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INTRODUCTION 

Date palm (Phoenix dactylifera L.) is one of the most important cash crops in Jordan, occupying 3300 ha, where 500,000 trees 

produce 25,000 tons of dates annually.  Jordan Valley is one of the important areas growing date palm in Jordan hosting more 

than 75% of the trees [6]. Recently Jordanian farmers complained from leaf yellowing symptoms and reduction in fruit size of 

date palm trees (personal communications). Phytoplasmas have been previously associated with diseases of date palms like the 

Al-Wijam disease in Saudi Arabia [3]. Al-Wijam disease symptoms include stunting and yellow streaking of leaves, as well as 

with fruit and stalk reduction of around 30% of the original size, besides, the severity of symptoms varies with the plant variety. 

Other phytoplasma diseases of palms include the white tip die-back and slow decline in North Africa [11], yellowing in Kuwait 

[1], and lethal decline in Texas [17].   

 

Phytoplasma are a large group of plant-pathogenic, phloem-inhabiting bacteria, transmitted from plant to plant by phloem-

feeding insects, most commonly plant hoppers and leafhoppers [16]. It causes a variety of symptoms and significant economic 

damage in more than 1,000 plant species [23]. Phytoplasmas are classified within the provisional taxon ‘Candidatus 

Phytoplasma’ and species are typically identified based on the conserved 16S ribosomal RNA (rRNA) gene [21 , 8] and 

distinguished even when strains are closely related using other genes that allow for a larger genetic differentiation such as 

ribosomal proteins, secretion proteins (secA, secY), elongation factor Tu (tuf) and others[8].  

 

Thus, the objective of this study was detection, identification and molecular characterization of phytoplasma affecting date palm 

orchards in Jordan. 
 

MATERIALS AND METHODS  
Sample collection and nucleic acid extraction  
 
Fields surveys were carried out through all date palm planted regions all over Jordan from 2017 to 2018. A total of 97 
commercial date palm orchards covering 834.8 ha were visited and inspected for the presence of typical symptoms of 
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phytoplasma. Date palm leaf samples, in addition to herbaceous and other potential host crops, were collected from 
asymptomatic and suspected symptomatic trees and stored at -80 °C until used. In order to monitor the potential insect vectors, 
two orchards located in the Jordan Valley were chosen for the presence of insect vectors, where two yellow sticky traps were 
hanged at the base of the tree trunk and were changed every two weeks. Sticky traps were transferred to the lab and insects 
captured were collected, put in 2 small tubes containing 75% ethanol for both morphological identification and detection for the 
presence of phytoplasma. Total nucleic acids were extracted from insects, asymptomatic and symptomatic plant samples 
following the method of Doyle and Doyle [4] and modified as needed. 
 
Both quality and quantity of the extracted DNA were measured using Nano dropper (Thermo Fisher Scientific, USA) The 
integrity of DNA also checked by gel separation using 1% (w/v) agarose (Promega) electrophoresis in TAE (1X) buffer and 
visualized by staining with Red Safe Nucleic Acid staining solution (20,000X) (INtRON Biotechnology, JH science, NJ). 
 
PCR amplification 
 
In order to detect the presence of the desired DNA fragments that confirm the presence of phytoplasma, PCR was performed 
using a generic set of primers P1/P7; followed by nested PCR using the primers set R16F2n/ R16R2 (Table 1). PCR mixture and 
conditions were adjusted for each set of primers.  
 DNA amplification was performed in 20 µl PCR mixture containing 50 ng of DNA template, 10 µmol of each primer, 4 µl PCR 
mix (5x master mix ready to use). 
 
PCR amplification conditions for P1/P7 set of primers was carried out as follows: one cycle at 95 °C for 10 minutes, 30 cycles of   
95 °C for 30 second, 53 °C for 1min, 72 °C for 4 minutes.  All reactions were finally extended at 72 °C for 10 minutes. 
P1/P7 PCR products were used as templates for nested PCR; amplification was carried out as follows: 95 °C for 10 minutes for 
denaturation, 30 cycles of 95 °C for 30 seconds, 56 °C for 1 min, 72 °C for 4 minutes, and finally extended at 72 °C for 10 
minutes. 
 
Table1: Sets of Primer used for detection of phytoplasma in the collected samples 

 
 
 
 
 
 
 
 
 

 

DNA sequencing and data analysis 

Samples chosen for sequencing were purified using QIAquick ®gel extraction kit (QIAGEN, Germany) according to the 

manufacturer’s instructions.  

Cleaned samples were sent for sequencing to Macrogen Korea (Seoul, Rep. of Korea) and sequenced from both directions. 

 

Sequence analysis 

The homology search for PCR products was performed using Basic Local Alignment Searching Tool (BLAST) at NCBI server. 

The consensus 16S rDNA sequences were compared by BLAST, trimmed and aligned cluster, and used to construct a 

phylogenetic tree using MEGA version X and the Maximum Likelihood method based on the Tamura-Nei [25] model to support 

the branch values. Acholeplasma palmae was used as out group, to root the phylogenetic tree. 

 

Detection of Candidatus Phytoplasma ulmi using specific set of primers by PCR 

In order to ensure the obtained results from sequencing, which showed high similarity with Candidatus Phytoplasma ulmi, 

amplification of the Jo-phytoplasma isolates was done using specific primers for this group; FD9 encoding a translocase protein 

(sec Y) as shown in Table 2. 

 

Table 2: Specific sets of Primer used for detection Candidatus Phytoplasma ulmi in the collected samples. 

 

 

 

 

 

 

 

 

The primers set FD9f/FD9r used for amplification and PCR products were diluted 1:40 to be used in nested PCR using the 

primers set FD9f2/r /FD9f3/r2. Each primers set was optimized independently. DNA amplification was performed in 25 µl PCR 

mixture containing 50 ng of DNA template, 10 µmol of each primer, 12.5 µl PCR mix (Go Tag®Green Master Mix 2X).PCR 

amplification for FD9f / FD9r set of primers was carried out as follows: one cycle at 95 °C for 10 minutes, 35 cycles of   95 °C 

for 45 second, 48 °C for 1 min, 72 °C for 3 minutes and  final extension at 72 °C for 10 minutes. 

 

 

Reference Primers Name 

[13] 
5' 

AAG AGT TTG ATC CTG GCT CAG GAT T 
3'
 P1 

[24] 
5' 

CGT CCT TCA TCG GCT CTT 
3'
 P7 

[15] 
5' 

GAA ACG ACT GCT AAG ACT GG 
3'
 R16F2n 

5' 
TGC CGG GCG GTG TGT ACA AAC CCC G 

3'
 R16R2n 

Primer Nucleotide sequence Reference 

FD9f 
5'
-GAA TTA GAA CTG TTT GAA GAC G–

3'
 [12]  

FD9r 
5'
-TTT GCT TTC ATA TCT TGT ATC G-

3'
 

FD9f2/r 
5'
- GCTAAAGGTGATTTAAC-

3'
 [7] 

FD9f3/r2 
5'
- GGTAGTTTTATATGACAAG- 

3'
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Dilution for FD9f / FD9r PCR products (1:40) was conducted in order to be used for the second primer set FD9f2/r / FD9f3/r2,  

and amplification was carried out as follows: one cycle at 95 °C for 10 minutes, 35 cycles of   95 °C for 45 second, 52 °C for 1 

min, 72 °C for 3 minutes and final extension at 72 °C for 10 minutes. 

 

RESULTS 

Samples collection 

During the years 2017 and 2018, two hundred sixty-two samples were collected from fields throughout date palm growing areas 

all over Jordan, from 189 locations covering 834.8 ha, including; the Jordan Valley, Ghore As-Safi, Wadi Araba, Quera, Aqaba 

and Azraq (Fig. 1). 
 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

Figure.1: Locations of sample collection. 
 

Some date palm trees were found suffering from phytoplasma symptoms; stunting and yellow streaking of the leaves (Fig. 

2), with fruits and fruit, stalks reduced in size. 

 
 

 

 

 
 

 

 

 

 
 

 

 

                                               Figure 2: Yellow streaking of the date palm leaves 
 

Detection of phytoplasma using Polymerase Chain Reaction (PCR) 

A total of 262 isolates showed a 1.8 KB bands with the universal primers set (P1/P7) which are commonly used for the detection 

of phytoplasma (Fig. 3). Also, bands of 1.25 KB were observed when PCR products amplified with P1/P7 primers were used as 

a template (nested PCR) using R16R2/R16F2 set of primers (Fig. 4). 

 

 

  

 

 

 

 

 

Figure 3: Agarose gel electrophoresis for PCR amplified DNA of Jo-Phytoplasma isolates using P1 and P7 primers with the 

expected amplified product of 1.8 KB. 
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Figure 4: Agarose gel electrophoresis for PCR amplified DNA of Jo- Phyto isolates using R16R2/R16F2 primers with the 

expected amplified product of 1.250 KB. 

 

Different types of leafhoppers and planthoppers have been captured in the traps hanged in different locations and were 

morphologically classified (results considering potential insect vectors will be discussed separately in more detail in other 

scientific papers). 
 

Sequencing analysis 

Maximum nucleotide similarity (BLASTn) results for selected Jo-isolates are presented in Table3, showing maximum similarity 

percentage with closely related reference strain, E values and accession numbers in the GenBank. 

 

Table 3: Maximum nucleotide similarity (BLASTn) of Candidatus Phytoplasma of Jordanian isolates and related 

sequences available in the GenBank 
 

 
 

 

 

 

 
 

 

 

 
 

 

 

BLASTn results showed high similarity with different strains of Candidatus Phytoplasma ulmi deposited in the GenBank 

(Table 4), and the nucleotide sequence similarity percentage ranged from 95% up to 98%. 
 

Table 4: Maximum nucleotide similarity (BLASTn) between Jo-isolates and the most closely related species/subspecies. 

 

 

 
Accession 

No. 

Description Similarity % E value 

1 MH583020 Candidatus Phytoplasma ulmi isolate GBFC_EY_01 16S 

ribosomal RNA gene and 16S-23S ribosomal RNA 

intergenic spacer, partial sequence 

98% 0.0 

2 KT381877 Candidatus Phytoplasma ulmi 16S ribosomal RNA gene, 

partial sequence 

96% 0.0 

3 KC875870 Candidatus Phytoplasma ulmi clone F3-F2n-7IA2 16S 

ribosomal RNA 

gene, partial sequence 

98% 0.0 

4 HM038460 Candidatus Phytoplasma ulmi strain EY24_SRB 16S 

ribosomal RNA gene partial sequence. 

98% 0.0 

S/N Isolate and accession 

no. in GenBank 

Closely related 

species/subspecies 

E value Maximum 

% 

similarity 

Accession no. Location 

1 JoB1 

 (MN176584) 

Candidatus 

Phytoplasma ulmi 

clone F3-F2n-7IA2 

0.0 95.92 KC875870.1 

 

Baqora 

2 JoB2  

(MN176585) 

Candidatus 

Phytoplasma ulmi  

0.0 96.95 KT381877.1 Baqora 

3 JoWAf1  

(MN176586) 

Candidatus 

Phytoplasma ulmi 

isolate NK4 

0.0 96.7 KU216230.1 Wadi Araba 

4 JoWAr2 

(MN176587) 

Candidatus 

Phytoplasma ulmi 

strain EY24_SRB 

0.0 96.2 HM038460.1 Wadi Araba 

5 JoJVHf1  

(MN176588) 

Candidatus 

Phytoplasma ulmi 16S 

ribosomal RNA gene 

0.0 97.48 KT381877.1 Jordan 

Valley 
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Detection of Candidatus Phytoplasma ulmi using specific set of primers by PCR 

 
Isolates amplified with the specific set of primers (FD9f2/r/FD9f3/r2) used to detect Candidatus Phytoplasma ulmi, yielded a 

1000 bp bands (Fig. 5). This showed that all primer sets amplified only the target DNA with the expected product size.      

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Agarose gel electrophoresis PCR-amplified DNA of Candidatus  Phytoplasma ulmi isolates using FD9f2/r / FD9f3/r2 set 

primers with the expected amplified product of 1000 bp 

 

 

Disease incidence 

Infection ratio of phytoplasma in collected samples was 55.3%  for date palm (Majhool, Barhi, Lolo, Thoory, Ahmar Talal), 

95.7%, for herbaceous plants (Amaranthus sp., Malva sylvestris, Sisymbrium officinale, Setaria sp. Salsola sp, Polygonum 

aviculare, Cyperus esculentus, Convolvulus sp.), for citrus trees (Citrus lemon and  Citrus sinensis) was 20%, in insect samples 

was 40% and in other different plants (Aloe vera,  Zea maize,  Allium cepa)   was 37.5% as shown in Table 5. 

 

 

6 JoJVHr2 

(MN176589) 

Candidatus 

Phytoplasma ulmi 16S 

ribosomal  

0.0 98.31 KT381877.1 Jordan 

Valley 

7 JoJVDP1 

 (MN176590) 

Candidatus 

Phytoplasma ulmi 

isolate NK16 

0.0 96.32 KU202212.1 Jordan 

Valley 

8 JoJVDP2  

(MN176591) 

Candidatus 

Phytoplasma ulmi 

strain EY24_SRB 

0.0 96.86 HM038460.1 Jordan 

Valley 

9 JoJVH1  

(MN176592) 

Candidatus 

Phytoplasma ulmi 

clone A1-F2n-1IA3 

0.0 96.83 KC875871.1 Jordan 

Valley 

10 JoJVDP1 

 (MN176593) 

Candidatus 

Phytoplasma ulmi 

isolate KP24 

0.0 96.77 KU202205.1 Jordan 

Valley 

11 JoJVI1 

(MN176594) 

Candidatus 

Phytoplasma ulmi 

isolate NK7 

0.0 96.86 KU202210.1 Jordan 

Valley 

12 JoJVI3  

(MN176595) 

Candidatus 

Phytoplasma ulmi 

strain EY24_SRB 

0.0 95.78 HM038460.1 Jordan 

Valley 

13 JoJVI4  

(MN176596) 

Candidatus 

Phytoplasma ulmi 

isolate NK16 

0.0 95.47 KU202212.1 Jordan 

Valley 

14 JoSDP 

(MN176597) 

Candidatus 

Phytoplasma ulmi 

clone C2-Ac 

0.0 96.4 KC834072.1 Ghore As 

Safi 

15 JoSDP2 

(MN176598) 

Candidatus 

Phytoplasma ulmi 

isolate GBFC_EY_01 

0.0 97.05 MH583020.2 Ghore As 

Safi 
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Table 5: Percentage of phytoplasma-infected samples that collected during field survey. 

 

 

 

 

 

 

*The number of positive samples of the crop over the total collected samples of the same crop X 100. 

Results indicated that all phytoplasma isolates collected from all date palm planting regions all over Jordan; did not differ from 

each other and the phylogenetic tree presented in Figure 6, shows that date palm Jo-phytoplasma isolates clustered with those of 

phytoplasma strains in the elm yellows group (16SrV) of Candidatus Phytoplasma ulmi for the phytoplasma associated with elm 
yellows. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Phylogenetic analysis of date palm Jo-isolates and reference strains. The generation of the tree was conducted in 
MEGA program. 

The branching pattern was generated by the Neighbor-Joining method; the stability of the tree was assessed by 1000 bootstrap  

replication. Acholeplasma palmae was used as out-group. 

 

DISCUSSION 

Date palm plantation in Jordan has been increased in last decade, with farmer's reports of increasing incidence of leaf yellowing 

symptoms (personal communications and extensions reporting). Phytoplasma disease of date palm has been previously reported 

in the neighboring countries; in Saudi Arabia and called the Al-Wijam disease [2, 3]. The amplification of phytoplasma DNA 

from 262 date palm samples with typical yellowing symptoms and asymptomatic ones demonstrates the association of this 

pathogen with the disease. Results of this study revealed that phytoplasma disease occurred in all surveyed areas all over date 

palm growing regions of Jordan, including; Jordan Valley, Ghore As-Safi, Wadi Araba, Quera, Aqaba and Azraq.  

 

Two phytoplasma groups were identified causing Alwijam phytoplasma which occurred in Saudi Arabia; 16SrI (Candidatus 

Phytoplasmas asteris) in Alhasa, and 16SrII (aurantifolia) in other locations of Saudi Arabia [5]. Results of this study clearly 

indicated that the phytoplasma from Jordan (DP Jordan 1, 2, 4, 6, 8, 10) were more different from those isolates of Saudi Arabia. 

The phylogenic tree presented in Figure (6) showed that date palm phytoplasma from Jordan was clustered with those 

phytoplasma strains of 16SrV group in the same cluster with Candidatus Phytoplasma ulmi. This preliminary grouping was 

supported by the analysis of the evolutionary relationships (Fig. 6) among those identified in this study and others from 

GenBank.  

 

Elm yellows group (16SrV) phytoplasmas, which are associated with devastating diseases in elm, grapevine, blackberry, cherry,  

peach and several other plant species in many countries, represent one of the most diverse phytoplasma clusters [22]. 

Phylogenetic analysis of the ribosomal protein genes and secY gene alone or in combination indicated that the subgroups 

Sample source No. of collected 

samples 

No. of infected samples Percent of infection* 

Date Palm 197 109 55.3 

Herbaceous 47 45 95.7 

Citrus 5 1 20 

Insect 5 2 40 

Others 8 3 37.5 

Total 262 160 61% 
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constitute 12 genetically distinct lineages, each of which appears to have evolved under different ecological constraints such as a 

specific vector or plant hosts [20]. The presence of the phytoplasma group 16SrV was confirmed in date palms with different 

varieties (Majhool, Barhi, Lolo, Thoory, Ahmar Talal), and other  herbaceous plants (Amaranthus sp., Malva sylvestris, 

Sisymbrium officinale, Setaria sp. Salsola sp., Polygonum aviculare, Cyperus esculentus, Convolvulus sp.), in addition to citrus 

trees (Citrus lemon and  Citrus sinensis) and in other different plants (Aloe vera,  Zea maize,  Allium cepa)  grown in and nearby 

the date palms orchards with different disease incidence. Different vegetables; such as carrots Daucus carota, Jew's mallow 

Corchorus oltorius [9], tomato [4] and other herbaceous hosts; basil or alfalfa have been reported as widely known host for the 

16SrV and 16SrII phytoplasma groups currently affecting date palms in the regions [5], and may play a role for being possible 

alternative hosts varying according to different farmer cultures and practices. Considering the recent findings in neighboring 

countries, we suspect that Candidatus Phytoplasma ulmi detected in our study is likely to be distributed throughout the region, 

but with few previous reports, rather than being a newly emerging risk and expressing typical symptoms vary according to date 

palm variety and environmental conditions. 

 

Leafhoppers, planthoppers and psyllids are known as insect vectors of phytoplasma diseases [10], where phytoplasma-insect 

vector interactions are an important issue in developing good strategies to control phytoplasma diseases. Types of insects 

captured in our study and its role in transmitting the disease; and other potential vectors will be discussed in another paper due to 

that vector-host-plant interactions play an important role in determining the spread of phytoplasmas [19]. 

 

CONCLUSION:  
Based on the findings and limitations, further work is needed in order to focus on the important vector(s) of the disease and the 

identification of new alternative hosts with epidemiological implications. 
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