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Abstract

Di scerning with crop health issues, this study was cond!/
insect vectors i n Tsryingpa nnemalg a ad) gieaanumngs eebl [(ected from Punj
detection of phytoplasma in collected | eafhopper species a
of 16Sr DNA by employing primer pairs (PtheR7sg&gmBLéemani R16RAD
pl ant and speci@ensi 0 dlehbifboppwmBal cEmpbasebhcegppositive |
Sequencing of amplified DNA products and phyl(oAgcecneestsiiconan a
number MH398586) pbhowpda srma t shthrhaei max i dreutne cit eedn@@ a rt d/i d(alt uGs%)
Phytopl asmé#s mugrtathfpa¥Gam Bank number Y10097. This is the f
phytopl anscnrea ipnr efseenugr eek seed plants with putative potenti a

Keywords: Tr i gonel-graadbéeé@dimpbhyt opl as nfao;t eehysleaadtd.e vye;ct or s

Introduction pairs (P1/P7 and R16F2n/R2) also determined phytoplasma
incidence in symptomatic vegetable plants (tomato, onion,

FenugMeélgornel ga adaum uan $rassidga andParthenium hysterophoriisin Pakistan
pollinating vegetabl e cr o(piglovaeial, 2089; Emgeet al.a20ilvAdmadetoal, | ndi a
subcontinent as well as t BOd5Sh,Abmactali2017)Medi t erranean regi
This crop ranges to centr al Phpcplasmasare dbligeopartisie, afiefictng secnambera n d
recent ti mewn has bKen Cgnt ofdifferent plantospeeies globdlly. They are also phloem
North America. It has al s mited are maveuro icell wall Léet &, RO00; t(REGM; e nt i ©
medi c al tre@mi menR09DFY .Ngly a8 @EJ)..Phytoplasmas cause multiple infections in various
Various pathogens <can af f @adpispeclesdomplising wefetabtes, cepeals, fiuits @ad weldl i n
bacteria, fungi, vVviruses ashitesN&axad, 2000)SChagasdtefistic phgtoplasyhanp t o
l'i ke damPybbi voni faphanirdeo spaptod were noticed in several medicinal plants
(Rhi zosobahawvusar ( um )o x ycsopl oipgiidihg Teidonella foenum greacunin Serbia, which

reeopor(a) ,t rlagyaef futHe@verflied via electron microscopy (TEM) as

®
bligl€obryifespo ¢ awswingyo | gl hsdrBocular techniques like nested PCR, RFLP
(Peronospor g, gk el ans i pRafses and sequenciraglovicet al, 2014) Different
pol ygonusmy¢es )antthuyliniidi Sﬁh& Rdm& ré’u?sdand subgroups have been detected
fenugreek mosai wi |t eernt s g Bnts f t IﬁminBs‘é anﬁ)}; n?oﬂgth@éé Rre
al, 2014). Total fenugreekpelad Bnun Be?ar’fs%ﬁd4 ﬁ  Uhiich Taft k@ W
ociated with Cucumber moSgdyh a¥ g 15shdxi e ?’f\i/gly (AkhtSefal, S € € d

ne wios@a$ c ( PShuMVn)i pa nyde | | S r_u i :
YV) etAtatl2a18) . I addi fidapakniaetal 2010; Leeet al, 2011)A varie

ty of
attack fenugreek cro Xgin})pt('%ﬁﬁ &ohmﬁ(irg?gup@yéo%lag,%avlrgerctgn Qc?uielle f |l os

E insectemOpicy asggp B, ing, sSma af ~size, 'virescence, developmental
d
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A hi( s ¢ rkaoccchi)v, o r @ earfp e mit @Qﬁr t?ore}ﬁ g)roliferation, dwarfism), and more commonly
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omy zBu rtgreisfsg$,diir hoit ps i PYE gbgormalitigs; Whereas symptoms for diseases like
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lucelyper ave@wlslt 6 r(taa tglbur gng kig bud comprise of deformed flowers, reduced
ed Madu o rtSestéul)al ivsh fruit gize angreduction ofigld in tomato plants (McCogt
Teter anychus Rachumawnr bahd gl §989% Peg| Serronet al, 2001; Anfokaet al, 2003;
Arachni da: NINeRHNM, n y2cOhli 4d)a. e )Ahpad et al, 2013). Phytoplasma infection alter
Huge crop losses have been caused by stolbighytohormone based gene expressiptomato(Sol anum
phytoplasma contamination in vegetable plantations. Thes ¥ ¢ 0 p e)therefareuapplication of phytohormonesn
same crops have simultaneously harbored multiple viruseB)itigate not only phytoplasma stress (Ahneddl., 2014)

bacterial and fungal symptoms, causing plant destructiofut also drought stress in pdigum sativuni..) alongwith
Additionally, nesteePCR studies utilizing a set of primer combined application of rhizobacte(Bashiret al.,2020).
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The main mode of phytopcurrent investigation weiree as
sagppuc ki ngi nonlseedcmhstCii daa el laini denti fi cati on and chairmcter
Cixid@®dytoplasma can be afenugreek crops by usingima@le
and vegetative/asexual Paims included were sympttoinfadse
rhizomes & bulbs) (Lee & phytoplasma transmittingdpdde
s pecQGuessc u(tt a ceapmpleasmtdirne)s,o | wh

are the plant parasites aMBt@rﬁl&ath\/ﬂetho\ﬂsar'ous plants speci
al so responsi bl e for t ansmi ssion of phytopl as ma:

(Salethi,al2014)
Tissue staining and I.Flehdtsurvep{,\sandsamglecollectlon I%urlng 2017

identified as a simple % rapullecsk fn{eocrnofdeﬁlbgrredekt pcltqrb':as
phyytl @as ma |nfee:tt|apln1q7D9e)ele PLbretednd T al‘ab
microscopy tends to Iled . r'étbFEFérrWé(Ph”l‘abha’\ﬁpﬂﬂktﬂge“m“e
1986; FEt.amab¥@07). PreV|ousW6t5acll$Q:Q§ Jer @ §ammbrn9yproced
depended upon observation®foffesyope éoMsa nd sSs o ¢Vii stuead Wintstp
various pathogdanibcy stthreai dewteefentlilobnweofcarri ed out t o as
phytoplasma occurrence i n exhlicdmitnigs sputeyst d pilnpksendd Fsiengmye i ¢
when stainédt awiin h(M)ljS—:‘mtetSi,sgﬂé.Bés of fenug.rmee]k|bnem Eacg
Members of the phySHDIIl @syBgd eSYRGADMR y col | eer ealv @lsu d tee

taxonomy, previously Kknow u € n ain
species dCeasPi. g naau 49 tofnwh i@ts & gael’ ;engd:ercveeﬁcvt'éobrﬁsf'r;YecCt cg?r? (;;n Sl
1998; emilrraoeondg), are |linke | it rop.lmpalrment i
of economic i mportance. su®'n ec ectqs'nrlsg Viﬁeupg nePg
(Papaya yellow crinkle), fﬁﬁ‘pfﬂmﬁué’vterrﬁl |C°||' e gy @&i’
Purple Conef-Bowem @ivhtaHels9lofyen Dbr ougdaDBt oLatohDeatory, PA
S hnedtdeal 199@t. Réad L k) . University of Agriculture Fai
There were multiple obp®dtAiCyaint itlo DNAn BWKdtr ag thiign. N
productive study. Of all athotbe nplhaentmaiamdobpeect ¥ es ao

Fig. 1. He alltahnyt fweintuhg r re@rk mapl fl ower (C, D), Phytopl asma i nf
phyll ody, fl ower virescence, proliferation and tillering of
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DNA extraction: Extraction of DNA was carried out pi ctured or visualized after
from field-collected insect and plant samples, which werg 1geelL-1 ) in the TAE 1X buffer
crushed with the help of mortar and pestle followingi | | umi nati on under Ge l Docur
CTAB extraction protocol as documented by Doyle andc e sul t i ng patterns of restr
Doyle (1990). pol ymorphi sm (cRiFeldP)wivehr et hnoaste

searched and docum®&N®Aedf f ot he
PCR assays for phytoplasma in test plants and insects: topl a$ tm d,agl 9@8L e deddr 220 E) .

Each react550@b) miat uP@R(comp¥|s d

oL Of, D,NA Taq p0|ymeras%euén&nggn§ph (?ehehcsaﬁ 1s£"fln | i f & &€ o
comprising 1.4 mM MgClIl 2, g dﬁkg H\IEP

i Ime a cets
(0.1 mMm). For the first rolun“gv od rél eh d Flome i, epal
P1/P7 (Deng & Hiruekti.,,al11999515,z |rk%a?r| ck Ag - a1
while bh caseed PCRIGFPRE m&F “‘}%‘i? “S'”Ig rrsm
(Gundersen & Lee, 1996) ®ROPET{5%Yy ¢BPPInq% o f| 88 gt em
det ecCoinadni.t i ons applied fdihrpegRhcpeaiupgd ciydpe:0fg plant
min denaturation at 95AC Eéam!He@iur""dttihon'-f"ﬁ?rg?’r‘%t Veyec
1 min annealing at 55AC t éRNASIARr e Uedfdo 11868 mP Y |t @ gnen g
the process of extension &€rehderdmdpaecat w & hdreEBAD® sfod

cycles (9.5 min on final jcoyicnlieng( Tedadioglaée @ hE®pIp)tyd plpd a1@
DNA product, collected fstomaitntsosuese@g| Ant st hsehoawvd mgt r u C
phytopl as ma associated sysmhmptwoomy TambBlg . dt emidl &i gl H2 O

( SDW) wer e used as pnotsriotlisv e and negati ve co

respectively. After the c qBpllPeyfoplashigrompsiwith thedr Scdtssioin@nbdrse d P CF
investigation, PCR product ms’édfor&ons@xhtionufphylcgenicaamlgsihtn;eezed wi t h
the aid of electrophore5|ss n agarose (Adc&Bibn, stair
with ethidium bromide and™\ hen t"p]sasﬂ“’agT"‘fpzed tumbles 1~ UV
l'ight using Gebmdocumentatilonesymé phybbDdyl JIX464E€

2. CaRaustralasia Y1009
Light microscopy of plant samples: Toludine and 3 ca amurantifolia UlsS 44

Di efhetsai n was used for deteq:ta,_i,bornasplfiegggtopkglsdfm,a?

i nf ectfiemm gprleaenkt s 6s t [ii enn eesn c |

gram Maltose, 2.5 gram Met hg %aPzZrb:alzl d':gsrfaglngzure
I and 0.25 gram sodium ar b nat ?:llssolve water
(100ml). The filtration of 7stC§ non\X/HISVOd“'recté&'S?b?y?’ means
What man No.1 filter paper.STChagaLhﬁtdrra'berbsfe pl h%86 eaves
were uspdrehampeesecti ons. §heaP&amgrictang s DQ1741

were transferred onto ethada@iCaRj7apmni ceymai ned B®YO0O4sing
Di efsetsai n for 10 min, and tlheCmPfwaagglhe daevi th dHM§o46 1 ed

water. Finally, phyt opl asma Mexesa&m cpes risnaisreknd RF 24r8Mi ned

using the light micr dd bbpealatcarkhGXemagni fi catmaoonr 9

et. ,al1986) . 14.CaPparunorum AJ542¢
Toludine staining'sQ . 5% t ol ui diwas bh & eadpWt/jvol] AJ542cC

also used for the detecti org. Cchlsmaphytoplasma Ajgheetion

fenupreak s. Hand spelcaﬁ;rmtrmlpnIse§)7fCépr]J ft ed JQO044c:

were stained with the aSS|§8té£|Pq¢ PJI toIU|d|ﬁ¢39b0I2ue f ol

i

mi n oaotm rt(_amper ature and thegne 8P aedeIé”pu d i stEU3I7f§I
water u_ntll the watedryunagnpged Ca%LS@Ir 0|.|OWIRYg g ig T
i ncubation of sampl es Were21cegprf|r%girpiut i n %Q§6/08 et hanc
for 30 second to 15 min in 'r\é'olrszgg removeAB}agzéj ye fr
t he pat hogen cell snt bmat eno.t Ialgcroyrgdc}nhteispla AJEE Q¢
(Shinkai & K oFb anyad ¢l hyi, , tZwOaO?eix.a‘man%plon _ohfL b s 4075“
sections was undertaken u255i'l\|ag‘p Ioielg:r]'ﬁ]fl" mr &% % H(858091 at
magni fication of 40X. Naxos taly Q

26 .BBSNAUS A JX857E

RFLP analysis of plants: Ne sSPER product s?2 Pl %§ophfea Witch AF2489
microliters (1. 25kMA) ffrroomm S &'al Wb8b!ImaGEhymb EU8B167

i satles of various fenugreed TPmMatysBi ghudprhj BmS50&%er e
individual |y diHpasMulgd etsyt reé B liSsysiamg phyl lody JX464¢€
enzymes) regar@i nggui che h u ha e ludkte r B.7 SAAR 2MAK ( KU8922
temperature overnight. El Z.Br @apshiocraeEARSp € o ff dii gestion
products was thengedmsne( 2 8 dapn dalgadPrB8 & wi i NRO765
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Table 2. Symptomatic plants observed in fenugreek seed indicatirexi shencneonof bodies
field during field surveillance and their PCR detection from i fectBBhM. (Fi g.
samples collected from different districts of Punjab

St | Reoi PCR | (%) PCR [Symptom/| (%) Testing phytoplasma infection in plant and insect

gion . . . .
No (+)/total ) total infection samples: A 1. 25 k b speci fic p h yto
l1.Faisa 5/3 16.651/1 5.1 was amplified in the samples

2 Rizim 2/3 6.6¢43/1 4.3 Plants coldliefcfteerdentr aomegi ons,
an pl ant samples showed no phytc
3. Mult 5/3 16.646/1 4.6 The verall infection in plan

o}
PCR ranged from 6 tPoCIR6ees u(l Ttasb |
Results for insecBemi®sicatuliraibmsiand an
. . i ) unjidentified dsmthlnotl ealf dw ppley
Sy;/nlr)rﬁop:nft(gor%ys an% fmsecta r?ojn':lagogl glsefntfulgn ;t%l[#\é %itdnﬁl oolal st bedal n: fol®.owin g
F0i cE b a a sp amBt oic e IS
ELaHsfd|grov|vn 'b” Ce”la‘.'t” rpehgitoo”;iﬂasmlal‘hvfasCB”elteEicted?‘

y .(O yor a abnormality) tq a8l heY%'VveXh g%t snu P t f olv
proliferation and stem t'|lnseerc'tn§ ezveé nbs rdve 4
Aroudhdo o f field plants frdgmt thtred rfPePL %?I di"LPP; cts
were identified to be infe%%leqdC bey pan%/t%fﬂ) ta%?n ay Mol Bﬁe\(}
sympt oms assessmaddt ti(dabl
insect species <collected (ﬂﬁl‘@og lys‘ ‘éqrhlb rreecléglﬁ"ts eét' 19
Orosius albicinctus Empoa%rc%OI rcu |fée fo Cat st&e
Bal clut ha incisa,tﬁBe’tbesss ”Ep' a f‘lrl"'gl dﬂges r Th
un|dent|f|ed smal | |l eaf ho %sanévé(rsélsl (lllzlﬂr%berﬁ Olf dlehé
insects ol l ected from dif %%?upegloﬁssgm@mqlpvé’r{ i%f YT e

use in T erence strain

Light microscopy of Dienes’ stained tissues: St ai n IP % I | t .

echniquesst(Dir)heupon mi crhBYogenetc; aeayséSXahl?n¥ %gi%?\ '%. ; ng;s

esul t addedppboyi bl ue) of cpreorscse n OgM éef ngecyrerg( Ienghg p):e
: h

n’s
- t h se

ympt omati c pl ant sampl es % i )ﬁh ever’,

gsults confirm the prese%ggo/ Sp %Cfe%f :"eb;% 'i"’be.tsgfemﬂ th?

i ssues of plant sampl es. ! é;ccr:(g’m@ Ros gv @E{Pon% |

rom sampl es of heal t by pléJ fia) c...%??med unstain

-~ = () = ~+

Table 3. Insect specimens collected from different fields and their nested-PCR results for phytoplasma presence.

Sr No Region Insect Species i’flzztlt tle)sctgi PCR (+)/total (%) infection
Orosius albicini 20 15 4/ 15 26. 6¢€
Empoasca spp. 15 15 3/ 15 20
1 FaisalBa?clutha.inci: 19 15 2/ 15 13
Unidentified s 37 15 0/ 15 0
Bemesia tabaci 150 15 0/ 15 0
Thrips 142 15 0/ 15 0
Empoasca spp. 22 15 3/ 15 20
Orosi us al bi ci 20 15 3/ 13 20
2. ReMIM ynidentilféadhop 41 15 0/ 15 0
Bemesia tabaci 234 15 0/ 15 0
Thrips 141 15 0/ 15 0
Orosi us al bi ci 19 15 5/ 15 33. 338
Empoasca spp. 20 15 1/ 15 6. 66
3. Mul ta Unidentified si 33 15 0/ 15 0
Bemesia tabaci 120 15 0/ 15 0
Thrips 124 15 0/ 15 0

Total 1157 240 21
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Fig. 2. Nested PCR detection of Fenugreek associated phytoplasma by using universal primer primers P1/P7 and RI6F2rR2. Lane
(P1/P7 based PCR amplicofis8 kb) of infected Fenugreek samples); Lare (RI6F2n/R2 based PCR amplicons (1.2kb) infected
samples); Lane-9+ control); Lane 10(Healthy sample); Lane M kb (+) DNA ladder Marker (GeneMark).

Sp panH. i 6dabhe 3). These ins
been documented f o-rl It rgamsumi so
phytoplasma in variouseplant
L. (2016Q. shlobwesli acpaosenti al
631 group, l'inked wit di s
room ( Ga&rd\WBk. (20H3) hdemat usb:
new alien |l eafhopper speci
nsect as vector of phytopl
‘ ornamental opleddart prieBaBekeutbla
“ i ncas@irculifer whae metpoodpd
 Pakistan and Israel (Khatri
Wei ntredgadubal 2004mi | ar |l y, phyt
incidence in Pakistan may be

Fig. 3. Phytoplasmaetection through light microscopy by using i ns e c t veéodyor sli sklagls l i nked
staining in a thin cross section of fenugreek leaf midrib. Navy bluy 155y -pdand s o me particul ar sy my
(A) in phytoplasma infected cross section shows presence

phytoplasma as compared to healthy one (B). Magnification at 40)<; 8 :SL g ;n)e , g gnl;tt:rt]l ir";l guSrs r, OR)?[;)%;brstu s Al

a
1
b
a
i

Discussion sat iam@lsel anum | yweorpee rasliscount epo
Paki st amade{ Ahal 2015a, 2015hb,

Phtyopl asma diseases in respecdblvel Yrops are a
cruci al agricultural probl eRmsut assifnogf sRGRr po gii teil e ai
quality 1l osses. I'n our tanebuspgeei as, phwet opdbAasimamed
phytoplasma infection ininsectatidoe n@l anec esasnPprlielsy ans

well as insect specimens thhyansgdtted hreRaahpBRB) dV€ib@n €
The symptoms we obs-enfedctadnfipghnnyttolpdiars maector status
fenugreek plants were sitmdmymitssi emet rsgyarhpt.omsor edver

various phyt opl as ma infesyrdr opnea wtes Winlelntn eoence dgoiod un
previously publications Vvaenldl @gshiabirtesder wei rundifqgughyt c
symptomatol ogy. Her eDi wameisaV €6t Degmap Indyaesdt ecol ogy and &

stainintgomdtisymand phytopludd hd ziedlf e¢oedspbantgotenti al
t hat revealed frequently sttategred. r@yiamat hiemn pHrRINGen
zone analogous to zones dphgtoptasma oitnhfeerc tpendpt%p pdfa ¢ ma
(Sal ehi & |l zadpanah, 1992urveyed f iseolwdh droopshoaved s
In this investigation, phgt @mlya paiais mifareiciaisot digtye d tTead
in insect sp®ciakb,ifmpilocatduesig hasi s on the i mportance of
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Current study confirmedCa. P. australasia of D subgroup causing mung bean phyllody in Pakistan
subgr oupDof la6sSrtlhle causat i v(Akhtarget nal, 2010). f Suchu groupse kvere also
plant infection. Phytoplasmas under the 16Srll group arelocumented to infect papaya, Pale Pur@leneflower
gaining greater importance economically (Saletial, (Pearceet al, 2011), and tomato plants (Whitt al.,
2008) as the member of this group is causing massivé998) in Australia, but the strains have not been
infestation globally. The PpYC phytoplasma previouslydifferentiated so far on the basis of genetics.
designated a<Ca. P. australasiae' (Whitet al, 1997; Phytoplasmas from various groups have been
White et al, 1998) had also reported foaving a close documented to be associated with disease inurtits
connection to subgroup 16Si. In addition, the (Montanoet al, 2000; Montancet al,, 2006; Montancet
phytoplasma strain sesame phyllody (acc. noal., 2007). Six diverse phytoplasma taxonomic groups
KP297862) of 16SriD subgroup was also documented infest Solanum lycopersicurplants globally (Arocheet
to cause phyllody disease in sesame crops in Indial., 2007; Blancard 2009). To the best of our
(Pamei and Makandar, 2016) and Turkékten et al., knowledge, this report is documenting the first record of
2014).Phylogenetic analysis positioned the phytoplasmgp hy t op | a s ma subdgr oiump fdmlsg
st r @d Paurfantifolia( acc. no HEnNJLESLHIO 4 Bl&n)ation in Pakistan.

Hpall Alul nondigHpall Alul nondig H20 H20 PCR2 PCR1 SePCR1
M 1 2 3 4 5 6 7 8 911 10M

Fig. 4. RHpLAA's Alhsdes g r i cti on ennymes weMghTh®NmolLadders (100 by
|l adder 50 bp right (Novagen); Ot her wells contain theheRFLP a
Hplal (1, 4diwgé(d89welnlosn) of ARCRZAB Br omkddts,). The wells 7 and 8
contain nested PCR2 fenugreek product and 10 ain RCR/P1/

cont
products from identifi®d( rseefdearmmimc)d nsthe/d togpd alsynal 6 Edlelct r ophor es
gel dyed with edeh-Lium bhemTHAE 11X buffer.

Conclusions of 16Skll group (and 1ID subgroup) out of all other
phytoplasma groups have been reported in Pakistan and

In this manuscript, we presented phytoplasmaglobally. So, it provides an area for researchers tooeepl
identification and its infection in fenugreek seed plantghe causes of spread of this particular group in the natural
and insects. It is surprising because phytoplasmaenvironment. Due to high economic importance, this
infection has never been stated to cause disease #tudy also stresses the need to take curative measures to
fenugreek plantations in Pakistan. But, the lack ofhinder the spread of this destructive pathogen in
transmission trials of this particular pagen through fenugreé crops in Pakistan
insect species has hindered investigation to confirm their
status as potential vectors. However, the presence @cknowledgements
pathogenic infection in the aboweentioned insects and
fenugreek plants highlight the future research areas to Thi s research wor k was f o
explore the vecto potential of insect species and No. 204535/ NRPU/ R&D/ HEC/ 14/ 159
pathogenhost interactions. Moreover, massive infestation( Hi gher Educati on Commi ssi on
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| as ma
i, 1987) .
ates) is

Phyl ogenetic

0.2

69 ‘Ca. P. caricae’ AY725234
83 ‘Ca. P. graminis’ AY25228
‘Ca. P. solani’ AF248959
‘Ca. P. australiense’ L76865
‘Ca. P. convolvuli JN833705
‘Ca. P. americanum’ DQ174122
‘Ca. P. fragariae’ HM104662
‘Ca. P. japonicum’ AB010425
‘Ca. P. asteris’ M30790
‘Ca. P. lycopersici’ EF199549
‘Ca. P. hispanicum’ AF248960
‘Ca. P. meliae’ KU850940
‘Ca. P. costaricanum’ HQ225630
— 98 ‘Ca. P. allocasuarinae’ AY135523
70 ‘Ca. P. rhamni’ JQ868449

‘Ca. P. tamaricis’ FJ432664
95 ‘Ca. P. spartii’ X92869
1 ‘Ca. P. prunorum’ AJ542544
‘Ca. P. mali’ AJ542541
57+ ‘Ca. P. pyri’ AJ542543
‘Ca. P. brasiliense’ AF147708
o ‘Ca. P. aurantifolia’ U15442
08 ‘Ca. P. australasia’ Y100097
100 | M Fenugreek phytoplasma
—— ‘Ca. P. wodyetiae’ KC844879
‘Ca. P. cirsii’ KR869146
‘Ca. P. cynodontis’ AJ550984
g7— Ca.P.oryzae’ AB052873
7 ‘Ca. P. luffae’ AF248956
‘Ca. P. malaysianum’ EU371934

‘Ca. P. fraxini’ JQ868445
b ‘Ca. P. sudamericanum’ GU2902081
‘Ca. P. trifolii’ AY390261
73 ‘Ca. P. balanitae' AB689678
o5 ‘Ca. P. rubi ‘AY197648
sgf ‘Ca. P.ulmi’ AY197655
1 e3l ‘Ca. P. ziziphi’ AB052876

‘Ca. P. omanense’ EF666051
9_7|: ‘Ca. P. phoenicium’ AF515636
— ‘Ca. P. novoguineense’ LC2287

‘I__ ‘Ca. P. castaneae’ AB054986
82 ‘Ca. P. pini’ AJB32155

L— ‘Ca. P. palmicola’ KF51387
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