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Abstract

The date palm (Phoenix dactylifera L.) is one of the oldest cultivated trees and is an important all-
purpose tree. About 105 million date palms are planted in Africa and Central America, Spain and
Italy, but in Egypt have 16 million. The date palm is one of the important crops that is considered a
strategic crop, and the date palm suffers from diseases, the symptomatic tree streaking’s and yellowing
to phytoplasma infection. The most important of which is phytoplasma disease, which is difficult to
identify, this study using Molecular genetics has recently entered detection and genetic fingerprint of
lethal yellowing disease, Polymerase chain reaction (PCR) assays using primer pairs designed for
identification of phytoplasma using universal (R16mF2/R16mR1) primer 16Sr DNA sequences and
specific nested (R16F2n/R16R2) a sensitive means of detecting this phytoplasma pathogen and a wide
array of. The universal primer pair specifically for initiated amplification of among phytoplasma
strains resulted in a DNA size of approximately 1500 bp in using gel electrophoresis. Nested PCR
assays using the specific primer of phytoplasma in infected tissues resulted on a DNA of
approximately 1200 bp. and Detection of LY-phytoplasma by the pathogen-specific primer pair LY1
(5-CAT ATTTTATTT CCT TTG CAA TCTG-3"), LY2 (5-TCG TTT TGA TGA TCT TTC ATT
TGAC-3") designed for genomic DNA isolated from lethal yellow of windmill palm and electronics
microscopy by transmission electron microscope At 70 kV, and Applied SEM Technology at sections
of the infected leaves. This is examination of a phytoplasma associated with streak yellows on date
palm in Egypt.
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Introduction

The date palm is spread in most governorates of the Republic and in the western oases, north
and south Sinai, and the climatic conditions from a desert to semi-desert climate to a
Mediterranean climate and a dry climate in the south help determine the distribution of
suitable varieties that can achieve good production, (Heselmans, 1997). Egyptian date
products are exported to many different international markets. The number of palm trees in
Egypt has reached nearly 16 million palm trees, producing more than 1.6 million tons of dates
and dates annually. Palms are affected by important diseases that lead to a decrease in
production and its deterioration, including the fatal yellow disease, which is caused by the
fatal yellow phytoplasma. Lethal yellowing (LY) is a fast-moving, fatal phytoplasma disease
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of coconut and numerous other palm species (McCoy et al., 1983; Harrison & Jones, 2004).
Phytoplasmas from the obligate prokaryotic plant pathogens that do not possess cell walls,
and they are pleiomorphic in profile, with a mean diameter of 200-800 nm. Inhabits the
phloem sieve cells of their palm hosts. Phytoplasmas have genomes a relatively small genome
compared with other prokaryotes — and biosynthetic functions (Marcone et al., 1999; Bai et
al., 2006). The method using magnetic beads is generally performed in an automated DNA
extractor (eg King Fisher from Thermo Scientificl).DNA extraction methods are good for a
variety of plant palm trees. The choice of method depends on the host being tested and the
availability of equipment and facilities. A number of universal PCR primers have been
designed that allow amplification of the 16S rRNA gene for any known phytoplasma. The
most common are the P1/P7 pairs (Deng and Hiruki, 1991;), which can be used in a nested
PCR protocol, depending on the composition of the host and phytoplasma , It is possible to
perform more specific PCR assays and the result is conclusive (eg, post-entry quarantine
samples, new host record, new distribution), a conventional PCR product should be arranged.
In addition to 16S rRNA gene amplification, PCR methods have also been used to amplify
other regions of the genome for detection and classification of plant plasmas, including
ribosomal protein genes (Lim and Sears, 1992; Quaglino et al., 2013).These primers may be
useful when a second independent region of the phytoplasma genome is required. And even
Egyptian dates to international markets. The different pathogens of palm trees must be
combated and their causes and methods of detection must be identified. During this study, the
identification of the phytoplasma that causes fatal yellowing was carried out in three
specialized ways through genetic fingerprinting with an examination with the electron
microscope with two methods, scanning and intracellular examination in order to examine the
presence of phytoplasma inside phloem cells inside infected plants. And prove it. The aim of
this study and identify the presumed causal agent of streaking and yellowing disease in date
palms in Egypt.

[ELIE

Materials and methods
1. Samples collection

A total of 22 samples of date palm cultivars exhibiting BSE-like symptoms were collected
from four types of palm trees at two sites of the Agricultural Research Center farm in
Giza.Stem tissues, young leaves as well as leaves from mature and mature palm trees
(Zagloul, Sammani, Amhate and Hayani cultivars) showing LY like symptoms, collected
from two sites in Giza in June 2020. In addition, healthy samples on what should be a control
were collected from the same sites. A portion of the combined microscopic studies were
treated as new material. Stem tissue samples were obtained using the methods of Oropeza et
al. (2011) with minor alterations as described by Cérdova et al. (2014).

2. Detection and Identification (PCR)
2-1 DNA extraction

extracted total DNA was from samples collected from naturally infected palm trees
(Zaghloul, Sammani, Amhate and Hyani cultivars) as well as healthy controls using the a
protocol by Harrison et al., (2004) and modifications by Cordova et al. (2014).
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2-2 Low nucleotide primers

Four low-nucleotide primers (R16mF2, R16mR1, R16F2n and R16R2) were designed based
on the 16SrDNA sequence from the Michigan yellow ester strain (Lee et al., 1993). The small
nucleotide sequence for the sites of these primers and bases is R16mF2,5 -CAT GCA AGT
CGA ACG A-3'; R16mR1, 5°-CTT AAC CCC AAT CAT CGA C-3’ (base 53 to 1487 on the
16 S rDNA genomic nucleotide sequence); R16F2n, 5°-GAA ACG ACT GCT AAG ACT
GG-3" and R16R2, 5°-TGA CGG GCG GTG TGT ACA AAC CCC G-3 (base152 t01397 on
16 nucleotide of STDNA) (Al-Awadi et al., 2002).

Polymerase chain reaction assay

Extracted DNA was analyzed initially using phyto-plasma universal primers R16mF2 and
R16mR1. PCR assay was performed using 200 uM deoxynucleotide triphosphates (dNTPs)
and 10 pmol of each universal primer pairs. Thirty five PCR cycles were conducted in a
thermal cyler (Biometra Co.). The following parameters were used; 1 min denaturation step at
94°C, annealing for 2 min at 60°C and primer extension for 3 min at 72°C, with final cycle
extension for 10 min at 72°C. For nested PCR, DNA products previously amplified by using
the universal primer pairs were used as template. A reaction mixture of 50 ul which contained
the same previously component but using oligonucleotide nested primer pairs R16F2n and
R16R2. DNA samples were amplified for 35 cycles under the thermal cycling conditions of
the initial denaturation step at 94°C for 1 min, annealing temperature at 55°C for 2 min and
primer extension at 72°C for 3 min with final extension step at 72°C for 10 min. PCR
products were analyzed by electrophoresis through a 1.2 % agarose gel followed by staining
in ethidum bromide and visualization of DNA fragments using a UV translluminator. Step
ladder, 50 bp DNA marker (50, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800,
900, 1000, 2000 and 3000 bp) was used to determine the fragment sizes (Sigma).

2-3 Conventional nested PCR

The PCR primers used in this assay are P1 (Deng and Hiruki, 1991) and P7 (Schneider
et al., 1995) for the first-stage PCR:

P1 (forward): 5'-AAG AGT TTG ATC CTG GCT CAG GAT T-3'
P7 (reverse): 5'-CGT CCT TCA TCG GCT CTT-3’

2-3-1 Conventional Real-time PCR

Real-time PCR is performed using the TagMan assay designed for the 16S rRNA gene
by Christensen et al. (2004):

Forward primer: 5'-CGT ACG CAA GTA TGA AAC TTA AAG GA-3’
Reverse primer: 5'-TCT TCG AAT TAA ACA ACATGA TCC A-3'
TagMan probe: 5'-FAM-TGA CGG GAC TCC GCA CAA GCG-BHQ-3'
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Alternatively, the real-time PCR of Hodgetts et al. (2009) designed for the 23S rRNA
gene can be used:

JH-F 1 (forward primer): 5'-GGT CTC CGA ATG GGA AAA CC-3'

JH-F all (forward primer): 5'-ATT TCC GAA TGG GGC AAC C-3'

JH-R (reverse primer): 5'-CTC GTC ACT ACT ACC RGA ATC GTT ATT AC-3’

JH-P uni (TagMan probe): 5'-FAM-MGB-AAC TGA AAT ATC TAA GTA AC-BHQ-3’

The 25 pl reaction mixture consists of 1x TagMan real-rime PCR master mix, 300 nM
forward primer, 300 nM reverse primer, 100 nM FAM probe and 2 pl DNA template. All
samples are tested in duplicate. The amplification conditions are an initial denaturation step of
95 °C for 3 min followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min. These cycling
conditions may vary depending on the type of master mix used (e.g. some mixes require a
polymerase activation step at 95 °C for 10 min and mixes that contain uracil-DNA
glycosylase (UDG) require an initial hold at 50 °C for 2 min). Realtime PCR results are
analysed with the manufacturer’s software provided with the instrument .The real-time PCR
assay of Christensen et al. (2004) uses 900 nM of the reverse primer, and this was updated to
300 nM in a later report (Christensen et al., 2013). This assay will work equally well with
either concentration of reverse primer. PCR products were analyzed by electrophoresis
through a 1.2 % agarose gel followed by staining in ethidum bromide and visualization of
DNA fragments using a UV translluminator. Step ladder, 50 bp DNA marker (50, 100, 150,
200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900, 1000, 2000 and 3000 bp) was used to
determine the fragment sizes (Sigma).

2-3-2 Detection of PCR products

Amplifications were resolved by electrophoresis in a 1.5% agarose gel containing ethidium
bromide (0.5 pg/ml) in 1X TBE buffer at 95 V. PCR products on photographed by using a
Gel Documentation Systemwere visualized and UV light (BIO-RAD 2000).

2-4-1 Detection of LY phytoplasma by nested-PCR

The presence of LY-phytoplasma was confirmed in diseased plants by PCR according to
methods described by Oropeza et al. (2011). The PCR was run for 35 cycles in a
programmable PCR Express (Thermo Hybaid, Ashford, UK) using the universal phytoplasma
rRNA primer pair P1/P7 (Deng and Hiruki, 1991) with the following parameters: denaturation
for 60 s at 94 °C; annealing at 54 °C for 50 s; and extension at 72 °C for 1 min 20 s (10 min
for final cycle). The products of the P1/P7-primed PCR were diluted 1:40 with sterile
ultrapure water and re-amplified for 35 cycles using the universal phytoplasma 16S rRNA
Gene primer pair R16F2n/R16R2 (Lee and Gundersen, 1998) or the LY-group 503f/LY16Sr
specific primer pair as described by Harrison et al. (2004).

13



Egyptian International Journal of PalmsV.1 (2) Jul, 2021 10-22 Egyptian International
Journal of Palms

[ELIE

2-4-2 The Detection of LY phytoplasma PCR

Detection of LY-phytoplasma by the pathogen-specific primer pair LY1 (5'-CAT ATT TTA
TTT CCT TTG CAA TCTG-3"), LY2 (5°-TCG TTT TGA TGA TCT TTC ATT TGAC-3")
designed for genomic DNA isolated from lethal yellow of windmill palm (Trachycarpus
fortunei). Designed primers were used that allow specific detection of lethal yellow according
to Harrison et al. (2004). The polymerase chain reaction was performed in a reaction mixture
(50 ul) containing (50 ng) of each starting material. Forty cycles of polymerase chain reaction
were required under denaturing step conditions at 70 °C for 80 s in a PCR machine as
described previously. Reaction mixtures containing DNA extracted from healthy palm tissues,
and sterilized distilled water as substituted for complete DNA, were unseeing the negative
control that were used in each experiment for all PCR amplifications.

3- Transmission Electron Microscopy (TEM) and (SEM)

Specimens of each affected species; date palm trees (Zaghlol, Samany, Amhat and Hyani c.v.)
and untreated samples (control) were prepared for TEM using the procedures described below
(Amin, 2013 and 2016).

3-1. Examination in TEM

Electron microscopy: High-resolution and fine-thickness sections were made of samples with
pathological symptoms, yellowing and normal to make comparisons between them in the case
of infection and healthy plants and changes that occur at the anatomical level in the cell, the
affected sections were examined by JEOL - JEM 1010 - transmission electron microscope At
70 kV, the Faculty of Science, Al-Azhar University Egypt.

3-2. Applied SEM Technology

Samples of palm leaves without disease symptoms and others with symptoms were prepared
to compare between healthy and infected people in the shape and arrangement of the outer
cells in the killing solutions and fixation after rinsing. Samples with a 2.5% solution of 0.2 M
glutaraldehyde with a dilute solution of calcium oxide (pH 7.2-7.4) for 1 day at 4°C. After
rinsing the samples Store, to dry, to increasing degrees of ethanol solution (30%, 50%, 70%,
95% and 100%) by absolute acetone, for 20 minutes in successive form of these solutions.
Until the samples were dry, and after being dried in CO2 (critical point dryer, Samdry-PVT-
3B), they were mounted on SEM stages with double-sided tape. Samples were coated with
palladium in ion spray (Denton Vacuum, DESK II) and examined with an electron
microscope (S-3000N, Hitachi, Japan) at different acceleration voltages (5-20 kV).

Results and discussion
Disease Symptoms

Trees infected with phytoplasma were identified during the inventory process by matching the
symptoms recorded for them on palm trees and photographed and samples were taken for
laboratory examination and identification by genetic fingerprint, at the stems and bases of
leaves in infected palm trees. The disease was first observed in the Arab region by Nixon
(1954) in the Al-Ahsa Oasis in eastern Saudi Arabia. The main symptoms of the disease are
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stunted leaves with pallor, yellow streaks, a noticeable decrease in the size of the fruits, and
the absence of it, and the stem is weak due to poor photosynthesis. The presence of streaks in
palm fronds with intermittent or longitudinal pallor and yellowing facilitates detection of
phytoplasma infection on palm trees, and this is clear from the picture (1) (b) the leaves
become completely yellow and their age decreases. Stunting and yellowing increases with age
and loses its properties from its ability to conduct photosynthesis, which leads to the death of

leaves (C). Diseased plants are shorter than healthy ones and end in complete death (D, E), as
mentioned by Al-Hudayb et al. (2007).

(© O

Fig (1): Symptoms of having phytoplasma (A) Plant infections on palm tree leaves Plant stem wrap. (B) Planning on
plant leaves (C) Yellowing on plant leaves (D) The size of the plant is dwarf (E) Deterioration of plant color

2-1 Detection of PCR products 16SrDNA sequences

The identification and molecular characterization of phytoplasma associated with wejam. A fingerprint
was made for the genetic structure of the samples that showed symptoms, and the Figure (2) image of
the agarrose showed that the genetic structure of the samples’ plasma matched with the items of the
phytoplasma groups. The infected plant plasma was identified from the date palm, which clearly
shows typical symptoms of wejam in the 16Srl “Ca.P.asteris” group.Which is supported by disease
genotype data at (1500) molecular weight (Al-Hudaib et al., 2007).

Healthv palms 16 Smptomatic palims
NI 7z S arx Axxey EX F Sarxxn A I = |

1500

Fig (2): Polymerase chain reaction (PCR) amplification of phytoplasmal 16SrDNA sequences from naturally infected
date palm
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Palm leaf samples collected in this survey showed a severe infestation group, showing yellow
streaks and general stunting of new leaves and of plants in general (Fig. 2) and the lifespan of
plants is reduced. The palm trees affected in the farm also showed more severity of symptoms
than the healthy ones, as the most severe infections were related to the type of planted
varieties. The analyzes of the DNA samples under study from different sites in this study
showed positive results for nPCR, and the pathogen was identified in patients using 16S
primers (Figure 1), which confirms the presence of phytoplasma infection. The data and
sequence similarity ratios of nPCR products, in this study, reached the identity of 99-100% of
the samples that were analyzed and tested.

2-2 Detection of PCR product nested DNA

Nested
Healthv palms Smptomatic paims
NI - Samna A i = 4 z S ama A xxn S 1

1200

Fig (3): Using molecular genetics, genetic fingerprinting, and sequencing this interfering DNA with date palms
infected with phytoplasmal Nested DNA.

The captured image of agarose showed the samples in Figure (3); Which was used interfering
amplification of the sequences of phytoplasma 16SrDNA and also gene sequencing using the
overlapping primer pairs (R16F2n / R2) for naturally infected palms that clearly showed
symptoms of pathology that questioned their infection, which was analyzed with 16SrDNA
first and then tested the primer-overlapping reaction to confirm (from Giza samples on
respectively). Lines 1, 2, 3 and 4 are sequential belonging to the phytoplasma group, where
the former includes all bacterial groups, while the latter is specific to phytoplasma. (Al-Awadi
et al., 2002). As there is little information available about the yellowing diseases of date
palms in Egypt (Ammar et al., 2005) and it needs verification and confirmation so that sound
and effective measures are taken.

16



?%‘%‘ Egyptian International Journal of PalmsV.1 (2) Jul, 2021 10-22
18\
(i

Egyptian International
Journal of Palms

LY Frimmer

Healthv palms Smptomatic palms

NI z Sam A S 4 z Sam P e j S 1

Fig (4): Using of (PCR) to identify the phytoplasma that causes yellowing dead in palm by sequencing LY
Phytoplasmal DNA from naturally infected date palms

Samples analysis images with LY primers. The Figure (4) using of (PCR) to identify the
phytoplasma that causes yellowing dead in palm by sequencing LY Phytoplasmal DNA from
naturally infected date palms, This is to confirm that infection with phytoplasma causing fatal
yellowing at (1200) molecular weight, where positive samples showed 16S primers and
Nested DNA with a LY primers .Various methods are available to establish the presence of
phytoplasma in diseased plants (Hibben et al., 1986). Symptoms are one of the main criteria
for the initial diagnosis of presumed phytoplasmic diseases. Symptoms on a random sample
of infected palm trees of various cultivars showed similar patterns of infection, which led to
the conclusion that the plants were affected by lethal yellow phytoplasma disease and this
agrees with what was mentioned (Nixon, 1954 and Al-Awadi et al., 2002). Here, we conclude
that the symptoms alone are not sufficient to diagnose this disease, as they are insufficient
evidence to discover and identify Phytoplasma as a supposed cause and is linked to the fatal
yellowing disease in palms, which is consistent with the results of the research and the use of
more than one initiator to confirm the disease, which is consistent with (Al-Awadhi et al.,
2002).

3- Detection of phytoplasmas in plants by scanning electron microscopy (SEM) and
transmission electron microscopy (TEM)

(A)
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Fig (5): Electron micro photo graph of (Candidatus Phytoplasma palmae) infecting the plant phloem. (A)
scanning control cells, (B) section of phloem tissue from an infected plant shown. Several of the plant cells
contain, (C ) wood cells and (D) phytoplasma cells in phloem

3-1 Scanning electron microscopy (SEM)

Electron microscopic scanning was performed with an electron microscope on the surfaces of
infected and healthy leaves to identify the shape of the infected cells compared to the healthy
cells and to ensure the presence of plant cells in the phloem cells. Plant phtoblsamasts were
morphologically characterized by SEM on infected plant cells and were found to have short,
branched filamentous forms in the phloem cells of infected plants in agreement with
(Marcone et al., 2004).

3-2 Detection of phytoplasmas in plants by Transmission electron microscopy (TEM)

Detection of phytoplasm by examining plants using a transmission electron microscope
(TEM). The electron microscope has high characteristics and capabilities. With this feature
and capabilities, we can detect healthy and unhealthy cells, as phytoplasma appeared inside
the phloem tissues, as in Picture No. 5, where there are cells with phytoplasma cells and
healthy cells next to them for arbitration.

Recommendations

The overlapping PCR can be used to detect secondary phytoplasma in mixed infections, so it
is important in identifying the pathogen in patients, and it turned out to be more specific than
the general PCR and this is consistent with what was mentioned (Al-Awadhi et al., 2002).
Also, the polymerase chain reaction (PCR) allowed the detection of plant plasma in some
suspicious trees where the observed symptoms are weak. The present study can conclude that
the yellow streak may be caused by a single phytoplasma and this is consistent with the
results obtained by (Lee et al., 1993) and (Al-Awadhi et al., 2002). Phytoplasma cells are
small and have multiple shapes, and we need to magnify the electron microscope and its
resolution for examination and direct observation, and to study the morphological
characteristics of Phytoplasma and its shapes inside the sieve tubes of the infected host plant
as mentioned (Lee et al., 2000). For more than 30 years, TEM has remained one of the most
reliable and effective methods for detecting plant plasmas (Poghosyan et al., 2004). There are
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other methods using the electron microscope, which are also good in diagnosing and tracing
inside cells and its effect on cell shapes,TEM was first used with success to establish its
presence and to describe the phytoplasma associated with wejam (Doi et al., 1967).

Conclusion

This technique is good for identifying the diseased pathogen in the bark of the host plants.
And we need to continue studies in this direction to increase and enrich the nature of this type
of pathogens inside plants during the occurrence of infection. And using of host palm cultivar
resistance represents the most practical in long-term solution for LY control.
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