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Studies on Witches’ Broom of Ligustrum ovalifolium Hasskarl
Caused by Mycoplasma-like Organism(MLO)!

Jyung-Ki Chai’ and Young-Ho Kim®
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ABSTRACT

The occurrence of witches’ broom in Ligustrum ovalifolium was first noticed in Korea by author in
1984. The present study was carried out with particular emphasis on the symptomatology, etiology,
transmission of the disease and antibiotic treatments. The infected tissue was observed by the fluorescence
and electron microscopy and its biochemical characteristics were compared with healthy one by

electrophoresis.

' #4% 19884F 11H 2H Received on November 2, 1988.
T 2EAREE BRHE College of Agriculture, Chonnam National University, Kwangju, Korea.
3 v cEEr BFIAE College of Agriculture, Chonbuk National University, Chonju, Korea.
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The results are summarized as follows :

1. Symptoms of the infected trees were characterized by the dwarfing of the organs, yellowing and
brooming of the foliage.

2 The observation by the trans electron microscopy on the witches” broom of L. ovalifolium revealed the
accurrence of numerous mycoplasma-like organisms(MLOs) in the phloem tissue cells of the midribs
of infected leaves.

3. The MLQOs were surrounded by a single unit membrane, and they appeared to be multiplied by binary
fission.

4. The presence of crystals unidentified in the phloem parenchyma cells was noticed by electron
microscopy .

5. The disease was able to be transmitted by budding, crown, and greenwood graftings to L.
ovalifolium, L. obtusifolium, L. japownicum and also transmitted, even when the stocks and scions were
not completely grafted.

6. Insect transmission on L. ovalifolium and L. obtusifolium was carried by Hishimonus sellatus.

7. The infected roots dipped in the 1,000 ppm of teracyclin solution was only temporarily effective in
controlling the disease.

8. Infected plant with MLOs showed specific fluorescent reactions in phloems with DAPI stain.

9. The protein and peroxidase separated by electrophoresis showed strikingly distinctive difference

between the healthy and diseased leaves.
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 ERREEo R o Bt e
44 2N EERSS 2EARK WREBHKA
o H#EHE e A FUFlA BE #E ER
< BRSL 2 HERWL R R MRS
B, HEWH R KL RE, on BT8R
ol &3 MLOS BE# %22 o /Kol MLO
Aol HXKB =& mElZ #E}e vlold.

HHE % Fik

#tRH

Bt 2MH BE EMS Y2et 9
ZEAPE MEBETARROENT MR ol HEER
slo] ¥  SHEUS (Ligustrum  ovalifolium
Hassk.) & slAl5 fEtke]l vebdAE 3 313
on olE ERHolA BEAMRIAES KT BN
o BFE BRIGIGY BEAKRoEE 435U
T A= (Ligustrum obtusifolium S. et Z.),
1} 5 (Ligustrum japonicum Thunb ) %) 344
BAL #tEsid o

MAMEEE #HRAY Bk BARERoED
A7 Aot

HAE A SAT T ATy
e WRAM FHshe] 6~8%Wol FEH L.

ERkEY o FAT M SR AT
#akel BRtkelA && FMEMIY d& B
3 S -20C YAzel RES A
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FYP% | 19844 48 W€l 1986F 108 k7%
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BRI ERGBE  Emke B TRl
FlES SHez Y 0.1M
cacadilate buffer pH7.2, v/vZ 2.5% glutaral-
dehyde& =tSo] 4ColA 2417 FiEEst2, 0.1
M cacadilate buffer pH7.2, v/v& 2% osmic
tetraoxide 2 ulEo] 28Ffl #HBEESI] ethanol
F (50%~100%) = BEAKsle] eponkifol w3}
At

Sorval MT-2 Ultramicrotomeo & )< =t

1-2mm?®

%o} uranyle acetate 4 lead acetatez _EH

B3 ETFHEMSE (Carl Zeiss-10C) o2 kst
o},

BRI | Bk RIS N EERRS
1mm 4IHr3led 0.1M Phosphate buffer(pHB 7.0)
2 k% 5 5% glutaraldehydeoll 4°CollA] 28R
EEsldct. EEd #FE @EEEmicrotomeo =
200m FAZ YIFFT # 4,6-diamidino
-2-phenylindole - 2 Hcl(DAPI) 2 2041 #f3}
I [Fl— e 2 skksled B

DAPIe] B2 Seemiiller®®e Kol F
sl Ao RERAWMEE 1 g DAPY
ml ¢.1M phosphate buffer(pH 7.0)gc}. &%
B DAPls 463 UHh$ BBRAEE
(Wotan HBO - 200W) 2} exiter filter UG {trans-
300-400nm) = barrier filter L
400 (transmitance 400nm) S #HHA7)
Vicker M17 &R Tol A st alct.

B U2 19854 3R 30Hl, FHES
19854 9F 118N, &S 1985%F 6 300l
&% SAEYT Bk BEE REslA 34
£ OREW & 208k WHEst D, BREAC &
ZHEME BARAE 4FHE T YHRAMR ’
MEstich, 4 o e EglA BEURS B
SRCA KRl HRATE BRsdd.
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S st %3t Yol WESHA BINHE
5 BER .
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250mg, FF  sholA})
teracyclin(tetracycline - Hcl, 250mg, 2%
FRAEEE 1,000, 2, 000ppmiFHE 5ol
200mlE o] #of X orlo] FFHFUFHIATH
of BAkEE SATITe P —HE REA
713 508 [ REmIsh RS BHEIA L.

mitance Ca.

above

(oxytetracycline - Hcl,
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REAmMAe] EAR Peroxidaseo| M4t :
ST BRE Y 2R EMA 3z
0.1M phosphate buffer (pH 7.5) & 2t& 2mM
EDTA 1ml, polyvinylpyrolidone 0.5g3 &5
B wibE LB Fste RHAZ] whapabt g
fERGhd BEREE 1 4C Yol 128R fhH
sked 20, 000rpm (Hitachi 20PR-50) ©. & 1547R
EATHE4C) S e e BRUKEER
EF st A ot

EERkES Shapiro %% 3 Weber g}
Osborn™ /i£S ##Esteg en] LKB 2001 Verti-
cal electrophoresis system-2 F[H3le] 57 1.5
mm gel-8- A 3t

Haor#stel 2 BEAHE I peroxidaseo] EE
vEp K & %2l L Sample buffer¥ 4:12
fEsled EOES gLl 3040 FigES)
3, peroxidasetr 4°C I =irolx] 128%RS R
3}o] slab gel mould¥ RE 100p 14 P gel
mould¥ 3mAe| B2 3.5 wkEA1A BEAHE
< 2R A F REBES AX EAH &k
B #imsleder, peroxidaser B A
PkEpAE T vebdw szt A] B E4) 7] peroxidase Pk
&5 Bk, ZEAHE W peroxidased] Rk
& separating gel, stacking gel,
buffer, sample buffere] Fm = B, HBE
He cheol elgic,

Protein : 1,

electrode

Separating gel(pH 8.8),
Acrylamide (25%) 30.0ml, 1M tris-Hcl (pH 8.
8) 22.5ml, D.W, 555ml 10% SDS 0.6ml,
Ammonium persulfate(1.5%) 1.35ml, TEMED
0.038ml., 2. Stacking gel (pH 6.8),
Acrytamide (25%) 3.2ml, 0.5M tris-Hel (pH
6.8) 5.0ml, D.W. 10.9ml, 10% SDS 0.2ml,
Ammonium persulfate(1.5%) 0.7ml, TEMED
0.02ml. 3. Electrode :buffer ; SDS 1.0g, Tris 3.
0g, Glycine 14.4g, D W. 1.01. 4.
buffer ; Glycerol 10.0ml, SDS 2.0g, Mer-
captoethanol 5.0ml, Bromophenol 0.1g, 0.125
M tris-Hel (pH 6.8) 25.0ml, D.W. 68.0ml,
5. Fixing and staining ; Mix 100ml! of 10%

Sample

acetic acid with 100ml of the stain concentrate
(Dissolve 2.5g of Coomassie blue R 250 in 1

liter of 95% ethanol) just before use. Staining

time : overnight. 6. Destaining procedure; 1st
step, Mix 200ml of 95% ethanol and 300ml of
5% acetic acid, 1-2 hrs. 2nd step. Mix 150ml
of 95% ethanol and 350ml of 5% acetic acid,
1-2 hrs. 3rd step; Repeat 2nd step. 4th step;
Mix 100ml of 95% ethanol and 400ml of 5%
acetic acid, 2 hrs.

Peroxidase : 1. Separating gel (pH 8.8) .
Acrylamide (25%) 18.0ml, 1M tris-Hc! (pH
8.8) 22.5ml, D.W. 18.15ml,
persulfate(1.5%) 1.35ml, TEMED ¢.038ml. 2.
Stacking gel(pH 6.8); Acrylamide (25%) 2.4ml,
0.5M tris-Hcl (pH 6.8) 5.0ml, D. W, 11.9ml,
Ammonium persulfate(1.5%) 0.7ml, TEMED
0.02ml. 3. Electrode buffer Tris 0.6g, Glycire
2.88g, D.W. 1.0¢. 4. Sample buffer. Glycerol
45.0ml, Bromophenol 5.0ml, ¢.125M tris-Hcl
(pPH 6.8} 50.0ml. 5.
Benzidine 0.5g+acetic acid 4.5ml+D W. 20
mi, D.W. 100ml, 0.9% H,0, 25ml.

Ammonium

Staining procdure ;

s R

1. & ®
Btk BT BiEe #AE &b ke
AUfyel witches' broome] #HHS o] &k (Fig.
. WBHAL BsHo| Aol el AsA e}
v, @EHT ERE UEF IeARE Ay
o] A L o Fhiw dsl whdel #FEsA
ek Azt BEEd #ES 138 R 3

Fig. 1. Healthy(A) and witches’ broomed leaves
(B).
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sjo] faol B U BEM AFIE IR
ANM FEF7E S8 BWEse A A (Fig,
2).

2. BT EESBRR

RIS RSy Bsle EFEMEIc 2 B
el R SEAGS mEsic.

EEEbAAR S EFMMEol =2 mycoplasma-like
organismo] #H5 o AT FEEME o EHE
Mol = MLOE 8Ze £+ ol .

MLO9| fife+ BR¥, B, ol8f(Fig. 5)&
ol gllew %3 s (Fig. 97 CFE
(Fig. )& B£E% 5+ Add. 271+ 100x1200
nm ~ 200X 1200nm* ¢ o]},

wol WA 2 Azs s “arygs s
o}, EEEMAES MILEAIl= MLO7L ##s o
ew EILE 53t BEdodn Qs §E
et 4 ook (Fig, 8) MLO+= H{yfio =
Feisoln 2 Aol ribosome-like body 9}t
DNAztxy  wleolz= MiEikigEs #HEsd
(Fig. 6). fwitk RS FIBMAE = ek,
EiEMipol e @2k £ F olv THA
g RER&WEECl HEs A (Fig. 10.).

o

Fig. 5. MLOs in a sieve tube cell of the leat
midrib. (% 10, 000)

Fig. 6. MLOs wshowingb a unit membrane, (X185,
on in spring 000)
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Fig. 7. MLO forming “C” type. (X8, 000)

Fig. 8. Some MLOs near the sieve pores,
possibly passing through the sieve pore,

(%20, 000}

Fig. 9. Chain forming MLO. (x 10, 000) -

Fig. 10. A phloem parenchyma cell of the
infected midrib usually containing abun-
dant unidentified crystals. (X25, 000)

AR B B

3. BAEMWBME

STl BRH 7 Rk YRS
#hEFE DAPLZ Hfislol &RERHEE TolA
B st wb Bl BEERYE S &
4] pale bright yellow #3go] vbeElyton] {# 3-8k
Wo Ml o] 22 kol el ekt
(Fig. 11,12} .

BRI M o] BN EESMIS) MM
e depgton obE B oM = KPE
o] viehtRl ¢k ok MLO7} EHERsE el
FHEse] Fiidhe AS #HdATE HReha
A 7hsio}

L olAE

. ¢ N S
Fig. 11. Phloems of diseased midrib of L.
ovalifolium show fluorescent spots after
staining with DAPI.

Fig. 12. Phloems of

healthy

ovalifolium did not
spots after staining with DAPI

midrib  of L.

show fluorescent

4, MR
1) #EREg
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(Fig, 160 7F f 4ol sfizhebed W 2b-v Bfgel vhet
vhel] v g sl= okglodt g gAY
VA THR SR R, e 2885 B 4A
gEebalal 5 wlabFgEdke] whebulan, dbelR sk
LOMEERE v sl s )
A R0%, A 65%. -t 45% 9] (g

vhebyl oh(Table [r. gbyl 2hat by B f?»’M!
R 3 CHE s A /1 N LI ot 7 S S € M
75%e] {HeARD vpeldielc}{Table 1. SF8D
ShHSECEY M RN A PRIl PSR SRR G
AL B o20fed el PRl RRRL WA A
Voo1okk, SR ok, bR SRRl AliBell 4
yoxhgs o] cpebskenf, Aol A i
Fulal ohe stof 2Beoh NS hebullon, FHE
vhieoll g TRk 28R, vlor b Seoll e 15
Hob b K& Ry olebd R R ey 95l
Wb 70%, FSubE 55Y%, b 30969 4
#9lchiTable 2),

BAEe ek 208l Ay
ol 4] FRELSH R e AW s S
RO, SR 108k, b 6%k ol A
Wi ol ek

o

o]

A A e B eSS

from the
to which

Fig. 13. An infected plant sprout
healthy stock (L. ovalifolium)
an infected scion had been grafted. (st :
stock, sc ! scion>

An  infected
healthy stock (1.,
an infected scion had been prafted <st !

plant  sprout  frori the

obtusifolium; 1o which

stock, sc 7 oscion>

Fig. 15.16. An infected plant sprout from the

healthy stock (L. japonicum, to
which an infected scion had been
grafted
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Fig. 17. An healthy plant sprout from the healthy
stock (L. Japomicum) to which an
infected scion had been grafted, (st:
stock, sc o sciony

o 4 28k zela FubF IkelAs WA mHKS

Boleh, (EREL AU 5%, HEUYE

509, FrbE 35%¢°] wlamd e A e

B4l Elo] wla-% FEel WK WES H
e & 4 ddch(Table 3).

2) BB M

19865 4A%H 10872 ZEwbel S35y
Foll M &S Baye Table 49F 2ow, %
HBol A HREIY o EFHYE e #29 2 e
ol X g AA e R BES BRI Bo
o #%2¢ AHAFTUFAAM FHED HR 105T 1
BE SRl vebdRl odsk

HATT BRI A RITANE @2 E
ol & 1o) HAH11~290) et sk
A RBRBHATES BRI, 3 S emk
of 3HM A ST 154 Bl
FH T AR Stk 4Bkl ela 6HR BitAZ
A 5 3RO #EFETE 300 =k M-} 2mm
R ARt BRES vebdld 935 TR
WEkoll 3HM Wit Alzlol HEUS bW #
HOAIQ e s 3Bkoh, eln 6B W A
AZA T 5Bk 3tkol RS WES =l (Fig,
18).

e, ghbogel K3 RS » 1EA g o SAEYEFE 70%7h

Table 1. Transmission of witches’ broom of Ligustrum ovalifolium by crown grafting

ATl = 60%

Species Grafting method No. of transmission Tansmission No. of unions
. /No. of tested tree ratio by callusing
L. ovalifolium Healthy scion with 15/20 750
- diseased stock % 15
Diseased scion with 16/20 809
healthy stock % 15
Diseased scion with
L tusifoli 9
. obtusifolium healthy stock 13/20 65% 12
L. japonicum Diseased scion with 9/20 459
-/ healthy stock % !
Table 2. Transmission of witches’ broom of Ligustrum ovalifolium by budding
Species No. of transmission/ Transmission No. of unions
No. of tested tree ratio by callusing
L. ovalifolium 14/20 70% 12
L. obtusifolium 11/20 55% ]
L. japonicum 6/20 30% 5
Grafting method : Infected scion with healthy stock
Table 3, Transmission of witches’ broom of Ligustrum ovalifolium by greenwood grafting
Species No. of transmission/ Transmission No. of unions
No. of tested tree ratio by callusing
L. ovalifolium 11/20 55% 9
L. obtusifolium 10/20 50% 10
L. japonicum 7/20 35% 6

Grafting method . Infected écion with healthy stock
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Table 4. List of insects collected on Ligustrum
ovalifolium

Scientific name (Korean name)

Hishimonus sellatus (
Macrosiphum  ibotum (ALY 5
Brachycaudus ligustri (
Cargara genistae (
Gargara ligustri {
Ericerus pela (FHELT 222a) =)
Dolbina exacta (o5 wbzba])
Dolbina tancrei (
Psilogramma menephron increta  (
Brahmaea carpenteri (
Brahmaea wallichii japonica (
Spilosoma lubricipeda (
Spilarctia subcarnea (sl 7 2
Archips longicellana (

(

(

(

(

3
Artopoetes pryeri A A v])
Celastrina argiolus FEEA )
Argopistes coccinelliformis Helol o)
Ricania japonica 2 A uda)
Collection period : April~October 1986.

5. MEMTLAMDR
RPAX  TCR AEWHA HA KES 27
2 sld teracyclin % terramycing 1, 000 ppm3}
2,000 ppm KiF#Ho IRWEEEET #HRo
teracyclinol| A= pEBEfE 12HBY Y€, terramy-
cinoll A& 15H8 F8 M HKIES Jebi s
.zl EFE% 0B e 3t3] mEel &R

Fig. 18. An infected seedling transmitted by
Hishmonus sellatus .

=7 dhfE Sk,

FFo) ksl teracyclin 1,000 ppmlE o)A =
W% 120 5 mEe) MWill=lo] 18~308 7=
+ ¥ 50% BE EEHACN7E 3388 wiikste
chA] ol vebhvby] fetEsiglch. Teracyclin
2,000 ppm [Eoll = EFEE 12HAEH fHEage)
Blslmd A mBES7] thEste] 18~27H AR= &
50% f2RES] EIE-E Holvirt 30HA Fe& o4
W&ol ek #hfe skl terramycin 1, 000
ppm FollA &= EEFEE 1804 Y ssse] s
o] <kzte} HWABIR o] Jeltow, 3004 8=
Az} wEgel #BHI Azsigch.  terramycin
2,000 ppm [EollA+ @ 1584 F8 HEe)

Table 5. Transmission of Ligustrum ovalifolium witches broom by Hishimonus sellatus

Serial No. Feeding period Survival days Symptom
on diseased tree of vector
1 0 25 H
2 0 20 H
3 0 20 H
4 0 17 H
5 0 23 H
6 3 12 H
7 3 29 1
8 3 27 I
9 3 23 I
10 3 20 I
11 6 19 H
12 6 25 1
13 6 27 I
14 6 21 H
15 6 20 I

[: Infected H : Healthy
No. of insects inoculated per one tree : 20
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Table 6, Transmission of Ligustrum ovalifolium witches’ broom to Ligustrum obtusifolium by Hishimonus

sellatus
Serial No. Feeding period Survival days Symptom
diseased tree of vector
1 0 24 H
2 0 19 H
3 0 26 H
4 [\ 28 H
5 0 19 H
6 3 15 H
7 3 11 1
8 3 14 1
9 3 15 H
10 3 19 I
11 6 19 I
12 6 15 H
13 6 20 1
14 6 15 H
15 6 17 I
1:Infected H : Healthy

No. of insects inoculated per one tree : 20

&4 BAMSEE Bolthrl 3384 FHE o4 WK
8ol verr] st ok (Fig. 19,20) teracy-
clir?} teramycin 33 #Eezso] #K3 me M
it gldler KEREE teracycline] terra-

Fig. 19. A diseased plant before the treatment of

antibiotic

Fig. 20. A diseased plant temporarily cured by

dipping root into 1, 000ppm teracyclin.
mycin 2o} 30 F2E wekon} 3 kAEME
A2 ek,

6. EHAY WA EEKD peroxidases|
P4L
Mycoplasmaoll Y WAL WEAWIE

Table 7. Effects of the antibiotic application by root dipping on witches’ broom of Ligustrum ovalifolium

Antibiotic Days after treatment
concentration 9 12 15 18 21 24 27 30 33 36 39
Teracyclin
+++ ++ ++ + + + + + ++ +4+ 4+
1,000 ppm
Teracyclin
r + 4+ ++ ++ + + + + ++ +4+  HF++
Z, 000 ppm
Terramycin
R I e T e T T T s
1,000 ppm
Terramycin
. +++  +++ ++ 4+ ++ 4+ e+
2,000 ppm

+ -+ : servity

+ + . remissed 4 :

50% remissed
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5 sbod 2ghe.

EHHE
Fig. 21014 vEld ulebzte] mycoplasmaoil
BmE SATUT FEolAMt #E2FAAM A £

+ oF BEBEAEKET/F Ri=0.13 Rf=0.32

e 2] Hstel BAHEMN Ho ERIKENTHE
)

o} F RolA vebuivt. @2k} BAKolM

8 Rf=0.03, 0.07o4 ERK@FHL etz
%o Rf folde Ad wkEpwzl ebdxl @3t
o, 81, EAHS BERKBOHTT @82%c 2E
Btk Al e 4@ S8Rl Welke, o=
HET oA EEE SHtke] s o
w3he o4 4 Uk

2) Peroxidase

Fig. 2204 s& ulebzte] mycoplasmaef &
o) S EUE FolxE BEZEAH JrElA
to gERAgel peroxidase) k& Rf=0.
51~0.539] Mg £ BiEcl A vhehted, &
et BRE #8 Rf=0.28~0.30, Rf=0.
36~0.38, Rf=0.40~0.42, Rf=0.47~0.49% 4
el wkEpart vhebrodt Hh Rf=0.28-0.30,
Rf=0.47~0.499] 5 k@ @28 2ot BH
thol A tig SFastn £ FiE EE 2o o
Z e mycoplasmaol] R 5= FFHFUTE
Aol A 9] peroxidaseo| iHtko] FHEIchE HE
fimmes o 4 g Aol

52 XF

—— — RfH00-—

}
]
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Fig. 21. Electrophoresis profile of protein from
healthy (H.T) and diseased leaves(D,
T) of Ligustrum ovalifolium

Fig. 22. Electrophoresis profile of peroxidase
from healthy (H.T) and diseased leaves
(D.T) of Ligustrum ovalifolium
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