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A B S T R A C T 

Barley Yellow Dwarf (BYD) is a serious Luteovirus disease that affects small grain production worldwide. The aphid-
transmitted virus (BYDV) infects practically all members of the Graminae (Poaceae) and is responsible for serious 
losses in cultivated species such as barley, wheat and oats. The study of BYD is complex, as it involves interactions 
among a vector, a plant and a virus. Hence, symptom expression is highly dependent on environmental conditions, 
serotypes plant genetic background and physiological stage of inoculation. Consequently, tolerance to BYDV is also 
difficult to study and understand. This review explores the basic biology of BYD, its symptoms, its viruses and yield 
losses it can cause. 
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INTRODUCTION 

Oswald and Houston identified the Barley yellow dwarf 

virus (BYDV) as a positive sense single-stranded RNA 

virus back in the mid of last century (Oswald and 

Houston, 1951). The BYDV, an ubiquitous Luteovirus, is 

the most destructive virus in cereal crops in the world 

(Lister and Ranien, 1995; Miller et al., 2002; Kennedy 

and Connery, 2005; Nancarrow et al., 2014). It is 

transmitted obligatory by aphid vectors in a persistent 

circulative manner and it is limited to the phloem tissue 

of the host plant. BYDV can cause significant yield losses 

in major cereal crops such as wheat, barley, maize, oat 

and ryegrasses (Rastgou et al., 2005). Global yield losses 

due to BYDV are difficult to estimate because of 

insufficient information. However, average yield losses 

attributable to natural BYDV infection can range 

between 11 and 33%. In some areas, losses have been 

reported to reach up to 86% (Miller and Rasochová, 

1997). Different kinds of techniques have been used to 

detect BYDV but the biology of this virus complicates the 

diagnosis and the identification because it is confined to

phloem tissue, occurs in low concentrations and is not 

mechanically transmissible (Comeau et al., 1992). 

VIRUS DESCRIPTION: Barley yellow dwarf virus 

(BYDV) is the type member of the Luteovirus group 

(Waterhouse et al., 1988; Francki et al., 1991; Ingwell et 

al., 2014) in the family Luteoviridae (Van Regenmortal et 

al., 2000; D’Arcy, 2000). This group includes many 

serious pathogens of crop plants (Rochow and Duffus, 

1981; Waterhouse et al., 1987). Luteoviruses are not 

mechanically transmitted and are limited to the phloem 

tissue of the host plant. The physical properties of 

luteoviruses are similar in that they are 24 to 30 nm 

diameter isometric particles (Rochow and Brakke, 1964; 

Jensen, 1969) containing a positive-sense ssRNA genome 

of 5.6 to 6.0 kb (Miller et al., 1988; Veidt et al., 1988; 

Waterhouse et al., 1988; Mayo et al., 1989). The genomic 

RNA has a small protein (VPg) covalently attached to its 

5' end (Murphy et al., 1989) but does not have a poly(A) 

tail (Mayo et al., 1982, 1989; Miller et al., 1988 ; Veidt et 

al., 1988). Viral particles have a buyant density in a 

Cesium Chloride gradient of 1.4-1.405 g.cm-3. The 

thermal inactivation point of BYDV appears to be 

between 65 and 70°C. The positive sense single-stranded 

RNA of icosahedral virions is encapsidated by two 
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proteins: a major 22 kDa coat protein and a minor 72 

kDa read-through protein. Both proteins are involved in 

regulating virus transmission efficiency (Van Den Heuvel 

et al., 1993; Chay et al., 1996; Gildow, 1999; Brault et al., 

2005). The read-through protein (RTP) is implicated in 

aphid transmission. Virions lacking the RTP are no 

longer aphid transmissible (Brault et al., 1995). 

DIVERSITY OF VIRUSES CAUSING BARLEY YELLOW 

DWARF DISEASE: Early work by Rochow and others 

distinguished five different strains of the virus, based on 

their primary aphid vector (Rochow, 1969; Rochow and 

Muller, 1971). The cereal-infecting members of the 

family Luteoviridae comprise species BYDV-PAV, -MAV 

and -PAS within the genus Luteovirus; Cereal yellow 

dwarf virus-RPV (CYDV-RPV, formerly BYDV-RPV) and 

CYDV-RPS in the genus Polerovirus, as well as BYDV-SGV 

and -RMV, which have not yet been assigned to any 

genus (Ingwell et al., 2014). In China, four BYDV species, 

namely BYDV-GAV, -GPV, -PAV and -RMV, were reported 

(Zhou et al., 1987; Jin et al., 2004; Liu et al., 2007; Zhang 

et al., 2009; Wu et al., 2011). In the most recent report 

by the International Committee on Taxonomy of Viruses 

(King et al., 2011), BYDV-GPV is considered an as-yet-

unassigned member of the family Luteoviridae. However, 

following analysis of the complete sequence, its 

classification in the genus Polerovirus and the new name 

Wheat yellow dwarf virus (WYDV)-GPV were proposed 

(Zhang et al., 2009). 

VECTORS AND VIRUS-VECTOR INTERACTIONS: A 

distinctive feature of Luteoviruses is their mode of 

transmission. Luteoviruses are phloem restricted and 

transmitted in a specific manner by one or a few species 

of aphid (Bruehl, 1961). Transmission is non-

propagative (no virus multiplication in the vector) and 

circulative (Rochow and Duffus, 1981; Gildow, 1987; 

1991; Gray and Gildow, 2003). Ingested virions are 

actively transported across gut epithelial cell cytoplasm 

in vesicles and released into the hemocoel. To be 

transmitted into a plant, the virions accumulate at the 

surface of the accessory salivary glands and are actively 

transported across the cells and deposited into the 

salivary duct (Gray and Gildow, 2003). Each strain of 

BYDV is only transmitted efficiently by corresponding 

aphid species; one species aphid usually can efficiently 

transmit more than one virus strain (Rochow, 1969). 

Virus-aphid specificity seems to be related to the 

recognition of particular receptors in the accessory 

salivary glands of aphid (Bencharki et al., 2000). Various 

studies have been conducted that verify BYDV is 

vectored by more than 25 species of aphids (Halbert and 

Voegtlin 1995). But only some species can play an 

important role such as: Barley yellow dwarf virus-MAV 

(BYDV-MAV) is transmitted by the grain aphid Sitobion 

avenae; Barley yellow dwarf virus-PAV (BYDV-PAV) is 

transmitted by S. avenae and the bird-cherry aphid 

Rhopalosiphum padi; Cereal yellow dwarf virus-RPV 

(CYDV-RPV) is transmitted by R. padi (Ingwell et al., 

2014). 

SYMPTOMS OF DISEASE: The type and severity of host 

reaction to virus infection depend greatly on the crop 

genotypes, virus strains, age of plant at the time of 

infection and are influenced by environmental 

conditions. Host reactions to virus diseases are therefore 

extremely variable, as are the resulting losses (Bos, 

1982). Infection by BYDV causes destructive effects on 

yield and quality of cereal crops. The most severe effects 

have been reported on oats, where reddening of the 

leaves and blasting of the florets are easily observed 

(Oswald and Houston, 1953; Burnett, 1984; D’Arcy, 

1995). Other symptoms are stunted growth and late 

heading (Yount et al., 1985). Symptoms on barley and 

wheat consist primarily of chlorosis and stunting and 

usually are less pronounced than in oats. Plant 

physiological processes are interfered by the virus that 

multiplies specifically within the phloem of the host 

plant. The infected phloem cells are destroyed and 

translocation of assimilates produced by leaves is 

reduced. This result in carbohydrate accumulation, 

which in turn increases dry weight, inhibits 

photosynthesis and reduces chlorophyll content that 

subsequently cause discoloration and thickening of 

leaves (Jensen, 1968). The severity of BYD effect on 

plants is determined also by the time of infection (Smith, 

1967), the virus species involved (Rochow, 1969; 

Baltenberger et al., 1987), and the cultivar genotype 

(Jedlinski, 1972). 

YIELD LOSSES: The cereal viruses of the family 

Luteoviridae can cause considerable yield losses 

especially in winter barley but also in winter wheat, 

depending on climatic conditions, vector incidence, and 

cultivation practices (Comeau et al., 1993). This disease 

may cause considerable losses of small grain cereals 

worldwide, such as yield losses of up to 46% in Triticum 

aestivum (wheat), 25% in Hordeum vulgare (barley) and 

15% in Avena sativa (oat) (Larkin et al., 2002; Ordon et 

al., 2009). The most effective and environmentally sound 
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approach to prevent yield losses is breeding for 

resistance cultivars (Chéour et al., 1989). 

RESISTANCE / TOLERANCE TO BYDV: Chéour et al. 

(1989) classify resistance into two categories: tolerance 

(symptoms and yield losses are reduced though virus 

multiplication is not altered) and resistance (virus 

multiplication and spread are reduced). BYDV resistance 

has been reported in oats and barley transformed with 

the polymerase (Koev et al., 1998) and coat protein 

(McGrath et al., 1997) sequences and recently, immunity 

of barley plants to BYDV-PAV has been obtained by 

using a transgene that encodes a self-complementary 

“hairpin” RNA containing the polymerase-gene sequence 

of BYDV-PAV (Wang et al., 2000). In wheat, transgenic 

resistant lines obtained by the use of the CP gene were 

reported once (McCarthy et al., 1996). 

DIAGNOSIS: Visual assessment of BYD symptoms in 

field surveys and in evaluation of breeding lines under 

field conditions is inadequate for diagnosis and 

discrimination among strains of BYDVs (D’Arcy, 1984; 

Qualset, 1984). Consequently, it has been necessary to 

develop alternate techniques to assay plants for the 

presence of virus. The use of Enzyme-Linked 

Immunosorbent Assays (ELISA) has proven to be an 

efficient means to assess BYDV infection (Rochow and 

Carmichael, 1979; D’Arcy and Hewings, 1986; Chéour et 

al., 1993). More recently, techniques employing 

monoclonal antibodies, cDNA probes and polymerase 

chain reaction have been used to discriminate between 

strains of BYDVs and provide more sensitive probes for 

virus diagnosis (Hsu et al., 1984; Disco et al., 1986; 

Torrance et al., 1986; Waterhouse et al., 1986; D’Arcy et 

al., 1989, 1990; Lister et al., 1990). Robertson et al., 

1991; Nucleic acid hybridization is a powerful technique 

for detection of specific, complementary nucleic acid 

sequences used for the detection of viruses in plant 

extracts (Feinman et al., 1984; Hull and Al-Hakim, 1988). 

REFERENCES 

Baltenberger, D. E., H. W. Ohm and J. E. Foster. 1987. 

Reactions of oat, wheat and barley to infection 

with BYDV isolates. Crop Sciences.  27. 195-198. 

Bencharki, B., M. E. Yamani and D. Zaoui. 2000. 

Assessment of transmission ability of barley yellow 

dwarf virus-PAV isolates by different populations of 

Rhopalosiphum padi and Sitobion avenae. 

European Journal of  Plant Pathology. 106. 455-464. 

Bos, L. 1982. Crop losses caused by viruses. Crop 

Protection. 1. 263-282. 

Brault, W., S. Perigon, C. Reinbold, M. Erdinger, D. 

Scheidecker and E. Herrbach. 2005. The 

polerovirus minor capsid protein determines 

vector specificity and intestinal tropism in the 

aphid. Journal of Virology. 79. 9685-9693. 

Brault, V., J. F. J. M. Van Den Heuvel, M. Verbeek, V. 

Ziegler-Graff and A. Reutenauer. 1995. Aphid 

transmission of beet western yellows luteovirus 

requires the minor capsid read-through protein 

P74. EMBO Journal. 14. 650-59. 

Bruehl, G. W. 1961. Barley yellow dwarf, a virus disease 

of cereals and grasses. Monograph No. 1, 

American Phytopathological Society 52 p. 

Burnett, P. A. 1984. Preface. Barley Yellow Dwarf: 

Proceedings of the workshop, CIMMYT. Pp. 6-13. 

Chay, C. A., S. P. Gunasinge, W. A. Dinesh-Kumar and S. M. 

Gray. 1996. Aphid transmission and systemic 

plant infection determinants of barley yellow 

dwarf luteovirus-PAV are contained in the coat 

protein readthrough domain and 17-kDa protein, 

respectively. Virology, 219: 57-65 and 17-kDa 

protein, respectively. Virology. 219. 57-65. 

Chéour, F., A. Comeau and A. Asselin. 1989. Genetic 

variation for tolerance or resistance to barley 

yellow dwarf virus in durum wheat. Euphytica. 

40. 213-220. 

Chéour, F., A. Comeau and A. Asselin. 1992. Barley 

Yellow Dwarf Virus multiplication and host plant 

tolerance in durum wheat. Journal of 

Phytopathology. 4. 357-366. 

Comeau, A., J. Collin and F. Chéour. 1992. BYDV 

symptoms and Elisa data in relation to biomass 

and yield loss. In: BYDV in west Asia and North 

Africa. Comeau, A. and K. Makkouk(eds.). Sayce 

Publishing, Exeter, UK. Pp.155-168. 

Cooper, J. I. and A. T. Jones. 1983. Responses of plants to 

viruses: Proposals for the use of terms. 

Phytopathology.  73. 127-128. 

D’Arcy, C. J. 1995. Symptomology and host range of barley 

yellow dwarf. Pages 9-28 in C. D’Arcy and P. Burnett, 

eds. Barley yellow dwarf: 40 years of progress. 

American Phytopathological Society, St. Paul, MN. 

D’Arcy, C. J. 1984. Surveying for barley yellow dwarf. In: 

Barley yellow dwarf. CIMMYT, Mexico. Pp. 41-42. 

D’Arcy, C. J. and A. D. Hewings. 1986. Enzyme linked 

immunosorbent assays for study of serological 

relationships and detection of three luteoviruses. 

Plant Pathology.  35. 288-293. 



Int. J. Phytopathol. 03 (03) 2014. 155-160 

158 

D’Arcy, C. J., L. L. Domier and M. A. Mayo. 2000. Family 

Luteoviridae. In: M.H.V. van Regenmortel, C.M. 

Fauquest, 

Bishop, D. H. L., E. B. Carstens, M. K. Estes, S. M. Lemon, J. 

Maniloff, M. A. Mayo, McGeoch D. J., Pringle and C. 

R. Wickner (eds.). Virus Taxonomy: Seventh 

Report of the International Committee on the 

Taxonomy of Viruses. Academic Press, San Diego. 

Pp. 775-784. 

D’Arcy, C. J., R. R. Martin and S. Spiegel. 1989. A 

comparative study of luteovirus purification 

methods. Canadian Journal of Plant Pathology. 11. 

251-255. 

D’Arcy, C. J., L. Torrance and R. R. Martin. 1989. 

Discrimination among luteoviruses and their 

strains by monoclonal antibodies and 

identification of common epitopes. 

Phytopathology. 79. 869-873. 

Diaco, R., R. M. Lister, J. H. Hill and D. P. Durand. 1986. 

Demonstration of serological relationships among 

isolates of barley yellow dwarf virus by using 

polyclonal and monoclonal antibodies. Journal of  

General Virology.  67. 353–362. 

Feinman, S. V., B. Berris, A. Guha, R. Suoknanan, D. W. 

Bradley, W. W. Bond and J. E. Maynard. 1984. 

DNA:DNA hybridization method for the diagnosis 

of Hepatitis B infection. Journal of Virology 

Methods. 8. 199-206. 

Francki, R. I. B., C. M. Fauquet, D. L. Knudson and F. 

Brown. 1991. Classification and Nomenclature of 

Viruses. Springer-Verlag, Vienna. Pp. 309-311. 

Gildow, F. E. 1987. Virus-membrane interactions 

involved in circulative transmission of 

luteoviruses by aphids. Current Top Vector 

Research. 4. 93-120. 

Gildow, F. E. 1999. Luteovirus transmission and 

mechanisms regulating vector specificity. In The 

Luteoviridae, pp. 88-112. Edited by H. G. Smith & 

H. Barker. New York: CABI. 

Gildow, F. E. 1991. In Peters, D.C., Webster, J.A., Chlouber 

C.S. (eds), Aphid-Plant Interactions: Populations to 

Molecules. Oklahoma State University Press, 

Stillwater, OK. Pp. 165-177. 

Gray, S. and F. E. Gildow. 2003. Luteovirs aphid 

interactions. Annual Revue of Phytopathology. 41. 

539-566. 

Halbert, S. and D. Voegtlin. 1995. Biology and taxonomy of 

vectors of barley yellow dwarf viruses. In: Barley 

Yellow Dwarf: 40 Years of Progress. C.J. D’Arcy and 

P.A. Burnett (eds.). APS Press. Pp. 217-258. 

Hsu, H. T., J. Aebig and W. F. Rochow. 1984. Differences 

among monoclonal antibodies to barley yellow 

dwarf virus. Phytopathology. 74. 600-605. 

Hull, R. and A. Al-Hakim. 1988. Nucleic acid hybridization 

in plant virus diagnosis and characterization. 

Trends Biotechnology. 6. 213-218. 

Ingwell, L. L., R. Zemetra, C. Mallory-Smith and N. A. 

Bosque-Pérez. 2014. Arundo donax infection 

with Barley yellow dwarf virus has implications 

for biofuel production and non-managed habitats. 

Biomass and Bioenergy.  66. 426-433. 

Jedlinski, H. 1972. Tolerance to two strains of barley 

yellow dwarf virus in oats. Plant Disease Report. 

56. 230-234. 

Jensen, S. G. 1968. Photosynthesis, respiration, and other 

physiological relationships in barley infected with 

barley yellow dwarf virus. Phytopathology 58: 

204-208. 

Jensen, S. G. 1969. Occurrence of Virus Particles in the 

Phloem Tissue of BYDV-Infected barley. Virology. 

38. 83-91. 

Jin, Z. B., X. F. Wang, S. J. Chang and G. H. Zhou. 2004. The 

complete nucleotide sequence and its organization 

of the genome of barley yellow dwarf virus-GAV. 

Science China Life Sciences. 47. 175–182. 

Kennedy, T. F. and J. Connery. 2005. Grain yield 

reduction in spring barley due to Barley yellow 

dwarf virus and aphid feeding. Irish Journal of 

Agricultural and Food Research. 44. 111-128. 

King, A. M. Q., M. J. Adams, E. B. Carstens and E. J. 

Lefkowitz. 2011. Virus Taxonomy: Classification 

and Nomenclature of Viruses. Ninth Report of the 

International Committee on Taxonomy of Viruses. 

Amsterdam: Elsevier Academic Press. 

Koev, G., B. R. Mohan, S. P. Dinesh-Kumar, K. A. Torbert, 

D. A. Somers and W. A. Miller. 1998. Extreme 

reduction of disease in oats transformed with the 

5’ half of the barley yellow dwarf virus-PAV 

genome. Phytopathology.  88. 1013-1019. 

Larkin, P., S. Kleven and P. Banks. 2002. Utilizing Bdv2, 

the Thinopyrum intermedium source of BYDV 

resistance, to develop wheat cultivars. In Recent 

Advances and Future Strategies, M. Henry and A. 

McNab eds. (Mexico: CIMMYT Texcoco). Pp. 60-63. 

Lister, R. M. and R. Ranieri. 1995. Distribution and 

economic importance of barley yellow dwarf. In: 

http://www.sciencedirect.com/science/article/pii/S096195341400172X
http://www.sciencedirect.com/science/article/pii/S096195341400172X
http://www.sciencedirect.com/science/article/pii/S096195341400172X


Int. J. Phytopathol. 03 (03) 2014. 155-160 

159 

Barley Yellow Dwarf: 40 Years of Progress. D’Arcy, 

C. J. and Burnett, P. A. (eds.). American 

Phytopathological Society, St. Paul, MN. Pp. 29-53. 

Lister, R. M., A. Fereres, J. E. Foster and P. Castanera. 

1990. Occurrence of barley yellow dwarf virus in 

three major cereal-growing regions of Spain. In: 

Barley Yellow Dwarf: A Proceedings of the 

Workshop. Burnett, P.A. (ed.). Mexico, D.F.: 

CIMMYT. Pp. 49-54. 

Liu, F., X. F. Wang, Y. Liu, J. J. Xie, S. M. Gray, G. H. Zhou 

and B. D. Gao. 2007. A Chinese isolate of barley 

yellow dwarf virus-PAV represents a third distinct 

species within the PAV serotype. Archives of 

Virology. 152. 1365-1373. 

Mayo, M. A., D. J. Robinson, C. A. Jolly and I. Hyman. 1989. 

Nucleotide sequence of potato leafroll luteovirus 

RNA. Journal of General Virology. 70. 1037-1051. 

Mayo, M. A., H. Barker, D. J. Robinson, T. Tamada and B. 

D. Harrison. 1982. Evidence that potato leafroll 

virus RNA is positive-stranded, is linked to a small 

protein and does not contain polyadenylate. 

Journal of General Virology. 59. 163-67. 

McCarthy, P. L., J. Hansen, P. J. Shiel, R. S. Zemetra, S. D. 

Wyatt and P. H. Berger. 1996. Cp-mediated 

resistance to wheat streak mosaic and barley 

yellow dwarf viruses in soft white winter wheats. 

Poster abstract at International. Congress of 

Virology, Jerusalem 10th. Pp. 184. 

McGrath, P. F., J. R. Vincent, C. H. Lei, W. P. Pawlowski, K. 

A. Torbert, W. Gu, H. F. Kaeppler, Y. Wa, P. G. 

Lemaux, H. R. Rines, D. A. Somers, B. A. Larkins 

and R. M. Lister. 1997. Coat proteinmediated 

resistance to isolates of barley yellow dwarf in 

oats and barley. European Journal of Plant 

Pathology. 103. 695-710. 

Miller, W. A. and L. Rasochova. 1997. Barley yellow 

dwarf viruses. Annual Revue of Phytopathology. 

35. 167-190. 

Miller, W. A., P. M. Waterhouse and W. L. Gerlach. 1988. 

Sequence and organization of barley yellow dwarf 

virus genomic RNA. Nucleic Acids Research. 16. 

6097-6111. 

Miller, W. A., S. Liu and R. Beckett. 2002. Barley yellow 

dwarf virus: Luteoviridae or Thombusviridae. 

Molecular Plant Pathology. 3. 177-183. 

Murphy, J. F., C. J. D'Arcy and J. M. Clark. 1989. Barley yellow 

dwarf virus RNA has a Y-terminal genome-linked 

protein. Journal of General Virology. 70. 2253 2256. 

Nancarrow, N., F. E. Constable, K. L. Finlay, A. J. Freeman, 

B. C. Rodoni, P. Trebicki, S. Vassiliadis, A. L. Yennn 

and J. E. Luck. 2014. The effect of elevated 

temperature on Barley yellow dwarf virus-PAV in 

wheat. Virus Research. 186. 97-103. 

Ordon, F., A. Haberuss, U. Kastirr, F. Rabenstein and T. 

Kühne. 2009. Virus resistance in cereals: Sources 

of resistance, genetics and breeding. Journal of 

Phytopathology. 157. 535-545. 

Oswald, J. W. and B. R. Houston. 1951. A new virus 

disease of cereals, transmissible by aphids. Plant 

Disease Reports. 35. 471-475. 

Qualset, C. O. 1984. Evaluation and breeding methods for 

barley yellow dwarf resistance. In: Barley Yellow 

Dwarf. A Proceedings of the Workshop. Mexico, 

D.F.: CIMMYT. Pp. 72-82. 

Rastgou, M., B. Khatabi, K. Izadpanah, A. R. Afsharifar and 

M. Masumi. 2005. Relationships of barley yellow 

dwarf virus-PAV and cereal yellow. European 

Journal of Plant Pathology. 113. 321-326. 

Robertson, N. L., R. French and S. M. Gray. 1991. Use of 

group-specific primers and the polymerase chain 

reaction for the detection and identification of 

luteoviruses. Journal of General Virology. 72. 

1473-1477. 

Rochow, W. F. and M. K. Brakke. 1964. Purification of 

barley yellow dwarf virus. Virology 24: 310-322. 

Rochow, W. F. 1969. Biological properties of four isolates 

of barley yellow dwarf virus. Phytopathology. 59. 

1580-1589. 

Rochow, W. F. and J. E. Duffus. 1981. Luteoviruses and 

yellows diseases. In "Handbook of Plant Virus 

Infections and Comparative Diagnosis", E. Kurstak 

(ed.). Pp. 147-170, Elsevier/North-Holland 

Biomedical Press. 

Rochow, W. F. and I. Muller. 1971. A fifth variant of 

barley yellow dwarf in New York. Plant Disease. 

55. 874-877. 

Rochow, W. F. and L. E. Carmichael. 1979. Specificity 

among barley yellow dwarf virus in enzyme 

immunosorbent assays. Virology.  95. 415-420. 

Smith, H. C. 1967. The effect of aphid numbers and stage 

of plant growth in determining tolerance to Barley 

yellow dwarf virus in cereals. New Zealand 

Journal of Agricultural Research. 10. 445-466. 

Torrance, L., M. T. Pead, A. P. Larkins and G. W. Butcher. 

1986. Characterization of monoclonal antibodies 

to a UK isolate of barley yellow dwarf virus. 

http://www.sciencedirect.com/science/article/pii/S0168170213004528
http://www.sciencedirect.com/science/article/pii/S0168170213004528
http://www.sciencedirect.com/science/article/pii/S0168170213004528


Int. J. Phytopathol. 03 (03) 2014. 155-160 

160 

Journal of General Virology. 67. 549-555. 

Van-den-heuvel, J., M. Verbeek and D. Peters. 1993. The 

relationship between aphid-transmissibility of 

Potato leafroll virus and surface epitopes of the 

viral capsid. Phytopathology. 83. 1125–1129. 

Van-Regenmortel, M. H. V., C. M. Fauquet, D. H. L. Bishop, 

E. B. Carstens, M. K. Estes, S. M. Lemon, J. Maniloff, 

M. A. Mayo, D. J. McGeoch, C. R. Pringle and R. B. 

Wickner. 2000. Virus Taxonomy. Seventh Report 

of the International Committee on Txonomy of 

Viruses. Academic Press, San Diego, CA. 

Veidt, I., H. Lot, M. Leiser, D. Scheideecker, H. Guilley, K. 

Richards and G. Jonard. 1988. Nucleotide 

sequence of beet western yellows virus RNA. 

Nucleic Acids Research. 16. 9917-9932. 

Wang, M., D. C. Abbott and P. M. Waterhouse. 2000. A 

single copy of a virus-derived transgene encoding 

hairpin RNA gives immunity to barley yellow dwarf 

virus. Molecular Plant Pathology. 1. 347-356. 

Waterhouse, P. M., W. L. Gerlach and W. A. Miller. 1986. 

Serotype-specific and general luteovirus probes 

and cloned cDNA sequences of barley yellow dwarf 

virus. Journal of General Virology. 67. 1273-1281. 

Waterhouse, P. M., F. E. Gildow and G. R. Johnston. 1987. 

The luteovirus group. Commonweaith Mycological 

Institute/Association of Applied Biologists 

Descriptions of Plant Viruses, No. 339. 

Waterhouse, P. M., F. E. Gildow and G. R. Johnston. 1988. 

Luteoviruses. In Descriptions of Plant Viruses No. 

339. Kew, Surrey, England: Commonw. Mycology 

Institute Association. Applied Biology Methods. 

132. 172-180. 

Wu, B. L., A. Blanchard-Letort, Y. Liu, G. H. Zhou, X. F. 

Wang and S. F. Elena. 2011. Dynamics of molecular 

evolution and phylogeography of Barley yellow 

dwarf virus-PAV. PLoS ONE 6, e16896. 

Yount, D. J., J. M. Martin, T. W. Carroll and S. K. Zaske. 

1985. Effects of Barley yellow dwarf virus on 

growth and yield of small grains in Montana. Plant 

Disease. 69. 487-491. 

Zhang, W. W., Z. M. Cheng, L. Xu, M. S. Wu, P. Waterhouse, 

G. H. Zhou and S. F Li. 2009. The complete 

nucleotide sequence of the barley yellow dwarf 

GPV isolate from China shows that it is a new 

member of the genus Polerovirus. Archives of 

Virology.  154. 1125-1128. 

Zhou, G. H., S. X. Zhang and Y. T. Qian, 1987. Identification 

and applications of four strains of wheat yellow 

dwarf virus. Scientia Agricola.  20. 7-12. 

 


