
PHYTOPLASMA  is plant pathogenic bacteria that causes several morphological abnormalities. 
This study reported on biochemical and genetic variability between the phytoplasma infected 

(PI) and symptomless Crassula argentea plants using RAPD markers. Chemical composition of 
normal plants was higher of all elements. However, change in ferrous (Fe) content was not significant 
between normal and abnormal plants. Infected plants had potassium content higher than normal plant. 
Also, chlorophyll contents decreased by phytoplasma infection. Water content was higher in infected 
plant than normal plant. The electrophoresis of studied plants had a high level of polymorphism. 
There were polymorphism percentage (32.8) between PI and symptomless plants depend on 67 
amplified bands. The primers OPC10, OPK05 and OPU05 resulted in various polymorphic banding 
patterns that were unparalleled to every primer and identifiable over the PI and symptomless plants. 
RAPD molecular marker analysis revealed epigenetic variations between normal and phytoplasma 
infected plants, and it could be utilized for the identification of Crassula genotypes.
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Introduction                                                                                 

Crassula argentea,Crassulaceae, is an evergreen 
plant has thick branches and smooth, rounded, 
succulent leaves that grow in across opposite 
position. The plant is native to South Africa. It 
stores the water in fleshy leaves (Morandini and 
Salamini, 2003). Besides using the jade plant as 
a house plant worldwide (GRIN 2015), it is used 
as antimicrobial and medicinal plant (Eggli 2002; 
Morandini and Salamini, 2003).

There are little studies on biochemical and 
physiological effect of phytoplasma on plants. 
The previous reports showed that infection by 
phytoplasma had the major effect on the level of 
some biochemical in plant tissues. Chang (1977) 
observed during plant growth that phytoplasma 
infection of Catharanthus roseus alter in 
chlorophyll synthesis. In addition, infected maize 
by mollicutes had lower chemical composition 
than normal plants (Oliveira et al. 2002). Zafari 
et al. (2012) showed that phytoplasma infection 

induced alteration in some biochemical compound 
and physiological traits in Citrus aurantifolia 
leaves.

Phytoplasmas belong to the class Mollicutes, 
a group of wall-less Gram-positive bacteria. They 
are plant pathogenic bacteria infect numerous 
plant species in the world (Lee et al. 2000). The 
relationships between phytoplasmas and their 
hosts are obligate symbiotic; they are intracellular 
parasites (Hogenhout et al. 2008). Phytoplasmas 
use their secreted proteins to be able to interact 
directly with host cells (MacLean et al. 2011).
Phytoplasmas could be characterized also as 
lacking cell wall and pleomorphic form as well as 
plant pathogenic bacteria induced several diseases 
of different plants in worldwide (Hemmati et al. 
2021).

Phytoplasmas infection of succulent plants 
are developing distinctive symptoms such as 
abnormal growth and fasciation (Omar et al. 2014; 
Dewir, 2016). Because of special appearance 
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and the great value of abnormal plants, they 
have been grown and produced to other parts of 
worldwide as ornamentals. In addition, abnormal 
succulent plants have economic value for their 
using as ornamental pot plants (Dewir, 2016) 
however; abnormal plants can be source of 
phytoplasma infection for numerous crops (Omar 
et al. 2008). Symptoms of yellowing, witches’ 
broom (axillary buds proliferation), phyllody, 
virescence, abnormal elongation of internodes, 
stunted growth (dwarfing) and irregular leaf and 
flower growth, are associated with infections by 
various phytoplasmas (Lee et al. 2000; Duduk 
and Bertaccini 2006; Bertaccini and Duduk 2009; 
Omar and Foissac 2012; Bertacciniet al. 2014; 
Dewir et al. 2015). Cacti and succulent plants 
infected by phytoplasma are resulting in typical 
symptoms such as witches’ broom, fasciation 
and abnormal plant growth. These fascinating 
species have attractive appearances, which impact 
their economic value. Therefore, they have been 
cultivated and spread worldwide as ornamentals, 
but many reports confirmed that infected cacti 
and succulent plants are phytoplasma-host and 
thus can transmit infection to other plant species 
(Granata and Sidoti, 2002; Granata et al. 2006; 
Weintraub and Beanland, 2006; Bertaccini et al. 
2007; Wei et al. 2007; Cai et al. 2008; Omar et 
al. 2008; 2014; Zak et al. 2006; Li et al. 2012; 
Dewir et al. 2015; 2016). Witches’ broom, 
yellowing, leaf shape abnormalities, fasciation, 
stunted growth and late flowering were common 
reported symptoms of phytoplasma infection in 
cacti and succulent plant species. Collectors and 
horticulturists are researching on fasciated plantas 
real living sculptures. Therefore, the prices of 
phytoplasma-infected cacti can reach ten folds 
over non-infected species (Dewir et al. 2016).

Randomly amplified polymorphic DNA 
(RAPD) is one of various molecular techniques 
used for estimation of genetic variations based 
upon information at the DNA level. Therefore, 
RAPD marker is more used since 1990’s to 
evaluate genetic variation at the DNA level based 
on polymerase chain reaction (PCR) (Welsh and 
McClellan, 1990). RAPD is using a single arbitrary 
primer in PCR, producing in amplification of 
many-separated DNA. This technique is an 
efficient and quick method for testing DNA 
sequence depend on polymorphism at a huge 
number of loci. The best merit of RAPD marker 
does not require pre-sequencing of DNA. The 
wide range of possibility primers that can be used, 
give the technique considerable diagnostic power. 

Conscious selection of primers can be helping in 
reproducible RAPD bands. There are different 
purposes of RAPD analysis such as identification 
and classification of genotypes (Fukuoka et al. 
1992), breeds identification (Qian et al., 1996) and 
analysis of genetic diversity (Yu and Paul 1992; 
Mackill 1995; Cao and Oard, 1997). The great 
advent of RAPD provides an easy tool for the 
molecular geneticist (Williams et al. 1990).

In the previous report, identified fasciation 
phytoplasmas in Crassula argentea (The 
accession number of phytoplasma in Gene Bank 
was HG421074). Genetic analysis potted the 
fasciation phytoplasma in the group of 16SrII-D 
(Dewir et al. 2016). The aims of this study were the 
determination of the changes in biochemical and 
water content of normal and abnormal plants, also, 
using RAPD molecular marker for the detection of 
genetic variations in phytoplasma infected plants.

Materials and Methods                                                   

Plant materials and experiment location
Normal (symptomless leaves) and abnormal 

(Phytoplasma infected) plants of Crassula 
argentea were used as plant material in this 
research (Fig. 1). The studied plants were grown at 
a local nursery located in El-Gharbia Governorate, 
Egypt under a 50% shade net greenhouse. Plants 
were cultured in a medium consist of mixture of 
clay: sand (1:1, v/v) at clay pots (20 cm diameter). 
Plants were irrigated when need nearly once a 
month during the winter season and once a week 
during the summer season. Compound fertilizer 
(19: 19: 19; NH4NO3: P2O5: KNO3) were used in 
fertilizing C. argentea plants once a month with 
rate of 1gL–1. The studied plants were growing 
near to Petunia hybrid beds that were infected 
by phytoplasma. About 140 plants had fasciation 
symptoms from 500 Crassula plants with the 
percentage 28% (Dewir et al. 2016). All analyses 
in this study were carried out in Physiology and 
Breeding of Horticultural Crops Laboratory, 
Kafrelsheikh University during two years (2017 
and 2018). 

Determination of chlorophyll
The amount of chlorophyll-a (Chl a) 

andchlorophyll-b (Chl b) in the fifth leave from the 
shoot tip were determined by spectrophotometric 
analysis of normal and abnormal (infected) plants. 
Chlorophyll was extracted from 1g leaf tissue by 
adding 5 mL dimethylformamide and incubated in 
the dark for 48 hr. The absorbance was measured 
at 470, 647 and 663 nmusing anultraviolet-
160Aspectrophotometer (Shimadzu, Japan). 
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Chlorophyll concentration was calculated from 
the spectrophotometric data using the formulae 
of Moran and Porath (1982). There were three 
replicates within each treatment.

Determination of water content
Total water content percentage was determined 

in normal and abnormal plants. Fifty gram from 
fresh weight was dried for 48 hr at 80 °C.  Water 
content percentage was reported as the percentage 
of fresh weight.

Chemical composition
Leaves and stem samples of C. argentea 

were dried in oven at 70o for 24 hr. Dried 
samples were grinded in a metal-free mill (IKa-
Werke, M 20 Germany) to obtain a homogenous 
powder. Powder sample (0.2 g) was mixed with 
concentrated sulfuric acid (95%, 5 mL), the 
mixture was heated on a sand hot plate for 10 min. 
After that, perchloric acid (0.5 mL) was added with 
heating to obtain a clear solution. After cooling, 
the solution was filtered and diluted to 50 mL with 
distilled water (Evenhuis and de Waard, 1980). 
Nitrogen (mg kg-1 dry weight) was detected using 
a modified micro-Kjeldahl method as described 
by Chemists and Horwitz (1990). Phosphorus 
(mg kg-1dry weight) was detected according 
to Murphy and Riley (1962) and measured by 
colorimetrically in a spectrophotometer (GT 80+, 
UK). Potassium (mg kg-1 dry weight) was detected 
using an atomic absorption spectrophotometer 
(Avanta E; GBC, Victoria, Australia) according to 
Jones et al. (1991). Ca2+ and Mg2+ were extracted 
according to USAD (2004) and estimated using 
atomic absorption spectrometry method. The Mn, 
Zn and Cu concentration were detected using 
atomic absorption spectrophotometry (Avanta E; 
GBC) according to Jones et al. (1991).

Sampling of plant material and DNA extraction
The phytoplasma induced fasciation 

symptoms were visible through year. Three plants 
of fasciated and symptomless were randomly 
selected as a source of sampling. Cetyltrimethyl 
Ammonium Bromide (CTAB) was used of DNA 
extract according to Doyle and Doyle (1990). 
At first, liquid nitrogen was used for grounding 
external green parts of leaves to fine powder 
inmortar and pestle. After that, 800ul of 3% 
CTAB extraction buffer was added, vortexed for 
20 sec followed by heating at 60°C for 40 min. 
Chloroform; Isoamylalcohol (24:1) were added to 
precipitate polysaccharides and proteins. The mix 
was centrifuged at 12000 rpm for 10 min. Then, 
supernatant was relocated to a clean Eppendorf 

tube and adding isopropanol at two third volume. 
After centrifugation at 12000rpm for ten min., the 
DNA pellets were resolved in TE buffer containing 
RNase and stored for 30 min at 37°C, then 100μl 
of 7.5M ammonium acetate and 750μl of Ethanol 
were added. The DNA pellet were collected again 
by centrifugation and resolved in TE Buffer.

PCR-RAPD analysis
Six random decamer primer (Operon 

Technologies Inc, USA) were used for this study 
(Table 2). The reaction of PCR was done in 20 μl 
volume containing genomic DNA at 2.0 ul,0.11 μl 
of Dream taq DNA polymerase (5U), 2.0 μldNTP’s 
(10 mM), 2.0 μl of 10× PCR DreanTaq green 
buffer and 1.5 μl random primers (10 pMole). The 
amplification was carried out by an Eppendorf 
Mastercycler ep384 (Eppendorf, Germany). The 
program treated the mixture to 95°C for 5 min 
followed by 40 cycles as follows: denaturation 
at 95°C for one min, annealing 37°C for 30 sec, 
and polymerization at 72°C for 3 min and 7 
min for final extension at 72°C. PCR products 
were detected on a 1.5% agarose gel, visualized 
by ethidium bromide and photographed under 
Documentation system (UVITEC CAMBRIDGE 
Company, Cambridge, UK). Reproducibility 
of the DNA profiles was tested by repeating the 
clear and intense bands, which were scored while 
faint bands against background smear were not 
considered for the further analysis. 

Statistical analyses
All samples were collected in a completely 

randomize in three replicates. The means and 
ANOVA were calculated using SPSS (version20) 
statistical software. All the obtained data of this 
study were statistically analyzed using Duncan’s 
Multiple Range Test for comparing means of 
different treatments according to Snedecor and 
Cochran (1990) and significance was determined 
at p≤ 0.05. My Image Analysis v2.0 software, 
Thermo scientific was used for analyzing RAPD 
profiles.

Results and Discussion                                                

Chlorophyll contents
The chlorophyll content a and b in normal 

and abnormal plants of Crassula argentea had 
a significant difference (Fig. 2A). The most 
important results regarding chlorophyll content 
included that the Chla and b content were higher 
in case of normal plants compared to the abnormal 
ones. The Chl a content also was higher than Chl 
b in both normal and abnormal plants. It could 
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be noticed that Chl a and b content were higher 
in normal plants compared to abnormal due to 
phytoplasma, which already had decreased both 
chlorophyll and other nutrients in abnormal plant 
that infected by phytoplasma. The same result 
observed by Rasool et al. (2020) that chlorophyll 
a, b and total chlorophyll contents were 
significantly reduced in phytoplasma-infected 
Citrus sinenses. Previous studies indicated that 
pigment content analysis was drastically reduced 
of total chlorophyll and carotenoid in infected 
leaves (Zafari et al. 2012). Also, difficultly uptake 
and transport of inorganic ions in abnormal plants 
can cause of yellowing leaves (Ji et al. 2009). 
Most of these ions are important for biochemical 
synthesis such as chlorophyll. The reduction in the 
content of chlorophylls and auxin showed that the 
phytoplasma could interfere in photosynthesis and 
induced damaging in the leaf (Zafari et al. 2012). 
Previously reported showed thaphytoplasma 
infection altered theultrastructure of chloroplasts, 
causing disorganization of thylakoids (Pagliari 
et al. 2016; Xue et al. 2018). Data showed that 
phytoplasma had asignificant effect on water 
content of Crassula argentea (Fig. 2B). Infected 
plant had higher water content (94.07 %) than 
uninfected plant (92.05 %). El-Banna et al. 
(2013) found that the relative water content was 
influenced by fasciation in Opuntiacylindrica.

Effect of phytoplasma infection on chemical 
composition 

Based on the chemical composition of 
normal and abnormal plants, the concentration 
of all studied nutrients was significantly differed 
compared to the normal plants except the nutrient 
of iron (Table 1). This trend could be observed in 
case of elements N, P, K, Ca, Mg, Mn, Zn and Cu, 
which were higher in normal plants compared to 
abnormal due to phytoplasma. The highest values 
in these nutrients could be ordered as follows Ca 
˃ Mg ˃ N ˃ K ˃ P ˃ Zn ˃ Mn ˃ F ˃ Cu. The 
only strange result recorded an incase of  K, which 
abnormal plants contained higher (9.03 g kg-1) 
compared to normal plant (6.52 g kg-1). It is clear 
that the responses of host plants to phytoplasma 
infection are complex and differ among 
plants (Rasool et al. 2020). Infected plant by 
phytoplasmas suffer strong disturbances that could 
have negative effect on phloem (Pagliari et al., 
2016). The disturbance in phloem sieve elements 
resulted in negative effect on nutrition components 
uptake of infected plants. Several studies observed 
that K nutrient was higher in phytoplasms-infected 
plants than normal plant for its important of both 
pathogens and insects (Amtmann et al. 2008; Pradit 
et al. 2019).The highest values of nutrients were 

belonged Ca, which reached to 36.5 and 24.7 g 
kg-1 for normal and abnormal plants, respectively.
There is no significant differences in Fe content of 
normal and abnormal plants. Buoso et al. (2019) 
observed that phytoplasma infection accumulate 
Fe from the phloem, converting the phloem into 
a sink tissue for Fe causing Fe starvation of plant. 

Effect of phytoplasma infection on Genetic fidelity 
The morphological symptoms of phytoplasma 

infection in Crassula argentea have been described 
as fasciation of leaves (Dewir et al., 2016). 
Infected plants by phytoplasma had clearly visible 
morphological differences when compared with 
normal plants. Normal plant of Crassula argentea 
had a uniform oval form (Fig. 1 A, B) while 
abnormal leaves had a horn bell form (Fig. 1 C, D).  
Many of fasciated cacti and succulent species with 
irregular shapes have been reported (El-Banna et 
al. 2013; Omar el al. 2014; Dewir 2016). RAPD 
primers produced 67 scorable markers among 
studied genotypes, out which 22 bands (32.8%) 
were polymorphic (Table 2). Amplified products 
size ranged from 2508.4 bp to 228.4bp. Scorable 
markers number observed per primer extended 
from 8 to 15. Among the primers used, OPU05 
gave the highest bands number (15), while primer 
OPC10 had the lowest bands number (8).  Primers 
OPD12 and OPQ14 produced monomorphic 
bands while primers OPC04, OPC10, OPK05 
and OPU05 produced 22 polymorphic RAPD 
markers. The obtained markers achieved unique 
bands for a given genotype. The primer OPC04 
gave fragments of 2000.7and 1673.3pb specific 
for the symptomless and fragments of 1763.6 and 
1565.6 specific for the abnormal plant.  while 
Primers OPC10 and OPK05 gave specific bands 
belonged only to the genotype A. Primer OPU05 
produced the highest number of specific bands, 
three bands of molecular sizes 2230.6,1572.4 
and 1035.9pb were found only in genotype A 
whereas 10 specific bands ranged from 2133.7 
to 265.5pb were found to be specific for the 
abnormal plant (Table 3). These primers could be 
clearly differentiating between the phytoplasma 
infected and symptomless Crassula plants (Fig. 
3). For estimating genetic diversity, marker-
assisted selection in plant and animal breeding, 
genetic fingerprinting, and facilitating the map-
based cloning of genes, DNA markers could 
be important for these (Tankesly1995). RAPD 
technique is considered ideal to characterize, 
identify and estimate genetic diversity of many 
plant species (Isenegger et al. 2001; Spooner et al. 
2005; Pervaiz et al. 2010). The diversity in bands 
number resulted by different primers affected by 
many factors such as template quantity, primer 
structure and minimal number of annealing sites 
in the genome. 
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Fig. 1.Phytoplasma-induced fasciation in Crassula argentea A) symptomless plant (normal), B) symptomless leaf 
shape,C) Phytoplasma infected plant (abnormal), and D) Fasciated leaf showing bell-shape

A previous study on Opuntia cylindrica 
showed variations in symptomless and fasciated 
tissues based on SDS-PAGE protein and randomly 
amplified polymorphic DNA analysis indicating 
possible epigenetic mutation of tissues (El-Banna 
et al. 2013).  The study reported that Crassula 
argentea infected by16SrII-D phytoplasma 

group induced morphological and biochemical 
abnormalities. RAPD molecular marker analysis 
revealed epigenetic variations between normal 
and phytoplasma infected plants. Moreover, 
RAPDD could be utilized for the identification of 
Crassula genotypes and provide better knowledge 
of the genetic fingerprinting.
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Fig. 2. Chlorophyll and water contents of normal and abnormal plants of Crassula argentea A) Chlorophyll a (Chl 
a) and chlorophyll b (Chl b); B) water content

TABLE 1. Chemical composition of normal and abnormal plants of Crassula argentea

Plant N
 

(m
g 

kg
-1
)

K
 

(m
g 

kg
-1
)

P 
(m

g 
kg

-1
)

C
a 

(m
g 

kg
-1
)

M
g 

(m
g 

kg
-1
)

Fe
(m

g 
kg

-1
)

M
n 

(m
g 

kg
-1
)

Z
n 

(m
g 

kg
-1
)

C
u 

(m
g 

kg
-1
)

Normal 9262.5 a 6525 b 1383.38 a 36500 a 13680 a 43.00 51.27 a 91.25 a 6.43 a

Abnormal 5875 b 9037.5 a 1188.76 b 24787.5 b 6831.25 b 42.00 37.15 b 23.15 b 3.58 b

Significance ** ** ** ** ** ns ** ** **
Different letters in same column show significant differences among each group of treatments according to Duncan’s test at p ≤ 0.1.

TABLE 2. Distribution of RAPD markers between the phytoplasma infected and symptomless Crassula argentea 
plants

Primer name Sequences
(5-3-)

Total number of 
bands

Polymorphic
bands

Polymorphism
(%)

Opd12

Opq14

Opc04

Opc10

Opk05

Opu05

CACCGTATCC

GGACGCTTCA

CCGCATCTAC

TGTCTGGGTG

TCTGTCGAGG

TTGGCGGCCT

TCGGAGGTTC

12

10

12

8

10

15

0

0

4

3

2

13

0.0

0.0

33.3

37.5

20

86.7

Total 67 22
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Previous study on Opuntiacyl indrica showed 
variations in symptomless and fasciated tissues 
based on SDS-PAGE protein and randomly 
amplified polymorphic DNA analysis indicating 
possible epigenetic mutation of tissues (El-Banna 
et al. 2013).  The study reported that Crassula 
argentea infected by 16SrII-D phytoplasma 
group induced morphological and biochemical 
abnormalities. RAPD molecular marker analysis 
revealed epigenetic variations between normal and 
phytoplasma infected plants. Moreover, RAPDD 
could be utilized for the identification of Crassula 
genotypes and provide better knowledge of the 
genetic fingerprinting.

Conclusion                                                                  
Chemical composition of normal plant was 

higher than abnormal plant except K. In addition; 
chlorophyll and water contents were higher in 
normal plants. It is observed that phytoplasma 
induced variation of Crassula argentea. From 
that, further studies on phytoplasma infection of 
succulent and cacti plants are required such as 
effect of phytoplasma on hormones content and 
cell structure.  
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