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ABSTRACT

Citrus bent leaf viroid (CBLVd) is an emerging and widely distributed viroid along with its variants in
citrus growing areas of world. Activation of defense mechanism is associated with different enzymes
and inhibitors, accumulated in the infected host. Limited studies were found on biochemical character-
ization of citrus viroids. Therefore, study was focused on the biochemical activities such as determination
of chlorophyll contents, total soluble phenolics (TSP), phenylalanine ammonia lyase (PAL) and polyphenol
oxidase (PPO) activity in three citrus cultivars kinnow (C. reticulate), feutrell’s early (C. reticulate) and
mosambi (C. sinensis) infected with CBLVd from Sargodha, Pakistan. The results showed that chlorophyll
contents were significantly lower in the diseased leaves samples of all the citrus cultivars as compared to
healthy ones. Whereas, TSP was found in higher concentration in the CBLVd infected samples of citrus
cultivars. Similarly, activities of PPO and PAL was increased significantly in leaves of citrus cultivars
infected with CBLVd as compared to healthy. These findings were in confirmation that chlorophyll con-
tents, enzymes and inhibitors were associated to response of plants towards pathogen infection. To the
best of our knowledge, these biochemical alterations in host plants against CBLVd were studied for the
first time not only in the Asian region but also in Pakistan. The results will lead to investigate the
biochemical alterations in other citrus viroids infection.
© 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction

citrus trees but also deteriorate the quality (Tariq et al., 2007).
Citrus viroids are emerging threat along with other virus and

Citrus is fruit crop with full of nutrition cultivating all over the
tropical and sub-tropical areas of the world. Virus and virus-like
pathogens have a vital role in limiting the citrus production in Pak-
istan (Roistacher, 1991). These pathogens not only debilitate the
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virus-like diseases in citrus growing areas (Iftikhar et al., 2021a,
b). New frontiers in virology were opened with the discovery of vir-
oids as an infectious agent smaller than virus (Diener, 1971). Most
of the citrus viroids belong to pospiviroidae have been found in
citrus plantation of the world. Among them citrus bent leaf viroid
(CBLVd) has been detected in symptomatic and asymptomatic
citrus samples causing reduction in size of fruit including low yield
(Duran-Vila, 2000; Ito et al., 2000, 2002).

After the discovery of CBLVd for the first time in Japan, the
presence of this viroid has been confirmed in Pakistan (Ito et al.
2000; Cao et al., 2009; Bakhtawar et al., 2021). The plant response
towards the CBLVd infection is not associated to particular
symptoms production (Hutton et al., 2000). Molecular detection
is a sensitive and quick way to detect and characterize the CBLVd
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(Garnsey et al, 2002). Other than biological and molecular
indexing, biochemical alterations are also important changes to
be studied. Different biochemical changes reflect the infection of
virus and virus like pathogens. These biochemical alterations are
change in phenolics and plant growth regulators reflect the virus
infection (Verma and Verma, 2003, Iftikhar et al., 2011). Biochem-
ical alterations are supportive in understanding the interaction
between pathogen and plant host during pathogenesis.

Symptoms development in plants due to virus infection also
depend on physiological changes (Qamar et al., 2016). Loss of
chlorophyll contents leads to leaves yellowing (Bos, 1999;
Iftikhar et al., 2011). Biochemical alterations like increase in amino
acid contents has been reported in virus infection (Tu and Ford
1970; Qamar et al., 2016). The alteration in polyphenol oxidase
(PPO) activity resulting the tissue browning (Vaughn et al.,
1988), but the genes involving in PPO activity activated the defense
mechanism of plants against virus infection (Li and Steffens, 2002).
Biochemical characterization will lead to understanding the exhi-
bition of symptoms and change in physiology of virus infected
plants.

The study was conducted to determine Phenolic compounds
has been recognized as a vital factor in defense mechanism in
pathogenesis due to wide range of pathogens (Bennett and
Wallsgrove, 1994). During the pathogen infection plant showed
the increase in PAL, PPO activity (Deborah et al., 2001; Kumari
and Vengadaramana, 2017). Biochemical alterations leading to
the symptoms development and defense responses against virus
and virus-like pathogen has been studied but still needed to be
characterized. Viroid infection is involved in changes in certain
microRNAs derived from rRNA (Flores et al., 2020).

Biochemical alterations like; Chlorophyll contents, phenolic
compounds, PPO and PAL activity in citrus due to viroid infections
has not been studied categorically and pathogenesis is supported
by the mechanisms studied in host plants infected by virus and
virus-like pathogens. Scanty of literature is available in regarding
the biochemical alteration in response of citrus viroid. Therefore,
the study was aimed to characterize the CBLVd infection
biochemically in different citrus cultivars which has not been stud-
ied yet. The findings will also definitely lead to biochemical charac-
terization of asymptomatic viroid infection in citrus.

2. Materials and methods
2.1. Biochemical parameters

The Citrus bent leaf viroid (CBLVd) infected leaves samples of
three citrus cultivars Kinnow and Feutrell’s early (Citrus reticulate
Blanco.) from mandarin and Mosambi (C. sinensis L. Osbeck) from
sweet orange were collected for biochemical characterization.
These varieties were targeted based on the wide distribution and
commercial availability in all the citrus growing areas of Sargodha,
Pakistan. The infected leaves samples were PCR confirmed from the
previous study (Bakhtawar et al., 2021). The CBLVd infected sam-
ples were compared with healthy having no symptoms and con-
firmed through PCR. Fifteen CBLVd infected and five healthy
leaves samples of each cultivar were collected for biochemical
parameters. Each assay was carried out with CRD experimental
design and repeated three times. Followings were the biochemical
parameters to characterize the CBLVd in citrus growing areas of
Sargodha, Punjab, Pakistan.

2.2. Estimation of chlorophyll contents

Total chlorophyll was determined in infected and healthy leaves
followed DMSO method reported by Hiscox and Israelstam (1979).
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The discs of leaves of about 500 mg each were collected in test
tubes followed by adding the 10 ml of dimethyl sulphoxide
(DMSO). The tubes were incubated at room temperature overnight
with a dark period of 1-2 hrs. The absorbance was recorded at 663
and 645 nm in a spectrophotometer. All the chlorophyll contents
were calculated using the equation given by Arnon (1949).

_ [0D(663) — OD(645)] x V

Chl.a 1000 x W

~ [OD(645) — OD(663)] x V
Chlb = 1000 x W
TotalChl. — [OD(645) + OD(663)] x V W

1000

2.3. Estimation of total soluble phenolic (TSP)

Total soluble phenolic (TSP) were determined from CBLVd
infected leaves and compared with healthy leaves samples of citrus
trees followed the method reported by Julkunen-Tiitto (1985).
Forty-five mg of infected leaves samples of weighed about 45 mg
were slogged using acetone of concentration 80% and incubated
in water bath for one hour at 50 °C. After the incubation the slurry
was centrifuged in a refrigerated centrifuge machine @ 10,000 rpm
at 4 °C for 10 min. The supernatant was collected in microfuge
tubes. The dilution of 100 pl aliquot with 2 ml distilled water
was made followed by adding Folin ciocalteus phenol reagent
(1 ml) prior shaken vigorously. The 20% Na,COs (5 ml) was used
to make the volume up to 10 ml by adding 5 ml and vortexed for
5-10 s. Readings were recorded at 750 nm after the incubation
of 20 min in a spectrophotometer. The reference standard curve
of 20, 40, 60, 80 and 100 ng Galic acid was prepared. The TSP were
measured and compared between infected and healthy citrus
samples.

2.4. Polyphenol oxidase activity (PPO)

Enzymatic activity of PPO was measured in CBLVd infected and
healthy citrus samples (Jockusch, 1966). Infected leaves were pul-
verized in liquid nitrogen. The 2.5 g homogenate was mixed with
5 ml phosphate buffer of having 0.05 M sodium phosphate and
5% Poly vinyl polypyrrolidone (PVP) (wt/vol) and pH was adjusted
to 6.0. The filtration was performed through muslin cloth followed
by refrigerated centrifugation for 5 min at 13,000 rpm. Supernatant
(1 ml) was added with 2.9 ml of 0.05 M phosphate buffer contain-
ing 0.1 M catechol (1 ml) in a new falcon tube. Three aliquots were
made of mixture to determine the PPO activity at 546 nm for four
minutes with the intervals of 20 s and presented as ul~! min~'.

2.5. Phenylalanine ammonia lyase activity (PAL)

The enzymatic activity of PAL was determined through the
method reported by Okey et al., (1997). The activity was monitored
at the time intervals of 0, 2 and 8 h. Infected and healthy leaves
were crushed in liquid nitrogen. The 2.5 g homogenized slurry
was mixed with 5 ml of solution contains Tris (50 mM), 2-
mercaptoethanol (15 mM) and Poly vinyl polypyrrolidone (5%) fol-
lowed by filtration through muslin cloth. The filtered solution was
centrifuged @ 13,000 rpm for 5 min at 4 °C. The supernatant (1 ml)
was suspended with 2 ml 0.05 M borate buffer (pH 8.8) with the
addition of 0.02 M L-phenylalanine (1 ml). The incubation was at
30 °C for the period of 1 h. 0.2 ml of 6 M trichloroacetic acid
(TCA) was used as stopping solution. Three aliquots of solution in
separate tubes were prepared to measure the activity of PAL (pg
g~ 1) at 290 nm.
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3. Results and discussion
3.1. Estimation of chlorophyll contents

Chlorophyll contents such as; Chlorophyll A, Chlorophyll B and
Total chlorophyll in CBLVd infected leaves samples of three citrus
cultivars; Kinnow, Feutrell’s early and Mosambi were determined.
It was found that chlorophyll A in CBLVd infected samples of all the
three varieties were significantly lower as compared to healthy
ones. Among the cultivars, the infected samples of Feutrell’s early
had higher chlorophyll A as compared to those in Kinnow and
Mosambi (Fig. 1). The chlorophyll A in kinnow, mosambi and feu-
trell’s early were 78.70 mg/ml, 106.33 mg/ml and 154.28 mg/ml
respectively as compared to healthy samples of the same varieties,
which were not significantly different (Fig. 1).

Similarly, the same trend was observed in chlorophyll B. The
chlorophyll B were not only significantly different among the cul-
tivars but also with those of healthy leaves samples of same culti-
vars (Fig. 2). Among the citrus cultivars, infected leaves of feutrell’s
early had higher chlorophyll B with the mean value of 114.06 mg/
ml followed by mosambi (106.33 mg/ml) and kinnow (78.70 mg/
ml). The chlorophyll B was significantly low in CBLVd infected
citrus leaves of all the three varieties as compared to that in
healthy citrus sample (Fig. 2).

Total chlorophyll was also estimated in all the three citrus cul-
tivars and found the same trend as in chlorophyll A and B (Fig. 3).
Based on estimation of chlorophyll contents there was significant
difference of chlorophyll not only among the infected samples of
citrus varieties but also with the healthy citrus samples as controls.

Chlorosis is generally caused by virus pathogens of plants (Bar-
Joseph and Lee 2000). Chlorophyll contents were also significantly
lower in CBLVd infected citrus samples as compared to healthy.
Yellowing and chlorosis has also been observed in citrus infected
with CBLVd (Ito et al., 2002). Our results were also in conformity
with Ito et al., (2002). Previous study also observed the significant
decrease in chlorophyll contents during the citrus tristeza virus
infection in citrus (Iftikhar et al., 2011, Iftikhar et al., 2021a,
Iftikhar et al., 2021b). Chlorosis or yellowing is also one of the
exhibited symptoms associated to citrus viroids
(Tangkanchanapas et al., 2018). Another virus disease caused by
Chilli veinal mottle virus also reduced the chlorophyll contents in
diseased samples (Ali et al., 2020). The loss of chlorophyll contents
or chlorosis is one of the most common symptoms in all type of
plant pathogens.
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3.2. Estimation of total soluble phenolic (TSP), polyphenol oxidase
activity (PPO) and phenylalanine ammonia lyase activity (PAL)

The amount of TSP was at significantly higher rate in diseased
leaves samples of three citrus cultivars as compared to healthy
samples. It was observed that diseased samples of kinnow had sig-
nificantly higher TSP (2.95) as compared to those of other two cul-
tivars; mosambi (2.28) and feutrell’s early (1.94). The TSP in
healthy samples of citrus cultivars were not significantly different
with each other (Fig. 4).

The PPO activity in diseased leaves samples from three citrus cul-
tivars were significantly higher than in the healthy leaves of respec-
tive citrus varieties. Among the cultivars, the PPO activity was
significantly increased in diseased samples of kinnow (0.88 pl~!
min~!), mosambi (0.38 pl~! min~') and feutrell’s early (0.31 pl™!
min~1!) (Fig. 5).

During the determination of PAL activity in diseased and
healthy leaves samples of kinnow, mosambi and feutrell’s early,
results showed that PAL activity was significantly increased in dis-
eased samples as compared to healthy samples of all the citrus
varieties. Comparison among diseased samples of citrus varieties
showed the significantly higher PAL activity in kinnow followed
by mosambi and feutrell’s early with the mean values of 0.82 ugg !,
0.20 ng g~ ' and 0.07 pg g~ ' Respectively (Fig. 6).

The variety of secondary metabolites play a key role in plant
defense mechanism against pathogen attack (Baldwin et al.,
2010; Graham and Graham, 1991). Secondary metabolites in plants
during pathogen infection are the responsible for the expression of
symptoms and biochemical changes (Nicholson and Hammer-
schmidt 1992). There is a little information available regarding
the biochemical alteration in TSP, PPO and PAL activities in citrus
infected with citrus viroid infection.

The phenolic compounds were higher in leaves samples of citrus
cultivars infected with CBLVd. The activity of phenolic compounds in
plants is associated with defense mechanism during the diseases
caused by different plant pathogens (Saini et al., 1988). Phenolic
compounds are involved in strengthening the host cell wall
(Graham and Graham, 1991). The total soluble phenols were higher
after the yellow vein mosaic virus infection in Okra (Seth et al.,2017;
Yadav et al., 2018). After the pathogen infection plant activate the
defense mechanism associated with Phenylalanine ammonia lyase
(PALase) activity (Daayf et al., 1997; Prasannath 2017). Therefore,
higher amount of phenols and increase in PPO and PAL activity is
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Fig. 1. Chlorophyll A in the diseased and healthy leaves of Kinnow (C. reticulate), mosambi (C. sinensis) and feutrell’s early (C. reticulate).
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Fig. 2. Chlorophyll B in the diseased and healthy leaves of Kinnow (C. reticulate), mosambi (C. sinensis) and feutrell’s early (C. reticulate).
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Fig. 3. Total chlorophyll in the diseased and healthy leaves of Kinnow (C. reticulate), mosambi (C. sinensis) and feutrell’s early (C. reticulate).
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Fig. 4. Total soluble phenolics in the diseased and healthy leaves of Kinnow (C. reticulate), mosambi (C. sinensis) and feutrell’s early (C. reticulate).
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Fig. 5. Polyphenol oxidase activity in the diseased and healthy leaves of Kinnow (C. reticulate), mosambi (C. sinensis) and feutrell’s early (C. reticulate).
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Fig. 6. Phenylalanine ammonia lyase activity in the diseased and healthy leaves of Kinnow (C. reticulate), mosambi (C. sinensis) and feutrell’s early (C. reticulate).

attributed with the pathogen infection (Tomas-Barberan and Espin,
2001).

The physiological response of plants to virus, bacterial and fun-
gal infection showed higher phenols and increased activity of PO
and PPO enzymes (Gdumann, 1956; Goodman et al, 1967;
Dasgupta, 1988). It is opined that increase in PPO and PAL activities
and changes in phenolic compounds are the normal responses of
plants after the pathogen infection (Harbourne, 1964; Seth et al.,
2017; Yadav et al., 2018). Our results were in conformity with
the previous literature mentioned above. Although they discussed
the general behavior of phenols, PAL and PPO activity after the
infection of phyto-pathogen. Moreover, these biochemical alter-
ations in the result of CBLVd infection in citrus varieties has been
discussed for the first time. This information will also lead to the
characterization of asymptomatic infection of citrus viroids.

4. Conclusions

Biochemical alterations in plants after the infection of pathogens
is associated with the defense activity in host. The conclusions have
been drawn from the above study that citrus viroids, like other
pathogen, induce the biochemical changes in host upon infection.

It is also concluded that phenols, PAL and PPO activities are always
increased in infected plants as compared to healthy. Our study also
demonstrated that viroid infection in plant induce the defense
response which is similar to that of induced by other pathogens.
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