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Characterization of Phytoplasmal Disease Occurred on Floricultural Crops in Korea
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Seven phytoplasma diseases have been occurred on floricultural crops in Korea : Ph-chl and Ph-ch2 of
chrysanthemum, Ph-lily of lily, petunia flat stem-Korean (PFS-K) of petunia, poinsettia branch inducing-
Korean (PoiBI-K) of poinsettia, statis witches’ broom-Korean (SWB-K) of statis and azalea witches broom
(AWB). Classification of the seven phytoplasmal diseases based on 16S ribosomal RNA (rRNA) sequences
showed that floricultural crop phytoplasma disease were widespread in order of aster yellow (AY), stolbur and
X-disease in Korea. In phenotypic characters, the fasciation was occurred in both monocotyledon plant of lily
and dicotyledon plants of petunia and poinsettia. Besides, the fascination was occurred in Ph-lily of stolbur,
petunia PFS-K of AY and PoiBI-K of X-disease. This result indicated that phytoplasma classification based on
16S rRNA and symptoms are not consistently related. The comparison of 16S rRNA sequence of the seven
floricultural crop phytoplasma with five tree phytoplasmal diseases of jujube witches’ broom, paulownia
witches’ broom, wild jujube witches’ broom, mulberry dwarf, golden rain phytoplasma occurred in Korea
showed as high as 88.5-99.9% homology. Among them, especially mulberry dwarf showed the highest
homology with the seven floricultural crop phytoplasms. Based on this result, floricultural crop phytoplasmas
were assumed to be transmitted by insect vectors from tree phytoplasmas in Korea.
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29lo] Halsle} o] 9o 2 W (Bertaccini &, 1992;
Bertaccini %5, 1990; Conti 5, 1988), HIC|A(C. carinatum)
= BAEY S48 YEPATHConti 5, 1988). 32X (Aster)
< st 2 S5 7 Ao R g SHAE
A stk (Kunkel, 1926). Y2l (Lilium martagen)= T3}
(fasciation) -3 (Chung} Jeong, 2003; Vorackova 5, 1998)
Te 29 =43 87 x99 718 Fol A Ut
(Bertaccini®} Marani, 1982).
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2 =

Telvet sk el 2 sto|EEetnpy e T4 &
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1988)0ll A H% v} Q) o} A8 =811 Dendranthema
grandiflorum(©1 A 2] Chrysanthemum morifolium)2- 25
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ol= mriFel 715 hellEdel 43S W WEes &
7 Sl=tl(Lee &, 2000), F-2utetolxut SolatAl
B stolbur Z45-9] o] EETAVHY 7|F= F3olt)

] dlo| EZgkAv Y (Ph-Lily)yS ™35~} (fasciation),
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Fig. 1. Petunia plants infected by petunia branch inducing phytoplasma (PoiBI-K). A: fascicle of bracts, B: reduced size of bracts
compared with healthy looking plant, C: abnormal number of flower buds due to multiple apexes, D: malformed bracts and curling of

bract edge and E: stem flat.

Fig. 2. Symptom of azalea witches’ broom phytoplasma on azalea
plant. Showing witches’ broom, phyllody and fasciation.
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g Ly QA el vk ofy et A YA EQl wlFY

ofe} ZIAE ol M = et} B3 tsls -2 stolbur
a9 &38k= vl Phdlily, AY 259l &= #lFyot
PFS-K % X-disease 150l &3l= E A€o} PoiBI-Kol|
Al FYsHAl YEh = 02 Hol 16S rRNA f-321e]
A7NIME el 7IRES & EAAIE A R (Lee 5,
1998)71 W o] 54547 43U /7 F A= 7]
Fol ofd AL & 4 Q) o] AFgS AY IF UM
3 H

]

<
T
(il
w

O

-

o] ZA o 2 WMEHA = virescence S A2l stal=
A TR gl ESetant R Aydo] daAIA A
Z|3FA] FdTET 3k W 37 (Schneiders} Seemiiller, 1994)014]
=& 5 At

so|EZetan S 33 9554 U e
AY = vlolg| 2 o5 SR eQlEE A5t
Bk AA7EA EAFHA E@e oJste] AY To|EEE}
2wl A E A& A virescence®} phyllody 7d¢] e}
Urh(He 5, 1998)3L K.aLgh ] dfo] EZepAnpye] A
FAQ EAHES el o]l&E2 obF] HEs] HeAA]
2ATHLee &, 2000). L} sfo] EEemio] e 2]
EAZRY Yehde 353 54L& 77 HEse 5
FEIAT) B A2 7] Behds weehes 54
Helt}

Felvet sl LAT slo|EEetiupy o] B
THH 54, delEERRre] Al A71= W= 650 kb

OCh

[11



268 g - A - H=A

FH 1,200 kb H$]ZA] (Neimark®} Kirkpatrick, 1993) 3}
o|EZgtamte] AFe % EFHE Aol= 16S rRNA
A2 go] w9 F-8&3A o] &= UTHGundersen
%5, 1994; Khadhair 5, 1998; Lee 5, 1998; Lee 5, 1993;
Schneider 5, 1993; Seemiiller 5, 1994). $ji Fs}H 16S
RNA f37= Ao F5202 EAsty BEdE
Qo3 ol 2 el 99 uishy] Hrolt,

=8}(GanBank accession no. AY241706, A169308) (Chung
%, 2001; Chung® Kim, 2005), +2](AY69309) (Chung
Jeong, 2003), H|FLoHEU267779) (ChungZ} Huh, 2008),
o1 4| E] o GU461275) (Chung®  Choi, 2010), Z~E}E]X
(DQ192513) (Chung 5, 2005) 2 o} 2] oHAB444716)(7]
Byl 16S rRNA F3%24e] 9714 E-& NCBI FHA-2
ol TE5E e Fo|EZetint FE|FE3 Bl 4
#, =38k= AY L £ 3= onion yellows(AY101386),
Epilobium phyllody(D12569)2} G714 4873 ¢] =2 AY
a5 do|EZgvig o] ¥A(Chung?t Kim, 2005)%F <]
of, ytg]ollAl A3 stolbur phytoplasma(AF248959)%}
99.5%%] 71X &g el Ae sol EETmh(Chungt
Jeong, 2003)2t% 100% F71A4E As48S Yehl= Fho]
EZgpants 85 AT ChungZt Kim, 2005).

FEvEtelA] Bargk U] st EZERml(Lily-ph)= 16S
RNA FA7ke] 714D el 7vhs & EA &St
ARl - (Lee 5, 1998)F 7122 #2438 A3} stolbur
agol &ote v AlE Y EREoA B o]
220 16S rRNAS] RFLP #4418 ¢]§-3fe] 73
I AY 5ol ke AoE E/FT vk 3lojA @71
of 7|¥kS & EA13 RFLP &4 Aol tha xpol&
e RS B g Utk

3 FYo}2] petunia flat stem phytoplasma(PFS-K)&=
hydrangea phyllody phytoplasma(AY265215),
napus phytoplasma(EU123466) 123 AY phytoplasma
CHRY(AY180956) 2] AY & do]EZetArk(Lee 5,

>
©oe m g
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1998)2F G714 €Y “Fa7d°] 99.7%= =UTHChungt Huh,
2008). BHAo| FFo|A B3 #HFU o} so] ESain}
PFS-CoMe= 42 FASHAIRE vl g w2 98.7%°] 9
71 AEdE el o]Ee] AR tE AlFY 3
o|EZetinpy 7hdol &g Ao g FAHEU

FZolMElolE mlFoA Bil(Lee 5, 1997)3F peach X-
disease 155 °] poinsettia branch inducing phytolasama
(PoiBI, FJ376625)¢} 99.6%°] & A714<F 454l 3
ATH(Chung3} Choi, 2010).

2EB}E] 229 statis witches’ broom o] EZT}npb= AY
21552 onion yellows phytoplasma(D12569)<} 47141 G o]
100% Q]33 2. (Chung 5, 2005), L&} ZH=ojA
2EFE| 22 RE B glo|EF gl g AY 159
%3l A0 Z Hol AEFE|AoE AY 189 HolEZ
granpgo] F2 whllslE Zow AE o

olzglolZ K H|3t vlo| EZ e} nH(AB444716)2}F 2=
E}E]29] statis witches’ broom o] EZT}2mFel= 99.9%
o] mjg- =2 A7IME FEEE YEMIATHHIE BlAE).

ol%de]l A= Hol Eutet sk FollA LG Tlo]
EZgl2nlE= AY, stolbur, X-disease L&F0] &3l =0
2 B 754 e doH) o= AYZE AAIF o=
T 7HE kst AlBEe] Baxsta JTial g Bl (Lee
5, 2000)9} = A sh= Aol

sl oA Bt 759 FHolEEE2ntE jujube
witches’ broom & $-ZUgtolA RIS 559 5 3}
o|EZetlnlete] 16S rRNA F3A} 9] d7IMES
H| gt A7} 88.5-99.9%2] “35743-S UERHATH(Table 1).
PoiBI-K+= JWB, WIWB, GP$} 90.4-93.6%2 454,
PFS-KE WIWBE A9]3 MD 5 457 90.1-99.2%2]
454, Ph-ch29} Ph-lily= JWB, WIWBE #|£]3 MD
5 3%% 95.9-96.3%, Ph-ch1-> WIWBE A|£]3 MD %
453 90.1-99.6%2] ‘357, SWB MD & 5% =59}
90.1-99.9%2] &S YeEp o™ AWB2 MD 5 5

Table 1. Sequence similarity percents of the 16S rRNA genes of seven floricultural crop phytoplasmal diseases with five tree

phytoplasmal diseases occurred in Korea®

PoiBI-K PFS-K Ph-ch2 Ph-lily Ph-chl SWB AWB
JWB 93.6 90.1 88.8 88.8 90.1 90.4 90.5
PaWB 89.7 98.7 95.9 95.9 99.2 99.5 99.3
WJWB 93.6 89.7 88.5 88.5 89.8 90.1 90.1
MD 87.7 99.2 96.3 96.3 99.6 99.9 99.6
GP 90.4 99.1 96.2 96.2 99.5 99.8 99.4

*PoiBI-K: poinsettia branch induching-Korean (GU461275), PFS-K: petunia flat stem-Korean (EU267779), Ph-ch2: chrysanthemum Ph-ch2
(AY169308), Ph-lily: lily Ph-lily (AY169309), Ph-chl: chrysanthemum Ph-chl (AY241706), SWB: statis witches’ broom (DQ192513), AWB:
azalea witches’ broom (AB444716). JWB: jujube witches’ broom (AB052879), PaWB: paulownia witches’ broom (AF279271), WIWB: wild
jujube witches’ broom (AF279272), MD: mulberry dwarf (AY075038), GP: golden rain (EU430729).
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T 25 90.2-99.6%2] 58-S YERAT. 53] MD
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498 Zlog AZE). fFy oo A5 ol 5 24
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om, AHEAEN g =ste] A 53] A Al vl E
Zetaniyo] giHA o2 WAsE 4-9-(Chung 5, 2007)
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RNA 78] 714 E 2540l 714k
20 BF(Lee 5, 1998)2 7|Fo 2 &
U2t 33 FollA= AY, stolbur, X-disease L&l
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