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Abstract 

Potyvirus is the largest and one of the most economically important of the virus genera infecting 

plants. The complexities of potyvirus identification resulting from many different species, mixed 

infections, emerging new viruses, new hosts, and new vectors, etc., often requires the use of 

multiple detection methods which is time consumable and costly. Therefore an assay that can test 

for a range of potyviruses simultaneously, with good specificity and sensitivity, is desirable. This 

study looked at the feasibility of producing an oligonucleotide microarray for detection and 

identification of potyviruses at both species and strain level.  

Thirty plant samples with suspected potyvirus infections were collected from field and research 

laboratories in New Zealand and partial NIb gene, complete CP gene and 3΄UTR were sequenced. 

Twelve definitive potyviruses, one tentative potyvirus, one non-potyvirus, and one novel potyvirus-

like sequence were identified, six of which were first records for New Zealand. 

Sequence analysis showed that NIb and CP genes and the 3΄UTR contained both conserved and 

variable sequences which were used to design both species and strain level specific probes. Four 

Potyvirus species were chosen for a “proof of concept” study and probes were designed using two 

different software programs (ROSO and CAG software). A total of eighty five probes including 33 

perfect-match and 52 mismatch probes were selected to represent the four targeted potyviruses. 

Each probe was synthesized with spacers of either 6 or 12 poly-cytosine or poly-thymine at the 5΄ 

terminus. Arrays showed high specificity to the targets when tested using nineteen different 

geographically diverse potyvirus isolates representing the four target species, four distinct but 

closely related New Zealand potyviruses, and four healthy plant species. Factors affecting the 

hybridization efficiency, e.g. the size of the target fragments, secondary structure of probes and 

targets, label type, strandedness, Tm and GC content of probes, were also investigated.  

The approaches and protocols developed in this study should form a useful basis for developing 

other potyviruses arrays and the results also provide useful insights into issues of generic interest 

for the development of arrays for detecting other pathogens.  
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Chapter 1. General Introduction 

 

1.1. Literature review 

1.1.1 Introduction of plant virus disease 

1.1.1.1 History and development of plant virus disease  

The foundations of plant virology were laid by Mayer (1886), Ivanowski (1892) and Beijerinck 

(1898) based on the study of Tobacco mosaic virus (TMV). Since their discovery, our increased 

knowledge and understanding of viruses has often been linked to the development of new 

technologies. Early technological developments that substantially increased our ability to detect 

and identify viruses include serological techniques (Chester, 1935; 1936), virus purification 

methods (Bawden et al., 1936; Stanley, 1935), and the invention of the electron microscope by 

Max Knoll and Ernst Ruska in 1931 (Grimstone, 1977) which enabled viruses to be visualized for 

the firstly time (Kausche et al., 1939). In the late 1970s to 1980s, the development of advanced 

molecular biological technologies such as PCR and RT-PCR (Puchta and Sanger, 1989; Saiki et al., 

1985), together with the sequencing techniques developed by Fred Sanger during 1960s to late 

1970s (Sanger, 2001), allowed greater understanding of the nature of viruses and increased 

capability for the rapid detection of the viruses.  

Matthews (1991) defines a virus as “a set of one or more nucleic acid template molecules, 

normally encased in a protective coat or coats of protein or lipoprotein, which is able to organize 

its own replication only within suitable host cells.” and a virus species as “a polythetic class of 

viruses that constitutes a replicating lineage and occupies a particular ecological niche”. That is, a 

species typically contains many variant types such as strains or serotypes (Van Regenmortel, 

1990). Historically virus taxonomy has been based on properties such as host range, particle 

morphology, and serological reaction, but it is now largely based on the type and sequence of the 

nucleic acid (Fauquet et al., 2005).  

New plant viruses and viral diseases continue to be discovered worldwide, aided by more sensitive 

and specific detection methods. There were only 16 plant virus groups identified in 1971 (Harrison 

et al., 1971) but they increased to 34 groups in the 5th report of the international committee on 
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taxonomy of viruses (ICTV) (Francki et al., 1991). The 6th ICTV report (Murphy et al., 1995) 

proposed 47 genera of plant viruses, 25 of which were allocated to ten families, with the remaining 

22 as unassigned genera. Since then, based on new information, the 7th (Van Regenmortel et al., 

2000) 72 plant virus genera were proposed of which 51 were allocated to 15 families and the 8th 

ICTV report (Fauquet et al., 2005) identified 78 genera, 62 of which are allocated to 19 plant virus 

families with the other 16 genera are unassigned.  

Evolutionary studies of plant RNA viruses, which comprise the great majority of plant viruses, 

have shown that recombinant viruses are a common phenomenon (MacFarlane, 1997; Padidam et 

al., 1999; Roossinck, 1997). The reasons can be traced to the mechanism of RNA virus replication 

which depends on the virus-encoded RNA-dependent-RNA-polymerase (RdRp). Due to the high 

error rate of replication, RNA viruses undergo rapid genetic changes resulting in heterogeneous 

populations of related RNA sequences often referred to as “quasi” species (Domingo and Holland, 

1997; Rubio et al., 1999; Simon and Bujarski, 1994).  The first observed recombination in plant 

RNA viruses was for Brome mosaic virus (Bujarski and Kaesberg, 1986), but since then a large 

number of natural recombinant plant viruses have been discovered from different virus groups 

(Bousalem et al., 2000; Gibbs, 1995; Le Gall et al., 1995; Vives et al., 2005). A recent 

phylogenetic survey on recombination frequency in plant RNA viruses indicated that the 

recombination occurred with high frequency in some plant RNA viruses (Chare and Holmes, 

2006). 

A common feature of plant viruses, differentiating them from human and animal viruses, is broad 

host range. More than 700 plant viruses have been recognized, most of which have a broad host 

ranges (Strange, 1993). Cucumber mosaic virus has an exceptionally wide host range and can 

infect >200 species belonging to 20 plant families (Chamberlain, 1954), and the globally 

distributed Barley yellow dwarf virus can infect over 150 species of the Poaceae, including all the 

major cereals such as wheat, barley, oats, rye, rice and maize (Strange,1993). Recent and current 

studies continue to discover more and more new hosts such as Apple stem grooving virus in 

Actinidia chinensis (Clover et al., 2003), Turnip mosaic virus in Calla lily (Chao et al., 2003), 

Zucchini yellow mosaic virus in cucurbitaceous sp. (Csorba et al., 2004). 

With the ever increasing knowledge on different aspects of plant viruses including 

symptomatology, epidemiology, pathology, taxonomy, host range, vectors, transmission, diagnosis 

and control, new and exciting prospects are appearing for a deeper understanding of plant virus 
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diseases. In particular the advance of the modern molecular techniques has increased our 

understanding of virus structure, genome organisation, and gene function. 

 

1.1.1.2 Impact of plant virus diseases 

It has long been known that the impact of plant diseases is not limited to the plant itself but also, 

indirectly, to humans, animals, and the living environment. Plant diseases are a major threat to the 

food and fuel supply as they can cause up to 40% of crop yield losses (Khan and Dijkstra, 2002). 

Plant virus diseases are economically important because of their severe damage and the difficulty 

of controlling them (Khan and Dijkstra, 2002). Most economically important crops are susceptible 

to virus infection which can result in yield reduction and the deterioration of quality, or even 

elimination of a plant cultivar (Walkey, 1985). The consequent impacts to humans can include the 

increased cost of food, lost income to growers and companies, starvation, loss of natural resources, 

and social and political costs (Agrios, 1987; Maloy, 1993; Trigiano et al., 2003; Walkey, 1985).  

There are many examples of economically important plant virus diseases over the past decades. 

African cassava mosaic virus caused 50% yield losses to cassava (Manihot esculenta), one of the 

largest source of carbohydrate for human consumption, and led to starvation in Uganda in the 

1990s during which time annual losses of 60 million US$ were estimated (Strange, 1993; Thresh 

and Cooter, 2005). Serious economic losses resulting from outbreaks of Citrus tristeza virus have 

also been reported from America (Wutscher, 1977).  Swollen shoot virus disease resulted in the 

death of millions of cocoa (Theobroma cacao) trees which caused incalculable damage to 

economies as well as to social structure (Thresh, 1980; Thresh, 1986).  

 

1.1.1.3 Infection and transmission 

Unlike animal or human viruses, which are often transmitted directly to new hosts via host 

movement and contact, transmission of a plant virus between host plants within a field or between 

distant fields is often dependent on a vector. To infect a plant, a virus must physically penetrate the 

cell wall barrier, which may result from mechanical inoculation carried out by humans, or natural 

transmission by animals, insects, nematodes or fungi (Khan and Dijkstra, 2002; Trigiano et al., 

2003). Plant hoppers were first recognized as a virus vector of yellow stripe disease of corn by 
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Kunkel (1922). Fukushi (1940) first showed that Rice dwarf virus could be passed through the egg 

of a leafhopper vector for many generations and the propagation of Tospovirus in a vector was 

later confirmed by immunocytology and electron microscopy (EM) (Ullman et al., 1993; Wijkamp 

et al., 1993). Nematodes were identified as the vector of Grapevine fanleaf virus in California 

(Hewitt et al., 1958), and fungi are also shown to transmit several soil-borne viruses (Grogan and 

Campbell, 1966). In addition many different kinds of insects (aphids, leafhoppers, beetles, 

whiteflies, thrips), mites, nematodes, fungi, seed and pollen have been identified as vectors of 

plant virus infection and transmission (Hull, 2004; Matthews, 1991; Mink, 1993; Van den Heuvel 

et al., 1999; Wang and Maule, 1994). Insects are the most important vectors of plant viruses 

because of their abundance and feeding behavior (Harris, 1991) and about 70% of plant viruses 

have insect vectors, more than 50% of which are homopterans (Francki et al., 1991).  

Research on the distribution of virus in different organs of the same plant shows that viruses are 

not always detected in all organs of the same plant (Ramirez-Malagon et al., 2006). Samuel (1934) 

described the concept whereby virus infection within a plant starts with cell-to-cell movement 

from the inoculation point followed by long-distance movement via the vascular system. Later 

research into the mechanisms involved revealed that a single amino acid substitution in the 30K 

protein of TMV resulted in a defective virus transport function (Ohno et al., 1983). This protein 

was then identified as the functional protein involving in cell-to-cell movement (Meshi et al., 

1987). In potyviruses the helper component protein (HC-Pro) (Ammar et al., 1994; Berger and 

Pirone, 1986; Ruiz-Ferrer et al., 2005), the coat protein (CP) especially the Asp-Ala-Gly (DAG) 

motif at the N terminal of CP (Atreya et al., 1990; Chen and Francki, 1990; Dombrovsky et al., 

2005; Harrison and Robinson, 1988; Peng et al., 1998), the cylindrical inclusion (CI) protein 

(Eagles et al., 1994a; Klein et al., 1994; Laín et al., 1990), and the viral genome linked protein 

(VPg) (Nicolas et al., 1997) have also been reported to assist the movement of viruses in plant 

hosts.  

Long-distance movement involves the vascular tissues (xylem and/or phloem) (Roberts et al., 1997) 

and in potyviruses, at least three viral proteins, CP, HC-Pro and VPg, are reported as being 

involved (Dolja et al., 1994; Klein et al., 1994; Schaad et al., 1997). A recent study on Plum pox 

virus (PPV) accumulation and movement in single plants of susceptible and resistant apricot 

cultivars, showed that the long-distance transport of virus also occurred in resistant plants (Ligia et 

al., 2006). 
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1.1.1.4 Control 

Control of plant virus diseases is a difficult task due to the large variety of virus species, wide host 

ranges, different vectors and complex transmission processes as well as the common phenomenon 

of mixed infections. Meanwhile the lack of the rapid and accurate diagnostic technology makes the 

control of the virus disease more difficult. Conventional control measures for plant virus diseases 

depend mainly on the following three approaches: (1) Eliminating virus sources by seed treatment, 

soil fumigation, destroying infected plants (Agrios, 1987; Chamberlain, 1954; Cockbain et al., 

1976; Maloy, 1993); (2) Preventing transmission from plant to plant. Vectors are the main factors 

to spread the plant virus disease and therefore control of vectors using insecticides or other 

pesticides may be effective for some viruses (Oku, 1994; Raccah, 1986; Thomason and McKenry, 

1975); (3) Selecting and breeding virus resistant cultivars.  

 

1.1.2 Potyvirus 

1.1.2.1 Introduction 

Potyviruses, a group established in 1959 (Brandes and Wetter, 1959), is the largest of the six 

genera in the Potyviridae family, and the type species is Potato virus Y (PVY).  It is the largest and 

one of the most rapid growing of the 78 plant virus genera. Viruses belonging to this genus are 

responsible for severe disruption to many economically important crops. They are transmitted 

mechanically and by aphids in a non-persistent manner (Fauquet et al., 2005; Gibbs et al., 2003; 

Poutaraud et al., 2004; Shukla et al., 1994).  

The importance of potyviruses can be seen from the increasing number of the Potyvirus 

publications from the “Biological Abstracts” data base which reflect the relevant increasing 

number of potyviruses. During the decade 1969-1978, there were only 30 publications related to 

potyviruses describing a total of 46 potyviruses of which 22 were well characterised, while the 

other 19 were tentative potyvirus species. The number of Potyvirus papers dramatically increased 

during the following decade, 1979-1988, during which time 704 papers related to Potyvirus were 

published. In 1987, 77% of the 630 known positive sense ssRNA plant viruses were recognized as 

potyviruses (Zaitlin and Hull, 1987). During the next 18 years, a total of 1743 Potyvirus relevant 

papers were published and the total number of potyviruses increased to 111 definitive species and 
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86 tentative species (Fauquet et al., 2005). In addition, new viruses (Ciuffo et al., 2006; Turina et 

al., 2006), new strains (James and Varga, 2005; Tan et al., 2005) and new recombinants (Martín et 

al., 2006; Matic et al., 2006; Zhong et al., 2005) are appearing continuously.  

It is not just the number of records of potyvirus species that is increasing but also the hosts they 

are known to infect. Individual potyviruses may have restricted host ranges but as a group they 

flourish in a wide range of crops (Hollings and Brunt, 1981). Some potyviruses do have a 

relatively wide host range, Watermelon mosaic virus (WMV), for example, infects plants in 23 

families of dicotyledonous species, and occurs naturally in cucurbit and legume crops (Purcifull et 

al., 1984). The hosts of Potyvirus listed by Brunt et al. (1996a) included 503 plant species 

belonging to 59 plant families, most of which are economically important plants. In addition, new 

hosts are continuously reported (Arli-Sokmen et al., 2005; Chen et al., 2003; Csorba et al., 2004; 

Morris et al., 2006; Parry and Persley, 2005).   

Potyviruses can induce a wide range of different symptoms in infected host plants, including 

mosaic, stripe, mottling, vein clearing, vein banding, ringspots, necrotic or chlorotic lesions, 

flower breaking, necrosis, stunting, wilting,of which stunting and yield losses are most common 

with a combination of several symptoms is usually found in both natural and experimental hosts 

(Shukla et al., 1994). In monocotyledonous species, longitudinal chlorotic or necrotic leaf streaks 

are common while in dicotyledonous species common symptoms include chlorotic vein banding, 

mosaic, mottling, necrosis, and/or distortion of leaves. The severity of the symptoms depends on 

particular virus strain, the specific host genotype, vectors and environmental conditions (Matthews, 

1991; Shukla et al., 1994; Trigiano et al., 2003). 

New technology has contributed significantly to the detection of new potyviruses (Fan et al., 2003; 

Fuji et al., 2003; Huang and Chang, 2005; Kwon et al., 2002; Parry et al., 2004), new strains of 

previously characterized potyviruses (James et al., 2003), new plant hosts (Chao et al., 2003; 

Csorba et al., 2004), and new vectors (Katis et al., 2006). In addition, recombinant viruses have 

been found to be a common phenomenon. Revers et al. (1996) reports 18 potyvirus isolates, 

belonging to 4 different Potyvirus species, recognized as recombinant viruses, the most prevalent 

being PVY. Recently, a new recombinant isolate of Sugarcane mosaic virus (SCMV) was 

identified with recombination sites within the 6K1 and CI coding region (Zhong et al., 2005). A 

recent investigation on 36 positive-sense RNA plant virus species showed that the highest 

recombination frequency was found in potyviruses (Chare and Holmes, 2006). 
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1.1.2.2 Potyvirus genome 

Potyvius particles are flexuous, filamentous, non-enveloped, rod-shaped, 680-900nm long and 11-

13 nm wide. Understanding of the properties of viral genomes and the gene functions is essential 

for the understanding of the genetic basis of pathogenicity, and for generating effective detection 

and control strategies. To this end, much effort has been put into viral sequencing and determining 

protein functions. In the case of potyviruses, GenBank currently (January 2007) contains the 

complete genome sequences for 47 Potyvirus species, plus 4,140 partial nucleotide (nt) sequences 

and 4,567 partial amino acid (aa) sequences.  

The Potyvirus genome consists of a single plus-stranded, positive sense RNA molecule of ~9.7kb, 

surrounded by about 2000 units of CP. The organization of the Potyvirus genome is shown in Fig 

1.1. The 5′ end of the genome carries a viral protein genome linked protein VPg and a poly 

adenine (poly-A) tail covalently bound to the 3′ end. The genome contains a single long ORF 

which is translated into a large 340-370 kilodalton polyprotein and then cleaved by virus-encoded 

proteinases into ten functional proteins: P1 protein, helper component protein (HC-Pro), P3 

protein, 6K1 protein, CI protein, 6K2 protein, nuclear inclusion a linked VPg protein (NIa-VPg), 

nuclear inclusion a protein (NIa-Pro), nuclear inclusion b protein (NIb) and CP (Riechmann et al., 

1992; Shukla et al., 1994; Trigiano et al., 2003). 

 

Fig. 1.1. Genomic organization of Potyvirus genome. The 5′ and 3′ end of the genome are the VPg 

and poly-A tail respectively. The ten proteins are boxed with different color and with the 

abbreviations of the name inside each gene. P1 (P1 gene), HC-Pro (helper component protein), P3 

(P3 gene), 6K1 and 6K2 (two small putative proteins), CI (cylindrical inclusion), NIa (nuclear 

inclusion a), NIb (nuclear inclusion b), CP (coat protein gene). 

The study of Potyvirus genomes can also provide useful information on conserved and variable 

regions within genomes which could be used to design efficient oligonucleotides for detecting and 

distinguishing different potyviruses or strains for RT-PCR and microarray techniques. 

Domier et al. (1987) predicted the functions of all the proteins contained within the potyvirus 

polyprotein. Although experimental confirmation of the precise role of most proteins is still 

lacking (Revers et al., 1999), the accumulated knowledge about Potyvirus proteins during the past 

P1 HC-Pro P3 6k
1 

NIaVPg 6k
2Cl NIb CP NIaPro VPg polyA 
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20 years makes it increasingly clear that many potyviruses proteins have multiple functions 

(Atreya et al., 1992; Berger and Pirone, 1986; Carrington and Freed, 1990; Dombrovsky et al., 

2005; Domier et al., 1987; Edwardson et al., 1993; Merits et al., 1998; Riechmann et al., 1992; 

Rodriguez-Cerezo and Shaw, 1991; Shahabuddin et al., 1988).  

Conserved regions exist in several of the Potyvirus genes or regions. The 5′ untranslated region 

(UTR) has been reported with two conserved sequences among different potyviruses (Carrington 

and Freed, 1990; Nicolaisen et al., 1992; Trigiano et al., 2003). The 3′ UTR is relatively conserved 

among closely related Potyvirus species and strains of the same species (Frenkel et al., 1989; 

Uyeda, 1992). P1 and P3 were found unique to each potyvirus (Shukla et al., 1994). The NIb gene, 

RdRp of Potyvirus, is relatively conserved among the Potyvirus genome (Domier et al., 1987; 

Hong and Hunt, 1996; Martin et al., 1995; Martin and Garcia, 1991). The potyviral CP is a three-

domain protein, with variable N- and C-terminal regions exposed on the particle surface and a 

conserved core domain that interacts with viral RNA (Allison et al., 1986; Shukla and Ward, 1988). 

Nucleotide sequences of potyvirus CPs vary between species but are relatively conserved within 

species with the virus-specific epitopes generally located in the variable N-terminal region 

(Hewish et al., 1993; shukla et al., 1988; Shukla and Ward, 1989a) which are therefore considered 

useful for discriminating the species and strains (Sánchez et al., 2003; Shukla and Ward, 1988; 

Shukla and Ward, 1989b; Yu et al., 1989).  

 

1.1.2.3 Potyvirus taxonomy 

Virus taxonomy is a complex task and the ICTV is the organization responsible to “categorize the 

multitude of known viruses into a single classification scheme that reflects their evolutionary 

relationships” (Khan and Dijkstra, 2002). In the 6th ICTV report (Murphy et al., 1995), previously 

established “plant virus groups” were given “genera” status and individual viruses listed as species 

within the genera. 

Previous classification schemes were based almost entirely on phenotypic properties such as host 

range, symptomatology and serology often making it difficult to distinguish species and strains 

(Francki et al., 1996; Noordam, 1973; Padidam et al., 1995; Torrance and Mayo, 1997) and 

consequently sequence data has become increasingly important for virus classification (Adams et 

al., 2005). Two key criteria for Potyvirus species demarcation in the 8th ICTV report (Fauquet et 
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al., 2005) are described as: (1) CP aa sequence similarity less than ca. 80%; (2) nt sequence 

identity of less than 85% over the whole genome. The report listed 111 definite Potyvirus species 

and 86 tentative species. 

A recent study (Adams et al., 2005) on “molecular criteria for genus and species discrimination 

within the family Potyviridae” investigated 187 complete sequences belonging to the family 

Potyviridae and different individual genes including P1, CI and CP. The author concluded that 

species demarcation criteria should be less than 76% nt identity and less than 82% aa similarity 

when compared the 187 completed sequences. In addition, the CI was considered better than the 

CP for diagnostic and taxonomic studies if only a partial sequence is available. 

 

1.1.2.4 Potyviruses in New Zealand 

The history of Potyviruses in New Zealand can be traced back to 1934 when Bean yellow mosaic 

virus (BYMV) was first reported infecting Lupinus angustifolius (Neill et al., 1934; Pearson et al., 

2006). Prior to the start of this project, in 2003, a total of 29 potyviruses were recorded in New 

Zealand (Table. 1.1). Since then six more potyviruses have been reported (Pearson et al., 2006). 

These potyviruses infect a range of economically important crops in New Zealand including 

Allium porrum (leek), Allium cepa (onion), Solanum tuberosum (potato), and cucurbits, and have 

caused significant economic losses (Eagles et al., 1994b; Fletcher, 1984; Fletcher, 2000; Fletcher 

et al., 1998; Mohamed and Young, 1980; Thomas, 1971a; Thomas, 1971b). 

Table 1.1. Species of the Potyvirus genus recorded in New Zealand (up to December 2003). 

Virus names Genus Host Source 

1. Bean common mosaic    
   virus (BCMV) 

Potyvirus Phaseolus coccineus  (Chamberlain, 1939; 
1954)  

2. Bean yellow mosaic virus  
   (BYMV) 

Potyvirus Gladiolus,sp.  
Lupinus angustifolius 

(Chamberlain, 1946; 
Neill et al., 1934)  

3. Beet mosaic virus  
   (BtMV) 

Potyvirus Beta vulgaris (Cunningham, 1941)  

4. Carnation vein mottle  
   virus (CVMV) 

Potyvirus Dianthus, sp. (Bennett and Milne, 
1976)  

5. Celery mosaic virus  Potyvirus Apium graveolens (Fry and Procter, 
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   (CeMV) var.dulce 1968)  

6. Clover yellow vein virus  
   (ClYVV) 

Potyvirus Lathyrus odoratus (Forster and 
Musgrave, 1985)  

7. Daphne virus Y (DVY) Potyvirus Daphne cneorum (Forster and Milne, 
1975; Milne and 
Forster, 1974)  

8.Dasheen mosaic potyvirus  
   (DsMV) 

Potyvirus Zandedeschia 
Colocasia esculenta  

(Matthews, 1995; 
Pearson et al., 1998)  

9. Freesia mosaic virus  
   (FreMV) 

Potyvirus Freesia refracta Klatt (Pennycook, 1989)  

10. Garlic Yellow Streak  
    Virus (GYSV) 

unassigned Allium sativum (Bhojwani, 1980; 
Mohamed and 
Young, 1981)  

11. Leek yellow stripe virus  
    (LYSV) 

Potyvirus Allium porrum L. (Mohamed and 
Young, 1980)  

12. Lettuce mosaic virus  
    (LMV) 

Potyvirus Lactuca sativa (Chamberlain, 1946)  

13. Narcissus latent virus 
(NLV) 

Potyvirus Narcissus sp. 
 

(Clark and Guy, 
2000) 

14. Narcissus yellow stripe  
    virus (NYSV) 

Potyvirus Narcissus sp. 
 

(Clark and Guy, 
2000)  

15. Nerine virus Y (NVY) unassigned Nerine sarniensis (Balasingham et al., 
1988)  

16. Onion yellow dwarf  
    virus (OYDV) 

Potyvirus Allium cepa (Chamberlain and 
Baylis, 1939)  

17. Passionfruit woodiness  
    virus (PWV) 

Potyvirus Passiflora edulis (Pearson et al., 2006)  

18. Pea seed-borne mosaic  
    virus (PsbMV) 

Potyvirus Pisum sativum (Fry and Young, 
1980)  

19. Potato virus A (PVA) Potyvirus Solanum tuberosum (Thomosn, 1959)  

20. Potato virus Y (PVY) Potyvirus Solanum tuberosum (Hadfield, 1928)  

21. Soybean mosaic virus  
    (SMV) 

Potyvirus Glycine max Merrill (Pennycook, 1989)  

22. Sugarcane mosaic virus  
    (SCMV) 

Potyvirus Zea mays Linnaeus (Pennycook, 1989) 

23. Sweet potato feathery  
    mottle virus (SPFMV) 

Potyvirus Ipomoea batatas (Fletcher et al., 2000) 
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24. Tamarillo mosaic virus  
    (TaMV) 

Potyvirus Cyhomandra betacea (Chamberlain, 1946; 
1954)  

25. Tuberose virus (TV) unassigned Polianthes tuberose (Pearson and Horner, 
1986)  

26. Tulip breaking virus  
    (TBV) 

Potyvirus Lilium xparkmanii (Cohen et al., 1985)  

27. Turnip mosaic virus  
    (TuMV) 

Potyvirus Brassica napus (Ashby and Thomson, 
1980; Chamberlain, 
1936)  

28. Watermelon mosaic  
    virus (WMV) 

Potyvirus Cucurbita maxima (Thomas, 1970)  

29. Zucchini yellow mosaic  
    virus (ZYMV) 

Potyvirus Cucurbita pepo 
Chenopodium album 

(Fletcher, 1996)  

 

 

1.1.3 Plant virus diseases diagnosis 

1.1.3.1 Development of techniques for plant virus disease diagnosis  

Accurate diagnosis is crucial for the effective control of plant diseases, especially plant virus 

diseases (Maloy, 1993). To this end, much research has been conducted relevant to this area. Early 

diagnostic work was based mostly on symptoms and host range, but over the past century a wide 

range of techniques involving in biology, morphology and cytology have been developed for plant 

virus diseases diagnosis. An important advance was the introduction of serological identification 

as demonstrated by Chester (1935; 1936) who showed that different strains of TMV Potato virus X 

could be distinguished serologically. More recently the introduction of molecular methods such as 

PCR and sequencing has revolutionized virus detection and identification. Matthews (1991) 

concluded the following six factors were important for selecting a ideal technique for the plant 

virus disease diagnosis: (1) sensitivity; (2) accuracy and reproducibility; (3) the number of samples 

that can be processed in a given time by one operator; (4) cost of the apparatus and materials 

needed; (5) the degree of operator training required; (6) adaptability to field conditions. These 

criteria can also be considered as a gold standard for developing new diagnostic techniques.  

In practice diagnostic procedures for plant virus diseases often include a combination of different 

techniques. Among these different diagnostic approaches, symptomatology, host range and vector 
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type often provide the initial evidence for virus infection and may be useful for identifying 

different plant virus types (Francki et al., 1996; Matthews, 1991; Noordam, 1973). With the 

development of virus purification techniques (Stanley, 1935) and the electron microscope 

(Kausche et al., 1939), virus morphology could be visualized. During the 1960s EM became a 

dominant technique for identifying virus structure and this technique has continued to be used till 

the present day for observing the morphology of virus particles and/or infection related structures 

such as cylindrical inclusion bodies in the cytoplasm induced by potyviruses (Edwardson and 

Christie, 1996; Ward and Shukla, 1991). 

Serology has been and continues to be one of the most popular techniques used to confirm virus 

infection and differentiate virus species and strains (Matthews, 1991; Noordam, 1973; Trigiano et 

al., 2003). The early serological methods for plant virus detection included gel diffusion tests 

(Cropley, 1960), tube agglutination tests (Abu Salih et al., 1968), and passive hemagglutination 

(Abu Salih et al., 1968). The development and successful application of the enzyme-linked 

immunosorbent assay (ELISA) in the 1970s (Clark and Adams, 1977; Flegg and Clark, 1979) and 

the development of monoclonal antibodies (Briand et al., 1982; Dietzgen and Sander, 1982) 

introduced a higher level of sensitivity and discrimination into the plant virus serological detection. 

Subsequent developments included various ELISA formats such as double-antibody sandwich and 

triple-antibody sandwich ELISA (Ellis et al., 1996; Njukeng et al., 2005; Sanz et al., 1990), 

immunofluorescence (Alvarez and Campbell, 1978),  “western blotting” (O'Donnell et al., 1982), 

immunosorbent electron microscopy (ISEM) (Milne and Lesemann, 1984; Shukla et al., 1992; 

Walkey and Webb, 1984), dot immunobinding (Lange et al., 1989), direct tissue blotting 

immunoassays (Tsuneyoshi and Sumi, 1996), quartz crystal microbalance immunosensors (Eun et 

al., 2002).  

The virus disease diagnosis techniques were improved significantly in the decade of the 1980s 

especially after introducing the molecular techniques such as nucleic acid hybridization, the 

polymerase chain reaction (PCR), reverse transcription (RT)-PCR and sequencing techniques 

(Matthews, 1991). For nucleic acid hybridization, the important innovations included “northern 

blotting” for identifying virus-derived RNA molecules (Covey and Hull, 1981) and “dot-blotting” 

for virus detection (Maule et al., 1983). In the mid 1980s, the highly sensitive methods of PCR and 

RT-PCR became available for disease diagnosis (Puchta and Sanger, 1989; Saiki et al., 1985) and 

it was quickly recognized as a tool for plant virus detection in the early 1990s (Pearson et al., 1994; 
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Rybicki and Hughes, 1990; Vunsh et al., 1990; Wetzel et al., 1991). A range of PCR based 

techniques have been developed for the purpose of increasing sensitivity and specificity, ease of 

application, faster analysis, and reducing reagent usage and cost. These include immunocapture 

RT-PCR (Njukeng et al., 2005; Ptacek et al., 2002; Wetzel et al., 1992) for identifying different 

strains of the same species; heminested-PCR and PCR-ELISA (Olmos et al., 1997) for 

simultaneous detection and typing of variable PPV isolates; nested RT-PCR (Foissac et al., 2001) 

for detecting different plant virus species; patented co-operational PCR (Olmos et al., 2002) for 

amplification of viral RNA targets from plant material for selection of virus-free plants; one step 

RT-PCR (Ragozzino et al., 2004; Rezaian et al., 1992; Uga, 2005) for distinguishing seven 

different viroids; multiplex PCR (Du et al., 2006; Henegariu et al., 1997; Nie and Singh, 2002) for 

simultaneous detection of several viruses; RT- loop-mediated isothermal amplification (LAMP) 

(Fukuta et al., 2003) which is a rapid and simple method for detection of viruses directly from 

plant tissue; real time PCR (Balme-Sinibaldi et al., 2006; Higuchi et al., 1993; Kokkinos and Clark, 

2006); and real-time multiplex PCR (Varga and D., 2005) for quantification and differentiation of 

different virus species and strains. Some of these techniques have subsequently been widely used 

in areas such as field surveys, domestic and international quarantine, and the detection of mixed 

infections in plants (Khan and Dijkstra, 2002). 

The most precise identification of viruses relies on nucleotide sequence information (Desbiez and 

Lecoq, 2004; Oruetxebarria et al., 2000; Spetz et al., 2003; Vance et al., 1992). Since the first 

complete sequence of Cauliflower mosaic virus was published (Franck et al., 1980), nucleic acid 

sequencing has become a routine and popular method of pathogen identification especially for 

plant viruses. “Nucleotide sequence information has had, and continues to have, a profound effect 

on our understanding of many aspects of plant virology” (Hull, 2004; Matthews, 1991).  

In addition, microarray, a newly developed modern technique, is becoming a powerful tool for 

disease diagnosis which has the potential for development of a single microarray chip that may be 

able to detect all viruses affecting a particular crop (James et al., 2006) or many different virus 

species or strains within one or even several virus genera infecting hundreds or thousands of plants. 

This is due to the capability of microarray to simultaneously detect tens or hundreds of thousands 

of specific oligonucleotides in a single hybridization experiment (Lockhart et al., 1996; Roberts et 

al., 1998; Schena et al., 1995). The details of microarray and its application are described in the 

following section (1.1.4). 
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1.1.3.2 Problems with current plant virus detection and identification with particular 

reference to potyviruses.  

Because of the diversity of plant viruses, plant virus hosts and vectors plus the added complexity 

of mixed infections of different virus species and/or strains in a single plant, it is often difficult to 

meet all of Matthew’s criteria as described in previous section (1.3.1) using a single technique or 

test for the diagnosis of plant virus diseases. It is particular the case for potyviruses which has 

often proved particularly problematic in the process of precise identification (Shukla and Ward, 

1989a; Shukla et al., 1994). Here, we discussed the existing or potential problems in different 

aspects of plant virus disease diagnosis. 

 

1. Symptomatology.  

Symptoms are usually the first sign of virus infection. Symptoms of plant virus infections include 

mosaic, vein-clearing or loss of color, vein-banding, ring-spots or etch, chlorosis of foliage, 

necrosis, stunting (Chamberlain, 1954; Matthews, 1991). Symptomatology was reported as a 

successful approach for differentiating four potyviruses infecting Gramineae (Shukla et al., 

1989c). However, although symptomatology can often provide helpful information for virus 

identification, it may lack specificity because similar symptoms can be usually caused by different 

pathogens or different strains of the same virus species while different symptoms can be caused by 

a same virus in different plant hosts (Ptacek et al., 2002) and thus lead to the misidentification of 

some virus diseases (Chamberlain 1954). In addition abiotic disease agents, such as soil or climatic 

conditions, can induce plants to show abnormal symptoms similar to virus infection. For example 

cherry trees growing on zinc-deficient soils exhibit a mild chlorotic mottle on leaves, which is 

similar to the infection of sweet cherry viruses (Oku, 1994).  

 

2. Host range and vector type.  

Although some virus may produce distinctive symptoms in different hosts, many plant viruses can 

infect a wide range of plant hosts (Khan et al., 1991; Moran et al., 2002) and a single host species 

may be susceptible to many different viruses (Brunt et al., 1996b). In addition, simultaneous 

infection with more than one virus in a single plant is common phenomenon for plant virus 



Chapter 1                                                                                                                           General Introduction 

 15

infection (Matthews, 1991; Noordam, 1973). For example, a recent survey of virus infection of 

wheat (Kapooria and Ndunguru, 2004) showed that co-infection of four viruses was the most 

common status with 5-6 virus complexes also occurring. Similarly some viruses, including many 

potyviruses, are transmitted by a several or many different vector species. Consequently, 

information of host range and vector type, may be insufficient for a specific virus identification. 

 

3. Electron microscopy.  

Electron microscopy can be very useful in demonstrating the presence of virus infections and 

preliminary identification of some virus families and genera. However, some virus taxa share 

similar particle morphology. For example, viruses belonging to the Flexiviridae, Potyviridae, 

Closteroviridae are all flexuous filaments (Matthews, 1991). In addition, small spherical viruses 

and viruses in low titer are often missed when examining sap extracts from virus infected plants. 

 

4. Serology.  

Serology has been widely used and has been proved to be an effective technique to accurately 

identify many plant viruses (Dovas et al., 2002; Van Regenmortel, 1982) or viral strains (Li et al., 

1999; James et al., 2003). However, the presence of cross-reactions between different viruses (Eun 

et al., 2000; Jaegle and Van Regenmortel, 1985; Luisoni et al., 1973; Richter et al., 1979; Scott 

and Slack, 1971) is relatively common. A potential strategy may be the use of McAb to the unique 

epitopes (Shukla et al., 1989d), but it is difficult to produce McAb for the large number of current 

viruses and rapidly appearing new variants or recombinants. On the other hand, antisera to a 

particular strain may not detect all the strains within the same species (Sasaya et al., 1997), 

possibly because of the high mutation rates (Drake and Holland, 1999) and high recombination 

rates (Aaziz and Tepfer, 1999; Bruyere et al., 2000). Additionally, low detection sensitivity of 

some serological methods is another problem especially for the detection of low volume of virus 

infection or early infection stage (Du et al., 2006; Shukla et al., 1992). 

In the case of potyviruses, the precise identification has often proved particularly problematic 

because of the problems with cross-reactivity between related viruses, particularly when 

polyclonal antisera were used (Jordan, 1992; Moghal and Francki, 1976; Shukla et al., 1994). The 
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investigations of the antigenic relationships between Potyvirus and other genera belonging to the 

Potyviridae shows that variable serological cross-reaction exist even among viruses belonging to 

different genera (Edwardson and Christie, 1991; Hollings and Brunt, 1981). For example, the 

antibodies against the core regions of Johnsongrass mosaic virus coat protein were able to react 

with 15 different aphid-transmitted potyviruses as well as mite-transmitted rymoviruses and 

whitefly-transmited ipomoviruses (Shukla and Ward, 1989a). For the viruses within Potyvirus 

genus, most members were found serologically related to at least one other member in the same 

group or/and several of the other groups. Shukla and Ward (1989b) demonstrated that when 11 

Potyvirus antisera produced in different laboratories were tested with 12 distinct potyviruses, only 

two antisera were found that reacted only with their homologous viruses while other antisera 

cross-reacted with non-homologous viruses. Lana et al. (1988) showed similar results among 

different strains of Bean common mosaic virus. The analysis of coat protein nucleotide sequences 

among distinct potyviruses showed the identities ranging from 38-71% with major differences at 

the N-terminal regions while the strains of individual viruses exhibit a sequence identity of greater 

then 90% and have C-terminal sequences that are very similar (shukla et al., 1988; Ward and 

Shukla, 1991) which provided strong evidence for the serological cross-reaction among different 

species and strains of Potyvirus. Shukla et al. (1994) also showed a broad cross-reaction among 

the polyclonal and monoclonal antibodies against different genes (HC, CI, NIa and NIb genes) of 

different potyviruses In addition, the unpredictable nature of potyvirus reaction to antisera was 

also demonstrated by reciprocal tests using antisera for pairs of viruses (Shukla et al., 1994). An 

antiserum to Johnsongrass mosaic virus (JGMV) reacted strongly with WMV but a WMV 

antiserum did not react with JGMV. In contrast, antisera to SCMV and Tobacco etch virus 

strongly cross-reacted with each other (Shukla and Ward, 1989a). Antisera of BYMV cross-

reacted with BCMV and LMV but no serological relationship was observed between BCMV and 

LMV (Hollings and Brunt, 1981). In contrast some researchers have observed differential 

serological reaction for different strains of the same virus, which may leads to the non-detection of 

those strains. For example, a failed serological reaction was observed among certain strains of 

PWV which shared high amino acid sequence identities in the core regions of coat protein but low 

identities at the 43 terminal amino acids (Gough and Shukla, 1992). Therefore serology was 

considered an unsatisfactory approach for tracing relationships among potyviruses (Milne, 1988; 

Moghal and Francki, 1976).  

 



Chapter 1                                                                                                                           General Introduction 

 17

5. Molecular biology.  

The advances in molecular biology have provided the most accurate tools for the classification of 

viruses. PCR and RT-PCR techniques have played a powerful analytical role in plant virus 

detection and identification. However, conventional PCR detection methods impose some 

limitations: (1) non specific amplification of DNA fragment mixtures or similar genetic sequences 

shared by different viruses commonly occurs, especially when using degenerate universal primers; 

(2) only a limited portion of the virus genome can be amplified; (3) they might fail to provide 

positive results when virus concentration is too low; (4) it is common to miss one or more virus 

targets when simplex PCR conduct on a sample with several viruses mixed infection; (5) they can 

only simultaneously detect a limited number of targets (Anthony et al., 2000; Khadijah et al., 

2003). The use of cloning and sequencing technology can provide accurate identification of 

viruses. But it happens sometimes that not all sequence variants and/or species can be picked up 

successfully especially using universal primers which might because of the variable titer of 

different viruses existing in the same plant. On the other hand, additional complexities arising 

from the high frequency of recombinants in potyviruses lead to more difficulties to the 

identification work (Chare and Holmes, 2006; Revers et al., 1996). 

 

1.1.4 DNA Microarray 

1.1.4.1 Introduction of DNA microarray 

The concept of a DNA microarray, also called a DNA chip or gene chip, has been around for 

nearly two decades (Bains and Smith, 1988; Drmanac et al., 1989). The identification of the DNA 

structure as a double-stranded helix consisting of two nucleotide chain molecules (Watson and 

Crick, 1953) and the hybridization techniques such as Southern and Northern blotting (Alwine et 

al., 1977; Southern, 1975) established the principles and the technological basis for microarray 

technology (Lehrach et al., 1990; Lennon and Lehrach, 1991). The principle of a microarray is the 

hybridization of fluorescently labelled sequences (targets) to their complementary sequences 

(probes) spotted on a solid surface (nylon membrane, glass or plastic) and the intensity of this 

fluorescent signal provides a measure of the amount of bound sample nucleic acid (Bowtell and 

Sambrook, 2003). DNA arrays have emerged as a convenient and powerful tool for highly parallel, 

high-throughput experimentation in molecular biological research (Shoemaker et al., 2001). 
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To date, three different types of microarrays have been developed: cDNA microarrays, 

oligonucleotide microarrays and Affymetrix gene chips. cDNA microarrays can be fabricated 

using gene-specific cDNAs of PCR products with the sizes ranging from 100- to 1000-mer or 

more (Barrett and Kawasaki, 2003; Grigorenko, 2002; Pichler et al., 2004). Oligonucleotide 

microarrays consist of short chemically synthesized oligonucleotides with the length less than 80-

mer (Barrett and Kawasaki, 2003; Lipsbutz et al., 1999). The Affymetrix gene chip 

(www.affymetrix.com) is based on light-directed synthesis on quartz wafers to generate multiple 

25-mer probes for the construction of high-density oligonucleotide arrays that can give an 

indication of overall transcript abundance, but is a high cost approach (Lipsbutz et al., 1999; 

Pichler et al., 2004). Two general approaches have been established for producing the DNA arrays: 

(1) the “spotting” technique that uses automated robots to fix cDNAs, PCR products and 

synthesized oligonucleotides on the solid surface; (2) In situ synthesis (Shchepinov et al., 1997), 

where oligonucleotide probes are synthesized on a solid surface, which is more complex and less 

flexible but has a higher intensity.  

Most of the early microarrays were cDNA arrays, but oligonucleotide arrays are becoming more 

popular. Oligonucleotide array-based detection was first reported in 1989 (Saiki et al., 1989) and 

was soon recognized as an extremely high density array by spotting or synthesizing tens of 

thousands oligonucleotides on a standard 1 × 3 inches glass slide (Huang et al., 2004; Maskos and 

Southern, 1993; Southern et al., 1992; Wallace et al., 2007). Different researchers have used 

different lengths of oligonucleotides on arrays, including 20-25 mer (Pozhitkov et al., 2006), 30 

mer (Tan et al., 2003), 40 mer (Bystricka et al., 2005), 50 mer (Kane et al., 2000) and 70 mer 

(Barczak et al., 2003). Compared with cDNA arrays, oligonucleotide arrays exhibit a number of 

advantages: (1) there is greater control over the design because oligonucleotide probes can be 

designed based on the available sequences information; (2) oligonucleotide arrays can be 

constructed with higher density and complexity; (3) oligonucleotide arrays have more uniform 

physicochemical characteristics and fewer issues pertaining to cross-hybridization; (4) the ease of 

in silico design and the specificity of oligonucleotides enables the discrimination of the mixed 

infection by different pathogens or even similar strains; (5) they can distinguish between closely 

related members of gene or organism families; (6) PCR amplification and sequence verification 

are no longer necessary resulting in lower costs and time; (7) oligonucleotide arrays can be 

synthesized in situ on the surface of a slide by photolithography (light-directed combinational 

synthesis or ink jet technologies) which results in a higher density microarray. Additionally, 
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previously recognized disadvantages of oligonucleotide arrays have been improved or overcome 

by effective in silico design or innovative solutions in chemistry and systems engineering (Graves 

et al., 1998; Matysiak et al., 1999). For example, shorter oligonucleotide probes (20-30 mer) 

exhibit reduced sensitivity when using fluorescently labelled first-strand cDNA generated from the 

RNA sample. This problem can be overcome by designing longer probes and the quality of in situ 

synthesis can be improved by using newly developed equipment (Bowtell and Sambrook, 2003). 

 

1.1.4.2 Application of DNA microarray 

Microarrays were initially designed for the study of the gene expression or single-nucleotide 

polymorphism (SNP) profiles which allow a more comprehensive view of thousands of genes at 

one time than several genes had been possible in the past. It has been proved that DNA microarray 

is a powerful tool in monitoring genes expression compared to many other approaches (Brown and 

Botstein, 1999; Flaim et al., 2005; Jamshisidi-Parsian et al., 2005; Zhou et al., 2005) as they can 

simultaneously detect tens or hundreds of thousands of specific nucleic acid hybridizations on a 

small surface area in a single hybridization experiment (Lockhart et al., 1996; Schena et al., 1995). 

This potentially allows their application in many different areas of genomic and biomedical 

sciences, including genetic analysis (Guo et al., 1994; Hacia et al., 1996), functional genomics 

(Meltzer, 2001; Wang et al., 1998), the pharmaceutical industry (Debouck and goodfellow, 1999), 

food contamination (Rudi et al., 2002), microbial ecology (DeSantis et al., 2005; Guschin et al., 

1997; Peplies et al., 2003) and DNA-protein interactions (Bujoli et al., 2005). The most widely 

used applications are in medical sciences where microarrays have been used for clinical oncology 

diagnosis (Macgregor and Squire, 2002; Stremmel et al., 2002), human virus disease detection 

such as Human immunodeficiency virus (Anderson et al., 2000), Poliovirus (Proudhikov et al., 

2000), Orthopoxviruses (Laassri et al., 2003), Hepatitis C virus (Park et al., 2001). Arrays have 

also been used in animal disease diagnosis (Khadijah et al., 2003; Martín et al., 2006) as well as 

plant disease diagnosis (Boonham et al., 2003; Bystricka et al., 2005; Lee et al., 2003). A major 

advantage of DNA microarray in the aspect of pathogen diagnosis or identification is that multiple 

pathogens can be detected simultaneously in a single hybridization experiment within a short 

period. Anthony et al. (2000) reported a rapid array identification array for distinguishing 58 

positive bacterial cultures for providing exact bacterial information for assisting clinical therapy. 

Wilson et al. (2002) identified 18 pathogenic microorganisms (including prokaryotes, eukaryotes 
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and viruses) using a short oligonucleotide (20mer) microarray. Boonham et al. (2003) firstly 

introduce microarray technology for the detection of several plant viruses infecting potato crop. In 

addition, microarrays have been used to study host-pathogen interactions (Katomaeda et al., 2001; 

Kellam, 2001), and to identify the therapeutic targets for male infertility (He et al., 2006). 

 

1.2. Project overview 

Potyvirus is the largest and most variable genus of plant viruses (see section 1.2 in this chapter). 

The current diagnosis of potyviruses is based mainly on a combination of different methods 

including symptomatology, serology, electron microscopy, RT-PCR, and sequencing, which is 

complex, time consuming, labor intensive and expensive. However, as indicated in the previous 

section there are many problems associated with the diagnosis of Potyvirus infections and it is 

necessary and important to avoid the mis-identifications, false positives or false negative results. 

To this end, a simple, rapid and reliable detection and identification method for potyviruses, at 

both the species and strain level, is desirable, especially in countries such as New Zealand with 

high bio-security requirements. Because of its sensitivity, specificity, and potential to 

simultaneously test for many different viruses, the increasingly popular microarray technique has a 

potential to fulfill this requirement. Therefore the aim of this study was to look at the potential 

of microarrays to detect and accurately identify potyviruses.  

 

To this end, the main objectives of this study were: 

• Collection and Identification of New Zealand potyviruses. A range of potyvirus isolates 

already present in New Zealand were collected for use in this “proof of concept” study to 

avoid the need for containment. Isolates were obtained both from the field and existing 

laboratory collections, and their identity confirmed by a range of techniques including 

ELISA, EM, RT-PCR and ultimately sequencing. 

• Preliminary selection of desirable genes or regions for oligonucleotide probe design. 

Information of genes or regions containing conserved sequences within or between species, 

potentially suitable for oligonucleotide probe design, was obtained from literature review. 
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• Analysis of potyviruses’ sequences. Sequences covering the selected genes or regions of 

well characterised and accepted potyvirus species were obtained from GenBank and 

analyzed. A manageable number of viruses and genes or regions were selected for initial 

practical work including oligonucleotide probe design and microarray testing.  

• Oligonucleotide probe design and selection. Oligonucleotide probes for an experimental 

subset of potyviruses were generated by probe design software and the optimal probes 

were to be selected for specific potyvirus species and strains.  

• Microarray development. The selected oligonucleotide probes were synthesized and 

printed by professional companies or institutes to generate the specific Potyvirus 

microarray.  

• Microarray testing and data analysis. The developed microarray was tested for its 

specificity, sensitivity and stability using target fragments from the original New Zealand 

test isolates, overseas isolates of the targeted potyviruses, phylogenetic close related 

potyvirues and healthy plants.  
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Chapter 2.   Collection and identification of potyviruses 

 

2A. General information on potyvirus collection and identification 

2A.1. Introduction  

For the initial development and testing of a microarray for potyvirus detection and 

identification, it was necessary to have a collection of well identified Potyvirus isolates. 

Therefore the first step of the project was to collect, initially identify by symptomatological 

and serological methods and then accurately identify by partially sequencing a range of suspect 

potyviruses collected from field or other laboratories in New Zealand. 

As described in chapter 1, there were twenty eight Potyvirus species reported in New Zealand 

at the time this project started, most of which had been identified by conventional methods 

such as host range，symptoms and serology. Sequence data was available for only a few of the 

isolates.  

The routine techniques for Potyvirus detection and identification include symptomatology, 

electron microscopy, serology, RT-PCR and sequencing. Some of these tests have been 

modified to improve speed of detection, specificity and/or sensitivity. Most serological and 

PCR assays are designed to be species specific (Balme-Sinibaldi et al., 2006; Fukuta et al., 

2003; Njukeng et al., 2005; Sasaya et al., 1997) but broad spectrum tests for the Potyvirus 

genus are also available, including commercial universal monoclonal potyvirus antibodies 

(McAb) and universal primer sets for viruses belonging to the genus Potyvirus (Langeveld et 

al., 1991) and family Potyviridae (Chen et al., 2001; Gibbs and MacKenzie, 1997; Mackenzie 

et al., 1998).  

In this study, a Potyvirus group universal McAb (Agdia Inc., USA) was used in ELISA to 

screen suspected potyvirus infected plant samples. Serological positive samples were then 

further tested by RT-PCR and sequencing. An oligo-d(T)17 primer was used for cDNA 

synthesis and the following pairs of degenerate primers were used for PCR: U335 and D335 

(Langeveld et al., 1991) were used to amplify a c. 335 bp fragment from the central part of the 

coat protein (CP) gene of potyviruses; PV2I/T7 and PV1/SP6 (Mackenzie et al., 1998), 

containing bacteriophage promoters T7 and SP6 sequences at the 5'-end of forward and reverse 

primers for convenient sequencing, were used to amplify a c. 1600-2100 bp fragment from 
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partial NIb gene, complete CP gene and 3' UTR of Potyviridae. In addition, the primer 

combinations PV2I/T7 & D335 and U335 & PV1/SP6 were used to amplify ~1.3 kb and 0.7-

1.0 kb fragments respectively, and both with an overlap region of a c. 0.335 kb.  

 

2A.2. Materials and methods 

2A.2.1  Source of virus isolates 

2A.2.1.1 Virus infected plant samples 

A total of 30 plant samples with obvious symptoms and suspected potyvirus infection were 

collected from the field or obtained from other plant virologists in New Zealand (Table 2A.1). 

These included: 

 Twelve samples collected from field crops in Pukekohe, Auckland in November 2003. 

The fresh samples were tested by ELISA using universal potyvirus antisera and the 

ELISA positive samples were then tested by RT-PCR using potyvirus specific primers. 

The remaining material was freeze-dried and stored at 4°C.  

 Five freeze-dried samples, which had previously been identified as potyviruses by 

serological and other conventional methods, were provided by Dr. Francisco M. Ochoa-

Corona, Investigation and Diagnostic Centre, Biosecurity, Ministry of Agriculture and 

Forestry (MAF), Auckland, New Zealand in July 2004. 

 Twelve ornamental plant samples exhibiting mosaic or mild mosaic leaf symptoms, 

collected from field crops in Palmerston North, New Zealand, and with potyviruses 

infection confirmed by ELISA, were provided by Dr. Dan Cohen, HortResearch, 

Auckland, New Zealand in July 2004. 

 One sample which was serologically identified as ZYMV infection was provided by Dr. 

John D. Fletcher, Crop & Food Research, Christchurch, New Zealand in March 2005. 

Details of these samples are summarized in Table 2A.1. 
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Table 2A.1. Details of suspected potyviruses infected plant samples. 

No. Sample plant host Source 

1 PK1 Garlic leaves (Allium spp.) Pukekohe, Auckland 

2 PK2 Tamarillo leaves (Solanum betaceum Cav.) Pukekohe, Auckland 

3 PK3 Zucchini leaves (Cucurbita pepo subsp. pepo) Pukekohe, Auckland 

4 PK4 Cantebury Crusade onion leaves (Allium spp.) Pukekohe, Auckland 

5 PK5 California Red onion leaves (Allium spp.) Pukekohe, Auckland 

6 PK6 Rakkyo leaves (Allium Chinese) Pukekohe, Auckland 

7 PK7 Potato leaves 1 (Solanum spp.) Pukekohe, Auckland 

8 PK8 Potato leaves 2 (Solanum spp.) Pukekohe, Auckland 

9 PK9 Potato leaves 3 (P4312.1) (Solanum spp.) Pukekohe, Auckland 

10 PK10 Potato leaves 4 (P3097.5) (Solanum spp.) Pukekohe, Auckland 

11 PK11 Potato leaves 5 (P4313.2) (Solanum spp.) Pukekohe, Auckland 

12 PK12 Potato leaves 6 (P4313.2) (Solanum spp.) Pukekohe, Auckland 

13 MAF1 Water melon mosaic virus (WMV) infected  
Zucchini (Cucurbita pepo subsp. pepo) 

MAF, Auckland 

14 MAF2 Daphne virus Y (DVY) infected Daphne 
(Daphne spp.) 

MAF, Auckland 

15 MAF3 Clover yellow vein virus (ClYVV) infected pea 
(Pisum spp.) 

MAF, Auckland 

16 MAF4 Bean yellow mosaic virus (BYMV) infected 
bean (Canavalia spp.) 

MAF, Auckland 

17 MAF5 Turnip mosaic virus  (TuMV) infected 
watercress (Nasturtium spp.) 

MAF, Auckland 

18 DC1 Ornithogalum thyrsoides plant 1 HortResearch, Auckland 

19 DC2 Ornithogalum thyrsoides plant 2 HortResearch, Auckland 

20 DC3 Amaryllis belladonna HortResearch, Auckland 

21 DC4-1 Iris ‘wedgewood’ (leaf) HortResearch, Auckland 

22 DC4-2 Iris ‘wedgewood’ (bulb) HortResearch, Auckland 

23 DC5 Iris ‘tingitana’ HortResearch, Auckland 

24 DC6 Vallota speciosa HortResearch, Auckland 

25 DC7 Zantedeschia cv. plant 1 HortResearch, Auckland 

26 DC8 Zantedeschia cv.  plant 2 HortResearch, Auckland 

27 DC9 Zantedeschia cv.  plant 3 HortResearch, Auckland 

28 DC10 Zantedeschia cv.  plant 4 HortResearch, Auckland 

29 DC11 Gloriosa (Gloriosa superba L.) HortResearch, Auckland 
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30 JF Zucchini (Cucurbita pepo subsp. pepo) Crop & Food, christchurch 
 

 

2A.2.1.2 RNA samples 

Six virus RNA samples were provided by Dr. Dan Cohen, HortResearch, Auckland, New 

Zealand in July 2004 (Table 2A.2). These RNA samples were extracted from the same plants 

listed in Table 2A.1. 

 

Table 2A.2. Information of RNA samples. 

No. Name Host 

1 DC1 Ornithogalum thyrsoides plant 1 

2 DC2 Ornithogalum thyrsoides plant 2 

3 DC3 Amaryllis belladonna 

4 DC4 Iris ‘wedgewood’ 

5 DC5 Iris ‘tingitana’ 

6 DC6 Vallota speciosa (leaf) 

 

 

2A.2.1.3 Control samples 

Positive control samples: 

For the majority of tests, fresh leaves of Dasheen mosaic virus (DsMV) infected Colocasia 

esculenta (Taro), obtained from greenhouse maintained plants, School of Biological Sciences, 

The University of Auckland, were used as a Potyvirus positive control in both serological and 

molecular tests.  

Negative (healthy) control samples: 

For the serology tests, healthy leaves of Colocasia esculenta (taro), Cucurbita pepo subsp. 

Pepo (zucchini), and Nicotiana benthamiana were used as negative controls. These were 
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obtained from greenhouse plants maintained under aphid-free conditions in School of 

Biological Sciences, The University of Auckland. 

 

2A.2.2 Antisera 

A Potyvirus group universal McAb was purchased from Agdia (Agdia Inc., USA). 

 

2A.2.3 Mechanical inoculation of herbaceous hosts 

In some instances viruses were inoculated to herbaceous hosts either as part of characterisation 

or for maintenance.  

Healthy recipient plants were placed in the dark one day before inoculation to increase the 

sensitivity of plants to virus infection. Leaves were dusted with 400 mesh carborundum 

powder to assist the penetration of virus particles. A small piece (~0.1 g) of suspected virus 

infected leaf was ground in 1.0 ml (1:10 w/v) of 0.01M Sørensen’s phosphate buffer 

(Na2HPO4.2H2O and KH2PO4) pH 7.4, using a sterile mortar and pestle. Two expanded leaves 

were chosen and marked with a hole, then inoculated by gently stroking with a finger dipped in 

the sap extract. The inoculated leaves were rinsed gently with tap water to remove the excess 

sap and plant tissue residues. The healthy control plants were inoculated with Sørensen’s 

phosphate buffer only. The inoculated plants were observed at regular intervals (weekly) for 6-

8 weeks and symptom development was recorded. Infected plants were then tested by ELISA 

and RT-PCR for the presence of Potyvirus.  Positive samples were freeze-dried, and stored at 

4°C for further research use.    

 

2A.2.4 Enzyme-linked immunosorbent assay (ELISA) 

All of the presumed potyvirus infected plant samples were tested by ELISA using a protocol 

modified from the Agdia indirect ELISA protocol (Agdia Inc., USA) as described below. All 

the relevant buffers and reagents were as described in the manufacture’s instructions. 

1) Microtitre plate coated with plant sap: Plant tissues were ground with a mortar and 

pestle and diluted in extraction buffer (sodium carbonate 1.59 g, sodium bicarbonate 2.93 g, 

sodium azide 0.2 g, polyvinylpyrrolidone 20.0 g and water up to 1000 mL, pH 9.6) at a ratio 
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of 1:100 (w:v) and 50 µL of diluted sap was added per test well of a NUNCTM 96-well plate 

(Apogent, USA). The plate was incubated inside a humid box at 37 ºC for 1 hour. All 

samples were tested in duplicate. 

2) Washing: After incubation, washing was carried out by adding 100 µL of 1 × PBST 

wash buffer to each well and emptying by shaking the plate thoroughly, 4 times. After 

washing, the plate was held upside down and tapped firmly onto a folded paper towel to 

completely empty the wells. The same washing procedure was carried out after each 

successive incubation step. 

3) Addition of antibodies: Antibodies were diluted using 1 × ECI buffer at a ratio 

according to the manufacture’s instructions or in the case of at dilutions determined by 

optimization tests. 50 µL of diluted antibodies was added per well and the plate was 

incubated in a humid box at 37 ºC for 2 hours. 

4) Addition of enzyme conjugate: The enzyme conjugate (Alkaline Phosphatase) was 

diluted in 1 × ECI immediately prior to use according to the initial optimization results (data 

not shown) and mixed thoroughly. After washing the plates to remove the primary antibody 

solution, 50 µL of diluted enzyme conjugate was added to each well and the plate incubated 

in a humid box at 37 ºC for 1 hour. 

5) Addition of p-nitrophenylphosphate (PNP) substrate: The PNP substrate solution was 

prepared at a concentration of 1 mg/mL in 1 × PNP buffer immediately prior to use. 50 µL of 

PNP solution was added to each well and the plate incubated in a humid box, in the dark, for 

2 hours at room temperature to allow color development. 

6) Stopping the reaction: Once the positive controls had developed an obvious yellow 

colour the reaction was stopped by adding 50 µL of 3M sodium hydroxide to each well. 

7) Reading results: Optical density (OD) values were read at 405 nm using a BIO-RAD 

Microplate Reader (Bio-RAD, model 550). An OD value greater than three times the mean of 

the negative controls was considered as potyvirus positive. 

 

2A.2.5 RNA extraction and cDNA synthesis 

Total RNA was extracted from plant samples using an RNeasy Plant Mini Kit (QIAGEN) 

following the manufacturer’s instructions. Virus cDNA was then synthesized from 1-3 µg of 
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total RNA by using M-MLV Reverse Transcriptase Kit (Invitrogen) and an oligo-d(T)17  

primer.   

 

2A.2.6 Polymerase chain reaction (PCR) 

2A.2.6.1 Potyvirus universal primers 

Four combinations of primers, U335 & D335, PV2I/T7 & PV1/SP6, U335 & PV1/SP6 and 

PV2I/T7 & D335 (Langeveld et al., 1991; Mackenzie et al., 1998) were used in this study to 

amplify different length fragments of potyvirus genomes from the region spanning the NIb 

gene, CP gene and 3’UTR (Fig. 2A.1). The sequences of these primers are shown in Table 

2A.3.  

 

          Nib gene                     CP gene                  3'UTR  

 PV2I/T7                                             U335            D335                                    PV1/SP6 

                                                                     335bp 

                                                                                                    0.7-1.0kb 

                        ~1.3kb 

                                                                   1.6-2.1kb              

Fig. 2A.1. The location of Potyvirus universal primers:  U335 & D335 (Langeveld et al., 1991), 

PV2I/T7 & PV1/SP6 (Mackenzie et al., 1998), and the expected sizes of the fragments from 

potyvirus infected samples.  

Table 2A.3. Sequences of Potyvirus universal primers. 

Primer 
name 

Primer sequences Reference 

U335 GAATTCATGRTNTGGTGYATHGANAAYG 

D335 GAGCTCGCNGYYTTCATYTGNRHDWKNGC 

Langeveld 
et al., 991 

PV2I/T7 TAATACGACTCACTATAGGGIAAYAAYAGYGGICARCC 

PV1/SP6 GATTTAGGTGACACTATAGTTTTTTTTTTTTTTTTT 

Mackenzie 
et al., 1998 
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2A.2.6.2 Virus specific primers 

Where virus specific primers were required (e.g. when the universal primers are not able to 

amplify the target fragments, or mixture viruses existed in the same sample), they were 

designed based on the alignment results of the relevant sequences collected from GenBank, 

using Oligo Explorer 1.1.0 (Teemu Kuulasmaa, University of Kuopio, Kuopio, Finland 

[http://www.uku.fi/~kuulasma/OligoSoftware]). 

 

2A.2.6.3 PCR 

PCR products were synthesized using previously described Potyvirus universal primers. The 

25 µl PCR reaction mixture contained 10 mM tris-HCl and 50 mM KCl reaction buffer, 2.5 

mM of MgCl2, 0.2 mM of dNTP, 1 unit of AmpliTaq DNA polymerase (Applied Biosystems, 

Australia), and 5 µM of each primer. The following cycling parameters were used for different 

primer sets: (1) U335 & D335: 94°C for 3 min, 30 cycles of 94°C for 30 sec, 53°C for 30 sec, 

and 72°C for 30 sec , followed by a 6 min extension at 72°C; (2) PV2I/T7 & D335, U335 & 

PV1/SP6, PV2I/T7 & PV1/SP6: 94°C for 3 min, 30 cycles of 94°C for 45 sec, 56°C for 45 sec, 

72°C for 1 min and 30 sec, followed by a 6 min extension at 72°C. PCR products were 

separated by electrophoresis on 1% agarose-TBE gels and visualized under UV light after 

staining with ethidium bromide staining (final concentration 0.5 µg/ml).  

 

2A.2.7 Cloning, sequencing and data analysis 

Where only target bands were amplified the PCR products were purified directly using 

QIAGEN PCR purification kit. When non-specific PCR products were present, the presumed 

potyvirus PCR products were purified from the agarose gel using Perfectprep Gel Cleanup Kit 

(Eppendorf, Germany). Purified PCR products were cloned into the vector pGEM-T Easy 

(Promega Corporation, Madison, WI, USA) according to the manufacturer’s instruction. 

Recombinant plasmids were screened by PCR using T7 and SP6 primers to the vector 

sequence. Plasmids with target inserts were extracted from a minimum of three clones for each 

PCR fragment, using FastPlasmid Mini Kit (Eppendorf, Germany). The insert sequences were 

sequenced with primers to the vector sequence using a 3130XL capillary sequencer (Applied 

Biosystems) in the Centre for Genomic & Proteomics, School of Biological Sciences, The 

University of Auckland. 
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All the obtained nucleotide (nt) sequences were subject to similarity searches against the NCBI 

database using the Basic Local Alignment Search Tool (BLAST) programme (Altschul et al., 

1997), available on the internet (http://www.ncbi.nlm.nih.gov/BLAST/). The closest sequences 

were used in the further analysis using the following software packages: (1) Putative amino 

acid (aa) sequences were generated used MegAlign (Windows 3.10a), a free online service 

“ExPASy Translate Tool” (http://au.expasy.org/tools/dna.html); (2) DNAstar (Window 3.10a) 

was used to calculate the similarity between paired sequences; (3) BioEdit version 7.0.4 (Hall, 

1999) and ClustalX version 1.83 (Thompson et al., 1997) were used to assemble and align the 

sequences.  

 

2A.2.8 Submission of sequences to GenBank 

All the obtained sequences were assembled and submitted to GenBank using the quick and 

simple submission tool “Blankit” following the online instruction 

(Blankhttp://www.ncbi.nlm.nih.gov/BankIt/). 
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2A.3. Results 

2A.3.1 Plant inoculations 

The suspected ZYMV infected Zucchini sample (Table 2A.1) which had been stored for 

several years in a -70º freezer was used to inoculate the indicator plant Nicotiana benthamiana 

in order to determine the virus infection symptoms and increase the sample amount. One 

month after inoculation, N. benthamiana leaves started to show mild mosaic and distortion 

symptoms.  Around two months after inoculation, the symptoms became obvious. The negative 

control plants didn’t show any symptoms during the experimental period (Fig. 2A.2). 

 

                  

 Fig. 2A.2. Symptoms on N. benthamiana infected with suspected ZYMV (JF sample, Table 

2A.1). Infected leaves (left image) showed mosaic, distortion and stunting while healthy 

control plant (right image) did not show any symptom. 

 

2A.3.2 ELISA results 

Except the five samples previously identified by MAF, 25 suspected potyvirus infected 

samples were tested by ELISA using the Agdia potyvirus McAb. Of which 15 samples tested 

positively for Potyvirus infection (Table 2A.4 and Table 2A.5).  
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2A.3.2.1. Results of samples from Pukekohe, Auckland, New Zealand 

Four out of twelve symptomatic samples collected from fields in Pukekohe (PK1, PK2, PK7, 

PK8) reacted positively with Potyvirus McAb and the remaining eight samples tested negative 

(Table 2A.4).  

Table 2A.4. Reaction of Pukekohe plant samples with universal Potyvirus McAb. 

No. Sample Host Mean* ELISA A405
  

(@ 2 h)  

1 PK1 Garlic leaves (Allium spp.) 0.333 + 

2 PK2 Tamarillo leaves- N. benthamiana 1.000 + 

3 PK3 Zucchini leaves (Cucurbita pepo subsp. pepo) 0.003 - 

4 PK4 Cantebury crusade onion leaves (Allium spp.) 0.003 - 

5 PK5 California red onion leaves (Allium spp.) 0.011 - 

6 PK6 Rakkyo leaves (Allium Chinese) 0.018 - 

7 PK7 Potato leaves 1 (Solanum spp.) 1.309 + 

8 PK8 Potato leaves 2 (Solanum spp.) 1.949 + 

9 PK9 Potato leaves 3 (P4312.1) (Solanum spp.) 0.002 - 

10 PK10 Potato leaves 4 (P3097.5) (Solanum spp.) 0.009 - 

11 PK11 Potato leaves 5 (P4313.2) (Solanum spp.) 0.009 - 

12 PK12 Potato leaves 6 (P4313.2) (Solanum spp.) -0.001 - 

Negative control Healthy taro (Colacasia esculenta) 0.004 - 

Negative control Healthy N. benthamiana -0.006 - 

Positive control DsMV infected taro (Colacasia esculenta) 0.878 + 

*Mean of duplicate samples. 

 

2A.3.2.2. Results of samples from HortResearch and Crop & Food Research 

The serological results of twelve suspected samples from ornamental plants from HortResearch 

and one sample from Crop & Food Research were shown in Table 2A.5. Ten samples from 
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HortResearch and one from Crop & Food Research reacted positively to Potyvirus McAb, only 

DC3 and DC4 (bulb) sample tested negative.  

Table 2A.5. Reaction of ornamental plant samples with universal Potyvirus McAb. 

No. Sample Host 
Mean* ELISA 

A405  
(@ 2 h) 

18 DC1 leaf Ornithogalum thyrsoides plant 1  0.312 + 

19 DC2 leaf Ornithogalum thyrsoides plant 2 0.725 + 

20 DC3 leaf Amaryllis belladonna 0.036 - 

21 DC4-1 leaf Iris ‘wedgewood’ 0.968 + 

22 DC4-2 bulb Iris ‘wedgewood’ 0.023 - 

23 DC5 leaf Iris ‘tingitana’ 0.659 + 

24 DC6 leaf Vallota speciosa 0.443 + 

25 DC7 leaf Zantedeschia cv. plant 1 0.828 + 

26 DC8 leaf Zantedeschia cv. plant 2 0.350 + 

27 DC9 leaf Zantedeschia cv. plant 3 0.673 + 

28 DC10 leaf Zantedeschia cv. plant 4 0.845 + 

29 DC11 leaf Gloriosas (Gloriosa superba L.) 0.284 + 

30 JF (ZYMV) leaf N. benthamiana 0.933 + 

Negative control Healthy N. benthamiana 0.072 - 

Negative control Healthy taro (Colacasia esculenta) 0.058 - 

Negative control Healthy zucchini 0.017 - 

Positive control DsMV infected taro (Colacasia esculenta) 0.552 + 
*Mean of duplicate samples. 

 

2A.3.4 Results from molecular biological tests 

2A.3.4.1 Results of RT-PCR 

Of the total fifteen serological positive non-MAF samples, PK7 and PK8 were from different 

plants of the same plant species collected from the same field at the same time, as were DC7 to 

DC10. Therefore only one of each pair (the sample with higher ELISA value) was selected for 

confirmation by RT-PCR and sequencing. All the six RNA samples (DC1 to DC6) from 

HortResearch were all used for RT-PCR experiments. Combined with the 5 MAF samples and 

the DsMV positive control sample, this gave a total of 19 samples for RT-PCR (Table 2A.6). 
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For the Potyvirus positive samples DC1 to DC6, both plant tissue and RNA samples were 

obtained, therefore RNA samples were used for RT-PCR in order to save time and expense. 

  

  Table 2A.6. Potyvirus infected samples available for RT-PCR. 

no Sample Host 
Selected for RT-PCR 

Y/N 

1 DsMV Taro                Y 

2 PK1 Garlic                 Y 

3 PK2 Tamarillo Y 

4 PK7 Potato N 

5 PK8 Potato Y 

6 DC1 (RNA) Ornithogalum thyrsoides Y 

7 DC2 (RNA) Ornithogalum thyrsoides(clean) Y 

8 DC3 (RNA)* Amaryllis belladonna Y 

9 DC4 (RNA) Iris wedgewood Y 

10 DC5 (RNA) Iris tingitana Y 

11 DC6 (RNA) Vallota speciosa  Y 

12 DC7 Zantedeschia plant 1 Y 

13 DC8 Zantedeschia plant 2 N 

14 DC9 Zantedeschia plant 3 N 

15 DC10 Zantedeschia plant 4 Y 

16 DC11 Gloriosa sp.  Y 

17 JK N. benthamiana Y 

18 MAF1 Water melon mosaic virus (WMV) Y 

19 MAF2 Daphne virus Y (DVY) Y 

20 MAF3 Clover yellow vein virus (ClYVV) Y 

21 MAF4 Bean yellow mosaic virus (BYMV) Y 

22 MAF5 Turnip mosaic virus  (TuMV) Y 

* DC3 was ELISA negative sample. 

Except for sample DC11 (Gloriosa spp.) and the ~1.3 kb fragment of DsMV, the target 

fragments were synthesized successfully with universal primers from all of the other 18 

samples, including the ELISA negative sample DC3. Examples of PCR positive fragments 

were shown in Fig.2A.3. For some samples, nonspecific fragments were also amplified (Fig. 

2A.3. B). 
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Fig. 2A.3.  Example of different size of PCR products from potyvirus infected samples. (A) 

Three different lengths of fragments (~0.335 kb using U335 and D335 primers, ~1.3 kb using 

PV2I/T7 and D335 primers,  and ~1.0 kb using U335 and PV1SP6 primers) amplified from 

infected garlic leaf; (B) PCR product of ~1.3 kb fragment amplified from TuMV infected 

watercress leaf with several non-specific bands (Target bands are indicated by arrows). 

 

2A.3.4.2 Sequence results  

PCR products of the correct sizes from potyvirus infected samples were cloned into the vector 

pGEM-T. A minimum of three positive clones for each sample were selected for plasmid 

extraction and at least one plasmid was sent for sequencing. A total of 192 clones (77 clones of 

~0.7 kb fragment, 71 clones of ~1.3 kb fragment and 44 clones of ~1.6-2.1 kb fragment) were 

successfully sequenced and 220 sequences were obtained (some fragments were sequenced in 

both the forward and reverse directions). Details of the clones for each sample are presented in 

Table 2A.7.  

After assembly, the nt sequences were translated into amino acid (aa) sequences. Both nt and 

aa sequences were then blasted in GenBank and the BLAST results obtaining by the end of 

2006 are summarised in Table 2A.8. The nucleotide sequences for the four samples DC3, DC4-

2 DC4-3 and DC6-3 did not match to any available sequences in GenBank (Fig. 2A.4) 

although their aa sequences showed similarities ranging from ~50-71% to known potyviruses 

(Table 2A.8). Further analysis for these four novel sequences is described in section 2B. All 

the other sequences showed high similarity to the sequences in GenBank and after further 

analysis a total of ten definitive potyvirus species, one tentative potyvirus (Zantedeschia mild 
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mosaic virus [ZaMMV]), one non-potyvirus (Narcissus latent virus [NLV], Macluravirus, 

Potyviridae) and four potyvirus-like novel sequences were identified (Table 2A.9). Among the 

identified potyviruses, seven (DsMV, LYSV, TaMV, PVY, WMV, TuMV and ZYMV) were 

previously reported in New Zealand, while another three (Ornithogalum mosaic virus [OrMV], 

Ornithogalum virus 2 [OrV2], Zantedeschia mosaic virus [ZaMV]) and one tentative potyvirus 

(ZaMMV) were the first records in New Zealand. In addition, NLV was also a first record in 

Iris New Zealand.  

In some instances multiple strains or viruses were found in the same plant species or even the 

same plant (Table 2A.8). Six of the samples (PK1, DC4, DC5, DC6, DC7 and DC10) were 

found to contain two or more virus species while two samples (DsMV infected taro and PK1) 

were found to contain multiple strains of the same virus. In addition, the same virus was found 

in different plant hosts (PVY in samples PK1 and PK8; OrMV in samples DC2, DC4 and DC5). 

   Table 2A.7. Details of potyvirus clones sent for sequencing 

 Number of clones sequenced 

no Sample ~0.7 kb ~1.3 kb ~1.7 kb total 

1 DsMV 12 7  19 

2 PK1 34 32  66 

3 PK2 1 1  2 

4 PK8 1 1  2 

5 DC1-RNA   2 2 

6 DC2-RNA 2 1  3 

7 DC3-RNA* 3 2  5 

8 DC4-RNA 3 1 12 16 

9 DC5-RNA 5 6 10 21 

10 DC6-RNA 6 8 20 34 

11 DC7 1 2  2 

12 DC10 1 1  2 

13 JK 1 1  2 

14 MAF1 3 2  5 

15 MAF2 1 2  3 

16 MAF3 1 2  3 

17 MAF4 1 2  3 

18 MAF5 1 2  2 

sum  77 71 44 192 
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Table 2A.8. BLAST results for the nt and aa sequences of the investigated potyvirus isolates. 

 Sample No. Length Closest phylogenetic relative* nt & aa similarity (%) 

1. VanMV (accession no. AJ616719) (80.9% nt, 92.6% aa) 1941 bp (555 aa) 
 

2. DsMV (accession no. DQ925464) (58.4% nt, 91.5% aa) 

1. VanMV (accession no. AJ616719) (79.2% nt, 92.9% aa) 

1-DsMV 

1872 bp (532 aa) 

2. DsMV (accession no. DQ925464) (52.3% nt, 94.7% aa) 

2058 bp (493 aa) 1. LYSV (accession no. D11118) (73.8% nt, 87.2% aa) 

2099 bp (495 aa) 2. LYSV (accession no. D11118) (96.8% nt, 97% aa) 

2-PK1 

1199 bp (399 aa) 3. PV Y (accession no. AJ585195 ) (99% nt, 97% aa) 

3-PK2 1672 bp (471 aa) PVA (accession no. S51667) (98% nt, 97% aa) 

4-PK8 1767 bp (473 aa) PVY (accession no. AJ585196) (98% nt, 98% aa) 

5-MAF1 (WMV) 1736 bp (488 aa) WMV (accession no. D13913) (98% nt, 97% aa) 

6-MAF2 (DVY) 786 bp (262 aa) WMV (accession no. D13913) (99% nt, 98% aa) 

7-MAF3 (ClYVV) 1708 bp (468 aa) TuMV (accession no. AB093604) (99% nt, 99% aa) 

8-MAF4 (BYMV) 930 bp (310 aa) TuMV (accession no. AB093604) (99% nt, 98% aa) 

9-MAF5 (TuMV) 807 bp (269 aa) WMV (accession no. D13913) (98% nt, 97% aa) 

10-JF (ZYMV) 1694 bp (488 aa) ZYMV (accession no. AF127929) (95% nt, 98% aa) 

11-DC1  1581 bp (467 aa) OrV2 (accession no. AB271783) (99% nt, 99.6% aa) 

12-DC2 1683 bp (464 aa) OrMV (accession no. D00615) (88% nt, 98% aa) 

13-DC3 1609 bp (472 aa) Novel sequence (Amaryllis potyvirus, 
accession no. AY566239) 

(9.2% nt, 61.2%% aa) 

1682 bp (464 aa) 1. OrMV (accession no. D00615) (90% nt, 95% aa) 

1815 bp (490 aa) 2. Novel sequence (Chilli vein-banding 
mottle virus, accession no. AB012221) 

(29.6% nt, 60.9%% aa) 

14-DC4 

1813 bp (489 aa) 3. Novel sequence (Chilli vein-banding 
mottle virus, accession no. AB012221) 

(28.2% nt, 67.3% aa) 

1679 bp (464 aa) 1. OrMV (accession no. AF203528) (98% nt, 99% aa) 15-DC5 

1815 bp (514 aa) 2. NLV (accession no. U58770) (96% nt, 96% aa) 

1332 bp (444 aa) 1. ZaMV (accession no. AY026463) (94% nt, 96% aa) 

1795 bp (512 aa) 2. ZaMMV (accession no. AY626825 and 
AY518550) 

(75% nt, 79% aa) 

16-DC6 

1602 bp (475 aa) 3. Novel sequence (Chinese narcissus 
potyvirus, accession no. AJ311373) 

(59.1% nt, 70.9 % aa) 

626 bp (208 aa) 1. nzTuMV (accession no. AB093604) (99% nt, 98% aa) 17-DC7 

721 bp (240 aa) 2. ZaMMV (accession no. AY626825) (88.8% nt, 96% aa) 

618 bp (206 aa) 1. nzTuMV (accession no. AB093604) (99% nt, 97% aa) 18-DC10 

720 bp (240 aa) 2. ZaMMV (accession no. AY626825) (88.6% nt, 96% aa) 

* Except four novel sequences, all the accession number represented the relevant nt sequences., 

DsMV=Dasheen mosaic virus, LYSV=Leek yellowstripe virus, NLV=Narcissus latent virus, 
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nz=New Zealand, OrMV=Ornithogalum mosaic virus, OrV2=Ornithogalum virus 2, 

PVA=Potato virus A, PVY=Potato virus Y, WMV=Watermelon mosaic virus, TuMV=Turnip 

mosaic virus, ZYMV=Zucchini yellow mosaic virus, VanMV=Vanilla mosaic virus, ZaMV= 

Zantedeschia mosaic virus, ZaMMV= Zantedeschia mild mosaic virus. 

 

Fig. 2A.4. Graphic overview of nt sequences of nzNovel-DC3, nzNovel-DC4a, nzNovel-DC4b 

and nzNovel-DC6 from a BLAST search of GenBank (in 2006) showing that only short 

regions of sequence of the four isolates were similar to existing sequences in GenBank. 

 

 

 

 

 

nzNovleDC4a  

nzNovelDC3 nzNovelDC6
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Table 2A.9. Information about New Zealand potyvirus sequences identified in this study. 

Species No. Designated Name GenBank accession 
no. 

Genus Original record 
reference 

nzDsMV1 AY994104  
1. DsMV 

nzDsMV2 AY994105  
Potyvirus 

(Pearson et al., 
1998)  

nzLYSVg1 AY842134  
2. LYSVg* 

nzLYSVg2 AY842136  
Potyvirus 

(Mohamed and 
Young, 1980)  

3. NLV nzNLV DQ450199  Macluravirus 
(Potyviridae) 

(Clark and Guy, 
2000) 

4. PVA nzPVA AY995213  Potyvirus (Thomson, 1959)  

nzPVY DQ217931  
5. PVY 

nzPVYg* DQ784770  
Potyvirus 

(Fletcher, 2001)  

6. TuMV 
nzTuMV AY995214  

Potyvirus 
(Ashby and 

Thomson, 1980)  

7. WMV nzWMV AY995215  Potyvirus (Thomas, 1970) 

8. ZYMV nzZYMV AY995216  Potyvirus (Fletcher, 1996) 
9. OrV2 nzOrV2 AY994103  Potyvirus New record 

nzOrMV1 AY994102  

nzOrMV2 AY994106  10. OrMV 

nzOrMV3 AY994107  

Potyvirus 
New record 

11. ZaMV nzZaMV DQ407933  Potyvirus New record 

12. ZaMMV nzZaMMV DQ407934  tentative Potyvirus New record 

13. Novel nzNovel-DC3 DQ407932 Novel sequence New record 

14. Novel nzNovel-DC4a DQ436918 Novel sequence New record 

15. Novel nzNovel-DC4b DQ436919 Novel sequence New record 

16. Novel nzNovel-DC6 DQ417604  Novel sequence New record 

*nzLYSVg and nzPVYg are LYSV and PVY isolates from garlic. 

 

2A.3.4.3 Sequence analysis 

All the identified sequences were further analyzed for the aphid transmission related motif 

“DAG” (Atreya et al., 1990; Berger, 1992) or the similar motif “DVG”/ “DAE” (Badge et al., 

1997), and determine their phylogenetic relationship to other potyvirus sequences from 

GenBank. The analysis identified the “DAG” motif in all of the identified potyviruses, a 

similar motif “DVG” in NLV and none in four novel sequences. The majority of sequences 

shared high homologies to previously described species from GenBank (data not shown). 
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Identity to previously sequenced isolates (of the same species) ranged from 76% to 97% for nt 

sequences and 88% to 98% for aa sequences. For the two New Zealand (NZ) isolates of DsMV 

and two NZ isolates of LYSV, the homologies of nt sequences (76.2% and 83.4%, respectively) 

were much lower than aa sequences (90% and 95%, respectively). For the two PVY isolates, 

both nt and aa sequences showed higher homologies (97.5% nt and 97.7% aa, respectively). 

And for the three isolates of OrMV, the nt and aa homologies ranged from 87-98% and 88-

95%, respectively.  

In addition, several isolates were of interest because they showed substantial differences from 

all other isolates in GenBank or in the case of GYSV the taxonomy was controversial. 

(1) nzDsMV: Both DsMV strains showed high amino acid similarity to other DsMV isolates 

from GenBank but showed much higher nucleotide identity to VanMV (Table 2A.8). The 

alignment identified a region of amino acid repeats (GGGNTNNTTTGGGNNTTTGGGNNTTTGGGNNTTTGGG 

NTTTGGGNTTPTTGGGNTTNTT) at the N-terminal region of the nzDsMV1 coat protein sequence which 

is similar to a VanMV isolate (accession no. CAE83571). A similar region was also found in 

the nzDsMV2 isolate but not in the other DsMV isolates from GenBank (Fig.2A.5).  

 

Fig. 2A.5. Alignment of CP gene aa sequences of DsMV1, DsMV2 with other DsMV and 

VanMV isolates from GenBank. 

(2) nzPVY and nzPVYg: Two PVY sequences, nzPVY and nzPVYg, were isolated from  

potato and garlic respectively. For nzPVYg, sequences of eight clones from four different 

garlic plants as well as the purified virus from garlic leaves were identified as PVY sequences. 

The nt and aa sequences of these two isolates showed high identities (97.5% and 97.7%, 
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respectively). But the aa sequence alignment results showed that there was an eight amino acid 

deletion from the NIb gene of the nzPVYg isolate (Fig. 2A.6). 

 
Fig. 2A.6. Alignment of aa sequence of the NIb gene of the New Zealand garlic and potato 

isolates of PVY with other PVY isolates from GenBank. The isolate from garlic (nzPVYg) 

showed eight aa deletion (indicated by red box ) when compared with other PVY isolates (N.B. 

sequence was not available for this region of isolate nzPVYg).  

(3) nzZaMMV: An alignment of nzZaMMV with the only two available ZaMMV sequences 

in GenBank identified a highly different region  within the CP gene containing a repeated Q- 

residue region not present in the nzZaMMV isolate (Fig. 2A.7)  

 

Fig. 2A.7. Alignment of coat protein amino acid sequences of nzZaMMV with the other two 

ZaMMV isolates in GenBank. A repeated Q-residue region (frame area) was absent in 

nzZaMMV isolate. 

 (4) nzLYSVg: The two sequences from garlic which showed high similarity with LYSV 

sequences in GenBank and designated as nzLYSVg1 and nzLYSVg2 were of particular interest 

because the symptoms of the infected garlic leaves were the same as those described for GYSV, 
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which was first described in 1981 as a new potyvirus species different from LYSV and OYDV 

(Mohamed and Young, 1981). Further characterisation of these garlic isolates is described in 

detail in section 2B.  

(5) Four novel sequences: For the four novel sequences, further sequence analysis was carried 

to assist identification, which is also described in section 2B. 

 

2A.3.4.4 New primer design and the consequent PCR and sequencing results 

During PCR testing, some primer sets failed to amplify some target fragments from some 

samples, such as the ~1.3 kb fragment from DsMV sample and ~1.3 kb and ~0.7 kb fragments 

from the serological positive DC11 sample. The ~0.7 kb fragment of ZaMV covering partial cp 

and 3’ UTR was not found from the cloned ~0.7 kb fragment from DC6 sample while one 

sequence of ZaMV was found from the cloned ~1.3 kb fragment from the same DC6 sample 

(Table 2A.8). In order to amplify the desired target fragments and confirm the existence of the 

viruses, several specific primers were designed and shown in Table 2A.10. DsMVrcp was 

designed for the replacement of D335 and was designed from the similar location of D335 at 

the central region of CP gene of DsMV; ZaMVf and ZaMVr were designed to amplify the 

longer sequences covering partial NIb gene, complete CP gene and 3'UTR from DC6 sample. 

Primers could not be designed for the potyvirus ELISA positive sample DC11 as all 

combinations of the potyvirus universal primers failed to amplify the target fragments and 

therefore no information was available for the primer design. All of the new primers were 

designed based on the alignment of similar sequences in GenBank. 

Subsequent PCR using primer set PV2I/T7 (Mackenzie et al., 1998) and DsMVrcp 

successfully amplified the desired ~1.3 kb fragment of DsMV and sequence result showed two 

perfect overlapped regions with previously amplified ~0.7 kb fragments which resulted in two 

well assemble nzDsMV isolates (Table 2A.8). However, ZaMVf and ZaMVr failed to amplify 

the target fragment from DC6 sample where a ~0.7kb sequence of ZaMV was identified.  
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   Table 2A.10. Specific primers for particular potyviruses. 

name Primer sequence Length of the fragment 

DsMVrcp 5' TCAGGTGATGTTCCGTTGTCGATG 3' ~ 1.3 kb  

ZaMVf 5' GTGGGCAACCTTCAACTGTG 3' 

ZaMVr 5' TGGATTGTGGACTATGATGG 3' 
~1.5 to 1.6 kb 

 

2A.4. Discussion  

The objective of this study was to collect and identify potyviruses for use as test isolates in 

microarray development. Therefore, precise identification of each isolate was essential. Both 

serological and molecular biological methods were used in this study to screen and identify the 

suspected samples collected from field and various laboratories in New Zealand.  

Among the 30 suspected plant samples representing 19 different plant species, fifteen of 25 

tested samples were tested potyvirus positive by ELISA. Except for sample DC11 and the ~1.3 

kb fragment of positive control sample (DsMV infected taro), which failed to be amplified by 

PCR, all the other samples were cloned and partially sequenced. A total of twelve different 

virus species were identified which included ten definitive Potyvirus species, one tentative 

potyvirus (ZaMMV) and one Macluravirus (NLV). In addition, four novel but potyvirus-like 

sequences were isolated. Multiple sequence variants representing different virus species or 

different stains of a same species were found existing in the same plant of seven samples 

(DsMV infected taro, PK1, DC4, DC5, DC6, DC7 and DC10) and multiple virus strains of four 

virus species (DsMV, LYSV, OrMV and PVY) were found existing in a same plant or different 

hosts (Table 2A.8). The detection of NLV is consistent with the potyvirus universal primers 

being designed to pick up all viruses belonging to the Potyviridae (Mackenzie et al., 1998).  

For the serology positive but PCR negative sample DC11, no further work was conducted 

because of the lack of the useful information to assist identification. However, it is unclear 

whether the universal Potyvirus McAb produced a false positive result for this sample or 

whether there are different nucleotide sequences at the primer sites which resulted in the failed 

PCR. 

The existence of different strains or even different viruses in a same plant is problematic when 

using universal primers as the mixture of different sequences normally results in the failure of 
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the direct sequencing reaction. Therefore all the fragments need to be cloned in order to obtain 

single sequences for sequencing. During this study multiple clones were selected for each 

fragment in order to maximize the chance of detecting the different sequences from a single 

plant sample. However, this may still miss some variants either because the sub-sample of 

clones with the target fragment inserts does not contain all of the sequence variants represented 

by the total clones, or because the original PCR did not amplify all of the sequence variants. 

For example, there are three different sequences which might represent three different viruses 

(ZaMV, ZaMMV and a novel sequence) were identified from sample DC6 (Table 2A.8), 

however, although a total of 34 clones were sequenced from this sample for both ~1.3 kb and 

~0.7 kb fragments, only one ~1.3 kb sequence was found belonging to ZaMV and the 

overlapped ~0.7 sequence was not obtained. On the other hand, the novel sequence from the 

same plant (nzNovel-DC6) was represented by seven ~1.3 kb clones and twenty ~1.7 kb clones 

from a total of 34 clones. These results illustrate that mix-infections in a single plant may affect 

the detection and identification of one or more viruses present. These might probably due to the 

dominant and/or non-dominant growing of one or more viruses or isolates in a same plant.  

The DAG motif, which was normally located at or near the N-terminus of potyviruses CP gene, 

is considered as an important factor for aphid transmission of potyviruses (Atreya et al., 1990; 

Atreya et al., 1995; Berger, 1992). Two other similar motifs: “DVG” and “DAE” are found in 

NLV and Maclura mosaic virus (MacMV), respectively, but these have not been definitively 

linked with aphid transmissibility (Badge et al., 1997). In this study all of the identified 

potyviruses contained the “DAG” motif, the New Zealand NLV isolate contained the “DVG” 

motif, indicating that the transmission of these viruses was probably by aphids. But none of the 

above three motifs are present in the four novel sequences suggesting that these isolates are not 

aphid transmissible or possibly contain other transmission motifs related to other vectors, but 

this has not been experimentally tested.  

For the DsMV infected taro plant used in this study, amplification of the ~1.3 kb fragment by 

universal primer set PV2I/T7 & D335 was unsuccessful, but after replacing D335 with a newly 

designed specific primer DsMVrcp, this region was then successfully amplified. This result 

suggested that some negative RT-PCR results from serologically positive Potyvirus samples 

may be due to the failure of the Potyvirus universal primers to bind to the template. The 

BLAST results of the two different DsMV sequences from a single taro plant showed that nt 

sequences were closer to VanMV (~79-81%) than DsMV sequences (~52-58%) although the 

amino acid sequences showed similarity ranging from 91.5-94% to both VanMV and DsMV 

(Table 2A.8). Farreyrol et al. (2006) analyzed the CP gene and 3′ UTR region of two VanMV 
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isolates from Vanilla tahitensis from the Cook Islands and French Polynesia and suggested that 

VanMV may be a recombinant of DsMV, and should therefore be classified within the DsMV 

species. Our analysis of the sequences covering partial NIb, complete CP genes and 3'UTR 

region of DsMV and VanMV revealed that except N-terminal regions of CP gene, all the other 

parts are very conserved (data not shown) which supports Farreyrol’s conclusion. The repeated 

motif found at the N-terminal region of CP gene (Fib. 2.4) of both New Zealand DsMV 

isolates was quite similar to the two VanMV sequences isolated by Farreyrol et al. (2006). In 

the VanMV sequences there was a 76 amino acid repeated motif located 12 aa after the DAG 

motif. This started with a 10-mer GGGNTDNTTT, followed by a region of 6 repeats of the 8-

mer GGN(N/S)(T/S)(T/A)T and then 2 repeats of the 9-mer (S/G)GGNTT(P/N)TT. For the 

two New Zealand DsMV isolates, the repeated motifs contain 60 aa which also located 12 aa 

after DAG motif and starting with a similar 10-mer GGGNTNNTTT (N replacing the D in 

VanMV), followed by 4 repeats of the 8-mer GGG(N/D)(N/D)TTT in both isolates, and then 

the 18-mer GGGNTTPTTGGGNTTNTT in nzDsMV1, and  the 18-mer 

GGGNNTTTGDGNTTNNTT in nzDsMV2. It has been proposed that this repeated motif 

might help the virus particle to easier bind to the aphid receptors (Farreyrol et al., 2006).  

New virus hosts are continuously discovered (Clover et al., 2003; Csorba et al., 2004). Garlic 

has not been recognized previously as a host of PVY. In this study, a PVY sequence was found 

from a total of eight clones from different garlic plants and also the purified GYSV sample, 

demonstrating that PVYg was common in the collected garlic plant samples not just a random 

infection of a single plant. The garlic crop from which the samples were collected was 

approximately 1 km from the closest potato crop with the infection of PVY suggesting that 

transmission was possibly by aphid vector rather than mechanical transmission. It is currently 

not known whether the eight amino acid deletion motif (STCVFFVN) in the PVYg isolate is 

linked to host range or whether this isolate has either increased or decreased virulence to potato 

plants.  

Sequence data for the five Potyvirus samples obtained from New Zealand MAF, produced 

different results to the original serological identifications for four of the five samples (Table 

2A.8). Possible reasons for these discrepancies include: (1) the original samples had been 

incorrectly labeled, (2) species cross reactions to polyclonal antisera, or (3) mix-infections of 

two or more viruses in the samples. Both multiple infections and serological cross reactions 

have been commonly reported for potyviruses and consequently the miss-detection or wrong 

identification of potyviruses may be quite common, especially in the absence of sequence data.  
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In summary, a total of thirty samples with suspected potyvirus infection were collected from 

field plants or research laboratories in New Zealand. Twenty five samples were tested by 

ELISA and fifteen samples were identified as potyvirus positive. Molecular techniques were 

used to further identify the serological positive samples and a total of twenty eight sequences 

were obtained, representing twelve different virus species including ten definitive potyviruses, 

one tentative potyvirus and one non-potyvirus belonging to the genus Macluravirus. Among 

these viruses, four (nzOrMV, nzOrV2, nzZaMV and nzZaMMV) are new records for New 

Zealand and the record for NLV was first from Iris in New Zealand. In addition, four novel 

sequences were identified from ornamental plants. 
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2B. Further investigation of particular sequences identified from section 2A  

 

2B.1. Introduction 

As a result of the work described in section 2A, some sequences of particular interest were 

identified for further study. The first was the sequences isolated from garlic showing high 

identity with sequences of LYSV. However, these sequences were assumed to be the sequences 

of virus described as GYSV by Mohamed and Young (1981) and which was considered to be a 

new Potyvirus species distinct from LYSV and OYDV. Further investigation was carried out to 

identify the differences between the virus identified from garlic in this study and the virus 

described by Mohamed and Young (1981). To this end, samples of the antisera to GYSV, 

LYSV and OYDV used in Mohamed and Young’s study were obtained from NZ-MAF for the 

investigation in this study.  

The second was the four novel sequences obtained from different ornamental plants (Table 

2A.8) in section 2A.  The samples providing these novel sequences showed positive reactions 

to Potyvirus McAb and produced the expected size of PCR products using Potyvirus universal 

primers. However, these nt sequences did not show a high identity to any of the available 

sequences in GenBank (Fig. 2A.4) although their putative aa sequences showed ~50-71% 

similarity to existing potyviruses. Further analysis and BLAST searches were carried out to 

investigate the taxonomy of these novel sequences.   
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2B.2. Materials and methods 

2B.2.1 Plant samples 

Garlic leaves (Allium spp.) used in this study were same as those used in section 2A and were 

collected from field crops in Pukekohe, Auckland in November 2003.  

Dried leaf tissue of leek (Allium porrum) infected with Leek yellow stripe virus and onion 

(Allium cepa) infected with Onion yellow dwarf virus, used as positive controls, were provided 

by Dr. John D. Fletcher, Crop & Food Research, New Zealand. 

Healthy leaves of taro (Colacasia esculenta), zucchini (Cucurbita pepo subsp. Pepo.) and 

Nicotiana benthamiana were used as negative controls. These were obtained from greenhouse 

maintained plants in School of Biological Sciences, The University of Auckland. 

Garlic bulbs were purchased from local market supplied by local farm or imported from China 

and grown in the greenhouse in order to obtain healthy garlic leaves for the negative control in 

the serological tests. However, all the newly growing garlic leaves showed strong positive 

reaction to the Potyvirus McAb in the initial tests (data not shown) which supported Mohamed 

and Young’ discovery “all garlic plants in New Zealand infected with GYSV” (Mohamed and 

Young, 1981). Therefore there was no negative garlic leaf for this study. 

 

2B.2.2 Antisera 

A Potyvirus group universal McAb was purchased from Agdia (Agdia Inc., USA) and 

polyclonal antisera (PcAb) against GYSV, LYSV and OYDV produced in 1979, and used by 

Mohamed and Young (1981) in their study, were provided by Dr. Francisco Ochoa-corona, 

Ministry of Agriculture and Forestry (MAF), New Zealand. Commercial polyclonal antiserum 

against OYDV (AS-0447) was purchased from DSMZ, Braunschweig, Germany. 

 

2B.2.3 Purification of virus from infected garlic leaves 

Virus was partially purified from fresh garlic leaves with obvious yellow streak symptoms 

using the method of Pearson et al. (1994) with minor modifications. Garlic leaves were ground 

to a powder in liquid nitrogen using a pestle and mortar and then homogenized in 200mM 

sodium borate buffer (pH8.0) containing 0.3% mercaptoethanol. After centrifugation at 2,000 g 
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for 10 min, the supernatant was mixed with an equal volume of chloroform. Triton X-100 was 

added to a final concentration of 5% and the mixture was stirred at 4°C for 30 min then 

centrifuged at 10,000 g for 20 min. The supernatant was further centrifuged at 250,000 g for 2 

h. and the resultant pellet suspended in 50mM sodium borate buffer (pH8.0) for 2h at 4°C. 

Following centrifugation at 10,000 g for 10 min. the supernatant was further centrifuged at 

250,000 g for 2 h through a 20% sucrose cushion. The resultant pellet containing extracted 

virus was re-suspended in sterile distilled water and keep at -80°C until use. This partial 

purified virus from garlic was temporarily designated as purified Garlic yellow streak virus 

(pGYSV). 

 

2B.2.4 Serological tests 

2B.2.4.1 ELISA  

ELISA tests used for the identification of the virus from garlic samples followed the protocol 

described in section 2A.2.4. 

Polyclonal antisera commonly show non-specific reaction with related viruses or even plant 

tissues. In order to know whether polyclonal antisera, provided by MAF (PcAb against GYSV, 

LYSV and OYDV), show non-specific reactions with positive and negative samples and to test 

the antibody-activity of these long-stored antisera, an optimization was carried out using a 

range of dilutions against various positive and negative plant samples.  

To reduce the possible non-specific reaction to plant proteins, the antisera were pre-incubated 

with healthy plant sap before use in ELISA. A 1:1:1 mix of sap extract from three different 

healthy plants (taro, zucchini and Nicotiana benthamiana) was added at a ratio of 1:10 into the 

working dilution of the antiserum and then incubated at 37 ºC for 1 hour. After incubation, the 

mixture was centrifuged at 1000 × g for 5 minutes and the supernatant was used in ELISA. 

 

2B.2.4.2 Immuno-sorbent electron microscopy (ISEM) 

ISEM was carried out following the protocol of Hill (1984) with minor modifications. 

Parlodion-coated, carbon stabilized 400-mesh copper grids were coated with appropriate 

antisera diluted in 0.06M Sφrensens phosphate buffer (pH7.0). Coating was achieved by 

floating the grids on 15-20µl of antisera (1:10) in a clean Petri dish at room temperature for 
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30min. The grids were rinsed with 6-8 drops of distilled water, and then floated on drops of 

purified virus or infected sap extract at room temperature for 30 min. For decoration, the grids 

were washed with buffer (as previously described), floated on a drop of antiserum at the same 

dilution as the coating antiserum, and then incubated at room temperature for 30 min. Finally 

the grids were negatively stained with 1% potassium phosphotungstate (PTA) for 1 to 2 min. 

As a negative control, purified virus was added on grids for 5 min, after rinsing, grids were 

then stained directly with 1% PTA. The stained grids were observed in a Philips CM12 

transmission electron microscope. 

 

2B.2.5 Single-strand conformational polymorphism analysis (SSCP) 

Short fragments (c. 0.335 kb) used in SSCP analysis were generated from suspected GYSV 

infected garlic leaf and WMV infected zucchini (MAF1) which was selected as a control of 

single virus infection based on the initial selection on several different infected hosts. Target 

fragments were purified from agarose gels using Perfectprep Gel Cleanup Kit (Ependorf, 

Germany). SSCP analysis was carried out according to the protocol described by Yip (2000) 

with modification. A 1µl (30-40 ng) aliquot of concentrated purified PCR product and 1µl of 

loading dye were added to 9 µl of formamide. The mixture was heated at 99°C for 10 min, 

cooled on ice for 5 min, and then electrophoresed on a 12% acrylamide gel (2 ml of 30% 

acrylamide, 2.75ml of H2O, 250µl of 20 × TBE, 25µl of 30%APS, 10µl of TEMED) at 120 V 

for 5 h at 4°C. The bands were visualized by silver staining using BIO-RAD silver staining 

regents. The stained gels were stored in 1% aqueous acetic acid in a sealed plastic bag. 

 

2B.2.6 Sequence analysis 

BioEdit version 7.0.4 (Hall, 1999) and ClustalX version 1.83 (Thompson et al., 1997) were 

used for aligning sequences. Mega 3.1 (Kumar et al., 2004) was used to create phylogenetic 

trees. 
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2B.3. Results 

2B.3.1 Identification of GYSV  

2B.3.1.1 Optimization of polyclonal antisera 

Results of polyclonal antisera optimization are shown in Table 2B.1. All untreated antisera 

showed strong cross-reaction to virus infected samples and even the healthy plant samples. 

Pre-absorption against healthy plant extracts was successful in enabling virus infected and 

healthy samples to be differentiated. The OYDV antiserum used by Mohamed and Yong (1981) 

and provided by Dr. Francisco Ochoa-corona (NZ-MAF) didn’t react with the OYDV positive 

control and therefore a commercial OYDV antiserum (AS-0447, DSMZ) was used in 

subsequent experiments. 

Table 2B.1. Effect of healthy sap pre-absorption on Alium virus polyclonal antisera. 

Mean ELISA A405
 of after two hours (duplicate samples) 

GYSV-PcAb* LYSV-PcAb* OYDV-PcAb* Antigens  

(1:100) untreated treated untreated treated untreated treated 

Potyvirus 
McAb 

Healthy taro sap  0.650 0.256 0.681 0.073 0.135 0.045 0.032 

N. benthamiana sap  0.553 0.045 0.532 0.026 0.206 0.029 0.032 

DsMV-taro sap  0.665 0.226 0.582 0.078 0.125 0.053 2.399 

pGYSV (1:50) 1.257 1.607 1.123 1.153 0.290 0.138 0.950 

LYSV-leek sap 1.993 0.979 1.099 1.071 0.189 0.082 2.672 

OYDV-onion sap 0.333 0.197 0.220 0.116 0.087 0.073 0.558 

* ‘untreated’ and ‘treated’ mean that the PcAb was not absorbed (untreated) or was absorbed 

(treated) with healthy plant saps before used in ELISA. DsMV=Dasheen mosaic virus, 

pGYSV=purified Garlic yellow streak virus, LYSV=Leek yellow stripe virus, OYDV=Onion 

yellow dwarf virus. 

 

2B.3.1.2 Serological identification of the virus from garlic samples 

The ELISA results for the identification of viruses from garlic are summarised in Table 2B.2. 

As anticipated, all of the virus infected samples reacted positively with the Potyvirus McAb. 

Both infected garlic leaf extracts and the associated partially purified virus samples (pGYSV) 

reacted strongly with the antisera to both GYSV and LYSV (the GYSV antiserum producing a 
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slightly higher A405 than the LYSV antiserum), but neither garlic leaf sap or purified virus 

reacted with the OYDV antiserum. LYSV infected leek sap reacted strongly with LYSV and 

GYSV antisera (the former reacting most strongly) but reacted only weakly with the OYDV 

antiserum. The OYDV infected onion sap reacted strongly with the OYDV antiserum but 

weakly with the LYSV antiserum (marginal positive) and not with the GYSV antiserum. These 

results indicated that virus from garlic samples is same as GYSV reported by Mohamed and 

Young (1981) and showed high similarity to LYSV but not OYDV. 

Table 2B.2.   Reaction of virus from garlic, LYSV, and OYDV to various antisera. 

Mean ELISA A405
 after two hours (duplicate samples) 

Antigens Potyvirus 
McAb 

GYSV 
antiserum 

LYSV 
antiserum 

OYDV 
antiserum 

virus infected garlic sap 0.204 0.396 0.327 0.012 

pGYSV 0.948 1.614 1.085 0.117 

LYSV infected leek sap 2.554 0.779 1.071 0.227 

OYSV infected onion sap 0.881 0.026 0.116 0.572 

DsMV infected taro sap 0.997 0.065 0.078 0.090 

Healthy-taro-sap 0.032 0.022 0.073 0.077 

Healthy zucchini sap 0.056 0.022 0.030 0.029 

Healthy N. benthamiana sap 0.032 0.067 0.052 0.026 

 

2B.3.1.3 Electronic microscopy and ISEM results  

Negatively stained, partial purified viruses from garlic leaves showed a large number of 

flexuous filamentous virus particles (most of the particles with the size of around 700nm long 

and 14nm wide) under the electronic microscope (Fig. 2B.1. A). 

In ISEM assays, GYSV antiserum trapped large numbers of virus particles, most of which 

were also decorated by the antiserum although a few particles did not appear to be decorated 

(Fig.2B.1. B). LYSV antiserum trapped fewer particles and only a small number of these were 

decorated (Fig.2B.1. C). Only a few particles were found on grids coated with polyclonal 

antiserum against OYDV, none of which were decorated (Fig.2B.1.D). These results suggest 
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that the virus isolated from garlic is same as GYSV reported by Mohamed and Young (1981) 

and showed a much closer relationship to LYSV than to OYDV. 

 

A B

C D
                        

Fig. 2B.1. Immunosorbent electron microscopy of partially purified viruses from garlic 

samples using various potyvirus antisera: (A) negative stain only, (B) trapped and decorated 

with GYSV polyclonal antiserum, (C) trapped and decorated with LYSV polyclonal antiserum, 

(D) trapped and decorated with OYDV polyclonal antiserum (Decorated virus particles 

indicated by arrows). 
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2B.3.1.4 SSCP results 

In SSCP analysis, the c. 0.335 kb fragments amplified from virus infected garlic leaf produced 

six bands (Fig.2B.2.B) while the WMV control sample produced only two bands (Fig.2B.2.A). 

These results indicated that there was only one virus sequence was present in the WMV sample 

but there were at least three different sequence variants in the garlic samples. 

 

 

 

 

 

 

 

Fig. 2B.2. SSCP analysis for virus infected garlic and WMV infected zucchini samples. The 

polymorphisms of the c. 335 bp PCR products amplified from garlic (lane B) and WMV 

infected zucchini (lane A) showed six and two bands, respectively.  

 

2B.3.1.5 Analysis of sequences from garlic samples 

Phylogenetic analysis indicated that the two distinct sequences (nzLYSV1 and nzLYSV2) were 

presented in all four individual garlic plants tested. These two sequences were 83.4% nt and 

85% aa similar to each other and BLAST results showed that the sequences have a high 

similarity (< 98 %) to isolates of LYSV from GenBank but were quite distinct from OYDV 

isolates. An alignment of these two sequences with representative LYSV sequences from 

GenBank showed high variability at the N-terminal region of the CP (Fig. 2B.3). A neighbour-

joining tree (1000 Bootstrap replicates) was constructed using the two sequences from garlic 

and sequences of LYSV and OYDV from GenBank. This indicated that the two newly 

identified isolates from garlic (nzLYSV1 and nzLYSV2) are two different strains of LYSV 

(Fig. 2B.4).  

A   B
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Fig. 2B.3. Alignment of CP aa sequences of nzLYSVg1, nzLYSVg2 with selected LYSV 

isolates from GenBank.  
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     Fig. 2B.4.  Neighbour-joining tree for nzLYSVg1, nzLYSVg2 sequences from NZ garlic 

and LYSV, OYSV sequences from GenBank. Oat mosaic virus (OMV, GenBank accession 

no. AF314536) was used as the out group (numbers on branches are bootstrap values - 1000 

replicates). 

 

2B.3.2 Characteristics of the four novel sequences 

The four novel sequences obtained from ornamental plants (see section 2A) showed very low 

similarity to available nt sequences in GenBank (Fig. 2A.4) with showed aa similarity ranging 

from ~50-71% to sequences of various potyviruses (Table 2A.8). These were further classified 

by comparison with representative sequences from all six genera of the Potyviridae: Potyvirus, 

Ipomovirus, Macluracirus, Rymovirus, Tritimovirus and Bymovirus. The results showed clearly 

that these four novel sequences are belonged to the Potyvirus genus (Fig. 2B.5) and were 

presumed to be either new species of Potyvirus or known species of Potyvirus which lack 

sequence information in GenBank. 
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Further BLAST analysis of these sequences in May 2007 which included sequences added to 

GenBank since the original analysis provided additional information on these viruses. Three 

out of the four novel sequences share high similarity with two definitive potyviruses (Table 

2B.3): Nerine yellow stripe potyvirus (NeYSV) and Iris mild mosaic virus (IMMV) sequences 

from the Netherlands which were deposited in GenBank in early 2007. The two New Zealand 

isolates of IMMV (designated nzIMMV1 and nzIMMV2), share high similarity (96.5%nt – 

97.3% aa and 84.6% nt – 91.5% aa) with the one IMMV GenBank sequence from the 

Netherlands, and 85.2% nt and 92.4% aa similarity with each other. The New Zealand NeYSV 

isolate showed 90% nt and 93% aa similarity to the only two NeYSV sequences in GenBank. 

Interestingly, both the New Zealand and GenBank sequences of IMMV and NeYSV lack the 

aphid transmission related motif “DAG” or “DVG” or “DAE”.  

The remained nzNovel-DC6 is still a novel sequence (Table 2B.3) belonged to Potyvirus genus.  
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     Fig. 2B.5. Neighbour-joining tree for the newly identified novel sequences (nzNovel-DC3, 

nzNovel-DC4a, nzNovel-DC4b and nzNovel-DC6) and selected sequences covering partial 

NIb gene,  complete CP gene and 3´UTR region and representing six genera of Potyviridae 

from GenBank. Sequence of Zygocactus virus X (GenBank accession: AY366208) 

belonging to Potexvirus genus, Flexiviridae was used as the out group (numbers on 

branches are bootstrap values - 2000 replicates).  
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Table 2B.3. Re-BLAST results for the four novel sequences. 

 Sequence 
Name 

GenBank 
accession no. 

Length Closest phylogenetic relative* nt & aa similarity (%) 
& re-designation 

nzNovel-DC3 DQ407932 1609 bp (472 aa) NeYSV* (accession no. 
EF362622 and EF362621) 

(90% nt, 93% aa) 

nzNeYSV 

nzNovel-DC4a DQ436918 1815 bp (490 aa)  IMMV* (accession no. 
EF203682) 

(96.5% nt, 97.3% aa) 

nzIMMV1 

nzNovel-
DC4b 

DQ436919 1813 bp (489 aa)  IMMV* (accession no. 
EF203682) 

(84.6% nt, 91.5% aa) 

nzIMMV2 

nzNovel-DC6 DQ417604  1602 bp (475 aa) Novel sequence (chinese 
narcissus potyvirus, AJ311373) 

( 59.1% nt, 70.9 % aa) 

NeYSV=Nerine yellow stripe potyvirus, IMMV=Iris mild mosaic virus 

 

2B.4. Discussion 

In this study, Potyvirus isolates from garlic sample were further characterised by serological 

and molecular methods in order to determine the relationship between GYSV and LYSV. In 

addition, the novel sequences from ornamental plants were further analyzed for more accurate 

classification. 

GYSV, a virus which was first reported by Mohamed and Young (1981) and was considered as 

a new Potyvirus species which was different from two other Allium potyviruses, OYDV and 

LYSV, based on their different host range, and serological results. More recently, Fletcher and 

Davison (JD Fletcher and JEB Davison 1991, Marlborough co-operative garlic growers 

unpublished data) surveyed 16 garlic crops in New Zealand and concluded that GYSV was 

serologically related to OYDV. In contrast, Van Dijk (1993), who used serology to test and 

characterise potyviruses from 5,700 Allium plants, representing 22 species from Netherlands 

and other parts of the world, concluded that garlic yellow streak disease was probably caused 

by a mixture of OYDV and LYSV. Because of the controversial opinions, GYSV was not 

subsequently accepted by ICTV as a new species (Van Regenmortel et al., 2000) and its 

precise identification remained unclear.  

In our current investigation using ELISA and ISEM, which is more sensitive than 

microprecipitin tests used in original detection work by Mohamed and Young (1981), both 

partially purified virus and leaf extracts from infected garlic leaves reacted strongly in ELISA 
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using both the GYSV and LYSV polyclonal antisera used by Mohamed and Young (1981) but 

not with OYDV antiserum (Table 2B.2). In ISEM of partial purified virus, large numbers of 

particles were trapped and decorated by the GYSV antiserum, fewer particles were trapped and 

decorated by LYSV antiserum, and no particles were decorated by the OYDV antiserum (Fig. 

2B.1). These serological results suggest that the virus isolated from infected garlic during the 

current study is the same as the GYSV described by Mohamed and Young (1981), and that it is 

closely related to LYSV but not to OYDV. The strong reaction between the current isolates 

and the Mohamed and Young antiserum (produced in 1979) suggests that the virus has not 

changed substantially during the last 25 years. Phylogenetic analysis revealed that the virus 

named GYSV clusters strongly with isolates of Leek yellow streak virus from around the world 

(Figure 2B.4). The marginal positive reactions between purified GYSV & OYDV antisera, and 

OYDV & LYSV antisera (Table 2B.2) may indicate that LYSV and OYDV share some similar 

protein motifs. 

In the ISEM experiment, few virus particles with the same form to LYSV particles were found 

not decorated by antiserum against GYSV (Fig. 2B.1) which indicated that another kind of 

virus different from LYSV existed in the same sample. Additionally, in the SSCP experiment, 

six bands were found from virus infected garlic sample which indicated that at least three 

different sequences were amplified from a single garlic plant. Combining with the sequence 

results from section 2A in which three different sequences including two LYSVg sequences 

and one PVY sequence were identified from single garlic plant, the existence of PVY from 

collected garlic sample is further confirmed. 

Phylogenetic analysis including sequences from six genera of Potyviridae shows that the four 

novel sequences obtained from ornamental plants in section 2A cluster with members of the 

Potyvirus genus (Fig. 2B.5). Since all of the sequences used for the phylogenetic analysis cover 

the partial NIb gene, complete coat protein gene and 3' UTR, the analysis is considered robust. 

The consequent re-blast results confirm that three out of four novel sequences are belonged to 

IMMV and NeYSV which were newly deposited in GenBank in early 2007. For that remaining 

novel sequence nzNovel-DC6, as its sequence is quite distinct from other Potyvirus species, the 

most closely related sequence from GenBank (Chinese narcissus virus, accession no. 

AJ311373) showing only 59.1% nt and 70.9% aa similarity, respectively. Therefore this novel 

sequence was suggested to be a new species within Potyvirus genus or a known potyvirus 

without sequence information. 
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In summary, this study has demonstrated: (a) the virus isolates from garlic are most likely the 

same as GYSV reported by Mohamed and Young (1981) and this virus is identified as a strain 

of LYSV and not a distinct Potyvirus species, and (b) the four novel sequences obtained from 

previous study section 2A were further analyzed and all of them are classified in Potyvirus 

genus and recent BLAST results identified three of the sequences as two IMMV and one 

NeYSV. The remaining novel sequence from Vallota speciosa (nzNovel-DC6) is considered to 

be a previously undescribed Potyvirus species or possibly a known potyvirus lacking sequence 

information. 
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Chapter 3.  Microarray Development: in silico design 

 

3.1. Introduction 

Microarrays have been recognized as a potential diagnostic tool in plant virology because of their 

ability to detect large amount of pathogens simultaneously. cDNA microarrays have been 

developed for the detection of potato viruses (Boonham et al., 2003; Bystricka et al., 2003) and 

cucurbit-infecting tobamoviruses (Lee et al., 2003) in single and/or mixed infections. The first 

synthetic plant olilgonucleotide microarray (40-mer) was reported to detect six potato viruses at 

both species and strain level (Bystricka et al., 2005). These microarrays targeted several different 

viruses of same host and showed advantages over the conventional methods such as serology and 

PCR techniques for the diagnosis of plant viral diseases. 

 Due to the variety, wide host range and economic importance of potyviruses, a microarray for 

potyvirus detection and identification is highly desirable and it is of particular interest for New 

Zealand because of its high biosecurity requirement. Oligonucleotide microarray has potential to 

provide a better means than cDNA microarray (for details, see section 1.4.1 in Chapter 1) to 

differentiate Potyvirus at both species and strain levels. However, there was no existing published 

information on the detection of potyvirus using an oligonucleotide microarray when this project 

was started in October 2003.  

The primary aim of this project was to examine the feasibility of developing an oligonucleotide 

microarray for potyvirus detection and identification at both species and strain level. Therefore the 

first and most important task was to identify oligonucleotide probe sequences that would have the 

potential to differentiate potyviruses at both species and strain levels. To this end, conserved 

sequences representing individual potyvirus species and variable sequences representing different 

potyvirus strains within each species need to be identified from the various Potyvirus genomes. 

Based on the published literature, the following five regions: 5′ UTR (Kekarainen et al., 1999; 

Simón-Buela et al., 1997; Trigiano et al., 2003), P3 gene (Aleman-Verdaguer et al., 1997; Shukla 

et al., 1994), NIb gene (Gibbs and MacKenzie, 1997; Shukla et al., 1994), coat protein (CP) gene 

(Bateson et al., 2002; Jordan, 1989; Shukla and Ward, 1988; Tsuneyoshi et al., 1998) and 3′ UTR 

(Frenkel et al., 1989; Kekarainen et al., 1999; Uyeda, 1992) were identified as containing possible 
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sequence segments suitable for designing species-specific (SpS) and/or New Zealand strain-

specific (NZ StS) oligonucleotide probes for potyviruses identification using a microarray. The 

work described in this chapter focuses on the design of oligonucleotide probes which were suitable 

for microarray detection of selected New Zealand potyviruses to these five regions. This “proof of 

concept” study was limited to potyviruses present in New Zealand as this avoided the need for 

virus containment under the Hazardous Substances and New Organisms (HSNO) Act of New 

Zealand.  
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3.2. Materials and methods 

3.2.1 Sequence selection and alignment 

The sequences used for selecting desirable regions for oligonucleotide probe design were collected 

from GenBank. These sequences related to the five selected regions: 5′ UTR region, P3 gene, NIb 

gene, CP gene and 3′ UTR region of the eleven out of thirteen New Zealand potyviruses described 

in Chapter 2.  The potential regions for oligonucleotide probes design were selected based on the 

sequence analysis results using BioEdit version 7.0.4 (Hall, 1999).   

 

3.2.2 Sequences analysis and design of microarray oligonucleotides 

Sequences for microarray oligonucleotide probes were based on the genomic (sense) sequence of 

the investigated potyviruses. This is convenient as GenBank sequences can be used directly for 

oligonucleotide design without conversion to the complementary sequence. For comparison, 

oligonucleotide probes were designed using two different software packages for the same 

sequences templates: ROSO (Reymond et al., 2004) and CAG software produced by Dr. Manfred 

Nölte in CAG, Bremen University. The Basic Local Alignment Search Tool (BLAST) program 

(Altschul et al., 1997), available on the internet (http://www.ncbi.nlm.nih.gov/BLAST/) was used 

to select the optimal probes by comparison with all available potyviruses sequences and other 

close related or non-close related sequences from GenBank. Human gene sequences were used for 

designing negative control probes. Two positive control sequences for spotting and testing were 

kindly provided by Professor Blohm, CAG, Bremen University, Germany. These two positive 

probes are to show the efficiency of the hybridization and have no relationship to Potyvirus 

sequences.  

 

3.2.3 Virus sequences 

Based on the sequence analysis results and the availability of samples, sequences from eleven of 

the thirteen New Zealand potyviruses obtained in Chapter 2 were used for sequence analysis and 

selecting desirable sequences for microarray development and testing. NeYSV and IMMV were 

not included as they were not identified until this work was finished.  
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3.2.4 The selection of oligonucleotide probes  

The ROSO software generated a large number of potential oligonucleotide probes. The optimal 

probes were selected by blasting each probe sequence against GenBank sequences, the probes with 

the highest identity to SpS or NZ StS regions were then selected.  

The ideal SpS probe is a 100% conserved sequence shared by all sequence variants (strains) which 

compose a particular species, but should not match sequences of other potyviruses or other 

DNA/RNA likely to be present, especially from the plant hosts. Where a single sequence matching 

all sequence variants could not be found, a small percentage of mismatched (MM) 

oligonucleotides were allowed.   

The NZ StS probe is a sequence perfect-match to the targeted strain but with complete mismatch 

to all other strains within the same species, other potyviruses, and the plant hosts. Where a probe 

meeting this criterion could not be found, probes with a low percentage identity to other strains 

and related potyviruses were accepted.   

 

3.2.5 Modification of oligonucleotide probes 

In order to increase the hybridization efficiency, various modifications were incorporated into the 

design of the oligonucleotides. These included the addition of spacers at the 5' terminus of all the 

oligonucleotide probes to extend the space between probes and the slide surface, and the 

modification of the 5' terminus of each oligonucleotide probes with or without spacers using 

amino groups to improve the fixation of oligonucleotides to the slide surface.   
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3.3. Results 

3.3.1 Sequences selected for analysis  

All available nucleotide sequences for the 5'UTR and 3'UTR regions and the amino acid sequences 

for the P3 gene, NIb gene and CP gene of the eleven identified New Zealand potyviruses were 

collected from GenBank. This comprised a total of 1245 sequences which are summarized in 

Table 3.1. The greatest number of sequences was for the CP gene, followed by NIb sequences, 

then 3′UTR sequences. Only a small number of sequences were available for the 5'UTR region 

and P3 gene of the most of the selected viruses (no sequence for some viruses). Only three species 

(TuMV, PVY and ZYMV) had more than 200 sequences, while most of the other species were 

represented by less than 50 sequences.  

Table 3.1. Summary of sequences available for the eleven selected potyviruses found in New 

Zealand. 

Number of sequences per region of the genome 
No. Virus species Acronym 

5′UTR P3 NIb CP 3′UTR Total 

1 Dasheen mosaic virus DsMV 2 3 13 14 10 42 

2 Leek yellow stripe virus LYSV 2 2 19 24 11 58 

3 Ornithogalum mosaic virus OrMV 0 0 12 17 14 43 

4 Ornithogalum virus 2 OrV2 0 0 6 7 7 20 

5 Potato virus A PVA 9 10 20 38 6 83 

6 Potato virus Y PVY 15 27 32 140 51 265 

7 Turnip mosaic virus TuMV 39 43 75 189 58 404 

8 Watermelon mosaic virus WMV 0 0 7 58 1 66 

9 Zantedeschia mild mosaic virus ZaMMV 0 0 3 3 3 9 

10 Zantedeschia mosaic virus ZaMV 0 0 11 12 11 34 

11 Zucchini yellow mosaic virus ZYMV 16 15 38 128 24 221 

sum    83 100 236 630 196 1245 

 

3.3.2 Selection of suitable viruses and genome regions for probe design  

The conserved or distinct sequences within the targeted regions or genes were identified by 

aligning the sequences using BioEdit version 7.0.4 (Hall, 1999). Sequence number representing 

individual viruses or genome regions less than 10 was excluded for further analysis on the basis of 

such a small number of sequences were unlikely to represent the full sequence diversity of 
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sequences for that virus. The remaining sequences were aligned and multiple conserved sequences, 

of various lengths, were identified from most of the viruses/genome regions (data now shown). 

Shorter sequences (less than 25nt or 10aa) are not suitable for probe design as the minimum length 

of a probe generated by ROSO software is 25nt. The number of conserved sequences with 

desirable length for probe design are summarised in Table 3.2. It was found that only a few 

sequences were available for 5′UTR region and P3 gene and these contained shorter conserved 

sequences, therefore these two regions of the genome were not considered for the further analysis. 

The desirable number (above 10) and length (above 30nt or 10aa) of the conserved sequences were 

identified in the NIb gene, CP gene and 3′UTR region of most of the New Zealand potyviruses. In 

addition, these three regions are easily amplified from a wide range of Potyvirus species using 

available Potyvirus universal primers as target fragments to test the microarray. Therefore these 

three regions were selected for further analysis. For each virus species, the conserved sequences 

from these regions were used to design SpS oligonucleotide probes while the non-conserved 

regions were used for designing NZ StS probes.  

Table 3.2. Summary of the longest conserved sequences from eleven New Zealand potyviruses. 

Length / number of desirable conserved sequences   
No. Potyvirus 

5′UTR(bp) P3(aa) Nib(aa) CP(aa) 3′UTR(bp) 

1 DsMV - - 38 aa /13 110 aa /14 35 bp /10 

2 LYSV - - 110 aa /19 60 aa /24 40 bp /11 

3 OrMV - - 30 aa /12 45 aa /17 37 bp /14 

4 OrV2 - - - - - 

5 PVA - 50 aa /10 50 aa /20 10 aa /38 - 

6 PVY 32 bp /15 40 aa /27 113 aa /32 50 aa /140 40 bp /51 

7 TuMV - 20 aa /43 70 aa /75 100 aa /189 60 bp /58 

8 WMV - - - 200 aa /58 - 

9 ZaMMV - - - - - 

10 ZaMV - - 31 aa /11 75 aa /12 51 bp /11 

11 ZYMV - 20 aa /15 100 aa /38 140 aa /128 40 bp /24 

- indicates sequences within the region or gene were not aligned because of the low amount of 

sequence number or absence of the sequence or with shorter conserved sequences.  

Based on the above sequence analysis, the seven New Zealand potyviruses DsMV, LYSV, OrMV, 

PVY, TuMV, ZaMV and ZYMV were considered as potential candidates for “proof of concept” 

experiments because sequences of the desired length, covering the three selected regions were 
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available. Of these, DsMV, LYSV, PVY and ZYMV were selected for oligonucleotide probe 

design and microarray testing as plenty of infected plant material was available. For LYSV, two 

distinct New Zealand isolates, nzLYSVg1 (GenBank accession AY842134) and nzLYSVg2 

(GenBank accession AY842136) were included in order to generate and test the NZ StS 

oligonucleotide probes.  

In summary, the sense strand sequences of the NIb gene, CP gene and 3′UTR region of five New 

Zealand Potyvirus isolates representing four species were used for the design of oligonucleotide 

probes and testing of a microarray. 

 

3.3.3 Generation of potential specific oligonucleotide probes with desirable length 

The Oligonucleotide probes for the five target potyvirus isolates were generated using both the 

ROSO software (Reymond et al., 2004) and CAG software. It was important to ensure that the 

oligonucleotides chosen for detection of the target potyviruses did not inadvertently detect other 

potyviruses, other plant pathogens or plant host sequences. To this end, identity of the 

oligonucleotide probe sequences from the experimental New Zealand potyviruses was checked 

while generation against a total of 549 sequences covering the NIb gene, CP gene and 3′UTR 

region representing 80 Potyvirus species selected from GenBank and the following plant genomes: 

(1) Oryza sativa (japonica cultivar-group) chromosome (accession no. AC148235); (2) Beta 

vulgaris subsp. vulgaris mitochondrion, (accession no. NC_002511); (3) Saccharum hybrid 

cultivar sp-80-3280 chloroplast (accession no. NC_005878); (4) Nicotiana tabacum plastid 

(accession no. NC_001879).  

To run ROSO, various parameters such as Tm, GC content, secondary structure, length of 

oligonucleotides and hybridization temperature need to be optimized in order to generate desirable 

number of oligonucleotides from different genes/regions of different viruses. One of the most 

important parameters is the length of the oligonucleotides. A preliminary analysis (Table 3.3) 

indicated that it was necessary to adopt a length of 25-mers in order to provide a sufficient number 

of probes for all of the selected genome regions for all of the targeted viruses. Although longer 

probes may provide high specificity and there are enough number of longer probes existing for 

some regions of the four potyviruses e.g. 40 mer probes for CP genes (Table 3.3), the un-equal 

length of probes may provide different Tm which consequently result in the difficulty of 
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optimization of hybridization temperature, and the synthesis of un-equal length of the probes will 

take 5-10 times higher price which is limited by the project funding.  

Using the same parameter settings as used in ROSO software, a total of 112 oligonucleotide 

probes were generated from the same templates by CAG software for further selection. 

Table 3.3. The number of potential oligonucleotide probes for different lengths, as generated by 

ROSO. 

Virus / genome region 70mer 60mer 50mer 45mer 40mer 35mer 30mer 25mer 

DsMV-NIb 0 0 0 1 4 16 4 130 

DsMV-CP 0 0 0 3 20 3 20 23 

DsMV-3′UTR 0 0 0 9 21 38 21 72 

LYSVg1-NIb 0 0 0 0 7 27 7 58 

LYSVg1-CP 0 0 0 27 53 1 53 51 

LYSVg1-3′UTR 0 0 0 12 45 73 45 188 

LYSVg2-NIb 0 0 0 24 50 75 50 185 

LYSVg2-CP 0 0 4 38 92 181 92 342 

LYSVg2-3′UTR 0 0 0 12 45 73 45 188 

PVY-NIb 0 0 0 34 81 146 81 100 

PVY-CP 0 0 0 5 29 112 29 372 

PVY-3′UTR 0 0 2 25 48 86 48 162 

ZYMV-NIb 0 0 0 1 10 64 10 232 

ZYMV-CP 0 0 0 0 17 70 17 256 

ZYMV-3′UTR 0 0 4 12 21 37 48 227 

sum 0 0 10 203 543 1002 570 2586 

 

 

3.3.4 Selection of the optimal oligonucleotide probes 

3.3.4.1 Principle of oligonucleotide probe selection 

To avoid biosecurity issues, the initial testing of the array was carried out using New Zealand 

Potyvirus isolates of the various virus species, and the sequences of these isolates were used for 

the design and selection of the oligonucleotide probes. Therefore in designing SpS probes, it was 

necessary to determine to what extent the sequence of other strains of the same virus differed from 
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that of the test isolates and to make sure the combination of oligonucleotide probes on the array 

would represent all known sequence variants. 

The perfect SpS probes should match perfectly (i.e. 100%) the sequence of all known strains of the 

target species but do not have significant sequence identity with other potyviruses, other pathogens 

or plant hosts. However, since all plant viruses are considered to consist of a population of 

sequence variants, referred to as a quasi-species (Rubio et al., 1999; Simon and Bujarski, 1994), it 

is virtually impossible to find a sequence that matches perfectly all isolates. Consequently on the 

microarray, it is necessary to represent a species by several different oligonucleotides which target 

the different regions of the genome to increase the probability of detecting all sequence variants 

within a species. To identify a sequence that is highly conserved within the species, it is necessary 

to analyze the variation between strains/isolates and if necessary, several sequence variants to 

represent the species have to be selected. This group of sequences was based on the sequence of 

the experimental targets (New Zealand isolates) with various sequence changes (nucleotide 

mismatch) designed to cover the range of known sequence variants within that species. Since 

different isolates vary not only in the number of base changes but also in their position, it is not 

possible to represent all theoretical possible variants. Therefore sequence variants were chosen 

based on actual sequence variants shown by the BLAST results. Consequently these “mismatched 

probes” are a perfect match to one or more strains/isolates within the same species from GenBank 

but had one or more nucleotides that differed from the New Zealand strains used in the microarray 

development.  

The selection of SpS oligonucleotides can be demonstrated using the BLAST results of an 

oligonucleotide probe from LYSVg (Fig. 3.1). The oligonucleotide probe based on the New 

Zealand isolate showed 100% match to 16 out of 17 strains of LYSV available in GenBank, 84% 

match to one other strain of LYSV (accession no. AJ409304) and 68% to two human sequences. 

Since the low similarity to human sequences was considered to be of no practical consequence, 

this oligonucleotide is an almost ideal SpS probe, that can supplemented by a “mismatch” probe 

designed to the sequence with only 84% identity to the New Zealand sequence. 
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Similar sequences identified by BLAST                               Score  and % Identity  
gi|23194423|gb|AF538950.1|  Leek yellow stripe potyvirus pol...    50   100%  

gi|18564832|emb|AJ307057.1|LYE307057  Leek yellow stripe pot...    50   100%  

gi|18564819|emb|AJ307032.1|LYE307032  Leek yellow stripe pot...    50   100%  

gi|18621061|emb|AJ292225.1|LYE292225  Leek yellow stripe vir...    50   100%  

gi|18564907|emb|AJ409308.1|LYE409308  Leek yellow stripe pot...    50   100%  

gi|18564903|emb|AJ409307.1|LYE409307  Leek yellow stripe pot...    50   100%  

gi|18564901|emb|AJ409306.1|LYE409306  Leek yellow stripe pot...    50   100%  

gi|18564899|emb|AJ409305.1|LYE409305  Leek yellow stripe pot...    50   100%  

gi|927429|emb|X89711.1|LYSPSVPOLY  Leek yellow stripe potyvir...    50   100%  

gi|2865140|dbj|AB005612.1|  Leek yellow stripe potyvirus RNA...    50   100%  

gi|11230714|gb|AY007693.1|  Leek yellow stripe potyvirus pol...    50   100%  

gi|2865138|dbj|AB005611.1|  Leek yellow stripe potyvirus RNA...    50   100%  

gi|2865136|dbj|AB005610.1|  Leek yellow stripe potyvirus RNA...    50   100%  

gi|1339920|dbj|D85436.1|LYSCP  Leek yellow stripe potyvirus ...    50   100%  

gi|598479|dbj|D28590.1|GV2CPA  Garlic virus 2 RNA for polypr...    50   100%  

gi|1783295|dbj|D11118.1|GPVPRC  Leek yellow strip potyvirus ...    50   100%  

gi|18564897|emb|AJ409304.1|LYE409304  Leek yellow stripe pot...    42   84%  

gi|15451686|gb|AC024577.5|  Homo sapiens chromosome 5 clone ...    34   68%    

gi|14327776|gb|AC010399.5|AC010399  Homo sapiens chromosome ...    34   68%    

Fig. 3.1.  BLAST result of a 25-mer oligonucleotide probe 

(AACCCGTAGTATCCTATCCTTACCT) from New Zealand LYSVg isolate.  

 

For genome regions where there were multiple sequence variants within the species, a sub of 

mismatch  probes set were chosen to represent the variants that could not picked up by SpS probes 

and were designated as “mismatched (MM) probes”. The selection of MM probes were based on 

the following criteria: (1) the number of mismatched bases; (2) the location of the mismatches, i.e. 

5´ end, central or 3´ end of a probe; (3) the type of the MM nucleotide, i.e. A or T or C or G; (4) 

one isolate may be represented by one or more MM probes; (5) once MM probes were selected, 

they were further evaluated using ROSO software to identify if they shared similar properties, in 

particular Tm and GC content of the previously selected perfect match probes in order to make 

sure that all the final selected probes could be able to hybridize with the target under the same 

hybridization conditions. The selection of MM probes can be demonstrated using the BLAST 

results of an example oligonucleotide probe from PVY isolate (Fig. 3.2). It was found that 

multiple isolates showed the same mismatch percentage where seventeen isolates showed 88% 

similarity to the example probe from PVY. From these seventeen sequences, representative MM 

probes were selected based on the above four criteria.  
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      Similar sequences identified by BLAST                               Score  and % Identity 
gi|46517893|emb|AJ609243.1|  Potato virus Y partial CP gene ...    50   100%  
gi|46517889|emb|AJ609241.1|  Potato virus Y partial CP gene ...    50   100%  
gi|21954708|gb|AF525081.1|  Potato virus Y polyprotein mRNA,...    48   96%  
gi|56462531|gb|AF237963.2|  Potato virus Y strain nnp, compl...    44   88%  
gi|52858387|gb|AY743341.1|  Potato virus Y isolate -chw poly...    44   88% 
gi|21280584|gb|AF424732.1|  Potato virus Y isolate WECBG coa...    44   88% 
gi|21280582|gb|AF424731.1|  Potato virus Y isolate WECBF coa...    44   88% 
gi|21280580|gb|AF424730.1|  Potato virus Y isolate WECBE coa...    44   88% 
gi|21280578|gb|AF424729.1|  Potato virus Y isolate WECBD coa...    44   88% 
gi|21280576|gb|AF424728.1|  Potato virus Y isolate WECBC coa...    44   88% 
gi|21280574|gb|AF424727.1|  Potato virus Y isolate WECBB coa...    44   88% 
gi|21280572|gb|AF424726.1|  Potato virus Y isolate WECBA coa...    44   88% 
gi|21280570|gb|AF424725.1|  Potato virus Y isolate WECB3 coa...    44   88% 
gi|21280568|gb|AF424724.1|  Potato virus Y isolate WECB2 coa...    44   88% 
gi|21280566|gb|AF424723.1|  Potato virus Y isolate WECB1 coa...    44   88% 
gi|21280550|gb|AF424715.1|  Potato virus Y isolate TOCB1 coa...    44   88% 
gi|21280544|gb|AF424712.1|  Potato virus Y isolate POCN7D co...    44   88% 
gi|21280542|gb|AF424711.1|  Potato virus Y isolate POCN7C co...    44   88% 
gi|21280536|gb|AF424708.1|  Potato virus Y isolate POCN6B co...    44   88% 
gi|46517887|emb|AJ609240.1|  Potato virus Y partial CP gene ...    42   84%  
gi|53850823|gb|AY745492.1|  Potato virus Y isolate N:O-L56, ...    42   84% 
gi|53850821|gb|AY745491.1|  Potato virus Y isolate N:O-Mb112...    42   84% 
gi|40311067|emb|AJ619755.1|  Potato virus Y 3'UTR of cp gene...    42   84% 
gi|40311066|emb|AJ619754.1|  Potato virus Y 3'UTR of cp gene...    42   84% 
gi|40311065|emb|AJ619753.1|  Potato virus Y 3'UTR of cp gene...    42   84% 
gi|40311064|emb|AJ619752.1|  Potato virus Y 3'UTR of cp gene...    42   84% 
gi|40311063|emb|AJ619751.1|  Potato virus Y 3'UTR of cp gene...    42   84% 
gi|27368914|emb|AJ535662.1|PVI535662  Potato virus Y strain ...    42   84% 
gi|9955776|emb|AJ390294.1|PVI390294  Potato virus Y partial ...    42   84% 
gi|9955774|emb|AJ390293.1|PVI390293  Potato virus Y partial ...    42   84% 
gi|9955768|emb|AJ390290.1|PVI390290  Potato virus Y partial ...    42   84% 
gi|9955766|emb|AJ390289.1|PVI390289  Potato virus Y partial ...    42   84% 
gi|9955764|emb|AJ390288.1|PVI390288  Potato virus Y partial ...    42   84% 
gi|1033053|emb|X92078.1|PVYCPGENE  Potato virus Y mRNA for c...    42   84% 
gi|21280564|gb|AF424722.1|  Potato virus Y isolate TOKW5B co...    42   84% 
gi|21280562|gb|AF424721.1|  Potato virus Y isolate TOKW5A co...    42   84% 
gi|21280560|gb|AF424720.1|  Potato virus Y isolate TOCB4B co...    42   84%  
gi|21280538|gb|AF424709.1|  Potato virus Y isolate POCN7A co...    42   84% 
gi|8133022|gb|AF264151.1|AF264151  Potato virus Y coat prote...    42   84% 
gi|54021378|emb|AJ585342.1|  Potato virus Y strain NTN pol g...    42   84% 
gi|53913352|emb|AJ585196.1|  Potato virus Y mRNA for polypro...    42   84% 
gi|53749595|emb|AJ584851.1|  Potato virus Y strain N pol gen...    42   84% 
gi|2808576|emb|AJ223593.1|PVY223593  Potato virus Y coat pro...    42   84% 
gi|42432281|gb|AY512655.1|  Potato virus Y polyprotein gene,...    42   84% 
gi|466361|gb|U06789.1|PVU06789  Potato virus Y-VN genome, 3'...    40   80% 
gi|21464609|emb|AJ439545.1|PVI439545  Potato virus Y gene fo...    38   76%   
gi|21464607|emb|AJ439544.1|PVI439544  Potato virus Y gene fo...    38   76%   
gi|9955804|emb|AJ390308.1|PVI390308  Potato virus Y partial ...    38   76%   
gi|9955792|emb|AJ390302.1|PVI390302  Potato virus Y partial ...    38   76%   
gi|9955782|emb|AJ390297.1|PVI390297  Potato virus Y partial ...    38   76%   
gi|3087871|emb|AJ005639.1|PVY5639  Potato virus Y cp gene, p...    38   76%   
gi|29501909|gb|AC126425.2|  Lemur catta, clone -162D1, compl...    36   72%    
gi|29501908|gb|AC131599.2|  Lemur catta, clone -206F2, compl...    36   72%    
gi|21212074|emb|AL663088.10|  Mouse DNA sequence from clone ...    36   72%    
gi|13492653|gb|AF345650.1|  Potato virus Y (strain O) coat p...    34   72%    
gi|9955802|emb|AJ390307.1|PVI390307  Potato virus Y partial ...    34   72%    
gi|9955780|emb|AJ390296.1|PVI390296  Potato virus Y partial ...    34   72%    
gi|46849822|gb|AC124235.11|  Mus musculus chromosome 13, clo...    34   72%    
gi|2808578|emb|AJ223595.1|PVY223595  Potato virus Y coat pro...    34   72%    

Fig. 3.2.  BLAST result of a 25-mer oligonucleotide probe (GTGGTGACTCTATCTGTTAAT 

TCCG) from New Zealand PVY isolate.  

For the NZ StS probes, the perfect probe sequence should match only the targeted strain but have 

negligible identity to other isolates/strains within the same species, other potyvirus species or plant 

pathogens, or even plant host sequences. For example, the oligonucleotide probe 
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(CTACGACCTATAGTTGAGCACGCAA) from LYSVg is a perfect NZ StS probe as the 

BLAST returned “no hits” to any available sequence in GenBank (data not shown). However, in 

practice only few probes could meet these criteria and therefore those probes with low percentage 

similarity to some GenBank sequences not representing other plant viruses or plant tissues were 

also preferred. For example, oligonucleotide probe (CTCGAACTCTATGATAGTGATGTGC) 

from New Zealand LYSVg showed 68% similarity to some mouse and bacterial genes (Fig. 3.3), 

but these sequences are unlikely to cause false positives when testing plant sap extracts. 

 

               Information of the similar sequences                            score   identity percentage 
gi|27901949|gb|AC125234.4|  Mus musculus BAC clone RP23-14K1...    36   68%    
gi|54291994|gb|AC137692.4|  Mus musculus chromosome 13 clone...    36   68%    
gi|37508091|dbj|BA000045.2|  Gloeobacter violaceus PCC 7421 ...    36   68%    

gi|28209818|gb|AC125217.3|  Mus musculus BAC clone RP23-112D...    34   4.4   

Fig. 3.3. BLAST result of a 25-mer oligonucleotide probe (CTCGAACTCTATGATAGTGATGT 

GC) from New Zealand LYSVg isolate. 

 

From the total of 2586 potential probes generated by the ROSO software and 112 probes generated 

by the CAG software for the four test viruses, a total of 85 oligonucleotide probes were finally 

selected for microarray development (60 from ROSO and 25 from CAG).  These included 23, 28, 

14 and 20 probes for DsMV, LYSV, PVY and ZYSV respectively (Table 3.4). 

Table 3.4. Summary of selected oligonucleotide probes. 

Number of oligonucleotide probes 
Virus name Software 

SpS NZ StS MM Total 

ROSO 2 11 4 17 DsMV 
CAG 0 3 3 6 

ROSO 2* 4 1 7 LYSVg1* 
CAG 1* 1 1 3 

ROSO (2*) 8 3 11 LYSVg2* 
CAG (1*) 5 2 7 

ROSO 2 6 2 10 PVY 
CAG 2 2 0 4 

ROSO 2 11 2 15 ZYMV 
CAG 4 1 0 5 

ROSO 8 40 12 60 Sum 
CAG 7 12 6 25 

Sum  15 52 18 85 
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* The SpS probes for LYSVg1 are 100% matching to sequences on LYSVg2. 

SpS = species specific probes with high identity to all/most isolates;  

NZ StS = strain specific probes with high identity to targeted New Zealand potyvirus strains;  

MM = mismatch probes which are perfect-match to other strains but with one or more nucleotides 

different from New Zealand strain. 

 

3.3.4.2 Summary of probes selected for DsMV 

For DsMV (Table 3.5), there were only two SpS probes with high identity to all/most isolates 

which were from the CP gene. The additional fourteen MM probes, which were distributed across 

the NIb gene, CP gene and 3'UTR region, differed from the reference sequences by one to five 

bases, with the variable base(s) distributed throughout the oligonucleotide probe (5' end, centre 

and 3' end). Seven NZ StS probes were selected and all of them were also distributed across the 

NIb gene, CP gene and 3'UTR region. 

Table 3.5. The oligonucleotide probes for DsMV. 

Probe identification number   Specificity MM level Match (%) Location 

DsMV1 Species 0 Up to 100 CP gene 
DsMV2 Species 0 Up to 100 CP gene 
DsMV3 Strain 0 Up to 100 3'UTR 
DsMV4 Strain 0 100% NIb gene 
DsMV5 Strain 0 100% CP gene 
DsMV6 Strain 0 100% 3'UTR 

DsMV7B Strain 0 100% 3'UTR 

DsMV8B Strain 0 100% NIb gene 

DsMV9B Strain 0 100% NIb gene 
DsMV10m1* MM 1 96% CP gene 
DsMV11m1 MM 1 96% CP gene 
DsMV12m1 MM 1 96% NIb gene 
DsMV13m2 MM 2 92% CP gene 
DsMV14m2 MM 2 92% CP gene 
DsMV15m2 MM 2 92% NIb gene 
DsMV16m2 MM 2 92% CP gene 
DsMV17m2 MM 2 92% NIb gene 

DsMV18m2B MM 2 92% CP gene 
DsMV19m3 MM 3 88% NIb gene 
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DsMV20m3 MM 3 88% CP gene 
DsMV21m3 MM 3 88% 3'UTR 

DsMV22m4 B MM 4 84% CP gene 

DsMV23m5 B MM 5 80% CP gene 
B denotes that the probe was designed by Bremen University. 

* “m + an Arabic number” represents the number of MM nucleotide within that probe. 

 

3.3.4.3 Summary of probes selected for LYSV 

For LYSV (Table 3.6), there were three SpS probes with high identity to all/most isolates, which 

were all from conserved regions of the 3'UTR of both LYSV1 and LYSV2 isolates. The additional 

eighteen MM probes, which were distributed across the NIb gene, CP gene and 3'UTR region, 

differed from the reference sequences by one to nine bases, with the variable base(s) distributed 

throughout the oligonucleotide (5' end, centre and 3' end). For NZ StS probes, all the seven probes 

(3 from the LYSV1 and 4 from the LYSV2) were also distributed across the NIb gene, CP gene 

and 3'UTR region. 

Table 3.6. The oligonucleotide probes for LYSV. 

Probe identification number   Specificity** MM level** Match (%) Location 

LYSV1  Species (1,2) MM0 Up to 100 3'UTR 

LYSV2  Species (1,2) MM0 Up to 100 3'UTR 

LYSV3 B  Species (1,2) MM0 Up to 100 3'UTR 

LYSV4  Straini (1) 0 100% NIb gene 

LYSV5  Strain (2) 0 100% CP gene 

LYSV6  Strain (2) 0 100% NIb gene 
LYSV7  Strain (2) 0 100% CP gene 

LYSV8 B  Sprain (1,2) 0 100% 3'UTR 

LYSV9 B  Strain (1) M0 100% NIb gene 

LYSV10 B  Strain (2) 0 100% CP gene 

LYSV11m1*  MM 1(2) 96% NIb gene 

LYSV12m1 MM 1 (2) 96% NIb gene 

LYSV13m2  MM 2 (1,2) 92% 3'UTR 

LYSV14m2  MM 2 (1) 92% NIb gene 

LYSV15m2  MM 2 (2) 92% NIb gene 
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LYSV16m2  MM 2 (2) 92% CP gene 

LYSV17m2 B  MM 2 (2) 92% NIb gene 

LYSV18m3  MM 3 (1,2) 88% 3'UTR 

LYSV19m3  MM 3 (2) 88% NIb gene 

LYSV20m3  MM 3 (2) 88% NIb gene 

LYSV21m3  MM 3 (2) 88% CP gene 

LYSV22m3 B  MM 3 (2) 88% CP gene 

LYSV23m4  MM 4 (1,2) 84% 3'UTR 

LYSV24m4  MM 4 (2) 84% NIb gene 

LYSV25m4 B  MM 4 (1,2) 84% 3'UTR 

LYSV26m4 B  MM 4 (2) 84% CP gene 

LYSV27m5 B  MM 5 (2) 80% CP gene 

LYSV28m9 B  MM 9 (2) 64% CP gene 

B denotes that the probe was designed by Bremen University. 

* “m + an Arabic number” represents the number of MM nucleotide within that probe. 

** Arabic number 1 or 2 in bracket represented two different strains of New Zealand LYSVg1 or 

LYSVg2. 

 

3.3.4.4 Summary of probes selected for PVY  

For LYSV (Table 3.7), there were three SpS probes with high identity to all/most isolates and 

from the 3'UTR region and CP gene. The additional eight MM probes were distributed across the 

NIb gene, CP gene and 3'UTR region and differed from the reference sequences by two to four 

bases, with the variable base(s) distributed throughout the oligonucleotide (5' end, centre and 3' 

end). The three NZ StS probes were from CP gene and the 3'UTR region. 

Table 3.7. The oligonucleotide probes for PVY. 

Probe identification number   Specificity MM level Match (%) Location 

PVY1 Species 0 Up to 100 3'UTR 

PVY2 Species 0 Up to 100 CP gene 

PVY3 B Species 0 Up to 100 CP gene 

PVY4 B Strain 0 100% CP gene 

PVY5 Strain 0 100% NIb gene 
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PVY6 Strain 0 100% NIb gene 
PVY7m2* MM 2 92% CP gene 
PVY8m2 MM 2 92% CP gene 

PVY9m2 B MM 2 92% NIb gene 

PVY10m3 MM 3 88% CP gene 

PVY11m3 MM 3 88% CP gene 

PVY12m3  MM 3 88% CP gene 

PVY13m3 B MM 3 88% NIb gene 

PVY14m4 MM 4 84% CP gene 

B denotes that the probe was designed by Bremen University. 

* “m + an Arabic number” represents the number of MM nucleotide within that probe. 

 

3.3.4.5 Summary of probes selected for ZYMV  

For ZYMV (Table 3.8), there were six SpS probes with high identity to all/most isolates for all the 

three targeted regions; NIb gene, CP gene and 3'UTR. The additional twelve MM probes were 

distributed across the NIb gene, CP gene and 3'UTR region, differed from the reference sequence 

by two to six bases and with the variable base(s) distributed throughout the oligonucleotide (5' end, 

centre and 3' end). The two NZ StS probes were from CP gene and the 3'UTR region. 

Table 3.8. The oligonucleotide probes for ZYMV. 

Probe identification number   Specificity MM level Match (%) Location 

ZYMV1 Species 0 Up to 100 3'UTR 

ZYMV2 Species 0 Up to 100 3'UTR 

ZYMV3 B Species 0 Up to 100 3'UTR 

ZYMV4 B Species 0 100% NIb gene 

ZYMV5 B Species 0 100% CP gene 

ZYMV6 B Species 0 100% NIb gene 

ZYMV7 Stain 0 100% CP gene 
ZYMV8 Stain 0 100% 3'UTR 

ZYMV9m2* MM 2 92% NIb gene 

ZYMV10m2 MM 2 92% CP gene 

ZYMV11m3 MM 3 92% NIb gene 
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ZYMV12m3  MM 3 92% NIb gene 

ZYMV13m3 MM 3 92% 3'UTR 

ZYMV14m3 MM 3 92% NIb gene 

ZYMV15m3 MM 3 92% NIb gene 
ZYMV16m3 MM 3 92% CP gene 

ZYMV17m2 B MM 3 88% NIb gene 

ZYMV18m2 MM 3 88% 3'UTR 

ZYMV19m6 MM 6 76% NIb gene 

ZYMV20m1 MM 1 96% NIb gene 

B denotes that the probe was designed by Bremen University. 

* “m + an Arabic number” represents the number of MM nucleotide within that probe. 

 

3.3.4.6. Mismatch (MM) oligonucleotide probes  

As described above, all the fifty two MM oligonucleotide probes were not randomly designed but 

selected from GenBank based on the blast results using SpS probes from New Zealand isolates. 

Therefore these MM probes perfect match to different isolates within the same species of New 

Zealand potyviruses but with varying numbers of nucleotides mismatch to the SpS probes from 

New Zealand isolates. These represented sequences from a total of sixteen different countries and 

were submitted to GenBank between 1990 and 2005 (Table 3.9).  

Table 3.9. Information of MM oligonucleotdes. 

No. Probe name Accession no. of strain Country and year 

1 DsMV10m1 AJ298033--DsMV United Kingdom-2000 

2 DsMV11m1 AF511485--DsMV Taiwan-2002 

3 DsMV12m1 AJ305434--DsMV United Kingdom-2000 

4 DsMV13m2 AJ298035--DsMV United Kingdom-2000 

5 DsMV14m2 U08124--DsMV United State-1994 

6 DsMV15m2 AJ616720--VaMV New Zealand-2003 

7 DsMV16m2 AJ616721--VaMV New Zealand-2003 

8 DsMV17m2 U00122--DsMV United State-1993 

9 DsMV18m2 AJ298035--DsMV United Kingdom-2000 

10 DsMV19m3 AF169832--DsMV Taiwan-1999 

11 DsMV20m3 AJ298035--DsMV United Kingdom-2000 
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12 DsMV21m3 AJ616720--VaMV New Zealand-2003 

13 DsMV22m4 AF511485--DsMV Taiwan-2002 

14 DsMV23m5 AF511485--DsMV Taiwan-2002 

15 LYSV11m1 D28590--LYSV Japan-1994 

16 LYSV12m1 AY999712--LYSV Argentina-2005 

17 LYSV13m2 D11118--LYSV Japan-1992 

18 LYSV14m2 AB005611--LYSV Japan-1997 

19 LYSV15m2 AJ409304--LYSV United Kingdom-2001 

20 LYSV16m2 AY999712--LYSV Argentina-2005 

21 LYSV17m2 AY999710--LYSV Argentina-2005 

22 LYSV18m3 AJ307032--LYSV China-2001 

23 LYSV19m3 AJ409306--LYSV United Kingdom-2001 

24 LYSV20m3 D28590--LYSV Japan-1994 

25 LYSV21m3 AY842134--LYSV New Zealand-2006 

26 LYSV22m3 D28590--LYSV Japan-1994 

27 LYSV23m4 AJ409308--LYSV United Kingdom-2001 

28 LYSV24m4 AJ307032--LYSV United Kingdom-2001 

29 LYSV25m4 AF538950--LYSV Taiwan-2002 

30 LYSV26m4 AF494510--LYSV China-2002 

31 LYSV27m5 AY007693--LYSV Argentina-2000 

32 LYSV28m9 AJ006199--LYSV Germany-1998 

33 PVY-7m2 AY841257--PVY China-2004 

34 PVY8m2 X54636--PVY Estonia-1990 

35 PVY9m2 AF463399--PVY United State-2001 

36 PVY10m3 AJ439545--PVY France-2002 

37 PVY11m3 AJ390297--PVY United Kingdom-1999 

38 PVY12m3 AJ439544--PVY France-2002 

39 PVY13m3 AY745492--PVY Canada-2004 

40 PVY14m4 AY841257--PVY China-2004 

41 ZYMV9m2 AY016566--ZYMV France-2000 

42 ZYMV10m2 D13914--ZYMV United State-1992 

43 ZYMV11m3 AY611024--ZYMV China-2004 

44 ZYMV12m3 AF127929--ZYMV Taiwan-2001 

45 ZYMV13m3 AY170323--ZYMV Italy-2002 

46 ZYMV14m3 AB004641--ZYMV Japan-1997 

47 ZYMV15m3 AY648578--ZYMV Portugal-2004 

48 ZYMV16m3 l29569--ZYMV Reunion Island-1995 
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49 ZYMV17m3 AF127934--ZYMV Twain-2003 

50 ZYMV18m3 M35095--ZYMV Israel-1990 

51 ZYMV19m6 AY347476--ZYMV Poland-2003 

52 ZYMV20m1 AF014811--ZYMV Singapore-2001 

 

3.3.5 The selection of negative control probes 

Two human sequences (accessions NM_000979 and NT_011109) were chosen as templates for 

designing negative control (NC) oligonucleotide probes. The methods for generating and selecting 

these negative control probes were exactly the same as those used to select Potyvirus probes. A 

total of five negative control oligonucleotide probes were selected for microarray development 

(Table 3.10).  

Table 3.10.  Negative control oligonucleotide probes. 

No. Name Sequence 

1 nc1 ATCCCTGCAGATCCTAGCTAGAAAC 

2 nc2 GAGGCTGTTGGTCAAGTTATACAGG 

3 nc3 GAGGTACCCAAACTGAAGGTATGTG

4 nc4 CAGGTTGTGTTGAAGAGGTTGTTTA 

5 nc5 ACTAACCCTGGATCCTACTCTCTTA 

 

3.3.6 Addition of spacers to oligonucleotide probes 

The effects of adding poly-cytosine (C) and poly-thymine (T) spacers to the oligonucleotide 

probes were tested as these are generally considered to improve the efficiency of binding between 

the probe and the target nuclear acid. Four different spacer treatments (6C, 12C, 6T, or 12T) were 

added at 5' terminus of each of the 85 Potyvirus probes and 5 negative control probes, plus one set 

of probes without spacer for comparison, a total of five sets of probes (450 probes) were composed. 

In addition, a standard amino modifier consisting of a 6 carbon linker arm (Am6C) was added to 

the 5' terminus of all the 450 oligonucleotide probes containing spacers during synthesis (Fig.3.4). 
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Fig. 3.4. Linker and spacer modifications to oligonucleotide probes.  

 

3.3.7 Diagrammatic recording of the test results 

Due to the complexity of the design and modification of oligonucleotide probes, it was necessary 

to design a method for easy recording and visualization of the microarray results for each test. 

Figures 3.5 showed the design example (DsMV) for recording the microarray results in the 

diagrammatic format. In this diagrammatic form, all the information related to the oligonucleotide 

probes on the array is included as follows: (1) The three colors, grey, green and blue are used to 

represent the NIb gene, CP gene and 3'UTR region, respectively; (2) Positive results are indicated 

by a color change from the original color to either red, pink, orange or yellow, which represent 

relative positive strengths of ++++, +++, ++ and + respectively, based on the intensity of the 

fluorescent signal after hybridization; (3) Negative results are indicated by the original color of the 

spots; (4) The number immediately adjacent to the spots (left or right depending on available space) 

is a unique reference number for the particular oligonucleotide probe for that virus; (5) Spots 

without grids represent probes designed by ROSO software and probes with grids were designed 

by CAG software; (6) The location of each probe within the genome is shown in relation to the 

three different PCR products (~1.3 kb, ~0.7 kb and ~335 kb overlap fragment) used to hybridize 
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with the microarray; (7) The  sequence difference between “mismatched” probes and the reference 

sequences is shown by placing the spots in different rows depending upon the level of differences. 

(8) The results from the five sets of oligonucleotide probes with different modifications (no spacer, 

6C, 12C, 6T, 12T) are presented in separate blocks. This design provides a concise way of 

recording and presenting the reaction of the various probes to the test sample and allows easy 

comparison between the different probes.  
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DsMV (positive reaction intensity      ++++     +++      ++      +)    
                                                                                                                    overlap 
                                                                                      1.3kb                     0.335kb       0.7kb 

Similarity   Nib gene CP gene 3'UTR  
Original probe set   
25/25                4                  9     8              5                                        1         2                    3         7     6  
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15         16          
22/25                   19                                                                            20                             21      
21/25                                                    22 
20/15                                                    23 
 
Result recording (without spacer)   
25/25                4                  9     8              5                                        1         2                    3         7     6  
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15         16          
22/25                   19                                                                            20                             21      
21/25                                                    22 
20/15                                                    23 
 
Result recording (with 6C spacer)   
25/25                4                  9     8              5                                        1         2                    3         7     6  
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15         16          
22/25                   19                                                                            20                             21      
21/25                                                    22 
20/15                                                    23 
 
Result recording (with 12C spacer)   
25/25                4                  9     8              5                                        1         2                    3         7     6  
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15         16          
22/25                   19                                                                            20                             21      
21/25                                                    22 
20/15                                                    23 
 
Result recording (with 6T spacer)   
25/25                4                  9     8              5                                        1         2                    3         7     6  
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15         16          
22/25                   19                                                                            20                             21      
21/25                                                    22 
20/15                                                    23 
 
Result recording (with 12T spacer)   
25/25                4                  9     8              5                                        1         2                    3         7     6  
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15         16          
22/25                   19                                                                            20                             21      
21/25                                                    22 
20/15                                                    23 

Fig. 3.5. An example of the diagrammatic representation of hybridization results for different size 

PCR  fragments from DsMV. The three colors, grey, green and blue represent the probes from NIb 

gene, CP gene and 3'UTR region, respectively; The number immediately adjacent to the spots (left 
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or right depending on available space) is a unique reference number for the particular 

oligonucleotide probe for that virus; Spots without grids represent probes designed by ROSO 

software and probes with grids were designed by CAG software; The location of each probe 

within the genome is shown in relation to the three different PCR products (~1.3 kb, ~0.7 kb and 

~335 kb overlap fragment) used to hybridize with the microarray; The  sequence difference 

between “mismatched” probes and the reference sequences is shown by placing the spots in 

different rows depending upon the level of differences; The results from the five sets of 

oligonucleotide probes with different modifications (no spacer, 6C, 12C, 6T, 12T) are presented in 

separate blocks; Positive results are indicated by a color change from the original color to either 

red, pink, orange or yellow, which represent relative positive strengths of ++++, +++, ++ and + 

respectively, based on the intensity of the fluorescent signal after hybridization (an artificial 

positive reaction was demonstrated by probe number 1); Negative results are indicated by the 

original color of the spots;  

 

3.4. Discussion 

Ideally virus detection methods should combine high levels of specificity and sensitivity together 

with reliability and efficiency in terms of cost and time (Bowtell and Sambrook, 2003). 

Microarrays have the potential to fulfill all of these criteria for plant viruses although at present 

they are still expensive compared to established methods such as ELISA and PCR.  

Oligonucleotide-based DNA microarrays are becoming increasingly popular because of their many 

advantages compared to cDNA such as higher density and complexity, easier  in silico  design, 

less cross-hybridization, lower costs (Lockhart and Winzeler, 2000; Ramsay, 1998; Rimour et al., 

2005; Rudi et al., 2002; Zhang, 2004). A key point for developing an effective oligonucleotide 

array is the design of the effective probes. Two primary objectives for designing oligonucleotides 

are the specificity to a particular target, and the ability of all probes on the array to hybridize with 

target fragments under same conditions (Russell, 2003). To this end, the selection of good 

software for oligonucleotide design is very important. There are a range of software packages 

available for oligonucleotide design, including ProbeSelect (Li and Stormo, 2001), PrimeArray 

(Raddaz et al., 2001), OligoArray (Rouillard et al., 2002), Oliz (Chen and Sharp, 2002), Oligowiz 

(Nielsen et al., 2003), OligoPicker (Wang and Seed, 2003), ProMide (Rahmann, 2003) and ROSO 
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(Reymond et al., 2004). In this study, ROSO was selected for oligonucleotides design because this 

software can generate predicted high quality nucleotide probes for microarray hybridization. The 

advantages of this software include: (1) It is accessible via the web and can run on all platforms 

supporting PC and BLAST programs; (2) It provides a wide range of parameter settings for the 

design process, including probe sizes ranging from 25 to 70 bases, G + C content ranging from 30 

to 70%, flexible setting for Tm (melting temperature for the hybridization), number of probes, 

overlaps between probes, target concentration, hybridization temperature, hairpin and homoduplex 

formation; (3) It can automatically remove the putative identical sequences with identity of more 

than 98% and can avoid small repetitions of four identical nucleotides; (4) Potential cross-

hybridizations can be minimized by using the BLAST program; (5) Probes with stable secondary 

structures are automatically removed from the probe list; (6) Variation of the Tm can be 

minimized. 

The design of oligonucleotide probes was based mainly on the alignment results of nucleotide and 

protein sequences that could provide accurate information about the conserved and distinct 

sequence regions of the compared sequences. The conserved regions provide the opportunity to 

design SpS probes while the distinct regions can be used for the NZ StS probes. In this study, 

nucleotide sequences of 5' and 3' UTR regions and amino acid sequences of P3 gene, NIb gene and 

CP gene of the eleven New Zealand Potyvirus isolates were obtained from GenBank for initial 

analysis of the suitable regions for probe design. Based on the analysis results, NIb gene, CP gene 

and 3' UTR of five targeted New Zealand potyviruses were targeted and the conserved and distinct 

regions were identified by aligning the relevant sequences within the same species using BioEdit 

software (version 7.0.4, Hall, 1999). The conserved and distinct sequences were then used for 

running ROSO to generate the desirable oligonucleotides. The reason for using amino acid 

sequences for initial analysis is because nucleotide sequences of potyviruses are very variable 

(Gibbs and MacKenzie, 1997; Gibbs et al., 2003; Langeveld et al., 1991).  

There are many factors that can affect the quality of the oligonucleotides used in an array. An ideal 

oligonucleotide probe must clearly discriminate between its intended target fragment and all other 

non-related targets in a selected pool (Nielsen et al., 2003). However, complete discrimination is 

often difficult to achieve, especially for short probes (18- to 25-mer) (Zhang, 2004). A critical 

factor is the possibility of cross-hybridization between oligonucleotide probes and non-target 

templates. Kane et al. (2000) reported the possibility of cross-hybridization when the “non-target” 
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sequences had more than 75–80% similarity with the probes and/or a homologous region more 

than 30% of the length of the probe. Thus, not only the total  percentage identity of sequences, but 

also the length of homologous regions should be considered. In order to overcome or minimize the 

non-specific hybridizations and obtain as many reliable probes as possible, two strategies were 

applied in this study. The first strategy was based on the selection criteria in ROSO software 

which can eliminate those target sequences with >75-80% identity to sequences in the sequence 

delimitation pool. To this end, 549 sequences representing 80 potyviruses and four complete plant 

genomes were used for the delimitation and improvement of the specificity of the resulting 

oligonucleotide probes. As a result, the output file from ROSO contains a list of unique candidate 

oligonucleotide probes with low likelihoods of cross-hybridization with other relevant sequences. 

The second strategy was to select the probes from the ROSO output file by individually blasting 

each oligonucleotide sequence against GenBank. The results of this second round of probe 

selection showed that many of the oligonucleotides generated by ROSO still shared high identity 

with other relevant and non-relevant sequences in GenBank (data not shown) and only a minority 

of the oligonucleotide probes were specific to the intended targets. This is probably because the 

sequences used for delimitation did not cover all other Potyvirus sequences and other plant virus 

groups. An additional factor to take into consideration is that new sequences are constantly being 

added to GenBank and therefore the selected SpS or StS oligonucleotide probes need to be 

regularly reviewed in the light of newly added sequences.    

Another important factor in hybridization is the length of the oligonucleotide. Longer 

oligonucleotides have been proved to be more sensitive than shorter oligonucleotides (Chou et al., 

2004; Hughes et al., 2001; Relógio et al., 2002) but are more prone to cross-hybridization (Chou et 

al., 2004; Kane et al., 2000). The optimal length of oligonucleotides for constructing microarrays 

has been considered by various authors with proposals typically ranging from 40- to 70-mer 

(Hughes et al., 2001; Kane et al., 2000; Relógio et al., 2002). However, since short 

oligonucleotides usually provide higher specificity than long oligonucleotides, there is often a 

conflict between the optimal lengths for sensitivity and specificity. Short oligonucleotide 

microarrays are becoming an increasingly popular tool in many fields of research (Cherkasova et 

al., 2003; Lipsbutz et al., 1999; Pozhitkov et al., 2006; Tan et al., 2003; Zhang et al., 2005). 

Relógio et al. (2002) working with the optimization of an oligonucleotide microarray for testing of 

the biological samples recommended that an oligonucleotide length at 30- to 35-mers was the best 

compromise for both specificity and sensitivity of the microarray. A microarray containing 
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oligonucleotide probes at sizes ranging from 15- to 25-mer provided greater discrimination than 

those composed of longer probes (Urakawa et al., 2003). In this current study of potyviruses, 

oligonucleotide lengths ranging from 25- to 70-mer were analyzed by ROSO. Very few target 

specific oligonucleotide probes longer than 45-mer were available and even at the length of 30- to 

45-mer there were few or no oligonucleotide probes generated from some genes or regions (Table 

3.3). Only when the length was reduced to 25-mer did the programme generate a sufficiently large 

number of potential oligonucleotide probes for all genes and regions of interest from which to 

select probes for the array. Although for some targeted genes or regions there were sufficient 30- 

to 35-mer oligonucleotides, using mixtures of different length oligonucleotides on an array greatly 

increases the cost of probe synthesis. Meanwhile, it is likely to be an issue when determining the 

optimum conditions for hybridization. In addition, Genetic instability and plasticity of genomes, 

which might result in point mutations and genomic segment exchanges or recombination, are 

inherent properties of many RNA viruses (Cherkasova et al., 2003). In the case of potyviruses, 

highly variable sequences between different species or even within the same species are a common 

phenomenon (Chare and Holmes, 2006; Matic et al., 2006; Tan et al., 2005), which might be a 

proportionately bigger problem with long oligonucleotides. Therefore taking into consideration all 

of the factors, the length of 25-mer was decided upon as the optimal probe length. 

Another significant problem of olilgonucleotide probe design is the requirement for all the 

oligonucleotides on the array to have similar or compatible melting temperatures. The melting 

temperature is largely dependant on the GC content. Although for nitrocellulose or nylon 

membranes, the inclusion of tertiary amine salts in the hybridization buffer has enabled 

independent of GC-content (Spiro et al., 2000), the use of tertiary amine salts on other substrates 

or with different hybridization components has not been reported and therefore was not included in 

this study. For the potyvirus microarray in this study, all of the selected probes had a similar 

predicted melting temperature range of ~72 ± 2°C, while the GC contents ranged from 40 to 60%. 

The information relevant to MM probes used in mciroarrays seems controversial. MM probes have 

been used to measure the non-specific binding and improve the specificity of the hybridization 

(Lockhart et al., 1996). However, a mismatch near or at the terminus of a short duplex is less 

destabilizing than an internal mismatch (Schütz and Ahsen, 1999) and a single mismatch at the 

central position of a probe could reduce the contribution of non-specific hybridization compared to 

that at 5΄ or 3΄ terminus of a probe (Wilson et al., 2002). Urakawa et al. (2003; 2002) 



Chapter 3                                                                                          Microarray Development: in silico design 

 88

demonstrated that the hybridization intensity of MM probes could depend on the nucleotide type 

(i.e. A, C, G or T) and position of the MM relative to the termini. Some MM probes were reported 

to yield higher signal intensities to the target than those of corresponding perfect match probes 

(Naef and Magnasco, 2003) indicating that oligonucleotides containing a mismatch do not always 

hybridize less efficiently than perfectly matched probes. The asymmetric positional affects of 

mismatches are presumably due to steric affects of mismatches close to the surface of the 

microarray (Pozhitkov et al., 2006). In addition, Hughes et al. (2001) reported that good 

hybridization specificity was shown even when 30% mismatch existed (18 mismatches at the 60-

mer probe). In our current study, a total of 52 MM probes with different mismatch percentages 

ranging from 4 to 36% (1 to 9 bases in 25-mer long probe) were selected for different potyviruses 

with the mismatch bases being located in all parts of the probes. These mismatch probes were 

primarily included to detect isolates with low identity to the type sequence, but also provided an 

opportunity to test the potential for cross-hybridization.  

In many studies of different factors affecting the microarray hybridization efficiency, steric 

hindrance mediated by the solid support was considered an important factor (Blake and Delcourt, 

1996; Guo et al., 1994; Shchepinov et al., 1997; Williams et al., 1994). The size of this effect is 

correlated with the size of the target nucleic acid and the distance between the support and the 

probe (Southern et al., 1999). Spacer molecules, either on the probe or on the surface of the solid 

supporter, play an important role in improving the binding properties and hybridization 

efficiencies (Graves et al., 1998) by extending the probe sequence away from the solid surface, 

which reduces the steric hindrance of oligonucleotides immobilized on the support and provides 

better access to the target molecules. Shchepiov et al. (1997) reported that the use of spacer 

molecules of a minimum length of 40 atoms could increase hybridization yield up to 150-fold. 

Single units of hexaethylene glycol (Maskos and Southern, 1992) or hexa-ethyloxy-glycol (Chou 

et al., 2004) and a variety of monomeric units using phosphoramidite chemistry (Shchepinov et al. 

1997) have been commonly used as spacers. In addition, with poly-adenine (polyA) spacers, 

increasing the spacer length from 6-mer to 24-mer is reported to increase signal intensity (Peplies 

et al., 2003). The University of Bremen, Centre of Applied Gensensorik (Centre of Applied 

Micraorray) routinely used different length adenine and thymine spacers but not cytosine or 

guanine because the three hydrogen bonds between cytosine and guanine were predicted to 

increase the hybridization background (Professor Dietmar Blohm, pers. comm.). In this study, 6 

and 12 thymine spacers were used rather than adenine because potyviruses contain a polyA tail 
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and therefore thymine could avoid the possible cross-hybridization between spacer and polyA tail 

if cDNA is used as a target in the future. In addition, cytosine spacers (6 and 12 C) were also 

included in this study for comparison.  

Different modifications of DNA probes that could help the binding of DNA onto a solid surface as 

well as enhance the sequence discrimination have been reported (Duggan and al., 1999). These 

include thiol-modified, disulfide-modified, carboxylated, phosphorylated and aminated DNA 

(Chrisey et al., 1996; Joos et al., 1997; Rasmussen et al., 1991; Rogers et al., 1999; Zammatteo et 

al., 2000). In this study, a standard amino modifier with an Am6C was positioned at the 5'-end of 

all the oligonucleotide probes.  

The use of more than one probe per gene can provide independent confirmation for serial diluted 

templates and thus increase the reliability of the results (Hughes et al., 2001; Lockhart et al., 1996; 

Relógio et al., 2002). It has been discovered that different probes from the same gene sometimes 

yielded dramatically different signals and therefore a large-scale hybridization screening of 

oligonucleotide probes for each gene is essential for the development of reliable microarrays for 

measuring gene expression (Barczak et al., 2003; Chou et al., 2004). In the case of virus 

identification, multiple probes for one virus enhance the probability of successful detection of a 

particular virus or virus strain (Bystricka et al., 2005). In this study, sequences from two genes 

(NIb and CP gene) and the 3'UTR region of each potyvirus were used to generate multiple 

oligonucleotide probes for each virus species or strain. For DsMV, two SpS and seven StS probes 

were selected; for LYSV, four SpS and six StS (two for LYSVg1 and four for LYSVg2) probes 

were selected; for PVY, three SpS and three StS probes were selected; and for ZYMV, six SpS 

and two StS robes were selected. Moreover, to address the possibility that SpS probes might not 

detect all of the strains of a species, because of sequence variation, different MM probes were 

designed to detect strains with low sequence identity to the reference sequence. To address the 

problem of poor hybridization efficiency of short probes, each probe was designed with four 

different spacers and all probes were spotted in triplicate on the same glass slide. 

To validate the hybridization reaction on the microarray, two positive control oligonucleotide 

probes provided by CAG were used as indicators and the synthesized complement sequences with 

fluorescent labeled of these two positive control probes were included in the hybridization mix. 

Meanwhile, negative probes were generated based on human sequences which should not be able 
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to cross-hybridize with plant pathogens or plant tissues. In addition, empty spots were designed 

among each set of spotted probes on the micorarray slide.  

In summary, we generated an in silico design of a short oligonucleotide microarray for detecting 

selected potyviruses at both species and strain level. Factors taken into account include the 

specificity of the oligonucleotide probes, Tm, GC content, secondary structures, and the use of 

spacers to improve the efficiency of hybridization. Although theoretically the array should 

specifically detect the targeted viruses, there are some factors affecting microarray hybridization 

that remain unclear (Zhang et al., 2005) and it is difficult to accurately predict the hybridization 

efficiency between oligonucleotide probes and the target DNAs on the basis of sequence 

information only (Li and Wong, 2001). Consequently laboratory testing of the microarray is 

required to determine whether this design will provide the desirable results or not.  
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Chapter 4.  Array validation 

 

Part A. Array validated using different size PCR products under different 

conditions 

4A.1 Introduction 

To validate the effectiveness and efficiency of the oligonucleotide probe sequences selected 

from the sequence analysis described in Chapter 3, microarrays were produced and tested for 

both specificity and sensitivity by hybridization with different size target fragments from the 

four selected Potyvirus species using several different probe modifications and hybridization 

conditions. 

There are many factors can affect the microarray hybridization efficiency, such as components 

in the hybridization buffer, incubation period, labeling models, settings for scanning 

parameters. Therefore these factors were normalized and are described in detail in this chapter. 

The principle of DNA microarray testing is based on nucleic acid hybridization using probes to 

detect the relevant labelled targets with complementary sequences (Wetmur, 1991). A rang of 

materials such as metals, semiconductors, magnetic nanoparticles, biotin, aryldiazomethanes, 

fluorescent dyes. have been used to label nucleic acid for biological detection assays 

(Alivisatos et al., 1996; Beier et al., 2004; Cho et al., 1998; Laayoun et al., 2003; Mirkin et al., 

1996; Taton et al., 2000). In recent years, fluorescent technology has become the gold standard 

for detecting DNA in both homogenous reactions and on microarrays due to its high sensitivity, 

dynamic range, and multiplexing capabilities (Grigorenko, 2002). Cyanine dyes have proved 

particularly useful as fluorescent dyes for micoarrays because they  have many advantages, 

including: (1) they can be readily conjugated to different targets such as antibodies, avidin, 

DNA, lipids, polymers and other amino-group containing materials; (2) they are water soluble 

and pH insensitive; (3) cyanine 3 (Cy3) dye can be excited with the 488-, 514- 532-nm laser 

sources and 546-nm mercury arc source, resulting in the labeled nucleic acids appearing as a 

green image, while cyanine 5 (Cy5) dye can be excited with the 633-nm HeNe and 647-nm Kr 

laser sources and resulting in the labeled nucleic acids appearing as red image (Mujumdar et al., 

1993). In this study commonly used cyanine dyes, including Cy5 and Cy3, were selected to 

label the target fragments for microarray hybridization.  
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Two distinct fluorescent labeling systems, direct labeling and indirect labeling, have been 

described (Xiang et al., 2002; Zhang, 2004). Direct-labeling is carried out by using fluorescent 

labeled primers to synthesize the target fragments (either cDNA or PCR products) with a 

terminal label for hybridization. Indirect labeling is carried out by using amino-modified dUTP 

to synthesize cDNA or PCR products which could be coupled with a fluorescent dye to add 

label along the length of the PCR product prior to the nucleic acid hybridization reaction. Both 

labeling systems were included in this study for comparison. 

For hybridization with arrays in this study, three different sizes of PCR product (~0.335 kb, 

~0.7 kb and ~1.3 kb) were amplified from each of the four Potyvirus species using Potyvirus 

universal primers (Langeveld et al., 1991; Mackenzie et al., 1998). The hybridizations were 

performed with each fragment individually as well as with different fragment mixtures. The 

hybridization recipe, protocol, time period, temperature and target fragment concentration were 

based mainly on the protocols from Centre of Applied Genesensor/Microarray (CAG), Bremen 

University, with minor variations for optimization, as described in detail in this chapter. 

 

4A.2 Materials and methods 

4A.2.1 Oligonucleotides synthesis and microarray fabrication 

The oligonucleotide probes selected following the analysis described in Chapter 3 were 

synthesized by ILLUMINA, Inc. San Diego, California, USA, and the oligonucleotide 

microarrays were printed onto glass slides by CAG, Bremen University, Germany. 

 

4A.2.2 Generation of PCR products 

The Potyvirus universal primer combinations U335 + D335, U335 + PV1/SP6 and PV2I/T7 + 

D335 (Langeveld et al., 1991; Mackenzie et al., 1998) were used to amplify ~0.335 kb, ~0.7 kb 

and ~1.3 kb PCR products, respectively, from the relevant plasmid clones used for sequencing 

in section 2A.3.4.2 of Chapter 2. The PCR products were generated and purified using the 

methods described in sections 2A.2.6.3 and 2A.2.7 of Chapter 2. 

 

4A.2.2.1 Direct fluorescent dye labeling of PCR products 
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The reverse Potyvirus universal primers D335 (Langeveld et al., 1991) and PV1/SP6 

(Mackenzie et al., 1998) were labeled with the fluorescent dye Cy5 during synthesis by 

Thermo Electron GmbH, Germany. These two labeled primers were then combined with the 

two forward universal primers: PV2I/T7 (Mackenzie et al., 1998) and U335 (Langeveld et al., 

1991) to generate the three different sizes of PCR fragments (~0.335 kb, ~0.7 kb and ~1.3 kb) 

from each of the four targeted Potyvirus species: DsMV, LYSV (2 isolates), PVY and ZYMV. 

The resulting PCR products were purified and then used directly for microarray hybridization. 

The templates used for generating PCR fragments were the plasmid clones containing the 

target fragments which had been previously sequenced. The PCR products were concentrated 

using MICROCON® Centrifugal Filter Devices (Millipore Corporation, Cat. No. U.S.A.), and 

the concentrations of the PCR products were measured by spectrophotometry using a 

Nanodrop® ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, USA).  

 

4A.2.2.2 Indirect fluorescent dye labeling of PCR products 

The three sets of Potyvirus universal primers described above (section 4A.2.2) were used in a 

PCR reaction mix which included a dNTP mixture containing aminoallyl- and aminohexyl-

modified nucleotides (SuperScripttm Indirect cDNA Labeling System, Invitrogentm Life 

technologies), which enabled the resultant PCR products to couple with a fluorescent Cy5 or 

Cy3 dye (Amersham Biosciences) using SuperScripttm Indirect cDNA Labeling System 

(Invitrogentm Life technologies).  

 

4A.2.3 Hybridization of microarray 

4A.2.3.1 Hybridization protocol 

Microarray hybridization in this study was performed according to the protocol provided by 

CAG with minor modification as outlined in the flow chart below. Each hybridization 

experiment was carried out in duplicate or triplicate. Details of the various reagents and buffers 

are shown in Table 4A.1.  

Before hybridization: 

The corners of the area containing the oligonucleotide probes were marked on 

the reversed side of the array slide, using permanent marker pen and a 1.5 × 1.6 
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cm Gene Frame (ABgene®, UK) was then applied to the slide to enclose the area 

with the probes. 

 

Hybridization: 

The hybridization mixture was prepared according to the recipe in Table 4A.2, 

denatured at 95˚C for 5 min then immediately placed on ice for at least 3 min 

before loading onto the Gene Frame area. After applying the mixture, a polyester 

coverslip (ABgene®, UK) was placed on each Gene Frame, taking care to avoid 

bubbles and leaking. The slides were incubated for 2 hours at the desired 

temperature. 

 

Washing: 

After incubation, the coverslips and Gene Frames were removed from the 

slide(s), and the slide washed 2 times (1 min each wash) in TETBS (Table 4A.1) 

at 80 rpm on a shaker (Orbit 1000TM, Labnet International, Inc., Woodbridge, 

USA), and then 2 times wash (5 min each wash) in TBS (Table 4A.1) at the 

same washing speed.  

 

Dry: 

Slides were dried by centrifugation at 1500 rpm for 3 min (Sorvall® RT7, GMI  

Inc., Minnesota, USA). 

 

Scan: 

The slides were scanned using a GenePixTM4000B microarray reader (Axon 

Instruments) and the acquired images were analyzed initially by GenePix® Pro 

5.0 software (Axon Instruments, Inc.).  
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Table 4A.1. Reagents and buffers used for microarray hybridization. 

No. Reagent or buffer Information 

1 
2 × hybridization buffer 
(2 × HyB) 

40 mM Tris-HCl (pH 7.3), 300 mM NaCl, 10 mM EDTA 
(pH 7.3), 0.1% (w/v) Tween 20, 0.09% (w/v) 
milkpowder, 0.02 mg/mL salmon sperm-DNA. 

2 Liquid Blocking Reagent  
(LBR) 

Amersham Biosciences. 

3 
Salmon Sperm DNA 
(SpDNA) 

10 mg/mL, Invitrogen. 

4 TBS washing buffer 20 mM Tris-HCl (pH 7.3), 150 mM NaCl. 

5 TETBS washing buffer TBS with 5 mM EDTA and 0.05% (w/v) Tween20.  

 

Table 4A.2. Preparation of microarray hybridization mixture. 

Component 2×HyB 20×LBR SpDNA Target DNA Nuclease-free 
H2O 

Total 

Volume 32.5 µL 3.5 µL 1 µL 
Varied from 

different sample 
preparations 

To make up 
the final 
volume 

70 µL 

Final 
concentration 

1×HyB 1×LBR 0.14 µg/ µL 10 nM   

 

4A.2.3.2 Hybridization temperature and time 

The melting temperature (Tm) of oligonucleotides designed in this study is ranged from ~68.5 

to 76.4 ºC, ninety percent of which were within the range of 71-74 ºC. The hybridization 

temperature was chosen at 55°C in this study mainly based on the recommendation of Rose et 

al. (2002) that a “hybridization temperature at 15-17ºC below the calculated Tm can provide 

good hybridization results”. The hybridization time was set for 2 hours, which was 

recommended by CAG.  

 

4A.2.3.3 Template concentration 

The concentrations of the pre-prepared target PCR products were measured by a Nanodrop® 

ND-1000 Spectrophotometer (NanoDrop Technologies, Wilmington, USA). A 10 nM 

concentration for the target DNA and 1nM for the positive controls were recommended for the 

hybridization by CAG based on their experiences. In this study target DNA concentrations of 
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30nM, 10nM, 2nM, 1nM, 0.5nM and 0.1nM were used to test the sensitivity of the developed 

array. 

The concentration of target fragments was calculated using following formulae: 

1 pmol dsDNA ≈ the length of DNA fragment × 2 × 330 × 10-3 ng (1 base ≈ 330 g/mol) 

1 pmol ssDNA ≈ the length of DNA fragment × 330 × 10-3 ng (1 base ≈ 330 g/mol) 

 

4A.2.4 Scanning and data analysis 

The microarrays were scanned using a GenePixTM4000B microarray reader (Axon Instruments), 

with lasers of wavelengths at 532 nm and 635 nm used to excite Cy3 dye (green colour) and 

Cy5 dye (red colour), respectively. Photomultiplier tube (PMT) in GenePix scanner which is 

used to detect the photons that are emitted from the laser excited fluorophores on the array,  

was normally set at 600, but 700 or 800 was also used for visualizing the weak positive signals. 

The images were analyzed using GenePix® Pro 5.0 (Axon Instruments, Inc.), which is a 

microarray acquisition and analysis software for GenePix micorarray scanners. GenePix® Pro 

5.0 provides a range of parameters to describe the properties of each spot, and stated the 

median fluorescent intensity value of each spot with the background (fluorescence from glass 

slide and/or component in hybridization buffer only) subtracted was used for analysis. 

Microsoft EXEL was used for statistical analysis and the analysis of the relationships between 

hybridization results and different factors related to hybridization efficiency.  

The criteria for the determination of positive and negative thresholds for the microarray spots 

can potentially be based on both visible image results as well as the relevant analyzed 

fluorescent intensity values. The criteria used to determine the image results during this study 

are summarised in Table 4A.3. The determination of positive and negative spots based on the 

fluorescent intensity values was carried out by comparing the fluorescent intensity value and 

the negative/positive threshold of each hybridization as calculated by following formula: “n × 

standard deviation (SD) of the fluorescent intensity values of negative control spots + mean of 

the fluorescent intensity values of negative control spots”.  

To determine whether there were significant differences between no spacer treatment and 

various spacer treatments, positive fragments were hybridized in triplicate and the results were 

analyzed using Minitab Software (release 15, PA, USA). 
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Table 4A.3. The information of the visual determination of the array image results. 

Positive spot  

 

The spot shows clear fluorescent signal, either red (when labeled with 
Cy5 dye) or green (when labeled with Cy3 dye) or white (with saturated 
fluorescent intensity value). 

Negative spot The spot does not show any fluorescent signal and is black color, or so 
faint as to be inconclusive. 

Positive PCR 
fragment or 
positive result 

The fragment hybridization reaction produces at least one positive spot. 

Negative PCR 
fragment or 
negative result 

The fragment hybridization reaction produces no positive spot. 

Specific positive 
spot 

The positive spot represents a probe to a specific targeted virus. 

Non-specific 
positive spot 

The positive spot represents a probe from a source non-related to the 
specific targeted virus. 

 

4A.3 Results  

4A.3.1 Microarray fabrication 

The oligonucleotide probes were printed on glass slides by CAG in the pattern shown in Fig. 

4A.1. The array contained whole set of probes without spacer and with the four different spacer 

modifications printed in separate blocks on a same slide. In addition to a total of 85 potyvirus 

probes representing the four test viruses (white spots), each set of probes contained five 

negative control (NC) probes (black spots), two positive control (PC) probes (red spots) and six 

empty spots (blue spots) (N.B. some slides were printed with PC probes only in the set with the 

6C spacer due to a print error). The whole array was printed in triplicate on each glass slide, 

allowing one slide to be used for three hybridizations.  
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Fig. 4A.1. Arrangement of oligonucleotide probes within the microarray. White spots = 

Potyvirus probes; black spots = NC probes; red spots = PC probes; blue spots = empty spots. 

The spots representing different potyviruses and NC probes are separated by yellow lines. The 

five set of probes with and without spacer modifications are separated by black lines. Each set 

of probes contains 85 Potyvius probes, 5 NC probes, 2 PC probes and 6 empty spots.  

 

4A.3.2 Generation of PCR products 

Three different lengths of PCR products (~0.335 kb, ~0.7 kb, and ~1.3 kb) were synthesized 

successfully from the five New Zealand Potyvirus isolates (Fig. 4A.2), although the ~0.335 kb 

fragments of LYSVg1 and PVY were not required as none of the probes for these two viruses 

were located within these fragments. Each fragment was generated with both direct and 

indirect labeling systems. The different sizes of fragments from different viruses were 

designated based on the first letter of virus acronyms and the size of the fragment. For example, 

~0.335 kb, ~0.7 kb and ~1.3 kb fragments from DsMV were designated as D3, D7 and D13, 

respectively. Detailed information on the precise size and designation of each fragment is 

shown in table 4A.4. The precise size information for the ~1.3 kb and ~0.7 kb fragments was 

obtained from the sequence information which is presented in section 2A.3.4.2 of chapter 2.  

 

 

No Spacer 

6C Spacer 

12C Spacer 

6T Spacer 

12T Spacer 
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Fig. 4A.2. PCR products generated for microarray hybridization. Image A: D3, L2-3 and Z3 

fragments were with the size of ~0.335 kb and amplified from DsMV, LYSVg2 and ZYMV, 

respectively. Image B: D7, L1-10, L2-10, P8 and Z7 fragments were with the size of ~0.7 – 1.0 

kb and amplified from DsMV, LYSVg1, LYSVg2, PVY and ZYMV, respectively. And image 

C: D13, L1-13, L2-13, P13 and Z13 fragments were with the size of ~1.3 kb and amplified 

from DsMV, LYSVg1, LYSVg2, PVY and ZYMV, respectively. M: 1 kb plus DNA ladder 

(Invitrogen).  

Table 4A.4. Size and designation of the PCR products used for microarray hybridization. 

Virus Fragment name Fragment size Designation 
~1.3 kb fragment 1241 bp D13 
~0.7 kb fragment 741 bp D7 DsMV 

~0.335 kb fragment ~335 bp D3 
~1.3 kb fragment 1347 bp L1-13 
~0.7 kb fragment 1068 bp L1-10 LYSVg1 

~0.335 kb fragment - - 
~1.3 kb fragment 1353 bp L2-13 
~0.7 kb fragment 1076 bp L2-10 LYSVg2 

~0.335 kb fragment ~335 bp L2-3 
~1.3 kb fragment 1292 bp P13 
~0.7 kb fragment 810 bp P8 PVY 

~0.335 kb fragment - - 
~1.3 kb fragment 1334 bp Z13 
~0.7 kb fragment 695 bp Z7 ZYMV 

~0.335 kb fragment ~335 bp Z3 

 

4A.3.3 Specificity of the array 

4A.3.3.1 Reaction of individual viruses with array under two different labeling systems 

B C 
M         D3        L2-3        Z3 M      D7      L1-10  L2-10    P8        Z7 M      D13    L1-13    L2-13   P13      Z13 

0.5 kb 

1.0 kb 
0.65 kb 

1.65 kb

1.0 kb

A B C
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Three different sizes of PCR products amplified from the plasmid clones containing fragments 

of the five previously sequenced New Zealand potyvirus isolates: DsMV, LYSVg1, LYSVg2, 

PVY and ZYMV, each with two different labeling systems, were hybridized independently 

with the microarrays. The results showed that only one fragment from each of the five isolates: 

~1.3 kb fragment from DsMV (D13), ~1.0 kb fragment from LYSVg1 (L1-10) and LYSVg2 

(L2-10), ~0.8 kb fragment from PVY (P8) and ~0.7 kb fragment from ZYMV (Z7), gave a 

positive reaction with at least three probes (Fig. 4A.3, 4A.5, 4A.7 and 4A.9). All the other 

fragments gave negative results (data not shown). Non-specific positive hybridization was not 

observed. Fluorescent intensity values for the positive probes without and with 12T spacer are 

presented in Figures Fig. 4A.4, 4A.6, 4A.8 and 4A.10 (data for other spacer treatments which 

are similar to the 12T results are omitted to avoid the mess peaks created by five sets data). The 

L1-10 and L2-10 fragments reacted with exactly the same positive probes (data not shown) as 

both fragments share the same eight positive probe sequences from a conserved region of both 

LYSVg1 and LYSVg2 isolates (see section 3.5.3 in chapter 3). 

Similar positive probes were obtained from two different labeling systems except that (1) one 

additional positive probe was obtained from indirect labeling of the D13 fragment when 

compared to the direct labeled D13 fragment (Fig. 4A.3 -4A.6), (2) indirect labeling provided 

higher fluorescent signal (Fig. 4A.3, 4A.5, 4A.7 and 4A.9) or fluorescent intensity value (Fig. 

4A.4, 4A.6, 4A.8 and 4A.10) for most of the positive probes except for those probes with pixel 

saturation which could not be compared. However, the indirect labeling system did not 

increase the normal background fluorescent intensity to the negative probes without spacer or 

with different spacers (Fig. 4A.11).  

The detail information of which probes reacted with which viral PCR products is summarized 

in table 4A.5. In general, a total of 15 perfect-match (PM) and 13 mismatch (MM) probes from 

the four potyviruses showed specific positive reactions. These included: 5 PM and 6 MM 

probes for DsMV, 4 PM and 4 MM probes for LYSV, 3 PM and 0 MM probes for PVY, and 3 

PM and 3 MM probes for ZYMV. Interestingly, where several mismatch probes have been 

designed to the same sequence region as a PM probe, when the PM probe gave a positive 

reaction, all of its MM probes also gave a positive reaction. For example, DsMV10m1, 

DsMV14m2, DsMV20m3 mismatch to PM probe DsMV1; LYSV13m2, LYSV18m3 and 

LYSV23m4 mismatch to PM probe LYSV2; LYSV25m4 mismatches to PM probe LYSV3; 

ZYMV17m3 mismatches to PM probe ZYMV3. In addition there were several positive MM 

probes which did not have an equivalent PM probe on the slide (e.g. DsMV23m5 and 

DsMV22m4 which shared the same location, DsMV18m3, ZYMV18m3 and ZYMV20m1). In 
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contrast where a PM or MM probe gave a negative result, all MM probes to the same location 

gave a negative result. For example, DsMV11m1 and DsMV13m2 mismatch to PM probe 

DsMV2 and DsMV21m3 mismatches to MM probe DsMV15m1; LYSV24m4 mismatches to 

MM probe LYSV19m3 and LYSV28m9 mismatches to MM probe LYSV26m4; PVY11m3 

mismatches to MM probe PVY10m3, PVY12m3 mismatches to PM probe PVY8 and 

PVY14m4 mismatches to PM probe PVY2.  

 
                Direct labeling                                Indirect labeling  

Fig. 4A.3. Results from hybridization of DsMV ~1.3 kb fragment with the microarray. Image 

A: hybridization using DsMV ~1.3 kb fragment labelled directly with Cy5 dye. Image B: 

hybridization using DsMV ~1.3 kb fragment labelled indirectly with Cy5 dye. The numbers to 

the left or lower-left side of the positive spots represent relevant DsMV probe identification 

numbers.  
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Fig. 4A.4. Fluorescent intensities of probes without spacer and with 12T spacer from the 

hybridization using direct- and indirect-labeled DsMV ~1.3 kb fragments. The height of the 

peaks represents the fluorescent pixel intensity of positive spots with background subtracted. 

The numbers adjacent to the peaks are the probe identification numbers of DsMV. 

 
                Direct labeling                                Indirect labeling  

Fig. 4A.5. Results from hybridization of LYSV ~1.0 kb fragment with the microarray. Image 

A: hybridization using LYSVg2 ~1.0 kb fragments labelled directly with Cy5 dye (N.B. only 

two positive control probes are observed due to the print error, see 4A.3.1). Image B: 
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hybridization using LYSVg2 ~1.0 kb fragment labelled indirectly with Cy3 dye. The numbers 

to the left or lower-left side of the positive spots represent relevant LYSV probe identification 

numbers.  

 

Fig. 4A.6. Fluorescent intensities of probes without spacer and with 12T spacer from the 

hybridization using direct- and indirect-labeled LYSVg2 ~1.0 kb fragments. The height of the 

peaks represents the fluorescent pixel intensity of positive spots with background subtracted. 

The numbers adjacent to the peaks are the probe identification numbers of LYSV. 
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                  Direct labeling                                Indirect labeling 

Fig. 4A.7. Results from hybridization of PVY ~0.8 kb fragment with the microarray. Image A: 

hybridization using PVY ~0.8 kb fragment labelled directly with Cy5 dye. Image B: 

hybridization using PVY ~0.8 kb fragment labelled indirectly with Cy5 dye. The numbers to 

the left or lower-left side of the positive spots represent relevant PVY probe identification 

numbers.  
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Fig. 4A.8. Fluorescent intensities of probes without spacer and with 12T spacer from the 

hybridization using direct- and indirect-labeled PVY ~0.8 kb fragments. The height of the 

peaks represents the fluorescent pixel intensity of positive spots with background subtracted. 

The numbers adjacent to the peaks are the probe identification numbers of PVY. 

 

 
                     Direct labeling                                Indirect labeling 

Fig. 4A.9. Results from hybridization of ZYMV ~0.7 kb fragment with the microarray. Image 

A: hybridization using ZYMV ~0.7 kb fragment labelled directly with Cy5 dye (N.B. only two 

positive control probes are observed due to the print error, see 4A.3.1).. Image B: hybridization 

using ZYMV ~0.7 kb fragment labelled indirectly with Cy3 dye. The numbers to the left or 

lower-left side of the positive spots represent the relevant ZYMV probe identification numbers 

(the positive probes appear red rather than white due to a lower concentration of the positive 

probes which prevented pixel saturation).  
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Fig. 4A.10. Fluorescent intensities of probes without spacer and with 12T spacer from the 

hybridization using direct- and indirect-labeled ZYMV ~0.7 kb fragments. The height of the 

peaks represents the fluorescent pixel intensity of positive spots with background subtracted. 

The numbers adjacent to the peaks are the probe identification numbers of ZYMV. 
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Fluorescent intensities of all negative probes from direct-labeled 
DsMV 1.3kb fragment 
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Fig. 4A.11. Effect of different labeling systems on negative probes from positive fragments. 

The height of the peaks represents the fluorescent pixel intensity of spots with background 

subtracted. 
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Table 4A.5. Summary of positive probes with positive reactions to the different potyviruses. 

Positive probe number 
Fragment 

SpS1 NZ isolate2 MM to NZ isolate3 

Non-
specific 
positives 

Direct labeled D13 DsMV1 DsMV5,8,9 DsMV10,14,18,20,22 None 

Indirect labeled D13 DsMV1 DsMV5,8,9 DsMV10,14,18,20,22,23 None 

Direct labeled L2-10 LYSV1,2,3,8 None LYSV13,18,23, 25 None 

Indirect labeled L2-10 LYSV1,2,3,8 None LYSV13,18,23,25 Non 

Direct labeled P8 PVY1,3,4 None None None 

Indirect labeled P8 PVY1,3,4 None None None 

Direct labeled Z7 ZYMV1,3,4 None ZYMV17,18,20 None 

Indirect labeled Z7 ZYMV1,3,4 None ZYMV17,18,20 None 

1SpS = species-specific probe; 2NZ isolate = New Zealand strain-specific probe; 3MM to NZ 

isolate = mismatch probe to New Zealand isolate. 

 

4A.3.3.2 Hybridization of array with four mixed viruses 

PCR products (DsMV D13, LYSVg2 L2-10, PVY P8 and ZYMV Z7 fragments) from plasmid 

clones of the four Potyvirus species (DsMV, LYSVg2, PVY and ZYMV), which had 

individually been shown to react with the array, were mixed at the final concentration of 

10nM/fragment for the hybridization. The D13 and P8 fragments were labeled directly with 

Cy5 dye while L2-10 and Z7 fragments were labeled indirectly with Cy3 dye. The results 

showed that with the four-virus mixture the positive probes were exactly same as those 

obtained from the previous single virus hybridizations (Fig. 4A.12 and 4A.13). No non-specific 

positive reactions were observed. 
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Fig. 4A.12. Results from hybridization of a mixture containing fragments from four 

potyviruses. The four fragments included: DsMV (D13 fragment direct-labeled with Cy5 dye), 

LYSV (L2-10 fragment indirect-labeled with Cy3 dye), PVY (P8 fragment direct-labeled with 

Cy5 dye) and ZYMV (Z7 fragment indirect-labeled with Cy3) with the microarray. The 

numbers to the left or lower-left side of the positive spots represent relevant virus identification 

probe numbers.  

 

Fig. 4A.13. Fluorescent intensities of probes without spacer and with 12T spacer from 

hybridization using four-virus mixture. The height of the peaks represents the fluorescent pixel 
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intensity of positive spots with background subtracted. The numbers adjacent to the peaks are 

the probe identification numbers from relevant potyviruses. 

 

4A.3.4 Sensitivity of the array 

Based on the previous array test results, direct-labeled ZYMV ~0.7 kb fragment was selected 

to test the sensitivity of the array. Six different final concentrations (30nM, 10nM, 2nM, 1nM, 

0.5nM and 0.1nM) of the target fragment were hybridized with the microarray. The results 

showed that increasing of the target concentration up to 30nM did not provide any additional 

positive probe when compared to normal hybridization concentration at 10nM but did give the 

highest signal intensity for all the positive spots (Fig. 4A.14 and 4A.15). The signal intensity of 

the positive probes were gradually reduced or disappeared along with the reduction of the 

template concentration, especially for the spots without spacer, but even at the lowest 

concentration (0.1nM), three positive spots (ZYMV1, ZYMV4 and ZYMV17m3) were still 

visually discernable (Fig. 4A.14 and 4A.15).  

According to the formulae described in section 4.2.3.3, 0.1nM of Z7 fragment in 70 µL 

hybridization mixture contains ~3.4 ng double strand DNA. Since 30 cycles of PCR can 

potentially increase the original template up to 230 times, ~3.4 ng of PCR product theoretically 

represents ~3.2 atograms of original virus cDNA. Therefore the microarray was able to detect 

as little as ~3.2 atograms of original cDNA. 
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Fig. 4A.14. Results from the hybridization of the ZYMV ~0.7 kb fragment at six different 

concentrations with the microarray. The numbers to the left or lower-left side of the positive 

spots represent relevant ZYMV probe identification numbers.  
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Fig. 4A.15. Fluorescent intensities of probes without spacer and with 12T spacer from the 

hybridization using the direct-labelled ZYMV ~0.7 kb fragment at six different concentrations. 

The height of the peaks represents the fluorescent pixel intensity of positive spots with 

background subtracted. The numbers adjacent to the peaks are the probe identification numbers 

of ZYMV. 

 

4A.3.5 Effects of different spacers and probe location  

It was observed from the image results that the positive spots with spacers appeared brighter 

than those without spacer, except for those with pixel saturation (Fig. 4A.3, 4A.5, 4A.7, 4A.9 

and 4A.12). Also the analysis of fluorescent intensities of the positive probes without spacer 

and with the 12T spacer provided more accurate and conclusive evidence for the advantage of 

the addition of a 12T spacer (Fig. 4A.4, 4A.6, 4A.8, 4A.10 and 4A.13). The associated 

fluorescent intensity values for the positive probes without spacer and with different spacer 

modifications from individual virus hybridization and hybridization using four virus mixtures 

are shown in Fig. 4A.16 to 4A.19 and Fig. 4A.20, respectively. The positive probes are shown 

in figures from the left to the right side of X axis corresponding to their position on the target 

fragments from the 5' terminal (the fluorescent labeled end in direct labeling system) to the 3' 

terminal. In general positive probes with any spacer gave higher fluorescent intensities than 

those without spacers except where there was pixel saturation, and 12nt-spacers provided 

higher fluorescent intensity than 6nt-spacers in most of cases (data not shown). However, the 

negative spots showed no obvious differences with and without spacers (Fig. 4A.11). All the 

hybridization for each target fragment was carried out in duplicate and the similar positive 

patterns were observed and the data presented here were consistent with the images presented 

in section 4A.3.3.1 in this chapter. 

The statistical variances between different spacer treatments were analyzed by one-way-

analysis of variance (ANOVA) using Minitab Software (release 15, PA, USA) using the data 

from triplicate hybridizations of direct-labeled DsMV ~1.3 kb fragment, LYSV2 ~1.0 kb 

fragment, PVY ~0.8 kb fragment and direct-labeled ZYMV ~0.7 kb fragments (Fig. 4A.21). 

The P values of positive probes with different spacers are summarized in table 4A.6 in which 

the fluorescent intensities of some probes from PVY with spacers were significantly higher 

than those without spacers (P<0.05) but in most cases there were no significant differences 

between probes without spacer and with different spacers (P>0.05). However, the absolute 

fluorescent intensity values of these probes with spacers were 1.05-27.29 fold higher than 
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without spacer (Table 4A.6). There was no significant difference between probes with different 

spacers (data not shown).  

The location of positive probes, either closed to or away from the fluorescent labeling end in 

direct-labeling system (Table 4A.7), did not showed consistent relationship with fluorescent 

intensity. For example, perfect-match probe ZYMV4 which is 223 bp far way to the 

fluorescent labeling end than perfect-match probe ZYMV3 (61 bp away from the fluorescent 

labeling end) but showed higher fluorescent intensity (Fig. 4A. 21). In some instances, 

mismatch probes showed similar or higher fluorescent intensity than their perfect matched 

probes, such as DsMV1 and DsMV10m1, and ZYMV3 and ZYMV17m2, respectively.   

 

Fig. 4A.16. Effect of different spacers to the positive probes from direct- and indirect-labeled 

DsMV ~1.3 kb fragment. The probe order on X axis from left to the right side represents the 

order of probe sequences on the target fragment from the 5´ terminal (fluorescent labeled end 

in direct labeling system) to the 3´ terminal. The height of the histograms represents the 

fluorescent pixel intensity of positive spots with the background subtracted. Probes sharing the 

same location but with different mismatch nucleotides are circled.  
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Fig. 4A.17. Effect of different spacers to the positive probes from direct- and indirect-labeled 

LYSVg2 ~1.0 kb fragment. The probe order on X axis from left to the right side represents the 

order of probe sequences on the target fragment from the 5´ terminal (fluorescent labeled end 

in direct labeling system) to the 3´ terminal. The height of the histograms represents the 

fluorescent pixel intensity of positive spots with the background subtracted. Probes sharing the 

same location but with different mismatch nucleotides are circled.  
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Fig. 4A.18. Effect of different spacers to the positive probes from direct- and indirect-labeled 

PVY ~0.8 kb fragment. The probe order on X axis from left to the right side represents the 

order of probe sequences on the target fragment from the 5´ terminal (fluorescent labeled end 

in direct labeling system) to the 3´ terminal. The height of the histograms represents the 

fluorescent pixel intensity of positive spots with the background subtracted. Probes sharing the 

same location but with different mismatch nucleotides are circled.  
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Fig. 4A.19. Effect of different spacers to the positive probes from direct- and indirect-labeled 

ZYMV ~0.7 kb fragment. The probe order on X axis from left to the right side represents the 

order of probe sequences on the target fragment from the 5´ terminal (fluorescent labeled end 

in direct labeling system) to the 3´ terminal. The height of the histograms represents the 

fluorescent pixel intensity of positive spots with the background subtracted. Probes sharing the 

same location but with different mismatch nucleotides are circled.  
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 Fig. 4A.20. Effect of different spacers to the positive probes from a mixture containing direct- 

and indirect-labeled fragments representing four different potyviruses. The probe order on X 

axis from left to the right side represents the order of probe sequences on the target fragment 

from the 5´ terminal (fluorescent labeled end in direct labeling system) to the 3´ terminal. The 

height of the histograms represents the fluorescent pixel intensity of positive spots with the 

background subtracted.  
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Fig. 4A.21. Fluorescent intensities of all positive probes without spacer and with different 

spacers from the triplicate hybridizations using direct-labeled positive fragments. The positive 

fragments included: DsMV ~1.3 kb, LYSV2 ~1.0 kg, PVY ~0.8 kb and direct-labeled ZYMV 

~0.7 kb. The height of the histograms represents the average fluorescent pixel intensity of all 
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triplicate spots with background subtracted. The probes shared the same location but with 

different mismatch nucleotides are circled.  

 

Table 4A.6. P values and ratio of average fluorescent intensity values for the comparison of 

the fluorescent intensity of positive probes, with and without spacers, from the direct-labeled 

DsMV ~1.3 kb, LYSVg2 ~1.0 kb, PVY ~0.8 kb and ZYMV ~0.7 kb PCR fragments.  

Probe 
6C-spacer/ 
no-spacer 

12C-spacer/ 
no-spacer 

6T-spacer/ 
no-spacer 

12T-spacer/ 
no-spacer 

 P 
value 

Ratio P 
value 

Ratio P 
value 

Ratio P 
value 

Ratio

DsMV1 0.94 1.05 0.85 1.11 0.84 1.12 0.86 1.10 
DsMV5 0.29 2.59 0.25 2.81 0.38 2.15 0.39 2.33 
DsMV8 0.32 2.88 0.08 4.00 0.1 3.37 0.18 3.64 
DsMV9 0.44 1.86 0.43 2.32 0.30 2.26 0.15 3.14 

DsMV10m1 0.95 6.24 0.94 1.05 0.89 1.08 0.86 1.10 
DsMV14m2 0.14 3.95 0.16 4.79 0.21 3.68 0.13 4.79 
DsMV18m2 0.29 2.01 0.20 2.39 0.15 3.34 0.07 5.50 
DsMV20m3 0.08 2.72 0.09 3.83 0.14 2.66 1.0 4.39 
DsMV22m4 0.11 9.80 0.1 17.95 0.09 12.48 0.04 22.84

LYSV1 0.35 2.19 0.28 2.44 0.41 2.04 0.22 2.65 
LYSV2 0.45 2.96 0.10 3.65 0.17 2.68 0.09 3.55 
LYSV3 0.38 1.98 0.34 2.22 0.43 1.90 0.28 2.31 
LYSV8 0.54 1.55 0.33 1.94 0.46 1.96 0.32 2.32 

LYSV13m2 0.78 1.45 0.74 1.59 0.80 1.41 0.73 1.61 
LYSV18m3 0.68 1.88 0.61 2.27 0.68 1.89 0.60 2.41 
LYSV23m4 0.80 1.44 0.78 1.51 0.80 1.46 0.76 1.60 
LYSV25m4 0.25 2.31 0.25 2.96 0.30 2.26 0.29 2.80 

PVY1 0.199 1.49 0.05 1.70 0.082 1.61 0.019 1.90 
PVY3 0.103 2.03 0.01 2.66 0.008 2.41 0.002 3.64 
PVY4 0.024 2.92 0.005 3.45 0.006 3.59 0.003 3.64 

ZYMV1 0.082 5.17 0.095 5.36 0.226 2.55 0.138 3.74 
ZYMV3 0.167 7.64 0.123 15.78 0.155 7.37 0.156 12.8 
ZYMV4 0.143 3.14 0.105 3.50 0.229 2.21 0.153 2.80 

ZYMV17m4 0.18 3.33 0.057 5.74 0.161 3.48 0.086 4.73 
ZYMV20m1 0.325 3.66 0.186 7.59 0.213 6.59 0.173 8.26 

* P values in bold are less than 0.05. Spacer/no-spacers = mean of absolute fluorescent 

intensity values of probe with different spacers/no spacer. 
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Table 4A.7. The distance of each positive probe from the fluorescently labeled end of the 

directly labeled PCR product 

Probe no. Distance Probe no. Distance Probe no. Distance Probe no. Distance

DsMV1 66 bp LYSV1 180 bp PVY1 116 bp ZYMV3 61 bp 

DsMV10m1 66 bp LYSV3 186 bp PVY4 475 bp ZYMV17m2 61 bp 

DsMV14m2 66 bp LYSV25m4 186 bp PVY3 479 bp ZYMV1 89 bp 

DsMV20m3 66 bp LYSV2 187 bp   ZYMV20m1 112 bp 

DsMV18m2 152 bp LYSV13m2 187 bp   ZYMV18m3 201 bp 

DsMV5 509 bp LYSV18m3 187 bp   ZYMV4 223 bp 

DsMV22m4 612 bp LYSV23m4 187 bp     

DsMV23m5 612 bp LYSV8 316 bp     

DsMV8 707 bp       

DsMV9 769 bp       
 

 

4A.3.6 Impact of GC content and Tm of the probes to the hybridization efficiency  

The relationship between hybridization results and the GC content and Tm of all 85 probes was 

analyzed using Chart Wizard in Microsoft EXEL. Fluorescent intensities of probes without 

spacer and with 12T spacer are selected as examples for the comparison. The results showed 

that the positive and negative probes were distributed randomly within the GC content range of 

36-52% and the Tm range of ~70°C to 76°C (Fig. 4A.22). There was no obvious correlation 

between GC content and/or Tm and the hybridization efficiency. 
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Fig. 4A.22. Relationship between hybridization results and GC content and Tm of each probe. 

++++, +++, ++ and + represent probe signal intensity based on visual observation.  
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4A.4 Discussion 

Chapter 3 described in detail the in silico design of the microarray. In this chapter, the design 

was validated by fabricating the microarrays then testing them under different hybridization 

conditions using different sizes of the target fragments and different labeling models.  

There are many factors affecting microarray hybridization efficiency. The density of the probe 

is a key factor in the capability of immobilized probes to capture the targets, as the crowding of 

the immobilized probes can cause the steric hindrance and consequently result in the lower 

hybridization efficiency (Peplies et al., 2003; Shchepinov et al., 1997). It has been 

demonstrated that lower probe density can provide more effective hybridization and the 

kinetics of binding are comparatively faster (Riccelli et al., 2001; Southern et al., 1999). 

Peterson et al. (2001) recommended less than 2 × 1012 molecules/cm2 as the optimal density of 

probes. The density of the probes in the potyvirus array developed in this study was 4.5 × 1011 

molecules/cm2 which matches the normal requirement, and consequently the possible steric 

hindrance caused by the crowding of the probes should be mitigated or removed.   

Other factors affecting microarray efficiency included oligo properties, hybridization buffer 

composition, hybridization temperature and periods. Early studies on DNA melting and 

reformation demonstrated that the formation of a DNA duplex is a complex procedure which is 

dependant on a range of factors including Tm, GC content, salt concentration (Southern et al., 

1999). Identical or similar Tm for all oligonucleotide probes is important for the stability of the 

duplexes during microarray hybridization (Hughes et al., 2001; Vainrub and Pettitt, 2003; 

Zhang, 2004). Different hybridization temperatures have been used by different researchers. 

Rose et al. (2002) and Bodrossy et al. (2003) recommended 15-17ºC or 5-7ºC lower than the 

calculated Tm were preferred and 37ºC is routinely used by CAG, Bremen University. In this 

study, 55 ºC was used for the hybridization based on Rose’s study (Rose et al., 2002) and 

specific and reliable hybridization was obtained suggesting that the probes designed by ROSO 

and CAG software were of a suitable and consistent Tm and GC content, and did not adversely 

impact on the hybridization efficiency. Salt concentration and the components in the 

hybridization solutions are also important in determining the specificity and sensitivity of the 

hybridization. It has been demonstrated that an NaCl concentration greater than 100 mM in the 

wash buffer can directly affect the dissociation rate of nucleotide base pairs (Tijssen, 1993) and 

in the hybridization buffer can reduce the hybridization background (Rose et al., 2002). Lower 

salt concentration (15-75mM) can destabilize the MM DNA duplexes more than the PM DNA 

duplexes and also results in a significant reduction of hybridization signals (Liu et al., 2001). 
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The hybridization solutions used in this study followed the routine recipe developed by CAG, 

in which the concentration of NaCl in both the hybridization buffer and wash buffer is 150 mM. 

However, a strong background and inconsistent results were observed (data not shown) in our 

initial experiments even though bovine serum albumin was added, which was considered a 

useful component for reducing the background in microarray hybridization (Taylor and al., 

2003). The problem was completely eliminated by adding Liquid Blocking Reagent 

(Amersham Biosciences) as an extra component. Formamide is another reagent commonly 

used in microarray experiments to increase the hybridization efficiency under lower 

hybridization temperatures (42-46°C) through achieving high stringency of hybridization 

buffer to prevent the single strand forming complex structures (Casey and Davidson, 1977; 

Relógio et al., 2002; Wang et al., 2005). However, formamide was not used in this study 

because some studies (Peplies et al., 2003; Urakawa et al., 2003) reported that microarray 

hybridization with formamide led to the loss of reaction with some of the perfect-match true-

positive probes. Another effect of formamide is to reduce the signal from mismatch probes and 

therefore it was not suitable for this study as the mismatch probes were included to determine 

whether they would hybridize with New Zealand isolates belonging to the same species.  

Data normalization is important prior to the data analysis stage. A range of different 

approaches have been used for data normalization (Grigorenko, 2002; Liu et al., 2001; Pichler 

et al., 2004) as data variations are a common phenomenon due to the biological variation, 

technical variation and measurement error such as labeling efficiencies, chemical properties, 

slide quality, pin tips, scanner settings (Bowtell and Sambrook, 2003; Churchill, 2002; Zhou et 

al., 2005). However, some studies have used the direct signal intensity values without 

normalization because of the concern that extra error may result from the standards used for 

normalization (Peplies et al., 2003; Small et al., 2001). In initial attempts of normalization in 

the current study, the signal intensities of two positive control probes were used as quality and 

quantity standards. Their targets are artificial 22-mer strands with Cy5 dye direct-labeled and 

with five repetitions on each hybridization area and a total of 15 repetitions on one slide which 

were assumed to have similar hybridization performances. However, the SD values of each of 

the two positive control probes were very variable and ranged from 6.3% to 465% of the mean 

value within the same hybridization or between different hybridizations and no significant 

differences were observed between normalized data and un-normalization data (data not 

shown). Therefore, the median intensity value of each spot with the background subtracted was 

used directly for the data analysis in this study.  
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The criteria used for the determination of the positive and negative spots differ in different 

studies. In most studies the mean of the fluorescent intensity values of negative control spots 

plus 2 or 3 × SD is used as the positive threshold (Lipsbutz et al., 1999; Roth et al., 2004; 

Szemes et al., 2005; Urakawa et al., 2002; Zammatteo et al., 2000). But in some studies, other 

criteria have been used. In a study on the detection of prokaryotes using an oligonucleotide 

microarray, values with background subtracted above zero were considered positive (Zhang, 

2004). Another study considered samples positive with a fluorescent intensity value higher 

than three times of the mean of the negative control value (Bystricka et al., 2005). In the 

current study, different methods were tested initially and the mean of the fluorescent intensity 

values of negative control spots plus 4 × SD was adopted as a cut-off value for the 

determination of positive and negative results, as this was considered to provide precise 

specificity.  

The combination of PCR and microarray technology is considered a powerful tool for 

simultaneously detection of multiple pathogens with high reliability (Guo et al., 1994; Wang et 

al., 2002; Wilson et al., 2002). This approach was taken in this study to validate the potyvirus 

array developed for the identification of four Potyvirus species. Three different sized PCR 

products (~0.335 kb, ~0.7 kb and ~1.3 kb) from each of five virus isolates were used to test the 

array. Although only one fragment from each isolate provided positive signals, the positive 

probes on these fragments were sufficient to differentiate with high specificity of the four 

Potyvirus species in single and mixed infections.  

It is commonly recognized that with microarray perfect match targets and probes (from in 

silico design) sometimes fail to form duplexes and resulted in a negative signal (Bodrossy et al., 

2003; Loy et al., 2002; Milner et al., 1997; Mir and Southern, 1999; Southern and Maskos, 

1994). Naef et al. (2002) and Zhou and Abagyan (2002) both reported that c. 30% of probes 

yielded consistently negative signals in microarray hybridization. Wilson et al. (2002) also 

reported that a microarray composed of 53,660 short (20-mer) oligonucleotide probes for the 

identification of 18 pathogenic microorganisms, showed around 9% negative probes. In the 

current study 18 out of 33 perfect-match probes (55%) failed to hybridize with their target 

fragments.   

Mismatch nucleotides are commonly used to discriminate the closely related targets and/or 

non-target sequences. Varied results have been reported for the hybridization of mismatch 

nucleotides as the number, type (i.e. A, C, G or T) and position of the miss-match nucleotides 

on a probe can affect the stability of the DNA duplexes especially at the centre of a probe                  



Chapter 4                                                                                                                         Array validation 

 127

(Fotin et al., 1998; Southern et al., 1999; Stahl and Amann, 1991; Urakawa et al., 2003; Zhang, 

2004). In some instances, single mismatch with different nucleotide types on probes did not 

provide identical destabilizing effect (Naef et al., 2002; Sugimoto et al., 2000; Zhou and 

Abagyan, 2002) and the effects of the mismatch position could be ignored (Szostak et al., 

1979). On the other hand, some mismatch probes yield higher signal intensities to the target 

than those of corresponding perfect-match probes (Naef and Magnasco, 2003). In the current 

study, a total of 52 mismatch probes to the experimental New Zealand target sequences, with 

1-9 different mismatch nucleotides, of different types (A, C, G or T) and location (3' terminus, 

centre and 5' terminus) were designed. However, each of these mismatch probes was a perfect-

matches to one of 44 different GenBank sequences belonging to the four investigated Potyvirus 

species from 17 different countries (Table 3.9 in chapter 3). These mismatch probes were 

hybridized with the New Zealand isolates to determine to what extent they could be used as 

species level probes as opposed to being strain/isolate specific probes. The results showed that 

around 25% (13 out of 52) of the mismatch probes provided positive signals when the number 

of mismatched nucleotides ranged from 1 to 5. Although the signal strength from the positive 

mismatch probes varied, there was no obvious correlation to the numbers of mismatch 

nucleotides or their position on the probes (Fig. 4A.16-19). It was also observed that the 

fluorescent intensity values of some mismatch probes were higher than some with fewer 

mismatched nucleotides (Fig. 4A 17 and 19) and some perfect match probes (Fig. 4A 16 and 

19). Our results indicated that there are no absolute rules for predicting the influence of 

mismatch type, position or number mismatched nucleotides on duplex formation and stability.  

Base composition on a probe is reported to have important effects on DNA duplex formation 

and stability due to the lower stability of A:T pairs compared to G:C pairs. The middle position 

of the probe is more important in the stabilizing the duplex formation (Zhang et al., 2007). 

Therefore a probe with most of its GC content in the middle position should bind more 

strongly to the target than a probe with high GC content at other locations (Guo et al., 1994; 

Hughes et al., 2001; Shchepinov et al., 1997). In addition, probes with higher GC content have 

provided higher signal intensities than probes with lower GC content (DeSantis et al., 2005). 

The 85 potyvirus probes developed in this study, which differed in both their GC content (36-

52%) and location, showed no obvious correlation between the hybridization efficiency and the 

GC content/Tm (Fig.4A.22).  

The labeling system is another major factor affecting the microarray efficiency (Grigorenko, 

2002). Xiang et al. (2002) and Bystricka et al. (2005) considered cDNA with indirect labeling 

more effective and less expensive than direct labeling. However, in our study with the use of 



Chapter 4                                                                                                                         Array validation 

 128

PCR products, direct labeling was considered cheaper, easier and quicker than indirect labeling. 

Both labeling systems provided nearly the same positive/negative patterns to all the tested 

fragments except indirect labeling provided higher fluorescent intensities and slightly higher 

sensitivity than direct labeling. Therefore it was concluded that direct labeling is preferable for 

the further development of similar potyvirus arrays. In addition to the type of labelling, the 

position of the fluorescent label is also considered a crucial factor affecting the signal intensity 

in microarray hybridization, with “shorter distances between the hybridization and the 

fluorescent labelling sites providing higher signal intensity to perfect-match probes” (Zhang et 

al., 2005). However, this phenomenon was not consistently observed in this study as some 

positive probes, from direct-labelled LYSVg2 ~1.0 kb fragment and ZYMV ~0.7 kb fragment, 

with longer distance to the fluorescent labelled end showed higher fluorescent signal intensity 

than those with shorter distance (Fig. 4A.17 and 4.19). Similarly, results from indirect-labelled 

positive probes did not show a consistent relationship between fluorescent intensities and the 

distance between hybrids and the fluorescent labelling site (Fig. 4A.16 to 4A.19).  

Steric hindrance is an important factor caused by the interference of the solid support and 

affects the hybridization efficiency (Guo et al., 1994; Shchepinov et al., 1997). The addition of 

spacers to extend the distance between the probes and glass support has been shown to mitigate 

the impacts of steric hindrance and improve the hybridization efficiency (Duggan and al., 1999; 

Relógio et al., 2002; Shchepinov et al., 1997; Zhang et al., 2003). A C12 linker plus a five 

thymine residue spacer at the 5' end of the probe provided optimal spacing to mitigate the steric 

impacts (Bodrossy et al., 2003). In our study, a C6 linker (AmC6) coupled with six or twelve 

cytosine or thymine residues were added to the 5' terminus of all the probes. Results showed 

that all probes with spacers produced higher signals than those without a spacer. In most cases, 

probes with a spacer, especially twelve cytosine or thymine residues, provided higher signal 

values than those with six residue spacers. But both (a) the differences between with spacers 

and without spacers, and (b) the difference between six residue and twelve residue spacers 

were not significant (p>0.05) in most of the cases. This may due to the variable fluorescent 

intensity values obtained from the triplicate experiments which often resulted in a high 

standard error (Fig. 4A.21). The differences might be shown to be statistically significant with 

higher levels of replication. The use of cytosine as a spacer has not been previously published 

and the results showed that cytosine produced similar results to thymine. Therefore predictions 

that cytosine might result in high background due to the three hydrogen bonds within its 

molecules proved not to be true. 
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The sensitivity of the array was investigated by hybridization using various concentrations of 

selected positive target fragments. The signal strength was observed to decrease with a 

decreasing target DNA concentration, which is similar to previous report (Nagino et al., 2006). 

Khadijah et al. (2003) demonstrated that a microarray for the detection of white spot syndrome 

virus in asymptomatic shrimps could detect the presence of three transcripts of viruses with the 

combination of the in vitro transcription technology. Wilson et al. (2002) reported that the 

sensitivity of the microarray combined with PCR technology can be as low as 500 fg of 

pathogen DNA. In this study, the potyvirus array could detect as little as ~3.4 ng PCR product 

which represents ~3.2 atograms of original virus cDNA. 

Non-specific cross-hybridization in microarrays is a well known problem for microarray 

hybridization with as little as 70-80% sequence similarity having the potential to cause the 

cross-hybridization (Barrett and Kawasaki, 2003; Evertsz et al., 2001; Hsu et al., 2005; Kane et 

al., 2000). However in our study non-specific cross-hybridization was not observed which 

indicated that the probes designed in this study are with high specificity to the targeted 

potyviruses. 

In summary, a microarray for the detection and differentiation of four Potyvirus species has 

been developed with high specificity and sensitivity. A modified hybridization protocol 

provided desirable and consistent results for the microarray hybridization. Probes modified 

with AmC6 linkers plus cytosine or thymine spacers obviously increased the hybridization 

efficiency. However, since a high percentage of the probes (~67%), including perfect-match 

probes, still provided negative results, further investigation of the possible reasons was 

necessary and is presented in part B in this chapter.  
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Part B. Further investigation of possible factors affecting array 

hybridization 

 

4B.1 Introduction 

Experiments described in section A of this chapter developed a microarray design model which 

was able to detect and differentiate four Potyvirus species. However, many of the probes even 

some with a “perfect-match”, failed to hybridize to the target and gave a negative reaction even 

with different modifications of probes and under optimised hybridisation conditions.  

The factors that affect the probe-target hybridization are complicated and still mostly unknown 

(Peplies et al., 2003; Southern et al., 1999). Many studies have looked at the factors likely to 

influence hybridization, including steric hindrance (Gou et al., 1994; Shchepinov et al., 1997; 

Southern et al., 1999), probe-probe interaction (Bishop et al., 2006)), secondary structure of the 

targets (Matveeva et al., 2003; Milner et al., 1997; Mir and Southern, 1999; Riccelli et al., 

2001), base composition of the probe (DeSantis et al., 2005; Guo et al., 1994; Hughes et al., 

2001), mismatch of the probes and targets (Fotin et al., 1998; Stahl and Amann, 1991; 

Urakawa et al., 2003; Wilson et al., 2002), distance of the probes from the dye labelling end of 

the hybrids (Zhang et al., 2005). Many of these factors, such as spotting density, mismatch 

patterns, composition of probes, Tm of probes and position of the binding site to the dye 

labelling end were considered during the design stage of the potyvirus array. The potential 

problems caused by density of spotting, steric hindrance have been mitigated or removed and 

other factors such as composition of probes, mismatch probes, secondary structures of both 

probes and targets have been analyzed and considered unlikely to be major contributors to 

hybridization variations (part A in this chapter). Part B of this chapter considers other possible 

reasons for failed hybridizations and describes the evaluation of other factors that may improve 

the hybridization efficiency, including: (1) increasing of the hybridization period; (2) 

generation of single strand DNA fragments for hybridization; (3) generation of shorter 

fragments covering the regions complementary to previously negative probes; (4) analysis the 

relationship between hybridization results and the secondary structures of both probe and target 

sequences.  
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4B.2 Materials and methods 

4B.2.1 Hybridization period 

Overnight hybridization was tested to replace the previous 2 hours hybridization. All the 

previous negative fragments and two previous positive fragments (DsMV ~1.3 kb and ZYMV 

~0.7 kb fragments) were used for the hybridization. 

 

4B.2.2 Generation of hybridization templates 

4B.2.2.1 Single strand DNA fragments 

Two previous positive fragments (PVY ~0.8 kb and ZYMV ~0.7 kb fragments) and two 

previous negative fragments (PVY ~1.3 kb and ZYMV ~1.3 kb fragments) were used for the 

isolation of the single strand DNA fragments (ssDNA) from double strand PCR products 

(dsDNA) for microarray hybridization. 

The Potyvirus universal forward primers PV2I/T7 (Mackenzie et al., 1998) and U335 

(Langeveld et al., 1991) were labeled with biotin during synthesis (Invitrogen) and then 

coupled with Cy5 fluorescent dye labeled reversed primers D335 (Langeveld et al., 1991) and 

PV1/SP6 (Mackenzie et al., 1998) to generate ~1.3 kb and ~0.7 kb fragments from the relevant 

plasmid clones used for sequencing in chapter 2. The templates, PCR cycling parameters, 

fragment purification and concentration method were same as those described in sections 2.3 

and 2.9 of chapter 2. The biotin-labeled sense strands were removed using Streptavidin 

Magnetic Particles (Roche Diagnostics, Germany) following the manufacturer’s instruction. In 

brief, magnetic particles were washed in 1 ml TETBS buffer (150 mM NaCl, 0.05% Tween-20, 

10 mM Tris pH 7.3, 5 mM EDTA) three times by shaking and concentrated with the magnetic 

separator. Purified PCR products were added to washed particles (10 pmol dsDNA to 1 mg 

particles) followed by shaking at 400 rpm at room temperature for 30 minutes in order to allow 

biotin-labelled dsDNA bind onto the magnetic particles. After three washes in TETBS buffer 

and one wash in TE buffer, particles were concentrated with the magnetic separator. After 

removing the remaining liquid, 50 µL two times 100 mM NaOH was added and incubated for 5 

minutes to denature the bound dsDNA. The remaining Cy5 labeled anti-sense single strand 

DNAs were separated in the water phase using the magnetic separator then transferred to a 

fresh vial and neutralized using 50 µL 200 mM HCl, 5 µL 1 M Tris (pH 7.0) and 1 µL 0.5 M 
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EDTA. After purifying and concentrating using MICROCON® Centrifugal Filter Devices 

(Millipore Corporation, Cat. No. U.S.A.) ssDNA could be used for microarray hybridization  

 

4B.2.2.2 Short PCR fragments 

Short PCR fragments covering regions complementary to previously negative probes were 

generated from the four New Zealand potyviruses (DsMV, LYSVg2, PVY and ZYMV) using 

specific primers designed by Oligo Explorer 1.1.0 (Teemu Kuulasmaa, University of Kuopio, 

Kuopio, Finland [http://www.uku.fi/~kuulasma/OligoSoftware]). All of these specific short 

fragments were indirectly labeled following the method described in section 4A.2.2.2 of this 

chapter. The templates, fragment purification and concentration methods were same as 

described in sections 2.3 and 2.9 of chapter 2. The PCR cycling parameters were optimized 

based on the primers properties.  

 

4B.2.3 Microarray hybridization and data analysis  

Microarray hybridization and data analysis were carried out as those described in part A of this 

chapter. Briefly, the target was hybridised at final concentration of 10 nM; arrays were 

incubated at 55°C for 2 hours or overnight; arrays were scanned and analyzed at the same 

conditions as those set for previous slides in section 4A.4.2 of this chapter.  

 

4B.2.4 Analysis of the impact of secondary structures of probes and targets  

Secondary structure (self annealing and looping) of all the 85 potyvirus and 5 negative 

oligonucleotide probes were analyzed using Oligo Analyzer 1.0.2 (Teemu Kuulasmaa, 

www.uku.fi/~kuulasma/OligoSoftware). The impact of the probe secondary structures on the 

array hybridization efficiency was analyzed using Mirosoft EXEL, based on the hybridization 

results and relevant ∆G values representing the self annealing and looping of each probe. 

Secondary structures of target DNA fragments (antisense strands) at different temperature (20, 

37 and 55°C) were analyzed using the Mfold online service 

(http://www.bioinfo.rpi.edu/applications/mfold) (Zuker, 2003). The potential impacts caused 



Chapter 4                                                                                                                         Array validation 

 133

by secondary structures were analyzed by comparing the structures of both negative and 

positive probes.    

 

4B.3 Results 

4B.3.1 Overnight hybridization  

Aliquots of DNA templates of selected target fragments (all negative fragments and two 

positive fragments), as previously used for the 2-hour-hybridization, stored at -20°C and then 

used for overnight hybridization (14-16 hours). The two previously positive fragments (DsMV 

~1.3 kb fragment and ZYMV ~0.7 kb fragment) and most of the previously negative fragments 

showed exactly the same positive or negative patterns with overnight hybridization as a 2-hour-

hybridisation, except the overnight hybridization provided higher fluorescent signals to the 

positive probes (data not shown). One previously negative fragment (PVY ~1.3 kb fragment) 

gave a positive specific reaction (probe PVY2) and two non-specific positive reactions (probes 

PVY3 and PVY4 which are located on PVY ~0.8 kb fragment) but the signals were very faint 

and need a higher PMT setting for visualization (Fig. 4B.1). Further analysis of the probe and 

target sequences showed that the 21 nt overlap region of PVY3 and PVY4 shared 62% identity 

with PVY ~1.3 kb fragment.  

 

Fig. 4B.1. Results of overnight hybridization using PVY ~1.3 kb fragment. The number at the 

left side of the positive spots in array image figure (left panel) represents the PVY probe 

identification numbers. The height of the histograms in fluorescent intensity plot (right panel) 

represents the fluorescent pixel intensity of positive spots with background subtracted. 
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4B.3.2 Array hybridized with ssDNA fragments 

Four ssDNA fragments directly labeled with Cy5 fluorescent dyes were isolated from dsDNA 

fragments (PVY ~1.3 kb, PVY ~0.8 kb, ZYMV ~1.3 kb and ZYMV ~0.7 kb) and then 

hybridized with the microarray. All these fragments provided the same results patterns as for 

those of the direct-labeled dsDNA fragments described in section 4A.3.3.1 of this chapter: the 

two previously negative fragments (PVY ~1.3 kb and ZYMV ~1.3 kb fragments) still showed 

negative results in ssDNA hybridization while two previously positive fragments (PVY ~0.8 

kb and ZYMV ~0.7 kb fragments) provided the same positive probes as the dsDNA products 

(Fig. 4B.2).   
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Fig. 4B.2. Images of ssDNA and dsDNA fragments from PVY and ZYMV hybridized with 

microarray. The numbers at the left side of the positive spots are the relevant probe 

identification numbers of PVY and ZYMV. P13 and P8 represent ~1.3 kb and ~0.8 kb 

fragments from PVY. Z13 and Z7 represent ~1.3 kb and ~0.7 kb fragments from ZYMV. 

 

4B.3.3 Generation of specific short PCR products using specific primers  

A total of nineteen specific primers were designed for the four experimental potyviruses: 

DsMV, LYSVg2, PVY and ZYMV using Explorer 1.1.0 (Table 4B.1). Coupling these with the 

two universal primers U335 and D335 (Langeveld et al., 1991), twelve specific fragments with 

the lengths ranging from 277 to 736 bp were designed from these four potyviruses as shown in 

Fig. 4B.3. Most of these specific fragments covered only the regions of previously negative 

spots, although fragment Ds1 covered both previously positive and negative spots (Table 4B.2- 

positive spots were indicated by red color).  

PCR results showed that except for the two fragments Ds2 and Ds3, which were amplified 

using newly designed specific primers and tow potyvirus universal primers (Fig. 4B.3), all the 

other ten fragments were generated successfully with the desirable sizes (Fig. 4B. 4). 
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Table 4B.1. Primer sequences used to generate specific short PCR products fro DsMV, 

LYSVg2, PVY and ZYMV.  

No Virus Primer name Primer sequence 

1 Df1 CACCTCCGCAGTAAAGACC 

2 Df2 TGCTGGACACTTTTCAGAAC 

3 Dr1 GCCTTCATCTGTGCTACTG 

4 

DsMV 

Dr2 GCCTGCATTGTAACTTCATC 

5 Lf1 GCAGCCATCCACAGTTGTTG 

6 Lf2 GCAGCCTGAGCATAGATTGG 

7 Lr3 CTATGCGCTCCTTATCCAG 

8 

LYSVg2 

Lr4 GCCTTCACCGTCTTTCTTGC 

9 Pf1 GGGCTGTGGATGAGGAAGAG 

10 Pf2 CTTCCCTGTTGTGGACACTC 

11 Pr2 CTTCCCTGTTGTGGACACTC 

12 Pr3 ACATGCCCTCAATCAGTAG 

13 

PVY 

Pr4 CCATTCATCACAGTTGGCATC 

14 Zf1 ATTGGCTGCCCTCGGAAAAG 

15 Zf2 CGACGGTGGTAGATAACACG 

16 Zr2 GAGACGCTCGTGTGTTATAC 

17 Zf3 CAAAGAAGATGTCACTGCCAC 

18 Zr3 GTGTCCCCATGCCTCAATC 

19 

ZYMV 

Zr4 ATTTCTATGTATGCCTCCGCTG 
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Fig. 4B.3. Location of specific primers and relevant specific short fragments. 

Table 4B.2. Information of specific short fragments and the probe identification numbers on 

each fragment.  

No. Fragment 
name* 

Primer set Fragment  
length 

Probe identification number* 

1 Ds1 (DsMV) Df2 / Dr2 457 bp DsMV4, 8, 9,17m2, 19m3 

2 Ds2 (DsMV) U335 / Dr1 326 bp DsMV2, 11m1, 13m2 

3 Ds3 (DsMV) Df1 / D335 287 bp DsMV3, 7, 6, 12m1, 15m2, 16m2, 21m3 

4 Ls1 (LYSVg2) Lf1 / Lr3 308 bp LYSV11m1, 19m3, 24m4 

5 Ls2 (LYSVg2) Lf1 / Lr4 736 bp LYSV11m1, 19m3, 24m4, 15m2, 6, 
12m2, 17m2, 20m3 

6 Ls3 (LYSVg2) Lf2 / Lr4 400 bp LYSV6, 12m2, 15m2, 17m2, 20m3 

7 Ps1 (PVY) Pf1 / Pr2 285 bp PVY7m2, 8m2, 12m3 

8 Ps2 (PVY) Pf1 / Pr4 436 bp 
PVY2, 14m4, 11m3, 10m3, 7m2, 8m2, 
12m3 

9 Ps3 (PVY) Pf2 / Pr3 277 bp PVY5, 6, 9m2 

10 Zs1 (ZYMV) Zf1 / Zr2 446 bp ZYMV2, 5, 6, 9m2, 15m3 

11 Zs2 (ZYMV) Zf2 / Zr3 392 bp ZYMV7, 8, 10m2, 12m3 

12 Zs3 (ZYMV) Zf3 / Zr4 367 bp ZYMV13m3, 14m3, 16m3, 19m6 
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* D, L, P and Z present DsMV, LYSV, PVY and ZYMV, respectively and s represented short 

fragment. The Arabic number in black color represents the identification number of the probes. 

Black = previously negative; red = previously positive. 

 

 

Fig. 4B.4. PCR products generated using newly designed specific primers. Image A = DsMV, 

B = LYSV, C = PVY, D = ZYMV.  

 

4B.3.4 Hybridization of array using indirect-labeled specific short PCR product 

Ten specific PCR products were labeled indirectly with Cy5 fluorescent dye and then 

hybridized with the microarray. Apart from the two fragments Ps1 and Zs3, which showed 

negative results, all of the other eight fragments resulted in a positive hybridization reaction.  
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4B.3.4.1 Short fragments from DsMV 

For DsMV, only one short fragment (Ds1) was successfully amplified by PCR. Following 

hybridization, two previously clearly positive probes (DsMV8 and DsMV9) still showed a 

positive reaction. However, probe DsMV9, which showed only weak positive reaction to 

DsMV ~1.3 kb fragment (section 4A.3.3.1 and 4A4.3.5 in part A of chapter 4), showed a 

stronger signal to short fragment Ds1. In addition, previously negative strain-specific probe 

DsMV4 produced a weak positive signal and previously negative MM probes, DsMV17m2 and 

DsMV19m3, were still negative. The positive probes observed from the image were the same 

as those obtained from analysis of fluorescent intensity values (Fig. 4B.5). Non-specific 

hybridization was not observed. 

 
Fig. 4B.5. Hybridization results for the DsMV specific short fragment Ds1. The height of the 

peaks represents the fluorescent pixel intensity of positive spots with background subtracted. 

The numbers to the left side of the positive spots in the image figure (left panel) or adjacent to 

the peaks in the fluorescent intensity plot (right panel) are the identification numbers of DsMV 

probes.   

 

4B.3.4.2 Short fragments from LYSV 

For LYSV, all the three short fragments (Ls1, Ls2 and Ls3) were amplified successfully by 

PCR and used for the hybridization. Results showed that all of these fragments provided 

positive results (Fig. 4B.6). For Ls1, there was one MM probe (LYSV11m1) out of three 

previously negative MM probes became positive while the other two MM probes (LYSV19m3 

and LYSV24m4) were still negative. For Ls2, five probes (LYSV6, LYSV11m1, LYSV12m1, 

LYSV17m2 and LYSV20m3) out of eight probes gave positive reaction, of which LYSV6 is a 

strain-specific probe. For Ls3, three probes (LYSV6, LYSV12m1 andLYSV20m3) out of four 

probes gave positive reactions. However, the same probes showed different strengths of the 
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fluorescent intensity on different PCR fragments. For example, probe LYSV11m1 on fragment 

Ls1 showed a stronger signal than on fragment Ls2, and probe LYSV17m2 showed a weak 

positive signal on fragment Ls2 but showed a negative signal on fragment Ls3. The positive 

probes observed from the array images were the same as those obtained from analysis of 

fluorescent intensity values (Fig. 4B.6). Non-specific hybridization was not observed. 

 

Fig. 4B.6. Hybridization results of three specific short fragments Ls1, Ls2 and Ls3 from LYSV. 

The height of the peaks represents the fluorescent pixel intensity of positive spots with 

background subtracted. The numbers to the left of the positive spots in the array image (left 

panel) or adjacent to the peaks in the fluorescent intensity plot (right panel) are the 

identification numbers of LYSV probes.     
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4B.3.4.3 Short fragments from PVY 

For the three short fragments (Ps1, Ps2 and Ps3) from PVY, Ps1 gave a negative result while 

Ps2 and Ps3 gave positive hybridization reactions (Fig. 4B.7). Of the seven probes 

complementary to the Ps2 fragment, species-specific probe PVY2 and MM probe PVY14m4 

gave positive reactions. For Ps3 fragment, all three potential probes, including the strain 

specific probes PVY5 and PVY6 gave positive reactions. The positive probes observed from 

the array images were the same as those obtained from analysis results of fluorescent intensity 

values (Fig. 4B.7). Non-specific hybridization was not observed. 

 

Fig. 4B.7. Hybridization results of specific short fragments Ps2 and Ps3 from PVY. The height 

of the peaks represents the fluorescent pixel intensity of positive spots with background 

subtracted. The numbers to the left side of the positive spots in the array image (left panel) or 

adjacent to the peaks in the fluorescent intensity plot (right panel) are the identification 

numbers of the PVY probes.     
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probes to fragment Zs2 (strain-specific probes ZYMV7 and ZYMV8) also gave a weak 

positive reaction. The positive probes observed from the array images were the same as those 

obtained from analysis results of fluorescent intensity values (Fig. 4B.8). Non-specific 

hybridization was not observed.  

 

Fig. 4B.8. Hybridization results of specific short fragments Zs1 and Zs2 from ZYMV. The 

height of the peaks represents the fluorescent pixel intensity of positive spots with background 

subtracted. The numbers to the left side of the positive spots in the array image (left panel) or 

adjacent to the peaks in fluorescent intensity plot are the identification numbers of the ZYMV 

probes.   
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are presented in Fig. 4B.9 where value of +2 represents non self annealing and non self looping. 

No consistent relationship was found between hybridization results and the self annealing and 

looping of probes, with both positive and negative probes found distributed randomly within 

the self annealing range of “-11 to +2” and the looping range of “-5 to +2”.  

 

Fig. 4B.9. Relationship between hybridization results and the probes computing self annealing 

and looping.  
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secondary structures were generated at three different temperatures: 20, 37 and 55°C where the 

latest one is the hybridization temperature. The most stable structure at each temperature was 

selected for the analysis. The reasons for choosing the three temperatures were that the 

hybridization procedure started using ice cold fragments on the room temperature (~20°C) 

slides containing microarray probes which were then hybridized at 55°C. Since some 

fragments may form secondary structures while handling the mixture on slide before 

hybridization at 55°C, an intermediate temperature of 37°C was also included.   

The results are presented in Fig. 4B. 10 to 4B. 14 where for each secondary structure, the 

binding site of each probe is indicated by arrows and the probe name. The hybridization result 

of each probe is indicated by using different colors for the probe name: “blue” for a negative 

result, “red” for ++++positive, “pink” for +++, “orange” for ++ and “light orange” for +. The 

hybridization results represented are those with the 12T spacer under indirect labeling as this 

provided the best hybridization efficiency with most of the positive probes. Probes with same 

hybridization location but with different mismatch nucleotide(s) are indicated by linking the 

two probe names with two parallel straight lines.  

Five fragments including the ~1.3 kb fragment from DsMV and four specific short fragments 

(DsMV-Ds1, LYSV-Ls1, LYSV-Ls2 and PVY-Ps3) are presented in Fig. 4B.10 to 4B. 14 as 

examples to demonstrate the relationship between hybridization efficiency and secondary 

structures of target fragments. The complete set of results for all target fragments together with 

the location and the hybridization results of each probe are shown in Appendix II. In summary, 

the secondary structures of target fragments at lower temperatures (20 and 37°C) are much 

more complex than those at higher temperature (55°C), while the secondary structures of 

longer fragments are more complex than shorter fragments at all investigated temperatures 

(Appendix II). Based on these structures, if the stable hybrids do not form between the 

template and probe at 55°C then theoretically they should not form at 20 and 37°C where more 

complex structures were formed. Therefore it was concluded that future analysis of the 

relationships between the hybridization results and targets secondary structures should focus on 

the structures at 55°C.  

Analysis of the five fragments in Fig. 4B.10 to 4B.14 showed that the hybridization efficiency 

of different probes on different sizes of the fragments showed no obvious correlation to the 

secondary structures of the target fragments. These figures showed clearly that the positive 

hybridizations occurred at both simple linear sites (probes DsMV8 and DsMV22m4 in Fig. 

4B.10; probes DsMV4 and DsMV8 in Fig. 4B.11) and structurally complex sites with hairpins, 
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loops or abundant GC pairs (probes DsMV4, DsMV19m3 in Fig. 4B.10; probe DsMV9 in Fig. 

4B.11; probes LYSV12m1 and LYSV20m2 in Fig. 4B.13; probes PVY2 and PVY14m4 in Fig. 

4B.14). Similarly, negative probes could also be found at both simple linear sites (probe 

DsMV19m3 in Fig. 4B.11; probes PVY7m2 and PVY8m2 in Fig. 4B.14) and structurally 

complex sites (probes DsMV4 and DsMVm17m2 in Fig. 4B.10; probe DsMV17m2 in Fig. 

4B.11; probes LYSV19m3 and LYSV24m4 in Fig. 4B.12 and Fig. 4B.13; probe LYSV15m2 

in Fig. 4B.13; probe PVY10m3 in Fig. 4B.14). In addition, for the different probes on the same 

fragment (Fig. 4B.11), some probe at linear site (e.g. probe DsMV4) produced a weaker signal 

than probes at structurally complex sites (e.g. probes DsMV8 and DsMV9). It was also found 

that the same probe on different fragments with the same linear structure, such as probe 

LYSV11m1 on Ls1 (Fig. 4B.12) and on Ls2 (Fig. 4B.13), gave a stronger signal on the shorter 

fragment (Ls1) than on the longer fragment (Ls2). 

 

Fig. 4B.10. Relationship between the hybridisation results and the target fragment secondary 

structure for DsMV ~1.3 kb fragment at 55°C. The location of each probe is indicated by an 

arrow and the probe name. Hybridization results for each probe are indicated by different 

colours: red = ++++positive, pink = +++positive, light orange = +positive, blue = negative. The 
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probes with same location but with different mismatch nucleotide(s) are indicated by linking 

two probe names with two parallel straight lines.  

 

Fig. 4B.11. Relationship between the hybridisation results and the target fragment secondary 

structure for specific short fragment Ds1 from DsMV at 55°C. The location of each probe is 

indicated by an arrow and probe name. Hybridization results for each probe are indicated by 

different colours: red = ++++positive, pink = +++positive, light orange = +positive, blue = 

negative. The probes with same location but with different mismatch nucleotide(s) are 

indicated by linking two probe names with two parallel straight lines.  
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Fig. 4B.12. Relationship between the hybridisation results and the target fragment secondary 

structure for specific short fragment Ls1 from LYSV at 55°C. The location of each probe is 

indicated by an arrow and probe name. Hybridization results for each probe are indicated by 

different colours: pink = +++positive and blue = negative. The probes with same location but 

with different mismatch nucleotide(s) are indicated by linking two probe names with two 

parallel straight lines.  
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Fig. 4B.13. Relationship between hybridisation results and the target fragment secondary 

structure for specific short fragment Ls2 from LYSV at 55°C. The location of each probe is 

indicated by an arrow and probe name. Hybridization results for each probe are indicated by 

different colours: red = ++++positive, pink = +++positive, light orange = +positive, blue = 

negative. The probes with same location but with different mismatch nucleotide(s) are 

indicated by linking two probe names with two parallel straight lines.  

 

LYSV11m1 LYSV19m3 

LYSV24m4 

LYSV15m2 

LYSV12m1 

LYSV6 

LYSV20m2 

LYSV17m2 

Ls2 / 736 bases / 55°C 



Chapter 4                                                                                                                         Array validation 

 149

 

Fig. 4B.14. Relationship between the hybridisation results and the target fragment secondary 

structure for specific short fragment Ps3 from PVY at 55°C. The location of each probe is 

indicated by an arrow and probe name. Hybridization results for each probe are indicated by 

different colours: red = ++++positive, orange = ++positive, blue = negative. The probes with 

same location but with different mismatch nucleotide(s) are indicated by linking two probe 

names with two parallel straight lines.  
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4B.4 Discussion 

The hybridization periods used in different microarray studies vary widely but normally range 

from 2 hours to 16 hours (Halperin et al., 2005). Longer hybridization periods (10 to 19 hours) 

are generally considered to ensure the complete hybridization and thus increase the microarray 

efficiency (Bodrossy et al., 2003; Nagino et al., 2006; Peterson et al., 2001; Rose et al., 2002; 

Wang et al., 2005). On the other hand, short hybridization periods (2 to 6 hours) are also 

reported to provide satisfied hybridization efficiency (DeSantis et al., 2005; Wilson et al., 

2002). A recent study (Burton et al., 2005) showed that 1-2 hours gave optimal and higher 

signals than 16 hours hybridization in the detection of bacteria using a 50- to 70-mer 

microarray. Initially, we used 2-hour-hybridization for all the target fragments (section 

4A.3.3.1 of this chapter) and only one of the three PCR fragments from each potyvirus resulted 

in positive hybridization results, while all the other fragments gave negative results. 

Consequently, overnight hybridizations were performed in this part for all of the negative 

fragments plus two positive fragments from the 2 hour hybridizations. These two hybridization 

periods resulted in the same positive probe and fragment combinations except that (a) 

overnight hybridization provided slightly higher fluorescent signals to the positive probes, (b) 

one previously negative fragment (PVY ~1.3 kb fragment) provided an extra specific positive 

probe and another two positive probes located on the PVY ~0.8 kb fragment, but the 21 nt 

overlap region of the probes shared only 62% identity to the sequence of the PVY ~1.3 kb 

fragment. Therefore, 2 hour hybridization was considered optimal for the current study. 

Single strand DNA (ssDNA) fragment have been reported to provide better hybridization 

efficiency than double strand DNA (dsDNA) fragments (Zhang, 2004). However, the results 

from current study showed no obvious difference between the hybridizations using ssDNA and 

dsDNA fragments. Since hybridization using dsDNA from PCR products is much more 

convenient and less expensive than ssDNA, it was decided to use dsDNA fragments from PCR 

products for future microarray hybridizations. 

It is well known that the secondary structures of the target fragments plays a significant role to 

the hybridization efficiency because the complicated secondary structures of the targets, 

especially long target fragments, can affect the accessibility of probes to the targets plus the 

stability of the duplex and consequently its binding efficiency (Peplies et al., 2003; Zhang, 

2004). Therefore it is considered preferable to use short target fragments to minimize the 

impact of the complex secondary structure on the hybridization (Bhattacharjee et al., 2005; 

Borevitz et al., 2003; Hughes et al., 2001; Wilson et al., 2002). It has been reported by Schmidt 
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(2004) that target fragments of 250 to 800 bp provide the best hybridization efficiency for 

oligonucleotide microarray. Based on these reports, the possible impact of target size and 

secondary structure was investigated. Ten specific short fragments, with sizes ranging from 

277 to 736 bp, were generated for the four experimental potyviruses to the regions where 

probes have failed to hybridize with their targets in previous experiments. As a result, eight out 

of the ten fragments reacted positively with at least one additional positive probe indicating 

that shorter fragments could improve the hybridization efficiency. However, further analysis of 

the secondary structures of all the targets (including the fragments amplified by Potyvirus 

universal primers in part A and specific primers in part B) showed that the computer predicted 

secondary structures of the experimental target fragments did not correlate with the 

hybridization efficiency. No consistent rule could be found from the secondary structure to 

assist in predicting the hybridization efficiency. Apparent departures from commonly held 

views included: (1) some longer fragments with complex secondary structure (e.g. DsMV ~1.3 

kb and LYSV ~1.0 kb fragments) reacted strongly with  probes while shorter fragments (e.g. 

DsMV ~0.7 kb; PVY 0.285 kb Ps1; ZYMV 0.367 kb Zs3) gave negative results; (2) two short 

specific fragment Ps1 (285 bp) and Zs3 (367 bp) still showed negative results; (3)complex 

secondary structures with hairpins and abundant GC pairs, which are considered to prevent 

probe to access, gave strong positive signals (e.g. probe DsMV1 and DsMV5 in Fig. 4B.10), 

while the relatively open structures provided negative signal (e.g. probe PVY7m2 in Fig. 

4B.14); (4) a perfect-match probe (DsMV4 in Fig. 4B.11) containing 11 GC residues and with 

absolutely linear structure showed a weak reaction, while another perfect-match probe 

(DsMV8 in Fig. 4B.11) on the same fragment, with 12 GC residues but 11 out of 25 

nucleotides (including 6 GC) in a hairpin structure, showed a stronger signal; (5) for different 

mismatch probes on the same fragment (Fig. 4B.13), probe LYSV11m1 with a completely 

linear structure showed weak signal, while probe LYSV12m1 and LYSV20m2 with 

complicated structures showed stronger signals. However, the view that secondary structures 

play an important role in hybridization efficiency is supported by the following evidences from 

this study (1) many probes that failed to hybridize to longer fragments (in part A of this 

Chapter) reacted positively when shorter fragments were used, with negative probes from part 

A of this Chapter reacted positively with eight out of ten specific short fragments  in part B; (2) 

probe DsMV9 showed a weak positive signal to the DsMV ~1.3 kb fragment (Fig. 4B.10) but 

showed a stronger signal with the specific short fragment Ds1 from DsMV (Fig. 4B.11); (3) 

probe PVY5 (Fig. 4B.14) which had a complex structure (15 nt in a hairpin structure at 3' 

terminus) showed a weaker signal than  probe PVY6, which shared 23-mer-overlapped (to 

probe PVY5 and had a less complex structure (with 13 nt in hairpin structure at 3' terminus). 



Chapter 4                                                                                                                         Array validation 

 152

Therefore there are still a lot of unanswered questions about “how the secondary structures of 

target fragments affect microarray hybridization efficiency” and in particular how these 

interact with the many other factors affecting hybridization efficiency.  

The intra- and inter-molecular structure of oligonucleotide probes can compete with probe-

target duplex formation resulting in a low hybridization efficiency (Matveeva et al., 2003). It 

was reported that 40-mer probes with ∆G ≤ −65 kcal/mol could provide satisfactory 

hybridization results (Bystricka et al., 2005). In our current study, both self annealing and self 

looping of each probe together with the hybridization results were analyzed. The positive and 

negative probes were found distributed randomly within a ∆G range of “- 11 to + 2” for self 

annealing and “- 5 to + 2” for self looping, indicating that probe self annealing and self looping 

with the described range did not have an obvious and consistent affect on the duplex formation. 

In this part (B), additional possible factors affecting the hybridization behavior were 

investigated. The use of short target fragments obviously improve the number of positively 

reacting probes. However, no obvious difference was observed between the hybridization 

efficiency of ssDNA and dsDNA. Analysis of the secondary structures of the probes and target 

fragments indicated that these are unlikely to be the main causes of low hybridization 

efficiency. In general the results from this study were consistent with the previous reports of 

Southern et al. (1999), Peplies et al. (2003), and Pozhitkov et al. (2006), that factors affecting 

the hybridization behavior are complicated and far from clear.   
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Chapter 5.  Evaluation of the strain and species specificity of the microarray  

 

5.1 Introduction 

In Chapter 3 and Chapter 4, a microarray was developed which was able to detect specific 

sequenced potyvirus isolates from New Zealand. However, in addition to demonstrating that 

the array could detect the homologous isolates, it was necessary to show that it would (a) detect 

a range of isolates belonging to the same species, but (b) not cross-hybridize with other closely 

related potyvirus species, or healthy plants. To this end the developed array was tested using 

two different sizes (~0.7 kb and ~1.3 kb) of PCR products generated from dried plant samples 

of overseas isolates of the four experimental Potyvirus species, New Zealand isolates of 

potyvirus species that are phylogenetically closely related to the four experimental potyviruses, 

and several healthy plant cDNAs. The materials and methods used to generate the target 

fragments from these various samples and hybridize them with the array were the same as 

those described in sections 2A.2.6.3 and 2A.2.7 of Chapter 2 and section 4A.2.2 of Chapter 4. 

 

5.2 Materials and methods 

5. 2.1 Overseas potyvirus isolates 

A total of fifteen potyvirus isolates belonging to the four Potyvirus species DsMV, LYSV, 

PVY and ZYMV were purchased from the American Type Culture Collection (ATCC), the 

German Resource Centre for Biological Material (DSMZ) and Agdia Inc. These isolates were 

originally collected from at least 10 different countries and the detail information about each 

virus is presented in Table 5.1. 
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Table 5.1. Overseas potyvirus isolates used to validate the microarray. 

Virus Isolate Company Origin Isolate code 

DsMV Agdia unknown agD 
DsMV 

DsMV DSMZ Florida flD 

LYSV-0460 DSMZ The Netherlands nL 
LYSV 

LYSV-0451 DSMZ Taiwan tL 

PV-0026 DSMZ South America aP 

PV-0327 DSMZ France frP 

PV-0343 DSMZ Germany gP 

PV-0403 DSMZ Hungary hP 

PV-0722 DSMZ Italy iP 

PVY 

PV-0346 DSMZ The Netherlands nP 

ZYMV-405 ATCC Egypt eZ 

ZYMV-595 ATCC Florida flZ 

ZYMV-0466 DSMZ Germany gZ 

ZYMV-0416 DSMZ Italy iZ 

ZYMV 

ZYMV-0382 DSMZ Singapore sZ 
 

 

5.2.2 Closely related, non-target potyviruses 

Nucleic acid sequences representing different New Zealand Potyvirus species were analyzed 

by ClustalX version 1.83 (Thompson et al., 1997) and a phylogenetic tree was generated by 

Mega 3.1 (Kumar et al., 2004). The potyviruses that were phylogenetically closely related to 

the four target Potyvirus species were selected for the hybridization with the microarray. 

 

5.2.3 Healthy plants 

Healthy leaves from four plant species: Nicotiana benthamiana, Cucurbita pepo subsp. Pepo 

(zucchini), Colocasia esculenta (Taro) and Dactylis glomerata (Cocksfoot) were collected 

from disease free plants maintained in the greenhouse at the School of Biological Sciences, 

The University of Auckland. 
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5.2.4 Generation of hybridization target fragments 

Based on the results from Chapter 4, there was no obvious advantage in using single stranded 

DNA (ssDNA) (see section 4B.3.2 in Chapter 4), therefore double stranded PCR products 

(dsDNA) were used for hybridization as it is simple, quick and cost effective. Similarly, direct 

labeling (terminal labeling) was used as it gave very similar results to indirect labeling and was 

considered more convenient, quicker and less expensive.  

Two different sizes of PCR products (~1.3 kb and ~0.7 to1.0 kb), which in combination 

spanned part of the NIb, coat protein and 3΄UTR were amplified using two sets of Potyvirus 

universal primers: PV2I/T7 – D335 and U335-PV1/SP6 (Langeveld et al., 1991; Mackenzie et 

al., 1998) from each of the 15 overseas potyviruses, following the same methods described in 

sections 2A.2.6.3 and 2A.2.7 of Chapter 2 and section 4A.2.2.1 of Chapter 4. Briefly, Cy5 

fluorescent dye labeled reverse primers (D335 and PV1/SP6) were used to amplify the target 

fragments under the same PCR cycling parameters described in Chapter 2 (section 2A.2.6.3), 

and the resulting fragments were purified and concentrated following the methods described in 

Chapter 2 (section 2A.2.7) and Chapter 4 (section 4A.2.2.1). For ~1.3 kb fragments from 

DsMV isolates, reverse primer D335 was replaced with the primer DsMVrcp (as described in 

2A.3.4.4 of Chapter 2) because the combination of primers PV2I/T7 – D335 failed to amplify 

the target fragment. 

For the four healthy plant species, cDNA was synthesized using random hexamer primers 

(Invitrogen) for the hybridization because the labeled oligo-dT primer (PV1/SP6) used for the 

potyviruses may not pick up all of the plant mRNA. Before hybridization, the cDNA was 

indirectly labeled with Cy5 or Cy3 fluorescent dye (Amersham Biosciences) using the 

SuperScriptTM Indirect cDNA Labeling System (InvitrogenTM Life technologies) following the 

manufacturers instructions.  

 

5.2.5 Microarray hybridization and data analysis 

Microarray hybridization and data analysis were conducted as described in Chapter 4 (sections 

4A.2.3 and 4A.2.4). Briefly, target DNA was hybridized at a final concentration of 10 nM; 

arrays were incubated at 55°C for 2 hours and then scanned at the same conditions as those set 

for previous slides as described in section 4A.2.4 of Chapter 4.  
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5.3. Results 

5.3.1 Selection of phylogenetically closely related potyviruses 

All nucleotide sequences of the 21 different Potyvirus species reported in New Zealand were 

collected from GenBank for the initial analysis within each species. A total of 49 sequences 

representing to the 21 New Zealand potyvirus species were then selected for further analysis 

and the resultant neighbour joining tree is presented in Fig. 5.1. On the basis of this tree, four 

non-target but closely related species were chosen as follows: Ornithogalum mosaic virus 

(OrMV) and Ornithogalum virus 2 (OrV2) closely related to LYSV, Onion yellow dwarf virus 

(OYDV) closely related to PVY, and Zantedeschia mild mosaic virus (ZaMMV) closely 

related to both DsMV and ZYMV.  
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Fig. 5.1. Phylogenetic analysis (neighbour joining tree) of the nucleic acid sequences of 21 

New Zealand potyviruses. The viruses indicated with red spots were the four target species and 

those indicated with green triangles were the closely related species used to test the specificity 

of array. Oat mosaic virus (OMV, GenBank accession no. AF314536) was used as outgroup. 

The numbers on branches are bootstrap values (1000 replicates). 
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5.3.2 Generation of PCR products  

Except for the ZYMV Italy isolate (iZ), all the target fragments (~1.3 kb and ~0.7-1.0 kb) were 

successfully amplified with the correct product sizes, resulting in labeled DNA from each of 

the fourteen overseas potyvirus isolates and the four phylogenetically closely related New 

Zealand potyviruses. 

 

5.3.3 Array hybridization with PCR products from overseas potyviruses 

PCR products from overseas potyviruses were all independently hybridized with the 

microarray. The results for each isolate and the comparison between overseas isolates and New 

Zealand isolates are described in detail below. The PCR products from New Zealand isolates 

have the designation “nz” in front of the fragment name. For example, ~1.3 kb fragment from 

New Zealand DsMV was designated as nzD13. The fragments from overseas isolates were 

designated by adding the length of the fragment to the end of each isolate code given in table 

5.1. For example, the ~1.3 kb fragment of Agdia DsMV isolate “agD” is referred to agD13. 

 

5.3.3.1 DsMV 

The ~0.7 kb and ~1.3 kb PCR products from DsMV isolates agD (origin unknown) and flD 

(Florida) were hybridized with the microarray. The ~1.3 kb PCR products from both isolates 

gave positive results and the positive probes visually detectable from the images are exactly the 

same as those from the analysis results of fluorescent intensity values (Fig. 5.2). However, the 

two ~0.7 kb PCR products showed negative results. These results are similar to those obtained 

for New Zealand DsMV isolate described in section 4A.3.3.1 of Chapter 4 in which the ~1.3 kb 

fragment showed positive result while ~0.7 kb fragment showed negative result.  

Four probes reacted positively to the ~1.3 kb fragment of the Agdia DsMV isolate (agD13) and 

the Florida DsMV isolate (flD13), three of the four being the same. For the agD13 fragment, 

positive probes included DsMV1, DsMV10m1, DsMV14m2 and DsMV20m3 while for the 

flD13 fragment the positive probes were DsMV1, DsMV10m1, DsMV14m2 and DsMV18m2. 

All of the positive probes from flD13 fragment gave a weak fluorescent signal but this was 

clearly visible when the slide was scanned under a higher PMT setting (flD13 image in Fig. 

5.2). Non-specific hybridization was not found from these fragments. 
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All of the probes that reacted positively with the agD13 and flD13 fragments were included in 

the nine positive probes from New Zealand DsMV isolate (direct labeled nzD13 fragment) (Fig. 

5.3). However, the fluorescent intensity of individual positive probes was different for the 

different isolates. The four probes that reacted positively to the New Zealand DsMV isolate but 

gave negative results for Agdia and Florida DsMV isolates were: DsMV5, DsMV8, DsMV9 

and DsMV22m4. 

 

Fig. 5.2. Images and fluorescent intensity results from the hybridization using ~1.3 kb 

fragments from Agdia and Florida DsMV (agD13 and flD13 fragments). The numbers to the 

left side of the positive spots in array image figure (left panel) or on the top of the peaks in 

fluorescent intensity plot (right panel) represent relevant DsMV probe identification numbers. 

The height of the peaks represents the fluorescent pixel intensity of positive spots with 

background subtracted.  
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Fig. 5.3. Comparison of fluorescent intensities of positive probes from different DsMV isolates. 

The probe order on the X axis, from left to right, represents the order of the probe sequences on 

the target fragment from the 5´ terminal (fluorescent labeled end in direct labeling system) to 

the 3´ terminal. The height of the histograms represents the fluorescent pixel intensity of 

positive spots with background subtracted. Probes sharing the same location but with different 

mismatch nucleotides are circled.  
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5.3.2.2 LYSV 

For LYSV, the two overseas isolates (Netherlands and Taiwan) showed similar results to the 

New Zealand isolate: only the ~1.0 kb fragments (L10) provided positive results (Fig. 5.4) 

while the ~1.3 kb fragments (L13) showed negative results (data now shown).  

The ~1.0 kb fragment of the Netherlands LYSV isolate (nL10), reacted positively with the 

same eight LYSV specific positive probes (LYSV1, LYSV2, LYSV3, LYSV8, LYSV13m2, 

LYSV18m3, LYSV23m4 and LYSV25m4) as the New Zealand isolate, and with similar signal 

intensity (Fig. 5.5). In addition, a very weak non-specific positive reaction to probe ZYMV3 

was found from the hybridization (Fig. 5.4).  

For the ~1.0 kb fragment from the Taiwan LYSV isolate (tL10), a total of ten species specific 

positive probes (LYSV1, LYSV2, LYSV3, LYSV8, LYSV11m1, LYSV13m2, LYSV18m3, 

LYSV23m4, LYSV25m4 and LYSV27m5) reacted positively with visual observation giving 

the exactly the same results as the fluorescent intensity values (Fig. 5.4). Compared to the 

results from New Zealand LYSV isolate (Fig. 5.5), two additional positive probes (LYSV11m1 

and LYSV27m5) were obtained from Taiwan isolate. The probe LYSV27m5 is located in the 

overlap region between the ~1.0 kb and ~1.3 kb fragment (Fig. 2 in Appendix I). However, the 

sequence of probe LYSV11m1 is located on the ~1.3 kb fragment outside of the overlap region 

with not on the ~1.0 kb fragment used for the hybridization (Fig. 2 in Appendix I).  

As with DsMV, the fluorescent intensity strength of individual positive probes varied between 

the different isolates. 
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Fig. 5.4. Images and fluorescent intensity results from the hybridization using ~1.0 kb 

fragments from The Netherlands and Taiwan LYSV isolates (nL10 and tL10 fragments). The 

numbers to the left side of the positive spots in array image figure (left panel) or on the top of 

the peaks in fluorescent intensity plot (right panel) represent relevant LYSV probe 

identification numbers. The height of the peaks represents the fluorescent pixel intensity of 

positive spots with background subtracted.  
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Fig. 5.5. Comparison of fluorescent intensities of positive probes from different LYSV isolates. 

The probe order on the X axis, from left to right, represents the order of the probe sequences on 

the target fragment from the 5´ terminal (fluorescent labeled end in direct labeling system) to 

the 3´ terminal. The height of the histograms represents the fluorescent pixel intensity of 

positive spots with background subtracted. Probes sharing the same location but with different 

mismatch nucleotides are circled.  

Fluorescent intensities of positive spots withour spacer & with different 
spacers from hybridisation using direct-labeled New Zealand LYSVg2 1.0kb 

fragment

0
5000

10000
15000
20000
25000

Probe number

Fl
uo

re
sc

en
t i

nt
en

si
ty

no spacer
6C spacer
12C spacer
6T spacer
12T spacer

Fluorescent intensities of positive spots without spacer and with different 
spacers from hybridisation using The Netherland LYSV 1.0kb fragment

0

5000

10000

15000

20000

25000

LY
SV

1

LY
SV

3

LY
SV

25
m

4

LY
SV

2

LY
SV

13
m

2

LY
SV

18
m

3

LY
SV

23
m

4

LY
SV

8

Probe number

Fl
uo

re
sc

en
t i

nt
en

si
ty

no spacer

6C spacer

12C spacer

6T spacer

12T spacer

Fluorescent intensities of positive spots without spacer and w ith different 
spacers from hybridisation using Taiwan LYSV 1.0kb fragment

-2000
0

2000
4000
6000
8000

10000
12000
14000
16000

Probe number

Fl
uo

re
sc

en
t i

nt
en

si
ty

no spacer

6C spacer

12C spacer

6T spacer

12T spacer



Chapter 5                                                                                       Evaluation of the microarray specificity 

 164

5.3.2.3 PVY 

Five of the six overseas PVY isolates gave a positive reaction for either one or both PCR 

fragments (Fig. 5.6). The positive fragments included five ~0.7 kb fragments from five 

different isolates from France (frP7), Germany (gP7), Hungary (hP7), Italy (iP7) and The 

Netherlands (nP7), and two ~1.3 kb fragments from Hungary (hP13) and Italy (iP13) isolates. 

The sixth isolate, from South America gave a negative result for both the ~1.3 kb and ~0.7 kb 

fragments. Non-specific hybridization was not found from any of the fragments. 

Of the five positively reacting ~0.7 kb fragments (Fig. 5.6), four shared gave the same three 

positive probes (PVY1, PVY3 and PVY4) as the New Zealand PVY 0.8 kb fragment, and the 

results from the images were exactly same as those from the analysis results of the fluorescent 

intensity values (Fig. 5.7). The fifth fragment (nP7) showed only two visually positive probes 

(PVY1 and PVY4) but three positive probes (PVY1, PVY3 and PVY4) from the fluorescent 

intensity values. Among these positive probes, probe PVY1 consistently showed a strong 

positive signal while another two probes (PVY3 and PVY4) showed consistently weak signals.  

For the two positive ~1.3 kb fragments (hP13 and iP13), very weak positive reactions were 

obtained to probes PVY7m2 and PVY14m4 on hP13 fragment, and PVY2 on iP13 fragment. 

These were only visible at higher PMT settings but could be clearly identified as positive spots 

based on the fluorescent intensity values (Fig. 5.6). 
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Fig. 5.6. Images and fluorescent intensity results from the hybridization using ~0.7 kb and ~1.3 

kb fragments from different PVY isolates. frP, gP, hP, iP and nP represented fragments from 
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France, Germany, Hungary, Italy and The Netherland, respectively. The numbers to the left 

side of the positive spots in array image figure (left panel) or on the top of the peaks in 

fluorescent intensity plot (right panel) represent relevant PVY probe identification numbers. 

The height of the peaks represents the fluorescent pixel intensity of positive spots with 

background subtracted.  
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Figure continued 
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Fig. 5.7. Comparison of fluorescent intensities of positive probes from different fragments of 

different PVY isolates. The probe order on the X axis, from left to right, represents the order of 

the probe sequences on the target fragment from the 5´ terminal (fluorescent labeled end in 

direct labeling system) to the 3´ terminal. The height of the histograms represents the 

fluorescent pixel intensity of positive spots with background subtracted. 
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fluorescent intensity strength for individual probes on different isolates (Fig. 5.9). In addition, 

two ~0.7 kb fragments from Egypt (eZ7) and Florida (flZ7) reacted with probe ZYMV5 which 

is located on the ~1.3 kb but not ~0.7 kb fragment of ZYMV.  

In all cases the visual image results were the same as those from the analysis of fluorescent 

intensity values (Fig. 5.8). 
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Fig. 5.8. Images and fluorescent intensity results from the hybridization using ~0.7 kb 

fragments from different ZYMV isolates. eZ, flZ, gZ, and sZ represented fragments from 

Egypt, Florida, Germany, and Singapore, respectively. The numbers to the left side of the 

positive spots in array image figure (left panel) or on the top of the peaks in fluorescent 

intensity plot (right panel) represent relevant ZYMV probe identification numbers. The height 
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of the peaks represents the fluorescent pixel intensity of positive spots with background 

subtracted.  
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Fig. 5.9. Comparison of fluorescent intensities of positive probes from different fragments of 

different ZYMV isolates. The probe order on the X axis, from left to right, represents the order 

of probe sequences on the target fragment from the 5´ terminal (fluorescent labeled end in 

direct labeling system) to the 3´ terminal. The height of the histograms represents the 

fluorescent pixel intensity of positive spots with background subtracted. Probes sharing the 

same location but with different mismatch nucleotides are circled.  

 

5.3.4 Array hybridization with PCR products from closely related potyviruses 

The ~1.3 kg and ~0.7 kb fragments from the four phylogenetic closely related potyviruses 

(New Zealand isolates): OrMV, OrV2, OYDV, and ZaMMV which were designated as OrMV-

13, OrMV-7, OrV2-13, OrV2-7, OYDV-13, OYDV-7, ZaMMV-13 and ZaMMV-7, 

respectively, were hybridized with the microarray. None of the fragments gave a positive 

hybridization signal even under higher PMT setting, either as a visual image or as a fluorescent 

intensity value (Fig. 5.10). 
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Fig. 5.10. Images and fluorescent intensity results from the hybridization using ~1.3 kb and 

~0.7 kb fragments from four phylogenetic closely related poryviruses. No positive probes were 

observed from the array image figures (left panel) or the fluorescent intensity plots (right 

panel). The height of the peaks represents the fluorescent pixel intensity of positive spots with 

background subtracted.  
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5.3.5 Hybridization with healthy plant cDNA 

cDNA with Cy5 fluorescent dye labelling from four healthy plant species (N. benthamiana, 

zucchini, Taro and Cocksfoot) were hybridized with the microarray. All of the samples gave 

negative results, even under higher PMT settings, both as a visual image and as a measured 

fluorescent intensity (Fig. 5.7).  
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Fig. 5.11. Images and fluorescent intensity results from the hybridization using cDNA from 

four healthy plants. NC1, NC2, NC3 and NC4 represented cDNA from healthy N.benthamiana, 

zucchini, taro and cocksfoot plant, respectively. No positive probes were observed from the 

array image figures (left panel) and fluorescent intensity plots (right panel). The height of the 

peaks represents the fluorescent pixel intensity of positive spots with background subtracted.  
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5.4. Discussion 

In this study, the specificity of the microarray was evaluated using PCR products amplified 

from fifteen overseas potyvirus isolates belonging to the four experimental Potyvirus species, 

four additional phylogenetic closely related potyviruses (New Zealand isolates) and cDNAs 

from four healthy plant species, using the same methods as described in Chapter 4. The same 

reaction mixture, same concentration of target fragments, same scanning setting and same data 

analysis methods were used for the microarray hybridization so that the results would be 

comparable with those presented in Chapter 4. 

Only one potyvirus (Italian ZYMV) failed to be amplified for the two target fragments. This 

may have been due to variable sequence at the primer binding sites, wrong identification of the 

virus or possibly due to degradation of the sample during transit or storage. 

Among the other fourteen overseas isolates, which could be amplified successfully for the ~0.7 

kb and ~1.3 kb fragments, thirteen reacted positively to the array with the same PCR fragments 

as the New Zealand isolate (~1.3 kb fragment for DsMV, ~1.0 kb fragment for LYSV, ~0.7 kb 

fragment for PVY and ZYMV) but in addition the ~1.3 kb fragments from Hungary and Italy 

PVY isolates also showed positive results. Of the PCR products from the thirteen virus isolates, 

twelve reacted only with probes to the expected virus while one LYSV isolate (Netherlands) 

gave a weak non-specific positive reaction to a ZYMV probe (ZYMV3). This highlights the 

importance of designing multiple probes for each virus so that the occasional non-specific 

reaction can be seen to be an aberrant result, and if appropriate those probes eliminated from 

the array. For the fourteenth isolate (the South America PVY isolate-aP), both target fragments 

gave negative reactions against all viruses on the array. Further investigation by cloning and 

sequencing of this isolate showed that the resulting 670 bp sequence (GenBank accession no. 

EF488081) showed 94.2% nt identity to Pepper yellow mosaic potyvirus (AF348610) and only 

43 to 51.5% identity to PVY isolates, thus explaining the negative result.  

In some instances, PCR products reacted with probes to the target virus but from non-target 

regions on the genome. For example, Taiwan LYSV (tL) with probe LYSV11m1, Florida 

ZYMV (fZ) and Egypt ZYMV (eZ) with probe ZYMV5. These results are similar to the results 

presenting in section 4B.3.1 of Chapter 4 in which two probes (PVY3 and PVY4) located on 

PVY ~0.8 kb fragment showed a positive signal when hybridized with the PVY ~1.3 kb 

fragment and the 21 nt overlap regions between these two probes shared only 62% identity 

with the target sequence. This is presumably because of high identity between those probe 
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sequences and the fragments used for hybridization. Ideally all of these should be sequenced to 

determine whether this is the reason.  

PCR products from some of the overseas isolates reacted with exactly the same probes as New 

Zealand isolates while others reacted with fewer or more probes. For example, the PCR 

product from the Taiwan LYSV isolate (tL) reacted with an additional specific probe 

LYSV27m5, while PCR products from DsMV from Agdia (aD) and Florida DsMV (fD) 

reacted with four or five fewer specific probes than the PCR products from New Zealand 

isolates. Most of the positive probes showed different fluorescent intensities to different PCR 

products from different virus isolates. These results showed that the species level probes 

(including perfect match and mismatch probes) designed in this study are able to recognize a 

range of isolates belonging to the same species. 

Similar to the results presented in Chapter 4, both cytosine and thymine spacers provided 

higher fluorescent signals to the positive probes compared to those without spacers, and in 

most cases, positive probes with twelve spacers gave a higher signal than those with six 

spacers (Fig. 5.3, 5.5, 5.7 and 5.9), although the differences were not statistically significant 

(data not shown). In addition, directly labelled positive probes did not follow the position rule 

observed in Zhang’s study (Zhang et al., 2005) since for most of the PCR products, the positive 

probes close to the fluorescently labelled end showed weaker fluorescent signals than those 

further away (Fig. 5.3, 5.5 and 5.9). 

When using PCR products from New Zealand isolates, all the visible positive spots from the 

images were exactly same as those derived from the fluorescent intensity analysis (see Chapter 

4). This was also true for all PCR products from the overseas isolates except probe PVY3 from 

the Netherlands PVY isolate (nP) which was not visible from the image but could be identified 

as positive probe from fluorescent intensity value (Fig. 5.6). 

In summary, the array was able to accurately detect PCR products from a range of strains for 

all four of the target virus species, with some degree of strain differentiation, and (with one 

exception) did not produce false positive probes with PCR products from closely related 

viruses and cDNA from healthy plant species. Therefore, the results demonstrate that the 

design strategy and procedures are capable of producing an array to detect and differentiate 

potyviruses and can presumably be expanded to include additional potyviruses. While it would 

be a major undertaking to produce an array capable of detecting and identifying all potyviruses 

it would be feasible, for example, to produce an array to detect a specified subset of 

potyviruses such as those that commonly infect ornamental bulb crops.  
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Chapter 6.  General discussion 

 
6. 1. Identification of potyviruses in plants 

As outlined in the first Chapter “General introduction”, viruses are responsible for many plant 

diseases of both economic and environmental importance. This is especially true for Potyvirus, the 

largest and one of the most rapid growing of the 78 plant virus genera. For example, Potato virus Y, 

the type member of the genus, can induce high yield losses to a wide range of economically 

important crops including Solanaceae family members (e.g. potato, tobacco, tomato and pepper) 

(Rolland, et al., 2008). Another important potyvirus is Plum pox virus, which has not yet been 

reported in New Zealand, but is regarded as a major biosecurity risk (Lebas et al., 2006) and can 

damage a large variety of plant species especially stone fruits (Salvador et al., 2008; Pasquini et al., 

2008). Accurate detection and identification technologies are becoming increasingly important in 

disease diagnosis and control strategies, especially in countries such as New Zealand with high 

biosecurity requirements. Multiple diagnostic assays are often performed in parallel which is time 

consuming and labor intensive (Chou et al., 2006). In addition, most existing methods have a 

limited ability to simultaneously detect all strains of a wide range of viruses, due to the continual 

discovery of new virus species and strains as well as complexities arising from the high frequency 

of recombinant viruses (Chare and Holmes, 2006; Csorba et al., 2004; James and Varga, 2005; 

Morris et al., 2006; Turina et al., 2006; Wang et al., 2002). To overcome these problems a new 

technology is necessary. 

In the first phase of this study (Chapter 2), potyviruses were identified using multiple techniques 

(e.g. plant inoculation, ELISA, electron micorscopy, immuno-sorbent electron microscopy, single-

strand conformational polymorphism analysis, PCR, sequencing) in parallel. Using this approach, 

a total of fifteen different virus species, including twelve definitive Potyvirus species, one tentative 

potyvirus (ZaMMV), one Macluravirus (NLV), and one novel sequence which is possibly a new 

species within Potyvirus genus (or a known potyvirus without sequence information) were 

identified from 30 suspected plant samples representing 19 different plant species. However, this 

took more than a year which is costly as well as being time consuming. Difficulties encountered in 

this work included: (1) “Universal” potyvirus primers that did not work on all the suspected 

samples under the same PCR conditions, necessitating the design of the new primers for some 

particular samples, or optimization of the PCR conditions, or the use of nested PCR; (2) Co-
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infections of multiple virus species or strains in the same plant, which resulted in the failure of 

direct sequencing, and the need to sequence multiple clones to detect all sequence variants; (3) 

limited usefulness of indicator hosts due to unknown host range or low virus titer in the original 

samples (or reduced titer during storage) resulted in poor transmission rates to indicator plants. 

These results further confirm the problems existing in potyvirus diagnosis described in section 

1.1.3.2 in Chapter 1, which illustrate the need a new technology for Potyvirus detection and 

identification 

 

6. 2. Microarray technology for detecting plant potyviruses 

Microarray technology was initially developed for the study of gene expression or SNP profiles 

(Desprez et al., 1998; Lockhart et al., 1996; Schena et al., 1995). Over a period of less than a 

decade, DNA microarrays have rapidly moved from academic research towards the goals of 

understanding the fundamental causes of diseases and developing means of diagnosis and 

treatment (Cherkasova et al., 2003; Debouck and goodfellow, 1999; He et al., 2006; Katomaeda et 

al., 2001). It is now considered a reliable robust methodology for testing a wide range of 

pathogens at the DNA level for diseases diagnosis (Gershon, 2002; M©ơller and Nicolau, 2005; 

Stremmel et al., 2002). 

Oligonucleotide microarrays are becoming increasingly popular because of the following main 

advantages: (1) The short length of oligonucleotide probes reduces cross-hybridization and hence 

increases specificity (Chou et al., 2004; Pichler et al., 2004); (2) The short length oligonucleotide 

probes allow easy access into tight variable regions of a genome and hence enable the successful 

differentiation of similar sequences, which is especially useful in distinguish closely related virus 

species and strains (Bystricka et al., 2005); (3) Working with synthetic oligonucleotide probes is 

less labor intensive and less costly compared to cDNA arrays which require PCR for synthesizing 

the probes; (4) In situ synthesis on the surface of a slide enables production of high density 

microarrays allowing more targets to be investigated.  

The first microarray used in plant viral disease diagnosis was a cDNA array for the detection of 

four viruses infecting potato (Boonham et al., 2003). At about the same time, another cDNA array 

for detecting four tobamoviruses infecting cucurbits was developed (Lee et al., 2003). In 2005, 

Bystricka et al. (2005) developed the first oligonucleotide microarray for detecting five potato 
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viruses with an oligonucleotide length of 40-mer. However, all these arrays are limited to viruses 

infecting a single plant host. The aim of the current study was to develop and evaluate the utility of 

a microarray-based assay system for multiplexed detection a range of different potyviruses from 

different plant hosts. An array could then, for example, be designed to detect multiple potyviruses 

from ornamentals where a wide range of hosts are involved. 

The study consisted of three main phases, the first of which was the selection of suitable 

experimental viruses. Because of the sequence variability between different isolates of the same 

potyvirus species and varying number and coverage of sequences available for the various species 

in public databases, it was decided to gather together a collection of New Zealand potyvirus 

isolates and identify them accurately by sequencing. These sequences were then used as a starting 

point for the second phase of the study which focused on in silico design of oligonucleotide probes 

for array construction and their validation. Finally the array was evaluated for its specificity using 

a range of potyvirus isolates from different geographic regions and healthy plants.  

Due to the extremely high sequence variability between genera and species of Potyviridae, design 

of oligonucleotide probe presents difficulties at genus, species and strain levels. At the genus level, 

only limited conserved regions could be found and used for designing universal probes. This is 

confirmed by the fact that the commonly used universal potyvirus primers (Langeveld et al., 1991; 

Mackenzie et al., 1998) contain 21.4-37.9% degenerate bases. At the species level, the problems 

designing optimal probes are exacerbated by the limited sequences available for many species. 

Consequently in this study, an important criterion for the experimental potyviruses was a sufficient 

number of sequences available in GenBank to represent the diversity of the virus. This allows the 

design of multiple probes from different regions of each candidate virus and thus enhances the 

probability of successful detection of a particular virus (Bystricka et al., 2005). To minimize the 

impact of sequence variability and allow the design of multiple probes for each virus, a probe 

length of 25-mer was shown to be optimal. Also, the addition of an extra spacer to the probe, 

consisting of either poly-cytosine or poly-thymine at the 5΄ terminus, plus a further modification of 

a 6-carbon linker to help the binding of probe onto a solid surface, allowed the development of a 

microarray which showed high specificity when evaluated using nineteen different potyvirus 

isolates representing four Potyvirus species from more than ten countries; four distinct but closely 

related potyvirus species represented by New Zealand isolates; and four healthy plants.  
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In addition to specificity, sensitivity is another crucial factor for this diagnostic technology. In this 

study, using a combination of PCR and microarray technology, it was possible to detect ~3.4 ng of 

PCR product which was equivalent to ~3.2 atograms of the original viral cDNA. This detection 

sensitivity is much higher than that reported for other microarrays which required (1-100 µg) of 

total RNA  (Kern et al., 2004; Roth et al., 2004) or 5 pg of genomic DNA (Szemes et al., 2005) or 

500 fg of pathogen DNA (Wilson et al. 2002). There are many factors that can affect sensitivity 

and the precise reason why our array showed higher sensitivity is not known but it would appear 

that the addition of a cytosine or thymine spacer to the probes is a contributory factor. 

Although microarray technology has developed rapidly during the past 15 years, most of the 

factors affecting the DNA duplex formation are still far from clear (Peplies et al., 2003; Southern 

et al., 1999). It has been commonly observed that some perfect match targets and probes fail to 

hybridize (Chandler et al., 2003; Loy et al., 2002; Southern and Maskos, 1994) while some 

mismatch probes to the target yield higher signal intensities than those of corresponding perfect-

match probes (Naef and Magnasco, 2003). Both of these phenomena were observed in this current 

study. 

In order to analyze the underlying molecular biological mechanism affecting the hybridization 

efficiency, factors such as the size of the target fragments, secondary structure of probes and target 

fragments, labeling types (direct or indirect labeling), strandedness (single or double), Tm and GC 

content of probes were investigated in this study. However, no direct relationship was found 

between hybridization efficiency and the individual factors listed above, illustrating the 

complexity of DNA duplex formation.   

From the results of the study, the following approaches are recommended when developing arrays 

for potyviruses and other virus groups: (1)  Probe sequences derived from probe design software 

should each be ‘blasted’ against GenBank sequences as an additional check on the specificity of 

the probes; (2) Probes with GC content of 36-52% and Tm of  ~70°C - 76°C are considered 

acceptable as no major adverse effects on hybridization efficiency were observed within these 

ranges, which are slightly wider than those of the commonly followed “the nearest neighbor 

model” in which predicted melting temperatures were within the range nºC ± 2ºC (Breslauer et al., 

1986); (3) The use of poly-cytosine as a spacer, as used in this study, has not been previously 

published, but was found to be as effective as thymine spacers in mitigating steric hindrance and 

increasing hybridization efficiency; (4) Combining PCR, direct labeling showed the advantage 
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over indirect labeling as the target fragments can be used directly for hybridization without an 

extra labeling step, which is more convenient, cheaper, and faster; (5) The use of a Liquid 

Blocking Reagent (Amersham Biosciences) in the hybridization mixture provided consistent 

results with very low background noise for all of the templates; (6) Under the same criteria for 

probe design, hybridization efficiency of the probes was similar regardless to the type of probe 

design programs used in this study.  

 

6. 3. Limits and potential improvements of potyvirus arrays in the future 

Microarray technology has become increasingly important in both basic science and in clinical 

research and technical applications and the technology is rapidly improving. However, there are 

still many uncertainties concerning mechanisms of DNA duplex formation and associated 

phenomena such as non-specific hybridization, failed hybridization of perfect match probes and 

targets, and variable fluorescent intensity values. This results in a lack of widely accepted and 

standardized experimental protocols, problems with accurate quantification, and high cost of 

production, all of which limit the application of this technology (Southern et al., 1999; Peplies et 

al., 2003; Pozhitkov et al., 2006). In the case of a potyvirus array, highly variable sequences 

between different species makes the application of the microarray in detecting a large range of 

potyviruses more difficult. 

During the current study, a significant proportion of perfect matched targets and probes did not 

produce a positive hybridization signal, a problem that has been widely reported by other 

researchers (Bodrossy et al., 2003; Loy et al., 2002; Naef et al., 2002). Ultimately we would like to 

understand all the factors affecting DNA duplex formation so that we can better predict which 

probe sequences will give the best hybridization, but this is a long term strategy and a big 

challenge. The alternative and pragmatic approach in the short term is to design (in silico) a large 

number of probes for the viruses of interest and then experimentally select probes of suitable 

specificity and sensitivity for the fabrication of a desirable microarray. To this end, establishing a 

regularly updated and searchable database of verified Potyvirus probe sequences, organized 

according to each region of the genome, would be of benefit.  

In addition to optimizing probe selection and hybridization conditions, improvements may also be 

gained from the introduction of other array formats or technologies. One such technology is the 
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bead-array, a microarray based on the random self-assembly of a bead pool onto a patterned 

substrate (Michael et al., 1998; Oliphant et al., 2002). Compared to conventional microarrays 

which are manufactured by spotting or synthesizing probes onto two-dimensional substrates 

(Fodor et al., 1991; Holloway et al., 2002), the three dimensional surfaces provided by the bead-

array can result in at least a  ten thousand fold higher density than a spotted microarray (Fan et al., 

2006; Michael et al., 1998).  

Another novel revolutionary technique uses the unique plastic structure, poly methyl methacrylate 

(PMMA), as a substrate for DNA microarrays (Fig. 7.1). This technique could provide ultrahigh 

sensitivity, up to 100-fold higher than normal DNA arrays, and can detect small amounts of RNA 

(0.1-0.01 µg of total RNA) without amplification (Nagino et al., 2006). The possible reasons for 

this revolutionary improvement include: (1) The unique structure of the substrate, with 256 

arrayed pillars located at the center, which greatly increase the surface area compared to a flat 

glass surface; (2) Since the oligonucleotides are covalently immobilized on the upper surface of 

the PMMA pillars, this might lead to a lower three-dimensional density of immobilized 

oligonucleotides resulting in less steric hindrance and hence higher hybridization efficiency; (3) 

The PMMA substrate exhibits low autofluorescence thus reducing background noise. In addition, 

addition of beads in the hybridization solution to improve the movement of target fragments by 

agitating the beads is also a good idea for improving microarray hybridization.  

 
Fig. 6.1. Photograph of the new DNA chip from recent publication (Nagino et al., 2006). (a)  

photograph of the new DNA chip and (b) magnified scanning electron microscope image of pillars 

at the center of the substrate. 

 
For viruses with highly variable sequences, such as potyvirus, our approach of using short probes 

(25-mer) has proved effective as it allows the design and selection of multiple probes from 

different regions of virus genome. Compared to the published 40-mer oligonucleotide array for 

detecting potato potyviruses (Bystricka et al. 2005), our array has a greater potential to be 

(a) (b)
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extended for a large number of potyviruses as our sequence analysis (section 3.3.3 in Chapter 3) 

showed that 40-mer probes dramatically reduced the number of potential probes available for each 

of the targeted potyviruses.  

Furthermore, variability in the performance of spotted microarrays may be reduced with the 

introduction of new spotting reagents and techniques. Downstream data analysis will become more 

accurate along with the updating of relevant computer software. The price of synthetic 

oligonucleotides, fabrication of microarrays and associated reagents are also likely to decrease as 

the technology becomes more widely used. All of these will help promote the use of potyvirus and 

other plant virus arrays for routine testing.  

In summary, combining the approaches of in silico design and experimental optimization of 

hybridization conditions and selection of probes, a microarray was developed in this study which 

was shown to have high specificity and sensitivity for the detection of four investigated 

potyviruses, at both species and strain level. Based on these findings, and assuming sufficient 

sequence data is available, it should be possible to design an array for any selected group of 

potyviruses using the following approach: 

1.  Assemble sequences of interest from GenBank and align them to identify both conserved and 

variable sequence regions within/between species. Based on our analysis of GenBank 

sequences for potyviruses, most of the available sequences are for the NIb gene, coat protein 

gene and 3΄UTR. Both conserved sequences required for designing species level probes and 

variable sequences needed for strain level probes can be found in all three of these regions.  

2.  Where sufficient sequence data is available, design multiple probes for both conserved and 

variable sequences for all suitable regions of the genome using probe design programs such 

as ROSO, as used in this study.  

3.  Having generated a range of possible probe sequences, optimal probes are selected (in silico) 

based on the specificity important criteria described in section 3.3.4 in Chapter.  

4.  Synthesis probes with either a 12-cytosine or 12-thymine spacer plus a 5΄ terminus 

modification using Am6C linker in order to extend the distance between probe and slide 

surface to reduce the steric hindrance and thus increase the hybridization efficiency.  
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5.  For printing the probes on the slides, the density at 4.5 × 1011 molecules/cm2 which matches 

the recommended range of less than 2 × 1012 molecules/cm2 (Peterson et al. 2001) has been 

shown to be suitable. 

6.  For hybridization a temperature 15ºC lower than the average Tm of probes and short targets 

(PCR products) are suggested. The ~1.3kb and ~0.7kb fragments amplified by potyvirus 

universal primers as used in this study gave acceptable results but in some cases better results 

were obtained by using even shorter PCR products. 

7.  For data analysis, parameters such as PMT and contrast  should be optimized in order to 

obtain the best resolution between positive and negative reactions, as described in section 

4A.2.4 in Chapter 4. The final judgement should be base on both the visual image and 

fluorescent intensity value results. Although in most cases, the visual results gave the same 

results as the analysis of fluorescent intensity values, in a small minority of cases additional 

positive reactions were identified from the analysis of fluorescent intensity values. 

The design and production of potyvirus arrays will speed up the accurate detection and 

identification of potyviruses, especially for plants that are hosts for multiple potyviruses and where 

mixed infections (species and/or strains) occur.  

Microarray technology is being applied in many different areas of genomic and biomedical 

sciences and is at the forefront of experimental methods for interrogating complex biological 

problems. While the specific focus of the current project was plant potyviruses, many of the 

approaches and recommendations listed above, such as procedures for optimal probe selection, 

addition of 12C or 12T spacers to the probes, size of target PCR products. are equally relevant to 

other virus groups or even other pathogens from plants, humans, animals and the environment. 
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Appendix I 

Diagrammatic recording of the hybridisation results of positive fragments from New 
Zealand potyviruses. 

DsMV (positive spot colour setting     ++++     +++      ++      +)    
                                                                                      1.3kb                     overlap       0.7kb 

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set   
25/25                4                  9     8              5                                        1          2                     3       7  6 
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15          16 
22/25                    19                                                                           20                              21                                    
21/25                                                    22 
20/15                                                    23 
Result recording (without spacer) 
25/25                4                  9     8              5                                        1         2                      3       7  6                                    
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15          16 
22/25                    19                                                                           20                              21 
21/25                                                    22 
20/15                                                    23 
Result recording (with 6C spacer) 
25/25                4                  9     8               5                                       1          2                     3       7  6 
24/25                                                                                                   10        11                12 
23/25                           17                                                          18      14        13                 15          16 
22/25                    19                                                                           20                              21                                         
21/25                                                    22 
20/15                                                    23 
Result recording (with 12C spacer) 
25/25                4                  9     8               5                                       1          2                     3       7  6                                                     
24/25                                                                                                   10        11                12   
23/25                           17                                                         18      14         13                 15          16 
22/25                    19                                                                           20                              21                             
21/25                                                    22 
20/15                                                    23 
Result recording (with 6T spacer) 
25/25                4                  9     8               5                                      1          2                      3       7  6                                                     
24/25                                                                                                   10        11                12 
23/25                           17                                                         18      14         13                 15          16 
22/25                    19                                                                           20                              21 
21/25                                                    22 
20/15                                                    23 
Result recording (with 12T spacer) 
25/25                4                  9     8              5                                        1         2                      3       7  6                                              
24/25                                                                                                   10        11                12            
23/25                           17                                                         18       14        13                 15          16  
22/25                    19                                                                           20                              21  
21/25                                                     22 
20/15                                                     23 

Fig. 1. Hybridization results using direct labeled ~1.3kb fragment from New Zealand DsMV.  
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DsMV (positive spot colour setting     ++++     +++      ++      +)    
                                                                                      1.3kb                     overlap       0.7kb 

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set   
25/25                4                  9     8              5                                        1          2                     3       7  6 
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15          16 
22/25                    19                                                                           20                              21                                    
21/25                                                    22 
20/15                                                    23 
Result recording (without spacer) 
25/25                4                  9     8              5                                        1         2                      3       7  6                                    
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15          16 
22/25                    19                                                                           20                              21 
21/25                                                    22 
20/15                                                    23 
Result recording (with 6C spacer) 
25/25                4                  9     8               5                                       1          2                     3       7  6 
24/25                                                                                                   10        11                12 
23/25                           17                                                          18      14        13                 15          16 
22/25                    19                                                                           20                              21                                         
21/25                                                    22 
20/15                                                    23 
Result recording (with 12C spacer) 
25/25                4                  9     8               5                                       1          2                     3       7  6                                                     
24/25                                                                                                   10        11                12   
23/25                           17                                                         18      14         13                 15          16 
22/25                    19                                                                           20                              21                             
21/25                                                    22 
20/15                                                    23 
Result recording (with 6T spacer) 
25/25                4                  9     8               5                                      1          2                      3       7  6                                                     
24/25                                                                                                   10        11                12 
23/25                           17                                                         18      14         13                 15          16 
22/25                    19                                                                           20                              21 
21/25                                                    22 
20/15                                                    23 
Result recording (with 12T spacer) 
25/25                4                  9     8              5                                        1         2                      3       7  6                                              
24/25                                                                                                   10        11                12            
23/25                           17                                                         18       14        13                 15          16  
22/25                    19                                                                           20                              21  
21/25                                                     22 
20/15                                                     23 

Fig. 2. Hybridization results using indirect labeled ~1.3kb fragment from New Zealand DsMV.  
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DsMV (positive spot colour setting     ++++     +++      ++      +)    
                                                                                      1.3kb                     overlap       0.7kb 

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set   
25/25                4                  9     8              5                                        1          2                     3       7  6 
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15          16 
22/25                    19                                                                           20                              21                                    
21/25                                                    22 
20/15                                                    23 
Result recording (without spacer) 
25/25                4                  9     8              5                                        1         2                      3       7  6                                    
24/25                                                                                                   10        11                12 
23/25                           17                                                         18       14        13                 15          16 
22/25                    19                                                                           20                              21 
21/25                                                    22 
20/15                                                    23 
Result recording (with 6C spacer) 
25/25                4                  9     8               5                                       1          2                     3       7  6 
24/25                                                                                                   10        11                12 
23/25                           17                                                          18      14        13                 15          16 
22/25                    19                                                                           20                              21                                         
21/25                                                    22 
20/15                                                    23 
Result recording (with 12C spacer) 
25/25                4                  9     8               5                                       1          2                     3       7  6                                                     
24/25                                                                                                   10        11                12   
23/25                           17                                                         18      14         13                 15          16 
22/25                    19                                                                           20                              21                             
21/25                                                    22 
20/15                                                    23 
Result recording (with 6T spacer) 
25/25                4                  9     8               5                                      1          2                      3       7  6                                                     
24/25                                                                                                   10        11                12 
23/25                           17                                                         18      14         13                 15          16 
22/25                    19                                                                           20                              21 
21/25                                                    22 
20/15                                                    23 
Result recording (with 12T spacer) 
25/25                4                  9     8              5                                        1         2                      3       7  6                                              
24/25                                                                                                   10        11                12            
23/25                           17                                                         18       14        13                 15          16  
22/25                    19                                                                           20                              21  
21/25                                                     22 
20/15                                                     23 

Fig. 3. Hybridization results using direct labeled specific short fragment Ds1 from New Zealand 
DsMV.  
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LYSVg (positive spot colour setting     ++++     +++    ++    +)   
                                                                         1.3kb                 overlap               1.0kb 

                   Nib gene CP gene 3'UTR  
   Homology 
Original probe set                            
25/25                   9                        6                7        5/10                                                            8    2    3       1 
24/25             11                       12                      
23/25         14                15              17                      16                                                                   13                         
22/25                    19                    20               21    22                                                                     18 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Results (without spacer) 
25/25                   9       4               6                7                                                                           8    2    3       1 
24/25            11                       12                  
23/25         14                15              17                      16                                                                    13      
22/25                    19                    20               21    22                                                                      18 
21/25                    24                                                                      26                                               23      25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 6C spacer) 
25/25                   9       4               6                7        5/10                                                            8    2    3       1           
24/25             11                      12              
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                        
21/25                    24                                                                      26                                              23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 12C spacer)                               
25/25                   9       4               6                7        5/10                                                           8    2     3       1 
24/25             11                       12                        
23/25          14               15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 6T spacer)                               
25/25                   9       4               6                7        5/10                                                           8     2    3       1 
24/25             11                       12         
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                    
21/25                    24                                                                       26                                             23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 12T spacer) 
25/25                   9      4                6                7        5/10                                                           8    2     3       1 
24/25             11                       12                                                                                                  
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18         
21/25                    24                                                                      26                                              23      25 
20/25                                                                                                   27 
16/25                                                                           28 

Fig. 4. Hybridization results using direct labeled ~1.0kb fragment from New Zealand LYSV.  
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LYSVg (positive spot colour setting     ++++     +++    ++    +)   
                                                                         1.3kb                 overlap               1.0kb 

                   Nib gene CP gene 3'UTR  
   Homology 
Original probe set                            
25/25                   9                        6                7        5/10                                                            8    2    3       1 
24/25             11                       12                      
23/25         14                15              17                      16                                                                   13                         
22/25                    19                    20               21    22                                                                     18 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Results (without spacer) 
25/25                   9       4               6                7                                                                           8    2    3       1 
24/25            11                       12                  
23/25         14                15              17                      16                                                                    13      
22/25                    19                    20               21    22                                                                      18 
21/25                    24                                                                      26                                               23      25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 6C spacer) 
25/25                   9       4               6                7        5/10                                                            8    2    3       1           
24/25             11                      12              
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                        
21/25                    24                                                                      26                                              23       25                                            
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 12C spacer)                               
25/25                   9       4               6                7        5/10                                                           8    2     3       1 
24/25             11                       12                        
23/25          14               15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 6T spacer)                               
25/25                   9       4               6                7        5/10                                                           8     2    3       1 
24/25             11                       12         
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                    
21/25                    24                                                                       26                                            23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 12T spacer) 
25/25                   9      4                6                7        5/10                                                           8    2     3       1 
24/25             11                       12                                                                                                  
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18         
21/25                    24                                                                      26                                              23      25 
20/25                                                                                                   27 
16/25                                                                           28 

Fig. 5. Hybridization results using indirect labeled ~1.0kb fragment from New Zealand LYSV.  
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LYSVg (positive spot colour setting     ++++     +++    ++    +)   
                                                                         1.3kb                 overlap               1.0kb 

                   Nib gene CP gene 3'UTR  
   Homology 
Original probe set                            
25/25                   9                        6                7        5/10                                                            8    2    3       1 
24/25             11                       12                      
23/25         14                15              17                      16                                                                   13                         
22/25                    19                    20               21    22                                                                     18 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Results (without spacer) 
25/25                   9       4               6                7                                                                           8    2    3       1 
24/25            11                       12                  
23/25         14                15              17                      16                                                                    13      
22/25                    19                    20               21    22                                                                      18 
21/25                    24                                                                      26                                               23      25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 6C spacer) 
25/25                   9       4               6                7        5/10                                                            8    2    3       1           
24/25             11                      12              
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                        
21/25                    24                                                                      26                                              23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 12C spacer)                               
25/25                   9       4               6                7        5/10                                                           8    2     3       1 
24/25             11                       12                        
23/25          14               15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 6T spacer)                               
25/25                   9       4               6                7        5/10                                                           8     2    3       1 
24/25             11                       12         
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                    
21/25                    24                                                                       26                                             23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 12T spacer) 
25/25                   9      4                6                7        5/10                                                           8    2     3       1 
24/25             11                       12                                                                                                  
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18         
21/25                    24                                                                      26                                              23      25 
20/25                                                                                                   27 
16/25                                                                           28 

Fig. 6. Hybridization results using direct labeled specific short fragment Ls1 from New Zealand 
LYSV.  
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LYSVg (positive spot colour setting     ++++     +++    ++    +)   
                                                                         1.3kb                 overlap               1.0kb 

                   Nib gene CP gene 3'UTR  
   Homology 
Original probe set                            
25/25                   9                        6                7        5/10                                                            8    2    3       1 
24/25             11                       12                      
23/25         14                15              17                      16                                                                   13                         
22/25                    19                    20               21    22                                                                     18 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Results (without spacer) 
25/25                   9       4               6                7                                                                           8    2    3       1 
24/25            11                       12                  
23/25         14                15              17                      16                                                                    13      
22/25                    19                    20               21    22                                                                      18 
21/25                    24                                                                      26                                               23      25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 6C spacer) 
25/25                   9       4               6                7        5/10                                                            8    2    3       1           
24/25             11                      12              
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                    18                                                        
21/25                    24                                                                      26                                              23       25                                            
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 12C spacer)                               
25/25                   9       4               6                7        5/10                                                           8    2     3       1 
24/25             11                       12                        
23/25          14               15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 6T spacer)                               
25/25                   9       4               6                7        5/10                                                           8     2    3       1 
24/25             11                       12         
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                    
21/25                    24                                                                       26                                            23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 12T spacer) 
25/25                   9      4                6                7        5/10                                                           8    2     3       1 
24/25             11                       12                                                                                                  
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18         
21/25                    24                                                                      26                                              23      25 
20/25                                                                                                   27 
16/25                                                                           28 

Fig. 7. Hybridization results using direct labeled specific short fragment Ls2 from New Zealand 
LYSV.  
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LYSVg (positive spot colour setting     ++++     +++    ++    +)   
                                                                         1.3kb                 overlap               1.0kb 

                   Nib gene CP gene 3'UTR  
   Homology 
Original probe set                            
25/25                   9                        6                7        5/10                                                            8    2    3       1 
24/25             11                       12                      
23/25         14                15              17                      16                                                                   13                         
22/25                    19                    20               21    22                                                                     18 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Results (without spacer) 
25/25                   9       4               6                7                                                                           8    2    3       1 
24/25            11                       12                  
23/25         14                15              17                      16                                                                    13      
22/25                    19                    20               21    22                                                                      18 
21/25                    24                                                                      26                                               23      25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 6C spacer) 
25/25                   9       4               6                7        5/10                                                            8    2    3       1           
24/25             11                      12              
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                        
21/25                    24                                                                      26                                              23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Results (with 12C spacer)                               
25/25                   9       4               6                7        5/10                                                           8    2     3       1 
24/25             11                       12                        
23/25          14               15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                 
21/25                    24                                                                      26                                              23       25 
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 6T spacer)                               
25/25                   9       4               6                7        5/10                                                           8     2    3       1 
24/25             11                       12         
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18                                                    
21/25                    24                                                                       26                                             23       25                                             
20/25                                                                                                   27 
16/25                                                                                               28 
Result recording (with 12T spacer) 
25/25                   9      4                6                7        5/10                                                           8    2     3       1 
24/25             11                       12                                                                                                  
23/25         14                15              17                      16                                                                   13 
22/25                    19                    20               21    22                                                                     18         
21/25                    24                                                                      26                                              23      25 
20/25                                                                                                   27 
16/25                                                                           28 

Fig. 8. Hybridization results using direct labeled specific short fragment Ls3 from New Zealand 
LYSV.  
 



                                                                                                                                          Appendix I 

 231

PVY  (positive spot color setting     ++++     +++      ++      +)    
 
 
                                                                            1.3kb                 overlap               0.8kb  

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set                                                   
25/25          6       5                                                             2                        3       4                                    1                              
24/25                      
23/25                  9              13                    8   7                                                                                    
22/25                                                        12          10      11                                                                         
21/25                                                                                14                         
Result recording (without spacer)                        
25/25           6      5                                                              2                       3       4                                    1                                
24/25                      
23/25                  9              13                    8   7                                                                            
22/25                                                        12          10       11                                                                        
21/25                                                                                14                         
Result recording (with 6C spacer)                        
25/25           6      5                                                              2                       3      4                                     1                        
24/25                      
23/25                  9              13                   8    7                              
22/25                                                        12          10      11                                                                         
21/25                                                                                14                           
Result recording (with 12C spacer) 
25/25           6      5                                                              2                       3       4                                    1 
24/25                      
23/25                  9              13                   8     7                                                                                  
22/25                                                       12           10       11                                                                        
21/25                                                                                14                      
Result recording (with 6T spacer)                        
25/25           6      5                                                             2                        3       4                                   1                                
24/25                      
23/25                  9              13                   8    7                                                                                  
22/25                                                       12           10      11                                                                                 
21/25                                                                                14                        
Results (with 12T spacer)                        
25/25           6      5                                                             2                        3       4                                    1                                   
24/25                      
23/25                  9              13                   8     7            
22/25                                                        12          10      11                                                                           
21/25                                                                                14                       

Fig. 9. Hybridization results using direct labeled ~0.8kb fragment from New Zealand PVY.  
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PVY  (positive spot color setting     ++++     +++      ++      +)    
 
 
                                                                            1.3kb                 overlap               0.8kb  

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set                                                   
25/25          6       5                                                             2                        3       4                                    1                              
24/25                      
23/25                  9              13                    8   7                                                                                    
22/25                                                        12          10      11                                                                         
21/25                                                                                14                         
Result recording (without spacer)                        
25/25           6      5                                                              2                       3       4                                    1                                
24/25                      
23/25                  9              13                    8   7                                                                            
22/25                                                        12          10       11                                                                        
21/25                                                                                14                         
Result recording (with 6C spacer)                        
25/25           6      5                                                              2                      3        4                                    1                        
24/25                      
23/25                  9              13                   8    7                              
22/25                                                        12          10      11                                                                         
21/25                                                                                14                           
Result recording (with 12C spacer) 
25/25           6      5                                                              2                       3       4                                    1 
24/25                      
23/25                  9              13                   8     7                                                                                  
22/25                                                       12           10       11                                                                        
21/25                                                                                14                      
Result recording (with 6T spacer)                        
25/25           6      5                                                             2                        3       4                                    1                                
24/25                      
23/25                  9              13                   8    7                                                                                  
22/25                                                       12           10      11                                                                                 
21/25                                                                                14                        
Results (with 12T spacer)                        
25/25           6      5                                                             2                        3       4                                    1                                   
24/25                      
23/25                  9              13                   8     7            
22/25                                                        12          10      11                                                                           
21/25                                                                                14                       

Fig. 10. Hybridization results using indirect labeled ~0.8kb fragment from New Zealand PVY.  
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PVY  (positive spot color setting     ++++     +++      ++      +)    
 
 
                                                                            1.3kb                 overlap               0.8kb  

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set                                                   
25/25          6       5                                                             2                        3       4                                    1                              
24/25                      
23/25                  9              13                    8   7                                                                                    
22/25                                                        12          10      11                                                                         
21/25                                                                                14                         
Result recording (without spacer)                        
25/25           6      5                                                              2                       3       4                                    1                                
24/25                      
23/25                  9              13                    8   7                                                                            
22/25                                                        12          10       11                                                                        
21/25                                                                                14                         
Result recording (with 6C spacer)                        
25/25           6      5                                                              2                       3       4                                    1                        
24/25                      
23/25                  9              13                   8    7                              
22/25                                                        12          10      11                                                                         
21/25                                                                                14                           
Result recording (with 12C spacer) 
25/25           6      5                                                              2                       3       4                                    1 
24/25                      
23/25                  9              13                   8     7                                                                                  
22/25                                                       12           10       11                                                                        
21/25                                                                                14                      
Result recording (with 6T spacer)                        
25/25           6      5                                                             2                        3       4                                   1                                
24/25                      
23/25                  9              13                   8    7                                                                                  
22/25                                                       12           10      11                                                                                 
21/25                                                                                14                        
Results (with 12T spacer)                        
25/25           6      5                                                             2                        3       4                                    1                                   
24/25                      
23/25                  9              13                   8     7            
22/25                                                        12          10      11                                                                           
21/25                                                                                14                       

Fig. 11. Hybridization results using direct labeled specific short fragment Ps2 from New Zealand 
PVY.  
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PVY  (positive spot color setting     ++++     +++      ++      +)    
 
 
                                                                            1.3kb                 overlap               0.8kb  

                   Nib gene CP gene 3'UTR  
Homology 
Original probe set                                                   
25/25          6       5                                                             2                        3       4                                    1                              
24/25                      
23/25                  9              13                    8   7                                                                                    
22/25                                                        12          10      11                                                                         
21/25                                                                                14                         
Result recording (without spacer)                        
25/25           6      5                                                              2                       3       4                                    1                                
24/25                      
23/25                  9              13                    8   7                                                                            
22/25                                                        12          10       11                                                                        
21/25                                                                                14                         
Result recording (with 6C spacer)                        
25/25           6      5                                                              2                       3       4                                    1                        
24/25                      
23/25                  9              13                   8    7                              
22/25                                                        12          10      11                                                                         
21/25                                                                                14                           
Result recording (with 12C spacer) 
25/25           6      5                                                              2                       3       4                                    1 
24/25                      
23/25                  9              13                   8     7                                                                                  
22/25                                                       12           10       11                                                                        
21/25                                                                                14                      
Result recording (with 6T spacer)                        
25/25           6      5                                                             2                        3       4                                    1                                
24/25                      
23/25                  9              13                   8    7                                                                                  
22/25                                                       12           10      11                                                                                 
21/25                                                                                14                        
Results (with 12T spacer)                        
25/25           6      5                                                             2                        3       4                                    1                                   
24/25                      
23/25                  9              13                   8     7            
22/25                                                        12          10      11                                                                           
21/25                                                                                14                       

Fig. 12. Hybridization results using direct labeled specific short fragment Ps3 from New Zealand 
PVY.  
 
 
 
 
 
 
 
 
 



                                                                                                                                          Appendix I 

 235

ZYMV  (positive spot color setting     ++++     +++      ++      +)    
 
                                                                           1.3kb                 overlap               0.7kb 

                   Nib gene CP gene 3'UTR  
 Homology 
Original probe set                                                 
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                13                                                                17 
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (without spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                                17 
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            
Result recording (with 6C spacer)                        
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17             
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12C spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17      
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19                                                        
Result recording (with 6T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3 
24/25                                                                                                                                               20 
23/25                       10                       9                                  13                                                               17  
22/25                12              11                            15                  14                                             18                                                              
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                              
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17                          
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            

Fig. 13. Hybridization results using direct labeled ~0.7kb fragment from New Zealand ZYMV.  
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ZYMV  (positive spot color setting     ++++     +++      ++      +)    
 
                                                                           1.3kb                 overlap               0.7kb 

                   Nib gene CP gene 3'UTR  
 Homology 
Original probe set                                                 
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                13                                                                17 
22/25                12              11                            15                  14                                            18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (without spacer)                         
25/25            7       8                        5       2    6                                                                    4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                                17 
22/25                12             11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            
Result recording (with 6C spacer)                        
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17             
22/25                12              11                            15                  14                                             18                                                              
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12C spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                              
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17      
22/25                12              11                            15                  14                                            18                                                               
21/25                                                                                 16                      
19/25                                                                                           19                                                        
Result recording (with 6T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3 
24/25                                                                                                                                               20 
23/25                       10                       9                                  13                                                               17  
22/25                12              11                            15                 14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17                          
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            

Fig. 14. Hybridization results using indirect labeled ~0.7kb fragment from New Zealand ZYMV.  
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ZYMV  (positive spot color setting     ++++     +++      ++      +)    
 
                                                                           1.3kb                 overlap               0.7kb 

                   Nib gene CP gene 3'UTR  
 Homology 
Original probe set                                                 
25/25            7       8                        5       2    6                                                                    4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                13                                                                17 
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (without spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                                17 
22/25                12              11                            15                  14                                             18                                                              
21/25                                                                                 16                       
19/25                                                                                           19            
Result recording (with 6C spacer)                        
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17             
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12C spacer)                         
25/25            7       8                        5       2    6                                                                    4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17      
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19                                                        
Result recording (with 6T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3 
24/25                                                                                                                                               20 
23/25                       10                       9                                  13                                                               17  
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                              
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17                          
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            

Fig. 15. Hybridization results using direct labeled specific short fragment Zs1 from New Zealand 
ZYMV.  
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ZYMV  (positive spot color setting     ++++     +++      ++      +)    
 
                                                                           1.3kb                 overlap               0.7kb 

                   Nib gene CP gene 3'UTR  
 Homology 
Original probe set                                                 
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                13                                                                17 
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (without spacer)                         
25/25            7       8                        5       2    6                                                                    4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                                17 
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            
Result recording (with 6C spacer)                        
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17             
22/25                12              11                            15                  14                                             18                                                              
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12C spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                              
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17      
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                      
19/25                                                                                           19                                                        
Result recording (with 6T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3 
24/25                                                                                                                                               20 
23/25                       10                       9                                  13                                                               17  
22/25                12              11                            15                  14                                            18                                                               
21/25                                                                                 16                      
19/25                                                                                           19             
Result recording (with 12T spacer)                         
25/25            7       8                        5       2    6                                                                     4              1    3                                               
24/25                                                                                                                                               20 
23/25                       10                        9                                 13                                                               17                          
22/25                12              11                            15                  14                                             18                                                               
21/25                                                                                 16                       
19/25                                                                                           19            

Fig. 16. Hybridization results using direct labeled specific short fragment Zs2 from New Zealand 
ZYMV.  
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Appendix  II 

Relationship of the hybridisation results and the target fragments secondary structures of 

New Zealand potyviruses.  

Hybridization results of each probe presented here are based on the results of probes with 12T 

spacer and under indirect labelling system. The results are indicated in figures by decorating the 

probe’s name using different colours: red, pink, orange, light orange and blue colours represent 

++++positive, +++positive, ++positive, +positive and negative results, respectively. The 

secondary structures of the target fragments are stated at three different temperatures of 20, 37 and 

55°C. The probes with same location but with different mismatch nucleotide(s) are indicated by 

linking two probes’ name with an “equal symbol”.  
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Fig. 1. Relationship of the hybridisation results and DsMV ~0.7kb fragment secondary structure at 

20°C. 
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Fig. 2. Relationship of the hybridisation results and DsMV ~0.7kb fragment secondary structure at 

37°C. 
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Fig. 3. Relationship of the hybridisation results and DsMV ~0.7kb fragment secondary structure at 

55°C. 

 

 

 

 

741 bases at 55°C 

DsMV2 

DsMV3 

DsMV7 

DsMV6 

DsMV11m1 

DsMV12m1 

DsMV15m2 

DsMV21m3 

DsMV16m2 



                                                                                                                                                         Appendix II 

 243

 

Fig. 4. Relationship of the hybridisation results and DsMV ~1.3kb fragment secondary structure at 

20°C. 
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Fig. 5. Relationship of the hybridisation results and DsMV ~1.3kb fragment secondary structure at 

37°C. 

 

 
 
 

DsMV1 
DsMV10m1 

DsMV14m2 
DsMV20m3 

D13r / 1241 bases / 37°C 

DsMV18m2 

DsMV5 

DsMV22m4 

DsMV23m5 

DsMV8 

DsMV9 DsMV17m2 

DsMV19m3 

DsMV4 



                                                                                                                                                         Appendix II 

 245

 
Fig. 6. Relationship of the hybridisation results and DsMV ~1.3kb fragment secondary structure at 

55°C. 
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Fig. 7. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ds1 (457 bp) from DsMV. 
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Fig. 8. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ds1 (457 bp) from DsMV. 
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Fig. 9. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ds1 (457 bp) from DsMV. 
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Fig. 10. Relationship of the hybridisation results and LYSV ~1.0kb fragment secondary structure 

at 20°C. 
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Fig. 11. Relationship of the hybridisation results and LYSV ~1.0kb fragment secondary structure 

at 37°C. 
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Fig. 12. Relationship of the hybridisation results and LYSV ~1.0kb fragment secondary structure 

at 55°C. 
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Fig. 13. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ls1 (308 bp) from LYSV. 
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Fig. 14. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ls1 (308 bp) from LYSV. 
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Fig. 15. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ls1 (308 bp) from LYSV. 
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Fig. 16. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ls2 (736 bp) from LYSV. 
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Fig. 17. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ls2 (736 bp) from LYSV. 
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Fig. 18. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ls2 (736 bp) from LYSV. 
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Fig. 19. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ls3 (400 bp) from LYSV. 
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Fig. 20. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ls3 (400 bp) from LYSV. 
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Fig. 21. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ls3 (400 bp) from LYSV. 
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Fig. 22. Relationship of the hybridisation results and PVY ~0.8kb fragment secondary structure at 

20°C. 
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Fig. 23. Relationship of the hybridisation results and PVY ~0.8kb fragment secondary structure at 

37°C. 
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Fig. 24. Relationship of the hybridisation results and PVY ~0.8kb fragment secondary structure at 

55°C. 
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Fig. 25. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ps1 (285 bp) from PVY. 
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Fig. 26. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ps1 (285 bp) from PVY. 
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Fig. 27. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ps1 (285 bp) from PVY. 
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Fig. 28. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ps2 (436 bp) from PVY. 
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Fig. 29. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ps2 (436 bp) from PVY. 
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Fig. 30. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ps2 (436 bp) from PVY. 
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Fig. 31. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Ps3 (277 bp) from PVY. 
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Fig. 32. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Ps3 (277 bp) from PVY. 
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Fig. 33. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Ps3 (277 bp) from PVY. 
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Fig. 34. Relationship of the hybridisation results and ZYMV ~0.7kb fragment secondary structure 

at 20°C. 
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Fig. 35. Relationship of the hybridisation results and ZYMV ~0.7kb fragment secondary structure 

at 37°C. 

ZYMV1 

ZYMV3 

ZYMV4 

ZYMV17m2 

ZYMV20m1 

ZYMV18m2 

37°C 

695 



                                                                                                                                                         Appendix II 

 275

 

Fig. 36. Relationship of the hybridisation results and ZYMV ~0.7kb fragment secondary structure 

at 55°C. 
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Fig. 37. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Zs1 (446 bp) from ZYMV. 
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Fig. 38. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Zs1 (446 bp) from ZYMV. 
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Fig. 39. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Zs1 (446 bp) from ZYMV. 
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Fig. 40. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Zs2 (392 bp) from ZYMV. 
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Fig. 41. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Zs2 (392 bp) from ZYMV. 
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Fig. 42. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Zs2 (392 bp) from ZYMV. 
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Fig. 43. Relationship of the hybridisation results and secondary structure at 20°C of specific short 

fragment Zs3 (367 bp) from ZYMV. 
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Fig. 44. Relationship of the hybridisation results and secondary structure at 37°C of specific short 

fragment Zs3 (367 bp) from ZYMV. 
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Fig. 45. Relationship of the hybridisation results and secondary structure at 55°C of specific short 

fragment Zs3 (367 bp) from ZYMV. 
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Molecular confirmation of New Zealand garlic yellow streak virus
as Leek yellow stripe virus
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Abstract. Garlic yellow streak virus (GYSV) was first reported in New Zealand by Mohamed and Young in 1981
as a new potyvirus distinct from Onion yellow dwarf virus (OYDV) and Leek yellow stripe virus (LYSV), based on
host range and serological differences. Recent examination of garlic showing the typical yellow streak symptoms,
using serological and molecular methods, clearly identifies the associated virus as a strain of LYSV.

Additional keyword: Allium sativum.

Introduction
Mohamed and Young (1981) reported that many Allium
sativum (garlic) plants in New Zealand exhibited yellow
streak symptoms and identified the cause as a Potyvirus
which they named garlic yellow streak virus (GYSV). They
concluded that GYSV was a distinct virus from two other
Allium potyviruses, Onion yellow dwarf virus (OYDV) and
Leek yellow stripe virus (LYSV), based on their different host
range and serological reactions. More recently, Fletcher and
Davison (J. D. Fletcher and J. E. B. Davison, unpublished
data) surveyed 16 garlic crops in New Zealand and concluded
that GYSV was serologically related to OYDV. In contrast,
Van Dijk (1993), who used serology to test and characterise
potyviruses from 5700 Allium plants, representing 22 species
from the Netherlands and other parts of the world, concluded
that garlic yellow streak disease was probably caused by a
mixture of OYDV and LYSV.

The viruses infecting garlic have been widely studied
over the past three decades (Walkey and Antill 1989;
Helguera 1997; Lot 1998; Conci et al. 2002, 2003). However,
identification based on traditional methods, such as serology,
host range and symptoms has sometimes resulted in
controversial or incorrect conclusions for particular isolates
(Mohamed and Young 1981; Atreya 1992; Conci et al. 1992;
Riechmann et al. 1992; Tsuneyoshi et al. 1998; Chen et al.
2001; J. D. Fletcher and J. E. B. Davison, unpublished
data). In contrast, sequence comparison provides a more
definitive tool for pathogen classification and identification
(Atreya 1992; Riechmann et al. 1992; Tsuneyoshi et al.
1998; Chen et al. 2001), especially for potyviruses where

serological cross-reactions are common. For RT–PCR of
uncharacterised potyviruses there are a number of universal
primers, including PV2I/T7 and PV1/SP6 (Mackenzie et al.
1998) which amplify a 1.7–2.1 kb fragment across the NIb
gene (RNA-dependent RNA polymerase), coat protein gene
and 3′ UTR regions, plus U335 and D335 (Langeveld et al.
1991) that amplify a fragment of ∼335 bp from the central
part of the coat protein gene.

We analysed field-grown garlic showing typical GYSV
symptoms from Pukekohe (New Zealand) by ELISA,
RT–PCR and sequencing to compare GYSV with LYSV
and OYDV.

Methods
Source of plant material

Garlic leaves with typical yellow streak symptoms were collected from
the field at Pukekohe, Auckland, New Zealand in November 2003,
freeze-dried, and stored at 4◦C until used. Dried leaf tissue of Allium
porrum (leek) infected with Leek yellow stripe virus and A. cepa
(onion) infected with Onion yellow dwarf virus were provided by
Dr John D. Fletcher, Crop & Food Research, New Zealand. Leaves of
Colocasia esculenta (taro) infected with Dasheen mosaic virus (DsMV),
healthy taro, Cucurbita pepo subsp. pepo (zucchini) and Nicotiana
benthamiana, used as positive and negative controls, were obtained from
plants maintained in the greenhouse.

Virus purification

Viruses were partially purified from garlic leaves with obvious yellow
streak symptoms, using the method of Pearson et al. (1994) with minor
modifications. The leaves were ground to a fine powder in liquid
nitrogen using a pestle and mortar and then homogenised in 200 mM

sodium borate buffer (pH 8.0) containing 0.3% mercaptoethanol. After
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centrifugation at 2000 g for 10 min, the supernatant was mixed with
an equal volume of chloroform, and Triton X-100 was added to a
final concentration of 5% (v/v). The mixture was stirred at 4◦C for
30 min, centrifuged at 10 000 g for 20 min and the supernatant further
centrifuged at 250 000 g for 2 h. The resultant pellet was re-suspended
in 50 mM sodium borate buffer (pH 8.0) for 2 h at 4◦C, and then
centrifuged at 10 000 g for 10 min. The supernatant was centrifuged at
250 000 g for 2 h through a 200 g/L sucrose cushion. The resultant pellet,
containing extracted virus, was re-suspended in sterile distilled water
and stored at −80◦C.

Enzyme-linked immunosorbent assay

The following antisera were used: Potyvirus universal monoclonal
antibody (Agdia Inc., Elkhart, Indiana, USA); OYDV polyclonal
antiserum (DSMZ, Braunschweig, Germany); GYSV and LYSV
polyclonal antisera produced by Mohamed and Young (1981) (provided
by Dr Francisco Ochoa-Corona, Ministry of Agriculture and Forestry
of New Zealand).

Partially purified virus and sap extracts from virus-infected
garlic leaves were tested for potyviruses by antigen-coated plate–
enzyme-linked immunosorbent assay (ACP–ELISA) using the Potyvirus
universal monoclonal antibody (McAb) according to the manufacturer’s
protocol. For GYSV, LYSV and OYDV, the same protocol was used with
virus specific polyclonal antibodies. Healthy leaves of taro, zucchini, and
N. benthamiana were used as negative controls. DsMV-infected taro,
LYSV-infected leek and OYDV-infected onion were used as positive
controls. All samples were tested in duplicate and optical density (OD)
values were read at 405 nm. Readings with an A405 value more than
three times the mean of the negative controls were considered positive.

RNA extraction and cDNA synthesis

Total RNA was extracted from a single freeze-dried infected garlic leaf
using an RNeasy Plant Mini Kit (QIAGEN Sciences, Maryland, USA),
following the manufacturer’s instructions. Virus cDNA was synthesised
from 1–3 µg of total RNA and 5 µL of purified GYSV using M-MLV
Reverse Transcriptase Kit (Invitrogen, Carlsbad, Canada) and an oligo
d(T)17 primer PV1/SP6 (Mackenzie et al. 1998).

PCR, cloning and sequencing

PCR products were generated using potyvirus universal primers
PV2I/T7 and PV1/SP6 (Mackenzie et al. 1998) which amplifies a
fragment of ∼1.7–2.1 kb, and primers U335 and D335 (Langeveld
et al. 1991) which amplify a fragment of ∼335 bp from the central
conserved region of coat protein gene. In addition, the primer
combinations PV2IT7/D335 and U335/PV1SP6 were used to amplify
two fragments, of G13 (∼1.3 kb) and G10 (∼1.0 kb) with an overlap
of ∼335 bp.

The 25-µL PCR reaction mixture contained reaction buffer, 2.5 mM

of MgCl2, 0.2 mM dNTP, 1 unit of Taq polymerase (Applied Biosystems,
Foster City, USA), and 5 pmol of each primer. The following cycling
parameters were used: 94◦C for 3 min, 30 cycles of 94◦C for 45 s, 56◦C
for 45 s, 72◦C for 90 s, followed by a 6 min extension at 72◦C. PCR
products were separated by electrophoresis on 1% agarose–TBE gels
and detected by ethidium bromide staining.

PCR products were purified from the agarose gel using a PerfectPrep
Gel Cleanup Kit (Eppendorf, Hamburg, Germany) and cloned into the
vector pGEM–T Easy (Promega Corporation, Madison, WI, USA),
then transformed to Max Efficiency DH5α chemically competent
cells (Invitrogen, Carlsbad, Canada), according to the manufacturer’s
instructions. Ten white colonies were selected from each transformation
and were screened for an insert by PCR using T7 and SP6 primers.
Plasmids with insert were extracted using a FastPlasmid Mini Kit
(Eppendorf, Hamburg, Germany) and the insert sequenced using M13F
and M13R primers.

Phylogenetic analysis

Nucleotide sequences of the NZ garlic virus isolates were compared
with selected LYSV and OYDV sequences from GenBank.
Phylogenetic analyses were conducted using BioEdit version 7.0.4
(Hall 1999), ClustalX version 1.83 (Thompson et al. 1997) and
PAUP version 4.0 Beta 10 (Swofford 2000). Neighbour-joining
trees were constructed using Oat mosaic virus as the outgroup
sequence. Putative coat protein amino acid sequences of garlic
isolates were compared with GenBank LYSV coat protein sequences
using BioEdit.

Results

ELISA

The ELISA results are summarised in Table 1. As anticipated,
all of the virus-infected samples reacted positively with the
Potyvirus McAb. Both GYSV-infected garlic sap and purified
GYSV reacted strongly with the antisera to GYSV and
LYSV, but not with antiserum to OYDV (purified GYSV
gave a marginal positive). LYSV-infected leek sap reacted
strongly with LYSV and GYSV antiserum but only weakly
with the OYDV antiserum. The OYDV-infected onion sap
reacted strongly with the OYDV antiserum, weakly with
the LYSV antiserum (marginal positive) but not with the
GYSV antiserum.

PCR, cloning and sequence analysis

Using primer sets PV2IT7/D335 and U335/PV1SP6, two
overlapping fragments of ∼1.3 kb (G13) and ∼1.0 kb (G10)
were amplified, from both total RNA extracted from
four individual plants and purified GYSV from bulked
material from more than ten plants (Fig. 1). A minimum
of three clones were sequenced for each fragment
from each plant, in total 26 G10 and 32 G13 clones
were sequenced.

Alignment of the G13 and G10 sequences revealed
two distinct nucleotide sequences of 2085 bp and 2099 bp,
designated as nzLYSVg1 (GenBank accession: AY842134)

Table 1. Reaction of GYSV, LYSV, and OYDV to various antisera

Antigens Mean ELISA A405 after two hours
Potyvirus GYSV LYSV OYDV

McAb antiserum antiserum antiserum

GYSV-infected 0.204 0.396 0.327 0.012
garlic sap

Purified GYSV 0.948 1.614 1.085 0.117
LYSV-infected 2.554 0.779 1.071 0.227

leek sap
OYSV-infected 0.881 0.026 0.116 0.572

onion sap
DsMV-infected 0.997 0.065 0.078 0.090

taro sap
Healthy taro sap 0.032 0.022 0.073 0.077
Healthy zucchini sap 0.056 0.022 0.030 0.029
Healthy 0.032 0.067 0.052 0.026

N. benthamiana sap
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G13

1.65kb

1kb

G10

Fig. 1. Potyvirus PCR products G13 and G10 amplified from garlic
using primer sets PV2IT7/D335 and U335/PV1SP6, respectively.
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Fig. 2. Neighbour-joining tree for nzLYSVg1, nzLYSVg2 sequences from NZ garlic and LYSV, OYSV
sequences from GenBank. Oat mosaic virus (OMV, GenBank accession # AF314536) was used as the
outgroup (numbers on branches are bootstrap values, 1000 replicates).

and nzLYSVg2 (GenBank accession: AY842136),
respectively. Both sequence variants were found in all
four of the individual plants and the purified virus from
the bulked sample. The similarity of the nucleotide
sequences of nzLYSVg1 and nzLYSVg2 is 83.4%, whereas
the similarity of their putative amino acid sequences is
85%. The phylogenetic comparison showed that both
sequences have a high level of similarity (77.4–96.8%)
to isolates of LYSV from GenBank and a low similarity
(34.8–48.8%) to OYDV isolates. A neighbour-joining
tree (1000 bootstrap replicates) showed that both of
the garlic isolates were clustered closely with isolates
of LYSV (Fig. 2).

The putative amino acid sequences for the NIb and
coat protein genes of nzLYSVg1 and nzLYSVg2 were
compared with that of other LYSV from GenBank. The
N-terminal amino acid sequences of the coat protein were
very variable (Fig. 3), with nzLYSVg2 possessing three
amino acids (positions 27–29 of the N-terminal region) not
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Fig. 3. Alignment of coat protein amino acid sequences of nzLYSVg1, nzLYSVg2
with selected LYSV isolates from GenBank.

present at the nzLYSVg1 sequence. In contrast the NIb
gene sequences were highly conserved, as were the 3′ UTR
sequences (data not shown).

Discussion

Mohamed and Young (1981) found that in microprecipitin
tests, purified GYSV reacted only weakly with OYDV and
LYSV antisera, and LYSV from leek did not react with
antisera to either OYDV or GYSV. On the basis of this
serological evidence and host range data, they concluded
that GYSV was distinct from OYDV and LYSV. However,
GYSV was not subsequently accepted by the International
Committee on Taxonomy of Viruses (ICTV) as a new
species (Van Regenmortel et al. 2000) and its precise identity
remained unclear.

In our current investigation using ELISA, which is more
sensitive than microprecipitin tests, both partially purified
GYSV and leaf extracts from GYSV-infected garlic plants
reacted strongly with the same GYSV and LYSV antisera
used by Mohamed and Young (1981) but not with OYDV
antiserum, indicating that GYSV is closely related to LYSV.
The strong reaction between current samples of GYSV and
the Mohamed and Young antiserum (produced in 1979)
suggests that the virus has not changed substantially during
the last 25 years.

Two distinct strains were found in all four of the individual
plants and the purified virus sample showing that these two
strains commonly co-exist in the field.

One of the properties of GYSV that led Mohamed and
Young (1981) to conclude it was distinct from LYSV was
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their inability to infect leeks with GYSV. However, restricted
host ranges are a common feature of potyviruses. Van Dijk
(1993), in a review of Allium potyviruses, comments that
poor infectivity on most other plant species is a common
characteristic of garlic viruses, and Lot (1998) found that even
different garlic cultivars demonstrated different susceptibility
to LYSV.

Amino acid sequence of the coat protein, especially
the N-terminal region, has proved useful in Potyvirus
taxonomy (Shukla et al. 1988; Jordan 1989; Usugi et al.
1989; Riechmann et al. 1992) and on this basis our sequence
data clearly identify both of the garlic yellow streak associated
viruses as strains of LYSV (nzLYSVg1 and nzLYSVg2).
Although LYSV has been recorded in garlic in the UK
(Walkey et al. 1987) and in other countries (Van Dijk 1993;
Barg et al. 1994; Yamashita et al. 1995; Conci 1997; Conci
et al. 2002), the New Zealand garlic isolates are quite
distinct from the other garlic LYSV sequences in GenBank.
These differences may well be reflected in their biological
properties, as various studies have shown that even point
mutations in the potyviral genome can affect properties
such as host range and symptom induction (Riechmann
et al. 1992) as well as aphid transmissibility (Atreya et al.
1990, 1991).

In summary we conclude that the virus named garlic
yellow streak virus by Mohamed and Young (1981), and to
which they produced their antiserum, is in fact a strain of
Leek yellow streak virus. We did not detect OYDV in any of
our samples, but our results do not preclude the possibility
that some garlic plants in New Zealand may also be infected
by this virus.
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In May 2006, a survey was performed to investigate a yellowing viral
disease complex in the major cucurbit-growing areas of southern Italy
(Campania, Sicily and Basilicata). Symptoms consisted of interveinal mottl-
ing and yellowing of older leaves, combined with thickening and brittleness.
These were observed in several melon crops, both under plastic-tunnels
(

 

Cucumis melo

 

 var. 

 

cantalupo

 

) and in the open field (

 

Cucumis melo

 

 var.

 

inodorus

 

). Yellowing disorder is reported to be caused primarily by three
different viruses that are widespread in many countries of the Mediterra-
nean Basin: 

 

Beet pseudo-yellows virus

 

 (BPYV, genus 

 

Crinivirus

 

, family

 

Closteroviridae

 

; Tomassoli 

 

et al

 

., 2003) that has affected melon and
cucumber in Sardinia (Italy) since 2001; 

 

Cucurbit yellow stunting disorder
virus

 

 (CYSDV, genus 

 

Crinivirus

 

, family 

 

Closteroviridae

 

; Celix 

 

et al

 

., 1996)
and 

 

Cucurbit aphid-borne yellows virus

 

 (CABYV, genus 

 

Polerovirus

 

, family

 

Luteoviridae

 

; Lecoq 

 

et al

 

., 1992).
Total RNA was extracted from leaf tissue of plants with and without

symptoms and screened for the presence of BPYV and CYSDV using
RT-PCR methods (Tomassoli 

 

et al

 

., 2003; Celix 

 

et al

 

., 1996). The analysis
showed that only a few plants with symptoms from Campania were
positive to BPYV, while none of the samples were infected with CYSDV.
RT-PCR assays were carried out using a primer set specific to the CABYV
coat protein gene ( Jaurez 

 

et al

 

., 2004) in a one-step procedure; a Spanish
isolate was used as positive control. Electrophoresis of the RT-PCR products
showed a fragment of the predicted size (

 

ca

 

. 600 bp) from 39 of 80 samples
showing symptoms. All plants without symptoms, the healthy and water
controls tested negative. Amplified DNA obtained from two different
samples (S7 from Sicily and C49 from Campania) were sequenced (GenBank
Acc. Nos. EF029114 and EF029115) and subjected to nucleotide sequence

analysis using BLAST. Both isolates shared the highest nucleotide sequence
identity (99%) with the isolate CABYV-N (GenBank Acc. No. X76931).

CABYV was found in all three of the regions surveyed. In total, 72% of
the sites showing yellowing-symptoms were infected by the virus. The
highest frequency of CABYV occurred in the winter-melon growing areas
(Basilicata and Sicily) during the summer period. This is the first report of
the occurrence of CABYV in Italy.
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Iris (Iridaceae) is a prized ornamental, valued for its beauty and as a source
of perfumes and medicinal products. In New Zealand, irises are grown
mostly for the domestic cut flower market, estimated at NZ$70 million in
2005 (Anonymous, 2005).

 

Iris tingitana

 

 plants showing leaf mosaic symptoms were collected from
a commercial grower near Palmerston North, New Zealand in July 2004.
Leaf samples with symptoms tested positive for potyvirus infection by
ELISA, using a potyvirus universal monoclonal antibody (Agdia). Universal
potyvirus primers PV2I/T7 and PV1/SP6 (Mackenzie 

 

et al

 

., 1998) were
used to amplify a product of approximately 1·8 Kb, spanning part of the
NIb gene, the entire CP gene and the 3

 

′

 

 UTR. The amplicon was cloned
into the vector pGEM®-T Easy (Promega) and the sequence analyzed
using BioEdit (version 7·0·5) and DNA-star (version 4·0). The 1815 bp
sequence (GenBank Accession No. DQ450199) showed 96% identity for

both nucleotide and amino acid sequences to the only other example of

 

Narcissus latent virus

 

 (NLV) listed in GenBank (Accession No. U58770;
Badge 

 

et al.

 

 1997). This is the first report of NLV in New Zealand.
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Angelonia angustifolia

 

 (

 

Scrophulariaceae

 

), a Central American
ornamental, is receiving increasing attention in the USA and Europe for
its attractive flowers. In Germany, a number of accessions from com-
mercial companies, subjected to evaluation for varietal release, exhibited
conspicuous flower mottling symptoms, suggestive of virus infection.
Carmovirus-like isometric particles (approx. 30 nm in diameter)
were detected in plants with symptoms by electron microscopy. Sap
inoculation studies revealed that the virus is mechanically transmissible
to 

 

Angelonia

 

 plants, leading to mottling symptoms on the petals of
flowers. When inoculated to 

 

Nicotiana hesperis

 

, 

 

N. occidentalis

 

, 

 

N. gluti-
nosa

 

 and 

 

N. clevelandii

 

, latent infections confined to the site of inoculation
site resulted. An antiserum (DSMZ AS-858) raised against a purified
virus preparation, reacted specifically with homologous antigen in western
blot analyses. Virus was detected in flowers and in symptomless leaves.

Immunoelectron microscopic decoration tests showed no detectable
cross-reaction to several other carmoviruses.

Clones of the complete coat protein gene were obtained by RT-PCR
from viral RNA isolated from purified particles. Sequence analysis of the
1053 nucleotide coat protein gene (EMBL Acc. No. AM050058; encoding
a predicted 351 amino acid product) confirmed this virus to be a typical,
but distinct, carmovirus with 49 and 48% nucleotide sequence identity
(37% and 35 % amino acid sequence identity) to 

 

Pelargonium flower
break virus

 

 and 

 

Carnation mottle virus

 

 respectively.
During cultivation of 

 

Angelonia

 

, transient mild chlorotic spots appeared
on the leaves of infected and non-infected plants, which are suspected to
be stress-induced. Since the flower mottle symptoms consistently correlate
with infection by the carmovirus, it is proposed naming this tentative new
carmovirus species, Angelonia flower mottle virus.
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Ornithogalum thyrsoides

 

, 

 

Iris

 

 sp. cv. Wedgewood and 

 

Iris tingitana

 

,
exhibiting mild mosaic leaf symptoms, were collected from a commercial
grower’s property near Palmerston North, New Zealand. All samples
tested positive for potyvirus infection by ELISA using a universal potyvirus
monoclonal antibody (Agdia Inc.). Universal potyvirus primers PV2I/T7
and PV1/SP6 (Mackenzie 

 

et al

 

., 1998) were used to amplify a 

 

∼

 

1·7 kb
product spanning part of the 

 

Nib

 

 gene, the entire 

 

CP

 

 gene and the 3

 

′

 

 UTR.
The amplicon was cloned into the vector pGEM®-T Easy (Promega
Corporation) and the resultant sequences analysed using 

 

ClustalX

 

(version 1·83), 

 

paup

 

 (version 4·0 Beta 10) and 

 

DNA

 

-

 

star

 

 (version 4·0).
Three distinct sequences related to 

 

Ornithogalum mosaic virus

 

 (OrMV)
were deposited in GenBank: nzOrMV-1 from 

 

O. thyrsoides

 

 (AY994102),
nzOrMV-2 from 

 

Iris

 

 cv. Wedgewood (AY994106), and nzOrMV-3 from 

 

I.
tingitana

 

 (AY994107). Isolates nzOrMV-1 and nzOrMV-2 shared 95%
nucleotide identity with each other and 90 and 91% identity, respectively,
with a South African isolate of OrMV from 

 

Ornithogalum

 

 (D00615).
Isolate nzOrMV-3 showed only 

 

∼

 

 88% identity with nzOrMV-1 and
nzOrMV-2, but 99% nucleotide identity with an Australian isolate of
OrMV, also obtained from 

 

Iris

 

 sp. (AF203528). A second potyvirus
isolated from 

 

O. thyrsoides

 

 as a single infection (AY994103), showed
between 79 and 99% nucleotide homology to partial 

 

Nib

 

 gene, complete

 

CP

 

 gene and 3

 

′

 

UTR, when compared with previously published sequences
of Ornithogalum virus 2 (Fuji 

 

et al

 

., 2003). In common with the sequences
of Ornithogalum virus 2 from Japan, the New Zealand Ornithogalum
virus 2 isolate has an unusual cleavage site (V-Y-H-Q/T) between the 

 

Nib

 

and 

 

CP

 

 genes.

OrMV is a distinct 

 

Potyvirus

 

 species, originally identified from 

 

O.
thyrsoides

 

 in the USA by Smith & Brierley in 1944 (Van Regenmortel

 

et al.

 

, 2000), and can cause severe disease problems in some ornamentals
(Fuji 

 

et al

 

., 2003). Reported susceptible hosts included 

 

Chenopodium
quinoa

 

, 

 

Lachenalia

 

 spp., 

 

Nicotiana clevelandii

 

, 

 

O. thyrsoides

 

 and 

 

Tetragonia
tetragonioides

 

, whereas 

 

I. germanica

 

 was considered nonsusceptible
(Burger, 1991). Ornithogalum virus 2 was recently identified from Japan
(Fuji 

 

et al

 

., 2003), where it was found coinfecting 

 

O. thyrsoides

 

 with
OrMV and another previously unknown potyvirus, Ornithogalum virus 3.
This is the first report of either OrMV and Ornithogalum virus 2 in New
Zealand.
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First report of Zantedeschia mosaic virus infecting Zantedeschia sp. in New Zealand. T. Wei, 
and M. N. Pearson, School of Biological Sciences, The University of Auckland, Private Bag 
92019, Auckland 1142, New Zealand; D. Cohen, HortResearch Ltd., 120 Mt Albert Road, 
Private Bag 92169, Auckland 1025, New Zealand; and J. Z. Tang, and G. R. G. Clover, Plant 
Health and Environment Laboratory, MAF Biosecurity New Zealand, P.O. Box 2095, Auckland 
1140, New Zealand. Plant Dis. 92:xxx, 2008; published online as doi:10.1094/PDIS-92-x-xxxxx. 
Accepted for publication xx March 2008. 
 
 
In February 2004, leaf yellowing, mottling and mosaics were observed on a few plants of 
Zantedeschia sp. (calla lily) growing in Rangiora, Canterbury, New Zealand. Zantedeschia spp. 
are known to be susceptible to at least 13 virus species (1). No symptoms were observed on 
Chenopodium amaranticolor, C. quinoa, Cucumis sativus, Gomphrena globosa, Nicotiana 
benthamiana, N. clevelandii, N. occidentalis or N. tabacum when inoculated with sap from 
symptomatic plants. However, electron microscopy of crude sap preparations from symptomatic 
Zantedeschia sp. and inoculated N. clevelandii plants revealed the presence of flexuous, 
filamentous virus particles, c. 700 nm long and 12nm wide. No virus particles were seen in the 
other inoculated indicator species. Nucleic acid was extracted from leaves of infected 
Zantedeschia sp. and N. clevelandii plants and tested in reverse transcription (RT)-PCR using 
published potyvirus-specific primers (4). PCR amplicons of the expected size (327 bp) were 
obtained from both plant species and sequenced directly. The products were identical and a 
BLAST search in GenBank showed 99% nucleotide identity with a Taiwanese isolate of 
Zantedeschia mosaic virus (ZaMV) (GenBank Accession No. AY026463). A product of 1531 bp 
(GenBank Accession No. EU544542) was amplified from symptomatic Zantedeschia by RT-
PCR using novel forward (5′- GCACGGCAGATAAACACGAC-3′) and reverse (5′- 
GTGGGCAACCTTCAACTGTG-3′) primers designed to amplify the 3΄ untranslated region 
(3΄UTR), coat protein (CP) and partial nuclear inclusion b protein (NIb) genes. The product was 
sequenced and had 94% nucleotide identity with a South Korean ZaMV isolate (GenBank 
Accession No. AB081519), with 95% nucleotide (97% amino acid) identity in the CP gene. A 
second crop of Zantedeschia spp. in Tauranga, New Zealand (c. 700 km north of Rangiora) was 
observed to have similar disease symptoms. Symptomatic plants tested positive in ELISA using a 
potyvirus-specific monoclonal antibody (Agdia Inc., Elkhart, USA). Nucleic acid was extracted 
from leaves of symptomatic plants and tested in RT-PCR using potyvirus-specific primer pairs, 
PV2I/T7 & D335 and U335 & PV1/SP6, which amplify overlapping regions within the 3΄UTR, 
CP and NIb genes (2,3). The products were sequenced and a consensus sequence of 1793 bp 
generated (GenBank Accession No. EU532065). A BLAST search showed that the sequence had 
78% nucleotide (88% amino acid) identity with Zantedeschia mild mosaic virus (ZaMMV) 
(GenBank Accession No. AY626825). However, the sequences had only 73% nucleotide (79% 
amino acid) identity in the CP gene and are therefore considered to be distinct species. This is the 
first report of ZaMV in New Zealand. Cut flowers are an increasingly important commodity in 
New Zealand and Zantedeschia is one of the most important crops; in 2005 exports of rhizomes 
and cut flowers of the genus were worth NZ$10.9 million. These viral diseases may require 
management to ensure that the quality of production is maintained.  
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Jeanne et al. J. Phytopath. 148:141, 2000. 
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