
CHAPTER 9

References

Abu-Goukh AA Greve LC and Labavitch JM. (1983a). Purification and partial characterization of

"Bartlett" pear fruit polygalacturonase inhibitors. Physiological Plant Pathology 23, 111-122.

Abu-Goukh AA, Labavitch JM. (1983). The in vivo role of "Bartlett" pear fruit polygalacturonase

inhibitors. Physiological Plant Pathology 23, 123-135.

Abu-Goukh AA, Strand LL and Labavitch JM. (1983b). Development-related changes in decay

susceptibility and polygalacturonase inhibitor content of "Bartlett" pear fruit. Physiological

Plant Pathology 23, 101-109.

Albersheim P and Anderson AJ. (1971). Proteins from plant cell walls inhibit polygalacturonases

secreted by plant pathogens. Proceedings of the National Academy of Sciences of the United

States of America 68(8), 1815-1819.

An G. (1986). Development of plant promoter expression vectors and their use for analysis of

differential activity of Nopaline Synthase promoter in transformed tobacco cells. Plant

Physiology 81,86-91.

Anderson AJ and Albersheim P. (1972). Host-pathogen interactions. V. Comparison of the abilities

of proteins isolated from three varieties of Phaseolus vulgaris to inhibit the

endopolygalacturonases secreted by three races of Colletotrichum lindemuthianum.

Physiological Plant Pathology 2, 339-346.

Arendse MS, -Dubery IA and Berger OK. (1999). Isolation by PCR-based methods of a plant

antifungal polygalacturonase-inhibition protein gene. Electronic Journal of Biotechnology

2(3),152-159.

Arumuganathan K and Earle ED. (1991). Nuclear DNA content of some important plant species.

Plant Molecular Biology Reporter 9(3),208-218.

Ausubel FM, Katagiri F. Mindrinos M and Glazebrook J. (1995). Use of Arabidopsis thaliana

defense-related mutants to dissect the plant response to pathogens. Proceedings of the

National Academy of Sciences of the United States of America 92(10), 4189-4196.

Berger OK. Oelofse 0, Arendse MS, Du Plessis E and Dubery IA. (2000). Bean polygalacturonase

inhibitor protein-l (PGIP-l) inhibits polygalacturonases from Stenocarpella maydis.

Physiological and Molecular Plant Pathology 57,5-14.

Berger OK (2000). Developing country profiles (potato production): South Africa, pp 46-49 in:

Lizarraga C and Hollister A (eds), Proceedings of the International workshop on "Transgenic

potatoes for the benefit of resource-poor farmers in developing countries". International Potato

Center (eIP) Press. Lima. Peru.

 
 
 



Bergmann CWo Ito Y. Singer D. Albersheim P. Darvill AG. Benhamou N. Nuss L Salvi G. Cervone F

and De Lorenzo G. (1994). Polygalacturonase-inhibiting protein accumulates in Phaseolus

vulgaris L in response to wounding. elicitors and fungal infection. The Plant Journal 5(5).

625-634.

Bidochka MJ. St Leger RJ. Stuart A and Gowanlock K. (1'999). Nuclear rDNA phylogeny in the

fungal genus Verticillium and its relationship to insect and plant virulence. extracellular

proteases and carbohydrases. Microbiology 145. 955-963.

Bradford MM. (1976). A rapid and sensitive method for the quantification of microgram quantities of

protein utilizing the principle of protein-dye binding. Analytical Biochemistry 72. 248-254.

Bradley DJ. Kjellbom P and Lamb CJ. (1992). Elicitor-induced and wound-induced oxidative cross-

linking of a proline-rich plant-cell wall protein: a novel. rapid defense response. Cell 70. 21-

30.

Brown AE and Adikaram NKB. (1982). The differential inhibition of pectic enzymes from

Glomerella cingulata and Botrytis cinerea by a cell wall protein from Capsicum annuum fruit.

Phytopathologische Zeitschrift 105, 27-38.

Brown AE and Adikaram NKB. (1983). A role for pectinase and protease inhibitors in fungal rot

development in tomato fruits. Phytopathologische Zeitschrift 106, 239-251.

Brown AE. (1984). Relationship of endopolygalacturonase inhibitor activity to the rate of fungal rot

development in apple fruits. Phytopathologische Zeitschrift 111. 122-132.

Buchanan BB, Gruissem Wand Jones RL. (eds). (2000). Pages 1114-1115 in: Biochemistry &

Molecular Biology of Plants. American Society of Plant Physiologists, Courier Companies,

Inc., USA.

Caprari C. Mattei B. Basile ML. Salvi G. Crescenzi V, De Lorenzo G, Cervone F. (1996).

Mutagenesis of endopolygalacturonase from Fusarium moniliforme: histidine residue 234 is

critical for enzymatic and macerating activities and not for binding to polygalacturonase-

inhibiting protein (PGIP). Molecular Plant-Microbe Interactions 9(7). 617-624.

Cassidy BG and Nelson RS. (1995). Differences in protection phenotypes in tobacco plants

expressing coat protein genes from peanut stripe potyvirus with or without an engineered

ATG. Molecular Plant-Microbe Interactions 8(3).357-365.

Cervone F. De Lorenzo G. Degra L and Salvi G. (1987a). Elicitation of necrosis in Vigna

unguiculata Walp. by homogeneous Aspergillus niger endo-polygalacturonase and by a-D-

galacturonate oligomers. Plant Physiology 85. 626-630.

Cervone F. De Lorenzo G. Degra L. Salvi G and Bergami M. (1987b). Purification and

characterization of a polygalacturonase-inhibiting protein from Phaseolus vulgaris L. Plant

Physiology 85.631-637.

Cervone F. De Lorenzo G. Pressey R. Darvill AG and Albersheim P. (1990). Can Phaseolus PGIP

inhibit pectic enzymes from microbes and plants? Phytochemistry 29(2).447-449.

 
 
 



Cervone F. Hahn MG. De Lorenzo G. Darvill. A and Albersheim P. (1989). Host-pathogen

interactions. XXXIII. A plant protein converts a fungal pathogenesis factor into an elicitor of

plant defense responses. Plant Physiology 90. 542-548.

Chimwamurombe PM, Botha A-M, Wingfield MJ and Wingfield BD. (2001). Molecular relatedness

of the polygalacturonase-inhibiting protein genes in Eucalyptus species. Theoretical and

Applied Genetics 102. 645-650.

Clough SJ and Bent AF. ( 1998). Floral dip: a simplified method for Agrobacterium-mediated

transformation of Arabidopsis thaliana. The Plant Journal 16(6), 735-743.

Corsini D and Pavek 11. (1996). Agronomic performance of potato germplasm selected for high

resistance to Verticillium wilt. American Potato Journal 73, 249-260.

Corsini DL, Pavek 11 and Davis JR. (1988). Verticillium wilt resistance in noncultivated tuber-

bearing Solanum species. Plant Disease 72(2), 148-151.

Costa MMR, Costa J and Ricardo CPP. (1997). A Lupinus albus root glycoprotein homologous to the

polygalacturonase inhibitor proteins. Physiologia Plantarum 99, 263-270.

De Lorenzo G, Cervone F, Bellincampi D, Caprari C, Clark AJ, Desiderio A, Devoto A. Forrest R.

Leckie F, Nuss L and Salvi G. (1994). Polygalacturonase. PGIP and oligogalacturonides in

cell-cell communication. Biochemical Society Transactions 22(2), 394-397.

De Lorenzo G. D'Ovidio R and Cervone F. (2001). The role of polygalacturonase-inhibiting proteins

(PGIPs) in defense against pathogenic fungi. Annual Review of Phytopathology 39,313-335.

De Lorenzo G, Ito Y, D'Ovidio R, Cervone F, Albersheim P and Darvill AG. (1990). Host-pathogen

interactions. XXXVII. Abilities of the polygalacturonase-inhibiting proteins from four

cultivars of Phaseolus vulgaris to inhibit the endopolygalacturonases from three races of

Colletotrichum lindemuthianum. Physiological and Molecular Plant Pathology 36.421-435.

Degra L. Salvi G. Mariotti D, De Lorenzo G and Cervone F. (1988). A polygalacturonase-inhibiting

protein in alfalfa callus cultures. Journal of Plant Physiology 133, 364-366.

Delaney TP, Uknes S, Vemooij B, Friedrich L, Weymann K, Negrotto D. Gaffney T, Gut-Rella M.

Kessmann H, Ward E and Ryals J. (1994). A central role of salicylic acid in plant disease

resistance. Science 266, 1247-1250.

Dellaporta SL, Wood J and Hicks JB. (1983). A plant DNA minipreparation: Version 11. Plant

Molecular Biology Reporter 1(4). 19-21.

Delledonne M, Xia YJ, Dixon RA and Lamb C. (1998). Nitric oxide functions as a signal in plant

disease resistance. Nature 394. 585-588.

Denner FDN. (1997). Black dot and silver scurf of potatoes in South Africa. PhO thesis. University

of Pretoria.

Desfeux C. Clough SJ and Bent AF. (2000). Female reproductive tissues are the primary target of

Agrobacterium-mediated transfonnation by the Arabidopsis floral-dip method. Plant

Physiology 123. 895-904.

 
 
 



Desiderio A. Acacri B. Leckie F. Mattei B. Salvi G. Tigelaar H. Van Roekel ISC. Baulcombe DC,

Melchers LS, De Lorenzo G and Cervone F. (1997). Polygalacturonase-inhibiting proteins

(PGIPs) with different specificities are expressed in Phaseolus vulgaris. Molecular Plant-

Microbe Interactions 10(7). 852-860.

Devoto A. Clark Al. Nuss L, Cervone F and De Lorenzo G. (1997). Developmental and pathogen-

induced accumulation of transcripts of polygalacturonase-inhibiting protein in Phaseolus

vulgaris L. Planta 202. 284-292.

Dudler R. Hertig C. Rebmann G. Bull 1 and Mauch F. (1991). A pathogen-induced wheat gene

encodes a protein homologous to glutathione-S-transferases. Molecular Plant-Microbe

Interactions 4(1), 14-18.

Durner 1, Shah 1 and Klessig DF. (1997). Salicylic acid and disease resistance in plants. Trends in

Plant Science 2(7), 266-274.

English PD, Jurale IB and Albersheim P. (1971). Host-pathogen interactions. II. Parameters

affecting polysaccharide-degrading enzyme secretion by Colletotrichum lindemuthianum

grown in culture. Plant Physiology 47, 1-6.

Favaron F, Castiglioni C and Lenna PD. (1993). Inhibition of some rot fungi polygalacturonases by

Allium cepa L. and Allium porrum L. extracts. Journal of Phytopathology 139, 201-206.

Favaron F, Castiglioni C, D'Ovidio Rand Alghisi P. (1997). Polygalacturonase inhibiting proteins

from Allium porrum L. and their role in plant tissue against fungal endo-polygalacturonases.

Physiological and Molecular Plant Pathology 50, 403-417.

Favaron F, D'Ovidio R, Porceddu E, Alghisi P. (1994). Purification and molecular characterization of

a soybean polygalacturonase-inhibiting protein. Planta 195(1), 80-87.

Favaron F. (2001). Gel detection of Allium porrum polygalacturonase-inhibiting protein reveals a

high number of isoforms. Physiological and Molecular Plant Pathology 58,239-245.

Federici L, Caprari C, Mattei B. Savino C. Di Matteo A. De Lorenzo G, Cervone F, Tsemoglou D.

(2001). Structural requirements of endopolygalacturonase for the interaction with PGIP

(polygalacturonase-inhibiting protein). Proceedings of the National Academy of Sciences of

the United States of America 98(23). 13425-13430.

Feys BIF, Benedetti CE, Penfold CN and Turner IG. (1994). Arabidopsis mutants selected for

resistance to the phytotoxin coronatine are male sterile, insensitive to methyl jasmonate, and

resistant to a bacterial pathogen. Plant Cell 6, 751-759.

Fielding AH. (1981). Natural inhibitors of fungal polygalacturonases in infected fruit tissues.

Journal of General Microbiology 123. 377-381.

Flor HH. (1946). Genetics of pathogenicity in Melampsora lini. Journal of Agricultural Research

73.335-357.

 
 
 



Frediani M. Cremonini R. Salvi G. Caprari C. Desiderio A. D'Ovidio R. Cervone F and De Lorenzo

G. (1993). Cytological localization of the PGIP genes in the embryo suspensor cells of

Phaseolus vulgaris L. Theoretical and Applied Genetics 87. 369-373.

Gaffney T. Friedrich L. Vernooij B, Negrotto D. Nye G, Uknes S. Ward E, Kessmann H and Ryals J.

(1993). Requirement of salicylic acid for the induction of systemic acquired resistance.

Science 261. 754-756.

GenStat for Windows. 2000. Release 4.2. Fifth Edition. Oxford: VSN International.

Glazebrook J and Ausubel FM. (1994). Isolation of phytoalexin-deficient mutants of Arabidopsis

thaliana and characterization of their interactions with bacterial pathogens. Proceedings of

the National Academy of Sciences of the United States of America 91,8955-8959.

Goodman HM, Ecker JR and Dean C. (1995). The genome of Arab idops is thaliana. Proceedings of

the National Academy of Sciences of the United States of America 92, 10831-10835.

Grant n and Loake GJ. (2000). Role of reactive oxygen intermediates and cognate redox signaling in

disease resistance. Plant Physiology 124, 21-29.

Grant n, Yun BW and Loake GJ. (2000). Oxidative burst and cognate redox signalling reported by

luciferase imaging: identification of a signal network that functions independently of ethylene.

SA and Me-JA but is dependent on MAPKK activity. The Plant Journal 24(5), 569-582.

Gupta SS and Panchapakesan S. (1979). Multiple decision procedures: theory and methodology of

selecting and ranking populations. John Wiley & Sons, New York. 573 pp.

Guzman P and Ecker JR. (1990). Exploiting the triple response of Arabidopsis to identitY ethylene-

related mutants. Plant Cell 2, 513-523.

Hammond-Kosack KE and Jones JDG. (1997). Plant disease resistance genes. Annual Review of

Plant Physiology and Plant Molecular Biology 48,575-607.

Hanahan D. (1983). Studies on transformation of Escherichia coli with plasmids. Journal of

Molecular Biology 166(4), 557-580.

Harris DC. Yang JR and Ridout MS. (1993). The detection and estimation of Verticil/ium dahliae in

naturally infested soil. Plant Pathology 42, 238-250.

Hijmans RJ. (2001). Global distribution of the potato crop. American Journal of Potato Research 78.

403-412.

Hoffman RM and Turner JG. (1982). Partial purification of proteins from pea leaflets that inhibit

Ascochyta pisi endopolygalacturonase. Physiological Plant Pathology 20, 173-187.

Hoffman RM and Turner JG. (1984). Occurrence and specificity of an endoplogalacturonase

inhibitor in Pisum sativum. Physiological Plant Pathology 24.49-59.

Holtorf S. Apel K and BoWmann H. (1995). Comparison of different constitutive and inducible

promoters for the overexpression of transgenes in Arabidopsis thaliana. Plant Molecular

Biology 29.637-646.

 
 
 



Hooykaas PJJ and Schilperoort RA. (1992). Agrobacterium and plant genetic engineering. Plant

Molecular Biology 19, 15-38.

Isaac I and Harrison JAC. (1968). The symptoms and causal agents of early-dying disease

(Verticillium wilt) of potatoes. Annals of Applied Biology 61, 231-244.

Itzhaki H. Maxson JM and Woodson WR. ( 1994). An ethylene-responsive enhancer element is

involved in the senescence-related expression of the carnation glutathione-S-transferase

(GSTl) gene. Proceedings of the National Academy of Sciences of the United States of

America 91, 8925-8929.

James JT and Dubery IA. (2001). Inhibition of polygalacturonase from Verticillium dahliae by a

polygalacturonase inhibiting protein from cotton. Phytochemistry 57, 149-156.

Johnston DJ, Ramanathan V and Williamson B. (1993). A protein from immature raspberry fruits

which inhibits endopolygalacturonases from Botrytis cinerea and other micro-organisms.

Journal of Experimental Botany 44(262),971-976.

Joshi CPo (1987). An inspection of the domain between putative TATA box and translation start site

in 79 plant genes. Nucleic Acids Research 15(16),6643-6654.

Karr AL and Albersheim P. (1970). Polysaccharide-degrading enzymes are unable to attack plant cell

walls without prior action by a "wall-modifying enzyme". Plant Physiology 46,69-80.

Kawchuk LM, Hachey J, Lynch DR, Kulcsar F, van Rooijen G, Waterer DR, Robertson A, Kokko E,

Byers R, Howard RJ, Fischer Rand Priifer D. (2001). Tomato Ve disease resistance genes

encode cell surface-like receptors. Proceedings of the National Academy of Sciences of the

United States of America 98(11), 6511-6515.

Kobe Band Deisenhofer J. (1995). Proteins with leucine-rich repeats. Current Opinion in Structural

Biology 5, 409-416.

Koncz C and Schell J. (1986). The promoter of the TL-DNA gene 5 controls the tissue-specific

expression of chimaeric genes carried by a novel type of Agrobacterium binary vector.

Molecular and General Genetics 204, 383-396.

Kozak M. (1981). Possible role of flanking nucleotides in recognition of the AUG initiator codon by

eukaryotic ribosomes. Nucleic Acids Research 9(20), 5233-5256.

Lafitte C, Barthe J-P, Gansel X. Dechamp-Guillaume G, Faucher C, Mazau D and Esquerre-Tugaye

M-T. (1993). Differential induction by endopolygalacturonase of 13-1,3-g1ucanases in

Phaseolus vulgaris isoline susceptible and resistant to Colletotrichum lindemuthianum race 13.

Molecular Plant-Microbe Interactions 6(5), 628-634.

Lauge R and De Wit PJGM. (1998). Fungal avirulence genes: structure and possible functions.

Fungal Genetics and Biology 24(3),285-297.

Leckie F. Mattei B. Capodicasa C, Hemmings A, Nuss L Aracri B. De Lorenzo G and Cervone F.

(1999). The specificity of polygalacturonase-inhibiting protein (PGIP): a single amino acid

 
 
 



substitution in the solvent-exposed l3-strand/l3-turn region of the leucine-rich repeats (LRRs)

confers a new recognition capability. EMBO Journal 18(9), 2352-2363.

Lever M. (1972). A new reaction for colorimetric determination of carbohydrates. Analytical

Biochemistry 47,273-279.

Li Z. Jayasankar S and Gray D. (2001). Expression of a bifimctional green fluorescent protein (GFP)

fusion marker under the control of three constitutive promoters and enhanced derivatives in

transgenic grape (Vitis vinifera). Plant Science 160, 877-887.

Lorito M, Woo SL. Fernandez IG, Colucci G, Harman GE, Pintor-Toro JA, Filippone E, Muccifora S,

Lawrence CB, Zoina A, Tuzun S and Scala F. (1998). Genes from mycoparasitic fungi as a

source for improving plant resistance to fimgal pathogens. Proceedings of the National

Academy of Sciences of the United States of America 95, 7860-7865.

Machinandiarena MF, Olivieri FP, Daleo GR and Oliva CR. (2001). Isolation and characterization of

a polygalacturonase-inhibiting protein from potato leaves. Accumulation in response to

salicylic acid, wounding and infection. Plant Physiology and Biochemistry 39, 129-136.

Mattei B. Bernalda MS, Federici L, Roepstorff P, Cervone F and Boffi A. (2001). Secondary

structure and post-translational modifications of the leucine-rich repeat protein PGIP

(polygalacturonase-inhibiting protein) from Phaseolus vulgaris. Biochemistry 40(2), 569-576.

Mazithulela G, Sudhakar D, Heckel T, Mehlo L, Christou P, Davies JW and Boulton MI. (2000). The

maize streak virus coat protein transcription unit exhibits tissue-specific expression in

transgenic rice. Plant Science 155, 21-29.

McDowell 1M and Dangl JL. (2000). Signal transduction in the plant immune response. Trends in

Biochemical Sciences 25(2), 79-82.

Meinke DW. Cherry M, Dean C. Rounsley SD and Koornneef M. (1998). Arabidopsis thaliana : a

model plant for genome analysis. Science 282, 678-682.

Millard C en Denner F. (2001). Die beheer van Verticillium-verwelk op aartappels in Suid-Afrika -

'n strategie. CHIPS (May-June), 40-45.

Muller M and Gessler C. (1993). A protein from apple leaves inhibits pectinolytic activity of

Venturia inaequalis in vitro. Pages 68-71 in: Mechanisms of Plant Defense Responses. B.

Fritig and M. Legrand, eds. Kluwer Academic Publishers.

Murray MG and Thompson WF. (1980). Rapid isolation of high molecular weight plant DNA.

Nucleic Acids Research 8( 19), 4321-4325.

Naclunias A. Buchner V, Tsror L. Burstein Y and Keen N. (1987). Differential phytotoxicity of

peptides from culture fluids of Verticillium dahliae races 1 and 2 and their relationship to

pathogenicity of the fimgi on tomato. Phytopathology 77(3).506-510.

Nachmias A. Orenstein J. Tal M and Goren M. (1990). Reactions to a Verticillium dahliae

phytotoxin in tissue culture derived from susceptible and tolerant potato. Plant Science 68,

123-130.

 
 
 



Nuss L. Mahe A. Clark AJ. Grisvard J. Dron M. Cervone F and De Lorenzo G. (1996). Differential

accumulation of PGIP (polygalacturonase-inhibiting protein) mRNA in two near-isogenic

lines of Phaseolus vulgaris L. upon infection with Colletotrichum lindemuthianum.

Physiological and Molecular Plant Pathology 48. 83-89.

Old RW and Primrose SB. (1994). In: Principles of gene manipulation: An introduction to genetic

engineering. 5th Edition. Blackwell Scientific Publications.

Palmer T. (1995). Pages 148. 15L 243-245. 262-263 in: Understanding Enzymes. 4th Edition.

Prentice Hall. Ellis Horwood. NY.

Parinov Sand Sundaresan V. (2000). Functional genomics in Arabidopsis: large-scale insertional

mutagenesis complements the genome sequencing project. Current Opinion in Biotechnology

11. 157-161.

Penninckx lAMA, Eggermont K. Terras FRG. Thomma BPHJ, De Samblanx GW, Buchala A.

Metraux J-P, Manners JM and Broekaert WF. (1996). Pathogen-induced systemic activation

of a plant defensin gene in Arabidopsis follows a salicylic acid-independent pathway. Plant

Cell 8. 2309-2323.

Powell ALT, van Kan J, ten Have A, Visser J. Greve LC, Bennett AB and Labavitch JM. (2000).

Transgenic expression of pear PGIP in tomato limits fungal colonization. Molecular Plant-

Microbe Interactions 13(9),942-950.

Powelson ML and Rowe RC. (1993). Biology and management of early dying of potatoes. Annual

Review of Phytopathology 31, 111-126.

Powelson ML and Rowe RC. (1994). Potato early dying: causes and management tactics in the

eastern and western United States. Pages 178-190 in: Advances in Potato Pest Biology and

Management. G.W. Zehnder et al.. eds. St. Paul. MN: APS Press.

Pressey R. (1996). Polygalacturonase inhibitors in bean pods. Phytochemistry 42(5), 1267-1270.

Ramanathan V, Simpson CG. Thow G. Iannetta PPM. McNicol RJ and Williamson B. (1997). cDNA

cloning and expression of polygalacturonase-inhibiting proteins (PGIPs) from red raspberry

(Rubus idaeus). Journal of Experimental Botany 48(311). 1185-1193.

Robinson DB. Larson RH and Walker Jc. (1957). Verticillium wilt of potato: in relation to

symptoms. epidemiology and variability of the pathogen. Research Bulletin 202. University

of Wisconsin. Madison.

Rommens CM and Kishore GM. (2000). Exploiting the full potential of disease-resistance genes for

agricultural use. Current Opinion in Biotechnology 11(2). 120-125.

Rowe RC. (1985). Potato early dying - a serious threat to the potato industry. American Potato

Journal 62. 157-161).

Sal\'i G. Giarrizzo F. De Lorenzo G and Cervone F. (1990). A polygalacturonase-inhibiting protein in

the flowers of Phaseolus vulgaris L. Plant Physiology 136. 513-518.

 
 
 



Sambrook J. Fritch EF and Maniatis T. (1989). Molecular Cloning. A laboratory manual. 2"d

edition. Cold Spring Harbor Laboratory Press. Cold Spring Harbor. NY.

Samuels ML. (1989). Pages 210. 216-218. 228. 273. 276 and 473 in: Statistics for the life sciences.

Dellen Publishing Company. Macmillan. Inc .. NJ. USA.

Sharrock KR and Labavitch JM. (1994). Polygalacturonase inhibitors of Bartlett pear fruits:

differential effects on Botrytis cinerea polygalacuronase isozymes. and influence on products

of fungal hydrolysis of pear cell walls and on ethylene induction in cell culture. Physiological

and Molecular Plant Pathology 45.305-319.

Skare NH. Paus F and Raa J. (1975). Production of pectinase and cellulase by Cladosporium

cucumerinum with dissolved carbohydrates and isolated cell walls of cucumber as carbon

sources. Physiologia Plantarum 33.229-233.

Southern EM. (1975). Detection of specific sequences among DNA fragments separated by gel

electrophoresis. Journal of Molecular Biology 98,503-517.

St Leger RJ, Joshi L and Roberts OW. (1997). Adaptation of proteases and carbohydrases of

saprophytic, phytopathogenic and entomopathogenic fungi to the requirements of their

ecological niches. Microbiology 143. 1983-1992.

Stotz HU, Bishop JG, Bergmann CW, Koch M, Albersheim p. Darvill AG and Labavitch JM. (2000).

Identification of target amino acids that affect interactions of fungal polygalacturonases and

their plant inhibitors. Physiological and Molecular Plant Pathology 56. 117-130.

Stotz HU, Contos JJA, Powell ALT. Bennett AB, Labavitch JM. (1994). Structure and expression of

an inhibitor of fungal polygalacturonases from tomato. Plant Molecular Biology 25(4). 607-

617.

Stotz HU. Powell ALT. Damon SE. Greve LC. Bennett AB and Labavitch JM. (1993). Molecular

characterization of a polygalacturonase inhibitor from Pyrus communis L. cv. Bartlett. Plant

Physiology 102, 133-138.

Sunilkumar G, Mohr L. Lopata-Finch E. Emani C and Rathore KS. (2002). Developmental and

tissue-specific expression of CaMV 35S promoter in cotton as revealed by GFP. Plant

Molecular Biology 50(3).463-474.

Tabaeizadeh Z, Agharbaoui Z. Harrak Hand Poysa V. (1999). Transgenic tomato plants expressing a

Lycopersicon chilense chitinase gene demonstrate improved resistance to Verticillium dahliae

race 2. Plant Cell Reports 19, 197-202.

Taylor RJ and Secor GA. (1988). An improved diffusion assay for quantifying the polygalactruonase

content of Erwinia culture filtrates. Phytopathology 78(8). 1101-1103.

ten Have A. Mulder W. Visser J and van Kan JAL. (1998). The endopolygalacturonase gene Bcpg 1 is

required for full virulence of Botrytis cinerea. Molecular Plant-Microbe Interactions 11( 10).

1009-1016.

 
 
 



The Arabidopsis Genome Initiative. (2000). Analysis of the genome sequence of the flowering plant

Arabidopsis thaliana. Nature 408. 796-815.

Toubart P. Desiderio A. Salvi G. Cervone F. Daroda L and De Lorenzo G. (1992). Cloning and

characterization of the gene encoding the endopolygalacturonase-inhibiting protein (PGIP) of

Phaseolus vulgaris L. The Plant Journal 2(3), 367-373.

Tsror Land Nachmias A. (1995). Significance of the root system in Verticillium wilt tolerance in

potato and resistance in tomato. Israel Journal of Plant Science 43, 315-323.

Visser M. (1999). Genetic variation among Verticillium dahliae isolates using pathogenicity and

AFLP analysis. MSc thesis. University of the Western Cape. South Africa.

Von Heijne G. (1985). Signal sequences: the limits of variation. Journal of Molecular Biology 184,

99-105.

Wang KL-C, Li H and Ecker JR. (2002). Ethylene biosynthesis and signaling networks. The Plant

Cell S131-S151.

Wheeler TA. Rowe RC, Riedel RM and Madden LV. (1994). Influence of cultivar resistance to

Verticillium spp. on potato early dying. American Potato Journal 71, 39-57.

Williams JS, Hall SA, Hawkesford MJ, Beale MH and Cooper RM. (2002). Elemental sulfur and

thiol accumulation in tomato and defense against a fungal vascular pathogen. Plant

Physiology 128, 150-159.

Williamson B, Johnston DJ, Ramanathan V and McNicol RJ. (1993). A polygalacturonase inhibitor

from immature raspberry fruits: a possible new approach to grey mould control. Acta

Horticulturae 352, 601-606.

Wubben JP. Mulder W, ten Have A, van Kan JAL and Visser J. (1999). Cloning and partial

characterization of endopolygalacturonase genes from Botrytis cinerea. Applied and

Environmental Microbiology 65. 1596-1602.

Xie D-X. Feys BF. James S. Nieto-Rostro M and Turner JG. (1998). COIl: An Arabidopsis gene

required for jasmonate-regulated defense and fertility. Science 280, 1091-1094.

Yang K-Y. Kim E-Y, Kim C-S. Guh J-O. Kim K-C and Cho B-H. (1998). Characterization of a

glutathione S-transferase gene A TGST 1 in Arabidopsis thaliana. Plant Cell Reports 17. 700-

704.

Yao C, Conway WS and Sams CEo (1995). Purification and characterization of a polygalacturonase-

inhibiting protein from apple fruit. Phytopathology 85(11). 1373-1377.

Yao C. Conway WS and Sams CEo (1996). Purification and characterization of a polygalacturonase

produced by Penicillium expansum in apple fruit. Phytopathology 86(11). 1160-1166.

Yao C. Conway WS. Ren R. Smith D. Ross GS and Sams CEo (1999). Gene encoding

polygalacturonase inhibitor in apple fruit is developmentally regulated and activated by

wounding and fungal infection. Plant Molecular Biology 39.1231-1241.

 
 
 



York WS. Darvill AG. McNeil M. Stevenson TT and Albersheim P. (1985). Isolation and

characterization of plant cell walls and cell wall components. Methods in En::ymology 118. 3-

40.

Zupan J and Zambryski P. (1997). The Agrobacterium DNA transfer complex. Critical Reviews in

Plant Sciences 16(3).279-295.

 
 
 



Iii;;;;;;;;;;I iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

A
PiiiiiiPeiiiiii

n

diiiiiiiciiiiiiesiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiill

Agarose diffusion assay (ADA) medium

1.0% (w/v) Type II agarose (Sigma A-6877)

0.01% (w/v) Polygalacturonic acid (PGA) (Sodium polypectate, Sigma P-1879)

0.5% (w/v) Ammonium oxalate (Sigma A-8545)

For 100 ml of buffer with pH 4.6:

26.7 ml 0.1 M Citric acid

23.2 ml 0.2 M Na2HPO.j

ADA (Modified)

0.8%

0.5%

Agarose

PGA

100 mM Sodium acetate buffer (pH 4.7)

Develop plate with 6 N HCI for a few minutes until zones appear.

Antibiotic stocks

Ampieillin 100 mg in I ml dH20

Cefotaxime 250 mg in I ml dH20

Gentamycin 50 mg in 1 ml dH20

Kanamycin 50 mg in 1ml dH20

Rifampicin 25 mg in I ml 100% methanol

All antibiotics dissolved in dH20 were filter-sterilised through 0.2 ~ sterile filters.

Rifampicin was made fresh before use. Antibiotic stocks were stored in aliquots at -20°e.

Ca2
+ IMn2

+ solution for the preparation of competent E. coli cells

40mM NaAc

100 mM CaCl2

70 mM MnCh4H20

Adjust to pH 5.5 with HCL be careful not to over-acidify the solution as precipitation will

occur. Filter-sterilise and store at 4°e.

 
 
 



Citrate / Phosphate buffer

For 100 ml of buffer with the following pH:

pH4.6 pH6.0

26.7 ml 17.9 ml 0.1 M Citric acid

23.3 ml 32.1 ml 0.2 M Na2HP04

50 ml 50 ml dH20

2% (w/v)

1.4 M

20mM

100 mM

0.2% (v/v)

CTAB (Hexadecyl trimethyl ammonium bromide)

NaCl

EDTA

Tris (pH 8.0)

~-mercaptoethanol, added just before use.

2% (w/v)

1.4 M

20mM

100 mM

0.2% (v/v)

1% (w/v)

10% CTAB -

0.7M

10% (w/v)

CTAB (Hexadecyl trimethy1 ammonium bromide)

NaCl

EDTA

Tris (pH 8.0)

~-mercaptoethano1

PVP (Polyvinyl pyrrolidone) (Sigma PVP-40)

NaCl

CTAB

100 mM

0.5 M

50mM

0.07% (v/v)

0.4 N NaOH

0.6 M NaCl

Tris (pH 8.0)

NaCl

EDT A (pH 8.0)

~-mercaptoethanol

 
 
 



Depurinating solution

0.25 M HCl

DIG Blocking buffer

1% (w/v) Blocking reagent (Roche Diagnostics) in maleic acid buffer.

DIG Detection buffer

0.1 M Tris-HCl

0.1 M NaCl

pH 9.5

DIG Maleic acid buffer

0.1 M Maleic acid

0.15 M NaCl

pH7.5

DIG Washing buffer

0.3% (v/v) Tween 20 in maleic acid buffer.

Ethidium bromide

Dissolve 10 mg ethidium bromide powder in 1 ml dH20. Cover tube with aluminium foil and

store at 4°C.

0.1 N Hell 70% Ethanol

For 600 ml:

6 ml 10 N HCl

420 ml Ethanol

174 ml dH20

2x LB Medium for competent cells

Composition per I:

20 g Tryptone

109 Yeast extract

1 g NaCl

Adjust the pH to 7.0 and autoclave. Before use. add 1I100th volume 20% sterile glucose.

 
 
 



Luria-Bertani (LB) Medium

Composition per I:

10 g Tryptone

5 g Yeast extract

5 g NaCl

For LB agar, add 15 g Bacto-agar.

Minimal salts medium

Composition per 100 ml:

0.2 ml 1 M MgS04.7H2O

1 ml 0.001% MnS04.H2O

2.5 ml 1 MKN03

1 ml 0.01% ZnS04

1ml 0.0015% CUS04

1ml 0.01% Fe S04.7H20

91.5 ml Citrate-P04 buffer (pH 6.0)

Add 1% (w/v) pectin (Sigma P-9135, washed with 0.1 N HCli 70% Ethanol and dried) to the

citrate-phosphate buffer (pH 6.0) and autoclave. Add the filter-sterilised salts just before use.

Miniprep Solution I

25 mM Tris-HC1, pH 8.0

10mM EDTA

50 mM Glucose

Miniprep Solution II

0.2 N NaOH

1% SDS

Miniprep Solution III

2.5 M Potassium acetate

 
 
 



Modified soil extract agar (MSEA)

Composition per 1:

a. Soil extract

Boil 1 kg of soil in 1 litre of water for 30 min. Filter through filter paper. Use 24 ml of

filtrate per litre of MSEA medium.

b. Agar

12 g

2g

1.5 g

4.0 g
c. Salts

Agar nr. 3

Poligalacturonic acid (PGA)

KH~P04

K~HP04

0.2 g KH~P04

0.1 g KCl

0.1 g MgS04.7H~O

0.002 g FeS04.7H~O

0.4 g NaN03

Mix a. band c. Add 1 ml Tergitol and 966 ml dH~O. Stir while heating to dissolve. Autoclave

for 20 min.

d. Antibiotics

0.006 g Biotin

0.06 g Chloramphenicol

0.06 g Tetracycline hydrochloride

0.06 g Streptomycin

Dissolve in 10 ml methanol. Filter-sterilise and add to cooled medium.

Ix MS media

1x MS salts (M5519 from Sigma; or CN2230 from Highveld Biologicals)

3% (w/v) Sucrose

0.8% (w/v) Agar

Adjust pH to 5.9 before adding agar. autoclave. Add the appropriate antibiotics after cooling.

Neutralisation solution

0.5 M Tris (pH 7.5)

1.5 M NaCl

1% PAHBAH reagent

5% p-hydroxybenzoic acid hydrazide (PAHBAH) in 0.5 M HCL store at -20°e.

 
 
 



Just before use, mix I volume of 5% PAHBAH in 0.5 M HCl with 4 volumes of 0.5 M NaOH

to give a final PAHBAH concentration of 1%.

0.42% PGA (in a sodium phosphate/ citric acid buffer, pH 4.6)

For 10 ml:

42 mg PGA (Sodium polypectate. Sigma P-1879)

2.33 ml 0.2 M NaHPO"

2.67 ml 0.1 M Citric acid

5 ml dH20

Aliquot and store at -20°e.

Potassium phosphate buffer pH 5.8

Per 100 ml of buffer:

0.85 ml 1 M K2HPO"

9.15 ml 1 M KH2PO"

Rindite

7 vol. 2-Chloro-ethanol

3 vol. 1,2 Dichloro-ethanol

1 vol. Carbon tetrachloride

Place 300 f.llof this mixture per kg potatoes on a piece of cotton wool. Seal in plastic bag with

potatoes for 48 hr. Remove potatoes from bag and place at 25°e.

RNase A (10 mg/ml)

Dissolve 10 mg RNAse A in 1 ml Ix TE buffer, pH 8.0. Heat to 100°C for 10 min. Allow to

cool slowly to room temperature. Store at -20°e.

20x sse
3 MNaCl

0.3 M Sodium citrate

pH 7.4

Stringency wash buffer I

2x SSC

0.1% SDS

 
 
 



Stringency wash buffer II

0.5x sse
0.1 °/0 SDS

50x TAE

Composition per I:

242 g Tris hydroxy methyl aminoethane (Tris)

57.1 ml Glacial acetic acid

100 ml 0.5 M EDTA (pH 8.0)

For 0.5x TAE: 20 ml50x TAE and 1980 ml dH~O.

Ix TE buffer (pH 8.0)

10 mM Tris-HCl (pH 8.0)

1 mM EDTA (pH 8.0)

Ix TNE buffer

10 mM Tris-HCl (pH 8.0)

1 mM EDTA (pH 8.0)

0.2 M NaCl

pH 7.4

5% X-gal

Dissolve 50 mg 5-bromo-4-chloro-3-indolyl-~-D-galactoside (X-gal) in 1 ml 100%

dimethylformamide (DMF). Store in dark at -20°e. Plate out 35 fll per petridish.

 
 
 



Primer Length Sequence 5' - 3' Tm
a 0/0

(bp) (0C) GC

AP-PGIP-INVR 25 AGG TTC TTG AGT TGG CTG AGG AAG T 74 48

AP-PGIP-L2 23 GCA GCC ATG GAA CTC AAG TTC TC 70 52

AP-PGIP-R 30 CCC GGA TCC ATC TGC AGT TGT GGC CAT TAC 94 57

GSTreverse 38 AAA CTG CAGb CCA TGT CGA CCTG TTA ATA CTG 54d 39

TGT TTT TC
NPTII-L 21 GAG GCT ATT CGG CTA TGA CTG 64 52

NPTII-R 21 ATC GGG AGC GGC GAT ACC GTA 68 62

pBI121 Seq.primer 2 20 GAC GCA CAA TCC CAC TAT CC 62 55

PUC/MI3-40F 17 GTT TTC CCA GTC ACG AC 52 53

PUCIM13R 17 CAG GAA ACA GCT ATG AC 50 47

SK 20 CGC TCT AGA ACT AGT GGA TC 60 50

T3 24 GCG CGA AAT TAA CCC TCA CTA AAG 70 46

T7 20 TAA TAC GAC TCA CTA TAG GG 56 40

U19F 19 GTT TTC CCA GTC ACG ACG T 58 53

a - Tm calculated using formula: Tm (0C) = 4(GC) + 2(AT)

b - PstI restriction enzyme recognition site

c - SalI restriction enzyme recognition site

d - Tm calculated using Primer Designer Version 3.0 (Scientific and Educational Software).

 
 
 



Xho 1(762)

TEVIeai3r sEqJeOCe

Neo 1(902)

 
 
 



pCPlVB1A2300
8742 bp

Pst I (285)

Kpn 1(312)

PUCIM13R

CtNlVJ5S ~yA
T-Bocder (left)

 
 
 



U19 forw ard prirrer

Pst I (285)

CAMV35S Terninator
AP-R31FR

BamH I (504)

Pst I (516)

apple pgip1

NeoI (1516)
TEVleadersequence

pBR322bom

pBR322 ori
Nsi I (5890)

kanarrycin (R)
T-Border (left)

CAMV35S prormter
Pst I (2409)

/ Pst I (2433)

BamH 1(2447)

caMV35S prormter
Pvu 1(3522)

f\Pll1 R prirrer
Pvu I (4368)

caMV35S polyA

 
 
 



Pst 1(285)
Pvu 1 (149) U19 Forward prirrer

CAW 35S prorroter

AP-~ffi prirrer

CAMJ35S Terninator

Pst 1 (2409)
Pst 1(2433)
BamHI (2447)

caMJ35S prormter

Bgl II (3511)
Pvu 1(3522)

Nco 1 (3526)

pBR3220ri

NsiI (5890)

kananycin (R)
T-Border (left)

f\PTl1
f\PTl1 R prirrer

Pvu 1(4368)

caMJ35S poIyA
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