBV-a in N. occidentalis 

at 20mg/L and 500mg/L over four weeks.  CLBV-a, like AVX, is a novel virus 

found in Actinidia and there is no literature on the chemotherapy of either 

CLBV-a or CLBV.  The effect of ribavirin on CLBV-a was not pronounced, 

since ELISA results were never negative but borderline positive, and all 

plantlets tested positive by qRT-PCR directly after the combination of 

ribavirin with thermotherapy.  However, longer treatment time and/or 

combination with a different therapy such as meristem tip culture may 
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enhance the anti-viral effect of ribavirin against CLBV-a, and may warrant 

further investigation if CLBV-a is recalcitrant to other therapies.  

 

The reduction in ASGV with 20mg/L ribavirin in N. occidentalis is consistent 

with the findings of James et al. (1997), whereby 10mg/L ribavirin for 12 

weeks reduced the titre of ASGV in in-vitro tissue cultures of N. occidentalis 

and M. domestica.  James et al. (1997) also found that a combination of 

ribavirin and quercetin, a flavonoid, (10mg/L of each, for nine to 12 weeks) 

was more effective against ASGV than ribavirin alone.  Flavonoids can 

enhance cAMP levels by inhibiting the break-down of cAMP by cAMP 

phosphodiesterase, affecting the establishment of plant virus disease 

(James et al., 1997; Mucsi & Pragai, 1985; Tu, 1977).  When applied as a 

single treatment, quercetin had no inhibitory effect on ASGV (James et al., 

1997).  Conversely, when applied in combination with ribavirin, 100% of M. 

domestica and 87.5% N. occidentalis were negative by immunocapture RT-

PCR (IC-RT-PCR), while all M. domestica and N. occidentalis treated with 

ribavirin alone were positive for ASGV (James et al., 1997).  The ASGV 

negative M. domestica plants were eventually planted in the field, tested 

annually for ASGV from 1998 – 2008 by IC-RT-PCR, and consistently tested 

negative (James, 2010).  However, research during this project did not find 

that quercetin enhanced the anti-viral activity of ribavirin against ASGV. 

 

Treatment of N. occidentalis plantlets with 10mg/L ribavirin + 10mg/L 

quercetin for four weeks resulted in all plantlets testing negative for ASGV, 

while 6/10 plantlets treated with 20mg/L ribavirin alone were negative and 

4/10 were borderline positive by ELISA.  However, all plantlets for both 

treatments tested positive by RT-PCR four weeks after the treatments had 

ended.  When 20mg/L ribavirin and 10mg/L ribavirin + 10mg/L quercetin 

were added after four weeks thermotherapy, real time RT-PCR showed that 
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60% of plantlets treated with 20mg/L ribavirin were negative and 40% of 

plantlets treated with 10mg/L ribavirin + 10mg/L quercetin tested negative.  

Four weeks after the treatments had ended all plantlets for both treatments 

tested positive by real time RT-PCR and qRT-PCR showed no significant 

difference between the two treatments in the reduction of ASGV titre. 

 

Since ribavirin was effective at reducing the levels of ASGV in N. 

occidentalis, this compound should be further investigated for elimination of 

ASGV in Actinidia species.  Although quercetin was not found to enhance 

ASGV elimination during this project, further investigation may be warranted 

based on the results of James et al 1997.  Longer treatment times and/or 

combination with a different therapy like meristem tip culture may enable 

the eradication of ASGV from infected plantlets.  Furthermore, it was found 

that culturing healthy A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ 

plantlets on media containing 20mg/L ribavirin and 10mg/L ribavirin + 

10mg/L quercetin for four weeks did not produce any phytotoxic effects.  

This indicates that these species, and possibly other Actinidia species, will 

tolerate treatment with ribavirin and quercetin. 

 

In conclusion, this chapter has described the elimination of acyclovir, 

amantadine hydrochloride, 5-azacytidine, oseltamivir, 2-thiouracil, and 

vidarabine from the pool of possible anti-viral compounds for the treatment 

of AMV, ASGV, AVX, CLBV-a and CMV.  In contrast, 20mg/L ribavirin and 

possibly 10mg/L ribavirin + 10mg/L quercetin, have been identified as 

potential treatments for ASGV and CLBV-a in Actinidia species when 

applied for longer durations and/or combined with meristem tip culture.
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Molecular characterisation of 

AMV from Actinidia 

 

 

 

 

 

 

 

 

6.1  Introduction 

 

Actinidia is a natural host to a wide range of viruses; some of which were 

previously uncharacterized (e.g. AcVA, AcVB, and AVX). While some have 

been characterized in other plant species (e.g. AMV, ASGV, and CMV). it is 

possible that the isolates from Actinidia represent specific Actinidia 

adapted strains.  The effects of viruses on crops can range from insignificant 

(e.g. latent viruses) to severe impacts on crop production (e.g. Citrus tristeza 

virus (CTV) in Citrus species and Plum pox virus in Prunus species) (Bar-

Joseph et al., 1989; Levy et al., 2000; Pearson et al., 2007).  In addition the 

effects of virus infection on a host plant species can differ between virus 

strains; the CTV strain VT, for example, is severe on Citrus sinensis but mild to 

asymptomatic on Citrus reticulata (Hull, 2002; Moreno et al., 2008; Wang & 

Valkonen, 2008).  Furthermore, sensitivities of viruses to thermotherapy and 

chemotherapy treatments can be influenced by the strain of virus to be 

eradicated; the occurrence of thermoresistant strains, for example has 
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been shown for AMV, CMV, and TMV (Franck & Hirth, 1976; Hitchborn, 1956). 

For example,  Franck and Hirth (1976) found that the AMV strain AMVs was 

unable to multiply in Nicotiana tabacum L. var. Xanthi at 32°C, while the 

strain AMV-H4B was still able to replicate at temperatures up to 36°C, and 

concluded that thermo-resistance must be characteristic of the virus strain.  

It is therefore important to understand which strain(s) of a virus is present in 

order to develop appropriate protocols for virus elimination in order to 

prevent the spread of viruses and minimise the possibility of serious viral 

disease in kiwifruit and potentially other crop species (Pearson et al., 2007). 

 

At the start of this study on virus elimination in Actinidia many of the viruses 

detected in Actinidia were being molecularly characterised because of 

their possible biosecurity importance, but AMV isolates had not been 

sequenced  because of its worldwide distribution and low biosecurity 

importance.  However, of the 11 viruses described in Actinidia, AMV has 

one of the greatest potentials to spread, as the virus is capable of 

experimentally and naturally infecting over 600 plant species in 70 families 

and is readily transmitted in a non-persistent manner by multiple 

polyphagous aphid species (Bol, 2003; Pearson et al., 2011; Zitter & Murphy, 

2009).  AMV has been identified in A. fortunatii, A. glaucophylla, and A. 

guilinensis germplasm in the Plant and Food Research collection (Pearson, 

2011), but little is known about how the Actinida AMV isolates correlate with 

previously characterised AMV isolates. 

 

This chapter describes the molecular characterisation of AMV isolated from 

three Actinidia species in order to investigate whether or not they represent 

a distinct Actinidia strain of AMV, as well as to determine the phylogenetic 

relationship between these isolates and AMV isolates described in New 

Zealand and from overseas in different hosts. 
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6.2  Methodology 

 

Isolates of AMV from A. fortunatii (178), A. glaucophylla (176), and A. 

guilinensis (175) were maintained in N. occidentalis in-vitro plantlet cultures 

(refer to Chapter 2, section 2.3 and Table 2.1).  Total RNA was extracted as 

described in Chapter 2, section 2.4.2.1, and used for single-stranded 

conformation polymorphism (SSCP) analysis, as well as RT-PCR, cloning, and 

sequencing of ~2 kilobases (kb) of the genome. 

 

6.2.1 SSCP analysis 

It is not unusual for individual plants to contain more than one virus variant 

or strain, and cloned DNA fragments do not always reflect this (Magome et 

al., 1999).  SSCP is an inexpensive, rapid, and sensitive means of 

ascertaining the sequence diversity within a sample (Kalvatchev et al., 

2000; Koenig et al., 1995) and, in this study, was used to confirm presence of 

a single infection and to test for sequence variability between the three 

Actinidia AMV isolates.  SSCP is based on the differential migration of single-

stranded DNA on a non-denaturing polyacrylamide gel, and was carried 

out using a modified version of the protocol described by Rubio (1996). 

 

A 5μL aliquot of PCR product, amplified as per Chapter 2, section 2.4.2.3 

using the primers AMVF and AMVR (refer to Chapter 2, Table 2.2) and 

purified as per section 7.2.3, was added to 7μL of deionised formamide 

(Ambion, Austin, TX, USA) with 0.25% (w/v) bromophenol blue, 0.25% (w/v) 

xylene-cyanol and 0.1% (w/v) ficoll-400 (Sigma-Aldrich, St Louis, MO, USA).  

This was incubated at 99°C for ten minutes in a Techne MD-1000 dry heat 

block (Barloworld Scientific Ltd, Staffordshire, UK), and then chilled on ice for 

a maximum of five minutes.  Heating with formamide provides the alkaline 

conditions required for denaturation of double-stranded DNA into two 
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complementary single strands, while rapid chilling promotes the folding of 

each strand through intra-strand base pairing.  Because the sequences of 

the two complementary strands usually differ, the folding of each strand will 

result in different, sequence-specific conformations with different 

electrophoretic mobilities (Orita et al., 1989; Sunnucks et al., 2000).  SSCP 

profiles with two or three bands of similar intensity are indicative of a single 

sequence variant, while profiles composed of four or more bands is 

indicative of multiple sequence variants (Orita et al., 1989; Turturo et al., 

2005). 

 

A 12μL aliquot of the reaction mix was then loaded onto an 8% non-

denaturing polyacrylamide gel in a Protean II PAGE system (Bio-Rad 

Laboratories Inc., Hercules, CA, USA).  Electrophoresis was carried out at 

200V for a period of three hours in a 4°C cold room to prevent overheating.  

On completion of electrophoresis the gel was gently removed from the 

casting plate, transferred to an acetate sheet and stained with 100mL of 

5μg/mL ethidium bromide (Invitrogen, Carlsbad, CA, USA) in 0.5xTBE for ten 

minutes.  The bands were then visualised under UV light using a Gel Doc 

2000 (Bio-Rad Laboratories Inc., Hercules, CA, USA).  

 

6.2.2 RT-PCR 

AMV possess a single-stranded positive-sense genome, with RNA 1 (3.65kb), 

RNA 2 (2.6kb), RNA 3 (2.2kb), and the sub-genomic RNA 4 (0.88kb) being 

encapsidated into separate particles (Bol, 2003; Panter et al., 2011). 

Forward (AMVRNA31F; 5’-ACAGTGTAATTCGTACTTTTCGTA-3’) and reverse 

(AMVRNA31R; 5’-GCATCCCTTAGGGGCATTCA-3’) primers for the RT-PCR 

amplification of RNA 3 from the AMV genome were designed as described 

in Chapter 2, section 2.4.2.2.  The binding sites and amplicon size are shown 

on Figure 6.1.  RT-PCR was carried out as described in Chapter 2, section 
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2.4.2.3, except where the final reaction volume was 50µL, and the reactions 

were analysed as described in Chapter 2, section 2.4.2.4. 
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6.2.3  Gel purification of RT-PCR product 

6.2.3.1  Electrophoresis with crystal violet staining 

Correctly sized RT-PCR products (~2kb) were separated by crystal violet gel 

electrophoresis as per Harper (2009).  This method of electrophoresis, unlike 

ethidium bromide and RedSafe™, does not require highly specialised 

equipment for visualisation and is less prone to damaging DNA, making this 

method useful when downstream processes such as amplicon purification, 

cloning and sequencing are to be applied (Kamath & Ahringer, 2003). 

 

PCR product (40μL) was mixed in a 5:1 ratio with crystal violet loading dye 

(100μg/mL crystal violet, 1mM EDTA, 2% Ficoll-400, 30% Glycerol) and 

loaded onto a 1% TAE buffered (40mM tris, 20mM glacial acetic acid, and 

1mM EDTA, pH7.2) agarose gel (Seakem® LE agarose, Cambrex, ME, USA) 

prepared with 5μg/mL crystal violet (Sigma-Aldrich Inc., St. Louis, MO, USA).  

Electrophoresis was carried out at 10V/cm for 40 minutes in a Hoefer HE33 

mini-submarine electrophoresis unit (Hoefer Inc., San Francisco, CA, USA).  

On completion of electrophoresis, the gel was removed from the 

apparatus, placed on a light box, and bands of the appropriate size were 

excised with a sterile scalpel to be purified. 

 

6.2.3.2  DNA purification 

DNA fragments excised from crystal violet stained agarose gels were 

purified using an Eppendorf® PerfectPrep Gel Cleanup Kit (Eppendorf, 

Hamburg, Germany).  The kit works on the principle that the agarose gel 

slices can be dissolved in a high-salt buffer, with the addition of heat, 

enabling the subsequent binding of DNA to a glass fibre membrane.  

Contaminants can then be washed away and the purified DNA eluted in 

Elution buffer.  The procedure was carried out following the manufacturer’s 

instructions and all of the buffers used were provided with the kit. 
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The excised band was placed into a sterile 1.5mL microcentrifuge tube and 

then weighed.  For every mg of gel slice, 3μL of Binding buffer (containing 

guanidinium thiocyanate) was added.  The sample was then incubated in 

an Eppendorf Thermomixer comfort (Eppendorf, Hamburg, Germany) at 

50°C with shaking at 750rpm for ten minutes, or until the gel slice was 

completely dissolved.  Absolute isopropanol equal to the weight of the 

original gel slice was added and the solution mixed by pipetting.  Up to 

800μL of the sample was loaded into a spin column and centrifuged at 

9300xg for one minute in an Eppendorf 5415D tabletop centrifuge 

(Eppendorf, Hamburg, Germany).  If the sample was greater than 800μL, 

the column was re-loaded and spun again until the entire sample had 

been processed. 

 

The column membrane (with DNA bound to it) was then washed with 750μL 

Wash buffer (containing ethanol) and centrifuged at 9300xg for one 

minute.  The eluate was discarded and the spin column was centrifuged dry 

for an additional minute at 9300xg to remove any residual Wash buffer.  

DNA was then eluted from the column membrane by adding 30μL of Elution 

buffer directly to the centre of the membrane and centrifuging the column 

at 9300xg for one minute.  The purity and concentration of the eluted DNA 

was determined using a Nanodrop ND-1000 spectrophotometer (Nanodrop 

Technologies, Wilmington, DE, USA). 

 

6.2.4  Cloning and sequencing 

The cloning of viral DNA was achieved by ligation of amplified, purified DNA 

into a plasmid vector, followed by the introduction of the vector into 

competent Escherichia coli cells by heat-shock transformation, culturing of 

transformants, and finally plasmid extraction.  Plasmid DNA was then 

sequenced by Macrogen Inc., South Korea. 
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6.2.4.1  Ligation, transformation and culturing 

The ligation, transformation, and culturing steps of the cloning procedure 

were accomplished following the protocol provided with the Promega 

pGEM®-T Easy Vector System (Promega Corporation, Maddison, WI, USA). 

 

A 3μL aliquot of purified DNA was added to a ligation reaction containing 

2xRapid Ligation buffer, 5ng pGEM®-T Easy Vector, and 0.3 Weiss units T4 

DNA Ligase (Promega Corporation, Maddison, WI, USA) to a final volume of 

10μL.  All components were mixed thoroughly by pipetting and the reaction 

incubated overnight at 4°C in a water bath to maximise transformation 

efficiency.  DH5 chemically competent E. coli cells (Invitrogen Life 

Technologies, Carlsbad, CA, USA) were thawed on ice.  A 5µL aliquot of the 

overnight ligation mix was added to 30μL of the thawed E. coli cells, and 

the contents mixed gently by tapping.  The cells were then incubated on 

ice for 30 minutes, followed by heat-shock treatment in a 42°C water bath 

for 40 seconds. 

 

The heat-shocked cells were immediately returned to ice for two minutes.  

250μL of room temperature SOC medium (Invitrogen Life Technologies, 

Carlsbad CA, USA) was then added and the cells incubated at 37°C for 60 

minutes, with shaking at 150rpm.  A 60μL aliquot of the cells was spread 

onto duplicate Luria-Bertani (LB) agar plates (10g/L tryptone, 5g/L yeast 

extract, 5g/L NaCl, 15g/L agar, pH7.2, in distilled H2O), which were 

previously prepared with 2mg/plate Isopropyl-β-D-thiogalactoside (IPTG) 

(Invitrogen Life Technologies, Carlsbad, CA, USA), 0.8mg/plate Ampicillin 

(AppliChem GmbH, Darmstadt, Germany), and 0.8mg/plate 5-Bromo-4-

Chloro-3-Indolyl-β-D-Galactopyranoside (X-Gal) (Invitrogen Life 

Technologies, Carlsbad, CA, USA).  Plates were left to air-dry, and then 

incubated upside-down overnight at 37°C. 
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Plates were examined the next day for successful transformants via simple 

blue/white colony phenotype screening.  This screening is possible because 

the Promega pGEM®-T Easy Vector possesses a multiple cloning region 

within the LacZ gene region.  The LacZ gene encodes the enzyme β-

galactosidase, which hydrolyses the X-Gal substrate on the LB-plate into a 

blue precipitate.  Successful insertion of viral DNA into the vector disrupts this 

function.  Consequently, white colonies contain successful transformants 

while blue colonies do not.  Furthermore, the Promega pGEM®-T Easy Vector 

contains an ampicillin resistance gene which acts as an additional selective 

marker, since only cells that had taken up the plasmid should be able to 

grow in the presence of ampicillin. 

 

A minimum of four distinct white colonies per plate were selected, and 

each sub-cultured in 4mL of LB broth (10g/L tryptone, 5g/L yeast extract, 

5g/L NaCl, pH7.2, in distilled H2O) containing 800μg ampicillin with 

incubation at 37°C overnight in a rotating wheel.  Cultures that grew 

effectively were then screened by PCR. 

 

6.2.4.2  Clone screening via PCR 

Clones grown overnight in LB broth were screened by PCR with vector 

specific primers (T7 and SP6), to verify that they possessed a transformed 

plasmid with an insert of the appropriate size. 

 

A 2μL aliquot of E. coli overnight culture in LB broth with 800μg ampicillin 

was added to a PCR reaction containing 1xPCR buffer, 2.5mM MgCl2, 

0.2mM of each dNTP, 10pmol T7 primer (5’-TAATACGACTCACTATAGGG-3’), 

10pmol SP6 primer (5’-ATTTAGGTGACACTATAG-3’), 0.5 units of AmpliTaq® 

DNA polymerase and sterile H2O to a final volume of 10μL.  Thermal cycling 

was carried out in a Bio-Rad MyCycler™ thermal cycler (Bio-Rad 
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Laboratories Inc., Hercules, CA, USA).  The PCR program began with an 

initial denaturation at 94°C for two minutes.  This was followed by 30 cycles 

of denaturation at 94°C for ten seconds, annealing at 53°C for 30 seconds, 

and extension at 68°C for two minutes.  Finally there was an extension at 

68°C for three minutes.  Products were analysed by gel electrophoresis as 

detailed in Chapter 2, section 2.4.2.4.  Clones possessing an insert of the 

correct size (~2kb) were then selected for plasmid extraction. 

 

6.2.4.3  Plasmid extraction 

Plasmids were extracted using the QIAprep™ Spin Miniprep Kit (QIAGEN 

GmbH, Hilden, Germany).  The kit works on the principle that bacterial cells 

can be lysed under alkaline conditions, and the DNA adsorbed onto a silica 

membrane in the presence of a high-salt buffer.  All of the buffers and the 

protocol used were supplied with the kit. 

 

A 1.5mL aliquot of E. coli overnight culture in LB broth containing 800μg 

ampicillin was added to a sterile 1.5mL microcentrifuge tube and 

centrifuged at 16,100xg for one minute in an Eppendorf 5415D tabletop 

centrifuge (Eppendorf, Hamburg, Germany).  The supernatant was 

discarded with care taken not to disturb the pelleted cells.  An additional 

1.5mL of overnight culture was added to the tube, and the sample again 

centrifuged at 16,100xg for one minute and the supernatant discarded as 

before.  A 250μL aliquot of P1 buffer (containing RNase A) was added to re-

suspend the pelleted cells and break-down any RNA contaminants.  

 

P2 buffer (250μL) was then added and the sample mixed by inverting the 

tube four to six times.  P2 buffer contains sodium hydroxide and sodium 

dodecyl sulphate, which lyses the cells and provides alkaline conditions for 

denaturation of cell constituents.  N3 buffer (350μL; contains guanidine 
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hydrochloride and acetic acid) was immediately added to the lysate, 

which was then mixed by inversion four to six times and centrifuged at 

15,700xg for ten minutes.  This neutralises the lysate and provides the high-

salt conditions required for the binding of plasmid DNA to the silica 

membrane.  The supernatant (containing the plasmid DNA) was then 

applied to the QIAprep™ spin column, and centrifuged for one minute at 

16,100xg.  The flow-through was discarded.  

 

A 750μL aliquot of PE buffer (containing ethanol) was then added, followed 

by centrifugation for one minute at 16,100xg to remove contaminants.  The 

flow-through was discarded and the column spun dry at 16,100xg for one 

minute to remove any residual wash buffer.  Plasmid DNA was eluted by 

transferring the column to a sterile microcentrifuge tube and adding 50μL of 

EB buffer to the centre of the membrane.  This was incubated for one 

minute at room temperature to maximise yield, followed by centrifugation 

for one minute at 16,100xg.  The extracted plasmid DNA quantity and 

quality was assessed using a Nanodrop ND-1000 spectrophotometer 

(Nanodrop Technologies, Wilmington, DE, USA). 

 

6.2.4.4  Restriction enzyme digest 

Extracted plasmid DNA was digested with the restriction enzyme EcoRI 

(Invitrogen Life Technologies, Carlsbad, CA, USA) to confirm that an insert of 

the appropriate size was present prior to sequencing. 

 

A 1μL aliquot of the extracted plasmid was added to a restriction digest mix 

of 1unit EcoRI, 1xREact® 3 buffer (Invitrogen Life Technologies, Carlsbad, CA, 

USA), and sterile H2O to a final volume of 10μL.  This was incubated at 37°C 

for one hour.  The digest was then visualised on an agarose gel as 

described in Chapter 2, section 2.4.2.4. 
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6.2.4.5  Sequencing 

Plasmid DNA that contained an insert of the correct size (~2kb) from two 

clones for each of the three Actinidia AMV isolates was sent to Macrogen 

Inc. (Seoul, South Korea) to be sequenced twice by single direction primer 

extension.  Sequencing was done in both forward and reverse directions on 

an ABI3703XL machine, using the universal primers T7 and SP6. 

 

6.2.4.6  Sequence assembly 

The quality of the sequences was assessed by examining the 

chromatogram provided by Macrogen Inc. (Seoul, South Korea), and 

sequences were then prepared for downstream processes by removing 

unwanted nucleotides (e.g. remnant primer, vector or low quality 

sequence) from the ends.  A search for related sequences was done with a 

BLASTn search of the nucleotide database on GenBank® (Benson et al., 

2011), an annotated compilation of all publicly available genetic 

sequences managed by the National Centre for Biotechnology Information 

(NCBI).  The default settings were used except where the program was 

instructed to search the database allocated “others - nr” (this included virus 

genome databases in the search).  This gave confirmation of virus identity, 

and provided a set of related sequences for use in sequence assembly. 

 

Since the sequencing reaction returns just ~850bp of useable sequence 

from each end of the ~2kb amplicon, the sample sequences needed to be 

assembled.  Each sequence consisted of two parts, ~850bp in the forward 

direction and ~850bp in the reverse direction.  Since the two sequence 

fragments did not overlap, they were aligned to the closest matching 

sequence from GenBank® using Geneious Pro 5.3.5, bioinformatics software 

that can be used for manipulating biological data such as nucleotide and 

amino acid sequences (Drummond AJ et al., 2011).  From the alignment it 
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was possible to resolve the region in which the two sequence fragments 

failed to overlap, and consequently the number and location of 

nucleotides left to be sequenced. 

 

Internal primers were then designed to retrieve the nucleotides not covered 

in the first sequencing reaction so that fragments could be assembled to 

form complete, contiguous sequences.  Internal primer design was carried 

out essentially as described in Chapter 2, section 2.4.2.2, except where the 

Primer3 software (Rozen & Skaletsky, 2000) was instructed to select only 

primers complimentary to sequence at least 100bp upstream or 

downstream from nucleotides yet to be sequenced, to ensure that the 

returned nucleotides would span the gap between the two sequenced 

fragments. 

 

The forward (AMVRNA3IF; 5’-CGAAAGATGCCGCGAAAGG-3’) and reverse 

(AMVRNA3IR; 5’-AATCTCGCACCGAGCCCATT-3’) primers were synthesized 

by Macrogen Inc. (Seoul, South Korea), and used to sequence the 

additional nucleotides from the original sample.  Resulting sequence was 

trimmed and then aligned with the two corresponding sequence fragments 

using the Geneious Pro 5.3.5 software, assembling the isolate sequence 

fragments into one contiguous sequence.  The sequences were then 

submitted to GenBank® (175 = KC767660; 176 = KC767661; 178 = KC767662). 

 

6.2.5  Sequence analysis 

Assembled sequences were aligned with reference AMV RNA 3 and coat 

protein (CP) sequences from GenBank® and used to infer evolutionary 

relationships between New Zealand Actinidia AMV isolates and isolates 

from different hosts and locations.  Refer to Appendix 3 for sequence data. 
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6.2.5.1  Analysis of full AMV RNA 3 sequences 

All available full nucleotide sequences of AMV RNA 3 were collected from 

GenBank® (refer to Table 6.1) and aligned with the Actinidia AMV RNA 3 

sequences (2038bp) using the freeware CLUSTAL X v.1.83.  CLUSTAL X uses a 

progressive pairwise alignment algorithm to align sequences, which is 

widely used because of its simplicity, speed, and efficiency (Pérez-Losada 

et al., 2008; Thompson et al., 1997).  The default settings were used except 

where FASTA format was selected for the alignment output, which was then 

used in conjunction with the freeware TOPALi v2.5 (Milne et al., 2004), which 

uses Akaike information criterion, Akaike information criterion with second 

order correction, and Bayesian information criterion, to select a suitable 

model for phylogenetic analysis of the sequence data. 

 

Table 6.1:  AMV RNA 3 sequences sourced from GenBank® 

 

Isolate Host (country) 
Accession 

Number 
Reference 

15/64 garden lupin (England) AF015717 (Thole et al., 1998) 

425 M clover (USA) K02703 (Barker et al., 1983) 

Az azuki bean (South Korea) AB126031 Published only in database 

Hz not stated (China) HQ316637 Published only in database 

Kr potato (South Korea) AB126032 Published only in database 

Lst lavender (Italy) FN667967 (Parrella & Acanfora, 2010) 

AMV-S alfalfa (England) X00819 (Ravelonandro et al., 1984) 

Tec-1 cape honeysuckle (Spain) FR715042 (Parrella et al., 2011) 

VRU garden lupin (England) AF015716 (Thole et al., 1998) 

 

The Tamura-Nei model was selected, which assumes equal rates of 

substitution between lineages and also corrects for multiple substitutions at 

the same site as well as substitution differences between purine and 

pyrimidine bases (Tamura & Nei, 1993).  This model was used in conjunction 

with maximum-likelihood (ML) to infer a phylogenetic tree.  ML is 
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mathematically thorough, calculating the phylogenetic tree with the 

greatest probability, and is supported by a large body of statistical theory 

(Lio & Goldman, 1998).  ML is particularly useful when studying relationships 

between sequences that change rapidly.  RNA viruses have an average 

nucleotide base mis-incorporation rate of 10-4 to 10-5 (Holland & Domingo, 

1998).  ML corrects for these multiple mutational events and is also less 

sensitive to the associated phenomenon of long branch attraction 

(Bergsten, 2005; Holder & Lewis, 2003). 

 

The phylogenetic tree was constructed using MEGA5 freeware (Tamura et 

al., 2011).  Bootstrap support values for each clade were calculated using 

104 replicates (Felsenstein, 1985).  The bootstrap values signify which branch 

points are credible by showing how many times a particular branch point 

occurred out of the 104 replications, with percentages higher than seventy 

regarded as statistically significant (Hillis & Bull, 1993; Pérez-Losada et al., 

2008).  The phylogenetic tree was assumed to be rooted at the midpoint, as 

Prune dwarf virus, the closest relative to AMV (Codoñer & Elena, 2008), is 

too distant to be reliably applied as an outgroup to root the tree (Tarrío et 

al., 2000). 

 

The aligned sequences were also used to generate a nucleotide distance 

matrix in MEGA5 using p-distance calculations, in order to compute the 

percentage of similarity between the Actinidia AMV and reference AMV 

RNA 3 sequences.  In addition, a search for potential recombination events 

was performed using RDP4 Beta 4.13 freeware (Martin et al., 2010), which 

incorporates several published recombination detection methods into a 

single suite of tools.  The methods used, with default parameters, in this 

project were 3Seq (Boni et al., 2007), Bootscan (Martin et al., 2005), 

Chimaera (Posada & Crandall, 2001), GENECONV (Padidam et al., 1999), 
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MaxChi (Smith, 1992), RDP (Martin & Rybicki, 2000), and SiScan (Gibbs et al., 

2000). 

 

6.2.5.2  Analysis of full AMV CP sequences 

Full CP amino acid sequences (221aa) from the Actinidia AMV isolates and 

reference sequences collected from GenBank® (refer to Table 6.2) were 

aligned using CLUSTAL X v.1.83, with the resulting alignment used in TOPALi  

v2.5  to select a suitable model for phylogenetic analysis, as described in 

section 7.2.5.1.  The Jones-Thornton-Taylor matrix (Jones et al., 1992) was 

selected, which takes into account the underlying phylogeny of the 

sequences when calculating the probability of change between amino 

acids (Wollenberg & Atchley, 2000). 

 

The phylogenetic tree was constructed using neighbour-joining (NJ) (Saitou 

& Nei, 1987) in MEGA5.  The NJ method of inferring phylogenies was 

selected because ML, although mathematically thorough, was too 

computationally complex for the number and type of sequences to be 

analysed.  NJ is a relatively robust, accurate and computationally fast 

algorithmic approach, commonly used in the phylogenetic analysis of plant 

viruses (Pérez-Losada et al., 2008).  Furthermore, NJ and ML show 

approximately the same performance (Tateno et al., 1994).  Bootstrap 

support values for each clade were calculated using 104 replicates, as 

described in section 6.2.5.1. 

 

The aligned CP sequences were also used to generate a p-distance matrix, 

as described in section 6.2.5.1, and the amino acids characterising 

subgroups I and II of AMV, as described by Parrella et al. (2000), were 

studied to further elucidate the phylogenetic relationships between AMV 

isolates. 
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Table 6.2:  AMV CP sequences sourced from GenBank® 

 

Isolate Host (country) 
Accession 

Number 
Reference 

15/64 garden lupin (England) AAD04695 (Thole et al., 1998) 

425 L clover (USA) AAA46297 (Brederode et al., 1980) 

425 M clover (USA) AAA46292 (Barker et al., 1983) 

AMV-P papaya (Brazil) ACO92345 (Moreira et al., 2010) 

AMV-S alfalfa (England) CAA25393 (Ravelonandro et al., 1984) 

Az azuki bean (South Korea) BAE94264 Published only in database 

Ca375 potato (Canada) ABC47118 (Xu & Nie, 2006) 

Caa-1 pepper (France) CAB60714 (Parrella et al., 2000) 

CN1 alfalfa (China) AFB78134 Published only in database 

Da tomato (Italy) CAA70327 (Finetti et al., 1997) 

Dac-16 carrot (France) CAB60715 (Parrella et al., 2000) 

EGY1 potato(Egypt) ADQ27870 (El-Helaly et al., 2012) 

F-430 bean(Italy) CAB60713 (Parrella et al., 2000) 

Hz Not stated (China) ADO85718 Published only in database 

Kr potato (South Korea) BAE94266 Published only in database 

Lst lavender (Italy) CBJ56558 (Parrella & Acanfora, 2010) 

Lye-80 tomato (France) CAB60710 (Parrella et al., 2000) 

Lyh-1 wild tomato (France) CAB60716 (Parrella et al., 2000) 

MEX-1 lion’s ear (Mexico) AAX61182 Published only in database 

NY-B snap bean (USA) AAQ18916 (Shah et al., 2006) 

NZ1 alfalfa (New Zealand) AAA20650 (Timmerman-Vaughan et al., 2001) 

NZ2 alfalfa (New Zealand) AAA20651 Published only in database 

S30 alfalfa (Australia) ADR83594 (Hajimorad & Francki, 1988) 

S40 alfalfa (Australia) ADR83595 (He & Hajimorad, 2011) 

Tec-1 cape honeysuckle (Spain) CBX36147 (Parrella et al., 2011) 

TN soybean (USA) ADN93298 (Fajolu et al., 2010) 

VRU garden lupin (England) AAD04693 (Thole et al., 1998) 

W1 alfalfa (Australia) ADR83596 (He et al., 2010) 

WC3 white clover (Australia) AEU08949 (Panter et al., 2011) 

YSMV lucerne (USA) AAA46288 (Neeleman et al., 1991) 
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6.3  Results 

 

6.3.1  SSCP analysis 

SSCP analysis of the three Actinidia AMV isolates, A. fortunatii (178), A. 

glaucophylla (176), and A. guilinensis (178), showed that each sample had 

only one sequence variant (refer to Figure 6.2).  All three SSCP profiles are 

different, with isolate 175 having the least similar SSCP profile (refer to Figure 

6.2).  This suggests that 175 is genotypically different to 176 and 178. 

 

 

6.3.2  Analysis of full AMV RNA 3 sequences 

Phylogenetic analysis of AMV RNA 3 (refer to Figure 6.3) at the nucleotide 

level shows that isolates 175 (A. guilinensis), 176 (A. glaucophylla), and 178 

(A. fortunatii) group with AMV reference isolates 15/64 and VRU, both of 

which originate from garden lupin from England and are characterised by 

Parrella et al. (2000) as belonging to subgroup II. 
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Within the clade there is strong support (100%) for the grouping of isolates 

176 and 178 together, but only 51% support for the separate grouping of 

175 with 15/64 and VRU.  This may be indicative of divergence between 175 

and the other two Actinidia AMV isolates.  There is strong support (100%) for 

the clustering of reference isolates 425 M (clover, USA), Az (azuki bean, 

South Korea), Kr (potato, South Korea), Lst (lavender, Italy), AMV-S (alfalfa, 

England) into another clade, which has been characterised by Parrella et 

al. (2000) as subgroup I.  The Tec-1 isolate (cape honeysuckle, Spain) forms 

a closely related but distinct clade from subgroup II. 

 

The nucleotide p-distance matrix reflects this phylogeny with the similarity 

between 176 and 178 at 98.3% while 175 is 95.0% similar to 176, and 96.1% 

similar to 178 (refer to Table 6.3).  Of the reference isolates, VRU shows the 

highest percentage of similarity to 175 at 96.5% (refer to Table 6.3).  The 

reference AMV isolate with the highest similarity to 176 and 178 is Tec-1 at 

94.1%, and 95.2% respectively (refer to Table 6.3). 

 

Table 6.3:  Percentage of similarity between full AMV RNA 3 nucleotide 

sequences (2038bp) 

 

Recombination analyses of the nucleotide sequence of RNA 3 using RDP4 

Beta 4.13 did not find any recombination events for any of the three 

Actinidia AMV isolates. 

 

Isolate 175 176 178 15/64 425 M Az Hz Kr Lst 
AMV

-S 
Tec-1 VRU 

175 
 

95.0 96.1 95.8 93.5 92.5 93.7 92.5 94.1 92.4 94.7 96.5 

176 95.0 
 

98.3 93.0 93.1 92.0 93.6 92.4 92.9 92.0 94.1 93.7 

178 96.1 98.3  94.2 93.9 92.9 94.4 93.2 94.1 92.9 95.2 94.8 
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6.3.3  Analysis of full AMV CP sequences 

Phylogenetic analysis of AMV CP at the amino acid level indicates that 

isolate 175 (A. guilinensis) groups with reference isolates characterised as 

belonging to subgroup II (refer to Figure 6.4).  This clade is well supported at 

85%.  A second clade consisting of reference isolates characterised as 

belonging to subgroup I is also shown with 76% support. 

 

The inclusion of isolates 176 (A. glaucophylla), and 178 (A. fortunatii) in 

subgroup II is well supported at 73%, but within this clade both isolates group 

separately from other subgroup II members with 84% support, indicating 

divergence between these two Actinidia isolates and the other members of 

subgroup II.  Tec-1 (cape honeysuckle, Spain) branches independently of 

both subgroups I and II. 

 

The amino acid p-distance matrix reflects this phylogeny, with the similarity 

between 176 and 178 at 97.5% while the similarity between 175 and both 

176 and 178 is 95.4% (refer to Table 6.4).  Of the reference isolates, 15/64 

(garden lupin, England) and Dac-16 (carrot, France) show the highest 

percentage of similarity to 175 at 99% (refer to Table 6.4).  The reference 

AMV isolate with the highest similarity to 176 is Dac-16, with 95.9% similarity; 

while Dac-16, Lyh-1 (wild Tomato, France), MEX-1 (lion’s ear, Mexico) and 

VRU (garden lupin, England) are the reference isolates most similar to 178 at 

95.9% (refer to Table 6.4).  All of the reference AMV isolates with highest 

similarity to the Actinidia AMV isolates, except MEX-1, have been 

characterised by Parrella et al. (2000) as belonging to subgroup II.  

Recombination analyses of the nucleotide sequence of the CP using RDP4 

Beta 4.13 did not find any recombination events for any of the three 

Actinidia AMV isolates. 
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Table 6.4:  Percentage of similarity between full AMV CP amino acid 

sequences (221aa) 

 

Isolate 175 176 178 

175 
 

95.4 95.4 

176 95.4 
 

97.5 

178 95.4 97.5 
 

Tec-1 94.9 94.4 94.9 

Subgroup I 

425 L 95.4 93.8 94.4 

425 M 93.8 92.2 93.8 

AMV-P 92.8 93.3 93.8 

AMV-S 94.9 93.3 93.8 

Az 93.8 93.3 94.9 

Ca375 94.4 92.8 93.8 

CN1 93.3 93.8 94.9 

Da 93.3 93.8 94.9 

EGY1 92.8 92.2 92.2 

F-430 93.3 93.8 94.4 

Hz 93.8 93.3 94.4 

Kr 91.7 91.7 93.3 

Lst 94.9 93.3 94.4 

NY-B 93.8 94.4 94.4 

NZ1 93.8 93.3 93.8 

NZ2 92.2 91.7 92.2 

S30 94.4 92.8 94.4 

S40 93.3 93.8 94.9 

TN 93.8 93.3 94.9 

W1 93.3 93.8 94.9 

WC3 93.3 93.8 94.9 

YSMV 94.4 92.8 93.8 

Subgroup II 

15/64 99.0 95.4 95.4 

Caa-1 98.5 95.4 95.4 

Dac-16 99.0 95.9 95.9 

Lye-80 96.5 93.8 93.8 

Lyh-1 98.0 94.9 95.9 

MEX-1 98.0 94.9 95.9 

VRU 98.5 94.9 95.9 
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Analysis of amino acids characteristic of AMV subgroups I and II places 175 

in subgroup II, while isolates 176 and 178 have amino acids characteristic 

for both subgroups (refer to Table 6.5).  The first three amino acids at 

positions 67 (serine), 84 (alanine), and 176 (leucine) fit the characteristics of 

subgroup II, but the last amino acid at position 214 (glutamic acid) is 

characteristic of subgroup I (refer to Table 6.5).  The reference AMV isolate 

Tec-1 has amino acids at positions 67 (serine) and 84 (alanine) 

characteristic of subgroup II, while the amino acids at 176 (glutamine) and 

214 (glutamic acid) are characteristic of subgroup I.  Isolate Ca375 (Potato, 

Canada) has an amino acid at position 176, histidine, which is not 

characteristic of either subgroup (refer to Table 6.5). 
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Table 6.5:  Differences in AMV CP amino acid sequences characterising 

subgroups I and II (Parella et al., 2000), shaded pink and orange 

respectively 

 

Isolate 

Amino acid position 
2
7

 

2
9

 

4
1

 

6
7

 

7
2

 

8
3

 

8
4

 

9
4

 

1
0

4
 

1
0

7
 

1
3
3

 

1
3

5
 

1
5
0

 

1
7
6

 

1
8
1

 

1
8

5
 

2
1
0

 

2
1
2

 

2
1

3
 

2
1

4
 

2
1

9
 

2
2
0

 

2
2

1
 

175 K Q A S A V A F H S H A A L K Y G F D D D R Q 

176 K Q A S A V A F H T Q V A L K Y G F D E D R H 

178 K Q T S A A A F H T Q G A L K Y G F D E D R H 

Tec-1 K Q A S V A A F H S H V A Q K Y G L D E D R H 

Subgroup I 

425 L K Q V F A V G Y H T H A A Q K F G F D E D R H 

425 M K Q V F V A G Y Y T H A A Q K Y G L D E D R H 

AMV-P K Q A F V A G Y H T Q V A Q K Y G L E E    

AMV-S K Q A F V T G Y H T H A A Q K Y G L D E D R H 

Az K Q V F V A G Y H T Q A A Q K Y G F D E D R H 

Ca375 K Q A F V A G Y H T H A A H K Y G L D E D R H 

CN1 K Q V F V A G Y H T Q V A Q K Y G L D E D R H 

Da K Q V F V A G Y H T Q V A Q K Y G L D E D R H 

EGY1 K Q V F V A G Y H T H V A Q K Y G L D E D R H 

F-430 K Q V F V V G Y H T Q V A Q K Y G L D E D R H 

Hz K Q A F V A G Y H T Q A A Q K Y G L D E    

Kr K Q V F V A G Y H T Q A A Q K Y G L D E D R H 

Lst K Q V F V A G Y H T H A A Q K Y G L D E D R H 

NY-B K Q A F A A G Y H T Q V A Q K F G L D E D R H 

NZ1 K Q V F V A G Y H T H V A Q K Y G F D E D R H 

NZ2 K Q A F V A G Y H T H V A Q K S G L D E D R Q 

S30 K Q A F V A G Y H S Q A A Q K Y G L D E D R H 

S40 K Q V F V A G Y H T Q V A Q K Y G L D E D R H 

TN K Q V F V A G Y H T Q A A Q K Y G L D E D R H 

W1 K Q V F V A G Y H T Q V A Q K Y G L D E D R H 

WC3 K Q V F V A G Y H T Q V A Q K Y G L D E D R H 

YSMV K R V F V A G Y H T H A A Q K Y G L D E D R H 

Subgroup II 

15/64 K Q A S A V A F H S H A A L K Y K F D D D R Q 

Caa-1 K Q A S A V A F H S H I A L K Y G F N D D R Q 

Dac-16 K Q A S A V A F H S H I A L K Y G F D D D R Q 

Lye-80 K Q A S A V A F H S H A R L K Y G F D D D R Q 

Lyh-1 K Q A S A A A F H T H I A L K Y G F D D D R Q 

MEX-1 K Q A S A A A F H S H I A L K Y G F D D D R Q 

VRU K Q A S A A A F H S H A A L R Y G F D D D R Q 
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6.4  Discussion 

 

AMV is an important virus worldwide, since it is able to infect members of 

more than 600 plant species in 70 families, and is of economic importance 

in some food and pasture crops such as pepper, tobacco, soybean, alfalfa, 

and clover (Bol, 2003).  AMV mostly infects herbaceous plants, but several 

woody species are included in the natural host range (Bol, 2003).  AMV is 

one of 11 distinct viruses that has been identified in Actinidia since 2003 

(refer to Chapter 1), and little is known about how the Actinida AMV isolates 

correlate with previously characterised AMV isolates.  

 

AMV is one of the most biologically variable plant viruses and numerous 

strains and variants have been described (Adams & Antoniw, 2006; 

Hajimorad & Francki, 1988; He & Hajimorad, 2011; Massumi & Hosseini Pour, 

2007).  A grouping of strains on the basis of amino acid analysis of the CP 

was proposed by Krall (1975).  A previous study by Parrella et al. (2000) 

showed that AMV isolates from Italy and France fell into two distinct 

subgroups (subgroup I and subgroup II respectively), and that this 

separation reflected variation in four amino acid substitutions in the 

sequence of the CP.  The authors noted, in particular, that all the French 

isolates of AMV that they studied shared a serine and leucine substitution at 

positions 67 and 176 that had previously only been described in isolates VRU 

and 15/64 (garden lupin, England), which are characterised as being able 

to form unusually long virus particles (Heijtink & Jaspars, 1974; Hull, 1970). 

 

Thole et al. (1998) demonstrated that when the serine and leucine amino 

acid substitutions were introduced into the AMV isolate 425 L (characterised 

by Parrella et al. (2000) as belonging to subgroup I) abnormally long virus 

particles were formed, suggesting that they are involved in the structural 
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properties of virus particles.  It is interesting that Ca375 (Potato, Canada) 

has neither a leucine nor a glutamine at position 176, but a histidine instead.  

Histidine is frequently found in protein active sites, as is glutamine, while 

leucine is considered very non-reactive (Betts & Russell, 2003).  Parrella et al. 

(2011) characterised another isolate, Tec-1 (cape honeysuckle, Spain), 

which showed additional genetic variability within the genus, and so the 

authors have proposed a split of subgroup II into subgroup IIA and IIB. 

 

Analysis of RNA 3 of the A. guilinensis (175) isolate at the nucleotide level 

showed that it is most similar to AMV isolate VRU at 96.5%.  Analysis of the CP 

at the amino acid level gave a different result, with the closest matches 

being isolates 15/64 and Dac-16 (carrot, France) at 99%.  Phylogenetic trees 

constructed using ML for analysis of RNA 3 and NJ for the CP, grouped 175 

within a clade consisting of other reference isolates belonging to subgroup 

II.  These isolates included 15/64, Caa-1 (pepper, France), Dac-16, Lye-80 

(tomato, France), Lyh-1 (wild tomato, France), MEX-1 (lion’s ear, Mexico), 

and VRU.  175 also possess amino acids at positions 66 (serine), 83 (alanine), 

175 (leucine), and 213 (aspartic acid) that are characteristic of AMV 

isolates belonging to subgroup II. 

 

The A. guilinensis isolate is slightly different to the A. fortunatii (178) and A. 

glaucophylla (176) isolates.  The similarity between 175 and 176 and 178 

RNA 3 at the nucleotide level is 95.0% and 96.1% respectively, while 176 and 

178 are 98.3% similar to each other.  Analysis of the CP amino acid 

sequence alone gave a similar result, with 97.5% similarity between 176 and 

178, and 95.4% similarity between these two isolates and 175.  This greater 

genotypic difference between 175 and both 176 and 178 is also indicated 

by the production of an SSCP profile for 175 that is different to 176 and 178.  

All three Actinidia AMV isolates possess the serine (67) and leucine (176) 
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substitutions that are characteristic of the formation of unusually long 

particles in AMV strains VRU and 15/64.  Whether or not 175, 176, and 178 

form long particles remains to be investigated. 

 

Analysis of RNA 3 at the nucleotide level for 176 showed that this Actinidia 

AMV isolate is most similar to reference AMV isolate Tec-1 (cape 

honeysuckle, Spain) at 94.1%.  Tec-1 is also the closest match for 178 at 

95.2%.  Tec-1 belongs to a proposed subgroup IIB.  However, analysis of the 

CP at the amino acid level gave a different result, with the closest match to 

176 being Dac-16 with 95.9% similarity.  The closest matches to 178 were 

Dac-16, Lyh-1, MEX-1 and VRU at 95.9%, all of which belong to subgroup II.  

Phylogenetic trees constructed using ML for analysis of RNA 3 and NJ for 

analysis of the CP gave similar results, with the grouping of 176 and 178 

together within the subgroup II clade. 

 

The phylogeny based on analysis of the CP indicates that 176 and 178 are 

more divergent than 175 and the other members of the subgroup.  Isolates 

176 and 178, in contrast with 175, possess amino acids which are 

characteristic for both subgroup I and II, the first three amino acids at 

positions 67 (serine), 84 (alanine), and 176 (leucine) fitting the characteristics 

of subgroup II, but the last amino acid at position 214 (glutamic acid) being 

characteristic of subgroup I.  

 

It is not clear whether or not isolates 175, 176, and 178 represent an 

Actinidia strain of AMV or not and, given the differences between the three 

Actinidia isolates, it is not likely that all three constitute a single isolate or 

strain.  Isolate 175, in particular, shows high similarity to isolates from different 

host species from overseas and so it seems quite likely that this virus has 

moved into Actinidia from another host.  Given the similarity between 176 
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and 178 it is probable that they represent isolates of the same variant of 

AMV.  They too appear closely related to subgroup II isolates of AMV, 

however the similarity was slightly less than for 175 (95.9% vs. 99% over the 

CP) and isolates 176 and 178 have CP amino acids characteristic for both 

subgroups.  There was no evidence of recombination in either RNA 3 or the 

CP using RDP4 Beta 4.13 for any of the Actinidia AMV isolates, so 176 and 

178 are not a product of recombination between viruses of subgroups I and 

II, though it is possible that 176 and 178 could be a recombinant between 

uncharacterised isolates.  These isolates may represent basal members of 

the clade, or, if similar isolates are characterised, may form a separate 

clade. 

 

Parrella et al. (2000) found that the geographic origin of AMV isolates 

correlates with the differences observed between subgroup I and II.  

However, during this project, the Actinidia AMV isolates did not group with 

other isolates from New Zealand (NZ1 and NZ2) or Australia (S30, S40, W1, 

and WC3) from alfalfa and clover, as might be expected.  This result does 

not necessarily contradict the findings of Parrella et al. (2000), but rather 

highlights the difficulty that may be encountered in pinpointing the true 

origin of some AMV isolates due to the wide host range and worldwide 

distribution of this virus.  It is possible, for example, that the three Actinidia 

species became infected with AMV here in New Zealand with previously 

uncharacterised strains of AMV.  However, it is also possible that AMV was 

present in the seed imported from China from which the Actinidia were 

grown. 

 

AMV is readily transmitted by multiple aphid species, which could account 

for the infection of Actinidia in the field in New Zealand.  There are reports 

of aphids infesting Actinidia, and AMV was detected in clover plants 
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underneath the Actinidia vines at both Kerikeri and Te Puke (Abbasipour, 

2007; Caciagli & Lovisolo, 1987; D. Cohen, Plant and Food Research, 

Auckland, New Zealand pers. comm.; Gault, 2010; Popay, 2009).  It is 

interesting that the two Actinidia AMV isolates that were most similar to 

each other, 176 and 178, were grown at Te Puke, while the 175 isolate was 

grown at Kerikeri.  However, the transmission of AMV to Actinidia by aphids 

has not been studied, and the local Kerikeri and Te Puke clover isolates of 

AMV have yet to be sequenced to establish whether they match the 

Actinidia AMV isolates.  Further investigation of these factors could help to 

determine the origin of the Actinidia AMV isolates. 

 

AMV is also transmitted by seed; up to 50% in alfalfa seeds from individual 

infected plants (Brunt et al., 1996).  Seed transmissibility of AMV has not yet 

been demonstrated for Actinidia, but it is possible that the Actinidia seed 

imported from China was infected with AMV.  However, the Actinidia AMV 

isolates also did not group with the two Chinese AMV isolates (CN1 and Hz) 

included in the phylogenetic analysis.  Both Chinese isolates group in 

subgroup I, with CN1 (alfalfa) clustering with other AMV sequences isolated 

from alfalfa (S30, W1, and WC3, Australia) and tomato (Da, Italy), while Hz 

(host not stated) groups with AMV-P (papaya, Brazil) and F-430 (bean, Italy).  

Yet this does not rule out the possibility of isolates 176 and 178 originating in 

China. 

 

It is possible that there is no transmission of AMV between the hosts of the 

two Chinese isolates and Actinidia, or that the geographic ranges of the 

different host species within China do not overlap, and it is also possible that 

the true origin of the two Chinese isolates is not China, especially in the 

case of CN1.  The accumulation and analysis of more CP sequences would 

therefore be useful for studying the evolution of AMV populations, as there is 
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an indication of further variability within this species (i.e. isolates Tec-1, 

Ca375, 176, and 178). 

 

When analysing the RNA 3, there were fewer reference sequences 

available for comparison than for the CP, and only three AMV genomes 

(Lst, Tec-1, 425 L) have been completely sequenced to date.  Based on 

analysis of the whole genome of AMV, Codoñer & Elena (2006, 2008) have 

proposed that AMV actually belongs to the genus Ilarvirus.  Boulila (2009) 

also reached this conclusion based on the analysis of RNA 1 and 2, where it 

was found that AMV is the most recombinant virus of the Bromoviridae.  

Consequently, analysis of the full AMV genomes would provide more 

information on the genetic variability of AMV. 

 

Although analysis of the genome can be useful for determining 

phylogenetic relationships among plant viruses, different AMV strains do not 

necessarily differ in CP amino acid composition and vice versa (Adams & 

Antoniw, 2006; Krall, 1975; Massumi & Hosseini Pour, 2007; Parrella et al., 

2000; Tremaine & Stace-Smite, 1969).  Various other properties are often 

used to characterise AMV strains; such as symptomatology, host range, 

serology, vector, pollen and seed transmission (Adams & Antoniw, 2006; 

Krall, 1975).  Therefore, in order to characterise the Actinidia AMV isolates 

more definitively, the biological properties of the Actinidia AMV isolates 

would need to be investigated. 

 

In conclusion, this chapter has described the phylogenetic analysis of AMV 

isolates from A. fortunatii, A. glaucophylla, and A. guilinensis.  The Actinidia 

AMV isolates show high similarity to reference isolates from France (carrot. 

pepper and tomato), England (garden lupin), and from Mexico (lion’s ear), 

which comprises subgroup II of AMV.  The Actinidia isolates did not match 
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to other AMV isolates from New Zealand (NZ1 and NZ2; alfalfa) or China 

(CN1 and Hz; alfalfa), which group within the subgroup I clade.  Given the 

wide distribution of AMV it is likely that it has moved into the Actinidia 

species from another host, though the AMV A. fortunatii and A. 

glaucophylla isolates were slightly different from other members of 

subgroup II.  This may be indicative of un-described genetic diversity within 

this virus species and/or a long established strain in Actinidia. 
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Concluding discussion 

 

 

 

 

 

 

 

 

The research described in this thesis was supported by ZESPRI International 

Ltd because there is a need to develop protocols for the elimination of 

viruses from elite Actinidia germplasm.  This study involved the investigation 

of the in-vitro culture of virally infected Actinidia species, the effects of 

elevated temperature on A. chinensis ‘Hort16A’ and A. deliciosa 

‘Hayward’, the effects of in-vitro thermotherapy and chemotherapy against 

viruses that have been found to infect Actinidia species, and the 

phylogenetic relationship of New Zealand Actinidia AMV isolates with 

various AMV isolates from overseas.  The results of these investigations are 

presented and discussed in detail in Chapters 3, 4, 5 and 6.  The focus of this 

chapter is to consider the broader implications of these findings for the 

development of virus elimination protocols for elite Actinidia germplasm. 

 

Freeing Actinidia germplasm from virus infection is necessary to ensure that 

the high health status of breeding and planting material, as well as the 

development of new cultivars, fruit production and exports, are not 

compromised (refer to Chapter 1).  Conventional methods of propagating 

(cuttings and grafts) of Actinidia have been supplemented by in-vitro 
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micropropagation (Akbaş et al., 2007; Oliveira & Fraser, 2005).  In-vitro 

cultures are also used for germplasm conservation, as well as exchange of 

vegetatively propagated crops, and therapeutic treatments are now 

commonly applied to plant material maintained in-vitro (Gella & Errea, 

1998; Knapp et al., 1995; Paprstein et al., 2008; Spiegel et al., 1993). 

 

Consequently, any protocol for the elimination of viruses from Actinidia 

germplasm will most likely require the in-vitro culturing of virally infected 

Actinidia.  The Plant & Food Research (New Zealand) Actinidia germplasm 

collection currently contains 3,500 genotypes from 310 accessions of 24 

taxa (Datson & Ferguson, 2011).  The literature describing techniques for the 

in-vitro culture of Actinidia species is dominated by protocols for A. 

chinensis ‘Hort16A’ and A. deliciosa, since these are the two main species 

grown as commercial kiwifruit crops.  During the course of this project it was 

found that virus infected A. chinensis ‘Eexiang’, A. chinensis ‘Hongyang’, A. 

chinensis ‘Lushanxiang, A. chinensis ‘Russell’, A. fortunatii, A. glaucophylla, 

and A. guilinensis were recalcitrant to conventional in-vitro axillary bud 

culture (refer to Chapter 3).  It is not clear to what extent virus infection 

impacted on the in-vitro culture of Actinidia species, and requires further 

investigation. 

 

Furthermore, A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’ were shown 

to respond better to an in-vitro culture method that used media with an 

increased level of sucrose, auxin, and also two different types of cytokinins 

at higher concentrations than routinely used at Plant and Food Research 

(New Zealand) (refer to Chapter 3).  Whether or not this method works on 

other Actinidia species and cultivars remains to be investigated.  Therefore, 

in order for virus elimination protocols to be established, in-vitro culture 

methods must first be developed and optimised; such methods may need 
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to be specific depending on the species or cultivar of Actinidia to be 

treated. 

 

The development of protocols for the in-vitro culture of meristem tips of 

Actinidia species would be particularly beneficial.  Meristem tip culture was 

not explored during this research as this is a very delicate, time-consuming 

method, which is not optimal for testing numerous anti-viral treatments, and 

the efficiency of this method for woody species is limited by low 

regeneration rates from small explants (Gella & Errea, 1998; Monette, 1986; 

Špak et al., 2010; Spiegel et al., 1993; Standardi, 1983).  However, the culture 

of meristem tips is generally regarded as an important and effective 

method of tissue culture for the production of virus-free plants (Nasib et al., 

2008; Spiegel et al., 1993; Walkey, 1991).  A. deliciosa shoot meristem tips 

have been described as suitable material for micropropagation (Akbaş et 

al., 2007; Rugini & Gutiérrez-Pesce, 2003; Standardi, 1981). 

 

If protocols for the meristem tip culture of Actinidia species were developed 

and optimised, it may be possible to eliminate viruses from Actinidia species 

through tissue culture alone.  Results from this project suggest that ASGV, 

AVX, CLBV-a and CMV may be eliminated from A. chinensis ‘Hort16A’ and 

A. deliciosa ‘Hayward’ through the initiation and propagation of plant 

tissue cultures (refer to Chapter 3).  This effect could be enhanced through 

meristem tip culture, as elimination of virus through tissue culture is linked to 

small explant size (Walkey, 1991).  Meristem tip culture is frequently used in 

combination with thermotherapy and chemotherapy (Pennazio, 1997), and 

may enhance the effectiveness of the thermotherapy and chemotherapy 

treatments investigated during this project. 
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The selection of an effective thermotherapy protocol for a given plant 

species, especially where no information is available regarding the heat 

tolerance of that species, requires an empirical approach (Spiegel et al., 

1993).  Work on elevated temperature tolerance of kiwifruit by the DSIR in 

the 1980’s indicated that Actinidia species might not tolerate the 

temperatures of 37-39°C typically used for thermotherapy (D. Cohen, Plant 

and Food Research, Auckland, New Zealand pers. com.).  The results 

presented in this thesis confirm that A. deliciosa does not survive at 

temperatures of 37.5°C or greater (refer to Chapter 4).  However, both A. 

chinensis and A. deliciosa can survive an elevated temperature of 35°C, 

which is better tolerated when applied as a temperature cycling regime of 

25°C for eight hours and 35°C for 16 hours (refer to Chapter 4).  This heat 

treatment regime was found to reduce the virus levels of AMV, ASGV, CLBV-

a, and CMV in N. occidentalis plantlets in-vitro, while AcVA, AcVB, and AVX 

were not detected by real time RT-PCR in N. occidentalis plantlets in-vitro 24 

weeks after six months treatment had ended (refer to Chapter 4). 

 

Since the effect of thermotherapy on the elimination of viruses is linked to 

the different sensitivities of virus and host plant species to elevated 

temperatures (Paprstein et al., 2008; Verma et al., 2005; Wang et al., 2006a), 

further research needs to be carried out to investigate whether the 

described reduction of virus levels occurs when the temperature cycling 

treatment is applied to viruses in Actinidia.  Furthermore, virus elimination 

protocols would almost certainly need to be optimised to the specific virus 

to be eradicated.  The temperature cycling method still needs to be tested 

on other viruses found to infect Actinidia species (e.g. CLRV, CNV, RMV, 

and TVCV, refer to Chapter 1) and CLBV-a, for example, did not appear 

particularly sensitive to treatment at 35°C when this was applied as a 

cycling regime for six months.  It may therefore be beneficial to examine 
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whether Actinidia species can tolerate higher temperatures than 35°C 

when the heat is applied as a temperature cycling regime, and the effect 

of this on viruses in Actinidia.  Conversely, the investigation of the effect of 

lower temperatures (e.g. cryotherapy) may be more effective for the 

elimination of viruses that are recalcitrant to treatment with elevated 

temperatures. 

 

Cryotherapy has recently been described as an effective method for 

eliminating viruses from plant shoot tips (Wang et al., 2006b; Wang & 

Valkonen, 2008; Yin et al., 2011).  Cryotherapy is based on cryopreservation, 

a method for storing biological samples at low temperatures that is 

considered as an ideal means for long-term storage of plant germplasm 

(Bayati et al., 2011; Wang et al., 2009).  Wang et al. (2009) describes 

cryotherapy as easy to implement, resulting in high numbers of pathogen-

free regenerants, that has been used to eliminate viruses from Citrus 

species, Ipomoea batatas (kumara), Musa species (banana), Prunus 

species, Rubus idaeus (raspberry), Solanum tuberosum (potato), and Vitis 

vinifera (grapevine); these viruses include Banana streak virus, CMV, 

Grapevine virus A, Plum pox virus, Potato leaf roll virus, Potato virus Y, 

Raspberry bushy dwarf virus, Sweet potato feathery mottle virus and Sweet 

potato chlorotic stunt virus. 

 

Cryopreservation is not currently used for the storage of Actinidia 

germplasm (Datson & Ferguson, 2011), though successful cryopreservation 

of kiwifruit has been reported with encapsulated shoots (Bachiri et al., 2001) 

and seedling shoot tips (Datson & Ferguson, 2011; Suzuki et al., 1995) being 

successfully regenerated after storage in liquid nitrogen.  The effect of such 

storage on viruses in Actinidia has not been investigated, and may be of 

value in eradicating virus from important germplasm. 
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Cryopreservation, and also in-vitro plant tissue culture, may be useful for 

storing parental stocks of virus-free Actinidia.  Actinidia germplasm is largely 

conserved as living field plots, but this is not suitable for long term 

preservation because of extensive maintenance requirements and 

vulnerability to pests and diseases (Rugini & Gutiérrez-Pesce, 2003).  Once 

germplasm is freed from virus, re-infection must be prevented (Martelli & 

Rubino, 2012).  This would be difficult to achieve for germplasm grown in the 

field, and may not be possible where ubiquitous or highly transmissible 

viruses such as AMV and CMV are concerned (Pearson et al., 2011).  

Cryopreservation and/or in-vitro tissue culture may provide a method of 

Actinidia germplasm preservation that precludes re-infection. 

 

Thermotherapy combined with in-vitro meristem tip culture has contributed 

strongly to the control of plant virus diseases, and offer better guarantees in 

plant virus eradication than chemotherapy (Pennazio, 1997).  Difficulties are 

frequently encountered in identifying effective compounds, and it is 

evident from the literature that there are no ideal anti-viral compounds for 

the treatment of plant viruses (Panattoni et al., 2007a; Špak et al., 2010).  

There is a lack of standardisation in methodology for the evaluation of anti-

viral compounds (e.g. application of compounds to callus, meristem, 

protoplast, purified virus, by spraying leaves or whole plants, by drench 

application to roots, injection into plants, floating leaf disks) and in the 

subsequent detection of virus (by biological indexing, ELISA, RT-PCR, IC-RT-

PCR, or qRT-PCR), which can lead to contradictory conclusions (Hansen, 

1989; Špak et al., 2010).  Many candidate anti-viral compounds are 

expensive, difficult to obtain, highly phytotoxic, and/or have unpredictable 

effects (Pennazio, 1997; Walkey, 1991).  Panattoni et al. (2011), for example, 

have reported that plant viruses with similar functional genomics do not 

necessarily respond in the same way to the same anti-viral compound in 
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the same host.  All of these factors have contributed to the lack of 

advanced research in the chemotherapy of plant viruses, despite the great 

potential of anti-viral compounds to agriculture (Panattoni et al., 2007a; 

Pennazio, 1997).   

 

Ribavirin is one of the most extensively studied anti-viral compounds in the 

plant virus literature (Panattoni, 2003), and was the only compound out of 

the seven chemicals (acyclovir, amantadine hydrochloride, 5-azacytidine, 

oseltamivir, ribavirin, 2-thiouracil, and vidarabine) investigated during this 

project to have an anti-viral effect.  Ribavirin had an anti-viral effect against 

2/5 (AMV, ASGV, AVX, CLBV-a, and CMV) viruses studied; ASGV and, to a 

lesser extent, CLBV-a (refer to Chapter 5).  This contrasts poorly with 

thermotherapy, which reduced levels of all five viruses as well as AcVA and 

AcVB (refer to Chapter 4). 

 

Combining thermotherapy with ribavirin did not improve anti-viral efficiency 

against ASGV and CLBV-a (refer to Chapter 5).  However, Špak et al. (2010) 

surmises that the combination of chemotherapy with meristem tip culture 

has “excellent predictability for therapeutic success”, and that the inclusion 

of chemotherapy for treatment of germplasm is necessary for the 

elimination of mixed viral infections, which frequently occur in this type of 

plant material.  AcVA and AcVB, for example, were identified co-infecting 

A. chinensis (Blouin et al., 2012).  AcVA and AcVB were eliminated from 

singly infected N. occidentalis in-vitro plantlet cultures using thermotherapy 

during this project (refer to Chapter 4), but the effect of this treatment on 

co-infected Actinidia species is yet to be tested. 

 

Mixed infections of viruses are often more difficult to eliminate (da Câmara 

Machado et al., 1998; Knapp et al., 1995; Paprstein et al., 2008).  Little is 
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known about the mechanism of this synergistic effect, though it is known 

that synergistic interactions can increase viral replication and cellular 

tropism (Martín & Elena, 2009; Paprstein et al., 2008; Wege & Siegmund, 

2007; Zhang et al., 2001).  Consequently, the effect of ribavirin against AcVA 

and AcVB along with other Actinidia species infecting viruses (e.g. CLRV, 

CNV, RMV, and TVCV, refer to Chapter 1) should be investigated, as 

ribavirin may prove to be an important tool in the elimination of potentially 

difficult to treat mixed infections in Actinidia.  With further development of 

virus elimination protocols, ribavirin may also be important in the 

eradication of ASGV and CLBV-a if these viruses are recalcitrant to 

treatment with other therapies, and if ribavirin shows a similar effect against 

the Actinidia infecting strain of ASGV (treatments studied during this project 

were applied to material infected with an apple strain of ASGV, refer to 

Chapter 2). 

 

The effect of treatments on the elimination of plant viruses is linked to the 

different sensitivities of virus species to exposure to elevated temperatures, 

anti-viral compounds, and virus distribution within the host plant (refer to 

Chapter 1).  Sensitivities to treatment can also be influenced by the strain of 

virus to be eradicated.  For example, thermo-resistant strains of AMV and 

CMV have been described (Franck & Hirth, 1976; Hitchborn, 1956), 

indicating that some strains of these viruses may require higher 

temperatures than others for eradication.  During this project Actinidia 

isolates of AMV and CMV were not eliminated by a temperature cycling 

regime of 25°C for eight hours and 35°C for 16 hours (refer to Chapter 4), 

even though elimination of AMV has been reported at 32°C in N. rustica 

after 16 to 18 days (Walkey, 1976).  It is therefore possible that these 

Actinidia isolates of AMV and CMV are thermo-resistant strains, but further 

investigation is required to establish this. 
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Phylogenetic analysis of Actinidia isolates of AMV from A. fortunatii, A. 

glaucophylla, and A. guilinensis showed that the A. guilinensis isolate is 

different to the A. fortunatii and A. glaucophylla isolates, so it is not likely 

that all three constitute a single strain (refer to Chapter 6).  The 

thermotherapy and chemotherapy treatments studied during this project 

were applied to material infected with the A. guilinensis AMV isolate.  The A. 

guilinensis isolate was most similar to an AMV isolate (15/64) from England 

(Garden Lupin), grouping within subgroup II of the AMV phylogeny (refer to 

Chapter 6).  There are no reports in the literature of whether or not AMV 

isolate 15/64 or other members of subgroup II are thermo-resistant and, 

while genome sequence is essential in the demarcation of virus strains and 

species, the phenotypic differences between strains is not always apparent 

from genome analyses (Spetz et al., 2003). 

 

Consequently, further investigation of Actinidia AMV isolates at the 

biological level would characterise the Actinidia isolates more definitively, 

and could be of practical significance in the design of protocols for the 

elimination of AMV from Actinidia species (e.g. are these Actinidia 

isolates/strains thermo-resistant isolates/strains).  The Actinidia CMV isolates 

may also benefit from molecular and biological characterisation to 

evaluate whether or not the Actinidia CMV isolates constitute an Actinidia 

strain of CMV, and if they are thermo-resistant. 

 

Therefore, future research should involve further genotypic and phenotypic 

characterisation of AMV and CMV (and possibly other Actinidia virus 

isolates, where they are not already being characterised) so that 

elimination protocols can be tailored to the viruses infecting Actinidia.  

Development of such protocols will involve the optimisation of tissue culture 

protocols, particularly meristem tip culture, for the specific Actinidia species 
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to be treated.  Depending upon the virus or viruses to be treated, meristem 

tip culture alone may be sufficient treatment, or may be combined with a 

temperature cycling regime and/or ribavirin.  The duration of such 

treatments are critical and also need to be optimised to the virus/Actindia 

species combination being treated.  The effect of temperatures higher than 

35°C when applied as a temperature cycling regime on viruses and 

Actinidia species should be investigated, as some viruses are not sensitive to 

elevated temperatures within the range that is tolerated by the host plant, 

and 35°C is a relatively low treatment temperature in comparison to 

thermotherapeutical temperatures described in the plant virus literature 

referenced during this project.  For this reason, the study of the effect of 

cryotherapy on viruses in Actinidia species is also recommended, and may 

prove to be a beneficial means of storage and elimination of viruses from 

important Actinidia germplasm. 

 

In summary, the research presented in this thesis provides important 

information concerning the sensitivities of viruses known to infect Actinidia 

species (AcVA, AcVB, AMV, ASGV, AVX, CLBV-a and CMV), as well as the 

commercially important A. chinensis ‘Hort16A’ and A. deliciosa ‘Hayward’, 

to thermotherapeutic and chemotherapeutic treatments.  The need to 

optimise Actinidia species specific in-vitro tissue culture protocols and the 

need for biological characterisation of Actinidia virus isolates were also 

identified; adding to the body of knowledge required by ZESPRI 

International Ltd.  This knowledge may also be useful to researchers from 

other countries seeking to eliminate viruses from Actinidia.  This information 

has important practical implications, providing a foundation for the 

development of protocols for the elimination of viruses from elite Actinidia 

species germplasm, as well as other plant species.  This, in turn, will ensure 

the high health status of the New Zealand Actinidia germplasm collection, 
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facilitating the development of new cultivars and ensuring that New 

Zealand kiwifruit production and exportation is not compromised. 
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- Appendix 1 - 

ELISA buffer recipes 

 

 

Coating buffer (pH9.6; 1000mL)  Indirect extraction buffer (pH9.6; 1000mL) 

in distilled water:  In distilled water: 

Na2CO3 1.59g  Na2CO3 1.59g 

NaHCO3 2.93g  NaHCO3 2.93g 

NaN3 0.20g  NaN3 0.20g 

   PVP MW 24000 20.00g 

     

Conjugate buffer (pH7.4; 1000mL) a  SEB buffer (pH 7.4; 1000mL) b 

in distilled water:  in distilled water: 

TRIS 2.40g  NaCl 8.00g 

NaCl 8.00g  KH2PO4 1.00g 

PVP MW 24000 20.00g  Na2HPO4∙12H2O 14.50g 

Tween 20 0.50g  NaN3 0.50g 

BSA 2.00g  PVP MW 24000 20.00g 

MgCl2∙6H2O 0.20g  Tween 20 1.00g 

KCl 0.20g  Ovalbumine 2.00g 

NaN3 0.20g    

     

ECI buffer (pH7.4; 1000mL)   Substrate buffer (pH9.8; 1000mL) a 

in distilled water:   in distilled water:  

BSA 2.00g  Diethanolamine 97.00mL 

PVP MW 24000 20.0g  NaN3 0.20g 

NaN3 0.20g    

     

Extraction buffer (pH7.4; 1000mL) a  Wash buffer (pH 7.4; 1000mL) 

in distilled water:  in distilled water: 

TRIS 2.40g  NaCl 8.00g 

NaCl 8.00g  KH2PO4 0.20g 

PVP MW 24000 20.00g  Na2HPO4 1.15g 

Tween 20 0.50g  KCl 0.20g 

KCl 0.20g  Tween 20 0.50g 

NaN3 0.20g  NaN3 0.20g 

     

     
a pH adjusted with HCl  b pH adjusted with NaOH 

   

Abbreviations: TRIS = tris-(hydroxymethyl)aminomethane; PVP = polyvinylpyrrolidone; 

BSA = bovine serum albumin 
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- Appendix 2 - 

ASGV sequences 

 

 

 

>ASGV (apple isolate; positive control) 
AGGGAAATCTAAGACCAGTAGAAAAGTCGAAAGCTACCCATGGGCTTTTTTCAAAA

GCTTTGGGCCATTTCTTGTAGATATTAGTGGCAAGTCCCCTTGACCACCTTTCATGAAG

AAATTCCCGAGCCAAATCAGCAAATGGCTCACAAAGCTTTCGAAACGTACACTCG

TTCAGAGAGTTCTGCCTAGAAGTGGCAGCAAAAGTTTTCAATTCAGGTACAACGTTTG

ACAAGTCGATTCTCCAAATCTTTGTTTTTTCGCCAGACGAACCCGCTCTGGCCTTCTTTT

CTTCTTCGGTCTCCCCTTCTTTTGGGATCGTTGTTAAATTGTAATGAACCGGAGGTGTAT

CAAACCAACAGCCGGGATAAACCATAAATTGCGCACAATTAATAAACGCAAC 

 

>C3 
CCTGTTTCTCATCAGGTGTTAGACGGTTCATCTTAAGACCAGTAGCAAAATCAAAAG

CTACCCATGGGCTTTTTTCAAAAGCTTTGGGCCATTTCTTGTAGATATTAGTGGCAAGTC

CCCTTGACCACCTTTCATGAAGAAATTCCCAAGCCAAATCAGCAAATGGCTCACA

AAGCTTTCAAAACGTACACTCGTTCAAAGAGTTCTGCCTAAAATTGGCAGCAAAAGT

TTTCAATTCAGGTACAACGTTTGACAAGTCAATTCTCCAAATCTTTGTTTTTTCGCCAAAC

AAACCCGCTCTGGCCTTCTTTTCTTCTTCGGTCTCCCCTTCTTTTGGGATCGTTGTTAAATT

GTAATGAACCGGAGGTGTATCAAATCAACAGCGGGATTACTCGCTACT 

 

>C4 
CAATCACCTGTTTCTCATCAGGTGTTAGACGGTTCATCTTAAGACCAGTAGCAAAGTC

GAAAGCTACCCATGGGCTTTTTTCAAAAGCTTTGGGCCATTTCTTGTAGATATTAGTGG

CAAGTCCCCTTGACCACCTTTCATGAAGAAATTCCCGAGCCAAATCAGCAAATGG

CTCACAAAGCTTTCGAAACGTACACTCGTTCAGAGAGTTCTGCCTAGAAGTGGCAG

CAAAAGTTTTCAATTCAGGTACAACGTTTGACAAGTCGATTCTCCAAATCTTTGTTTTTTC

GCCAGACGAACCCGCTCTGGCCTTCTTTTCTTCTTCGGTCTCCCCTTCTTTTGGGATC

GTTGTTAAATTGTAATGAACCGGAGGTGTATCAAACAAACATGCGGGATGCTG 

 

>C5 
AACGGGATGTGTACGAAAAAGCCTCGTAGTCATCCTGTCAATCACCTGTTTCTCATC

AGGTGTTAGACGGTTCATCTTAAGACCAGTAGCAAAGTCGAAAGCTACCCATGGG

CTTTTTTCAAAAGCTTTGGGCCATTTCTTGTAGATATTAGTGGCAAGTCCCCTTGACCAC

CTTTCATGAAGAAATTCCCGAGCCAAATCAGCAAATGGCTCACAAAGCTTTCGAAA

CGTACACTCGTTCAGAGAGTTCTGCCTAGAAGTGGCAGCAAAAGTTTTCAATTCAG

GTACAACGTTTGACAAGTCGATTCTCCAAATCTTTGTTTTTTCGCCAGACGAACCCGC

TCTGGCCTTCTTTTCTTCTTCGGTCTCCCCTTCTTTTGGGATCGTTGTTAAATTGTAA 
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>H1 
GTTTCTCATCAGGTGTTAGACGGTTCATCTTAAGACCAGTAGCAAAGTCGAAAGCTA

CCCATGGGCTTTTTTCAAAAGCTTTGGGCCATTTCTTGTAGATATTAGTGGCAAGTCCC

CTTGACCACCTTTCATGAAGAAATTCCCGAGCCAAATCAGCAAATGGCTCACAAA

GCTTTCGAAACGTACACTCGTTCAGAGAGTTCTGCCTAGAAGTGGCAGCAAAAGTT

TTCAATTCAGGTACAACGTTTGACAAGTCGATTCTCCAAATCTTTGTTTTTTCGCCAGAC

GAACCCGCTCTGGCCTTCTTTTCTTCTTCGGTCTCCCCTTCTTTTGGGATCGTTGTTAAATT

GTAATGAACCGGAGGTGTATCAACCACTTTCGGAATTGTTTAAGGTTTTAT 

 

>H3 
GTCAATCACCTGTTTCTCATCAGGTGTTAGACGGTTCATCTTAGTACCCGTACCAAAG

TCGAAAGCTACCCATGGGCTTTTTTCAAAAGCTTTGGGCCATTTCTTGTATATATTAGTG

GCAAGTCCCCTTGACCACCTTTCATGAAGAAATTCCCGAGCCAAATCAGCAAATG

GCTCACAAAGCTTTCGAAACGTACACTCGTTCAGAGAGTTCTGCCTAGAAGTGGCA

GCAAAAGTTTTCAATTCAGGTACAACGTTTGACAAGTCGATTCTCCAAATCTTTGTTTTTT

CGCCAGACGAACCCGCTCTGGCCTTCTTTTCTTCTTCGGTCTCCCCTTCTTTTGGGATC

GTTGTTAAATTGTAATGAACCGGAGGTGTATCAAATCCAACAGCGGGAGTA 
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- Appendix 3 - 

AMV sequences 

 

 

 

>175 
CACGCGTTGGGAGCTCTCCCATATGGTCGACCTGCAGGCGGCCGCGAATTCACT

AGTGATTACAGTGTAATTCGTACTTTTCGTAAGTAAGTTTCTGTAAAAGCGTTTCTTGTTTTA

ACTTGGCCTAACACGTAATTCGTACTCTTCGTGAGTAAGTTGTGTTAGCCATATCTATC

CCTTTTTTTTTGTCAAATTTAAAAAGAAAATCATTCCCATTCGCGTAATTCGTACTCTTCGT

GAGTAAGTTGCAAATGGAGAATACAAAAACAAATGCCTCGGGTTCTGGAATATCTTC

TTCCTCCAGCTTTTCAGTGTCTTATGCTGAGGAAATGTTACTAGCTGATGAAGTTTCAAA

AATGAACTCAATGTCGATCCTGGGTCCCAATCAGCTAAAGCTCTGCACTCAGTTGGT

GCTGTCTAATGGAGCAGCACCTGTAGTTCTAAGCCTTGTGTCGAAGGAAAAGAAAT

CGATTTTAAATCGAATGCTTCCAATAATCGGACAGAGGATGTATGTCCATCACTCGG

CTATTTACCTCCCTTATATGCCAAATATACTAAAAAGTTCTTCAGGGAGCATCACCTTG

AAACTTTTTAATGAGGCTACGGGAGAGTTAGTGGATGTTGACACCGACCATGATGCT

ACCCAAGCATGTATATTTGCTGGACGTTACCCCCGGAGTATTCTGGCGAAAGATGC

TGCGAAAGGACATGACTTAAAATTAGTCGTCCACGCAGTTGCTTCGACCAATGCGA

ACTCTGCTGTCGGTGTTCTATACCCCATCTGGGAAGATGAGTTAAGCAGAAAGCAG

ATCCTCGAAAGGGGTGCCGATTTTCTAAAGTTTCCAATTGCTGAGACCGAACCAGT

CCGCGATCTCTTAAATGCTGGAAAATTGACGGACTTCGTTCTTGATAGGACGAGGTT

GGGCGTGGGATCAAAGAAAGATCCTAATCCGGTTCTTTTGGAACCACGAGCCAA

GGTTACCGGGAAAGCAAAGACAGTTTTTATTCCCGAAGGCCTTGGTGTTCCTAATAC

CATTGTAAATGGTATAACACCGACGGTGCGAATAGATGCCGGTTCTCCAAAAGGTC

TTGGAGTTCCGAAAGGGTTTACGTATGAAAGTTTTATTAAAGATGAAATATTACCTGATC

ATTGATCGGTAATGGGCCGTTTTATTTTTAATTTTCTTTCAAATACTTCCATCATGAGTTCTTC

ACAAAAGAAAGCTGGTGGGAAAGCTGGTAAACCTACTAAACGTTCTCAGAACTAT

GCTGCTCTACGCAAAGCTCAACTGCCGAAGCCTCCGGCGTTGAAAGTCCCGGTT

GCAAAACCGACGAATACTATACTGCCACAGACGGGCTGCGTGTGGCAAAGCCT

CGGGACCCCTCTGAGTCTGAGCTCTTCAAATGGGCTCGGTGCGAGATTCCTCTAC

AGTTTTCTGAAGGATTTCGTAGCTCCTCGAATCCTCGAAGAGGATTTGATTTTCAGGAT

GGTGTTTTCTGTAACACCGTCCCATGCCGGCTCTTTTTGTCTCACTGATGACGTGACG

ACTGAGGATGGTAGGGCCGTTGCGCATGGTAACCCCATGCAAGAATTTCCTCATG

GCGCTTTTCACGCCAATGAGAAGTTCGGGTTTGAGTTGGTCTTCACAGCTCCTACCC

ATGCGGGAATGCAAAATCAAAATTTCAAACATTCCTATGCCGTAGCCCTTTGTTTGGA

CTTCGACGCTCTGCCTGAGGGATCTAAGAATCCCTCATACCGATTCAACGAAGTTT

GGGTCGAGAGAAAGGCGTTTCCGCGAGCAGGGCCCCTCCGCAGTTTGATTACTG

TGGGGCTGTTCGACGATGCTGACGATCTTGACCGTCAATGATGTACCCCATTAATTT

GGGATGCTAAAGTCATTTAATGCTGACCTCCACTGGGTGGATTAAGGTCAAGGTATG

AAGTCCTATTCGCTCCTGATAGGAACGACTTCATATTGCTTATATATGTGCTAACGCAC

ATATATAAATGCTCATGCAAAACTGCATGAATGCCCCT 
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>176 

CCATGCTCCGGCCGCCATGGCGGCCGCGGGAATTCGATTACAGTGTAATT

CGTACTTTTCGTAAGTAAGTTTCTGTAAAAGCGTTTCTTGTTTTATTTTGGCCTAACA

CGTAATTCGTACTCTTCGTGAGTAAGTTGTGTTAGCCATATCTATCCTTTATTTTTCT

GTCAAATTAAAAGGAAAATCATTCCCATCCGCGTAATTCGTACTCTTCGTGAG

TAAGTTGCGAATGGAGAATACCAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAATGCCTCGAGTTATGGAATATCTTCTTCCTCCAGCTTTTCAGTGTCTTATGCTG

AGGAAATGTTACTAGCTGATGAAGTTTCAAAAGTGAACTCAATGCCGATCCT

GGGTCCTAATCAGCTAAAGCTCTGCACTCAATTGGTACTGTCTAATGGAGCA

GCACCAGTAGTTTTAAGCCTTGTGTCGAAGGAAAAGAGATCGATTTTAAATCG

TATGCTTCCAAAGATTGGACAGAGGATGTACGTCCATCACTCGGCTATTTAC

CTCCTTTATATGCCAAACATACTAAAAAGTTCTTCAGGGAGCATCACCTTGAA

ACTTTTTAATGAAGCTACGGGAGAGTTAGTGGATGTTGACACCGACCATGAT

GCTACCCAAGCATGTATATTTGCTGGACGTTACCCCCGGAGTATTCTGGCGA

AAGATGCCGCGAAAGGGCACGACTTAAAATTAGTCGTCCACGCAGTTGCT

TCGACCAATGCAAACTCTGCTGTCGGTGTTCTATACCCAATTTGGGAAGATG

AGTTAAGCAGAAAGCAAATCCTCGAAAGGGGTGCCGATTTTCTAAAGTTTCC

AATTGCTGAGACCGAACCAGTCCGCGATCTCTTAAATGCTGGAAAATTGAC

GGACTTCGTTCTTGATAGGACGAGGTTAGGTGTGGGATCAAAGAAGGATCC

CAATCCGGTTCTTTTAGAACCAAGAGCTAGGATTGCCGGGAAGGCAAAGA

CATTTTTTATTCCCGAAGGTCTTGGTGTTCCTAGTACCACTATAAATGGTATAAC

ACCGACGGTGCGAATAGATGCCGGTTCTCCAAAGGGTCTTGGAGTTCCGA

AAGGGTTTACGTATGAAAGTTTTATTAAAGATGAAATATTACCTGATCATTGATC

GGTAATGGGCCGTATTATTTTTAATTTTCTTTCAAATTCTTCCATCATGAGTTCTTCA

CAAAAGAAAGCTGGTGGGAAAGCTGGTAAACCTACTAAACGTTCACAGAA

CTATGCTGCTCTACGCAAAGCTCAACTGCCGAAGCCTCCGACGTTGAAAG

TCCCGGTTGCAAAACCGACGAATACTATACTGCCACAGACGGGCTGCGT

GTGGCAAAGCCTCGGGACCCCTCTGAGTCTGAGCTCTTCAAATGGGCTCG

GTGCGAGATTCCTCTACAGTTTTCTGAAGGATTTCGTAGCACCCCGGCTCCT

CGAAGAGGATCTGGTTTTCAGGATGGTGTTTTCTATAACACCGTCCCATGCC

GGCACCTTTTGTCTCACTGATGACGTGACGACTGAGGATGGTAGGGCCGTT

GCGCATGGTAACCCCATGCAAGATTTTCCTCAAGGCGTTTTTCACGCCAATG

AGAAGTTCGGGTTTGAGTTGGTCTTCACAGCTCCTACCCATGCAGGGATGC

AAAATCAGAATTTCAAGCACTCCTATGCCGTAGCCCTCTGTTTGGACTTCGAC

GCTCTGCCTGAGGGATCTAAAAATCCCTCATACCGATTCAACGAAGTTTGG

GTCGAGAGAAAGGCGTTTCCGCGAGCAGGGCCCCTCCGCAGTTTAATTA

CTGTGGGTCTGTTCGACGAAGCTGACGATCTTGATCGTCATTGATGTACCCC

ATTGATTTGGGATGCTAAAGTCATTTAATGCTGACCTCCACTGGGTGGATTAAG

GTCAAGGTATGAAGTCCTATTCGCTCCTGATAGGAACGACTTCATATTGCTTAT
ATATGTGCTAACGCACATATATAAATGCTCATGCAAAACTGCATGAATGCCCC 
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>178 
GTTGACGACGTCCATGCTCCGGCCGCCATGGCGGCCGCGGGAATTCGATTACA

GTGTAATTCGTACTTTTCGTAAGTAAGTTTCTGTAAAAGCGTTTCTTGTTTTATTTTGGCCTAA

CACGTAATTCGTACTCTTCGTGAGTAAGTTGTGTTAGCCATATCTATCCTTTAATTTTCTGT

CAAATTAAAAAGAAAATCATTCCCATTTGCGTAATTCGTACTCTTCGTGAGTAAGTTGC

GAATGGAGAATACAAAAACAAATGCCTCGAGTTCAGGAATATCTTCTTCCTCCAGCT

TTTCAGTGTCTTATGCTGAGGAAATGTTACCAGCTGATGAAGTTTCAAAAGTGAACTCA

ATGTCGATCCTGGGTCCCAATCAGCTAAAGCTCTGCACTCAATTGGTACTGTCTAAT

GGAGCAGCACCAGTAGTATTAAGCCTTGTGTCGAAGGAAAAGAGATCGATTTTAAA

TCGTATGCTTCCAAAGATCGGACAGAGGATGTACGTCCATCACTCGGCTATTTACCT

CCTTTATATGCCAAACATACTAAAAAGTTCTTCAGGGAGCATCACCTTGAAACTTTTTA

ATGAAGCTACGGGAGAGTTAGTGGATGTTGACACCGACCATGATGCTACCCAAG

CATGTATATTTGCTGGACGTTACCCCCGGAGTATTCTGGCGAAAGATGCCGCGAAA

GGACACGACTTGAAATTAGTCGTCCACGCGGTTGCTTCGACCAATGCAAACTCTG

CTGTCGGTGTTCTATACCCAATTTGGGAAGATGAGTTAAGCAGAAAGCAAATCCTCG

AAAGGGGTGCCGATTTTCTAAAGTTTCCAATTGCTGAGACCGAACCAGTCCGCGAT

CTCTTAAATGCTGGAAAATTGACGGACTTCGTTCTTGATAGGACGAGGTTAGGTGTG

GGATCAAAGAAGGATCCCAATCCGGTTCTTTTAGAACCAAGAGCTAAGATTGCCG

GGAAGGCAAAGACATTTTTTTATTCCCGAAGGTCTTGGTGTTCCTAGTACCACTATAAA

TGGTATAACACCGACGGTGCGAATAGATGCCGGTTCTCCAAAGGGTCTTGGAGTTC

CGAAAGGGTTTACGTATGAAAGTTTTATTAAAGATGAAATATTACCTGATCATTGATCG

GTAATGGGCCGTTTTTATTTTTAATTTTCTTTCAAATTCTTCCATCATGAGTTCTTCACAAAAG

AAAGCCGGTGGGAAAGCTGGTAAACCTACTAAACGTTCACAGAACTATGCTGCTC

TACGCAAAGCTCAACTGCCGAAGCCTCCGGCGTTGAAAGTCCCGGTTACAAAAC

CGACGAATACTATACTGCCACAGACGGGCTGCGTGTGGCAAAGCCTCGGGACC

CCTCTGAGTCTGAGCTCTTCAAATGGGCTCGGTGCGAGATTCCTCTACAGTTTTCTGA

AGGATTTCGCAGCACCCCGGCTCCTCGAAGAGGATCTGGTTTTCAGGATGGTGTTTT

CTATAACACCGTCCCATGCCGGCACTTTTTGTCTCACTGATGACGTGACGACTGAG

GATGGTAGGGCCGTTGCGCATGGTAACCCCATGCAAGAATTTCCTCAAGGCGGTT

TTCACGCCAATGAGAAGTTCGGGTTTGAGTTGGTCTTCACAGCTCCTACCCATGCAG

GGATGCAAAATCAAAATTTCAAGCATTCCTATGCCGTAGCCCTCTGTTTGGACTTCGA

CGCTCTGCCTGAGGGATCTAAAAATCCCTCATACCGATTCAACGAAGTTTGGGTCG

AGAGAAAGGCGTTTCCGCGAGCAGGGCCCCTCCGCAGTTTAATTACTGTGGGTCT

GTTCGACGAAGCTGACGATCTTGATCGTCATTGATGTACCCCATTAATTTGGGATGCT

AAAGTCATTTAATGCTGACCTCCACTGGGTGGATTAGGGTCAAGGTATGAAGTCCTA

TTCGCTCCTGATAGGAACGACTTCATATTGCTTATATATGTGCTAACGCACATATATAA

ATGCTCATGCAAAACTGCATGAATGCCCCTAAGGGATGC 

 

 

 

 

 

 

 

 

 

 


