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The association of phytoplasma was investigated in symptomatic tomato (Solanum lycopersicum L.), eggplant (Solanum 
melongen L.), mallow (Malva spp.) and Bermuda grass (Cynodon dactylon L.) plants exhibiting witches’ broom and white 
leaf diseases, respectively. Total DNA was extracted from tomato (n=3), eggplant (n=2), mallow (n=2) and Bermuda grass 
(n=8) samples. Direct polymerase chain reaction (PCR) was performed using P1/P7 primer set, then PCR products were se-
quenced. Sequences obtained from tomato, eggplant and mallow shared 99% maximum nucleotide identity with phytoplasma 
belonging to subgroup 16SrII-D, and resulted therefore ‘Candidatus Phytoplasma australasia’-related. Sequences obtained 
from Bermuda grass showed 100% maximum nucleotide identity to 16SrXIV-A subgroup and were ‘Ca. P. cynodontis’-re-
lated. The study presents the first molecular confirmation and sequence data of presence of ‘Ca. P. australasia‘ and ‘Ca. P. 
cynodontis’ in Iraq. 

Phytoplasms impact a wide range of economi-
cally important plant species causing serious losses 
worldwide (Bertaccini & Duduk 2009). They affect 
the quality and quantity of products resulted from 
infected crops including vegetables, field crops, 
fruit trees and ornaments (Chaturvedi et al. 2010; 
Bertaccini et al. 2014; Maejima et al. 2014). An ex-
tra damage may occur due to the cost paid for phyto-
plasma indexing procedures, quarantine regulations 
and disease control. Phytoplasms are wall- less pro-
karyotic plant pathogens belonging to the class Mol-
licutes (IRPCM 2004). They are phloem limited and 
insect transmitted by Cicadellidae (leafhoppers), 
Fulgoridae (planthoppers), Cercopidae (spittlebugs 
or froghoppers), Cixiidae (Cixiid planthoppers), 
Derbidae (Derbid planthoppers), Delphacidae (Del-
phacid planthoppers) and Psyllidae (Psyllid bugs) 

(Jarausch & Weintraub 2013). Moreover phyto-
plasms have been found to be transmitted by dod-
der, grafting (Bertaccini & Duduk 2009; Bertaccini 
et al. 2014) and through seeds (Bertaccini & Duduk 
2009; Calari et al. 2011). Taxonomically, phytoplas-
ma strains have been classified into 116 subgroups 
within 34 groups based on 16S ribosomal gene re-
striction fragment length polymorphism (RFLP) 
analyses (Duduk & Bertaccini 2011; Bertaccini et 
al. 2014; Fránová et al. 2014). 

Phytoplasmas classified in 16SrII group are often 
associated with typical witches` broom symptoms 
including virescence, phyllody, proliferation and 
stunting (Bertaccini et al. 2014), while those belong-
ing to 16SrXIV group are usually associated with 
white leaf symptoms (Marcone et al. 2004; Salehi 
et al. 2009). Papaya yellow crinkle disease associat-
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ed phytoplasma (16SrII-D subgroup) was identified 
in Australia for the first time in 1996 (Gibbs et al. 
1996). In 1998, this phytoplasma was assigned into 
the new taxon ‘Candidatus Phytoplasma australasia’ 
(White et al. 1998). Phytoplasmas associated with 
white leaf diseases were reported for the first time 
on Bermuda grass since 1972 in Taiwan (Marcone et 
al. 1997), and were assigned into a separated taxon 
‘Ca. P. cynodontis’ in 2004 (Marcone et al. 2004). 
PCR technique is a powerful tool for phytoplasma 
characterization especially when combined with 
RFLP and sequence analyses (Bertaccini & Duduk 
2009; Delić 2012). PCR approaches using universal 
primers designed to target conserved sequences (e.g. 
16S rDNA) enable detection of phytoplasmas in 
both plants and insects (Bertaccini & Duduk 2009; 
Delić 2012). Then, phytoplasma sequences resulting 
from universal primers amplification can easily be 
identified up to group/sub group level using virtual 
RFLP digestion (Wei et al. 2007; Zhao et al. 2009). 

In Iraq, phytoplasma diseases have been inves-
tigated based on biology, serology and microscopy 
(Al-Rawi et al. 2001). PCR amplification was ap-
plied to detect the association of phytoplasmas with 
a phyllody disease of Arabic jasmine (Al-Kuwaiti 
et al. 2015) and sesame (Mohammed et al. 2016). 
Witches’ broom symptoms, suspected to be a phyto-
plasma disease, were observed in tomato (Solanum 
lycopersicum L.) and eggplant (Solanum melonge-
na L.) in Basra province. This disease caused seri-
ous economic losses on tomato and eggplant crops 
to producers as most fruits failed to set. White leaf 
was another phytoplasma disease observed in Ber-
muda grass (Cynodon dactylon L.) in Baghdad. Two 
mallow (Malva spp.) samples exhibiting witches’ 
broom symptoms were found in Al-Nassiriya prov-
ince. This study aimed at the molecular investiga-
tion of identity of the phytoplasma associated with 
witches’ broom and white leaf diseases in Iraq.

MATERIAL AND METHODS

Leaf samples were collected from symptomat-
ic tomato (n=3) and eggplant (n=2), grown under 
tunnels at Al-Zubair region in Basra province. Mal-
low (n=2) samples were collected from a field in 
Al-Nassiriya province. Bermuda grass (n=8) sam-

ples were collected from Baghdad province. Total 
DNA was extracted from samples using AccuPrep® 
Plant DNA Extraction Kit from (Bioneer, S. Ko-
rea) following the manufacturer instructions. Direct 
PCR was performed using AccuPower PCR PreMix 
kit from (Bioneer, S. Korea) and P1/P7 primer set 
(Deng & Hiruki 1991; Smart et al. 1996). PCR re-
action was prepared by adding 1μl (50 ng) of ex-
tracted DNA and 1 μl of each primer (10 picomole) 
to PCR Premix then reaction volume was adjusted 
to 20 μl. PCR amplification was preformed using 
1 cycle of pre-denaturation for 2 min. at 94°C, 35 
cycles of denaturation for 30 s min at 94°C, anneal-
ing for 2 min at 55C° and extension for 3 min. at 
72°C. The Final extension step was set for 15 min 
at 72°C. PCR products were analysed by ethidium 
bromide gel electrophoresis using 2.5% agarose 
for 15 min at 125 mAmp (Sambrook & Russell 
2006). PCR products of expected size were sent to 
(Bioneer, S. Korea) for sequencing in both direc-
tions, to generate consensus sequences. Sequences 
obtained were compared to equivalent GenBank 
sequences using MEGA BLAST analysis. Phylo-
genetic tree was constructed using MEGA6 soft-
ware package (Tamura et al. 2013). Virtual RFLP 
was performed to resolve group/subgroup of phy-
toplasma sequences isolated using iPhyClassifier 
(Zhao et al. 2009). Phytoplasma sequences obtained 
were deposited in GenBank database with accession 
codes (KU724309), (KX008307- KX008310) and 
(KY284836- KY284845).

RESULTS AND DISCUSSION

During December 2015, an outbreak of witch-
es’ broom disease occurred in tomato and eggplant 
grown under tunnels in Al-Zubair region at Basra 
province in Iraq. About 80% of tomato and egg-
plant exhibited typical symptoms of phytoplasma 
disease including phyllody, proliferation and stunt-
ing (Figure 1 A-D). In the same time a white leaf 
disease was observed in Bermuda grass grown in 
public and private gardens in Baghdad (Figure 1 
E-F). PCR amplification using P1/P7 phytoplasma 
specific primers amplified ~1.8 kb DNA fragment 
size (Smart et al. 1996) from symptomatic tomato, 
eggplant, mallow and Bermuda grass (Figure 2). Se-
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quence analyses confirmed all sequences obtained 
from symptomatic plants were from 16S rRNA re-
gion of phytoplasma genome (Smart et al. 1996), 
when compared to equivalent GenBank sequenc-
es. Sequences from tomato, eggplant and mallow 
plants, infected with witches’ broom disease, shared 
99.8–99.9% nucleotide identities to 16SrII-D sub-
group phytoplasmas from Egypt (GenBank acces-

sion number KU056919), Iran (GenBank accession 
numbers KP869129, JX441321, KR706443 and 
KJ016231), Oman (GenBank accession number 
AB257291), Australia (GenBank accession numbers 
Y10097 and JQ868446) and South Korea (GenBank 
accession number AB690307) (Tables 1 and 2). The 
sequences obtained from Bermuda grass showing 
white leaf disease shared 99.7–100% identities 

Figure 1. Naturally infected tomato (A,B), eggplant (C, D) plants exhibiting phyllody (white arrows) and proliferation symp-
toms. (E) and (F) Bermuda grass exhibiting white leaf symptoms



115

Agriculture (Poľnohospodárstvo), 63, 2017 (3): 112−119
T 

 a
  b

  l
  e

   
1

N
uc

le
ot

id
e 

se
qu

en
ce

 id
en

tit
ie

s 
re

pr
es

en
tin

g 
pa

rti
al

16
S 

rD
N

A
 re

gi
on

 o
f ‘

C
an

di
da

tu
s 

Ph
yt

op
la

sm
a 

au
st

ra
la

si
a’

 a
nd

 ‘C
a.

 P
. c

yn
od

on
tis

’ (
B

ol
d 

le
tte

rs
) f

ro
m

 Ir
aq

 (m
ar

ke
d 

w
ith

 *
) 

an
d 

ot
he

r G
en

B
an

k 
st

ra
in

s.
 S

eq
ue

nc
e 

id
en

tit
ie

s 
w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 M
EG

A
6 

so
ftw

ar
e.

Is
ol

at
e/

St
ra

in
1

2
3

4
5

6
7

8
9

10
11

12
13

14
15

16
17

18
19

20
21

22
23

24
25

26
27

28

1.
A

l-Z
ub

ai
r*

2.
A

l-Z
ub

ai
r1

*
99

.1

3.
A

l-Z
ub

ai
r2

*
99

.9
99

.2

4.
A

l-Z
ub

ai
r3

*
99

.6
99

.3
99

.8

5.
A

l-Z
ub

ai
r4

*
99

.8
99

99
.6

99
.6

6.
M

al
va

1*
98

.9
98

.4
99

.1
99

98
.9

7.
M

al
va

2*
99

.5
99

99
.6

99
.6

99
.4

98
.9

8.
(K

U
05

69
19

)E
gy

pt
99

.8
99

.3
99

.9
99

.9
99

.7
99

.2
99

.7

9.
(K

P8
69

12
9)

Ir
an

99
.8

99
.3

99
.9

99
.9

99
.7

99
.2

99
.7

10
0

10
.

(J
X

44
13

21
)I

ra
n

99
.8

99
.3

99
.9

99
.9

99
.7

99
.2

99
.7

10
0

10
0

11
.

(K
R

70
64

43
)I

ra
n

99
.8

99
.3

99
.9

99
.9

99
.7

99
.2

99
.7

10
0

10
0

10
0

12
.

(K
J0

16
23

1)
Ir

an
99

.7
99

.2
99

.9
99

.8
99

.6
99

.1
99

.6
99

.9
99

.9
99

.9
99

.9

13
.

(Y
10

09
7)

A
us

tra
lia

99
.8

99
.3

99
.9

99
.9

99
.7

99
.2

99
.7

10
0

10
0

10
0

10
0

99
.9

14
.

(A
B

69
03

07
)_

S.
_K

or
ea

99
.6

99
.1

99
.7

99
.6

99
.5

98
.9

99
.5

99
.8

99
.8

99
.8

99
.8

99
.7

99
.8

15
.

(J
Q

86
84

46
)A

us
tra

lia
99

.6
99

.2
99

.8
99

.7
99

.6
99

99
.6

99
.9

99
.9

99
.9

99
.9

99
.8

99
.9

99
.9

16
.

(A
B

25
72

91
)O

m
an

99
.8

99
.3

99
.9

99
.9

99
.7

99
.2

99
.7

10
0

10
0

10
0

10
0

99
.9

10
0

99
.8

99
.9

17
.

W
F1

*
90

.7
90

.2
90

.7
90

.7
90

.8
90

.2
90

.7
90

.8
90

.8
90

.8
90

.8
90

.7
90

.8
90

.9
90

.8
90

.8

18
.

W
F2

*
91

.1
90

.6
91

.1
91

91
.2

90
.5

91
91

.2
91

.2
91

.2
91

.2
91

.1
91

.2
91

.2
91

.2
91

.2
99

.4

19
.

W
F3

*
91

.4
90

.9
91

.4
91

.3
91

.4
90

.8
91

.3
91

.4
91

.4
91

.4
91

.4
91

.4
91

.4
91

.5
91

.4
91

.4
99

.2
99

.7

20
.

W
F4

*
91

.4
90

.9
91

.4
91

.3
91

.4
90

.8
91

.3
91

.4
91

.4
91

.4
91

.4
91

.4
91

.4
91

.5
91

.4
91

.4
99

.2
99

.7
10

0

21
.

W
F5

*
91

.2
90

.7
91

.2
91

.2
91

.3
90

.7
91

.2
91

.3
91

.3
91

.3
91

.3
91

.2
91

.3
91

.4
91

.3
91

.3
99

.4
99

.7
99

.9
99

.9

22
.

W
F6

*
91

.2
90

.7
91

.2
91

.1
91

.2
90

.6
91

.1
91

.2
91

.2
91

.2
91

.2
91

.2
91

.2
91

.3
91

.2
91

.2
99

.3
99

.6
99

.8
99

.8
99

.9

23
.

W
F7

*
90

.4
89

.9
90

.4
90

.3
90

.4
89

.8
90

.3
90

.4
90

.4
90

.4
90

.4
90

.4
90

.4
90

.5
90

.4
90

.4
98

.9
99

.1
98

.8
98

.8
98

.9
99

24
.

W
F8

*
91

.1
90

.6
91

.1
91

91
.2

90
.5

91
91

.2
91

.2
91

.2
91

.2
91

.1
91

.2
91

.2
91

.2
91

.2
99

.4
99

.9
99

.7
99

.7
99

.9
99

.8
99

.1

25
.

(K
F3

83
98

0)
A

lb
an

ia
91

.4
90

.9
91

.4
91

.3
91

.4
90

.8
91

.3
91

.4
91

.4
91

.4
91

.4
91

.4
91

.4
91

.5
91

.4
91

.4
99

.2
99

.7
10

0
10

0
99

.9
99

.8
98

.8
99

.7

26
.

(A
J5

50
98

4)
It

al
y

91
.4

90
.9

91
.4

91
.3

91
.4

90
.8

91
.3

91
.4

91
.4

91
.4

91
.4

91
.4

91
.4

91
.5

91
.4

91
.4

99
.2

99
.7

10
0

10
0

99
.9

99
.8

98
.8

99
.7

10
0

27
.

(A
B

74
16

30
)M

ya
nm

ar
91

.2
90

.7
91

.2
91

.2
91

.3
90

.7
91

.2
91

.3
91

.3
91

.3
91

.3
91

.2
91

.3
91

.4
91

.3
91

.3
99

99
.5

99
.8

99
.8

99
.6

99
.6

98
.7

99
.5

99
.8

99
.8

28
.

(A
F2

48
96

1)
T

ha
ila

nd
91

.2
90

.7
91

.2
91

.1
91

.2
90

.6
91

.1
91

.2
91

.2
91

.2
91

.2
91

.2
91

.2
91

.3
91

.2
91

.2
98

.9
99

.4
99

.7
99

.7
99

.6
99

.5
98

.7
99

.4
99

.7
99

.7
99

.9

29
.

A
ch

ol
ep

la
sm

a 
pa

lm
ae

 (L
33

73
4)

87
.3

87
87

.3
87

.3
87

.3
86

.8
87

.3
87

.4
87

.4
87

.4
87

.4
87

.3
87

.4
87

.3
87

.4
87

.4
88

.6
89

89
.2

89
.2

89
.2

89
.1

88
.3

89
89

.2
89

.2
89

.2
89

.2



116

Agriculture (Poľnohospodárstvo), 63, 2017 (3): 112−119

with 16SrXIV-A subgroup phytoplasmas detected 
in Bermudagrass from Albania (KF383980), Italy 
(AJ550984), Myanmar (AB741630) and Thailand 
(AF248961) (Tables 1 and 2). Phylogenetic analysis 
supported this grouping of all the Iraqi sequences 
from witches’ broom diseased plants with phyto-
plasmas enclosed in 16SrII-D subgroup (Figure 3). 
Moreover in the phylogenetic tree all sequences 
obtained from white leaf diseased Bermuda grass 

and those of phytoplasmas enclosed in 16SrXIV-A 
subgroup groupend in a single clade (Figure 3).The 
two phylogenetic groups were separated from each 
other’s and the relatedness was supported by 99% 
boots trap value. Data obtained from iPhyClassi-
fier analyses confirmed that all sequences isolat-
ed from witches’ broom diseased plants belong to 
16SrII-D. The virtual RFLP patterns derived from 
Al-Zubair, Al-Zubair(1–4) and Malva1 16S rDNA 

T  a  b  l  e   2

Phytoplasma sequences obtained in this study. Identity percentages were calculated based on ‘'Candidatus Phytoplasma 
australasiae'’ reference strain (GenBank accession: Y10097) ‘'Ca. P. cynodontis'’ reference strain (GenBank accession: 

AJ550984) using iPhyClassifier

Figure 2. Gel electrophoresis pattern of ~1.8 Kb DNA fragments amplified by P1/P7 primers set. M: 100bp DNA marker,  
H: healthy plant, 1 & 2 lanes: witches’ broom infected tomato, 4–6 lanes: white leaf infected Bermuda grass

GenBank acc. 
No.

Isolate/
sequence name Source Location Group/sub 

group Ident. [%] Similarity 
coefficient

KU724309 Al-Zubair tomato

Basra
16SrII-D

99.0

1.00

KX008307 Al-Zubair1

eggplant

99.3
KX008308 Al-Zubair2 99.9
KX008309 Al-Zubair3 99.7
KX008310 Al-Zubair4 99.6
KY284836 Malva1

mallow Al-Nassiriya
98.6

KY284837 Malva2 99.1 0.98
KY284838 WF1

Bermuda grass Baghdad 16SrXIV-A

99.0 0.98
KY284839 WF2 99.7 0.98
KY284840 WF3 99.9 1.00
KY284841 WF4 99.9 1.00
KY284842 WF5 99.8 1.00
KY284843 WF6 99.7 1.00
KY284844 WF7 99.7 0.98
KY284845 WF8 99.6 0.98

M   1    2   H         H   4   5    6    M 

~1.8 Kb 
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F2n/R2 fragments were identical to the reference 
pattern of 16SrII-D (GenBank accession number 
Y10097) with similarity coefficient of 1.00 (Table 
2). Malva2 shared low similarity coefficient (0.98) 
with 16SrII-D phytoplasmas showing a slightly dif-
ferent profile in virtual restriction pattern with MseI. 
Thus, Malva2 could be a variant of 16SrII-D. In sil-
ico RFLP performed confirmed that all sequences 
obtained from white leaf diseased Bermuda grass 
were members of subgroup 16SrXIV-A. The virtual 
RFLP patterns derived from WF (1–8) 16S rDNA 
F2n/R2 fragment shared similarity coefficient rang-
ing between 0.98 and 1.00 with the reference pat-
tern of 16SrXIV-A (GenBank accession number 

AJ550984) (Table 2). WF(1, 2, 7 and 8) showed 
also a slightly different RFLP pattern when virtually 
cleaved with BstUI. Thus, WF(1, 2, 7 and 8) may 
represent variants of 16SrXIV-A. Based on molecu-
lar and in silico approaches, the association of ‘Ca. 
P. australasiae’, subgroup 16SrII-D with witches’ 
broom disease has been reported in tomato and egg-
plant worldwide including Oman (Al-Subhi et al. 
2011) Egypt (Omar & Foissac 2012), Iran (Salehi 
et al. 2014), and India (Singh et al. 2012; Yadav et 
al. 2016 ). Whereas, ‘Ca. P. cynodontis’ subgroup 
16SrXIV-A associated with Bermuda grass white 
leaf disease has been investigated based on molecu-
lar and in silico analyses in Iran (Salehi et al. 2009), 

Figure 3. Neighbor-Joining phylogenetic tree of 'Candidatus Phytoplasma australasia' from tomato, eggplant and mallow and 
'Ca. P. cynodontis' from Bermuda grass. This tree was constructed from partial 16S rDNA sequences (including 16S riboso-
mal RNA gene, partial sequence; 16S-23S ribosomal RNA intergenic spacer, complete sequence; and 23S ribosomal RNA 
gene, partial sequence) from Iraq (marked with•) and selected  GenBank sequences. Acholeplasma palmae (L33734) used as 
an out group comparison. This tree was constructed by MEGA6 software.
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Kenya (Obura et al. 2010) Italy, Albania and Ser-
bia (Mitrović et al. 2015) and Saudi Arabia (Omar 
2016) . 

CONCLUSIONS

This study presents the first report of ‘Ca. P. aus-
tralasiae’ and ‘Ca. P. cynodontis’ association with 
witches’ broom and white leaf diseases in Iraq, re-
spectively. Moreover it confirms the presence of 
phytoplasmas in tomato, eggplant, mallow and Ber-
muda grass based on molecular and in silico ana- 
lyses since previous studies conducted (Al-Kuwaiti 
et al. 2015; Mohammed et al. 2016) did not pres-
ent sequence information regarding phytoplasmas 
in Iraq. Further molecular based studies, however, 
are required to investigate phytoplasma diseases and 
their epidemiology in Iraq. 
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