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Propositions 

The conclusion of Meshi et al. (1989) that the resistance provided by the Tm-2 
gene may be based on blockage of virus cell-to-cell movement, is premature. 

Meshi, T., Motoyoshi, F., Maeda, T., Yoshiwoka, S., Watanabe, H., and Okada, Y. (1989). 
Mutations in the tobacco mosaic virus 30-kJD protein gene overcome Tm-2 resistance in tomato. The 
Plant Cell 1:515-522. 

The experiments reported by Truve et al. (1993) using potato plants transformed 
with either a mammalian 2'-5' oligoadenylate synthase gene or the PVX coat 
protein gene do not allow a comparison on protection efficiencies. 

Truve, E., Aaspdllu, J., Puska, R., Mehto, M., Hassi, A., Teeri, T.H., Kelve, M., Seppanen, P., 
and Saarma, M. (1993). Transgenic potato plants expressing mammalian 2'-5' oligoadenylate 
synthetase are protected from potato virus X infection under field conditions. Bio/Technology 11: 
1048-1051. 

3. Studies of the mechanisms of natural resistance genes should be an integral 
component of plant breeding programs. 

4. Research on genetically engineered plant resistance involving viral open reading 
frames, generally underestimates the role of transcribed viral RNA in resistance 
mechanisms. 

Braun, C.J., and Hemenway, C.L. (1992). Expression of amino-terminal portions of full-length viral 
replicase genes in transgenic plants confers resistance to potato virus X infection. The Plant Cell 
4:735-744. 

Maiti, I.B., Murphy, J.F., Shaw, J.G., and Hunt, A.G. (1993). Plants that express a potyvirus 
proteinase gene are resistant to virus infection. Proc. Nail. Acad. Sci. USA 90: 6110-6114. 
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5. Heteroencapsidation in transgenic crops expressing a viral coat protein is not a 
real ecological risk. 

Lecoq, H., Ravelonandro.M., Wipf-Scheibel, C , Monsion, M., Raccah, B., and Dunez, J. (1993). 
Aphid transmission of a non-aphid-transmissible strain of zucchini yellow mosaic potyvirus from 
transgenic plants expressing the capsid protein of plum pox potyvirus. Molecular Plant-Microbe 
Interactions 6:403-406. 

Candelier-Harvey, P., and Hull, R. (1993). Cucumber mosaic virus genome is encapsidated in alfalfa 
mosaic virus coat protein expressed in transgenic tobacco plants. Transgenic Research 2:277-285. 

6. The use of the term "immunity" in connection with potato genes conferring 
resistance to PVX can be misleading and should be used with more caution. 

7. As plant virology is a very useful but expensive science, virologists should seek 
ways to make this science cost wise to scientists in developing countries. 

8. It is not sensible to use genomic material derived from heterokaryotic gill tissue 
for karyotyping of the cultivated mushroom Agaricus bisporus. 

Lodder, S., Gull, K., and Wood, D. (1993). An electophoresis karyotype of the cultivated mushroom 
- Agaricus bisporus. Curr. Genet. 24:496-499. 

9. Serious consideration should be given to the development and reinforcement of 
women's roles and perspectives in agricultural research. 



a mio padre 
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Chapter 1 

Introduction 

The potato (Solatium sp.) is the most important root crop grown in the world; its center 

of origin as a cultivated crop was probably in the Peruvian and Bolivian Andes (Burton, 

1966), and particularly, it is in the area of the Lake Titicaca Basin that the greatest 

diversity of cultivated forms is found (Ford-Lloyd and Jackson, 1986). 

Who first introduced the potato into Europe, and when, is not precisely known, but the 

most likely country to receive and first cultivate potato was Spain (Burton, 1966). Since 

then, the potato became a major European and North American foodstuff, and now it 

occupies the fourth position in the world among the principal food crops, only after wheat, 

rice and maize (FAO, 1992). The high content of fiber, vitamins, minerals, carbohydrates 

and proteins (Woolfe, 1987) as well as the high yield of edible energy and protein per 

hectare per day (Horton and Sawyer, 1985) make potato one of the major world food crops, 

especially in developing countries. 

Over the years, considerable effort has been devoted to the collection and preservation 

of the genetic resources of the potato (Huaman, 1984) and to their utilization to increase 

potato productivity. However, one of the principal threats to potato cultivation is its 

susceptibility to pests and diseases. For that reason, sophisticated tools and modern plant 

breeding techniques have been applied to develop new varieties adapted to specific 

environments and, particularly, to introduce resistance to diseases. 

These and other strategies have greatly increased agricultural productivity but, despite 

some successes, losses caused by pests and diseases are still significant. In particular, 

diseases caused by viruses invest a great importance in developing countries. At present, 

close to 30 different viruses are known to infect potato worldwide, causing qualitative and 
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quantitative losses (Salazar, 1990). In addition to viruses, the potato spindle tuber viroid 

(PSTVd) has been recognized for many years as an important pathogenic agent; crop losses 

caused by this viroid may reach 64% (Singh et al., 1971). 

The aim of my work, as presented in this thesis, was to develop sensitive and reliable 

probes for plant virus detection, and to gain insight in the genetic make up of viruses, 

which would help to understand the interactions between viral pathogens and plants in 

general, and the molecular aspects of plant virus resistance mechanisms in particular. Potato 

virus X, considered as the most common virus infecting potato (Schultz and Bonde, 1944), 

was chosen as the major subject in the studies described. Potato virus X (PVX), the type 

member of the genus Potexvirus, is a flexuous rod-shaped virus, known also as potato latent 

virus, potato mild mosaic virus, and Solarium virus 1 (Bercks, 1970). It is readily 

transmitted by mechanical means. Each particle contains a single molecule of positive 

sense, single-stranded RNA of about 2x10s M,. 

The viral RNA, about 5% of the total particle weight (Knight, 1963) contains a 

m7GpppG cap structure at the 5' end (Sonenberg et al., 1978) and a poly (A) tail at the 3 ' 

end (Morozov et al., 1981). The potexviral genome contains five open reading frames 

(ORF) coding for five proteins of 166 kDa, 25 kDa, 12 kDa, 8 kDa, and 25 kDa (coat 

protein), respectively (Huisman et al., 1988) (Fig. 1.1) 

Strains of PVX have been classified into four groups (Table 1.1) on the basis of their 

interactions with the dominant resistance genes Nx and Nb, which control a hypersensitive 

166kDa 25kDa (CP) 25kDa 
12kDa 

J i i » ( A ) n 

in 
8kDa 

j k b 

Fig. 1.1. Schematic representation of the organization of the potato virus X RNA genome (Huisman et al. 
1988, modified). CP: coat protein. • : m'GpppG cap structure. (A)n: poly(A) tail. 



Table 1.1. Relation of known strains of potato virus X (PVX) and resistance genes in Solatium 
(Cockerham, 1955, modified). R = resistant; s = susceptible. 

Solarium sp. 
genotype 

Strain group 
3 HB 
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response, and the immunity gene Rx (Cockerham, 1955). A single "group 5" PVX strain, 

called PVXHB, found in Bolivia, has been reported to be able to overcome all known 

resistance genes (Moreira et al., 1980). This strain is unique in that it causes typical PVX 

symptoms in most common indicator species but it does not produce local lesions in 

inoculated leaves of Gomphrena globosa L. which is the main indicator host for PVX. 

The research done in this thesis deals with both the development of virus detection 

techniques and the analysis of the molecular aspects related to virus resistance, in particular 

to the properties of PVXHB and its ability to break immunity. An overview about some 

available techniques for virus and viroid detection using molecular hybridization, in both 

radioactive and nonradioactive formats, is presented in Chapters 2 and 3. In Chapter 4 a 

number of PVX isolates and strains are tested in both radioactive and nonradioactive 

detection assays using two selected cDNA probes derived from PVX strain cp (serotype 

PVXA) and from an European strain-group 3 isolate (serotype PVX°), respectively. 

Since the results obtained with these two probes revealed a great variability in detecting 

PVX isolates, a chimaeric recombinant probe was prepared, consisting of sequences from 

both original probes. It is shown that this recombinant probe gives a strong reaction (and 

therefore reliable detection) with all isolates tested so far (Chapter 5). 

In order to localize the viral determinant(s) responsible for the ability of the PVX strain 

HB to overcome the immunity provided by the Rx gene, and to understand the mechanism 

involved, the genomic RNA of the strain HB was cloned, entirely sequenced, and analyzed 



(Chapter 6). Comparisons between HB and three non resistance-breaking strains of PVX, 

i.e. strains cp (Orman et al., 1990), X3 (Huisman et al, 1988), and S (Skryabin et ah, 

1988) are presented that indicate the presence of eight amino acid residues unique for 

PVXHB. Computer-directed mutational analysis and secondary structure predictions of the 

viral coat proteins indicated that only two out of the eight amino acid changes may be 

considered as being involved in the differences between HB and the other strains of PVX. 

Infectious clones of PVX, in which the residues possibly involved in Rx resistance-

breaking had been modified, allowed to confirm in vivo the involvement of one of these two 

amino acid changes in symptom expression and in the resistance-breaking mechanism 

(Chapter 7). 
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Chapter 2 

Detection of viroids and viruses by nucleic acid probes 

INTRODUCTION 

Molecular hybridization techniques for routine testing of viroids and viruses have gained 

worldwide acceptance in recent years. The technique involves the use of labeled 

complementary DNA or RNA (cDNA, cRNA) prepared from purified viroid or viral 

nucleic acid (or a recombinant clone of such nucleic acid) as a probe. On incubation with 

plant extracts these probes will detect the presence of viral or viroid nucleic acids by 

forming hybrids with them. 

The degree of specificity of detection is determined by the degree of sequence 

complementarity between the RNA or DNA of the probe and the nucleic acid of the viroid 

or virus. Whereas the nucleotide sequence of a single isolate of a given virus or viroid is 

essentially constant, the sequences of different isolates of the same virus or viroid, or of 

unrelated viruses or viroids, can differ by as little as a few nucleotides up to a large portion 

of their nucleic acids. Nucleic acid probes prepared to one isolate of a viroid or virus will 

therefore form highly specific hybrids with the nucleic acid of that isolate, less specific ones 

with other isolates that differ in a few sequences and none at all with unrelated ones. 

This chapter has been published as: Salazar, L.F., andQuerci, M. (1992). Detection of viroids and viruses 

by nucleic acid probes. In Duncan J.M. and Torrance L. (eds) Techniques for the rapid detection of plant 

pathogens, pp. 129-144. Blackwell Scientific Publications, Cambridge. 



Originally nucleic acid hybridization between DNA and RNA was done in liquid 

(Spiegelman, 1964), but nowadays it is commonly done by blotting the test samples onto 

a nitrocellulose or nylon-based membrane and then incubating the membrane in a solution 

of the probe. This technique is called the nucleic acid spot hybridization (NASH) test, 

although other names such as dot-blot or sap-blot hybridization are also used (Boulton et 

al., 1984). In the NASH test, RNA or DNA can be hybridized with a RNA or DNA probe. 

The NASH test was first used to detect viroids by Owens and Diener (1981). Thereafter 

it became the method of choice for viroids (Salazar et al., 1983), because viroids, unlike 

viruses, do not have an antigenic protein coat and thus cannot be detected by immunological 

methods (Diener, 1979). Previous methods for detecting viroids were either not sensitive 

enough or were inadequate for large-scale testing. For example, detection of avocado 

sunblotch viroid (ASBVd) by symptom development in suitable indicator hosts may take up 

to 2 years. Even where symptom development takes only a few weeks, the requirement for 

large amounts of bench space in a heated glasshouse makes bioassays unsuitable for routine 

indexing. 

Polyacrylamide gel electrophoresis (PAGE) of naturally infected plant samples on its 

own is not sensitive enough to detect low levels of viroid. However, the technique can be 

very sensitive for potato spindle tuber viroid (PSTVd) detection if the viroid is first 

inoculated from potato tissue onto tomato (in which PSTVd reaches much higher 

concentrations) prior to using PAGE (Harris et al., 1984), but this is a cumbersome 

technique. Singh and Boucher (1987) have recently reported a "return" gel electrophoresis 

method with a sensitivity for the detection of PSTVd matching that of NASH, but we have 

been unable to confirm this in tests at the International Potato Center (CIP). A possible 

advantage of their technique is that it might distinguish between mild and severe strains of 

PSTVd. NASH, on the other hand, can detect as little as 0.33 pg of PSTVd in potato plants 

grown under high temperature regimes, but it cannot detect the viroid in plants or tubers 

which have been maintained below 10°C (Salazar et al., 1988). 

The NASH test has also been applied to the detection of viruses (Maule et al., 1983; 

Baulcombe et al., 1984 a, b). It has several advantages over serology. The latter is based 

on the detection of epitopes of the virus coat protein, the cistron for which represents only 

a small portion of the genetic information of the virus: for tobacco mosaic virus (TMV) less 

than 2% of the viral genome is involved in the antigenicity of the coat protein (Hull, 1986). 

By contrast, probes for hybridization analysis can represent the whole genome of the virus 



or parts thereof, which opens up new possibilities for the study of relationships between 

viruses. Specific probes can be used for specific purposes: cDNA clones of one virus strain 

have been differentially hybridized with the RNA from other strains for a number of viruses 

(Baulcombe et al., 1984a; Rosner and Bar-Joseph, 1984; Gallitelli et al., 1985; Linthorst 

and Bol, 1986). Several probes can be combined simply by mixing them during 

hybridization, and can thus be used in a polyvalent manner to detect several virus strains 

simultaneously (Hopp et al., 1988). Single probes can be constructed which contain short, 

specific sequences for each of several strains of a virus or even different viruses (M. 

Querci and L. F. Salazar, unpublished results). 

Despite the wide application of enzyme-linked immunosorbent assay (ELISA; Clark and 

Adams, 1977) to the detection of many viruses there are instances where it is inapplicable. 

An example is tobacco rattle virus (TRV), where infection with TRV-RNA 1 will result in 

replication of RNA 1 but not in the production of virions, the coat protein for which is 

encoded by RNA 2 (Harrison and Robinson, 1982). Under such conditions serology cannot 

be applied and the detection of the TRV-RNA 1 is only possible by infectivity assays of 

extracted nucleic acids on suitable host plants, or by NASH. Linthorst and Bol (1986) were 

able to develop a number of probes that could be used to detect either a wide spectrum or 

specific groups of TRV isolates. Moreover, NASH was reported to be more sensitive than 

ELISA for detection of potato leafroll virus (PLRV) or potato virus X (PVX) in 

symptomless plants (Boulton et al., 1984). 

One drawback to the use of probes as commonly applied is that they are radioactive. 

This places limitations on their use in many countries and situations. The development of 

nonradioactive labels for probes makes possible wider application of the technology (Leary 

etal., 1983; Vivian, 1992). 

The NASH test, with several methods of probe preparation, has been used at CIP since 

1983 for the routine detection of PSTVd (Salazar et al., 1988), and since 1987 its use has 

been expanded to the detection of several viruses and viroids also on crops other than potato 

(Fig. 2.1). 



(A) (B) 

Fig. 2.1. Detection of potato virus X (PVX) by nucleic acid spot hybridization. Comparison of (A) a 
a(32P)RNA probe and (B) a biotin-labeled DNA probe. 1= tenfold dilutions (1/10-1/10,000) of PVX 
infective potato sap in 2x SSC; 2 = purified PVX: 100 ng, 10 ng, 1 ng, 0.1 ng; 3= tenfold dilutions 
(1/10-1/10,000) of non-infective potato sap in 2x SSC. 

PREPARATION OF NUCLEIC ACID PROBES 

Nucleic acid probes can be of two types: cDNA or cRNA probes. The probe consists 

of a strand of DNA or RNA, complementary to the target nucleic acid, which is conjugated 

to a label. The label can be a radioisotope such as 32P or 35S, or nonradioactive such as 

biotin. 

Preparation of recombinant DNA clones 

Despite the relative ease by which cDNA probes can be obtained from purified viroid 

or virus nucleic acid most are prepared using some form of recombinant DNA technology. 

There are several ways that this can be done and we give details of the methods used by 

Owens and Cress (1980) and Cress et al. (1983) to produce probes to PSTVd. 

Purified PSTVd is treated with alkaline phosphatase from Escherichia coli to remove 

3'-terminal phosphate residues from linear molecules. A polyadenylate tail is added by 

incubation with poly(A) polymerase, and the polyadenylated form of the PSTVd is 
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recovered by phenohchloroform extraction and ethanol precipitation. Single-stranded cDNA 

of PSTVd is synthesized by incubation with reverse transcriptase and the four 

deoxynucleoside triphosphates (dNTPs). For synthesis of the second strand, the single-

stranded cDNA is denatured at 100CC, quenched at 0°C, and added to a reaction mixture 

containing DNA polymerase I and the four dNTPs. The non-base-paired regions of the 

double-stranded DNA are removed by incubation with SI nuclease. 

Hybrids are constructed from plasmid pBR322 and SI-digested double-stranded PSTVd 

cDNA, and annealed before transformation of E. coli C600 (rk" mk+). Tetracycline-resistant 

and ampicillin-sensitive transformants are screened, the cloned DNAs are isolated and their 

size and reactivity assessed. Two clones obtained in this way, pDC-29 and pDC-22, which 

contained overlapping partial sequences of PSTVd cDNA, were used by Cress et al. 

(1983) to ligate specific fragments and thereby reconstruct full-length double-stranded 

PSTVd cDNAs. 

Preparation of cDNA probes 

Radioactive and nonradioactive labels can be added to double-stranded cDNA by 'nick-

translation' (Rigby et al., 1977; Vivian, 1992). The method outlined in Appendix 1 

(Method A) is used for preparing probes with 32P-labeled nucleotides. It can also be used 

with some modifications to label cDNA with biotinylated nucleotides (Appendix 1, Method 

B). 

Single-stranded cDNA probes 

cDNA for a number of viroids has been prepared successfully by direct synthesis on 

purified viroid molecules (Palukaitis and Symons, 1979; Randies and Palukaitis, 1979; 

Imperial et al., 1981; Palukaitis et al., 1981). A prerequisite is several micrograms of 

highly purified viroid nucleic acid, free of contaminating host RNA (Symons, 1984). After 

incubating the viroid RNA with SI nuclease which cleaves only a few intemucleotide bonds 

in each molecule, a short polyadenylate tail is synthesized on the 3'-OH end of each 

fragment (Sippel, 1973). To form cDNA probes labeled with 32P, the fragments are 

incubated with labeled and unlabeled dNTPs in the presence of reverse transcriptase. 

Single-stranded cDNA in two orientations ('plus' and 'minus') have been produced for 

ASBVd (Barker et al., 1985) and PSTVd (D.E. Cress, personal communication) using full-

length double-stranded cDNA inserted into the M13mp9 phage according to the procedures 
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described by Messing (1983). Two methods of preparing radioactive probes for ASBVd 

(Barker et al., 1985) and PSTVd (Salazar et al, 1988) have been compared. Method A 

uses a downstream primer on the M13 'plus' cDNA clone as a template to synthesize a 

single-stranded cDNA radioactive probe specific to the viroids. Method B uses an upstream 

primer on a M13 'minus' clone to produce a probe which is single-stranded in the region 

of the insert and double stranded in a portion of the phage vector. The double-stranded 

region contains the radioactive label. 

Comparison of both methods indicates that the probe prepared by Method A is highly 

specific and less susceptible to background reactions. 

RNA probes 

Melton et al. (1984) constructed RNA probes by transcribing plasmid DNA templates 

containing a promoter for bacteriophage SP6 polymerase. The insertion of the required 

cDNA sequence into vectors flanked by both SP6 and T7 polymerase promoters allows the 

construction of probes specific for 'plus' or 'minus' sequences. Salazar et al. (1988) 

inserted a full-length double-stranded PSTVd cDNA into plasmid pSP65, thereby creating 

a template for synthesis of RNA probes for PSTVd. A method for 32P-labeling of RNA 

transcripts is given in Appendix 2. 

Comparison of probes 

Four radioactive-labeled probes were compared for their sensitivity of detection of 

PSTVd. RNA probes were found to be the most sensitive, detecting as little as 0.33 pg of 

PSTVd, followed by probes prepared by Method A (M13 primer extension plus-sense 

insert), and nick-translation of double-stranded cDNA. Probes prepared by Method B (M13 

primer extension minus-sense insert) were the least sensitive (Salazar et al., 1988). RNA 

probes are currently used at CIP for both viroid and virus detection. 

DETECTION OF VIRUSES AND VIROIDS WITH cDNA PROBES 

Sample preparation 

Viroids: The protocols of Owens and Diener (1981) and Salazar et al. (1988) are 

adequate for the detection of PSTVd and other viroids where these are found in high 
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concentration in plant tissue. The tissue is triturated in a ratio of 1 g tissue to 2 ml of a 1:1 

(v/v) mixture of formaldehyde (37%) and lOx SSC (lx SSC is 0.15 M NaCl, 0.015 M 

sodium citrate, pH 7.0). The homogenate is then mixed with an equal volume of 

chloroform and water-saturated phenol (1:1, v/v) before centrifugation, or standing 

overnight at 4GC, to separate the aqueous phase. 

It is not necessary to deproteinize (Sambrook et al., 1989) leaf samples by addition of 

phenol and chloroform to detect PSTVd with radioactive probes. However, deproteinization 

is necessary when testing botanical or true potato seed (TPS) and potato tuber flesh or 

sprouts. Also, leaf samples must be thoroughly deproteinized if biotin-labeled probes are 

to be used, otherwise non-specific reactions may occur. 

At CIP, leaf or sprout samples are routinely collected and crushed with buffer in plastic 

bags. Samples are transferred to test tubes, mixed with an equal volume of 

phenol-.chloroform (1:1, v/v) and left until the aqueous phase separates. The mixing can 

also be done in the bags if they are resistant to solvents. 

Samples of TPS are soaked for at least 2 h (usually overnight) in distilled water before 

crushing in a mortar as for leaf or sprout samples. A single sample can contain from one 

to 100 seeds, depending on the size of the stock to be tested (Salazar et al., 1988). 

To detect viroids which occur in low concentration in plant tissue such as ASBVd, 

nucleic acid must be extracted carefully from large amounts of tissue. The best method, 

which was described by Palukaitis and Symons (1980) and modified subsequently by Allen 

and Dale (1981) and Barker et al. (1985), is described in detail in Appendix 3. 

Viruses: Boulton et al. (1986) successfully detected virus RNA in extracts of undiluted 

plant sap, and at CIP 0.1-0.5 g leaf samples extracted in two volumes of 2x SSC have 

given consistent results (L.F. Salazar and M. Querci, unpublished results). By simply 

touching a recently cut section of stem or rolled leaves onto a membrane, enough sap was 

obtained to detect sweet potato feathery mottle virus and some other potato viruses (J. Abad 

and J. Moyer, personal communication). 

Spotting of samples 

Nitrocellulose membranes are rinsed thoroughly in distilled water, avoiding the 

formation of air bubbles, and then washed immediately with two or three changes of 5x-20x 
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SSC. After drying on filter paper at room temperature they are stored until required in a 

dessicator over silica gel (note that the membranes must never be handled with bare hands). 

Each spot on the membrane, located by prestamped vertical and horizontal numbers, 

receives 3-5 /*1 of the sample supernatant, usually delivered by micropipettes fitted with 

disposable tips, although other devices such as Pasteur pipettes or capillary tubes can be 

used. Once spotted the membranes are usually baked for 1 hour at 80°C but good results 

have been obtained with only a few minutes baking (L.F. Salazar and M. Querci, 

unpublished results). 

Membranes can be spotted with samples and stored either until more samples are 

processed and added or until the probe is ready, thereby making the best use of the 32P-

labeled probes which have a relatively short half-life. Membranes spotted with samples can 

also be sent through the post, a procedure employed at CIP to support testing for viroids 

or viruses by NASH in developing countries. The same procedure is also used for samples 

to be tested by nitrocellulose membrane-ELISA (Lizarraga and Fernandez-Northcote,-1989) 

or nonradioactive NASH. 

Hybridization 

Full details of the hybridization procedures used for 32P-labeled DNA probes, for 

biotinylated DNA probes and for 32P RNA probes are given in Appendix 4, Methods A-C. 

The longest procedure takes less than a week and the others 1-2 days. 

CONCLUSIONS: FUTURE PROSPECTS 

Virus detection technology has changed greatly in the last 10 years with the development 

of ELIS A and the use of recombinant DNA. Manipulation of hybridization conditions has 

improved the detection, and the sensitivity of detection, of viroids and viruses. For 

example, selection of appropriate stringency conditions during hybridization can help to 

control the specificity of the probe to a large extent. NASH and ELISA are generally 

complementary with similar sensitivities. NASH can be used in situations where ELISA 

cannot, but it has the disadvantage of employing radioactive labels. This shortens the useful 

life of the probes and restricts their use to countries where radioactive labels can be 

obtained and handled. Nonradioactive labels are being increasingly used but non-specific 
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reactions with sap extracts can interfere with the results. Samples therefore require further 

purification which increases the labour and time involved. New labels will undoubtedly be 

developed and new procedures for more expeditious handling of samples are being 

investigated in several laboratories around the world. Furthermore, with NASH, unlike 

ELISA, it is possible to select and prepare probes which detect specific parts of the virus 

genome. 
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Appendix 1. Labeling of double-stranded cDNA probes 

The Laboratory Manual Molecular Cloning by Sambrook et al. (1989) is an invaluable 
source of information about the reagents and techniques described here. 

Method A: Radioactive labeling of cDNA probes by nick-translation. 

Materials 
- 0.2 mM deoxyribonucleoside triphosphates (dNTPs): deoxyadenosine triphosphate 
(dATP), deoxycytidine triphosphate (dCTP), deoxyguanosine triphosphate (dGTP) and 
deoxythymidine triphosphate (dTTP). 
- Nick-translation buffer (lOx) 

0.5 M Tris-HCl, pH 7.8 
50 mM MgCl2 

100 mM 2-mercaptoethanol 
100 fig ml"1 nuclease-free bovine serum albumin (BSA). 

- DNA polymerase I/DNase I mixture 
0.4 tig jil"1 DNA polymerase 1/40 pg /xl"1 DNase I in 50 mM Tris-HCl, pH 7.5 
5 mM magnesium acetate 
1 mM 2-mercaptoethanol 
50% (v/v) glycerol 
100 /xg ml-1 BSA. 

- Substrate DNA: 1 jtg at a concentration of 0.1 - 0.5 /xg id1. 
- Stop buffer: 300 mM EDTA, pH 8.0. 
- Sterile distilled water (SDW). 
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- Labeled dNTP: e.g. a(32P)dCTP, ~24TBq minor1 in aqueous solution 
(370 MBq ml1). 
- Yeast transfer RNA: 20 mg ml"1 stock solution. 
- 20% SDS. 
- 7.5 M ammonium acetate. 
- 3 M sodium acetate, pH 5.2. 
- Buffered phenol (0.1 M Tris-HCl, pH 7.6). 
- Chloroform. 
- T10E, buffer: 10 mM Tris-HCl, pH 7.5, containing 1 mM EDTA. 

Method 
- Pipette the following into a 1.5 ml Eppendorf tube sitting on ice: 

5 /il lOx nick-translation buffer 
5 /il each of 0.2 mM dGTP, dATP, dTTP (or all nucleotides except the labeled one) 
1 ng substrate DNA 
156 pmol labeled dNTP (2.4 MBq). 

- Make up to 45 /il with SDW. 
- Mix and add 5 /d of the DNA polymerase I/DNase I mixture. 
- Mix again, centrifuge and then incubate at 16°C for 1 h. 
- Add in order: 

3 /d H20 
5 /il stop buffer 
1 ixl 20% SDS 
1 /il yeast transfer RNA 
30 /il 7.5 M ammonium acetate. 

- Extract with an equal volume of phenol:chloroform (1:1, v/v), and transfer the 
aqueous phase into a clean Eppendorf tube. 
- Add 225 /tl ethanol and precipitate at -70°C for 1 h or at -20°C overnight. 
- Centrifuge for 15 min, remove the supernatant with a pipette and resuspend the pellet 
in 90 ft\ T,0E,. Add 10 /il of 3 M sodium acetate and 225 /il ethanol and precipitate at 
-70°C for 1 h or at -20°C overnight. 
- Recover the pellet by centrifugation, dry it under vacuum and resuspend in 100 /tl 
TioE,. 
- Determine the incorporation of label into the probe by trichloroacetic acid (TCA) 
precipitation as follows: 

Materials 
- 5% TCA in 0.02 M sodium pyrophosphate. 
-70% ethanol. 
- 95% ethanol. 
- Whatman 3MM filter paper cut into 2 x 0.5 cm pieces. 
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- Scintillation counter. 

Method 
- Spot 1 itl of the sample to be assayed onto the center of a 2 x 0.5 cm piece of 
Whatman 3MM filter paper and let it dry completely. 
- Wash the paper strip three times in ice cold 5% TCA, once in 70% ethanol and once 
in 95% ethanol (5 min per wash). 
- Dry under a lamp and put the paper strip into a scintilliation vial containing toluene-
based scintillation fluid. Measure the radioactivity in a liquid scintillation counter and 
calculate the itl of probe to be used according to the required c.p.m. ml'1. 

Method B: Biotin labeling of cDNA probes by nick-translation. 

The procedure is the same as for radioactive labeling (Method A) except for the following: 
- 2.5 til of 0.4 mM labeled nucleotide, either biotin-7-dATP (Gibco-BRL) or another 
biotinylated nucleotide, is used in a 50 fi\ reaction mixture with 1 fig of substrate DNA. 
- The mixture is incubated at 15°C for 90 min. 
- The biotinylated DNA must not be extracted with phenol:chloroform. Separate it from 
the unincorporated nucleotides by two ethanol precipitations in the presence of 2.5 M 
ammonium acetate. Resuspend it in 100 id of lx SSC (0.15 M NaCl, 0.015 M sodium 
citrate, pH 7.0). The labeled probe can be stored at 4°C for a few weeks or at -20°C 
for several months. 

Appendix 2. Radioactive labeling of RNA probes. 

Materials 
- 5x transcription buffer 

200 mM Tris-HCl, pH 7.5 
30 mM MgCl2 

10 mM spermidine 
50 mM NaCl. 

- 10 mM stock solutions of rNTPs: ATP, CTP, UTP, GTP, pH 7.0. 
- 100 mM dithiothreitol (DTT). 
- Ribonuclease inhibitor, 25 units /xl' (e.g. RNasin from PROMEGA). 
- Labeled NTP, e.g. a(32P)UTP in aqueous solution (370 MBq ml"1; 24 TBq mmol1). 
- SDW treated with 0.1 % diethylpyrocarbonate (DEPC) before autoclaving (Sambrook 
et al., 1989). 
- SP6 RNA polymerase or T7 RNA polymerase, 20 units itl"1 (PROMEGA). (Use 
appropriate polymerase according to RNA polymerase promoter contained in the 
plasmid used). 
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- Template plasmid with insert, previously linearized with the appropriate restriction 
enzyme downstream from the insert and resuspended in T,0E|, at a final concentration 
of 0.5 iig M l ' . 
- DNase I, 1 unit /xl'1 (PROMEGA). 

Method 
- Pipette the following into a sterile Eppendorf tube at room temperature: 

4 itl 5x transcription buffer 
2 /xl of 100 mM DTT 
0.8 /xl ribonuclease inhibitor (final concentration 1 unit /xl"1) 
1 id each of 10 mM ATP, CTP and GTP solutions 
0.3 /xl of 10 mM UTP 
2 /xl linearized plasmid template DNA (1/xg) 
5/xla(32P)UTP(1.85MBq) 
1 /xl RNA polymerase. 

- Add DEPC-treated SDW to give a final volume of 20 /xl. 
- Mix carefully, centrifuge briefly and incubate at 38°C for 90 min. 
- Add 1 /xl of DNase I (final concentration 1 unit /xg"1 DNA) and incubate at 37°C for 
20 min. 
- Add 179 /xl of DEPC-treated SDW. 
- Extract with an equal volume of phenol:chloroform (1/1, v/v). 
- Recover the aqueous phase and extract again with an equal volume of chloroform. 
Recover aqueous phase again and precipitate RNA by adding 0.1 volume 3 M sodium 
acetate, pH 5.2 and 2.5 volumes of cold ethanol. Incubate at -70CC for at least 30 min. 
- Centrifuge for 15 min in a microcentrifuge and resuspend the pellet in 50 /xl of TioE, 
containing 1% 2-mercaptoethanol. Store at -70°C until required. 

Before hybridization, measure the incorporation of the labeled nucleotide as described in 
Appendix 1, Method A, and calculate the amount of probe to be used. 

Appendix 3. Extraction of viroids present at low concentration in host 
tissue. 

Materials 
- TSS buffer 

0.1 M Tris-HCl, pH 8.5 
0.5 M NaCl 
0.5% SDS 
2.5% PVP-40 
0.1 mM magnesium acetate 
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Add 1 % DIECA immediately before use. 
- Tris-HCl buffer 

75 mM Tris-HCl, PH 7.0 
0.15 M NaCl 
1.5 mM EDTA. 

- Sodium acetate buffer 
0.5 M sodium acetate, pH 5.0 
0.2 M NaCl 
1 mM EDTA. 

- Cold ethanol. 
- Phenol:chloroform (1:1, v/v). 
- 12 mM LiCl. 
- 1.0 M magnesium acetate. 

Methods 
-25-30 g of tissue are triturated for 1 min at room temperature in 90 ml of TSS buffer. 
- NaCl (7.9 g) is added and the mixture is triturated for a further minute. 
- Incubate at -15°C for 1 h. 
- Centrifuge at 10,000 g for 20 min at 2°C. 
- Add 2 volumes of cold ethanol to 50 ml of supernatant. 
- Incubate at -15°C for 1 h. 
- Centrifuge to recover the nucleic acids and resuspend the pellet in 12.5 ml of Tris-HCl 
buffer. 
- Add an equal volume of phenolxhloroform and centrifuge to separate the aqueous 
phase. 
- Nucleic acids are precipitated from the aqueous phase with an equal volume of 12 mM 
LiCl and 0.01 volume of 1.0 M magnesium acetate. 
- Centrifuge at 10,000 g for 20 min. 
- Resuspend the pellet in 10 ml sodium acetate buffer. 
- Precipitate the nucleic acids once more by adding 2.5 volumes of cold ethanol. 
- Centrifuge, dry and resuspend the pellets in 0.5 ml of 0.1 mM EDTA. 
- Store at -20°C. 

Appendix 4. Hybridization protocols. 

Method A: Hybridization with 32P-DNA probes. 

Materials 
- Hybridization solution 

50% deionized formamide 
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5xSSC 
50 mM sodium phosphate, pH 6.5 
2.5 mM EDTA 
0.6% SDS 
5x Denhardt's solution (0.1% Ficoll, 0.1% PVP, 0.1% BSA). 

- 50% dextran sulphate. 
- 32P-labeled DNA probe (specific activity should be about 108 c.p.m. /tg " '). 
- 10 mg ml'1 herring sperm DNA. 
- SSC/SDS wash buffers 

I: 2xSSC/0.1% SDS 
II: 0.2x SSC/0.2% SDS 
III: O.lx SSC/0.2% SDS 

Method 
- Put the membrane in a suitable heat-sealable polythene bag. 
- For a 12 x 16 cm membrane add 9 ml of hybridization solution (adjust the volume 
according to the membrane size - a suitable ratio is at least 1 ml of solution per 20 
cm2). 
- Denature the herring sperm DNA by heating it at 100°C for 10 min. 
- Chill on ice and add 120 /xl to the bag (final concentration 120 /xg ml"1). 
- Add 1 ml of 50% dextran sulphate (final concentration 5%) and mix. Incubate for 2 
h at 55°C for viroids (45°C for viruses). 
- Denature the correct amount of probe (about 1-2.5 x 106 c.p.m. ml"1) by heating at 
100°C for 7 min. Chill quickly on ice and add to the hybridization bag. Seal and avoid 
trapping air bubbles. 
- Hybridize for 18-24 h at 55°C for viroids and 45°C for viruses. 
- Recover the membrane from the bag. Dispose of the buffer safely and remember that 
it is highly radioactive. 
- Wash the membrane in a tray on a rotary shaker: 

twice for 15 min at room temperature in SSC/SDS I; 
twice for 15 min at 37°C in SSC/SDS II; 
twice for 15 min at 55°C in SSC/SDS III; 
final rinse in 0. lx SSC. 

- Allow the membrane to dry on tissue paper at room temperature and then 
autoradiograph for 24-48 h at -70°C with Kodak X-Omat AR film (or similar) using an 
intensifying screen such as Dupont Cronex Lightning Plus. 

Method B: Hybridization with biotinylated DNA probes 

Materials 
- Prehybridization solution 
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50% deionized formamide 
5xSSC 
5x Denhardt's solution (0.1 % Ficoll, 0.1 % PVP, 0.1 % BSA) 
25 mM sodium phosphate, pH 6.5 
0.5 mg ml"1 freshly denatured, sheared herring sperm DNA. 

- Hybridization solution 
45% formamide 
5xSSC 
lx Denhardt's solution 
20 mM sodium phosphate, pH 6.5 
5% dextran sulphate 
0.2 mg ml'1 freshly denatured, sheared herring sperm DNA 
0.1-0.5 /ig ml"1 freshly denatured, biotinylated DNA probe. 

- Buffer 1 
0.1 M Tris-HCl, pH 7.5 
0.15MNaCl. 

- Buffer 2 
0.1 M Tris-HCl, pH9.5 
0.1 MNaCl 
0.05 M MgCl2. 

- Streptavidin-alkaline phosphatase conjugate (SA-AP). 
- Nitro blue tetrazolium chloride, grade III (NBT). 
- 5-bromo-4-chloro-3-indolyl phosphate (BCIP). 
- Blocking solution: 3% (w/v) BSA (fraction V) in buffer 1. 
- SSC/SDS wash buffers: 

I: 2x SSC/0.1% SDS 
II: 0.2x SSC/0.1% SDS 
III: 0.16x SSC/0.1 % SDS 

Method 
- The prehybridization and hybridization stages are again performed in heat-sealable 
polythene bags with approximately 1 ml of solution per 20 cm2 of membrane. 
- Denature sheared herring sperm DNA by heating at 100°C for 10 min, chill 
immediately on ice, add the prehybridization solution and mix well. 
- Pour the appropriate amount of prehybridization solution into the bag, seal without 
trapping air bubbles and incubate in a water bath at 42 °C for 2 h. 
- Replace the prehybridization solution with the same amount of hybridization solution 
containing denatured herring sperm DNA and an adequate amount of biotinylated probe, 
which is denatured and chilled on ice just before use. 
- Seal the bag, mix well and allow to hybridize at 42-45°C (the hybridization solution 
containing the probe can be reused if stored at -20°C, and denatured again before use). 
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- The membrane is placed in a plastic tray and washed with 250 ml of solution at each 
step on a rotary shaker. Washing is carried out at room temperature (if not otherwise 
indicated) as follows: 

twice for 5 min in SSC/SDS I; 
' twice for 5 min in SSC/SDS II; 

twice for 15 min at 50°C in SSC/SDS III; 
final rinse in 2x SSC buffer. 

- Incubate the membrane at 60 °C for 1 h with 50 ml of preheated blocking solution in 
a covered plastic tray. 
- Incubate on a rotary shaker for 20 min at room temperature with 20 ml buffer 1 
containing SA-AP conjugate, diluted 1:1000. 
- Wash twice for 15 min in buffer 1 containing 0.05% Tween 20, and then for 10 min 
in buffer 2. 
- Transfer to a clean tray with a lid containing the color development solution made up 
as follows: 6 mg NBT and 3 mg BCIP in 30 ml of buffer 2 (both can be kept as stock 
solutions in dimethyl formamide). Wear gloves throughout this procedure. 
- Incubate on a shaker in the dark until color develops and stop the reaction by rinsing 
in distilled water. 

Method C: Hybridization with RNA probes 

Materials 
- Hybridization solution 

40% deionized formamide 
0.18 M NaCl 
10 mM sodium cacodylate 
1 mM EDTA 
0.1% SDS. 

- 50% dextran sulphate. 
- Calf thymus DNA 4 mg ml"'. 
- Wash buffer 1 

0.36 M NaCl 
10 mM Tris-HCl, pH 7.5 
0.1% SDS. 

- Wash buffer 2 
O.lxSSC 
0.1% SDS. 

- Wash buffer 3 
2x SSC. 

- RNase A stock solution 10 mg ml"'. 
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Method 
- Place the membrane in a heat-sealable polythene bag and add 9.6 ml of hybridization 
solution (enough for a 12 x 16 cm membrane). 
- Incubate at 55°C for 10 min. 
- Denature the calf thymus DNA by heating at 100°C for 5 min, chill on ice and add 
1 ml to the bag to give a final concentration of 300 /xg ml'1' 
- Incubate again at 55°C for 10 min. 
- Add 2.4 ml of 50% dextran sulphate and incubate at 55°C for 10 min. 
- Add enough probe to give approximately 400,000 c.p.m. ml"1 of hybridization 
solution. 
- Immerse the bag overnight in a water bath at 55°C for viroids and 45°C for viruses. 
- Remove the membranes and wash as follows: 

twice for 20 min with wash buffer 1 at room temperature; 
once for 30 min with wash buffer 2 at 65°C; 
twice for 10 min with wash buffer 3 at room temperature; 
once with wash buffer 3 containing RNase A at a final concentration of 2 fig ml"1 

at room temperature. 
- Dry the membrane over tissue paper at room temperature or under an incandescent 
lamp. 
- Autoradiograph overnight at -70°C with Kodak X-Omat AR film (or similar) using an 
intensifying screen such as Dupont Cronex Lightning Plus. 
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Chapter 3 

Nonradioactive approaches 
for the detection of viroids and viruses 

SUMMARY 

In recent years several new rapid techniques for virus detection via nucleic acid 

hybridization have been developed. Most of these hybridization techniques have traditionally 

relied on radioactively labeled hybridization probes. But the hazard, expense and instability 

of radioactive labels led to the search for alternative, nonradioactive DNA or RNA labeling 

and detection methods. Some of the currently available approaches for nonradioactive 

detection of viruses and viroids are summarized. 
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INTRODUCTION 

There is an increasing need for the improvement and further development of procedures 

for the rapid and specific detection of plant viruses and viroids of agricultural importance. 

Ideally, these procedures should allow the assay of a large number of samples with high 

sensitivity to reliably detect low levels of the disease agent as well as of its various strains 

that may occur in the field. 

The more specific diagnostic methods are: 1) immunological approaches which are 

based on the use of antibodies prepared against the viral coat protein and, 2) the use of 

nucleic acid hybridization methods. Viruses have been efficiently detected by using both 

approaches while viroids, which lack a protein coat, can only be detected by nucleic acid 

hybridization methods (Owens and Diener, 1981; Palukaitis et al., 1981). Previous methods 

used for viroid detection, such as inoculation onto tomato plants, which show clear 

symptoms after 2-3 weeks, or electrophoretic separation of the viroid RNA on acrylamide 

gels, were indeed demonstrated to be inadequate when large number of samples had to be 

analyzed and when high sensitivity of detection was required (Salazar, 1989). 

The concept of nucleic acid hybridization is based on the reassociation between two 

homologous complementary strands of nucleic acids thereby forming either double-stranded 

DNA or RNA, or hybrid molecules that consist of strands of RNA and DNA. In all cases 

a single-stranded nucleic acid probe that has been labeled in some fashion is allowed to 

form a hybrid with homologous sequences. The double-stranded labeled material is then 

either quantitated, visualized, or further analyzed. The principal uses of nucleic acid 

hybridization techniques are detection of specific genomes or portions of them, 

determination of homology between genomes, characterization of DNA structure, and 

detection and analysis of RNA transcripts. 

Most of the important advances in molecular biology, and among them pathogen 

detection, have relied on the use of radioisotopes to label the probes. The use of radiation, 

however, had always drawbacks, safety being the most important one. 

Beyond this most basic concern, the use of radioactivity is associated with problems of 

regulatory restrictions, high costs and, in some places such as in South America and in 

many developing countries, limited availability. In addition, difficulty in obtaining short­

lived isotopes of certain biomolecules, the physical and chemical instability of radioisotope 

preparations, and difficulties in transportation and custom clearance have to be considered 
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as potential factors for the lost of shipments and extensive delay which result in losses of 

activity. 

Alternative technologies, based on the use of nonradioactive labels, as well as detection 

methods that employ colored and luminescent reaction products, have become available and 

are competitive with radioisotopic techniques. 

Nonradioactive detection of target nucleic acids bound to membranes ideally should 

approach the sensitivity and simplicity of methods using probes containing radioactive 

isotopes. Traditionally, probes have been substituted with affinity tags such as biotin 

(Langer et al., 1981) or a hapten and, after hybridization and washes, the tags have been 

detected with enzyme conjugates such as alkaline phosphatase linked to streptavidin or an 

antibody. Recently several additional techniques have been developed allowing easier 

interpretation of the results, increased sensitivity and simplification of the procedure. 

The purpose of this chapter is to provide a compendium of some of the most useful 

techniques of molecular hybridization based on the use of nonradioactive alternatives to 

radioisotopes use. By avoiding radioactivity, these methods have opened the field of 

application for nucleic acid hybridization also to laboratories which are not equipped for 

working with isotopes. 

Nonradioactive labels 

Several approaches have been taken in the development of nonradioactive (or "cold") 

probes. "Cold" probes include the use of reporter groups ("labels" or "tags") that can be 

detected directly or indirectly following the hybridization. The label or tag can be 

introduced into the nucleic acid chemically (Renz and Kurz, 1984; Tchen et al., 1984; 

Forster et al., 1985) or enzymatically (Langer et al., 1981; Leary et al., 1983). One of the 

first nonradioactive tags investigated is biotin (vitamin H). The interaction between biotin 

and avidin (or avidin-like proteins) is one of the strongest noncovalent interactions known: 

the dissociation constant for the complex is 10~15 M. Avidin, from egg white (a 68,000 

dalton glycoprotein) and streptavidin, from Streptomyces avidinii are tetrameric proteins 

containing four affinity binding sites for biotin. Streptavidin is preferred to avidin because 

being slightly acidic (whereas avidin is basic), is less likely to bind nonspecifically to 
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cellular glycoproteins and to acidically charged cell components such as nucleic acids, and 

therefore causes lower backgrounds (Wilchek and Bayer, 1988). 

Biotinylated bases are incorporated into the probe which, after hybridization, is detected 

with avidin (or streptavidin) or anti-biotin antibodies conjugated to either alkaline 

phosphatase or peroxidase enzymes (Forster et al., 1985; Van Brunt and Klausner, 1987) 

by addition of a colored precipitating substrate (Fig. 3.1). During the test, biotinylated 

probes are hybridized to target nucleic acid in the same manner as are 32P-labeled probes. 

After hybridization, the filter is washed to remove excess probe and incubated with the 

conjugate, which binds to the biotin. The filters are washed and the precipitating substrate 

is added. The colored precipitate indicates hybridization between the probe and the target 

nucleic acid. The biotin can be incorporated into DNA by nick-translation as a biotin 

analogue of thymidine triphosphate (dTTP), in which the biotin is separated from the 

nucleotide by a seven to sixteen-carbon spacer arm (Bio-n-dUTP), making the biotin more 

accessible to the avidin (or streptavidin) (Langer et al., 1981). Kits for preparing nick-

translated probes with biotinylated nucleotides are now available commercially. 

Biotinylated-n-UTP can also be incorporated into RNA in in vitro transcription reactions 

(Theissen et al., 1989). RNA or DNA probes prepared with biotinylated nucleotides have 

a sensitivity similar to radioactive probes, they can detect as little as 1 pg of membrane-

bound target sequence. 

The results obtained in sensitivity, the advantage of using non-toxic materials and the 

possibility of long-term storage of biotinylated probes, greatly increased their application. 

The detection of viruses and viroids using biotin-labeled probes have been reported for 

potato virus S (Eweida et al., 1989), papaya mosaic virus (Roy et al., 1988), potato virus 

X (Eweida et al., 1990) and for the potato spindle tuber viroid (Roy et al., 1989) and 

others. In addition, Hopp et al. (1988; 1991) reported the use of specific biotinylated 

probes for the simultaneous detection of potato virus X, potato virus Y, potato leafroll virus 

and the potato spindle tuber viroid (PSTVd). 

Nucleic acids have also been biotinylated chemically with photobiotin, which is biotin 

coupled with a photoactivable group that reacts with any organic material under intense 

light (Forster et al., 1985). The additional advantage of this method is that no expensive 

enzymes are required. Habili et al. (1987) used a specific photobiotin-labeled DNA probe 

for the routine detection of barley yellow dwarf virus (BYDV) in infected plant sap with 

the same level of sensitivity as 32P-labeled probes. 
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Fig. 3.1. Schematic diagram of nonradioactivedetection of target nucleic acids using biotin or digoxigenin-
labeled probes. 
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Another technique investigated is the chemical modification of bases (haptens) which can 

be detected after hybridization with anti-hapten antibodies. One example is the sulphonation 

of cytosine residues, marketed as Chemiprobe™ (Bioproducts). A kit is used to insert 

antigenic sulphone groups into cytosine residues of the probe. Following hybridization, the 

probe is detected using a sandwich immuno-enzymatic reaction. Monoclonal antibodies bind 

to the sulphone residues and then to an alkaline phosphatase-anti-imrnunoglobulinconjugate. 

Addition of the NBT/BCIP chromogenic alkaline phophatase substrate (NBT: nitroblue 

tetrazolium salt + BCIP: 5-bromo-4-chloro-3-indolyl phosphate) produces a blue color in 

the presence of the hybridized probe. 

Other alternative haptens such as dinitrophenol (Shoyer and Nakane, 1983), 2-

acetylaminofluorene (Landegent et al., 1984) and digoxigenin (Boehringer-Mannheim, 

GmbH., Mannheim, Germany) have been recently used as substitutes for biotin. 

The hapten digoxigenin (DIG), extracted from Digitalis purpurea plants, is bound via 

a spacer arm to uridine-nucleotides (Fig. 3.2) and incorporated enzymatically (Holtke and 

Kessler, 1990) or chemically (Muhlegger et al., 1990) into nucleic acid probes. After 

hybridization and blocking, DIG-labeled probes are detected by high affinity anti-

digoxigenin-antibody Fab-fragments conjugated to alkaline phosphatase (AP) (Fig. 3.1) with 

a system similar to the one used for detection of biotinylated probes. 

" O - P - O - P - O - P - O 
I I 
o. o. 

HO OH 

Fig. 3.2. Structure of digoxigenin-UTP (DIG-UTP). The digoxigenin hapten is connected to UTP via a 
9 atoms spacer arm. 
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