MANGO (Mangifera indica. L) MALFORMATION AN UNSOLVED MYSTERY
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Mango (Mangifera indica L.) universally considered to be one of the finest fruits, and is an important crop in tropical and subtropical areas of the world (Crane and Campbell, 1994). There are about 1500 varieties of mango in the world of which about 1200 are found in India (Pandey, 1998). Among the known diseases of mango, mango malformation is the most serious disease. The etiology of malformation has not yet been discovered due to paucity of information and thus no effective control measure is known (Ram and Yadav, 1999; Pant 2000, Bains and Pant, 2003). 

Distribution of Mango 

Mango trees can withstand air temperature as low as 20F (-390C) for few hours with injury to leaves and small branches. Young trees may be killed at 290 to 300F (-1.7 to 1.10C) flowers and fruits may be killed if temperature falls below 400F (4.40C) for few hours (Crane and Campbell, 1994). Mangoes are native to Southern Asia, especially eastern India, Burma and Andaman Islands. Mango production predominates in dry and wet tropical low land areas 23026( North and South of the equator, on the Indian subcontinent, Southeast Asia and Central and South America (Litz, 1997). 


India ranks first among world's mango producing countries accounting for 57.18 per cent of the total world mango production of 19.22 million tonnes (Negi, 2000). India’s contribution to the world’s mango production is the highest i.e., 15, 64200 mt whilst only 0.3 per cent (47,149 mt) is exported, compared to South Africa whose total production is 38,000 mt and 32.5 per cent of it i.e., 12,341mt is being exported, being the highest in terms of export among the other countries (FAO, 2002). The production share of mango was found to be next to that of banana (NBH, 2004).
Mango Malformation


Mango malformation is the chief problem and a serious constraint to mango production in India and other mango growing countries of the world. This disorder is widespread in flowers and vegetative shoots of mango. It has a crippling effect on mango production (Hiffny et al., 1978) bringing in heavy economic losses. In spite of several decades of incessant research since its recognition in 1891, the etiology of this disease has not been established and no effective control measure is known (Ram and Yadav, 1999; Pant, 2000; Bains and Pant, 2003).
Distribution of Mango Malformation

Mango malformation was reported for the first time from Darbhanga, Bihar by Maries in 1891. The disease is widespread in North India. Mango malformation though occurs all over India, incidence is more in northwest than in the northeast and South India (Mallik, 1963). Later, after Bihar, this malady was described from Bombay. Subsequently, it was observed from other mango growing provinces like Uttar Pradesh, Punjab, Maharashtra (Narasimhan, 1954), Bihar (Mallik, 1961), West Bengal (Chakrabarty and Kumar, 1997). 

Malformation causes heavy damage to trees as the inflorescence fails to produce fruits. The extent of damage varies from 50 to 60 % in some cases and in severe cases the loss may be 100 per cent (Summanwar, 1967). It was reported that the intensity of disease is higher in western districts of Uttar Pradesh than eastern (Prasad et al., 1965). The incidence of malformation is sporadic in southern parts (Summanwar, 1973). However, few cases have also been reported from Southern India (Kulkarni, 1979). It is also stated that the region beyond Hyderabad is free from this malady (Majumdar and Sharma, 1990). Apart from India, malformation has been reported from the Middle East, Pakistan (Khan and Khan, 1960), South Africa (Schwartz, 1968), Brazil (Flechtmann et al., 1970), Central America, Mexico, USA (Malo and McMilian, 1972), Cuba (Padron, 1983), U.A.E (Burhan, 1991) and Bangladesh (Meah and Khan, 1992). 

Symptoms 

Mango malformation has been broadly classified as vegetative and floral malformation (Kumar and Beniwal, 1987). However, the two classes of malformation are assumed to be symptoms of the same disease since hypertrophy of tissues is involved in both cases, and vegetative malformation appears at times on trees bearing malformed inflorescence (Tripathi, 1954; Schlosser, 1971a; Kumar and Beniwal, 1987). Further proof was obtained by grafting diseased scion onto healthy rootstocks. The diseased scion that would have produced a malformed inflorescence in on-year (flowering year) produced symptoms typical of vegetative malformation (Kumar and Beniwal, 1987).

Vegetative Malformation 
Vegetative malformation is more pronounced on young seedlings (Nirvan, 1953). The seedlings produce small shootlets bearing small scaly leaves with a bunch like appearance on the shoot apices. Apical dominance is lost in these seedlings and numerous vegetative buds sprout producing hypertrophied growth, which constitutes vegetative malformation. The multi-branching of shoot apex with scaly leaves is known as “Bunchy Top”, also referred to as ‘Witch’s Broom” (Bhatnagar and Beniwal, 1977; Kanwar and Nijjar, 1979). The seedlings, which become malformed early, remain stunted and die young while those getting infected later resume normal growth above the malformed areas (Singh et al., 1961; Kumar and Beniwal, 1992).  
Floral Malformation 

Floral malformation is the malformation of panicles. The primary, secondary and tertiary rachises are short, thickened and are much enlarged or hypertrophied. Such panicles are greener and heavier with increased crowded branching. These panicles have numerous flowers that remain unopened and are male and rarely bisexual (Singh et al., 1961; Schlosser, 1971a; Hiffny et al., 1978). The ovary of malformed bisexual flowers is exceptionally enlarged and non-functional with poor pollen viability (Mallik, 1963; Shawky et al., 1980). Both healthy and malformed flowers appear on the same panicle or on the same shoot. The severity of malformation may vary on the same shoot from light to medium or heavy malformation of panicles (Varma et al., 1969). The heavily malformed panicles are compact and overcrowded due to larger flowers. They continue to grow and remain as black masses of dry tissue during summer but some of them continue to grow till the next season. They bear flowers after fruit set has taken place in normal panicles (Singh et al., 1961; Varma et al., 1969; Hiffny et al., 1978; Shawky et al., 1980) and contain brownish fluid (Prasad et al., 1965; Ram and Yadav, 1999). (Fig 1.1).
Cultivar Susceptibility

Susceptibility to malformation in mango varieties is variable; the governing factors being temperature, age of the tree, time, etc. In general, late blooming varieties are less susceptible to malformation than the early blooming ones (Khurana and Gupta, 1973). 
The level of polyphenol oxidase (PPO) in the early years of plant growth or in the flush of vegetative growth may provide an estimate of synthesis of phenolic compounds in the plants, which may be correlated to susceptibility or resistance to floral malformation (Sharma et al., 1994).


Based on polyphenol oxidase activity, phenolic content and panicle malformation 24 mango cultivars were classified into five groups 

Table 1.1: 
Classification based on polyphenol oxidase activity, phenolic content and panicle formation.   

	Resistance/susceptibility

to panicle malformation
	Varieties

	Highly resistant

Moderately resistant

Susceptible

Moderately susceptible

Highly susceptible
	Bhadauran and H-8-1

Dashehari, Langra, Kurukkan and Fazli

Sensation, Eldon, Rataul, Mallika and Alphonso

H-31-1, Lalsundri, Totapari, Red small, Himsagar, 
Neelum, Extreme, Zill, Edward and Amrapali

Tommy Atkins, Chausa, Zardalu and Ratna




(Wada et al., 2001)

Etiology 

The etiology of malformation has remained controversial and is yet to be established. Diverse claims have been made for the cause and control of malformation. They have been ascribed to a number of biotic and abiotic factors summarized in (Fig 1.2).  
Stress ethylene and mango malformation


The basic phenomenon of increased ethylene production in response to stress is commonly called 'stress ethylene'. Production of stress ethylene can initiate various physiological responses, which include leaf epinasty, abscission, formation of aerenchyma etc. (Abeles, 1973).


It is proposed that mango malformation may be due to stress ethylene. The occurrence of leaf epinasty and disturbance in the natural orientation of the shoots and panicles, suppression of apical dominance, hypertrophy of lenticels and increased gummosis in trees with malformation in the same tree have been attributed to ethylene effect in malformed trees (Pant, 2000). Furthermore, the putative causal agent of mango malformation, such as excessive soil moisture, insect infestation, fungal pathogens, virus, chemical stimuli such as metal ions, herbicides and gases like SO2 etc., seem to add to the production of stress ethylene. In the light of these facts, it was suggested that the disorder may be due to the production of ‘stress ethylene’ by mango plants (Pant, 2000). Studies on ethylene production in malformed as well as healthy tissues of mango cultivars Amrapali, Khas-ul-Khas, Dashehari revealed that evolution of ethylene was maximum in the time period from 12 noon to 2 pm. Increased temperature at 12 noon to 2 pm may cause a heat stress which increases ethylene production during this time interval (Anitha, 2003, Nailwal et al., 2006).

 Biosynthesis of stress ethylene


The methionine-ACC pathway has been established to operate in plants for ethylene biosynthesis and has been extensively studied (Yang and Hoffman, 1984; Miyazaki and Yang, 1987; Imaseki, 1991). S-adenosylmethionine (SAM) is synthesized from methionine and ATP. SAM is converted to 1- aminocyclopropane-1-carboxylic acid (ACC) and 5- methylthioadenosine (MTA). In the presence of air, ACC is rapidly converted to ethylene. MTA is rapidly hydrolyzed to 5-methythioribose-1-phosphate (MTR-1-P) by means of ATP dependent phosphorylation. MTR-1-P is converted into 2-keto-4-methylthiobutyrate (KMB), which is finally transaminated into methionine. The cyclic pathway continuously recycles the methylthio group of methionine for methionine resynthesis by utilizing ribose moiety of methionine during the synthesis of ethylene. This completes the methionine cycle. Thus, a small pool of methionine in the tissue can give rise to considerable amount of ethylene (Fig 1.3). Stress ethylene is also synthesized via the methionine and ACC pathway. ACC synthase is the key enzyme and the main site of control of the biosynthetic pathway of ethylene (Imaseki, 1991). In the ethylene biosynthetic pathway, the final reaction where ethylene is produced from 1-amino-cyclopropane-1-carboxylic acid is accompanied with cyanide production on a one to one basis derived from C-1 of ACC.


The effect of cyanide on respiration and the possibility of the development of cyanide insensitive respiration in the malformed tissue cannot be ruled out (Rychter et al., 1988). Increased levels of cyanide due to 'stress ethylene' may result in the accumulation of toxic levels of cyanide resulting in the necrosis and death of malformed tissues of mango (Kukreja and Pant, 2000).

 Both floral and vegetative malformations were reported to be reproducible by simply spraying spore suspension of Fusarium spp. (Chakrabarty and Ghosal, 1989; Ploetz and Gregory, 1993). In contrast to this, the symptoms could not be produced unless the tissue was wounded prior to inoculation (Manicom, 1989). Therefore, pathogencity for Fusarium in causing malformation is not clear and is yet to be proved. We ought to identify the factors that may induce biochemical and structural changes (MIP) having a potential to develop the symptoms typical of malformation, as distinct from symptoms of toxicity obtained after inoculating Fusarium (TP) (Kumar and Beniwal, 1992; Pant, 2000). 
Temperature and growth of Fusarium spp.

A study of seasonal variation of the populations of Fusarium moniliforme on mango shoots in India indicated that fungal density reaches maximum in February, when min/max temperature ranges from 8-270C and humidity is high (85%); hotter and drier periods coincided with decline in the fungal population, Shawky et al., 1980; Campbell, 1986). Fusarium moniliforme var subglutinans has been reported to grow well at lower temperature and its growth is completely checked above 550F (12.80C) (Varma et al., 1971). The in vitro growth characters of the fungus were determined on different culture media, at varying temperature, light and pH conditions. Mycelial growth was better observed at temperature between 25-300C and pH 7.0 on potato dextrose agar medium than on nine other media tested (Akhtar et al., 1999). Similar observation indicated that Fusarium growth was optimal on potato dextrose agar (PDA) medium at temperature between 150C-280C and was minimal on malt extract agar (MEA) medium at the same temperature. In 30 days old cultures, sporulation levels of Fusarium spp. were higher when day time temperature were 300C versus 200C. The high day time temperature also caused greater sporulation of macroconidia to form, and lowered the abundance of mesoconidia (Winder, 1999). The higher colonization of Fusarium moniliforme was observed at temperature > 250C coupled with relatively low pH (7.1-7.7), whereas low temperature during winter (<200C) adversely affected the pathogen growth (Bisht, 2000). All these conflicting reports suggest the need of further investigations on Fusarium spp. at high temperature particularly in southern part of India where malformation is rarely reported.  The isolates of Fusarium spp. isolated from healthy and malformed tissues of mango grown at different temperatures (5 to 400C) indicated that the most suited temperature for growth and development of isolates were at 250C, 300C, 350C and none of the spores of the isolates germinated below 100C temperature. The minimum time required to start germination was 6 hour and maximum was recorded after 24 hours (Ansari, 2004).
 The enhanced promotion of ethylene is an early biochemical event in many plant-pathogen interactions. About one-third of fungi tested produced ethylene; a fact that led the scientists to conclude that ethylene is a common metabolic product of fungi (Hislop et al., 1973; Archer and Hislop, 1975; Yang and Pratt, 1978; Boller, 1982; Boller, 1990). In virus-infected plants this clearly represents ‘stress ethylene’ produced by plant; viruses lack the capacity to produce ethylene. However, in fungal diseases the situation is more complicated because some fungi have the capacity to produce ethylene themselves (Ilag and Curtis, 1968; Abeles et al., 1992; Lund et al., 1998; Chauge et al., 2002). 

Isolates of Fusarium sp. from mango were observed to produce ethylene in range of 9.28 to 13.66 n mol /g dry wt/ day. Etherl was found to stimulate the germination of spores of isolates of Fusarium sp. obtained from mango cultivars at concentrations from 5 ppm to 100 ppm. Higher concentration of etherl was toxic for spore germination (Ansari, 2004).   It was reported that significant differences were observed in the levels of cations and anions (chloride, sulfate and phosphate) in healthy and malformed tissues at, prior to full bloom and full bloom stage, but a consistent pattern was not seen. The exception was that of phosphate ion which was present in higher concentration in the malformed floral tissues at full bloom stage (Kaushik, 2002).

It is evident that the flowering period of mango that is January in the northern hemisphere and July in the Southern hemisphere, tallies closely with the temperature prevailing in the environment during that period. Roughly, two seasons of flowering in mango are apparent globally, one falling during January-March and the other during June-September (Bains and Pant, 2003). 
Role of Ethylene in Mango Flowering

Ethylene mediated induction of flowering is utilized in the commercial production of mangoes. Growers in the Philippines and in India maintain smoky fires in mango orchards for several days during a vegetative flush to induce good flowering (Valmayor, 1972). Smoke from smudged trees contains ethylene, which stimulates flowering in mango trees (Dutcher, 1972). Endogenous ethylene plays an integral role in the floral inductive process (Sen et al., 1973; Chacko et al., 1974a, b).

 The involvement of endogenous ethylene in the flowering process is also supported by observations that indirectly link ethylene production to the flowering process. Symptoms such as extrusion of latex from terminal buds and epinasty of mature apical leaves, which are associated with high levels of ethylene, occur in mango plants at the time of inflorescence initiation and expansion of the panicles (Abeles, 1973; Davenport and Nunez-Elisea, 1990, 1991).

Indirect evidence of role of ethylene in flowering comes from reports of gradual increase in internal leaf ethylene production with the approach of flowering season. Inconsistent (Pandey et al., 1973; Sen et al., 1973) or non-responsive (Pandey and Narwadkar, 1984; Pandey, 1989) results using etephon sprays have also been reported. Ethephon spray resulted in an elevated ethylene production in mango shoots without an accompanying floral response (Davenport and Nunez-Elisea, 1990, 1991). From these reports, it seems that the role of ethylene in flowering is still unresolved. Levels of ethylene were found to be higher in malformed vegetative and floral tissues as compared with that of healthy tissues at both prior to full bloom and full bloom stages (Pant, 2000; Bains, 2001; Kaushik, 2002; Bains et al., 2003). 

1-Aminocyclopropane-1-Carboxylate Synthase (ACC Synthase)

A simple and sensitive chemical assay was developed for 1-aminocyclopropane-1-carboxylate synthase (ACC synthase). The assay is based on the liberation of ethylene from ACC at pH 11.5 in the presence of pyridoxal phosphate, MnCl2 and H2O2. This assay was used to detect ACC in extracts of Tomato fruits (Lycopersicon esculentum Mill.) and to measure the activity of a soluble enzyme from Tomato fruit that converted S-adenosylmethionine (SAM) to ACC. The enzyme had a Km of 13 µM for SAM, and conversion of SAM to ACC was competitively and reversibly inhibited by aminioethoxyvinylglycine (AVG), an analog of rhizobitoxine. The K value for AVG was 0.2 µM. The level of the ACC-forming enzyme activity was positively correlated with the content of ACC and the rate of ethylene formation in wild-type tomatoes of different developmental stages (Boller et al., 1979).

The molecular mass of 1-aminocyclopropane-1-carboxylate synthase (ACC synthase) from a variety of sources was examined by high-performance gel-filtration chromatography and polyacrylamide gel electrophoresis in the presence of sodium dodecylsulfate. Enzymes used were prepared from wounded or non-wounded pericarp of ripe tomato fruits and wounded mesocarp of winter squash fruits as well as from cells of E. coli that had been transformed with cDNAs for the wound-induced or ripening-induced ACC synthases of tomato and the wound-induced or auxin-induced enzymes from winter squash. The enzymes from tomato tissues were isolated in a monomeric form, whereas the enzymes synthesized in E. coli from cDNAs for tomato ACC synthase were isolated in a dimeric form. ACC synthases of winter squash obtained either from fruit tissues or from transformed E. coli cells were isolated in dimeric forms (Satoh et al., 1993). 

A multigene family encodes ACC synthase. Increased ethylene production is usually correlated with the accumulation of ACC synthase transcripts, indicating that ethylene production is controlled via the transcriptional activation of ACC synthase genes (Oetiker et al., 1997).
1-Aminocyclopropane-1-Carboxylate  oxidase (ACC Oxidase)
In higher plants ethylene is synthesized via methionine ACC pathway (Yang and Hoffman, 1984; Abeles and Abeles, 1972). In this pathway two crucial enzymes regulate the rate of ethylene synthesis, i.e. ACC synthase and ACC oxidase (Yang and Hoffman, 1984; Abeles et al., 1972; Kende, 1993; Perscott and John, 1996). The final reaction in this pathway, which gives rise to ethylene from 1-aminocyclopropane-1-carboxylic acid (ACC) is catalyzed by ACC oxidase, previously referred to as ‘ethylene forming enzyme’. The ACC oxidase reaction is summarized as follows:

ACC + CO2 + ascorbate ( C2H4 + CO2 + dehydroascorbate +HCN + H2O


An important characteristic of ACC oxidase is its requirement for ascorbic acid, Fe2+ and oxygen. The conversion of ACC to ethylene is accompanied by HCN production. This cyanide is produced in an amount stiochiometrically equivalent to ethylene (Peiser et al., 1984) and is detoxified by conversion to (- cyanoalanine. It has been demonstrated that ACC oxidase is induced by various factors such as fruit ripening (Ververidis and John, 1991; Dong et al., 1992, Balague et al., 1993, Nakatsuka et al., 1998), senescence, wounding and infection by pathogen. In these studies results have shown that endogenous or exogenous ethylene participated in the regulation of ACC oxidase (Kim and Yang, 1994). Kim and Yang (1994) further suggested that protein phosphorylation and dephosphorylation were responsible for the signal transduction in ethylene-mediated expression of ACC oxidase gene. 


Ethylene was found to involve in the progress of senescence of post harvest broccoli florets. The induction of ACC oxidase activity rapidly occurred during senescence, which is correlated with the increased level of endogenous ethylene (Kasai et al., 1998).

It was studied that a low oxygen concentration induces an incresase in the ACC oxidase m RNA level, which causes an increased concentration of ACC oxides protein. Although this protein is less active in low oxygen concentration, the increase enzyme ensures that there is enough ethylene produced to stimulate petiole elongation during submergence in Rumex palustris (Vriezen et al., 1999).
Mangiferin 

Mangiferin, a non-toxic polyphenol and a normal metabolite in mango was reported to play an important role in the disease (Ghosal et al., 1979). Enhanced production of mangiferin and increase in the activity of polyphenol oxidase in infected tissues were recorded. Polyphenol oxidase was considered as mangiferin degrading enzyme (Kumar and Chakraborty, 1992).

Symptoms of mango malformation induced by accumulated mangiferin (Table 1.2).

Table 1.2: Symptoms of mango malformation induced by accumulated mangiferin

	Effect of Mangiferin
	Symptoms

	1. Increased IAA content

2. Increased chlorophyll content

3. Increased photosynthesis

4.Reduced respiration and amylase activity

5. Reduced catabolism

6. Reduced transpiration 

	More vegetative growth 

Malformed shoots/panicles look greener.

More carbohydrate synthesis

Carbohydrate accumulation disturbed C/N ratio

More longevity

High moisture content




      (Source: Chakarabarti and Kumar, 2002)

It was suggested that higher concentration of mangiferin in diseased tissues may lower the level of Fusarium sp. Infection inside the diseased tissue. The higher concentration of mangiferin in malformed vegetative tissues and floral tissues do not clearly reveal the fact that Fusarium sp. infection prevents the translocation of mangiferin which results into its accumulation of the site of synthesis and do not predict authentic correlation between Fusarium sp. Infection level and higher concentration of mangiferin with respect to disease incidence (Ansari, 2005). 

Hydrogen Cyanide


Cyanide is a harmful ion, hazardous to life, which forms a very stable complex with the active site (iron and magnesium) in enzymes, thereby inhibiting vital functions in cells such as respiration, CO2 fixation and nitrate reduction. Cyanogenic compounds are widespread in plant species and are mostly stable compounds when conjugated to saccharides forming cyanogenic glycosides. Hydrogen cyanide is released from the cyanogenic compounds during tissue disruption, infection (Yip and Yang, 1998).


Other plant species, which don’t accumulate cyanogenic glycodides but synthesize cyanohydrin from aminoacids are known (Olechno et al., 1984). The degradation of cyanogenic compounds (Poulton, 1990) and the oxidation of 1- aminocylopropane-1-carboxylic acid (ACC) in ethylene biosynthesis are the two major sources by which cyanide is produced in higher plants (Yip and Yang, 1998). 

Cyanide – a Co product of Ethylene Biosynthesis


Ethylene biosynthesis in higher plants is established through the following pathway: 

Methionine( S-Adenosylmethionine( 1-Aminocyclopropane-1-carboxylic acid (ACC) ( C2H4 (Yang and Hoffman, 1984). By employing the 14C tracer labeled at different positions of ACC, it was demonstrated that during the in vivo oxidation of ACC to ethylene, the carboxyl carbons, C-1 and C-2,3 of ACC are metabolized into CO2, L-3-cyanoalanine derivatives, and ethylene, respectively. Although no free HCN was identified, it was asserted that C-1 of ACC is initially liberated as HCN, but is rapidly conjugated into L-3-cyanoalanine derivatives as soon as it is liberated. This notion was based on the observation that the metabolic fate of the C-1 of ACC during its conversion to ethylene was identical to that of administered HCN and that the amount of HCN-conjugates formed was equivalent to that of ethylene produced (Peiser et al., 1984). Thus, the degradation of ACC into ethylene can be represented by the following equation: 

ACC + 1/2 O2  
     C2H4 + HCN + CO2 + H2O. 

This reaction was further confirmed in in vitro using the purified ACC oxidase from apple (Dong et al., 1992). 

Metabolism of Cyanide in Plant

Since no free HCN was detected even in plant tissues, which produced ethylene at very high rates, it was suggested that plants must have ample capacity to metabolize the HCN originating from ACC (Peiser et al., 1984). In higher plants the key enzyme to detoxify HCN is L- 3-cyanoalanine synthase (EC. 4.4.1.9 (Fig 1.2).

Cyanide production in healthy and malformed tissues of Mallika, Khas-ul-Khas and Langra revealed that the change in cyanide level was highest in the time period of 12.00 noon to 2.00 pm. The cyanide levels were higher in the malformed floral tissues at all time intervals with maximum cyanide being observed at 1.0 pm. No cyanide was detectable in healthy or malformed floral tissues during early or the late light period generally (Nailwal, 2004; Nailwal et al., 2006). 
Beta cyanoalanine synthase

(-cyanoalanine synthase is an enzyme that catalyses the conversion of cyanide and cysteine to (-cyanoalanine (Miller and Conn, 1980). It has been detected in all plants examined but considerable variability occurs in levels of activity between species and between different tissues of the same plant. The main physiological role of CAS has been suggested to be the detoxification of cyanide produced in various stages of plants life cycle (Hendrickson and Conn, 1969; Akapyan et al., 1975; Wurtele et al., 1985; Manning, 1988;), such as wounding of cyanogenic plants (Poulton, 1990) and enhancing ethylene biosynthesis (Yip and Yang, 1988). 

Beta-cyano-L-alanine-synthase or L-cysteine hydrogen sulfide lyase (adding HCN) EC (4.4.1.9), a pyridoxal dependent enzyme which catalyses the reaction between cysteine and HCN to form (-cyanoalanine ((-CA) and H2S, was first described in 1963 (Blumenthal-Goldschmidth et al., 1963; Floss et al., 1965 and Blumenthal et al., 1968). The main biological function of (-CAS is evidently (-replacement of -SH in cysteine by CN. The reaction catalyzed by the enzyme is shown below:

HS-CH2-CH(NH2)-COOH + HCN (  NC-CH2-CH(NH2)-COOH + H2S

      (L-cysteine) 


         (L-3-cyanoalanine)

L-3-cyanoalanine synthase is widely distributed in higher plants (Miller and Conn, 1980). L-3-cyanoalanine thus formed is further metabolized to asparagine or to g- glutamyl-L-3-cyanoalanine (Akapyan et al., 1975; Blumenthal et al., 1963; Blumenthal et al., 1968; Hendrickson and Conn, 1969; Manning, 1986; Peiser et al., 1984; Pirrung, 1985). Thus, the cyanide is detoxified and the N is conserved as the amide of asparagines (Castric et al., 1972). L-3-cyanoalanine synthase has been purified about 4000-fold from blue lupine seedlings and this enzyme is pyridoxal-dependent and can be inhibited by 2-aminoxyacetic acid (AOA) or 3-aminoxypropionic acid (Akapyan et al., 1975).

Distribution of (-CAS has been observed in several plants (Miller and Conn, 1980; Peiser et al., 1984). The close relationship has been found between cyanogenesis potential and CAS activity in a variety of higher plants (Miller and Conn, 1980; Peiser et al., 1984 and Wen, 1997). 

(-CAS is predominantly located in mitochondria (Akapyan et al., 1975; Wurtele et al., 1985). The ubiquitous presence of (-cyanoalanine in plants (Hendrickson and Conn, 1969; Wurtele et al., 1984, 1985; Mizutani et al., 1987) suggests that the enzyme is constitutive and has an important metabolic function. One plausible role, alluded to by numerous researchers, is the detoxification of cyanide produced during ethylene biosynthesis or from other sources (Blumenthal et al., 1968; Miller and Conn, 1980; Wurtele et al., 1984, 1985; Manning, 1986; Mizutani et al., 1987).

High enzyme activities were found in tissues of cyanogenic and non-cyanogenic species and were correlated with cyanide production (Miller and Conn, 1980) and ethylene levels (Mizutani et al., 1987). The capacity to metabolize cyanide is greater in older plant tissues and areas with meristematic activity (Wurtele et al., 1985). Ethylene has been suggested to induce de novo synthesis of (-CAS (Manning, 1988). Since in vitro (-CAS activity in tissues that produce ethylene at high rates is quite high (1650 n mol g-1 h-1‑ in ripe apples) and the cyanide levels are low (0.2 n mol g-1 fresh weight, calculated to be 0.2 (M), it was Yip and Yang (1988) who concluded that plant tissues have ample capacity to detoxify HCN derived from ethylene biosynthesis by (-CAS activity. The concentration of HCN appeared to be kept below the non-toxic level of approximately 1(M. 

The Km of (-CAS for cyanide is high; it ranges from 500 to 10,000 (M (Manning, 1988). Tissues also became cyanogenic after treatment with ACC (Yip and Yang 1988). In mungbean hypocotyls cyanide levels went up to approximately 8 (M (Grossmann, 1996).

Although CAS has been reported to be compartmentalized within the mitochondria (Wurtele et al., 1985). The existence of non-mitochondrial cytoplasmic CAS in developing seeds was suggested (Ikegami et al., 1989). Investigation was undertaken to demonstrate the existence of two types of CAS in germinating seeds and to determine which type is stimulated by ethylene (Hasegawa et al., 1995). 

Germinating seeds of many species contain two types of (-cyanoalanine synthase. One is cytoplasmic CAS (cyt-CAS) which is precipitated by 50 % to 60 % (NH4)2SO4 and has a pH optimum of 10.5; cyt-CAS is present at high levels in dry seed and its activity does not increase during imbibition. The activity of cyt-CAS is not affected by exogenously applied C2H4 except in rice (Oryza sativa cv. Sasanishiki). The second type of CAS found in seeds is mitochondrial CAS (mit-CAS), which is precipitated by 60 % to 70 % (NH4)2SO4 and has an optimum pH of 9.5. Mit-CAS is present at low levels in dry seed, and its activity increases greatly during imbibition in the seeds of all species tested. Exposure to C2H4 stimulated mit-CAS activity in seeds of rice, barley (Hordeum vulgare cv. Hadakamugi), cucumber (Cucumis sativus cv. Kagafushinari) and cocklebur (Xanthium pennsylvanicum) (Hasegawa et al., 1995). More and more studies have found more than one CAS isozymes in plants. Ikegami et al., 1988 separated the CASs in higher plants into two classes. The CASs in lupin and barley were proposed to belong to one class. But those from spinach and Lathyrus latifolius were proposed to belong to another class, which possessed some structural similarity with Cysteine synthase (CS) in higher plants.

In blue lupine besides CAS, a CS was also found to be able to calalyze the formation of (-cyanoalanine from cyanide and cysteine (Hendrickson and Conn, 1969). Two types of CAS were also detected in cocklebur seeds (Hasegawa et al., 1995). One type of CAS was attributed to a cysteine synthase (Maruyama et al., 1998). Since the cytosolic CAS activity in cocklebur cotyledons was about 10 times higher than that of the mitochondrial CAS activity, CS in cytosol may be involved in cyanide metabolism in plant tissues (Maruyama et al., 2000). Two of the three CAS isozymes from potato tuber slices and spinach leaves were also attributed to CSs with CAS capacity (Maruyama et al., 2000; Warrilow and Hawkesford, 2000). Both CAS and CS belong to (-substituted alanine synthase family. They possess different substrate specificities and reaction efficiencies. CAS from spinach leaves showed a 10 – fold higher affinity for O-acetylserine than CS, but had a much lower substrate turnover rates than CS in Cys synthesis reaction (Warrilow and Hawkesford, 2000). In studies on the CAS and CS of potato, spinach and Arabidopsis, their obvious distinction was also confirmed by the immunodetection results with antibodies against CAS and CS (Maruyama et al., 2000; Hatzfeld et al., 2000). 


Two CAS isozymes (CAS1 and CAS2) were observed in tobacco. Both CAS isozymes were detected in the isolated cytosol. But only CAS1 was observed in isolated mitochondria and no CAS activity was found in the isolated chloroplast (Liang and Li, 2001). Drought stressed tobacco plants for two days did not inactivate CAS2. Both CAS isozymes were induced and contributed to detoxify cyanide in the tobacco plants under drought stress (Liang, 2003).  


CAS purified from other plant source has been reported to be a dimer (Ikegami et al., 1988, 1989). CAS purified from potato tuber was composed of 34 KDa polypetides separated by SDS-PAGE analysis, whereas the molecular mass of the native CAS was estimated to be 50 KDa by gel filtration (Maruyama et al., 2000).


The (-CAS activity studied in healthy and malformed tissues of mango showed the higher levels of (-CAS activity in healthy tissues suggesting that the greater amount of HCN is being metabolized in the healthy tissues. It can be speculated that the increased level of ‘stress ethylene’ in the malformed tissues is responsible for the augmented levels of cyanide in the malformed tissues as compared to healthy tissues. Thus, lower levels of (-cyanoalanine synthase in the malformed tissues coupled with augmented ethylene production may result in the accumulation of toxic quantities of cyanide resulting in necrosis of tissues (Kukreja, 2000).
Cyanide Resistant Respiration

The first observation on cyanide-resistant respiration in plants was made over 75 years ago, when Genevois found that the respiration of seedlings of Lathyrus odorata (sweet pea) was resistant to cyanide. It is now well documented that cyanide-resistant respiration is a widespread phenomenon in higher plants (both monocotyledons and dicotyledons); it also occurs in a few animal species and in fungi, bacteria and algae (Henry and Nyns, 1975). 

Mitochondria isolated from roots and leaves of ten species (three legumes, one C3-monocotyledon, one C4-monocotyledon, the rest non-leguminous C3-dicotyledons) examined displayed cyanide-resistant oxygen uptake, which was sensitive to both SHAM and tetraethylthiuram disulfide (disulfiram). Concentrations of SHAM greater than 2 mM caused inhibition of the cytochrome path as well as of the alternative path in isolated mitochondria (Lambers et al., 1983). In thermogenic spadix tissue of certain members of the family Araceae (e.g. skunk cabbage, voodoo lily) cyanide-resistant respiration contributes to respiratory rates that rival those found in insect flight muscle. This cyanide-resistant O2 uptake takes place on the inner mitochondrial membrane and appears to contribute a pathway “alternative” to the main cyanide-sensitive cytochrome pathway by which electrons from reduced tricarboxylic acid (TCA) cycle substrates flow to the terminal electron acceptor, O2 (Siedow and Berthold, 1986). In winter rape leaf slices grown at 50C, the patterns of cold-induced changes in total respiratory activity and in the estimated activity of alternative pathway were found to be similar. It seemed that in leaf slices from plants grown in the cold, the cyanide-resistant, alternative pathway participates in oxygen uptake. The effect of cyanide on respiration and the possibility of the development of cyanide insensitive respiration in the malformed tissue cannot be ruled out (Rychter et al., 1988).
It was proposed that activation and engagement of the alternative oxidase might keep Q reduction levels low in order to prevent harmful high levels of free radical production. Complete purification of the alternative oxidase present in the inner mitochondrial membrane has not been achieved successfully, because of its instability on solubilization (Zhang et al., 1996).

Molecular characterization of Mango


Determination of male parent in mango is difficult due to small flower size and large number of flowers on a plant. The ability to distinguish true hybrids versus those resulting from self-pollination would be very useful in mango evaluation programs. A DNA based marker was evaluated for its usefulness in determining parentage among mango seedlings. Caging mature trees of the cultivars Keitt ‘and Kent’ produced two populations. Seedlings from each cultivar were examined by DNA analysis using RAPD markers. The Keitt’ population appeared to result from self-pollination, while considerable outcrossing had occurred among the Kent’ seedlings. The number of non-segregating loci in the parental cultivars was surprisingly high. This result was unexpected as mango is generally considered to be highly polymorphic. Bands amplifying in the progeny that are not present in either parent have also been found. These complications make RAPD markers less desirable for this type of analysis than other DNA molecular markers (Schnell et al., 1995). Random amplification of polymorphic DNA (RAPD) markers have been extensively used to study the genetic relationship in a number of fruit crops (Ravishankar et al., 2000). Apart from RAPD, other techniques like RFLP and AFLP have been used for molecular analysis of tropical and subtropical fruit trees for the identification of cultivars, somatic hybrids, chimaeras, nucellar and zygotic seedlings and in pedigree analysis, construction of genetic linkage maps and molecular marker - assisted selection (Guixin et al., 2002).

DNA based RAPD markers were used to study the genetic relatedness for identification of mango cultivars (Schnell et al., 1995). It was also revealed that a high degree of genetic diversity existed among the mango cultivars (Hemanth et al., 2001).

The mango genotypes were grouped based on their geographical origin and the majority of mango cultivars originated from local gene pool (Lopez-Valenzuela et al., 1997 and Ravishankar et al., 2000). 

Several rapid methods for genomic DNA extraction from plant tissues have been described (John, 1992, Kim et al., 1997 and Porebski et al., 1997). It was reported that isolation of genomic DNA from plants containing a high content of polyphenolics such as grape (Vitis spp), apple (Malus spp), pear (Pyrus spp) was difficult (Kim et al., 1997).


The basic extraction protocol was slightly modified (Dellaporta et al., 1983). Precipitation of DNA by 2.5 ml 5M NaCl and 10 ml ethanol was used and half volume of 5M NaCl and one volume of isopropanol to get better yield (Ravishanker et al., 2000 and Hemanth et al., 2001).  RAPD analysis of 29 Indian mango cultivars comprising popular landraces and some advanced cultivars generated 314 bands, 91.4% of which were polymorphic. A UPGMA dendrogram showed the majority of the cultivars from northern and eastern regions of India clustering together and separate from southern and western cultivars. Analysis of molecular variance revealed that 94.7% of the genetic diversity in mango existed within regions. However, differences among regions were significant; northern and eastern regions formed one zone and western and southern regions formed another zone of mango diversity in India (Karihaloo et al., 2003). 

RAPD analysis for establishing genetic variability showed that the amplified DNA fell in the range of 1400 to 350 kb. The pattern differed with each primer. Unique bands of different sizes specific to malformation were obtained with all the primers (Anitha, 2003).
 The UPGMA (Unweighted pair-group method with arithmetical averages) dendrogram revealed that healthy and malformed inflorescence of each of the varieties studied were quiet distantly placed in the dendrogram further confirming genetically diverse nature of healthy and malformed inflorescence (Nailwal, 2004). 
REFERENCES: 
Abdel-Sattar, M M A  Histopathology of mango malformation. M. Sc. Thesis. Al-Azhar University, 1973, Cairo.

 Abeles, A L  and Abeles, F B    Biochemical pathology for stress-induced ethylene. Plant Physiol. 1972,50: 496-498.

Abeles F B, Morgan P W  and Saltveit, M E  . Ethylene in Plant Biology. Academic Press, New York. 2nd ed pp. 1992, 399.

Akapyan T N, Braunstein, A E and Goryachenkova, EV    (-cyanoalanine synthase: Purification and characterization, Proc. Natl. Acad. Sci. USA 1975, 72 : 1617-1621

Akhtar K P, Khan I A, Jaskani M J, Asif M, Khan, M A  Isolation and characterization of Fusarium moniliforme var. subglutinans (Gibbrella fusikuroi var. subglutinans) from malformed mango. Sultan qaboos University Journal for Scientific Research Agricultural Sciences. 1999, 4 : 19-25.

Anitha, G  Analysis of DNA polymorphism and evolved hydrocarbons in healthy and malformed tissues of mango (Mangifera indica L.). M.Sc. Thesis, 2003, G. B. Pant Univ. of Agric. & Tech., Pantnagar. 

Ansari, M W  Studies on the etiology of mango malformation: physiological and pathological perspectives. Ph.D. Thesis2004, G. B. Pant Univ. of Agric. & Tech., Pantnagar. 

Ansari M W, Nailwal T K, Gomathi Anitha, Singh A K, Bains G, Shukla A, Chaube H S, Singh, U S and Pant R C  Mangiferin (1,3,6,7-tetrahydrooxyxanthone-C2 (-D-glucoside), aphenolic metabolite of mango (Mangifera indica L), affects germinationof spore of Fusarium sp. J. Plant. Bio. , 32: 1-5. 

Archer S A and Hislop E C  Ethylene in host-pathogen relationships. Ann. Appl. Biol 1975, 81 : 121.

Bains G and Pant RC  Mango malformation : Etiology and preventive measures. Physiol. Mol. Biol.Plants 2003, 9 : 41-61. 

Bains G Sand N. K. and Pant R. C.. Role of stress ethylene in mango (Mangifera indica L). malformation. Indian J. Plant Physiol. Special issue: 2003, 480-482.

Balague C, Watson C F, Turner A J, Rouge P, Picton S, Pech J C, and Grieson D  Isolation of a ripening and wound-induced cDNA from Cucumis melo.L. encoding a protein with homology to the ethylene-forming enzyme. Eur. J. Biochem. 1993, 212 : 27-34.

Bhatnagar S S and Beniwal SS  Involvement of Fusarium oxysporum in causation of mango malformation. Plant Dis. Rep.  1977, 61 : 894-898.

Bisht G S, Kumbley R D and Bisht D  Fusarium – a new threat to fish population in reservoirs of Kumaun, India. Current Science. 2000, 78 : 1241-1245. 
Blumenthal S G, Bulter G W and Conn E E  Incorporation of hydrocyanic acid labeled with carbon – 14 into asparagines in seedlings. Nature. 1963, 197: 718-719.

Blumenthal S G, Hendrickson H R, Abrol Y P and Conn E E  Cyanide metabolism in higher plants III. The biosynthesis of (-cyanoalanine. J. Biol. Chem. 1968, 243: 5302-5307. 

Boller T  Ethylene-induced biochemical defenses against pathogens. In: Plant Growth Substances 1982, Wareing, P.F., ed., Academic Press, London. 303pp.

Boller T  Ethylene and plant-pathogen interactions. In: Polyamine and Ethylene Biochemistry, Physiology and Interactions. Flores, H.E., Arteca, R.N. and Shannon, J.C. eds., American Society of Plant Physiologists, Rockville, MD. 1990, 138pp.

Boller T, Horner R C and Kende H  Assay for and enzymatic formation of an ethylene precursor, 1- aminocyclopropane-1-carboxylic acid. Plant. 1979, 145:293-303.

Burhan M J  Mango malformation. Indian J. Hort. 1991, 28 : 80-85.

Campbell C W and Harltt R B  Current status of mango malformation disease in Florida. Proc. Intl. Soc. Trop. Hort. 1986, 30: 223-26.

Castric P A, Farnden K J F and Conn E E  Cyanide metabolism in higher plants. The formation of asparagine from ( - cyanoalanine. Arch. Biochem. Biophys. 1972, 152:62-69.
Chacko E K,  Kohli R R and Randhawa G S  Investigations on the use of 2-chloroethylphosphonic acid {Ethephon (EPA)} for the control of biennial bearing in mango. Scientia Hort 1974a. 2 : 389-398.

Chacko E K, Kohli R R, Swami R D and Randhawa G S Effect of 2-chloroethylphosphonic acid on flower induction in juvenile mango (Mangifera indica L.) seedlings. Physiol. Plant. 1974b ,32 : 188-190.

Chakrabarty D K and Ghosal S  Disease cycle of mango malformation induced by Fusarium moniliforme var. subglutinans and the curative effects of mangiferin metal chelates. Phytopathol. Z. 1989, 125 : 238-246.

Chakrabarty D K and Kumar R  Probability of breaks out of mango malformation epidemic in West Bengal, India. Acta Hort. 1997, 2: 609-611. 

Chakrabarty D K and Kumar R  Mango malformation: Present status and future strategy. 2002, In: Upadhyay, R.K., Arora, D.K. and Dubey,O.P. eds. IPM Systems in Agriculture.

Chauge V, Eld Y, Barakat R, Tudzynski P and Sharom A  Ethylene biosynthesis in Botrytis cinerea. FEMS Microbiol. Ecol. 2002, 40: 143-149.

Crane J.H. and Campbell, C.W.. The Mango. The Horticultural Science Department, Florida Co-operative Extension Service. 1994, Institute of Food and Agricultural Sciences, University of Florida.

Davenport T L and Nunez-Elisea R  Ethylene and other endogenous factors possibely involved in mango flowering. Acta. Hort. 1990, 275:441-447.

Davenport T L and Nunez-Elisea R  Is endogenous ethylene factors involved in flowering of mango. Acta. Hort. 1991, 291: 85-94.

Dellaporta S L, Wood J and Hicks J B  A plant DNA minipreparation : Version II. Plant Molecular Biology Reporter. 1983, 1 : 19-21.

Dong J G, Fernandez-Maculet J C and Yang S F  Purification and characterization of 1- aminocylopropane – 1- carboxylate oxidase from apple fruit. Proc. Natl. Acad. Sci. USA. 1992, 89: 9789-9793. 

Dutcher R D  Induction of early flowering in ‘Carabo’ mango in Philippines by smudging and ethephon application. Hort. Sci. 1972, 7 : 343-344.

FAO Production Yearbook.. Food and Agricultural Organization of the United Nations. 2002. Rome.

Flechtmann C H W, Kimati H, Medcalf J C and Ferre J  Preliminary observations of mango inflorescence malformation and the fungus, insects and mites associated with it. Anis de escola superior de Agriculture, Luiz de Queiroz. 1970, 27 : 281-285.

Floss H F, Hadwiger L and Conn E E  Enzymatic formation of (-cyanoalanine synthase from cyanide. Nature. 1965, 208 : 1207-1208.

Ghosal S, Chakrabarty D K, Biswas K and Kumar Y  Toxic substances produced by Fusarium concerning malformation disease of mango. Experimentia.  1979, 35 : 1633-1634.

Grossmann K  A role for cyanide, derived from ethylene biosynthesis, in the development of stress symptoms. Physiol Plant. 1996, 97: 772-775.

Guixin C, DongMing P, Zhong L,  Xiong L, FengHua W, Chen G X, Pan D M, Lu LX, Lai, Z X and Wang F H  Advances in techniques for DNA molecular markers and their applications in tropical and subtropical fruit trees.  Acta-Agriculturae Universities. 2002, 24 : 2 : 176-182.

Hasegawa R, Maruyama A, Nakaya M, Tsuda S and Esashi Y  The presence of two types of (- cyanoalanine synthase in germinating seeds and their responses to ethylene. Physiol. Plant. 1995, 93: 713-718.

Hatzfeld Y, Maruyama  A, Schmidt A, Noji M, Ishizawa K and Saito K  (-cyanoalanine synthase is a mitochondrial cysteine synthase-like protein in spinach and Arabidopsis. Plant Physiol. 2000, 123 : 1163-1172.

Hemanth Kumar N V, Narayanaswamy P, Theertha Prasad D, Mukunda G K and Sondur S N  Estimation of genetic diversity of commercial mango (Mangifera indica L.) cultivars using RAPD markers. J. of Hort. Sci. & Biot. 2001, 76 : 529-533.

Hendrickson H R and Conn E E  Cyanide metabolism in higher plants, IV. Purification and properties of the (-cyanoalanine synthase of blue lupin. J. Biol. Chem. 1969, 244 : 2632-2640.

Henry M F, Nyns E J Cyanide-insensitive respiration –an alternative mitochondrial pathway . Subcell Biochem. 1975, 4 : 1-65.

Hiffny H A A, El-Barkouki M and El-Banna G S  Morphological and physiological aspects of the floral malformation in mangoes. Egyptian J. Hort.  1978, 5 : 43-53. 

Hislop E C, Hoad G V, and Archer, S A  The involvement of ethylene in plant diseases. In : Fungal pathogenicity and the plant’s response. Byrde, W. and Cutting, C.V., eds., 1973, Academic Press, New York . 87pp.

Ikegami F, Takayama K and Murakoshi I  Purification and properties of (-cyano-L-alanine synthase from Lathyrus latifolius. Phytochemistry. 1988, 27: 3385-3390.

Ikegami F, Takayma K, Kurihara T, Horiuchi S, Tajima C, Shriai R and Murakoshi I  Purification and properties of (-cyano-L-alanine synthase from Vicia angustifoli. Phytochemistry 1989, 28: 2285-2292.

Ilag L and Curtis R W  Production of ethylene by fungi. Science. 1968, 159: 1357.

Imaseki, H. The Biochemistry of ethylene biosynthesis. In: Mattoo, A.K. and Suttle, J.C. eds The plant ormone Ethylene.. Boca Raton, Ann Arbor, Boston, London. CRC Press. pp1991, 337.

John M E  An efficient method for isolation of RNA and DNA from plants containing polyphenolics. Nucleic Acids Research. 1992, 20 : 2381.

Kanwar J S and Nijjar G S Some observations on mango malformation. Research Report. Mango Workers Meeting. Goa. 2-5 May, 1979. 415-419. 

Karihaloo J L, Dwived YK,  Archak S and Gaikwad A B  Analysis of genetic diversity of Indian mango cultivars using RAPD markers. J. Hort. Sci. & Biot 2003, 78 : 285-289.

Kasai Y, Hyodo H, Ikoma Y and Yano M  Characterization of 1- aminocyclopropane-1-carboxylate (ACC) oxidase in broccoli florets and from Escherichia coli  cells transformed with cDNA of broccoli ACC oxidase. Bot. Bull. Acad. Sin. 1998, 39 : 225-230. 

Kaushik S B Studies on the etiology of mango (Mangifera indica L.) malformation. 2002, Ph.D. Thesis, G. B. Pant Univ. of Agric. & Tech., Pantnagar. 188 pp.

Kende H  Ethylene Biosynthesis. Ann. Rev. Plant Physiol. Plant Mol. Biol.  , 1993, 44 : 283-307.       
Khan M D and Khan  A H  Studies on malformation of mango inflorescence in West Pakistan. Punjab Hort. 1960, J. 3 : 229-234.

Khurana A D and Gupta O P  Mango malformation in India. Pesticides.  1973, 7 : 12-13.

Kim S, Lee C H, Shin J S, Chung Y S and Hyung N I  A simple and rapid method for isolation of high quality genomic DNA from fruit trees and conifers using PVP. Nucleic Acid Research. 1997, 25 : 1085-1086.

Kim W T and Yang S F  Structure and expression of cDNAs encoding 1-aminocyclopropane-1carboxylate oxidase homologs isolated from excised mung bean hypocotyls. Planta. 1994, 194: 223-229.

Kukreja S and Pant R C  Role of cyanide in necrosis of malformed tissues of mango. Indian J. Hort. 2000, 57: 102-105.

Kulkarni  V  Mango malformation at Sagareddy (Andhra Pradesh). Research Report  Mango Workers Meeting, Goa. Pp. 1979, 401-405.

Kumar J and Beniwal S P S  A method of estimating cultivar susceptibility against mango malformation : Two symptoms of the same disease of mango. FAO Plant Prot. Bull. 1987, 35 : 21-23.

Kumar R and Beniwal S P S  Role of Fusarium species in the etiology of mango malformation. In: 4th Int. Mango Symp. Miami, 5-10 July, 1992, 133 pp (Abst.), p.17

Kumar, R. and Chakrabarty, D.K.. Biochemical evidence of physiological specialization of Fusarium moniliforme Sheld. The incitant disease of Mangifera indica L. Indian J. Expt. Biol. 1992, 30 : 448-450.

Lambers, H., Day, D.A., Azcon-Bieto, J.. Cyanide resistant respiration in roots and leaves. Measurements with intact tissues and isolated mitochondria. Physiol. Plant. 1983, 58: 148-154

Liang, W. S.. Drought stress increases both cyanogenesis and (-cyanoalanine synthase activity in tobacco. Plant Sci.. 2003, 165: 1109-1115.

Liang, W. S. and Li, D.B. The two (-cyanoalanine synthase isozymes of tobacco showed different antioxidative abilities. Plant Sci.. 2001, 161: 1171-1177.

Litz, R.E.. The Mango: Botany, production and uses. Wallingford, 1997, CAB International.

Lopez-Valenzuely, J.A., Martinez, O. and Pardes-Lopez, O.. Geographic differentiation and embryo type identification in Mangifera indica L. cultivars using RAPD markers. Horticulture Science. 1997, 32 : 1105-8.

Lund, S.T., Stall, R.E. and Klee, H.J.. Ethylene regulates the susceptible response to pathogen infection in tomato. Plant Cell. 1998, 10: 371-382.

Majumdar, P.K. and Sharma, D.K. 1990. Mango. In: fruits tropical and subtropical, Naya Prakash 206 Buddha, Sarai, Calcutta Six.

Mallik, P.C.. Studies on malformation of mango inflorescence. Proc. 48th Indian Sci. Cong. Roorkee III : 1961, 501-502.

Mallik, P.C.. mango malformation – Symptoms, causes and cure. Punjab. Hort. J.  1963, 3 : 292-299. 

Malo, S.E. and McMillan Jr. R.T.. A disease of Mangifera indica L. in Florida similar to mango malformation. Proc. State Hort. Soc.  1972, 85 : 254-268.

Manicom, B.Q.. Blossom malformation of mango Grower’s Assoc. Yrbk 1989, 10: 11-12.

Manning, K.. Ethylene production and (-cyanoalanine synthase activity in carnation flowers. Planta. 1986, 168: 61-66.

Manning, K.. Detoxification of cyanide by plants and hormone action – In cyanide compounds in biology, Ciba Foundation Symposium 140 (D. Evered and S. F. Garnety, eds), 1988, pp. 92-110. Wiley, Chichester

Maruyama, A., Ishizawa, K. and Takagi, T.. Purification and characterization of (-cyanoalanine synthase and cysteine synthases from potato tubers: Are (-cyanoalanine synthase and mitochondrial cysteine synthase same enzymes. Plant Cell. Physiol. 2000, 41 : 200-208. 

Maruyama, A., Ishizawa, K., Takagi, T. and Esahi, Y.. Cytosolic (-cyanoalanine synthase activity attributed to cysteine synthases in cocklebur seeds. Purification and characterization of cytosolic cysteine synthases. Plant Cell. Physiol. 1998, 39: 671-680.

Meah, B. and Khan, A.A.. Mango diseases in Bangladesh. In: 4th Int. Mango Symp. Miami, 5-10 July (Abstr.). 1992, P-20, 133 pp 

Meyer, T., Burow, M. and Bauer,M.. Arabidopsis sulfutranserases: investigation of their function during senescence and in cyanide detoxification. Planta. 2003, 217 : 1-10.

Miller, J.M. and Conn, E.E.. Metabolism of hydrogen cyanide in higher plants. Plant Physiol. 1980, 65 : 1199-202.

Miyazaki, J.H. and Yang, S.F.. Inhibition of methionine cycle enzymes. Phytochemistry. 1987, 26: 2655-2660.

Mizutani, F., Hirota, R. and Kadoya, K.. Cyanide metabolism linked with the ethylene biosynthesis in ripening apple fruit. J. Jpn. Soc. Hortic. Sci. 1987, 56: 31-38.

Nailwal, T. K. 2004. Studies on the etiology of mango (Mangifera indica L.) malformation: role of stress ethylene and cyanide. Ph.D. Thesis, G. B. Pant Univ. of Agric. & Tech., Pantnagar. 

Nailwal, T. K., Anitha Gomathi, K., Bains, G., Sand, N. K. and. Pant, R.C.. Mango (Mangifera indica L.) malformatiom : Role of stress ethylene and cyanide. Physiol. Mol. Biol. Plants. 2006, 12 (2): 131-134
Nakatsuka, A., Murachi, S., Okunishi, H., Shiomi, S., Nakano, R., Kubo, Y, and Inaba, A.. Differential expression and internal feedback regulation of 1- aminocyclopropane-1-carboxylate synthase, 1- aminocyclopropane-1-carboxylate oxidase, and ethylene receptor genes in tomato fruit during development and ripening. Plant Physiol. 1998, 118: 1295-1305. 

NBH. 2004. National Board of Horticulture

Negi, S.S.. Mango production in India. Acta Horticulturae. 2000, 509 : 9-77. 

Nirvan, R.S.. Bunchy top of young mango seedlings. Sci. Cult. 1953, 18 : 335-336.

Oetiker, J.H., Olson, D.C., Shiu, O.Y. and Yang, S.F. Differential induction of seven-1-aminocyclopropane-1-carboxylate synthase genes by elicitor in suspension cultures of tomato (Lycopersicum esculentum). Plant Mol. Biol. 1997, 34: 275-286.

Olechno, J.D., Poulton, J.E. and Conn, E.E.. Nandinin an acylated free cyanohydrin from Nandina domestica. Phytochemistry1984,  23 :1784-1785.

Padron, S.J.. Factors responsible for low yield of mango. Bol. Resenas. Port. Plantas.  1983, 10 :  37-38.

Pandey, R.M.. Physiology of flowering in mango. Acta Hort. 1989, 213 : 361-380.

Pandey, R.M. and Narwadkar, P.R.. Studies on the induction of growth and flowering in Dashehari Mango. Indian J. Hort. 1984, 41:171-176.

Pandey, R.M., Singh, R.N. and Sinha, G,.C.. Usefulness of ethrel in regulating flower bearing in mango. Sci. Cult 1973, 39 : 148-150.

Pandey, S.N.. Cultivars in Mango cultivation (R.P. Srivastava, ed.). International Book Distributing Company, Lucknow.,pp. 1998, 39-99

Pant, R.C.. Is ‘Stress ethylene’ the cause of mango (Mangifera indica L.) malformation? Physiol. Mol. Biol. Plant. 2000, 6 : 8-14. 

Peiser, G.D., Wang, T., Hoffman, N.E., Yang, S.F., Liu, H. and Walsh, C.T.. Formation of cyanide from carbon of 1-aminocyclopropane-1-carboxylic acid during its conversion of ethylene. Proc. Natl. Acad. Sci. USA. 1984, 81:3059-3063.

Perscott, A. G and John, P.. Dioxygenases: molecular sturcture and role in plant metabolism. Annu. Rev. Plant. Physiol. Plant Mol. Biol. 1996, 47: 245-271.

Pirrung, M. C.. Ethylene biosynthesis 3. Evidence concerning the fate of C-1-N-1 of 1- aminocyclopropane-1-carboxylic acid. Bioorg. Chem. 1985, 13: 219-226.

Ploetz, R.C. and Gregory, N. Mango malforamtion in Florida: distribution of Fusarium subglutinanas in affected trees, and relationship among strains within and among different orchard. Acta Hort.  1993, 341: 388 

Porebski, S., Bailey, G. and Baun.. Modification of a CTAB DNA extraction protocol for plants containing high polysaccharide and polyphenol components. Plant Molecular Reporter. 1997, 15 : 8-15.

Poulton, J. E.. Cyanogenesis in plants. Plant Physiol. 92 :401-4102 In J. E. Kinsella and G. Soucie (eds.), Food Proteins. American Oil Chemist’s Society, 1990, pp. 381-4.1. 

Prasad, A., Singh, H. and Shukla, T.N.. Present status of mango malformation disease. Indian J. Hort.  1965, 22 : 254-265.

Ram, S. and Yadav, V.K.. Mango malformation – A Review. J. Appl. Hort 1999,  1 : 70-78.

Ravishanker, K.V., Anand, L. and Dinesh, M.R.. Assessment of genetic relatedness among mango cultivars of India using RAPD markers. J. of Horticultural Science and Biotechnology. 2000, 75: 198-201.

Rychter, A.M., Ciesla, E. and Kacperska.. Participation of the cyanide-resistant pathway in respiration of winter rape leaves as affected by plant cold acclimation. Physiol. Plant. 1988, 75 : 299-304.

Rychter, A.M., Ciesla, E. and Kacperska.. Participation of the cyanide-resistant pathway in respiration of winter rape leaves as affected by plant cold acclimation. Physiol. Plant. 1988, 75 : 299-304.

Satoh, S., Mori, H. and Imaseki, H.. Monomeric and dimeric forms and the mechanism-based inactivation of 1- aminocyclopropane-1-Carboxylate Synthase. Plant Cell Physiol. 1993, 34: 753-760.  

Schlosser, E.. Mango malformation : Symptoms, occurrence and varietal susceptibility. FAO Plant Prot. Bull.  1971a , 19 : 12-14.

Schnell, R.J., Ronning, C.M. and Knight, R.J., Jr.. Identification of cultivars and validation of genetic relationships in Mangifera indica L. using RAPD markers. Theoretical and Applied Genetics. 1995, 90: 269-274.

Schwartz, A. 1968. A new mango pest. Farming in South Africa.  9 : 7.

Sen, P.K., Bandhopadhayay,M., Roy, S.S. and Basu, R.N.. Use of ethereal in controlling non uniform bearion of mango (Mangifera indica L). Indian Agric. 1973, 17: 285-288.

Sharma, R.R., Sharma, H.C. and Goswami, A.M.. Polyphenol oxidase activity and phenolic content pattern during shoot development of grape (Vitis vinifera L.) in different growing seasons. J. Plant. Biochem. Biol. 1994, 3 : 145-147. 

Shawky, I., Zidan, Z., Eo-Tomi, A. and Dahshan, A.D.J. 1980. Flowering malformation in relation to vegetative growth of Taimour mangoes. Egypt. J. Hort. 7 : 1-8.

Siedow, J.N. and Berthold, D.A.. The alternate oxidase: A cyanide- resistant respiratory pathway in higher plants. Physiol. Plant. 1986, 66: 569-573. 

Singh, L.S., Singh, S.M. and Nirvan, R.S.. Studies on mango malformation review, symptoms, extent, intensity and cause. Hort. Adv.  1961, 5: 197-207.  

Summanwar, A.S.. Mango malformation: Serious economic consequences. Indian Hort. 1967, 11 : 12-16.

Summanwar, A.S.. Mango malformtion : Serious economic consequences. Indian Hort.  1973, 11  : 12-16.

Tripathi, R.D.. Bunchy top and malformation diseases of the mango. Indian J. Hort. 1954, 11 : 122-124.

 Valmayor, R.T.. The Philippine mango industry-its problems and progress. Acta Hort. 1972, 24 : 19-23.

Varma, A., Lele, V.C., Majumder, P.K., Ram, A., Sachchidananda, J., Shukla, U.S., Sinha, G.C. and Yadava, T.D.. Towards the understanding of the problem of mango malformation. Proc. ICAR Workshop on Fruit Research.  Ludhiana. 1969, April 28-30.

Varma, A., Rayachaudhuri, S.P., Lele, V.C. and Ram, A.. Preliminary investigations on epidemology  and control of mango malformation. Proc. Indian Nat. Sci. Acad.  1971, 37 : 291-300. 

Ververidis, P. and John, P.. Complete recovery of in vitro of ethylene –forming enzyme activity. Phytochemistry. 1991, 30: 725-727. 

Vriezen, W.H., Hulzink, R., Mariani, C. and Voesenek, L.A.C.J.. 1- aminocyclopropane-1-carboxylate oxidase activity limts ethylene biosynthesis in Rumex palustris during submergence. Plant Physiol. 1999, 121: 189-195. 

Wada, A.C., Goswami, A.M., Singh, C.N., Chhonkas, O.P. and Sharma, R.R.. Polyphenol oxidase activity as an index for screening mango (Mangifera indica L.) germplasm against malformation. Plant Genetic Resource, Newsletter. 2001, 9 (124) : 41-43.

Warrilow, A. G. and Hawkesford, M. J.. Cysteine synthase (O- acetylserien (thiol) lyase) substrate specificities classify the mitochondrial isoform as a cyanoalanine synthase. J. Exp. Bot. 2000, 51: 985-993.

Wen, J. Q., Huang,F.,  Liang, W. S. and Liang H. G.. Increase of HCN and (- cyanoalanin synthae activity during ageing of potato tuber slices. Plant Science. 1997, 147 -151.

Winder, R.S.. The influence of substrate and temperature on the sporulation of Fusarium avenaceum and its virulence on marsh reed grass. Mycological Research. 1999, 103 : 1145-1151.

Wurtele, E.S., Nikolau, B.J. and Conn, E.E.. Tissue distribution of (-cyanoalanine synthase in leaves. Plant Physiol. 1984, 75:  979-982.

Wurtele, E.S., Nikolau, B.J. and Conn, E.E.. Subcellular and developmental distribution of (-cyanoalanine in barley leaves. Plant Physiol. 1985,78: 285-290.

Yang, S.F. and Hoffman, N.E.. Ethylene biosynthesis and its regulation in higher plants. Ann. Rev. Plant Physiol. Plant Mol. Biol. 1984, 35 : 155-189.

Yang S F  and Pratt, H K    The physiology of ethylene in wounded plant tissues. In : Biochemistry of Wounded Plant Tissues. Kahl, G., Ed., Water de Gruyter, Berlin1978, 595pp.
Yip WK and Yang F S. Cyanide metabolism in relation to ethylene production in plant tissues. Plant Physiol. 1988, 88:473-476.

Zhang Q, Hoefnagel, M H N, Wiskich, J T Alterantive oxidase from Arum and soybean: Its stabilization during purification. Physiol. Plant . 1996, 96: 551-558. 

5/11/2009
