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Abstract: Physiology and induction of defense enzymes   in meristem derived and Cassava mosaic virus infected cassava 

plants (cv. MVD1 and cv. H226) were studied. Chlorophyll a, chlorophyll b, total chrolorophyll, total phenol, total sugars 

and total soluble protein contents were more in meristem derived healthy cassava plants as compared to Cassava mosaic 

virus infected cassava plants. SDS-PAGE analysis revealed the presence of 35 KDa protein in Cassava mosaic virus infected 

samples of cv. MVD1 and cv. H226 collected from field which was absent in meristem derived healthy plants. Induction of 
enzymes viz., PO, PPO, PAL and catalase was more in Cassava mosaic virus infected cassava plants.  

 

Keywords: Cassava mosaic virus, Chlorophyll, Phenol, Protein, Meristem 

 

INTRODUCTION 

 

lant virus infection leads to measurable 

changes in the physiological process of the 

host.  Any biochemical or physiological study on 

infected plants may contribute to understand the 

virus disease (Bawden and Pirie, 1952). Porter 

(1959) reported that changes in metabolism of host 

cell induced by the virus leads to various 

macroscopic and microscopic symptoms. Chant 

and Beck (1959) reported that the chloroplasts in 

mosaic infected leaves are fewer in number and 

they have the tendency to line the cell wall. 

Ramakrishnan et al. (1969) reported that 

chlorophyll a and b levels were significantly lower 

in diseased plants than in healthy ones. But, both in 

diseased and healthy plants, chlorophyll a and b 

increased with age. Chant et al. (1971) reported 

that photosynthetic activity of immature and 

senescent leaves was not affected by Cassava 

mosaic virus infection but reduced by 

approximately 23 per cent in infected mature 

leaves. Chloroplasts of virus-infected mesophyll 

cells were irregular in shape and contained 

numerous swollen starch grains. Alagianagalingam 

and Ramakrishnan (1978) also reported that mosaic 

infected leaves had less chlorophyll and carotene 

and lower photosynthetic rate. Ayanru and Sharma 

(1982) observed that concentration of chlorophyll a 

and b of diseased samples was reduced by 32-62 

per cent and 37-57 per cent respectively as 

compared with healthy leaves.  Madhubala (2003) 

reported that cassava plants infected with ICMV 

had less chlorophyll. Chlorophyll a, b and total 

chlorophyll were significantly lesser in diseased 

plants than in healthy and regenerated ones. The 

per cent decrease over healthy was 9.92 with 

chlorophyll a, 18.83 with chlorophyll b and 12.45 

with total chlorophyll in case of infected cassava 

leaves. 

Daniel et al. (1977) reported that total phenols, ortho-

dihydroxyphenols, flavanoids , ascorbic acid and 

calcium content of ICMV infected leaves were 

significantly reduced than healthy leaves as a result 

of infection.  Madhubala (2003) reported that 

Cassava mosaic virus infected cassava plants 

showed 29.54 per cent increase in total phenol 

content and 22.30 per cent increase in total sugar 

content compared to healthy ones . Virus infection 

affects the host protein and the synthesis of virus 

protein may exert a considerable direct stress on 

host protein metabolism (Reddi, 1963). 

Nambisan (1994) observed higher amount of 

soluble proteins in ICMV infected cassava plants 

than healthy plants and the extractability was less 

at low pH and increased at higher pH. But the total 

protein content in healthy and diseased leaves was 

similar. Electrophoretic protein profiles of healthy 

and diseased leaves revealed that new proteins 

were induced in diseased plants. Madhubala (2003) 
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reported that the soluble protein in infected plants 

increased by 14.29 per cent compared to healthy 

plants. 

Chant et al. (1971) found that respiration rate and 

peroxidase activity were increased in cassava 

leaves as a result of infection with Cassava mosaic 

virus. They also reported that no new virus -specific 

peroxidase isozymes were found as a result of 

infection, but one isozyme apparently occurs in 

greater quantity in virus infected leaves. 

Alagianagalingam and Ramakrishnan (1974) 

reported that respiration was faster in infected 

cassava leaves and they observed significant 

difference in catalase, peroxidase and ascorbic acid 

oxidase activities. Vasanthi (1998) reported that 

there was a significant increase of peroxidase, 

polyphenol oxidase, phenylalanine ammonia lyase 

and catalase activity in diseased plants compared 

with that of healthy and regenerated cassava plants. 

Madhubala (2003) reported that there was a 

significant increase in peroxidase, polyphenol 

oxidase, phenylalanine ammonia lyase and catalase 

activity to the tune of 16.67 and 38.01 respectively 

in Cassava mosaic virus infected cassava plants 

compared to healthy ones. 

 

MATERIALS AND METHODS 

 

Physiology and biochemistry of meristem 

derived and Cassava mosaic virus infected 

cassava plants 

Plant - virus interaction alters the host physiology. 

Hence, studies were undertaken to assess changes 

in physiology of healthy cassava plants (meristem 

derived) as well as Cassava mosaic virus infected 

cassava plants of cv. MVD1 and cv. H226  

Estimation of chlorophyll 

Chlorophyll a, b, and total chlorophyll were 

estimated using the procedure of Witham et al. 

(1971). Fresh leaf material of meristem derived and 

Cassava mosaic virus infected cassava weighing 1 

gram was taken in a mortar and macerated with 20 

ml of 80 per cent acetone. The homogenate was 

centrifuged at 5000 rpm for 5 min. The supernatant 

was transferred to a 50 ml volumetric flask and the 

residue was again extracted with acetone. The 

procedure was repeated till the residue became 

colourless. The volume of the chlorophyll extract 

was made up to 100 ml with 80 per cent acetone. 

The optical density was measured in a 

spectrophotometer at 663, 652 and 645 nm using 

80 per cent acetone as blank. The contents of a, b 

and total chlorophyll were calculated using the 

following formulae, 

 

Chlorophyll b = 22.9 (A 645) – 4.68 (A663)   x 

V/1000 x W 

Total chlorophyll = 20.2 (A 645) – 8.02 (A663)  x 

V/1000 x W 

Chlorophyll a = 12.7 (A 663) – 2.69 (A645)   x 

V/1000 x W 

 

where,  A= absorbance at specific wave lengths, 

V = final volume of chlorophyll extract in 80 per 

cent acetone and 

W = fresh weight of tissue extracted. 

The results were expressed as mg g
-1

 on fresh 

weight basis. 

 

Estimation of total phenol 

Total phenol was estimated by adopting the 

protocol of Malik and Singh (1980). One gram of 

cassava leaf samples collected from meristem 

derived and Cassava mosaic virus infected plants 

were homogenized in 10 ml of 80 per cent ethanol. 

The homogenate was centrifuged at 10,000 rpm for 

20 min and the supernatant was taken. The 

supernatant was evaporated to dryness and the 

residue was dissolved in known volume of water.  

To 1 ml of the extract, 5 ml of distilled water and 0. 

5 ml of Folin- Ciocalteau reagent were added and 

the solution was kept at 25ºC. After 3 min, one ml 

of sodium carbonate (20% solution) and 1 ml of 

distilled water were added and the reaction mixture 

was incubated for 1 h at 25ºC. The intensity of blue 

color was read at 650 nm in a spectrophotometer 

against a reagent blank. Catechol at different 

concentrations served as the standard. The amount 

of phenol was expressed as catechol equivalent in 

mg g 
-1

 of fresh tissue. 

Estimation of total sugars 

Total sugar content was determined by anthrone 

method (Hedge and Hofreiter, 1962). One hundred 

milligram of cassava leaf samples collected from 

meristem derived and Cassava mosaic virus 

infected plants were homogenized in 5ml of 80% 

ethanol. The homogenate was centrifuged at 10,000 

rpm for 10 min and the supernatant was collected. 

Two hundred micro liters of the supernatant was 

taken in a boiling test tube and the alcohol was 

evaporated using a water bath. The residue was 

dissolved in 1 ml of water. To this 4 ml of anthrone 

reagent was added and heated for 8 min in a boiling 

water bath. Later, the tubes were cooled rapidly and 

the absorbance was read at 630nm in a 

spectrophotometer. D-glucose was used as a 

standard and the total sugar content was expressed 

in terms of mg of glucose equivalent per g of leaf 

tissue on fresh weight. 

Estimation of total soluble proteins 

Total soluble protein content was estimated as 

described by Bradford (1976). 

Preparation of stock solution 

One hundred mg of coomassie brilliant blue G250 

was dissolved in 50 ml of 95 per cent ethanol and 

to that 100 ml of concentrated ortho-phosphoric 

acid was added. The volume was made upto 200 ml 

with water and kept at 4 ºC. Stock solution was 
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diluted four times with water to get the working 

solution. 

Sample preparation 

One gram of cassava leaf samples collected from 

meristem derived and Cassava mosaic virus 

infected plants were homogenized in five ml of 0.1 

M phosphate buffer (pH 7.0) using chilled pestle 

and mortar. The homogenate was centrifuged at 

10,000 rpm for 10 min at 4 ºC and the supernatant 

was used for the assay of soluble protein. 

Assay 

To 0.5 ml of the extract, 0.5 ml of water and 2.5 ml 

of the working dye solution were added and 

incubated for five min at room temperature. One ml 

of water added with 2.5 ml of dye served as the 

blank. The intensity of blue color was measured at 

595 nm in a spectrophotometer. Bovine serum 

albumin at various concentrations served as the 

protein standard. Soluble protein content was 

expressed as mg albumin equivalent of soluble 

protein g
-1

 on fresh weight basis. 

Protein profile of meristem derived and Cassava 

mosaic virus infected cassava plants of cv. 

MVD1 and cv. H226 

Protein profile of infected and healthy (meristem 

derived) cassava samples from the varieties MVD1 

and H226 were analyzed using sodium dodecyl 

sulphate – polyacrylamide gel electrophoresis 

(SDS-PAGE). SDS-PAGE was performed 

according to Laemmli (1970) using 12% 

acrylamide gel (Annexure V). Five hundred 

milligram of healthy and infected cassava leaf 

samples were homogenized separately with 0.5 ml 

of 0.1 M sodium phosphate buffer (pH 7.0) and 

centrifuged at 10,000 rpm for 10 min at 4 ºC. From 

the supernatant, 25 μl was taken and mixed with 

equal quantity of sample buffer. The samples were 

boiled for three minutes and cooled and were 

loaded on to the gel. Medium range protein marker 

was loaded on one well. Gel running was done at a 

constant voltage (65V) and the gel was stained 

overnight. After proper staining, the gel was 

destained and destaining was continued till the 

protein bands became clear.  

Enzyme activities in meristem derived and 

Cassava mosaic virus infected cassava plants of 

cv. MVD1 and cv. H226 

Peroxidase (PO) 

Activity of peroxidase was determined as detailed 

by Hammerschmidt et al. (1982). One gram of 

cassava leaf samples collected from meristem 

derived and Cassava mosaic virus infected plants 

were homogenized in 1 ml of 0.1 M phosphate buffer 

pH 7.0 in a pre-cooled pestle and mortar. The 

homogenate was centrifuged at 10,000 rpm for 20 

min at 4
o
C. The supernatant was used as enzyme 

source. The reaction mixture consisting of 1.5 ml 

of 0.05 M pyrogallol and 0.1 ml of enzyme extract 

was taken in a cuvette. To initiate the reaction 0.5 

ml of 1.0 per cent H2O2 was added. The change in 

absorbance was recorded at 420 nm at 30 s interval 

for three min from zero s of incubation at room 

temperature. The boiled enzyme served as blank. The 

enzyme activity was expressed as change in 

absorbance min
-1

g
-1

 of fresh tissue. 

Polyphenol oxidase (PPO) 

One gram of fresh cassava leaf samples collected 

from meristem derived and Cassava mosaic virus 

infected plants were ground in 1ml of 0.1 M 

phosphate buffer (pH 7.0) in a pre-cooled pestle and 

mortar. The homogenate was centrifuged at 10,000 

rpm for 15 min at 4
o
C. The supernatant was used as 

enzyme source. The reaction mixture consisting of 

1.5 ml of 0.1 M sodium phosphate (pH 7.0) and 0.1 

ml of enzyme extract was taken in a cuvette. To 

this, 0.2 ml of catechol (0.01M) was added to 

initiate the reaction. The change in absorbance was 

recorded at 495 nm at 30 s interval for three min and 

the results were expressed as change in absorbance 

min
-1 

g
-1

 of fresh tissue (Mayer et al., 1965). 

Phenylalanine ammonia lyase (PAL) 

Five hundred mg of cassava leaf samples collected 

from meristem derived and Cassava mosaic virus 

infected plants were homogenized in 5 ml of cold 

25 mM borate HCl buffer (pH 8.8). The 

homogenate was centrifuged at 10000 rpm for 15 

min and the supernatant was used as enzyme source. 

The assay mixture consisted of 0.2 ml of enzyme 

extract, 1.3 ml water and 0.5 ml borate buffer. The 

reaction was initiated by the addition of 1ml of 12 

mM L-Phenylalanine. The reaction mixture was 

incubated for 1 h at 32 
o
C. The reaction was 

stopped by the addition of 0.5 ml of 2 N HCl. The 

absorbance was measured at 290 nm. PAL activity 

was determined as the rate of conversion of L-

phenylalanine to trans-cinnamic acid. The enzyme 

activity was expressed as n mol of trans -cinnamic 

acid min
-1

g
-1

 of leaf tissue (Dickerson et al., 1984). 

Catalase 

Catalase activity was assayed in the leaf samples 

collected from   meristem derived and Cassava 

mosaic virus infected cassava plants as per the 

method described by Beers and Sizer (1952). 

Enzyme extract was obtained as described in 

peroxidase assay and it was used for catalase 

activity. Reaction mixture consisting of 0.5ml of 

0.1M phosphate buffer (pH 7.0), 0.2ml of enzyme 

extract and 0.1ml of 1% H2O2 was incubated at 

28±1
o
C. At the start of the enzyme reaction the 

absorbance of the mixture was set zero at 230nm in 

a spectrophotometer and changes in the absorbance 

was recorded at 15 sec intervals for 3 min. Catalase 

activity was expressed as change in the absorbance 

of the reaction mixture/ min/ g of leaf tissue on 

fresh weight basis. 

Native - polyacrylamide gel electrophoresis 

(PAGE) analysis of PO and PPO for meristem 

derived and Cassava mosaic virus infected 

cassava plants of cv. MVD1 and cv. H226 
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Samples collected from meristem derived and  

Cassava mosaic virus infected plants were 

homogenized with 1 ml of 0.1 M sodium phosphate 

buffer pH 7.0 and centrifuged at 10,000 rpm for 20 

min at 4
o
C. The protein content of the sample was 

determined by Bradford (1976) method. Samples (50 

µg protein) were loaded onto separating gel of 8.0 per 

cent and stacking gel of 4.0 per cent 

polyacrylamide concentration for the analysis of PO 

and PPO isoforms. 

Peroxidase (PO) 

After electrophoresis, the gel was stained in 0.2 M 

acetate buffer at pH 4.2 containing 0.05 per cent 

benzidine for 30 min in dark. Then drops of H2O2 

(30%) were added slowly with constant shaking to 

visualize the PO isoforms. After staining, the gel 

was washed with distilled water and photographed 

(Nadlony and Sequira, 1980). 

Polyphenol oxidase (PPO) 

After native gel electrophoresis, the gel was immersed 

for 30 min in p-phenylene diamine (0.1%) in 0.1 M 

potassium phosphate buffer (pH 7.0). Later  10 mM 

catechol was added and kept in a shaker with gentle 

shaking and observed for the appearance of dark 

brown bands (Jayaraman et al., 1987). 

 

RESULTS AND DISCUSSION 

 

Physiology and biochemistry of meristem derived 

and Cassava mosaic virus infected cassava plants 

of cv. MVD1 and cv. H226   

Estimation of Chlorophyll 

Meristem derived healthy cassava plants of cv. 

MVD1 and cv. H226 were having more 

chlorophyll content. Chlorophyll a, b and total 

chlorophyll were significantly more in healthy 

cassava plants than in Cassava mosaic virus 

infected cassava plants. Such increase in healthy 

plants over infected was 10.46% and 10.44% in 

chlorophyll a, 27.5% and 21.3% in chlorophyll b 

and 19.10% and 18.11% in total chlorophylls in cv. 

MVD1 and cv. H226 plants respectively. (Table 1) 

(Table 2). This is in agreement with the results of 

Alagianagalingam and Ramakrishnan (1978). They 

reported that mosaic infected cassava leaves had 

less chlorophyll and carotene and lower 

photosynthetic rate. Similar results were obtained 

by Vasanthi (1998). The loss in chlorophyll content 

might be due to the diversion of plastid protein into 

virus protein (Bawden and Pirie, 1952) or as a 

result of normal cell enzymes that attack the 

chlorophyll (Goodman et al., 1977). This has also 

been attributed to either the inhibition of 

chloroplast development or the distribution of 

pigments in matured chloroplasts (Matthews, 

1981). In meristem derived plants because of the 

absence of the virus there was no degradation of 

chlorophyll. 

Estimation of total phenols 

Meristem derived healthy cassava plants of cv. 

MVD1 and cv. H226 exhibited 33.40% and 

31.49% increase in total phenol content as 

compared to that in Cassava mosaic virus infected 

plants (Table 3) (Table 4). This finding is contrary 

with the observations of Vasanthi (1998) and 

Madhubala (2003). Where they reported that total 

phenol content was more in Cassava mosaic virus 

infected cassava plants. In general phenols are 

mainly responsible for resistance in plants against 

stresses. Because of the presence of more amount 

of phenols the meristem derived plants are 

completely free from viruses.   

Estimation of total sugars 

Meristem derived healthy cassava plants of cv. 

MVD1 and cv. H226 exhibited a significant increase 

in total sugar content (31.30% and 19.26% 

respectively) as compared to that in Cassava mosaic 

virus infected plants (Table 3). The reduced levels of 

total sugar content of the diseased plants may be due to 

higher utilization of sugars for phosphate ester formation 

required for virus nucleic acid synthesis (Singh and 

Srivastava, 1974).  Conversion of sugars into amino 

acids and organic acids may be yet another possible 

reason for the reduced level of sugars in virus infected 

plant (Maggyaarosy et al., 1973). In meristem derived 

plants because of the absence of the virus there was no 

chance of conversion of sugars into amino acids and 

organic acids. 

Estimation of total soluble proteins 

Total soluble proteins in meristem derived healthy 

cassava plants of cv. MVD1 and cv. H226 

increased to the tune of 47.49% and 31.67% 

respectively as compared to that in Cassava mosaic 

virus infected plants (Table 4). This is in contrary 

with the findings of Nambisan (1994), Vasanthi 

(1998) and Madhubala (2003). Where they reported 

that total soluble content was significantly 

increased in Cassava mosaic virus infected cassava 

plants. 

Protein profile of meristem derived and Cassava 

mosaic virus infected cassava plants of cv. 

MVD1 and cv. H226 

SDS-PAGE analysis revealed the presence of 35 

KDa protein in Cassava mosaic virus infected 

samples of cv. MVD1 and cv. H226 collected from 

field, which was absent in meristem derived 

healthy plants (Picture 1). 

Enzyme activities in meristem derived and 

Cassava mosaic virus infected cassava plants of 

cv. MVD1 and cv. H226 

Infection of the cassava plants (cv. MVD1 and cv. 

H226) by Cassava mosaic virus led to increased 

Peroxidase, Polyphenol oxidase, Phenylalanine 

ammonia lyase, Catalase activity (Table 5) (Table 

6). When compared to Cassava mosaic virus 

infected cassava plants Peroxidase, Polyphenol 

oxidase, Phenylalanine ammonia lyase, Catalase 

activity significantly decreased in meristem derived 

healthy cassava plants of cv. MVD1 and cv. H226 
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to the tune of 19.26%, 28.34%,8.43%,20.58% and 

22.7%, 33.33%, 10.90%,22.63% respectively. This 

is in agreement with the findings of 

Alagianagalingam and Ramakrishnan (1974), 

Vasanthi (1998) and Madhubala (2003). They 

noticed significant differences in PO, PPO, PAL 

and catalase activity in the infected plants.  PO is 

the key enzyme in the biosynthesis of lignin, It also 

catalyses the oxidation of phenols to quinines 

which are highly fungitoxic. PPO catalyses the 

oxidative phenolic compounds and plays major role 

in defense. PAL is the first enzyme in the phenyl 

propanoid metabolism and has a definite role in 

defense mechanism of plants (Friend and 

Threshfall, 1976). The virus-infected plant 

accelerates the synthesis of catalase to remove 

excess hydrogen peroxide produced due to increased 

respiration (Lodh et al., 1973).  The abrupt rise in 

the enzyme activity may be due to alteration in 

redox potential of the host as a result of virus 

infection (Vidhayasekaran, 1988).  Since the 

meristem derived plants are free from the virus 

infection there was no induction of the above-

mentioned enzymes. 

Native PAGE analysis of PO and PPO isoforms 

in meristem derived and Cassava mosaic virus 

infected cassava plants of cv. MVD1 and cv. 

H226 

Native PAGE analysis revealed the presence of 

three PO and two PPO isoforms (PO1, PO2, PO3 

and PPO1 and PPO2) in Cassava mosaic virus 

infected and meristem derived cassava plants of cv. 

MVD1 and cv. H226 whereas, two PO and one 

PPO isoform (PO1, PO3 and PPO2) were present 

in meristem derived cv. MVD1 and cv. H226 

cassava plants. Two PO and PPO isoforms (PO2, 

PO3 and PPO1, PPO2) were found in CMD 

infected cv. MVD1 and cv. H226 cassava plants 

(Picture 2) (Picture 3). 

 

Table 1. Estimation of chlorophyll content in meristem derived and Cassava mosaic virus infected cassava 

plants (cv. MVD1) 

S. 

NO. 
Treatments 

Chlorophy

ll a* (mg/ 

g fresh 

weight) 

% 

increase 

over 

infected 

Chlorophyll b* 

(mg/ g fresh 

weight) 

% 

increase 

over 

infected 

Total 

chlorophylls* 

(mg/ g fresh 

weight) 

% increase 

over 

infected 

1. 

Healthy  

(meristem 

derived plants) 

1.498 10.46 0.612 27.5 2.114 19.10 

2. Infected 1.348 - 0.480 - 1.775 - 

*Mean of eight replications 

 

Table 2. Estimation of chlorophyll content in meristem derived and Cassava mosaic virus infected cassava 

plants (cv. H226) 

S. 

NO. 
Treatments 

Chlorophyll a* 

(mg/ g fresh 

weight) 

% 

increase 

over 

infected 

Chlorophyll b* 

(mg/ g fresh 

weight) 

% 

increase 

over 

infected 

Total 

chlorophyll* 

(mg/ g fresh 

weight) 

% 

increase 

over 

infected 

1. 

Healthy  

(meristem 

derived plants) 

0.963 10.44 0.558 21.30 1.754 18.11 

2. Infected 0.872 - 0.460 - 1.485 - 

*Mean of eight replications 

 

Table 3.  Estimation of total phenols, total sugars and total soluble protein contents of meristem derived and 

Cassava mosaic virus infected cassava plants (cv. MVD1) 

S. 

NO. 
Treatments 

Total 

phenols* (mg 

/ g fresh 

weight) 

%  

increase 

over 

infected 

Total sugars* 

(mg D-

glucose 

equivalent  / 

g fresh 

weight) 

% increase 

over 

infected 

Total 

soluble 

proteins* 

(mg / g 

fresh 

weight) 

% increase 

over 

infected 

1. 

Healthy  

(meristem 

derived plants) 

1.198 33.40 13.150 31.30 1.236 47.49 

2. Infected 0.898 - 10.015 - 0.838 - 

*Mean of eight replications 
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Table 4. Estimation of contents total phenol, total sugars and total soluble proteins of meristem derived and 

Cassava mosaic virus infected cassava plants (cv. H226) 

S. 

NO. 
Treatments 

Total 

phenols*  

(mg / g fresh 

weight) 

%  

increase 

over 

infected 

Total sugars* (mg 

D-glucose 

equivalent  / g 

fresh weight) 

% 

increase 

over 

infected 

Total soluble  

proteins* 

(mg / g fresh 

weight) 

% 

increase 

over 

infected 

1. 

Healthy  

(meristem 

derived plants) 

1.023 31.49 11.125 19.26 1.105 31.67 

2. Infected 0.778 - 9.328 - 0.755 - 

*Mean of eight replications 

 

Table 5. Defense enzyme status in meristem derived and Cassava mosaic virus infected cassava plants (cv. MVD1) 

S. 

NO. 
Treatments 

PO 

activity

* 

(Chang

e in 
abs/ 

min / 

g) 

% 

decreas

e over 
infecte

d 

PPO 

activit

y* 

(Chan

ge in 
abs/ 

min / 

g) 

%  

decrease 

over 
infected 

PAL 

activity* (n 

moles of 
transcinna

mic acid / g) 

%  

decrease 

over 
infected 

Catalas

e 

%  

decrea

se over 
infecte

d 

1. 

Healthy  

(meristem 

derived plants) 

0.826 19.26 0.526 28.34 163 8.43 0.463 20.58 

2. Infected 1.023 - 0.734 - 178 - 0.583 - 

*Mean of eight replications 

 

Table 6. Defense enzyme status in meristem derived and Cassava mosaic virus infected cassava plants (cv. 

H226) 

S.NO. Treatments 

PO 

activity

* 
(Chang

e in 

abs/ 

min / g 

% 

decreas
e over 

infecte

d 

PPO 

activity

* 
(Chang

e in 

abs/ 

min / g) 

%  

decrea
se over 

infecte

d 

PAL 

activity*  
(n moles of 

transcinna

mic acid / g 

%  

decrea
se over 

infecte

d 

Catalas

e 

%  
decrease 

over 

infected 

1. 

Healthy 

(meristem 

derived 

plants) 

0.715 22.79 0.350 33.33 98 10.90 0.383 22.63 

2. Infected 0.926 - 0.525 - 110 - 0.495 - 

* Mean of eight replications 

 

 
Picture 1.  Protein profile of Cassava Mosaic Disease infected and healthy cassava plants  



JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 16(8) 311 

 
Picture 2. Induction of Peroxidase in Cassava Mosaic Disease infected and healthy cassava plants 

 

 
Picture 3. Induction of Poly Phenol Oxidase in Cassava Mosaic Disease infected and healthy cassava plants  

 

CONCLUSION 

 

Chlorophyll a, Chlorophyll b, total Chlorophyll, 

total phenol, total sugars and total soluble proteins  

increased in healthy cassava plants. 

 

ACKNOWLEDGEMENT 

 

The authors acknowledge the faculty of the 

Department of Plant Pathology for the facility and 

support 

 

AUTHORS CONTRIBUTION 

 

NR carried out the implementation and 

development of the work. KE and DL corrected the 

work and analyzed the data. All authors read and 

approved the final manuscript. All the authors read 

and approved the final manuscript. 

 

COMPETING INTERES T 

 

The authors declare that they have no competing 

interests. 

Funding: Tamil Nadu Agricultural University 

(TNAU), Tamil Nadu, India funded the study 

 

REFERENCES 

 

Alagianagalingam, M.N. and Ramakrishnan, K. 

(1978). Effect of Cassava mosaic virus on 

photosynthetic pigments and photosynthesis. Auara, 

718: 120-123. 

Google Scholar 

Alagianagalingam, M.N. and Ramakrishnan, K. 

(1974). Effect of Cassava mosaic virus in the 

nitrogen metabolism of cassava (Manihot esculenta 

Crantz.). Madras Agric. J., 61: 18-26. 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alagianagalingam%2C+M.N.+and+Ramakrishnan%2C+K.+%281978%29.+Effect+of+Cassava+mosaic+virus+on+photosynthetic+pigments+and+photosynthesis.+Auara%2C+718%3A+120-123.&btnG=


312 N. RAJINIMALA, K. ELANCHEZHYAN AND LENIN RAJA D. 

Google Scholar 

Ayanru, D.K.G. and Sharma,V.C. (1982). Effects 

of Cassava mosaic disease infections on certain leaf 

parameters of field grown cassava clones . 

Phytopathology, 72 (8):1057-1059. 

Google Scholar 

Bawden, F.C. and Pirie, N.W. (1952). Physiology 

of virus diseases. Annu. Rev. Plant Physiol., 3: 171-

178. 

Google Scholar 

Beers, R.F. and Sizer, I.W. (1952). A spectrometric 

method for measuring the breakdown of hydrogen 

peroxide and catalase. J. Biol. Chem., 195:133-140. 

Google Scholar 

Bradford, M.M. (1976). A rapid and sensitive 

method for the quantification of microgram of 

proteins using the principles of protein-dye 

binding. Anal. Biochem, 72: 248-254.  

Google Scholar 

Chant, S.R., Bateman, J.G. and Bates, D.C. 

(1971). The effect of Cassava mosaic virus 

infection on the metabolism of cassava leaves. 

Tropic. Agric, 48 (3): 263-270. 

Google Scholar 

Chant, S.R. and Beck, B.D.A. (1959). The effect 

of cassava mosaic on the anatomy of cassava 

leaves. Tropic. Agric., 36 (3): 231-236. 

Google Scholar 

Daniel, R.S., Thankappan, M. and Harish, N. 

(1977). Metobolic changes in cassava (Manihot 

esculenta Crantz.) due to Cassava mosaic virus 

infection. Journal of Root Crops, 3: 39-42. 

Google Scholar 

Dickerson, D.P., Pascholati, S.F., Hagerman, 

A.E., Butler, L.G. and Nicholson, R.L. (1984). 

Phenylalanine ammonia-lyase and hydroxyl 

cinnamate CoA ligase in maize mesocotyls 

inoculated with Helminthosporium maydis or H. 

carbonum. Physiol. Plant Pathol., 25 : 111-123. 

Google Scholar 

Friend, J. and Threshfall, A. (1976). In: 

Biochemical aspects of plant parasitic relationship. 

Academic Press, London. 354. 

Google Scholar 

Goodman, R.M., Bird, J. and Thongmeearkom, 

P. (1977). An unusual virus like particles 

associated with golden yellow mosaic of beans. 

Phytopathology, 67: 37-42.  

Google Scholar 

Hammerschmidt, R., Nuckles, E.M. and Kuc, J. 

(1982). Association of enhanced peroxidase 

activity with induced systemic resistance of 

cucumber to Colletotrichum lagenarium. Physiol. 

Plant Pathol., 20: 73-82. 

Google Scholar 

Hedge, J.E. and Hofreiter, B.T. (1962). In: 

Methods in Carbohydrate Chemistry, (Eds.) 

Whistler, R.L. and Bemiller, J.N. Vol. 17. Academic 

press, New York. 

Google Scholar 

Jayaraman, K.S., Ramanuja, M.N., 

Vijayaraghavan, P.K. and Vaidyanathan, C.S. 

(1987). Oxidative enzyme in pearl millet. Food 

Chemistry, 24: 203. 

Google Scholar 

Laemmli, U.K. (1970). Cleavage in structural 

proteins during the assembly of head of 

bacteriophage T4. Nature, 227: 680-685. 

Google Scholar 

Lodh, S.B., Selvaraj, Y. and Divakar, N.G. 

(1973). Changes in pigments, oxidative and 

cellulolytic enzymes in tomato (Lycopersicon 

esculentum Mill.) infected with tomato leaf curl 

virus. Indian J. Exp. Biol., 9: 281-283. 

Google Scholar 

Madhubala, R. (2003). Elimination of Indian 

Cassava mosaic virus (ICMV) from cassava 

(Manihot esculenta crantz.) and study on 

physiology of the diseased plants. Tamil Nadu 

Agricultural University, Coimbatore, India. 

Google Scholar 

Maggyaarosy, A.C., Buchanan, B.B. and 

Schurmann, P. (1973). Effect of systemic virus 

infection on chloroplast function and structure. 

Virology, 55: 426-438. 

Google Scholar 

Malik, C.P. and Singh M.B. (1980). In: Plant 

Enzymology and Histo Enzymology. Kalyani 

Publishers, New Delhi, 286. 

Google Scholar 

Matthews, R.E.F. (1981). In: Plant Virology. 

Academic press Inc., New York. 897. 

Google Scholar 

Mayer, A.M., Harel, E. and Shaul, R.B. (1965). 

Assay of catechol oxidase, a critical comparison of 

methods. Phytochemistry, 5 : 783-789. 

Google Scholar 

Nadlony, L. and Sequira, L. (1980). Increase in 

peroxidase activities are not directly involved in 

induced resistance in tobacco. Physiol. Plant 

Pathol., 16: 1-8. 

Google Scholar 

Nambisan, B. (1994). Pathogenesis-related 

proteins in Cassava mosaic disease. In: Advances 

in Horticulture, (Eds.) Chadha, K.L. and Nayar, 

G.G. Vol.8. Malhotra Publishing house, New 

Delhi. 375-379 pp. 

Google Scholar 

Porter, C.A. (1959). Biochemistry of plant virus 

infection. Adv. Virus Res., 6: 75-91. 

Google Scholar 

Ramakrishnan, K., Nambisan, K.K.N. and 

Alagianagalingam, M.N. (1969). Physiology of 

virus infected plants. In: Proceedings of the Indian 

Academy of Sciences (Section B), 69 (3): 104-114. 

Google Scholar 

Reddi, K.K. (1963). Studies on the formation of 

tobacco mosaic virus ribonucelic acid II. 

Degradation of host ribonucleic acid following 

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alagianagalingam%2C+M.N.+and+Ramakrishnan%2C+K.+%281974%29.+Effect+of+Cassava+mosaic+virus+in+the+nitrogen+metabolism+of+cassava+%28Manihot+esculenta+Crantz.%29.+Madras+Agric.+J%2C+61%3A+18-26.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ayanru%2C+D.K.G.+and+Sharma%2CV.C.+1982.+Effects+of+Cassava+mosaic+disease+infections+on+certain+leaf+parameters+of+field+grown+cassava+clones.+Phytopathology%2C+72+%288%29+%3A1057-1059.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bawden%2C+F.C.+and+Pirie%2C+N.W.+%281952%29.+Physiology+of+virus+diseases.+Annu.+Rev.+Plant+Physiol%2C+3%3A+171-178.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Beers%2C+R.F.+and+Sizer%2C+I.W.+%281952%29.+A+spectrometric+method+for+measuring+the+breakdown+of+hydrogen+peroxide+and+catalase.+J.+Biol.+Chem%2C+195+%3A133-140.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Bradford%2C+M.M.+%281976%29.+A+rapid+and+sensitive+method+for+the+quantification+of+microgram+of+proteins+using+the+principles+of+protein-dye+binding.+Anal.+Biochem%2C+72%3A+248-254.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chant%2C+S.R.%2C+Bateman%2C+J.G.+and+Bates%2C+D.C.+%281971%29.+The+effect+of+Cassava+mosaic+virus+infection+on+the+metabolism+of+cassava+leaves.+Tropic.+Agric%2C+48+%283%29%3A+263-270.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chant%2C+S.R.+and+Beck%2C+B.D.A.+%281959%29.+The+effect+of+cassava+mosaic+on+the+anatomy+of+cassava+leaves.+Tropic.+Agric%2C+36+%283%29%3A+231-236.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Daniel%2C+R.S.%2C+Thankappan%2C+M.+and+Harish%2C+N.+1977.+Metobolic+changes+in+cassava+%28Manihot+esculenta+Crantz.%29+due+to+Cassava+mosaic+virus+infection.+Journal+of+Root+Crops%2C+3%3A+39-42.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dickerson%2C+D.P.%2C+Pascholati%2C+S.F.%2C+Hagerman%2C+A.E.%2C+Butler%2C+L.G.+and+Nicholson%2C+R.L.+%281984%29.+Phenylalanine+ammonia-lyase+and+hydroxyl+cinnamate+CoA+ligase+in+maize+mesocotyls+inocul
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Friend%2C+J.+and+Threshfall+A.+%281976%29.+In%3A+Biochemical+aspects+of+plant+parasitic+relationship.+Academic+Press%2C+London.+354.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Goodman%2C+R.M.%2C+Bird%2C+J.+and+Thongmeearkom%2C+P.+1977.+An+unusual+virus+like+particles+associated+with+golden+yellow+mosaic+of+beans.+Phytopathology%2C+67%3A+37-42.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hammerschmidt%2C+R.%2C+Nuckles%2C+E.M.+and+Kuc%2C+J.+%281982%29.+Association+of+enhanced+peroxidase+activity+with+induced+systemic+resistance+of+cucumber+to+Colletotrichum+lagenarium.+Physiol.+Plant+P
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hedge%2C+J.E.+and+Hofreiter%2C+B.T.+%281962%29.+In%3A+Methods+in+Carbohydrate+Chemistry%2C+%28Eds.%29+Whistler%2C+R.L.+and+Bemiller%2C+J.N.+Vol.+17.+Academic+press%2C+New+York.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Jayaraman%2C+K.S.%2C+Ramanuja%2C+M.N.%2C+Vijayaraghavan%2C+P.K.+and+Vaidyanathan+C.S.+%281987%29.+Oxidative+enzyme+in+pearl+millet.+Food+Chemistry+24%3A+203.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Laemmli%2C+U.K.+%281970%29.+Cleavage+in+structural+proteins+during+the+assembly+of+head+of+bacteriophage+T4.+Nature%2C+227%3A+680-685.&btnG=
https://scholar.google.com/scholar?q=Lodh,+S.B.,+Selvaraj,+Y.+and+Divakar,+N.G.+(1973).+Changes+in+pigments,+oxidative+and+cellulolytic+enzymes+in+tomato+(Lycopersicon+esculentum+Mill.)+infected+with+tomato+leaf+curl+virus.+Indian+J.+Exp.+Biol,+9:+281-283.
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Madhubala%2C+R.+%282003%29.+Elimination+of+Indian+Cassava+mosaic+virus+%28ICMV%29+from+cassava+%28Manihot+esculenta+crantz.%29+and+study+on+physiology+of+the+diseased+plants.+Tamil+Nadu+Agricultural+U
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Maggyaarosy%2C+A.C.%2C+Buchanan%2C+B.B.+and+Schurmann%2C+P.+%281973%29.+Effect+of+systemic+virus+infection+on+chloroplast+function+and+structure.+Virology%2C+55%3A+426-438.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Malik%2C+C.P.+and+Singh+M.B.+%281980%29.+In%3A+Plant+Enzymology+and+Histo+Enzymology.+Kalyani+Publishers%2C+New+Delhi%2C+286.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Matthews%2C+R.E.F.+%281981%29.+In%3A+Plant+Virology.+Academic+press+Inc.%2C+New+York.+897.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mayer%2C+A.M.%2C+Harel%2C+E.+and+Shaul%2C+R.B.+%281965%29.+Assay+of+catechol+oxidase%2C+a+critical+comparison+of+methods.+Phytochemistry%2C+5+%3A+783-789.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nadlony%2C+L.+and+Sequira%2C+L.+%281980%29.+Increase+in+peroxidase+activities+are+not+directly+involved+in+induced+resistance+in+tobacco.+Physiol.+Plant+Pathol%2C+16%3A+1-8.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nambisan%2C+B.+%281994%29.+Pathogenesis-related+proteins+in+Cassava+mosaic+disease.++In%3A+Advances+in+Horticulture%2C+%28Eds.%29+Chadha%2C+K.L.+and+Nayar%2C+G.G.+Vol.8.+Malhotra+Publishing+house%2C+N
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Porter%2C+C.A.+%281959%29.+Biochemistry+of+plant+virus+infection.+Adv.+Virus+Res%2C+6%3A+75-91.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ramakrishnan%2C+K.%2C+Nambisan%2C+K.K.N.+and+Alagianagalingam%2C+M.N.+%281969%29.+Physiology+of+virus+infected+plants.+In%3A+Proceedings+of+the+Indian+Academy+of+Sciences+%28Section+B%29.+69+%283%29%253


JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 16(8) 313 

infection. In: Proceedings National. Acad. Sci, US., 

50: 75. 

Google Scholar 

Singh, R. and Srivastava, R.P. (1974). Studies on 

the rosette virus infected groundnut (Arachis 

hypogaea L.) III. Effect on carbohydrate and 

phosphorus metabolism. Acta Bot. Indica, 2: 33-36. 

Google Scholar 

Vasanthi, V.J. (1998). Elimination of Indian 

Cassava mosaic virus (ICMV) in cassava (Manihot 

esculenta Crantz.) through meristem tip culture and 

study on the physiology of infected plants. Tamil Nadu 

Agricultural University, Coimbatore, India. 119. 

Google Scholar 

Vidhyasekaran, P. (1988). In: Physiology of 

disease resistance in plants . Vol. I. CRC press, 

Florida. 149. 

Google Scholar 

Witham, F.H., Blayder, D.F. and Devlin, R.M. 

(1971). Experiments in Plant Physiology, Van 

Nostrand New York, 245. 

Google Scholar

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reddi%2C+K.K.+%281963%29.+Studies+on+the+formation+of+tobacco+mosaic+virus+ribonucelic+acid+II.+Degradation+of+host+ribonucleic+acid+following+infection.+In%3A+Proceedings+National+.+Acad.+Sci%2C+US.+
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Singh%2C+R.+and+Srivastava%2C+R.P.+%281974%29.+Studies+on+the+rosette+virus+infected+groundnut+%28Arachis+hypogaea+L.%29+III.+Effect+on+carbohydrate+and+phosphorus+metabolism.+Acta+Bot.+Indica%2C+2+%253
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vasanthi%2C+V.J.+%281998%29.+Elimination+of+Indian+Cassava+mosaic+virus+%28ICMV%29+in+cassava+%28Manihot+esculenta+Crantz.%29+through+meristem+tip+culture+and+study+on+the+physiology+of+infected+plant
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vidhyasekaran%2C+P.+%281988%29.+In%3A+Physiology+of+disease+resistance+in+plants.+Vol.+I.+CRC+press%2C+Florida.+149.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Witham%2C+F.H.%2C+Blayder%2C+D.F.+and+Devlin%2C+R.M.+%281971%29.+Experiments+in+Plant+Physiology%2C+Van+Nostrand+New+York%2C+245.&btnG=


314 N. RAJINIMALA, K. ELANCHEZHYAN AND LENIN RAJA D. 

 


