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Summary. - Gerbera is the most popular cut flower known for its variety of colors and is grown across
the world. Its production is challenged by numerous diseases affecting production and quality. During
our survey, ten samples from the gerbera plants exhibiting phyllody disease symptoms were collected
from Bangalore Rural District, Karnataka, India. The association of phytoplasma with the gerbera phyl-
lody samples was confirmed by PCR using 16SrRNA, SecY, Ribosomal protein (rp) and SecA gene-specific
primers. PCR products were amplified from all ten gerbera plants using phytoplasma-specific primers.
The amplified PCR products were cloned and sequenced; the sequences of the ten clones were identical.
Therefore, representative isolate (GePP1, Gerbera phyllody phytoplasma) was selected for further analysis.
The sequence analysis showed that GePP1 shared maximum nucleotide (nt) identity of 97.1% (16STRNA)
with Eggplant big bud, 98.7 to 98.8% (SecY gene) with Tomato big bud, 99.2 to 99.6% (rp gene) with Alfalfa
witches-broom (EF193371) and 99.1% (SecA gene) with Sesame phyllody phytoplasmas and that it belongs
tothe Ca. P.aurantifolia (16SrII) group. This result was well supported by the phylogenetic analysis show-
ing GePP1 (16Sr RNA, SecY, rp and SecA genes) closely clustering with the Ca. P. aurantifolia 16SrII group
isolates reported so far. The virtual RFLP pattern generated for the phytoplasma from gerbera was dif-
ferent (similarity coefficient 0.89) from the reference pattern of Ca. P. aurantifolia (16Sr IT) subgroup after
analysis with four enzymes (Bfal, Hhal, Sau3AI and Rsal). Based on the threshold similarity coefficient
for a new subgroup (delineation should be set at 0.97), the GePP1 may be considered as new subgroup of
Ca. P. aurantifolia (16SrII) group. This is the first report of Ca. P. aurantifolia belonging to 16Sr II group
affecting gerbera in India.
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Introduction

Gerbera (Gerbera jamesonii Bolus ex. Hook £.), also
known as “African Daisy” or Transvaal daisy, Barberton
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Abbreviations: Ca P. aurantifolia = Candidatus Phytoplasma au-
rantifolia; GePP1 = Gerbera phyllody phytoplasma; nt = nucleotide;
RFLP = restricted fragment length polymorphism; SecA = pro-
tein translocase subunit; SecY = protein translocase subunit

daisy or Verdt daisy flower, belongs to the family Aster-
aceae and is one of the most popular flowers among
florists (Parthasarathy and Nagaraju, 1999). Gerbera is a
perennial herb native to South Africa and Asia (Kanwar
and Kumar, 2008) and grown throughout the world un-
der a wide range of climatic conditions. Due to beautiful
colors, hardy nature, long-keeping quality and ability to
rehydrate after long transportation, gerbera has been con-
sidered suitable for export as well as domestic markets of
India (Aswath and Rao, 2006). The production of gerbera
was approximately worth US § 220 million in 2001 and US
$70 million was from stems sold in the US alone (Broek et
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al.,2004). The major constraints for the cultivation of ger-
beraare fungal, bacterial, viral and phytoplasma diseases
resulting in reduced numbers and commercial quality of
flowers. In India, Ca. P. asteris phytoplasma was reported
to infect gerbera with 15-20% incidence; infected plants
showing symptoms such as severe leaf yellowing, stunt-
ing and flower deformation (Siddique, 2005, Gautam et
al.,2015). In the present study, we have characterized Ca.
P. aurantifolia (16Sr II), another phytoplasma associated
with the phyllody disease of gerbera in India.

Materials and Methods

Survey and collection of disease samples. Ten samples of ger-
bera plants showing typical phytoplasma-like symptoms were
collected during aroving survey from farmers at Bangalore rural
District, Karnataka State, India. Two leaf samples from symp-
tomless plants adjacent to the symptomatic plants were also
collected. Percent incidence of infected plants was assessed. The
leaf samples collected from each plant were separately bagged
and brought to the laboratory. Asymptomatic leaves from the
gerbera grown in a polyhouse were used as a negative control
for further studies.

DNA isolation and PCR amplification. Total genomic DNA was
extracted from both symptomatic and asymptomatic gerbera
leaf samples by using CTABmethod (Doyle and Doyle,1990). The
total genomic DNA isolated from known phytoplasma-infected
plants (sesame and brinjal) was used as positive control. The
status of phytoplasma in gerbera samples was assessed through
PCRusing primer pair P1/P7(Schneider et al.,1995) and R16F2n/
R16R2 (Gundersen and Lee,1996). In order to better characterize
the gerbera phyllody phytoplasma strain, multigene sequence
analysis was performed. The genes selected for amplification
and characterization included the rp operon genes using rp(I)
F1A/rp(I)R1A primer pair (Martini et al., 2007) and nearly com-
plete phytoplasma translocation protein genes SecY and SecA
using primer pairs SecYF1/SecYRI (Lee et al.,2010) and SecAforl/
SecArev2 (Dickinson and Hodgetts, 2013), respectively. All PCR
reactions were carried out as described by Venkataravanappa
et al. (2017). The PCR-amplified products of 16SrRNA (1.8 kb),
SecY (1.5 kb), rp (1.2 kb) and SecA (1.3 kb) were cloned into
PTZ57R/T cloning vector according to the protocol described
by Venkataravanappa et al. (2019). The plasmids were isolated
and sequenced using M13F/R primers at Meduaxin Genomics
India Pvt. Ltd, Bangalore, India.

Comparative analyses of nucleotide sequences. The sequences
of phytoplasma 16SrRNA, SecY, rp and SecA genes were sub-
jected to BLAST search for homologous DNA sequences avail-
able from the NCBI database. Our query sequences got most
significant matches to 16SrRNA (Table Sla), SecY (Table S1b), rp
gene (Table Slc) and SecA gene (Table S1d) of existing members
of the Ca. P.aurantifolia (16SrII) group, sequences of these along

with other phytoplasmas were retrieved from the database for
analysis. Then different conserved and non-conserved genes
of phytoplasma isolate from present study were compared
with respective nucleotide sequences of other phytoplasmas
using SEAVIEW program (Galtier et al.,1996). Phylogenetic tree
was constructed by using MEGA 7 software (Kumar et al., 2016)
using the neighbor joining method with 1000 bootstrapped
replications.

Virtual RFLP analysis and gel plotting. The virtual RFLP
analysis of trimmed (F2nR2) sequences of 16STRNA gene of
Gerbera phyllody phytoplasma (GePP1) from the present study
was done by using iPhyClassifier online tool (Zhao et al.,2009).
The F2nR2 fragment of GePP1 was digested with 17 restriction
enzymes used for phytoplasma 16SrRNA RFLP analysis (Wei
et al., 2007, 2008). After in-silico restriction digestion, a virtual
3.0% agarose gel electrophoresis image was generated, which
was used for subsequent RFLP pattern comparisons. Further,
similarity coefficient of GePP1and other phytoplasmas (16Sr II)
was calculated using iPhyClassifier software (Wei et al., 2007).

Results and Discussion

The gerbera plants displaying typical phytoplasma-
like symptoms such as modification of florets to green
leaf-like structure, incomplete opening of flowers and
stunted growth were noticed in different farmers' fields
(Fig. 1a,b). The disease incidence varied from 15-20%.
The phytoplasma infection in ten gerbera samples was
confirmed through PCR using 16s RNA gene universal
(P1/P7,1.8 kb) and nested primers (R16F2n/R16R2,1.2 kb).
Similarly,amplification with non-conserved gene primers
resulted in expected PCR amplicons of SecY (1.5 kb), Ribo-
somal protein (1.2 kb) and SecA (1.5kb) genes. The PCR am-
plicons of ten samples corresponding to 16SrRNA (1.8 kb),
SecY (1.5 kb), rp (1.2 kb) and SecA (1.3 kb) were cloned and
sequenced. Sequence alignment analysis indicated that
sequences obtained from all ten samples were identical
with each other in the respective genes. Therefore, one
representative sequence of each gene 16SrRNA (accession
number MG013980), SecY (MG013983) Ribosomal protein
(rp, MH816956) and SecA (MH816940) obtained from one
sample (GePP1) was deposited in the GenBank. The ob-
tained sequences matched most significantly to 16STRNA
(Table S1a), secY (Table S1b), rp (Table Slc) and secA (Table
S1d) genes of phytoplasmas classified in the 16SrII group.

Comparison 16SrRNA gene sequence of GePP1with cor-
responding region of sixty-one phytoplasmas belonging to
different groupsrevealed that the GePP1shared maximum
nt identity of 97.1% with Eggplant big bud (JX483699)
and less than 95% nt identity with several phytoplasmas
belonging to Ca. P. aurantifolia group (16Sr II) (Table Sla).
These results were well supported by the phylogenetic
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Fig.1

Gerbera plant showing phyllody and incomplete opening of flowers and stunted growth of the plant
The arrow indicates the petals of flowers turned green as compared to normal flower.

analysis showing 16SrRNA gene of GePP1 closely clus-
tering with members of Ca. P. aurantifolia group (16SrII)
infecting different crops (Fig. 2a). Virtual RFLP patterns
obtained from the GePP1 after in-silico digestions using
seventeen restriction endonucleases were compared with
previously reported Ca. P. aurantifolia (16SrII) groups/
subgroups. The analysis showed differences from other
reported subgroups in restriction profiles with enzymes
Bfal, Hhal, Sau3AI and Rsal; GePP1 phytoplasma showed
the maximum nt identity (99.5%) with Ca. P. aurantifolia
(Fig. 4). The phytoplasma under study was a new strain
with similarity coefficient less than or equal to 0.97 with

all existing representative strains of the 16SrII group (Wei
etal.,2007,2008) and may be considered as new subgroup
or a variant in subgroup 16SrII-D. This was further sup-
ported by the restriction map of GePP1 obtained from
pDRAW32 (AcaClone Software; http://www.acaclone.
com) analysis showing significant differences in Bfal,
Hhal, Sau3AI and Rsal restriction enzyme analysis from
Eggplant big bud phytoplasmas (JX483699) and other 13
representatives of subgroups 16Sr II- A, B,C, D, F,G, H, [,
J, K, L, S, T belonging to 16Sr II (data not shown). This is
the first report of Ca. P. aurantifolia belonging to 16Sr II
subgroup infecting gerbera in India.
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(a) (b)

Tomato big bud-[16Srll].KC953016

- Tomato witches-broom-[16SrI-D].HM584815
Chickpea phyllody-[16Srll].FJ870549
Candidatus Phytoplasma austrlasia-[16Srll-D].Y10097
Alfalfa phytoplasma-[16Srll].KY449416
Scaevola witches broom-[16Srll]. AB257291
99 |Eggplant big bud-[16Srll]. JX441321
] Faba bean phyllody-[16Sr1l].KP869129
[—‘ Gerbera phyllody
Eggplant big bud-[16Srll].JX483699
Sweet potato little leaf-[16Srll]. Q868446
Crotalaria witches-broom-[16Srll]. EU650181
Pear decline-[16Srll].EF193157
Peanut witches-broom-[16SrlI-A].L33765
== Picris echiodes phyllody-[16Sr11-E].Y16393
Candidatus Phytoplasma aurantifolia-[16Srll-B].U15442
Crotalaria phyllody-[16SrlI-C].EF 193355
Cactus witches-broom-[16Srll].AJ293216
Cactus witches-broom-[16SrlI-G].EU099568
Cactus witches-broom-[16Srll-H].EU099569
Cactus witches-broom-[16Srll-I].EU099551
Cactus witches-broom-[16SrlI-F].EU099556
Cactus witches-broom-[16Srll-K].EU099572
Cactus witches-broom-[16Srll-J].EU099552
Cactus witches-broom-[16Srll-L]. EU099546
Candidatus Phytoplasma brasiliense-[16SrXV].AF 147708
Tea witches broom[16SrXXV].AF521672
garCandidatus Phytoplasma pruni-[16Srlll].L04682
Clover yellow edge-[16Srll]]. AF189288
Candidatus Phytoplasma phoenicium-[16SrIX].AF515636
Pigeon pea witches-broom-[16SrIX].AF248957
Candidatus Phytoplasma palmae-[16SrVIII].U18747
Coconut lethal yellowing-[16SrIV].AF498307
SugarcaneD3T1-[16SrXXVI].AJ539179
SugarcaneD3T2-[16SrXXVII].AJ539180
Phytoplasma sp.strain-[16SrXXIl].Y14175
Candi Phytop castaneae-[16SrXIX].AB054986
Candidatus Phytoplasma pini-[16SrXXI].AJ632155
Candidatus Phytoplasma cynodontis-[16SrXIV]. AJ550984
Candidatus Phytoplasma oryzae-[16SrXI].AB052873
Sorghum bunchy shoot-[16SrXIV].AF509322
Candidatus Phytoplasma luffae-[16SrVIII].AF353090
Candidatus Phytoplasma malaysianum-[16SrXXXII-A].EU371934
Ash yellows-[16SrVIII].AF 189215
Candidatus Phytoplasma P.braziliense-[16SrXV].AF 105315
Candidatus Phytoplasma fraxini-[16SrVII].AF092209
Candidatus Phytoplasma ulmi-[16SrV].AY197655
Candidatus Phytoplasma P.trifolii-[16SrVI].AY390261
99 Fragaria multicipita-[16VI-G].AF 190225

99 Candidatus Phytoplasma mali-[16SrX].AJ542541
_EZEIAppIe proliferation-[16SrX].AF248958
Ca.P.rhamni-[16SrXX].X76431

99 | Candidatus Phytoplasma asteris-[16Srl].M30790

99 I
929

Derbid-[16SrXXVII[. AY744945

Clover phyllody-[16Srl]. AF222065

Grapevine yellows-[16SrXXIII].AY083605

Periwinkle virescence-[16SrXIIl].AF248960

Candidatus Phytoplasma americanum-[16SrXVII1].DQ174122
Candidatus Phytoplasma australiense-[16SrXIIl].L76865
Candidatus Phytoplasma solani-[16SrXIl].AJ964960
Candidatus Phytoplasma graminis-[16SrXV1].AY725228
Candidatus Phytoplasma caricae-[16SrXVII].AY725234

29
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Acholeplasma laidlawii- [U14905]

Tomato big bud-[16Srll].KC953016
Cauliflower witches-broom-[16Srll].KC953012
Peanut witches-broom-[16Srll-A]. GU004331
Parthenium virescence-[16Srll]. KC953014
Cauliflower phyllody-[16Srll].KC953012
Tomato big bud-[16Srll].KT970082

Sword bean witches-broom-[16Sr1l].KC953015
Cowpea virescence-[16Srll].KC953013
Sesame phyllody-[16Srl1]. GU004322

Sesame phyllody-[16Srll]. GU004362

#® Gerabera phyllody

Tomato big bud-[16Srll].KT970084

Tomato big bud-[16Srll].KT970080

Tomato big bud-[16Srll].KT970078

Australian tomato big bud-[16SrIl-D].GU004347
Tomato big bud-[16Srll].KT970083

Tomato big bud-[16Srl].KT970081

Picris echioides-[16SrlI-E]. GU004348

Soybean phyllody-[16Srll-C].GU004324

% o7pMikweed yellows-[16Srlll-F1.GU004340
IPotato purple top-MT-[16SrllI-M].GU004333
Clover yellow edge-[16SrlII-B]. GU004332
99 p Spirea stunt-[16SrllI-E].GU004326
Walnut witches-broom-[16Srl1I-G].GU004325
90}

Poinsettia branch-inducing-[16SrllI-H].GU004328
Peach X-disease-[16SrllI-A].GU004327
oofah witches-broom-[16SrVII1I-A].GU004319
Alder yellows-[16SrV-C].AY197692
Rubus stunt-[16SrV-E].AY197696
Flavescence doree-[16SrV-D].AY 197685
Elm yellows-[16SrV-AL.AY197690
Cherry lethal yellows-[16SrV-B].AY197693
Ash yellows-[16SrVI-A].GU004329
a. P. fraxini-[16SrVII-A].GU004329
Vinca virescence-[16SrVI-A]. GU004317
Brinjal little leaf-[16SrVI-D].GU004356
Potato witches-broom-[16SrVI-A].GU004316
Clover phyllody-[16SrVI-A]. GU004315
QQEAppIe proliferation-[16SrX-A]. GU004335
Pear decline-[16SrX-C].GU004363
American potato purple top wilt-[16SrXVIII-B]. GU004338
9 Stolbur-It-[16SrXII1-A]. GU004355
Mexican periwinkle virescence-[16SrXIII-A].GU004336
Chrysanthemum yellows-[16Srl|-B].DQ787851
Aster yellows-[16Sr|-M].AY803168
99| 93 | Primrose virescence-[16Srl-B].AY803176
Paulownia witches-broom-[16SrI-D].AY803184
Ipomoea witches-broom-[16Srl-N].AY803182
9o Apricot chlorotic leaf roll-[16Srl-F].AY803166
Chrysanthemum yellows-[16SrI-A].AY803170
94} Hydrangea phyllody-[16SrI-A].AY803181
Tomato big bud-[16SrI-A].AY803178
Strawberry multiplier-[16Srl-K].AY803180
Clover phyllody-[16SrI-C].AY803183
Blueberry stunt-[16Srl-E].AY803169

99

—_—
0.05 .16sr RNA gene

Fig.2

Leptospira interrogans-[MH376290]

0.05 SecY gene

Phylogenetic tree based on sequences of 16S rRNA (a) and secY gene (b) of Gerbera phyllody phytoplasma with the phytoplasma
strains (Tables Sla and S1b) using the neighbor-joining algorithm

Horizontal distances are proportional to sequence distances, vertical distances are arbitrary. The trees were rooted with Acholeplasma
laidlawii (U14905) and Leptospira interrogans (MH376290). A bootstrap analysis with 1000 replicates was performed and the bootstrap
percent values more than 50 are numbered along branches.
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(a)

Sunn hemp witches-broom [EF193374] (b)
Lactuca sativa witches-broom.[KJ735772]
Cowpea virescence.[KC953007]

Peanut witches-broom.[JX871469]

Sesame phyllody.[EF193378]

Pigeon pea witches-broom.[FJ560598]
Sword bean witches-broom.[KC953009]
Tephrosia witches-broom.[JF441272]
Cauliflower phyllody.[KC953006]

Celosia argentea.[KX426375]

Ipomoea aquatica witches-broom.[KJ735784]
Green gram phyllodyAB703244

Tomato big bud.[KC953010]

Sesame phyllody.[EF193377]

Cleome phyllody.[EF193379]

Crotalaria witches-broom.[EU650182]

Black gram witches-broom.[AB703243]

Sesame phyllody-Magwe.[AB703247]
Sweet potato witches-broom.[EF193376]
Peanut witches-broom.[EF193375]

94 | Spermacoce exilis phyllody.[KX650616]
[| corchorus aestuans.[KX645866]
Cleome witches-broom.[EU409599]

Ca. P. australasia.[EF193373]

Alfalfa witches-broom.[EF193371]
Cucumber phyllody.[KY365523]
#Gerabera phyllody

Candidatus Phytoplasma australiense.[AEF193372]

Parthenium weed witches-broom.[KU958723]
E Picris echioides phyllody.[EF193381]

Italian alfalfa witches-broom.[EF193380]
Candidatus Phytoplasma aurantifolia.[EF186815]
99 Lime witches-broom.[EF186815]

99

9

98 [ Goldenrod yellows.[EF186810]

99 I: Candidatus Phytoplasma mali.[EF193366]

| Alfalfa witches-broom.[KY365520]
Crotalaria phyllody.[EF186818]

Faba bean phyllody.[EF186817]

Crotalaria juncea.[KJ806618]

Palm lethal yellowing.[DQ297677]

Pigeon pea witches-broom.[EF183495]
Gliricidia little leaf.[EF186800]

Picris echioides phyllody.[EF 186802]
Knautia arvensis phyllody.[EF186801]
Candidatus Phytoplasma phoenicium.[EF186803]
Vinca virescence.[EF183491]

Catharanthus phyllody.[EF183494]

lllinois elm yellows.[EF183490]

Candidatus Phytoplasma fraxini.[EF183492]
Candidatus Phytoplasma ulmi.[AY197675]

Spartium witches-broom.[AY197672]
Flavescence doree.[AY197664]
Hemp dogbane yellows.[AY197674]
Peach X-disease.[EF186813]
Poinsettia branch-inducing.[EF186811] 100}

Vaccinium witches-broom.[EF186809]

Candidatus Phytoplasma pyri.[EF193370]
Blueberry stunt.[AY264863]

Alder yellows.[AY197666] ™

@ Gerabera phyllody

Sesame phyllody.[JN977040]

Vicia faba phyllody.[KX358582]
Sesame phyllody.[JN977042]

Sesame phyllody.[JN977041]

Pisum sativum phyllody.[KX358583]
Sesame phyllody.[JN977038]

Eruca sativa.[KX358581]

Sesame phyllody.[JN977043]

Cicer arietinum phyllody.[KX358585]
Sesame phyllody.[JN977044]

Solanum melongena big bud.[KX358584]
Daucus carota phyllody.[KX358580]

82] Spinacia oleracea phyllody.[KX358579]

Solanum lycopersicum.[KX358578]
Cucurbita pepo.[KX358577]
Medicago sativa.[KX358576]
Tomato big bud.[KJ462021]

Sesame phyllody.[JN977039]

Helminthotheca echioides yellows.[KJ462023]

91y Citrus aurantiifolia.[KX358586]

Candidatus Phytoplasma aurantifolia.[KJ462017]
Primula blue yellows.[KJ462018]

Crotalaria witches-broom.[KY872719]

Crotalaria witches-broom.[KY872722]

Crotalaria witches-broom.[KY872721]

Crotalaria witches-broom.[KY872720]
dCrotalaria witches-broom.[KY872719]

Napier grass stunt.[KJ462053]
e Candidatus Phytoplasma trifolii.[KJ462045]

Rubus stunt.[KJ462043]

gg [ Candidatus Phytoplasma Phytoplasma ulmi.[KJ462034]
Jujube witches-broom.[KJ462036]
80§ Canadian peach X.[KJ462024]
Spirea stunt.[KJ462029]

100 Jy Vaccinium myrtillus.[KJ462030]
aPlum leptonecrosis.[KJ462027]
Goldenrod yellows.[KJ462028]

Candidatus Phytoplasma mali.[KJ462047]
100E Plum leptonecrosis.[KJ462048]

Candidatus Phytoplasma australiense.[KJ462054]
Clover phyllody.[KJ462014]

Mycoplasma-like organism.[M74770]

Aster yellows.[AY183686]

Apricot aster yellows.[AY264866]

Mexican periwinkle virescence.[EF193365]

American potato purple top wilt.[EF193362]
Candidatus Phytoplasma australiense.[AY376666]
Tomato stolbur.[EF193364]

0.05

Acholeplasma laidlawii-[M81465]

. Ribosomal protein (rp) gene

Fig.3

100 Carrot yellows.[KJ462015]
7 § Chrysanthemum yellows.[KJ462009]

100
New Jersey aster yellows.[KJ462010]

88 g Maryland aster yellows.[KJ462011]
Aster yellows witches-broom.[KJ462012]

b Bacillus subtilis-[D10279]

——

005 SecA gene

Phylogenetic tree based on sequences of ribosomal protein (a) and secA (b) genes of Gerbera phyllody phytoplasma with other phyto-
plasma strains (Tables Slc and S1d) using neighbor-joining algorithm
Horizontal distances are proportional to sequence distances, vertical distances are arbitrary. The trees were rooted with Acholeplasma
laidlawii (M81465) and Bacillus subtilis (D10279). A bootstrap analysis with 1,000 replicates was performed and only values above 50 shown.
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Sau3Al

(d) Sau3Al

(c) Hhal

Gerbera

16SrII_A
165rII_B
16SrII_C
16SrII_F
16SrII_G
16SrII_I
165SrII_)
165SrII_K
16SrII_L
16SrII_S
16SrII_T

] w

(e) Rsal

Fig. 4

Virtual RFLP patterns derived from in silico digestions, using iPhyClassifier for R16F2n/R16R2 fragment of 16S rRNA gene from
Gerbera phyllody phytoplasma (strain GePP1)
The virtual RFLP patterns of GePP1 (Bfal, Hhal, Sau3AI and Rsal) distinguish the strain from those in a number of subgroups in group
16SrIl. The restriction fragments were resolved through 3% virtual agarose gel. M: Molecular Ladder phiX174 DNA Haelll digest.

SecY gene of GePP1was compared with the correspond-
ing region of fifty-six phytoplasmas belonging to differ-
ent groups (Lee et al., 2010). This comparison showed
that GePP1 has maximum nt identity of 98.7 to 98.8%
with Tomato big bud (KT970083, KT970081, KC953016,
KT970084, KT970082, KT970080, KT970078) and other
phytoplasmas belonging to the Ca. P. aurantifolia group
(16Sr II) (Table S1b). This was supported by phylogenetic
analysis results showing SecY gene of GePP1 closely clus-
tering with the Tomato big bud phytoplasma strains
from India (KT970078-84, KC953016, KC953016) and other
phytoplasmas belonging to the Ca. P. aurantifolia group
(16Sr II) (Fig. 2b).

The rp gene sequence of GePP1 comparison with the
corresponding region of sixty-nine phytoplasmas from

different groups showed highest nt identity of 99.2 to
99.6% with Alfalfa witches-broom (EF193371) and other
phytoplasmas belonging to the Ca. P. aurantifolia group
(16Sr II) (Table Slc). This result was also well supported
by a phylogenetic analysis showing GePP closely cluster-
ing with the Ca. P. australiense (EF193372) and Tomato
big bud (EF193373) phytoplasmas belonging to the Ca. P.
aurantifolia group (16Sr II) (Fig. 3a).

Similarly, SecA gene was compared with the corre-
sponding region of thirty-eight different phytoplasmas
sequences retrieved from the NCBI, GenBank. This com-
parison showed that GePP1 had maximum nt identity of
98.7 % with Sesame phyllody phytoplasmas from Thailand
belonging to the Ca. P. aurantifolia group (16Sr II) (Table
S1d). This result was also well supported by a phyloge-
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netic analysis showing close clustering of GePP1with the
Sesame phyllody phytoplasmas (Fig. 3b).

The phytoplasma associated with phyllody disease of
gerbera was identified on the basis of conserved 16STRNA
gene and less conserved genes SecY, Ribosomal protein,
and SecA sequence and in-silico restriction analysis (Zhao
etal.,2009). These analyses revealed that the phytoplasma
causing phyllody in gerbera in Karnataka (India) is a
member of Ca. P. aurantifolia and belongs to the 16Sr II
group. Finer classification and description of the biol-
ogy and ecology of phytoplasmas that are closely related
but belong to distinct strains cannot be easily resolved
by the highly conserved 16SrRNA gene sequence alone
(Duduk and Bertaccini, 2011). Therefore, less conserved
markers including SecA, imp, tuf, ribosomal protein (rp),
SecY, and SAPI11 genes, have been previously utilized
for finer classification of closely related phytoplasmas
within or between the existing 16S group or subgroups
(Marcone et al., 2000; Martini et al., 2007; Hodgetts et al.,
2008; Kakizawa et al., 2009; Lee et al., 2010; Makarova et
al.,2012). The sequence analysis of SecY, ribosomal protein
(rp) and SecA gene in our study confirmed that the GePP1
phytoplasma has close evolutionary relationship with the
Ca P. aurantifolia (Zreik et al., 1995; Hodgetts et al., 2008;
Makarova et al., 2012; Valiunas et al., 2015).

This study represents the first evidence of association
of phytoplasma related to Ca. P. aurantifolia belonging to
16SrII with gerbera from Karnataka, India.

The phytoplasma diseases of gerbera are becoming
a major constraint for its production and are gaining
international importance. More studies are required to
determine the source of inoculum, vectors involved in
transmission and the economic impact of Ca. P. auranti-
foliain flower gardens, which will help finding strategies
to contain this pathogen.
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